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Abstract: To effectively deal with structural optimization problems with epistemic uncertainty, an evidence—the—
ory—based reliability design optimization method using approximate moving vectors is proposed. It first converts the
evidence variables into probability variables and constructs an equivalent probabilistic reliability—based design opti—
mization model. Through solving this model using the sequential optimization and reliability assessment method,an
approximate design point is obtained. Then,the evidence —theory —based reliability analysis is carried out for each
constraint at the design point, based on which the approximate shifting vector and deterministic optimization model are
established. A new design point is obtained by solving the deterministic optimization problem. Finally, the sequential
iteration process composed of equivalent probabilistic reliability —based design optimization and evidence —theory —

based reliability analysis is repeated until convergence,and the optimal design point is obtained. The proposed
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method can convert the nested evidence—theory—based design optimization problem into an iterative solution process,

which can effectively reduce its computational cost. The effectiveness of the proposed method is verified by three ex—

amples.

Key words: reliability —based design optimization;epistemic uncertainty;evidence theory;approximate shifting

vector
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Fig.1 Transformation from an evidence variable

to a random variable
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Tab.1 BPA structure of evidence variables/parameters for example 1
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X [f] BPA /% IX i) BPA/% X fi] BPA/% X ] BPA/%
[0 —090,1,-0.78] 047 [y +0.06,ur+0.18]  14.65  [15—0.90,,-0.78] 047 [, +0.06 ,125,+0.18] 14.65
[ —0.78 i —0.66] 092 [y +0.18,x+0.30] 1156 [ux,—0.78 ,11,~0.66] 0.92 [, +0.18 ,125,+0.30] 1156
[ 0660, -054] 220  [ux+030,u0+042] 779 [un—0.66,u,-0.54] 2.20 [, +0.30 ,125,+0.42] 7.79
[ 054 1y —042] 448  [uy+042,u,+0.54] 448 [un—0.54,1,-0.42] 448 [, +0.42 115, +0.54] 448
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Tab.3 BPA structure of evident variables/parameters for example 2
P./b y/(10° psi) P,/lb E/(10° psi)

[X ] BPA/% [X [&] BPA/% [X [&] BPA/% [X [&] BPA/%
[200,300] 2.2 [35,37] 6.1 [700, 800] 2.2 [26.5,27.5] 10
[300,400] 13.6 [37,38] 9.2 [800,900] 13.6 [27.5,28.5] 21
[400,450] 15 [38,39] 15 [900,1 000] 34.1 [28.5,29] 13.5
[450,500] 19.2 [39,40] 19.2 [1 000,1 100] 34.1 [29,29.5] 13.5
[500,550] 19.2 [40,41] 19.2 [1 100, 1 200] 13.6 [29.5,30.5] 21
[550,600] 15 [41,42] 15 [1200,1 300] 24 [30.5,31.5] 21
[600,700] 13.6 [42,43] 9.2 — — — —
[700, 800] 2.2 [43,45] 6.1 — — — —
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Tab.4 The computational results of example 2
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33 EHI=

VRZE 1 TRl 42 A FHili h  BOk RUAE T 1 i
FE N PR & A 1 Rl A e 28 05 B3 % e
LA BN ZIEYHER . WRE S AT AR
FIHERE. BAT, REA TP E IR AR R T RE Y 3 2R
PMEFEETRR ARSI . 0 1A & . S U 4.
ARG T IE R L A A T, AR
B A B EE IR R AR N4 AR .

E 6 7 Ay TR 42 1) 1 T A BR O 1%
ﬂ“m’% X= [X] ,X2,X3,X4,X5]’ﬁ%{%|§ﬁ*l \uﬁﬁgﬁ
N AR AT A2 P A B TR . BT AR R VR
HgE R TR R B AN 6 FTR.

HIREAR X,

i nshi x, AR
B 6 A% E@maEA RAMEE R EE
Fig.6 Finite element model and design variables

of vehicle crashworthiness

MR 95 4 1 TRTRIE FRE b o, HBC R R e 3 0 L
45g, T KETFIAUE AR 220 mm, 450 )48 & 20 mm.
EBDO HEFRIALRE 41T -

min M(pmy)

s.t. Bel(a(X)<45)=R'

Bel(1,(X)<220)=R'

Bel(L,(X)<20)=R'

2.0<m<3.0, L.0<p,,u3<2.5

1.5<pty,us<3.0 (25)
AP M Gy ) 2 AR G (1) S BT i 5a(X) A B
FEF i B 5 1, (X)) T AR AR AT L(X) N4
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2021 4F

