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1. HL % 1) i) Electromagnetic directional valve; 2.FEBEHL Gy-
rotiller; 3.PLC #| & PLC control box; 4. #ifii#ll Tractor; 5.1&
Zh RS Drive system; 6.%5 JEHL Air compressor; 7.Ji( 1 #% Seed-
ling plate; 8. WU 1 % ¥ Seedling picking-up device; 9. #% Hi #%
Planting apparatus; 10. 25 fiif JE 5% 20 JF 1 & Ship shaped shovel
type furrow plow.
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Fig.1 Paper rape pot seedling transplanter

1. T #% Seedling plate; 2. L3¢ Body frame; 3. 5K % 41T #%
End effector; 4.4} %% Planting apparatus.
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Fig.2 Pneumatic seedling picking-up device

A

A ZRER T AR W A K % The growth of paper pot seedlings
during the suitable period of planting; B: 4%k i M 8] 4= K 1%
(5~ H) Field growth of paper pot seedlings.
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Fig.3 Growth situation of paper rape pot seedling

A AR B Inserting seedling; B: i #% I # Pluggable
seedling.
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Fig.4 Traditional picking-up method
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1. FFESEL B Finger cylinder block; 2. P42 47 [ € fL Inter-
nal screw fixed hole.
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Fig.5 Finger cylinder model
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Fig.6 Steps of inserting picking

A

A BUEHE A XA GG RAT 2 Double needle insertion terminal ac-
tuator; 1. I 5Tl No.1 cylinder; 2. F4§ <l Finger cylinder;
3. F IR AEL I B Finger cylinder block; 4.5 £ Seedling needle;
5. Hi L Plantlet stripping; B:HUH £ Seedling needle.

B 7 RimBUTHREHTEE
Fig.7 Schematic diagram of end effector
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LHU £t Seedling needle; 2.4/ 3243 % Main branch of seed-
ling; 3.4 F2ZEFF Main stem of seedling; 4. 1%k Seedling pot.
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Fig.8 Parameters of picking
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L1 55 L No.2 cylinder; 2.1l 5 S {L No.3 cylinder; 3.4L42
Body frame; 4. [#& & #l 78 € Fixed bearing sea; 5.%% fF Rocking
bar; 6.%% %4l Axis; 7.3%4%# Connecting plate; 8. | 5 {il No. 1
cylinder; 9.F45 K il Finger cylinder; 10.JiE ¥ % Rotating arm;
11.H %k Seedling pot; 1275 ¥ £ (F440) Seedling plate(guard).
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Fig.9 Schematic diagram of picking-up device
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Table 1 Cylinder type and key parameters
KELFS 45 FF B A2/ mm 7 /mm JE 5, /MPa 4R/ (mm/s)
Air cylinder model Diameter of telescopic rod Distance Pressure Expansion speed
1 5SS HL(MAC16X50) No. I cylinder 8 50 0.8 30~800
[l 5K &L (MAC20 X 100) No. Il cylinder 8 100 0.8 30~800
M5 S H (MAC20X100) No. Il cylinder 8 100 0.8 30~800
TS H (MHS4-20D) Finger cylinder / 2 0.8 /
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LF45 O B Finger cylinder block; 2. HUHi 41 Seedling nee-
dles 3.4 Rape seedlings; 4.1 # Seedling plate; 5.1 #k
% Seedling pot matrix.
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Fig.10 Force diagram of seedling pot in seedling stage
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1.5 Axiss 2.8 ¥ 50 Centroid of seedling pot; 3.1 # Seed-
ling pot; 4.4 Rotating arm.
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Fig.11 Force diagram of seedling pot
in feed seedling pot
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1.Hi % Seedling pot; 2.1 #k 50> Centroid of seedling pot; 3.3%
Fi#% Planting apparatus.
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Fig.12 Schematic diagram of removing seedling stage
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Table 2 Factor level table
IK S /7\(1 W h
K- B Material Eﬁ(r /mm R A /mm
Level Diameter Depth
ABS T ¥k
1 > LRI . 4 15
ABS engineering plastic
2 A Stainless steel 5 20
3 44 Alufer 6 25

