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Abstract: [Objective] In order to solve the problem of low automation and high difficulty of mechanical
intra-row weeding in paddy field, a pneumatic paddy intra-row weeding device was developed based on the
recognition and positioning technology of machine vision. [Method] The mechanism of pneumatic intra-row
weeding device was designed by applying the principle of mechanical design, discrete element dynamics (DEM)
simulation method and field test. Firstly, the structure of pneumatic intra-row weeding device was designed, and

the geometric parameters of the mechanism were calculated using the kinematic equations. The feasibility of the
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mechanism was determined from kinematic simulation by the motion analysis module of Pro/E. Then, the
interaction between weeding blade and paddy soil was simulated and the simulation results were confirmed
through test. Finally, the field test was carried out to evaluate the working performance of the whole machine,
and the working parameters affecting weeding rate and seeding injury rate were analyzed using a three-factor
and five-level quadratic rotation orthogonal test. [Result] The connecting rod length of the pneumatic intra-
row weeding device was 35.00 mm and the oscillating rod length was 72.24 mm. The horizontal distance from
the weeding part to the rotary center was 84 mm and the vertical distance was 191 mm. The DEM simulation
results showed the better structure was the blending blade claw in 10°, which contact resistance was relatively
low with an average value of 3.12 N when contacting with soil and the soil was disturbed to a great extent at this
angle with affected area of 149.69 cm’. The field test results showed the device achieved the optimum working
performance with the average weeding rate of 83.91% and seedling injury rate of 3.63% when the machine
forward speed was 0.25 m/s, the cylinder protruding speed was 0.45 m/s and the weeding depth was 2.5 cm.

[ Conclusion] The pneumatic paddy intra-row weeding device satisfies the requirements of above 80%

weeding rate and below 4% seedling injury rate. It could meet the requirements of intra-row weeding and

41 %

seedling avoiding in paddy field.
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Table1 Material parameters

e HEEYN = BIYIBLE/MPa EE/(kgm®)  BIREAR/mm BRI AR AR /mm
Material Poisson’s ratio Shear modulus Density Particle radius Contact radius
-1 Soil 0.500 11.5 1830 0.5 0.7
7K Water 0.500 100.0 1000 0.2
B 7] Weeding blade 0.288 2.8x10° 7860

®2 MREEMSE

Table 2 Contact parameters between materials

R UEES iR A AL BEE AR AL
Material Coefficient of restitution ~ Coefficient of static friction  Coefficient of rolling friction
IK—7KWater-water 0.05 0.05 0.01
23—+ 4% Soil-soil 0.05 0.90 0.01
137K Soil-water 0.05 0.05 0.01
+4E-F4ET] Soil-weeding blade 0.10 0.20 0.20
JK—B% % J] Water-weeding blade 0.10 0.20 0.20
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Table 3 Statistical result of particles under turbulence

K% J) Weeding blade 0 £ /(°) Tilt angle 1% F 0 Number of pixels B1% 1 A% /cm’® Image area
HikiJ] 0 70201 87.35
Straight-blade 5 67096 83.49

10 58381 72.65
15 54773 68.16
20 48267 60.07
5 T] 0 82182 102.30
Bending-blade 5 108747 135.37
10 120277 149.69
15 111040 138.22
20 102 145 127.14

HBEAT 3 RE GRS, 8GR 5K LA kB P
B MAS [RIMGT A 25 14 70 B B35 A AR Ml st 7 - 338
7o BRI 9 FioR, LRV & b 4, I
ST R E T G AR AR R 6 AT HE 4T K
DEFE RGN, I E 2 d, TR LEE A K)E
(I LA ZK HE 358 #4805 & B 130BYG350D ik

a: LMK T &

a: Soil bin platform

b W )t A c: BR¥LT)
b: Measuring force sensor c: Weeding blade
L BARA: 20 VFSEAL: 3 W30t 4. PR R AL: 5 0E R E : 6: Fu J1RIK
7 BRELT]
1: Electronic control cabinet; 2: Computer; 3: Dynamometer; 4: Stepper
motor; 5: Mounting device; 6: Sensor of traction; 7: Weeding blade

