202644 f &k Lok 2= i o557 % 4 8

doi:10.6041/j. issn. 1000-1298.2026. 08. 006

ROFHE BES BEE EBRT UER Lo
(L7 MM T2 8 B S TR T M 5105405 2. R AL A F TR , T M 510642
3 AETAL AR TR B, T 5106425 4. kA b AT A L BUBAL RS 7, T35 210014,
S L K2 B TREE B, 1 6K 5 830052)

FEE B XA L) A A R B e b R T 5 S R DX /N 5 BT G A A BN R IR, B — R R
BRI AR B . DL PLC (AT 25 A2 B AR PR 4% ) O 42 o A0 0o M) S 42 o) 2R 4, v 3 3l 28 7 ol 42 29038 52 0 R 1
U BEFR s BT ANSYS Fluent i ARG L= S WA S 8 (AL BN 8 mm (A HE2 205.3 mm) , Jf 38 id 1
Wi AR B R S il B R A7 Bt B . 22 EDEM 0y 30, il ) TR 5| = T 55 R 90 1] 51 5 THN A 9
Tl BRI e o Box — Behnken i85 AL 45 SRR W] B WS SR 02 B W A 60K 5. 9 kPa 61 4R 0. 6 mm i
A 44. 4 Hz F RS S HO WA 5 4.2 kPa AT AR 0.5 mm M3 42.5 Hzo 4277 55 80,100 #/h
I, B P BB 5 M 15 K0 1 R 98.35% (\98. 08% 3 H AL ZE 53 5y 98.29% 98 11% , i & v b 2 ARl R , S ALY
T B3R AL B R L R AR SR ROR S8

KB AU T 5 BRRNELE A WA AR AR A R

RESZES.: S223.2 X#kARIRAD: A XEHS : 1000-1298 (2026 )08-0055-14 OSID

O =

Design and Experiment of Needle-suction Precision Seeding Device for
Plug Seedling Production of Vegetables in Plant Factories

QIN Yijuan' TAN Suiyan® YANG Chuanyi’ WANG Xicheng® LIU Saisai’ MA Xu’*’
(1. School of Intelligent Manufacturing and Electrical Engineering, Guangzhou Institute of Science and Technology ,
Guangzhou 510540, China
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Abstract; Aiming to address the low precision of traditional seeding equipment in rock wool substrate
seedling cultivation of plant factories caused by easy seed bouncing and small seeding area, a needle-
suction precision seeding device was designed. A control system was built with a programmable logic
controller (PLC) as the core; a curved track for the cylinder-driven component was designed to enable
the suction needle to pick and drop seeds vertically. Based on ANSYS Fluent simulation, the optimal
parameters of the air chamber and suction needle were obtained (air hole diameter: 8 mm, spacing:
205.3 mm ), and experiments were conducted to determine the air chamber’s vacuum pressure and
suction needle diameters suitable for different seeds. EDEM simulation showed that the seed guide tube
combining a parabolic deceleration guide surface and an arc-shaped direction guide surface achieved the
best seeding effect. Box — Behnken experiment-based optimization and verification revealed: for Lactuca
sativa , the optimal parameters were 5. 9 kPa of seed suction negative pressure, 0. 6 mm of suction needle
diameter, and 44. 4 Hz of vibration frequency; for Brassica rapa subsp. chinensis, the optimal parameters
were 4.2 kPa of negative pressure, 0. 5 mm of suction needle diameter, and 42. 5 Hz of frequency. When

the productivity was 80 trays/h and 100 trays/h, the single-seed qualification indices of Lactuca sativa
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were 98.35% and 98. 08% , respectively, while those of Brassica rapa subsp. chinensis were 98.29%

and 98. 11% , respectively. These results can meet the requirements of high-precision operations and

provide technical support for high-precision plug seedling seeding equipment for vegetables in plant

factories.

