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Abstract: The structure dynamic reliability analysis is of great importance of measuring the structural safety
state and operation characteristic. An efficient dynamic reliability analysis method which simultaneously consi-
ders the uncertainties of dynamic excitation load and material properties parameters is adopted. The Kriging sur-
rogate model between the uncertainty material property parameters and conditional dynamic reliability is con-
structed to deduce the analytical expression of the dynamic reliability. Simultaneously, a new learning function
for constructing the adaptive Kriging surrogate is proposed, and its accuracy and efficiency are verified by dy-
namic reliability analysis of ceramic matrix composites aircraft skin frame structure under the random uncertain-
ties of dynamic excitation load and material properties parameters. The results show that the proposed method
for estimating the dynamic reliability can not only avoid the error caused by numerical integration with surrogate
model, but also provide accurate solution of dynamic reliability by using the computational costs as little as pos-
sible.
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Fig. 4 The first four modes of the aircraft

skin frame structure
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M 6 B LA H 238 3 45 5 AR SO BT i 24 )
PR A 18 W Y Kriging ACFEAAL, 0] DLk K
H NS AR 4 s W SIGH T W] I A5 R BA
KKE R

4 &5 ®

(1) ARSCRHAT T — P BE A [ i 25 18 28 iy Bl AL
PEABE R T 24 P BE S G AL 14 3 )l &g 2 35
Bk A Y Kriging [QBIA BRI G T 3
01 R HE E A A AT R GK L BE A T T E T Kriging
AU AT ECAR AR 0 05 ¥R 0 3 g W] B2 0 AT K ik
Pl ABYTHR R ZE

(2) $EHH T — FfoBr 9 5 ~J ok KR B 18 X 35
2y 3 AT S FE AT BOR TTRR BT I ZR AR 1, B i o o
PR K [R] I 2% B 1 N {5 8 g ) A R Y 22 e T
{EL AR v 22 | TUIAE A 1) 2 5 LR S A I GRBE AR
MR ER R . BT AR AR o] s AT DU i
Y Kriging fQHARE L 7 . A 1T BE 4% i HI S W] fiE
A TSR AR BRAT T A4 3l ) AT AR R TR A

(3) il i KL 5E K B 4 7 I 3 2 4o 7R
Bl g AT AR BE oy A 4 SR AT LR L T R RO T

ANACHEAT 8 e 9 TSR JEE  [R] IR E 5 4% K M sk 2
S AR A

5% 3k

(1] BRS. EARF. REKE. LG LERDLEN T 03 )yl 4

FEABTL)]. TR F1% . 2006, 23(10): 82-85.
CHEN Ying. WANG Dongsheng, ZHU Changchun. Dy-
namic reliability analysis of stochastic structures subjected
to random loads [ ]J]. Engineering Mechanics, 2006, 23
(10): 82-85. (in Chinese)

[2] Brgis, 4. ZABEILIRI R G 8h )l S8 5 4 Hr].
TARJ1%, 2005, 22(3): 135-149.

CHEN Jianbing, LI Jie. Dynamic reliability assessment of
double random vibration systems[J]. Engineering Mecha-
nics, 2005, 22(3): 135-149. (in Chinese)

(3] Frerpi, B, XEBL, . TFRBELEE T B LSS 4 5

JInTEEEE Sy B iy £ s T B ()], TR J1 %, 2009, 26
(2): 60-64.
QIAO Hongwei, LU Zhenzhou, GUAN Airui, et al. Dy-
namic reliability analysis of stochastic structures under sta-
tionary random excitation using hermite polynomials ap-
proximation[ J]. Engineering Mechanics, 2009, 26(2): 60-
64. (in Chinese)

[4] RAHMAN S, XU H. A univariate dimension-reduction m-
ethod for multi-dimensional integration in stochastic me-
chanics[J]. Probabilistic Engineering Mechanics, 2004, 19
(4) . 393-408.

(5] BV, XIRMH, 228855, . BEHLSS M b A2 B T 0 vl 58

Gauss-legendre FUr:[]]. R 3 TR 24, 2015, 28(2):
211-216.
TAN Ping, LIU Liangkun, LI Xiangxiu, et al. Reliability
of stochastic structure under seismic excitation using Gauss-
legendre integrate method[ J]. Journal of Vibration Engi-
neering, 2015, 28(2): 211-216. (in Chinese)

(6] Moo, e M0 A0 460 vk R R 25 85 BE Vi b 300 1) 205 149 BB BIL
P HT[D]. Kik. KEMTR¥, 2017
YANG Yingjie. Random vibration analysis of structures
based on probability transformation method and probability
density evolution theory[ D]. Dalian: Dalian University of
Technology, 2017, (in Chinese)

[7] LOPHAVEN S N, NIELSEN H B, SNDERGAARD J.
DACE-A MATLAB Kriging toolbox: IMM-TR-2002[ R].
Denmark: Technical University of Denmark, 2002.

