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Reliability-Based Topology Optimization Using Performance Measure Approach
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Abstract

In this paper, a reliability—based design optimization is developed for the topology design of linear structures using a performance
measure approach. Spatial domain is discretized using three dimensional Reissner-Mindlin plate elements and design variable is
taken as the material property of each element. A continuum based adjoint variable method is employed for the efficient
computation of sensitivity with respect to the design and random variables. The performance measure approach of RBDO is
employed to evaluate the probabilistic constraints. The topology optimizationproblem is formulated to have probabilistic displacement
constraints. The uncertainties such as material property and external loads are considered. Numerical examples show that the
developed topology optimization method could effectively yield a reliable design, comparing with the other methods such as
deterministic, safety factor, and worst case approaches.

Keywords : topology design optimization, design sensitivity analysis(DSA), adjoint variable method(AVM),
performance measure approach(PMA), reliability—-based design optimization(RBDO)
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(a) Deterministic (b) Safety factor

(d) Probabilistic(PMA)

(c) Worst case
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Objective Constraint Reliability analysis results
Material volume(%) Reliability Index Probability (%)
Deterministic approach 37.63 5.092E-5 -2.951E-4 50.0
Safety factor approach(SF=1.5) 54.79 4.668E-4 4.157 0.00161
Worst case approach(AX=20%) 50.57 1.379E-3 3.481 0.025
Probabilistic approach(PMA) 48.66 -5.476E-5 3.000 0.135
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(a) Deterministic (b) Safety factor

(c) Worst case (d) Probabilistic(PMA)
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Objective Constraints Reliability index
Material volume(%) g, 9y B, B,
Deterministic approach 19.26 -6.49E-6 -6.49E-6 4.31E-5 4.31E-5

Safety factor approach(SF=1.5) 28.16 1.21E-4 1.21E-4 2.94 2.94

Worst case approach(AF, = AF, =10%) 31.01 2.02E-1 2.02E-1 2.61 2.61

Probabilistic approach(PMA) 24.01 2.024E-4 2.024E-4 2.99 2.99
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