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a. Mechanical testing platform  b. Bending stress test of seedling
LIRS 20007 337N 430040 s 8ma
1.Electric measuring station 2.Dynamometer 3.Lifting hook 4.Cucumber
seedlings 5.Loading table

B 1 AFREFEALEE AN
Fig.1 Mechanical testing platform and bending stress test of
seedling
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Note: X is bending deviation of seedling stems at 10 mm height, 3 mm is hold
height of stem.
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Fig.2 Sketch map of measuring method for bending deviation
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a. IERLA b. LA
a. Front view b. Top view

LARIORET 2400 3OERAG  4BURRAEE SN 6. Tl
1.Negative pressure holding hands 2.Seedling 3.Positive pressure tube
4.Vacuum generating device 5.Suction nozzle 6.Guide wings

e S BRI 5 I L B ES CRIARMER D, mm,
Note: S is distance between negative pressure holding hands suction nozzle and
positive pressure tube nozzle (referred to as nozzle tube space), mm.
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Fig.3  Operating principle of positive pressure airflow guiding
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Note: L is vertical distance between vertex of guide wings and suction nozzle,

mm.
B4 $osihrsn
Fig.4 Sketch structure of guide wings
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a. Seedling state before
guided by airflow

b. Seedling state after
guiding by airflow

c. AL e I A
c. Seedling and guide
wing fitting

LAURIERT 1 20T 2 3RS 4380400 5.9l

1.Negative pressure holding hand 1

3.Positive pressure tube 4.Cucumber seedlings 5.Guide wings

A5 HNEELEF®YERE
Fig.5 Experiment of single tube positive pressure guiding for
cucumber seedlings

3.2 RS54
A A I RS S a6 45 R ZR 1.
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2.Negative pressure holding hand 2

Table 1 Experimental results of single tube positive pressure
airflow guiding for cucumber seedlings
B9 odumonror | JVEFE QRIS sk
No. positive tube Nozgl/ernsri)lace pressure Suglcliejisn;; of
D/mm P/MPa

1 2 20 0.1 0
2 2 20 0.2 0
3 2 20 0.3 0
4 2 25 0.1 0
5 2 25 0.2 10.0
6 2 25 0.3 133
7 2 30 0.1 20.0
8 2 30 0.2 20.0
9 2 30 0.3 233
10 3 20 0.1 20.0
11 3 20 0.2 20.0
12 3 20 0.3 46.7
13 3 25 0.1 30.0
14 3 25 0.2 66.7
15 3 25 0.3 80.0
16 3 30 0.1 233
17 3 30 0.2 76.7
18 3 30 0.3 83.3
19 4 20 0.1 30.0
20 4 20 0.2 63.3
21 4 20 0.3 73.3
22 4 25 0.1 333
23 4 25 0.2 90.0
24 4 25 0.3 933
25 4 30 0.1 36.7
26 4 30 0.2 93.3
27 4 30 0.3 93.3
k 9.6 28.1 21.5 /
9 49.6 46.2 48.9 /
k3 67.4 522 56.3 /
R 57.8 24.1 34.8 /

HIZ 1R, 22 R KVNRIF N IERUE AR (D)
>3 (P SHEEEE (5 , HNEERAEARKLS
i) 7 X 0 3 i) B R AR o Ji A R I I
B AR B TR RN L S R SR I A S T
71, FEMEETRBARRNE DU R, IR URE WAR LT U
K, DB T 0 K o

1SR, BV AR 2 mm I3 R D R B e
A 23.3%, LR TR 8l i A B E T D,
LS DI BR BT R TS, MELLKRE BT T R
BHRACEETWRYE DAL E, ERIE RN, 9
[ URIEE 0.3 MPa, -8 UL T 568hELS, Joik
FOE T M. Wi 6 Pron, WRIEEEE LB S, Wik
IR B BE 20 2928 25°, TEIERUE DAL
M vo FEALRFF RN, BESHRZAWR SN HL UR
T PA FLS I 0 5 3 A 8 A K0T,

E: P ONRIARRUES), MPa; D ONIERSENLE, mm; v BIERSEA
AW, msTs o WIS HREOIA, ©).

Note: P is guiding airflow pressure, MPa; D is inner diameter of positive
pressure tube, mm; vy is airflow velocity of positive pressure tube nozzle, m-s™; a
is angle between jet edge and jet axis, (°).

Be6 HBiLoAKAGHATETH
Fig.6 Sketch of airflow of circular orifice free jet
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b. FEUTILHE

b. Closing to suction nozzle mouth

a. A E

a. Starting position

5

3

P

c. WHETIRE I

c. Fitting with suction nozzle

B 7 #RHYEESAFETE
Fig.7 Positive airflow guiding process of cucumber seedling

d. ZyHiZERTIRTR
d. Seedling stem fractured
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b. g5 5 @&
b. Seedling and guide wing fitting

RN REE A bl R e
c. Coincidence of seedling and
centerline of guide wings

a. SUEFEAE 5 1145
a. Guiding test of double
positive pressure tube

LAEIERFT 1 2 0URER T2 3R AE
1.Negative pressure holding hand 1 2.Negative pressure holding hand 2
3.Positive pressure tubes

