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Abstract

We propose a new coiled-fiber actuator based on linear low-density polyethylene fibers whose nanostructure is modified to
generate a large thermal strain. The operating temperature of the actuator is reduced below 100 °C, which is suitable for wearable
applications. The actuator generates a strain as high as 23% at 90°C under a tensile stress of 10 MPa (30 times that of mammal skeletal
muscle). The maximum work efficiency under ideal adiabatic conditions reached 2%, which is top-level performance in thermal-strain
type actuators, under 70 MPa tensile strain. We made yarn from the coiled fibers with heating wires to drive the actuator with electrical
resistive heating. The actuator generates 10% strain under 10 MPa tensile stress. The actuator can be combined with common fabrics
or peripheral components without thermal degradation because of its low driving temperature, making it easy to integrate it with
wearable systems. We also report on a bundled actuator, knitted with an industrial braiding machine, that can lift a load of 5 N driven

by 0.15 W/cm of input power.
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(b) ideal nano-structural model of drawn-crystalline polymer
fiber
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(b) Cycle actuation of LLDPE coil made into a yarn with heating
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coiled actuators
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