2024 4F 10 H
FERBEESH

Journal of Northwestern Polytechnical University

Podb Tk K2 % Oct. 2024

Vol.42 No.5

https://doi.org/10.1051/ jnwpu,/20244250783

ETOoRAFRENEM MR
ZERASUEAEESTH

1 e 1,2
g % ,

5‘]{7&1—_2&1’2, ‘g,_‘ﬁl,z’ Eg)%:(‘lﬂ’ E%,J\%:l,z

(LPGIE TR fiias24Be, BRPE P42 710072 2508 545 5t F E R s0e s, Bert V5% 710072)

W B ATHBESOMHEMRZZNSER SEEHFLAR,EKET oY R F % (BBM) £ 54
MAL SR SEETREMS PR, FEGEH T T 7 SR TRARITT KR, £464
MR ARBIRE DA IRANTA TR B ERZER , BESCEMIFIE L HKREHR , HE £
LR HABEX AR ML R E T GBEX TR @it B A A o9 K RE N & % 4 o 42
AT IR A MHTERSH O T EARIER FRAZHFFRMEEX S E 580
S TR T B A S A e A AR b R EAT T 69 T SE AT 0 Bl a8 ad 4k ) A 29 Rk 3 AL
ALY T5% , 50 R BAT T A i 5 BEX T S8 24 0.998,

x &
HESES V2583 SCERAREAG: A

SABH > 220 (N TR 25 (] 3 2 45 TR 45
PSR 52 0%  FERAGE RR rh i 20T I FE R Y
B TOL T £F 4Rl 2 SR R IT 2R AR
JBERG S AT RE R I A, HLSCPR TR h 4544 52 3]
FOBHEU T2 S5 RS B S5, A2 5 |
RRBIATIE N, AR, ZF0 ) kg 1 T4
GBI SEPE 3 A A 22 A X AT S S B T

S AT AR PR I) B A DRI B 2 e, L
IR A B AN H Jry R T 2 U B TR A 5
PRI SE PR 7 TR B R 5 s iR T
KUK SR ah & K B2 B2 S0 A LZES
B RT3 ALH R 55 iR e B s dE . TR S AR
SER TSR BT IR R HE 2R 5 56 IR VY B AT S B T & T
NESSUS #4246 4y 38 [ [ SR 2 i KR
J&) ( national aeronautics and space administration,
NASA) fiftle 1 i R & sh ML AR AF IR 451 8 18 2%
22 AR 0 S A R SEE 43 A ) R 5 A 52 A T S A
DT, 52 FLAE Y 454 Hashin | Tsai-Hill 7 00627 4 |
BEAA 285 SR RO AT T AT S A Y P AL A S

Y5 H #7:2023-09-22
EE B 1523 (1968—) , Hd%
BIEEE D2 (1968—) e-mail ; fengyunwen@ nwpu.edu.cn

W SRR T WA LEMH TR 2Lk il $ RAAEX
XE S :1000-2758(2024)05-0783-10

MAE7R ) 25K th 25 5 K A 45 Kriging'® Wi B
T AR T OIRAS Tr AR OR A A SRR T
— W B A E AR AT B R
PSR TSR BE I RS R R AR S T
PEAMHIT () T A, 0BT e A A MR e 2
Y R A B B AOF RN E 5
2R S TR T N T Y N S I N R
DX 52 B G 2800] 8 A BE Al 245 #4919 52 1 5 Nadjafi
SN GG BRIT O B B IR R T RS
D FIREARTT RN 21 4t/ e A RS B n] 5E MRS Ma
AU o) R R R B2 T B D R B B
B, LB SRR B A R AR R R genl &
VB, O T3 I A O K iR R, A G AT
FEIE AR SRR AR R R ]
RELE 22 3y i 2o A5 05 kot Z R
I HEAT TR (HX 2R T7 k1 2 5 o RS )
B0 BR

TER G IRMERE T | 2 KR T 45 B A5 |
I 38 A9 RS 5 1 9 U 2 A, R T 7 R RL A 5
PR TR AT AR , B B S PR RS AN E 1
SEG ARSI S 6 IR 5 H RE A I R 2 A TE AR
PRl VR RO R 5 12 2T FEPE A 5 I, 280



