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Design and Experiment of Micro-ridge Forming Device for
Seedbed Preparation in Cold Waterlogged Paddy Field
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Abstract; Aiming at the prominent problems that cold waterlogged paddy fields are featured by excessive
soil water content and poor aeration performance, which easily lead to surface water accumulation during
seedbed preparation operations, further affecting seed germination and restricting the healthy growth of
rice seedlings in the later period, a micro-ridging component dedicated to seedbed preparation in cold
waterlogged paddy fields was independently developed. The developed component was mainly composed
of a sliding-pushing furrow opener and a compacting and leveling part, which can synchronously realize
three key functions including micro-ridging and drainage, seedbed surface leveling, as well as side deep
fertilization, effectively solving the core technical bottleneck of seedbed preparation in cold waterlogged
areas. Based on the sliding cutting principle, the pushing and soil-breaking surface of the sliding-pushing
furrow opener was rationally designed, and through theoretical analysis and parameter optimization, the
initial sliding cutting angle 0, and the final sliding cutting angle 6, of the curved contour were determined
to be 10° and 55°, respectively. According to the actual agronomic operation requirements of cold
waterlogged paddy fields, the length L, of the sliding-pushing furrow opener was set as 150 mm, and the
profiling adjustment angle AA of the compacting and leveling part was set to 7° to ensure operational
stability. Through DEM — MBD coupled simulation experiments, the optimal width of the sliding-pushing
furrow opener was determined as 50 mm, and the stiffness of the profiling spring for the compacting and

leveling part was calculated to be 41.42 N/mm. Field experiment results showed that the bed surface
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evenness reached 11. 01 mm, the average depth and width of the micro-ridge ditch were 53.25 mm and
48. 11 mm, respectively, and the stability coefficients of ditch depth and width were 89.56% and

90. 64% , which all met the agronomic and operational requirements of mechanized ridging in cold

waterlogged paddy fields. The research result can provide important technical support and theoretical

reference for the design and optimization of seedbed preparation machinery in cold waterlogged paddy

fields.

Key words: cold waterlogged paddy field seedbed preparation; microridging device; DEM — MBD

simulation ; field experiment
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Tab.1 Main technical parameters
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Simulation of operation process of sliding-push

Fig. 11
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Fig. 12  Comparison of soil disturbance caused by

different widths of sliding push-type furrow openers
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Tab.4 Test scheme and results

S
JF5 A/mm B/ % C/%
Xl XZ
1 0 0 14.1 94.0 89.5
2 1.414 0 12.9 95.3 81.7
3 -1.414 0 18.3 90.3 93.8
4 -1 1 17.8 89.6 90.3
5 0 1.414 15.5 90. 6 88.0
6 1.414 0 12. 1 95.8 83.5
7 -1 -1 16.3 91.2 92.4
8 1 -1 13.7 95.7 82.3
9 0 0 13.5 94. 4 90.3
10 0 0 13.8 93.6 90. 4
11 0 0 14.3 92.8 91.2
12 0 -1.414 13.3 95.3 86. 8
13 1 1 13.9 93.1 85.3
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Fig. 13 Response surfaces analysis
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Tab.5 Soil physical parameters

LRSI, RHURE/ RIERKE/
LJZREE/em
kPa (grem ™) %
5 24.60 0.90 54.87
10 73.31 1.03 51.40
15 226.72 1.19 43.56
20 442. 41 1.38 37. 65
25 1035.78 1.75 32.19
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Fig. 14  Field test results
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