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3) & X =1/nld;, zip = zi1p — Mi(bie — nlziy4)di, Hi = Hiy — 3:did], ¥ 5).

4) 4 H; = H;_y, Tit = Ti—1,.

5) Fi=s%6), BMELi=i+1, ¥ 2).

6) X" z,,. & t <|T|, ¥ 2); &N Stop.

(6] &, EE1REER o, AFFLE 1) 0K BAYFR ORERE AT
BHEEKHAE, SRS u = 55, BF Be P>,

FE, NBARARRAN

uf < B;F, <Y, 1<i<3m,teT (2)

Hep B, WEEBHE 1T, of \ of AVRE MBHLE, TR, wlul
FifLE.
ISRAES L I E.3% )

ofA; < Fjy <ojA;, 1<j<s, teT (3)

Hool . of HBAE MFHENAME, TR, F AFRKE TR
UAAZER, WERIMAKEER
(P1):

min Y (p;l;/A;) max{F}|o%|t € T}

=1

S.t.Pt = NFt
’U.'L < B,'Ft < ‘U.?
O'JI-'AJ' S th S 0‘5—”.4]'

1<i<3m, 1<j<s, teT



92 h % % # (1994 ) % 26 %

Hbp . L. A #BAE SHO®E, KENBREER o, Y4NRE TS
WADZE TR j SRR
BT max{F%/o%|t € T} = 42, # (P,) WEGRHREXLEHHER. B (P) N
minmax RAIIEAL B, RERKM. HTRAERE 8 (P) SHibsn
(P2) :
min(l/m)iz(pﬂjAﬁp’/F}:’”)Fﬁ
j=1teT

S.t.Pg = NFt
uf < B;F, <4¥Y
ob A < Fjy < 0¥ AY

1<j<s 1<j<3m, teT

Hr, A§°’ A PR R, Fj?) KB A§-°’ THHFGAR.

(P2) A %R, B LR AT ER R LA X T Lageange e F R THREL
BRI, EYMBEXEEESTE ARPTHE Lagrange RF, NiTlE
BEAN BRARZARETIHEXT Lagrange ’F I, (B QKA. THSH
B IER A IE 5 .

B (P) B URARE R X

(Ps) :

min(1/|T1) 3 S (ps1;487 /) FL
j=1teT

st.Py —N;F;, =0

BF,+z} -4/ =0
B,-F,—a:;—u{‘:O
th+z;; —UJUAE-O) =0
th—zj_t—ang-o) =0
F=F};, - F;

zh >0, 2,20, 2},>0
z; 20, Fj; >0, F;; >0

y Fe Z

1<i<3m,1<j<s teT

(Ps) AR, H K-T %44 RNBEITES K4



1M

EHES : FTRERTZEHRE WHIMUL K8 IER AT )7L

93

(Ps) B9 K-T %44

Im
(2/IT|)¢]t : T Z nz] it + sz/‘:t - b‘l]ﬂ’li) + Vi — V]t F]-t =0
i=1
3Im
(2/IT))¢je + Fjp + Z(—nij)m + bijpie — bijiise) + vje — Ui + Fjy
i=1

- 0
Fffi—Fz+2},-o74" =0

_ o+ 0) _
Ff—F; -z, -aka® =0
}Dit_znij(F;“Fj;)zo
Zb".'l )+z1t 11.]=0
Zbij(th ~Fp)—ay—uf =0
i=1

pizh =0, faz; =0

IIJtZ 0 ﬂjtz_ﬁ:O
Pt — A
FAFt=0, F;F;=0
g, >0, 2,20, 220 z;20

F{>0, F;>0, Fj{>0, F;>0

g 20, ppp>20, vi20, ;>0

=0

AT (Ps) I K-T & AXRTANRE., BN K-T Fe 7 K Stk LA HE,
ARABEMRAMEET BT RE ABETNTHORSRERR.
(LP]) .

mmzz(w(l) +o® +w®) 4 ZZ v v
i=1 teT J=1teT

s.t. X:nIJ = F)+ S:tw,(t =Py

Zbu +“":t+w;(t2)_“

Zbij(th "Fj_t)_zt_“’:(f) “

- 1 0
Ff - Fy+ 2+ V) =oVA0



94 h ¥ = # (1994 %) % 26 %

- - 2 0
Fﬁ_F}t_Z't_V}(t)z":I’Ag)

3m

(2/|T)) e Ffy + Z("nij'\it + bijpie — bijitie)
i=1
+vje— U — Ffi + ¢l —c;, =0
3m
/TGt Fj7 + D (—nijhie + bijuse — bijiiae)
i=1

‘v — D+ Fj +dfy —d;, =0
wi) >0k =1,2,3), VY 2 0(k =1,2)
gh>0,2;20, 2,20, ;20

Fj; >0, F;>0,F{ >0, F; >0

jt =

o~

g 20, g4 20, v;p 20, 05120

¢t >0,¢;>0,d,>0,d;,>0

1<i<3m,1<j<s,teT

He, Yp.>00, Bl S=1; pi <OBF, BLS;=—1.

