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ARTICLE INFORMATION ABSTRACT

Original Research Paper Reliability-based design optimization (RBDO) has been used for optimizing engineering systems in
Received 31 August 2017 presence of uncertainties in design variables, system parameters or both of them. RBDO involves
Accepted 03 February 2018 reliability analysis, which requires a large amount of computational effort, especially in real-world
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application. To moderate this issue, a novel and efficient Surrogate-Assisted RBDO approach is

Keywords: propo_sed in this article. The computational inte_lligence and dec_omposition based _R_B_DO procedures are

Optimization combined to develop a fast RBDO method. This novel method is based on the artificial neural networks

Reliability-based Design as a surrogate model and Sequential Optimization and Reliability Assessment (SORA) method as

Computational Intelligence RBDO method. In SORA, the problem is decoupled into sequential deterministic optimization and

Z‘;ﬁ?ﬂa’z‘eem%‘:ﬁ's reliability assessment. In order to improve the computational efficiency and extend the application of
the original SORA method, an Augmented SORA (ASORA) method is proposed in this article. In
developed method, A criterion is used for identification of inactive probabilistic constraints and refrain
the satisfied constraints from reliability assessment to decrease computational costs associated with
probabilistic constraints. Further, the variations of shifted vectors obtained for satisfied constraints are
controlled to be exactly equal to zero for the next RBDO iteration. Several mathematical examples with
different levels of complexity and a practical engineering example are solved and results are discussed
to demonstrate efficiency and accuracy of the proposed methods.
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poo alies sl sl (b s alie 2 Jgus

&y Sls>3 olass

b sle e Gaa b LS5 sl lais,
598 RV

- - - - - RIA

40,450 240  (2.134,2.33,8.7,5.102,0.922, 1.445, 1.388, 9.809, 8.155, 8.475)  27.7465 - PMA

1307 347  (2.134,2.33,8.7,5.102,0.922, 1.445, 1.388, 9.809, 8.155, 8.475)  27.7465 2 SORA

1223 347 (2.134,2.33,8.7,5.102, 0.922, 1.445, 1.388, 9.809, 8.155, 8.475)  27.7465 2 SA-ASORA

095 A

f(d) = 0.7854d,d%(3.3333d% + 14.9334d; —
43.0934) — 1.508d,(d2 + d2) + 7.477(d3 +
d3) + 0.7854(d,d? + dsd?)

i
Pr[G,(X) > 0] < &(=B), i =1,..,11
- 27
G1(X) = X X2Xs -1,
- 397.5
GZ(X) = X1X22X§ - 1:
S 1.93X3
G3(X) = X2X3X21 -1,
S 1.93X3
G4(X) = xzxgxs;‘ -4
745X4\2
6o(T) = (Tx:) +16.9+106
5 0.1x3-1100 '
745X5)? | 157 54106
GG(X) — (X2X3) ,

0.1X3-850
G7(X) = XX3 — 40,
Gs(X) =5— ()

X2
Go(D) = (2) - 12,

Xz
oy 1.5X+19
Gio(X) = # -
oy 11X,4+19
G (X) = +5

Bp==p;=3

26<d; <36
07<d, <08
17 <d; <28
73<d, <83
73 <ds <823
29 <dg<39
50<d, <55

1,
-1,

X;~N(d;,0.005), i=1,..,7

d° =[3.5,0.7,17,7.3,7.72,3.35,5.29] 20)
L awslio ;0 SA-ASORA iy, SYlaixl 08 Jlgl )8 slows «pioren
b el (s, peitene 5b a5 cul axils glazgs LB zals SORA
5L 75 aels s PMAL iy, 4z 31 S0 gem 5l o)l glalrs
ol SVl g3 slaSle3 1 slaw Jy wiboe Boa als Sle3 3
Al (pl o (uizmen WSbioe 00 oy, ple ) i Sl ()

adub Wi RBDO aliuws -2-5
6wfs>ljbmdlslfomuﬁjb)aamwm
o eolo ylis "8 S o )] Sileds o5 cnl b3 SO licelol o LB
Slade f..L. Oliwe godalin adon g5 alww cpl 7,k 5l Gun [29] o

03 o los 18 055 1397 sl ya (e Silse uwiie

Sl b it ©)90 4 5 (Bolad lapiio Glyie 4 (b (slaiie
(20) adolas ;o dio ol (g0 0,8 ailoas aud ,F (Las 15 0.005 Lxe
] 00 45|)|

00d (et (b Ldd 5l (b abii 50 (xS (5Y by,
Al Baa 1l g 95,8 5l gllas s b adsl Jowl 3 cole 6l b el
A Joel 3 SO Gae ol 5 098 51 S5 e Sl 4y ¢ 209, 5
59 00l aizlw sla Jowl 3 0,15 Wy, el ouls Sl Y Wiz ouac
009y )5 e oot e alats S Cul Oyge () 4 RBDO ()b
Blolla Joald b9l gl ,na 5, ISa bL &4 SA-ASORA
IS5 58 g oud (Glujse,0 b Jasl b i LI asgeme (bl 5 958 o
28,5 g 18 solatwl 0,90 RBDO ddl> gosy

A0 L alie saipJsep 0 45 me (b 5l Jol> digy 4l
w38 L o el >lib Wig, g9, alads jelateds (il oas ooy LS
i ] o Gl alizee sl i 5l Jeols ol anglin .l ooy
Cwddn s M3 Jgas" o il e 00l @811 "3 Jsux" .0 RBDO
5_3191» L;Lﬂ .]4.45; aS ol ks‘;c.lL.; L ).3]).3 SORA 4 PMA &SL‘bubj) )l ol
Obiabol S blB suss &3l agy bl jo .l ouls &1, [10] il Ko o
49 oas adl)| b arg R PR oo)ﬂ)g SYliml 0.8 colas

Al an g gy e S oy wiesel e gly S " 3 Jou 2"
Ll ol a8 el s |, Son RBDO ail> 1,52 ;o SA-ASORA
oolaiwl Judo 4y .o jls oas &l gla gy ple 4y o o) a8 Slawlre
Sl e dltas 398 9 Saa (Lol @l Gl @ R glados
s alamde B ol Solo Jds a0 Lol el yiis 5 oad 48l o,

Shaft1
Il
Shatt1
e —l .X4
Xs . '
Gear Pinion
: | ——
i X7 Xe
——l| III

Fig. 7 Speed reducer [20]
[20] ety ouialS Seilonts 7 S5

254


https://dorl.net/dor/20.1001.1.10275940.1397.18.3.52.3
https://mme.modares.ac.ir/article-15-11276-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-19 ]

[ DOR: 20.1001.1.10275940.1397.18.3.52.3 ]

Ve 9 glllay ol Je

03uzm B eI AL )3 3 9 HIJL BBUIe S & Ylsebl byl Slas y Ab Gl ABL JolSS by

Table 3. Comparative RBDO results for Example 3
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Table 4. Comparative RBDO results for multi-objective Example
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Table 6. Comparative RBDO results for launch vehicle trajectory design problem
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