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Simulative Calibration on Contact Parameters of Discrete Elements
for Covering Soil on Whole Plastic Film Mulching on Double Ridges
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(1. College of Mechanical and Electrical Engineering, Gansu Agricultural University, Lanzhou 730070, China
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Abstract: Aiming to further promotion the accuracy research on the process of the mechanized covering
soil on whole plastic film mulching on double ridges. Combined with EDEM software, a discrete element
simulation test was carried out on the covering soil friction angle (the repose angle of soil-soil and the
sliding friction angle of soil-steel ). Through the three-factor orthogonal combination test, the significant
order of the contact parameters was obtained, which influenced the repose angle of soil-soil and the
sliding friction angle of soil-steel. Based on the software regression analysis of Design-Expert 8. 0. 6 and
response surface analysis method, the relationship between the influencing factors and evaluating indicator
(repose angle and sliding friction angle) was established. The measured value of covering soil friction
angle (the repose angle of soil-soil and the sliding friction angle of soil-steel) was selected as the chosen
target; by using response surface method, the optimal aggregative index could be obtained under the
condition that the static friction coefficient among soil was 0. 68, the rolling friction coefficient among soil
was 0. 27, the restitution coefficient among soil was 0. 21, the static friction coefficient of soil-steel was
0. 31, the rolling friction coefficient of soil-steel was 0. 13 and the restitution coefficient of soil-steel was
0.54. In order to verify the reliability of the contact parameters of discrete elements for covering soil on
whole plastic film mulching on double ridges, the comparative analysis was made between the simulated
test and the actual test of soil friction angle (the repose angle of soil-soil and the sliding friction angle of
soil-steel ) , and the relative errors were 2. 6% and 3. 1% , respectively. The discrete element method

was applied to simulate operation process of the device with covering soil on plastic-film seedbed under
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the condition of using the optimal contact parameters. The simulation result was consistent with the field

test effect. Meanwhile, the parameters calibration method and regression model was feasible, which could

provide references for the parameter setting of the soil discrete element simulation of farmland in the

northwest arid area of China.

Key words: covering soil on plastic film; whole plastic film mulching on double ridges; covering soil

device; discrete element method; parameters calibration
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Fig. 1 Structure diagrams of operation machine for
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tillage-fertilization and spraying-filming on double ridges
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Fig.2  Operation process of mechanized covering

soil on whole plastic film mulching on double ridges
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Tab.1 Coding of simulation test factors of repose

angle of soil-soil

SES
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BEBR IR v, JE SRR [ ES &R
-1 0.30 0.14 0.20
0 0. 50 0.27 0. 40
1 0.70 0. 40 0. 60
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Tab.2 Coding of simulation test factors of sliding

friction angle of soil-steel
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1 0. 60 0.20 0. 60
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Tab.3 DEM simulation parameters of covering

soil on plastic film and geometry
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Fig. 6  Simulation test of sliding friction angle of soil-steel
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Tab.4 Simulation test design and result of

3.1

repose angle of soil-soil

R 2 X, X, X, Y,/ (%)
1 0 -1 1 29.5
2 0 -1 -1 26.2
3 1 -1 0 30.5
4 -1 0 1 23.8
5 1 1 0 37.3
6 1 0 -1 29.4
7 0 1 -1 34.4
8 1 0 1 31.7
9 0 1 1 30.3
10 -1 1 0 25.1
11 -1 0 -1 29.2
12 -1 -1 0 27.6
13 0 0 0 36.5
14 0 0 0 35.9
15 0 0 0 36.4
16 0 0 0 36.2
17 0 0 0 31.9
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Tab.5 Variance analysis of soil-soil repose

angle regression equation
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X3 14.26 1 14.26 4.01 0.0854
X; 49. 83 1 49.83 14.01  0.0072*
5 7% 24.90 7 3.56

1) 9.55 3 3.18 0. 83 0.5429
Rz 15.35 4 3.84

Javill 291. 64 16

s RREFBE (P <0.05), =+ RRZRMEF (P <
0.01). R,

M5 4R 7 AT S, B P(0.005 3) /N TF 0.01,
22 WY [ ) AE AD B S R LR P (0.542 9) KT
0. 05, B e 1R 5 3, 138 F A6 8 7 48145 1) — 0k i 05y
5 SRR AT A, BEIE A S LAk I/ Y, 5 X
X, X, 22 [0 1 56 Fo 1 USRS 200 T L0 0 b O A3 36
A I 2 R AT B . PRI X, XD XS
£ SR I A 0 5 A L X R X X, S
A T A, AR A8 4 PR 22 9 R K
AN T A5 ) 4% B 22 % AR 1 0 5 B U
X, X, X, B3 s R B R L R
2 4 PR OR - 4 5 - R T BB
3.2.2 bR Bl B 4 A

DA 4% 5% 05 PR 2% 4 B 10 1 728 i A0 485 SR
1500 -39 5 00 S BE S A () ST S A, B
IF] 2 36 £ 1 JL AR (AR B0 5 A B EDEM o 47 5 B
KB R BT B g g 6 TR X, X, X N7
BT,

i By Design-Expert 8. 06 %K {4 x] i % 4% 5 ik 17
SR BT, A5 25 0 (1 9 7% 1 38 5 0 s e A Y,

*6 TESWENEZAGERBETESER
Tab.6 Simulation test design and result of sliding

friction angle of soil-steel

Ry e X, X, X, Y,/(°)
1 1 0 -1 44.6
2 -1 -1 0 21.6
3 0 1 1 22.3
4 0 1 -1 39.9
5 0 -1 1 17.8
6 -1 0 -1 22.3
7 -1 0 1 2.5
8 -1 1 0 19.3
9 0 -1 -1 17.1
10 1 1 0 46.5
11 1 -1 0 25.2
12 1 0 1 42.8
13 0 0 0 32.6
14 0 0 0 30. 1
15 0 0 0 31.2
16 0 0 0 26.6
17 0 0 0 30. 8
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Tab.7 Variance analysis of soil-steel sliding

friction angle regression equation

TR FHFM AdE B F p
LAY 1373.89 9 152.65 14.18  0.0010*
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Tab.8 Discrete element simulation parameters

of covering soil process
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Fig.7 Simulation operation process of covering soil on whole plastic film mulching on double ridges
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Fig.8 Verification test of covering soil effort
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