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Analysis of shape-change capabilities of tensegrity structures with redundant cables

LUO Ani, CAO Ziying, LIU Heping, FENG Yaming, LU Jinxin

(College of Mechanical and Electrical Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract; To study the deformation capacity of tensegrity structures with redundant cables, this paper proposed a
method to select the optimal driving mode to achieve structural deformation based on the cable-driven concept with
minimal energy dissipation. Firstly, the structural parameters of the tensegrity basic unit and the connection
relationship between the member and the node were set, and the mechanical properties analysis was conducted on
the structure in the new stable state after the contraction of the cable. This analysis yielded a new calculation
formula of the node coordinates. Secondly, the structural parameters and material parameters were assigned to
analyze the deformation process of the structure. The passive cables was firstly shrunk to prestress the tensegrity
structure,, and the additional dissipated elastic potential energy of the structure except for the active cables was
calculated. Then, the active cables was shrunk to induce the deformation of the tensegrity structure. The energy
dissipation work of the active cables and the final deformation of the structure were calculated. Moreover, the
evaluation criteria of the optimal driving mode of the structural deformation were proposed. Finally, taking the
double-layer axial splice structure with redundant cables as an example, the active and passive cables of the
structure were differentiated and the optimal driving mode was studied. The results show that for the single axial
deformation of the structure, when the diagonal cables are active and the middle horizontal cable is passive, the
axial change of the structure is maximized while the energy dissipation is minimized. For the composite deformation
involving axial deformation and torsional deformation, the composite deformation of the structure is maximized and
the energy dissipation is minimized when the diagonal cables opposite to the rod member are active while the
remaining diagonal cables are passive.
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Fig.1 Topological diagram of prismatic tensegrity unit
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Fig.2 Topological diagram of prismatic tensegrity structure with
redundant cables
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Fig.3 A prismatic tensegrity basic unit with redundant cables
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Tab. 1 Parameters of tensegrity structure
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Fig.4 Axial splice structure with redundant cables
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Tab.2  Connection relationship of cables
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Tab.3  Classification of cables
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Tab.4 Material properties of elements

B HE/m MR/ (N-m™2) FRE®E/ (kgm™)

iR 0.004 4.0x10" 2.80 x10°
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MR 0.004 4.0 x107 2.80 x 10°

T 0.040 2.0 x10" 7.85 x10°
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Tab.5 Driving methods and results of single axial deformation

K h 75 FHER W& Ah/m & W,/ U, s
1 CSH CBH -0.033 6 -0.022 4 -2.5507 113.905 9
2 CBH CSH -0.0349 -0.023 3 -2.5620 110.090 7
3 CD CSH -0.393 3 -0.2622 -4.756 1 18.140 0
4 CD CBH -0.3919 -0.261 3 -4.758 17 18.213 3
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Fig.5 Optimal driving mode of axial shrinkage
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Fig.6  Structure before and after deformation
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Fig.7 Nodal coordinate (n,) after prestress
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Fig.8 Curve of structural internal force after prestress
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Tab.6  Driving methods and results of composite axial and torsional deformation

3R 3h 5= FEHR IS Ah/m v/ (°) W. Uy M Iz

1 CSH CD -0.060 6 35.218 2 -0.3149 7.789 7 -0.013 4
2 CBH cD -0.060 6 35.219 0 -0.3149 7.789 7 -0.013 4
3 CD (55,57 ,9 ,81) CcD* -0.094 4 15.552 7 -7.102 4 112.8272 -0.6850
4 CD (517,819 521 +523) cD* -0.094 4 15.552 7 -7.102 4 112.8272 -0.6850
5 CD (55,87 ,59 511 5817 +519 +521 +523) cp* -0.063 4 0.956 5 -24.3419 575.662 7 -38.173 1
6 CD (g ,55 »510 »512) cp* -0.0817 21.7279 -0.0115 0.2114 -0.000 8
7 CD(syg 5520 5522 »524) cD* -0.0817 21.7279 -0.0115 0.211 4 -0.000 8
8 CD (56,58 5510 5512 5518 5520 »522 »524 ) CD* -0.047 2 11.751 2 -0.026 9 0.856 9 -0.003 4
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Fig.9 Optimal driving mode of composite deformation
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Fig. 10  Structure before and after deformation
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Fig. 11  The internal force of the optimal driving mode
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