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Terramechanics-Based Analysis on Climbing Ability of
a Lunar/Planetary Exploration Rover

Tohoku University [0 o Akiko MiwalJ Genya Ishigamil] Keiji Nagatanild Kazuya Yoshida

Abstract—This paper presents climbing ability of a lunar/planetary exploration rover from the viewpoint of
terramechanics. A mathematical model is developed to analyze the mechanics of traction forces (Drawbar Pull)
generated by wheels and their theoretical limits called Trafficability limit and Mobility limit. The analysis
reveals that the climbing ability will be increased if the mass center of the rover stays closer to the front wheels
when the slope is steeper than the mobility limit. These theories have been verified by numerical simulations

and hardware experiments using a test bed.
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O 1: Wheel-soil contact model on a horizontal plane
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0 3: Wheel-soil contact model on a slope
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O 4: A rover model on a slope
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O 5: Theoretical model : Slip ratio vs. Drawbar pull
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O 6: A slope climbing experiment of a 4-wheel rover

on Regolith Simulant
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O 7: Rover configuration
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0 1: Experimental results
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O 8: Time profile of drawbar pull
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O 9: Trafficability limit on theoretical curves
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0 10: Mobility limit on theoretical curves
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0 11: Dynamics model of the rover
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W : wheel angular
velocity (constant)

| O : ground angle (constant) |

0 : steer angle (constant)
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O 12: Flow chart of the simulation
6.2 O0O0O0O0O0O0OO0O0OO0O

gooobooooobooo 12000000000
woooopooo ooooDbb0o «0oooogg
ooooooooooooooooobosgonooog
00000 h(ff,,)DO00000D0 200000 @
gboooboo200b00oboboobooobon
oooogooooo f, 0000000000000
00000 FOUToOr 00000 (1) 000000
gboooboobooboobobooboobbon
gbobobodobogobooboobobboboon
gboooooboooooooboooooon

oo0o000oooOo0o0 (booooooooo
0000)00ooooooooooo

6.3 0DUOUODOOODOOO0

013000 21 [deg) 0000000000000
000000000000800000000000
000000000000000000000000
115 [NJ0 00000000 Config BOOO Config A
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000 (9)(10)0000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00oooooo

7 oo

gbobooboooobooooboooobooon
gooooooogobooooboooobooog
obooooooooboobooooobooobobo 200
00 (Trafficability 0 0 OMobility 00 )000000O
ogoooboooooboooobooboobooog

50

45
40
35
.30
E' 25 N o o pevat
x20 —Wheel If
15 —Wheel Ir
10 — Wheel rr|
5 — Wheel rf|
0 1 1 1 1
0 2 4 6 8 10
time [s]
(a) Config A
50

£ 20 et
10 “whed ]
0 1 1 1 1
0 2 4 6 8 10
time [s]
(b) Config B

O 13: Time profile of drawbar pull (Simulation)
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