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Abstract

SLSV (single loop single vector) method is to solve the excessive computational cost problem in RBDO (reliability-based design
optimization) by decoupling the nested iteration loops. However, the practical use of SLSV method to RBDO case is limited by the
instability or inaccuracy of the method since it often diverges or converges to a wrong solution. Thus, in this paper, a new
modified SLSV method is proposed. This method improves its convergence capability effectively by utilizing Inactive Design and
Active MPP Design together with modified HMV (hybrid mean value) method. The usefulness of the proposed method is also
verified through numerical examples.

keywords : reliability-based design optimizationl RBDO), modified slsv method, modified hmv method, inactive
design, active MPP design
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Initial guess (arbitrary or typically deterministic

r . optimum)
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Design update
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N Compute MPP

* ) T GeD MPP updates
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Evaluate Object and Constraints al¥ = ne L
A1
Cost(p®),g,;x)  Je— 1

T2l 1 Flowchart of Original SLSVY Method (Chen
1997, Choi 2004)

¥ 1 Mathematical Formulation of SLSV Method

Minimize Cost(p)
Subject to Gj(gk) = G]_(Hk‘_ﬁggfgglwl))’
k ETVGZ
o= | —— ,
=7 |g TV GT| Ny
j=1,2,---,NC -
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# 3 RBDO Results of Example

) 2= .
Fac

AEA - oA

E 2 Problem Definition for Example 1(Youn 200416))

Minimize Cost(d)=

G (z)

4 +d,
Subject to AG(z) <
where 0=d, =10, 0=d, =10
=otx,/20—1

=(a, 4+, —5)*/30

0)=e(-4) ,

+(z, —xz, —12)*/120-1

1=1,2
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1 (Original SLSV, p’=pu? 0=0.3)

g=olt}. o] EAle A%, F A FE&zA dal
é(actlve)?l g7t oA BR gt g A TEZ

AE7H 2 ¢ glu, B9

z gdsp7|E 4o, NFEw

By Cost d1 dg NFE A o %Err(1) %Err(2)
2.0 6.1750 3.3155 2.8595 150 2.0009 1.8566 0.05 -7.17

3.0 6.7038 3.4571 3.2468 178 2.9997 2.8547 -0.01 -4.84

4.0 7.2556 3.6219 3.6336 150 4.0094 3.9057 0.24 -2.36

5.0 7.8097 3.8018 4.0080 120 4.9990 4.9686 -0.02 -0.63

E 4 RBDO Results of Example 1 (Original SLSV, p’=u”, 0=0.6)

B, Cost d, d, NFE i i %Err(1) %Err(2)
2.0 7.2929 3.5978 3.6951 112 2.0039 2.0625 0.20 3.13

3.0 8.1655 4.6446 3.5209 116 3.4724 1.5010 15.75 -49.97
4.0 Diverge

5.0 Diverge

E 5 RBDO Results of Example 1 (PMA, p"=u”, 0=0.3)

B, Cost d, d, NFE - 7 %Err(1) %Err(2)
2.0 6.1925 3.2951 2.8974 412 2.0004 1.9997 0.02 -0.01

3.0 6.7286 3.4365 3.2920 327 2.9997 3.0201 -0.01 0.67

4.0 7.2706 3.6074 3.6632 351 3.9998 4.0137 0.00 0.34

5.0 7.8160 3.7990 4.0171 466 4.9998 5.0002 0.00 0.00

E 6 RBDO Results of Example 1 (PMA, u"=u? c=0.6)

B, Cost d; d, NFE e y 9%Err(1) %Err(2)
2.0 7.2747 3.6052 3.6694 324 2.0003 2.0179 0.02 0.90

3.0 8.3807 3.9993 4.3814 360 3.0003 3.0352 0.01 1.17

4.0 9.4776 4.4496 5.0280 348 4.0002 4.0262 0.01 0.66

5.0 10.5608 4.9344 5.6264 591 5.0003 5.0059 0.01 0.12
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E 7 Problem Definition for Exampie 2
(G(z) from Youn 200314))

