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Fig.l1 Structure of plug tray
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1. JKBHEHIFRS  Driving and control system 2. JXELHEFEAI AN Tray stepper and shift mechanism 3. BHEARA A HIMT  Turning and
position shift type manipulator 4. ZEPEHEHNIER AN Flexible chain transfer feeding mechanism

B2 AZHRRAGREER

Fig.2 Automatic feed system schematic diagram
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(BF22 3175 mm) , AT BHFCAR A BE AR IE AT 0]
EEMAL (31.75mm) o FEDHEBAT I 45 1) 1]
Kl 4 fros.

1. RELZEATBALAREL Plug tray shift cylinder 2. HHEL AL RIAL AL A%
Turning cylinder sensor at retract position 3. JXELBUEAISEL  Tray
stepper cylinder 4. H%%THLM AL /& A Turning cylinder sensor at
extend position 5. MU THH#% <K Manipulator turning cylinder

6. %5435 Reverse motor 7. HIWTEAI L  Manipulator position
shift cylinder 8. FLEUM KT Seedling pick and drop cylinder 9. i
FC L KHs  Seedling tube count sensor

B3 R A HIRCRALLEME

Fig.3 Structure diagram of plug tray seedlings automatic feed system
x1 BIERAZRITERSY

Table 1 Design goal parameter of automatic feed system
/N ot
we R o
WEUE  OREEE Minimum T Pk
. . Minimum .
Drive air Number of speed Maximum
pressure transplanter picking atf: cprlil_cy loss rate of
/MPa device and otpie dlng nursery
dropping an o substrate%
/(Ffmin™) dropping%
0.5~0.8 2 64 96 15

==

1. 4% Frame 2. 4L Friction wheel 3. /XELPIUFEALSEL Plug
tray stepper cylinder 4.7 /A <l Plug tray shift cylinder 5. /4T
Keep tray stabilizer bar 6.7CHFGAR Plug tray plate
i >FRRBE T .
Note: — is moving direction.
B4 RE&ESHEBLAAM
Fig.4 Structure diagram of plug tray stepper and shift
mechanism
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ik, MR R AT A I B2 T T DU E 7 T
RS SR P P S EIVAC: v iz 2 VA IR Al ih]
AR KP IR Z IR A o X TR e 1 7R
S ST OLIE 5 R

Ve om AFEFUEIATE, mm; n FERUFIASE, mm; G RFETNE D),
N Fy e R D AE 7 eI T W5 )0, Ny By AT v 7t
BESPATI T2y 97, Ny b AFERUSEE, mm; by A SETT00 3] FRIH )
FEES, mm; 0y RIS, (°): o WEEELETEEETZ)
TIRRA, () O AIEFTLL; WA, FIH.

Note: m is nursery substrate top width, mm; # is nursery substrate bottom
width, mm; G is gravity of nursery substrate, N; F; is component force of
nursery substrate gravity in the tray wall vertical direction, N; F, is
component force of nursery substrate gravity in the tray wall parallel
direction, N; % is nursery substrate height, mm; /; is the distance of
gravitational center to nursery substrate bottom, mm; 0 is the angle of the
tray wall and bottom, (°); a is the angle of gravity and tray wall sliding
direction component force, (°); O is gravitational center; W is nursery
substrate wall. The same bellow.

Bs5 EAREREAZNA

Fig.5 Force diagram of nursery substrate in the tray
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BN S, BN D S BT O S
MR 5 A IS FE TR AE R T T A, RS U
DML EAEE FNEM A=28.44 mm Ab AR JL{A P
Loy NELBCEAE L RS AR 1152 D1 6 FTos o
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R

i £ S AR ), Ny FOREARNZEATX 7SR ), N
N ATEHFEERT SR, Ny oSS D AR, mm; LA
ST D SRR, mm; & WEEBOERTEAR, Smm; B TR
ST A, 105° y AE7ONRSACFHRDA, 3.23% x. y AR
Note: fis friction between plug tray plate and tray, N; F is the support force
between chain link beam and plug tray, N; N is the force of plug tray plate
support plug tray, N; /; is the distance of point D to gravitational center, mm; /
is the distance of point D to support force direction, mm; @ is the diameter of
chain links beam, Smm; £ is the angle of tray bottom and horizontal plane,
105°; y is the angle of wall and horizontal plane, 3.23°; x and y are axes.

