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Design and Experiment of Air-suction Precision Seed Meter
with Self-clearing Seed Chamber for Corn Plot Test

YANG Wei'? FANG Xianfa’ LI Jiandong' LI Leixia'
(1. Menoble Co. , Ltd. , Beijing 100083, China
2. Chinese Academy of Agricultural Mechanization Sciences, Beijing 100083, China)

Abstract: In order to meet the needs of corn breeding test, an air-suction precision seed meter with self-
clearing seed chamber was designed, whose seed chamber and seed clearing chamber were independent of
each other. The process of metering and clearing did not interfere with each other. The self-purification
rate could achieve 100% . The shape of breeding seeds was analyzed, and the key structural parameters
of seed meter were determined according to the characteristics of breeding experiment. Dynamics analysis
of the process of seed adsorption was carried out, and EDEM software was used to verify the disturbance
of churn plate to the fewer population. Fluent software was used to simulate the seed clearing process. It
was proved that when the remaining seeds were not more than 10 and the clearing time was not more than
1 s, the vacuum of clearing seeds was greater than 3 kPa, the remaining seeds could be cleared
completely. Seeds used in breeding experiments were graded, single factor experiments were carried out
in the vacuum range of 3 ~4 kPa. The results showed that seeds adsorbed on suction holes in the clearing
stage could still be sown normally regardless of their specifications. Experiments of the normal seeding
stage were carried out on the JPS —12 test bench. When the vacuum was between 6 kPa and 8 kPa, the
operation speed of the seeder was less than 3. 6 km/h, and the working face of the scraper was within 2 ~
4 mm from the suction hole center, the qualified index of seed spacing exceeded 95% , the missing-
seeding rate and the reseeding rate were less than 1% and 4% , respectively. Each index met the
national standard. The performance of seed metering device was effective while the clearance rate could
reach 100% . The field experiment of seeder proved that the seedling emergence effect met the seeding
requirement of breeding experiment.
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Fig.1 Structure diagram of air-suction precision
seed-metering device with self-clearing seed box
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Fig.2  Working process diagrams of air-suction precision

seed-metering device with self-clearing seed box
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Tab.1 Seed shape specification for different test stages
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Fig.3 Structure diagram of scraping device and metering plate
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Fig.4 Diagram of seed velocity, acceleration

and force analysis
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Tab.2 Physical parameters of corn seed and seed churning plate
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Fig.6  Simulation models of churning corn seeds
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Fig.8 Simulation models of seeding process
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Fig.9 Seeds motion and force analysis
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Tab.3 Relationship between sowing density and
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F% BB/ (B-hm ™) BREE/em HERMERESHY (remin ')
1 60 000 27.5 21.8
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3.2 EFE
3.2.1 iEMEEE

N T PRAIE 100% 936 B3R, DRI S 6 R T i A2
AR ZEOR A0 A B . — A TR R 2/



% 6 1)

WA A5 R A AL KD DORS B HERI R B0 S5 IR R 69

T 10 KL, B S e HE A 4 150 & b AT U Al
ol KK 10 L, 35 Bl IR (]33 E Dy 1 s, B i B 7 1 Rl
B2 p, =3 kPa,

s bR IN Ve g (PR sy Ve RAWILR i 1pe S (U R
PR AL R , el R A 5~ e AR D, BIVBURE A 76 3
b BT o e A/, UKL ] Y RE B4R FH 6 3 5 R
BN G0 BURL G A 322 By, BRI AR SO Y
Fluent {4 (1 2 i A5 B0 3 Fh B B3k 47 47 153
Hro

T SGAE SolidWorks H 22 il 5 A i Uit 5 15 4 JF:
A GAMBIT B v &) 73 A%, G L 288, T
T3 B Tl g A ) B i BT, TR g N R
O A 0 T R A A A R 4 R IR
0.5 BRI E N 99.32% (& 10) , W] 4% K] 43 it
AR

