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Design and Test of Row Picking End-effectors for Potted Seedlings
in Greenhouses

ZHOU Haili'? LIU Ke' TONG Junhua'? LI Zhen' RAO Yicheng'
(1. School of Mechanical Engineering, Zhejiang Sci-Tech University, Hangzhou 310018, China
2. Key Laboratory of Transplanting Equipment and Technology of Zhejiang Province, Hangzhou 310018, China)

Abstract. Potted seedlings need to be transplanted from the plug tray to the cultivation slot in
greenhouses, while the inefficient manual operation limits the large-scale production. In order to achieve
efficient and high-quality automatic transplanting operation, a kind of row picking end-effectors with plug-
in claws was designed for high-speed transplanting operation of greenhouse pot seedlings. The stress and
the deformation of the transplant effector during taking and releasing seedlings were analyzed. Combined
with ADAMS rigid-flexible coupling simulation, the optimization design of the transplant effector was
carried out to determine the fitting curve of the claw tip point and the gripping trajectory for the pot
seedling. Taking the main factors affecting the success rate of taking and releasing seedlings, such as
grasping seedling depth, substrate moisture content of matrix, lifting speed and horizontal speed, as the
variables, the orthogonal test was carried out, and the optimal parameter combination was determined.
Based on the results of examination,it can be found that the best parameter combination was the grasping
seedling depth of 48 mm, moisture content of matrix of 69. 9% , lifting speed of 0. 24 m/s and horizontal
speed of 0. 35 m/s. Under the optimal condition, the success rate of taking and releasing seedlings was
97.9% , and the efficiency reached 10 322 plants/h, which can meet the requirements of high-speed and
efficient transplanting. The research result can provide a reference for the domestic development of high-
speed pot seedlings transplanter in greenhouses.
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Tab.1 Structural dimensions of seedling plants
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Fig.5 Diagram of end-effectors picking action

I R ) N R N T R K
(& SE) s AR AF B AR LT, i o] 8K 0 IE 1 5 S A
(& Sg) , #EAT — R BUET IR 3F
2.3 BEFHREZNSW

P A FAE PR I R b, WTOR B 5 e o 4
B TUR R 358 i A9 32 3 1 D0 B R RS A S 5, AR
SCAE R AE T 24 5 2 8] 1 8y 3 ST A 7 AR 6 B A1
L0 E AT AA o,y 80°, flAF RS AN /X
PR B/, LR UEBA v 5 B HTUBCSE B e

CE i, B A AR SRR B IE BT 4
JTOR RHA A BEAT AR, X B8 A8 T £ U ki 2 47
2150 I 6 s o B o« AR FO9 T
PRy SR B AR B4 T3, F, h BTCR X 38 J5R 019 3% 1) 52
91, F X S FE T R B 0 09 8 L SRR
FITHETT M B R 0 g AL bR Bl R R

K6 Rl WA Z 1507
Fig. 6  Force analysis of end-effectors pick-up operation
h PR AR A R T R0 B e BB A A R B R
25 A 0 R A2
2(F, +F,)sina, +2(F,, +F,,)cosa, =F,

F,sina, - Fsina, = F  cosa, — F ,cosa,

(1)
F/l =uk,,
Fp=pk,
b p——HE TS By (8] R 45 D 4
2 W S J5 R A A AR B R e, R A B R TR R
52 2% FK J3 46 B
F,=F,

(2)

HIaC (1) L (2) 45 M, B8 A8 T R 1 Mk i iy 32 4
FH 3 2

4F sino, +4F, cosa, =F, (3)
R F A
F.=F sina
! T
{ (4)
F, =F cosa

K F—BET3 ]G

AR SC 3k T £ % MA25 T A T 6L, GLAR N
25 mm , f7FE N 50 mm, B BARELHE SN

F,=0.85pD* w/4 (5)
K p—H AR HE 7, 0.7 MPa
D——"S T2 , mm

RAER(S) AR E F, 8 291.9 N, DL AT 3R
F ) 286.58 N, F, 4 50.53 N, pi =X (3) 22 0 AT 1 He
W TRk 7R R 1164 N, HH 15 558 41 A 4038 3
WG, By ) o\ BB T O DL R R N ) 2 RS K
T 10 N, [R5 3 45 46 1l 2 A AR K
2.4 BEFTHTESW

