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A Method of Reliability Design Optimization Using Evidence
Theory and Differential Evolution
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Abstract: A new method of reliability design optimization using the evidence theory was proposed. Ev-
idence theory was presented as an alternative to the classical probability theory to handle the imprecise data
situation. The plausibility measure PI(F) based on evidence theory, with PI(F)<{P; for a preconcerted
failure probability P;, was used as a surrogate modal of reliability constraint in the reliability design opti-
mization. In order to alleviate computational difficulties in the evidence theory based uncertainty quantifica-
tion analysis, a differential evolution based interval optimization for computing bounds method was devel-
oped. A typical truss structure shape optimization with epistemic uncertainties was investigated to demon-
strate the accuracy and efficiency of the proposed method.
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Tab. 2 The uncertain information of load and elastic modulus
Fi,/kN Fi,/kN Fi./kN Fy,/kN
BPA BPA BPA BPA
[3.54.6] 0.15 [—48.9 —44.5] 0.2 [—48.9 —44.5] 0.2 [—48.9 —44.5] 0.2
[4.24.6] 0.65 [—44.5 —40.0] 0.5 [—44.5 —40.0] 0.5 [—44.5 —40.0] 0.5
[4.65.3] 0.2 [—40.0 —33.4] 0.3 [—40.0 —33.4] 0.3 [—40.0 —33.4] 0.3
F,,/kN F;,./kN Fs./kN E/10° MPa
[—48.9 —44.5] 0.2 [1.82.3] 0.15 [2.12.8] 0.15 [60 65] 0.1
[—44.5 —40.0] 0.5 [2.12.3] 0. 65 [2.52.8] 0.65 [65 70] 0.5
[—40.0 —33.4] 0.3 [2.32.7] 0.2 [2.83.2] 0.2 [70 80] 0.4
g2 (x.d)
(a) P;=0.05
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Fig. 7 Shape optimization convergence
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Tab.3 Comparison of optimal designs for the 25-bar truss

[18]

/mm?
/mm? /mm?
P;=0.05 P;=0.1
Al 64.5 64.5 64.5
A, 64.5 64.5 64.5
As 645 774.2 774.2
Ay 64.5 64.5 64.5
As 64.5 64.5 64.5
Ag 64.5 64.5 64.5
Ay 64.5 64.5 64.5
Ag 580. 6 838.7 709. 6
X, 949. 9 984. 6 961.1
Y, 1 406.6 1770.5 1375.6
Z, 3283.9 2599.1 3 283.7
Xs 1315.9 1322.5 1468.0
o Ys 35448 3400.5 . 3533.2
/kg 53.1 66.5 62. 2
Pl(g1<<0) 0 0 0
Pl(g,<<0) 0.95 0. 036 0. 066
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