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Optimization and Experiment of Intra-row Brush Weeding
Manipulator Based on Planetary Gear Train

Chen Ziwen Li Nan Sun Zhe Li Tao Zhang Chunlong Li Wei
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract; An intra-row brush weeding manipulator was designed for the crops with developed root system
and compact soil condition. The manipulator is a part of intelligent weeding machine. Brush weeding with
brush placed on a vertical rotating axis which is mounted on eccentric shank for avoiding crops is a new
method for intra-row weeding. The principles of weeding and crop plants avoiding were studied. The
mathematical model of device was established for kinematic analysis. In order to optimize the best
structure parameter, the effect of three parameters ( eccentricity of brush, diameter of brush, lateral
offset) on crop row and trajectory of brush weeding device was analyzed based on Matlab. The results
showed that 80 mm eccentricity of brush and 20 mm lateral offset which could acquire more than 80%
coverage area of manipulator in the row were optimal parameters. Field trials showed that an average of
89.3% weeds could be removed and 3. 5% crops were damaged when the transmission ratio of planetary
gear was 3. Therefore, the intra-row weeding manipulator was able to meet the intra-row weeding
requirements.
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Fig.1 Intra-row brush weeding manipulator

based on planetary gear train
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Fig.2 Brush weeder trajectory and parameters
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Fig.4 Path of points on brush
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Fig.5 Line speed curves of four points on brush weeder
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Fig.6 Line speed graph of point A with different gear ratios
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Tab. 1

Motion simulation results of weeding brush

with different structure parameters

fOME/  RISH RPXHE Eam #HER AR
mm Z/mm  &/mm F/mm % 2/ %
60 120 -15 80. 75 1.92
100 70 -15 88.17 0.02
100 140 36 -15 96. 96 3.95
180 0 -15 100 100
60 140 20 78.77 0.31
100 100 20 87.73 0.15
80 140 60 20 94. 56 0.34
180 30 20 98. 60 1.70
60 170 60 48.25 0
100 130 60 66. 35 0
60 140 90 60 85.21 0
180 50 60 93.71 0
60 220 100 41.33 0.04
100 190 100 42.91 0.07
40 140 140 100 49.99 0.14
180 100 100 65. 15 0.22
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Fig.7 Effect of brush weeder diameter on

no-till circle diameter
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Fig. 8 Effect of brush weeder diameter on coverage

ratio of weeding brush in row

LA B X SR MR R R O

P 80 mm ¥y 2 oK, Lk A T AR O BE R

80 mm f#[1] fii % 20 mm hy F LS4k, o] 3Rk 30 ~
140 mm {37 X5 [l , bk 9] 76 55 3278 80% LA I



98 PSS A1 R 20154

4] —e—5-100mm B ARAT O FE REYI L, 230 53 Bl R A A v

| = ssomm A, 20 T WA B LB T B ROR R A
s s I/ MITREAN 81, 2% |l RO H N 4. 5% R A%
§ 2 B b T 4R A R ELA 1 R B

! F2 WHMESEHBERREE

olm 2 Tab.2 Experimental results of two kinds of

60 80 100 120 140 160 180 transmission ratio of planetary gear
BB R AR /mm A

ive=s i IR % PIli%/ %

KO s AR 5 AR R ML I 82.5 3

Fig.9 Effect of brush weeder diameter on invade 1 3 89. 6 2
ratio of weeding brush in row 1 85.6 3.5

2 3 90. 4 4

4 RIS | 2 |
3 3 87.8 3.5

IR UEDAC S AT A2 R 1B 8 AR T ) 1 81.2 3
ROR T L Ol R 23 N g A T R, 1K ! 3 89. 4 4.5
BrAEY oy oK, SF SR BE D 250 mm, #4547 200 £R, - ! 83.4 23
3 89.3 3.5

10 43 TH 3K 3R R B BLBR TS, 3o 7]
FERABE S 80 mn, 58184 i 5 17 150 mm, il
Sk 80 mm (RESE LB I, M AT A RIESILi=1 5 &R

M s PR ) LB e B BT IR (1) EPARR RS AEH R A HT F
SR RS PLAFOLIE SR SRR SN i s T R bR I 2 LR T

RPRCER , BBURBOR DI PRI s g mngmy s s O 4007 7 30 8 %
W RCR T | kb AL TR

50, IRHTRHLALE S He0.5 m* fCHIFIC T (2) G TARIIE Bh2F U, % B3 3o s 7
TR RIS Y DB B 0T oo

[ e Hoaz B e o a8 W A% B 0t R i v
AR ABG R BT, LB 3 R
BAGRF) 89.3%

(3) s il iz Sl s 4 BAT 2 e L T AT i
2 80 mm, SR ELAR N 60 ~ 180 mm FYH) F kil £,
ARAF 30 ~ 140 mm A4 -7 XV L, o 00K 1) B2 5
ARIJTE 80% LA Lo Ll 1 ik, K A AR5 1

0 AL TS TR AN 83. 4% PHIIIE N 2. 5% i Ltk
Fig. 10  Photo of weeding manipulator LA Bk
& X X w

1 Griepentrog H W, Dedousis A P. Mechanical weed control[ M ] //Dedousis A P, Bartznas T. Soil engineering: soil biology, vol.
20, 2010171 - 179.

