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Prototype of a Small Wing-Flapping Robot Applying
a Self-Excited Electrostatic Zipping Actuation System
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Hiroki MIYAZAKI, Tokyo Institute of Technology
Hiroyuki NABAE, Tokyo Institute of Technology, nabae.h.aa@m.titech.ac.jp
Koichi SUZUMORI, Tokyo Institute of Technology

Small wing-flapping aerial robots are expected to be useful for exploration in confined spaces
and at disaster sites. Self-excited electrostatic actuators, which can generate a reciprocating motion by
the application of a DC voltage, have been studied as actuators suitable for the tetherless drive of small
wing-flapping aerial robots, because the driving circuit can be simplified and the generated force per unit
volume increases as the scale decreases. However, it is difficult for this actuator to make large-amplitude
reciprocating motions. In this study, we devised a ”self-excited electrostatic zipping actuation system”
that can generate large-amplitude reciprocating motion by applying a DC voltage using electrostatic
zipping actuation, in which one electrode deforms in steps towards the opposite electrode to produce a
large displacement. We then applied this system to a prototype of a small flapping robot. The prototype
successfully moved horizontally at a speed of 28.3 mm/s in an experiment.
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Fig.1 Configuration and operating principle of the self-
excited electrostatic zipping actuator
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Fig.2 Prototype of a small wing-flapping robot

R

Vv L Liquid dielectric
(Silicone oil)
Wing

A | 4

Aluminum tape B Insulation film
M Conductive fabric tape M 50 um thick PET film

Fig.3 Structure of the small wing-flapping robot
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Fig.4 Horizontal movement of the small wing-flapping
robot.
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