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Table 1 Multimodal variable distribution
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Table 2 Time-varying failure probability of model

types and parameters response
BEHLAR AR B LU PrifiEzE 28 TRPD iTRPD MCS
X, ZWesri - (0.5,0.5) (2,4) (0.5,0.5) P(0,7) 0.3491 0.3536 0.3540
x, Lo A (0.6,0.4) (5,8) (1.0,1.0) HIRFERZE 1% -1.38 -0.11
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Fig. 1 Time-varying failure probability curve of
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Table 4 Distribution parameters of temperature load and

leading edge area
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Table 5 Leading edge dimensions, temperature, and maximum stress values

B x,/mm x,/mm X;/mm x,/C O,/ MPa F5 x,/mm x,/mm X;/mm x,/°C O,/ MPa
1 186.9 4.35 6.36 1500 320.678 16 173.8 3.89 6.75 1500 420.964
2 186.9 4.35 6.36 1600 342.091 17 173.8 3.89 6.75 1600 449.095
3 186.9 4.35 6.36 1700 363.506 18 173.8 3.89 6.75 1700 477.229
4 169.3 4.66 7.05 1500 361.009 19 176.2 4.77 6.84 1500 342.055
5 169.3 4.66 7.05 1600 385.127 20 176.2 4.77 6.84 1600 364.889
6 169.3 4.66 7.05 1700 409.250 21 176.2 4.77 6.84 1700 387.732
7 172.0 4.40 6.56 1500 446.549 22 181.7 4.55 6.44 1500 315917
8 172.0 4.40 6.56 1600 476.394 23 181.7 4.55 6.44 1600 337.014
9 172.0 4.40 6.56 1700 506.235 24 181.7 4.55 6.44 1700 358.112

10 162.9 4.63 6.93 1500 350.304 25 159.7 4.82 7.03 1500 437.386
11 162.9 4.63 6.93 1600 373.688 26 159.7 4.82 7.03 1600 463.351
12 162.9 4.63 6.93 1700 397.075 27 159.7 4.82 7.03 1700 490.564
13 201.8 4.86 6.89 1500 348.064 28 150.4 4.70 7.10 1500 414.146
14 201.8 4.86 6.89 1600 371.303 29 150.4 4.70 7.10 1600 436.985
15 201.8 4.86 6.89 1700 394.542 30 150.4 4.70 7.10 1700 452.592
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Fig. 2 Time-varying failure probability curve of

morphing wings
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Table 6 Time-varying failure probability for
morphing wings
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Table 7 Calculation required for time-varying reliability

analysis of morphing wings
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Time-Varying Reliability Analysis of Large-Scale Morphing Wing Mechanism

Based on Multimodal Distribution

LIU Siyuan', TANG Jiachang', LEIBao’, QIU Zitong', YAO Qishui'

(1. College of Mechanical Engineering, Hunan University of Technology, Zhuzhou Huan 412007, China;
2. China Academy of Launch Vehicle Technology, Beijing 100076, China )

Abstract: A time-varying reliability analysis method (iTRPD) based on multi-peak distribution is proposed to
address the engineering problem of mechanism reliability, with this method applied to the reliability analysis of large-
scale morphing wing mechanism. First, the morphing wing structural model is discretized into several instantaneous
functional functions and converted into independent normal variables. Then, the instantaneous reliabilities at different
moments are calculated, while the autocorrelation coefficient matrix between each vector is calculated to get the
corresponding probability density function. Finally, according to the covariance property and the correlation between
the vectors, only one high-dimensional Gaussian integral needs to be calculated. The time-varying reliability of the
independent standard normal space is simplified to the time-varying reliability of the large-scale morphing wing
mechanism as a whole. The results show that: the relative error between iTRPD and Monte Carlo simulation (MCS) in
analyzing the time-varying reliability of large-scale morphing wing is only —2.842%, better than that of the conventional
method TRPD. The number of invocations of the function is 415, much smaller than that of the MCS (1 x 10 times).
The number of invocations of high-dimensional Gaussian integrals is thirty-five times for the conventional time-varying
reliability method, but only one time for iTRPD. It can be seen that iTRPD has high computational accuracy and
computational efficiency for time-varying reliability analysis involving multimodal distributions.

Keywords: time-varying reliability; multimodal distribution; large-scale morphing wing; time-varying failure
probability; MCS
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