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ABSTRAK

Silikon karbida adalah bahan semikonduktor yang menjadi popular kerana
ciri-ciri yang istimewa. Tetapi, kegunnannya adalah terhad disebabkan kesukaran
pemprosesan. Proses pemesinan termaju didapati menjadi cara yang terbaik dan
ekonomi untuk memesin bahan ini. Walanbagaimanpun, parameter tertentu perlu
dikawal untuk memastikan ketepatan dan kecekapan proses. Kajian ini
membentangkan analisis beberapa parameter dalam pemesinan terhadap bahan ini.
Silikon karbida yang digunakan dalam kajian ini terhad kepada jenis Reaction
Bonded Silicon Carbide (SiSiC).

Kesan Beberapa parameter menetapkan seperti on-time (ON), discharge
current (1), off-time (OFF) dan Kekutuban (Pol) pada kadar pembuangan bahan
(MRR), surface roughness (Ra), nisbah kehausan alat (TWR), dan kekasaran
permukaan (Ra) dikaji. Analisis telah dilakukan menggunakan Pakar Rekabentuk
Perisian design expert dengan melaksanakan keadah reka bentuk eksperimen.
Daripada analisis ini, kesan yang signifikan ditentukan. Seterusnye, model
matematik yang mengambil kira kesan yang penting sahaja dibangunkan. Dalam
usaha untuk memastikan kesahihan model, Ujian pengesahan dilakukan dengan tiga
parameter persediaan yang berbeza. Akhirnya, tetapan optimum untuk mendapatkan
kadar pembuangan bahan maksimum, nisbah ke hausan alat minimum dan kekasaran

permukaan minimum ditentukan.

Secara keseluruhannya, hasil kajian menunjukkan bahawa kesan denyutan

pada masa dan Kekutuban adalah dominan bagi semua tindak balas yang terlibat.



ABSTRACT

Silicon Carbide is the semiconductor material that becoming popular because
of its special characteristic. But, its application is limited due to processing difficulty.
Advance machining process is found to be the best and economic way to fabricate
this material. However, certain parameters need to be controlled for controlling the
accuracy and efficiency of the process. This study presents analysis of some
parameters in EDM machining of this material. The Silicon Carbide used for the
study is limited to Reaction Bonded Silicon Carbide (SiSiC).

Several effects of parameter setting such as on-time (ON), discharge current
(), off-time (OFF) and polarity (Pol) on material removal rate (MRR), surface
roughness (Ra), tool wear ratio (TWR), and surface roughness (R,) is studied. The
analysis was done using Design Expert Software by implementing design of
experiment method. From this analysis, the significant effect(s) is determined. From
that, the mathematical models that consist of only significant effect(s) are
established. In order to ensure validity of the model, conformation run is done with
three different parameters setup. Finally, the optimum setting to get maximum
material removal rate, minimum tool wear ratio and minimum surface roughness is

determined.

Overall, the results show that the effects of pulse on-time and Polarity are

dominant for all responses established.

Vi
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CHAPTER 1

INTRODUCTION

1.1 Introduction

In this age of technology and development, humans try to solve a lot of
problems and at the same time bring in many new materials. Silicon carbide ceramic
is one of the materials that has been invented especially for the automotive and
aerospace industry. It is an unusual material that is widely used in structural
applications because of its properties of excellent oxidation resistance, high
mechanical strength at elevated temperature, high hardness, high corrosion
resistance, high thermal conductivity and high thermal shock resistance impact due
to strong covalent Si-C bonds. But, because of the properties of this material, it

makes SiC difficult to be machined by conventional method. [1]



With the invention of Silicon Carbide, Electro Discharge Machining (EDM)
is playing an important role because it can remove material through erosion
regardless of the material hardness. This is due to the fact that no cutting force will
be induced during machining. Other than silicon carbide, any material that is
electrically conductive can be machined through this process. [1, 2]

