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Fig. 12 Motion simulation results of the rice pot seedling transplanting mechanism based on the belt-shaped trajectory

025
0.20F
0.15}
0.10f
§ 0.0
0
S _gosf — XM LA
—0.10F -- YJ7l EffiEg
—0.15f
0205702 03 04 05 06 07 08 09 10
18] /s
(a) TFFSFEX, YIT I RIS M2k
257
L5 B N
g 0sF Kx/
ol —xor L j V4
® oF v
Y e e S S S
0 01 02 03 04 05 06 07 08 09 10
I 1] /s
(b) Fefr S X, Y7 b B ph £k
40.0
30.0 !
g
5 0F [ A\
= -100F R A
B 2000 i b imi
=400 F - YT b fnk

0 01 02 03 04 05 06 07 08 09 10
I 11] /s
(¢) JeFfRAEX, Y] LAy 2 h £k
BE13 ERFmpa®. EEFEE T E L%
Fig. 13 Simulation curves of displacement, velocity and

acceleration of the clamping point

PLESS SR UL, 2B RN T AR Hiz 32
FEPE I K RERS A (1032 sh B2k .

5.2 HiENKE

N T B UERSARMLAG 0 AT SRR, HIVER R AL AR
BL, X HEAT T H RSO . R A 2R d
K 14 Fis .

LB RE, KRN EIS BT R,
LAz 5 3 v T AR B $5 45 () 8, AT AR AT [R]
Bk

20244F 6 H 17 B, TEWTVLAA AHE T X 560 R

MLUEAT T a5, 56 AT % GB/T 6243—2017 (7K
FEARRAL 56 i) AYE SR X g AT TR

II|“|MIM|LF

\
|

El14 BENMHKEEEE

Fig. 14 Test-bed construction of the transplanting mechanism

e
56 1

(c) AR T2 DU (d) 78 B
E15 HEBHKRRE
Fig. 15 Field transplanting test



55 130 MR 55, 5. BETAWERRPUE RN LSBT SRR T 171
5.2.1 kG P RARBAIC R, IR AR ZZORME s RS B

IR RE . BEHR —HER K AEER T, B R
Boh35d. KN 120~250 mm ., A () 3~5 Fs
BV MR, SRR IR TCEACRA, K
BHE 25%~40%, ZSHREAN KT 1%, BRER AR 2L
1E2~3 k.

ISR JE T 4l T 800 A K R i AE AR L
F . B M 2ZG-8Q2 BUHFMLE . K 0~300 mm
MR, AR, B e f e AT
5.2.2 EAEhR

TR BG4 R S A I 7 2 FIARHED X RE LR AR K
ST AE o SR FX AR I BE IS AN X, I IX
B R F U TAESE IR . 765X Py, % 557
JERT, ARSI X A 200 70 e AE R . T g
JEIE, BN X AT 10 7C, g A, XA R
FE L SRR L WRARAREL B BT AN AR L A

SEEERTEMARAE . OKFEZERT S MBS /N T 457 R
G RFT0CHIER . #4575 70° Z [ &4 o
5.2.3 g

FH [B) % Ak X 00 0 B 25 R g S o . ks ol
M, K FER RS YA R EE O 22, 84 mm, FI4OX
F 588 4 10. 37 mm, S5 EERILTF—3, KEE
SE AN A.6% . R FEN93.3%, UEWIA
BT 1 7K A 4 18 R AR LAG e 08 52 I ves ) /K R B ST
FE, ARGFHLH 2 T KRR R AR A 2K . A
ARG EALEABRI R DIERR A i T/
BEPLHT AR 22, A7 AE 0 D7 M0 [0 B 38 1l i 45 1) 7 A
Pdh; 2)h TR 98BS T gE s /N, FEAE
B AL B R R S B AF AR, 3 ORI B o
A R e SeFoT U g LA L A

£5 HEBRREWELERSIT

Tab.5 Statistics of field transplanting test measurement results

WX | JAbRE | NEREREC | SRR | DR GHEAI% R /% FEREE R /mm | PECH 5EE/mm
1 1 4 9 186 4.5 93.0 22.73 10. 43
2 0 2 9 189 4.5 94. 5 23.17 10. 46
3 1 6 11 182 5.5 91.0 22.62 10.22
4 0 5 10 185 5.0 92.5 23.43 10. 12
5 0 2 7 191 3.5 95.5 22.25 10. 62
S {E 0.4 3.8 9.2 186. 6 4.6 93.3 22.84 10. 37
6 i 1.5, Hopr 2Bk, BT S48 12 30 A

1) @IS ST, TE 8 FIE AR PL A HEA I
P — AT ek Do SE B AL IR SR s JFAR
PE TR, XA L1 104> A 32 ik AT
TBET.

