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ABSTRACT

In obtaining the best quality of engineering components, the quality of machined parts
surface plays an important role. It is a fact that it improves fatigue strength, wear
resistance, and corrosion of workpiece. Optimal machining parameters can only be
determined by significant parameters that are affecting the properties of the machining
performance. Theaim of this study is to investigate effects of wire electrical discharge
machining (WEDM) parameters towards the surface roughness and kerf width of
stainless steel. The parameters selected are voltage open (V,), off time (OFF), wire
speed (WS), wire tension (WT) and voltage gap (VG). This research uses stainless
steel 304 as a workpiece, 0.2 mm brass wire as a tool, and for dielectric fluid distilled
water is used. Taguchi’s L;¢ orthogonal array has been used for experimental design
and the optimum machining parameter was determined through signal-to-noise ratio
analysis. Surface roughness and kerf width was determined by using Mitutoyo Surftest
SV-514 and Jeol JSM-5600. The analysis of variance show that the off time had major
influenced on the surface roughness and voltage gap on kerfs. The optimum
machining parameter for the kerf and surface roughness was obtained at 12.65 V
voltage open (Level 1), 4ps off time (level 4), 12 m/min wire speed (level 4), 6 N wire
tension (level 1), 51.21 voltage gap (level 3). The average of kerf width and surface
roughness from the three experiments was 0.273 mm and 2.23 um respectively and
from that, the error margin for kerf width was 8.79% and surface roughness was
8.07%.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND

Wire electrical discharge machining (WEDM) is a specific thermal machining
process. It has the capability to machine sharp edges, varies material hardness, and
complex shapes precisely. Nowadays, WEDM become more popular in industry that
produces high precision products. Materials either conductive or non-conductive can
be manipulated by WEDM whereas a conventional machine limits the materials type
and shape. From day to day, WEDM will develop constantly with the demand of
various sector in manufacturing industry such as extrusion dies and stamping dies.
Apart from that, WEDM is widely used in the area of production of aerospace parts,

micro gas turbine blades and electronic components (Kumar & Ravikumar, 2013).

WEDM is an electro-erosion machining process. Metal is removed from the
workpiece by the breakdown voltage of dielectric fluid. Due to this, high power sparks
may increase the temperature up to 10000° C. A metal wire has been used as an
electrode in WEDM. The wire is guided through the immersed work piece in a tank of
dielectric fluid. Normal diameter of the wire is in the range of 0.1 mm to 0.25 mm,
and typically distilled water is used as dielectric fluid. The types of wire during
machining via WEDM depends on the steel product, cutting purpose, and types of the
machine. It is either to choose a standard, special or coated wire. WEDM can be used

to cut up to 400 mm thick of work piece with various type of material, has no cutting



force, and low residual stress. However, some changes in material in terms of

mechanical properties may happen because of these stresses.

In WEDM the quality of the machined part, with respect to its precision and
surface integrity, is not only related to the machining parameters of current, gap
voltage, discharge duration, wire tension, wire speed, dielectric fluid, and polarity but
also depends on machining techniques (dry or wet)(Abdulkareem, Khan, & Zain,
2011). Kerf variation and corner errors in machined parts normally due to deflection
of wire tools and discharge gap vibration. These factors influenced in machining
accuracy of material. In conventional WEDM 25 pm -75 pm discharge gap can be
achieved whereas 4 um discharge gap in micro WEDM. Other than that open voltage

and wire tension can affect the kerf variation (Huang, Chen, & Liao, 2004).

Thus it is important to study the variation of surface roughness and kerf
comprehensively in an attempt to improve the accuracy in machined parts in WEDM.
This research is purposely carried out to investigate the kerf width and surface

roughness when stainless steel is machined through WEDM process.

1.2 PROBLEM STATEMENT

Reliability of surface in machined parts is important to define the quality of
component. Dimensional accuracy is more crucial especially in micro-parts industry
due to fast growth of micro-electromechanical system. However, electrical spark after
WEDM may cause craters to the surface of machined parts. Crack and rippled
surfaces due to high energy cause a malformed surface structure. A smooth surface
has better reliability than a rough surface in terms of wear resistance and friction

coefficients.



To lower the discharge energy can slow down the production process and to
increase it can affect the surface finish. Thus, failure to achieve this may lead to
failure of some product that needs a high reliability of surface roughness. Therefore

during WEDM process, achieving a better surface reliability is a must.

