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Development of Mechanical Expandable Wheels for a Small-sized Mobile Robot
o H.Kinoshita, A.Sunaga, T.Ito, S.Kiribayashi, K.Nagatani, K.Yoshida (Tohoku Univ.)

Abstractl] Every year, the authors’ research group participates in “ARLISS Come back Competition” at

Black Rock desert in Nevada, U.S.A.. The mission of the competition is to return a payload (that is launched

to 4,000 m above by a small rocket) to the designated goal autonomously. To enable the mission, basically,

there are two major approaches, flyback and runback. Our approach is runback that uses a wheeled type small

mobile robot as a payload. In the approach, the wheeled robot lands with the use of a parachute after ejection

from the rocket, and it navigates to the goal on a surface after separation of the parachute. However, small

bumpy surface prevents its smooth navigation, typically. If the robot has larger size wheels, the problem can

be disappeared, but the limitation of its size and weight is strictly defined by the size of the carrier of the

rocket. To overcome this situation, we developed a new expandable mechanism of wheels. It expands the

wheel diameter from 150mm to 240mm and the tread from 240mm to 300mm. In this paper, we explain the

mechanism of our expandable wheel in detail, and report our competition and experimental result at the desert

in 2009.
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Fig. 1: Rotted surface of the Black Rock desert
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Fig. 2: An overview of WindMill-1T

Fig. 3: A magnified view of the expandable wheel
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Table 1: Comparison between the sponge wheel (2008)
and the expandable wheel (2009)

Wheel type | Wheel Diameter Tread
Sponge 145—180 [mm] | 210— 220 [mm)]
Expandable | 140—240 [mm] | 220 — 310 [mm]

-

Wheel Diameter

y

Fig. 6: Before expansion of the wheel
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Fig. 7: WindMill-IT wrapped in separation mechanism

Fig. 8: A sequence of landing, parachute separataion,
and starting navigation
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Fig. 9: GPS based Navigation
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Fig. 11: Unplugged Connectors and Broken Leg
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Fig. 12: A trajectory of long distance navigation

Fig. 13: Traversal scene on irregular terrain
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