9 MELRIERIERE

Fig. 9 Soil bin validation experiment of simulation result

HLHL CPEE S 1.2°, JPEERSFE 5%) $R4LaTiE s 77,
RS R B & PR 0.2 m/s, BRE TR L
RFE N 30 mm; 5 TR DS2-500N-S HEF7 74 8¢
Z% (M &Y 0~500 N, K5 N+0.1%F.S, /M4
EF 0.01 N) 3R TE L, B4 ERES 1R
EIEN 50 Hz. BTV & L1EFE S, Fi 1% B
WS A= 5] 715 L 880H 7 K /NS D7 R AE = BT
W72 5] ))& 83 5 BB 5 IR A7 6 Tt
HHL

AP SEME S SR A 10 B, B )
fith 3 )5 BTS2 OB 2P R Bk 7R e 4
N5 3 S 7E 2~7 N Fasg ks, HECFRE, 3
ARG T 5 7 B2 FAR L. R A R Ay
LK T T 5% s R BH AN Y BE g i S A L 2% 4,
g (R 4) Bor, BRI SRNE R T 848, %
EZE R 51 BAHRZE /N T 20%, 3B 15 B 45 3
CIES

2 L 00 ¢ 5 = 10° —m 15° 4 20°

Soil resistance

A 3ERH N

t/s

10 REMEAZ & TR TIRE S STE
Fig. 10 Measured soil resistance to bending-blade claw in
variant inclination
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Table4 Measured data of bending blade experiment in soil bin and the simulation result

e K FH 73/N Maximum soil resistance “FI4JBH F3/N Average soil resistance

Ifhﬁj;:; SEME iR FHXTIRZE /%% SEAE PiAE AHXS R ZE /Y%
Test data Simulation data Relative error Test data Simulation data Relative error
0 6.80 5.78 17.65 4.62 4.06 14.36
5 6.30 5.69 10.72 431 3.67 18.73
10 5.00 498 0.40 3.72 3.16 19.23
15 6.17 5.20 18.65 3.98 3.40 17.06
20 5.20 5.68 9.25 4.20 3.54 18.64
N N zZ-S
4 MEKR y= "2 x100%, (10)
4.1 R b= %XIOO%’ (11)

PRIA) B B B SE Mt Al (e F 25 05X, s 100
MRS TIN) G, NERIETEAR TESH THSG S
TAEMERE (BRE LAt ), Jfuk BRI TAE %
4, 2019 4F 4 H 5 HTE) RAEHERTT LR 5
FIT a6 FH A 33 A7 B A 55 B B Ak 15 40 1 1] 1 g ik
5o WG THEAUS 15 d BH47, W58 AH H 11 7K R i
Jy EFEAR 35127, BRECFEEN 270 mm, B
FEZ)2N 150 mm. 350 H P 2 B DIBEL, T 47 9
FISEFAPE L3N T, R RFIIR RIREA 22 mm,
PR [) 24 B35 9% FE R RRF 5K 160 Bk o RT3
AT 1d &K 30 mm, 56024 RAOK, SR8 Y2 HIR 5
2979200 mm. HENRISHIHWIE 11 Frs.

E 11 HREPRE R E HERIE I
Fig. 11 Scene of field experiment of paddy intra-row
weeding device

42 REFFE

R T [k 2 o g D ) 4 e R DA T fof
28 FE S B A 0 RN PR R E 3 A TAE S HUE
NIRRT, SR = R 2 KPS RiE % IE A iR 56
Wit i TAESETBRE R (v) FOTH R (v,)
(RS2, o B 6 5 4 1 2 S

A, Z D9t XSk A 7R R AT 1) 2% B R A S DB
B b i 1k B DX 35 P K R AT ) R AR 2 AR B 1 N
B AR oMb X 6 X 3 A A T 3 R A AT AR AR )
AR v H, MO XA R B B A e
FAPIRARWIZE 5 PR .

x5 REERKPHBR

Table 5 Factor level coding table for experiment

= -
\ LA 4 HLR R B
midE . N e
Coded B (r)(mes™) TRE () (mes™) IR (v)/em
ode
Cylinder Machine Weeding
value ]
protruding speed forward speed depth

