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Design and Experiment of Cultivator and Weeder Based on Intercropping Mode

Wang Long'®  Wang Chengqing'> Shi Lu'” Chen Xuegeng’ Yan Limin’ Wang Xufeng'”> Hu Can'”’
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Abstract; Aiming to address the issue of lack of suitable machinery for intertillage and weeding operations
after grain-filling stage of winter wheat and before sowing of subsequent crops in “winter wheat +”
intercropping mode in Xinjiang, a mid-tillage and weeding machine with individual contour-following
functionality was designed. The overall structure and working principle of the machine were elaborated,
and the contour-following mechanism and dynamic motion process of the rotary tiller blade were analyzed.
Based on the measured characteristic parameters of typical weed Chenopodium album , a discrete element
model of Chenopodium album and soil complex was constructed by using Bonding V2. The simulation
analysis revealed the failure process of the Chenopodium album and soil complex, and identified the
operating speed of mid-tillage and weeding machine and the rotational speed of blade roller as main
parameters affecting the operation effect. Using Box — Behnken experimentation and multi-objective
optimization, the optimal operating parameter combination of blade roller rotational speed, operating
speed, and tilling depth was determined to be 270 r/min, 3 km/h, and 70 mm, respectively. Field tests
were conducted by using this optimal parameter combination. The results showed that the weed removal
rate, soil fragmentation rate, and wheat seedling damage rate were 95.3% , 89.4% , and 4.23% ,
respectively. The tilling depth stability coefficient was 91. 6% , and the field soil fragmentation rate was
basically consistent with the simulation results. The machine operated stably and could meet the
requirements of intertillage and weeding, soil fragmentation, low seedling damage, and stable tilling
depth in the intercropping mode.
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Fig.1 Schematic of wheat planting in intercropping mode
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Fig.4 Motion trajectory of points on rotary tiller blade
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Fig.8 Crushing conditions and trajectories of

chenopod at different speeds
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Fig.9 Trajectory speed of chenopod root crushing
at different speeds
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Fig. 11  Force distribution curves of rotary tiller blades

under different tilling depths
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Tab.7 Variance analysis of regression model

Eizgan ﬁ§ TR AME B F P
K
iRl 259.55 9 28.84  77.42  <0.0001**
%) 34.73 1 34.73  93.24  <0.0001"*
% 49.70 1 49.70  133.42 <0.000 1 ***
% 3.70 1 3.70 9.94  0.0161"
X%, 9.06 1 9.06  24.32  0.0017"**
X% 0.10 1 0.10 0.28 0.6162
M % 5.74 1 5.74  15.40  0.0057 ***
x} 0.25 1 0.25 0. 67 0. 440 4
x} 61.10 1 61.10 164.02 <0.0001"*
P 74. 42 1 74.42  199.80 <0.0001 "
B2z 2.61 7 0.37
JAH 003 3 0.01 0.02 0.9970

BAT O 262.16 16
iR 350,47

38.94  203.32 <0.0001 "

182.23
0.19
0.09 0.35

K3 182.23 951.48 <0.0001 **
2% 1.34
KT 0.28

B 351.81 16

0.793 6

9
X, 0.09 1 0.09 0. 45 0.5254
X 18.98 1 18.98  99.11  <0.000 1 **
X 89.32 1 89.32  466.39 <0.0001 **
X%, 0.56 1 0. 56 2.90 0.1325
X% 23.72 1 23.72 123.83 <0.0001**
S xmyw 2.28 1 2.28  11.90  0.0107*
K2 19. 49 1 19.49  101.74 <0.0001**
3 8. 63 1 8.63  45.03  0.0003"*
1
7
3

Bifl  20546.97 9 2283.00 352.47 <0.0001**
X 3341.84 1 3341.84 515.95 <0.0001"*
x 1192029 1 11920.29 1840.38 <0.002 1 ***
I 146.39 1 146.39 22.60  0.0005 **
X% 14.06 1 14.06  2.17 0.184 1
X%y 25.00 1 2500 3.8  0.0902*
F' xxy 147.62 1 147.62 2279 0.0020
x? 32090 1 320.90 49.54  0.0002**
K3 214. 95 1 21495 33.19 0.0007**
K3 1612.57 1 1612.57 248.97 <0.0001**
B 45.34 7 6.48
RAI0.29 3 0. 10 0.01 0.998 7

B 20592.31 16

o FRZEFBE (P <0.01); #+ FRBE0.01<P<
0.05); * FREEE(0.05<P<0.1),
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Fig. 12 Field operation diagram of cultivator and weeder
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Fig. 13 Weeding effects before and after using

cultivator and weeder
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