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ABSTRACT

Optimization of machining process parameters is important to improve the
machining performances. There are two consecutive ways to improve the machining
performances namely modeling followed by optimization. In this study, modeling
technique, namely regression is used to develop the machining model and
optimization technique, multi objective genetic algorithm (MoGA) to optimize the
machining process. Known as a popular MoGA, non dominated sorting genetic
algorithm Il (NSGA-II) is able to produce many sets of solutions with good spread of
solutions from the Pareto optimal front in one time run. However, the confusion of
selecting the best solution has led to the idea of using genetic algorithm (GA) and
weight sum average (WSA) based as the preference points for NSGA-II. In this
study, GA, WSA and combination of GA-WSA are selected as point to direct the
best solutions among Pareto optimal front of NSGA-II. The machining processes for
this study are cobalt bonded tungsten carbide electrical discharge machining and
powder mixed electrical discharge machining. Surface roughness and material
removal rate are the machining performances considered. GA-NSGA-II, WSA-
NSGA-II and GA-WSA-NSGA-II known as enhanced NSGA-II (E-NSGA-II) are
proposed. Two datasets from previous studies are used in this study. The results are
compared with the previous studies and statistical analyses are performed to describe
the significant of techniques proposed. In conclusion, E-NSGA-II is an improved
technique that can increase the ability to provide best sets of optimal solutions and
better stable process parameters values based on selected performance measurements

compared to the previous techniques proposed.



Vi

ABSTRAK

Pengoptimuman parameter proses penting dalam membaiki pencapaian
pemesinan. Terdapat dua kaedah berturutan bagi meningkatkan pencapaian
pemesinan; dinamakan pemodelan dan pengoptimuman. Dalam kajian ini, teknik
pemodelan, regresi digunakan untuk membangunkan model pemesinan dan teknik
pengoptimuman, algoritma genetik pelbagai objektif (AGPO) untuk mengoptimum
proses pemesinan. Dikenali sebagai salah satu AGPO yang terkenal, algoritma
genetik tidak terdominasi Il (AGTT-II) boleh menghasilkan banyak set penyelesaian
pada satu masa yang sama dengan penyerakan Pareto yang baik. Namun begitu,
kekeliruan dalam memilih set-set penyelesaian terbaik telah mencetuskan ide untuk
menggunakan algoritma genetik (AG) dan purata jumlah berpemberat (PJB). Dalam
kajian ini, AG, PJB dan gabungan AG-PJB digunakan sebagai titik rujuk dalam
pencarian set-set penyelesaian terbaik. Proses pemesinan ialah nyahcaj elektrik
tungsten karbida bersalut kobalt dan nyahcaj elektrik bercampur serbuk. Kekasaran
permukaan (KP) dan kadar pengurangan bahan (KPB) dipertimbangkan sebagai
pencapaian pemesinan. AG-AGTT-II, PIB-AGTT-1I dan AG-PJB-AGTT-II dikenali
sebagai AGTT-II dipertingkat (AGTT-II-D) dicadangkan. Dua set data daripada
kajian sebelum ini digunakan untuk Kkajian ini. Keputusan yang diperolehi
dibandingkan dengan hasil kajian sebelum ini dan analisa statistik dilaksanakan bagi
menggambarkan kepentingan teknik yang dicadangkan. Sebagai kesimpulan,
didapati bahawa AGTT-1I-D ialah teknik diperbaiki yang boleh meningkatkan
kebolehan menyediakan set-set penyelesaian terbaik dan nilai parameter proses yang
lebih stabil berdasarkan kepada kadar prestasi yang dipilih berbanding dengan

teknik-teknik yang pernah dicadangkan sebelum ini.
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CHAPTER 1

INTRODUCTION

1.1 Overview

This chapter presents the problem background, problem statement, research

aim, objective, scope, research significant and contributions of this study.

1.2 Problem Background

Generally, there are several major concerns of this research which are,
machining processes, modeling, and optimization. The main idea of this study is to

model and optimize process parameters.

Machining is a very important process in the manufacturing world. In the
manufacturing world, machining can be divided into two categories, traditional
machining and modern machining (El-Hofy, 2006; Kalpakjian, 1995). Traditional
machining (Gutowski, 2009; Venkatesh and Narayanan, 1986) includes machining
processes that use single or multi point tools to remove material in the form of chips
(turning, milling, drilling, grinding etc.). Traditional machining unable to meet the
challenges in today’s world and being enhanced to a new trend of modern machining

due to global economics demands (Chatterjee, 1990; Jain, 2010; Pandey and Shan,
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2008). Modern machining is the use of chemical, thermal, or electrical processes to
machine a workpiece and remove material. Modern machining such as laser beam
machining (Dubey and Yadava, 2008), abrasive jet machining (Ramachandran and
Ramakrishnan, 1993; Venkatesh et al., 1989), electrical discharge machining (EDM)
(Ho and Newman, 2003; Mohd Abbas et al., 2007), electrochemical machining
(ECM) (Bannard, 1977; Meleka and Glew, 1977; Rajurkar et al., 1999), wire
electrical discharge machining (WEDM) (Ho et al., 2004) etc.

