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Abstract To address the issues of low weeding efficiency and high seedling damage rates of maize field
conventional mechanical weeding machines, a vertical double-shaft counter-rotating weeding machine was
designed. The physical properties of maize field soil and common weeds were measured and analyzed, and
the root-soil composite discrete element model was established using EDEM software. The interaction between
the weeding knife and the soil and weed roots during the weeding process was simulated to evaluate the effects
of different parameters on the power consumption and performance of the weeding knife. Using blade inclination
angle, end face inclination angle, and the number of blades as influencing factors and weeding torque and soil
crushing rate as response variables. Pre-experiments and single-factor experiments were conducted to
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determine the influence of each factor on the response variables. Based on the results of prior simulation

experiments, multi-factor simulation experiments were carried out, and the weeding knife was optimized using

the Non-Dominated Sorting Genetic Algorithm-Il (NSGA-I to determine the optimal parameters of the weeding

knife. Field experiments were conducted to verify the reliability of the weeding knife during actual operations.

The optimal parameter combination for the weeding knife, obtained through optimization, was a blade inclination

angle of 10°, an end face inclination angle of 55°, and 3 blades. The results of field trials conducted with the

optimal parameter combination showed that the weeding rate was 94.67%, the seedling injury was of 3. 74%,

and the soil crushing rate of 84%, respectively. In conclusion, the weeding machine operated stably during the

process and exhibited good weeding performance.

Keywords vertical weeding machine; weeding knife; root soil composite; weeding rate
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Fig. 1 Schematic diagram of the vertical double-shaft counter-rotating weeding machine
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Fig.2 Structure diagram of weeding knife
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Fig. 3 Structure diagram of weeding knife
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Fig. 5 Shear force curve of eleusine indica root
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Tablel Contact parameters of root system discrete element model

ZH B S8 BAH
Parameter Value Parameter Value

SR s #4579 BR/CEY
&R %/ (kg/m®) 107.6 R 5] 77 W2 R 0.4

Root density
M2 57 Y] 4 /MPa

Recovery coefficient between root and weeding knife

R Z 15 1) 77 [l 3y JEE 4% TR

8 0.01

Shear modulus of root Dynamic friction coefficient between root and weeding knife
RN T 2 5 91 77 [ i E 15 TR %

. . 0.25 L . . . 0.7
Poisson ratio of root Static friction coefficient between root and weeding knife
GRS IREL R VSR 0.4 R 2 UKL K 25 W BE / (N/m®) 1 65X 107
Root recovery coefficient ’ Root particle adhesion stiffness '
HEFR 1] 2l JBE 452 ] % 0.15 R ZR HORE s 5 1L 1 /Pa 1107
Dynamic friction coefficient between root ' Critical stress of root particles
HEZR 1] e B 452 1] % 0.4 R URLRE 25 2 42 /mm 1o

Static friction coefficient between root

Adhesion radius of root particles
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Table2 Contact parameters of root soil composite discrete element model.
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Parameter Value Parameter Value
s S M 5 I D i R 4 TR
B B s 3 L
i%ﬁfi{ﬁ‘& e . . 0.3 Static friction coefficient between soil and the 0.313
Poisson's ratio of soil particles . .
weeding knife
o / - 5 B T Bl P 4 TR B
Hew i / (kg/m*)
* i%& B/ .g/m 2 600 Dynamic friction coefficient between soil and the 0.17
Density of soil . .
weeding knife
e e T e R ZR 5 0 e O ] /Y 2l FE 45 R %
-+ HE R 00 ) R /P s s
. ) 1X10 Dynamic friction coefficient between root and soil 0.3
Shear modulus of soil particles :
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. R FR A5 g OR8] B9 5 RE 452 P4 £
[ VARER /o .
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Poisson's ratio of the weeding knife .
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S e 5+ Uk E] WK R
bk 5 0 % 1/ (kg/m®) *E%'i R 7{5» I.—J VBRI .
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Density of the weeding knife .
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Bk 1 55 D)KL A/ Pa w0 || S ABUREL 7] s 3% [ B ) /Pa .
. . 7.9X10 . . 1X10
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Ree: 2L AR /R 0.6 39 A5URE 8] W 5700 1] 1 J) /Pa 5% 10°
Restitution coefficient between soil particles ' Critical tangential stress between soil particles
- S O R Y e R % 0,33 - 398 OR8] % 1) W1/ (N/m?) 5% 10°
Static friction coefficient between soil particles ’ Normal stiffness of soil particles
UL 18] Y B FE 45 I R 0.14 338 UL 18] B9 B0 1) W02/ (ON/m™) 5% 10°
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ORI BT 18] B K A2 5 B
8 Wi 2k o
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Fig. 8 Simulating the weeding process with a weeding knife
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Table 3 Single factor experimental factors and levels of weeding knife parameters

