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Comparison of a Wheel Running Simulation on the Sandy Road with Experiments
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Abstract : In this study, a wheel test bed experimental setup is established in order to investigate the contact phenomenon
between a wheel and a sandy road. Meanwhile, the discrete element method(DEM) is used to analyze the dynamic behavior of a
rigid wheel driving on a sandy road. A contact method is developed between a rigid wheel and numerous particles. The
longitudinal force and vertical force acting on the wheel are measured by using a 6-component load cell, and the wheel sinkage is
measured by using a high-speed camera. The results of the simulation showed a good agreement with the experiments.
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Nomenclature r : distance, m
3 b I : friction coefficient
: mass,
. g. 2 A : area, m”
v : acceleration, m/s . ,
v : velocity, m/s P : density, kg/m
F,f - force, N VvV  :volume, m®
, ’ L e : repose angle, ©
I : moment of inertia, kg - m? P g )
. . ) u : normal unit vector of triangle element
w : angular acceleration, rad/s
T :torque, N-m Subscripts
E  :Young’s modulus, Pa
R : radius, m i,j  :body
d : penetration, m n - normal
c : damping coefficient t : tangential
n : normal unit vector sn :normal spring
s : tangential unit vector sd  :normal damping
v : poisson’s ratio ¢/a : cohesion
k : stiffness, V/m c : relative
13 : cohesion coefficient b : bulk
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(a) Experiment
Fig. 1 Experiment and simulation for repose angle

(b) Simulation

Table 1 Repose angle according to friction coefficient

Friction coefficient Repose angle
0.3 21.2°
0.4 304°
0.5 39.7°

Table 2 Contact parameters of particles

Contact type Particle - Particle
Restitution 0.5
Friction coefficient 0.4
Stiffness ratio 0.8
Rolling resistance 1
Radius (m) 0.001
Bulk density (kg/m®) 1426
Young’s modulus (Fa) 40E+7
Poisson’s ratio 0.3
Particle number 8000
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Fig. 2 Normal vector and contact detection between particles and
triangle element
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Fig. 3 Segmentation of triangle element
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