. 784 - iode Tk R

WFFE AR A 8 2 R B AN v, JC I X 2 oy
AT IR BEATHE ) o PR, AR SR T By B
¥k 3 Dy R A R A Y 2 R A A
BERBAE IR B PRI RN AV RS R s
AR H B JF25 G A MR A 1) % S i) 22
ST RERAT R e, D9 B I A 22 R s T
SEPE BT IR AR — MR R

1 HEARE

I AL 29 B35 (branch and boundary method,
BBM) JEA45 LA PRAl (R 2R 07 1 v, 3l i 3k Dy REL AL 4R
M5 JCPFITA n] RE R S RS ML B, FF 4545 1L
JPIRZS G ZA FE R RHIE R — AR SRR
A e F2 AR RO SRR S 7, IR 45 4 Py
AT SRR i 2 & R A AN, 2 A bR
AR BA I K SR 0, AL 1 s, AT
BRI RE A B R FE A 0 A AR T
NP R IO R & I ERUNIREES
BT — o3 Hr AR AR 22 5 | R i A3
MBI KRR o TR R A — HE A S R ok
R PRIE S TEEER” B b 855 0 R
FRIRAT BRI o B — R I R 3 R/ R O
ROSEAHUHN B 22 07 & HEAT B A RN 2 5 3K 2
P b = N ¢ S W | LA NI o I Z ST T
RTEMSS AT AR H Y

K1 ZEREERET ZE M2 0 8RO AR B

11 SR

A MR 4352 2%, P 2R 4 0 3 A [R] 41 6
Hashin ZRZLEN]  Pinho ZRALFRIE  Puck RIS S
P27 2 R ELAR ) R AX 3 FF , U Z Hashin Wik 2s
DX 2 2/ SRR He A i R | J22 (8] I 224 R0 3 D)
NG, LT YT BRAR ARG T2 AR S5 b1 By 20 R
J& PR3k P33k 2R 2R AR X A i R PR oA AL 2R 38
B R, BRI AN, A — SR R A e A b
RHAS A B R AR A5, Ay LR A Je RS R A
W R85 RAZ R R WL SRR A

bR T RS 2 AR LS, B A ELRA RS
P, NRFLBR A AN R, R B o AR AL 2
XA R RIS B A A e M B R A, Xk
BT — B R BT B0 & A R A Z
oM AR 2R ZRRANLE R, At iX
FERY 2 YR ARAL I [ 152 & A0 Rk4S F 4 n] BE Y
RACRA A 2 Fs

| B RHLBERR 2542 3 |
| | | | |
[ st | [ @oiksgke | [ mmkzcmkn | | gt | | ewsksogke | [ gt |
B B B B B B i B B B B B
1 n 1 n 1 n 1 n 1 n 1 n
'/ o) =o)L - =o)L =o)L -
2 2 2 2 2 2

K2 ZattE sl NRE

1.2 AREN

BEMER 2 R0 L RE S HZ 24
FAAFAE A0 A5 0 7 RS A i D) A% BR ), 358 43 2k
B S R e T | A&, T A% R 8O = 4 4
s FRIZFE R 257, 2 B SR AT 43k s Pk

AHRMERAT, VB bl AR N SRS
AR AR bR 2 B30 5 2% A 45 Sl Y SRR R Ak
BREABEAT 2 50, ANy DI IR B A A A 21 4E T 1) g A
PRS2 AR TN AT R AT 4 57
PSS AA AR S5 D JEUU) ] X R 200 B AT 2 5, anil



4551

W25 A BT B TR S IR 2 A2 TS - 785 -

55¢ K BEAR Y S AT o A K A A Ry 3 i il LS T 2%
5 BEN A G B B/ N BE AR L R AT AR
155 RE AT, LR f 16 I & 02 B — 2R 3K
BT R RBAER KN AT, AR EERA
ORI R AR B R A EL A ST, B A S S B RL 2
T EEdE B AR AN (1) SCBTR o ANHH L 57 A
ORI B ) 107 25 7 ik 249 i e e i AR L L
M B 2

