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Elucidation of conformation and bistability of a multi-jointed elastic loop
structure and its applications
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This study investigated the tangle deformation of a slender loop body
connected with elastic tube segments and revolute hinges. We prepared three types of segment
geometry: straight, necked, and bellows tubes. Demonstrating the traction-deformation tests for
their elastic loop structures, we observed that the bellows-type model only formed a conformation
induced by torsional rotation of the discrete hinges while the other models shrank without torsional

rotation. According to the mechanics of materials, we discussed the ratio of bending to torsional
stiffness, which plays an important role at the conformation. The further traction-deformation tests
for the proposed structures with the different numbers of segments revealed multiple bifurcation
modes that the large-sized models transit from the initial conformations to the folding behaviors.
The image processing and convex hull analyses succeeded to quantify the conformation and transition
mechanisms, which bulk solids might not have.
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Fig. 1 Three types of elastic components.

Fig. 2 CAD data of a revolute hinge.

Fig. 3 A unit of the segment.
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Fig. 4 Traction-deformation test.
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Fig. 5 Measurement system: (a) upside; (b) front.
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Fig. 6 Symbolic descriptions of the structure.
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Fig. 7 Undeformed and deformed shapes.
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Fig. 8 Undeformed and deformed shapes (n = 8).
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Fig. 9 Deformation process: (a) n =12; (b) n = 16.
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Fig. 12 Non-dimensional area variations.
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