Key words; plant factory; vegetable plug seedling raising; suction needle type; precision seeding

device; rock wool cultivation substrate
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Fig. 1

Structure diagram of pneumatic precision seeder

for vegetable seedling tray cultivation
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Fig.2 Tray and rockwool cultivation
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Fig.3 Needle-suction precision seeding device
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Fig.4 Diagrams of working state of precision seeding device
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Fig.5 Motion of cylinder-driven mechanisms and guide rail
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Tab.1 Coding of experimental factors
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Tab.2 Simulation experimental scheme and results

J&J1 WA R

X5 i A/
A B YiEs  RRH ERFR
s (m-s™')
Pa Y/% /%
1 -1 -1 23.98 -352.49 1.96  3.95
2 1 -1 67.87 -2823.21 1.85 3.69
3 -1 1 24. 44 -366.21 1.54  3.08
4 1 1 69.67 -2974.51 1.32  2.65
5 -1 0 24.41 -365.36  0.80 1. 60
6 1 0 69.13  -2927.57 0.62 1.24
7 0 -1 49.08 -1477.00 2.18  4.39
8 0 1 50.34  -1553.08 1.59 3.18
9 0 0 50.18  —1543.09 0.88 1.77
10 0 0 50.26  -1547.74 0.83 1. 68
11 0 0 50.13  -1539.74 0.86 1.74
12 0 0 50.15  —1540.97 0.80 1.62
13 0 0 50.20 -1543.81 1.0l 2.06
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Fig.9 Velocity contour map of gas chamber
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Tab.4 Flow velocity at suction needle port

W &S 1 2 3 4 5 6
Wi/ (m-s™') 68.98 68.92 69.85 69.44 69.25 68.60
W5t 5 7 8 9 10 11 12

W/ (m-s~') 68.63 68.81 69.36 69.87 69.31 68.96
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Fig. 13 Motion process of seed collision
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Fig. 14 EDEM simulation multi-body interaction model
Lo fh i Bl 2. SRR 38T 4 A AR

EDEM 5 03¢ G $5 i DX I8 hy S 1 AR s e 111 5]
PR B EAR 15 mm {5, 45 B AT SR T 9% 5 Bl
(14 57 B fi % 113 JEE A 4K

Bt Sl IURL S AT 75 A SR ML A IR 4,
KIS Firs o AR DI 1) B 28 5 B9 AR AR 2 Bt 47

(-0.75, 0.75,0.75)

1.5 mm

a) WREAA T

(=1.75033,0.999 799, 0.849 942)
mm

(0.75,-0.75,-0.75)

(1.749 57,-0.999 799, -0.849 942)

(b) BRE LR
Bl LS iS5 4y P A5 R A Y

Fig. 15 Photographs of actual seeds and granular models
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L300 5 $85 DR R R G R O AR B UL 6, Hevh ABS
WEE 0T G 5 S A A ] U N A R A 3
i
x5 MHRBESHKLE
Tab.5 Material property parameter settings

S8 HHR Bybsk  ABS WK R
bER /=4 0.25 0.25 0.39 0.25
YY) B &/ Pa 1.1x107 1.0x107 8.9x10® 1.3 x10°

R/ (kgom ™) 1 094 1327 1 060 77.75

x6 HETHEEMNFZFSHILE
Tab.6 Contact mechanics parameter settings for

discrete element simulation

eS| MRS R W R INR SRR A
A S A ) 0. 60 0.50 0.02
A0 T I LA (8] 0.50 0.50 0.05
T M 3% ABS 0.71 0. 44 0.02
{4 B Vb 4k~ ABS 0.33 0. 63 0.05
HAESE—A A 0.41 0. 62 0.05
(KB I G A 0.28 0.75 0. 05

(2) fi5 EE5 R 5 50t

S HERR BEALIR 22 %JFXT!:/I\TE'WFEFVJ#F X A S
A I 5k B0 43 0 HE AT 400 W A5 L, (5 BLAE R
w16 iR .

