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Development of a flexible hourglass-shaped pneumatic artificial muscle with
high power even in a short and large-diameter structure by hyperboloidal
braided structure
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Summary

An hourglass-shaped pneumatic artificial muscle with hyperboloidal braided
straight fibers is proposed, and its design and characteristics are evaluated.
This artificial muscle possesses the flexibility and bending deformation
capabilities of braided fiber structures while generating large contraction

forces at the initial stage of contraction, similar to straight-fiber artificial



muscles. Numerical analysis reveals that the contraction ratio, contraction
force, and radial expansion ratio can be controlled by the height-to-radius
ratio and the fiber offset angle. Furthermore, experiments with a prototype
demonstrate contraction characteristics consistent with the simulation
results, confirming high flexibility and contraction force even in short lengths.
Although this actuator is unsuitable for long and slender structures, it is
well-suited for short and large-diameter configurations. Its potential
applications include peristaltic robots and manipulators with serially
connected units.
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