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Design and development of Surface-contact-type mobile robot
to traverse on weak soils and steep slopes
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Hiroaki KINOSHITA (Tohoku Univ.)O kinoshita@astro.mech.tohoku.ac.jp
Kazuya YOSHIDA (Tohoku Univ.), Keiji NAGATANI(Tohoku Univ.), Kenjiro TADAKUMA (Univ. of Electro-Comm.)

Explorations of planetary rovers in Mars and the moon are very significant to clarify the origin of the solar
system and life on earth. However, the wheels of planetary rovers sometimes slip or lose contact with
the ground while traversing a sandy terrain. In the worst case, wheels may get stuck in loose soil. With
consideration of the above situations, the authors developed a new locomotion mechanism without wheels
or tracks, called ”Surface-contact-type locomotion”. In this mechanism, wide plates alternately contact with
the ground for its locomotion, and it does not corrupt the contact surface. Therefore, the mechanism has
very high movability on weak soils and steep slopes with comparison of wheels or tracks. In this paper, we
explain details of our locomotion system and report a validity of the mechanism through some experiments.

Key Words : Robot, Mobile mechanism, Surface-contact-type
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Fig. 1

Surface-contact-type mobile robot
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Fig. 2 Sequence of translation
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Fig. 3 Rotation process & shape of turn table
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Fig. 5 Robot model on slope: o = 204 [deg] & a = 30 [deg]
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SNE = hmaz — hO (1)
hmaz = \/ l’g + Zg (2)
ho = x48in6 + z, cos 6 (3)
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Fig. 6 Relationship among crank angle «, slope angle 6,
and NE-stability, in the case of [; = 340[mm]
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Fig. 7 Relationship between slope angle 6§ and NE-
stability, in the case of [ = 340[mm|]
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Fig. 8 Relationship among crank angle «, slope angle 6,
and NE-stability, in the case of [y = 476[mm]
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Fig. 9  Relationship between slope angle 6§ and NE-
stability, in the case of [y = 476[mm]
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Fig. 10 Relationship between /10 S; and S2

Fig. 11 Obstacle traverse
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Fig. 12 Traverse on snow-covered slope

Fig. 13 Traverse on sand dune
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