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Abstract; An air-suction substrates removal device was designed to solve the problem of low removal rate
in the hole of the plug. Firstly, the missing seedling holes were detected and located by the deep learning
model, and then the seedlings were transported to the substrates removal module. The linear module
drived the air suction port to above the missing seedling holes. Finally, the negative pressure adsorption
method was used to complete the task of removing the substrates. The effects of nine suction port
structures were compared and analyzed by using the DEM — CFD coupled simulation method. The results
showed that when the diameter of the circular tube at the suction port was 30 mm and the height of the
shrinking tube was 50 mm, the optimal performance of high substrates removal rate and more uniform
delivery was exhibited. A test platform for air-suction substrates removal of missing seedling holes was
built, and a multi-factor orthogonal test study was carried out. The results showed that the optimal
parameter combination was air pressure of 0. 5 MPa, substrates moisture content of 50% ~55% , and air-
suction time of 3. 0 s, with silicone pad. The performance verification test was carried out, and the results
showed that the mean average recognition precision was 96. 1% , the average positioning success rate was
95.45% , and the average substrates removal rate was over 90% , the working efficiency of the whole
machine was 57 s/disk, which met the actual requirements of removing seedlings.
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Fig. 1 Structural diagrams of air-suction
substrate removal device
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removal device
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Tab.2 Structural parameters of air suction port

o AR MCRRRE
D/mm H/mm
1 25 30 15. 82
2 25 40 12. 00
3 25 50 9. 65
4 30 30 9. 65
5 30 40 8.53
6 30 50 6. 84
7 35 30 6. 65
8 35 40 5.00
9 35 50 4.00
e R A N
N-N
T=— " x100% (11)

Af T—IFRHFF %
N—3E B i, g
N, — R ET T ¢
SO SN A g = K= W

yz%bxlOO% (12)

A y— KRBT, %
Q—FE AL B
Q,—F R A LKL
2.2.3 PiEECRDHr
BT O b UM Sy 1 45 R A 2 T 0 B TR 5
D7 FARH: , BT I 18 U S 1 45 44 X 3 o A,
BRI ik AL 10 A U ) Rl 4 SR ¢ LA
LI T R RE A4 52 R , 326 9 20 Bk R00R - EL A ik o
PSR i 11 454
(1) B S 1 2354 %o 6 JoO U A 2l R ) ST
T T35 S OR8] 26 25 45 T, A £ R O 4t AL
T3ROS T I3 B TR, AL 5 B A B A [
K/NRORL AT, LA BRLASURL FASURE T A T8 =X f %




55113

BRI 4 Rk B IR B R B BT 5% 145

AR IO 2H 5L 5 50 bk Ao At b dpe R 356 Joi AT
AR H AL o i IR 2 1 UKL IZ 3l 43 A 1
WE 7 i, w5, 8 %R A R4S B4R B9 3O S
F 250 R | e Kk T A B B 2 [0 4 A8 1) 34
KA AR A, Fwk, 55T R A8 B A AN [R) 0 4
A 1 BE R S s 1 HEAT BT, 45 2R WOR | R TE
V18 B R I AT A BEURH 22 R K, L i 2 A 4 45 v
BN, 7L PR B A 1 35 ST RSO T U D, R i
ARAE TR N 30 .40 mm [ AU St 11 P S 0ORT i
TR B0 U 5 45 B T B iE =X T, B Uk
25 KB e 45 BE b AR 5 R R 50 mm B
W i 11 Py 5 S R Ak A 5 45 rh 3z 3 b T ik
B,

K7 EE5ER
Fig.7 Substrate removal process
(2) e 1LV 48R XA 128 =it s g 20 A B 52
I TS, PE OB A 55 0 50 mm (1 3

Foft AR ] 52 A8 A /R i 11 A0 6 7 s 280 40 B 2 A<
Tt =B 8 s, A5 IR e KIE T4 B
FEAL B 21 A B R 25, 3 R AR AR iy
TR H5c K 2 o A Br A o7 B 1 22 43 501 A 541. 80,
628.55.916.57 Pa, L, M B HAARRH K, &
LT AR FR IR d A8 K B K o AT 76 (B 4 P T
() FE 22 W21 R, 3 5 A SCR I B TR 2 SR — 2L,
TR B K, SO

K8 ki s

Fig.8  Air pressure distribution cloud map

(3) MK S 1 2354 o OBV 1] 286 45 B IR 2R F) 2

O iy ko R i 275 Bk W7 28 A0 P (] 22 1k ity
2, VP Rh G SR T R R T S W ST AR T 3
BRI R Fh S AN BSR4 3 AP B, IR
F39Y, A 7L A A2 B S B T A 26k 20
24, ORI J5 2y, 5 JSURURE 266 40 e W SR A5t o ] 22
P R Wi P ] S 0 BT B A, T2
B CUMVEE [T 55 e A P, JORE 236 245 i by 0048 K 2
THTE | R Jo ARG AR AR /N AN — B JBURE T, 28 A TR A
A 5 B 40 , 2R S A [ A8 o Ak T AR ik AR
RHAS BT REOZ WD o TR D A SRR
[Fl , 25 20 /AL i e ook R B 22 5 1, BT A)

