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Fig. 1 The flow chart of oplimization for minimizing volume
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Fig.2 The smallest interval set and the classical interval set determined by experimental data
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Fig.3 Flow chart of the particle swarm optimization (PSO) algorithms
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Fig.5 The iterative process of rotation angle 6 for coordinate transformation based on the PSO algorithms
1) WA —AWNE 1 PosARTE S F, M F, BRGEEE, K 6 R T hAR SOy e
(14 5 /I8 DX TR B 0 22 BIL DX )4 | IRt de /N DX TR B4 75 20 L X i) 4,
1 AHESEF, M F, BB (TH 1)

Table 1  Experimental data of the uncertain loads ¥, and F, (case 1)

N 1 2 3 4 5 6 7 8 9 10 11 12
F 0.452 0.344 0.357 0.301 0.468 0.391 0.364 0.419 0.304 0.478 0.428 0.254
F, 1.394  1.385 1.412 1.317 1.367 1.426 1.344 1.356 1.273 1.373 1.459 1.359

ARSI B o M i, Al LACRAR 3 9 5Ly 7 A MRS (8L R8 B 5 M A RIS
(SRR 5 2350
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Fig.7 The quantitative results obtained from the
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Fig.6 The quantitative results obtained from the

smallest interval analysis method and the smallest interval analysis method and the

classical interval analysis method ( case 1) classical interval analysis method (case 2)
min | | = 2. 696 OE - 7, max |4 | = 3.225 6E - 7. (16)
I W AT TT ik, AT RASRAR 3 W Ay J7 1 die A A LR (s 0LRs T 5 Al A2 7
( ﬁfﬁfvtﬁ) 50N
min |3 |= 2. 610 6E - 7, max |4 |=3.311 1E - 7. (17)
M (16) A (17) FTLATE i, 5w/ X a] S A0 35 T 2 i DX () R, AR SCIX ] o A7 05 45
S Rz X[ 2 b 228 L DX TR] A7 07 3k A 320 8 g 1z X i) 222

2) WA AR 2 FRMATIESE F, 1 F, M08, B 7 B8 T AR SO &6 E
85/ IN DX TRI A T 22 HILIX ] £ | A de /N DX ] 5 22 L DX [) R AR 52 HL B 6035 R R

K2 FWESEF, M F, MR (TR 2)

Table 2 Experimental data of the uncertain loads F| and F, (case 2)

N 1 2 3 4 5 6 7 8 9 10 11 12
F, 0.452 0.344 0.357 0.301 0.468 0.391 0.364 0.419 0.382 0.400 0.473 0.259
F, 1.394  1.385 1.412 1.317 1.367 1.426 1.344 1.356 1.318 1.328 1.381 1.351
TEASCIX A oA 751, AT LASKAT 3 99 5y J7 ) de A A2 RS (0288 T 5 ) Al A FIL 6%
( ﬁh%d:?‘?) 5350k
min |42 | = 2.696 OE - 7, max| 4% |=3.222 2E - 7. (18)

MK ST T v T RASRAS 3 95 iy J7 [l B AL (B R T L) i AL ES
( EZM*%J:EL) 5350k
min | ) |=2.694 SE - 7, max |y, |=3.245 2E - 7. (19)
ME(18) F(19) AT LLF HY AR SCIX 8] 43 By 75 1245 3 18wl 17 X[ 22 b 28 8 D[] 73 A 5 1%
A B Y o 37 DX 7] B,
3) WA —4LUNEE 3 IR ESE F, A F, fRE0E & 8 WoR T A U i 2
18 i/ N DX ] I 28 LX) 4 | ) die /) DX ) 4 5 2 LX) B AR 52 HL IO B 7% G AR
ARSI AT 750, AT ASRAS 3 19 5y J5 ) A R SL RS (B2 #8 R Bt ) Al A F: 7
EI AR ST )

min |y |=2.485 8E — 7, max|y}} [=3.436 1E - 7. (20)
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X
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classical interval analysis method ( case 3)
( jﬂ*&i%") 535 R