T BR RS R AR ML B, SR FH T A2 AR RE R A E
FIBRAEN o 24 W HERS A T IR AT VB b i, D) 7E AH 7]
WOTRBE T 5 B Al T Ty 3 Al AR, 5
M RE ST HURBEAR, B R 2% ak R A B e A R
%o LA T8 H i, 75 00 5 % B R 46 A
JERE I R AR o A SCREHUE A Ff Ry 80°

AR SCP BT I B TR — i [ 22, o 8] 52 3] S m)
M 42 ) 5 DR A AH [ 67 8 ), O — 3 52 25T S )
FLEFEAER , UL, TR B0 1R ShAE AL A M 32 1) 25
RS 2 o B T IR 1 45 K T PR e T
JiRs oSBT el AL WO 3 S A 7 5 m fLAE
T ERIF IR AR E B K. BE A VTR A FL
BB R R WK T SR E AR TEAE T
XoF BB 7 AR W e AR, LA ORAIE IR I R
AT rRE 1k
2.5 BEFHESRERZBESHENSH

FEHE T TR B4 B2 g 65Mn 89, 1 TR [ 52 3% 45



86 Y S ]}

2023 4

JINES

AL

(a) B (b)
BT BT IRk 45 4 1 T
Fig.7 Picking and releasing structure sketch of

end-effectors

Pras 2 90°; f1a) AT 2 — 2 M1 BE I, 283 900°C 4k
F18 b i [l R Ab 3 AT B8 55 1 TR 00 IR AR
FEU AL FE R B M O B T R IR SR
1 mm (45 1T 725 5 Bk B A0 25 i SOR 7 &
U RS AR K, £ 7 SR EE 2 1 mm,

BEXTET TR 98 B, S BCOE B 2.4 .6 mm i JTUHK
W TR F N I, R ok v A R 0, 1 56
LR — R . I AR R, 2 mm N
Sy i, W 22, By Wi i, 42630 VR B Al T BGH 280CR
AN TR E SR AR 1 5 96 4 mm {5 K 7 B 46 T ik
Xof B 5P A 2 T I, 5 BB o oy i P P . H
& ) P TC R SR FH A [ R e 22 2% LA B B 5 %, R
SCRS ML A0 e T 56 6 mm TR o AR 3 =5 B A
NEH TR B AR An b 58, K ok 1 25t
TG T AR v BRAT A% 1 3 30 Ak i B ) 2K et
SR AR IR N W T, DR TR X AR R AR A
TR AR, FEREEIIARNL T, 6 mm R
J XoF R AR R 3 2 O A W A TR
I 2 TR S8 22 6 mm,

BCHE RS AR T B o A b o I R S T
BTN IR s IN i T A B4 S i 2
] 25 AR, 2 3038 T A7 O AN A2 N
PEASIE | DR 2 I E TR 2R 08 % B 4l T 217 W1
TR A PR LA R L

£ SolidWorks Hv 37 1 I - = 4EAR RS, If i i
g ox_t kg SO B L5 A S ANSYS i 3 B bR
J@ 1 b B 65Mn M, p k7 810 kg/m”, i A
B EN2.1x10" Pa, AR v 4 0.288, STBUR KA
FEAL IS b a] MNF A% X SCF, aniEl 8 ok .

TE ADAMS vxf &% A AT HEAF 5 0 5K 3, HE AT
BN EE B R 50 mm , XS A8 T NI 2R 6 B8 i A7 0

B8 RIS & H A Y
Fig.8 Rigid-flexible coupling simulation model
Hoo W 44RO MEETT 7 R0 R SRR A
3A A H i — A AT R o AR ETUR R S
—ARIC A, W9 B, He 20 i Sk o 1 ik
PN

