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Development of a Pick-up Device for Plug-Seedlings
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SUMMARY

A seedling pick-up device for vegetable transplanters was developed and its work performance was
evaluated al the laboratory. The pick-up device extracts seedlings from a 200-cell tray of seedlings and
transfers them to the place where they are to be lransplanted into the soil. The device consists of a path
generator, pick-up pins and a pin driver. The path generator is a five-bar mechanism comprised of a fixed
link, a driving link, a driven link, a connecting link and a slider. The slider is constrained to move along the
driven link and a fixed slot of combined straight-line and circular paths. The connecting link joins the driving
link and the slider. When the slider moves along the straight-line path of the slot it takes seedlings out from
the cell and transfers them to the transplanting hopper when moving along the circular path. A proto-type of

the pick-up device was buill and tested under the various operational conditions such as age of seedling,
approach direction and penetration depth of pins to the cell, holding method of seedling and extracting
velocity. The device extracted 30 seedlings per minute with the maximum success ratio of 97% using the

seedlings of 23 days old. Some design details were also discussed and suggested to enhance the performance

of the device.

Keywords : Vegetable (ransplanter, Seedling pick-up device.
.4 & T HAG FASFEM, W= A7) Ae" B
A5 ALd7lz &Act & A7 o &
B Aake Ae 2 4 2YE A8Etn of  Ae ARFezs Eeland B H&AS A
A7z R QlHe] 2Estn slvh miFE 4 LEr] Aste] FYE UG
of Bag % EETHe e WE 7jEe® 10a A &9 Fyeds AMa A7 ALHA
T 105622 A(ERAY. 1999), o] F B4 EE ARSI glev, fyeA AdSET gle
#oja 8 aAQel AAsE BE&2 Zz 150%  HFE Su wFet i ZyuFelr] diEd &
19.6% Aotk 1998). ES A4 2Adx £8/  F4 oF FA71E Tl vz HE57= oF
e =% ZErt oS Hr] dEZe AR b sue] wlF Ae) AT Farg dES) A
71Age Bage] Bzl gk A7 971 o= FaEs A7 T AR 2] HEl
gdradAes W A dBviAg AxE A olE =98 Avde “a1§r4°ﬂm Nty

This study was conducted by the research fund supporied by the National Agricultural Mechanization Research Institule and

the article was submitied for publication 1n Apnl 2001,
KSAM in May 2001. The authors are W. C. Choi,

reviewed and approved for publication by the cditonal board of
D C Kmmn, Graduate Students and K U Kim Professor,

Seoul

National Unijversity, The corresponding author 15 W. C. Chot, Seoul National Umiversity, Kwonsun-ku, Suwon city, 441-744

Korea. E-mail: <kingwel(@snu.ac.kr>.

—415—



#FEr A A

A gom A,
Frpalold LR AEFAE
AFR 2Pl 9P THo|=E ol g
Haue HAg TEHHe, AxWel X
HeUE FHOE ofZoR Fosha 9%
deE ¥HE Astan Ta7 auE ue
o

B

b
N

o
o
3
~
©
s

e

= Aol vk FuchAdA AeE A
Gepols, 7, WAz T4 o, 7
Hom TH5E
o #EHe)
2z

gEE s ddel

l

]

)
FEE elAurhe By

50l dHFolx R

HAEZFA7 AEE diF A7 AR 6FE
ez ggen, B AAdozss 44 4%
% A 55 2tz 02~03 m/s, 605/10a0 2 3t

dck ol RE ALS PN AL AFF
A9 7|2 A 27& eI 2ol AAFAT
) A& = 05-0.7 sec/3F
2 Egja g

T2 200 (10 X 20)
Tdel #ah EW: 23 X 23 mm
2 9.5 X 9.5 mm

748 E=o]: 44 mm
%9 H: 25 mm
G) E8an
o1 18~23
43 35~45 mm
¥ Z: 20~30 mm
3. 71+ &
AedAd Ase AW, 28 FeH] AP
AEUE AE ANIA WE AR QLA
IEAL 2 e AW AAE Tk 5

4
A4, &AL A& HAAM BEE A&ty o)
& HAAAAM HEs) wjEsloek ‘?l-‘:%- ol 2 7]
=& z;-agg—p] Azt HEFANE AF T,
, A&m 37kx AR 2 2AastEd.

Agdel AHe A% A5e AHY VP of
% 2P AA PR 278 2YHE FL

A2 As5E 200148 102

& REh ZE AT 1 HEUL 2P 3
7l Wgez AN $EL dtode} o}rﬂ, vl &g
= stgkom olEe I meo AHL S
A& Mol o]27] He] wiEdtojor gr} o] HF
dg st AH FHERe M4 2d4E 9L
Pe] A