2) T2 LG, WETET4
TR R A A AR SR B, S T AT BT
A B /N B A R A R Matlab #0449 App
Design 3, BTt 22 RIE I & T /KR BR i #e 4%
MU Z2 000 228 Bh 25 G R i, 3148 T AR LA ¢
SRR : v, yio vp vy FROUEST 5N
-76 mm. 53 mm. 7mm. 43 mm; {TERPKEL =
83mm., BB KIEL, = 192mm . 1780 1A
YIS 0, ==T" . BRI BIVIUR LA 0,=2" 0

3) X3 Al T8 B0 1 K R R T RS AR LA 1
T =435, I8 FH Adams 300435 B A LA HEAT T
EEF R O LS . S5 R, T EHPLL Y
FISHR PR AR — B, BARVI T2 3 L R K=

FEBETHEOR o AE AR EE A 7 S8 435510 22,19 mm

F19.78 mm,

41. 9% /N 27. 9%
4) TR T T H RIS Rk . 45
WEW, FEXREEE R 22,84 mm, X 5EE N
10. 37 mm. FL57 FE R0 R %8 93.3%, FARRCR
Bt

£ X #

FE AR 5 SR Y 68 R AR 0 1 4 1

B, B R R AL BT R R AL 5T IR 5 kR
[7]. P EARHLILAHL,2020,41(1):215-222
MAO Can, LUO Haifeng, ZHU Yi, et al. Research status and de-

velopment trend of seedling transplanting machinery [J]. Journal
of Chinese Agricultural Mechanization,2020,41(1):215-222.

AR LL, B, WRURL, 45 . SRR ROKRE R B AR BT 51k
()] R PR, 2019,50(7) : 100-108.

YU Gaohong, JIN Ye, CHANG Shushu, et al. Design and test of

clipping-plug type transplanting mechanism of rice plug-seedling

[J]. Transactions of the Chinese Society for Agricultural Machin-
ery,2019,50(7):100-108.



172 Mik1EEh H50%
(3] firmsr, B, AhR, 2 RHE AL RS 3 oF AR 55 2% 5 F s ok e neering,2011,27(12):7-12.

[4]

[5]

(6]

[7]

[T]. e pLb#4i, 2022,53(9) - 1-20.

YU Gaohong, WANG Lei, SUN Liang, et al. Advancement of
mechanized transplanting technology and equipments for field
crops[J]. Transactions of the Chinese Society for Agricultural Ma-
chinery,2022,53(9) :1-20.

THEE, 8] BRFEA, 5 . B P A R RS R BT ], Al
BB, 2014 ,45(8) :44-53.

YU Xiaoxu,ZHAO Yun, CHEN Baocheng, et al. Current situation
and prospect of transplanter[J]. Transactions of the Chinese Soci-
ety for Agricultural Machinery,2014,45(8) :44-53.

AT, BN, XIARAE S5 . RAEUIRAL RS R AR & e R 5
JEELT]. AHUEAFIE,2018,40(10) : 6-10.

CAI Jinping, XIAO Liping, LIU Muhua, et al. Development sta-
tus and prospect of rice mechanization transplanting technology
[J]. Journal of Agricultural Mechanization Research, 2018, 40
(10):6-10.

FELEZIM E, VAHABI S,NARIMAN-ZADEH N. Pareto optimal
design of reconfigurable rice seedling transplanting mechanisms
using multi-objective genetic algorithm [J].
and Applications, 2016,27(7) :1907-1916.
MIN Y B,KANG J K,RYU C S. Development of an onion trans-

Neural Computing

planter: performance analysis and optimum shape investigation of
a 4bar link-cam type transplanting device[J]. Journal of Agricul-
ture & Life Science,2016,50(4):213-224.

CHOI' W C,KIM D C,RYU I H, et al. Development of a seedling
pick-up device for vegetable transplanters[J]. Transactions of the
ASAE,2002,45(1):13-19.

WL M porE , 8, 45 . AT R 50 RN E R B BT
SSHAACLT]. &olk T R4, 2018,34(18) :83-92.

JI Jiangtao, YANG Linhui, JIN Xin, et al. Design and parameter
optimization of planetary gear-train slip type pot seedling planting
mechanism[J]. Transactions of the Chinese Society of Agricultur-
al Engineering,2018,34(18):83-92.

SRITR6 R, ke, 45 . SRE RS AL AT s ALY Y BE T
g [1]. RPUEHFIE, 2020,42(2) : 62-66.