9 R0y EALR
Fig.9 End-effectors simulation effect

Xib B TR RO 3 A 4T 0 23 B, 45 R A 1A 10
Jirs o FEBCHT R, BT ) Rl 4 o M
REZDN 0 IF, B TR B - 7.5 mm B K BUH
TRIE I, TR 58 2 4530 0, 2 W G ad 7 b A4 1T
J 18] NI B B KPR /N T 15 mm, EAR PN
BRI B AR BN Z 220 19.33 mm, %
WY JTC 32 Bl LI IR A AR BRI A R FL B i M B
FEa il K

B 1R B /mm
(10 HBCR e b e TU AR B0l 07 Lt 2

Fig. 10 Simulation curves of claw point trajectory

in process of picking seedlings

3 BESEERERRE

3.1 B E AR
T BR W R BT 2 ) AT A R B
Fo R o 7CHE AL bt BE /DN, T AR B A AL PO B 8



%5 1) JEHETR A T

LR B RCHE IO RS R T A AR T 5 K 87

K, LA A0 1 HE A 85 4 L ebcs B A E AR A5 7 HE X
BRIRZ . RN F o B rp el 22 D) () P A
AR 1) (S oA R AR B R B D 1) A TR B
F AR R AR Bk BRI B A, RS AR kR
e o
3.2 AW EMmIEIR

JCHERS AE T B2 B HC W A — 5 P, LU
R T TR e CHE B R T T BE 6% IR E 7
TR B A IS B o RS A A U T R
Y iR ACh

N-N, -N,

—N3
Y, = X 100% (6)

A N— bk SR
N, —— R BRI H XS8R B 20

Ny ——FE i Y B # T & K T 8% 48 S 2 o I
it 30% 1 7 AL BR AU
3.3 KA E
TE ARV 52 T IR I R RS A 485 A8 5 A R AT TR 1
TEOLT, RS F B R A LR & K% B FHf%
WA C MUK EBER B D ik K& . DUBUS
B2 R RN FE b, T R IE 3SR .
R AE T BOH TR B B, 1 JTC T [l 952 Bl 6 35
R A I BT A B F R R R A B — g (H
B 56 0T 46 AR B, AR R S IS s R, B S B
BT SRS A T O AR . AR AR NI E RS P 5
gE IR PR REMOE IR E k44 46 48 mm , i 1 I Y B A
AURLAT R o B R
F J B K SR B i 3 o B R M 24 3 R B K R
‘1Mt%ﬁﬂ%mﬁﬁﬁ M SRR T
B TR B D B A R AR PR RE N FE AR R e BT R
B 5y W AR TS AR T RS A T e ORI, B A sk
R, RZ, Y3 AR R, 2 3 BOL i K
b, AN B 5 [ 45, AR T RS AE T BUBCET o AR 4 i
IR 5T, 3 56 2 T &5 K%K 59. 9% .69. 9% 80%
R AH B 7F 3 1 07 10 % ol o A v, o B AR 4
SlUNHERS ML T4 R 1) 38 Bk I 4G ki is 3l %
T TR v B 06 08 2 By, 7 i 3 A e g el X
SR 5 TOR ) 77 Az ey 3 o i Bk 30, &) 5 8003 R
BvE . EETFREEE R 0. 16.0.20 0. 24 m/s,
FE AR /K S J7 1m) A% Bl ik B v, 25 32 R B B
FEATRE RS AL 2l Sl B A A K V- Bl 28 I or
A o sk A R 3 R o A5 A ) IR L R
FEAE A 7= A — 2 W Rl 4 o s | B filT o Bk T TR
YEIUK -5 3 5 4 0. 30 .0. 35.0. 40 m/s,,
X H Design-Expert % i1 U K & = 7K ¢ BBD

(Box — Behnken design) 132105 ), % # A & 12 0
R R RE M BT o 1E IR 46 DY 3R 4 B B3k 2 T,
I RN 3 Frs ,A B .C.D A&t {E .

