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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
eight nodes
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Table 3 Optimization information of 8—node tensegrity structure

(N) o559
129.1826 1 gt 3l | oty sojls
141.3894 2 gt il b ot sojls
140.1162 3 gatn 3l b oty sojle
142.4690 4 oan il b saaig sojls

Olis gilwaigy Ay 90 5l e 1) ojle L cnl lp ede] Cawoa
.MJLSA

Slaize Jolis igiluay Jsl s & bgpe Lol clasis
Sz canl S5 a4 p3Y sl oael 5 Jgaz 40 da)] Jlail gegi g oS
Lol (gilotings slo e plo aes JIS Lasl plo 5 alio 5 520
Lacl g9 J&z 9 ghie ghaw Jold & 55 gl gaimn Lo
loads 03,516 Jgar ;3 (s3luaig alopo 99 (nl jl Gy il

S3ay sy ams e lis | o3l bz ol L3l "8 L5 sla Jss"
s B (K0S bghs 5 als o5, byl b JKs aled 4 con

0,510y sams S (505 34
ot S 5 10 i 5 il i )3 5 e e
el yo ail g 39 Wil o ST ojle ol slael slaxs 0,5 oo 1)
)50 ojbe nlpli 29 oo i o3l | (Sola 90 4 geae 15 (e
IS5 e 4 0 e e utls alys s 24 5 0,5 10
Sz 35 e 2re N 0 Jler &l oad aid S I s ol

o)) 1 st (g 5lwaig 5l L@QT O Ylasl g e 5 laise 5 Jgos

(‘Sh; IR .- 'g}“s
Table 5 Nodal coordinates and connectivity information after
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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)
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Table 10 Results of size optimization of kernel 1 (10-node tensegrity
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Table 7 Optimization information of 10-node tensegrity structure
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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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