TR 0T A 3% 2050 AT & 16a JioR, Tl
Filt - S5 R A% 5 T B0 (0 4 T i A6 25 A 110 (B 4 4% IX
BN BT R R AR RIORS B R RCR R R R AN
] S P A 25 K 1 P ¥ JSAEAE 25 7 0 2R T8
(52 ), 75 5 S5 LU A0 A 3 P S () R -9 S B S B v

11 2 P e Fp - U IR 09 4% ) e gl R is s 22 =, il
HEAMEINRIE., P riEEsit s R mE 7 i
L Hor 4 B SR A I R 7 R A IR A A
%BEP@ TR F P B8 S S il R A A < B IR
<R R < PHSFME . SE KRR

8 /N T MT B A A L EL AR 15 mm,
ot = 388 Ao 5 P R A ST 5 2 Al %) 43 A
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(a) T4 5 o i
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Fig. 16 EDEM simulation results
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Tab.7 Result of seed landing point distribution

- WmySs RIS #MES EmS i ‘
e M ORME R R T L s 5 3B i B T2 1T Ol 71 5 1A 10 K 3
FIHEER/mm 1671 1.861  1.869  1.931 5 M SR A i B i AR 32 B T 1), kT Y R R £ )
HHR PR/ mm 0.581  0.527  0.529  0.710 Al 52 TR 3k
s /% . ' . . i » ‘
AERkT o mm e wn Bi L BT S0 SRR X R T 9 A e
-1 /mm . . i )
K73 2 S = = M \ﬂ/‘i:
WIksk bR /mm 0.889  0.491  0.471  0.626 Hﬁ/ﬁﬁ)&%’ﬂﬁﬁﬁ*ﬁﬁﬁ‘%ﬁwj% B
BRAM/% 3938 18.79  17.85  20.12 LRALFhPE H 42, 1% o Wby T ek 3 51 1D R IR K
Jria g S A A, BE S A RS B B 1 R

B 16b froi, S M I OR o Wy e > BT > HOR o
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width modulation) Ff Ji B3 AL 3 %5 AT SE 8 0 ~ 100%
I A5 3 % #l, 45 4 PLC ( Programmable Logic
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Fig. 17  Structural diagram of vibrating seed tray
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2.4.2  fRIERAE

Sk BH B A Bl ol 2 00 A 2500 S 0 T R R R T
T R d A R AR B 2 8, R 4 R R
WT — VBO2 — 485 #Y4ig )y Wi il 1% 8% 4% , 38 i 5 R 4k
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13 32 1 3 AL S B AR 0 S e 3 S, B O R Bl R AL S
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Fig. 18 Relationship between vibration frequency

and qualification rate
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Fig. 19  Control flowchart
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X T—HEFP R s

o, —"ELA ], s

t,——HCR IS [A] s
1y HL W T ] s
PP ] s

DAL AN, ST 5 L 0.35 s,
BRI 14 0.5 s, ORI TR KT 0. 2 5 AUAT 020
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RIS E AL SRR T, B 2R 77 %4001 2 80,
100 120 #/h #4758 2 #% Fl 56, ge it A ) AL~
GRER IR R LR S R IR E R E N S
i o
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Fig. 20 2QSB —2 type pneumatic vegetable seedling
tray precision seeder
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Fig. 21

Precision seeding device test bench
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4.2 ENFEMEEAHIKE
4.2.1 X R 54

R A5 476 o 2 L OIG Ab 45 2R, 78 49 b AR 7 R Dy 100
Fh FMT, BTG/ T RIS ZR, R
Design-Expert 13. 0 3 {4 /1 Box — Behnken & 56 % 11
T AT IR AN U X, AT AR X, AR
PR X IR R, 5 R B 43 DK il
K2 g i a4 8 s o

*8 WEEEMFHD

Tab.8 Experimental factors and codes

EES
i I i 671 & /kPa % 41 B A%/ mm PR 45 %/ He
-1 4 0.4 40
0 6 0.6 45
1 8 0.8 50

B IR I6 S HE TR S AN (1200 50) 33 4
R, B3 I EEAE IR 25 R e T R 54
mE£9 fFrmx,

£9 RBRAREHER

Tab.9 Experimental design and results

o S R R IRARIREL EREA
X, X, X, BY% Y% Yy /%
1 -1 -1 o0 92. 64 7.24 0.12
2 1 -1 0 93. 11 5.37 1.52
30 -1 10 91.94 7.16 0.90
4 1 10 93. 12 3.01 3.87
5 -1 0 -1 9363 5.94 0.43
6 1 0 -1 9505 2.56 2.39
7 -1 0 1 93.31 6.18 0.51
8§ 1 0 1 93.87 3.86 2.27
9 0 -1 -1 9381 5.87 0.32

