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Limit of Synchronous Seedling Reaching of Pneumatic
Ejecting Type High-speed Transplanter
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Abstract: To explore a technology solution capable of achieving high-speed seedling retrieval followed by
uninterrupted rapid seedling deployment and synchronized seedling reception, an analysis was conducted
on the four-stage movement process of rapid seedling deployment after high-speed seedling retrieval by
using a pneumatic down-press type high-speed seedling retrieval and deployment device, obtaining the
movement time of tray seedlings. High-speed photography was used to capture the process of
uninterrupted rapid seedling deployment by the research group’s custom-built high-speed seedling retrieval
and deployment device, with PCC software utilized for capture analysis and calculation, examining the
relationship between displacement and time during the continuous seedling throw and deploy process.
Through limit analysis and intersection operation of synchronous seedling reception, the range of advance
phase angles for hanging cup synchronous seedling reception at different seedling retrieval frequencies was
determined, achieving the spatio-temporal matching relationship between high-speed seedling retrieval
and deployment device, high-speed seedling retrieval, uninterrupted rapid seedling deployment, and
hanging cup synchronous seedling reception. Verification experiments of the hanging cup synchronous
seedling reception effect were conducted on a high-speed transplanter prototype, with results showing a
success rate of 96.4% for hanging cup synchronous seedling reception at a retrieval frequency of
180 seedlings/min, providing foundational data for the spatio-temporal matching relationship between the
high-speed seedling retrieval and deployment device and the hanging cup.
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seedling ejecting and casting device with hanging cups
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Tab.5 Results of synchronous seedling catching test

B/ (Bk-min ™) F5 Noy/Bk Npy/Bk - Qu/%
1 120 118 98.3
2 120 118 98.3
120
3 120 114 95.0
S (E 120 116.7 97.3
1 120 116 96.7
2 120 117 97.5
150
3 120 116 96.7
S (A 120 116.3 96.9
1 120 117 97.5
2 120 113 97.3
180
3 120 117 94.2
EWE 120 115.7 96. 4
£ 96.4% .

4.5 SrFtie

(1) BB 43t 25 A% A X TG A5 1 5% 1 5 2l 82 W 4
/AN BECRE B0 25 (LD PR 2 3k 8 ) 728 A1 52 i ey T IR 4%
B %S AR Bl IE I VT 0GR ARl i T AR A
SRR A0 A B R TR OG AR 0 A AR R A5 4 B R I
FEAL A 16] i 5 16) J5 9 B, DL ORIE 1 AR ] 25 2 210X
HE

(2) 356 v 2 BRAN 1) 7B v A A i /) 552 A R
O SRR R E AN R R BT R 5l B R, B
5 P T Sl AR RE 4 P A A 2, R 0 2 A T



% 6 1)

FMAF ST TR R R S AR S DL SE R AT 5T 141

R 5 T i R R T 25 R B 8 OR HL i i )
(ANGAI ), LB T3 3, S SO B E T & 8
U 1, 5T R I T 22 S O, HE T B,
VA 7 B[R] A5 122 8 TS AR 5 A8 3 B A R B A
M, R AT — A AR E R, UL
S RS E R 2 R B R U W . N, 7
B ST 5] B R o — ECH 2R R SEIE Y L
AT s R A OR

(3) e i M iz h T (HCR IR R T 4%
T 120 BR/min) , 7 AR 4 BB BRAR 7 £ 38 BB 46 /), 2
SRA% 3 B IR 2 T JE A B W i Sl OIS AT 4 0 >4
R 2R JoT A m 5 114 7 VT T 9 R R ) s
R BN ) B A v A FRORE S A L AT B
FE R

(4) &t oxt ok g6 ] 5, $2 i LT ot il B 0,
TE TV R R R A A AR R — 2 TR

it B DR S R AR RS DL B — 3 25 [l i Jey o
RAFSR AT BARALEH , I 7 B2 B A BR A
AL A R AR R G B v 3R O 2 S T A A
B[] A0 12 W BE 1, DT 4R w85 4 R

5 it

(1) AR A e R A3 1 24 8 5 AR 25 (] A1 JR) A X
O E FENT T PR AR 4 B A S kR
TR MR AL 31, AR AT 7B L B (I R RS, N7
PR A A5 B W I B 5 R . A 45
th R B AR L A R0 B TR A7 AR B A 2 A5 B
B3 120 150 180 #k/min B [W] 25 42 7 7 #F 2 i
AL AL, .0, ]

(2) [A) 20 45 i 1 e 295 R R W), 422 1 L D) 3 Bl
SRR AL AT 2% 1 Jin T A AR, BB A5 Sy 180 B/ min B
T L)% 96. 4%

& % x Wt
(1] FRBIR, 825, HET ADAMS F1 ANSYS HUBURRL A LG B J1 A 05 B 5 I 3 a0 M [T ], Wivm B D224l , 2009, 26(5) -

731 -733.

