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Design and Experiment of Flexible Clamping Seeding Detaching Device
for Rape Bare Seedling Transplanter
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(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
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Abstract; Aiming at the problems that the roots and stems of mechanized transplanting of bare rape
seedlings are intertwined, which makes it difficult to separate seedlings and the conventional seedling
separation device is easy to damage the roots and stems, a seedling separation process of artificial assisted
row placement + flexible clamping transportation + intermittent dial separation was proposed, and a
flexible clamping seedling separation device was developed. A flexible clamping seedling separation
device was designed. The material characteristics of rapeseed bare seedlings during the optimal
transplanting period were measured, determining the transverse conveyor belt width of the flexible
clamping mechanism to be 216 mm. The dynamics of rapeseed bare seedlings during the flexible clamping
and conveying process were analyzed, and the feed inlet angle was determined to be 30°. The trajectory
of manual seedling separation was simulated, and rigid-body guidance of the separation mechanism was
analyzed based on Burmester theory, resulting in the determination of a crank length of 32 mm and a
rocker length of 50 mm. Motion parameter matching analysis was conducted for the flexible clamping
mechanism and the seedling separation mechanism, determining the flexible clamping mechanism’s
conveying speed to be 25 ~ 55 mm/s and the separation mechanism’s poking frequency to be 50 ~
120 times/min. An orthogonal bench test was conducted with the separation outlet angle, the conveying
speed of the flexible clamping mechanism, and the poking frequency of the separation mechanism as test
factors, and the seedling separation success rate and seedling damage rate as evaluation indices. The test

results showed that the optimal parameter combination was a separation outlet angle of 55°, a conveying
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speed of 48 mm/s for the flexible clamping mechanism, and a poking frequency of 85 times/min. Under

these conditions, the seedling separation success rate and damage rate of the device were 89.06% and

3.91% . The field test showed that each mechanism of the seedling separation device ran smoothly, and

the operation performance met the requirements of mechanized transplanting of bare rape seedlings. The

research results can provide technical reference for the design of automatic transplanting equipment for

bare rape seedlings.

Key words: bare rape seedlings; transplanter; seeding detaching device; Burmester theory; rigid-body
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Tab.1 Determination of friction coefficients between

naked rape seedlings and different materials
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Fig.2  Structure diagram of rape bare seedling transplanting
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Tab.2 Main technical parameters
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Tab.3 Seedling claw position information
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Tab.4 Feasible solution of location information
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Tab.5 Parameters of seedling separating mechanism
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Fig. 12 Trajectory and parameters of seedling claw

tip relative to bare seedling
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Fig. 13 Kinematic model of seedling claw pulling
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Fig. 15  Variation curves of longitudinal variation and
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extrusion force of transverse conveyor belt at different

feed rates of tension bolt
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Fig. 16  Trajectory comparison test of split seedling

mechanism
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Fig.20  Operational state in field conditions

(DT — MR W&, Bk T 5
Wi B SRR TAE R, Gt THE RS 23 d 332
R AME U S50, D0 SRR ) e e T
M AR HILAA R 1) 226 T 9 R 216 mm | TR 4 2%
i 96 40 mm

(2) ST T 43 v ALAG MR S 5] A5 Y, 1 2 ML 3
KB 81 mm AR BE 32 mm FEAT A BE 50 mm; 17
G3 H LA T B O B | S BRI A B0 X
I, UE W] T PR e 4 i e A B LA R T I
P 5 FF J 2Pk e KR HL AL N 4 ¥ AILAL 32 3l 2 B VL d 43
BT, 05 T S8 Pk e R LA i 3% 3 2 Ry 25 ~ 55 mm/s |
53 e HLAE K B AT A 50 ~ 120 K/ min,

(3) FFJ AT 11 1 BE | 32 P e 45 WL A o % 3l 22
3 Ve HILAR) 3K 3 A 300 3 Vi 2D 38 A R Tl 11 =
R K R IE S A Al 5, % B 49 2 8017 1R
BRI R, YA A 550 M e R
PLAL B 2% 7 BF 48 mm/s . 4> W MWLM 3k 3h 0 R K
85 WK/ min B 73 B RCR B, & SR 5 7 B L) ok
89.06% Mt %N 3. 91% , 3 W] 4 1 ¢ B W 2 i =2
BRET AL AL B AR Al 225K



