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Topology, shape and size optimization of 3-D tensegrity structures with specified
number of members under external loads
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ARTICLE INFORMATION ABSTRACT
Original Research Paper “Tensegrity” refers to a class of discrete structures with two-force members (bars and cables) wherein
Received 19 December 2016 cables only take tensile loads and bars only take compressive loads. The pre-stressed members are
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Available Online 23 April 2017 interconnected so as to form a self-equilibrium structure. Compared to a truss, supporting the same

external loading, a tensegrity structure has fewer members and could weigh less. Determining the stable
Keywords: topology (member connectivities), shape (node coordinates) and size (cross-sectional areas of members)
Tensegrity structures of a tensegrity structure for weight minimization is a challenging task, as the governing equations are
Force density method nonlinear and the conventional matrix analysis methods cannot be used. This article addresses the
Form-finding weight minimization of a class one tensegrity structure with a given number of bars and cables,
Optimization anchored at certain nodes and supporting given load(s) at certain node(s). In this paper, a novel
procedure is proposed to optimize topology, shape and size of tensegrity structures simultaneously
based on evolutionary methods. Member connectivities and their cross-sectional areas and force
densities are taken as design variables, whereas the members’ strength and buckling requirements and
maximum nodal displacements constitute the constraints, along with the coordinates of the floating
nodes to make the structure symmetric. Constraints are evaluated through the nonlinear shape design of
the self-equilibrium structure and the linear analysis of the loaded structure, assuming small
displacements. Using a novel approach, optimization is simultaneously performed in multiple promising
areas of the solution space, resulting in multiple, optimum solutions. The diversity of the solutions is
demonstrated by applying the proposed approach to a number of structural design problems.
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Table 4 Comparison of optimized tensegrity structures’ weights with
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Fig. 4 Fitness function values of 8-node tensegrity structure
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Fig. 8 Structure of the 4™ kernel of optimization (8-node tensegrity
structure)
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Fig. 9 Fitness function values of 10-node tensegrity structure
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Fig. 5 Structure of the 1% kernel of optimization (8-node tensegrity
structure)
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Fig. 6 Structure of the 2™ kernel of optimization (8-node tensegrity
structure)
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Fig. 7 Structure of the 3" kernel of optimization (8-node tensegrity
structure)

(85 Ceid GBS Go)l) (S 3lwtinty pom (8 LSl T S50

pole 5 2lp wo bo)F ez (nl Z Slate 3sd 0 3))9 Z e ik
).QOAJLAL;L o)fso .M)mséyséz)emdqwo;)% w‘w‘

4 o jloss 17 095 1396 ,u5 (pupule/Lsuilse Swdius


www.SID.ir

UlSed 9 43 uaud g i

B ST )L s Hastine s 313w b i i (5lae jlw Slal 9 JSub (55909395 (5w disg

SISk Jood sl pslee TASS slao)S 5 atie slacl sl
ojbw iy Bl a o) sokiie & e85 one bl o olyls (21>
ghe 5 298 B sl Jlail op Jald 2ok (slapiie 0l 4l
o dpale ileS el alSovinl Lol 53 alivs 355 50 ba T alaiie
5 B5 @lmlr 2l Jsd B sadsl sladsb o lS oos S
oslitul (gnsaz By 5l Jolitedss Sl (23l jslare @ 39y 05l ()5
g o ools LSis Saw BIS slaws i1Slas b glojlo fal o] o a8 0
loglossz w4 0,8 Bl T 51 S Lo 50 S 4y s
Oloder S 52855 51 0 b asloangr anld 5o isel sgzaa il
coslis 2,5 Ll 5 b bl oy Jilas L 5 a5 oKy LS 51 ol
Cosdty oS> s é ¥l o b oot i Jolazesgs lisle sl

oAb Gb)f Jolu O¥olas 5 0 LS)L‘\f)L‘ 08 Ly (G053l Ly ol
(525 10 s 5 sojlo) 1 s (0lal (g5loings b 10 Jgur

Table 10 Results of size optimization of kernel 1 (10-node tensegrity
structure)

oS 0L s S gojl giluaia a1 bgrye SMLIT Jgur
Table 7 Optimization information of 10-node tensegrity structure

oled laie mhans > g9 S S o e S8

gac (cm?) (N/m) Joleiosgs (N/m) 4,5 Jles!
1 1 1273.02 896.75

2 1 414.21 464.54

3 1 895.33 980.68

4 1 1770.93 1936.47
5 1 1506.79 1298.75
6 1 1729.53 3920.42
7 1 4.16 1549.42
8 1 297.09 0.001

9 1.25 453.53 1191.18
10 20 666.05 4367.50
11 1 1673.23 2042.60
12 1 711.05 609.45

13 5.59 1178.36 5042.18
14 6.16 2357.71 58.09

15 1 326.13 143.30

16 1 940.86 1221.15
17 6.48 2924.58 6838.23
18 20 2013.62 1293.24
19 20 360.99 2788.00
20 20 -1570.04 -3126.57
21 20 -2608.64 -2623.63
22 6.78 -1178.67 -3870.89
23 7.01 -1192.59 -987.63
24 20 -2046.72 -4148.30

b slo e
X5 X7, X9, Y5, Y7, V9, Z9 5 IS sl yurito
qi;t = 1:nelements 5] .
Lac! Jlail gog0 SRy
Fd> slahls
Cq o3l sl yuicio
A i=1ing t
o9
0; <138 MPa ;i = 1:ngpes b WS s
0; <103 MPa ;i = Linp, ale s
0; <TEI/(IPA) ;i = 1inpars oalo iileS
A<0.01m;i = 1: nyoges oS ol
liinitial 201m ; i=1 Nelements ‘*-:JS‘ Jﬁ-{a
P> (G05gd50
—3meiS3m JSAASLQ?M
—3m< Vi <3m
0< Z; <10m
0 <q; £100 N/m;i= 1:Ngements
0.0001 m? < A4;< 0.002 m?;i = 1: Ngjements o3l gla i
01<¢, =10
Pypie (wiin Slasie
X5 = TXe X7 = ~Xg X9 = X190 O byl
Ys =~ Ve V7=~ V8:YVo = ~ V1o
Z9 = Z39
xy=x;=1mx;=x,=—-1m polee oo S laize

y1=ys=-1my,=y;=1m
Zs =Z¢ =27 =Zg=5m

SIS
FE; = —5000 N 84765 koS
E; = 210 GPa; i = 1: Ngements A oo
p = 2768 N/m3 S

e)f 10 b ous Leov wwf sleosls 39 samslas 8 Jgu\a
Table 8 Comparison of optimized tensegrity structures’ weights with
10 nodes

»
<

3.74m

Fig. 10 Structure of the 1% kernel of optimization (10-node tensegrity
structure)
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Table 9 Nodal coordinate and connectivity information after
optimization of kernel 1 (10-node tensegrity structure)
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