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Abstract - In this study, a form-finding method of tensegrity systems by using the force density method combined with the
stiffness matrix method was presented. Numerous studies have been made on form-finding methods of the tensegrity systems.
However, these methods are limited in the tensegrity systems with multiple null space of the equilibrium matrix. The proposed
method can uniquely define a single integral feasible set of force densities for the structures. In order to draw maximum natural
frequency that can lead a maximum stiffness of the tensegrity systems, a constrained maximization problem is formulated in the
genetic algorithm. Several numerical examples are presented to prove dfficiency in searching for self-equilibrium congifurations
of tensegrity systems with multiple self-stress states. A good performance of the proposed method has been shown in the results.
Keywords - Tensegrity system, Form-finding method, Stiffness matrix method, Force density method, Genetic algorithm
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y={y100 v, }" (5)
z={z1 2y 2} (6)
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Fig. 2. Flow chart of the proposed form-finding method
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Fig. 3. The connectivity of the 3D six-strut tensegrity

Table 1. Comporison of the force densities obtained by the
proposed method and those of Tran and Lee'™. The
3D six strut tensegrity. Normal scale.

Case Member & Force density ¢,
1-8 1.00
9-24 1.62
[23]
Tran and Lee 2598 162
29-30 -2.24
1-8 1.00
9-24 1.28
Present study 2598 198
29-30 -1.21

Case

Natural frequency w, | Euclidean no:

rm |l ¢ |l

Tran and Lee™ 0.176 8.39
Present study 0.264 6.61
Member | Force density/norm | Length
Case
k q/ gl A
1-8 0.12 0.37
9-24 0.19 0.49
23]
Tran and Lee 25-28 -0.19 0.38
29-30 -0.27 1.20
1-8 0.15 0.41
Present stud 9-24 0.19 0.55
Y| 2528 -0.19 0.69
29-30 -0.18 1.16
c Elastic energy
ase Mg/ g1 &
Tran and Lee™! 0.387
Present study 0.373
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Fros vlaste] AW 5 Qlrk, Ak 71HE AHE ¥
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Bt o 23S 4 4 AT AljbE 712w, =0.264
Hz9| If25E 2 W, o] 99 w, =0.176Hz
O] LHAETE AUk of= A 71WE& ARg-sto] A3
AET L3 FHE A& 5 ke AL Yulsie], 1

(Elastic potential energy) ZF< AAIS} )
R A R DLERPLIE

o dojof Al YR Al 5 ¢ 2R ud A
I} HERt (vec il?fﬁ ), e 270N B ERH LA
i=1

H s 9fsf ZF HA19] Yegde= 295 =5 (Euclidean
norm) & & U & ARSI 225 =5 0% U
WHd e g3t of-gak= A ZolE Table 1014 & 4= 9l
om o]gA AL sAZEIHYA 2 old A+
0.387, & A+ 0,373 & T 943k o1 #] g2 A

Sk, AT A 1S AHBtel 2L FURH Axrt
LA U5 Aol 2o 2 A%

o 5840l

Fig. 4. The obtained geometry of the 3D six-strut tensegrity (a)
Tran and Lee™, (b) presented study

5.2 3D expended octahedron

I 17 of|4|= 3D expended octahedron© 2 % 36712] HA]
2 o]0t} (Fig. 5). 2342l expendable octahedron HIA|
1ejE| 9 PAE FUSHAIRE 6719 AlolEo] F7E| Sl o]
2 QI8 s =12 ZH= 7]2£9] expendable octahedron HIA| L
olElehe 92 % 67)9) 471 SeelE 2 (s =6),

Jo

2

offt

A

»—E

g

PE
Sl

Fig. 5. The connectivity of the expanded octahedron tensegrity
with 36 elements (s=6)

Table 2. Comporison of the force densities obtained by the
proposed method and those of Tran and Lee™. The
3D expended octahedron. Normal scale.

Case Member k& Force density ¢,
1-24 1.00
Tran and Lee™ 25-30 0.41
31-36 -1.59
1-24 1.00
Present study 25-30 0.36
31-36 -0.07

Case Natural frequency w, |Euclidean norm || ¢ |l
Tran and Lee™ 0.183 6.33
Present study 0.272 4.98
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(@) (b)

Fig. 6. The obtained geometry of the 3D expended octahedron (a)
Tran and Lee™, (b) presented study
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