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Level Set-Based Robust Topology Optimization Using Stationary Stochastic Process Model
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A robust topology optimization approach in consideration with random field uncertainty in loading condition is
proposed in this paper. The proposed method integrates the level set-based topology optimization and the robust design
method using stochastic process model. The stochastic process model is applied to describe the uncertainty of design
parameters with nonuniform distribution in space with a reduced set of random variables. The robust optimization is
formulated to minimize the robust compliance that is defined as a weighted sum of the expected value and the standard
deviation of mean compliance under volume constraint. The standard deviation of mean compliance is approximated by
the first-order sensitivity with respect to random variables that are described through the assumed spectral distributions
from Wiener-Khintchine theorem. As a topology optimization, a level set-based approach incorporating a fictitious
interface energy proposed by parts of the authors is applied. The method has several advantages to makes it possible
to change structural topology as well as boundary shapes and to control the geometrical complexity of the optimum
configuration qualitatively. Through numerical examples, the efficiency of the proposed robust topology optimization
approach is demonstrated by comparing between the deterministic and robust optimum configurations.
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Fig. 3 Spatial variability model
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Table 1 Spacial distribution of distributed load
Wave numbe(l/m) f]_ f2 f3 f4 f5 f6 f7
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Coeficient of variation | g1/u o2/ o3/U o4/ Os/U Os/U o7/u

Case 1 0.0125 0.0125 0.01768 0.250 0.03536 0.050 0.07071
Case 2 0.001561 0.002704 0.005408 0.01082 0.02165 0.04324 0.08660
Case 3 0.01761 0.01746 0.02439 0.03365 0.04506 0.05586 0.050
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Fig. 10 Example of spatial variation in distributed load
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Fig. 11 Deterministic and robust optimum configurations
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Table 2 Comparison of deterministic and robust optimum designs

Objective function (J)  Volume constraint (%)

Deterministicdesign 3.4430x 1079 49.996

Rolust design: case 1 36672x10°° 50.003

Rolust design: case 2 3.4438x 1079 49.996

Rotust design: case 3~ 3.5117x 102 49.996
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Fig. 13 Applied load with variations
Fig. 14 Change of objective function in coefficient of
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(a) Case 1 (constant) (b) Case 2 (increasing) (c) Case 3 (decreasing)

Fig. 21 Robust optimum constration in caseaof= 10

(a) Case 1 (constant) (b) Case 2 (increasing) (c) Case 3 (decreasing)

Fig. 22 Robust optimum constration in caseoof 40
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