0 0 1 -1 9314 4.60 2.26
1m0 -1 1 92.86 6.83 0.31
20 1 1 92.30 4.83 2.87
30 0 0 97.73 1.19 .08
4 0 0 0 97.70 1.36 0.94
5 0 0 0 98.33 0.52 115
6 0 0 0 97.94 102 1. 04
7 0 0 0 98.37 0.31 132

3 3k 3 AT R A3 ) ST SRR A AR AR R Y, (T A
B Y, MERHERE Y, T X, X, M X, 2 ocdE4k
PERTARERY I 0 2% 455 R 93 ) JEAT 25 PR 56
4.2.2  [ABIALE S 5 W E PER I

(1) RS M TR E Y,

I B AN S 35 0 [0 1 0, SOk A A B0 [l 03 7
TN

Y, =98.01 +0.45X, —0.24X, —0.41X, -

2. 19X7 -3.12X; - 1. 86X, (6)

B R 2 (P <0.000 1), RAUTUA B35, 7 e A
RY, SRR X, A HAR X, PRI X, &
JTFA T KR, FIERNS A G L H M
(X, X, X, X, X X)) AR 1 38 A R0 3% o

(2) ImHEHE ¥ Y,

SR AN 2 1) el A 00, e 9% 95 2500 (0109 7 #E

Y, =0.88 —1.46X, —0.71X, +0. 34X, -
0.57X,X, +1.96X; +2.86X; +1.80X; (7)

B R 2 (P <0.000 1), RAUTUA B35, J7 e A
Y, 5 X, X, X, BIF A B ROC R Al e
FERAR RSB G 85I X X X, X R 3,
oA FRON 3

(3) EREIEELY,

SR AN I 1 [l A 0T, i % 95 B [ 9 7 #E

Y, =1.11 +1.01X, +0.95X, +0.39X X, (8)

R R 2% (P <0.000 1) R AUTUAN W35, Jr ke Ay
RV, 5 X, X R IEL PG RS R X, TR & 5
Wi 3 A 28 HIW X, X, B35
4.2.3 ZZHAEME W H 5 ik

A TR SR X, AN A7 TE 28 B30 R V48 b
PP R AR S 45 Hz I EF B A2 M 0.4 ~0. 8 mm
Rt RN 4 ~8 kPa I, 4341 X, X, %) YV, 1 Y, 1
SEH A w1y T A 22 s . EAROR B AR AE
— B 2 B L U B i AR I, (H R AR A

IR EERU%

IR

Ty 044 5\\595@ .
22 33PN XU A B B AR RS B R (X, =0)
Fig. 22

Impact of interaction factors on index of

missed seeding and index of overlapping seeding
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it — A AL B B 2 %, B ] Design-Expert
13.0 & fF 2t 17 Z ot fb, @ o B e 1k
(Optimization ) T A5 B 1) fiz {0 2 Bl 5 o ok G
P H bR o e R R AR IR R Y, /N R 1 R Y,
HEFAREC Y, ARy
maxY,
minY,
minY,

‘ (9)
st , - 1<X <1

-1<x,<1

-1<X, <1

LR, BT RILS AL G MR
5.94 kPa, Wg &1 1 £ 4 0.58 mm ., ¥k 3h 4 R K
44. 42 Hz; YIS F50I0 25 2R BORE A A% 45 %0k 98. 012%
WAEE RN 1.015% , BRI E N 0.973% . WL,
X R SR HE AT R L T 0 M, A R IR S L A
WA 4. 17 kPa WA B A2 0. 46 mm Hl R
BhIA N 42. 51 Hz, 5 5 IR 20086 Hh 45 ) 09 75 RS
FRAER SR 30 Hz B3 AR L, o 17 1w 3 B 00 A6 5
A PR SR 42,51 Hz AR W R 25 5 232 8 T 2 A
R PR AXT 2 B0 e 45 R A 52 R o 1t I 0 445 2
PRI A R TR ECR 98.192% |, T4k F5 4K 0. 967% , T
FEIRHCN 0. 841%
4.3 EYEMERXRE