K9 il R A 4

Fig.9 Substrate bond breaking curves



146 ~ o Mo F i

2022 4

1,257 3 FI2AY 6 Zh 45 BT 2L BGIGH G R F T
H e R T 00 (T A 2R AL S W i T, R IR
I3 FIZEHY 6 YA S 1178 S B 366 o A, 32 3 7 T
FLPZ B HE R e e VR RIS
FES R F1 AR 3% ZE () v REME T /)N

(4) A St 10 235 Ky b 32 o S0 Bk e R ) 5 il

SRR A R 3 Fias, KI5 FT 3o
B, e B e K S AR AR L /N T AL R A — 2 |
AR T 90% H K46 4 5 BN 50 mm 1K
Uig 2R S5 ISR W R LR SR T S 3 A
6., IR, 7638 o S B ok e v i R 3 I AT AL L bk
/N B S i A A R R 2, A AW oy 11 A I 3
FERY AT REME RN (H 3L T R00RE AL 3 F B 0 4 A
RS B 23 i 3 ST S BRI 1], 5 R SR RE TR 2%
PRI, 2780 6 5% 198 A ity 11 A 0 3 I 3 e ot
R MR, Horb, & KA A R B
47.89% , TN R 92.30% , FE T I B ) (] o
0.72 s,

x3 ERGBRHESER

Tab.3 Simulation results of substrate removal
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Fig. 12 Schematic of control system
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Fig. 13 Test platform of substrate removal device
LML 2. fsd 3 IR 4 KB 5. BF 4k
6. WA 7. PR 8. AR 9. SMEHE 10 FEIfRR
H£5 113 5EAL

[E] PN 2R T3 N o 5 7 P L (AR B g, 2 e 1 3 o S
BRAEAr P BB Ay Al s m R R R KR
FREVEIN & K I8 A B ER A 6:3: 1 LR
A TR & K E K 50% ~55% 55% ~ 60% .
60% ~65% 11 3 B FERT, AL == b L T A
TCEE TR B A T 1Y 7 B ZE R (25°C)
A T a7 d, BRI AK . SRR
W L 5 e 1 1) T A R gl i vk R g R
B 20t Bas R AR E IR 0.3,0.4,
0.5 MPa 3 7K, MR M o 111 568 5 ] B 5 L 1K
B, B LB g S BREF R AE 1 s DL, %5 18
B I A% I AT AT B [0 60 7L RE G B g 45 At [
B E] 2.0 3.0 4. 05 3 K-,
ki R, B kAR B U R A S B A%
R JE] B AL Sl S RS R RS i A
10 A JRE R 5 mm (RERE, EEH TR NA
W iy 1155 77 FLBE B 482 fioh /<% 1 [ s 52 B X6 /0 38
AL B 2 PR i, 43 A T RE R R AR
PR AR A 0 1,

25 R, A 5 R R AL P R B g T
ZRTPANF 4 iR, R Ly (2' x3%) 1IExc %, LA
9 ik, AL IAEEAE A 12 DI,
FIH ZF — €6002 BYHL KPR f A28 R T i
SBRRT Ak FE MG R 5 o B T 2, DA T3
TR BIER A

7="1"" 1009 (16)

P, —— SR BT g
my—— SR 7 S i,
8

M——=3 X B

#4 RBEEAT

Tab.4 Test factors and levels

K%
KFE EFEEAKE AR 0TI b &
A/ % B/MPa C/s D
1 50 ~55 0.3 2.0 f
2 55 ~60 0.4 3.0 G
3 60 ~65 0.5 4.0

RV R A B A 14 TR

K14 AMRE U R I
Fig. 14  Test of air-suction substrate removal
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Tab.5 Experimental program and range analysis

of results

R ZES IR
£l A/ % B/MPa C/s D WA/ %
1 50 ~55 0.3 2.0 H 77.89
2 50 ~55 0.4 3.0 " 87.73
3 50 ~55 0.5 4.0 f 94.45
4 55 ~60 0.3 3.0 f 59. 19
5 55 ~60 0.4 4.0 H 69.52
6 55 ~60 0.5 2.0 X 83. 61
7 60 ~65 0.3 4.0 G 55.06
8 60 ~ 65 0.4 2.0 f 69.93
9 60 ~65 0.5 3.0 H 88. 34
ky 86. 69 64.05 77. 14 76.55
k, 70.78 75.73 78.42 75. 47
ky 71.11 88. 80 73.01
R 15.91 24.75 5.41 1.08
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Tab.6 Results of performance tests of air-suction

substrate removal for plug lack of seedlings
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Fig. 15 Effect of air-suction substrate removal

for plug lack of seedlings
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