() A&Ege] me A48

o2 75 9l Z]@P_E gk,
(3) Tz} Aol Es
17 HANN 7ejd 47 7178 o8 % AT

g ngdEod & 7 2ast avgel 2 4

AolA 1 1olMdel Lo} 53 7|FE o] &35t
HAsA 5% 71%5 TEYa, 4593, 13
g3, £eols, FEHA9} £go=8 dHd=
Adga= %Mﬂmoﬂ Zaloley FEHA
el Ada 9FE A nH £FL el
A 55 == et AHd £25 ugt £
gol=7 A4 &5& 7] W FEFA A
27EE A4 A4 FEE F dow, &4
TEEe AEs "oy FHEWE AT &
olEE UAY £ U5EE st
a9 149} o] &ele]ert s EEoR A4
5% uet olFsid HEHL Ho RyFo=
«: LJEJE% HHH} gde 7toi 2E Fecvh W
2 2oyt A4 238 ud gZow oF
6}"& %“4%%% LL‘_oﬂH 28 #Fzn ek &8
=7t A 39 oM FHe HEFHI F
A FH 2o 94F £3& g2 AL o)Feu

11

Drving link Dimmenston . mm

Fig. 1 Pick-up mechanism.

—416—



ZaE8 A4 AT

A%
@ Aolgs] FRol

golr} 22

=2 ‘I%EW #E
WEStejop &
(1) B HZ]OM B HE3 wjZo] oF
o] Aok gri.
2) & Y9ANM WE AKX BE o|%3
o of gt}

—E n.{\

52 grojol ).

¥ g AE B 2Y 2949 2o A24
of #%d 2709 GBYH FAAR THE A3
W TEE 1YAAT FUAE Fd Aols
32T # =T Hgew, diwy AL
ERUA v 9o met A& Az 2y
& JET ¥ASgy. AEVe) LY Al A%

H7t vl&HA g A5 n8ste] EuAd &
A8 dEzdeozy g7 4% g 4 9=
shei Tk

A&H FERY =E FHE& gy %E} >
¥ Aayo) Mok Zo] Zd s
WE =] AASH HE2HAL B ’“°‘Elﬂ1 ‘?J
T7b 2E #2323 b)) Z2
2o olE 2 w7A] AR o] FEledlM B
Hit £ bt =% 297 A LA
o I3 )M e Ze] FAUG HFE JA
EdA7 19 2(d)°ﬂ*193r 2ol Mzlsle #
o] deiAl Heh o] o ZUA Adg HWE
HA clFEd BE FEHAAM ¢AE Uo

ol m X A6 rJI,.rJ
H1 rE rl,r

(a) (b) (c) (d)
Fig. 2 Pick-up process.

Atk o] FAel Tud Fuld 2] A A2
ol 22 ARE A

e Byl goss Azdd A¥e A
A5, BoA wes duRe Huzte A4
o e chiwd FUAE ol§d AEW
A4 zAe, AW AAE gl WAL
1 Agel, FHand Fg0l GE A4
% R FAAY Y4rg WS 2g 47
2eg & 3o

Ch # W

; ] ol

AZWE AY BT HE5n NE AR
3

Fo AYHE BRolmz AHo] FL& ALe:
Fol &8 o Aok FE2AY HA AL TE
r+ Zol dAs A
() dEe] 498 ¢ 4E7 G55 Yolo}
Eis=
() BZ o|%% 9 87l WA Fopok g}
AEA e 4E7 F9Y9A) gEE TREe L.Jr
s dAsgen ©4el E A=z A&
shath. ou] Ade)M FH o] 4 mm WL A
s9d W AR/t SAHAT b, d3E 3
mmZ Foln, YEJ FPHE FELS FAL 1
mm7} H5%E JHEEAT
a% 32 BEE A& ust M2 o HE9e

4% 4HE vebd ol

4. 71 24

ANAANPAN

Fig. 3 Pick-up trace.

—417-



A7 A A 263 ASE 2001d 109

g $&, 7I4E, ¥F EAS B4yt 24y ST e
2 #HAE A9 A g FHAAM Fgsga R
T5 E29 A% FHEgd 2o5HEe B3 &5 2 15E4002 =
FEA 488 Bzt A7] W& FR3 o
A 2AEFeH, B dFdMs 75 kel 3 00 1y
e ZFE Yokns] dsted Ea 2y s ©
gt FF 237 NA oz A AL F 2 1584002
E-iiED BE-FHE T i@ FE 29
MR = 7 189" 9 171°0] e, HE: 2 s s o
&2 Zt7 35°8) 250° | A o] Fojz) &FEf deg
tEEE A7 39 49 2E SoMel o] &4
AR 28 E3E 7F 3329 A wakd o o S p— y
g 2ozt sl A FEl Agels 42 . : =N N
el Higto]l o 5 Nmolow, wAA waedl  n ‘ !
73% 12, o 24 Nmelfith ol AAwgez  §
F¢ 4% gdode £EUFo] F=elN ¢
% Aggd A fHo st el vy}  §
7l oz gedo wAMq 78I ¥ §
WakE Bl A ko R FAASAT. 1Y 62 F
T HAY 7 WY wE A8 EIE JEd A
o]l - Ro?alion angle 01:0 driving hink, Z:g .
Fig. 5 Acceleration of pick-up pins.
AT = - —— — — -
¥{ o T _'_:tcﬂw: 408 CW Aalalion
16- B - - . . -
8 274
€ g
I 1
30 " \/f/j/"_ l
148 D- T ;Cl_ 150 270 350
deg
& oWt T
:
= z
E ‘ é T
16‘ [
BT T T TR T m T T .
Retation angle of driving link, deg Ro:non angle o1f5t;rivmg Ik, Z;DEQ =
Fig. 4 Velocity of pick-up pins. Fig. 6 Driving torque.

