30 3 Vol. 30, No.3

1998 5 ACTA MECHANICA SINICA May 1998
1)
( , 710071)
60 Dorn (1] ,
, 80 , )
, Krisch
[2 4]
113 ” , [5]
[6] [7]
(8] [9] . [10] [11]
[12]
[13, 14]
[15] ,
D LNM

1997 - 04 - 02 ,1997- 11- 16



278 1998 30

m 3m n ,
{ P} : (
)
INHFR ={P (1)
[ KHAY = {F} (2)
[N]{d} = {A} (3
[N, K] { F}.{A}
; {0} .
2 @ , 5}
{8} = [CH{ R} (4)
[C] = (INI[N]D ' [NI[ K] (5)
j
0; = ZCJIFI (j=1,2, ,3m) (4a)
g (j =1,2, ,3m;1=1,2, ,n) [ C] i R { F} |
(1)
{F} =[BK{ P} (6)
[B]
i
F = Zbijpj (I = 1,2, ,n) (6a)
S = A}lFi = A}l Zbij Pj (I = 1,2, ,n) (7)
R, S A i ;bij (I =1,2, ,n;j:1,2, ,3m)
[B] ;P { P} j :
(48) (7) { P}

Msj = zcj” no (=12, ,3m) (8



3 279
3m n n
0621' = zC?QZH + Z zcjkcjplngFl (j =1,2, ,3m) (9
3m
Hs = ALY S blig (i=12, ,n) (10)
3m 3m 3m
0% = Al zbﬁ-ozpj vy yhbhggs (=12, w (12)
‘MO Puw(k=1,2, ,n; 1 =1,2, ,n k
I Ag(k=1,2, ,3m;j=1,2, ,3m) k j
2
2.1
find A = (A1, Ay, JAL) T (12)
min W(A) = ZyiliAi
st. B - Prob{d;-0; =0} <0 (j=1,2, ,0q (13)
Ps - Pob{S;- s =0} <0 (i=1,2, ,n) (14)
0 <A (i =1,2, ,n (15)
W Yl i ;51-,6'] , i
;7 Si, S) , i ; P&J.,
Ps j [ ' g
. (1) , ;(2)
;(3)
, Ps
HPS‘ =Ps =min{ Ps} , Ps i : , Ps >

, v Ps -



280 1998 30

2.2
(13) (14)
P-Pob{R- S >0} <0 (16)
P "R,S
,(16)
B-B <o 17
B =d'(P) (18)
B=Mr-Hs) (@k+0% Y2 (19)
BB ;D)
(19) (17) , R S Ugr =0Rr/Ps U=
Og/Ms , K
_1+B OR+UE-BARYHY?
K = B (20)
, k8 , R S B
K3
(16)
K8
Ks =Mgr (212)
(13) (14
KOs, =Ms, (j =12, .0 (22)
I’%(Si)usl =Hs (i=121,2, ,n) (23)
KO, B(S) j i
(20)
(8) (22), (10 (23) , He = Abs
@@o[ i <Ms (j=12, .9 (24)

@(S)Aﬁ[ <us (i=12, ,n (25)



281

3
: (24) (25) (13 (14
2.3
“Fi,usi(i :1521 !n) 1]
) i ,
i
[N], [ N] :
, \ [7].
3
1 ( 1(a)
E =2x%x10°, (N/cm3 ,y; = 1.0, (kgfemd (i =1 5). Py
P2 ; UP1:UP2:100,(|<N) Up =Up
=0.1; : M's =200, (kPa) ,
Us =01(i=1 5 ; Pg =0.999 (i =1 5) ; 2y
3 x +0.4cm, F%);y =085, = 0.9986.
3 A
100cm Py 100cm P
1 1 2. 1 1 24
2 y 2
3 100cm T 100cm
4 4
4 5 3 Py 4 5 3 Py
> 4 >
(a) (b)
1
Fg.1
Ai(i=1 5) A® =1.0(m?,

