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Design and Experiment of Oblique Automatic Seedling Picking and
Throwing Device for Vegetable Dense Transplanting
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Abstract; According to agronomic requirements, most leafy vegetables adopt a dense transplanting mode
with a plant spacing and row spacing of less than 200 mm. However, the automatic seedling picking and
throwing devices developed domestically are mostly suitable for transplanting with large plant spacing and
row spacing. The gantry arm type seedling picking and throwing device can replace manual operations,
but due to the long movement path of the seedling picking claws, the speed of seedling picking and
throwing is slow. Therefore, this structure cannot meet the requirements of dense transplanting of
vegetables. For the A5 — 1200 semi-automatic high-density transplanter, an oblique automatic seedling
picking and throwing device was designed to address the issue of low transplanting efficiency. The device
consisted of a seedling tray displacing mechanism, a picking and throwing arm, and eight claws. The
seedling tray and the arm were both arranged at a 45° angle to the horizontal direction, and the claws
moved back and forth in a straight line between the seedling picking position and the feeding position,
shortening the seedling picking stroke. The installation positions of the claws on the picking and throwing
arm were fixed, corresponding to the distance between the seedlings and the distance between the
seedling feeding cup, omitting the seedling separation step. The orderly and smoothly operation process
was ensured by the PLC control system. The ball screw module was driven by the closed-loop stepper
motor in the transmission parts for both the picking and throwing arm and the seedling tray displacing
mechanism. To realize the whole row interval seedling picking, the tray displacing mechanism completed
a single action within 1 s, moved the seedling tray in the horizontal and longitudinal directions, and

located the position of the seedlings precisely. The influences of the return speed of picking and throwing
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arm, the insertion depth and the penetration angle of claw on the picking and throwing effect were

analyzed. The Box — Behnken response surface experiments were designed to optimize the working

parameters. The results showed that when the return speed of the picking and throwing arm was 300 mm/s,

the insertion depth of claw was 31 mm, and the penetration angle of claw was 10°, the actual success rate

of picking and throwing was 97. 0% . Equipped with the oblique automatic taking and throwing device,
the A5 — 1200 transplanter had a theoretical transplanting capacity of 7 200 plants/h, which met the

technical requirements of dense transplanting.

Key words: transplanter; dense transplanting; oblique type; picking and throwing device; seedling tray
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Fig. 1 Structure schematic of A5 —1200 high density

vegetable transplanter equipped with seedling picking
and throwing device
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arm mechanism
LofTRA 2 R 3CIRSIAL 4. SEUEB S ik

o6 BURER 7B 8. SR 9. MR
2.3 EHABETET

LT A SRR RO ZEAT A AR AR T Tk
NI E D) N E U LIRS R 3 L Wi E s
HNH T8 3% 2 1 i e TR e B 5 1) Al
RN, WS o Je TR AR B 5 45 A4 A, T S 1 R
PEGE, AT X B PR AR R S M . o H AR
2 mm PHILL BT I8 B 2 A J WU, 4 e s K
93 mm, B £ A BE 20 mm, T F ¥ & 5 0F @ € T
30 mm x 30 mm R ARVHF b, SRS HEAT E . JEHL
Bt BEAE T F W 38 42 A T 000 0 TULRE v, ] L MDA Sy
OB . JEIUET T AR B AE 40 mm x 40 mm 4
AUBE b AN BB HEAT i, TR %
W Bl I B 1) T 32 B FL A T B TR) B A e O R 1)
AR Je BT ] 5% 3h e R ok . r Bl HEAT 45
WIS U BEE T 7 S 5 — 1 g g, S m
B T AR HE T, s AR S . el AR e U
Tia) B LA i ] R AT R IRCHR A 0 B, ok
A B Bl AT AT R T O R R 1 TR AR B
2.4 EHIRSZIEIT

PRI RS MG ]F S7 - 200 SMART %! PLC K
A B B RS AR e | 3K B AR B R AA T AR B 2
FEH ARG SR B WL 6, S7 — 200 SMART #Y
PLC A 24 M A+ 16 A v+ (% 3 4> 3
ok o At i ), SR A A AR A o AR R DC
24V,

48 VALt 2 A B U B R E 3 R
IR FERLELRE SN 24 V R BR 3h) PLC | H 35 25 i B #L

(IS N E e D) SR
Fig.5 Structure schematic of picking and throwing claw
AR 2. RMEE 3. TR EEM 4 mahffr 5. RIRE
S 6.40 mm x40 mm 7B 7.30 mm x 30 mm £ bf