R= L_]:N[lu - P;) (D)
2 EMEMATEESTAE

BEA& 25 AR B RAL B A R T RN
NI s U T E o TR O TR R R R

()22 G MR BR M R, e 2R ] G 70 a8 ) W A A i
B AT REYE s A T A B A5, R AR RN AR S
R 2 | AL o i T 7 AE— 2 1Y Jm BRAME o
T AT EEE RN, %4 REE Tt X458 Hixk
THE R TIRSE . B A PRI ST DR RS
YENIERE, 5 ABER I EA, ALY
FIRRZ R 200 B 1B A PS5 Al 5
PRSI T U A AR AT SE 1 4 B e — A T 7R
EHESE
21 RPENSZRLBFAE

G552 AR R 1 R R0 D) A i R — R A
KT AR AT SEPERRL . S G AR LR
SR ) J FERT SR AR RN 1 iR, DA ST A
SR EE BT A AR RE SRS RE AR R S (R Y R

S EAEEE L, — RS S R R A
1 ENNEAHBE—RYENXTTREER

P 2 BHAEN CIEEyy

), (o) o), ()
s (- A
e () () =1 A7) () -1

N-N" =0

2% 1t 4 - R=P(N-N~ 0
IR NERN R ( <0
ks Lo 3 T3 : T : _ O3 : T3 : 3|
wesemes (T) (3] (3 =0 eeo((B) () +(3)-1 <o)

22 EMEMZEAAREESINTE

BT RAUL AR ZE R s 2 46 TE 2 PRI RPLZS 1
LA HERY . A A AR PERES R R
AT AL R B ] FE A RO R
YL HE) FOVE IR SR 3 ) 7 03 AU 36 Uk ) AR
B 2 A e 2 4 1T IEA i H T RE AR
RIRBOIRES , IFES & B Sk ik 25 £

BTSRRI 0 T R AR R L A
R L% 8 T 2R S e a0 B TR e
R A5 PAF I E A BRI, S5 5 5 R 2
Tk X 2 BT REEAT SR A | B SR AT 4 5 B Ay
HKF TGRSR BT Ak
AT FEPE AT HESL AN 3 B,



- 786 -

o5 42 4

( T )
A PRHR TR MR S B
%%ﬂﬁﬁﬁﬁ

SRBRA R
EAMHEE%K$#%mﬁﬁ N~
BE fﬁzﬁﬂﬁﬁ » WAL
» e \
5%&&%%&%@& N
) T S A TR \:

2 LRSS SihiEe .

.

AR REERA RIE AT

l

BERR B[R T e A 45 2 >

l

4R

DN N )

)

N

N

MR, [ SRR

> 4’**’]4’#&
PR KA

-

LA EIE KR
TG AT A

> SHERY
> IR
> R

B3 TR FE =M S5 Z BT SRR 7 ik

3 RGIEE

31 EMmMHEELER

525 MR A 45 1) e 2 b L ) R AR AR R
FEEE DT AR, S5 R0 BUE b
54~5 W IT LIRS RAE Jy i B | NI EE A A 1Y Lt
Hir . (HMGE AT G M 0 R U, SRR 19 7 1
P R AR T R R S5 45 6 A G345
K, B AL B R R g 25 48 LR ROE R AN K T
1077, g2 100, IS bR 10 0 1 S 25 A B E AL
B ETBp sl 107 W UL b, A BR S B 2
W PR bRk . L, BEE A MRS H TR
B RML s i, b 7 N 4 8 254 R 40
—FE, BV AE A RSB ORI S AE 4~ 5 AR

B G SR BT 20 A5 E R AR B
B REAAT 5 W S ANSE A AS By ) 73 BURE A | 70
P TR BOTEAE IR . AN SCHE T B 2 53, OT g il
6] A BT T B2 5 ORI A 24540 2 2 B
SRR BT, N AR B SRR 2 % T SCHR
[31] AR AR A A AR T RO A RY , sl Al
SMEIGEUNE 4 B )2 15 B3R 2, FRHE P L
*3~4,

| 1082 |

T l

674

R3 l
3324 t
)

4.52
4 F—ea—t
- ~—350——=350—

K4 ZaFPET BUIMEBR LA RSE

x2 EEAWREE
gk B2 A R/ mm
e [ (£45)/0/-45/0/0/45/90/-45/0/0/0/45/0/0/ 414 CF3011/BA9916 0.200
- 45/0/0/0/~45/90/45/0/0/-45/0] B[] CCF300/BA9916 0.125
i [ (£45)/0/-45/0/0/45/90/-45/0/0/0/45/0/0/ 414 CF3011/BA9916 0.200
L 45/0/0/0/-45/90/45/0/0/-45/0] HiTE] 47 CCF300/BA9916 0.125




