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Topology Optimization Considering Reliability
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Abstract

New reliability-based topology optimization method is proposed by utilizing single-loop single vector

approach, which approximate searching the most probable point in the probabilistic design domain
analytically, to reduce the time cost and dealing with several constraints to handle practical design

requirements. To examine uncertainties in the topology design of a structure, the modulus of elasticity of the

material and applied loadings are considered as probabilistic design variables. The results of design examples

show that the proposed method provides efficiency curtailing the time for the optimization process and

accuracy satisfying the specified reliability.

. M E
2o Aol 1A AANFE AaT 5
1] E S+ A (uncertainty)©] =] gt o] E} 3
At QAL AR JE, LS, AT
of gz vehdo. 71Ee HHA4A 7]‘%
AL A2 43}‘3134 BeagS 1
| ek Aase] WEdol & ARwa st
g Aa9: oz AaH 0w
£3 2’4 7)) (Deterministic ~ Design
.ol AAMTe] MRS
aEetA gornw HAAAIE @Fe= AlEA
3H 55 wasy] o).

A1#4 71RF 2 % 7| (Reliability-Based Design
Optimization; RBDO)= A2 7] /-2 %@, s 1
sto] Bk AlAFe) g FEs sk F
Al EH S HA3) skl 2 540 D}
71 A7 HAAA Y S A AT

L
e
3]

fo m{u:i&

[0

S o g0 rm

By

ol
N it 0]['1

i

]

o W oo X g

o,
SO

rui rl

| 3}
S

S|
Optimization) T il <F
U

T arepeyst /) A g o

E-mail : seungjae@hanyang.ac.kr
TEL : (02)2290-0457 FAX :(02)2298-4634

Fepista st VA ST, Al LG 38t Ml
g A

A 1 H (Reliability Index Approach; RIA) =& 3%
s st A (Performance  Measure  Approach;

PMA)s = ARSIt 28y olgfdk WHELS
ol -F st A= HER FHA ¥ T
(Most Probable Point; MPP)S 2= Ul 23} =}
gol x3HEE AJEH HAAA A Hlsto]
fAow W Aol AaEAnt. o]g o] 9
- ﬂﬂﬁr HA43 5 HAH3s AAel o 7
HE o]lsF2 Td¥E " (Double-Loops Single-
Vector; DLSV)o|gtal 3t} o] FF 3 chdulg] Hr
e @ls Heksty] fdte] Be A5l ofF
o] x4 ¢k=dl Chen V& ol 3y 7MeHS WP
A3t Aol ofd A WHor =ET 5
U WY ackeginh o= s HA st
Aot AR EA AAMeRto g A 7N HAA
AE Fdstnz ddFx gduy Wi (Single-
Loop Single-Vector; SLSV)©|2}al 3} 43} 34
o AFA A AkE =4 F AT

HA 9 YA A= AR dAFY 2§
sl BT Bsla o =9 uAHA
A FaEo] gom, olF AAEA FHAAA
(Deterrmmstlc Topology Optimization; DTO) “V&} a1
ghoh o] 3 AAWSY A28 g g e =g

E

O
M

i

468



2004

e neste] GHHARAT Skl AT}
AgEo] =, ol A7 FHA A
(Reliability-Based Topology Optimization; RBTO)Z} 3L
gheh Marti 9 Stocle™S B2 AE ALE3lo] AE

o -1 =

718 AR AEAE AL, Bae
Wang®2 A=A A2t SR45H% A
S o] &8 AN A HH LA e FH
A AfE A #e dAFE LEslh

T3k Maute £} Frangopol®oll o8] MEMS %%
of thgk A A7 SFHAEAT A HA o,
Jeung "ol ol3te] 7]stEtA mIAdPHES e
=9 AFA7IE 3R A LA dg A7t
UM

2 AFAME HA oF
o] &%
H] -]
Mo
A E

2z 9
SEEHEICEREEER D

JERE RN RE ERE
EOEERE TR

= =

°l

]