Two major issues in the machining studies are modeling and optimization.
Modeling in machining can be described as estimation of the potential value of
machining performances. Machining models are developed to represent relationship
between input and output variables. There are three manufacturing conflicting
objectives based on Venkataraman (2012) which are maximizing production rate,
maximizing product quality and minimizing the production cost. Tool wear rate,
material removal rate (MRR) and surface roughness (Ra) are some of the machining
performances or output variables that are widely discussed among the researches
(Chandrasekaran et al., 2010). Meanwhile the process parameters or input variables
are depending on the composites and materials of machining processes. Optimization
of process parameters such as depth of cut, peak current, electrode type and many
more have been studied by many researches (Deb and Sundar, 2006; Dhavamani and
Alwarsamy, 2011; Thiyagarajan et al., 2012). There are many modeling techniques
in machining optimization such as regression modeling, fuzzy logic, artificial neural
network etc. (Palanikumar et al., 2009; Vundavilli et al., 2012; Zain et al., 20113;
Zain et al., 2011b).

The target of process parameters optimization is to determine the optimal
values of the machining process conditions that lead to a reliable minimum or
maximum value of machining performances. There are many optimization
techniques used in optimizing machining processes such as particle swarm
optimization, simulated annealing (SA), Taguchi method, genetic algorithm (GA)
etc. (Aouici et al.,, 2012; Asiltiirk and Neseli, 2011; Datta and Deb, 2009;
Palanikumar, 2011; Krishnamoorthy et al., 2012; Mandal et al., 2011; Neseli et al.,
2011; Ramesh et al., 2012; Solimanpur and Ranjdoostfard, 2009). GA has taken a

wide range of monopoly in solving the process parameters optimization problems
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due to its advantages in reducing operational cost and production time besides
maximizing the production rate and quality (Ahmad et al., 2006; Cus and Balic,
2003; Cus et al., 2002; Manolas et al., 1996; Wong et al., 2003; Zain et al., 2008,
2010a, 2010b). Different from single objective optimization, multi objective genetic
algorithm (MoGA\) is able to search many Pareto optimal solutions in optimizing

multiple objectives of process parameters simultaneously.

As the first step of generating the idea of this study, machining processes,
machining performances and process parameters that involved are intensely studied.
The next step is by understanding the techniques related to modeling and optimizing
the process parameters. Furthermore, investigate the most reliable MoGA in
optimizing process parameters. Final step is by identifying an applicable
modification approaches in the algorithm so that it is acceptable in the EDM
optimization process. Figure 1.1 briefly describes the flow of optimizing process
parameters using MoGA. Machining model is generated based on previous
experimental data to correlate between machining performances and process
parameters. The process parameters of MoGA are considered as decision variables
for minimizing or maximizing the machining performances, known as the fitness

values.

Experimental data of machining process: Drilling, Turning, ECM, EDM etc.

{l

Machining model development: ANN, regression modeling, fuzzy theory etc.

[ Machining performances: MRR, crater depth, Ra, etc. ]

[ Machining process parameters: depth of cut, cutting speed, current ]

etc.

Machining process parameters optimization: MOGA, NSGA, NSGA-II, micro-GA etc.

I

Results of optimal process parameters

Figure 1.1: Flow of optimizing process parameters using MoGA



1.3 Problem Statement

Although GA is well established, it is subjected to solve one objective
function only. The intention of multi objectives optimization is to obtain optimal
values of multiple machining performances, such as MRR and Ra simultaneously. In
the era of conventional machining tools, many experimental trials at different
combination of value need to be done to estimate the optimal value of process
parameters and fully depend to machinist experience who conducts the experiment.
According to Cooper and DeRuntz (2007), “The lack of formal procedure was a
problem, especially for the new machinists who had no past experience with which to
base a judgement on call”. Therefore, multi objective optimization such as MoGA is
one of the efforts done by researchers to assist in the development of manufacturing

world.

Getting information on the optimal process parameters that influence the
machining performances is very important. Moreover, the relationships among
various process parameters and machining performances are unclear and difficult to
quantify particularly when the information is not clear, incomplete and uncertain. It
is also difficult to get the practical and experimental data of various machining
processes resulted to a vague in machining optimization. Those complications guided

to an innovation and changes in machining model and optimization.