+y 0.43 0.28 2.84

+1 0.40 0.25 2.50

0 0.35 0.20 2.00

-1 0.30 0.15 1.50

—y 0.27 0.12 1.16

JEHL 23 Bt 30 m KB ARG X 4, B
TR DX AT 5 5 m K DX AR S o R ek 3 1)
P X, DLORIENLES e LA 8 1 AR A @ i ik 5
X3 B2 A0 BT 55 E R X sk ) A%
BRI W H 015 IR SR Bt B I E IR A
FHR R BR 2R 517 1 2
43 RIEHBERE S

RIS 4E Rk 6 Fion. MRIEER 6 Ml EE,
I3 AT 8 TR R B R 3R 1 2 i 45 SRR T 22 43 A
x7HUR, WECE R T8 FAERTA, BRE R RS
R 5 W) DAL 7 AR R R B3 B R BEE (e )~ AL L D ok 2
(x5) HLH 45 3 FE () o K SR B 2 11
() AER, /R BIERFLAR () H B T A

y1 =73.66+4.86x2 +7.07x3 - 1.19x3 = 2.79x3.  (12)



46 HErg RO K 2= 4R (http://xuebao.scau.edu.cn/zt/hnny _zr/ch/index.aspx) F41 5
*6 HBHRRER
Table 6 Experimental scheme and results
R AL (mes ) HLERTREER /(ms™)  BREIRE/em BREE/% WITEESRT

Test number  Cylinder protruding speed ~ Machine forward speed ~ Weeding depth ~ Weeding rate ~ Seedling injury rate

1 0.30 0.30 1.50 61.24 2.40

2 0.40 0.30 1.50 60.55 2.02

3 0.30 0.25 1.50 66.89 4.55

4 0.40 0.25 1.50 67.94 2.76

5 0.30 0.30 2.50 72.98 3.77

6 0.40 0.30 2.50 72.16 3.35

7 0.30 0.25 2.50 81.13 4.04

8 0.40 0.25 2.50 81.17 3.85

9 0.27 0.000 2.00 75.39 423

10 0.43 0.000 2.00 74.03 2.90

11 0.35 0.12 2.00 59.12 2.49

12 0.35 0.28 2.00 80.59 4.25

13 0.35 0.20 1.16 51.76 1.84

14 0.35 0.20 2.84 78.93 3.93

15 0.35 0.20 2.00 72.92 3.27

16 0.35 0.20 2.00 75.77 3.43

17 0.35 0.20 2.00 76.14 3.03

18 0.35 0.20 2.00 72.37 3.11

19 0.35 0.20 2.00 73.71 3.27

20 0.35 0.20 2.00 73.96 2.93

21 0.35 0.20 2.00 72.24 3.52

22 0.35 0.20 2.00 71.90 3.17

23 0.35 0.20 2.00 74.06 3.48

®7 EEFHRERZMPHESAR
Table 7 Variance analysis of influence from each factor to weeding rate

KR Source “EJ5 A1 Sum of square  H H/¥ Degree of freedom 3477 Fll Mean square F P
A 1157.79 9 128.64 31,59 <0.0001
X 0.54 1 0.54 0.1318  0.7224
Xy 321.95 1 321.95 79.05 <0.0001
X3 682.08 1 682.08 167.48 <0.0001
X1, 0.85 1 0.85 0.2075  0.6563
X1X3 0.16 1 0.16 0.0399  0.8448
XoX3 2.12 1 2.12 0.5210  0.4832
x? 437 1 437 1.07 0.3194
+ 22.59 1 22.59 5.55 0.0349
x3 123.41 1 123.41 30.30 0.0001
¥% 7 Residual 52.94 13 4.07
RAIR Lack of fit 34.77 6.95 3.06 0.0776
4ii%Z Pure error 18.18 2.27
SN Sum 1210.74 22

IRIE R 6 HIRIGHRE, & B 7% 193 1 26 1 s el
SERN T Z oy Hransk 8 Fiow, B F{E K 16.85,
P<0.000 1, R IXB R 0] {5 ; KU F{EH 2.48,
P=0.1215, ZRARE, RUNZER PSR R

U s B x s X x5 SEMA RIS 35, (R F xpxs £E7KF
a=0.05 B 520 0 2, B F x x5 x,° 7E7KF 0=0.1 B}
o 2, AR A B2 RS R 1
FAERT 50, 520 4 T 28 50 35 M 1) DR MK O o B R
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Table 8 Variance analysis of influence from each factor to seedling injury rate

