202343 A &k LAk 2= i 554 % 3 W

doi:10.6041/j. issn. 1000-1298.2023. 03. 009

AARASKRAFRAEMF[ DTSRG

F oW Lz RV Eag FPT Fra
(1R AU R 2 T2 e, Bt 2100315 2. VTR 4 o 45 2 MO BE AL AR 2 4 T SE B0 %, M9 At 2100315
3. MR L RS 3 ) TR BE, At 211816)

FEE AW RCHERN & AT 52 BN UKL D 094 25 HERD B TSR R T ERBE RN, HAR 28Ok — XL, O R AR R
HERD S0 S HER A ME 5, S LA SCEE T CFD Wi AR P 1, 4565 2 R (2K IR 50 43 S B0 55 07 15, i — Al e 4l
WAL SO SRS R R A o DATE R SCEIRL Y T SR TR B X 0 4 1 S AR R SRR = A RS i e WAL B
AR I RS s Hok i b CFD i 3 47 B 98 AS [l W FL 43 A 5 4 TR WAL £ O A o T A R FLBR i T o, il ol B30 0
B0 E B AR A 0 B n L VR B B B R B WAL A g i I R, DL ik R E R e ik
BrAebn , AT =R R S IEAR T o WA AR 25 4 BT R T 25 I e T s HERR R BE Y RN R S S A
Ho BERFH] AR B AR G S EON A EH A E -4 kPa Bh #5438 20. 75 o/ min WAL 2 A5 544 4
2 =T WA B RS AR RN 88.9% ,IRIER N 5. 1% , KRN 6.0% , AL R K SH 3K 83.48% ,
B9 15% iR T.37% o AT LI T KW SN 5% 7R L AT o — 7% 2R BR B B0/ 19 /N JBURE Fl K 2t HE A
a iR S

KR T AW HER S BEAAL i
FENES: 5223.2 XERERIRAD: A XE4HE . 1000-1298(2023)03-0087-09 OSID .

Design and Experiment of Group Air-suction Type Celery Seed Metering Device
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Abstract; The air-suction seed metering device can realize precise seed metering of small particles, but
the low sphericity of celery seeds and the agronomic requirements of multiple seeds in one hole bring
difficulties to the accurate seed metering research of celery. Aiming at this problem, a celery precise seed
metering device was designed and developed with a group of suction holes by using CFD flow field
simulation, vacuum derivation, and bench test. Taking celery seed “Ventura” as the research object,
firstly, the shape and size of the suction hole were determined according to the triaxial size of the celery
seed. Secondly, the CFD flow field simulation determined the numbers of group suction holes. Thirdly,
vacuum degree theory determined the lowest negative pressure of seed suction. Finally, a three factors
and three levels orthogonal test was carried out with vacuum degree of gas chamber, the rotational speed
of seeding plate, and distribution structure of suction hole as test factors, and the missed sowing rate,
replaying rate and qualified rate as test indexes. The primary and secondary elements, and the optimal
parameter combinations affecting seeding performance were determined using range and variance
analyses. The experimental results showed that when the optimal combination parameters of air-suction
celery precision seed metering device comprised of vacuum degree of - 4 kPa, seed disk speed of
20.75 r/min, and distribution structure of holes being an equilateral triangle, the qualified rate of
seeding was 88. 9% , the missed seeding rate was 5. 1% , and the replaying rate was 6. 0% . Field test
demonstrated that the qualified rate of seeding was 83.48% , the missed seeding rate was 9. 15% , and
the replaying rate was 7.37% . The research realized precision hill-drop planting of celery with an air-
suction seed arrangement device.
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Tab.1 Statistical results of celery seed size
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Fig.1 Structure and working principle of metering

device area division diagram
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Fig.7  Air chamber pressure cloud diagrams of equilateral triangle suction distribution structure seed metering device

p/Pa
-1.894x10°
.9

L FLEHEL20 - (b) ¥
&8 855 = ML WAL A5 HEF SR I R E R T = K

Fig.8 Air chamber pressure cloud diagrams of iniverse equilateral triangle suction distribution structure seed metering device