Fig.9 The quantitative results obtained from the

smallest interval analysis method and the

classical interval analysis method ( case 4)
i Z MR Tk, AT LIGRAS 3 95 a5y J7 ) fiof AL RS (i T 50 Ml AL #
min |3 | =2.493 8E - 7, max |43 |= 3. 427 8E - 7.
T
3] Frg g oz DX (] 22 A%

ME(20) I3 (21) FT LI ), 2 S X T) 234t J7 45 210 04 0 101X [ 2 FEAS SCIX ] 47 5 32

(21)
R3 AHESEF, A F, M THK3)
Table 3  Experimental data of the uncertain loads ¥, and F, (case 3)
N 1 2 3 4 5 6 7 8 9 10 11 12
F, 0.452 0.344 0.357 0.301 0.468 0.391 0.364 0.419 0.193 0.539 0.391 0.341
F, 1.394 1.385 1.412 1.317 1.367 1.426 1.344 1.356 1.266 1.466 1.323 1.409
4) WA —HINE 4 FiRATESE F, M F, (REEHE, K9 SR T A SO ki@
B B/ N DX ) £ RN 28 L DX TR 4 | b As i /)N X R4 5 28 L X [R] 4R AR A2
£4 RUESHF, R E, BRRE(TH4)
Table 4 Experimental data of the uncertain loads ¥, and F, (case 4)
N 1 2 3 4 5 6 7 8 9 10 11 12
F, 0.452 0.344 0.357 0.301 0.468 0.391 0.364 0.419 0.348 0.452 0.443 0.289
F, 1.394 1.385 1.412 1.317 1.367 1.426 1.344 1.356 1.298 1.358 1.433 1.299
ASCIX B 530 7, FTLASKAR 3 799 5y 5 e A S (3088 T 5L ) Flie A R 7
(B LAY 4300k
mln\u |=2.696 OE - 7, max\u“ =3.222 2E - 1.
( EZM*%J:EL) Bawilib]

(22)
2RI ICIRI T T, AT LISRAS 3 9 A5 y J7 ) e A A2 8% (Bfi % T 50 Al AL #

min | [=2.713 1E = 7, max |y} | =3.249 8E - 7.

M (22) R (23 ) AT AR Y ASSCIX ] 538 7 7545 210 9 e 1 DX ] 22 L 28 3L DX (8] 437 5 i

(23)
A 2 Ry 97 X [) SR AR S SR AR, RIVASSC XTI A 5 5 1 SN T2 ML X ] o3 Bk (0 R 5 ifiAs
IEIETJ ST R B S INT SR 3 M7 ik BB S FATTRT LUBGX PR I 12 X 1] 4 2R
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min | [=2.713 1E = 7, max|y) |=3.222 2E - 7. (24)

VE R eI S5 R 07 X [R]. SR | 5 245 3] A9 45 e i o7 DX ) 44 b S 7 P 3 79 o X i) 43
BT 5 15 45 R e 7 DX )R

BT X WP RE Ak 5 % (B IMAER 22 ML ) 4538 A4 &85 F i 17 () £ 56 2R AT A 13 4 Ffp T30
S IRBLHE R, A — S BRI O TR vk R AR B LA P A VT v DU 2 e
AN AR SRR I A R SR TR I A1) SR T DR 1.
3.2 EAMBEAINEHERDBMNSERHEED

AT BT X B ST NG R S AR E G AR it R R Y 22 AN B P A3, B
E ARG 73 e it — 25 Bk SO T4t 1 5 s AR AL B AT % TR [ ST %) T ff P RN T A T

g — 10 EXRZGHIEAR [ 0/90° +6/6/90° +6/0] BRS¢ =0. 4 mm, f{ SZiHF
M MR N 244 800 mm . % E G A EER FHIREF4E T300-QY8911 , % 4 1 380.0 kg/m’.
T EAMEA SR8, AT MR E = (E, ,E, v, ,6,,) " BEEANTHESE, )2
FARE 0 M 0°F 90° ] A1k,