Minimize cost (d)= 20— d,+ d,
Subject to P(G(z) <0)< &(—45')
where 0 =d, =10 ,0=d, =10

B, =300, =0, =08

G(z) = —exp (g —7) —z, + 10

# 8 RBDO Results of Example 2 (g’ =pu?)

Method | Cost ‘ dy / dy JEE , g
SLSV Diverge
MV-PMA | 7.088 | 5.907 | 7.005 | 100 | 2.5518 | -14.94
PMA 7.394 | 5.300 | 7.036 | 1056 | 3.0001 0.00

u2
o

W=(5.907 7.005) ©=(0.86:8

— 9-2.660
—~=—= 8=0.802
o (0.319 0.948); APProx MPP

e (0958 0.285): Exact MPP

+ — — : T
4 2 4 2 4
ul

a2l 5 Approximation Error in MV-PMA Method

56 SIEFMTIEEE =2F M18H M15(2005.3)
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of ko] oA He AFEAM & 12004 AAEHA E
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# 9 Problem Definition for Example 4
(G(z) from Youn 2003'))

Minimize Cost(d)=(d, +20) +(d +20)* —2d,d,
Subject to P(G(z) = 0) £ &(—4')
where 0=d, <10, 0=d, <10
8 =300, =0, =08

Gz) =lexp(08z, —12) +

exp(0.72, —0.6) —5]/10

E 119 (2)¢ ()9 HaEFE £¥8E HMVEE]
Fed 58S 3 E ARHCR o] FHEE FAF
< g 5 ok z2ev ID+ADS Aol £
SLSVW el #ioife] B} 288 & drte AH



F 10 RBDO Results of Example 3

Method Initial Design cost | di | d [ wwe | " | #En
(1) SLsV D Diverge
2 SLSV +HMV’ #16.9949.009 T 5 on6 | 727 | 368 | 29997 | -0.00
(3) SLSV+ID Diverge
(4) SLSV+ID+HMV D5 999 7 307) Diverge
(5) SLSV+ (ID/AD) 7.394 5.301 7.305 42 2.9998 -0.01
(6) | SLSV+(ID/AD)+HMV’ 7.394 5.301 7.305 42 2.9998 -0.01
PMA+ID D(5.299 7.307) 7.394 5.299 7.307 751 3.0000 0.00
E 11 RBDO Results of Example 4
Method Initial Design Cost | di | |~ | 8" | %En
(1) SL8V D1 909 2.692) Diverge
2 SLSV+HMV’ e 46439 | 1374 | 4982 | 148 | 25815 | -13.95
(3) SLSV+ID ) Diverge
(4) SLSV+ID+HMV D5 573 4 890) Diverge
(5) SLSV + (ID/AD) 40.722 | 4.045 4.133 94 2.9819 -0.60
(6) | SLSV+(ID/AD)+HMV’ 40.800 | 4.040 4.157 118 | 2.99%4 -0.02
PMA+ID D(2873 4.800) | 40.810 | 4.017 | 4.1801 | 392 3.0018 0.06
E 12 Convergence Improvement with Active MPP Design
o’ calculation point o’ (*)Rel. Angle Convergence
MPP 2'(2.626 2.900) (0.911 0.413) 0.0 -
Ex.1(g1) D
DOPT (3.103 2.078) (0.801 0.598) 12.4 OK
Convex D ? (3.197 2.973) (0.881 0.474) 3.9 OK
pH AD 2P (2.476 2.434) (0.891 0.453) 2.6 OK
MPP 2'(3.773 2.476) (-0.342 0.940) 0.0 -
Ex.1(g2) D
DOPT (3.103 2.078) (-0.659 0.752) 21.3 FAIL
Concave D (3,197 2.973) (0.396 0.918) 3.3 OK
wo= AD D (3,790 2.296) (-0.383 0.924) 2.6 OK
MPP 2*(7.008 8.992) (-0.710 -0.704) 0.0 -
g;‘ni/e i DOPT 2 (6.994 9.005) (-0.705 -0.709) 0.4 OK
- ID A’; (5.299 7.307) (-0.180 -0.984) 34.9 NOT GOOD
AD z*” (6.994 9.005) (-0.705 -0.709) 0.4 OK
MPP z(2.490 2.324 (0.670 0.742) 0.0 -
C(i))zjve DOPT 2 (1.909 2.692) (0.402 0.916) 18.4 OK
R D ;; (2.873 4.890) (0.200 0.980) 30.6 FAIL
AD 27 (1.909 2.692) (0.402 0.916) 18.4 OK
Note:
a* is the direction cosine of performance function in U-space at the final MPP
Relative angle is the angle between o and a*, or |4a],,.
= @7 A% & ek (3)2 (4)9 Azbe (oA 3]l o] 271xE w2 nFEHA Y3, o' 27] G2 Ho

