30

6 (

) Vol.30 No.6
2009 11 Journal of Huagiao University (Natural Science) Nov. 2009
1000-5013(2009) 06-0686-05
( , 362021)
TU 311; TU 323.04 A
.1904 ,Michell™ Michell , ,
(61 Bendsge ! )
[89]
[20] . Guan
[11-12] [13-14]
1
1.1
O i€ ae , i=1,2. ,
dA; OidA:, tidAi o' itidA. JdA;
o =t0". ,i=1,2T12=0. E, O/ =Ei,i=1,2.
) o =E€,i=1,2.
Michell , )
, ) ) . T Y
Ti2 = 0.2 E(ts + 2)Y1.2, 0 <A <1. (1)
. A =0,
[0: 02 Ti2]" = D(tu,)E: €2 Yi2]' (2)
(2) , D(t:1,tz) = E- diag[t1 t 0.25% (t +t2) ]. Michell ,
, t=t=1A=1
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0 = D(tr,t2 Q)E. (3)
TQ) , ,
D(ti,b @) = T'@)D(t1,t2) TO) = tnDo + ta(DcCcOS D + Dssin ). (4)
cosa  snu 0.5sin 0 0 1
TO) =|  srfa codd - 0.5sin 2 ,Ds=']2‘ 0 0 1 ,Do=diag[l 1 ‘;‘],Dc:diag[l
-sSnA In cos 2 1 1
-1 0],tn=(+t)/2,ta=(t1- t2)/2.
1.3
DO:xi,%x @) =T @ -0)D(xi,x) T@ -0). (5)
(5) , X1, X2 @ S}
find x120,x2 =200 IQ(X1+X2)
xQ , €] <€p,1=1,2, L. £ [ £p =0,/ E
L
ti, 02, o, D(ti,,t O1),
X1, X2 . , D(ti,,t2) O)
D(Xl,XZ,(p). | , e 8|,
) 6 . , )
0 :
DO;xi,%x P) =2 DOt ,a0), 6 =0,0 +11/2, l=1,2, L (6)
D@;Xl,Xz,(p): max D@;tl,l,tz,l,al), 0 =a, 0, +11/2, 1 =1,2, L. (7)
D , (7). , D
(7,
D1,1@;X1,X2 ®) = I_[nzax D1,1@;t1,|,t2,|,a|),
ThEot (8
D220 %1, % 0) = IZ?'IZaX LD2,2@;tl,I,t2‘I,al)-
f=a,1=1,2, L D220 ;x,% @) =D110 HU/2;x1,%x @) , ., (6)
Dia@;xi, % @) =S.0), 0 =a,0 +1/2, =12, ,L (9)
(9 ,STI@) zlzgnzax LD11@;t1,|,tz,|ﬂ|)- (9 ,
0% = I D1a@;x,% @) - Sn@) I3 :IO[Dl,l@;xl,Xz 0) - Sa0)1°®.
5?2 , 62:1”28§+||sn@) 13, 82=(8+x8) (35+10 +A?) +64(x - x)
(l:9n 2p + I.cos 2p) +16(X1+X2)[(3+)\) l1 +(1-A) (139N 4p + 14005 4P) +2x1 x2 (3 + 10\ +3\2)].
o i
Il sn@) Il 3 0% X1, % @ xS 0iF1.205, =0
“ + % = 16 (83+A)1s + (1 -A) (1sSn4p + lscos 4D)
19 + 10\ + 3? ’ (10)
X1 - X2 = 4(I1$ian + |200$Zp) s
(19 + 210\ + A3 [ 17 - 15)Sn4p + 211 12cos4p] + 4(1 - N) (1500S4P - 1aSn 4p) X
[(3+)\)Io+(1-)\)(lss'n4p+I4COS4P)] =0 (11)

(10) ,(11) ,l{0.1.2.3.9 :T_[:LE OSn@)[l,sinﬁ,cos@,s’ncﬁ,coscﬁ]cﬁ.Io- la X1, X2 @,



688 ( ) 2009

(0] X1, X2 (10) , (11)
1.4

tin,t2n On ,n:1,2, ,N,N

D:€N) = = NoDn (12)
lSe ,Dn n ,Nn
K =I B'DBAR = ZJ’ NB D(tin,t,n 0n) BR =
Q j sqQ

ZS QeNnBT[tb,nDO + '[an(DcCOSZIn + D5§n Zln)]BCQ =

nzs [tb,n Kg,n + tan( lc,nCOS D, + @,ngn mn) ] (13)

(13) ,Kn= EIQS N B " DoB2 :J:; EAB ' DoB, K = EIQe N.B' D:Bd :J:; EAB' DB, K =

0 0 1
EIQeNnBTDSBoQ:JS‘EAeBTDSB, Do =diag[1 1 J2~], Dc=diag[1 -1 O],DS:JZ‘ 0 0 1 ;
11
tb,n:(tl,n+t2,n)/2, ta,n:(tl,n' tz,n)/Z
2
(1) , , Ba=t8.=1,
a%=0,n=1,2, ,N. , n ,N , .
(2) 1 . |(I:1121 !L) i)
Bl = J2=tan'1[z‘xy,m/ Olw -Gh) ], (14)
EnBh) =|€%n +Eyn + Ekn -Eyn)cOSPu +Y iy asn Pu| /2 (15)
(3 , n )
Bl | cos@s' - Bl) | = W2r2,
O =9 _ . , (16)
Y +%| cos@it -BL) | < 212
Mo =ta € Bn) /€y, b =ta -En Bh +TT/2) /€,
(4) . (10) , (12) Xin, Xo.n @hn.
, Xn=max(xe, Xin) , Xe = Rx max{ xj.n}. ,j=1,2;n=1,2, ,N;
J.n
R , R=10"".
(5) : [1- VYV <d. o , 0=1%;V
. _:LNe . .
,V|= z Aez (Xill.,n+xl2,n);Ae ,Se e
3e=l n Se
(6) )\:Ol ; y ) Ai:)\i-l_A)\! (2)
3
: E
, 1( :P=P )
1 8a, ba , , , )
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Fig.1 Mechanica model and Fig.2 The convergence of volume
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Fig.3 Topology optimization under different load example 1
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Fig.6 Topology optimization under different load example 2
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Topology Optimization of TrussLike Structuresfor
Multiple L oad Cases With Stress Constraints

YAN Kai , ZHOU Ke-min

(College of Givil Engineering, Huagiao University , Quanzhou 362021, China)

Abgract : The dendties and orientations of members at nodes are taken as design variables, the member orientations are
adjusted to align the principal stress directions, checkerboard and mesh-dependencies disappear without any additional
technique. Adopting the triangle elements to fill the design region, the difficulty to divide irregular design domain by rec-
tangular elementsisovercome. Fber-reinforced orthotropic composte is employed as the materia model to smulate the
constitutive relation of trusslike continua, the topological optimum structure is suggested by the continuous lines, these
continuous lines represent the actual distribution of membersin the truss structures that it isintended to build. Two ex-
amples are used to demonstrate the rationality and efficiency of the presented method.

Keywords: topology optimization; stress constraints; multiple load cases; triangle element



