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A Substructure Sensitivity Method for Large-scale Structure

Zhang Bao, Sun Qin
(School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The common analytical sensitivity method for the large-scale structure takes a lot of time for solving
the large-scale equations, To solve this problem the substructure sensitivity method is developed. In the large
structure, the pseud load of the numerical sensitivity calculation has a lot of zeros, and the displacement compo-
nents which are relevant to design variables may have non-zeros. The displacement components can be reordered
behind through reordering the nodes, by which the stiffness matrix is assembled. Then the stiffness matrix is
decompressed to smaller matrix using the substructure method (SM). The high accuracy of precise method can
be kept by using these matrices to calculate the sensitivities of displacement, Meanwhile, these data can be used
repeatedly in the optimization process, so the computational efficiency is improved greatly.
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Fig. 3 Sparsity distribution of stiffness matrix
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Fig.4 Flow chart of sensitivity calculation
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Fig.5 Variables distribution of plate structure
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Table 1 Comparisons of panel efficiency between

direct method and substructure method

X3 5k
BREYEH

TR BRETR F=XFH HEF  OBER

B/A WL/ % i %/ ®/s /%
1 7.5 7800.0 187.0 920.0 79.67
2 12.4 7 473.0 453.0 1 404.0 67.74
3 17.2 6 770.0 811.0 1888.0 57.04
4 21.8 4556.0 1154.0 2101.0 45,07
5 27.3 4238.0 1730.0 2855.0 39. 40
6 32.2 3765.0 2387.0 3214.0 25.73
7 37.0 2754.0 3431.0 3697.0 7.20
8 41.5 2486.0 3540.0  3810.0 7.08
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Fig. 6 Finite element model of T-wing
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Table 2 Comparisons of T-wing efficiency between

direct method and substructure method

TE EHETA i:gﬁj EXF  EEF  HER
BT WIB% TR s s R/
100 5.00 263. 96 15. 00 21.01 28.61
200 11.01 213.03 23. 96 31.97 25.05
300 15.95 164. 04 31.97 44, 04 27.41
400 21.01 112.99 48. 05 56. 00 15.05
500 25.02 124. 00 59. 00 66.01 10.62
600 28.96 187. 95 85.03 96. 04 11.46
700 30.03 110. 99 90.97 98. 04 7.25
800 41.98 82.02 104.03 106. 99 2.77
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