%5 W25 A BT B TR S IR 2 A2 TS - 787 -

giR2
B i)z oKL SRR /mm
- [ (£45)/0/-45/90/45/0/—45/0/45/0/45/0/ 414 CF3011/BA9916 0.200
= 45/90/-45/0/45/07 ¥ CCF300/BA9916  0.125
REHEARH (52 B 5 KAT) J116B Je
£ 3 CF3011/BA9%916 EfE

TR E./GPa E,/GPa  G,/GPa  u, X, X, Y, Y. S,

414 CF3011/BA9916 59.4 58.25 457 00538 689 717 637 672 160

HLE A CF3011/BA9916 128 9.76 5.26 031 148 1005 585 200 121
4 BERM S UL 3L, AR R AR T T AT 25 4 T RE 2 B
BPESH )%/ MPa Wi T TR 2L RIS B 21 AR W 24 52 Bz JEAR T 28 KeAfy
E=2000 MPa 7,1 =10 G1c=0.252 LY RATEEARIBT Y, i G e A e KA s
»=0.385 Tun =25 Cpe=Cn=0.669 i, AT AR 1A R DX R34 5 X 200 ARG,

T AR AR R 55 51 K 100 SR A 2 — 5 i
3.2 BT BBMMSMMAMERRGRASME  sogqe b g 1, 4R BrUBIE 35 19 1 45 14
i K5, 52 BRI 2 i) b g R B 5T 2K
RIS 2254 Y AL O 32 38R o, S IF S 0 g R AR R B <M I 5 R
e 357 I A AR SR AR,

W

SR Kk K S KA AR A1
R4 AR R AR Bl BEK: AW
| BEAR 24K
4 ?%gﬁ 45 gg%ﬁ A3 A, Rgpme  SHUEH JEHl A
|
A
Y g B ’ A gempr A
KHi 1 KHi 1
SR N

et il %h T K 2 T E——y
A £ K 3 4 J KeHi 3
1 Ay Ay Kk 4 10 1 ki 4
S sy RHE Sk KHEGE e S |

R F PR TR R R
| %52 | %52 )
A, 4z %53 A3 %453 Ag %53
Kol 1 5.4 %k 4 % 4
%%ﬁm ki 2 JitR 1 MR 1 TR 1
‘ K4 3 5tk 2 AR 2 AR 2
45 m— AR 3 Wik 3 AR 3
A IR T 4 IR 4 e 4

BERURIE
A Ay

S i i 8 T R A x5 07 B A 4

ARSCRE RS R PRI AR 52 B R s T AT, RaRbrad a2 o8 R sBioRs . e R
H R A — e A A Ryl i, SRR R P e SRR HAESE MR m U SR e Gl kA . Uk



. 788 - Wodb T ok ok

2
&3

A,

o5 42k

AR e N PR € S W &R S S (E N
FFE B OB A JEA T ], SCHk [ 31 ] 43
TR i RT R 2R R 56 3 ey 4 R, IR G
HITE 865 kN ZRAT T 52 J A AT A A Jm i e il 1
280 kN KA e YT W, WS & kA D AR RN Al R
fIERT 24 S5 BEAR S AR T i S B K AT AL s 45 &
MRS, TSl R 4 T, LR B W55, T 24 B
“REMEAR AR |« 52 e 2P R " KA 2T 4
WrEd” KA R IXFFR” CRKAMT)ZMIFR” 5 niE
6 i, X B A S A B AT B — S5 P ]
AIAEPEAT ARG ISR 5 R

G5B | WIS A AN TR) 1) 2 T S A 1 E 1Y
EFIR AR AE BT | Re S IR RF LS5 1 78 e 1k
PRUE L HE BT AZ 20 A8 J1 . AR SC LA SR 1k T il 48 1
865 kN/1.5=577 kN N #ifif /K, i+ AL 2 Bk
B FMRIEEE, b 5 5 KA ih 26k 7 F
SCHR[ 31 ] il Bcdls , HBME o 865 kN, 72 5 R K
1.2% ; BAFHIME H 577 kN, 75 5 280 10% ) 3 i
B BIE N 3 Fros, 28 5 R B 5% ; 1 7 e o 38 i
D5 EF-BOT TR A R ULER 4 75 4EN J12E0 1 i)