These days, known as one of the most popular MoGA, non dominates sorting
genetic algorithm 11 (NSGA-II) has taken wide interests among the researchers in
machining optimization. However, there are three major problems in machining
optimization using NSGA-I11 that need to be faced:

(1 Difficulties in merging the machining model and optimization technique
(i)  One objective leads to a poorer value of the other objective.

(i)  Too many optimal solutions to be chosen

Thus, machining optimization should be able to encounter the problems so
that the users have confidence of employing the technique proposed. Therefore the
problem statement for this study is, “E-NSGA-Il (enhanced NSGA-II) is able to
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search the best optimal solutions for multi objectives machining performances”.

The followings are the research questions that are addressed to answer the above

problem statement:

(1) How to modify existing machining model and NSGA-11?

(i) How to find the stable factors that can represent the algorithm in order to
maintain high machining performance?

(i)  How to obtain machining process optimization result when dealing with
various types of data?

(iv)  Can the proposed E-NSGA-II outperform the existing NSGA-11?

These research questions are answered through the empirical results obtained
throughout this study. This study is an extension of case study by Kanagarajan et al.
(2008) and Garg and Ojha (2012). Regression modeling technique is proposed.
NSGA-II by Deb et al. (2002) and reference point based NSGA-II (R-NSGA-II) by
Deb and Sundar (2006) optimization technique are utilized to improve the optimal

searching of best process parameters (Deb et al., 2002; Deb and Sundar, 2006).

1.4 Aim of the Research

The aim of this study is to modify NSGA-II to satisfy the machining
performances and machining process parameters demand on real machining
applications of cobalt bonded tungsten carbide EDM (WC/Co EDM) and powder
mixed EDM (PMEDM).

1.5  Objective of the Research

The objectives of this study are:
M To investigate a proper model of EDM to be combined with NSGA-II and E-
NSGA-I1 optimization technique.



(ii)

(iii)

1.6

(i)

(i)

(iii)
(iv)

v)

(vi)

(vii)

1.7

6

To test and evaluate the efficiency of NSGA-II and E-NSGA-II in process
parameters optimization.
To classify preference point advantages in E-NSGA-I11 for better optimization

performances.

Scope of the Research

The scopes of this study are:

Machining model is based on regression modeling.

WC/Co EDM and PMEDM as part of EDM are the considered machining
processes.

MRR and Ra are machining performances considered.

Process parameters of WC/Co EDM include rotational speed (R), pulse
current (1), pulse on time (T) and flushing pressure (P).

Process parameters of PMEDM are rotational current (A), duty cycle (B),
powder concentration (C) and tool diameter (D).

The development of E-NSGA-II is based on NSGA-II (Deb et al., 2002) and
R-NSGA-II (Deb and Sundar, 2006).

Spread of solutions, maximum MRR and minimum Ra values, ability to
search for best sets of optimal solutions, width interval, probability value,
optimization time and dominant process parameters derivation are the

performance measurement considered.

Research Significant

This study is to investigate the performances of modified NSGA-II named as

E-NSGA-II in optimizing EDM performances. To indicate the effectiveness of this

technique, the final results are compared with experimental results and optimal
results by Kanagarajan et al. (2008) and Garg and Ojha (2012). NSGA-II is modified

and implemented according to the machining processes requirements. Figure 1.2
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summarizes the research significant which lead to the requirement of a new

optimization technique that can produce accurate, robust and highly reliable

machining optimal solutions.

1.8

(i)

(i)

GA
limitation

NSGA-I|
limitation

R-NSGA-
1l
imitation

E-NSGA-
Il

+*single objective at single time
+time consuming
+limited optimal solution

*good spread of solutions but too many optimal solutions
«difficult to identify desired solution

«difficulties in deciding preference point
«difficulties in deciding weight vector

«optimization based on optimized solutions
«optimization based on weighted element
+desired range of optimal solutions with good spread of solutions

Figure 1.2: Research significant

Contributions of the Study

Contributions of this study can be divided into two categories:

Contribution to machining processes

Basically, this study assists in getting optimal values of process parameters by

considering multiple objectives simultaneously.

The objectives are to

maximize MRR and minimize Ra for WC/Co and PMEDM in order to obtain

the optimal solutions. Combination of regression modeling and E-NSGA-II is

proposed to get best optimal solutions of EDM.

Contribution to artificial intelligence

Modifications on NSGA-I11, known as E-NSGA-I11 are developed to search the

best optimal solutions. The variety set of preference points is trusted to leads

to a better NSGA-II performance. This idea generally, is a way of getting the
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best among the best solutions in solving multi objective optimization problem

of machining processes.

19 Summary

This chapter discussed several topics related to the brief idea of research
implementation. Problem background, statement, aim of research, objectives and
scopes are precisely mentioned in this chapter. Importance of the research and
contributions of the study have also been described. As a guideline and references of

this study, literature reviews are discussed in the next chapter.
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