1, 1'(b). 3 , 2



282 1998 30
1
Table 1
. Interation
Variables(cm?) Ay Az Az Ay As Fszy l%zy W (kg) number
initia 1.0 1.0 1.0 1.0 1.0 582.8427 0
design 1.0000 © 1.0000 ©~ 1.0000 © 1.0000 © 1.0000 ©~ 1.0000 *~ 1.0000 "
conventionad  0.5000 0.1 deleted 0.7071  0.5000 199. 9849 5
design 0.5000 © 1.0000 \ 0.5000 ©~ 0.5000 ° 0.9082 ° 1.0000 °
reliability 0.8748 0.1 deteled 1.2372  0.8748 349.9116 7
desan 0.9999 ° 1.0000 ° \ 0.9999 ° 0.9999 ° 1.0000 "~ 1.0000 "
corregponding reliability
/A
1 12 3 3
2 6 4 8
5 7 | 50cm
’A
/.1, 8 10 5 9 4
50cm Py 50cm P
(a) (b)
2
Fg.2
2
Table 2
Variables(cm?) A Ar Az Ay As Ag Ay Ag Ag Ao
initia 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
design 1.0000 © 1.0000 “~ 1.0000 © 1.0000 ~ 1.0000 “ 1.0000 * 1.0000 *~ 1.0000 * 1.0000 ~ 1.0000 "
conventiond  1.0000 1.4142 ddeted 0.7071 ddeted 0.7071 deeted ddeted 0.5000  1.5000
design 0.5 " 0.5 " \ 0.5 " \ 0.5 " \ \ 0.5 " 0.5 "
reliability 1.7497 2.4744 ddeted 1.2372 ddeted 1.2372 deeted ddeted 0.8748 2.5284
desgn 0.9999 “ 0.9999 © \ 0.9999 © \ 0.9999 © \ \ 0.9999 © 0.9999 *
desgn . .
B R
reslits ay sy w (kg) iterationnumber
initid 1.0000 ° 1.0000 ° 2914. 2136 0
desgn
Oonver.mond 0.9192 ° 1.0000 * 349.9698 5
desgn
rd'al.]"ty 1.0000 * 1.0000 ~ 607.5331 7
desgn

" corresponding reliahility
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TOPOLOGY OPTIMIZATION OF TRUSS STRUCTURES
BASED ON REL IABIL ITYY

Chen Jianjun Ceo Yibo Duan Baoyan
( Electron - Mechanics School , Xidian University, Xi' an 710071, China)

Abstract The problem of topology optimization of truss structures based on reliability is studied in thispaper. Frst of
al , the structura anadyds under the action of random loads is carried out and the mean value and variance of al
joint’ s digplacement and bar' s stressin the structure are obtained by meansof three fundamenta equations (equilib-
rium, physca and geometric) in structura mechanics, as wel as theproperty of moment of random variable. Ac
cording to this, the mathematicad mode of tgpology optimization based on rdiahility for truss structuresis developed ,
in which the cross sectiona areasof bar are taken as desgn variables, the structure weight is taken asohjective func
tion, both the reiability of structura diglacement and bar stress are taken as consgtraint functions.

Snce the rdiability constraintsin the preceding optimization model are inmplicit and complex functionsof desgn
variables and they are expressed in form of probability , this leads to the conventiona optimization agorithm being
difficult to be goplied directly. S a treatment method that the reiability constraints are equdized and diglayed to
the conventional constraintsisproposed. By drawing into the rdiability safety factor and usng the reationship be-
tween the interna force and stress, dl the rdiability constraints of structure s diplacement and bar’ s stress are e
quivaently diglayed as the linear function of dedgn variables. Therefore, the origind optimization mode based on
reliability is trandormed into theproblem of conventiona sequence linear programming and solved with the improved
amplex method. For the variation of structura tgpology , the strategy of degenerate isenployed. In addition, a cor-
regponding analyss method for the structure geometric kinematicsis used and inserted in theprocessof structura op-
timization to avoid ingta hility structure. Findly, two examples show that the goproach proposed in this pgoer is
ample and dficient.

Key words structurd rdiability , topology optimization, reiability constraints of digplacement and stress, linearpro-
gramming , improved dmplex method
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