B1E Fom = I & K % ¥ # Vol.33 No.9
20074 9 R JOURNAL OF BEI}JING UNIVERSITY OF TECHNOLOGY Sep. 2007

LR N ERAEERHRIMEC 2T

%, Aok, HEK
(EFETAr k% M TR SN HE THEARZER, EK  100022)

i E ATHAUBHHTS IR LS IMUEEE, 2F ICMORE EE BRI BT L
HERNHmEIMULRY, FAR@REE BUBHRETYRETEEMBAXE. B FIRTAE
B, W R R Y X B A, R 5 0K B Sl sl AT R, A TTA T T B M B, R TR
W\ E. RH PCLIAEE MSC/Patran F RV & LN EHEHT T M, “ENZSESHAMORBEN G
BT I AT A A

F@iE: 1k Wmih; BEESH
hESES. O YitRiRE: A HNE . 0254 - 0037(2007)09 - 0908 - 07

HEEAEHR MU R IR R b — MR TR, G2 EMBRARRGMAETEE
TR BUAERA. GRHEAEHREREAE L, FREAUHEIMLETRERENZEES, RENEFN
BER, M TRETARERARSH ;R EEASHHHMULE R Ry B B EREE
MR RRT—EREFREMRAT AR~ HFRRAFEFEENEREXNLE
RAHRR. AXEIMMERERANFEXETERXR(1], AREH THERIICTE RERENEE
B %) X B AR RIRE N BF, AR AN, i AR R EES.

EEXRLBERAP, AMNYEHAERFEFRERERERG, AFESEREHHEE —EHRIE
FF R EEG CHUBE—EMIFHEEN, BRIESHUBEESABI M HE IREMRE
Ay (A R R, A SCEET ICMOIRSE FEE AT Aokl 10, BSL T (B 49 3 T W S P 1 H
MIMECHEA. FAEDRESUBARFRATRATEN ERAH, X EL SRR, BH RS
RABI B ZBHE L, KR REFKBIAZBHECURE. &5, FH PCLIEE 7 MSC/
Patran ¥ & P& EX %7 S3#T T HARIE.

1 EZEFENEIMECRENET 5XE

1.1 fEfemEnhesr

BT ICM FiE, B RFUIELEARIMERH N BAR T HESEAEHRIMUEEIRS
* t = (Ilr"'ltN)T

N
¥ M= Em,-—’min
i1

s. t. Eu;ﬂéz,
£ <4< = 1, Ny = 1, Ril = L, L)
Ad, =ty tn) RATHIMEHERF B 0w, 3B A THTE  MPREITHE - SHBORMT

Y& H 17 2006-08-31.
EE&WH. EFHRAHEREEE(10472003)  JLTUH 8 SR BIEEIE S PRI H (3042002) ; A R I k2T Eah &9 .
&, RO (1972-), &, MAFLA, BB,



94 HELHE. T EYR T EEREWHRIMUES I 909

Bou, EREr SHBARHERL S THEEGR ¥EXHEBAESIEGN ERETHIMNIH TR
HHICM Iri, RATH TRARMERY ¢ M ERaERTEETEY O H 1 KA LAt
AR, P ERER P EATERY. SR TEEHETHEESHIME TR AN RERN
mi=fu(tdm?, ki=fiG0k), f.()=0, filt)=1F (2)
B, m, HETTEE &k, TR R, » R TE A RO 0B TE A R, e, R LR (1)
xR
R t = (g, )T

N
M= Z}fm(zi)mi—-min
y, . i=1 - (3)
s.t. _E un{ i (2)) < w

<t <1i=1-,Nyr=1,-,Rsl=1,-,L)

t

1.2 fEHREAL
HEREHDE, FHETEVAE RN XEBTRRN
= i}n,.: g;j(ar)T(z?)dv (4)
AH, ol W NB TR ENERTTET: AN IV B I THFTRAT TR E;
D;= I(GY)T(S?)dv Hi BT XNBERKAEFRSER T SR AEE S ARMEEN S

HRARBE, j=1,, L, J<LR;uj=u,(j=(1-DL+r;l=1,,L;r=1,-,R);L ALE¥;R ¥
EXHINBARBY, MEREE 2 M RH LA, €XT IALBYE, MR EEAREFASEIN 6
TMUBHR ARG, BEENFEER SN EENE LHO DS TRAERNB SN ELE LIFa B
", AT

D= [ (6!)7(aF)dv = (PF)Tu! (s)
Kb, P BB AN u DB, REERIFE RG)XTEY
= I (6))(ef)dv=(PF) T = ulku, (6)
Hop & AR B ERE, M F A W F A
1 u 0
] (7
1-4 1—u
‘ 00
HN,E wﬁﬂ%#ﬁﬁﬁ,p WAL e, & R ER S B R B KRR
N (
= 2 [D.];= 2 ’;*ﬁ ;(PR)T V= 2—(P’*)T y (8)
R B R EH Y
Ay =(PF)Tu} (9}
ORBAESRERY
= Ay 1§ (1)}
B HREMBRS
N N
©; = E Ci,/(l‘.‘)p"- E A.‘,‘(tE”)'a/’(ti)'a (11



910

 ®H T o kK ¥ 2 #

2007 5

1.3 (RALEEIRIRWE

HRQIESRODARARE(3), BIMBLR Term MO ERDY

R
i

<

5. t.

t = (11! t21 '”’tN)T

N
M= Z(t,-)”m?—’min

i=1

Zcﬁ/(ti)ﬂg_’;j‘

Ei_g-tégl (i=1p"'1N;j=1u"'!J)

(12)

CRE, KRB R TRIEREAS R, M FHEIMERTRAZR 0, MRS A—T 1R/, =0.001.