KR Source 75 A1 Sum of square I i1 Z Degree of freedom )75 Mean square F P
R Model 9.9900 9 1.1100 1685  <0.0001
x| 1.8400 1 1.8400 27.98 0.0001
X 3.2100 1 3.2100 4871  <0.0001
x3 3.3800 1 3.3800 5132 <0.0001
X1Xs 0.1740 1 0.1740 2.64 0.1280
x5 0.3042 1 0.3042 4.62 0.0511
XoX3 0.5618 1 0.5618 8.53 0.0119
2 0.2560 1 0.2560 3.89 0.0703
2 0.0534 1 0.0534 0.81 0.3842
2 0.2046 1 0.2046 3.11 0.1015
¥%# Residual 0.8563 13 0.0659
AU Lack of fit 0.5207 5 0.1041 248 0.1215
4% % Pure error 0.3356 0.0420
AT Sum 10.8500 22

JE BB I R O Ao A T o o 5 T AN S 3
HIA 72 Bk, /R DTETR () B R TR
y2 =3.24-0.37x; +0.48x; +0.50x3+
0.20x x3 —0.27x2x3 +0.13x3 (13)

AR [ U= 75 R (12), AT 48 33 5 B B R 1
SO AN S 25, DR MR T Ao 4 3 B 8 o 7E K
Bl 0.35 m/s, £33 i 52 gh T an & 12 fros . el
1, BREL R AR 60%, B 52 b A HLE ks
RV B R R B P i 48 o, P O B A K R
RIECK (82%). I PR R I, bR B8 B ) ok H R
OEATEDIETE N

[/ Y%
Weeding rate

12 ALEATHER FE FORRE R BE X R B 32 52 e i i) S fh T
Fig. 12 Response surface of machine forward speed and
weeding depth to weeding rate

PR EIRE R E NE KT, B 2.0 cm, B35
{FpA R 5 5 L R 4 T R N T T (P 13a).
ST 13a a5, A5 R RN 2.73%, B E A

4.39%, A7 1 I SR 48 1 1) T s AL R
T 3 TP P B AR T PR A o AT A T P T i 2 S
WL 3 Sl 40 1 2R A s M Rk 5, TR AL i ot
THPE 1R PR A R 2 5 B0 Ao 4 3 P 64 T R )
M 9 575 o 21 ST AW 445 3 2 v T AL L i 3 A A
I, 95 8 2R IE B e/ ME

AL AT R P 15 B N K BT 0.20 m/s, 73
B ET A 4 38 5 5 o R B 1 A5 1 R e 8 g T
(K 13b). 2 M 13b 7] 50, 45 R AN 2.25%,
BN 3.91%, HA 1 26 I o5 SRR 4 3 B 10 T v
IR B IR P ) B T A . RBP4 a2
S50 I TR S XS A3 T R 1 S e 39 i, () S 3 o o R
JEE -, Yk 55 /4o 4 1 7 T R R . 4R
AHIZAF B e 1 T ok P P A I, 7 ¥ 2Rk Bl oML

BB AR R E AT, B 0.35 m/s, 1551
WL AR 55 R B P ) P 2R M 2 T T (1 13¢)
1M 13¢ AR, 47 R EARN 1.99%, =i 3.89%:
A7 1 2R I 2 AL i g S P R B R R T G o
BEIN o A HL L B TR R ek R R [ B A N A%
RIS B e /ME

FRE LA o0 AT, 4G LR SERR TAE I ER, %
SENLEFTHEREEE R 0.25 m/s, SEAHZEEE N 0.45 m/s,
FREVRE N 1.0~3.0 cme AR FE>80%, 171 %
<4% N H¥5, FIH Design-Expert 11 AT #E1T S
AL HT, LERF A4 B RIS Eh, BRI
YA 2.42 cm, R FLERFE IR 2.50 cm.

15 [ KRG 7= M B A AR 72 2 PR i AR L R} 2
FUHT I J ZK 8 A )AL Ak ik 12k g 2 o0 A 550 HH (] 4k
5%, R TAE S5, [EH 4 3E B 0.45 m/s.
HLERTHEE E 0.25 m/s FIREIRE 2.5 cm. BRI
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Fig. 13 Response surface of influence from each factor to seedling injury rate

BT o AR 0 B85 R 158 SRBERR FA A SN
LU IS 1008, SCBEFR B A 5 L3E
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