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Design and Test of Automatic Transplanter for Greenhouse Plug Seedlings

Han Lithua'? Mao Hanping'® Hu Jianping'® Xu Jingyun'®  Zhao Zhengrong'® Ma Guoxin'"
(1. Key Laboratory of Modern Agriculture Equipment and Technology, Ministry of Education, Jiangsu University, Zhenjiang 212013, China
2. Jiangsu Province Synergistic Innovation Center of Modern Agricultural Equipment and Technology, Zhenjiang 212013, China
3. High-tech Key Laboratory of Agricultural Equipment and Intelligence of Jiangsu Province, Zhenjiang 212013, China)

Abstract: The seedlings in greenhouse at a certain stage are transplanted from high density trays into low
density flats for further growth and development. To meet the demands of transplant production in
greenhouse, a simple-type automatic transplanter for plug seedlings was designed. The transplanter
consisted of a manipulator, an end-effector and two conveyors. The manipulator consisting of a motor, a
linear modules and a rodless cylinder, moved the end-effector to the desired working position for
extracting, transferring and discharging a seedling. The conveyors were designed to move the plug tray/
pot to the end-effector’s working space. It was the pallet-type double-row chain transmission units. The
end-effector was a pincette-type mechanism using two fingers and four pins for picking up seedlings.
When the end-effector extracted seedlings from the tray cells, its two cylinder fingers push out four pick-
up pins to penetrate into the root soil deeply and then close making the pick-up pins hold the soil of the
seedlings firmly for lifting. When the end-effector released seedlings at the discharge point, its two
cylinder fingers open making the pick-up pins loosen the soil of the seedlings and then pulled the pick-up
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pins back for discharging. According to the requirement of automatic transplanting of greenhouse

seedlings, the electric control system was configured for the prototype. The step transmission for picking

up seedlings was examined with the linear displacement sensor. The test results indicated that the

transplanting rate was about 1 221 seedlings per hour for the 128-cell tray and 1 025 seedlings per hour for

the 72-cell tray, respectively. The statistical analysis of one-sample ¢ test showed that there was no

significant difference in the step transmissions between the testing value and the theoretical value, and the

standard deviation was less than 0.5. The performance tests were further conducted to evaluate the

machine efficiency. For the four locally produced vegetable seedlings, the average success ratio in

picking up seedlings was up to 90. 70% , and the soil damage ratio was less than 5% . The performance

of transplanting was satisfactory.

Key words: greenhouse; plug seedling; transplanter; displacement sensor
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Fig.2 Schematic of pincette-type end-effector with

two figures and four pins for picking up seedlings
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Tab.1 Instruments of transplanting transmission tests
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Fig.5 Testing results of transplanting transmission from tray cells to pots

WS B, N7 R R A i 26 2, — Bk
o R A HOR 0k R ER Y, 3 L ] A
PEFE L HCH S A A AE . b RS AR o B
07 0 B0 ST 19 38 4, e 1 ok R 4 Ay K RS o A
BT PR A, IO RS AN AR AL 6 X A IR A
TR B AT 45 o R P i H S AL 2R 4 R g AR v
AT 238 00, 3 77 28 5 BB 0k 8 3 1 L 18
IR VAR 1 G 3 B e A S A B S AL R S T
IR BN AF 5, R IAEBE B B B (18] Sa rh
[ -VILFPE Sb oo T —VI) R S A e s {5 5 w1
IR AR 1 RS 1 A AR R R G LA G S TR B
7, 2% W10 F A0 45 0 o LA B 28 HE % A0 5 st 5
T A B A R 7 3 sl ook e Sl L
JE B B AR

WE Sa s, NEBRRIE B &, BB 8 #i,
FIF15 10 YRR AT 9 P38 4TI ] T, Sy 23.579 s, )
B AL AR 2y 20. 36 Hk/min, WK Sb FTR , 55 H
6 BRT T 10 Y3k 4 7 19 S 1958 45 ) 7, K
21.065 s, M B HALHK 214 17.09 #/min, 57 22 K
B PC—21 4 [ 3 B AL T AR MY, X T
128772 L7 BB, B 3R A 43 5l ik #] 20 #&/min
(128 fLoCEER ) A1 17. 1 Fk/min (72 FLOCEEE) o A
B SR BN BCRE R v AT A% AR, A6 AH R 9 X B 5
BERSF 564 R T, 128 FL /A R 1 72 fLoT
B R AR & B 2 R 3. 27 vk, £
L5 PR 7 7 AL TRD B R LB ] R e