[8] ECHARD B. GAYTON N, LEMAIRE M. AK-MCS: an
active learning reliability method combining kriging and
monte carlo simulation[ J]. Structural Safety, 2011, 33:
145-154.

[9] BICHON B J, ELDRED M S, SWILER L P, et al. Effi-
cient global reliability analysis for nonlinear implicit per-
formance functions [ J]. AIAA Journal, 2008, 46 (10);
2459-2468.



5 4 )

A A T B A A Y 45 4 B T BE 43 BT 1 507

[10]

[11]

[12]

[13]

[14]

[15]

SUN Z L, WANG J, LIR, el al. LIF: a new Kriging based
learning function and its application to structural reliability
analysis[ J]. Reliability Engineering and System Safety,
2017, 157, 152-165.

XTGBT, ol Z A Al fk By 5 e B2 A B RHE AL 25 &
ZHHLE R B R Xk (] MR TR, 2019, 47(2) .
1-10.

LIU Qiaomu, HUANG Shunzhou, HE Aijie. Application
requirements and challenges of CMC-SiC composites on
aeroengine J]. Journal of Materials Engineering, 2019, 47
(2): 1-10. (in Chinese)

X, ZAFRHZE S B IT DANRAT R ERELT]. i TR
PR, 2013, 4(1): 10-16.

LIU Ting. Cutout reinforcement research progress of com-
posite laminates[ J]. Advances in Aeronautical Science and
Engineering, 2013, 4(1): 10-16. (in Chinese)

FHOr, BT PN, S i b R A bR A
SYERERIIT TS HERLT ], PRRIRSE 2440, 2019, 33(1) . 8-14.
QI Fangfang, WANG Ziqin, LI Qinggang, et al. Progress
on preparation and properties of ultra-high temperature ce-
ramic matrix composites[ ] ]. Journal of University of Jinan,
2019, 33(1): 8-14. (in Chinese)

JAGEM W, 2R, BT REALAR 3 BR Y i Sk R AL A B
R AR AR ], A B SRS . 2017(6) : 139-141.
ZHOU Zhibin, XIE Xu, LI Xiaowei. Dynamic reliability a-
nalysis of anti-vibration force of continuous steel bridge
based on stochastic vibration theory[]]. Highways and Au-
tomotive Applications, 2017(6): 139-141. (in Chinese)
PR WR, RO, S5 3 AT A R BEe K KN T
[M]. dbnt. M2 i kel 1993,

LI Guiqing, CAO Hong, LI Qiusheng. Structural dynamic

reliability theory and application[ M]. Beijing: Seismologi-
cal Press, 1993. (in Chinese)

[16] B, Z5t AR FARBENLIR 20 40 BT A3l k(M. K% . Ki%
BT R A7 AL . 2017,

ZHAO Yan. Spectral method for structural non-stationary
random vibration analysisl M]. Dalian: Dalian University of
Technology Press, 2017. (in Chinese)

[17] HEJ, GAO S, GONG ]J. A sparse grid stochastic colloca-
tion method for structural reliability analysis[J]. Structural
Safety, 2014, 51: 29-34.

[18] RASMUSSEN C E, WILLIAMS C K 1. Gaussian processes
for machine learningl M]. Massachusetts; The MIT Press,
2006.

[19] TSAGRIS M, BENEKI C, HASSANI H. On the folded
normal distribution[ J]. Mathematics, 2014, 2. 12-48.

[20] ELANDT R C. The folded normal distribution: two meth-
ods of estimating parameters from moments[J]. Techno-

metrics, 1996, 3(4): 551-562. (in Chinese)

EE T

AOEQ992). B LT A, EBPIR T - 45 ] 5
TR BT

FREER (1975—) 3 W+, M4 TR, FEHF 9T M. AT

R GE A SR
X Q974 B P BFSE B BB T AT A4S
8 12 .

Z= BTA983—) B b AR TR, EEN DN AT
AT

(445 LF815)