MF (Lp), BRFj, =F; =Fj, = Fjy =vi=bp =z, =2y =cjy=cj, =dfy =
dj; =0, A = pir = i =z, = 35 = C, W) = Gaps, @i = WY, WP = —uF, o) =
VAP, o = AP <i<sm, 1< <5, te T) H—NEATER. TR, &Y
W Aie = pig = flig =0, vjg = b5 = -jt = FJ; =0F, MHRMEERE (Lp). 7T LHE
B, X (Lpr) BIBAREN 0, Bl 0l =0 (k=1,2,3), v’ =0 (k=1,2). FRBHT
TEOREND (Lp2) B— N HABHR.

(Lp2) :
min ) Z(yﬁ) +42)

j=1teT
3Im

s.6.(2/IT))¢5 F3t + Z(_nij’\it + byjpis — bijilit)

i=1

b=ty — By 60 = 0

3m
(2/IT)b5eFj; + Y _(—mijhie + bijtie — bijihae)
i=1
+vje — Ui + IE']'; + 6§~3)y§f) =0

Znij(th - Fj_t) = Pit
j=1

D bi(Fjy = Fp) +afy = of
i=1



1M WHREE: 2 TRERTZEHRGHHEIMULEHSB ERA] S % 95

D bi(Fjy = Fyp) — oy = uf
j=1

Fjf - F; + 2}, = 0¥ A
Fj — Fyy — 25, = oA

¥ >0 (k=1,2)

—_ "+ ——
Fj; >0, F;; >0, F;; >0, F;; >0

gh >0, z; 20,25, >0, z;; >0

Mit >0, i3 >0, vjy >0, 5, >0

1<i<3Im,1<5j<s8,teT

Ko, % (Lp) P, HWEBRN, W) =1 ¢, ARTEM, WY = -1; df,
hEBRN, W6 =1 4, YRBRN, WY =-1.

FIRBLT T B KB (LP), HiE (LP,) MBRREN 0.

BT (P) B BARRBESHI, ATLUEBEN B AT 7 i R B (LPy)
MBRERE (Ps) M K-T &4

R, ARWMERE A, #TEHA RS FO, MS ANBERLE
FHERE (LP) WBEM F=Ff - F;. &

_ o U4 L 4(0)
ﬁj—[?eaig(illjt/o’j ij th/O' Aj

3

, b 1<i<s
ERBEA Bio >0, W R F WSS 5 R R S MBS jo BF, &
FEEMBR, MEBKFHNBEERAZE. XFTHEMF 4

AP = gAY, 1<i<s, i#do

N TFRWER G, BEREE, LAREEAFGSHE, ESEREE, B
EERKEAGHINENAZH B IR EERWE — RN £ L.

=, ahtEa A&

ERIMEALT RS, SRR MTHZ, NEZAKNETLSSRARELSH,
BRREATHLSIEE AT, AWR I T R XU RERET BRI B PLah i 4 47 5 %,
AR THIMAIEZS, BEARESHK™E.

BEH A, = NTu,, NT € RO™. 3 B0 2 0, BEMBRT# jo 5, XNFH
A, = NTu,, NT € RG-1)x3m_ 3= 3, 138k (NT) >0, Ml Ay = NTu, %(F u, HESS
ZAM, SWMULRILATTE, HHASE 0 SHAEME; # 3m— 78 (NT) <0, 1
Ay = NTuy (F v, EREAME——AM, SHLHILARE, HHAE 0 SFTL
MIBR. BUHLEHYE 407 KR I EATRR (NT), FHS M BTk (NT) M.



96

(1994 ) % 26 %

HE2 DR

ENTz(nlanZa"',nq)T) ni€R3m1 1 Squ

1) 42 Hy=I(3m x 3m Hr ¥ fifE),e=0, i =1.

2) i+ d; = H;_1ni, & d: =0, ¥ 4).

