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Design and Experiment of Bionic Semi-circular Arc Tooth Top
Paddy Field Weeding Knife

XIAO Maohua' DUAN Weiwei' ZHENG He' LI Zigi' ZHU Yejun' SHAN Yicai’
(1. College of Engineering, Nanjing Agricultural University, Nanjing 210031, China
2. School of Elecironic Engineering, Nanjing Xiaozhuang University, Nanjing 211171, China)

Abstract; Rice is the main food crop in China, and weeds seriously affect the growth and yield of rice.
Aiming at the problems of large impact and insufficient structural stability of the existing paddy field
weeding knife, focusing on the structural design and parameter optimization of the key components of the
weeding knife, based on the bionic principle of canine tooth structure, a weeding knife model with semi-
circular tooth top structure was constructed, and its structural composition and working principle were
systematically analyzed. Combined with the row spacing and root distribution characteristics of rice
cultivation, the key structural parameters were designed. By establishing the kinematics model of the
weeding knife, the matching relationship between the rotation speed of the cutter shaft and the forward
speed was determined, and the collaborative design of the structural parameters and the working
performance was realized. In addition, the discrete element softiware EDEM was used to construct the
weeding knife-soil coupling simulation model. The three-factor and three-level orthogonal test was carried
out to investigate the influence of test factors on the performance of the weeding knife by taking the soil
depth, rotation speed and forward speed as the test factors, the weeding torque and soil disturbance speed
as the test indexes, and the power consumption as the goal. The results showed that the rotation speed of
the cutter shaft was the main influencing factor, followed by the depth of penetration, and the influence of
the forward speed was relatively small. The results of comprehensive multi-index scoring showed that the
combination of working parameters with soil depth of 50 mm, rotation speed of 180 r/min and forward

speed of 0.7 m/s was the optimal working condition, which can increase the soil disturbance in the
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working area and reduce the mechanical load. At the same time, the contour of the disturbed section

under different propulsion distances was extracted for geometric comparison, which verified the

optimization effect of the bionic tooth structure on the soil disturbance behavior and proved that it had

better operation performance.

Key words: paddy field weeding knife; semi-circular arc tooth top; soil disturbance; optimization of

working condition parameters; multi-indicator comprehensive scoring
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Fig.2 Schematic for analyzing motion of weed cutter
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Fig.5 Weed cutter and soil coupling model
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Tab.4 Three factors and three levels orthogonal

experimental design and results

o % [ R 4E WA LA

A B c x/(Nem) y/(m-s™') P Z
1 1 1 1 7.85 1.35 0. 300
2 1 2 2 11.24 1.87 0. 444
3 1 3 3 14.05 2.52 0. 659
4 2 1 2 10. 67 1.78 0.418
5 2 2 3 14.98 1.98 0.399
6 2 3 1 18. 12 2.67 0. 624
7 3 1 3 11.34 1.94 0.472
8 3 2 1 18.52 2.63 0.596
9 3 3 2 19.98 2.95 0. 700

R AE B 5 T A Al DX Bk e L RN A
e BRI Bl L A U X B L« A
SEPL B y FEATIH — AL PR G I U — RS PR
O R R B AR EAL 22 0 ~ 1 ], RS2 A [R] 48 s )
IO TR L NS Ta s aa

X T R R 16 b, TR BN BEFE D, T
3 BRVBSR 388 Ul 2 1 e S, 8

X; = Xmin
fr) =1 - (7)

% min

o, S S, (o) S BR LR B WS Y- 73 pR
B MEBOA0,1 ] 50 25 0 S BB A BR FE 4, Nom;
%0 9 ALRBEAE IR AP BR F LR A B R (N m, 2
9 AR 45 5 TP R R AR B9 fe /MEL, N - m

Xt A HEYE Bl R b, A BR DA X B
Sy R B R M R B G, D G 23 B RCR Y 328 3
vy, A

= Vi

F(y,)= i T (8)
Ymax ~ Ymi

e ¥ SV oS (o) S 12 3B 2 8B (Y W 55 O
SrERECAEEC[0,1] 5y, 2% @ Sl LR g
W, m/ssy,, S8 9 AL 45 L - S Bl
RAE , m/s 5y, 08 9 AR 25 5 b - e 2 o B 119
e /ME ,m/ s,
EE ] AR S NPy R A o
Pt 3l B A A B B R LA K, 25 B o i e A9 21 B
R A A S Sh R R AUE R o, =
0.3,0, =0.7, AT 2N 55 4 5 50 09 AL 25 5 37 2
23RN
Z =w, f(x,) +o, f(y,) (9)
ZHRAR AL ZE A Vo 45 R an 18 10 fr 7R, B B4
B f(x,) RBIEEE f(y,) WPF 4 ih 26 I Bl e B R
& W AN [ R = o) V96 2 i) 7 i s 227 5L Ak 25 g 900 4
Mo BB, 59 il ELE G 4Ehs 2 L&
AR, LB T AEAR BB AR 5 BR FEROCR Z 8] 1y B
it 67 R 4 A AyBLC, . BB, 5 3 ZAFINES 6
AR g AR o B R I 2R G A, R R AP 25

G TERE

R e mmEy 7
$ e Eh Ty
pr Q:i:A ST
Eosl \  EAWS H08
Zo6r ‘@ S\VAY Y UL
+ AN \ [/ =
i A \/ \ 4%
& 0.4 % —x \ 404 %
?’; \\‘ A"
'SE \ \\
® oot \ Hoz2
iy i \
& &

0 1 1 1 1 1 1 1 \ 0
1 2 3 4 5 6 71 8 9
T

K10 ZHRAR A Es & PF o i 2k

Fig. 10 Multi-indicator weighted score curves
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Tab.5 Extreme variance analysis

P 46 b A B c

K, 33. 14 29. 86 44.49
K, 43.77 44.74 41.89
K, 49. 84 52.15 40. 37

x k, 11.047 9.953 14. 83
k, 14.59 14.913 13.963
ks 16. 613 17.383 13. 457
R 5.567 7.43 1.373
K, 5.74 5.07 6. 65
K, 6.43 6. 48 6.6
K, 7.52 8. 14 6. 44

y k, 1.913 1.69 2.217
k, 2. 143 2.16 2.2
ks 2.507 2.713 2. 147
R 0. 593 1.023 0.017
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Tab.6 Variance analysis
. x Y
B c A B C
5 47.637 85.907 2.894  0.537 1.574  0.008
iS5y 23.818 42.954 1.447 0.268 0.787  0.004

PR 90.033 51.763 134.776 1.656  0.619  2.185

R 15.006 8.627 22.463 0.276 0.103  0.364
F 1.587 4.979 0.064  0.973 7.631 0.011
P 0.28" 0.053"" 0.938" 0.022"" 0.022"" 0.989"
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and simulation tests
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Tab.7 Geometrical parameters comparison
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15 B 56 800 11912 45 12. 63 4.65
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