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Design and Experiment of Land Leveling Blade Roller of
Ditching and Rotary Tiller with Gradual Spiral Angle

ZHENG Kan'? LI Yufei'? XIA Junfang'® LIU Guoyang' CHENG Jian' KANG Qixin'
(1. College of Engineering, Huazhong Agriculiural University, Wuhan 430070, China
2. Key Laboratory of Agricultural Equipment in Mid-lower Reaches of Yangize River,
Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract. To solve the problems of poor land leveling and nonuniform axial distribution of soil in rotary
tillage after opening drainage ditching in the middle and lower reaches of the Yangtze River, a blade
roller for rotary tillage and axial land leveling with gradual spiral angle was designed. The volume
parameter equation of soil disturbance of rotary tillage blade roller was established, the mechanical
conditions of axial soil transport of rotary tillage blade were analyzed, and the spiral line equation of
rotary tillage blade arrangement with gradient spiral angle was established. The key factors affecting the
axial uniformity of soil layer were determined as blade roller rotary speed, cutting pitch of rotary tillage
and initial spiral angle. The discrete element simulation model of rotary tillage blade roller with gradual
spiral angle was established by using distinct element method. The regression equation of soil layer
levelness was established by orthogonal test with the blade roller rotary speed, cutting pitch of rotary
tillage and initial spiral angle as the test parameters. The Design-Expert analysis software was used, when
the blade roller rotary speed, cutting pitch of rotary tillage and initial spiral angle were 260 r/min,
8.3 ecm,and 71°, respectively, the optimized soil layer levelness was 17. 35 mm. The field test under the
optimized parameters showed that the soil layer levelness, soil distribution uniformity, tillage depth
stability and soil broken rate were 14.5 mm, 8.82% , 92.34% and 81.66% , respectively, and the
comprehensive tillage performance was better than that of the traditional rotary tillage blade roller. The
research result could provide a reference for the equipment optimization and upgrading of the combined
operation of wheat planting, drainage ditching and rotary tillage in agricultural areas of the middle and
lower reaches of the Yangtze River.

Key words: ditching and rotary tillage combined machine for wheat seeding; gradation; spiral angle;

rotary tillage; blade roller
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Fig.2 Schematic of designed rotary tillage blade roller
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Fig.3 Analysis of soil cutting area and thickness

of rotary tillage blade
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Fig.4 Mechanical analysis of soil particles

affected by rotary tillage blade
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Fig.6 Data collection of random selected slice
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Tab.2 Protocols and results

R nE BETRE

X, X, X5 U, /mm
1 -1 -1 -1 37.12
2 1 -1 -1 31. 14
3 -1 1 -1 29.99
4 1 1 -1 25.86
5 -1 -1 1 33.45
6 1 -1 1 27.31
7 -1 1 1 30. 17
8 1 1 1 27.15
9 -1.682 0 0 41.70
10 1. 682 0 0 33.19
11 0 -1.682 0 29.28
12 0 1.682 0 23.40
13 0 0 -1.682 25.31
14 0 0 1. 682 21.52
15 0 0 0 16. 47
16 0 0 0 15.81
17 0 0 0 17. 66
18 0 0 0 16. 96
19 0 0 0 17. 46
20 0 0 0 18.39
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Tab.3 Significant analysis of regression model

of soil layer levelness

FrEERUE EM AmE B F P
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X2 765. 05 1 765.05 1418.52 <0.000 1 **
X2 162. 68 1 161.68 301.64 <0.000 1 **
X3 77.95 1 77.95  144.53  <0.000 1 **
B 5.93 11 0.54
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