A SRR 5%, A SHUIRNIES A,

SEBHEIR

RKAMEEA

s o Sml KA
I I l
Ay Ag ‘
AR sk Ao
ik e @ wamn 0 ¥E R
‘ |
A] A4
— Kifi 1 R,
T I —
EE k2 R JELR LR
{ ——— KHi3 (R, | B2 (s
10 8 — JE AR 5
4 K4 R 2 R s
L Biga Ry R EEARILGIERGE
Bl 6 bl gk R SR S 0 B L SR
TS5 WHEHREGTTEASMBMARTEEERLE
ER N JE RN CER g
2 e - Y. ’ _ I on ) 0'7?2 _ _ Y. ’ _ I on ) 0'772
B/ IHIE TR stzg) 1} v, (mj te, TS P(Kzszg) 1} v, (2823] T, = 1]
5Kz /KMt N-N" =0 R=P(N-N" <0)
TN AR e %% EE R K A R = H(l -P,)
AJEERESR AR, e B A BT RS 2 A6
4 ZER51E RUMFLZEFIAE 577 kN SR T AR F7 AR 25 1
2P AR AN AT SRR O B T B S8 N 6
ot R BE R B R B s TR
i, AR AE A Rl B B E AT T Bt AT



#
=

AR A TR TR R IR A N 2 o B T SR A - 789 -

K6 WERERBIFTRSHY

R 28 il b3
i 5¢ B Jey i et it A BR 281/ kN 865 RIS HE
> M /KN 577 Bt A
o AT SRy HS e i A BR 281/ kN 865 I EE
K#7 1727374 Jmth SR /KN 577 P A
7,/ MPa 8 A BRITOT E
0,,/MPa 100 i BRITI
E3En YL NAR T2 Y./MPa 200( B[] 2 ) /672 ( SWIZ) IR
S,,/MPa 121 (A 2) /160 814)2 ) R oe €T
S,,/MPa 121 (AR ) /160 U2 RISHE
o,/MPa 13 HRRTENT
0y, /MPa 74 A PRI H
KH7 1/2/3/4 JES 05 IR Y./MPa 200/672 I H e
S,,/MPa 121/160 R
S,./MPa 121/160 W EE
FLF Monte Carlo 2 XF 4 37 1) R S P AR AU R 1 7 0.999 x 0.999 999 9° = (0.998 (2)

KA 2 ERRBBA TS AR bR R 7 R, 52
BRI Z 455 2 R HA R ——ZU AL )
2R AR N 7 R PR ST T
(55 B RE I iy Al 22 5 3R] & SRR 4 (2) 5K
B

®7 WREER

PR S eETA REMER ATEEEE
5¢ Bz Jat it 107 0.999 999 9
K7 1727374 JEth 107 0.999 999 9
52 B2 U0 208 ] R 4R AR 0.001 0.999
EJ A A =R SN2 <107 1
Kfi 1/2/3/4 LR RGN <107 1
5 B B R IR R A R <10 1
10
R = H (1-P;)=

oAl -
Al -5

H(I—P(N—N* <0))=

("n T Ti _
25:) S,

)
ESRESUIE
28,,) S,

FEREOMMTE SR AW, 5¢ BN AR A A i/ N U
@ﬁ?@ﬂﬂﬂ@ki,%Eﬁﬁ?ﬁﬂﬂﬂfi%@%TT%
2 0.998 , A SCHTHEAE R R ~r  F ik o A
VRN IRA W, 32 o 1 5 RO AL BE i e
REFI)— MO . 5 2255 IE it 4 00, F T J= 42
H8 A IS D I W 52 5 R A S B o 1B, i
HACARSZ BT 7, I O /ML

70(270)
A B 70 (E )

270 (57 )

RS 45220 (IETH )
20(220) 220 (#5781 )

23(223)
B8 J 4523 (IETH )

a) SR AN 223 (%7 )

o) HERAIKF FRHMIBLN ©01,)

b) LR TR @12)

d) GREHKTFFRER T 0n) ) HEEMART FRHRI 02)

