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Fig.2 Schematic diagram of chain pot seedling
transplanting machine
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1. 52 R AR 3% 2 4b Connection of heterogeneous bowl body; 2. 5%
FRERIAK Chain bowl body ; 3. [A]JZ ¥k M4 i $2 4k Joint of bowl bodies on

the same layer.
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Fig.1 Diagram of unfolding the chain pot RGP I E A S T R s A e

A RS H ] Overall structural diagram ; B : 2% 1 5 A8 45 #4 8] Structural diagram of seedling carrying chute; 1. £ 48 Chain wheel; 2. BU i
T4 48 Picking finger; 3. §i 2k Chain; 4. 5 ¢ %% Chain guide; 5. i B A %8 Auxiliary feeding wheel; 6. P #5234 B Cutting device; 7. T {4
F Field plow; 8. # i ¥ # Seedling carrying chute; 9. [ & A Fixed side panel; 10. 2% ¥ ¥ #i i3 Front end of seedling carrying chute; 11. 4
B A% Auxiliary feeding wheel; 12, Y1 Wi5E 24 & Cutting device ; 13. #4518 PY BE Inner wall of chute ; 14. ) #] JJ4## Cutting blade groove;
15. 2% MV )5 i Rear end of seedling carrying chute.
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Fig.3 Structure diagram of seedling unit
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A HEBHR AR 45H Structure of auxiliary feeding wheel ; B i B A %24 # Auxiliary feeding wheel position; 1. i 14 Stub gear tooth; 2. &
{4 Positioning slot; 3. #%%l Rotation shaft; 4. & i Long tooth; 5. ¥ 18 P4 BE Inner wall of chute; 6. %%k Chain pot; 7. 3638 Clamping finger;
8. HIMEA %L Auxiliary feeding wheel ;9. 5525 Chain.
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Fig.4 Working principle diagram of auxiliary feeding wheel
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A J P55k TR Finger opening state; B: 3 35 4] & IR 4 Finger
closed state. 1. 3¢ #§ Clamping finger; 2. 5t 3% [& 22 #i Spring fixed
plate; 3. JE 45 5 % Compression spring; 4. 3 35 [ %€ # Finger clamp
fixing plate; 5. #% 35 & 2 J# Finger fixed seat.

E5 HEzEiRiESEaE
Fig.5 Structure diagram of picking and
transportation device
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1. % %% Chain; 2. $& 45 [ % J# Finger fixed seat; 3. 3§ Clamping
finger; 4. K14 Pot.
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Fig.6 Working status of picking and transportation device
K6, f Ik B B I A8 FIr 2 BT, N fo fon
S RH AR R JHE SR T, NG I 780, 24> i [l v
O N RE AR, Je g I B Y R /0N 5 ) B T 452 Wi B
HIRCR o B IR B BOI AR SRS T S8Rk &
AT, 2 A e di MR R e/ IMELV R TR AR 58 5 S By
1R KT B i R Bz gl e B RS i A% R Ak
L2 IARRE B /N T I R A T8 2 L 24
A5 BE B e/ IME R S8 TFE , TSI A8 T B 16 A2
wH 20B<d < L,— 2w, — 2AB (3)

KB, w B TE R BUE 26 mm; d gk
FEITE , mm; Ly S 8 1R JT AR 58 B2, BUE ) 120
mm;w, AR AR TERE, BUE N 20 mm A E T AR
T B BRIl 36~68 mm, He e AT 1 75 285 i
I E

1. ¥ 48§ Clamping finger; 2. ¥ # Chain pot; 3. 2k ¥ 1 8 JF 10 4b
Opening of seedling chute; 4. fl B A %2 Auxiliary feeding wheel.
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Fig.7 Diagram of the position relationship between the
pick-up finger and the pot seedling
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1. 30Ot 5 4175 1% 3% Laser reflection sensor; 2. 2% 1 1 #f Seedling
carrying chute; 3. ¥ i Chain pot; 4. JJ##§ 5% Top of blade groove;
5. 2 #EHL AL Stepping motor; 6. Y] %] JJ - Cutting blade.
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Fig.8 Cutting device
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1 HZEFT Bowl seedling stem;; 2. 81 I 4557 77 55, Pot seedling damp-
ing force point ; 3. #4111 5> Center of mass of bowl seedlings ; 4. ¥ {4 324k Pot
connection point; 5. B Seedling carrying chute.
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Force analysis during seedling picking stage
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Fig.10 Force analysis during seedling delivery stage
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1. 548 UBE AL Test bench prototype; 2. [ g% 47 Automatic
feed inclined racetrack; 3. #& 1 Chain pot.
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Fig.11 Bench test platform
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Table 1 Test factor and level coding table

KT R/ (R /min) BRI /) RIEIFE/mm
Level  Planting frequency  Inclination of slot ~ Finger opening angle
—1 40 15 44
0 45 20 52
1 50 25 60
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Table 2 Experimental scheme and results
e mﬁﬁmﬁPl/% HE B
Code L bs Suclcess rate O,f ?’2/%
seedling collection Matrix loss rate
1 -1 =1 0 89.5 15.3
2 1 =1 0 90.0 16.8
3 -1 1 0 86.7 15.6
4 1 1 0 89.6 15.3
5 —1 0 —1 88.2 18
6 1 0o -1 85.3 17.6
7 -1 0 1 82.7 21.1
8 1 0 1 87.7 18.3
9 0o -1 —1 85.6 18.9
10 0 1 —1 86.9 19.2
11 0o -1 1 84.2 20.7
12 0 1 1 82.6 21.4
13 0 0 0 89.3 17.2
14 0 0 0 91.3 16.2
15 0 0 0 90.3 16.6
16 0 0 0 90.0 16.8
17 0 0 0 87.9 17.5
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Fig.12 Effect of transplanting frequency(A) ,inclination angle(B) ,finger opening(C) on evaluation indicators
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Table 3 Variance analysis of regression equation