R B[] 37 1 52 6 2 AU il A AR A0 3, e oty 28 Ay ) 30 R R 3 5K (2 0 5 L S
BRL16]) W R PR .

o= o, (2) w2, 0200 (3) +naf3) ()],

b
Hr, D, 28T il M BEFE RS m 1 n AR Hh L.
TR GAR AEHAT I G ADRHZ G B 8 44 Tt it R 20 B Z HIF, SR 2R 800 BT A2t w0 20 S R
(). SR, BT ABHRSURIN T T2 205 R BN 8 1, 33 S 32 4 1) Jixd ot m) R 0 22 255 5 7%
JEA L3 BB 4 R
£5 T300-QY8911 vk RF AL Hd
Table 5 Experimental data of the elastic moduli for T300-QY8911

N E, /GPa  E, /GPa vy G, /GPa N E, /GPa  E, /GPa Uy G, /GPa
1 129.20 9.34 0.28 5.23 9 132.19 9.07 0.30 4.85
2 131.59 9.53 0.33 4.97 10 132.00 9.73 0.35 5.00
3 130.63 9.08 0.33 5.16 11 130.39 9.21 0.34 5.34
4 132.01 9.34 0.33 5.15 12 128.28 8.67 0.33 4.98
5 131.04 8.94 0.34 5.15 13 135.30 9.18 0.32 5.13
6 120.61 9.04 0.33 4.81 14 137.33 9.28 0.33 5.25
7 127.69 8.99 0.32 5.11 15 141.69 10.73 0.31 5.47
8 133.65 9.36 0.35 5.08 16 126.91 9.39 0.33 5.65

SCHR[ 17 ] 4h T 56 F T300-QYS8911 i 22 8507 EL IR u & , AR L ZR 5. XA B —
A 4 HEATE ) R, T AR bR B B R DA

cos 6, — sin 6, 0 0

sin 0, cos 6, cos 0, cos 0, - sin 6, 0

T4(01702’03>: . . . -
sin @, sin 6, cos 8; cos 0, sin B, cos 0; cos @, cosf; — sinb,

sin @, sin @, sinf; cos B, sinb,sinf, cosf,sinf; cosb,

(26)
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XHRETR(7) B E AR B MER A AN
V,= min {V,(6,,0,,6,)} . (27)

fE B TR R AT M e A i BRI F o 07 = (0, ,60, ,0, ) =(38°,
30°,60°) , iX U/ MAT ST T R I AN 5 42 Ry A b 28 A0 Bl 1) -1 7. 3P R B0 O B 1)
E, = (E), ES, v),, G),)" =(133.4759,9.5739, 0.3121, 5. 1156)". (28)
N T kA TS AN E SR dE GO R I R BB B R 22, BTG B A Y AN B E R
PERBERUTE
E, E, sy, G,
T131.0° 2 To. 4 H T30 8 T 53
A (26) M (29) , e/ INESE IR 16 TR AN 6 7. T 1 46 1 X (8] 43 M 7%
BN AL IR TS ARARANER 7 Brzn. AR FATASME & B PS8 7. 07 1A 2Z [R] A S 6 2R
£ 6 E/MABELTIRM 16 AT

Table 6 16 vertices of the smallest hyper-rectangle

€

(29)

