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Abstract:

The main goal of any manufacturing industry is to achieve improved process performance and higher productivity in order to
survive in the present competitive scenario. Now-a-days many intricate or complex shapes of the products are developing with
existing or newly developed materials. To achieve this, conventional machining operations have their own limitations in obtaining
better surface finish and material removal rate while performing operations on the materials for complex shapes. The best choice
of manufacturing conditions is one of the prime factors that has to be envisaged in the common manufacturing processes,
especially, in those associated with Electrical Discharge Machining (EDM) and Wire Electrical Discharge Machining (WEDM).
Such a process should be capable of machining geometrically complex or hard material components that are precise and difficult-
to-machine such as heat-treated tool steels, composites, super alloys, ceramics, carbides, heat resistant steels etc. That are being
widely used in dies and mould-making industries, aerospace, aeronautics and nuclear industries. The limitations is a result of the
failure to run the machine tools at their optimum operating condition. The problem of arriving at the optimum levels of the
operating parameters has attracted the attention of the researchers and practicing engineers for a very long time. To avoid these
limitations of conventional machining operations and to obtain better performance characteristics like surface finish, cutting
speed, material removal rate etc. for hard and electrically conductive materials the unconventional machining process like Wire

EDM is a mostly used.
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l. INTRODUCTION

Accompanying the development of mechanical industry, the
demands for alloy materials having high hardness, toughness
and impact resistance are increasing. Nevertheless, such
materials are difficult to be machined by traditional machining
methods. Hence, non-traditional machining methods including
electrochemical machining, ultrasonic machining, electrical
discharging machine (EDM) etc. are applied to machine such
difficult to machine materials. WEDM process with a thin wire
as an electrode transforms electrical energy to thermal energy
for cutting materials. With this process, alloy steel, conductive
ceramics and aerospace materials can be machined irrespective
to their hardness and toughness. Furthermore, WEDM is
capable of producing a fine, precise, corrosion and wear
resistant surface.
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S.B. Prajapati, N. S. Patel [1] evaluates the effect of pulse on-
off time, voltage, wire feed and wire tension on MRR, SR, kerf
and gap current in wire EDM. A series of experiments have
been performed on AISI A2 tool steel in form of a square bar.
Analysis of data optimization and performance is done by
Response Surface Methodology (RSM). Dr. Josephkunju Paul
et al [2] evaluates the effect of voltage, dielectric pressure,
pulse on-time and pulse off-time on spark gap of Ti6AL4V
alloy. It is found that the pulse on time, pulse off time, the
interaction of dielectric pressure and pulse off time, and
interaction of pulse on time and pulse off time are significant
parameters which affect the spark gap of WEDM. Liao et al [3]
studied the effect of specific discharge energy on WEDM
characteristics of Ti- 6Al-4V and Inconel718. A quantitative
relation between machining characteristics and machining
parameters was derived. It was observed that two most
significant factors affecting the discharge energy (n) are
discharge-on time (pulse on time) and servo voltage.
Moreover, discharge-on time and work piece height have a
significant effect on machined groove width. Ashan et al [4]
conducted  experimental  investigations to  establish
relationships for surface finish with current and voltage. They
concluded that the machined surface becomes rougher with
increase in current and voltage. Nishat [5] experimented on
AISI 4140 steel to study the variation of cutting performance
with cutting parameters in WEDM. The surface quality of the
workpiece increased with decrease in pulse duration, open
circuit voltage and wire speed, and with increasing dielectric
fluid pressure. Tosun and Cogun [6] experimented to study the
effect of cutting parameters on wire wear of AISI 4140 steel in
WEDM process. It is found experimentally that the increasing
pulse duration and open circuit voltage increase the WWR,
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however the increase in wire speed and dielectric fluid
pressure decrease the WWR. Ranganath et al,Wire failure
occurs in wire-EDM process as a result of severity in wire
wear rate, which is a function of discharge current and
discharge time. Kanlayasiri et al [7] used a Sodic A320
WEDM with wire electrode of 0.25mm diameter and DC53
was used as work piece material. He studied the effect of
WEDM machining parameters pulse on time, pulse off time,
pulse peak current, wire tension and surface roughness as
response. The ANOVA technique was applied to find out the
effect of process parameters on surface roughness. The
ANOVA results were examined through residual analysis.
Results from ANOVA showed that the surface roughness
increased with the increase of pulse on time and pulse peak
current. Basil et al [8] conducted a series of experiments to
evaluate the machine performance of grade-5 titanium alloy in
WEDM. Design of experiments was adopted in this study to
determine the optimum condition of machining parameters and
the significance of each parameter on the performance of
machining characteristics.