R2 BESBEGEEZRAKBEEEZSRD
Tab.2 Factor levels for orthogonal tests of

transplanted components

SES
it BCHVRIE/ BEEUROK JRREHE/ KRR
mm /% (m-s™')  JE/(m-s™)
-1 44 59.9 0. 16 0.30
0 46 69.9 0.20 0.35
1 48 80.0 0.24 0. 40

®3 BEBGEZRRBER
Tab.3 Orthogonal test results of multi-ported hand parts

lingen) By THE KPR BHTHUK
Fe .
WA K% B WP C WD HMIEY, /%
1 -1 0 0 -1 87.5
2 0 -1 -1 0 85. 4
3 1 -1 0 0 87.5
4 0 -1 0 1 83.3
5 0 -1 1 0 87.5
6 1 1 0 0 97.9
7 0 0 0 0 91.7
3 -1 -1 0 0 87.5
9 0 0 1 -1 85. 4
10 1 0 0 1 87.5
11 -1 1 0 0 83.3
12 0 1 -1 0 95.8
13 -1 0 -1 0 83.3
14 0 0 1 1 83.3
15 0 0 0 0 91.7
16 0 0 -1 -1 93.8
17 0 -1 0 -1 83.3
18 0 1 0 1 85. 4
19 1 0 0 -1 89.6
20 0 0 0 0 93.8
21 0 1 0 -1 91.7
22 1 0 -1 0 93.8
23 0 0 0 0 83.3
24 0 1 1 0 83.3
25 -1 0 1 0 87.5
26 1 0 1 0 85. 4
27 0 0 0 0 91.7
28 0 0 -1 1 87.5
29 -1 0 0 1 83.3

3. KBRERSHH

MG 3 e 45 51, % B8 A ¥ AF RO v i 3
WY IT 2 (R 4), AR B3 (P <
0.01) , &R



88 o 1 R A= 2023 4F

SRS AT HE— 25 3 7, G5 R B A A B.C.D AB AC BC D" JZ i (k A* B* .C*,
PRIBORC T ) 28 [0 U9 7 R 52 W B ) Uy XSRS AR AR A IO B ) AR O A A5 SR AT F R AR, S

28 i ZH. — v

£4 DHERDRZRERSH BRAS W2 300 (P >0.05) 155~y alHJ5 #2
Tab.4 Analysis of success rate of seedling test results Y, =92.52+2.44A4 +1.73B -2.09C -
B YR AmE B 7 » 1.75D +3.65AB - 3. 15AC -4. 17BC -
A 71.54 1 71.54  17.70  0.0009 ** 2.084> —2.09B> -2.08C* -3.64D" (7)
B 36. 05 1 36.05  8.92  0.009 ** B 11a R F 53 BE M 0. 20 m/s 7K F- & 7% i fF
C 52.50 1 52.50 12.99 0.003 ™ i‘j 0.35 m/s H?,ﬂ%lﬁfﬁ%ﬂ%lﬁﬁﬁ%ﬁﬂlﬁiﬁﬁi
D 36.75 1 36.75  9.09 0.009 ** 2 e s e g A e 52 hs B H-
AB 53.29 1 53.29  13.19  0.003 " DI @m%?&dh%{iﬁaﬂ??iﬁamﬁ,%
o e 1w o 000 TR 53 4, I e . B TR R, 3R A 7k
AD 1.10 1 .10 0.27 0.61 R AT, FE 5 (0] K 45 0 55 , 36 B 2 w461, B2 R R
BC 69.72 1 69.72 17.25  0.001 " AR o HUR VR B R B % UK R e KR, D A e
BD 9.92 1 9.92 2.46 0.14 llb i{l%ﬁﬁﬂ(%z%j 69.9% 7J(1|Z$%$§JEEF
cD 4.41 1 4.41 1.09 0.31
i 0,35 m/s B BCHT IR B2 R 98 300 3 0T B8 1 2
A 27.97 1 27.97  6.92 0.02*
p s sl a0l oo BRI R VR FE — 5 I, R 30 % i T
c? 27.97 1 27.97  6.92 0.02* TV /I 5 TR 3 B — o B, ol By 2% o B 7 R 38 384 K
D? 85.90 1 85.90 21.26  0.0004 ** RN
A 490.57 14 35.04 8.67  0.0001" E 11c BERTERE N 46 mm KRR R
o S e e o 0..35 m/s Iif [ 5 7K 4 TF e 3 52t B 802
o o BRI 55 K 3 5 B, 50 B T e
A 547.14 28 8 RIS/ 5 B BE — S I, BB R AR B KR