BHe X&xHNA
Fig.6 Force diagram of tray
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I 234 Frame 2. 428 Swing arms 3. MW F 8 4 < 6
Manipulator turning cylinder 4. HUFEHLIET Pick seedlings manipulator
5. HUBTF24 < BT Manipulator position shift cylinder 6. 4L B <L
Seedlings pick and drop cylinder
B 7 #4EaEs XIR G HURF 2540 B
Fig.7 Structure diagram of turnover- displacement-style
seedlings manipulator

a. WHITTRE b. JRlmlfTRE
a. Picking seedling sequences b. Return sequences

e =W EAEETII: G OB A Dy B R Eo
IIWUTICT s Co B TEIAIE]; - Do AR TATIAA]: By AN T
Hs PPy NBUEATTES AL E T O-0s IR TRRS AL BT o
Note: — is cylinder rod moving direction; C; is position shift cylinder rod
extend; D) is turning cylinder rod extend; E, is manipulator pick seedlings;
C) is position shift cylinder rod return; Dy is turning cylinder rod return; £,
is manipulator drop seedlings; P;-P; are picking seedling sequences and
positions; 0;-Qs are return sequences and positions.

B8 #EEXRGIRT T RER
Fig.8 Kinematic diagram of turning and position shift type
seedling manipulator
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Ik B A 16 N ML 3 ] e AE SR BE
(10A) FHH A S8l Sk kg i, HahtgnE 9 fr
No HEEN Lk (DSR-25-180-P) il i WAE KK HR 5
T LB sh, BES BIAEIE R 188
(180°) , THATMERMEEEME M B AL S, BPBs) 2
AW (127 mm) ; B3 28 4, b 14
AN L TR) o 1 5 RO T 1AM 22 2 S A, LR A

14 M558 8 mm.

1. % Ratchet 2.4 Pawl 3.4} ik Reverse motor 4.37 %2 Frame 5.7
SCHEAFIET] Unsustain shutter 6.7 (AT 7] Sustain shutter 7.45 74 1
Narrow window for dropping seedlings 8 &7 ifi [T Wide window for
dropping seedlings 9 7% [ J¥G#X Shutter pallet. .

e RS T7 1

Note: — is moving direction of flexible chain.

B9 FMAERERANM LM E
Fig.9 Structure diagram of flexible chain transportation
feeding mechanism
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AR TR R .

3 IREM=HI R TEIRIE

3.1 HHBRAFIIEREBEEF

BN RN, REh& A hERizs)
H PLC &I sh ook s)), %518 sl 35 DL 46
KNI, REARIAR; [ Ekiaes L
WEARIRES 10.4 R FEERT A0 R IE, BT 24T
BN AN S 2 ()2 11 FEfEahth, i 10.4 R4
MR — A5, B 2 /AN, shif DTS 31k,
P8 ik 5)) 180°, RMEHEMIEMANIIFES) 2 4>
BB RS, NP A AT, A S
FEE MG R IENR AR AR 1 0 A A7 0
U LA T B e R e 7 S i 6 N ML
AT, HARNECE TAEEER BT )T 4 2% (8
R TR A, PR B A Ry i) T
R MU WU TR 2 B
PEi, FUBRCE AR IR N A, HLR Tk
FTHCT, BEJG MU B ELR A, 7 T s
HEEHIR TR a2 1 R, HUbRT- B <G
SIHUCF AT 22 /R T B IR &SRR, IR AE
10.3 VIR B 8 o, 1A (s 345 1k L
T ARG SRR ARl MUBRFRE
HERE AL 52 2D RS SRR 7B Ao G A
RELRIASEIRENE “IL” FIERESREs), HAERE
BELENUT- % 2 2B A E — AT, 8 X
MM 5 7 R AEB s T AR A 8l
M 22 400 1) H R 1) S ST s VR U b 10 Firosss
Hrp 101 #1102 H etk #irh 5 PLC R4k
HLAR I, CRAUERI A RO UM T 20605 PR EAT B
OB AR R AL IS AT %
BTSRRI (1) 1 L IR o, A ARCRLAT IR IS AT I
Er, IS

