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Abstract

The method of substructure synthesis or component mode synthesis(CMS) provides an effective
means of dynamic analysis of very large and/or complex structures. In this study, residual dynamic
flexibility attachment modes in hybrid component mode synthesis are considered for the purpose of
exactly compensating the effect of higher order truncated modes. Following this way, the analysis
accuracy of the synthesized structure can be improved effectively with less computational effort. In

order to show the accuracy and effectiveness

of the proposed hybrid component mode

synthesis(HCMS), numerical experiments were carried out for the models of a clamped-clamped beam.
The results verified the effectiveness of the proposed method.
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Table 1 Description of DOF's subscripts

Methods | Subscript Description DOF set
size
Fixed i Interior(free) DOF N;
interface b Interface(fixed) DOF. N,
a Free interface DOF N,
c Fixed interface DOF N,
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Fig. 2 Two-component beam model

Table 2 Material constants of the structure

Pa;ameter N Valrure
Elastic modulus E 1 Nim®
Density p 1 kg/m3
Cross section area A 1 m?
Moment of inertia [ 1 m'
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Table 3 Comparison of eigenvalues by each CMS with 15 DOF model

Pro. HCMS Pro. HCMS

Mode Fixed interface Hybrid CMS (iter=7) ( iter=24 ) FEM
Freq.(Hz) Error(%) Freq. Erron(%) Freq. Error(%) Freq. Error(%) Freq.

1 0.0994 0 0.0994 0 0.0994 0 0.0994 0 0.0994
2 0.2741 0 0.2741 0 0.2741 0 0.2741 0 0.2741
3 0.5375 0 0.5375 0 0.5375 0 0.5375 0 0.5375
4 0.8888 0.01 0.8887 0 0.8887 0 0.8887 0 0.8887
5 1.3286 0.01 1.3285 0 1.3285 0 1.3285 0 1.3285
12 7.0559 0.42 7.0595 0.47 7.0279 0.0199 7.0270 0.0071 7.0265
13 8.2616 0.38 8.2330 0.03 8.2311 0.0049 8.2307 0 8.2307
14 9.5438 1.39 9.8273 4.410 9.4162 0.0393 9.4162 0.0393 9.4125
15 17.1573 47.03 18.6020  59.4100 11.8073 1.1835 11.6980 0.2468 11.6692

Table 4 Eigenvalue errors along the adopted

DOF
Mode Eigenvalue error(%)
M. 11 DOF 13 DOF 15 DOF 17 DOF
0 0 0 0
2 0 0 0 0
6 0 0 0 0
7 0.0040 0 0 0
8 0.0094 0 0 0
9 0.0125 0.0031 0 0
(b) Two supports sub-structures 10  0.2916 0 0.0020 0
11 1.2801 0.0102 0 0
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Table 5 Eigenvalue errors

condition

Wl £AY 7k BE
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for each boundary

Mode

One support sub.

Two support sub.

Error(%) Error(%)
10 iter=13  iter=24 _ iter=13 iter=24
1 0 0 0 0
5 0 0 1E-4 1E-4
6 0 0 3E-4 3E-4
7 0 0 4E-4 4E-4
8 0.0031 0 0 0
9 0 0 0.0013 0.0013
10 0.0020 0.0020 0.0025 0.0025
11 0.0017 0 0.0015 0.0015
12 0.0199 0.0071 7E-4 7E-4
13 0 0 0.0102 0.0099
14 0.0393 0.0393 0.0131 0.0131
15 1.1835 0.2468 0.0186 0.0074
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