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This paper investigates soft tensegrity robots designed for flexible environmental adaptation and structural
support. The research focuses on a six-bar tensegrity configuration driven by pneumatic artificial muscles
(PAMs) to achieve the inherent lightweight benefits of tensegrity alongside large-scale deformation. The
core methodology employs two primary approaches to realize significant structural transformations based
on the deformation of the triangular facets.

First, a technique is proposed in which thin PAMs are wound around the struts and rubber threads of the
module. By optimizing muscle placement, their contraction is efficiently converted into fundamental
motions, including expansion, torsion, and bending. To ensure reliability, a method to enhance the
durability of thin PAMs under extreme bending was developed by applying adhesive to create a partition
structure on the sleeve fibers, a technique validated through durability testing.

Second, the study addresses a critical limitation of conventional PAMs—their lack of passive
extensibility—by developing a novel artificial muscle that allows for passive elongation when
unpressurized. This is achieved by inserting a hybrid string, comprising both elastic and non-elastic
components, between the rubber tube and the sleeve. This innovation enables the tensegrity to undergo
expansive deformation when used in conjunction with pneumatic cylinders as compression members. To
manage the complexity of a system involving thirty actuators (six cylinders and twenty-four PAMs), a
genetic algorithm was employed to optimize the drive patterns required to achieve specific target
configurations.

The utility of these highly deformable structures is demonstrated through various robotic applications,
such as an inchworme-inspired mobile robot, a rolling robot, and robotic manipulators. The study confirms
that the soft tensegrity structures developed herein can achieve the extensive range of motion required for
complex tasks. Finally, the paper evaluates the respective merits and demerits of the thin PAM winding
method and the passively stretchable muscle approach.
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