e o I s 6 1 IRBEESERIN ], 5 100 e IR AR g% s 10.2 DBl UL LARIERES: 10.3 Ui Bkttt 10.4 ahias i
WAL A AL, B PR UL C AHUNT- R T D b LIS UL E AN 36 <RL; M O3 ik, R,
Note: ¢ is seedling drop time, s, ¢, is the 1% drop seedling waitting time, s ; 10.1 is turning cylinder sensor at retract position; 10.2 is turning cylinder sensor at
extend position; 10.3 is seedling tube count sensor; 10.4 Sensor for detect transplanter nacelle; A is plug tray shift cylinder; B is plug tray stepper cylinder; C is
manipulator turning cylinder; D is seedling pick and drop cylinder; E is manipulator position shift cylinder; M is reverse motor. The same bellow.

B10 #AZ5A4HFE

Fig.10 Operation timing chart of the sensor and air cylinder
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3.2 HzNEURARSFRIIREN
H AR R A S S SBE T o N U TR
G CL FUBUBGEAGE DY WA SELE. 73

AL B AL AL 280 5k M,
BB T TCA S A7 L AR, 5y
VRRREA TR, ARSI WA 11 Frs.

A B c D E M
= = = i = [pF

U3 & @‘II’G’] E’j‘“’[‘ﬂ [EYa] k3] REYE]
DTO DTI DT2 pT3 DT4 DTS
WIS WIS w IIyAzS

'

e TR DT1~DTS b Al (4V210-08 DC24V) ; NOWTHES: VMg T W TSRS P O UR.
Note: J is throttle valve; DT1~DTS5 are 2/5-way solenoid valve (4V210-08 DC24V); N is muffler; V is air reservoir; T is adjustment device for compressed air; P is pump.

A 11
Fig.11

3.3 BFHEERZRYITE

A SR RS TAERRE, 4 PLC (V41
¥ S7-200) FEEM A TGS, w12 Pr
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Schematic diagram of compressure air driving system

B2 AN OREEAL B IRETE T ¢ (D-A93) , 1AM
WU T2 8L 2067, 10.3 A1 10.4 K 3 TP
JF% (E2E-X3D) , 103 M T &% EICE, 104
RS R W LA AS 0 a8 3015 55 b o 20 )
RSB PAT O ) AR« PLC Fin N
IYlC R 2.

I JEJ3TFH Pressure switch
—>— FFIFY  Manual switch

—— fLE&d Sensor
—O— il Solenoid valve
—O— A5 AC power
|- DC power

B 12 PLC 44l A%HE
Fig.12 PLC control system diagram
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Table 2 Control system I/O distribution list
PN (EREP/S i L 3 FEHIS G

Input Source of Signal Output Control object
10.0 FERPJEBIITK Q0.0 DTO 7 ZEA B AL AL (A)

' Program start switch ' DTO Plug tray shift cylinder (A)
01 T U IO A St Qo1 DT1 it i < (B)

' Turning cylinder sensor at retract position ' DT1 Plug tray stepper cylinder (B)
0.2 TR LA AR Q02 DT2 HUWCT-#TIT(C)

' Turning cylinder sensor at extend position ’ DT2 Manipulator turning cylinder (C)
03 W R TR g Q03 DT3 LU < HL(D)

' Seedling tube count sensor ’ DT3 Seedling pick and drop cylinder (D)
104 L2 1 51 1 004 DT4 BUK T4 Uil (B)

' Sensor for detect transplanter nacelle ' DT4 Manipulator position shift cylinder (E)