P IR 46 HAB AR . PLC {55 % A S 5 3% H WL A Y
A7 A ) A R i 42, AR 5 s i 5 R AE LA T
VE B A 5 s 1 422, DA S BB AE i 25 8 5 Ak ML A
1 E I B

BIE I H 1% A5 PLC % HI%k {4 STEP 7 — Micro
WIN SMART %5 , DL S 90 B4R 0 TR 2 B 45 61 i
iy S 1 40 B0 R A 3R A5 E E AL K H B o AT 4
il o ARIEAE ML ER A B AL 8 iz A T
.9 A~iz B T o R R R AR B R R A
S PRI L 3 i AL R B AR AT A S R A B
Huhk Sy e LR 1, IR Y AR UL AT 7.

3 BENIKE

3.1 R EHE

WP A 35 d 1y 128 AR S il g X 4, 1
B IR A R A R BUE 1: 3 61R A 1M AL,
KL R 50% , FA R IR 2 S, I
SERL 6 FEAR IR AR, AE AR EES
A5 — 1200 B85 3% 5 2 B 2 A sh B Ak L% d 4 o ik
IFEAL, WL 8, a5 TR M R H AR AL AR AT B 2
A6 3 M AT X0 i 57 BUTE R S R 2R
3.2 RWEEMIER

B MUK T4 2 B0 ma O 4% 0 R0 . B
50 ] i R 5 8 T 7 AR T TR 32 (9 4% 3 o
o AT R 2 00 V- o OB T AR EE LA+
123 U IR 5 1 B 0 1 AR e B 32 B
RN B B AR R A T

T R AR R (] R R TUH A TR B R
TR N R, DR R i e b, BT
NGRS RNk L A R VAN R N N (8 L iR
N RN R E (A I & g R NN
R FORIFH R F ATy

256 - P - T



304 L

2025 4

e

IM DI DO 1M

ke

i L+
fi ) 24 2

(0)
<00

Q

0.1
Qp2

Qps

=

0,

“lb ElB =
S7-200 SMARTZIPLC

= |+ &

[U
T\
I‘,
I\
[U
T\
IH 6
I,
2

I

I

I

I
I

LR
LH

4K zhae1

y
SR BT

HB S57HD

PUL+
PUL-
DIR+
DIR-
—-GND
+VDC

FLBIHERT
6 i R LR R

Fig.6 Electrical schematic of control system

R1 BRI AR
Tab.1 I/0 address assignment
i A b ik TAER B iy 4 Ak TAER L
lo.o B ML % Sl B 1 P 30 20 o s HL R L A5 5 Qo0 B DU £ S AR 0 PR 3420 9 s ALK o 45 5
Loy PR SRS L DL ) P D LR LR S Qo1 PR RS LR R ) P 3525 3 ALK oh (5 S5
Lo B SR8 L AL G 1w P 2R A0 k) LA A Qo.2 AL WL 1 3 T 1 PR 3R A0 Bk A AL 5 ) 5
Io s BA ML AR (5 5 Qo.3 PR B R LA G 10] PR IR A0 HE B ALK o 5 S
To.4 VAR Qo4 BRCE T HUAL AL 3 3 v S AT i £ 5
Io.s HEES Qo5 BREEE HUAL 1L 3 S v S AT 4 [ £
lo.s PEES Qo6 PR B RS L HLA A ) P 320 0 e LA 40 S
To.7 AES Q0.7 PR RS LU RS e P BR 2D E e LT 18 £ S
Qo PR RS LR DA ) P 3125 3 LT 1 1R S
e P 00w (2) PRSI R A A {0 B e
» 7256 JE 3k van , AR IR gl AP AN O e A IO TORT
Ff:256T_PX100% (3) %Eﬁfﬁfﬁﬁiﬁﬂ Eﬂﬁgﬁgﬁﬂ: L 310 mm/s A

Arf P——HU B B R OR B JF R SRR S
T——BC e o B v B O SR I 7 bk KK
3.3 BEZKR
WA JTUIR AR B 28 em, A+ A1 H 9. 0°, i
R DA B0 A0 1 PR LA S, 0 IS R [l 7 o R Oy 280
290,300,310 ,325 335 350 mm/s [ #4730 %, 45 5
DL 9a . HUET R, EPR RSB B A BT AN (] AR A

w2 W RS I 2 R . PR, SRR (] AR R
280 ~310 mm/s,

B8 [l A o B B 310 mm/s, B R A L £
I 9. 00, I8 8 L Sl A AT R, 18 IROCBCHE B OTUIR A TR
JE ol 22 .24 .26 .28 30 .32 34 mm I} #4700, 45 R
UL Ob Al AR A/ (<24 mm) B, BRI
FOMHRH R WOR Y i o s R 2 i T B Tz
P35 e WU v B Al T ARAT 5G4l AR BE /N L



