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Markov chain reliability optimization method for augmented space
subset simulation
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Abstract ; Aiming at the reliability-based design optimization problem of complex structural systems, an efficient optimization method based on
subset simulation and Markov chain simulation in augmented space was proposed. Considering the reliability-based design optimization problem in
which the design parameters were distributed parameters of basic random variables, the target failure probability was transformed into a posterior
density function of the design parameters in the augmented space, obtained a set of initial failure samples in the whole design domain through subset
simulation, and then adopted the efficient Markov chain simulation to generate more failure samples in the gradually smaller design domain under
the sequential approximate optimization framework. The target posterior density function was estimated and updated, and the decoupling approach
was used to solve the transformed optimization problem to finally obtain the optimum. Compared with the existing methods, the proposed method
requires only one reliability analysis and can avoid local optimal solution, resulting in the global optimal solution. Examples were given to illustrate
the applicability of the proposed method in engineering and its superiority in the accuracy and efficiency of analysis and calculation.
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Tab.2 Reliability optimization results of composite beams
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EENE 2R [105,210,85,22] [96.18,210.00,85.00,22.00 ] 16 x 10°

3.2 62 WHABRLN

B %8 CHLAY N RS A5 A B ] SEE DL
e Ok B 3CRR[34 1) o A & T A BROT
BT, RS = HEA FROCEE TS AN IE] 4 P

B4 RHLAEESE A A BROCE R

Fig.4 Finite element model of aircraft

inner flap structure

B S BT VR K h B S 80N
A PRITAII A il B EATE R B AE IR 1)
AT Y S50 7 A B i R 1 ok
VERIGIR D, i, RIDARE 2R A00 R0 AL 35 A BROT
3BT A B AR BRAR 2 R8T 270
g(x) =D, —=f(t, b, ,t5,t,,A, A, ,E, ,G, ,E, G, F,)
(30)
XD, =341 mmst, 1y 1y 1, N EEILPOAR 52
AOJEERE s A, A A, D A B2 A R B A E,
E, 1 G, .G, 53 5| A L RIRA 4 i1 5L A B A BT )
Bk s BEAIL AR 5 F D055 28047 it o 380 %) A [R] 9 A

AR AR B AR A L W F, =
(L+F ) Fo, s Fo — A5 AR
A FrEALAS 5 3504 IR D v 9 43 A EAE BBk S, 4y
fiife BANEE 3 iR .

R3 HMNEENSHER(ES2)

Tab.3 Distribution of random variables( example 2)

BEHLAZ = ¥l 5 R AL
2 6, 0.05
L 2 mm 0.05
I 4 mm 0.05
l 0, 0.05
4, 50 cm’ 0.05
A, 150 cm’ 0.05
E, 70 380 MPa 0.05
G, 26 458.6 MPa 0.05
E, 72 450 MPa 0.05
G, 27 236.8 MPa 0.05
F, 0 0.05

AT e, R, AREL S A iR
E"J&fk%ﬁ 91 5 Hza;ﬁ\:&ffbﬁéj\%ljﬂ‘j 01 =M, €
[1.5,2.5],60, =, e [1.3,1.7], ZHEHIMTAL
A AT LAE O
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min P,(@)
C(@) =8716.490, +690,<17 557.52
s.t.{1.5<0,<2.5
1.3<6,=<1.7 (31)
AP E LR C(0) 5 N R L5 1) T i
AKo
B = AN R 9 2 s 9 i i, R 4%

DTSR Z T SEPE AL R R, A4 R 3k 4
Pias e Tz bLE 250 5 40 & A BROG o0 #r,
Z & ETH AU I ) L, At 5 vk e A AL 3 7
Hh H R 2R T Kriging J5 3 2 57 B BRODR 25 R %0
A AR BIASE 1Y T R AT O A SR Ak o BT 4 05 36 U
T ELAE A 5 AT PR TR BRI 45 45 Kriging #1740k
AT

x4 NBERZMPTEERUER

Tab.4 Reliability optimization results of inner flap structure

P75k

Yt 55 0"

IR TT 5 (S A A IROCRERY)

[1.500 0,1.300 0]
[2.500 0,1.300 0]

[2.500 0,1.700 0]

P 7 i (44 Kriging $5)

[1.500 0,1.300 0]
[2.5000,1.300 0]

[2.500 0,1.700 0]

— USRI (454 Kriging #E9E1)

[1.500 0,1.300 0]

[2.500 0,1.700 0]

TUHRBURFE T (L5 Kriging BT

[1.500 0,1.300 0]

[2.5000,1.700 0]

JE A ] i (A4 Kriging )

KEFR (SR Y + 4545 Kriging Fi)

[1.500 0,1.300 0]
[2.5000,1.700 0]

[2.500 0,1.700 0]

R FEAKL BRI/ %
[2.000 8,1.700 0] 2 000 +238 +509 0
[2.000 8,1.700 0] 2 000 +312 +507 0
[2.000 8,1.700 0] 2 000 +291 +436 0
[2.000 8,1.700 0] 2 000 +226 +438 0
[2.0008,1.700 0] 2 000 +252 +517 0
[2.000 8,1.700 0] 2 000 +273 +494 0
[1.500 0,1.700 0] 3.8x10* 25
[2.000 8,1.700 0] 4.4 x10* 0
[2.000 8,1.700 0] 6.1 x10* 0
[2.000 8,1.700 0] 6.7 x 10* 0
[1.5000,1.300 0] 2 x1 400 25
[1.5000,1.700 0] 2 x1 400 25
[2.000 8,1.700 0] 7 x10°

H1 3% 4 ZE0E AT RN R AR, PR ik
445 Kriging S0 5 45 547 FROCEE T 9 25 R 1 5
XMUAEIRTT i 125 5 — 2, BALET s 1 Ut e
WeSA R de DA, Bt 2RI R (3573 000)
/N T HASRERE S OUER 535 o MY R ZS 18l J7
TEAE TR R R RARE A K (2 800) IE BT,
BT FAA SRRSO MR T AT AR
(AT EZEGA RO 04T , BB IR IE 4
ko 324 s — URSE RO Rk I8 BLUR
ol MWIHEARHT LR, T ik R g
BEUG T5 1 s Ok B > — A R
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e S P AR o
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(] o (T A AR AT 2200 i 2R SRR A 5 SR L
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Bt m T IEReR,

i S SR B AN AL 3R 254 A BROTIA R 152 ]
P $ 07 i Bt 25513
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