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Optimal Design and Experiment of Thinning Hoe for Swing
Motion Thinning Robot

SUN Zhe ZHANG Chunlong MA Yaoyao ZHANG Gan LI Wei TAN Yuzhi
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract; As the scale of agricultural production gradually expands, agriculture is developing forward to
mechanization and intelligent direction. At present the main ways of domestic thinning are artificial
thinning and chemical control thinning. Artificial thinning has the disadvantages of low efficiency and
high labor intensity. Chemical control thinning makes seedling emergence come out not evenly, and
people have to fill the gaps manually. Mechanical thinning can improve the working efficiency and bring
great economic benefits with even seedling. The swing motion thinning robot was designed for the first
thinning of seedlings and the kinematics model was established for the optimal to simulate the moving
path. Then the virtual orthogonal experiment was done by different optimal edge lengths, different angles
between optimal edge and optimal handle, different optimal handle lengths and different distances
between optimal handle and center of crop-row. The prediction model of weeding rate and wounded
seedling rate were analyzed by taking the coverage rate and the inbreaking rate as evaluation indexes.
Based on the calculation, the best parameters in combination were as follows: distance between optimal
handle and center of crop-row of 55 mm, optimal edge length of 75 mm, optimal handle length of
130 mm, angle between optimal edge and optimal handle of 65°. The experiment result verified that the
simulation and orthogonal experiment were accurate and efficient with good operation effectiveness of the
prototype, and the weeding rate reached 89. 4% , yet the wounded seedling rate was only 7. 2% .
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experiment

a| R Y B RARE K HLE L E A
[ITEALR RS, Harb il £ 2 R A% A LA
PABLOE 7 B AT ) i M A 35 e kv m Rk T N D) A DA R

I

Weks H . 2016 —12-09 {6 [0l [ #. 2017 —01 — 13

BEWA: “+ " F R LT H (2015BAD23BO2) [ 5 1 4 BH¥ 5 40 H (31601217)

TEB B : IMT(1990—) , 5, {28, 125 M 4L LES ABF ST , E-mail: 799435186@ qq. com

B W (1964—) , 35, 5082 W S0 , 5 3 04 M WLES A RIS R AL 4 Ml % 4 BF5C , E-mail: Yztan@ cau. edu. en



59 1

NG 2 1Rl R LS A T S 71

ROCRAR A R, AP Al i 2 S EUE AR,/ AL
PEATIREEAN o O T S R A AR (1 )
Pk, E SN E BT 5 T 2 A% I Rl 19 3R]
PLER A, 5 L GE ) v A L, BLBR ] AT 7 2 59 [ Y
FLni L ORE B R AR BRI R AR B ORI A TRk

4&[778]
o

[6] B 480 77 J2s 18] B A PRAT HLAGY , L 42 5 ) ) 1 2
R, f8IE Fahse /3 7] 4277 ) MONOMAT — S 7
H, F B] ¥ BIL R A 58 DLAS) o e Sl AL ) i 22 5% Bl %
o8 1 4 70 g S, o Sh LR sh— A B D SR
PRSI AR . Hi g BMA UM A ML AT
A AT ) A K 3 R 9 5 A0 R A o bk B 3 1 5
iy H Sl SR AT R[] A 0 A 1) 4 B, o8 i T
BHF R W AT R R R . 35 [ SIEMENS
SN UN R B S Ak A LR B % 1 BT I
W RS 7 1) 45 07 B, 30 3k 30 A P Gy K o A e g
250, ik B AR L A SRR B T — 3 T
Bl P 4 () L R A S L L R
FEAME SR T ] R, SR FH AR AL O #E 0 R B LA
By, T4 3 0 F e i, 52 iR B Vol o 3 AR R [
1 Sk ) HLE B AR A RE

{E b i) 1 25 LA S A 2%, AR S
it — A2 3l =X 18] 8 70, I X H B Bl 0 kAT R
U5 B, SR P IE A2 3 56 XoF W] 4 4 70 25 4 2 80 AT AR
16, BB S A A i R ) B 3R 56 5 1 3%
TR 40 0 ol 2k SR, g WL ] 1 B AR 4 18— Fh e
AP AR i AT T %

1 &) & 38 714z B 3 i L %)

1.1 EERANREE &N

R AL AN E 1R o R B AR L
UGS 251 R = BN o VA V[ 4 N £ KN AL B
B R AR RO R wi AT g% o Horp R s P AT &% b )
2 Tt s R XOF ) T4 2 ] 17 48 70 2H 8, an il 2 TR . B
OB 7038 3k A 5 4 G A %, T AR R B T S ik
SEIBRVE o AR ] 8 71 AS A BE ) 8 AL 2% i
E IR SEGEH TIR T £ 2 o 8 b LR R G
] [0 ¥ 800 0 0 e 5 2 AR, DT 8 R i S B
e, i 3 Fis .
1.2 A& TIEshFEER

(1) e 2ok R A G ) B 0 6 BR T G, RT R R
0] ) 5 48 70 Ry WIE 56 4, ST H s B A, DL )
T 2 05 0 B 70 91 9 v hy Al b I R ST B A A B
.,y HhIE 5 ) 5 a)EBLAS CHTSE 5 1 — 2, 8] A
TIGEHTINN T B s 1o o RhOE Ty 42 80 o (6] 5 4 )
(1) iz 3l 78 Sk (8] 1 480 70 BE ML N I 2E 0 58 HL 0 A9 T

IO =22 TN B IR N AN
Fig.1 Diagram of swing motion thinning robot
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Fig.2  Structure diagram of thinning hoe
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Fig.4 Diagrams of kinematics analysis
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Fig.5 Simulation of thinning hoe working process
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Fig. 6 Simulation sketch of thinning area
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Fig.7 Structure parameters diagram of thinning hoe
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Tab.1 Experimental factors and levels
ES
K i B TITIKBE TR BE Ay
x,/mm x,/mm xy/mm xy/ (%)
1 65 85 130 75
2 60 80 120 70
3 55 75 110 65
4 50 70 100 60
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Tab.2 Schemes and results of orthogonal experiment

nEs =H 4 B C AR
B[/ % ANRFE /%
1 1 1 1 1 1 93.23 11.58
2 1 2 2 2 2 87.32 8.30
3 1 33 3 3 82.59 5.63
4 1 4 4 4 4 79. 81 4.95
5 2 1 2 3 4 78.92 4.87
6 2 2 1 4 3 77. 64 8.34
7 2 34 1 2 90.93 5.07
8 2 4 3 2 1 93. 89 9. 86
9 3 1 3 4 2 76.51 4.86
10 3 2 4 3 1 83.39 5.92
11 3 3 1 2 4 89.21 8.57
12 3 4 2 1 3 94.42 9.35
13 4 1 4 2 3 82.59 5.77
14 4 2 3 1 4 88. 64 5. 81
15 4 32 4 1 84. 05 10.73
16 4 4 1 3 2 88.43 13.26
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Tab.3 Range analysis of coverage rate from

orthogonal experiment
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Tab.4 Range analysis of overlap ratio from orthogonal

experiment

% 21 A B c D
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Tab.5 Additional experiment and results

R 25 R
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Fig.8 Test results of thinning hoe
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Tab.6 Results of verification experiment %

R R RS i %
1 89.6 6.3
2 88.2 7.2
3 90.5 7.8
4 89.2 7.6
4y 89.4 7.2
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