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Qualitative Analysis of Deformable Cylindrical Actuators through Constraint Topology

o Shinichi Hirai, Tomohiro Masui, and Hiroki Tanigagawa

Dept. of Robotics, Ritsumeikan Univ.

Abstract — Behavior of deformable cylindrical actuators is qualitatively investigated with respect
to constraint topology. Flastic shells expanded by air pressure have a capability of generating
various motion directly by imposing mechanical constraints on the shells. In this paper, we will
propose a qualitative analysis of the motion of deformable cylindrical actuators with mechanical

constraints.
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Table 1: Linear constraints for
deformable actuators
ogdagd oo 00 ogd
0000 (fiber) o X
oooOg  (slider) | x o —_—
000 (wire) x x
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Deformation of plane with one-directional
constraints
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Fig. 1:
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Fig. 2: Superposition of constraints
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Fig. 3:

Deformation of plane for topologically
different constraints
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Fig. 4: Cylindrical deformable actuator
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Fig. 5:  Qualitative motion elements of

cylindrical deformable actuators
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Fig. 6: One-directional fiber constraints
on cylinder
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Fig. 7: Basic constraints on cylinder
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Fig. 8: Examples of combined constraints

on cylinder
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Fig. 9: Enumeration of behavior possibilities
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Fig. 10: Superposition of cylindrical constraints
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Fig. 11: Experiment on trial production
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Fig. 12: FEM simulation of deformable actuator
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