152 P A1 R S S 14 2026 4
& % x Wt
(1] mfl, R, BB, 5 R 2 S i 3 A LR B AL A BT SR [T ] Rl TR E 4 ,2015,31(15) :12 - 18.

[2]

(3]

[4]

[8]

[9]

[10]

[17]

XIANG Wei, WU Mingliang, GUAN Chunyun, et al. Design and experiment of planting hole forming device of crawler
transplanter for rape( Brassica napus) seedlings[ J]. Transactions of the CSAE, 2015, 31(15): 12 - 18. (in Chinese)
BEDCE K W e gk B, 45 il SR ER T B R ML I AT A ML 2 B AR R4 Bt LI ] Al BLAR % 412 ,2015,46 (11) 49 - 56.
LIAO Qingxi, LIU Mingfeng, ZHANG Zhao, et al. Multi-objective optimization design of double five-bar transplanting
mechanism for rape pot seedling[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2015, 46(11) ; 49 - 56.
(in Chinese)
ATRAL, E&, IV 55 R LIRS BB AR 5 e s WF ot ik e [ ] Rl ML 27 4 ,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 Machinery, 2022, 53(9): 1 —20. (in Chinese)
BEIRE SIS, B IR, S5 SR ML R A B R S i R e R AT [T ] RO AR 4R, 2015,31(16) ¢
22 -29.
LIAO Qingxi, HU Xianpeng, ZHANG Zhao, et al. Analysis on detaching process of detaching device and seedling pot integrity
about rape transplanter[ J]. Transactions of the CSAE, 2015, 31(16) : 22 =29. (in Chinese)
e X b, 2R, 5. B SRR AR LA A I e T 9 S S AR 2R i 5 [T ] R WU 2 41,2023 ,54(5) <71 - 81.
YAN Hua, LIU Chong, LI Pengbin, et al. Design and experiment of duckbill planting device with adjustable static trajectory for
planting vegetable transplanters[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2023, 54(5). 71 - 81.
(in Chinese)
2% MEVL S 0 TR, 45 L T B B0z 2 8l g 2 R p W e AR RS M AL [T . R0l TR 241 ,2018,34(9) =58 - 67.
JIN Xin, JI Jiangtao, LIU Weixiang, et al. Structural optimization of duckbilled transplanter based on dynamic model of pot
seedling movement[ J]. Transactions of the CSAE, 2018, 34(9): 58 -67. (in Chinese)
MG EE WP, 0k 4. R FE A AR A SR A ML O £ 5180 [ 1] A HL A2 4R 2014 ,45 (3§ 1)) :52 - 56.
FU Pengyang, HU Jianping, LIU Fa, et al. Simulation analysis and experiment for gear-linkage-cam combination planting
mechanism[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2014, 45(Supp. ) : 52 =56. (in Chinese)
EALERE BN BT T AR R SRR RE SRk [T T E AR R, 2014,
35(2):139 - 142.
WANG Shi, WANG Xiaoyan, LI Chenghua. Parameters optimization of soft disc-type vegetable seedling transplanting
mechanism based on quantum genetic algorithm[ J]. Journal of Chinese Agricultural Mechanization, 2014, 35(2) . 139 - 142.
(in Chinese)
EFH XN BRKIL 5. BRI 2 e Bt 5 [ T]. R WU =4, 2023 ,54(9) 1122 - 132.
WANG Xiu, LIU Mengzi, ZHAI Changyuan, et al. Design and experiment of vegetable transplanting clip stem seedling device
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2023, 54(9): 122 —132. (in Chinese)
TR, 5T, WR a5 B RO R R BDIR 5 R [T]. AL ALA % 4% ,2014,45(8) :44 - 53.
YU Xiaoxu, ZHAO Yun, CHEN Baocheng, et al. Current situation and prospect of transplanter[ J]. Transactions of the
Chinese Society for Agricultural Machinery, 2014, 45(8) : 44 —=53. (in Chinese)
AKM S I, MEHBUBA R, AKML R, et al. Techno-economic performance of 4-row self-propelled mechanical rice transplanter
at farmers field in Bangladesh[ J]. Progressive Agriculture, 2016, 27(3) : 369 —382.
ANDREW M B, LAURA H V, JAMES M M. Vertical farming: a summary of approaches to growing skywards [ J].
Horticultural Science and Biotechnology, 2019, 94(3) . 277 —283.
FARE R AR RO AR T SR MF S [ D] db et E ARk K% 2017
WANG Xujian. Design and experimental study on key components of licorice tilt transplanting [ D ]. Beijing: China
Agricultural University, 2017. (in Chinese)
WesC e, SR W, B AR, 45 5L TR S LB AY 08 T4 L2 B LA B2 S [T . Aol A2 24,2015, 31 (HE 7 1) .
21 -27,379.
JI Wenfeng, WU Qiming, HUANG Haidong, et al. Design and experiment of seedling seperation device of Artemisia
arborescens transplanter based on vibration mechanism[ J]. Transactions of the CSAE, 2015, 31(Supp. 1) : 21 =27, 379. (in
Chinese)
WITR G, B4, 20 A IS B R A L AR AU 2 B SO SR [T] . R0l TR 4= ,2022,38(9) 112 - 23.
HU Qiaolei, WANG Lei, LI Xinzhi, et al. Design and experiment of the counter roll seedling taking equipment for rapeseed
substrate block seedlings transplanter[ J ]. Transactions of the CSAE, 2022, 38(9): 12 —23. (in Chinese)
TR RUSE i, T O, A B SRS R ML T e X R v PUAT # T SRR [T ] ARl LA A4 4, 2023, 54 (4 T
1):115 -124,134.
ZHANG Xuedong, LIU Lijing, NING Yichao, et al. Design and experiment of end effector of seedling taking by jacking and
clampling of vegetable transplanter[ J|. Transactions of the Chinese Society for Agricultural Machinery, 2023, 54 ( Supp. 1) :
115 - 124,134. (in Chinese)
AR B ER VT , 55 DCHERS AU T 106 3 2 g R R e i S0 [ T ). A MU 24 ,2022,53 (12) 126 - 133, 146.
JI Dong, HU Xi, ZHE Xuanrui, et al. Design and experiment of double row transplanting manipulator linkage high speed
transplanting device[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2022, 53(12) : 126 —133,146. (in



