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Manufacture of butterfly robot by designable 3D shape IPMC fabrication method

O% /P Bl GETR)
1EERT iz GRIEKR) IE

1E LR
EEE X ORLK)  E

& (PERRAT)  IE RN P (PERRATT)

AR B ORITK)

Akio KODAIRA, Tokyo Institute of Technology, kodaira.a.aa@m.titech.ac.jp

Kinji ASAKA, National Institute of Advanced Industrial Science and Technology
Tetsuya HORIUCHI, National Institute of Advanced Industrial Science and Technology
Hiroyuki NABAE, Tokyo Institute of Technology

Gen ENDO, Tokyo Institute of Technology

Koichi SUZUMORYI, Tokyo Institute of Technology

The Ionic polymer metal composite (IPMC) actuator is a representative polymer actuator. Useful properties
include high responsiveness, the capacity to be driven by low voltage, longevity and the ability to operate in water.
However, almost all of the commercially available IPMC actuators are flat films. Because of this, most of the
conventional biomimetic robots which use IPMC consist of rectangular IPMC actuators. In this paper, we manufactured
a butterfly shaped IPMC actuators by a fabrication method for designable 3D shape IPMC actuators that we have
proposed. The butterfly robot had several wings with different resonant frequencies and each wing was able to flap
senaratelv bv sinusoidal wave voltage which included the same resonant frequency of the wing. Also the wings could
flap simultaneously by combinational sinusoidal wave voltage.
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Wing
(Actuator part)
10 to 150 pm in thickness

Body
(Structural material part)
1000 to 2000 pm in thickness

Fig.1 Schematic of butturfly robot
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Fig.2 Butterfly shaped mold



Fig.4 Butterfly robot (butterfly shaped IPMC)
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Fig.5 The schematic layout of the experimental setup

Table.1 Mesured properties of butterfly robot

Body R-Wing L-Wing
Thickness [um] 1793 104 94
Length [mm] 71 2 20
Width [mm] 6 13 14
Resonant
frequency [Hz] ) 12.1 14.5
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Fig.6 Motions of the butterfly at 2 Hz, 3 V sinusoidal drive
(Both wings flap)
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(@) 12.1 Hz, 3 V sinusoidal drive (R-Wing flaps)
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(b) 14.5 Hz, 3 V sinusoidal drive (L-Wing flaps)
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(c) 12.1 Hz, 3V +14.5 Hz, 3 V Combinational sinusoidal drive
(Both wings flap)
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Fig.7 Driving experiment of the butterfly
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