2 HERESMH

21 HEREZERENK

SR ARAT R B DR R B 5 RO SRR AR B 2
B ] A R 4 L R T MIXID-02 789 B 482 28 B0 (%
R AL E AR A B2 ORGBE 0.001) M 22 ik 5
HIHS AR (45 5 30D i Bk 55 i B R) B 4 R A (R 3D,
PR 5 TP AR () A R R R v, = 0.535, B AR JE
0,966 ; T 55 B B IE) ) EE R R B, = 0.623,
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Fig.13 Seedling needles with different parameters 5 U B 5 0 3 R JA) E‘J@@j}%jﬁﬁo
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Table 3 Friction coefficient test results

R b i EE 82 Z K0 U, Static friction coefficient B BE 1 2 8 Uy Dynamical friction coefficient
Test materials {8 Mean B {5 Confidence level {8 Mean B {5 Confidence level
GIEE] 45
Hil = ) 0.535 0.966 0.512 0.983

Head board( # 45 steel)

W%k Seedling pot 0.623 0.950 0.554 0.963

M
T:%‘H’ {ir

el I

TS o

RN
[ 502 JE A

AR A 529 B Physical map of test platform; 1. PLC 5 i & PLC control box; 2.12 V B 12 V battery; 3.HL 5 15] i{ Electro-
magnetic directional valve;4. RGM-3005 & B 1 J3 fE#4 B} L RGM-3005 electronic universal material machine; 5. [# & Ji§ J#8 Fixed base;
6.1 %k Seedling pot; 7. F#§fil Finger cylinder; 8.1 3t Slider; 9.4 %} HLi& ¥ #f Material machine remote control; 10,315 Hl & 7% B
Computer screen; 11.%5 JEHL Air compressor; B: IR & 78 2 & Sketch map of test platform.

B 14 AgHMBHNERETEE

Fig.14 Universal material machine seeding platform

M IR G EHAR N 5 mm A AR A S DO B BRI R O (R ). IER
B PR RIRE O 15 mm I, BEAT 5 RE A EESE I S0 25 R s L 2% DR ERO IO - e R R T BE 4 T R
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Table 4 Orthogonal test results of friction between seedling needle and seedling pot matrix
[N Re FBTCAD HRE®B B O FEHES f/N A V/mm?
Test team Material Diameter Depth Friction Volume
1 1 1 1 3.20 188.4
2 1 2 2 4.12 392.5
3 1 3 3 4.94 706.5
4 2 1 2 3.76 251.2
) 2 2 3 4.00 490.6
6 2 3 1 4.08 423.9
7 3 1 3 3.48 314.0
8 3 2 1 3.98 294.4
9 3 3 2 4.62 565.2
K, 12.26 10.44 11.26
K, 11.84 12.10 12.50
K; 12.08 13.64 12.42
R 0.42 3.20 1.24
Rl 28 32 Yk
Decreasilnlg%jqzui\njc{eif factors B=C=A
®x5 WMESH-EHSHEREZEANFTESN
Table 5 Variance analysis between seedling needle and seedling matrix
2E 5 1R i 2 F- 75 Fl F B ¥Ir P P
Difference source Sum of squares Free degree Mean square Significance
B 1.71 2 0.85 14.17 *
C 0.32 2 0.16 2.67 /
ef(=A+e) 0.23 4 0.06 / /

1 Note:Fo.01(2,4)=18,F05(2,4)=6.94.
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1.1 4 Seedling pot; 2.8 &} Incline; 3.#:7% Wk Falling par-

ticles.
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Fig.15 Seedling pot free fall test
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Fig.16 Seedling pot free fall test results
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SRR L E S B A T T B R R g (#
17), iRER FHEAR 4 mm BRI BT 4T 4 AR
PREEFTIRBE 20 mm, 1 5K B 9% % 2 A 340 mm,
A ST A 7 2 85 T vk g 4R o a3 v LA B A R
o PRUER TR 42 S AT R L T e B IR R A
BARKELE 5 K. BUGR K E 10 . %
rPECHE B A OE I R G A SR ANk 6 B
e BUHENL 15 d J5 , WS B R I 5 4 i AR KON
L 18) , BB R A S B, S i 8B A0 . 6 28K
B 25 AR W L B A RGP AT A 8 T, AL A 4 R
PR BT TN PR AR BOZ WD B R B T . Y
BUR AR N 15 Bk /min B4 im0 2] 20 Bk /min FI M 20
B/ min H§ME] 25 Bk /min B BT B2 53 0] T B
2.13%.6.52% , JG & T M WL . Z55 % RIUR )