1.3 RESEARCH OBJECTIVES

The purpose of this research is to exhibits the WEDM process parameters which are
voltage open (V,), wire speed (WS), wire tension (WT), voltage gap (VG), off time
(OFF) that can be manipulated in order to get a better surface integrity . In this
research, the objectives are as follows:

1. to investigate the influence of WEDM process parameters towards surface

roughness
2. to study the influence of WEDM process parameters towards kerf width
3. to optimize the process parameters to get the minimum kerf and surface

roughness

1.4 SCOPE OF THE RESEARCH

Parameters to be evaluated are voltage open (8-16V), wire speed (1-4 m/min), wire
tension (6-9N), voltage gap (40-55V), off time (1-4 ps) and responses to be evaluated
are kerf width and surface roughness. Other machining parameters remain constant.
Work piece material for this study is stainless steel (S304), brass wire as an electrode
with diameter of 0.2 mm, and dielectric fluid of distilled water to conduct the
experiments. The fractional factorial design that is adopted is L;s orthogonal array

using Taguchi Method.



CHAPTER TWO

LITERATURE REVIEW

2.1 ELECTRICAL DISCHARGE MACHINING (EDM)

EDM process is a non-traditional machining technique in manufacturing field. It is
used to manufacture engineering components and parts from standard work piece
materials. Normally, EDM is used to machine a tough, super-tough, hard, electrically
conductive materials, and alloys to close tolerances. EDM in the presence of die
electric fluid removes the metal through high current density and electrical discharge

between the work piece and the tool.

2.2 WIRE ELECTRICAL DISCHARGE MACHINING (WEDM)

Nowadays, WEDM is extensively conserved non-conventional material removal
process. In the late 1960s, WEDM was initiated to manufacturing sector due to the
needs of replacement of electrode in EDM. In 1970s after computer numerical control
was introduced a major machining process evolution begun. WEDM process became
more popular as it is used tremendously because of it significant capability.

Nihat et al. (2004) conducted experimental studies on material removal rate
and cutting width using Taguchi experimental design method. Open circuit voltage,
wire speed, pulse duration, and dielectric flushing pressure are the parameters chosen

for the study.
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Figure 2.1 : Schematic Representation of WEDM Process (Shinde & Anand, 2014)

Mahapatra et al. (2007) used a non-linear regression analysis to study the
relationships between various parameters with surface roughness, kerf, and material
removal rate. WEDM process with multiple objectives optimized by genetic
algorithm.Hewidy et al. (2005) used mathematical models to study response surface
methodology between material removal rates, surface roughness, and wearratio with
wire tension, duty factor, peak current, and water pressure. The research demonstrates
that a better material removal rate, kerf and surface roughness can be achieved

through manipulation of WEDM process parameters.

2.2.1 Wire Electrical Discharge Machining Process

WEDM is an electro thermal process. The machining process is controlled by a
program using a computer numerical control programming. A desired product is cut
by using a wire as an electrode. Ali et al. (2010) stated that WEDM process is
economical and able to cut difficult shapes and materials. The diameter of wire that

frequently being usedis in the range of 0.1 mm to 0.3 mm and normally the wire is



made of stratified copper or brass. Groover (2007) confirmed that the commonly used
WEDM wires are from copper, tungsten, brass coated, brass, molybdenum, multi
coated and zinc. The size of wire depends on the machining process. For example,
0.30 mm multi coated wires with the diameter of 0.30 are used for roughing purposes
and for skimming purposes 0.2 mm wires are used.

Machining process depends on the surface integrity and accuracy. It is either
will be roughed and skimmed or just one cut. Throughout the roughing process, high
pressure water is forced into the cut to give a fast cooling. Throughout the skimming
process, low pressure water is used with the intention of avoiding the wire deflection.
The tolerances that can be achieved in WEDM is up to +/- 0.0001 which is very
accurate. That is why WEDM is preferable in micro parts manufacturing field.

In most of WEDM machining, the important performance measurements are
surface roughness, kerf, and material removal rate. There are many WEDM machining
parameters that can influence these performance measurements such as pulse duration,
discharge capacitance, wire tension, dielectric flushing pressure, pulse frequency, and

discharge current(Rizauddin, Roazam, & Jaharah, 2012).

