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Measurement for 2-dimensional Stress Distribution of Wheels

Traversing Loose Soil Slopes

Shoya HIGA*!, Keiji NAGATANI*! and Kazuya YOSHIDA*!

*I Department of Aerospace Engineering, Tohoku University
Aoba 6-6-01, Sendai, 983-0852, Japan

On the Moon or Mars, common exploration targets for mobile robots (rovers) are
covered in loose soil, which can cause slippage. To reduce the risk of wheel slippage, analysis
of the mechanics of contact interaction between the soil and wheel is important. Various
normal stress distribution models have been proposed until now, but typical models assumed
that the stress distribution is uniform across the width of the wheel. However, when a rover
traverses sandy slopes, the actual stress distribution isn’t expected uniformly. Therefore, in
this research, we measured 2-dimensional stress distributions of a wheel traversing over soft
soil. Finally, we intend to use this data to build a 2-dimentional stress distribution model for a
wheels on loose soil. In this paper, we report the experimental results of 2-dimensional stress
distribution of wheels while it traverses on loose soil slopes.
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Fig. 1

Coordinate system on a lateral slope
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Fig. 2 Forces acting on a sliced wheel element
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Fig. 3 FT Sensor Unit(FT Sensor + Contact Parts)
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Table 1 Specification of Two Wheel Rover

Size [mm)] L830 x W520 x H1190 (include 1m pole)
Mass [kg] 14.8
$250 x W100

Wheel size [mm]

Table 2 Mechanical properties of Toyoura Standard

Sand (JIS R 5201)
Bulk density Particle size Cohesion Internal friction angle
p [g/em’] [um] c [kPa] ¢ [deg]
1.33-1.49 106 -300 0.0 38.0

Ball caster and aluminum board restrict roll angle
of the Two Wheeled Rover.

Two free angle brackets fix
the Two Wheeled Rover’s attitude.

Fig. 4 Exprimental Environment
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Fig. 5 Measurement Process
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Fig. 6 Measuring Result
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