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Tensile Properties of Residual Film in Tillage Layer Based on
Discrete Element Method
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Abstract: Due to the lack of accurate discrete element model parameters in the design and optimization
process of the key agricultural machinery components of the plough layer residual film recycling machine,
the research on the interaction mechanism between the plough layer residual film recycling machine and
the residual film was restricted to a certain extent. Taking the residual film in the tillage layer of cotton
field as the research object, the residual film in the tillage layer content and ultimate tensile force were
measured, and the residual film content and ultimate tensile force of different tilting depth and thickness
were obtained. According to the measurement results, the Hertz — Mindlin with Bonding contact model
was selected for discrete element model parameter calibration by using EDEM software. The normal
stiffness per unit area, tangential stiffness per unit area, critical normal stress, critical tangential stress,
bond radius and contact radius were selected as test factors. Through Plackett — Burman test, the steepest
climbing test and Box — Behnken test were used in turn. Finally, the significant parameters of the optimal
Bonding model were determined as normal stiffness per unit area, critical normal stress and bond radius,
whose values were 2.36 x 10° N/m’, 6.47 x 10* Pa and 0.004 mm, respectively. The simulation test
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was carried out to verify the parameters, and the error value was 5. 88% , which met the requirements.

Through the comparative analysis of the residual film in the tillage layer state and tensile curve of the

physical testing and simulation test in the stretching process, the rationality of the residual film model in

the tillage layer was proved, which provided theoretical support for the later residual film in the tillage

layer recycling machine to simulate the mechanical recovery of residual film in the tillage layer and

analyze the separation mechanism of film and soil.

Key words: residual film in the tillage layer of cotton field; ultimate tensile force; discrete element

model; Bonding model; tensile simulation test
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Fig.2 Sampling of residual film in tillage layer
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0.010
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Tab.4 Plackett — Burman test scheme design
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Tab.5 Analysis of variance significance of

Plackett — Burman test
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Tab.6 Test and results of the steepest ascent

B X, /(N-m™?) X,/Pa Xy/mm Y/N
1 1.2x10° 1 x10* 0.003 0 0. 66
2 2.3x10° 3 x10* 0.003 5 0.94
3 3.4 x10° 5 x 10* 0.004 0 1.09
4 4.5x%x10° 7 x10* 0.004 5 1.21
5 5.6 x10° 9 x 10* 0.005 0 1.59
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Tab.7 Box — Behnken test scheme and results

) Z, Z, Zy Y/N
1 -1 -1 0 0.91
2 1 -1 0 112
3 -1 1 0 1. 10
4 1 1 0 1. 86
5 -1 0 -1 0.92
6 1 0 -1 1.53
7 -1 0 1 1.27
8 1 0 1 1.94
9 0 -1 -1 0. 87
10 0 1 -1 1.51
11 0 -1 1 1.29
12 0 1 1 1.91
13 0 0 0 1. 06
14 0 0 0 113
15 0 0 0 0.97
16 0 0 0 1. 12
17 0 0 0 1.05
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BRI AU G . M 22 5 (P =0.096 3 >0.05) , 5t
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Tab.8 Analysis of variance of Box — Behnken test

KR I ¥or F P
BT 1.97 0.22 44.94 <0.0001**
Z, 0.63 0.63 129.69  <0.0001**
Z, 0. 60 0. 60 122.87  <0.0001*
Zs 0.31 0.31 63. 95 <0.000 1"
AVA 0.076 0.076 15.50 0. 005 6 **
Z\Zs 9 x10°* 9x10°* 0.18 0.680 5
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