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Design and Experiment on Automatic Greenhouse Seedling
Transplanting Machine

Hu Jianping Zhang Chendi Wang Liuzhu Han Liihua
(Key Laboratory of Modern Agricultural Equipment and Technology, Minisiry of Education, Jiangsu University,
Zhenjiang 212013, China)

Abstract; To improve the automation and efficiency of plug seedling transplanter, a full-row-alternate-
pick-up and disperse-alternate-dropping automatic seedling transplanting machine was designed, which
was applicable for transplanting from plug trays to plug trays or to flowerpots with high location accuracy.
The working process and principle of transplanting machine were introduced. The optimal transplanting
strategy was selected and mechanism structure of the whole machine and disperse component for end-
effectors was designed based on the full-row-alternate-pick-up and disperse-alternate-dropping
requirement. To improve location accuracy affected by motion of transplanting platform and synchronous
belt flexible deformation, the rigid-flexible coupling model of transplanting platform was established and
simulated in ADAMS under the transplanting horizontal motion of constant acceleration and deceleration,
cubic polynomial and quintic polynomial. The results indicated that the location accuracies under three
motions were all higher than 99. 7% and the one with quintic polynomial was the highest. The location
accuracy experiment of transplanting platform and the whole transplanting performance experiment were
conducted under different transplanting efficiencies. The results showed that the designed mechanism was
reliable with a success transplanting rate of 90.23% at speed of 120 seedlings/min and the location
accuracy was 0. 15 ~1. 22 mm.

Key words; automatic transplanting machine; disperse-alternate-dropping seedling; rigid-flexible

coupling; design; simulation; experiment
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Fig.1 Structure diagram of greenhouse pot seedling

transplanting machine
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Fig.3 Dispersing device of seedling claw
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Fig.5 Different transplanting schemes
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moving platform

10000 g ”-'?' JJil.i'l-‘ 2% .‘.\’i_i-i_i

£ mea ?11 ,f'\
E ol \ /}/
__; -5000 It j/ u
5 '
10000 10 20 1 0 20

fif ]t
B 11 Baksh TG K- i ih 4

Horizontal acceleration curves of transplanting

Fig. 11

moving platform

4 KB5S

4.1 BHEETEMBEERRE
4.1.1 FERRE R %

KPS S AR o1 5 19 5 (A B 2 15 0 e B AR L
Ve R, X B Ak 8l 7 & HE AT  OR 5 . R A
35A16 AU = ] fill e 1% J% % 1 DH5902 1 5l 28 %5 4%
SRR 5 A R K AR R 1 7K Pl sk
B, R KTC — 1200 FIRLFF X B LR A7 R 14 S 4
BZ2204 A R4 2UAR 26 ST H R BZ7201 R4 R 4R
IS B AR I B R 55, Xt RS 4k 21 7 & FEAS [F]



Hi) WIEE 45 4 A Shill E SRR TSR 153

ISR S RV S SV (o) Sri el O re3 e 1B
JEMIL R GEMNL RS IR L 12 18] 13 R

.‘_":, ‘.

. e :

B2 i L R 5
Fig. 12 Acceleration test system

L SIS 2. S R A

K13 B8Rk sh 1 % o B &

Fig. 13 Positioning accuracy measurement of

transplanting moving platform

L RIFF AR 2. MR AT R G

O FLAE AT, 3 Tz S HLEE T K B2 A
FEAK BTl fap 2 i, AR Al i R 3
BILE B S5 0 45 0 a2 R, 8 5 o0 £ i 3K
SI) A5 PO I BT () R Jhk e A 3, 2 AR AN [) o
TR BN 5 00 8 R R T R R o TRE I
BT [E] 24 200 ms, ik #4528 43 51 & 10 000,15 000
20 000, 25 000, 30 000,35 000,40 000,45 000,
50 000 .55 000,60 000 .65 000,70 000 Hz, %4~ ik i
WA R AR BT G K-8 3 3 A6 ER, 43 5 D
3 MG K- 12 Bl RE e R 25, SRS K
P
4.1.2 ENR RIS RS o