T e HRMEZE(P<0.01), « R B2E(0.01<P<0.05) L PNIIE: P

(a)
L1 2% PR30S B8 A 0 20 R 4 ol B 236 14 5 i)

Fig. 11  Effects of interactive factors on success rate

LR AE T A die R U B I B AR 2 vh 4 A2 HERAE TR AR A i B o e A 2 402 G i IO i 1
M) PR 2% 9 [l A 249 o 2% A, ST B A R A 2 éﬁléﬂ%ﬁ: U#H 97.9% 54 % Ny 10 322 #/h,
AR Sy
maxY),
-l=sA<l1
-1<B<lI (8)
-1=sC<l1
-1=sD<l
LEG H IE R AR AOR T OB 18 ) 65 e AN
RIAEOL T, 18 5 de U T B 3 B R K 7 B B o 2

i 1 g X b A e A S RO S s O R F12 0 pHERS A T B R ARl g 72
48 mm KL &K & 69.9% | F; B 0. 24 m/s Fl Fig. 12 Transplanting operation with optimum

IKFHERS HFE 0,35 m/s. PR 12 0 fF A 0 I 10 parameter combination



%5 1)

=
Z
2
B

TR 2 X B R IO RS A T BT 5 A 89

4 it

(1) AR 7 85 BB AT L ZEOKR , Bt 1 —Fh
JRCHEICET A2 AR T R R AT Bl o8 BB L AR
WA,

(2) it T — T i A SCHCE B 48 T, O
Fr et o A S5 WU R A 0 B, Bk 1 A2 A T il AT
WO BT (Y P AT 2K

BRSO a0 P R, AR W 21 2 i B 8 4
HEAT VU 3R =K 1E 28 300, I % 25 S 2F 47 43 Al
oA o 52 Ml 2 32 1 X 3R 3 O Sy BB R R L B
JBT B K e TR RS R T R A ERE o X A A AR A
RS BOHATIR R, 153 8] fe A S 500 5 o B TR
48 mm H: T &K % 69.9% FFFEH 0. 24 m/s K
FREAS U 0. 35 m/s, fie A R0 A i IO B S
HH 97.9% &% 10 322 kk/h, i e s LS RS

(3) LUBUHS TR BE HE J0T 5 7K T I 3 B K- K
2 % X W
(1] SR, Hamm, s BRI , 5. fif 22 B SR R M Sl AR P e A R R R BUR B3t b E M iR /s [T ], Al T/ 4% 4] , 2013,
29(14) . 185 -194.
GU Song, YANG Yanli, ZHANG Yuefeng, et al. Development status of automated equipment systems for greenhouse vegetable
seedlings production in Netherlands and its inspiration for China[ J]. Transactions of the CSAE, 2013, 29(14) . 185 - 194.
(in Chinese)
(2] T, &5, FREMR, 5. BRIBREIDR S RE[T]. R A= ,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)

[3] KHADATKAR A, MATHUR S M, GAIKWAD B B. Automation in transplanting: a smart way of vegetable cultivation[ J].
Current Science, 2018 ,115(10) ;. 1884 - 1892.

[4] KUTZ L J. Robotic transplanting of bedding plants: simulation and validation[ D]. West Lafayette : Purdue University,1985.

[5] KUTZL]J, MILES G E, HAMMER P A, et al. Robotic transplanting of bedding plants[ J]. Transactions of the ASAE,1987,
30(3) :586 —590.

[6] R, LW, AREV. vy o Xa—7F NGO BT -BHEaR Y M ] RERMNY 25,
2004,66(2) :76 - 84.

[7] HEON H, FRED E S. A robotic pepper transplanter[ J]. Applied Engineering in Agriculture,1986,2(1) .2 - 5.

[8] TING K C, GIACOMELLI G A, SHEN S J. Robot workcell for transplanting of seedlings part I —layout and materials flow
[J]. Transactions of the ASAE,1990,33(3) ;1005 -1010.

