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Abstract

A simple method is presented for determining transient responses of locally nonlinear structures
using substructure eigenproperties and Lagrange multiplier technique. Although the method is
based upon the mode synthesis formulation procedure, the equations of motion of the combined
whole structure are not constructed compared with the conventional methods. Lagrange multi-
pliers are used to enforce the conditions of geometric compatibility between the substructure
interfaces and they are treated as external forces on each substructure itself. Substructure
eigenvalue problem is defined with the substructure interface free of fixed. The transient analysis
is based upon the recurrence discrete-time state equations and offers the simplicity of the Euler
integration method without requiring small time increment and iterative solution procedure.
Numerical examples reveal that the method is very accurated and efficient in calculating tran-
sient responses compared with the direct numerical integration method.
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Table 1 Natural frequencies of each beam sub-

structure
Natural frequency (Hz)
Mode
Substructure 1 Substructure 3

1 3.66 7.10

2 22.76 28.33

3 63.87 63.91

4 125.99 114.39

5 208.42 180.95

6 343.60 280.51

7 495.05 376.53

8 697.69 510.82
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Table 2 Comparison of solution accuracies

Number of substructure modes
Response 2 modes 4 medes 6 modes 8 modes
type Fix Free Fix Free Fix Free Fix Free
Displacement 1.33 0.57 0.17 0.03 0.02 0.01 0.004 0.002
Velocity 11.07 19.04 11.25 7.78 0.77 1.60 0.10 0.57
Acceleration 26.69 33.47 18.66 9.41 10.09 9.77 6.12 5.91
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Fig. 6 An example of acceleration time histories:
——, direct numerical integration method ;
------ , fixed interface mode technique;—-—,
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Table 3 Comparison of computation times. (unit : sec)
Number of substructure modes
Direct numerical 2 modes 4 modes 6 modes 8 modes
integration
method Fix Free Fix Free Fix Free Fix Free
124.7 5.3 5.2 9.9 9.8 15.8 15.5 22.9 22.4
(100) (4.25) (4.17) (7.94) (7.86) (12.7) (12.4) (18.4) (18.0)
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