LRR SRS R, O T SEBRARAR B ISk
FRAEM PP ik 5.9 kPa WG 4T ELARHL 0. 6 mm Al
PRENIF AUy 44. 4 He Z 05T BEAT 50 R 1K ; 7 48
SRR M AE I RP GR B 4.2 kPa IR BT H AR L
0.5 mm FIR B A B 42.5 Hz Z54F T 847 46 E
U5, 2R A 7 AR B 80,100,120 #it/h, %
Zeflhh S L EA 3 PO E, KR 4R ik 10
Bis

F10 ENFEMERLBER

Tab.10 Seeding performance test results

H12E O Al R, A 7 A AR I, BT 43 4 9 R
o ARA AR T AT R Rl ), 2 B
TE T G SR IR 18] 4 W I B A ROR B T
R AR R 2R R W, AR R 80,
100 £5/h 5, 2 95 2% HRL 45 4% 15 X000 30y 98.35%
T198. 08% ; 75 A =5 HUbL 5 M 15 X020 51 Oy 98.29% Al
98. 11% , TEA= =% H 120 #/h B, B 95 4 I 75 4l
S HURL A A% 4R o B R 97.35% \97. 64% , 3% FFp
IRF ] 52 0 5 A% 5 B T 98 % o

L LTI AR A R0 80,100 £/h 1),
L V5 L I35 R FORL A 6 48 KO R T 98 %, 1 K A
W TR R S L R R R AR R BOR

5 it

(1) BT 8% 32 8 & B BT 2O 25 4 Fh
B A LD PLC A A% O HL3E T 55 A Ak 55 3
AW B S B F R S R R R e SC I T A
T B E R G

(2) FFJ T W AT NS 2 15 P 2 8 109 S B 14 1
AL 5. & T AT 3K 2l 41 14 1 il 4k
TE, PRIE IR T L R AN A AR SR A
BT ANSYS Fluent Ji (853 H1 54, 7 545 2 <& F
WA AL 25 A S 80 A FL B4R 8 mm ] 205. 3 mm;
ISR A B, B T RS HA TAE R ) RS
FARFF WA B2, #d EDEM 2 8ot 7 #r &
ke (A A5 R0, 45 B 43 B T 4 RO [R] il S R
e, M T A0 A 5 R Dy 5| S A RE S
A b S B o A B R AR o A IR B A & O R K
B, W51 A R T T SR R B Bl W R
SRR

(3) 2K JH Box — Behnken i 58 1% 71 J7 i , Xt 4% Fh
B EIF AR L P R 5, A8 HE B AR 4 A (kL
BRIEECERHE MR RS 5 FE R m AR
(W Rl o7 IR BT BLAR RN RD & IR s 00 %) 1 6 &R O
P17 2 B AR R B IE IR 5 . 7E4E =%k 80 #/h
100 #/h B 1FF, itk S HBHAE R . B ibst

CEF‘%’Z]/ . ij%%’fﬁ LR =R AR ki P FAER R 11 K 5. 9 kPa W 4F 42 0. 6 mm 3 2 i
g 44,4 Ha JEAT IS | 55 55 W] R4 K 96 500 71
80 s os2e 076 0,05 g 98.35% 1 98. 08% ; 7 Hi 3 T 76 7L 4. 2 kPa,
. 355 98. 08 1. 14 0.78 W st B4R 0. 5 mm A 42. 5 Hz W), BURLS % 15 8000
HHE 9811 0.79 110 5k 98.29% Fi1 98. 11% ,ifl J& % € 7 5 B Wi 1) e A
120 P 9.3 e 118 AR SR, N B v B SR AL B B R R B B AT

P 97. 64 1.53 0.83 'je:l;ﬂ?mﬁﬁ’m\ﬁo
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