[9] TING K C, GIACOMELLI G A, SHEN S J, et al. Robot workcell for transplanting of seedlings part [[ —end-effector
development[ J]. Transactions of the ASAE,1990,33(3) :1013 - 1017.

[10] YANG Y, TING K C, GTACOMELLI G A. Factors affecting performance of sliding-needles gripper during robotic transplanting
of seedlings[ J]. Applied Engineering in Agriculture,1991,7(4) . 493 —498.

[11] 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.

[12] VIKAS P, HIFJUR R, RAHUL K. Development of a metering mechanism with serial robotic arm for handling paper pot
seedlings in a vegetable transplanter[ J]. Artificial Intelligence in Agriculture,2021,5:1 —12.

[13] @, w/AE, 28, & BEASEBRIGBOT S ESHT]. SIS 58F58,2009,25(2) (121 - 124,
ZHOU Ting, WANG Xiaochan, WANG Chaoqun, et al. Design and simulation analysis of greenhouse cavity tray seedling
transplanter[ J]. Mechanical Design and Research,2009,25(2) :121 - 124. (in Chinese)

[14]  Jalbs. WAL L5 [ D]. B et m st Rl K% ,2000.

ZHOU Ting. Design and experimental research of greenhouse cavity tray seedling transplanting machine[ D]. Nanjing: Nanjing
Agricultural University, 2009. (in Chinese)

[15] wmhgkfe, BET, WAV, & RESSE ARS8 T]. &b PR ,2016,47(11) :59 -67.

HAN Liithua, MAO Hanping, HU Jianping, et al. Design and test of automatic transplanter for greenhouse plug seedlings[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2016, 47(11); 59 =67. (in Chinese)

[16] #hgfe, B5F, 8, & JUEE BB 1O H A G R AT &[T ], Al B4k ,2015,46(7) :23 -30.

HAN Lithua, MAO Hanping, YAN Lei, et al. Pincette-type end-effector using two fingers and four pins for picking up
seedlings[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2015, 46(7) : 23 =30. (in Chinese)

[17] Bk, Bk, T¥s, . BT BRAE O 5 00 I AT 8 200 R o BT 28 8t S ae [T ] Al BUB 2 4z, 2022,
53(1):104 -114,122.
CUI Yongjie, WEI Yongzhe, DING Xinting, et al. Design and experiments of a cylindrical cam-based end-effector with
adjustable plant spacing for seedling picking[ J]. Transactions of the Chinese Society for Agricultural Machinery,2022,53(1) ;
104 - 114,122. (in Chinese)

[18] https: / www. visser. eu/plug-transplanters/ pic-o-mat-bl/[ EB/OL].



90 P A1 R S S 4 2023 4

[19] https: / www. urbinati. com/en/product/wireless-transplanter-rw64 [ EB/OL].

[20] TIAN Subo, LI C Q,NAOSHI K, et al. Development of automatic transplanter for plug seedling[ J]. IFAC Proceedings
Volumes,2010,43(26) ;79 - 82.

[21] ™38, BFF, #Hgl, % JBERE Z ARSI 3 E AR ST iR [ T]. RHUEATST,2017,39(4) 83 - 87.
YAN Lei, MAO Hanping, HAN Liihua, et al. Design and experiment of motion positioning device of multi-end transplanter in
greenhouse for cavity tray seedlings[ J]. Journal of Agricultural Mechanization Research,2017,39(4) :83 - 87. (in Chinese)

[22] #AEY kR, ERH, 5. 2A3NREER BB SR R ,2016,47 (3 T]) 149 - 154,
HU Jianping, ZHANG Chendi, WANG Liuzhu, et al. Design and experiment on automatic greenhouse seedling transplanting
machine[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2016, 47 (Supp. ) : 149 — 154. (in Chinese)

(23] B, SN, W, S5, BB & 3K 8 S A AE AU T 50 5 IRIR [ T]. A0l T2 2424 ,2017,33(14) : 18 -24.
LI Bo, GU Song, CHU Qi, et al. Design and experiment on manipulator for transplanting leaf vegetables seedling cultivated by
coco-peat[ J]. Transactions of the CSAE, 2017, 33(14) . 18 —24. (in Chinese)

[24] LI Bo, GU Song, CHU Qi, et al. Development of transplanting manipulator for hydroponic leafy vegetables[ J]. International
Journal of Agricultural and Biological Engineering, 2019, 12(6) . 38 - 44.

