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Table 1 Calculating procedure of four bar truss

Calculating Relative difference quotient Design variable
procedure b1 B2 7 Y2 Ay Ay a1 a2
nitial 0.029 0.029 0.0057 0.014 10 10 1 1
value
1 0 0.041 0 1 0 10 0 1
2 0 0.050 0 1 0 9 0 1
3 0 0.047 0 1 0 8 0 1
4 0 0.043 0 1 0 7 0 1
5 0 -1 0 1 0 6 0 1

E: EEF Br,m = 0 HRCHE—AIFME, 72 = | FOREMEE B REHRE R,
REARMEEZAN, O = -1 7Y Ao RAT-IEHME A2 =5 M, F—AREK
Z(Ai i) = ~1, HMAREHETHE, MuMED Y RIS R,

B 1R, EHWGRETEOHXIERT, BAMER v, LB 0SB4 Hont B
BB RR o =0, WEHTIHIMEM, ELUEMRLERES, BIOERBRERL.

Bl 2 +ZHPEHSE LE 4), 6 95 10 MR, $ RS, E =68.97GN/m?,
p = 27150.68N/m?, SIHFHHFHRN HHA £1724MN/m?, BAFR TR, TR 1Py =
—445kN, T80 2:Pyy = —445kN, BB i y H AL B RFER 50.8mm, ZAFREREK T
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R 6.45cm?, M BN 64.5cm?. BT EER: S ={6.45,19.35, 32.26, 51.61, 67.74,
77.42, 64.51, 96.77, 109.68, 141.94, 154.84, 167.74, 180.64, 187.1, 200, 225.81} cm?, th 4L 45 B inFE
2 PR,

F2 12 FHIRMRLER
Table 2 Calculating result of 12 bar truss

Sectional arex of each bar/cm?

W/kg A1 A2 A3 A4 A5 A6 A? A8 AQ Ai(; Az A12

Reference
(3]

Presciig

20477 167.74 0 109.68 96.77 51.61 0 32.26 0677 141.94 0 0 0

20722 187.74 19.35 109.68 77.42 0 19.35 32.26 109.68 109.68 3226 O 0
method
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Fig.6 Plane truss with 10 bars

Bl 3 15 FHiZRWE 7 fioR, E = 210GN/m?, p = 78.5kN/m?, @ = 160 MN/m?2, ¢ =
—~160 MN/m?. BANFETH, TH 1: Py = Psy = Py = —4.45 x 10°N; T 2: Py = Pey =

Py = —4.45x 10°N, M = 8, H4AERME 3 Fim, HH 5 Wy HAAF £1.524cm BB AR
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Table 3 Elements in each group
Group number 1 2 3 4 5 6 7 8
Bar number 1,2 3,4 5,6 7,8 9,10 11,12 13,14 15

4 15 TR ER

Table 4

Optimum solutions of the truss with 15 bars

Sectior al area/cm?

WiN A Ay 13 A« As As A7y Ag
Tieference [3) 1859 83.87 4516 3226 0 6.45 6.45 645 70.97
Ypesent 1859 83.87 45.16 3226 0 6.45 6.45 6.45 70.97
method

B 715 KA

Fig.7 Truss with 15 bars
BEEHAEN: S ={6.45,9.68, 22.58, 32.26,
45.16, 70.97, 83.87, 103.23, 129.03, 161.29,
193.55} cm?.
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Bl 4 25 HF=REHIEA 108 (LA
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HXTFREE, % 25 RITH0 8 4, BIE 8 ik
WRE NMBARERYELIM2E 2,y FHK
PBARBiE £0.889cm. BMEHBEN: S =
{0.774, 1.255, 2.142, 3.348, 4.065, 4.632, 6.542,
7.742, 9.032, 10.839, 12.671, 14.581, 21.483,
34.839, 44.516, 52.903, 60.258, 65.226} cm?, 3%
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Fig.8 Optimum topology
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Fig.9 Truss with 25 bars
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Table 5 Allowable stress Table 6 Elements in each groups
Group No. a G Group No. Bar No.
1 —24204 27590 1 1-2
2 —7994 27590 2 1-4, 2-3, 1-5, 2-6
3 —11936 27590 2 2-5,2-4, 1-3, 1.6
4 —24204 27590 4 3-5, 4-5
5 —24204 27590 B 3-4,.5-¢
6 —4662 27590 6 3-10. €-7, 4-9, 5-8
7 —4652 27530 7 3-8, 4-7, 6-9, 5-10
8 7664 27560 8 3-7, 4-8, 5-9, 6-10
7T WHEIR
Table 7 Load case
Load case Node P;/kN P,/kN  P,/kN
1 4.45 44.5 —22.25
2 0 44.5 —22.25
! 3 2.225 0 0
6 2.225 0 0
1 0 89 —22.25
2 2 0 —89 —-22.25

F 8 25 IR MUER

Table 8 Optimum solutions of truss with 25 bars

Design variable A As A3 Ay As A A7 Ag w
Reference [4] 0 12671 21.483 0 0 6.542 14.581 14.581 2750
Present method 0  12.671 21.483 0 0  3.348 12.671 21.483 2733.5

508

~ HE 10 25 MR EEES
Fig.10 Optimum topology of truss with 25 bars

AP HANETE, 23WKRERRK
&, Mg RNE 8 iR, BIKHINWE 10
7R,

EiZABT, F—RNA—TFHEEME
THF 1, BB E TH 12, 13, RE 4 X
10, 11 1 14, 15 BULKE R, X2 T
10, 11; B &WMEERMIL. FZR 2T
HMR_REBMA, BHHTHFMRMA, L,
AT & AT RERT, BUHEERIH
(LA 10).

