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Fig.2  Flowchart of the RBDO approach based on the RBF neural network model
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Table 1 Optimal results of different RBDO approaches

method C d N
RIA 6.725 7 (3.439 1, 3.286 6) 429
PMA 6.725 7 (3.439 1, 3.286 6) 411
SORA 6.725 7 (3.439 1, 3.286 6) 288
SAP 6.725 7 (3.439 1, 3.286 6) 96

proposed 6.7257 (3.439 1, 3.286 6) 34

B2 A
W 4 B2 —AF T e & sh ML Is0d a8  BERLAS B RGeS E (x)) (IR R LR
() IRE IR (2, ) TR Z B AR (o, , x5) FIEEDNELAR (a6, x,) T IO BERLAZ HEAR



1276 Z= il & 4

M BRI 22 2 0.005 FORRMETEAS A, B d = (e oo} BUBERLAE R BB, )
IS 5 R (3.5,0.7,17.0,7.3,7.72,3.35,5.29) , WL T A] 52 BE AL B 0] Rom hy
min f(d)=0.785 4 pu pu>(3.3333 > + 14.933 4, - 43.093 4) +
1508 o, (pi +pl) + 7.477(u) +pl) +
0.785 4(p,, py +p, 1y,
st Pr[G(x) > 0] < ®(-p™"), i=1,2,3,
27 397.5

G(x)=—F—-1,6,(x)=—55 -1,
X1 XoX3 X1XoX3
1.93%2 1.93x§
Cx) =1, G =,
XpX3%¢6 XpX3X7
745x,\° . \
Gi(x) = + 16.9 x 10 /O.lx;5 - 1100,
XX3
745 2
Gy(x) =,V/{ ij +157.5 x 106//0.1x3 - 850, (10)
XpX3
X
G,(x) =205 =40, Gy(x) =5 - —,
Xo
X, 15x, + 1.9
Go(x)=—-12, Gy(x)=—— - 1,
x2 x4
1.1x, + 1.9
G (x)=— -1,
Xs

2.6 <p, <36,07<p, <08, 17 <p,_ <28,
73<pu, <83,73<pu,_ <83,29<pu, <39,
50<pu, <55,

B =3,

shaft 1

| | S

M
XSJ:| e, THT

B4 s
Fig.4 A speed reducer model
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Table 2 Optimal results of different deterministic optimization methods with different RBDO strategies

method C d N
RIA 3 038.6 (3.576, 0.7, 17, 7.3, 7.754, 3.365, 5.301) 4328
PMA 3 038.6 (3.577, 0.7, 17, 7.3, 7.754, 3.365, 5.302) 1 344
SORA 3038.6 (3.576, 0.7, 17, 7.3, 7.754, 3.365, 5.302) 918
SAP 3 038.6 (3.576, 0.7, 17, 7.3, 7.754, 3.365, 5.302) 384

proposed 3028.0 (3.578, 0.7, 17, 7.3, 7.754, 3.369, 5.301) 96
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Fig.5 Relative error of the objective function at the optimum point for the speed reducer model
+ >\
5 4 Te

ARTCHE RBF 1 22 [0 245 A58 70 P 3] m 58 B2 O A I 80 f) SR Aigp b 3 e 37 T 8 57 07 B R AS Fy e A
PR, H DR 2E S8 bR S AR R Fr RS A A B2 [T 1 3 07 ) S A PHAE 10 i 2 3 2 S B
R BT R FIH RBF #2225 CERA R g 17 ] 5 BE A AR T3 7SR BIR 22 7 R A [A]
I REAS W] 2 3t P AR 4 A R T3 0 TR 2 (R S PR R | RBF 1 28 [0 A5 10 A REAS A AR 7
UINR TR E

2 2% 3k ( References) .

[1] Nikolaidis E, Burdisso R. Reliability-based optimization: a safety index approach[J]. Com-
puters &Structures, 1988, 28(6) . 781-788.

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

[3] Liang J, Mourelatos Z P, Tu J. A single-loop method for reliability-based design optimisation
[J]. International Journal of Product Development, 2008, 5(1) : 76-92.