2 ODogherty M J, Gowin R J, Dedousis A P, et al. A mathematical model of the kinematic of a rotating disc for inter- and intra-row
hoeing[ J]. Biosystems Engineering, 2007, 96(2) ;169 —179.

3 Home M. An investigation into the design of cultivation systems for inter-and intra-row weed control [ D]. Silsoe: Cranfield
University, 2003.

4 Bontsema J, Aaaelt C J, Lempens P W J, et al. Intra-row weed control-A mechatronics approach[ C] //1st IFAC Workshop on
Control Applications and Ergonomics in Agriculture, 1998.

5 OWIR, B0, O AF. FE TN AR IS S AR UMK 3 B S5k [ ] Aol TR0 ,2012,28(14) : 10 - 16.
Hu Lian, Luo Xiwen, Yan Yian, et al. Development and experiment of intra-row mechanical weeding device based on
trochoidmotion of claw tooth[ J]. Transactions of the CSAE, 2012, 28(14); 10 —16. (in Chinese)

6 WIKR, B ESC, IR, AF. BT RIS S bR ALK 5 TCT e g P il Sk [T . Al T2 4z, 2012,28(23) 112 ~ 18.



94 WRT-3C 45 A7 A OBk ) R AU T fE -5 1 99

10

11

12

13

14

15

16

Hu Lian, Luo Xiwen, Zhang Zhigang, et al. Control algorithm for intra-row weeding claw device based on trochoidal motion[ J].
Transactions of the CSAE, 2012, 28(23): 12 —18. (in Chinese)
sk, BN KD 5 R L A RGBT SO LT ], R HUA= 4R ,2011,42(7) ;196 - 185.
Zhang Chunlong, Huang Xiaolong, Geng Changxing, et al. Design and simulation of intelligent weeding robot system [ J].
Transactions of the Chinese Society for Agricultural Machinery, 2011, 42(7) :196 — 185. (iin Chinese)
BU/NE X TAR, 5k e, 45 iR L N BT T] . RO =H,2012,43(6) 42 - 46.
Huang Xiaolong, Liu Weidong, Zhang Chunlong, et al. Optimal design of rotating disc for intra-row weeding robot [ J ].
Transactions of the Chinese Society for Agricultural Machinery, 2012, 43(6) :42 —46. (in Chinese)
SR SRE0 BRI, A N TGURR LR ER B2 & B B0 Sz sh i B L ] AU 41 ,2010,41(4) :56 - 59.
Zhang Pengju, Zhang Wen, Chen Shuren, et al. Virtual design and kinetic simulation for eight claw intra-row mechanical weeding
device[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2010, 41(4) :56 —59. (in Chinese)
PRI, SIS AR T 45, BT LabVIEW 8/ UTCUBORR (] B Fro ke B4 0 R GELT ] ARL AR 2441, 2010, 26 (JE 1] 2) -
234 -237.
Chen Shuren, Zhang Pengju, Yin Dongfu, et al. Control system of eight claw intra-row mechanical weeding device based on
LabVIEW[J]. Transactions of the CSAE, 2010, 26(Supp.2) : 234 —237. (in Chinese)
WREE R msi , 8. BRECHLE NS 12 870 Ar Sl [ T]. AU ,2007,38(8) : 105 — 108.
Chen Yong, Zheng Jiagiang, Guo Weibin. Kinematics analysis and motion control for weeding robotic arm[ J]. Transactions of
the Chinese Society for Agricultural Machinery, 2007, 38(8) :105 —108. (in Chinese)
FERAL TR, A, . 2BYS — 6 RUK A B BR AL S5 [ T]. ARl HURA= 4R ,2009,40(7) .51 -54.
Wu Chongyou, Zhang Min, Jin Chengqian, et al. Design and experiment of 2BYS — 6 type paddy weeding-cultivating machine
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2009, 40(7) :51 —=54. (in Chinese)
Pérea-Ruiz M, Slaughter D C, Gliever C J, et al. Automatic GPS-based intra-row weed knife control system for transplanted row
crops[ J]. Computers and Electronics in Agriculture, 2012, 80; 41 —49.
Pérez-Ruiz M, Slaughter D C, Fathallah F A, et al. Co-robotic intra-row weed control system[ J]. Biosystems Engineering,
2014, 126, 45 -55.
Melander B. Optimization of the adjustment of a vertical axis rotary brush weeder for intra-row weed control in row crops[J].
Journal of Agricultural Engineering Research, 1997, 68(1) . 39 —50.
Fogelberg F, Gustavsson A D. Mechanical damage to annual weeds and carrots by in-row brush weeding[ J]. Weed Research,

1999, 39(6) : 469 —479.


http://www.j-csam.org/ch/reader/view_abstract.aspx?file_no=20110737&flag=1
http://www.j-csam.org/ch/reader/view_abstract.aspx?file_no=20120608&flag=1
http://www.j-csam.org/ch/reader/view_abstract.aspx?file_no=20100412&flag=1
http://www.j-csam.org/ch/reader/view_abstract.aspx?file_no=070827&flag=1
http://www.j-csam.org/ch/reader/view_abstract.aspx?file_no=090711&flag=1