3 it g
B AT RTUE L, BHERES

BEEE, REFHBENERRET, BRTR
BTRAZESHINERANM/IRR, R



% 5 M £ OU%: SRR ENEHRRNTRE WML BT 583

REHENRNE ERERERSWHRIMMLETD, RERTRRSHIMVERYAERMEY
A, BRARBRE-ERENESMAEHRITRE, ISR TREZTRSEHIER
BB ERR, RBTHIMMLRAR, TUBRFBBR “RENS . “BRBHSRE %
WREAHEIMUL BT . ASCRAMN ZW S ITEHRRAIMUL, BEERBEEW
REBOHBRBAMEIMILBOTEEER, KB THRBEONE.

2 % x ®|

1 Chai S, Sun H. A relative difference quotient algorithm for dizcrete optimization. Structural Optimization, 1996,
12(1): 45~56

2 Cheng G. Some aspects of irtas topology optimizatior. Siructura! Cptimization, 1995, 10(3): 173~179

3 XA, #id. s TRESNTRRTRLWE S, %%, 1995, 27(3) ( Wang Y, Sun H. The topology
optimization of structure with discrete variables under multiload case and multiconstraint. Acta Mechanica
Sinica, 1995, 27(3) (in Chinese))

4 IRl S, ERY. HEERESWRAEST. KEET ¥R, A%, 1995 (Sun HC, Chai S, Wang YF. The

structure optimization design with discrete variables. Dalian, China: Dalian University of Technology Press (in
Chinese))

5 Thiksl, s, ER). HEERLEWKARTNEE. ARERE. H¥S5EK. 1997, 19(4): 7~11 (Sun HC,
Chai S, Wang YF. The development, present and future of the structure optimization with discrete variables.
Mechanics and Practice, 1997, 19(4): 7~11 (in Chinese))

6 BLEA, FH. HigRgnnnitikist. E¥h¥, 1990,11(2) (Duan BY, He M. The topology optimization of
truss. Shanghai Mechanics, 1990, 11(2) (in Chinese))

TOPOLOGY OPTIMIZATION OF TRUSS STRUCTURES
WITH DISCRETE VARIABLES INCLUDING
TWO KINDS OF VARIABLES U

Chai Shan
(Shandong Inst. of Tech., Zibo 255012, China)

Shi Lianshuan Sun Huanchun
(Dalian Univ. of Tech., Dalian 116023, China)

Abstract Because the topology of structure and the sizes of cross sections must be designed
in the topology optimization, two kinds of variables, topology variables c; and size variables of
cross sections A; are included in the mathematics model of topology optimization. The model is
a mixed discrete programming or a pure discrete one including two kinds of variables. It is more
complex and difficult to be solved than sizing optimization of structures, so it is a challenging
problem in the field of structural optimization, and it is a focus in the optimization of structures.
Comparing with the topology optimization of continuous variables, the development of topology
optimization of discrete variables is slower because of the limitation of development in sectional
sizing optimization of structures with discrete variables.
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The basic method for topology optimization is based on ground structure. A set of nodes is
constructed according to the given supporting conditions, load cases and other conditions, and the
nodes are linked by members to form the initial ground structure. The all topological forms of
structure can be obtained by the combinations of members in the initial ground structure. This
problem is expressed as the combination of programming P; of sectional sizing optimization with
the lower limitation of zero and other programming P, only including the topological variables.

After obtained the optimum solution of Py, the topological optimizatics is done by canceling
some members of zero sectional area and some other mexbars according to some cancciing or
resuming rules. In fact, this is an opiimization methcc cf separating variables. The sectional
variables and topnlogical variables are separated and 2cived respectively. Its advantages are relative
less computaticnal efforts snd higher computational efficiency. But there are stronger coupling
relations betweern topological variables and sectional variables of actual structures. If the coupling
relations are neglected, the optimum solution (or local optimum solution) may not be obtained.
In addition, some difficult problems, such as “the limiting stress” and “singular of optimization
solution” must be faced. To overcome the problems caused by separating the variables, two kinds
of variables should be treated together through the total procedure of optimization.

In this paper, a mathematical model of topology optimization of truss structures with discrete
variables including two kinds of variables is developed. The model has considered the coupling
relations between cross section variables and topological variables, so that it reflects the innate
characters of topology optimization as a combinatorial optimization problem. And the problems
such as the “limit stress” and “the singular solution of structural optimization” can be solved by
using this model. The model of topology optimization of truss structures with discrete variables
including two kinds of variables are solved directly by using the relative difference quotient algo-
rithm. The computational results are satisfactory and some new topologies and better solution are

obtained.

Key words discrete variables, topology, optimum design of structures, combinatorial optimiza-

tion