Il. MATERIALS & EXPERIMENTAL DETAILS

Titanium is a metal with excellent corrosion resistance, fatigue
resistance, a high strength-to weight ratio that is maintained at
elevated temperature. Titanium is a very strong and light
metal. This property causes that titanium has highest strength-
to-weight ratio in comparison the other metal that are studied
to medical use. Machining titanium and its alloys by
conventional machining methods has some difficulties such as
high cutting temperature and high tool wear ratio. Thus,
titanium and its alloys are classified as difficult-to-machine
materials.

Therefore, unconventional machining process is introduced for
machining titanium and its alloys. Ti-6Al-4V is most widely
used titanium grade, further classified as wrought titanium. It
is a two phase o + B titanium alloy with aluminum as the alpha
stabilizer and vanadium as beta stabilizer and this has been
selected as work material for this present study. Ti-6Al-4V has
a resistivity on the order of five times larger than steel which is
used in various applications such as aircraft gas turbine disks
and blades, rings, airframe structural components, fasteners,
vessels, cases, hubs, biomedical implants, prosthetic devices,
engine components, offshore, power generation industries etc.

Table.1. Chemical Composition of Material

Cc Fe | N 02 Al |V H | Ti

<0.08 | <0. | <0. |<0.2 |55- |35 0- | Balance
% 25 05 % 6.76 | 4.5% | 0.
% % % 1
5

111 EXPERIMENTAL WORK

The work piece is TITANIUM GRADE5 with dimensions
300mm x 20mm x 5mm. Brass wire with 0.25mm diameter is
used as electrode. Dielectric solution is distilled water and
dielectric pressure is 3Kg/min.
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Table.2. Physical Properties of Material

MATE | THERMA | MEL | THERM | DENS | RO
RIAL L TING | AL ITY CK
CONDUC | POIN | DIFFUS | (glcm? | W
TIVITY T IVITY ) EL
(W/m-k) (°C) (m2/s) L
C
HA
RD
NE
S
Titaniu | 6.8 W/m-k | 1650° | 2.8m%s | 4.4g/lc | 33
m C m2
Gradeb

EXPERIMENTAL DESIGN

Central Composite Design (CCD) is used to conduct
experiments for 5 factors at three levels. The standard CCD
plan requires 27 experiments to be conducted, each involving
different combinations of process variables. In this 27
experiments, 16 experiments are from factorial design, 8
experiments from center point. Following table shows process
parameters and their levels, considered for the
experimentation.

Table.3. Machining parameters and their levels

PULSEO | PULS | PEAK SERVO WIR
NTIME | E CURREN | VOLTAG | E
(Ton) OFF [ T(IP) E FEE
TIME (SV) D
(Toff) (WF)
UNI | psec psec Ampere Voltage m/mi
TS n
LEV | 100 51 |10 10 5
EL1
LEV | 107 57 11 11 6
EL 2
LEV | 114 63 12 12 7
EL 3

IV. RESULTS AND DISCUSSIONS

The plan of tests is developed aiming at determining the
relation between process parameters and performance
parameters like cutting speed, material removal rate, surface
roughness. The analysis of experiments was made into two
phases. The first one is concerned with the analysis of effects
of factors and interactions. Model for surface roughness is
developed in the second phase.

