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ABSTRACT

The dynamic characteristics of jointed structures are often predicted using linear
methods. However, at high excitation levels, nonlinear effects become significant,
making these linear assumptions invalid and the prediction more challenging. Stepped
sine excitation is a reliable approach for detecting such nonlinearities, typically
performed using the Force-Controlled Technique (FCT). Despite its effectiveness, FCT
requires long data acquisition and computation time in both experiments and
simulations, limiting its practicality for nonlinear analysis. In this study, a new
methodology for investigating nonlinearity in jointed structures using the Response-
Controlled Technique (RCT) is proposed. The methodology starts by performing the
Swept Sine Testing (SST) technique with a large force. The relative acceleration
response between two points in the region of the bolts is calculated and a cubic stiftness
is estimated using the Acceleration Surface Method (ASM). FCT and RCT tests are
then performed at various excitation levels. The Nonlinear Frequency Response
Functions (NLFRFs) and the time required to perform the nonlinear tests are measured.
A decrease in the resonance frequency, which is accompanied by an increase in the
excitation level, shows softening nonlinearity. A comparison of the measurement time
shows that RCT is more favourable than FCT, as the time required for data acquisition
with RCT is less than with FCT. A methodology to incorporate RCT into a commercial
software package MSC NASTRAN is introduced. A specific controlled displacement
is simulated by applying an enforced motion value to the excitation point. The
validation by comparing the FRFs between the RCT simulation and the RCT test has
shown that the proposed methodology is very effective in predicting the nonlinearity
corresponding to the displacement amplitudes. Furthermore, the computational time for
RCT simulation is compared with the conventional FCT simulation. The comparison
results show that the proposed methodology has a significant advantage as it requires
much less computational time than the FCT simulation. In addition, the RCT
computational time remains relatively constant across different displacement
amplitudes, while the FCT computational time increases significantly at higher forces.
In conclusion, the proposed methodology has the potential to significantly improve the
experimental and computational challenges in the detection and characterisation of
nonlinearity in structural dynamics.
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CHAPTER 1
INTRODUCTION

1.1 Motivation of the Study

The continuous advancement of numerical techniques and experimental
validation are crucial in engineering, particularly in the design and analysis of complex
mechanical and aerospace structures. These advancements enable engineers and
researchers to develop reliable methodologies and improve accuracy while minimising
the cost and time of computation. In a fast-paced industrial environment, the role of
numerical analysis is crucial as optimised designs, improved performance, and ensuring
safety under different operating conditions are required. Therefore, continuous efforts
are required to develop efficient numerical modelling techniques that can be integrated
into existing methods.

Modern structures in mechanical engineering and aerospace increasingly consist
of complex assemblies connected by joints. These assembled structures are designed to
meet the demands of high performance operation. As these structures play a crucial role
in advanced technological applications, they must function effectively under different
operating conditions. Therefore, constant technological advancement and innovation
through advanced modelling techniques are required to accurately predict the
nonlinearities caused by joints, and ensure the development of more reliable and
efficient structures.

The research in structural dynamics and nonlinearity is in line with the National
Science, Technology, and Innovation Policy (DSTIN) 2021-2030 and has a direct
impact on Malaysian industries that aim to transform Malaysia into a high-tech nation
by 2030, particularly the automotive and aerospace sectors. This research contributes to
improving the country’s research and development landscape by generating new
knowledge and methodologies, both in experimental and computational. This, in turn,
supports the country's goal of becoming a hub for cutting-edge research and

technological innovation.
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