55 6 B E A SRR A R Rt e R R R S e 153
Chinese)
(18]  whggfl, BV, BUME 5 BT /R AR ny B S B AR AT #R BT [T ] 4Ol LA 41,2013 ,44 (11) ;260 - 265.

[19]

[20]

[21]

[22]

[29]

[30]

[31]

[32]

[33]

HAN Lithua, MAO Hanping, MIAO Xiaohua, et al. Design of automatic picking up seedling end-effector based on mechanical
properties of plug seedlings[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2013, 44 (11) . 260 - 265.
(in Chinese)

BRI BEPCE T BT SF ISR EERAT A E BRI SR [T] . Al HUAR 2 Hiz 2024 ,55(8) 193 — 104,

SHAN Yiyin, LIAO Qingxi, WAN Xingyu, et al. Design and experiment of self-propelled six-row harvester for oilseed rape
shoot[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2024, 55(8): 93 —104. (in Chinese)

R EF IR, S SRR R AL R A 20 B Sh i R B S Rl (V] Rk DA 2 4R, 2023,39(13)
68 -79.

CUI Zhichao, GUAN Chunsong, XU Tao, et al. Design and experiment of the automatic conveying and separating device
forsubstrate block seedling transplanting machin[ J]. Transactions of the CSAE, 2023, 39(13): 68 —79. (in Chinese)
Ear, m M, EaR,E 0 MRS BRI R IR R g st 5l T ] AROL L 4R ,2022,53(6) 1118 - 128.
WANG Qi, GAO Pengxiang, WANG Jinwu, et al. Design and experiment of intelligent monitor system for carrot combine
harvester[ J|. Transactions of the Chinese Society for Agricultural Machinery, 2022, 53(6);: 118 - 128. (in Chinese)

BATR AR, SR AR, A0 A S5 T IR BT B RS R L XL e 32 gt R0k R BT 5 IR [T ] ROk LA 4 iR, 2022,53(2) ¢
106 - 115.

HU Qiaolei, YUAN Jiacheng, LI Xinzhi, et al. Design and experiment of two-way progressive seedling feeding for rape
substrate transplanters[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2022, 53(2): 106 - 115. (in
Chinese)

BB Xk K BEE 4. 2T Burmester B AYOBFILES AR S 51 WL BT [T ] H E AR AL 2741 ,2023 ,44(6) 56 - 61.

