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Structural Modal Analysis Using Substructure
Hybrid Interface Modes
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Abstract

A new mode synthesis method using Lagrange multipliers and substructure hybrid interface

modes is presented. Substruture governing equations of motion are derived using Lagrange
equations and the constraints of geometric compatibility between the substructures are treated
with Lagrange multipliers. Fixed, free, and loaded interface modes can be employed for the modal
bases of each substructure. In cases of the fixed and loaded interface modes, two successive modal
transformation relations are used. Compared with the conventional mode synthesis methods, the
suggested method does not construct the equations of motion of the coupled structure and the final
characteristic equation becomes a polynomial. Only modal parameters of each substructure and
geometric compatibility conditions are needed. The suggested method is applied to a simple
lumped mass model and parametric study is performed.
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Fig. 1A structural system composed of N linear sub-
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Table 2 Comparison of eigenvalue errors for nine combinations of substructure modes considering one
mode for each substructure

percentage errors of eigenvalues(%)

mode | fix-fix fix-free fix-load free-fix free-free free-load load-fix load-free load-load

1 11.33 3.417 3.417 5.868 0.093 0.082 5.642 0.127 0.117

Table 3 Comparison of eigenvalue errors for nine combinations of substructure modes considering 2
modes for each substructure

percentage errors of eigenvalues(%)

mode | fix-fix fix-free fix-load free-fix free-free free-load load-fix load-free load-load

1 0.301 0.319 0.303 0026 0.037 0.018 0.028 0.040 0.021
2 0.166 6.113 0.176 4.882 11.92 4.879 1.546 7.757 1.552
3 15.48 13.95 15.28 0.391 0.662 0.321 4138 4.123 4.023

Table 4 Comparison of eigenvalue errors for nine combinations of substructure modes considering 3
modes for each substructure

percentage errors of eigenvalues(%)

mode | fix-fix fix-free fix-load free-fix free-free free-load load-fix load-free load-load

1 0.002 0.002 0.002 0.017 0.017 0.017 0.000 0.000 0.000
0.001 0.009 0.001 4.576 4.586 4.576 0.018 0.026 0.018
0.018 0.017 0.017 0.185 0.184 0.184 0.026 0.026 0.026
0.000 0.001 0.000 0.398 0.399 0.398 0.002 0.002 0.002
1.812 1.802 1.810 2.000 2.000 2.000 1.514 1.504 1.511

G o W N

Table 5 Comparison of modal coherence factors for nine combinations of substructure modes consider-
ing one mode for each substructure

percentage errors of eigenvalues(%)

mode | fix-fix fix-free fix-load freefix free-free free-load load-fix load-free load-load

1 0.971 0.985 0.985 0.969 0.999 0.999 0.965 0.999 0.999
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