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Design and Experiment of Star-tooth Spherical Disc Soil-covering
Device for Planter

LU Qi"? LIU Lijing'®> LIU Zhongjun'? JIN Wenting'*
(1. Chinese Academy of Agriculiural Mechanization Sciences Group Co. , Lid. , Beijing 100083, China
2. National Key Laboratory of Agricultural Equipment Technology, Beijing 100083, China)

Abstract; In view of the unreliable operation of the V-type extrusion soil-covering device under clay
conditions, the seed furrow is not tightly closed, which is easy to cause the actual production problems of
seed “overhead” and “seed drying”. A star-toothed spherical disc soil-covering device was designed to
improve the soil covering quality of the planter. The working principle of the star-tooth spherical disc soil-
covering device was analyzed. Through the kinematic analysis of soil particle in the process of soil
covering operation, the main structural parameters affecting the quality of soil covering operation were
determined , and the main structural parameters and installation parameters of the star-tooth spherical soil-
covering disc were designed. The interaction model between soil and soil-covering device was established
by using EDEM. The single factor and Box — Behnken tests were carried out with the installation
inclination angle, installation distance and penetration depth of the star-tooth spherical disc as the test
factors, and the weight of the covering soil and the coefficient of variation of the covering soil weight as
the evaluation index. The optimal structural parameter combination of the star-tooth spherical soil-covering
disc was determined as installation inclination angle of 25.03°, installation distance of 196.66 mm, and
penetration depth of 77. 65 mm. A field validation test was conducted under this parameter combination.
The field validation test was carried out by taking the installation inclination angle of 25°, installation
distance of 197 mm, and penetration depth of 77 mm. The test results showed that the average weight of
covering soil was 241. 46 g, which was consistent with the simulation results, and the relative error was
5.12% . The coefficient of variation of the covering soil weight was 3. 71% . The weight of covering soil
was uniform and the operation quality was good. The seed sowing depth met the agronomic requirements
after the soil covering operation. The star-tooth spherical disc soil-covering device can effectively improve
the soil-covering performance of the planter.
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Fig.2  Structure diagrams of star-tooth spherical

disc soil-covering device
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Fig.3  Soil particle force analysis
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soil-covering disc
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spherical soil-covering disc
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Tab.3 Experimental design and results

H ks W/g Cy/ %

7 X, X, A3
1 -1 -1 0 169. 82 3.12
2 1 -1 0 172. 27 3.59
3 -1 1 0 176. 48 14. 34
4 1 1 0 241.92 5.18
5 -1 0 -1 201. 68 6.18
6 1 0 -1 232.42 3.99
7 -1 0 1 225.50 4.23
8 1 0 1 250.71 2.99
9 0 -1 -1 192.73 3.22
10 0 1 -1 207.95 8.81
11 0 -1 1 201. 18 3.89
12 0 1 1 240.71 4.26
13 0 0 0 228.53 3.68
14 0 0 0 245.95 2.41
15 0 0 0 239.20 2.56
16 0 0 0 243.70 3.44
17 0 0 0 245.95 4.02
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Tab.4 Variance analysis of covering soil weight

R SEE HME ¥y F P
(] 12333.30 9 1370.37 33.02 <0.0001*
X, 1917.04 1 1917.04 46.19  0.0003*
X, 2147.09 1 2147.09 51.74  0.0002*
X, 867.78 1 867.78  20.91  0.0026*
X, X, 991.94 1 991.94  23.90  0.0018*
X, X, 7.65 1 7.65 0.18 0. 680 7
X, X, 147.74 1 147.74 3.56 0.101 1
X? 1188.98 1 1188.98 28.65  0.0011*
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X2 58.13 1 58.13 1.40 0.2752
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Tab.5 Variance analysis of variation coefficient

of covering soil weight
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Fig. 10 Soil covering performance test
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Fig. 11 Sowing depth verification test
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Tab.6 Sowing depth measurement results mm

s =S LA AT 4% I A AT % T
1 48 46
2 43 30
3 51 41
4 46 47
5 44 28
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