T2 RELREHE W A T s AT ke, b 128 XA
2.514 s (HRERARBOHRS D 2 MR o BeHh, DL T4l mi
1 2 DA YR 3 ok 3R Y TG T i T 2 e s R e e
T RATRE , Al L4 R S A AT bR TR RS AL 1]
REE— P PR R B AR AR

N TR/ A8 A ik 5 B R PR A,
BT Mo AR P B IS AT I A DR IEAE R U
BRI R T A i 226 B AL T Rk A b A Ak E
fi o MREAR L TR I3 A K T, oA U 48 i ik 9 3l 4 AT
JEAEREHE R R 1 BRI OSSR I B, 3R Ui
B 2 RTS8 BOR TR 8 i %, 0 H AR A 2 4 3 A A
Fr e e AR UCR 52 1 Z J5 T iR, 3R YOk 21k i 58
J A AR RIS o3 RN ¢ R e, 5 R B (L] Sa S
H) o PRI, f TR 45 2 R e IDUSE 22 () Y 25 A T
FoAE , bR 2 5 AR 17 2 T ) o o e R ] R A7
FE T ) B B RN, % B A A U 506 R 47 4347
i 128 JAL AR YL Rk i 5] 2y 1. 937 5,72 5TALR
TR A I E] O 2. 491 s, 128 5 X I (9 H A 4 i
TR B JEL N () DA 1. 623 5,72 5 LY H AR ALK fe
JELINFE] 2 2. 036 s, 55 8% 07 [ B AH B4, 7T 45 BE [) i)
G 12 P LA 2/ A8 4 P AR a8 Y i IR T 4 B
9 20. 87 mm/'s, By B/ 48 25 ik R G 1B 4T
JEE 26 AT o

TE L 1817 38 B 26 10T, 2R S AT 4 AH 408
UHCE B AL B (S HR kg hy ) S B BEE 3EE 1Y
JALIANBE 225K, AR TIE N /L HLMER BT o i T



64 & Ak Bl B ¥ i

2016 4

SO e R B A A = I P A5 5 T, X R
B0t HEA TR D8 AL PR, R A IR A% A F- 8 15 5 il
2o BT 128 FLICEEAN 72 LUTHE, 3 B AH 2B
UL B8 0 R 46 45 21 14 1) Fia B4l , 4 70 4170 50
A o FE B B P L /AL IR B 2 A BB

8B 0 oy A5 B RS AL Rl B (&L S p Ry (hy) S
WAL PR AT RAEA ¢+ K550 (a =0.05) . A
FAREAR G RCIEAS 128 72 S H B B RS ALY
SEAE 4 519 32. 108 6 mm .42, 586 6 mm , AR E 2 4>
A4 0.5026.,0.404 7, Kpgngs Rk 2 fios,

R2 DEBUERES WEER

Tab.2 One-sample : test of transplanting transmission for picking up seedlings from tray cells

K 46 LGt A1

p OB

451 95% HAE X ]
¥y (2% ”\ i

TR FR
32(128 7U4%) 1.808 7 69 0.074 8 0.108 6 0.0112 0.2285
42.5(72 54 1.5130 49 0.1370 0.086 6 0.028 4 0.201 6

2 K 50 25 AT LLE % 128 FLoC
72 fLCE KB p (HI KT B KO 0,05, B 5L
T B AL A7 ) B 5 B 8 1 L ) B T 25 22 00
W 3 SIS B4 B, SRR T ORT T A S B B R
i TSR BEAE K BN R L L DI RE . S A,
FE B SRR, IR R g AT e IR T G B
B N R E Sh B RS 22, B 1k e BUET 4 A
oA 1 s R v R RS O O 2 0 R O, AT RS g
X IE BT o
3.2 HIBHAK
3.2.1 KBHE