ANALYSIS OF THE FACTORS AND INTERACTIONS

CUTTING SPEED: From the factorial portion of CCF
design, both factor and interaction effects (at two levels) can
be obtained. It can be observed from axial and central portion
of CCF design, considering experiments from 17 to 26, factor
effects (at three levels) of each factor can be obtained when all
other factors are at 0 levels. Using the experimental data level
means is calculated. The level means obtained from factorial
portion of CCF design, axial portion of CCF design for cutting

14141 http://ijesc.org/



speed are given. The influence of each control factor can be
more clearly presented in response graph. A response graph
shows the change in response when the settings of control

ANALYSIS AND DISCUSSION OF CUTTING SPEED

Table.5.Average response of cutting speed for factorial

factors are changed from one level to other. The slope of the  portion of CCF design
line determines the power of influence of a control factor. Ton Toff IP SV WF
LEVEL -1 0.27 1.22 0.94 1.10 1.05
Table.4. Response values LEVEL 1 1.81 0.87 1.14 0.98 0.99
S | Mac | Wire Cutti | MRR Kerf | Surface DIFFERENCE | 1.54 0.35 0.2 0.12 0.06
L | hine | Diame | ng (mm3/mi | Widt | Roughn RANK 1 2 3 4 5
N | Tim | ter Spee | n) h ess
O e |(mm) |d (mm) | (um) Cutting speed is mostly affected by Ton followed by Toff, IP,
(min (mm/ SV and WF. The affect of SV and WF on cutting speed is
) min) negligible due to less difference between their two levels. The
1 1665|025 025 | 25 030 |7.32 same is represented by means of response graphs which are
Q shown below.
2 | 653 |0.25 0.28 | 28 0.30 |5.32
0
3 | 678 | 025 0.25 | 25 0.30 |3.20 - Ton Vs Cutting Speed
0 2
4 |58.9 |0.25 0.37 | 37 0.30 | 6.94 -
0 ?.
5 185.0 | 0.25 0.17 |17 0.25 | 4.77 o
0 ol
6 [750 [ 025 [026 |26 030 |7.57 = ~+=Ton
0 k3
7 |75.0 (025 [028 |28 0.25 |6.40 .
0
8 690 [025 [031 |31 0.25 | 4.42 100 1oy 114
0
9 (723 025 1.99 | 199 025 |6.19 Figure.2. RESPONSE GRAPH — Ton Vs Cutting Speed
10 | 8.15 | 0.25 1.97 | 197 0.25 | 7.70
o Ve Cutting &
11[7.35 | 025 | 227 |227 025 | 7.28 , Toff Vs Cutting Speed
12718 [025 [235 |235 030 |8.07 i 2
131122 | 0.25 158 | 158 0.30 | 5.26 EE
14 1 195 | 0.25 1.03 | 103 0.30 | 4.70 Eﬁé
3 B6
151 10.1 | 0.25 2.03 | 203 0.30 |4.24 0.4
0 0.2
16 | 14.2 | 0.25 129 | 129 0.30 |5.72 0
3 51 Toff 03
17 | 40.4 | 0.25 0.47 | 47 0.25 |5.33 == Toff
3 . .
18 | 753 | 0.25 247 | 247 025 | 457 Figure.3. RESPONSE GRAPH - Toff Vs Cutting Speed
19 (112 | 025 | 167 | 167 0.30 | 7.30 ANALYSIS AND DISCUSSION OF MRR:
5
20 1332 | 0.25 061 |61 025 | 691 Table .6. Average response of MRR for factorial portion of
0 CCF design
21| 24.0 | 0.25 0.65 | 65 0.25 | 4.09 Ton Toff 1P SV WE
0
22 | 19.2 | 0.25 1.03 | 103 0.25 |6.23
8 LEVEL | 27.12 | 121.625 94.125 | 110.2 | 105.25
23| 17.3 | 0.25 1.27 | 127 0.25 | 5.46 -1 5 5
0
24 | 22.2 | 0.25 0.88 | 88 0.25 | 7.00 LEVEL | 181.3 | 86.875 114.37 | 98.25 | 103.37
2 1 75 5 5
251 19.2 | 0.25 1.05 | 105 0.25 | 5.00
6 DIFFE 154.2 | 34.75 20.25 12 1.87
26 [ 19.1 | 0.25 1.00 | 100 0.25 |9.63 RENCE | 5
9
27195 [025 |0.96 |96 025 |6.13 RANK 12 3 4 5
6
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MRR is mostly affected by Ton followed by Toff, IP, SV and
WEF. The affect of WF on MRR is negligible due to less
difference between their two levels. The same is represented
by means of response graphs which are shown below.
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Figure.4. Response graph — ton vs mrr
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Figure.5. Response graph — toff vs mrr