ZHANG Kaixing, SONG Chao, WANG Hongbo, et al. Design and
experiment of five bar planting mechanism for bowl seedling trans-
planter[] 1. Journal of Agricultural Mechanization Research,2020,
42(2):62-66.

MR R N AL, AF L A AR R AT B A R LAY
Iy ik e V], ALK, 2018,49(12)  74-82.

YE Bingliang, TANG Tao, YU Gaohong, et al. Dynamics analysis
and tests on seedling pick-up mechanism of planetary gear train of
combined gear transmission with non-circular gears [J]. Transac-
tions of the Chinese Society for Agricultural Machinery, 2018, 49
(12):74-82.

MR A AL MRS A L O A -l B AT R R IR LAY
iz S RS SR LY. Al TRER ,2011,27(12):7-12.
YE Bingliang, YU Gaohong, CHEN Zhiwei, et al. Kinematics
modeling and parameters optimization of seedling pick-up mecha-
nism of planetary gear train with eccentric gear and non-circular

gear[J]. Transactions of the Chinese Society of Agricultural Engi-

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

ZHOU M, SUN L,DU X, et al. Optimal design and experiment of
rice pot seedling transplanting mechanism with planetary bezier
gears[ J]. Transactions of the ASABE,2014,57(6) : 1537-1548.
VR AR, 55 R TR 00 22 60 4 AT K RS o B S
AHUBFITELT]. AW B~ ,2019,50(9) : 78-86.

SUN Liang, XING Ziqin, XU Yadan, et al. Transplanting mecha-
nism of rice seedling based on precise multi-position analysis[J].
Transactions of the Chinese Society for Agricultural Machinery,
2019,50(9) : 78-86.

S BN AT AL, AR, LA SRR KRR R A R DL T
Hig ] Al TR, 2017,33(15) :15-22.

WU Guohuan, YU Gaohong, XIANG Xiaojie, et al. Design and
test of rice potted-seedling transplanting mechanism with three
transplanting arms[ J]. Transactions of the Chinese Society of Ag-
ricultural Engineering,2017,33(15):15-22.

ATESEL, /NG, ISR, 4 e R AR b i R R A LB
SIS SEARALLT]. Al TR ,2013,29(3) :16-22.

YU Gaohong, HUANG Xiaoyan, YE Bingliang, et al. Principle
analysis and parameters optimization of rotary rice pot seedling
transplanting mechanism [J]. Transactions of the Chinese Society
of Agricultural Engineering,2013,29(3):16-22.

VRRRAR, BT e A R T AL iR K R B LA L
USSR ], R MR, 2020,51(5) : 79-87.

XU Chunlin, SHAN Yiyin, XIN Liang, et al. Design and experi-
ment of high-speed rice transplanter with extensible mulch cutting
mechanism in mulching cultivation system[J]. Transactions of the
Chinese Society for Agricultural Machinery,2020,51(5):79-87.
MR, R AT AL, . AR AT A ROK R PR e R R
MU BT S IRE L] R B4, 2016,47(11) : 68-73.
YE Bingliang, WU Guohuan, YU Gaohong, et al. Optimized de-
sign and tests on rice potted seedling transplanting mechanism of
planetary gear train with non-circular gears[J]. Transactions of the
Chinese Society for Agricultural Machinery,2016,47(11):68-73.
XIN L,LV ZJ, WANG W Q, et al. Optimal design and develop-
ment of a double-crank potted rice seedling transplanting mecha-
nism[J]. Transactions of the ASABE,2017,60(1):31-40.

HE WG, O W . T S 0 e 8 A 4 ZR AL Y
WEFELT]. WU 3h,2015,39(10) : 141-145.

LI Hui, YANG Aiqgian, FANG Minghui. Study on the circle and el-
lipse pitch curve of non-circular gear train transplanting mechanism
[J]. Journal of Mechanical Transmission,2015,39(10) : 141-145.
N, 2 A, R, 4R . JE T ADAMS X i U U 8 - LR
a5 5[], HLkE 2, 2013,37(9) : 70-73.

PU Minghui, LI Min, LU Yuhai, et al. Kinematic simulation and
improvement of transplanting mechanism with eccentric gear
based on ADAMS[J]. Journal of Mechanical Transmission, 2013,
37(9):70-73.

SUN L,ZHOU Y Z,HUANG H M, et al. Analysis and design of a
spatial planetary noncircular gear train for rice seedling transplant-
ing based on three given positions [J]. Transactions of the ASA-
BE,2020,63(1):165-176.

