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Abstract

A tensegrity structure consists of a set of continuous cables in tension and a set of discontinuous struts in compression. The

tensegrity structure can be classified into self-stressed and pre-stressed pin-jointed structure. A key step in the design of tensegrity

structures is the determination of their equilibrium configuration, known as form-finding. In this paper, three effective methods are

presented for form-finding of tensegrity structures. After performing form-finding process, a set of force density and corresponding
topology results can be obtained. Then the force density method combined with a genetic algorithm is adopted to uniquely define a

single integral feasible set of force densities. Numerical examples are presented that demonstrate the excellent performance of the

algorithms.
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1 for p=i
Clep) ={—1 for p=j} (3)

0  otherwise
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3 34 (equilibrium matrix) A4S ARE3l] T
IS 748 & Utk 4 (29 7 HA g A wA
&2 AFAsHE ofeff Aol fr=EH 2 (5)= A (2)d o
ote B A S gt

JRETN-

o[o
ol

CTdiag(Clz y 2]) ¢= (00 0] 4)
Aqg=1000] (5)

314 FEHMTREESE| =28 H27H H45(2014.8)

2.2 WY Est AE gl F=
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Fig. 1 The initial topology of the 2D two-strut tensegrity

Table 1 Comparison of the force densities
(2D two-strut tensegrity)

Member Force density
Tran & Lee(2010) |Method 1|Method 2|Method 3
1 1 1 1 1
2 1 1 1 1
3 1 1 1 1
4 1 1 1 1
5 -1 -1 -1 -1
6 -1 -1 -1 -1
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Fig. 2 The obtained geometry of the 2D two-strut
tensegrity
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Table 2 Comparison of the force densities Table 3 The force density results via Method 1
(3D six-strut tensegrity structure) (3D six-strut tensegrity structure)
Force density Force density
Method 3 Method 1
unilateral| unilateral (a) (b) (c)
Member|Tran & Lee| Method | Method | condition | condition unilateral | unilateral | unilateral
(2011) 1 2 + Member|Tran & Lee| condition | condition | condition
G =aq (2011) + +
(additional grouping Gos = G
condition) condition (additional
1 1.0 1.0 1.0 1.0 1.0 condition)
2 1.0 1.0 1.0 3.6 1.0 1 1.0 1.0 1.0 1.0
3 1.0 1.0 1.0 1.0 1.0 2 1.0 0.6 1.0 6.3
4 1.0 1.0 1.0 3.6 1.0 3 1.0 1.0 1.0 1.0
5 1.0 1.0 1.0 1.0 1.0 4 1.0 0.6 1.0 6.3
6 1.0 1.0 1.0 3.6 1.0 5 1.0 1.0 1.0 1.0
7 1.0 1.0 1.0 1.0 1.0 6 1.0 0.6 1.0 6.3
8 1.0 1.0 1.0 3.6 1.0 7 1.0 1.0 1.0 1.0
9 1.6 1.6 1.8 4.5 1.6 8 1.0 0.6 1.0 6.3
10 1.6 1.6 1.8 4.5 1.6 9 1.6 1.1 1.6 7.5
11 1.6 1.6 1.8 4.5 1.6 10 1.6 1.1 1.6 7.5
12 1.6 1.6 1.8 4.5 1.6 11 1.6 1.1 1.6 7.5
13 1.6 1.6 1.8 2.9 1.6 12 1.6 1.1 1.6 7.5
14 1.6 1.6 1.8 2.9 1.6 13 1.6 1.4 1.6 4.3
15 1.6 1.6 1.8 2.9 1.6 14 1.6 1.4 1.6 4.3
16 1.6 1.6 1.8 2.9 1.6 15 1.6 1.4 1.6 4.3
17 1.6 1.6 1.8 4.5 1.6 16 1.6 1.4 1.6 4.3
18 1.6 1.6 1.8 4.5 1.6 17 1.6 1.1 1.6 7.5
19 1.6 1.6 1.8 4.5 1.6 18 1.6 1.1 1.6 7.5
20 1.6 1.6 1.8 4.5 1.6 19 1.6 1.1 1.6 7.5
21 1.6 1.6 1.8 2.9 1.6 20 1.6 1.1 1.6 7.5
22 1.6 1.6 1.8 2.9 1.6 21 1.6 1.4 1.6 4.3
23 1.6 1.6 1.8 2.9 1.6 22 1.6 1.4 1.6 4.3
24 1.6 1.6 1.8 2.9 1.6 23 1.6 1.4 1.6 4.3
25 -1.6 -1.6 -2.8 -3.7 -1.6 24 1.6 1.4 1.6 4.3
26 -1.6 -1.6 -2.8 -3.7 -1.6 25 -1.6 -1.3 -1.6 -5.9
27 -1.6 -1.6 -2.8 -3.7 -1.6 26 -1.6 -1.3 -1.6 -5.9
28 -1.6 -1.6 -2.8 -3.7 -1.6 27 -1.6 -1.3 -1.6 -5.9
29 -2.2 -2.2 -2.4 -3.2 -2.2 28 -1.6 -1.3 -1.6 -5.9
30 -2.2 -2.2 -2.4 -4.0 -2.2 29 2.2 -1.6 -2.2 -10.4
30 -2.2 -1.9 -2.2 -5.9

25 208 71 2 A e stk A o
nhslom, F Add 2AE oA WAy oo SUE ANE FEE .
Table 3& W 1€ AH83ld F9RAE S92 Ao o

(a) unilateral condition (b) unilateral condition + grouping (c) unilateral condition + g = gy
condition additional condition
Fig. 4 The obtained geometry of the 3D six-strut tensegrity

318 EEMMTRETESE =2F M27H H45(2014.8)

[



| W& 23 S mlag Aot 3 Al 7] 7
2 FARAE 792, unilateral condition®t 7}
& A, R 288 21E Uk e e
unilateral condition®l g,y =g e F7F2 713 A5 9
well ®okt, 253 232 ARGS9 g 2k @t
ol Agdtet LAl shAlT -
OE 23s B #Aze] el HF 9
Fig. 49} 2t} o|e} o] Wy 30| theket

1“ ﬁ]x}ﬂ dote S @71 el A Adrde

e 5 ek RS
4.3 32+ 3-2E& 8WAl A
WY 39l A% 159 BN E o A9 9le) 339

3-2EZ 8HA A AAE FYPsITt. 2 dAe 3N ~
EgF 12719 Aol F 15 FAZ o|FA e, s+ 3

Fig. 5 The initial topology of the 3D three-strut
octahedral cell

Table 4 Comparison of the force densities obtained by
Method 3 with other paper(3D three-strut octahedral cell)

Member Force density
Tran & Lee(2011) Method 3
1 1.0 1.0
2 1.0 1.0
3 1.0 1.0
4 1.0 1.0
5 0.5 1.0
6 0.5 1.0
7 0.5 1.0
8 0.5 1.0
9 0.5 1.0
10 0.5 1.0
11 0.5 1.0
12 0.5 1.0
13 -1.5 -2.0
14 -1.5 -2.0
15 -1.0 -2.0
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