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Abstract

Plow surface parameters are important factors affecting the trajectory of soil and the distribution of soil
after tillage. At present, the research of plow mainly focuses on the working resistance and the wear of
components. There are few studies on the structure parameters of plow surface and the distribution of soil
after tillage. In this paper, aiming at the problem that the relationship between the structural parameters of
the plow surface and the spatial distribution of the soil after tillage is not clear in the process of plowing, the
discrete element simulation analysis is used, combined with the magnetic tracer method, to explore the
influence of the structural parameters of the plow surface on the trajectory of the soil, and the prediction
model of the position of the soil in the process of tillage is established, which provides theoretical support
for the design of the plow surface. The main research contents of this paper are as follows :

(1) Aiming at the kinematic and dynamic characteristics of soil migration during ploughing, the soil
migration trajectory is divided into the collision stage between soil and plough, the migration stage along the
plough and the migration stage after leaving the plough. The mathematical model of the soil movement
trajectory is established, and the influence factors of the surface structure parameters of the plough on the
soil movement trajectory are analyzed.

(2) Through discrete element simulation analysis, the trend of soil migration during ploughing is
explored. The results show that during the relative movement of soil and plough body, the height of soil is
inversely proportional to the distance from soil to shin blade line, and the horizontal position is proportional
to the distance from soil to shin blade line. Through the single factor simulation test, the simulation study on
the change trend of soil movement trajectory under different structures of plough body surface is carried out.
The results show that the lateral displacement of the trace line has the greatest influence on the distribution
of the soil depth direction, the coefficient of the change of the turning angle along the plow chest has the least
influence on the distribution of the soil depth direction, and the other structural parameters only affect the
displacement of the soil depth direction in the shovel tip area.

(3) Based on the dimensional analysis method combined with Buckingham 's @ theorem, a prediction
model for the throwing position of the soil was established. Taking the initial coordinates of the soil, the
lateral displacement of the trace line, the pushing angle of the plow body, the turning angle and the turning
curve as the independent variables, and the forward direction displacement of the soil X, the lateral
displacement Y and the depth direction displacement Z as the dependent variables, the prediction models of
the position of soil flaking were established respectively, and the determination coefficient R?> was greater
than 0.80.

(4) In order to verify the accuracy of the prediction model of soil falling position, the soil coordinate
extreme value test was carried out, and the correlation between the measured value and the predicted value
was analyzed. The determination coefficient R? of the X prediction model was 0.97, the determination
coefficient R? of the Y prediction model was 0.93, and the determination coefficient R? of the Z prediction
model was 0.91. The fitting accuracy was high. The prediction model can accurately predict the forward
displacement, lateral displacement and depth displacement of ploughed soil.

Key words: Soil ; mulch plough ; trajectory of soil slice movement ; discrete element method ;
prediction model
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Table 1-1 The advantages and disadvantages of the main forming methods of high-speed plough surface
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