[25]  ArEar, ERMA QRN . B BB RN 217 B U BT S [ ], R AU A1) ,2023,54(1) 195 - 102.
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):95 -102. (in Chinese)

[26] A5 Hr. AKHE 3K B M3 A2 ) BE A AR e A B SR [ D ] A - i v 28 0ok, 2021
MENG Qingxin. Design and experiment of variable spacing transplanting equipment for hydroponic leafy vegetable seedlings
[ D]. Hangzhou: Zhejiang Sci-Tech University, 2021. (in Chinese)

[27] ERAE, HHie, 3P, & 8l A BRI AIRBCR 5 Je 35 1 S8R [T ], &0k T /2 % 4, 2014,
30(16) :8 - 16.
TONG Junhua, JIANG Huanyu, JIANG Zhuohua, et al. Experiment on parameter optimization of gripper needles clamping
seedling plug for automatic transplanter[ J]. Transactions of the CSAE, 2014, 30(16): 8 - 16. (in Chinese)

[28] e, sRBEE. AR IM]. KT R A% AL ,2018.

[29] A3 BRI AL B F A B ARG HERETRAROF 5T [ D] AL at b mt Tolk 2 ,2013.
WEI Kangcheng. Study on the comprehensive performance index of transplanting grippers| D |. Beijing: Beijing University of
Technology,2013. (in Chinese)

[30]  4ighile, K18, A58, 5. /NEBG WO XU 2 XGE TS ARl iatEe [ T]. 40l T A2 4% 4z ,2020,36(10) :26 - 34.

JIN Chengqgian, LI Qinglun, NI Youliang, et al. Experiment of double outlet multi-duct cleaning operation of wheat combine

harvester[ J]. Transactions of the CSAE, 2020,36(10) :26 —34. (in Chinese)

(L#ZEE S8 W)

[20]

[24]

[25]

WRHE, 51 &, L, %, FT DEM - MBD & W X ASHE RGBT R (1], R HLME M, 2022,53(3) .
91 -104.

LAI Qinghui, JIA Guangxin, SU Wei, et al. Design and test of chain-spoon type precision seed-metering device for ginseng
based on DEM — MBD coupling[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2022,53(3) .91 - 104.
(in Chinese)

BUAEWE. FET DEM — MBD XU #5455 00 J8 4 AR AR B i 4% 1) B D AT 8 [ D] A4 7 bR 2 ,2020.

WEI Kaifeng. Research on steering resistance of tracked vehicle on soft ground based on DEM — MBD simulation [ D ].
Changchun; Jilin University, 2020. (in Chinese)

KB, EEME, IO, . S EOTE R Y 2 S BhRE TR (1] R AL i, 2017 ,48(3) 249 - 56.

ZHANG Rui, HAN Dianlei, JI Qiaoli, et al. Calibration methods of sandy soil parameters in simulation of discrete element
method[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2017,48(3) :49 —56. (in Chinese)

Jl e, bk, XNBCR, 5. REATIEHRIE I E 25 A0 A SR (5 L5 [T]. R HLM: R, 2019,50(9) :69 - 77.

ZHOU Hua, LI Dong, LIU Zhengyuan, et al. Simulation and experiment of spatial distribution effect after straw incorporation
into soil by rotary burial [ J]. Transactions of the Chinese Society for Agricultural Machinery, 2019,50(9):69 — 77. (in
Chinese)

DU J, HENG Y, ZHENG K, et al. Investigation of the burial and mixing performance of a rotary tiller using discrete element
method[ J]. Soil and Tillage Research, 2022,220.105349.

ZHAO L, ZHOU H, XU L, et al. Parameter calibration of coconut bran substrate simulation model based on discrete element
and response surface methodology[ J]. Powder Technology, 2022,395.183 - 194.



