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ABSTRACT

Bolted joints are widely used in various industries for assembling structural components
because they are easy to assemble and disassemble, simple to configure and cost-
effective. However, the presence of bolted joints in an assembled structure significantly
changes the dynamic behaviour of the structure, which are natural frequencies and mode
shapes. This change is due to two main factors, namely the stiffness of the contact
surfaces and the bolts. These two important factors are not well understood and are very
difficult to determine experimentally. To date, no attempt has been made to integrate
these factors using FE model updating (FEMU) and experimental modal analysis
(EMA) in accurately determining the dynamic behaviour of an assembled structure.
Furthermore, the current bolted joint modelling for analysing the dynamic behaviour of
an assembled structure using detailed models is very difficult, cumbersome and
uneconomical as they require a large number of degrees of freedom, large data storage
and high computational cost. This study proposes an efficient, economical and reliable
scheme for modelling and predicting the dynamic behaviour of an assembled structure
where the structural components are connected by bolted joints. In particular, it
investigates whether 1D elements are able to represent the bolted joints with the two
most important factors. In this context, CBEAM and CBUSH elements were used to
represent the bolted joints and CELAS elements for the contact interfaces. The proposed
scheme was tested on three assembled structures made of two different materials,
namely 6061-T6 aluminium (aluminium) and A36 structural steel (steel), to investigate
the effects of the bolted joints on the dynamic behaviour of the assembled structures
using normal modes analysis and EMA. The results of the test, namely the natural
frequencies and mode shapes, were used to determine the parameters of the bolted joints
and the definitions of the contact interfaces using sensitivity analysis, FEMU and EMA.
The accuracy of the proposed scheme was confirmed by comparing the predicted
natural frequencies and mode shapes with their EMA counterparts. The difference in
comparison was carefully examined using sensitivity analysis to determine the
parameters of the FE model of the assembled structure to which the predicted results
were very sensitive. The parameters identified were used as updating parameters to
systematically correlate the accuracy of the predicted results as closely as possible with
their EMA counterparts. The results of the sensitivity analysis and comparison between
the FE model and the EMA model showed that the CBEAM elements were best for
representing the bolted joints in the assembled aluminium structure and the CBUSH
elements for the assembled steel structure. Another significant finding was that the FE
model developed with the proposed scheme was able to predict the dynamic behaviour
of the assembled structure with an accuracy of 86% in the frequency range from 0 to
1500 Hz. Furthermore, the proposed scheme was found to be remarkably effective and
efficient with an accuracy of 97% in the frequency range of 0 to 400 Hz, which is of
interest in most industries. These results show that the proposed scheme can be reliably
and economically used to model and predict the dynamic behaviour of an assembled
structure with bolted joints, which are common in most industries. By using the
proposed scheme, the industry would benefit from faster decisions to improve product
performance.
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