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Experimental study on spiral flexible actuator based on

vanadium dioxide and ordered carbon nanotube composite film

MA He', LI Yuan', LIU Kai*, FANG Xiaohui', ZHANG Xinping'
(1. School of Physics and Optoelectronic Engineering,
Beijing University of Technology, Beijing 100124, China;
2. School of Materials Science and Engineering, Tsinghua University, Beijing 100084, China)

Abstract: As a key component that converts external stimuli into mechanical motion, the flexible
actuator holds significant application value in the field of soft robotics. Addressing the issues of slow
response speed and short lifespan in existing carbon-based/polymer composite actuators, this study
proposes a spiral flexible actuator based on a composite film of vanadium dioxide and ordered carbon
nanotubes. The vanadium dioxide/carbon nanotube composite film with anisotropic characteristics was
fabricated via laser-direct writing, and the combination of vanadium dioxide’s metal-insulator phase
transition properties and the excellent photothermal conversion performance of carbon nanotubes ena-
bled rapid-response multidimensional motion actuation. Experimental results showed that the actuator
had an average response time of only 5 ms under light stimulation. Moreover, it maintained stable de-
formation performance after a million cycles of testing, demonstrating excellent durability. By adjus-
ting the laser cutting angle (37°~90°), the diameter (84~141 ym) and pitch of the spiral structure
could be precisely controlled. This study not only provides a new idea for the development of high-
performance flexible actuators but also, through the full-process practice of material preparation,
characterization, and device testing, effectively promotes students’ understanding of knowledge in
disciplines such as optics and condensed matter physics and applies the learned knowledge to teaching
and research practice.
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