%5 1 HBEJE % w0 A Ak A i X A gl il 3 B ik 5 il 305

v 1

EEE :
W E AL 1 0] S 57

P77 R i AR
Fig.7 Flow chart of control program
il T AR S ECRAR T/ BRI IR S R
[F) B KRG B 7 100 3%, 380 BB S R Y 53 4

8 EHENL
Fig. 8 Experimental prototype

Tl ATREE /N, B A 07 T AR 32 B Sl OB Y TR
TR AEHLARIR B T, W 8K 8 2y BCRAE , B8 I 48
R PRI, BB TR AR JEE O 26 ~ 32 mm,,

AR [l it o0 310 mm/s , BCH 1 JTUHR AL TR
J¥ 9 28 mm , 4 B SJe OB FLA 1] 18] B, 26 BBCHCHE 1 T
AN 6°.7°.8°.9°.10° 11° 12° 47355, 45 1
WL 9co BERE A L AA 2 83 R, BT 2R W A R
RWCRE N . AT g/ (<7.0°) B, e BUpE A
RESE LS R EE 45 0, & B0 HUEL 25 5 DA oA
T AR A AN BE DA i A b BB g e o
BB A S BV o R, OB A A Dy 8° ~
11°,

EITEES
Berikny

K9 RIS,

Fig.9 Results of single factor tests

3.4 ZEARRAE
3.4.1 [ Jr RS

M E £ N R AL 2 B &, K Design-
Expert 13. 0 # {4 Box — Behnken i Jij 1 43 #7 3% % 11
SRS AT AR, 17 k. % KT 4
ML 2, i T R S E R L 3, X, X, X, W H R
Gt (e, 7 22 AT A R L3R 4

%2 EEATHD
Tab.2 Coding of factors and levels

il R MR B TR AR B B TOA L A
x]/<mm's_l) x,/mm x3/(°)
-1 280 26 8.0
0 295 29 9.5

1 310 32 11.0

xR3 RBRAREER
Tab.3 Test plan and results

N H % I By =
5 X, X, X, S/%
1 -1 -1 0 92.4
2 1 -1 0 85.9
3 -1 1 0 94.0
4 1 1 0 95.5
5 -1 0 -1 90. 0
6 1 0 -1 83.6
7 -1 0 1 91.2
8 1 0 1 95.0
9 0 -1 -1 88.8
10 0 1 -1 93.7
11 0 -1 1 92.8
12 0 1 1 97.3
13 0 0 0 92.9
14 0 0 0 93.5
15 0 0 0 94.5
16 0 0 0 93.8
17 0 0 0 95.7




306 A Bl OB ¥ 2025 4F
x4 FEHW

Tab.4 Analysis of variance
SRR PR HMEE ¥or F P
H R 194. 50 9 21. 61 17.08  0.0006 "
X, 7.22 1 7.22 5.71  0.0483°
X, 53.04 1 53.04 41.92  0.0003 "
X, 51.01 1 51.01 40.31  0.000 4 **
X, X, 16. 00 1 16. 00 12.64  0.009 3"
X, X, 26.01 1 26.01 20.55  0.0027"
X, X, 1.07 1 1.07 0. 84 0.8639
X3 29.90 1 29.90 23.63  0.0018"
X; 1.21 1 1.21 0.95 0.3616
X3 9. 04 1 9. 04 7.14  0.0319°
B2 8. 86 7 1.27
4230 4.25 3 1.42 1.23 0.408 3
1 26 T 4.61 4 1.15

iR 203. 36

—_
[=)}

TE e FRMEZE(P<0.01); « 2R H%(0.01<P<0.05)

Xof (8] 5 AR A AT G PR S A, A AR P o=
0.0006 <0.01, 24115 P =0.408 3 >0.05, Ji B 11t
Ml 7 A e B 2, AT DAL T EOER Ay R e A Ak 4y
B o SRR (] A 3 X6 A5 8 ) 58 1Y) 5 Wikl I 3, B
BT TR AR S AN A X BUASE A ) 26 A 52 il % (2
Fr o WUPRE [m] R R R HRAR T TR B 1 22 ELAR
FH R ] A5 R R R A A i 32 BAE
X SRR B T S 0 5 il A . 3, AR TCH AR B
A A BE Y A2 AR T SO B 3 0 5 e R 3
£ a =0.05 BAF/KF T HIBRA 250, 153 2] [l )5 J5
HH

