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Table 1 The topology design result of cantilever beam

Case Robust design Deterministic design
Standard Standard
Mean o Mean o
deviation deviation
U tainty i
neeramyin - e4o 128 641 131
loading magnitude
Uncertainty in
. o 62.1 11 65.1 141
loading direction
Uncertainty both in
loading magnitude 63.1 16.5 66.5 21.2

and direction
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Loading Hhi Ohi Mo Toi
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Table 3 The topology design result of Michelle structure

Uncertainty Deterministic
Case Mean Standard Mean Standard
value deviation value deviation

Uncertainty in loading 185.4 63.2 184.6 63.5

magnitude
Uncertainty in loading
o 191.8 2.55 944.6 654.8
direction
Uncertainty both in
loadingmagnitude  200.4 69.2 983.7 791.7

and direction
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ROBUST TOPOLOGY OPTIMIZATION DESIGN OF STRUCTURES WITH
MULTIPLE-UNCERTAINTY LOAD CASES

Fu Zhifang?) Zhao Junpeng Wang Chunjief
*(School of Mechanical Engineering and AutomatidBeihang University Beijing 100191 Ching)
T(State Key Laboratory of Virtual Reality Technology and SysteBehang University Beijing 100191 Ching)

Abstract The uncertainties existed in practical applications have giéatteon the performance of structures, so it

is necessary to introduce uncertainty in structural conceptual design. Robust topology optimization under multiple load
cases with uncertainty was studied, where the magnitude and direction of each load are treated as random variables al
their probability density functions are given. The weighted sum of the mean and standard deviation of the structural
compliance is minimized. According to the superposition principle of linear theory, computational method for expected
and variance of structural compliance was proposed. Sensitivity analysis method was developed based on the expressio
of the expected and variance of compliance. For 2D structure Mitbad cases, the expected compliance and variance

of structures as well as sensitivity information can be obtained for each load case, and then the object function as wel
as sensitivity can be achieved readily. In each load case, the expected compliance and variance of structures as well .
sensitivity information can be obtained by solving the equilibrium equation undderministic load cases, whemne

is the number of uncertain loads. Algorithm of structural robust topology optimization to minimize the weighted sum of
expectation and standard deviation of compliance under the constraint on the material volume was proposed and verifie
by numerical examples. The numerical examples also demonstrated the robustness of topology optimization results undé
multiple load cases with uncertainties. The proposed algorithm can be readily generalized into 3D cases.

Key words uncertainty multiple load casestopology optimization probabilistic approachrobust
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