K7 ARG A5 22 08X 2 i



790 fiodb T ok R ¥ ¥ R %4k
5 & it 2) A2y Bk AT LA A S R AR AR EOIR S

1) SZEPRHY R X R BT R AUk 2R R
wi, A SRR AT AT AR RS R
I CHLE A BB IE U RSk P (L 2R BB IR
BT RS TR R 5 1 DRI A i
AIHATREE RN

“OYRE A N BE BT AR R X, A A 4
FARRHE R 7R 25 S i« 2 8L AR ZE 451 v i i R
Oy B FUE T SRR 75%

3) RISEREATHTAE AR | 5 2 N & AR N
IR T A & A R 2 A AR 2 A =T
HEHEN 0998,

5% 30

(1]

(2]

(3]

[4]

[5]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

CHAMIS C C, SHTIAO M C. TPACS(integrated probabilistic assessment of composite structures) : code development and appli-
cations[ C] //Third NASA Advanced Composites Technology Conference, 1993 7046

ST, HRE, IR 2T NESSUS Y ITTEAR TSRV (], HLA TARIN, 2016(3) : 75-77

SU Changging, DONG Enguo, QU Ligang. Reliability analysis of square plate based on NESSUS[ J]. Mechanical Engineer,
2016 (3): 75-77 (in Chinese)

SO, T, BRo, A BT R I & BB A B2 S AR A M AR PEREAG [ D] AR R SR, 2023, 53(1)
30-36

WU Fan, TAN Zhiyong, CHEN Qiang, et al. Reliability assessment of composite structures based on local adaptive agent model
[J]. Journal of Southeast University, 2023, 53( 1) : 30-36 (in Chinese)

X, 4T, WME. LAtz GRS AT A R R BAL [ T]. BB TR, 2019, 55(4) : 67-74

LIU Chenglong, ZHOU Jinyu, QIU Rui. Occurrence function method for reliability analysis of composite laminates[ J]. Journal
of Mechanical Engineering, 2019, 55(4) : 67-74 (in Chinese)

SHUVO I I. Hollow canola-wood thermoset composites from concept to completion: fabrication, performance, failure and relia-
bility analysis[ J]. SN Applied Sciences, 2020, 12(2) : 2087

TIRAR, 2R, AR, S TR B AL B 52 B A2 B BRI SR A TSR 3 M [ 0] PHAL Tk R 2274l , 2022, 40
(2): 360-368

DING Zhendong, LI Hongshuang, GUAN Xiaole. Reliability analysis of fuselage skin composite sandwich structure based on
agent model[ J]. Journal of Northwestern Polytechnical University, 2022, 40(2) : 360-368 (in Chinese)

SKEE, XUFER, SKECIE, A5 T WA N TAT 3 A 52 BORE SRS R P9 I el SE R AT [0 ] 315 D A4, 2023, 40
(2):175-180

ZHANG Guo, LIU Yuchen, ZHANG Xiaowen, et al. Reliability analysis of composite gas cylinder with defective inner liner
buckling based on response surface method[ J]. Journal of Computational Mechanics,2023,40(2) ;175-180 (in Chinese)
CERVAN D, CORONADO A M, JAIME L Y. Cluster-based stratified sampling for fast reliability evaluation of composite power
systems based on sequential monte carlo simulation[]J]. International Journal of Electrical Power & Energy Systems, 2023,
147, 108813

ik, SRR, BREIR, & AR TR AT SB[ T]. PEIL Tk RegeedR, 2021, 39(1) : 111-118

ZHANG Nan, SHI Yaoyao, CHEN Zhen, et al. Reliability prediction of chattering in side milling of integral leaf disk[J].
Journal of Northwestern Polytechnical University, 2021, 39(1) : 111-118 (in Chinese)

PEL Y F S. Lubrication reliability analysis of spur gear systems based on random dynamics[J]. Tribology International, 2021,
153(1) : 106606

ZHANG F, WU M, HOU X, et al. Post-buckling reliability analysis of stiffened composite panels based on adaptive iterative
sampling[ J]. Engineering with Computers, 2022, 38(4) ; 2651-2661

SHI B, DENG Z. An efficient reliability method for composite laminates with high-dimensional uncertainty variables[ J]. Acta
Mechanica, 2021, 232, 3509-3721