S=94.08 —-0.95X, +2.57X, +2.53X, +

2.00X,X, +2.55X,X, -2.66X; —1.47X: (4)
3.4.2  PRIE (B A BAE FH N T 53 A

BET &N ERLZEAEM B ZEMEKE, KA
Origin 2019 A2 il 52 HAFE IR B 18 20 25 52 il 1
e 7 i T, DL A 10,

P 10a AT Dl B350 [n] A 2 32 5 B4R i TC A
AR BEARAG I, AR L) 6 86. 5% ~97. 4% , HL
P/ TR AT JE 26 ~28 mm I, B A 2 2% bl B
PR (] R P i i R AR, AR Ak B B S8 S . HR
B/ TR AR A 30 ~32 mm 1], B 8 3 5 i B
PR 0] A B G I S /N B AR R R R (LR AR
LRI . F ] 10b AT D B [ R R A
BB A 22 AL ), B T %y 84.0% ~
95.5% o MULFE A L A BN AR i 2 22 B
U [ 2 W S B, Y R [l A
BRI, B 8 2 23 it B A8 1 IO 0 A B8 1) 385 i
T (0 R B, Y BB [l R R Ol 290 ~
300 mm/s BUE A /1 R 100 ~ T1°1F, B

(b) X,=0

10 PR 3% 22 EAE 0T B8 A ) € 1) 52 Wi

Fig. 10  Effects of interaction on success rate of

seedling picking and throwing

IR AE 95. 0% 721 /MR LA o
3.5 Lo EilwEEiE

PUBCEE R R S il s A4k A #5 , fifi ] Design-
Expert 13. 0 B0 BB (o] 75 58 B I8 v TUI A
AN € D) (W 59 B S R AN E R AN SR S S SO S S
" Hh

maxJS

st —-1<=X, =<1
-1=sX, =<1
-l<sX, <1

A5 25 5 o - BCEE R Il 72 3 R 300 mm/s |
A 1 TR IR 31 mm BB A /o 10°
b, B4 A ) R HE (E S 96. 6% .

XA 25 R UE AT R 56 56 UF L 5 41 5 & 3K 96 B
LT 4y Bk 96.5% . 97.3% .96.9% . 97.2% Fi
97.0% ,F-¥{E 97. 0% , 5 FRiE 22 W R A, ik /2 A
RARUEZESR o BT 0L, B U B 30 A A ol i5f
‘Eﬂ}”‘ﬁ-ﬂf4 s IN,128 s A58 2 BR A R

B phE X A S B BB B AS — 1200 Y % R iR
KRN EIE AR AR A 1] 35 7 200 #/h, 5 4 000 #£/h
FHECA BT AR T o 35 b A% 0 44 i R e R A A
RIS, W] PLC 45 i #2 17 A  oR etk 25 A .



%5 1 HBEJE % w0 A Ak A i X A gl il 3 B ik 5 il

307

4 it

(1) B3 AS — 1200 R K F [ 3l % % B2 A
PLIY AR SR Bt 1 — FhoR e o XA s o i
P BUBCE LM 92 LA B EL OB L, i
A WSV ER T B e BRI
SBR[ 55 G 1R 1R A2 2 5 E A7, 5 BCBUE MUK 1
Bof o M PLC S8 8G% %56 B 1Y) 92 1) R G it , 56
I A A A A e R

(2) LA 128 FTHLMS 14 % il 28 S 0 o il 3 X &
i 1o 22 PR 2R 0 DG A0 OB BILRA 14 £ 2030 4 i A3

BT TAES B, DU (o] 7 0 52 | BOHE i JTUH
ATREE A A Dy il 3R AR TS O R R B
R IR B R A A A A o 25 AL [l 3k
J& 29 300 mm/'s BT TR AR S 31 mm O
JOA A1 09 10°0F, SEPRIUCE R D R O 97. 0% , 5 3
R ZE L ZIEH A .

