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Fig.7 Time-dependent reliability calculation results

diagram of cantilever tube model with

Semi-Cauchy membership function
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Table 2 Time-dependent reliability calculation results

under different membership functions

sk PR ViER N/ K P, Cow(Py) | T/
MCS 2x10° | 0.0046 0.031 —
LT [BEEENAR 54 0.0046 0.033 3.99
AL 50 0.0046 0.033 331
MCS 2x10° | 0.0029 0.042 —
PIESH CA )2k 95 0.0027 0.043 8.84
B AL TS 49 0.0028 0.043 3.53
MCS 2x10° | 0.0034 0.039 —
AP | O Rk 106 0.0033 0.039 10.74
AU 45 0.0034 0.039 3.23
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Fig.9 Finite element results of displacement for composite

wing models
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Table 4 Reliability calculation results of composite wing
models under different displacement thresholds

N . . . 5
MR B Tk N/ IR P, Cow(P,) \
NN
N JEUR R 305 1.19x10? 0.034 23.66
A =119mm
AL 63 1.19x10? 0.034 223
. UG 2 392 | 5.42x10° 0.043 192.47
A =121.5mm
B NS AW S 74 5.43x10* 0.043 30.14
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Single-loop Adaptive Semi-surrogate Model Method for Time-dependent
Reliability Analysis under Fuzzy Failure States
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2. National Key Laboratory of Aircraft Configuration Design, Xi’an 710072, China
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Abstract: In practical engineering, the phenomenon of coupling between time variability and fuzziness is prevalent,
leading to difficulties in evaluating system reliability due to model complexity and large computation scales. To
address this issue, this paper proposes an efficient algorithm from a single-loop decoupling perspective combined with
an adaptive semi-surrogate model. Firstly, the variable that measures the fuzzy property of failure boundary is
embedded into the time-dependent limit state function through an auxiliary variable based on single-loop decoupling,
which transforms the time-dependent reliability analysis under fuzzy failure states into an equivalent two states time-
dependent reliability analysis with the relatively high-dimensional variables. Secondly, to avoid establishing the
surrogate of the complex equivalent time-dependent limit state function with high-dimensional input variables, the
relationship of the surrogate models between the original time-dependent limit state function and the equivalent time-
dependent limit state function with high-dimensional input variables is derived based on the Gaussian properties of the
Kriging model. Then an efficient single-loop semi-surrogate model method for analyzing the time-dependent reliability
analysis under fuzzy failure states is constructed. Finally, numerical examples and analyses of composite wing
models validate the efficiency and accuracy of the proposed method. This approach enables the efficient evaluation of
time-dependent reliability for complex engineering systems under fuzzy failure states, providing a reference for
optimizing and enhancing system safety and reliability.

Key Words: fuzzy failure state; time-dependent reliability; single-loop method; semi-surrogate; Kriging surrogate
model
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