XU Jinsu, ZHAO Yun. Dynamic analysis of chilli block seeding transplanter baesd on ANSYS and ADAMS[J].

Journal of

Zhejiang Sci-Tech University, 2009, 26(5) : 731 —733. (in Chinese)

(2] WEVLWE R Ia4 B8 55, 22Y - Bl RURSE BRI BOT SEs i E[T]. hERILR, 2015, 36(4) : 22 -25.
JT Jiangtao, ZHENG Zhihua, HE Zhitao, et al. Design and simulation of 2ZY — Bl tobacco transplanting mechanism [ J].
Journal of Chinese Agricultural Mechanization, 2015, 36(4): 22 —25. (in Chinese)

(3] mfh, R REHE. 4B RMOI IO S R REHR[T]. KOS, 2015, 37(8): 6 -9.

XIANG Wei, WU Mingliang, XU Yujuan. A fast method of stability prediction for variable pitch cutter [ J].

Journal of

Agricultural Mechanization Research, 2015, 37(8): 6 =9. (in Chinese)

(4] HRDE ERE, Bk, % BEB A O AU AL R RIIRTT]. dER L, 2017, 38(8): 107 —111.
XIAO Tigiong, CUI Siyuan, CHEN Yongsheng, et al. Development status of vegetable production and its mechanization in
China[ J]. Journal of Chinese Agricultural Mechanization, 2017, 38(8): 107 = 111. (in Chinese)

[5] JIN Xin, LI Mingyong, LI Daoyi, et al. Development of automatic conveying system for vegetable seedlings[ J]. Eurasip Journal

on Wireless Communications and Networking, 2018, 2018 1 -9.

[6] ZHAO Shengyi, LEI Xiaojie, LIU Jizhan, et al. Transient multi-indicator detection for seedling sorting in high-speed

transplanting based on a lightweight model[ J]. Computers and Electronics in Agriculture, 2023, 211 107996.
(7] kM. BE=ERRMLBOR 0 RGBT RATFE[D]. WS PiFg K4, 2018,

ZHANG Jian. Design and research of control system for picking and delivering seedings of vegetable transplanter[ D]. Chengdu

Southwest University, 2018. (in Chinese)
(8] TmiG, BRIk, &

8,5, RE PRI S L EHE 1], LRk IR, 2012, 40(1) : 614 -616.

YU Xiangtao, HU Lianglong, HU Zhichao, et al. Development trend and general situation of nonirrigated farmland transplanting
mechanization in China[ J]. Journal of Anhui Agri. , 2012, 40(1): 614 —616. (in Chinese)
(9] Pef=, FRMREN, i a o (= NSRS LR AL A R RBDR AT [T]. R B 523 4%, 2016(3) : 40 -42.
TAO Ren, CHENG Xianli, GAO Fuqiang. Analysis on the development and status of dry land transplanting mechanization at
home and abroad[ J]. Agricultural Science & Technology and Equipment, 2016(3) : 40 —42. (in Chinese)
[10]  TRER, SRR, XU, 45, Rl & AR BORBIE LR [T R LR, 2023, 54(8): 1 -18.
SHEN Yue, ZHANG Yafei, LIU Hui, et al. Research review of agricultural equipment automatic control technology[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2023, 54(8): 1 - 18. (iin Chinese)

(11]

HU Jianping, YAN Xiaoyue, MA Jun, et al. Dimensional synthesis and kinematics simulation of a high-speed plug seedling
transplanting robot[ J]. Computers and Electronics in Agriculture, 2014, 107; 64 —72.
YANG Qizhi, XU Li, SHI Xinyi, et al. Design of seedlings separation device with reciprocating movement seedling cups and

its controlling system of the full-automatic plug seedling transplanter[ J]. Computers and Electronics in Agriculture, 2018,

YANG Qizhi, HUANG Guanlong, SHI Xinyi, et al. Design of a control system for a mini-automatic transplanting machine of

[12]

147 131 - 145.
[13]

plug seedling[ J]. Computers and Electronics in Agriculture, 2020, 169 105226.
[14]

ok A, XIS R AR, 4. 2020 45 op B3 A o HULARAL & AR 2 [ T]. h R LA 274, 2021, 42(6) : 1 -9.
CHEN Yongsheng, LIU Xiancai, HAN Bohe, et al. Development report of China vegetable production mechanization in 2020



142 P SN 1R = R4 20244
[J]. Journal of Chinese Agricultural Mechanization, 2021, 42(6): 1 —=9. (in Chinese)

[15]  RHE, KT, T8, 55, BURBHALMAREAT— S & NG R B SE [T ], Aol pLAAR , 2022, 53(12) @ 116 - 125.
YUAN Ting, ZHANG Yu, YIN Jinliang, et al. Study on seedling taking and throwing device based on combined structure of
crank rocker and guide rail for vegetable transplanter[ J]. Transactions of the Chinese Society for Agricultural Machinery,
2022, 53(12) : 116 —125. (in Chinese)

[16]  ATELL, 2R, TERLPE, 5. /BRI o 2 B B SR M W ILR Bt Sk [ ], Aol BLmea 4, 2023, 54(3) : 96 - 105.