(3) 2 skt B o A S Ui 2 B AS — 1200 B
14 R L S AR AL L I 8 A A ol s ] T
HiAE 4 s N, BB AR A AE J7 1K B 7 200 #k/h, H L
4000 tf/h 1 BUAT AR R 4 T W], OB R
AR AR 55 196 K2 2 AL E AR 25K

TR, EREF, RBE, S ORIA SRR AR IR S m R R R AR LT]. P EB, 2024(5): 7 - 13,

FANG Ziyan, WANG Tianye, YU Lu, et al. Present situation of vegetable industry in Xinjiang Production and Construction

Mok Az, XN5eA, EhAnmn, 45, 2020 4 b [ B S AE MU AL K RS [ T]. P ER ML 4R, 2021, 42(6): 1 -9, 34.
CHEN Yongsheng, LIU Xiancai, HAN Baihe, et al. Development report of China vegetable production mechanization in 2020

B SRR A A B R R A AR IR [ T]. Aol TR, 2018, 34(3): 19 -25.
Experiment on transplanting performance of automatic vegetable pot
Transactions of the CSAE, 2018, 34(3) . 19 -25. (in Chinese)

YU Gaohong, WANG Lei, SUN Liang, et al. Advancement of mechanized transplanting technology and equipments for field

WA, B, s, . % R AR AU 5 BUR K R A [T]. o ER L R 22224, 2022, 27(5) : 22 -38.

Research status and problem analysis of plug seedling transplanter in

SCAR R, SR AR M, S8, . BRSO MRS A S BORBUR S 00r [T]. b B ARl 24k, 2021,26(4) 1128 - 142,
WEN Yongshuang, ZHANG Junxiong, YUAN Ting, et al. Current situation and analysis of automatic pick-up technology for

ZHANG Xuedong, CUI Wei, LIU Yungiang, et al. Research status and prospect of automatic seedling picking and dropping

technology of plug seedling transplanting[ J|. Journal of Chinese Agricultural Mechanization, 2023, 44 (12);: 17 -24. (in

WEN Yongshuang, ZHANG Junxiong, TIAN Jinyuan, et al. Design of a traction double-row fully automatic transplanter for

HAEIR, XUSLAh, T, A BESRB AL IR I U e B AR s AT SR BT SR [ T]. R AU IR, 2023, 54 (34T

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) :

YUE Rencai, HU Jianping, LIU Yijun, et al. Design and working parameter optimization of pneumatic reciprocating seedling-

ZHU Zhifang, WU Guohua, YE Bingliang, et al. Reverse design and tests of vegetable plug seedling pick-up mechanism of

planetary gear train with non-circular gears [ J]. International Journal of Agricultural and Biological Engineering, 2023,

B, J, U, 4 BSCmIUR RIT A S B R B BT SR [T ], Al T2, 2023, 39(8) : 54 -64.
HAN Changjie, ZHOU Ting, YOU Jia, et al. Design and experiments of an arc expansion type automatic seedling taking and
Transactions of the CSAE, 2023, 39(8) : 54 —-64. (in Chinese)

2 £ X B
[1]
Corps and pathway for its high-quality development[J]. China Vegetable, 2024(5): 7 —=13. (in Chinese)
[2]
[J]. Journal of Chinese Agricultural Mechanization, 2021, 42(6): 1 -9, 34. (in Chinese)
(3] Fok4, fumise, £&, 4.
WANG Yongwei, HE Zhuoliang, WANG Jun, et al.
seedling transplanter for dry land[J].
[4] ATRI4, E&E . IR, & KRENWABRER SRS RIT]. IR, 2022, 53(9): 1 -20.
crops[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2022, 53(9): 1 =20. (in Chinese)
[5]
TIAN Zhiwei, MA Wei, YANG Qichang, et al.
greenhouse[ J|. Journal of China Agricultural University, 2022, 27(5) : 22 —38. (in Chinese)
[6]
vegetable plug seedlings[ J]. Journal of China Agricultural University, 2021, 26(4) . 128 —142. (in Chinese)
(7] 5k2A&, @8, XM, 5. REEBRESNEE R ARTT R IR 5RELT]. P ERNL R, 2023, 44(12) : 17 -24.
Chinese)
[8]
vegetable plug seedlings[ J]. Computers and Electronics in Agriculture, 2021, 182 106017.
[9]
1): 115 -124, 134.
115 - 124, 134. (in Chinese)
[10]
picking device of automatic transplanter[ J]. Agriculture, 2022, 12(12) . 1989.
[11]
16(2): 96 -102.
[12]
throwing device for vegetable plug seedlings[ J].
[13]

Mok, 837 &, XI3C, 45, BE A SR AR ML BB AC R B B I S LA B ST [T ] AR HLAK 2 ), 2022, 53(11) .
131 -139, 151.