Q05 DTS 43} ik M)

DTS5 Reverse motor (M)

¥E: 10.0~10.4 24 PLC ¥t A\t Q0.0~QO0.5 &y PLC i thi¥ii
Note: 10.0~10.4 are PLC input port; Q0.0~Q0.5 are PLC output port.

x3 RREIHE
Table 3  Air consumption calculation

L SEan S
Name of cylinder Type of cylinder N/(Y-min™) . - » /pra /(L'min™)
T AT L
Plug tray shift cylinder (A) TN25X40 4.375 2.5 4 0.6 2.40
o S T £ S e
AR S URAL UL SDAI32X60-40 4375 32 6 0.6 2.95
Plug tray stepper cylinder (B)
R =
. ELW‘ZT%%% j‘ﬂ—ﬂ: MAL20X60-S 8.75 2 6 0.6 231
Manipulator turning cylinder (C)
HL BT H AL
Seedling pick and drop cylinder (D) MAL20X50 875 2 3 06 1.92
PHUBTFAR AL
Manipulator position shift cylinder (E) MAL20X75 8.75 2 73 06 2.88
125)) 3% Reverse motor (M) DSR-25-180-P 35 2.5 20 0.6 48.08
&t Sum 60.56

t R o E T AR R R 60.56 L/min, A 1R
WARYR I DFsE, Rl A | sh R R4
Pt A AR A LA RS I PR AR = 100 L/min

SEETIIT T
4 REWBHEFIIRRASINEL

4.1 REMBIREE

TR0 7 B g8 AR YK 2 A O L bk s 36 == 3 AT
KHBramA i 21 A 6 EEWRMPIEM “a
G657 B, AR Y 201142 H 25 H
£ 4 25 H, WEdA 58d, s EE
163.06 mm; 7L HIE T FOR . B4 B
FEIRARRILE 1210 1 A ORI /K3 24.61%~
31.57%) 5 R AR A S U RAE A
MU ST 22 38 40 86 T & LTRGBS <t
SEEE N SZE (ZBM-0.1/8 B $eft, g R
FIREEAE 0.5~0.8 MPa 2 [i]; by fifi & JF 3l I
K 10.4 SRR TR B EES, BEHE
BLOK B 1 e B A gk, L ARSI (HB
VFDO15M43B, X5 0.1 Hz) il L, i
{15 %A #% 12 B ik B2 H 0 Ta) S o A DA
R AT

4.2 RERERIFMIERR

TR 32 22 %2 1 3 HUME 32 498 (1) MR o k5
o) 3 " R A 7 A e RV R R, 0 A T E
MR PR R I IR PR A 0, ARSI . 1 IR
B~ B0IE S B A BT eI I T S
4.2.1 BURGR R

H 2 B 28 48 1 HOMEE S B P 42 52 458 T AR R
IBAENE, BIARAE 2SS AL AR 10.4 AR,
SRIM, Akt s e sl Bt s, AR RS S
WA TR FE A . AELREITE Hbr L E
fEIFUE T —3hfE. RS TR s RS S, M
1T L2500 [ ShEUE R R AERG R . SR B shEL
W ARG ORI , AL PLC 27 A (P9 i I 1] ¢,
A 0.65s CREVE TN ] , i i AR A 1 2 v LK
S IR e LIRS 2 35 R /min, HZIEUE RSLHENY
FEELR 58 R S BE, TR 1 IR BTN
BIG (103 v 8 i, HUkT- Az 1] 2]
1 IREEEIALD 5 iy, AR A AR B R
JEiL 3 70 FR/min.
4.2.2 B ERBik FKEE

FH T HUBT R A 02 3 M2 Pk I L S st
ATHUHT, HUMGR A B A 7B TR R, X 7t
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B S LT BT R 2R G a0 e B o R b s B 1
T RAEDL . KR PR BENLIE ) 16 R 7CEE
HARICTS, PR, R JE R nl
AT BB PR OORR 7 e i, i sk L T
VR 1R 7BV R 2, T R G 1 Bl R 3 T
FIVER . RIS Rk 4, &k 4 van, BOH
BN RIEEN 241%, o KEFHAEN
13.55%, ~FIIHCHT R TR R % 9.26%, il X 1AL
SRR TR, T S AR R A R,