106x10° 3 0
2.115x10° -2.105% I\/ﬁxl()
(a) MEFLLH %R (b) & f3( (¢) Mg

K9 HLLWAL S AL IEE =K

Fig.9  Air chamber pressure cloud diagrams of linear type suction distribution structure seed metering device

— WURLF T LN
F——Fh 32 3 o B o 5 5 9 B 4 7 LN
A— ALK m

B—RIfLIEJE ,m
R AR H A

2K, K,K,GC 2
P p=#(l+)\0050 Y si )

10 R 5 b 10 ek

10 4 %

L _ b A— RN S R R
ig. tress analysis of seeds

K, —— W Mh] 5 2 8K

(4)

WAL A I 5 £075 i, P Ky— TAERasE T4 R 8
o— 50 SR E 07 e fi, (°) 3
Fy—— BTSSR X 32 32 01 N R——HE B L0 AL A5 72 m

C—Fp 7 ZHERD S IE B, cm DAL RS, m/s
Q—HJ1,N J—&.07,N g— T I B 9. 8 m/s’




92 £~k

1R S ¢

2023 4

2 LUK b A0 R 25 25 A R B B B rpun 5
HeFh &L FE 2 C HFh TR BE T 1 —2F , I W L 4b B
2N

K,K,K,GT s
:TB‘(I +Acos@+ngism9) (5)

Eep e S U VA NPT AN L I L s RTINS
HERh BRBE B C AR F KB L A — 2, I e L Ab
2N

p

K, K,K,CL )
P= B 2R,
Rt (4) ~ (6) AT 51, WAL AL B 25 B 5 Fh 5 s
EHEFP AR B AR e, BRI, B R G A e £
fL, DA E A~ 5 B0 8 2 5 e oL o 2k 3 5 0% AL
b B2 B R IE L B R A A A v, T AR B
b EE B BH ) 25 2 B80T W L W B 50 2 52l e 3
DRI I, 34 D 3 2 1R B8, B AIC R 2R B8 R T2
W2 FL W 86 i 7 5 R L T AR L A B s R R L, B
B, A BB W AL i A R T B L R R
it (4) ~ (6) Bl Z0, B LU b | 0] Bb 28 25 9l W Rt
Fof JUT 75 0 RS B2 /D, O R IE A LY RE AR
R B A WL A B A B s B N R K (6) 0 Y
B R 20,75 v/min B AR (6) I 4G FE A IX
W FLAR I A B 25 B p AR fL an &l 11 s

3500

1 + Acosf + sind (6)
( )

3000 F
é@
1& 2500
gi—; 2000 -
B
12 1500}
2
B= 1000
=
500+
0 20 40 60 80 100 120 140
Jefh01(°)
L1 SE b X AL Ab I 5 25 3 AR i 48
Fig. 11 Variation curve of critical vacuum degree

at suction hole in seed filling area

3 HMBEIESHML

3.1 EEE

T8 BT FH A 3R A O P O SR T HE R A i
BB W 12 Fros, i ad A 3 R AR, S BUHERR 2%
L5 SR AL o HERD R A B0 v S E i XL
fit (A4 5 HG — 15008, I &K 1.5 kW, & K X &
27 kPa) 3t i 9815 KALAZ B 2 (25 LK350 - 2.2G3, 1)
AR2.2 kW) AR R S 5 ARk UL i L T
()47 B 0, 308 e 3 A AR A (D) 1.5 kW, AR
7 BT40D1. 5 KWT) i 48 4% 3% 4 3 Ji 5 A pl (B4

AM —370L — B/BL2104L, I 3% 370 W) B Jj £ Wk
B A HER I, N S PR S 3, iR 56 R AR S
A IR — 2R K B RS B HE AR A HE A AR
¥,

K12 e

Fig. 12 Test device
LHERPER 2. fB3%d 3. @ EREMMKAL 4 WA 5.8
HLAS S A% 6. A8 450 3 2

3.2 ARERSHABIER

i 3 A A B, W 3O SORY B HE A # AT
PRV IR, 07T U3 28 B HE Ao 3 2 s LA R i L 2 A
L5 e Xt HE Ao i AR Ll RE AR B AT R IR o O W A
LA PRZOGS HE Rl 25 M BE B 52 i, 15 3 SOKS R
AL TAES R, LA i s s 8 M i e
M FL o3 A 28540 i &, B = IR =K IE S
OB BURE N R RS WIS PO REW v SR AN U2
W, LA A BB TAE S B 5 .