ML 14 HE 1 Bl B S ok o i 32 16 i iz 3
Jsd BN 0, B AR 1 6 € iR 2= R I TG
PN AR AR F 50 000 Hz J&5 , AR 37 & & L
W25 THGH R 28 A K PG TR ME X
BB & AR 2 AT G T -4 K s 42
50 000 Hz, #% 3h1v # 43 31 100,200 300,400 ,500
600,700,800 900 .1 000 mm HF175E v 15 25 M 4, 45
RN 15 Fios

MBS W LUE B G AT, &
PLRZETE 0. 15 ~ 1. 22 mm Z (0], AR B ARMLAG BT
FE LR 2EZORFEHITE +2 mm S FIA, PRI 2 R AR
FENREREZR

- 116
14+ weeeeee 1L JEE ; e
———- iR /

12 12
Z10 1o 7,
2 :
m¢ 8 lg &
= =
6 6 B
{ P E

4 P i

— ——’, a4

0 20000 40000 GO0 20000

Tk ol 4 e
Pl 14 s 3 R 3 R 22 B e 431 A 1l 2
Fig. 14 Variations of acceleration and position error

with pulse frequency

/mm
tol

® o ,l \ £
0.4 O

0 200 400 600 800 1000
¥l /mm

BLS  sELiRZE RO R ARt 2k
Fig. 15 Changing curve of position accuracy with displacement
4.2 BEFEBRINBREELR
4.2.1 FERRIEREVEAN 45 bR
I P LU ML R AR 0 i dEbs,
N-a-b-c

n =" X 100%

L a——FAR5E UG AR I IR 4L

b———"7 P FHER AR R4
PRI ZEFT S JE A o <45 R fEIIR Bk
[HEIE

N— 3k mbRg
4.2.2 BRMARAR TR

DIE TR A 15 d 19 128 AL 1 53R
HAIRE XA, I F bR RO L P Bk s B 0 oh
K53 WU ASCIN 2 VB B 7K 38 B RS AR AL I Oy 240
480,600,900 4™ TAEAGH/ h , X I AL AR ATk 32
64 80 120 #k/min, BRI % 4 52N 128 FL
JCERE] 4 FLIERAE BB, ST ARSI T
MR A,
4.2.3 BEMREIARL R 50T

IR 25 R AT, X T A A 1S d AR
50% ~60% SEHIERE ERE 116 mm | B0 —00
BRI R A7 A 8 I, B R ARG, 3R &
MW TR, B 120 BR/min RS A 18 4l RF
£ 90.23% , 7] UL EER W B AR VLR MLES M T &

C



154

gl Bl R

2016 4

B, B EhF- 6 08 AR R AL ZR 38 B [ Zh sk E
BRAEL R
®1 BHARHE

Tab.1 Experimental data of transplanting

(2) MR MEHEAT UL, 42 H HE R Tl B I
G HCR] Bea L B SR el D Bl 5 R Sh AT AR, 4R iR HIL
YEAPPERE

(3) LA % B MBI 5 iz s LA L R 22 A

o wm h ap g TR R BR JEXTEOT AR, B ST R
o s s g g FEEEEIBE ARON SRR EI T Gk T IE B4 B DA 4
(Bmin) N wm o a0 BECR P | K T ALK SRS SRS , 15
e ey KPR RN XY H T 3 RS 3)
64 128 x2 115.1 50 ~60 3 1 96.88 BT E R B AR, BT 99. 7% b T

80  128x2 116.6 50~60 7 5 3 9414 W 2T Az AT SRS B e o
120 128x2 161 50-60 119 5 90.23 (4) XEE RS AL AT 5 (K8 3 RS R 1 Al ik
5o, AR KT ok i e SRS MM e (3R , 4
5 %ig FIBAH T & 5 ALIRFELE 0. 15 ~ 1. 22 mm Z [,

(D) Bit 17— Pl a] 528 8 JTCHRE (A ) g i | o3
I A0 A i 2 4 A SR R A i o, LT T
BTG A, 3 TR AR AR R BE S AL Z e B, 5

Wi RS NG R s IR AR B M R N PEN R
I HIAE 32,64 80,120 #k/min B HR 5K T I 2 H AL
AR BTk 98.05% . 2RI IAIE , BALME

A A BURES Rt

A PERE RLAF 1 2 42 A SR AR BT 20K
2 % x #t

SRIRIE, M, 47, 5. R A SRR R IR T ], RAUEBISE,2013(5) :237 - 241.

