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Degrees of Freedom Reduction Technique for
Free-interface Substructure Based on Nodal
Force Interpolation

LOU Menglin , TANG Yu
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Tongji University, Shanghai 200092, China)

Abstract: According to the nodal displacement interpolation
formulation in the finite element method, the interface
degrees of freedom reduction technique for a free-interface
Based on the basic
transformation of the free-interface modal synthesis method,

substructure was developed.
the second coordinate transformation of the interface was
completed, which effectively reduced the generalized degrees
of freedom of the system, and the computation efficiency was
improved. The modal analysis for a beam fixed at two ends
was constructed as a numerical example, and the first ten
main frequencies of the beam before and after the interface
degrees of freedom reduction were compared. The result
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demonstrates that the proposed interface degrees of freedom
reduction technique for the free-interface substructure is
reasonable and effective. In comparison with the modal
reduction method for the interface degrees, the precision of
the main computed frequencies obtained by these two methods
are the same. However, the proposed method is more
efficient and convenient when used in the engineering, though
the latter has a better accuracy. Meanwhile, the influence on
the calculation accuracy of the way to choose interpolation
nodes was also discussed. The numerical results show that,
the more the interpolation nodes involve in the modal
analysis, the higher the calculation accuracy is. And when the
interpolation nodes uniformly distribute on the interface, the

accuracy is the highest.

Key words: free-interface substructure; modal synthesis
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Tab.1 First ten natural frequencies f; and relative
errors e; of nodal interpolation method
ik  TRa HED LEX FEd
F5i fi/Hz fi/Hz e/% fi/Hz e/%  fi/Hz
1 41.03 40.14 —2.17 40.33 —1.71 41.08
2 57.91 56.11 —3.11 56.89 —1.79 57.99
3 109.20 107.10 —1.92 108.00 —1.10 109. 70
4 149.30 147.70 —1.07 148.20 —0.74 150. 40
5 159.10 156.60 —1.56 157.70 —0.87 160. 30
6 206.60 202.90 —1.78 204.50 —1.01 207. 80
7 213.60 207.10 —3.02 211.20 —1.11 215. 40
8 270.70 264.00 —2.49 268.40 —0.84 273. 20
9 316.30 308.20 —2.57 311.80 —1.41 318. 60
10 317.00 310.20 —2.37 313.10 —1.46 321. 20

68 2558.0 1867.0 —27.0 2064.00 —19.30 2679.0
69 2603.0 1728.0 —33.6 2142.00 —17.70 2 736.0
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Tab.2 First ten natural frequencies f; and relative
errors e; of modal reduction method
BAFe TRa LEXS FEL

i fi/Hz fi/Hz e/ % fi/Hz e/ %
1 41. 03 41.27 0.59 41.02 —0.02
2 57.91 57.27 —1.11 58. 43 0. 90
3 109. 20 108. 70 —0.46 109. 60 0. 36
4 149. 30 146. 50 —1.90 151. 40 1.41
5 159. 10 156. 30 —1.76 161. 40 1.74
6 206. 60 206. 00 —0.27 206. 60 0

7 213. 60 211. 90 —0.75 214. 10 0. 22
8 270. 70 269. 10 —0.59 270. 80 0.04
9 316. 30 307. 40 —2.82 321.50 1. 64
10 317.00 316. 80 —0.05 326.90 3.13
68 2 558.0 2 880.0 12.60 2 809.0 9. 80
69 2 603.0 2921.0 12.20 2 986.0 14. 70
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Tab.3 Natural frequencies f; and relative errors e;

#E FHa FED E XS LEX!

¥%i fi/Hz fi/Hz /% fi/Hz e/% fi/Hz /%
1 4,620 4.538 —1.77 4.581 —0.84 4.574 —1.00
2 5.525 5.388 —2.48 5.463 —1.12 5.450 —1.36
3 6.483 6.364 —1.84 6.421 —0.96 6.403 —1.23
4 8.423 8.241 —2.16 8.259 —1.95 8.258 —1.96
5 10.61 10.29 —3.02 10.45 —1.51 10.41 —1.89
6 12.54 12.27 —2.15 12.39 —1.20 12.35 —1.52
7 12.66 12.44 —1.74 12.57 —0.71 12.50 —1.26
8 12.96 12.61 —2.70 12.79 —1.31 12.69 —2.08
9 14.03 13.77 —1.85 13.95 —0.57 13.89 —0.99
10 14.65 14.39 —1.78 14.54 —0.75 14.47 —1.23
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