SROURS, AR, 2 Ub X0, S5, B Wi N7 T 1 5245 b RHIE SR EE A rTREE T [0 ], T 1A, 2016, 33(5)
711-716



%5 W25 A BT B TR S IR 2 A2 TS - 791 -

ZHANG Jiumin, GU Rujia, LI Hongshuang, et al. Reliability analysis of composite joint structures based on response surface
method[ J]. Journal of Computational Mechanics, 2016, 33(5): 711-716 (in Chinese)

[14] mRBR, 2, R, 4. 2D-C/SiC Z A PRHRIE A nT SV A [ )] 38 5 3055, 2020, 47(1) : 33-40
GAO Kuiyin, LI Haibo, WU Jlanguo, et al. Reliability analysis of bolted structures of 2D-C/SiC composites[ J]. Strength and
Environment, 2020, 47(1) ;: 33-40 (in Chinese)

[15] &h7id, F&T, HEAsE, % EatRF AR a5t [ 1], HUBRBET 5l ,2023,385(3) :63-66
HAN Zijian, ZHOU Jinyu, ZHUANG Bailiang, et al. Reliability analysis of single-lap glued structures for composite parts[ J].
Mechanical Design and Manufacturing,2023,385(3) : 63-66 (in Chinese)

[16] ZEWER, M. A MRHMAIR 2 R AT S oM [ 1] IR B R4k, 2017, 32(2) @ 52-57
LI Lantian, ZHAO Xun. Reliability analysis of composite reinforced plates with multiple failure modes [ J]. Journal of Hunan
University of Science and Technology, 2017, 32(2) : 52-57 (in Chinese)

[ 17] NADJAFI M, GHOLAMI P. Reliability study of notched composite laminates under uniaxial loading based on continuum damage
mechanics approach[ J]. Iranian Journal of Science and Technology: Transactions of Mechanical Engineering, 2022, 46(4) .
911-925

[18] MA Y, WANG X, ZENG L, et al.Thermal-mechanical coupling-oriented system reliability optimization of composite structures
[J]. Composite Structures, 2021, 270(2) ;114107

[19] #RaL, BRIEW]. Z 182 RAEACE R G T[], PRS2 4, 2010, 34(4) : 107-112
LIN Hong, CHEN Guoming. Structural reliability analysis of aging platform considering multiple failure modes[ J]. Journal of
China University of Petroleum, 2010, 34(4) . 107-112 (in Chinese)

[20] YIN H, ZHANG D, ZHANG J, et al. Reliability analysis on multiple failure modes of underground chambers based on the nar-
row boundary method[] 1. Sustainability, 2022, 14(19) . 12045

[21] BB, B bh, dibeh, 4. /N RIONE AR 2 20 R SRR SC I S5 M T v A0 A O ik [0 ] T RIRESA, 2022, 52(2)
54-64
QIAN Huaming, HUANG Tudi, HUANG Hongzhong, et al. Structural reliability analysis method with small failure probability
and multiple failure mode correlation[ J]. Chinese Science, 2022, 52(2) : 54-64 (in Chinese)

[22] FENG K X, LUY X, LU Z Z, et al. Estimation of failure probability-based-global-sensitivity using the theorem of Bayes and
subset %imulation[] 1. Probabilistic Engineering Mechanics, 2022, 70 103349

(23] BAGEHL, RHE, FRRET, ¢ ZRBEEOEHE KRG TSR ITE ], BIHDE%, 2022, 43(4) : 635-640
ZHAO Zhicao, WU Hui, ZHENG Fengzhu, et al. Reliability modeling and analysis of optoelectronic systems with multiple
failure modes[ J]. Applied Optics, 2022, 43(4) ; 635-640 (in Chinese)

[24] WAL, XIZE6, B/, 45 JET Markov A RRAIUR ARG & SICRIEREMALLT]. RETREHEFHAR, 2019, 41
(4):919-928
FENG Yunwen, LIU Kuijian, XUE Xiaofeng, et al. Joint optimization of spare parts and redundancy for redundant systems based
on Markov process[ J]. Systems Engineering and Electronics, 2019, 41(4) ; 919-928 (in Chinese)

[25] #, T/ME, BEE, % ETERMESEIERN A ENCHE BRI BRERET]. P50 Tl R4, 2011, 29(6)
829-833
HUANG He, WANG Xiaoxu, ZHAO Chunhui, et al. Adaptive interactive multi-model tracking algorithm based on a posteriori
information correction| J|. Journal of Northwestern Polytechnical University,2011,29(6) :829-833 (in Chinese)

[26] M. CHLA 2RSS Y R At T SR & SR E [ D] P PEIL Tl k2, 2023

Feng Jinrong. Extended life analysis and inspection cycle formulation for typical multi-crack structure of aircraft[ D]. Xi’an;.