ZHANG Z G, CAO W B, WANG Q, et al. Development status and prospect of plug seedlings automatic transplanting machine
[J]. Journal of Agricultural Mechanization Research, 2013(5) ;237 —241. (in Chinese)

TLLR, sk . B A SRR BUR S R TR [T ). AL, 2008(20) : 44 -45.

PARISH R L. Current developments in seeders and transplanters for vegetable crops [ J]. Horttechnology, 2005, 15(2) ; 346 —351.
KUMAR G V, PRASANNA, RAHEMAN H. Vegetable transplanters for use in developing countries—a review [ J]. International
Journal of Vegetable Science, 2008, 14(3) . 232 —255.

TIAN S B, QIU L C. Design on plug seedling automatic transplanter in greenhouse [ J].
317 -319. 586 - 589.

IR JABE , SR BRI A, T A B A R A BOR R R R B E /R [T ] Al TR+ 41,2008 ,24(10) :279 - 285.

QI F, ZHOU X Q, ZHANG Y F, et al. Development of world greenhouse equipment and technology and some implications to
China[ J]. Transactions of the CSAE, 2008,24(10) :279 —285. (in Chinese)

SERA  HE , SRR, S5 7 22 A e RGERSEBUR B E AR 7R ) ). 40l T2 ,2013,29(14) ;185 — 194.

GU S, YANG Y L, ZHANG Y F, et al. Development status of automated equipment systems for greenhouse vegetable seedlings
production in Netherlands and its inspiration for Chinal J]. Transactions of the CSAE, 2013,29(14) ;185 — 194. (in Chinese)
CHOI W C, KIM D C, RYU H L, et al. Development of a seedling pick-up device for vegetable transplanters [ J]. Transactions of
the ASAE, 2002, 45(1): 13 -19.

Advanced Materials Research, 2011,

9 =M, TJT,ADEKOLA K A%, %4 A SIBARNLIHTRET &2 [T ]. Rl TR, 1996,12(2) <111 - 115,
FAN Y X, YANG Z W, ADEKOLA K A, et al. Development of automatic transplanter in greenhouse[ J]. Transactions of the
CSAE, 1996,12(2) :111 = 115. (in Chinese)
10 BRI, V-2 — [ i BB i B R LA AU BT Sz g B D | B VL9RRA, 2012.
QI C H. Mechanism design and dyanmic simulation of a translational 2-DOF bowl seeding transplanting robot[ D]. Zhenjiang:
Jiangsu University,2012. (in Chinese)
11 QICH, HU J P, MA J, et al. Solving motion law by numerical simulation on bowl seeding transplanting robot[ C] /LI D,
CHEN Y. IFIP Advances in Information and Communication Technology, Proceedings of Sth International Conference on Computer
and Computing Technology in Agriculture, 2012 103 - 111.
12 BEE, EFH, LI E B A SRR BT S8 [ 1] ARk TH#4,2013,29(6) « 21 -27.
FENG Q C, WANG X, JIANG K, et al. Design and test of key parts on automatic transplanter for flower seedling[ J].
Transactions of the CSAE, 2013,29(6) ;: 21 —27. (in Chinese)
13 " H. IFBRB ARG s sh it RGBT S5 D). BT ILIR R, 2014
YAN X Y. Design and research on the motion control system of a parallel transplanting robot[ D ]. Zhenjiang; Jiangsu University,
2014. (in Chinese)
14 Bh/hgE A RGE. ADAMS pREREFIH 5[] el Ho AR , 2008 (11) 100 - 102.
ZHONG X Y, LI F Y. Usage skills of several ADAMS functions[ J]. Equipment Manufacturing Technology, 2008 (11) ;100 —
102. (in Chinese)
15 EHE. GEORAEPUAILEL BT SaRBeOrs [ D . T Bk R, 2006.

WANG J L. Theoretical analysis and experimental study on vegetable transplanter [ D ]. Shenyang; Shenyang Agricultural
University,2006. (in Chinese)





