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P A= [A . N Anr\]T, a = [Gl, A2, -+ (],lA]T, S = [31, $2, -3 SnS]T,
min W= SPra Shs),
i= 1 i€,
s.t. G*Ni(A, S, a)/A; <0,
Ni(A,S, a) = %(NJI(A, S, a)l Nu(A, S, a) 20),
1
W*Ni (A, S, a)* [i STCEJ(Ai)/ A
Ni(A, S, a)li= max(l Nu(A, S, a) < 01171 Niy(A, S, a) < 0),
A
l
§= max| §(A S, a)l g,
a*Nin(A, S, a)/Ai < O,
Nip(A, S, a) = pgag,f(l Nitn(A, S, a) I+ Ni(A, S, a)),
[
a*Nin(A, S, a)* 3 KTEJ(A; )/ N,
Nin(A, S, a)li= n%ax[(l Ni(A, S, a) Iy <o+ 1 Njip(A, S, a) l)lf],
J€G. &
[
Gp = max | §i(A, S, a) I+ max| §ip(A, S, a) | < Gp,
A; E{O, 1}, Ai E D/? = {Ai,l,Ai,Z, °ty Ai’”};
sy €D = {Sk, b Sk2s s Shonps k= 1, .. ns;
i = 17 23 cey TLAS ] = 13 27 cey DS l = 17 23 cee NLS l/ = 13 27 °ty nL/a
ny NE np ns na
;D?} [ , D} k ;
S , G i * (1) (2)
2 Ol 14 s Ol l
;G j ;(3) (4)
, Oip i
, §p J
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G & .
P .
0i(A,S,a)= 1- a0 (A, S, a)/0 20,
(A, S, a)= 1- qOp(A,S, a)/0p >0,
a*Ni(A.S, a)3 )

: = 1- >
pL(A> S7 G) 1 T[ZEJ(AL) /O;

‘ o aN(A.S QI
pin(A, S, a)= 1- leE](Ai) 20,

§(A, S, a)= 1- §(A, S, a)/§ 20,
6.ID(A’ S, a) = 1- E§D(A, S, a)/éD >O'
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A "n
2(A, S, a) = len[ ST+ Ekz,],
i=1 =1

fii= exp(p*0i(A,S,a))+ exp(ppi(A, S, a))+
exp(pepin(A, S, a))+ exp(p*Oip(A, S, a)),
f2= exp(p*§(A, S,a))+ exp(p* Gn(A, S, a))*

Mo*u/0t*+ Ku = Fipsinp(t,

Ku = Fipsinplt— MO u/dt™
u= Upsinp/t,
KUp= Fiv+ MpiUip,

(K- Mp?)Up= Fip, K- Mp? . Unp [
. . l
Us. [, Nty = KUt
L NYE, KU i
Mohr

q ’ ’ ’ ’
§i(A, S, a) = ,,ZEngkk-gVﬂ(A .S, d)Ng(A, S, d )l s),
Mohr
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§ip(A, S, a) = k:ZI',E}Ak%ZszD(A S A )Ny(AL S d ) li(si),

A S d ASa Ny i (1 )
,Nip i (! ) LN i j

) P :
A = [A17A2: "'>A7L\]T7 a= [a17 a2: b an\]Ty S: SO,

mm W= ZPIAL Q; Z,(S?),
i= 1 J€C.

s.t. g(A, 8% a) <0,

0o . 0
Sj ] . S y ,
2 13
. A, S
; g(A, S, a) .
] = = 1 ra. = 1 ra <
rA, Ta>i,] L2 .sna  m, 'g}g}u if s Ta, 12}23“{ }, ra, Nra, l
Arj, A= Aij-i; g <”1 k
B q/i = Oa ) ) )
.
2 2

B

A= [AL Ay A ] S= [sisa onsa], a= a’,

llJ\
min W = ZpiAi(l?Zj(Sj),
=1 j€C.

st g(A S, a’) <O

a’ a . =0, i
° i ,
( )e ) ;
4
15 o M= 8 1 P

= 27 150. 68 N/ em’, E = 6. 897 x 10°N/ ent?, 0= Gp= 17243.5N/cm’,
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A= M= 1 de , 1:P3y = Ps,= Ppy=— 445x 10°N;  2:
Py = Pg= Pg,=— 4.45x10°N, , 468 y
— 40cos(50t) kN ) 5 y §= Gp= 1.524cm .
1 2, 3
5 an*
1 2
1 2 3 4 5 6 7 8 %7 xg ys e
1,2 3,4 5,6 7,8 9,10 11,12 13,14 15 X3= = X7 X4 == Xg Yu= ¥y Y6
3
1 2 3 4 5 6 7 8 9 10 1
A [ en? 6. 45 9. 68 2.58 32.2 45. 16 70.97 83. 87 103. 23 129. 03 161.29 193. 55
J /an* 3.31 7. 46 40. 59 82. 8 162.37  401.01 560.05 848.4 1325.54 2071.22 298.61
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4 15
Ay A, Az As As As Az As %7 xs yg e W/N
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2 8.87 7097 45.16 0 6. 45 6.45 6. 45 45. 16 235 235 365 470 4 89
1: ; 2:
4 , .
, .
¥ ¥s o ,
,
5
, )
,
, ,
[7]).



532

(1]

(2]

(3]

(4]

(6]

(7]

211 .

, , , . [M]. : , 2002, 358—

377.

) ) . [J].
1997, 14( ): 723—726.

, , . [J].

, 2001, 22(7): 695 —700.

Cha S, Shi L S, Sun H C. An application of relaive difference quotient algorithm to topology opti-
mization of truss structures with discrete variables[ J]. Struct Optim , 1999, 18(1): 48—55.
Chai S, Sun H C. A relative difference quotient algorithm for disaete optimization[ J] . Struct Optim ,
1996, 12( 1): 45—56.
Li X S. An aggregate fundion method for nonlinear programming| J]. Science in China, Series A,
1991, 34( 1): 1467—1473.

, ) [J. , 2005, 22(3): 316 —319.

Approach for Layout Optimization of Truss Structures
With Discrete Variables Under Dynamic Stress,
Displacement and Stability Constraints

SHI Lian shuan', WANG Yue fang’, SUN Huan_chun’
(1. Department of Computer, Tianjin University of Technology and Education,
Tianjin 300222, P.R . China ;
2. Department of Engineering Mechanics, Dalian Uniersity of Technology,
Dalian 116023, P.R. China)

Abstract: A mathematical model was developed for layout optimization of truss structures with dis-
crete variables subjeded to dynamic stress, dynamic displacement and dynamic stability constraints.

By using the quasi_static method, the mathematical model of structure optimization under the dynamic
stress, dynamic displacement and dynamic stability constraints were transformed into one subjededto
static stress, displacement and stability constraints. The optimization procedures included two parts,

i e. the topology optimizaion and the shape optimization. In each procedure, the comprehensive al-
gorithm was used and the relative difference quotients of two kinds of variables were used to search
the optimum solution. A comparison between the optimum results of model with stability constraints
and the optimum results of model without stability constraint was given. And that shows the stability

constraints have a great effect on the optimum solutions.
Key words: discrete variables; structure optimization, layout optimum design, dynamic stress con-

straint; dynamic displacement constraint; dynamic stability constraint relative differ-
ence quotient