# Factor

I{tj; R A/ s V) f B/ () TI R C/ A
Blade inclination angle  End face inclination angle Number of blades
! 2 30 9
? 4 40 3
¥ 6 50 A
y 8 60 5
5 10 70 6

3.2.2 BRFNBRERERE LRGSR
AR i U1 R TD R B W) 5 L AR
A7 Bl R 25 R DL IR 10, B AT AR B934 8, BR A4
JE e/ I BRI A 1 O RIS D 87 Ak 2 R AR E
7.45 N-m; i b A BRI A S8/ N5 O, BT
635 B R AR 77. 6 60 o Bl o ) A1 49, B w4

B2 PREHIH Weeding torque

SEUs/IN, 50 Ik B AR 7. 36 N-m, Ji B i 1 1 8 K
RS K 5 8 - AR B U A7 3 T )N B KA 81, 4 04
Bl ] 3 B0 BR AR N 7. 29 N m AN Brs K, 1
WA T) R BON 4 Rk Bl i KA . il 45
R B R 6°~10°, v Yl 1 40°~60°, JJ K%k 3~
5 R I, R T A] S8 BB AT A AR v R

=== [+ 3 Broken soil rate

8.0 82
7.9 2 83
78 81 82
7.7 81
£ 76 80 .
574 79
7.3 78
72 78 77
7 76
7.0 77

A1) BI(°)
(a) B (b) s b ffi
(a) Blade inclination angle (b) End face inclination angle
ARRHIfA, O BASmYIMA, O ;CHIIREL A FI1T 12,
A is the blade inclination angle (*); B is the end face inclination angle (*); C is the number of blades. Figs 11 and 12 are the same.
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Fig. 10  Simulation test results of the effects of blade inclination angle, end face inclination angle and number of blades on
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weeding torque (YD and soil crushing rate (Y},)
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Table 4 Variable coding for experimental design of weeding blade parameters

% Factor

Lo FoA 1O SO 3 /) TR C
Blade inclination angle End face inclination angle Number of blades
! 6 40 3
0 8 50 A
1 10 60 -

x5 BRENSHRAEARSER

Table 5 Design scheme and results of weeding knife parameter experiment

= A Z K- Factor level FE AR Index o K £ /K- Factor level FE 5 Index

Number 4 B C  Y/(N'm) Y% | Number 4 B C  Y/(N'm)  Y,/%
1 1 1 0 7.73 88.75 10 0 —1 —1 7.75 85.84
2 1 1 0 7.72 84.02 11 1 —1 0 7.7 85.79
3 0 0 0 7.77 85.72 12 —1 —1 0 7.42 84.05
4 —1 0 1 7.953 82.78 13 0 1 1 7.68 84.56
5 1 0 —1 7.07 86. 57 14 0 1 —1 7.95 86.78
6 0 0 0 7.75 85.76 15 1 0 1 8.29 88.76
7 —1 0 —1 7.73 87.16 16 0 0 0 7.8 87.54
8 0 —1 1 7.81 85.74 17 0 0 0 7.82 85. 57
9 0 0 0 8.35 85.50

TE YR Y, 23 550 b BR U R 5 SR 6 ]

Note: Y, and Y, are the operating torque and soil fragmentation rate, respectively. Table 6 is the same.

R6 BRENSHABAESN

Table 6 Analysis of variance in weeding knife parameter test

Y, Y,
B
Sourec I A fr it i - KA 1 i .
Sum of squares Degree of freedom Sum of squares Degree of freedom
L Model 1.310 9 67.18 - 40. 390 9 153.44
A 0.051 1 23.21 8.790 1 300. 56 -
B 0.037 1 16. 86 8.870 1 303. 38
C 0. 089 1 40. 68 - 4.020 1 137. 36 -
AB 0. 020 1 8.97 6. 840 1 234.00
AC 0.217 1 99.62 7.120 1 243.56 -
BC 0.248 1 113.85 0.719 1 24.59
A* 0.487 1 224.14 1.220 1 41.63
B? 0. 166 1 76.41 0.104 1 3.57 :
C? 0.036 1 16. 50 2. 860 1 97.87
5% % Residual 0.015 7 0. 204 7
1% 2% Pure error 0. 004 4 0. 040 4
S Total 1.330 16 40. 600 16

FE o Rl S 2R M 3 (P<20. ORI 3 (0. 01<<P<20. 05) .
Note: ** and * indicate highly significant (P<Z0. 01) and significant (0. 01<ZP<C0. 05), respectively.
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