N (ers e, Mors g12) N (ers exy Mory 812)

e! (0.8863,0.917 7, 1.003 4, 0.986 8) ¢ (0.9532,0.8655, 1.003 4, 0.986 8)
e (0.9326,0.976 9, 1.133 5, 1.073 6) ' (0.9995,0.9247,1.1335,1.073 6)
e (0.909 4, 0.947 3, 1.068 4, 0.856 8) el (0.976 3, 0.895 1, 1.068 4, 0.856 8)
et (0.9557,1.0065, 1.198 5, 0.943 6) e'? (1.0226,0.954 3, 1.198 5, 0.943 6)
e (1.0153,1.0828, 0.8825, 0.986 8) e (1.0821,1.0305, 0.8825, 0.986 8)
e (1.0615,1.1420, 1.0126, 1.073 6) elt (1.1284,1.0897, 1.0126, 1.073 6)
e’ (1.0384, 1.112 3, 0.947 4, 0.856 8) e? (1.1052, 1.060 1, 0.947 4, 0.856 8)
e (1.0846,1.1715,1.077 6, 0.943 6) e'® (1.1515,1.1193, 1.077 6, 0.943 6)

K7 GUUENIITIRR 16 A0

Table 7 16 vertices of the classical hyper-rectangle

N (er, e, 1o, &12) N (e, e, par s &12)

e! (0.9207, 0.922 3, 0.933 3, 0.907 5) ¢ (1.0816,0.9223,0.9333,0.9075)
e (0.9207, 0.9223,0.933 3, 1.066 0) !0 (1.0816,0.9223,0.9333, 1.066 0)
e (0.9207, 0.9223,1.166 7, 0.907 5) el (1.0816,0.9223,1.166 7, 0.907 5)
et (0.9207,0.9223, 1.166 7, 1.066 0) e'? (1.0816,0.9223,1.166 7, 1.066 0)
e (0.9207, 1.141 5, 0.9333,0.9075) e (1.0816, 1.1415,0.9333,0.9075)
e’ (0.9207, 1.141 5, 0.933 3, 1.066 0) e (1.0816, 1.141 5, 0.933 3, 1.066 0)
e’ (0.9207, 1.1415,1.166 7, 0.907 5) e (1.0816,1.1415,1.1667, 0.907 5)
e (0.9207, 1.141 5, 1.166 7, 1.066 0) e'® (1.0816, 1.1415,1.166 7, 1.066 0)

FIHTE AT 0 AR A AL, R R I X 815347 T B 25 A YEXT S 5 A BHZE G R 4548
e MRS, % 10 J2ARE5HJm ih 27 LT SRR R A2 M R 0 24 o R dh Ze an &l 10 FiiAl
11 7R,

WEER IR AT LAE  BE S 5 M RHZ G AR Z A B2 B s RO S it R v 2 1k
= HZEAS B AR AR I T R/ MAR TS B4R 2 i 1 45 SRR e L i B X
gl T 3 A SO AR .
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B 10 EFim/h/ @K R rHr ke B 11 BT/ @ IX ek n
SLEFERHZ AR e 2 SEEFRHZ G AR 2
IR (m =1, 0 = 1) IR (m =1, n = 2)
Fig. 10 Variability of the buckling load for laminated Fig. 11 Variability of the buckling load for laminated
plate obtained by the smallest/ classical plate obtained by the smallest/ classical
interval analysis method (m = 1, n = 1) interval analysis method (m = 1, n = 2)
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Response Analysis Based on Smallest Interval
Set of Parameters for Structures
With Uncertainty

WANG Xiao-jun, WANG Lei, QIU Zhi-ping
(Institute of Solid Mechanics, Bethang University, Beijing 100191, P. R. China)

Abstract: An integral analytic process from quantification to propagation based on limited un-
certain parameters was investigated for dealing with practical engineering problems. A new
method using the smallest interval-set/hyper-rectangle containing all the experimental data was
proposed to quantify the uncertainties of parameters. By virtue of the smallest parameter inter-
val-set, the study of uncertainty propagation evaluating the most favorable response and the
least favorable response of structures based on interval analysis was then presented. Further-
more, the relationship between the proposed interval analysis method and the classical interval
analysis method was discussed. Two numerical examples were performed to demonstrate the
feasibility and validity of the developed method.

Key words: quantification analysis; smallest interval-set/hyper-rectangle; uncertain structural

response ; most favorable response; least favorable response