[4] Madsen H O, Hansen P F. A comparison of some algorithms for reliability based structural op-



1278

£ W &

(5]

[7]

(8]

[12]

[13]

[14]

[15]

timization and sensitivity analysis| C |//Proceedings of the 4th IFIPWG 75 Conference. Mu-
nich, Germany, 1991.

CHEN Xiao-guang, Hasselman T K, Neill D J. Reliability based structural design optimization
for practical applications| C]//Proceedings of the 38th AIAA/ASME/ASCE /AHS/ASC Struc-
tures, Structural Dynamics, and Materials Conference. Kissimmee, FL, 1997.

FREKAR, VAR, BE Tl SERE i a5 LAk i e 9 AR RIS R [ I ] THE 2223k, 2006, 23(6) -
641-646.( CHENG Geng-dong, XU Lin. Sequential approximate programming approach to relia-
bility based structural optimization[ J]. Chinese Journal of Computational Mechanics, 2006,
23(6); 641-646. (in Chinese) )

Yi P, Cheng G, Jiang L. A sequential approximate programming strategy for performance-
measure-based probabilistic structural design optimization[ J]. Structural Safety, 2008, 30
(2):91-109.

Du X, Chen W. Sequential optimization and reliability assessment method for efficient proba-
bilistic design|[ J]. Journal of Mechanical Design, 2004, 126(2) ; 225-233.

VbR, BRIKAR, Z°F. R RGE RSB 20T OO0 A BT SR AR 3 22 J e R) [ ). HILARE B2
2007, 28(6) : 839-844.( XU Lin, CHENG Geng-dong, YI Ping. Tolerance assignment using al-
gorithm for system reliability based optimal design| J]. Journal of Mechanical Strength , 2007 ,
28(6) : 839-844.(in Chinese) )

Youn B D, Choi K K, Yang R J, Gu L. Reliability-based design optimization for crashworthi-
ness of vehicle side impact[ J]. Structural and Multidisciplinary Optimization, 2004, 26(3/
4) . 272-283.

Xu K, Xie M, Tang L C, Ho S T. Application of neural networks in forecasting engine systems
reliability[ J]. Applied Soft Computing, 2003, 2(4) . 255-268.

Wu Y T, Millwater H R, Cruse T A. Advanced probabilistic structural analysis method for im-
plicit performance functions[J]. AIAA Journal, 1990, 28(9) : 1663-1669.

Youn B D, Choi K K, Park Y H. Hybrid analysis method for reliability-based design optimiza-
tion[ J . Journal of Mechanical Design, 2003, 125(2) . 221-232.

Li G, Meng Z. A modified chaos control approach of the performance measure functions for
reliability-based design optimization|[ C|//10th World Congress on Structural and Multidisci-
plinary Optimization. Orlando, Florida, USA, 2013.

Venter G, Haftka R T, Chirehdast M. Response surface approximations for fatigue life predic-
tion[ C]//Proceedings of the 38th AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dy-
namics, and Material Conference and AIAA/ASM/AHS Adaptive Structures Forum. Kissim-
mee, FL, 1997.



BET RBF 128 P 28 AR (i 25 1y ] 5 BE I AL T 7 1279

Reliability-Based Design Optimization With
the RBF Neural Network Model

LI Gang, MENG Zeng
(State Key Laboratory of Structural Analysis for Industrial Equipment
(Dalian University of Technology) ; Department of Engineering Mechanics

Dalian University of Technology, Dalian, Liaoning 116024, P.R.China)

Abstract: The reliability-based design optimization (RBDO) provides a trade-off between cost
and safety given a lot of uncertain factors, such as structure sizes, material properties and ex-
ternal loads. The traditional RBDO approaches were computationally expensive owing to the
nesting bilevel optimization. Thereafter, the decoupling approach and single loop approach were
proposed to overcome this obstruction. However,the computational demand of these 2 types of
approaches was still too huge for complex engineering problems. Here a new adaptive RBDO
approach was presented based on the RBF neural network theory. The latin hypercube sampling
method was used to construct the surrogate model. The error metrics were used to validate the
RBF neural network model and the surrogate model was updated adaptively. Compared with the
previous 4 popular RBDO algorithms, the presented method is efficient and robust.

Key words: reliability; optimization; RBF neural network; efficiency; robustness
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