s} shR7A = D] %%@%

(6)9 A7t BE +4

el <) 2

FEA S 7H*“l711
i 12+ Active MPP Design®
A GGE BAFE Qe

ol

4

=]

g

H
A w7
olo o ¥
MT =2 =

3)
WA 9 R olet
=]

Artste] A3 vlwg Aot Ex. 1o Wg 23E o
o, =03, EZNFHEASF 3.0

Ao 27127F w'Pol7] Wil &

%0,

Inactive Designo] AEHAL o, u?F uPolA of

tisto] A4k

og
39 diote

=T aEEE =28 AM18d M1&E(2005.3)

71-x]



e

T % % U
o] #htol7] m
2710 o2l A2

£ 12014 Ex.2~Ex.4%
P9 z4P7 2A% Ex. 13 2o
Agole QiHeR 134 g,

4.5 (dA] 5) Ten-bar E&2 FA)

apA e o A =
Azl 2AE

2% 63 2L 10-barEdl29 ¥4 F
PMA® SLSV, 28z #449 SLSVihge

2 247t Zoy vladk RAojrt,
Q) < @
— 1 2
vy
& 6
)
1 4 \l
6 a 2
p 360, { 360
| 1 100 100
kiPs & kiPs

AAdse 74
AAME 10709 8%
vebd Hle} 2ol %‘
7hel o Ex4l

ﬂ
$ ~
e
Do
S,
T

¥ 13 Probiem Definition for Example 5
x, (i=1,---,10)

10

= ZX,L,.

i=l

Find

that minimize F,

G, =P(g,<0)-P <0(i=1,.,10)
g,/(x,...%0,R)=R—-| ;| (i =1,...,10)
0.1<x, £10( =1...,10)

R~ N(Q2.5e+4, (1.25¢+3)%) (psi)

x ~N(g, ,(0.05u,)") (in)

B, =20

zy #hdo] elgk RBDO 235 & 149 Hla, A28t
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3 =A% Single Loop Single Vector ¥
o] ¥R Fo dojupe A&H oA I FEFA
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I 14 RBDO Results of Example 5
ID+PMA SLSV Modified SLSV
Objective 1840 18754 1844 .5
9.192 10.00 9.223
0.100 0.101 0.100
9.316 9.329 9.323
4.567 4.633 4.569
0.100 0.110 0.100
Optimum
0.100 0.106 0.100
6.615 6.600 6.616
6.441 6.508 6.478
6.457 6.456 6.479
0.100 0.104 0.100
NIT 4 17 22
NFE 14547 4267 5637
NFE Ratio 100% 29.30% 38.80%
wﬁiﬁifféﬁm LOe=d 1 3.0e2 3.0e73
5.d &
#3229 RBDOEHEC 2 A¢td SLSVEY S & &3t
MPPE 73t7] 93 8345 glefn A7t 245}
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AUES F¥stn a AIAE st
2 =@dA Ag #4849 SLSVEE 2
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