2.2.2 Wire Electrical Discharge Machining Process Parameter

Process parameters are variable that influence machining process. Several parameters
affects the performance measures. The performance measures of WEDM are kerf,
surface roughness, and material removal rate. All of these performance measures can
be affected by process parameters such as dielectric pressure, pulse on-time, wire
feed, servo voltage, wire tension, open voltage, and etc. where these parameters can be

controlled to reduce surface cracks and damage. Nihat et al.(2004) found that wire



speed, discharge capacitance, wire tension, pulse duration, pulse frequency, dielectric
flushing conditions, discharge current, average working voltage are the machining
parameters that influence the performance measures. Adeel et al. (2013) concluded
that wire tension, open voltage, and pulse on-time, are the major parameters for kerf
width. Vishal et al. (2010) observed that SS 304L machined by WEDM process, the
machining parameters like pulse off-time, gap voltage, dielectric flushing pressure,
wire feed, and pulse on-time are the important controllable machining parameters in
WEDM process. Rizauddin et al. (2012) decided WEDM machining parameters like
wire tension, dielectric flushing pressure, pulse frequency, discharge capacitance,
pulse duration, and discharge current are machining parameters that can influence the
performance measurements. Abdulkareem et al. (2011) studied the effect of voltage
gap (20-40V) on surface roughness and found that increase in gap voltage contribute
to poor surface integrity. Nihat et al. (2003) studied the effect of wire speed (5-12.5
m/min) on wire wear in WEDM and found that it is insignificant. Sulastri et al. (2012)
studied the multi-cutting passes for fine-cut WEDM of stainless steel under a
condition of voltage gap (44-56 V), wire speed (12 m/min), off time (1-8 ps), wire
tension (8-10 N) and voltage open (2-16 V) found that the surface roughness is
decreased with the increment of cutting passes can produces.

Kanlayasiri et al. (2007) used multiple regresion method to establish a
mathematical model found that wire-EDMed DC53 die steel’s roughness affected by
the pulse on-time and pulse peak-current while wire tension and pulse off-time are
insignificant. Machining condition selection via WEDM is based on the analysis
relating the various process parameters to different performance measures. Ho
Newman et al. (2004) stated that inconsistent machining performance happened

because of machining parts greatly rely on WEDM manufacturer’s data and the



operator’s experience.Esme et al. (2009) obtained surface roughness was increased
when wire speed, open circuit voltage, and pulse duration were increased while
surface roughness decreased with the increased of flushing pressure.lkram et al.
(2013) suggested that open voltage is less significant than pulse on-time. By keeping
wire feed velocity, pulse on-time, and open voltage at level 1, wire tension, servo
voltage, and material thickness at level 2 while dielectric pressure and pulse off-time
at level 3 optimum machining performance can be achieved. The significant factors
for kerf are open voltage, wire tension, and pulse on-time. To get the minimum kerf,
pulse on-time, wire feed velocity, dielectric pressure, and the material thickness must
be retained at level 1, servo voltage at level 2 while wire tension, pulse off-time, and

open voltage at level 3

2.2.3 Wire Electrical Discharge Machining Performance Measures

Performance measures in WEDM is an indicator to observe or to assess the quality of
finished products or parts. In WEDM the most significant performance measures are
surface finish, kerf, and material removal rate. Kerf width is used to determine the
accuracy of dimension whereas surface roughness is used to control the quality of the
machined part and material removal rate for economic purposes. The minimum kerf
width with a maximum material removal rate are the main target of the production.
Huang et al. (2004) proved that surface roughness can be improved by decreasing the

discharge current and pulse duration.



2.2.3.1 Kerf

In WEDM, one of the performance measures that is significant is kerf. Kerf is the
quantity of material wasted throughout machining process. It controls the dimensional
accuracy of the machined part. The Figure 2.2 and Figure 2.3 shown detailed section

of kerf width.

WIRE
DIAMETER
WIRE SUPPLY

= WIRE
TAKE-UP REEL

Figure 2.2 : WEDM Cutting Gap (D.Scott, Boyina, & K.P.Rajurkar, 1991)
Kerf limits the internal corner radius during machining the workpiece. The gap
that can be obtained in the range of 0.025 mm to 1.075 mm if controlled by computer
positioning system. The kerf width can be expressed as in Equation (1).

Kerf width=D+2d, (1)

Work piece Feed direction

D

Wire tool —> <P
d

o

—>
Kerf width

Figure 2.3 : Detail of WEDM Kerf Width