Northwestern Polytechnical University, 2023 (in Chinese)

BUNF], AR, B, SF. BT R BRI R Y BCE AR ()] RO, 2021, 34(1) @ 240-252

HUANG Xiaoli, GAO Yuelin, XIE Jinxiao, et al. A new branch-and-bound algorithm for quadratically constrained quadratic pro-

gramming problems[ J]. Applied Mathematics, 2021, 34(1): 240-252 (in Chinese)

[28] BING Y, JUAN F H. Study on evaluation method using spline approximation[ J]. Journal of Systems Engineering, 2002, 17(3) .
261-265

[29] WL, XU, 42 Rl S5 BE S L 29 S B A RORBEGIE [ ) ] . W5 MORS7 4k, 2021, 51(2) : 597-603

[27

[



£ 792 - fiodb T ok R ¥ ¥ R %4k

GAO Kai, LIU Gang. Effective intensity improvement of global critical intensity branch-and-bound method[ J]. Journal of Jilin
University, 2021, 51(2): 597-603 (in Chinese)

[30] Wi, SRWLFE, Ehiete, S5, BETArAcy kit OB 7oL a5 M F BRI [ 1], VUL Tl R 254k, 2022, 40(6)
1204-1211
XIE Wei, ZHANG Yadan, MA Zehua, et al. Study on the main failure modes of typical five-hole structures based on the branch-
and-approximate houndary method[ J]. Journal of Northwestern Polytechnical University, 2022, 40(6): 1204-1211 (in Chi-
nese )

[31] MREM, Z58rE. B A PPRINIAR G 8 M 2087 ik B SR iAE [ T 1. MZs kAR, 2021, 41(4) . 149-156
LIN Guowei, LI Xinxiang. Analytical method and experimental validation of post-buckling analysis of composite reinforced plates
[J]. Journal of Aerospace Materials, 2021, 41(4);: 149-156 (in Chinese)

[32] REE, AR, BVL. HET KRB0 9 SE I 4 A B0 B T S BORBESE[ )], ETHHLEOR, 2017, 191(1) : 25-30
WU Tangzhen, XIONG Xin, ZHAO Jiang. Research on confidence analysis and revision technique of measured loads based on
t-test[ J]. Helicopter Technology, 2017, 191(1) : 25-30 (in Chinese)

Analyzing multi-mode and multi-position reliability of composite
reinforced plate based on branch-bound method

1,2 . 1,2 . 1,2 1,2 . 1,2
FENG Yunwen *~, SONG Zhicen **, CAO Yizhe *~, LU Cheng ~, XUE Xiaofeng
(I.School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China;)
2.National Key Laboratory of Aircraft Configuration Design, Xi'an 710072, China

Abstract; To overcome the concurrency of multi-mode and multi-position failures of composite structures, this
paper explores the application of the branch-bound method (BBM) to the multi-mode and multi-position reliability
analysis and combines the Monte Carlo method to solve the multi-mode reliability. Firstly, "branch" is carried out
by combining structural composition with loading state to identify all possible potential failure modes; " boundary" is
carried out by combining structural characteristics with stress state to determine main failure modes and failure posi-
tions, thus establishing a multi-mode reliability analysis model. Secondly, by translating the unequal failure
criterion to safe boundary equations, a framework for the reliability analysis of composite materials was established ,
and the Monte Carlo method was used to solve the reliability of multi-mode and multi-position failures. Finally, a
reliability analysis case was used to validate the composite T-type reinforced plate under axial compressive load. The
use of the BBM reduces the computational scale by 75%. The multi-mode reliability of the reinforced plate under

axial compressive load is 0.998.

Keywords: multi-mode reliability analysis; composite reliability analysis; branch-bound method ; reinforced plate ;

multi-failure mode
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