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Terramechanics-Based Analysis on Locomotion Mechanics of Wheeled Mobile Robots
(Part 1. Analysis of Wheel Mechanics on Lunar Regolith Simulant)
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o Genya ISHIGAMIO Kensuke MIZUUCHIO Kazuya YOSHIDA
Tohoku University, {ishigami, mizuuchi, yoshida}@astro.mech.tohoku.ac.jp

Clarifying wheel traction mechanics is one of the important issues to deal with the navigation control of a

wheeled mobile robot. Wheel models for pneumatic tires on a rigid surface have been well studied, however,

the model for rigid wheels on loose soil is still an open issue. In this paper, the analysis of the wheel traction

mechanics on loose soil is developed based on the terramechanics approach. The validity of the model is verified

by experiments using simulated lunar-surface soil, called Lunar Regolith Simulant. Special attention is made on

the surface pattern of the wheel. The proposed model is useful to characterize the difference of the traction forces

depending on the surface pattern.
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Fig. 1 Wheel coordinate system
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Fig. 2 Wheel dynamics model on loose soil

Fig. 3 Modeling of wheel side force
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Fig. 4 Schematic view of the single wheel test bed

Table 1 Parameters for the numerical simulation

parameter value unit

r 0.09 [m]

b 0.10 [m]

c 0.80 [kPal

¢ 37.2 [deg]
ke 1.37 x 103 [N/mn+1]
kg 8.14 x 10° [N/mn+2]
n 1.00
D, 4.03
Do 2.55

ag 0.40

ai 0.15

0 0.10 ~ 0.30

kz 0.014 ~ 0.023 [m]

Ky 0.016 ~ 0.022 [m]
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Fig. 5 Experimental results : Drawbar Pull
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Fig. 6 Experimental results : Side force
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Fig. 9 Comparison of wheel surface shapes Side force

Table 2 Paramenter estimation for wheel surface shapes

Parameter Wheel A Wheel B
4 0.1 ~ 0.3 1.0 ~ 1.2
ke [m] 0.014 ~ 0.023 | 0.021 ~ 0.031
ky [m] 0.016 ~ 0.022 | 0.013 ~ 0.022
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