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Soil Information Acquisition and Particle Discrete Element
Modeling for Digital Twin Implementation of Unpaved Grounds
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Abstract

The use of digital twin technology using computer simulation is increasing in the design and operation stage of
various off-road vehicles in space exploration, agriculture, defense, and construction applications. To achieve a more
realistic digital twin for off-reads, not only topographical information but also rheological properties of soils such as
friction and cohesion should be precisely acquired and modeled. This paper presents the discrete element models
calibrated based on the measured soil properties such as particle size, compressibility, moisture content, and angle of
repose for two types of soils collected from off-road driving test sites. Discrete element simulation results obtained
with the proposed soil models can accurately predict the experimentally measured angle of repose values and are
expected to be highly useful in future convergence information research.
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Fig. 2. Microscopic images of soil samples collected from
field robot test site(left) and agricultural robot test site(right)
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Fig. 3. Soil moisture content measurement system
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Table 1. Soil characterization results

Collection site Agtonomou; Agrioulturall
vehicle test site robot test site

Compressibility 10.0% 46.7%

Humidity 12.79% 22.87%
Angle of repose 29° 54°

Slightly Highly

Type compressible dry |compressible sticky

soil soil
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Table 2. Contact model classification in EDEM soils
Starter Pack database

Case |Compressible | Sticky Contact model
1 No No | Hertz-Mindlin
2 No Yes | Hertz-Mindlin with JKR
3 Yes No | Hysteretic spring
4 Yes Yes | Elasto-Plastic adhesion
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Table 3. Material properties for DEM analysis

Property Soil A & Soil B | Funnel & plate
Density (kg/m3) 2,600 4,000
Shear modulus (MPa) 10 1,000
Poisson’s ratio 0.25 0.25
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Table 4. Contact model constants for DEM simulations
Soil A- | Soil A- | Sail B- | Soil B-
Soil A | Funnel | Soil B | Funnel
Contact model HM HM EEPA HM
Coeficient of g5 | 05 | 02 | 05
static friction
Coefficient of
rolling friction
Coefficient of

Parameter

0.1 0.05 0.1 0.05

0.55 05 0.55 05

restitution

Surface energy

2] 0.0 0.0 1.0 0.0
Contact

plasticity ratio 07

Slope ~ ~ i5 ~
exponent

Tensile B B 50 ~
exponent

Tangeht|a| stiff _ B 0.00%6 ~
multiplier
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Fig. 6. 3-Sphere models for non-compressible dry soil
(left) and compressible sticky soil(right)
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Table 6. Parameters for DEM numerical computation

Table 5. Parameters for 3-sphere modeling of soils Parameter Sail A Sail B
Position Radius Number of particles 40,000 20,000

Soil
type Element | x Y Z |Mean| Std. Total particle mass (g) 1144 774

(mm) | (mm) | (mm) | (mm) | dev.

Sphere 1]-0310/-0069| 00 | 05 | 0052 Domain size (mm3) 81x81x132 81x81x132
Soil A | Sphere 2 | 0.316 [-0.062| 0.0 05 | 0.052 Cell size (mm) 2.0 1.055
Sphere 3 |-0.016/ 0171 | 00 | 05 | 0052 Number of cells 110,946 766,584
Sphere 1| 0.000 | 0.000 | 0.0 05 | 0052 Integration method Euler Euler
Ti { 50 50
Soil B | Sohere 2 |-0432| 0042 | 00 | 05 | 0052 ime step s
Simulation time (s) 30 30
Sphere 3 | 0241 | 0416 | 00 | 05 | 0052 Number of iterations 600,000 600,000
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