FIAZE#R

n=(8)F z;=(1)?

WA ;= (z)%, TR

fw(ti) = (Zi)c'lﬂ fa(t.'):(zi)ﬂﬂ

A (AR (12), 8

(i=1,+,N;;=1,-,])

(13)

(14)

(15)

MFEEEEN, M ETAE | MR ER, BAESHYHIMNOTEBRERAK. ARIK
AL, RGX AR 2 FBE. —RETREMOMERBAFF KRR A —PRETFI 2R
SQP M LI ST TR SR AR, AR (15) H el 4 B, KA B EEREER(1S), BRNTR

A

®
i3
s.t.

Hrh

N I N
$(A)| = min {s(e,2) = 25 (=) Pmd + 204 25l = —_—_—

AEE"
${1)—~max
A=0

MRUNRT 2, RS, BAHER-ETREHR

>0 (z] =2z)
I
38 _ @ o, ywm-r_ Ny A ) _ ot
3Zi—.3mi(2i) i=1 (Z;)z 0 (ﬁ<z' <D
<0 (z/=1)

ROBYHBEIEL ¢ (AR M.

z
z; = d
1

Hef

=i (zi. “<‘EL)

i (E‘_<Z,‘<1)
(z/ =1

(16)

(17)

(18)

(19)



& o MBS, URARTEERENEIMUESF 911

A
di= B4}l (am?®) (20)

B FRLIRE $(4) 69 B, B L FUHEH B L0 FF IS RIS o R 4. 1, 8 (18) 1879 20
¥4

BT 2, =2,(A), HHBEELHE

a; "

aé( A ) -, N Cy —

A, - ; ;Ji__uf (21),

#wA(21)73F 2, KRS /‘

PH(A) _ _ = fudn : (22)

94, A2y = = ;

Ba,=lifg<zx<URENTEE. BT ién, M 2,=2,82,=1, HXQ9)TMEF

az'- _

il ‘ (23)
MF i€ n‘,,wﬁ%j—;’. B (18) 8L

L

?m?(z.-)“m”= >3 Acw (24)
HEXFmihntoa, k88

g% B e

P Pt ot (25)
i

%_ 2 Chi

34’«1._(a2+a,3)z’f/pm? (26)
¥R 023NE5H 26 AK(22)E

) s P

MM, & (a2 + aB) 227" 2" 27
% $(A)TE A T Taylor BF, B EREHTHRL -1,78

—¢(M=%ATD1+HTJ. (28)

Hf D=—-Vi(A%);H = - [VI3ANT- (AT~ ¥V3(a")), M E H hESHA°, ATTBEH 4(1)
Z B R e A B S A IR AR R G

® reFE
f# -¢(1)=%=%1TDA+HTA—'min (29
s.t. A=0(j=1,--,])
_ ﬁzf_nfki = [— _ {a +28)cy _ 55]
B Da= & G P i [ s T 2w

EH RGBT, RENTER A WEHS =0 K | HEHIER, EHEEERERTEE
2o, KB AE, EHEEHNERE, MEHNHETES, AT KER, mitEREE L SeEn
Am = (METD - pp0) /M0 e (30)
Hf, MO R MO UVRERSARERNEWERE, ¢ FUKHE, 23X ¢ =0.001. ‘

2 HEFEBH

o1 WERLI1FAR EFEHR 0.2 m*0. 1 m BFEE,BEYN 9 mm, FEMEEE Y 68.89



912 it % T & Kk 2 ¥ # 2007 ¢

GPa, A 0.3, X4 h 48 <20 MEE 4 TR, EHRRABEXR. IR 1.—1TATFTHEDH
T F=15.600 kN F I FHHMAFOCUE; TH 2. — MK FEAHETHN F=15.600 kN EHTHB
AL E. HBENASTHER BEFIHAEFHRPENIIVAL F2HIATEAA TN
Lhml FALREET Y 0.15 mm, WA KPR BAKRD 0.15 mm. HFHTHEEBEENF 0.216 ¢, HHEHI P
HAMEBERTRENY 0.074 4 mm, KFAHEH 0.050 8 mm, WA E A 0.001.

reE_E
o
F
_l_ i e H " aie
0.l m (8} T 1 M IR2 (©)2 1M
1 REH Hz2 FRWBATHREEIEE
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Fig.5 Base structure Fig.6 Optimal topology configuration
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Topological Optimization Analysis of Continuum Structure
With Displacement Constraints

YE Hoeng-ling, SUI Yun-kang, DU Jia-zheng
(College of Mechanical Engineering and Applied Electronics Technology,
Beijing University of Technology, Beijing 100022, China)

Abstract: The optimal topology model is established based on ICM(independent continuous mapping )method-
ology in order to study a topological optimization of continuum structure with displacement constraints under
multiple load cases. The optimal refers to the structural mass as objective. And an explicit formulation of dis-
placement that is of global with related to topological variables is presented by using of unit virtual load
method. In addition, the dual medel corresponding to the optimal model of continuum structure is solved by
the serial quadratic programming. Consequently, the number of design variables is decreased and the efficien-
cy of computation is improved. Furthermore, the present optimal model and its algorithm have been imple-
mented by means of the MSC/Patran software platform using PCL (patran command language) . Numerical

examples about 2D and 3D continuum structures indicate that the method is effective and efficient.

Key words: optimization; topology; continuum structures