CHEN Bin, HU Guangfa, LIU Wen, et al. Alternate automatic seedling picking and dropping mechanism based on



308 P S 1 R = I 20254
symmetrically arranged seedling trays for automatic vegetable transplanters [ J]. Transactions of the Chinese Society for
Agricultural Machinery, 2022, 53(11) . 131 =139, 151. (in Chinese)

[14] HAN Changjie, HU Xianwei, ZHANG Jing, et al. Design and testing of the mechanical picking function of a high-speed
seedling auto-transplanter[ J|. Artificial Intelligence in Agriculture, 2021, 5; 64 —71.

[15] A ERA IR AR Z R L. TB/T 10291—2013 S HARMALM[S]. dbat . o B AR L b At ,2013.

[16] EFF, X5, BKIE, 5. BRBRICERERE RSB T]. RIS, 2023, 54(9) . 122 - 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)

[17] YANG Qizhi, HUANG Guanlong, SHI Xinyi, et al. Design of a control system for a mini-automatic transplanting machine of
plug seedling[ J]. Computers and Electronics in Agriculture, 2020, 169 105226.

[18] YUE Rencai, YAO Mengjiao, ZHANG Tengfei, et al. Design and experiment of dual-row seedling pick-up device for high-
speed automatic transplanting machine[ J]. Agriculture, 2024, 14(6) . 942.

[19]  Arm4r, ERMA, Q@R & S BB RZAT R IR S8 [ T]. fOl B4R, 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 for vegetable pot seedlings [ J]. Transactions of the Chinese Society for Agricultural Machinery,
2023, 54(1): 94 -103. (in Chinese)

[20]  Arm4r, ZRRUR, TERIPE, 5. /IVBRIE & % BE s S e U Bt 5 3lae [ T]. Ol BU 4, 2023, 54(3) : 96 - 105, 138.

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, 138. (in Chinese)

[21] 31K, BB, ¥iesh, % XGRS RMUN TBE Sl Rl A e Bt St (1], R, 2022, 53(12) : 126 -133.

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. (in
Chinese)

[22]  BRAL, FHE, 717%, 45, BOMGE =800k A s ke Bt St [ T]. VPR, 2024, 55(3) : 115 -121, 152.
QIU Shuo, YU Bo, JI Dong, et al. Design and experiment of double row stem clipping type automatic picking and throwing
device for pepper seedlings[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2024, 54 (3). 115 - 121,
152. (in Chinese)

(23] HERME, #X, LM, & GERRYITRZRER SO0 58], BRI, 2023, 44(3) : 464 -472.
TIAN Subo, XIE Tian, WANG Hejin, et al. Design and experiment of adjustable seedling-feeding device for vegetable
transplanting machine[ J]. Journal of South China Agricultural University, 2023, 44(3): 464 —472. (in Chinese)

[24] Wi<F5, A, XA, 5. B R ALRHE Je s IR e BRI [T]. Aol TR %4k, 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)

[25] Z#. ZA47%M A IBRILBT S BT AR OIS [ D]. B VLIRR-, 2022.

LI Jing. Research on the design of the automatic transplanting machine and the seedling planting technology[ D ]. Zhenjiang;
Jiangsu University, 2022. (in Chinese)

[26] #HAY, XNFH, X, 5. B3R A DRI R A S B0 R E KB T]. R HUER, 2022, S3(HT 1) .
110 - 117.

HU Jianping, LIU Yutong, LIU Wei, et al. Experiment on combined seedling picking device with top clamping and pulling
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2022, 53 (Supp.1): 110 = 117. (in Chinese)

[27] WEEF, B2, BJL, . 2T EDEM — RecurDyn A9 48 Je sURF N BB AL 580 [ T]. RALHF 4, 2022, 53(5) .
75 -85, 301.

HU Jianping, PAN Jie, CHEN Fan, et al. Simulation optimization and experiment of finger-clamping seedling picking claw
based on EDEM — RecurDyn[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2022, 53(5) . 75 -85, 301
(in Chinese)

(28] fhirz. HETHH-RAZS DI IRE R mIIT SR L EEH LZMMAID]. BT 9 R, 2017,

XU Jingyun. Design of pick-up end effector and optimization of seedling cultivation based on seedling bowl-root multiple

properties[ D]. Zhenjiang: Jiangsu University, 2017. (in Chinese)



