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ABSTRACT

Micro Wire Electro Discharge Machining (n -WEDM) is a non-conventional machining
process which is used for machining complex structural design and achieving net-shape
machining. This machining method is mainly used for conductive materials. However,
semiconductor materials like Silicon (Si) can not be effectively machined due to its high
resistivity. For this requires some advanced technique to enhance the machining process
and efficiency. One technique could be the conductive coating on the workpiece
material and use of nano powder mixed dielectric fluid. So far not much research has
been conducted to machine Si like materials by using nano powder mixed dielectric
fluid. Moreover, there is no intelligent system available that can help the users to select
optimal parameters to achieve specific machining goal. One aim at this study is to carry
out nano powder assisted micro WEDM for temporarily coated Silicon samples to
achieve improved surface finish with more machining efficiency. For this purpose, three
different type of nano powders like Aluminium(Al), Silicon (Si) and Graphite (C) were
used for machining highly doped Silicon workpiece material to observe the effect of
nano powders on the machining process. Before machining the workpiece material (Si)
was coated temporarily by a highly conductive material like gold (Au) metal to make
the workpiece more conductive during the machining process. The research showed that
by using nano powder mixed u-WEDM process, Material Removal Rate (MRR) was
improved by almost ~48% than traditional machining process. However, Spark Gap
(SG) was also increased by ~28% for nano powder assisted WEDM as compared to
dielectric EDM oil used machining. Further, Al powder mixed WEDM process have
resulted higher MRR but less SG than any other powder. It was found that at specific
condition (at 80V,13 pF, 0.2g/L powder concentration, 320 nm gold thickness) the Al
nano powder mixed dielectric used machining can produce the lowest surface roughness
as 26 nm. It was also observed that at lower powder concentration and specific
parametric conditions C, Al can easily produce nano range surface roughness where Si
powder produces comparatively worse surface roughness than other powders.
Therefore, it can be concluded that average surface roughness (ASR) can be improved
by maximum ~65% for nano powder assisted machining as compared to conventional
WEDM. Another main purpose of this research is to establish an intelligent system that
can suggest suitable parameters for nano powder assisted u-WEDM operation (for Si
machining) to achieve certain machining goal. The experimental datasets of this study
are used carefully to create a successful predictive model using artificial neural network
(ANN). On the basis of the established predictive model, some experiments have been
further conducted to assess the validity of the model. Then ANN model has been further
optimized by using genetic algorithm (GA) to get required input for optimum output
results. Finally, the accuracy of the modelling has been calculated by measuring the
error percentage which is less than 5-10% for the model. This infers the modelling
efficiency up to 90%.
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CHAPTER ONE
INTRODUCTION

1.1 BACKGROUND

In recent years, electrical discharge machining (EDM) and micro wire electrical
discharge machining (U1-WEDM) have been considered as a potential machining
technique to meet various industrial and diverse engineering requirements due to their
excellent characteristics and advantages. The material eroding process of EDM and
Micro WEDM are identical, however, their functional characteristics differ from each
other. The ui-WEDM process is a well-established special type variant of conventional
EDM process. In the u-WEDM process, electrical discharges are generated between a
flexible metallic wire and work-piece material to erode materials from the work-piece
without causing direct contact between them (Ho, Newman, Rahimifard, & Allen,
2004).

This WEDM process is widely used to machine electrically conductive and semi-
conductive materials like Silicon(Si), Germanium (Ge) owing to its physical nature and
feasibilities. The Silicon is the most common engineering material in MEMS-based
fabrication and electronic industry. Having excellent physical properties, polished
silicon mirrors has large demands in sensors and optical industries as well. Takino et al.
first introduced WEDM technology (Takino et al., 2004, 2005) which could be an
effective way for various contours to fabricate the complex 2D or 3D shaped Silicon
mirrors. However, Silicon has some physical properties like high surface resistance than

bulk body resistance which makes it difficult to machine by the u-WEDM process.



Therefore, machining of Silicon like materials is becoming very challenging and no
more extensive works have been carried out in this prospect.

To overcome such challenges to machine Si like materials, many works have been
carried out with different techniques to achieve the finest surface finish of Silicon work-
piece with better machining stability. Reynaerts et al. (Reynaerts & Van Brussel, 1997)
proposed the conductive polishing on the p-type Silicon as positive and electrode as
negative and vice versa for n-type material in EDM operation to enhance the machining
stability and accuracy. Song et al. (Song, Meeusen, Reynaerts, & Van Brussel, 2000)
studied the consequences of u-EDM on highly doped p-type Si wafer. Recently, Saleh
et al. (Saleh, Rasheed, & Muthalif, 2015) experimented the influences of temporary
Gold (Au) coating on Silicon wafer for micro-EDM and micro-WEDM treatment. It
was found that at a very low discharge energy (~<451.25 nJ), the micro-WEDM of pure
silicon was impossible without gold coating. Further, the machining stability by this
temporary gold coating process was significantly improved.

The powder mixed EDM/WEDM is another approach to signify the machining
stability and accuracy. In the last era, powder mixed EDM has drawn a lot of attention
to the researchers because of its proficiencies to enhance process capabilities over
traditional machining process (Kansal, Singh, & Kumar, 2007). It was found that
powder assisted dielectric affects the spark gap along with the discharging process
which influences the performance of the machining process significantly.

In recent years, Tan et al. (Tan, Yeo, & Tan, 2008) examined the effect of nano
powder assisted machining by micro-EDM and found an improvement in the machined
surface. In addition, Jahan et al. (M. Jahan, Anwar, Wong, & Rahman, 2009; M. P.
Jahan, Rahman, & San Wong, 2011) showed that by using different concentrations of

graphite nano powder mixed dielectric oil it could be possible to get surface roughness



