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ABSTRACT

This project investigated the development of the weld zone in resistance spot welding
(RSW) on similar and dissimilar material using various statistical methods and
numerical simulation approach. Demands placed on dissimilar material joints have
increased from various viewpoint such as lightweight vehicle structure, energy saving,
high performance and cost saving. Due to steadily increasing price of material, a
combination between DP 600 and low carbon steel can be seen as an alternative
especially for the section which is not fully exposed to external load. Therefore, the
RSW process on dissimilar material of DP 600 and low carbon steel is necessarily to
be observed for mass production. For comparison purpose, this research was
conducted for plate thickness of 1.2 mm of low carbon steel and 1.0 mm of DP600. In
order to reduce the trial and error experiments, statistical methods were used
throughout the investigation. An experimental design was started using a general 24

factorial design to determine which of the various parameters were important in
response surface study. The significance of the welding parameters was obtained
using Analysis of Variance (ANOVA) to evaluate the relations existing between the
important parameters and the response (radius of weld nugget and radius of HAZ).
Optimization of the welding parameters (weld current, weld time and electrode force)
to normalize weld nugget and to minimize HAZ size was then conducted using
Central Composite Design (CCO) in Response Surface Methodology (RSM) and the
optimum parameters were determined. Experiments were conducted according to the
selected experimental design, followed by data analysis which included regression
analysis and model adequacy checking. A quadratic model for radius of weld nugget
and radius of HAZ as a function of the significant parameters were developed for all
the combined metal sheets. A second order models were found fitted and can be
effectively used to predict the size of weld zone within the factors domain study.
Further, the optimization of multi-response (nominal-the-best for radius of weld
nugget and smaller-the-better for radius of HAZ) were obtained simultaneously using
desirability approach. The confirmation tests validated the use of multi-response
optimization for enhancing the welding performance and optimizing the welding
parameters in RSW process. The experimental obtained under the optimum operating
conditions and the predicted one was found to agree satisfactorily with each other. The
optimum parameters obtained from multi-response optimization was applied in the
simulation process. A two dimensional axis-symmetric finite element model using
customized electrode meshing was chosen to develop the thermal-mechanical­
electrical characteristic of the RSW based on the actual electrode dimension. The
development of the weld zone was investigated using finite element method (FEM) of
SYSWELD and the results were compared with experimental measurement. It was
found that the result of FEM presents a theoretically accurate correlation with that of
experiments in terms of radius weld nugget as well as HAZ developed.

iii



ACKNOWLEDGEMENT

Firstly and foremost, I'm very grateful to God Almighty for giving me wisdom and
providing me strength to carry out and complete this project successfully.

This project has been successful and pleasurable thank to the help of numerous
persons that kindly give endless support and cooperation. It gives me a great pleasure
to acknowledge the role of all the persons that contribute in this project.

I would like to thank and give an appreciation to my project supervisor, Assoc. Prof.
Dr. -Ing. Yupiter H.P Manurung, for giving me the opportunity to conduct an
interesting project and for his continuous encouragement, recommendations,
suggestions and advices while monitoring and assisting during the completion of this
project.I would also like to appreciate the guideline and instruction of my ..co­
supervisor, Assoc. Prof. Dr. Esa Hamman for giving me the benefit of his knowledge,
views and experience.

A special thanks is addressed to Malaysia Ministry of Education for the financial
support. I would also gratefully appreciate the Pemsahaan Automobil Nasional
(PROTON) Holding Berhad, Shah Alam, for the material supplies and granting
permission to conduct experiments using their spot welding facility.

I would also like to appreciate the help of my fellow postgraduate students and
technicians of the Faculty of Mechanical Engineering Laboratories.

Last but not least, I wish to express my gratitude to my parents, husband, kids and
other family members for their continued encouragement and inspiration throughout
my life as well as during this research work.

IV



TABLE OF CONTENTS

Page

AUTHOR'S DECLARATION 11

ABSTRACT III

ACKNOWLEDGEMENT IV

TABLE OF CONTENT VI

LIST OF TABLES x

LIST OF FIGURES x111

LIST OF ABBREVIATIONS xx

CHAPTER ONE: INTRODUCTION

1.1 Background of Study

1.2 Problem Statement

1.3 Objective of Research

1.4 Scope of Research

1.5 Significant Contribution to New Knowledge

CHAPTER TWO: LITERATURE REVIEW

2.1 Resistance Spot Welding in General- Process and Parameters

2.1.1 The Principles of Resistance Spot Welding

2.1.2 Resistance Spot Welding Parameters

2.1.2.1 Welding Current

2.1.2.2 Welding Time

2.1.2.3 Electrode Force

2.1.2.4 Hold Time

v

2

3

4

5

6

6

8

11

11

11

12

12



CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND OF STUDY

Resistance spot welding (RSW) is a key technology in automotive assembly

production. The welding process is efficient, flexible and can easily weld many

dissimilar material combinations that are difficult to join by other welding techniques.

The operational cost is generally low, as no shielding gas or filler metal is required.

These advantages are originating from its operating principle which employs the

electrical resistance concept. The metal to be joined is placed between two water­

cooled electrodes and then pressure applied and current turned on [1] [2] [3].The RSW

process fundamentally consists of four stages which are squeeze cycle, weld cycle,

hold cycle and off cycle. Major factors controlling this process are weld current, weld

time"electrode force, contact resistance and sheet material.

The determination of appropriate welding parameters for RSW is a very

complex issue in which a small change of one parameter will affect all the other

parameters. As a consequence, a prediction on welding parameters for different

circumstances is difficult in order to obtain the best quality of weld. Hence, to

overcome this problem, Design of Experiment (DOE) was applied to define the

desired output variables through developing mathematical models so as to specify the

relationship between the input parameters and output variables.

Nowadays, there is an increasing demand for advanced high strength steel

(AHSS) sheets in the automotive industry in order to improve the fuel efficiency,

safety performance and reduction of auto body weight. The application of AHSSis

widely used in automobile industry as it has good formability, ability to resist fatigue

and capacity to absorb crash energy [4] [5]. Due to the combination of excellent

strength and formability, AHSS offer potentials for improvement in vehicle crash

performance without the addition of excess weight. Dual phase 600 (DP 600) steel is

one of the most common AHSS and it is good candidates for making light-weight

vehicles [6]. Considering the development and commercialization of DP 600 steels for

application in automotive bodies, it is necessary to study the welding parameters as

well as how they interact to obtain the acceptable weld joint for this steel.
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