PATE G B BT 22 46 R A R kT 4 B R
AT AR A TAE S B A1 B AT 2 R
I 2l B BRI, [ B 25 SEIRCH #% 057 O 22 5% 0, X 36 1
LI 6 fiTs o RIS, 43 DN 128 Lo 72
FLICE AR L B4 (6 50 FLoCRARE ) o
R/ ok A VTR A T G Ak P A AT R A R R
HLHA KRN 3 R, BNRE P, ESB R
BN, ER 3 W, B TR R 128 fL
20 #/min, 72 L7 17 B/min, {308 K58 o
6 FTn , iC Tk B 45 T IR 5 4347

R Ve G I I O IR
Bl JE A BB B R RE P IR 2R 5 R B, XS
BRI S L H

SR =NSF _NMS _NFF _Nm % 100%
NSF _NMS
;EtEF’ NsF—iﬂ:éﬁ/H(}LE\ﬁ ,/l\
NMS—?E/H_(ﬁ;/l\

N e U 5% WO B, 5 2240 4 4 i R Bl B
AR R A DL BOR B B
B, bk
Nop,—— Vi %, B
X BRI Je BUEE R B 1, m G L
T WA HE R AR AR, AN 2300k 4l e 9 A K3 R R

12 11 10 9 8 7
K6 RFEAREHEBEAIANBRRERE

Fig.6 Test equipment for transplanting of simple-type

automatic transplanter for greenhouse plug seedlings
LR 2. BFFAED 3. HLBE 4 EHIa 5. Sl
6. 23 JEHL 7. BARE 8. ORIESL 9. UM RImIATAS 10 XA
w1 JERA 12, 2R

ISR, X BN, R A B 22 i e .
3.2.2 ZER54Hr

BB B R RE IR 45 R ANk 4 iR, |
24 50,128 FLICHLA 72 FL AL B R AL T I B
R AR M I R 53 5] g 83.59% 1 86. 57% , H s BUH #
FAOR e 25, o 3 R o W IO R R ) R Y
FE90% L4 Lo Forpr PE 22461 B sl KT B Ak R0 B
U BRI %R 93.60% (128 FL7C L) Ml 93. 87 %
(72 FLoTAE) |, FLR 2 BOBURN T o, BRSO B 1 A 3h
W BRI TR/ . Bk E X T
— A ER T, T2 AL O B R B T
128 L7k, /ALK — BB BT R AR I mT BBV K

A3 128 FLC AL ET A 72 LB A AN B
T 0 5 A DU AE B, I 7 i . JnfEl 7a
BR 6T 128 FL7CEE A WS AR, B A B R B
B2 i85 4% , FL OS8R APE 2= 48 R,
AR RBCE B> . T T2 LR E B,
T A U BCE 43 E el B INMR R BN T A
BN VY2248 o (0 A 26 R O 19 o M AL
HEAK F1T0 MY, R B3 S e 1) AR AR R B A



55113 wapfl G REIEE A SRR SR 65
x3 BHANEENEKEG
Tab.3 Growth characteristics of seedlings used in performance tests
TEALEL GBS Hilk/d MR & K/ % - Bk i /mm 4/ mm 58/ mm
FHoh 32 57.49 +2 2 ~3 Hif 112.50 £6.75 37.55 +£5.49 23.19 £4.11
#HR 20 58.72 +2 2 Fig 1ot 72.62 £5.51 41.25 £5.17 24.47 £4.68
128 B 42 56.24 +2 3~4 5 178.80 £8.05 33.91 £6.52 22.26 £3.14
248 31 59.01 +2 2 ~3 Hif 86.75 +8.99 75.31 £8. 65 50.19 £8.04
FHh 45 58.63 +2 4 ~5 HIH 131.65 £5.28 39.43 +4. 67 24.09 £4.63
#R 31 59.84 +2 1M1 .0 87.46 6. 15 62.54 £6.43 35.68 +6.44
72 B 51 58.49 +2 5~6 Hit 182.17 £6. 41 37.19 £5.75 28.62 £4.17
[i=yi3 38 58.47 +2 4 ~5 HI 90. 14 +6.34 81.46 +7.37 57.08 £7.74
TE Bk G I SO S EARSE I AR 2%
x4 BIEEUERAEER
Tab.4 Results of performance tests for automatic transplanting
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Fig.7 Failure analysis in automatic transplanting seedlings from tray cells
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