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Study on the Effect of Shifting Center of Gravity on Mobile Robots

Traversing Loose Soil Slopes Laterally
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O
Abstract: Mobile Robots, which explore craters on the Moon or the Mars, are required mobility to negotiate with sandy slopes on
which slippage can easily occur. It is known that such slippage can be reduced by sifting the center of gravity on robots. In this
paper, we quantitatively discuss the effect of shifting of the center of gravity on wheeled mobile robots on side slip. We conducted
slope-traversing experiments using a wheeled mobile robot under various roll angles and slope angles. Based on the experiments, we
found the relationship between robot’s roll angle and side slip. Furthermore, we also found that the slip is able to be minimized not
by just making the robot horizontal, but by inclining it toward uphill direction more than such attitude. It indicates that to minimize
side slip over slopes we have to focus on the mechanics model of wheels and optimize their load distribution.

Key Words: Planetary rover, Sandy slope, Side slip, Reconfiguration.
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Fig.2 Wheel coordinate system on a slope
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Fig.4 Shift of the center of gravity

Fig.5 Testbed and test field

3-1. 00000000000000000 0000000
0000000000000000000 Fig. 500000
00000000000000000000000000 E-
Dorado ID0 0O 00OTable iI000 00000000000
00000000000000D00000000000000
00000Fig. 4000000000000000000000
0000000000
00000000000000002[m]x01[mO000
0000000000000000000000000000
0000000020[degl00000000000000000
0000000000000000000000000000
0000000000000000000000000000
000000000000
32,0000 Fig. 60000000000000000
00000000 ¢, 000000000000Fig. 70000
00000000000 ¢,=0,5,10,15[degh 0000000
0 a=5,10,15[degp 0 0000000000000000
00000000000000000Fig. 8000000000
000000000000000 4000000000000
0000000000 f00000000000000000
000000000 95[mm/s|00000000 1[m 0000
0000000000000000000 3000000000
0000000000

Table1l Specification of the test bed

Size [mm] L800 x W550 x H400
Mass [kg] 24
Wheel size [mm] $200 x W100
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Fig.6 Definition of roll angle)y,
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Fig.7 Rover configurations

Fig.8 Definition of average slip angfe

3-3. 0000 Fig.9000000000000000000
00000000 «00000000000 30000000
000000000000 ¢, 00000000000000
0000000000100000000000000 o000
0000000000000000 400000000000
0000000000000000000 ¢, 0000000
00000000000 A00000000000000000
0=15[degl0 0000000000 +,=10, 15 [deglD 0 0 O
00000000000000000000000000000
0000000000000000000000000000
00000000000000000000000000000
00000y, =a000000000000000000000
000000000000000000D0000000000

14

12 3

10
'% Roll angle
2 8 3 <& D
L] 6 | Eo O P hs
g AphA0
= !
5 47 % m x P hA5
2
® 27 E i

0 e B S

- . . .

0 ] 10 15 20
Slope angle: @& [deg]
Fig.9 Result of the experiment

o
L]
| Roll angle
~
N B0
I = 3ph=5
© — — #0
2 - - - A5
-
g — 20
=)
S
A

0 5 10 15 20
Slope angle: ¢ [deg]

Fig.10 Calculation result of wheel load ratio
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(b) ¥=15 [deg]

(@) ¥,=0 [deg]
Fig.11 Comparison of wheel contact angles on slope
(slope anglex = 15 [deg])
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