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Abstract. No tillage sowing with straw mulch on the surface has social, ecological and economic benefits
such as water storage and moisture conservation, improving soil fertility, improving soil structure,
controlling soil erosion, reducing production costs and increasing crop yield. In order to solve the
problems of poor operation quality and low efficiency of the straw cleaning device under the condition of
heavy straw coverage and high speed operation of the no-tillage seeding unit in service, an improved straw
cleaning device with the function of straw axial acceleration was designed. The mechanism of the straw
cleaning device was clarified, the key components were designed, and the main parameters affecting its
working performance and the value range were determined. Using the quadratic regression orthogonal
rotation center combination test method, taking the operating speed, operating deflection angle, spiral
rise angle and spiral blade number as the test factors, and the straw cleaning rate and working resistance

as the performance evaluation indicators, the parameter combination optimization test was carried out on
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the constructed EDEM — ADAMS joint simulation test platform. The results showed that each factor had a
significant impact on the straw cleaning rate, and the significant factors were working deflection angle,
operating speed number of spiral blades and spiral rise angle. Each factor had a significant impact on the
working resistance, and the significance from large to small was the working speed, working deflection
angle , number of spiral blades, and spiral rise angle. The Design-Expert software was used to optimize
the parameter combination of the test results. When the helix angle was 40°, the number of spiral blades
was 4, the operating speed was 7.5 ~ 10. 7 km/h, and the operating deflection angle was 20. 0° ~32.5°,
the straw removal rate was more than 85% , and the working resistance was less than 110 N. Under the
operating speed of 8 km/h, 9 km/h and 10 km/h, the field performance test was conducted on the straw
cleaning device with a spiral angle of 40°, a number of spiral blades and a working deflection angle of
30°. The straw cleaning rate was more than 82% , and the working resistance was less than 112 N, which
proved that the simulation test results were credible. At the operating speed of 10 km/h, the straw
cleaning rate was increased by 33.5% compared with that of the non optimized straw cleaning device,
and there was no significant difference in the working resistance.

Key words: no-tillage seeder; straw cleaning device; EDEM — ADAMS joint simulation; design; test
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composition of straw cleaning device and no-tillage seeder
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Tab.1 Material contact and intrinsic parameters
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FREE S R (S5 FEFF) 0.30 0. 30 0. 50
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Tab.3 Test design and results

S PR AR
P R/ TR BT b AR LR
(km-h=") f/(°) /() wrE Y/% J1Y,/N

1 7.2 20 30 3 72.8 72
2 10. 8 20 30 3 79.5 104
3 7.2 30 30 3 84.0 84
4 10. 8 30 30 3 86.0 131
5 7.2 20 50 3 69.9 80
6 10. 8 20 50 3 76.0 106
7 7.2 30 50 3 83.0 92
8 10. 8 30 50 3 85.2 136
9 7.2 20 30 5 82.9 85
10 10.8 20 30 5 86.0 117
11 7.2 30 30 5 86.0 96
12 10. 8 30 30 5 88.0 138
13 7.2 20 50 5 78.0 93
14 10. 8 20 50 5 83.0 125
15 7.2 30 50 5 81.0 102
16 10. 8 30 50 5 83.1 142
17 5.4 25 40 4 75.0 74
18 12.6 25 40 4 95.0 143
19 9.0 15 40 4 74.8 89
20 9.0 35 40 4 83.9 121
21 9.0 25 20 4 83.0 97
22 9.0 25 60 4 80.0 99
23 9.0 25 40 2 75.0 95
24 9.0 25 40 6 83.9 102
25 9.0 25 40 4 86.0 91
26 9.0 25 40 4 84.0 97
27 9.0 25 40 4 87.0 98
28 9.0 25 40 4 86.6 98
29 9.0 25 40 4 87.5 97
30 9.0 25 40 4 88.2 105
31 9.0 25 40 4 84.0 101
32 9.0 25 40 4 86. 6 101
33 9.0 25 40 4 86.3 98
34 9.0 25 40 4 88.7 98
35 9.0 25 40 4 78.0 94
36 9.0 25 40 4 87.0 97
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Fig. 10 Simulation of straw particle trajectory and velocity cloud
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Tab.4 Analysis of variance
— R R TAERL s
-5 A A th F p -5 Fi A F I
sl 802. 94 14 7.77 <0.0001* 10 900. 72 14 43. 66 <0.000 1
X, 199.53 1 27.03 <0.000 1 ** 7 812.04 1 438. 06 <0.000 1*
X, 183.71 1 24. 89 <0.000 1 ** 1717.04 1 96. 28 <0.0001*
X, 42.67 1 5.78 0.0255* 117.04 1 6.56 0.0182"
X, 101. 68 1 13.78 0.0013* 477. 04 1 26.75 <0.000 1 *
X, X, 9.92 1 1.34 0.2593 162. 56 1 9.12 0.006 5 **
X, X, 0.16 1 0.02 0.884 4 7.56 1 0.42 0.5220
XX, 1.44 1 0.20 0. 6632 0.56 1 0.03 0. 8607
X, X, 0.42 1 0.06 0.8132 0.56 1 0.03 0. 8607
X, X, 63.20 1 8.56 0.008 1 ** 33.06 1 1.85 0.1878
X3 X, 5.76 1 0.78 0.3870 0.56 1 0.03 0. 860 7
X3 0.96 1 0.13 0.7224 348.92 1 19.57 0. 0002 **
X2 80. 43 1 10. 90 0.003 4 * 188. 50 1 10. 57 0. 003 8 **
X2 35. 14 1 4.76 0.040 6" 14. 67 1 0. 82 0.3747
X2 77.92 1 10. 56 0.003 8 ** 20. 59 1 1.15 0.2948
w2 155.01 21 374. 50 21
EED! 66. 18 10 0.82 0.6193 239. 58 10 1.95 0.1437
R 88. 82 11 134.92 11
SR 957. 94 35 11275.22 35

T FoR L (0. 01 <P <0.05) 5 s FoR LMK L F (P<0.01),
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Influence of various factors on straw clearing rate
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Fig. 12 Influence of various factors on working resistance
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Tab.5 Comparison test results

E<3i1] fEAbEE/ (km-h ") WERER/%  TAEBLJI/N
8 76. 1" 86"
R 2 B 9 68.8" 95"
10 63.2" 114°
8 82.3" 97"
R A 9 83.7° 106*
10 84.4° 112°
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