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1 INTRODUCTION

Most of the mechanical systems are assembled with the use of connection elements, such as bolts and rivets. For individual
structures, modeling and response prediction methods have been well developed for decades. However, the prediction of
dynamic characteristics ol assembled systems is restricted by the capabilities 1o properly describe joints. Joints add damping
and stiffness to the structural system: hence, changing the overall dynamic characteristics of the system. Reliable dynamic
models for structural systems are based on the accurate identification of joint parameters.

Due to the complexity of joints, it is extremely difficult to describe dynamic behavior of joints with analytical models.
Reliable models are usually obtained by using experimental measurements. Experimental methods can be classified as modal
based methods and frequency response function (FRF) based methods. In the former class of methods, modal parameters
obtained from modal testing are utilized in the identification of joint properties. However, for structures including closely
spaced modes or large modal damping, accurate modal parameters are not easily obtained. Moreover, due to the nature of the
modal parameter extraction process, results inevitably contain errors o some degree. In order o overcome this shortcoming,
FRF based methods have been proposed in the literature.

The basic strategy in most of the FRF based joint identification methods is to use FRFs of individual substructures without
joints and those of the assembled system (which is the structure with joints) to obtain information about the joint properties
[17. Tsai and Chou utilized the substructure FRF synthesis method in the formulation of the joint parameter identification [2].
Wang and Liou [3] improved the work of Tsai and Chou [2]. They avoided inversion of matrices in their algorithm; hence,
tried to reduce noise effect in the identification. Hwang [4] used the same formulation and improved the results using an
averaging process to exclude highly sensitive regions. Yang and Park proposed a method using subset FRF measurements for
the identification of joint parameters [5]. They developed an algorithm to estimate unmeasured FRFs from the measured
FRFs. Hence, they eliminated the necessity for joint related and rotational FRF measurements. Ren and Beards developed a
generalized coupling method taking into account the physical restrictions of the real structures, and identified joint
parameters with this new method [6, 7]. However, they avoided stiff joints in order to avoid ill-conditioned matrices, and
used weighting techniques for better accuracy [1]. Celic and Boltezar [8] improved the method developed by Ren and Beards
[1, 6, 7] by including the effects of rotational degrees of freedom (RDOFs). Another approach similar to the one presented in
[7] is proposed by Batista and Maia [9, 10]. They reformulated the impedance uncoupling technigue, and identified joints
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