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Design and Experiment of Covering Soil on Plastic-film Device for
High Ridge Based on Discrete Element Method

ZHANG Xiuli' QIN Haojun' TONG Zhenwei' KONG Yangyang' LIU Jianjun® CHEN Yong'
LIU Xiaochan'
(1. College of Mechanical and Electrical Engineering, Henan Agricultural University, Zhengzhou 450002, China
2. Henan Provincial Tobacco Company of CNTC, Zhengzhou 450046, China)

Abstract: Aiming to address the problem of plastic-film lifting caused by strong winds after mulching on
high ridges in hilly areas, a covering soil on plastic-film device was designed according to the agronomic
requirements of high ridge mulching. Based on the generating principle of the Archimedean spiral line on
a truncated cone, a spiral blade of the overlying drum was designed. The dynamics of soil movement
within the drum were analyzed to determine the main factors affecting the soil pile mass and the soil pile
convergence value. Using EDEM, a simulation model of the interaction between the covering device and
soil was established. Taking the spiral end angle, forward velocity, and circumferential angle
corresponding to the soil discharge port as experimental factors, the soil pile mass and soil convergence
value as evaluation indices, single-factor and three-factor three-level orthogonal experiments were carried
out to determine the factor ranges and establish a response surface model. The orthogonal test results
showed that the spiral end angle and forward velocity had a highly significant effect on the soil pile mass,
while the forward velocity and circumferential angle corresponding to the soil discharge port had a highly
significant effect on the soil pile convergence value. The optimal operating parameters were determined as
follows: spiral end angle was 57.44°, forward velocity was 3.82 km/h, and circumferential angle
corresponding to the soil discharge port was 32.02°. A prototype was manufactured based on the
optimized parameters, and field experiment was conducted. The field experiment results showed that the

soil pile mass on the film was 545.2 g, the lighting-struck ratio of the plastic-film was 72. 25% , the soil
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wide on film side was 90. 2 mm, and the soil depth on film side was 35. 7 mm, all meeting the agronomic

requirements of film mulching and covering soil on plastic-film for high ridge in hilly areas.

Key words: high ridge; covering soil on plastic-film; overlying drum; EDEM; orthogonal experiment
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soil on plastic-film for high ridge
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Simulation results
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Fig. 12 Influence of helix termination angle on soil pile

mass and soil pile convergence value
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Fig. 14 Influence of circumferential angle corresponding
to soil discharge port on soil pile mass and soil pile
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Tab.3 Simulation experiment factors and codes

K %
G5 15 R £ 45 R i i 13 R
fi/(°) (km-h~") B Jl ff B2/ ()
-1 45.0 3.5 30
0 52.5 4.0 40
1 60.0 4.5 50
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Tab.4 Experimental design and results

% K% BMriw EHERE
5 A B c Y,/¢g 4 Y,/mm
1 0 0 509.0 92.42
2 0 -1 1 462.5 99. 98
3 0 1 -1 499.5 99. 56
4 1 0 -1 552.0 92.65
5 1 -1 0 495.0 94.32
6 0 -1 -1 448.5 90. 86
7 -1 1 0 461.0 101.37
8 1 1 0 615.0 100. 83
9 1 0 1 562.0 98.21
10 -1 -1 0 431.5 95.35
11 0 0 0 535.0 93.93
12 0 0 0 513.0 92.23
13 0 0 0 524.0 94. 60
14 -1 0 -1 478.5 93.90
15 0 0 0 520.0 92.02
16 -1 0 1 495.0 99. 00
17 0 1 1 571.5 103. 50

X IEAS IR B0 45 R kAT 2 ek A LG, 5B

ARE SR Y, R E Y, 8 Kl
YA Dy
Y, =520.20 +44. 754 +38.69B + 14. 06C +

22.62AB -22. 98B’ (13)
Y, =93.04 +3.09B +2.96C - 1. 30BC +
1.204° +3.73B* +1.70C® (14)
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WL 2tz 5 ., HLEa Y, Zkm
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WERTiE e A R A (TR S R L b e R R A R,
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Tab.5 Analysis of variance for results of orthogonal experiments
- [ s e R B
-5 FI ¥75 Fi F -5 Fil A Y7 #0 F P

AL 34751.73 9 3861.30 16. 81 0.000 6 ™ 238.72 9 26.52 30.61 <0.000 1"

16 020. 50 1 16 020. 50 69.73 <0.0001 " 1.63 1 1.63 1.88 0.2127
B 11973.78 1 11973.78 52.12 0.0002 ™ 76.57 1 76.57 88.36 <0.000 1™

1582.03 1 1582.03 6. 89 0.0342" 70.33 1 70.33 81.16 <0.0001 "
AB 2047.56 1 2 047.56 8.91 0.0204" 0. 06 1 0. 06 0.07 0.7999
AC 10. 56 1 10. 56 0. 05 0.8363 0.053 1 0.053 0. 06 0.8119
BC 841. 00 1 841. 00 3. 66 0.0973 6.71 1 6.71 7.74 0.0272"
A? 48. 67 1 48. 67 0.21 0.6593 6.03 1 6.03 6.95 0.0336"
B? 2222.53 1 2222.53 9.67 0.017 1" 58.62 1 58. 62 67. 64 <0.000 1"
c? 12.53 1 12.53 0. 05 0.8220 12.22 1 12.22 14. 10 0.007 1**
52 1 608. 24 7 229.75 6.07 7 0.8 666
AU 1197. 44 3 399.15 3.89 0.1114 0.7596 3 0.2532 0.1909 0.8975
iR % 410. 80 4 102.70 5.31 4 1.33
il 36 359.97 16 244.79 16
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Fig. 15 Response surface of soil pile mass under

interaction of factors A and B

R LR A5 R Ay 52. 5, iRt RE A
X O (58 A B Xkt S SRl A 9% 5 B AR T e oz T
16 7 o Yk R — I, B e 1k B [
JAf SR, LR EEEH LT ES . ikt
16T 7 (59 Jo] 3 JBE — s T o 2 i 3 2 O, 2R
VAR M N ER e <k

Tl M B — E SR B, HLARTIE AT LA
) 483 5, 62 BB 5 O T P e O O T A
A, L HER A B NS o R, S RO e A
EH S G ZHAH 5 X8 br 217 L1k
it 15 B AR L M o R Dy

maxY,

minY,

st —1<A<I (15)
-lsB<l
-lsC<l1

L HER A mm

450
¥ 8 o
Ly, 35 375 o)
R
i, 30350 >

%/(cj
& 16 BC 32 HAE FA b 3 28 g R Ay w37 it T
Fig. 16 Response surface of soil pile convergence

value under interaction of factors B and C
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Tab.6 Field experiment results
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