AT EE R EAR A 5B sy S X B4 S i,
BPA Z5#4 N3k 5 Pk,

H VARG IR TR R A BRIGF F4rFERT, sk
MSEAAT I, ARG R T
FE:, I Kriging 571 43 51 ¥4 g O B 4 2 0T
M () B AT i fin o B2 EEE o (X)) TP AR R A T
L(XORMZET A AR L(X) AR BT, St FR e
TIHEAT 36 YCRFE, Hirh 30 HFEA I THI 2 Kriging
BIAY, 6 AFEAS ST LUK S UG . A RBRABE R ks
FERT IR 25 AN 6 i, I RiRZESM 1N 0.82%),
7.2%,11%,8.8% , T£ W] 532 {5 .

A ER X B FR AT 5B 90% F1 959% P i
B, o B TR PR B S vl SR R AL, A5 R R
7R AT, Y BARATEEE N 90%7E Sy 95% 1,
EBDO W18 A 45 5 1 15 11748 5 A H b oR S50 A
Joj b AR R, 2 B A A S s T R BE Y , ARl R OC

HAREE RS K. SHH &I, MR =
90% , K FA SC Iy i e F i )i/ 9.76% 3 24 R
= 95% , B Fi IR/ 5.93%.

4 &

FETF RS FE A AT S S T Tl B R A
MUZ R ENARE, 05 B SE PR TR R
TR T, BRI T iE e vl S
D7) TAER . XA, AR SCHE T —FP e b
PSS A FEME AL (EBDO ) Jr s, %07 76 14 Je i
PEAS A AR A i, AR AR ] S
THLAL(RBDO)BAY, If-ffi FH SORA J7 VA S Bl Hif:
SERRSR AR s R SE TR B9 nT SE S HroR i 24
SRR ATAR B, AR DI RS Bl O Fe RN e ME DL AR SR
FEaR f B T A5 5 e 28 K EBDO A E Ak e e

&5 HEIZIERTE/SHE BPA 41

Tab.5 BPA structure of evidence variables/parameters X, ~X; for example 3

X /mm X, /mm X3/mm Xy/mm Xs/mm BPA

[ 0.1, 1, ~0.03] [ 0.1 .. ~0.03] [, —0.1, 14, ~0.03] [e.—~0.1, 1. ~0.03] [, 0.1 10, ~0.03] 2%

[, —0.03 ,ux, ] [, ~0.03 . ] [, =0.03 . | [14x.~0.03 . ] [, ~0.03 . ] 48%

[r, it +0.03] [r, o4x,+0.03] [x, ox,+0.03] [tx. 4. +0.03] [r, ox,+0.03] 48%

[r, +0.03 ,ur, +0.1] [r. +0.03,ur. +0.1] [, +0.03 ,ur, +0.1] [, +0.03 ,ur. +0.1] [r, +0.03,ur, +0.1] 2%

#* 6 Kriging fEERELER
Tab.6 The accuracy test results of the Kriging surrogate models
. M(X)/kg a(X)lg 1,(X)/mm L(X)/mm
e gl s WE gl R wE g Ml iR WE g Ml iR WE
1 18.43 18.48 0.26% 46.26 46.69 0.4% 210.1 235.8 11% 18.33 18.40 0.4%
2 16.54 16.52 0.10% 46.64 44.75 4.1% 225.5 236.0 4.5% 17.99 17.28 4.1%
3 15.88 15.90 0.11% 45.96 45.04 8.1% 200.8 189.6 5.7% 18.28 17.84 8.1%
4 17.34 17.20 0.82% 45.98 44.06 5.7% 284.8 293.9 3.1% 22.69 21.46 5.7%
5 12.20 12.12 0.69% 46.49 50.10 5.0% 189.3 176.4 7.3% 19.25 20.26 5.0%
6 18.23 18.25 0.11% 46.82 45.07 8.8% 207.4 2447 5.6% 18.23 20.00 8.8%
Fz7 BH=ZEHTEMKER
Tab.7 The computational results of example 3

H b A) 4 W R X ~Xs M(X)/kg a(X)lg 1(X)/mm L(X)/mm

IR BT — (2.34,1.89,1.29,1.84,1.67) 14.33 46.19 194.76 17.08

90% (2.05,1.64,1.08,1.74,1.53) 13.01 4491 212.49 19.72

EBDO
95% (2.09,1.74,1.09,1.87,1.57) 13.57 44.78 208.53 19.53
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G AL RBDO 3K 5 UE 38 T Sk 43Ar 2H B i)
FPAEARRE AR, DA R 8 b o A o T e 1y 15
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S B RCR SRR BE BB R et
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