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ABSTRACT 

Accurate analytical models of engineering structures are of paramount importance for 
dynamicists to be used in predicting the dynamic behaviour of the structures. The finite 
element method (FEM) and the experimental modal analysis (EMA) have been known 
as powerful and useful methods that can be used to determine the dynamic behaviour 
of the structures. However, it is very difficult and challenging to accurately model large 
complex structures that are often found to be a combination of the different types of 
joints. Previous work has revealed that, spot welds tend to present the local issues such 
as thermal effects, initial stresses, diameters of the spot welds, contacting areas, etc. to 
the structure. They have been discovered to be very difficult to be accurately modelled 
using analytical methods which are one of them is the finite element method. Therefore, 
in order to have a reliable finite element model of a structure, measured data obtained 
from the experimental modal analysis can be integrated with analytical data to reconcile 
the finite element model and the procedures involved in the reconciliation is a model 
updating process. The model updating methods, in general, are classified into two main 
different groups which are the modal based updating and frequency response function 
(FRF) based updating. This research was aimed to investigate the accuracy, efficiency 
and economics of the frequency response function (FRF) based updating method in 
updating the finite element model of a structure with laser spot welds. The physical test 
specimen used in this work is a structure consisting of a squared thin plate (110mm x 
564 mm) and a hat shape plate. They were assembled together with twenty laser spot 
welded joints. In this study, the measured and predicted results of the structure were 
obtained from the experimental modal analysis (EMA) and finite element analysis using 
MSC Software (Nastran/Patran). The structure was tested under free-free boundary 
conditions using impact hammer testing and roving accelerometers in order to measure 
its FRFs. The initial finite element model of the welded structure was constructed using 
three different element connectors (RBE2, ACM2 and CWELD) and the three different 
models were then used to predict the FRFs of the structure. The comparison of the initial 
results revealed that the CWELD based FE model of the welded structure has showed 
better capability to represent the laser spot weld joints in the physical test structure with 
the total error recorded was 12.35 percent as compared to the ACM2 based FE model 
(13.42 percent) and the RBE2 based FE model (77.80 percent). The initial CWELD 
based FE model was then used as a benchmark model in the FRF based updating 
method. The attempts at updating the initial CWELD based FE model of the welded 
structure using the FRF based updating method have been numerically and 
experimentally proved with a satisfactory acceptable level of achievement. The 
predicted results obtained from the updated CWELD based FE model have shown a 
great improvement with 53.14 percent of reduction in the total error computed from the 
initial CWELD based FE model. In conclusion, FRF based updating method has been 
successfully used in increasing the quality of the predicted finite element FRFs over the 
measured counterparts. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Introduction 

Modern engineering structures, especially for automotive and aerospace, usually 

consist of a large number of complex shape components. The components are 

assembled using mechanical joints to form an assembled structure or jointed structure. 

One of the most popular mechanical joining methods in automotive industry is laser 

welding. 

Laser welding has become more popular in automotive body-in-white and 

component production because it is highly productive. Compared to traditional welding 

methods, laser welding offers many advantages and is being used today in many 

different industries. This contact-free process produces high welding speeds and 

achieves an economical advantage very quickly. In fact, laser welding has become one 

of the first choices in welding methods considered in modern manufacturing. The 

advantages in metallurgy, versatility and flexibility are considerable and make laser 

welding a much better alternative than older welding methods. 

Furthermore, the process of laser spot welds to assemble the thin metal sheets is 

simple, fast and easy to handle. However, the modal analysis needs to perform to the 

assembled structure to investigate the dynamic behaviour (natural frequencies, mode 

shapes) of the assembled structure due to dynamic loading. It is important to investigate 

the natural frequencies of the structure to prevent the frequencies equal to the driven 

frequency. Whenever the natural frequency of the structure coincides with the driven 

frequency, there occurs a phenomenon known as resonance. Resonance can damage the 

structure due to excessive deflection. 

Experimental modal analysis, also known as modal testing or modal analysis is 

a conventional method to measure the dynamic behaviour of the structure by using 

impact testing method or shaker testing method [1]. The dynamic behaviour of the 

structure is described in terms of natural frequencies, damping ratios and mode shapes. 

The natural frequencies of the structure are the frequencies that equal to the forcing 

frequency that applied to the structure. Besides, it will make the structure vibrate into 

1. 