FETRAT,  HUBRT AR 7 Ve B i (s A 350 49 22 o
P, FEBASE I 1 RBE RGNS R T
P& PP AN AR B AR R AN R IR A A
JRRIK 1) 45
4.2.3 BGH ALY FAE R

X H B HUE R G AT & S M AR, AT
1E 8 By A AT B RS, sk AR
WIEAREL HUBRT DO RS 1 IR AER &
NS w s s Co-Rar. o)
ML, I Rk 5 ow.

R4 MEERBEAFRWLER

Table 4 Automatic feeding system substrate loss rate test results

AR T R s R SRR
Series of plug tray seedling Height of seedling/mm Weight before picking/g Weight after picking and Loss ratio of nursery
transfer/g substrate/%
1 165 14.1 13.76 2.41
2 162 14.16 12.29 13.21
3 168 13.88 12.08 12.97
4 161 16.02 14.73 8.05
5 157 12.68 11.61 8.44
6 160 14.04 12.35 12.04
7 165 13.97 12.17 12.88
8 164 14.28 13.38 6.30
9 166 13.41 11.73 12.53
10 163 14.06 12.58 10.53
11 158 13.71 13.27 3.21
12 165 13.7 12.34 9.93
13 160 14.24 12.31 13.55
14 165 14.28 13.76 3.64
15 167 11.19 10.07 10.01
16 163 14.13 12.87 8.92
*J-3%) Average loss ratio 9.26
x5 HEUEMEKELER
Table 5 Automatic feeding system reliability test results
] A k- QR 1N S RS- G i U E S| ‘{M’ﬁﬁﬁ)\% L RIS EEREEC WmvER W%
Series of tray Numper of Pl'Cde by Ac.cu.racy of  The '1 drop in Accgracy of the Tre'msfer by Accuracy of Accuracy/%
seedling/f#k  manipulator/# picking/%  seedling tube/ff 1" drop/%  seedling tube/ff  transfer/%
1 128 126 98.44 126 100.00 126 100.00 98.44
2 128 128 100.00 127 99.22 127 100.00 99.22
3 126 125 99.21 125 100.00 125 100.00 99.21
4 128 126 98.44 126 100.00 126 100.00 98.44
5 127 127 100.00 127 100.00 127 100.00 100
6 127 126 99.21 126 100.00 126 100.00 99.21
7 128 126 98.44 126 100.00 126 100.00 98.44
8 127 126 99.21 125 99.21 125 100.00 98.43
P 99.12 99.80 100.00 98.92

Average accuracy

5 WG gh T &, AR RGN Sk
IZIE 98.92%, Horb AL A LR 1 /A
BRI VR IE 100%, 71 A WA A T 15
REFATEIG, MU AERG20E 99.12%, HLIR
F 1 IRBEHTHER % 99.8%.

5 i i®
JEL T AR B SO R GE I 2 AR S = A

HATHY, Hlas e e RS TR, 525 N
12°C~25C, LKA, MAEHIRIAIBEATT (4
H~5H) , BRRAGHRAEREL (6C) , Ha
A RIPFEm, AR ER S, XS
FIoAF TAERCE R FEE s A T A S T
#, ARG SHEBAENIRS), B, 1k
I IHER M 232 B, SOS TAERE 5 ALY,

4

FHWIF T it ke 7 2B R ) 56 Wi 45 i i
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1 Wb TR RS AR 1 3 3R R4,
ZIE RS QIH Bk T e BT B D B A 1
BUAEFIBTT LE 25 7 A M 7 1) R A8 AT ) FH R A 4347 H
HHUT AT, RGBT TR RN R
g8, HBUERR, AWINRARRN RS ey 3
M R G /N T 110 kg, EVREL BB A HLEC &
A, WEEN AR ANLAT A Sl .

