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Abstract; Aimed at the computation complexity of multidisciplinary reliability optimization,
reliability-based collaborative optimization method was studied to simplify the computation
process. Considering that the sequential optimization and reliability assessment ( SORA) carries
out reliability analysis and deterministic optimization with the sequential cycle mode, the SORA-
based collaborative optimization was presented. The presented method converts the 3-layer nested
reliability optimization structure into sequential deterministic collaborative optimization and
reliability analysis, which maintains the two-level structure of collaborative optimization and
simplifies the computation process. At last, an engineering example is used to demonstrate the
effectiveness of the presented method.
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Table 1 Optimization results of reliability
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Table 2 Reliability indexes of optimization results

GR1 GR2 GR3 GR4 GR5 GR6 I R

-0.8810 -0.0030 -9.4123x107° -0.4234 -3.2727x1077-2.0325x107° 3.3447 x10™* 0.9821
-0.8802 —4.2694 x10°%-2.9985x10™* -0.4470 -8.4996x10"® -0.0182  3.3052x107* 0.9192
-0.8971 -2.5323 %1077 -1.2357x1077  -0.4987 -3.1682 -0.0191 1.7134%x107° 0.7580

1E% 2 1, GRIl, GR2, GR3, GR4, GR5 #l
GR6 73 3l3 R 845 865 8115 835 85 Gl glolél/‘]é/ﬂﬁﬁﬁf
SEVEREAR IO, ST 0 i, U A I T
PR B AT SEE R R M S HAE/NTF 0 B, Ui
AT ARV R AP A 5 S T T 15 ) AT S P R
RAE. NFE 2 2 FnT i, 3043 ] Sk F8 br 0 (E
ST 0, HAER M /NT 0, UL B BT A Al SEE 24 e 2
P Ui R BT B E A T SRR R . p e nT L,
SORA - CO 77V fI Ak 45 5 0T LAl J2 ] S Pk

IR AT K 3 A TR EAT R RGBT
AR ISR 0 2 B RS — ot {5 B AT
K h

I:JI(xl*)+‘12(x2*>+‘/3(x3*) . (17)

HKf,x" L, x x40 x, L, x, x, BISRALIE.

AT 2 H gl SRR AT A X L T
K RAETF, Br= A iy 2E R RR —8UF B AR
AN EIEAR O, BV T 24 R E] — S0t R, 1
BT SORA - CO JrikfE4ERE MDO [7] 8 2%} 1]
— Py TR A A

&2 FNEL 3 4510 T RGEHARAL H AR AR
A F R REE AT B AL £, B’ 2 4%k
Mkl sh T R MEUE N 0.982 1,0.9192,
0.7580,0. 5 i, RGL H b sk BUE Rt 1 A 2 1Y
WSO, B8] T A, K 3 i TR SR
PEFEBR B, 25 F 2 Bk ] — BOME i I SUiE o, =X
(17) i 44 H 1 45 “F BHE S — 35005 B 1 SUME %
Wia T 0,368 T & 2FBHE B — BT K.



%14 FiE#ESE . AT SORA % % AW RIMKAL T SE AL & 5

.33
IO :——D—JI
> 32t 0—=o o o
§ 31t - i i
%30
E*E : —0—R=0.9821 — R=0.9192
a0 . ——R=0.7580 —R=0.5 ,
“1 2 3 4 5 6 71 8 9
BERKE
B2 BirREHETHML
Fig. 2 Curves for objective function
s
X —0—R=0.9821
ool ——R=0.9192
i ——R=0.7580
& —R=0.5
é&&
=
£ o

._
[
w
n
[
=)
;N
oo
[*)

AR

E3 ZMEA—HESHE
Fig. 3 Curves for interdisciplinary inconsistency

4 4 ik

L RBMDO [a] 8 R W58 % 42, 76 03 [ AR AL AE
R R T T SORA By Ak T S f Ak
T3 . ARGV B 53, B X AS ] (8 ] S P R 1Y
RAEHAT T 5, A ZE 0 vl S MR A DA S 2
] — B A5 206 . R, A2 01 | il
SRR FEERRR R, LA HE — % /Y B A5 R
B AR, 24 R =0. 5 B, A Ak 46 5 5 1 2 bk
AL EE FAHE T 2E— 25 B UE T 3% 07 V5 FE 4 4+
CO fLALF 1 Jy T (1 Rk 45 i SORA -
CO J7¥k , M T LIy /AT 19 7 2R A7 8 2 1 By
[ AT RN AT SE P S B 1153, B AE S P 2108 24
IR, AL SE i W] 55 1 CO 7 1575 % ] = 2R ER
77, Ei SORA — CO J7 i34 R 23 ]
B R A% TR B4 S P A MDO SR 1 1Y

FRUES B, & FH R4S 2R COF e ny M aE , H
A AR AR SO IR T A R
Hy Al RBMDO [r] 5.

SE

[1] DuXP, Chen W. Sequential optimization and reliability
assessment method for efficient probabilistic design [ J].
ASME Journal of Mechanical Design,2004,126 (2) :225 -
233.

[2] DuXP, Guo J, Beeram H. Sequential optimization and
reliability assessment for multidisciplinary systems design
[J]. Structural and Multidisciplinary Optimization 2008 35
(2):117 -130.

[3] Agarwal H, Renaud J E, Mack J D. A decomposition
approach for reliability-based multidisciplinary design
optimization [ C ]//The 44th AIAA/ASME/ASCE/AHS/
ASC  Structures, Structural Dynamics and Materials
Conference. Norfolk : ATAA ,2003 ;3439 —3448.

[4] Padmanabhan D, Batill S. Reliability based optimization
using approximations with applications to multi-disciplinary
system design[ C ]//The 40th ATAA Sciences Meeting and
Exhibit. Reno: AIAA,2002.14 - 17.

[5] Meng D B,Huang H Z, Wang Z L, et al. Mean-value first-
order saddlepoint approximation based collaborative
optimization for multidisciplinary problems under aleatory
uncertainty [ J ]. Journal of Mechanical Science and
Technology ,2014,28(10) :3925 —3935.

[6] Park H U,Chung J,Behdinan K, et al. Multidisciplinary wing
design optimization considering global sensitivity and
uncertainty of approximation models [ J]. Journal of
Mechanical Science and Technology,2014,28 (6) :2231 -
2242.

[7] SuesRH, Cesare M A. An innovative framework for
reliability-based MDO[ R]. Atlanta; AIAA ,2000.

[8] AhnlJ,Lee J, Kim S, et al. Sequential reliability analysis
framework for multidisciplinary systems [ C ]//The 10th
ATAA/ISSMO Multidisciplinary Analysis and Optimization
Conference. Albany : AIAA ,2004 ;2380 —2390.

[9] Zhang X D, Huang H Z. Sequential optimization and
reliability assessment for multidisciplinary design optimization
under aleatory and epistemic uncertainties [ J]. Structural and
Multidisciplinary Optimization ,2010,40(1/2/3/4/5/6) ;165
-175.

[10] Tu J,Choi K K,Park Y H. A new study on reliability-based
design optimization [ J ]. ASME Journal of Mechanical
Design,1999,121(4) :557 —564.

[11] LiHY,Ma M X, Zhang W L. Improving collaborative
optimization for MDO problems with multi-objective
subsystems [ J . Structural and  Multidisciplinary
Optimization ,2014,49 (4) :609 - 620.