¢

AAE FYsiglon, &
AESE 99.87%3 AlZvhet AT
999999%(6 Al 1whyoll tiste] FelE] H
A5-ol HA A FAAEE Blaske

M 32 fo
32 R e

M

=] 3 A

—

b

|7E-I
A

Al

AAAAE 878 AR
Ha3A7)= s Al
skt L =Ao] glrt
C 1 el AAMeEE FEAY LR
RHT F v Fig 19 244 AHAA
B A s Y] 7S FAlskaL et
AN HAEAES FAeAE, a7 o]

a1

&lof|

o she

A
Rid

=
T

=]

5

2
=4
hYA

o 1

=

KN
=

=

s B

o

T,
N
X

o
)
2o 2 to

Xl
o,

4 R
o o2 T
T O
- -

¢

4714 P,

H

of

469

5 oy r
EE

30 > b ox kB B Kl

Optimal Point Xy G Optimal Point

Vs 772

S
N\

SN\

N\

\\\l\\

X1

A\

(b)Reliability-based design
optimization

(a) Deterministic design
optimization
Fig. 1 Concept of deterministic and stochastic design

optimization
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Fig. 2 Concept of the reliability index approach method
and the performance measure approach method
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Fig. 3 Concept of the single-loop single-vector method
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Fig. 5 MBB beam design
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(a) Worst Case
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(c) DLSV(PMA) (d) SLSV

Fig. 7 Optimal topology ( S, =3)

Table. 1 Comparisons of numerical results ( 5, =3)

4 objective | reliability index cpu-time index
outer loop | inner loop| (volume)
DTO 92 0 50.72% 0 — 100
wc 81 0 63.37% 4.239 —87.76
RBTO(RIA) 95 151 58.47% 2.986 [—— 165.73
RBTO(PMA) 91 273 58.88% 3 = 192.31
RBTO(SLSV)| 87 0 59.13% 3 Jo 116.08

472



2004

H Foz wFo Hol I Ao Atd ©d
T2 g e S o] &3 AN §4H
AAATE Az g-o] A- A T a&H o)t
A & T Utk HodE A2 63.3% 9 Al
S5 ARgSle] EXAFAAT 3 & 293 4.239
of AFHAAFE AU olv xR Pd
AFGATFE 2HSRAT, ARE AvE Bol
AbgEom R AAZEHY HEdk AAE HA
= Bl GRS e

43 6 Aldo}
Fig. 8 & SR AAT 6 &= U=
71 1gH A Al ARRl FRE] HA Y]
), $x4 A= Table. 2 & v, AFelstgoh
A FuE A EY LS 7R 944H
AAAE 53 ARG 6 whEe M-S SH
(e}

at7] flstel ek 20~27% © AlwE F7H4

e AL B 5ok ol BE A

39 oke] A% Hade W 0% Be AR

ST o S Qa, olk TS Be A4S

snaty] 9 Ao Awa & Aok X AY

oA Aokst Bl EE wolws WHE o] &g Al
7k SR A A 0] el ghe] o] FRE

S S ol g A4 ]k 914hH 4 A o

ulate] A& A7 AW oM Aok ol

0 agd a1,

Aobael 7

W ERD 3

o] 4124

S0} o]

(a) Worst Case
(E=pp =60y, F=puy+60;)

(b) DLSV(RIA)

(d) SLSV

Fig. 8 Optimal topology ( 5, =6)

Table. 2 Comparisons of numerical results ( 3, =6)

ity index By f1
outer loop | inner loop (V!l’lume) B=6 G imE
DTO 92 0 50.72% 0 100
wc 57 0 83.84% 8.456 90.56
RBTO(RIA) 17 45 76.46% 5.996 [——7 236.36
RBTO(PMA) 75 300 70.18% 6 | —— 7.7 ]| X
RBTO(SLSV) 95 0 70.20% 6 118.88
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