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First Passage Failure-Based Optimization of the Structures
under Stationary Random Excitation

TIAN Si-peng REN Jun-guo ZHANG Shu-jun
College of Aerospace and Material Engineering National Univ. of Defense Technology Changsha 410073 China

Abstract Optimization and dynamic reliability analysis of the structural system are combined. A methodology of optimum
design based total failure probability of the structural system with multi — degree freedom under stationary stochastic excitation is
presented when minimum weight of the structure determined by design parameters is the objective function. According to the
spectrum analysis theory the statistical property of the response of structural system under stationary random excitation is ana-
lyzed. At the same time Possion process model based on first passage failure is used to calculate the reliability of the structure
and the optimum design parameters are finally obtained through Hestenes — Powell HP method. The result of evaluated exam-
ples demonstrates that the method presented in this paper is effective.
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Fig.1 The two-freedom system
1 b
Tab.1 Level crossing rate with different b
b em 3.5 3.75 4.00 4.25 4.50 4.75
9 4.551x 1072 ] 1.832%x 1072 | 6.996x 1073  2.50x 1073 | 8.400x 10~* | 2.654x10~*
4.603x1072]1.860%x 1072 | 7.060x 1073 2.517x 1073 | 8.432x 10" | 2.653x10°*
4.2
2 1 = 68.94GPa = 2772kg/m’ o=
140M Pa p« =0.005 10
A" =64.5cm> A'=0.645cm’ St S; = 1000N* s
f t =10 000N 2.5

Fig.2 The 4-bar space truss
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10 c=aM + K a=0.005 3=0.003 2
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Tab.2  Optimum results of 4-bar space truss

A, cm? A, cm? A5 cm? Ay cm? WT kg Py
1.2165 1.0833 0.645 1.1918 4.9159 4.762F - 006
0.8206898 0.7810567 1.0886 0.8387685 4.39453 0.00499995
19
a=3.5
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