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Dynamics Simulation and Motion Capability Analysis on the Mobile
System for Asymmetric Planetary Rover

DU Jianjun, REN Mingjun, LIU Tun, ZHU Jianjun
(Shenzhen Graduate School, Harbin Institute of Technology, Shenzhen 518055, China)

Abstract: A kind of asymmetric mobile system for wheeled rovers is proposed for enhancing motion performance in
rough terrain. The rover has an integral and statically indeterminate structure with six wheels asymmetrically joined at the
two sides by suspension mechanism. The suspension configuration can be actively controlled to improve the rover mobility
in high challenging terrains. Newton-Euler method is adopted to establish dynamic model for the mobile system, and the
geometry and velocity constraint equations are given. The equation system consisting of differential and algebraic equations
is solved by finite difference method. Simulations are performed to study the dynamic performance of the asymmetric rover,
and some motion laws are obtained. The strong obstacle-overcoming and ditch-passing capabilities of the rover are testified

by experiments on the principle prototype.
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2 EWFRERNETERFSMAEIE (Overall
configuration of the mobile system for
asymmetric rover)
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Fig.1 Capabilities to traverse ditch and climb obstacle of statically determinate rovers with six wheels and statically indeterminate

rovers with eight wheels
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Fig.2 Conventional statically indeterminate rover with six wheels lacks of capability to traverse ditch and climb obstacle
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Fig.3 Diagram of climbing obstacle and traversing ditch and structure design of the asymmetric rover
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3 HRMZESHHF4EE (Dynamic model of the
rover)
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Fig.4 System model diagram of the asymmetric rover
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Fig.5 Kinematics diagram of the rover
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4 IFMZEZF{HFE (Motion simulation of the
rover)
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Fig.6 Difference of forces acted on wheels when moving on

ground and soft soil
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Tab.1 Characteristic parameters of soil in experiments (from
volcanic eruptive material)

kg /(Pa/m) Tn/C
1.12x10° 0.46
2.615x10° 0.445
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Fig.7 Test of characteristic parameters of the soil for

experiments
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Fig.8 Dynamic simulation for the rover moving on flat ground
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Fig.10 Ratio of tractive force T to supporting force W for different control strategies
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Fig.11 Diagram of attitudes and rocker angles for the rover

on flat ground
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Tab.2 Rocker angles for the rover on flat ground

1| %2 | B3| 4 | 8BS 6
PRI A1 BEVIE Bio /) 62 62 62 118 118 119
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Tab.3 Rocker angle adjustment and attitudes when the first wheel climbing obstacle

1 2 ®3 4 ®5 ®6
PERE T B /() 31.6 71.6 71.7 125.9 125.8 143
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Tab.4 Rocker angle adjustment and attitudes when the second wheel climbing obstacle

1 2 %3 4 %5 %6
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Tab.5 Rocker angle adjustment and attitudes when the third wheel climbing obstacle
i B2 | B3 | B4 | 8B5S Ligs
PREE B /() 43 41 32 116 124 128
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Fig.12 Simulation of climbing obstacle for rover
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5 HRMZEMFEFIL DX (Experiments of

crossing obstacle and ditch for the rover)
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Fig.13 Simulation of crossing a vertical ditch for the rover
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Fig.14 Experiment photos of crossing obstacle and ditch for the rover
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6 %5it (Conclusions)
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