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Rough terrain mobile robot 

applications (UGV) :

ÅTransportation

ÅDisaster response

ÅLunar/planetary exploration

Terrain properties

ÅSand, mud, gravel, grass, wood, 

leaves, etc

ÅDeformable, cluttered, loose, 

bumpy, irregular, steep terrain

Rough Terrain Mobile Robot: Introduction

3
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Rough Terrain Mobile Robot: Introduction

Interaction between running 

gear and rough terrain

ÅLoss of traction, slippage, stuck, 

vehicle rollover

Dynamic simulation of 

rough terrain mobile robot© Tohoku Univ.

ÅMobility prediction

ÅTrafficability analysis

ÅTraction control

ÅVehicle design
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Dynamic simulation: General framework

The interaction mechanics (or contact 

mechanics) is a subroutine  in the 

multi-body dynamics calculation.

Å Geometric constraints

ÅJointsô torques/forces

Å Mass, Inertia

Å Time integral 

Å Forces/moments at the 

contact patch (footprint) 

Å Terrain parameters

Å Terrain geometries

MBD
(Newton-Euler Equations)

Contact mechanics

ñTerramechanicsò
(Pos, Vel., Acc.)

Contact force 

and torque
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Terramechanics is:

ÅStudy of the mechanical properties of the terrain and 

its response to vehicular loading.

Å Interaction mechanics of off-road (wheeled or tracked) 

vehicles on various surfaces.

Contact Mechanics: Terramechanics

J.Y. Wong: Theory of Ground Vehicles[3]

M.G.Bekker: Theory of Land Locomotion[2]

Photo from [1]
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Integral of the stress distribution 

around the contact patch

Terramechanics: Basic Approach 

Modelling of 

stress distribution 

Contact forces and 

torques

Terrain properties

Vehicle parameters

Friction, cohesion, stiffness

Wheel size, load

Semi-empirical model: Continuum model

ÅNormal stress 

VPressure-sinkage relationship

ÅShear stress

VMohr-Coulomb failure criterion
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Terramechanics: Basic Approach 

Modelling of 

stress distribution 

Contact forces and 

torques

Terrain properties

Vehicle parameters

Friction, cohesion, stiffness

Wheel/track size, load

Soil type Cohesion

(kPa)

Friction angle 

(deg)

Sinkage

exponent

Dry sand [3] 1.04 28.0 1.1

Sandy loam [3] 1.72 29.0 0.7

Clayey soil [3] 4.14 13.0 0.5

Regorith simulant [4] 0.8 37.2 1.0

Toyoura sand [4] 0.0 38.0 1.7
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Bevameter:

ÅSpecial apparatus for soil property measurement

VPenetration w.r.t normal load

VResistance torque w.r.t shear load

Terramechanics: Basic Approach 

(Ojeda et al. 2005)

Terrain properties

Vehicle parameters

Friction, cohesion, stiffness

Wheel/track size, load
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Terramechanics: Basic Approach 

Modelling of 

stress distribution 

Contact forces and 

torques

Terrain properties

Vehicle parameters

Normal stress 

ÅPressure-sinkage relationship
(Wong and Reece, 1967)[5]
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Terramechanics: Basic Approach 

Modelling of 

stress distribution 

Contact forces and 

torques

Terrain properties

Vehicle parameters

Shear stress

ÅMohr-Coulomb failure criterion

(Janosi and Hanamoto, 1961)[6]