& emetl BHiz=g #5); BNS H = Hey - did?/(nFds), i=i+1, # 2).
4) Fi=qH (6, ML Hi=H;_,i=i+1,%¥2).
5) £ e, stop.
H3C (6] |, B2 kM e BN NT W78 EXFRHEMFMBEEET o,
R BEAT LR AL,

BARAEE A =130, 1< <10 FHIMEAB R B L F

m, it

1A 1). FETFHTER. B8 E; =7x10°%, p; =2.7x1073, of = 1.75x103, 6F =
-1.75x10%, &3 H A% : 1(0,0), 2(0,500),3(500,0),4(500,500),5(1000,0),6(1000,500). F5 /&
S AESH y HFRKARFAB S A £1.24 F1 £10.07. TH 1: Psy, = —45380, P5,, = 0;
I& 2 Py =0, Psy = —45380.

BEH

3 T 7,

BRE| A Az As As AS_L_ Ao | A7 As Ag Ao
1 37.2035 | 17.8222 | 19.455 | 37.50% | 19.43 I 137564 25.7634 | 19.4545 | 21.542 | 21.542
2 34.5936 | 21.5131 | 24.39% | 40.1140 | 14.€3 | 15.45C9 | 18.3106 | 21.9074 | 17.412 | 17.412
3 32.522 | 24.443 & 78.131 | 42.187 {9.968 | 17.332 | 16.707 | 24.511 | 13.571 | 13.571
4 30.798 | 26.831 | RC.&87 | 43.91 7.062 | 19.014 | 14.327 | 26.811 | 9.889 | 9.889
5 29.368 | 28.903 | 32.4 45.34 4.82 | 20.438 | 10.314 | 28.904 | 7.465 | 7.465
6 28.219 | 30.528 l 33.72 | 46.489 | 2.058 | 21.587 8.69 30.528 | 5.316 | 5.316
7 26.649 | 32.749 | 34.73 | 48.059 | 1.345 | 23.157 4.469 32.749 | 3.746 | 3.746
8 26.149 | 33.456 | 34.94 | 48.559 | 0.295 | 23.656 2.762 33.456 | 1.246 | 1.246
9 25.644 34.17 35.1 49.064 1 0.183 | 24.162 1.048 34.17 0.741 | 0.741
10 25.34 34.20 35.17 49.17 1) 24.27 0.616 34.20 0.436 | 0.436
11 25.157 34.35 35.19 49.37 x 24.47 0.36 34.46 0.255 | 0.255
12 25.01 34.41 35.19 49.45 x 24.65 0.27 34.56 1] 1]
13 24.97 34.41 35.19 49.47 x 24.66 L! 34.59 x x

AL S R (E 2):

A; = 24.97, Ay = 34.41, A; = 35.19,

2 @

Fig.1
#l 2(8 3). FENEFHE. BHE; = 107, p; =01, of =25x10%, of =
—25x10%, 1<j <4 &AM 1(60,120,96), 2(0,192,0), 3(204,192,0), 4(204,0,0),

Ay = 4947, Ag = 24.66, Ag = 34.59
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5(0,0,0). ¥ A 17 z HFRKFHMHEB A £006. TH 1: P.=40, P, =20, P,=0; T

# 2: P, =40, P, =100, P, = -30.

BAHERE A” =10, 1< <4, MM BRIBHEL R

®, [i] {8

Z R ¥ A Az A3 Ay
1 239 x 10-2 | 2.07 x 10-2 247 x 102 3.5x 103
2 2.56 x 102 2.21 x 10~2 2.27 x 10~2 1.27 x 10™3
3 2.635 x 10-2 | 2.0275 x 102 | 2.191 x 10~2 | 3.609 x 10—
4 2.656 x 10-2 | 2.292x 1072 | 2,167 x 102 | 8.811 x 103
5 2.662 x 1072 | 2.296 x 10~2 | 2.161 x 102 | 2.039 x 10~5
6 2.663 x 10~2 | 2.297 x 10~2 | 2.159 x 10?2 1]

thiLL R (8 9):

A; = 2.663 x 1072, Ay = 2.297 x 1072, A3 = 2.159 x 10—2
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THE MODIFIED SIMPLEX METHOD FOR TOPOLOGY
OPTIMIZATION OF SPACE TRUSS STRUCTURE
WITH MULTIPLE LOADING CONDITIONS

Tan Zhongfu Sun Huanchun
(Department of Engineering Mechanics,
Dalian University of Technology, Dalian 116023, China )

Abstract In this paper, the member forces are considered as design variables, and
convex quadratic programming model of topology optimization for space truss structure is
given under mutiple loading conditions. The linear interdependent problem for member
forces and K-T multipliers is formed by making use of its K-T condition, and can be solved

by the modified simplex method.

Key words topology optimization, K-T condition, convex quadiatic prograraming,

linear interdependent problem, modified simplex method



