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Design and Experiment of Tray Separating and Embedding Machine
for Rice Pot Seedlings
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(1. Faculty of Mechanical Engineering and Automation, Zhejiang Sci-Tech University, Hangzhou 310018, China
2. Key Laboratory of Transplanting Equipment and Technology of Zhejiang Province, Hangzhou 310018, China)

Abstract; In the nursery factory for rice potseedlings, the soft plastic potseedling tray is embedded into a
hard tray manually which increased the cost and the labor intensity. In order to improve the automation
level of rice pot seedling nursery factory, an automatic soft tray separating and embedding machine was
designed, which can be integrated with the rice seeding pipeline to reduce the cost and improve the
efficiency. The automatic soft tray separating and embedding machine mainly consisted of tray separating
section and tray embedding section. The separating section included the vacuum clamping mechanism and
tray lifting mechanism; the embedding section included the tray turnover mechanism, embedding
mechanism and conveying mechanism. According to the pulling force test for separating soft tray, the
peak tensile force was varied in the range of 0. 807 ~2. 030 N. The vacuum suckers were used to separate
the plastic soft trays that were stacked upside down. Then the type and amount of the vacuum suckers was
determined. The catching points were set at the outer wall of the holes on the edge of the tray which had
enough space for the suckers. By analyzing the overall force applied to the tray, the minimum air pressure
for separating the tray was calculated to be 57. 924 kPa. After the tray was separated, it was turned 180°
by the tray turnover mechanism and sent to the tray embedding section. A hard tray was conveyed and
stopped at a fixed position by the conveying mechanism. Then the tray embedding mechanism clamped the
tray and moved downward to place the soft tray into the hard tray. The kinematic analysis of the
separation mechanism was carried out. The open width variation of the clamping mechanism was

determined, so that the time required for the clamping mechanism to clamp the tray can be calculated.
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The minimum separation height of 20. 47 mm was determined based on the tray deformation analysis by
ANSYS, the height of the tray and the gap between the trays. According to the design requirements of the
overall machine, the control scheme of the system was designed, including the control of the solenoid
valve in the air pressure loop and the control of the motor in the mechanism. The overall machine was
modeled by using SolidWorks. Based on the machine model, the prototype was manufactured, and the
experiments of separating and embedding tray were carried out. 220 V single-phase alternative current
was used to power the air compressor and the prototype respectively. The pressure regulating valve of the
main pneumatic circuit was set to be 0. 45 MPa. The experiments were conducted on 14 x 29 hole trays
with clean surface and some water and soil adhered on the surface respectively. The results showed that
by using eight 6-mm vacuum suckers, the success rate of separating and embedding 14 x 29 hole clean
seedling tray was 97% . In the case of water and soil adhered on the surface of the tray, the success rate
of separating and embedding 14 x 29 hole seedling tray was 98% . The machine efficiency was 435 trays/h,
which could meet the working requirements of the factory seeding line.
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Section sizes of tray holes
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Tab.1 Test results for peak tension of tray separation
K5 ) W {E /N

1 0. 824
2 1. 142
3 0.973
4 0.923
5 1. 820
6 1.500 "
7 1. 052
8 1.379
9 1.162
10 2.030
11 1.202
12 1.328 "
13 1.024
14 0. 807
15 1.499
16 0.964
17 1. 190
18 1. 425
19 1.585"
20 0.925
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Fig.2  Arrangement of vacuum suckers
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Fig.4 Motion sketch of tray separation and clamping

mechanism

KR (3) (A ARAS (1) AT LU E] o, B e AL
I HE BRI 1 RSE 5 I 0] ¢ 22 8] 1 56 %, AT AT LA
T R 3 e 35 LR HE T F ML 1452 AT D i BL R
FA 8 AT LA L
L5 NERASE

R AL [ B BE A AR 7k 8] 1o B L % 48 T
A S B S 0 DR T B LR AIE A 58
0B IE HAER S BRI 9 B i A s, HoX
B ERR S A BROG2 BT K ANSYS! 272 gy
T L2 W 950 4R T e R R O 0 % ) AR TR 1
o JERTESR T R T A2 B E 7 0 B A
T LR WE Sy o R T 38 T RN, B A
Th, 0T W B Sy o 2R SR SR R e

FAECDN 0.39 SRR N 1. 59 GPa, %% 1.38 g/
em’, PSR4y T RSFIRE N 0.5 mm, A i A
99 123 A5 45 (49 306 A~ H o0 iy A BROCIT A Y
A 1o AN ) P9 W 58 A ey e BOAZ T e /DN B 15 D0, TR I
BATRZ R RN 4 A A W 3 A 4B E] B 180
mm , o P 45 0 9 e B T B 273 mm il 4 79 9
AT A S Fiw .

