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Analysis on Dynamics of Ciliary Micro-Hopping Mechanism by an Eccentric Motor in a
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Novel locomotion mechanism and its theoretical mechanics were investigated for
future robotic exploration in a micro-gravity asteroid. The proposed mechanism is adaptive ciliary
hopﬁing by using an eccentric motor and its dynamics modeling was developed. The validity of the
mechanism and the modeling were also confirmed through experiments with an air-floating test bed which
can emulate planar micro-gravity environment.



2010 6

1/152




1mm

Tracking Markers Ybee (Wireles
Dry Cells (for Circuit)
\ 4 :

DC/DC Converter

s Communication Module)

H8 Microcontroller
H-Bridge Motor Driver

Li-lon Battery X
for Motor Drivini 2 b A
¢ ) & N 4T~ A Tank

e_*
Elastic Cila =~ -
(Nylon-Brush) Air Bearing

Eccentric Motor

Simulated Surface
Air-Floating Test Bed

-

Stone Plate

l Micro-Ggi

60 ;
501 —x [em]
40t{---z [cm]
30p{roll [deg]

10

'100 5 10 15 20 25 30

Time [s]

5(b)



Eccentric
Motor

7 ¢

T y Cila ' N; g

’

Microgravity
e

Surface

2o

(@)

uke /1111777777

(b)

5

Kenji Nagaoka,

Kazuya Yoshida,

Masamitsu Kurisu, Koichi Osaka,
Kenjiro Tadakuma, Yuichi Tsumaki,
Takashi Mineta, Shinichi Kimura,
Tomohiro Narumi, Takashi Kubota,
and Tetsuo Yoshimitsu, “Development
of MINERVA-II2, a Micro-Robot for
Asteroid Surface Exploration with
Innovative  Mobility”, The 11th
Low-Cost Planetary Missions
Conference, Germany, 11 June, 2015.
K. Nagaoka, H. Yatsunami, K. Yoshida,
T. Adachi, M. Kurisu, Y. Kuroda, T.
Yoshimitsu, T. Kubota, H. Yano,
“Analysis and Evaluation  of
Deployment Mechanism of a Tiny
Rover in a Microgravity by Drop Tower
Experiments”, The 40th COSPAR
Scientific Assembly, Moscow, Russia, 5
August, 2014.

K. Nagaoka, K. Yoshida, “Modeling
and Analysis of Ciliary Micro-Hopping
Locomotion Actuated by an Eccentric
Motor in a Microgravity”’, The 2013
IEEE/RSJ International Conference
on Intelligent Robots and Systems,
Tokyo, Japan, 4 November, 2013.

, ,2012 9 18

K. Nagaoka, R. Takano, T. Izumo, K.
Yoshida, “Ciliary Locomotion of an
Asteroid Exploration Rover with an
Eccentric Motor”, Proceedings of the
11th International Symposium on
Artificial Intelligence, Robotics and
Automation in Space, Turin, Italy, 5
September, 2012.



»
NAGAOKA, KENJI

60612520

2

3