ZHAO Yehui, LIU Shutian, LIAO Heng, et al. Design of soil-blocking plate guide mechanism of micro-cultivator based on
Burmester theory[ J]. Journal of Chinese Agricultural Mechanization, 2023, 44(6) : 56 —61. (in Chinese)

S B R R XA A SRS R ML AR e b OB B R BRI [ )] ARl TR 244 ,2020,36(6) : 1 - 10.

XIE Shouyong, YANG Shanghong, LIU Jun, et al. Development of the seedling taking and throwing device with oblique
insertion and plug clipping for vegetable transplanters[ J]. Transactions of the CSAE, 2020, 36(6): 1 —10. (in Chinese)
BRI R TR A ISR AR W R AL S B U B S 6T T [T ] Al B4 41,2017 ,48(11) 270 - 78.

LIAO Qingxi, ZHANG Zhao, HU Qiaolei, et al. Design and trajectory analysis of pneumatic picking-up mechanism for rape
paper pot seedling[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2017, 48(11) : 70 —78. (in Chinese)
FEOEMI, Az BRI 4R HLAG DU L5 BRI Tk (0] EPLA T AR ,2013,24(3) :336 - 340.

WANG Guangming, SHI Lixin. Synthesis of spherical 4R linkages for four specified positions based on type map[J]. China
Mechanical Engineering, 2013, 24(3): 336 —340. (in Chinese)

W Bk 2 FIRME A MR S 5] Burmester f5 SR Jr gk [J]. H B ML T ,2002,13(7) :74 -76,6.

XIE Jin, CHEN Yong. A chaos-based approach to obtain the global real solutions of Burmester points[ J]. China Mechanical
Engineering, 2002, 13(7) . 74 -76,6. (in Chinese)

BEDCE PR, TR TR, S5 R I S E DB B 2 S A A R R A ML BT S U [T ] Ak BB 2% 2, 2022, 53 (10)
26 -35.

LIAO Qingxi, LIN Jianxin, ZHANG Qingsong, et al. Design and experiment of shovel type seedbed preparation machine
suitable for rapeseed direct seeding[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2022,53(10) : 26 —
35. (in Chinese)

AR, DG TR H A, S T SR AL LR O R R s DL SRR R S BT S AR R [T ] ARk TR 2 4R, 2023,
39(19) :39 - 48.

LIN Jianxin, LIAO Qingxi, ZHANG Qingsong, et al. Vibration characteristics analysis and structural improvement of the
shovel type seedbed preparation machine suitable for rapeseed mechanical direct seeding[ J]. Transactions of the CSAE, 2023,
39(19): 39 —-48. (in Chinese)

LA VR IR, 5 BT IR A M =R e R AR 2 18 3h 4 [T ] R4z ,2022,53(6) 270 —77.

WANG Lei, SUN Liang, XU Yadan, et al. Multi-pose motion synthesis of three-arm gear train planting mechanism based on
genetic algorithm[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2022, 53(6): 70 —=77. (in Chinese)
ATRAL, T AR, XUEENI A5 SRS 1 B A A AL 2 AT B MU B S e [T ] Al WU 2441 ,2023,54 (1) :94 - 103.

YU Gaohong, WANG Xilin, LIU Jian’gang, et al. Design and experiment of multi row seedling taking mechanism for dense
planting and transplanting of vegetable pot peedlings [ J]. Transactions of the Chinese Society for Agricultural Machinery,
2023, 54(1): 94 - 103. (in Chinese)

Jal i, X W AT AL, S5 B SR A AR LA U R —lE R G AT B A R AL BT SR [T ). Al LA A= iR ,2023,54 (8)
77 - 86.

ZHOU Haili, LIU Jian’gang, YU Gaohong, et al. Design and experiment of seedling picking mechanism for helical gear-non
circular gear planetary gear system[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2023, 54(8) . 77 -
86. (in Chinese)

XU, SR HR I, R i, A HE R A SCTE ORI T SR80 [ 1] 4Rl WL 2 41,2025 ,56 (10) :386 - 396.

LIU Tianhu, ZHANG Jinchong, LIAN Zhuogian, et al. Design and experiment of chain-feeding pineapple harvester[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2025, 56(10) : 386 —396. (in Chinese)



