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New Traction Force Model for Wheeled Mobile Robots
on Loose Soil based on an Experimental Approach

Ayako IKEDA?3, Keisuke SATO, Keiji NAGATANI, and Kazuya YOSHIDA
3 Tohoku University, Aoba 6-6-01, Sendai, 980-8579, Japan

While planetary rovers explore on surfaces of moon or Mars, they face a wheel slippage problem due to sandy and loose

ground. To predict behavior of the rovers on loose soil, it is very important to estimate traction force of the wheels. Therefore,

some wheel-models of normal stress distribution on loose soil were proposed based on ”terramechanics”, which can derive

traction force. However, our experimental results (we directly measured normal stress distribution by pressure sensors which

are attached on the wheel) showed that the distribution range is much smaller than the conventional models. Consequently,

the estimated result of traction force that uses such conventional models is doubtful. Therefore, to estimate traction force

correctly, we use directly measured normal stress distribution using pressure sensors in this research. Based on actual sensor

data, we performed estimation of one value of a soil parameter which is very difficult to measure.

Using the value, we

succeeded in estimating a traction force better than other conventional methods. In this paper, we propose a new approach

of traction force estimation and show a result of the estimation to validate the approach.

Key Words :Wheeled Robots, Planetary Rover, Terramechanics
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Fig. 1: Distribution range of normal stress
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Fig. 2: Wheel-soil contact model on loose soil
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Fig. 4: An overview of the rover
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Fig. 8: Comparison of distribution : Nomal stress
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Table 1: Wheel-soil interaction parmeters and val-

ues

Parameters ~ Values Description[Unit]

r 0.055 wheel radius [m]

b 0.064 wheel width [m)]
mg 28.92 wheel weight [N]

c 0 cohesion stress [kPa]
¢ 38.0 friction angle [deg]

5 UOouogdgd

gooooooobobooooo k,00DOOO
gobooooooooooobooooooooooon

5.1 0O0O0O0OO0OOOO
gbooooboooooogooo

1.000000000000420000000
0000000000 k0000000

2.000000000000000000000
0000 ¢(f) 00000 100000000
000000000 (9)-(11)00000000
(0) 00000 (2)000000 F,.000
oooo

3.00000000 F,000000000 F.O0
0000000200000000000 M
0oooooo

4.000000000000000k0MOO
0000 (1)00000 F, 00000000
00000 MOOOO0O0ODOO000000000

5.2 0OUO0OO0OOO0OOOOODOOO

oobooooboobooobooobon 1o
gbooooooooooooonoo.aioossboon
gbooooboobooboobooooooooo
gbooooboboooboobooooboosn
obooooooooboooboobbooboon
gbooooobooobooobooobooooooo
gbbooooooboooooboooooooon
oboooooooooboooboooooooon



Table 2: Estimated result of k,

Slip ratio | Estimate : kz [m]
0.11 0.0072
0.18 0.0073
0.29 0.007
0.39 0.0066
0.8 0.0026
8 O Estimate (k = 0.0072)
Z 6 A Theory
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Fig. 10: Comparison of drawber pull
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