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Calibration Methods of Sandy Soil Parameters in Simulation
of Discrete Element Method

ZHANG Rui HAN Dianlei JI Qiaoli HE Yuan LI Jianqgiao
(Key Laboratory of Bionic Engineering, Ministry of Education, Jilin University, Changchun 130022, China)

Abstract: When the interaction between agricultural machinery and soil is simulated, the accuracy of the
chosen particle parameters will directly have an effect on the simulation results. A systematic method for
calibrating the interaction parameters of sand particles was proposed based on the combination of
experiment and simulation. By the repose angle test apparatus, the triaxial shearing test instrument and
the particle image analysis system equipment, the repose angle of the sandy soil, the shear modulus, the
particle size distributions and morphology were obtained, which provided reference for particles or factory
modeling. The standard ball and non-standard ball were used to calibrate the coefficient of restitution,
coefficient of static friction and coefficient of dynamic friction between particles. The effect of different
qualities and different calibration methods ( drawing plate method and funnel method) on the repose angle
were studied. The effect of different qualities of the soil on repose angle was small, and it can be
ignored. Meanwhile, there was no significant difference between the two calibration methods. When the
standard ball was used for calibration, the repose angle obtained from the simulation was closest to that of
the test ( coefficient of restitution was 0. 15. coefficient of static friction was 0.8, and coefficient of
dynamic friction was 0.2). The repose angle of drawing plate method was 33.99°, and the relative error
was 4. 74% . The repose angle of the funnel method was 33.59°, and the relative error was 3.51% .
When the non-standard ball was used for calibration, the repose angle of the drawing plate method was
32.06°, and the relative error was 1.20% ( coefficient of restitution was 0. 15, coefficient of static
friction was 0.2, and coefficient of dynamic friction was 0. 3. ). It can be seen that the effect of particle
appearance on the coefficient of static friction was relatively large. The result provides a new idea and
method for the calibration of particle parameters.

Key words: sandy soil; parameter calibration; discrete element method; numerical simulation
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Fig.3 Schematic diagrams of three axis test device for soil
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Tab.1 Intrinsic parameters of sandy soil and steel
e R —_ B MEERT) NEEH A
BH (kgom ™) . G/Pa e/kPa $/(°)
v+ 1638 0.3 1 15x10’ 2.47 33.1
Wt 78500 0.30207 7.0 %100
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Tab.2 Size classification and mass fraction of sandy soil
1.25 ~ 1~ 0.63 ~ 0.3~ 0~
Ki 4%/ mm >1.6
1.6 1.25 1 0. 63 0.3
17.6 + 59.8+ 46.4+ 160.4+ 92.0=+ 22.8 +
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5.6 11.8 2.4 12.6 13.0 10.2
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Fig. 6 Sandy soil samples after screening
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Fig.7 Appearance of sandy soil particles
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Tab.3 Intrinsic parameters of particles and steel

ok HER /=4 B R /Pa B/ (kgom )
kL 0.3 1.15 x 107 1 638
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Tab.4 Calibration schemes and repose angle

of different methods

E KA WEEE R

YRR/ (°)

WP % % EEENEC Mtk WSk
0 0.50 0.50 0.01 27.29 28. 48
1 0.15 0.20 0.2 27.89 27.51
2 0.15 0.20 0.3 26. 68 27. 44
3 0.15 0. 80 0.2 33.99 33.59
4 0.15 0. 80 0.3 38.77 38.28
5 0.15 1.16 0.2 39.92 39.05
6 0.15 1.16 0.3 37.08 38. 14
7 0.35 0.20 0.2 27.20 27.48
8 0.35 0.20 0.3 28.31 28.05
9 0.35 0. 80 0.2 39.23 36. 47
10 0.35 0. 80 0.3 37.89 37.16
11 0.35 1.16 0.2 37.04 37.98
12 0.35 1.16 0.3 42. 40 41.75
13 0.75 0.20 0.2 28. 06 29. 36
14 0.75 0.20 0.3 27. 64 26.92
15 0.75 0. 80 0.2 37.46 37.27
16 0.75 0. 80 0.3 45.10 45.26
17 0.75 1.16 0.2 39.37 40. 48
18 0.75 1.16 0.3 41.11 41.29
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Fig.9 Comparison of repose angle between

drawing plate method and funnel method
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Tab.5 Basic parameters of non-standard ball
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Tab.6 Repose angle of different calibration schemes

for non-standard ball

e RHEIRE 4 R HeBUR/
WP E5F3 E5f43 E5f43 (°)
0 0.50 0. 50 0.01 27.35
1 0.15 0.20 0.2 30.98
2 0.15 0.20 0.3 32.06
3 0.15 0. 80 0.2 42.21
4 0.15 0. 80 0.3 43.61
5 0.15 1.16 0.2 41.00
6 0.15 1.16 0.3 43.28
7 0.35 0.20 0.2 27.717
8 0.35 0.20 0.3 29.01
9 0.35 0. 80 0.2 41.24
10 0.35 0. 80 0.3 45.32
11 0.35 1.16 0.2 45.08
12 0.35 1.16 0.3 45.00
13 0.75 0.20 0.2 28.23
14 0.75 0.20 0.3 29.82
15 0.75 0. 80 0.2 39.27
16 0.75 0. 80 0.3 38.71
17 0.75 1. 16 0.2 42.44
18 0.75 1.16 0.3 44. 68
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