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Design and Discrete Element Simulation of Interactive Layered
Subsoiler with Maize Straw Returned to Filed

ZHAO Shuhong LIU Hanpeng YANG Chao YANG Luoluo GAO Lianlong YANG Yueqian
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract; An interactive layered subsoil shovel was designed on the basis of material ( soil, straw and
stubble) characteristics, sliding-cut principle and the effect of subsoiler on soil before EDEM simulation
analysis in order to improve the stubble breaking ratio of sub-soiling and reduce soil disturbance and
energy consumption under the condition of maize straw returning. Firstly, the structure parameters of the
front shovel were obtained according to the material characteristic and the sliding-cut principle.
Secondly, the shovel handle of the interaction section of the backhoe to form the sliding interaction with
the backhoe was designed and the structural parameters of the backhoe were obtained according to the
position and direction of the maximum acceleration of the backhoe soil in the simulation process of the
front shovel, at the same time, the handle of the upper and lower section of the shovel was designed
according to the material characteristics and the sliding-cut principle. Finally, the distance between the
front shovel and the backhoe in sliding interaction was in the sliding state according to the moving speed
of the front shovel and the time of soil particles returning to the maximum acceleration. The direction of
the maximum acceleration of soil particles selected in the simulation process of the interactive layered
subsoil shovel and the front shovel was compared to verify the rationality of the design idea. The results of
the discrete element simulation showed that it was possible to reduce the soil disturbance effectively
through the interactive layered subsoil shovel. In terms of the average force on the stubble, it was
increased by 22. 14% and 26.98% respectively compared with the ordinary layered subsoil shovel and
the circular arc single shovel. In terms of the average resistance, it was declined by 14.25% , 26. 02%
and 8. 71% respectively compared with the non interactive layered subsoil shovel, the ordinary layered
subsoil shovel and the circular arc single shovel. The interactive layered subsoil shovel was endowed with
the high stubble breaking rate, the small soil disturbance and the low energy consumption, which met the
requirements of sub-soiling.
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Fig.2  Distribution range of straw
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Tab.1 Moisture content of materials in different height ranges %

sy 2 R 14 T IE
D, D, Dy Dy Dy D¢ D, Dy D, o B FF
1 59. 06 212.71 160. 13 77.94 22.12 25. 86 23. 84 26. 40 25.73 26. 04
2 57. 44 216.50 162.52 74.77 20.97 24. 15 24. 65 27.98 24.96 24.13
3 58.79 213.27 164. 07 75.38 21. 14 25.95 24.08 26.47 24. 64 25.38
SEEIE 58.43 214. 16 162.24 76.03 21.41 25.32 24.19 27.04 25.11 25.18
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Tab.2 Sliding friction angle between different height range materials and 45 steel (°)
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Fig.4 Sliding frictional angle change curve between

stubble, straw and 45 steel
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Fig.5 Sliding friction angle change curve between
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Tab.3 Internal friction angle and Poisson ratio of soil in
different height ranges
i FE/ mm PEEHE S/ (°) THF L
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Fig.6  Straw models of different lengths
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Tab.5 Contact parameters of DEM
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Fig.8 Model of overall simulation
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Fig.9 Analysis diagram of sliding
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Tab.6 Sliding angle of each shovel handle
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Fig. 11 Assembly diagrams of front shovel
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Fig. 13 Velocity vector distribution of soil particles

in front shovel simulation
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Soil movement of deep shovel under front shovel
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