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Design and Experiment of Archimedean Spiral-type Arc Double-toothed
Disc Soil-covering Device for High-speed Precision Planter
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Abstract; Aiming at the existing heavy-duty precision planter soil-covering device at high speed, there
are problems such as high impact on seed spacing uniformity, seed being overhead, etc. , the proposed
combination of Archimedean spiral-type and extruded soil cover technical ideas, an Archimedean spiral-
type arc double-toothed disc soil-covering device was designed, to achieve suitable and uniform mulch
thickness and reduce the impact of mulching operations on seed spacing uniformity. The structural
parameters of the mulching device and the amount of mulch were analyzed, and the range of values of the
main parameters affecting the effect of mulching was determined; the simulation and optimization analyses
of the designed components were carried out by using EDEM software to determine the optimal parameter
combinations of the arc double-toothed disc; and the operational performance of the device was verified
through field experiments. The results showed that the main structural parameters affecting the operational
performance of the arc double-toothed disc were the center distance, installation inclination, and
embedded depth of the arc double-toothed disc. When the center distance of the arc double-toothed disc
was 142. 6 mm, the installation inclination was 20°, and embedded depth was 55 mm, the device passed

well with suitable and uniform mulch thickness, the average mulch thickness was 47 mm, and the
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standard deviation and coefficient of variation of qualified spacing differed from the blank control group by

0.22 mm and 1. 81 percentage points, which was a small influence on the uniformity of sowing and met

the agronomic requirements of precision sowing.

Key words: precision planter; soil-covering device; Archimedean spiral-type; arc double-toothed disc
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Fig. 1  Soil-covering disc with different disc shapes

and arrangements
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Fig.3 Schematic of working principle and operation

process of soil-covering device
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Tab.1 Basic parameters of discrete element

simulation model
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Fig.8 Discrete element model between soil-covering

device — seed — soil
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Tab.2 Single factor simulation experimental factor levels

IK N/~ s/mm a/(°) h/mm  p/(m-s™")
[B1HE 140 mm 223/ 20° A VR B 50 mm | Jij i 1 10 130 15 40 1
M2 m/s AT — R R0 iR Al R 2 12 140 20 50 2
R 7K o R E L R K ik 2 s, il e ] 1 150 2 60 ]
— B e —E+tE — B & —E+E —E+E
- - =PI bR i --- PP EE et i RV 2 (5 - - - PP s b2 - - - PP E
19+ 120 19¢ 20 19- 120 1.9+ 120 19¢ 220
/ g £ £ g
1.8t S 16 £ 1.8} 116 £ £ 18+ 116 £
ﬁm-—}lz;‘, 12&1 Ham 12% % HT;H”_ ,"‘12%
= i = = 7 =
S S R 82 X6 8 ® ® 1.6-\/\-8 2
E ¥ T L
L5 - {a 14 L 1.5F 4 Z o 15 &
o1 1l L4 o 150 s 250 T L 2 30
WA LA /mm LR (°) AL /mm AR/ (m-s")

KO B R R B R A R

Fig. 9 Results of single factor simulation experiment
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Tab.3 Experimental factor code

Gt Tty Ak
s/mm a/(°) h/mm
-1 130 15 50
0 140 20 55
1 150 25 60

x4 REARS5ER

Tab.4 Experimental programs and results

. K% By FFALBER
Ui s/mm a/(°) h/mm kg YE 2%/ mm
1 130 15 55 1.919 7.32
2 150 15 55 1.903 4.15
3 130 25 55 1.347 4.82
4 150 25 55 1. 615 3.61
5 130 20 50 1.619 6.13
6 150 20 50 1.754 2.09
7 130 20 60 1. 835 6.91
8 150 20 60 1.963 6.68
9 140 15 50 1. 839 1.70
10 140 25 50 1.382 2.20
11 140 15 60 2.017 5.23
12 140 25 60 1.599 4.01
13 140 20 55 1. 843 4.24
14 140 20 55 1. 806 5.79
15 140 20 55 1. 821 4.06
16 140 20 55 1.790 5. 60
17 140 20 55 1. 801 4.68
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Tab.5 Variance analysis of soil covering volume

simulation experiment

SERW FHAM AHE ¥o7 F P
LAY 0.558 4 9 0.0620 236.21  <0.000 1
s 0.0332 1 0.0332  126.23 <0.0001
o 0.376 3 1 0.3763 1432.62 <0.000 1
h 0.084 1 1 0.0841 320.01 <0.000 1
sa 0. 0202 1 0.0202  76.77  <0.000 1
sh 0. 000 0 1 0.0000 0.0466  0.8352
ah 0. 000 4 1 0. 000 4 1.45 0.268 0
52 0.001 1 1 0.0011  4.29 0.077 2
o’ 0.0420 1 0.0420 159.83  <0.000 1
h? 0. 0000 1 0.0000 0.1541 0.7064
k2% 0.001 8 7 0.0003

L) 0. 000 2 3 0.0001 0.1234 0.9415
PRI 0.0017 4 0. 000 4

SR 0.560 2 16

x6 MFUBREEZHEREATZDNN
Tab.6 Variance analysis of seed displacement standard

deviation simulation experiment

SR PR AME ¥77 F P
(e 41.49 9 4.61 10. 27 0.002 8
s 9.35 1 9.35 20.83  0.0026
P 1.77 1 1.77 3.94 0.0877
h 14.34 1 14. 34 31.94  0.0008
sa 0. 960 4 1 0.9604  2.14 0.1870
sh 3.63 1 3.63 8.08 0.0249
ah 0.739 6 1 0.739 6 1. 65 0.2402
52 5.42 1 5.42 12.07  0.0104
o 4.50 1 4.50 10. 01 0.0158
h? 1.30 1 1.30 2.90 0.1326
5% 2% 3. 14 7 0.4490

KA 0.674 4 3 0.2248 0.3643 0.7835
1R 2.47 4 0.617 1

J=¥il 44. 63 16
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Tab.7 Measurement results of soil covering thickness

W 1 2 3 4 5
b BB /mm 53 47 51 42 42

x8 ARMNEMNELR

Tab.8 Measurement results of qualified seed spacing

. P i 2/ iz ERRE ERRE
mm V- H){H/mm % V¥ fE/ %
3.53 16.33
75 % 3.63 3.46 17.20 16.05
3.21 14.36
3.78 18. 50
L5 3.56 3.68 17.27 17.86
3.69 17. 81
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