AEEE L AE = BN, WAL TRA
A, TR R 0 X LA B R 1 ) 4 T DL R R E T
Rl Ao 5 B 82 R, A ol it o 58 ik 152 ] 3z 3l £ [] s
32 B R T A R R A 2 UM A1 AR AL AR 7
AE A FEBOR, th TR T BRBER &, i 00 B i)
5 W L 22 TE) A A ) B, = 3 ek ) it i B G b 1
WAL WL R o 4P B AR @, O I HE Rl
iR, A O T A AR R, R A 5 S 5 i
REHZSEJFE N -4.5 ~ -3.5 kPa,

HE D 2 5 3« ad P 56 e BE, Al A 5% AR
W, 5 7 e —fL 2 W B AR 5 e o 4 i 9y, W AL 5 ol
AR I B 52 O 3 (14 42 fioh i (] b P HE b 1 RE A 5 Ao
RE A KR — VLR WAL S R A T2y
PvL I NIRRT RE R R L R ) Bu i At
O J7 R A TR R EORR T U A
MR BEAR . MR H WL AL Al R L, 2545 R %
AP 5L N 12,45 .20. 75 .29. 05 v/min, XF i 4 Fi7 HL
BiUEEE N 1.5.2.5.3.5 km/h,

M FL 73 A3 25 48 < S T[] 4 20 2 08 L 2 A1 45 4 X Ao
TAEHERD L 918 S A BRI X SERRCR HERl
JOME AT H B BEX HERD &% IR, AN IR
AR ZH % AL 45 4 S EHE M A TR 3 A (), 4 B T



%3 1

ZENE 2 REAH AL A T SR 2 BT 5 1K 93

HeRh 2% TAEVERE .

%% GB/T 6973—2005( 5 ki (K %5 ) #& Fh #L1k
W) R N AR Y B R E RE X
M, PR R T 4 R/ 7 B0 31 R/ 7k T
.2 ~4 B/ TN
3.3 EXIKE
3.3.1 Exikmiit

PV B2 WAL A 25 0 R 57 o o i
W&, & =W & =K FlE, K% E L, (3") F
LRI, I Ak s, AKX EE 3 WHBCE,
I P R AK a3k 2 s,

2 RBEZKF

Tab.2 Levels of experimental factors

A I P Ffbe omin ) WAL 2
1 -3.5 12. 45 4% = Mg
2 -4.0 20.75 BIED =Mk
3 -4.5 29.05 B
3.3.2 WER S0

IES I T7 % S g R N6 3 s (X, X, X,
PRI ) , A 2640 Ff 1 23 A 1 &0 an 181 13 i
Sy s A TR 28 X 1 i o 1) 2 T R 5 1 T R
PEAT IR 22 0 B 5 05 22 00 A, il B e A 45 R sk 4.5
s

*3 HBER

Tab.3 Experimental results
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X] XZ X3
1 1 1 1 9.6 6.5 83.9
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3 1 3 3 16.5 3.6 79.9
4 2 1 3 7.2 11.4 81.4
5 2 2 1 5.1 6.0 88.9
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9 3 3 1 7.9 6.4 85.7
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Fig. 13 Seed distribution diagram
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Tab.4 Results of range analysis

N R S A B 1R 22 c
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FE I B.A.C
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Tab.5 Analysis of variance
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3% = C 11.58 2 5.79  100.23 0.010*
R 0.12 2 0. 06
A1 109,11 8
A 25.55 2 12.77  105.48 0.009 **
B 29. 50 2 14.79  121.77 0.008 **
g 3 C 3.47 2 1.73  14.32  0.065
R 0.24 2 0.12
&t 58.76 8
A 8.49 2 4.24  13.12  0.071
B 18.98 2 9.49  29.35 0.033*
HH8 % c 24.65 2 12.32 38.11 0.026*
1R 25 0.65 2 0.32
&1 52.76 8

P JUR % 5 (0.01 < P<0.05), wx 205 % 5t 0 8 3%
(P<0.01),
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Fig. 14 Field experiment
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