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ABSTRACT

This paper describes the analysis of dynamic characteristics and prediction of the stiffness for the joint
between structural members. In the process of deriving the governing equations, the stiffness values
responsible for the moment and shear force were modelled by using linear and torsional springs in the
middle of a clamped-clamped beam. The sensitivities of the natural frequency and modal assurance criterion
were investigated as a function of the dimensionless linear and torsional spring stiffness. The reliability of the
predictions for the linear and torsional stiffness values was verified by the inverse computations of the
stiffness matrix. The predictive and exact theoretical stiffness values were compared for the stiffness element
in the finite element formulation, and their results show an excellent correlation. It is strongly anticipated that
although the proposed methodology is currently limited to the analytical utilization, it will provide a useful
tool to estimate unknown joint stiffness values based on the experimental natural frequency and mode shape.
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Fig. 2 Natural frequency sensitivities as a function
of dimensionless linear stiffness K
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Table 1 Natural frequency sensitivity for 2

cantilever beams with tip joints

Observed natural Rigid model
Spring | Mode frequency natural frequency
[Hz] [Hz]

1 49.66 62.08
Linear 2 113.86 201.31
3 257.94 420.96
1 20.51 22.52
Torsional 2 109.04 121.72
3 274.29 300.97

Table 2 Computations of dimensionless linear and
dimensionless torsional stiffnesses

Sensitivity | Dimensionless _Average
Spring | Mode hvily : Dimensionless
[%] stiffness :
stiffness
1 20.0 39.8107
Linear 2 414 37.1535 38.3277
3 38.7 38.0189
1 8.9 3.5481
Torsional | 2 10.4 3.6308 3.6314
3 8.9 3.7154

Table 3 Comparisons of theoretical and predictive
linear and torsional stiffnesses

Verified
Stiffness Theory Predicted Error Equation
element stiffness stiffness [%] Error
[%]
K&B 3.1253 3.1304 0.2 0.0
[N/m < 107]
Iq4,14
[Nm/rad 3.3813 3.4322 1.6 0.0
x 10°]
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Fig. 8 Mode shapes due to flexible joint by change
in linear spring stiffness
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Fig. 9 Mode shapes due to flexible joint by change
in linear spring stiffness
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