TABLE.7. Average response of Machining time for one
factor at a time analysis

Ton Toff | IP SV WF
LEVEL -1 40.43 | 11.25 | 24 17.30 | 19.26
LEVELO 20.58 | 20.97 | 21.104 | 21.52 | 21.65
LEVEL 1 753 | 24.00 |19.28 | 22.22 | 19.19
DIFFERENCE | 329 | 1275 | 4.72 492 | 0.07
RANK 1 2 4 3 5

Ton and Toff are most significant factors affecting on
Machining time followed by SV, IP. The Parameter WF is
having less impact on Machining time. The same is
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represented by means of response graphs which are shown
below.
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Figure.6. RESPONSE GRAPH - Ton Vs MRR
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Figure.7. RESPONSE GRAPH - Toff Vs MRR
V. CONCLUSIONS

In this work, five output parameters cutting speed, machining
time, material removal rate, kerf and surface roughness are
investigated by varying five process (machining) parameters
on Ti-6Al-4V with brass wire as electrode in electric discharge
machine. The process parameters included pulse on time
(Ton), pulse off time (Toff), peak current (IP), Wire feed
(WF), servo voltage (SV). Experiments were conducted
according to central composite face centered design (CCF).
Using the experimental data, response tables and response
graphs are plotted for one factor at a time analysis and factorial
portion of CCF design. Based on the work the following
conclusions may be drawn.

1. Cutting speed is mostly affected by Ton followed by
Toff, IP, SV and WF. The affect of SV and WF on cutting
speed is negligible due to less difference between their two
levels.

2. Ton and Toff are most significant factors affecting on
Cutting speed followed by IP and SV. The Parameter WF is
having less impact on cutting speed.
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3. MRR is mostly affected by Ton followed by Toff, IP,
SV and WF. The affect of WF on MRR is negligible due to
less difference between their two levels.

4. Toff and Ton are most significant factors affecting on
MRR followed by SV and IP. The Parameter WF is having less
impact on MRR.

5. Kerf is mostly affected by SV followed by IP, Ton,
Toff and WF. The affect of Ton, Toff and WF on Kerf is
negligible due to less difference between their two levels.

6. Toff and Ton are most significant factors affecting on
Kerf followed IP and WF.The Parameter SV is having less
impact on Kerf.

7. Surface Roughness is mostly affected by WF
followed by Toff, Ton, SV and IP. The affect of SV and IP on
Surface Roughness is negligible due to less difference between
their two levels.

8. WEF and IP are most significant factors affecting on
Surface Roughness followed by SV and Ton . The Parameter
Toff is having less impact on Surface Roughness.

9. Machining time is mostly affected by Ton followed
by Toff, IP, SV and WF. The affect of SV and WF on
Machining time is negligible due to less difference between
their two levels.

10. Ton and Toff are most significant factors affecting on
Machining time followed by SV, IP . The Parameter WF is
having less impact on Machining time.
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