A B /mm
0.96747

Maggapppestt

B 5 JCMAE T ANSYS 40 H74%
Fig.5 ANSYS analysis results of tray deformation
PNGIRIEINDE S A 0 ll 1 B A= B e i1 )
T3 TR AR AR B e oK, e KR TR Ak 1 A8 T &
X, =0.967 47 mm 545 B BT K e bR
T IRTE RS R — A B 2B . AR
(B2l H =20 mm, 74k 55 708 2 B I AH 48 7] B
X, 0.5 ~4mm, 2T GRUECHEE BT 4 25, L ]
B d /BB, B X, =0.5 mm, PR, oS 4R
THi S/ N i B
AH=H-X, +X,=20.47 mm
P& THHE B OR ] 400 mm A7 R R PR 22 KL, B A% AL
Hag e 5 G A WL 32 426 988 70 6 %8 1 ) I o et
60 mm , Jhyfili 55 b 75 7B T 43 B, WO A HE A v
H,R13KF 400 —20. 47 =60 =319.53 mm, HHES
JCHRE R B #8505 BRI B0 HCF 3 JE] BR
1.6 mm , 7] A5 8K A HE B A0 /N T 200 £

2 EZVXENLIZT

B E A B I TR B H R
L R L HLAILE Y
2.1 #ENA

A B e AR LA R T B AL ), T 2R B
FERURRE XS B 2 AL IR R B E R . X
B ILA AL HL2E i BIL i 4 T R I T
LUNES VTP NS R e R R N VA e !
Oy AR T BV LS S ACED A Bk
JTCHILA 5 T 21 2k 7 8 6 10 30 1 1) e 38 R, AR A e I
e UGG 181 o R i H LI B B 180°, K X
BB L PR E BRI LT
2.2 REHEH

HoCEL B B UYL s e BRI




B

PR S5 KA RN B ST 5 AR 89

(a) AALFIEEATALE (b) 7 TR 180° R IR B
K6 JELENR LI
Fig.6 Tray turnover mechanism

LUt 2 0Bk 3.6 4. L 5. Pl

I T B B a1 % ) BE T A b, BE ST LR ok 4k
Jr At f o

IR Fy TOR & R 28 20 B, 4 AR 3
FESE E 28 b, AT UL B n] 4T i 72 4 4
ANT7 TR, DLGE T 4R B g e B e JTUJe A
A 7CALIRI Y 2%, PR 3 B ERURL R B LA R
BAMIES . PRI 7 R o

CIEVIE | &R ) i
Fig.7 Model of tray grabbing mechanism
L) 2 B A AR 3.6 4. WA 5. G TR

2.3 ERAHIENE

T % 226 LA AL T /ST 19 1E R 7,
L 435 i 5 A RN R B HLAL P Tk R o B G A
B8 JT s o AS SO T i ol A 46 % K 600 mm, 5%
300 mm , 7K 35 mm , A $E 48 38 oF 3% 42 2 B A
B P B VE (6 05 T B [, BE S 2 B ALK /X
FEABICE N, R G M M5 B AR &
Ik 2k AKFEREFIZ N o

ik 2 A BEAT A A, DS IR AR A T
Tyl B EAL . SR AL T R R IE B 7 R R

|

=S

| -3

\ = T o

\

| -1

0

|

Pl 8 T HE 4% i 3% BIL A A
Fig.8 Model of hard tray conveying mechanism
Lok 2. fCa SR 3. Sl 4 IR

B 5K AL R Ok Bl A R R A FE R R
FITEMNME ., FHEMIFO M 0 7TLITE 0° ~30°2
() 9T ] Bl V96 00 A A (] B8 T L3 o A A S 2ok A
o

EEEARIR ORI ANE ST BN AN S A
AGLELAR [ e 148 b, £ e[ 5@ 78 ACGL Y i 2
FF b MR AFC RN, SEL 45 [, {6 A ik
T, ASEC AL T R A A 4E B [ S S A )
YEo FRHERESE Al i J5 AT o] 3 IR 2

3 SBEIMEZRRIRIT

L3 R G0 00U [l B B PR A1 9 s o 4R
i W Ak AR S I, 28 R AR e A IE TR i
i, A PR AR A R A R R D R R A

1 2

T

B9 s A gh ol g st
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Fig. 16 Tray treatment under special circumstances
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