B8 FHINYWRE E/EF G K
Fig.8 Guiding test of double positive pressure tube for cucumber
seedlings
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Table 2 Experimental results of double tube positive pressure
guiding for cucumber seedlings
3 B

Success rate of guide/%

i WEEREE S SRSUEP gy i VTR
N Nozzle space Guiding & I,' lé_f E
No. o Coincidence of
S/mm pressure P/MPa Seedling and .
guide wing seedhng and
fitting cer}terlm_e of
guide wings
1 15 0.1 76.7 233
2 15 0.2 96.7 60
3 15 0.3 83.3 96.7
4 20 0.1 73.3 433
5 20 0.2 100 96.7
6 20 0.3 100 100
7 25 0.1 60 433
8 25 0.2 83.3 93.3
9 25 0.3 100 100
. ky 85.6 70 / /
ggg k 91.1 933 / /
[N ks 81.1 94.4 / /

R 10 24.4 / /
eEE  k 60 36.6 / /
FH# kb 80 53.3 / /
hEE ky 78.9 98.9 / /

= R 20 62.3 / /

W I ERN 15 mm N, 555 G S RES R 4l eT
1 ) R B [ I SE T e R B S 1
Hh 2 T B IR AR A B 1 3 1)l ) 2 B 3 1 S T
EItHES. il 9 PR, d IR RS AL X
i B FE A Ty, T U 5 3 1 S 1) 0 A X 3
P15 ST o i e T A TR WK 5 oK S A LR
B B8O, 4l w3 ) R AR B, (H s B
0.3 MPa I, fi+F RS REK, o Bl sk
B it ot UL i s R . 5
LEAMLN S 2 DIERVE SN I 8 A
A RS I A LR IR 2 1 S 5O T
G, 1 R A BUIC . BRSO EOR, AR
PRI 55, NIRRT 17 S R AN S

IFRRE
Positive pressure tube

FUEEFFT:

Negative pressure holding hand

{1 K=

/ N

T B BEARER 2 BSR4 TR AL

Note: Round figures represent seedling position in 2 test.
B9 MEHAEFRESHETEH
Fig.9 Sketch map of seedlings in guiding area of jet
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Abstract: At present, in the facilities of horticultural production, how to avoid seedling damage is one of the important
problems that need to be solved, and the flexible holding technology that uses the principle of vacuum adsorption is an
effective method to prevent seedling damage. But in this case without external assistance, the vacuum adsorption holding hand
in the operation is difficult to overcome the holding position deviation caused by variation of seedlings. Such variation in
individual seedlings will lead to no fit of holding hands and seedlings, resulting in not stable holding hand to hold seedlings.
The solution to this problem is to use the manual operation or through complex machine vision for seedling position judgment,
but the manual operation leads to a lower degree of automation, and the structure of machine vision is complex and the
machine calibration can consume more time. Aiming at the above problems, in this study, we proposed a method using
positive pressure airflow to guide the seedling, it was through the positive pressure airflow to correct the deviation between the
seedling and the holding hand so that seedlings and holding hand suction mouth could fit. In this paper, the cucumber seedlings
were used as the object for research. First of all, the size parameters and mechanical properties were measured for cucumber
seedlings, the results showed that the average max bending force of cucumber seedlings with mean long axis diameter was
(1.82 £ 0.07) mm and mean short axis diameter was (1.47+0.02) mm. It was (0.082 + 0.005) N when bending 5 on 10 mm
length. In order to investigate the effect of positive pressure airflow guiding operation, an experiment of single tube positive
pressure guiding for cucumber seedlings was carried out, and a high-speed photographic recording was performed during the
experiment, so that the details of the guiding operation could be observed. During the experiment, the height difference
between the two holding hands was set to 10 mm, the position of the holding hand suction nozzle mouth could ensure that the
seedlings were upright after the seeding was guided, and the positive pressure airway was coaxial with one holding hand. The
results showed that the highest success rate of up to 93% when the inner diameter of the positive pressure airway was 4 mm,
the distance between the air outlet of positive pressure airway and suction nozzle mouth of the negative pressure holding hand
was 25-30 mm, and the guiding air pressure was 0.3 MPa. The guide effect was instable for operation method of single tube
positive pressure guiding for cucumber seedlings, the relative position of the positive pressure guide tube and the holding hand
was required to be high, and the air pressure was difficult to be accurately controlled. Seedlings may easily be damaged or
could not fit the suction nozzle mouth of negative pressure holding hand. In order to further improve the guiding effect, an
experiment of double tube positive pressure guiding for cucumber seedlings was carried out, using the same test method with
the experiment of single tube positive pressure guiding, but the two positive pressure guide tubes were arranged symmetrically
with respect to one holding hand. The results showed that under the condition of 4 mm inner diameter of positive pressure
airway, when the distance between the air outlet of positive pressure airway and suction nozzle mouth of the negative pressure
holding hand was 20-25 mm, and the guiding air pressure was 0.3 MPa, the success rate of cucumber seedling that was guided
could reach 100%, in the case of low guide pressure, the cucumber seedlings and the suction nozzle mouth was difficult to fit,
so seedlings appeared shaking. Results of this study can provide technical reference for seedling hold operations based on
airflow guidance method.

Keywords: mechanization; pressure; grafting; seedling; positive pressure airflow; guidance; negative pressure adsorption
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