ARG B AR RSl HOH 2R L O A Ml R 3
20 Bk /min, JUH AN 920,

1.1 8 Seedling plate; 2.HL i3 7] i Electromagnetic direc-
tional valve; 3. RK¥4FHAT#F End effector; 4.PLC # il & PLC con-
trol box; 5.%5 JE#HL Air compressor; 6.3 % Air tube; 7.7 5
Seedling pot.

17 A%RRE
Fig.17 Bench test

x6 MESHASEERRE
Table 6 Bench test of optimal parameter combination
B/ (BR /min) R 1 A B &/ % B/ % Y AEE R/ %
Seedling {requency The number of successfully seedlings Success rate Injury rate Survival rate
15 47 94 0 100
20 46 92 0 100
25 43 86 0 100
T 2017 4F 11 A A Al R S A N 6 5 i 3 W #
8 e

TERE T AR o X6 i o P 1) X 56 o e A - % A
LAY A P RS 57,1 kPa, P E S KAy
19.22 0 X506 29 1l /R 1054 Hi47 HLAE S 3
U 3 S A S B e IR ORI 19 R . ik
56 v 4y G U A A BB 2 AR B L TR R R A
T 500 i R SRR B R R AL BOR BOR

R H05 355 R 0T 9 3 4 AR KRR T R R R R
K BETE T OB A SOR s AT AR 3 0 H AR )
PEAL T BB IR 5 K B HE i E TR RS
S MHS4-20D, X B 4 8 BT i 72 45 By B i
T IR IR AT T 2 o B BRI B o S5
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Fig.18 Situation of seedling pot

substrate and seedling growth

AR MES Test preparation; B:iXERUR Test effect.
B 19 3R EEIRR
Fig.19 Field test of transplanter
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Analysis and experiment of seedling process for inserting
paper rape pot seedling transplanter

XU Bo' LIAO Qingxi"* WANG Yang' HU Qiaolei'

1.College of Engineering s Huazhong Agricultural University ,Wuhan 430070,China ;
2.Southern Grain and Oil Crops Collaborative Innovation Center ,Changsha 410128 ,China

Abstract A pneumatic insertion picking-up device is developed to solve the problem that the struc-
ture and seedling process of mechanical picking-up device for paper seedling transplanter are complicated.
The mechanical model of seedling process was constructed. Key parameters of each seedling stage were
optimized and the optimal parameter combination of the plant was obtained. The 60 mm X 30 mm X 60
mm (above length X below length X height) pour four square table shaped paper pot was used as seedling
pot. A kind of double needle insertion type terminal actuator was designed. According to the requirement
of the spacing of the needles,the model of the actuating cylinder is MHS4-20D. It was confirmed that the
pneumatic picking-up process can be divided into stage of seedling,feeding and seedling removing. Re-
sults of mechanical analysis and parameter optimization test of each stage showed that when the friction
between seedling needles and seedling pot matrix is not less than 3.67 N with dropping height of seedling
pot less than 380 mm, the seedling picking-up device can effectively carry out the function of picking.
The result of bench test showed that optimal parameters include the seedling needles are made of stain-
less steel with a diameter of 4 mm ,inserting depth of 20 mm and dropping height of 340 mm, the success
rate of seedling is 92%. The results of field testing showed that the effect of the pneumatic insertion
picking-up device meets the technical requirements of the pot seedling transplanter. It will provide a ref-
erence for designing the pneumatic picking-up device and optimizing key parameters of the pot seedling
transplanter.

Keywords rape; transplanter; paper pot seedling; picking-up device; pneumatic
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