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A Study on the Full-Car Driving Simulation on Sandy Road
based on Discrete Element Method

Sung Heon Jung

Department of Mechanical design engineering, The Graduate School,

Pukyong National University

Abstract

The soil road is composed of powder and It is difficult to determine the driving state of unmanned vehicles
because the road surface is deformed when the road surface is contacted with wheel. In order to secure driving
performance, stability and efficiency of unmanned vehicles, it is necessary to establish a contact analysis database
between wheels and road surfaces. Soil and sand properties are affected by environment, such as weather and
humidity, so that property changes can easily occur. Because of soil and sand characteristics, to build a database
by performing experiments on real land surfaces is not efficient. In simulation, since there is no effect on the
surrounding environment, it is possible to build and efficient database. Therefore it is necessary to study wheel and
soil road contact analysis through computer simulation.

The sandy road is modeled based on discrete element method and Full-Car is modeled based on multi-body
dynamics. After calculating the contact force between the particle and particle, the particle and rigid body, the
discrete element method applies the Velocity verlet integrator and the multibody dynamics is calculated using the
4™ runge-kutta integrator.

In this study, wheel test bed experiments is performed to conduct contact studies between wheels and sandy road.
Wheel test bed simulation is verified by comparison experiment of drawbar pull and max sinkage. Based on the
wheel test bed experiments and simulation, Coast down driving simulation of full-car is performed and compared
the driving distance, average deceleration of full-car and drawbar pull of wheels according to the Initial velocity.

The simulation is expected to establish and efficient database of contact analysis between wheels and sandy road.
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0.4, 0.5, 0.6, 0.7, 0.8 OlILAXI H=== 0, 5, 10, 152 ot 2842 Al=d0|

# 5 Algolde o Alg B oYX A4

Case No. Friction coefficient Energy coefficient
1 0
2 5
3 0.2 10
4 15
5 0
6 5
7 0.3 10
8 15
3 0
10 5
11 & 10
12 15
13 0
14 5
15 0.5 10
16 15
17 0
18 5
19 0.6 10
20 15
21 0
22 5
23 0.7 10
24 15
25 0
26 5
27 0.8 10
28 15
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= 6 0P|l oUX[A 4o T AT AlshH
Friction Energy Max
Case No. .. . :
coefficient coefficient Sinkage(mm)
1 0 346
2 5 27
2

3 0 10 133
4 15 32
5 0 18
6 5 115
7 0.3 10 5.8
8 15 1.8
9 0 10.6
10 5 5
11 o 10 3.8
12 15 3
13 0 37
14 5 25
15 o 10 13
16 15 48
17 0 49
18 5 345
19 £ 10 28.3
20 15 13.2
21 0 64.2
22 5 427
23 & 10 318
24 15 17
25 0 68.5
26 5 46.1
27 0.8 10 345
28 15 20.3
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Name Properties Shape
Mass 1600 (kg)
Ixx 552.206(kg. m?)
Carbody
lyy 869.751(kg- m?)
Izz 1141.93(kg- m?)
Mass 5.755(kg)
Ixx 0.044(kg» m?)
Upper arm Iyy 0.037{kg - m?)
Izz 0.080(kg- m?)
Mass 5.749(kg)
Ixx 0.075(kg- m?)
Low arm
Tyy 0.037(kg. m?)
Izz 0.080(kg- m?)
Mass 1.287(kg)
Ixx 0.012(kg- m?)
Steer link
Iyy 0.001(kg- m?)
Izz 0.012(kg- m?)
Mass 28.057(kg)
Ixx 0.518(kg- m?)
‘Wheel
knuckle Iyy 0.794(kg- m?)
Izz 0.518(kg. m?)
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