YU Gaohong, LI Chenghu, WANG Yingping, et al. Design and experiment of transplanting mechanism for high density
vegetables with small plant spacing[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2023, 54(3) . 96 —
105. (in Chinese)

[17]  Armar, ERMA QAR S, Bk A R 2T IS MU B S [T ], AR HUAR , 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)

(18] s, o, 2B 5 , 5. B SR AR WL R AR i B 38 v 80 =g i o A 3 8 it 5 R [T RO WL 274, 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)

[19]  JAgEms, Bt , A e 40, 55, SRk i A B W X ZFF A AL LA T 5 I [T, AL WU 24, 2023, 54(3) .
79 - 86.

ZHOU Haili, YANG Wei, YU Gaohong, et al. Optimization design and experiments of ditching multi-bar seedling planting
mechanism[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2023, 54(3): 79 - 86. (iin Chinese)

[20] EZEE,EHEN R, S5, Tk BT 7 R UL XU 20 R A e Bt 5B (] R AL A4, 2023, 54(6) :
46 - 54.

CUI Zhichao, GUAN Chunsong, XU Tao, et al. Design and experiment of double-row chain planting device for cabbage
substrate block seedlings[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2023, 54 (6): 46 - 54. (in
Chinese)

[21] #RE,wEA. BRI ARG IR Bk L[ T]. AL, 2020, 51(16) : 4,79.

[22] 2t , 2003, 8 B, 55, BESAR-UR AL B s A Sl [T]. RAEWFSE, 2021, 43(11) : 171 - 176.
LI Xiang, LI Xuying, ZENG Fandi, et al. Analysis and test of the movement of cast-in-hole seedling in chain row feeding
mechanism[ J]. Journal of Agricultural Mechanization Research, 2021, 43(11): 171 —176. (in Chinese)

(23] SAEEP, WML, %, B SR Ak ML HE IO ) BR 3 R R S SilE [T]. R ALK 4R, 2018, 49(6) -
78 - 84.

HU Jianping, CHANG Hang, YANG Lihong, et al. Design and experiment of control system for automatic transplanter picking
up and spacing casting whole row of seedlings[J]. Transactions of the Chinese Society for Agricultural Machinery, 2018,
49(6): 78 —84. (in Chinese)

[24] AU, 2203, 0 %o, 55, FEHE:C R PG 5RAE A I ZS IERC O RIGTFSE [ T]. RAULAFSE, 2021, 43(1) : 125 - 130.
JIN Xu, LI Xuying, ZENG Fandi, et al. Study on the matching relationship between time-space matching of chain-row feeding
mechanism and planter[ J]. Journal of Agricultural Mechanization Research, 2021, 43(1): 125 —130. (iin Chinese)

[25] W%, 2o, 24,55, ST RESEEAR RSBS00 ] P ERL R4, 2021, 26(9):
168 - 176.

ZENG Fandi, LI Xuying, LI Xiang, et al. Experiment and analysis of high-speed photographic techniques for throwing motion
of seedlings[ J]. Journal of China Agricultural University, 2021, 26(9): 168 - 176. (in Chinese)

[26] EM, 20K, R, 4. ST RSN A Sk Rt S5 T]. Lol MU2:4, 2022, 53(3) : 114 - 125.
WANG Chao, LI Yonglei, SONG Jiannong, et al. Design and test of automatic control system of pneumatic ejecting type high-
speed transplanter [ J ]. Transactions of the Chinese Society for Agricultural Machinery, 2022, 53 (3). 114 - 125. (in
Chinese)

[27] EB, X, 2RE, % BERBRIVE TR GO R g ot Sk [ 1], R AR, 2021, 52(5) : 35 -43.
WANG Chao, LIU Cailing, LI Yonglei, et al. Design and experiment of pneumatic punching high-speed seedling picking
device for vegetable transplanter[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2021, 52(5) : 35 - 43.
(in Chinese)

[28] 4E#0, &8, 50, 5. PIF BRI A EEREXT L[ T]. Rk T#2, 2015, 5(3): 1 -4,

CUI Wei, ZHAO Liang, YAN Hua, et al. Performance comparison of two types dibble planting devices[J]. Agricultural
Engineering, 2015, 5(3) : 1 —=4. (in Chinese)

[29] T W, W5 BRERL, 5. BRARRIR G RELT]. RS, 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. (iin Chinese)
[30] HE#, 85, KRR, % BHABRBIBRERE Y S8 [T]. REAIIMYH, 2012, 43 (3 F]) . 35 -38.

CUI Wei, ZHAO Liang, SONG Jiannong, et al. Kinematic analysis and experiment of dibble-type planting devices [ J].
Transactions of the Chinese Society for Agricultural Machinery, 2012, 43 (Supp. ) : 35 - 38. (in Chinese)



