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Vibration Analysis of 3-Dimensional Structure by using
Mixed Method of Finite Element-Transfer Matrix

Dong-Myung Lee*

I Abstract I

In this study, for reduction degree of freedom of dynamic model, a mixed method to combined finite element method
and transfer matrix method is presented. This offers the advantages of an automatic reduction in the size of the eigenvalues
problem and of a straightforward means of dynamic substructuring. The analytical procedure in this method for dynamic
analysis of 3-dimensional cantilevered box beam are described. The result of numerical example is shown to demonstrate
the efficiency and accuracy of this method. The result from this example agree well those obtained by ANSYS. By using
this technique, the number of nodes required in the regular finite element method is reduced and therefore a smaller com-
puter can be used.
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Fig. 1 Subdivision of plate into substructure and
finite elements
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Fig. 2 Triangular plate element showing disptacement
at the nodal points
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Fig. 3 Cantilevered box beam
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Table 1 Comparison of Degree of Freedom

No. of No. of | No, of Degree of Freedom
Substructure Node | Element| FEM | TMM | Presented

m=35 24 40 120

m=6 28 48 144

m=2§ 36 64 192 18 18

m=10 44 80 240

Table 2 Comparison of natural frequencies

Mode T™MM ANSYS Difference

No. (Hz) (Hz) (%)
1 164.89 153.74 7.3
2 25941 245,14 5.8
3 27533 257.03 7.2
4 361.86 348.26 39
5 37745 361.86 43
6 411.28 372.54 104
7 473.83 409.53 15.7
8 492.02 428.59 14.8
9 547.61 433.58 26.3
10 - 462.69 -
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Table 3 Comparison of natural frequencies

Mode ANSYS Presented Difference
No. {Hz) (Hz) (%)
1 153.74 146.98 4.4
2 245.14 234.11 4.5
3 257.03 24726 38
4 348.26 33746 3.1
5 361.86 351.00 3.0
6 372.54 361.36 3.0
7 409.53 398.20 2.7
8 428.59 416.59 28
9 433,58 422.74 2.5
10 462.69 43529 1.6
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Fig. 4 Natural frequencies by number of substructure
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