2) LAHGES 58 d 1“4 6 57 BB IATE
WS, 7 E PR S 163.06 mm, A
FOR WA BERCAETEIRAARTILE 101 0 1 IRETIS,
FEJF S KZE 24.61%~31.57%, <k 0.5~0.8MPa;
H S U R 48 Re i 44 IR BE T BoR SE s 1, A7
BT RS AR B s BRI LR 2 70 #/min, HBHUE R
Gl M RE AN 98.92%, SFIAHN T KL AN Ak K
9.26%.
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Design and test of automatic feed system for tray seedlings
transplanter

Han Changjie'?, Yang Wanzhang?, Zhang Xuejun?, Guo Hui?, Yin Wenqing**
(1. College of Engineering, Nanjing Agricultural University, Nanjing 210031, China; 2. Mechanical and Traffic College, Xinjiang
Agricultural University, Urumgi 830052, China)

Abstract: The nacelle-type semi-automatic transplanter is the best available technology to punch holes in the
plastic film and has been used extensively in Xinjiang, China, but the nacelle-type transplanter had very low
efficiency. It had the frequency of less than 40 pieces /min for each transplanting device. The automatic feed
system was designed for a nacelle-type transplanter to improve the efficiency of the feeding system of the
transplanter, matching with the tray which is widely used in Xinjiang province. It has 128 (16 rowsx§ lines) plugs
and is made by the vacuum form process. The thickness is 0.6-1 mm, the hole depth is 45 mm, the top width is
31.75mm and the bottom width is 13mm. The tray carrying the seedlings can be moved transversally and
longitudinally by the step-displacement unit (SDU) in the feed system. In order to reduce the automatic feed
system width of the horizontal direction, and keep plug seedlings from dropping from the plug tray, the machine
was slanted at an angle horizontally with the SDU beams at 105° . The seedlings were taken and moved by a
turning and position shift style seedlings manipulator (TPSM). The seedlings were dropped in the tube of the
flexible chain conveyor feeding mechanism (FCCFM) by the manipulator at the right time. Then the seedlings
were transported and put in the nacelle of two different transplanting devices by the FCCFM. The FCCFM was set
at the bottom of the feed system. The SDU was set on the top and side of FCCFM, and the TPSM was set on the
top of the FCCFM. The seedling transfer was done by the TPSM, which picks up the seedling on the tray side and
drops the seedlings on the other side. When the seedling tube is standing still, the manipulator puts the plug
seedlings into the seedling tube. With the seedlings tube driven by the flexible chain and rotating to the right side,
the seedling tube will go through two types of drop windows -- one is wide, and the other is narrow. When the
seedlings tube first goes through the narrow drop seedlings window, only the narrow shutter of the seedling tube
is opened and drops seedlings. When the seedlings tube goes through the wide drop seedlings window, all the
shutters open, and only the wide shutter seedling tube drops seedlings. The feed system is controlled by PLC, and
driven by pneumatic force. The average total air consumption of the pneumatic components is 60.56L/min. The
structure of this automatic feed system is independent and does not increase the load on the wheels of the
transplanting machine. Its mass is less than 110kg and the cost is also affordable. It can be attached to a new
transplanting machine or it can be used with an existing transplanting machine. The “Hong'an #6” pepper
seedlings were used to test the automatic feed system, and seedlings were raised from February 25, 2011 to April
25, 2011. At a seedling age of 58d, the average height of the seedlings was 163.06mm; nursery substrates were
made of peat, vermiculite and perlite, in accordance with the volume ratio 1:1:1. Compressed air is provided by
the laboratory air pump (ZBM-0.1/8), and the air tank pressure was maintained at 0.5 ~ 0.8MPa. The results
showed that the seedling feeding speed was increased up to 70pieces/min, the reliability of the system was
98.92%, and the average mass loss of the seedling substrate was 9.26%.

Key words: agricultural mechinary, transplants, automation, plug seedlings, take seedling manipulator, PLC
control