INEL B2 78, 45 BT IR 2L 48 R R A



5 13]

MR 55, 5. BETAWERRPUE RN LSBT SRR T

173

[24]

Uiz shzra 1], AU, 2020,51(12) : 103-111.
SUN Liang, HU Yixiang, XING Ziqin, et al. Motion synthesis of

WU Xutang. Gear meshing principle[M]. 2nd ed. Xi’an:Xi’an
Jiaotong University Press,2009:1-11.

rotary pot seedling transplanting mechanism based on approximate [27] EALN WU bR AL R Z2 51 4. KRG RAL 856 7 B .
multi-pose[J ]. Transactions of the Chinese Society for Agricultur- GB/T 6243—2017[S]. dtE&T: " AR o ikt ,2017:1-9.
al Machinery,2020,51(12):103-111. National Technical Committee of Agricultural Machinery Standard-
T INR RIS, 5 BT IR A TR 0 = e R U AR AL ization. Rice transplanter—Test method: GB/T 6243—2017[S].
Zighaahsa V], AWHUFH,2022,53(6) :70-77. Beijing: Standards Press of China,2017: 1-9.
WANG Lei, SUN Liang, XU Yadan, et al. Multi-pose motion syn- [28] 4 &ML AR AL AT L2 . KASHE L 35 A B
thesis of three-arm gear train planting mechanism based on genetic GB/T 20864—2021[S 1. ALt thEERAE L G 2021 1 1-8
algorithm([J]. Transactions of the Chinese Society for Agricultural National Technical Committee of Agricultural Machinery Standard-
Machi ,2022,53(6):70-77. L . . .

ick 1nery‘ ) (6) o ‘ ization. Rice transplanter—Specification: GB/T 20864—2021[S].
ESHE A, 0 A BET R R G R D ek i .
B - @ Beijing : Standards Press of China,2021:1-8.

& IEEHHRST AT J]. BUi%3h,2021,45(4) :29-36. . RN ey

S ) [20] FME BRGNS 008, % . KRR B RS AR L M R B 7

WANG Maohui, LI Haixiang, YANG Ping, et al. Research of gear . .
. . o ) _ W], RAEHIST,2019,41(8) :196-199.

meshing stiffness identification algorithm based on exponential

window interception recursive least square method[J]. Journal of

Mechanical Transmission,2021,45(4) :29-36.

RIF . PRERME A EH M. 2R . VS VY LA AT,

2009:1-11. 2019,41(8):196-199.

Comprehensive design and test research of the mechanism based on the
belt-shaped transplanting trajectory

CHEN Suifan' ZHANG Haonan' HOU Wansen' LI Qipeng' CHEN Wenchi® XIA Qiwei’
(1. School of Mechanical and Energy Engineering, Zhejiang University of Science and Technology, Hangzhou 310000, China)
(2. Zhejiang Selehe Agriculture Equipment Co., Ltd., Jinhua 321300, China)

Abstract: [Objective] In order to increase the depth of planting seedlings and reduce the width of transplanting holes, so as
to improve the uprightness of rice pot seedlings after transplanting, the comprehensive design and test research of the
transplanting mechanism based on the belt-shaped transplanting trajectory were carried out. [Methods] Firstly, a belt-shaped
transplanting trajectory that can reduce the width of the hole was proposed, and the posture analysis of 10 key posture points on
the transplanting trajectory was conducted according to the parameters of the transplanting mechanism and the requirements of
motion design. Secondly, the seven-tooth non-circular gear planetary gear train transplanting mechanism was simplified into a
planar 2R open chain mechanism, and a mechanism mathematical model based on the belt-shaped transplanting trajectory was
constructed using the multi-position motion synthesis theory. Then, the objective function of the minimum change of the length
of the planet carrier was established, and the App Design module of Matlab software was used to develop the multi-position
motion comprehensive solution software for the rice pot seedling transplanting mechanism based on the genetic algorithm, and
the optimal solution set of the key parameters of the transplanting mechanism was obtained. Finally, a simulation on the
kinematic characteristics of the transplanting mechanism was carried out using Adams software, and a test prototype was
fabricated to conduct the test research on field transplanting. [Results] The simulation results show that the transplanting
mechanism has the characteristic of quick return, and all the parameters and kinematic characteristics of the mechanism meet the
design requirements, where the planting depth and transplanting hole width are 22.19 mm and 9.78 mm, respectively, which
represent increases of 41.9% and decreases of 27.9% respectively compared to the corresponding value in relevant literature.
The results of field test show that the average planting depth of rice pot seedlings is 22.84 mm, the average hole width is
10.37 mm, the excellent rate of verticality is 93.3%, and the transplanting effect is satisfactory.

Key words: Transplanting trajectory; Transplanting mechanism; Non-circular gear; Kinematics; Rice pot seedling
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