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Development of a McKibben actuator using a shape-memory polymer
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Shape-memory polymers (SMPs) can be deformed above their glass transition temperature (7,) upon the application of a small load.
They can maintain their shape in a rigid form after they have been cooled to below T. When heated again above Ty, they return to
their predefined shape. Exploiting these characteristics, we developed a McKibben actuator which can fix into a rigid shape with-
out the need for continuous control using an SMP. When this new actuator is warmed above T}, it can be used as a conventional
McKibben actuator. When the actuator attains its desirable length, it can be cooled to below T}, and the SMP will fix the structure
in a rigid, actuated, state. This state is maintained without the need for any air supply or control system. The enhanced versatility
of this new actuator is shown through a series of experiments conducted on a prototype SMP McKibben actuator.
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Fig. 3 Prototype of newly developed actuator with SMP.
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Fig. 4 Motion of the prototype actuator when the internal pressure was
changed with heating and cooling under a constant load (62 N). (a) T< 7,
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Fig. 5 Transition of shape fixity state of the ptototype actuator (7' < 30°C)
under a constant load (62 N). When 7= 1 min, the inner pressure of the
actuator is reduced to the environmental pressure.
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Fig. 6 Motion of the prototype actuator when we applied a 0.2 MPa square
wave pressure with heating and cooling under a constant load (62 N). (a) T
<= T>T, ) T>T, (©) T>T,— T<T,
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Fig. 7 Generated force of the prototype actuator when we applied a 0.2
MPa square wave pressure with heating and cooling under a constant
fength (initial displacement=1cm). @) 7'<T, = T> T, 0} T> T, () T

>T,—>T<T,
t = pd o
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