—418—



Al

AA $E FFT BANA $F FEAN £E
MEEE MR dde] Hw, @M £ AelE
HolA gkgkeh. whAlAl Wak FHolA 2 1307 o
A R Ztewe Hage] Jgwth ol &
Fo) T4 REo] AR FoM W] ul-¥ T

A7k ohelz AAW wAss Aoz wEE

5. A& Eotet 3

A AEAN 715H d5E Brterl 4
stel 28" 7oAk Ze] AZAYIE AzEiE Al
7] |7h AgeAe FdA4e AEE 15 mmz2
dgaen, 7% #29 A £5= 30 pme®
3t ot

N7 B NBAME AER 7
2 AEsA 28 4, A€ B BIES 14
ol #AY o, HHHe] B 4 AU
“H ol =% H7} HEHMAA BAAA

Fo] BAF de HEFA 71-?—01
2 Brhstgch ot 2% 710
T A gokev B 1A FA ] EAH
&3 2ol FHHATh

() 29 odel F71z, &P AAde Folr}h
gol AgWozRy B/ 2 BHHA @ B¢
7t At ot W& dols

A skl

do Wi 2 WA

o £42 shFSH.

@) A%As DA AN 48 2ALG 2E

Fig. 7 Prototype of seedling pick-up device.

&g A

se A7 wABA o ¥
mme] Y 14 mm2 Fo} HE W] #
otg e BAL 18 mm, @

Qe 99 BAL 25 mmz s 3
240 93g WY H2Y B
BT 23 mm HeloF B 7
() BT Azdhe o
Zol= WYY ArT °

oM
If
[}

de o d

L

B T U< O Y

k1

32 W
£
-

R 10
IR
£
ol
4
e
3
L

L

_|u‘. I
=
1
R
i g
N o

oo g
o
et m{N' r|

o B
ml

il
B el

o}cr% = o
Al gozH y.vﬂr ﬂ-%i

=
L
B e
o 2
(e M
o
flle M
o
LU
Mo
[
_0'2‘
>

o e
ROl
fEOH 4w

o T
m‘
-
¥
fl
_Il"l:
ol
4

2ol erigel 1 mm Eold
5% o B8 ¥= A 34

]
Ni
L)

Hi
¥ e
2
>
p 1o
i
L
n S

.-
2 S )

e
5
-

=
B
e

h]

i‘&—ﬁ»
H oz
o o
o~y fu
e |y o A
(o o
%
4
o
e ® >
N
"0 e
B
of
S
2w

o fo fm > e

~J

e
dn
o
E
2 [
R
=
H
r]r
i
A
4
—_—

o
T
i
=

il
rMI é
M

e
£
1

o

g 24 24

[o & o

£33 ARNE olgsled YPLAN AT A
22 Adsan. 45 A8 Astd 33=
FEHs 2@ FURAE AZsEod AE7)

O @)
O O
e
]
Stepped
Guide plate A Guide plate B

Fig. 8 Guide plate with a step of 1 mm.

—419—



g7 A g A

Table 1 Characteristics of plug seedlings

Age of seedlings 18 days|23 days

Leaf area(em?) 15.4 28.5
No. of leaves 34 4.2
Leaf length with leafstalk(mm) 48.2 73.6
Leaf length without leafstalk(mm)| 35.5 47.3

Leaf width(mm) 21.1 284
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Table 2 Operational conditions for perfor-

mance test
Condition No. 1i2314]5|6]|7
Seedling age (days) 231 23| 23| 23| 18] 23| 23
Guide plate type B|A|B{B|B|B|B
Approach direction LILIMMIMUM
Penetration depth (mm) | 41 41| 41| 41| 41| 41| 38
Driving velocity (rpm) | 30{ 30| 30| 40| 30| 30| 30
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Table 3 Results of performance test

Condition No. 1 (2 (3(4(5(6]7

No. of seedling |[136]136|136|136| 68 | 68 | 68
cells feed

No. of missing 110125311 1

seedlings

No. of extraction | 3 16| 1 |2 | 6 | 210

failures

Soil Lower | 8 | 7 | 3[4 ]2 )02

breakage Upper | 0 | O | 0| O j O | O |2
Whole 2 {1 |3 |4]|5})7]2

Leaf damage 110(0j0]|0]|0]|0

Success ratio* 89.6(82.4194.4(/92.4(80.0|86.6{91.0
Success ratio® 96.3(87.5(96.8]95.4(83.1(86.6(94.0

* Extration falure, soil breakage and leaf damages were
all counted,

TOnly extraction failure and whole soil breakage were
counted.

! |
| :
2 A -~ |87.8'
_?_:-. '
L
B
j= 9
Q
k=] 5
3 B 96.3
80 85 90 95 100

Success ratio (%)

Fig. 9 Success ratio by type of guide plate.
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