This research is conducted to mainly evaluate the machining performance of
Silicon carbide using copper electrode which is a highly conductive and easy to
machine material. The majority of silicon carbide material types are expensive.
Because of that, proper planning on manufacturing is critical. Improper planning and
lack of machining data or suitable parameter setting will increase the waste of
material, time and finally increase the manufacturing cost. By this statement, it

shows that research in this area is really important to be performed. [3]

1.2 Problem Statement

EDM is a non-conventional machining technology that focuses on machining
of super hard conductive material. Because of this potential, it is extensively used
specially in the automotive and aerospace industries. Like conventional machining
operation, some suitable parameter settings need to be determined before conducting
the machining operation. It is to ensure that the machining process will be done in an
efficient and accurate manner. Every material that has different material properties
will have different suitability of parameter setting. For EDM operation, the
conductivity and melting temperature of material will play an important role. Many

other machining parameters will also influence its processing. Hence the best

2



solution to get a high machining efficiency is by developing appropriate
mathematical models for the specific material in hand. [4]

Diverse researches have been done on this machining process including the
selection of machining parameter for different materials in order to get best results.
But, until now the study is far from extensive. Although there is up-to-date data base
that comes together with the machine, it only covers for certain parameters and for
some material. Furthermore, the manufacturer’s guidelines for the selection of
machining parameters are traditional in nature and do not ensure finest and

economically efficient use of the machines. [3]

In EDM, the major challenge is to minimize the overcut and also to get the
maximum material removal rate (MRR) in regard to the best surface roughness (of

course when doing finishing job). [5]

Previous researches have been carried out on the machining of various types
of ceramic materials using EDM. However studies involving die sinking EDM
Siliconised Silicon Carbide (SiSiC) are few. As mentioned earlier, only electrically
conductive materials can be machined using this method. Silicon carbide that has
electrical resistance of more than 100 Q cm will affect the EDM machining
efficiency. This study will be carrying out to investigate the relationship between the
certain parameters of machining and quality parameters of EDM process involving
SiSiC. [4, 6, 7]



1.3 Objective of the Research

The objectives of this study are:

(i)  To identify the significant machining parameters and their effect on material
removal rate (MRR), surface roughness (Ra) and overall tool wear ratio
(TWR).

(i)  To identify the optimum setting for maximum material removal rate (MRR),

minimum surface roughness (Ra), minimum tool wear ratio (TWR)

Overall, the main objective of the project is to analyze the parameter settings of
EDM on SiSiC.

1.4 Scope of the Research

The scopes of this research are:

()  The material that will be used is limited to reaction bonded silicon carbide

(RBSIC).

(i)  Discharge On-Time, Discharge Current, Off-Time and Tool polarity will
be studied as machining parameters.

(iii)  Material Removal Rate, Tool Wear Ratio and Surface Roughness will be
studied as Quality Parameters.

(iv)  Copper electrode will be employed.

(v)  DOE will be used in this study.



1.5  Research Question

The research questions for this study are:

()  What are the parameter settings that significant on the material removal rate

(MRR), tool wear ratio (TWR), and surface roughness (Ra)?

(i)  What is the relationship of every significant parameter on material removal
rate (MRR), tool wear ratio (TWR), and surface roughness (Ra)?

(iii)  How the material removal rate (MRR), tool wear ratio (TWR), and surface
roughness (Ra) will be varied with varying of significant parameter setting?

(iv)  What is the optimum setting for material removal rate (MRR), tool wear ratio
(TWR) and surface roughness (Ra)?

1.6 Significance of the Study

The research finding will give information on the factors that will contribute
to the studied responses namely material removal rate (MRR), tool wear ratio
(TWR), and surface roughness (Ra). Since there is still a lack of information on
EDM of conductive ceramic until now, the information will be beneficial for
potential users including those in the aerospace and automotive industries. The
information on the machining parameters will provide useful reference for better

efficiency of silicon carbide machining process.
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