U B3 P/ % Success rate of seedling collection

R KR P,/ % Matrix loss rate

g2 3l ¥y By
Source of variance I Mean F P . ik Mean square F P
Sum of squares square error Sum of squares error

175 Model 117.90 13.1 10.54 0.002 6 67.70 7.52 13.56 0.000 2
T 7.03 7.03 5.66 0.0490 1.80 1.80 3.25 0.054 2
T, 0.28 0.28 0.23 0.648 8 0.50 0.50 0.90 0.026 6
R 9.68 9.68 7.79 0.026 9 7.60 7.60 13.71 0.0009
207, 4.84 4.84 3.89 0.089 0 3.24 3.24 5.84 0.017 4
204 15.6 15.6 12.55 0.009 4 1.44 1.44 2.60 0.077 9
Ty 2.10 2.10 1.69 0.234 5 0.04 0.04 0.072 0.036 5
) 0.74 0.74 0.60 0.464 8 8.61 8.61 15.53 0.002 7
2,7 2.24 2.24 1.81 0.2210 0.07 0.07 0.13 0.356 0
4? 74.45 74.45 59.91 0.000 1 46.41 46.41 83.69 <<0.000 1
JeAUAS Anomorphic state 2.31 0.77 0.48 0.7128 2.85 0.95 3.68 0.299 4
1522 Error 6.39 1.60 1.03 0.26
SR Sum 126.6 71.58
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Fig.14  Soil bin test
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Table 4 Results of soil test for success rate of seedling retrieval

I o I A/ %

Number of successful Success rate of seedling

SPIIUE RLIF/ % Average

success rate of seedling

HE

Number of groups

Eif

Number of seedlings

seedlings collection collection
1 64 57 89.1
2 64 55 85.9 87.5
3 64 56 87.5
x5 EFMEAZEIELRER
Table 5 Matrix loss rate soil test results
A m/g m/g Eﬁ?ﬁl&/% ?ﬂﬁ&)ﬂi‘?ﬁ}ﬂé%/%
Number of groups ! Matrix loss rate Average matrix loss rate

1 768 666.7 17.2

2 768 655.8 17.3 17.4

3 768 662.8 17.7

Al B 18 bR 7 3 08 2 S D O i R
87.500 , LU R A 17404, W L RS MM I AL T
8500 MY ZR , 5 LA A5 R AR 1R 22 7351 b 3.86 Al
3.2%

3 i i

BT H LN TR A R T N O EOR &
BB AL L, BETT T — BB X 2 A KR ELAR
Yy SR B R AL O TR B . IR Tk
AR IR, R R R R v A2 0 SR AT B 4y
Br, BiE T AL AT i G R A 5 AR S
BOBMETE . TP R T LIAR R | 4800 A (i A

AR TFRE AR, LUBCR R R TR G A AR
5 b B0 B R AR B T A AR A R O 40~50
R/ min, 2H T RESA N 15°~257, Je 45 T 5 O 44~
60 mm I BAEIUROR o BEAT T AR B
AT 73 010 4 T B2 Xk R Il 0 6 461 2K SR B2 )
Y = R R =K R SIS, SR o B TR i AT
SR 1 B RSB G AR 45 Bk /min,
BN WA BTAR 207, S8 TTHE 52 mm, xS B4 T I
BRIIA 91,300 FEFHRK R 14.200, R LE 45
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A IR A R A LAY SE AR 2K
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Design and experiment of seedling picking and chain breaking device
for a chain paper pot seedling transplanter

WAN Yuxuan',ZHANG Yuqin',HE Yichuan"*, HUANG Xiaomao"*

1.College of Engineering, Huazhong Agricultural University, Wuhan 430070, China;
2.College of Mechanical and Electrical Engineering, Tarim University, Alar 843300, China;
3.Ministry of Agriculture and Rural Affairs Key Laboratory of Agricultural
Equipment in the Middle and Lower Reaches of the Yangtze River,
Wuhan 430070, China

Abstract

designed with conventional hexagonal cross-section chain pot seedlings to solve the problems of continuous

A seedling picking and chain breaking device for a chain paper pot seedling transplanter was

chain transplanting with unadjustable spacing of plant and inability to meet the requirements of transplanting
crops with large spacing of plant in the existing chain paper pot seedling transplanters. The structure of key
components and the range of working parameters were determined through theoretical analyses of the work-
ing process based on explaining the working principle of the seedling picking and chain breaking device. An
experiment bench was set up for the experiment with single factor. The orthogonal combination experiment
of three factors including the opening of the pinch finger, the inclination angle of the seedling chute and the
planting frequency and three levels with the success rate of seedling taking and the rate of matrix loss as the
evaluation indexes was conducted to analyze and optimize the effect of each factor on the evaluation index.
The results showed that the effect was better when the opening of the pinch finger was 52 mm, the inclina-
tion angle of the seedling chute was 20°, and the planting frequency was 45 plants/min. The success rate of
seedling taking and the rate of matrix loss in the bench experiment and the soil trough verification experi-
ment was 91.3% and 14.2% , and 87.5% and 17.4% under this combination of parameters. It will provide
reference for the development of the whole chain pot seedling transplanter.
Keywords transplanter; chain paper pot; seedling picking device; optimization of response surface
parameters ; bowl seedling transplantation
(TR EL )



