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Design and Experiment of Grass — Soil Separation Device with Combination
of Stubble Cutting and Grass Guiding Used for No-till Planter

HUANG Yuxiang'® GAO Pengyang' ZHANG Qingkai' SHEN Hao' ZHU Ruixiang'”®> SHI Jiangtao’
(1. College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China
2. Shaanxi Engineering Research Center for Agricultural Equipment, Yangling, Shaanxi 712100, China
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Abstract; Aiming at the problems of no-till corn planter, such as difficulty of passing through stubble
fields, mixing of grass and soil in the seeding strip and the poor operation quality, a grass — soil
separation device with combination of stubble cutting and grass guiding was designed based on the
technical idea of combined operation of driving stubble cutting and passive guide grass. Several functions
were achieved using the device, including cutting, poking, throwing, guiding, separation and flowing of
both straw and grass. Based on the theoretical analysis of the interaction law between the key components
(e.g., concave notched disc cutter and guide grass board) and straw and grass, key influencing factors
and their value ranges were investigated. The optimal parameters of the guide board were determined by
using CFD simulation software. To determine the optimal combination of structural parameters of concave
notched disc cutter, the interaction model of grass —soil separation device — soil —straw was established by
using EDEM discrete element simulation technology. The results showed that the main structural
parameters affecting the tool performance were embedded depth, the height of cutter tooth and the angle
of blade. When the embedded depth, blade height and knife dish angle were 73. 63 mm, 69. 70 mm and
23.41°, respectively, the performance of the device was the best, as indicated by good passage of the
device with seeding straw cleaning rate of 90. 16% and soil disturbance of 20. 85% , which could meet
the agronomic and technical requirements of no-till corn planter. Moreover, the device working
performance was stable.
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Fig. 1 Schematics of combined straw and soil separation

device for cutting stubble and guiding grass
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Fig.4 Schematic of concave notched disc cutter
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Fig. 9 Velocity and pressure distribution cloud charts of convex guide grass plates with different radius
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Interaction model of grass — soil separation

device, soil and straw
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Tab.2 Factors and codes of test

- B S{SES
H/mm h/mm a/(°)
-2 20 40 6
-1 40 55 12
0 60 70 18
1 80 85 24
2 100 100 30
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Tab.3 Experimental design and results

5 &R FEFFIGBR %

e
A B c 0/ %
1 -1 -1 -1 94. 40
2 1 -1 -1 93.43
3 -1 1 -1 96.35
4 1 1 -1 94. 89
5 -1 -1 1 93. 67
6 1 -1 1 97.32
7 -1 1 1 94. 16
8 1 1 1 97.08
9 -2 0 0 90.51
10 2 0 0 92.94
11 0 -2 0 94. 65
12 0 2 0 96. 84
13 0 0 -2 94. 65
14 0 0 2 97.81
15 0 0 0 97.57
16 0 0 0 97.32
17 0 0 0 97.81
18 0 0 0 97.32
19 0 0 0 97.57
20 0 0 0 97.57
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5 04t ot
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= 88t gf 88
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3.4.1  [lHEEA 5 B EETT 20

T R T R S [l D R A 5 W v Oy 2 4 i
R 4 FroR . R 4 al g, [N sk F IR T Y
TIEEAN LB H TV BE b LA K T] B4 o X i
R FE U BRI B A 2 5, {7 FLa a0 45 R 5 B
WM A R —3 . A B R S A B R Y
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SR 2 A ALK, AT A 2 1 2 A AT I B 2 QY [l
A5 R

0 =97.5+0.564 +0.5B +0.59C + 1. 13AC -
0.39BC - 1.46A4%> =0.46B° -0.34C> (16)
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Tab.4 Variance analysis of regression equation

ZESORIE FOFM AmE B F P
[ 80. 69 9 8.97 93.57  <0.000 1"
A 5.06 1 5.06  52.84  <0.0001*
B 4.04 1 4.04 42,17  <0.0001*
c 5.62 1 5.62  58.62  <0.0001*
AB 0.19 1 0.19 1.94 0.1937
AC 10.13 1 10.13  105.67  <0.000 1 **
BC 1.25 1 1.25 13.03  0.004 8 **
A2 53.85 1 53.85  562.07 <0.0001*
B> 5.29 1 5.29 55.17  <0.0001*
c? 2.86 1 2.86  29.85  0.0003*
Bk 2% 0.96 10 0. 096
P! 0.79 5 0.16 4.59 0.0599
W% 0.17 5 0. 034
SN 81. 64 19

e s KR ZE ML (P <0.01),

3.4.2 B i o3 A

it — A B B 4% g PR R A 4R
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Fig. 13 Response surfaces of influence of various factors on clearance rate of seedling straws
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Fig. 15 Distributions of straw in seedling belt before

and after operation
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Tab.5 Results of stalk removal in seedlings

75 M,/kg M,/kg s
W%/ %
1 0.202 4 0.019 1 90. 56
2 0.174 8 0.0182 89.59
3 0.296 7 0.0213 92. 82
4 0.2116 0.0226 89.32
5 0.2369 0.0309 86. 96
6 0.2208 0.0219 90. 08
7 0.246 1 0.0247 89.96
8 0.2714 0.0211 92.23
9 0.1863 0.020 4 89. 05
10 0.2162 0.0195 90. 98
4.3.3 WARIRSE K+ sh &

Xf UIHE - B 4L R oy B A EAR S e B
T #EAT I R s . ARl A 1 T A IR
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Fig. 16  Schematics of trench depth and width

measurement process
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Tab.6 Measurement results of soil groove size

e ¥ 58/ mm WHR/mm SR/ %
1 112 131 18. 67
2 126 128 21.00
3 115 117 19. 17
4 131 126 21.83
5 134 121 22.33
6 124 127 20. 67
7 118 136 19. 67
8 129 119 21.50
9 132 135 22.00
10 130 129 21.67
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