UNIVERSITI TEKNOLOGI MARA

CHARACTERISATION AND MODEL
UPDATING OF MODAL
PARAMETERS OF A CAR HOOD
STRUCTURE

MOHAMAD SHAMSUL AZRAF BIN
SULAIMAN

MSc

May 2020



AUTHOR’S DECLARATION

I declare that the work in this thesis was carried out in accordance with the regulations
of Universiti Teknologi MARA. It is original and is the results of my own work, unless
otherwise indicated or acknowledged as referenced work. This thesis has not been
submitted to any other academic institution or non-academic institution for any degree

or qualification.

I, hereby, acknowledge that I have been supplied with the Academic Rules and
Regulations for Post Graduate, Universiti Teknologi MARA, regulating the conduct of

my study and research.

Name of Student :  Mohamad Shamsul Azraf bin Sulaiman

Student I.D. No. ;2015416338

Programme : Master of Science (Mechanical Engineering) —
EM750

Faculty :  Mechanical Engineering

Thesis Title : Characterisation and Model Updating of Modal

Parameters of a Car Hood Structure

Signature of Student P

Date : May 2020

111



ABSTRACT

Mechanical joints are commonly used in engineering application to form assembled
structures such as car Body in White (BiW) and aerospace structures. Understandably,
the mechanical joints have a significant effect to the dynamic characteristic of
assembled structure because each of the joint in the structure has its own joint properties
such as slip factor, contact surface and non-linearity. Therefore, the overall dynamic
characteristics of the jointed structure highly rely on the joints. On the other hand, finite
element analysis (FEA) is a tool that commonly used by engineers to model and to
reduce the number of physical prototypes in order to develop better products such as
automotive parts. However, it has been found that there are huge discrepancies between
the finite element analysis and experimental data due to invalid assumptions and
simplification in modelling the joints in the finite element analysis. Consequently, the
initial finite element model of the structure needs to be improved as close as possible to
the experimental data. The aim of this research is to investigate the potential element
connectors that can be used to represent the joints for spot weld and adhesive joints.
The reliability of potential connector elements were quantified by comparing the
predicted result calculated from commercial finite element analysis package with the
experimental data. There were four types of element connectors used to model the
adhesive joints and spot welds namely, RBE2, ACM2, CWELD and CWELD ELPAT
and they were constructed based on three types of the case studies namely Case Study
1, Case Study 2 and Case Study 3. In the experimental work, the shaker and the roving
accelerometers method were used to measure the modal parameters of the structure. The
comparison reveals that the Case Study 3, which is the combination of element
connectors Type 2 (ACM2) and Type 4 (CWELD ELPAT) have shown a better
capability to represent the joints of the assembled structure with total error was 31.98
% while other finite element models, such as Case Study 1 and Case Study 2 with total
error recorded were 263.23 % and 33.82 % respectively. The finite element model of
Case Study 3 was then used in the optimisation method using model updating with MSC
NASTRAN SOL200 algorithm to compute the sensitivity analysis based on the input
parameters of the spot weld and adhesive joints and the body of the car hood structure.
The predicted results obtained from the optimisation method has shown a significant
achievement with total error was managed to reduce from 31.98 % to 19.92 %. The
results reveal that, the predicted model using Case Study 3 procedure was the most
appropriate to represent as spot weld and adhesive joints in the car hood structure.
Furthermore, the optimisation method using model updating was successfully
implemented and improving the correlation of the predicted results with experimental
counterpart.

v



ACKNOWLEDGEMENT

Alhamdulillah, all praise to Allah S.W.T. over His help and calmness of mind which is
given to the author in effort on completing this project. The authors are grateful and
would like to thank everyone such as Ir. Dr. Mohd Azmi Yunus and Dr. Muhamad
Norhisham Abdul Rani who was supportive in providing necessary information and for
their support.

My appreciation goes to the Structural Dynamic Analysis and Validation (SDAV)
members consists of Ahmad Burhani, Wan Imaan Izhan, Muhd Shazwan and Azam
Shah who provided support and assistance during the experimental works. Special
thanks to my colleagues and friends for helping me with this project especially Nor
Azela Temodi, Sharifah Nazri, Munirah Hassin, Hakimi Othman and Rohaizat Omar.
Not to be forgotten to Mr. Fauzi Said, the technician at the lab for helping and supportive
to the author in completing this project. Overall, the research work was done at the
Dynamics and Control Laboratory, Faculty of Mechanical Engineering, Universiti
Teknologi MARA (UiTM), Shah Alam, Malaysia.

Lastly, for my very dear father and mother, Sulaiman Mansor and Norliza Othman that
always give motivation, prayers, caring and sacrifices for educating and preparing me
for my future. I am very much thankful to my wife, Noor Azian Erdawaty Zainudin for
their love, understanding, prayers and continuing support to complete this research
work. Also I express my thanks to my sisters, Nor Rahayu and Nor Nabilah for their
support and valuable prayers. All the experience that the author gets during completing
this project is very meaningful.



TABLE OF CONTENTS

CONFIRMATION BY PANEL OF EXAMINERS

AUTHOR’S DECLARATION
ABSTRACT
ACKNOWLEDGEMENT
TABLE OF CONTENTS
LIST OF TABLES

LIST OF FIGURES

LIST OF PLATES

LIST OF SYMBOLS

LIST OF ABBREVIATIONS

CHAPTER ONE INTRODUCTION
1.1 Introduction

1.2 Research Background

1.3 Problem Identification

1.4  Research Goal and Objectives

1.5  Scope and Limitation of the Study
1.6 Significance of the Study

1.7 Thesis Outline

CHAPTER TWO LITERATURE REVIEW
2.1 Introduction

2.2 Structural Modelling

2.3 Finite Element Method (FEM)

2.4 Finite Element Model updating

2.5  Structural Joint Modelling

2.6 Research Gap

vi

Page

ii
iii

iv

vi
ix
xi
xiii
Xiv

Xvi

—

AN N B~ B~ W

O o0 o0 @

14
16
21