B o/ =i
e e

Pl 10 3 i R A DX 3R 19 A% )
Fig. 10  CFD mesh region

e Wk S A Fluent W, 2% Fluent i 4F 35 B I
SCHRL16 =19 ], BEUARE & — & i A 7Y, 6 5 BRIA
f i 3 BE & A ShAE R o, IR ) A ISP i
AER TR 22, s 1T 30 A0 v s R R s g O B
FTEHE2S)E B 3 kPa; [6] ) 3) Discrete Phase Model ,
AN injections , 28 B P& £ single , %5 A4 45 A4 A {H B1
A 10 AN BURL, h 3 K O B TE UKL, Bt & H
nonspherical [ 4 Y | FOK UKL I BRIE B @ AT 3R
KN

o= (Z) (1)
A o— BB
d—%RMHER,m
d,—% AR ER,m

AU 2.3.2 95 i B OKORFRL = 4E 155 R0, AR 4
K (ID)FEH @ =0. 878, X675 Fl el F #E 47 B AU
(Kl 11a),

FRABRIALATE B 1 m/s, X [ALE K BE 1 m 3t
B APRIEA K AR, BV ZEAE 1 s WA R Fh 5
Wi BAGmTEA R (K 1b) A E )
3 kPa M HR Z51F T, %5 %58 10 R0 A7~ DA 11 326 5 1Y

(b) fiEEER
FELL 3 s 7 ) E AR A
Fig. 11
Bf A, Ko 0. 654 s, /NF 1 s, BT s Pt ol R 98 4%
b= DR v 4 3 0t 2 A 3K /N DX T
TE AT R A PRAIEAS R A TR A

Simulation of clearing seed

3.2.2 WA E
WA T LA R A
80K, K,mgC v
=— (1 +L 12
o wd’ ( +gr+)L) (12)
Horp A =(6~10)tana (13)

Af d— MR AL E A, m

C——Fh 0 5 W 5 2 8] B B, m
HERD B WAL AL I ZGE E , m/ s
HEFf BE AL 23 A [ 242, m

g——F S IMEE , m/s’

A—Fh TR I 255 R R

a— P T 1) FARIK AR A, rad

K, — Wbl 5 1 2R 5

K,— MR A R B

SR A s R LR AR T S 0 O R AR K
W18 ~2(— A 7 TR BT i/ AR IE BLERE L K,
PEFRH/IME) , %5 58 SM SR Bl 2 o i % b5 00 B A9
SO KB L 6 ~ 2 (Rl TR B i R, K, R ED) o

M 12) /LA H,,, 5 T 8 B R 1 (R
BRI AR ) WAL AR HE R LR
FLBEEE A2 B VI S o ol T3 Al i g 3 A 1 3T

v,

r



70 & ol HLOM ¥ R

2019 4

TE A5 KBS AL Y XU 2 — 0 O =, W 67 T s 1)

R BRI /N 50% (2 &5 &l k) , A

TR C A WRAER B B AR A B 0 20 )

Joi B BB TR BE T R R B R L R BT IR L A5 S

A C12) HEFP &5 51T S 50 Al 50 R &R, e i 2

,\lfuﬂllim 8 kPa, 7 120 5 H ik — 28 A X HE ol
FE B 5

4 R

41 REHBSEE
HUE 32 1t 300 B RS 2 5 B B 1R 22
AR IS B TR0 5 R R 3 D o
FRLB L2 R B (R0 2247 8 B IR B AR 7 771
So A5 TS0 4 ST KR BBLR T2 /b BB
T3 AR PRI T 54 /PR T 12)

(¢) RimFRFHT (d) /e FRLRT T
K12 525 AL
Fig. 12 Effect diagrmas of seed grading

AR JPS — 12 BUHERR 25 P RE AL DI 186 & 1
PEAT (P 13) %38 5 a2 i 0 HE A v fE , 32 41
R B b 1R EE ISP 23R 22 £ 2 mm) G 45 46
BOE RGN S BRI S b 2B B T A

FT 9 T HE P A e | UL s R DA R A% 36 Al AT
BEo R XML R #2320 A il — 0 B, — ki
FEIERIAT, 55—k R PR T 10 11 R A R B
A FVE ISR VRS A, 35 Bl 5 HE Rl B B i1
DIEE N T B A v R R s DD P R 3 L
MELSAE A ShIE A 1T OR . HRadilE G
SR F S A B IE , 25 A 1T T T W A 67
(9 I Ty 22 i/ 29—, O Ji TR 56 2 R0 e 4R 41
TR
4.2 RBAEESERSH

BEAS /N DR 8 AR ML AT L2 B A B B, IR
{8 b [ BRI Bl Y B o %454 B B A HE R 5 AR

13 HER R L5 B

Fig. 13 Seed meter testing site

PERE 7 B AT I IR S0k o 08 & A5 A9 158 K 1
i HE GB/T 6973—2005 ( Fk: (5 ) # Bl AL 3 J5
R GETT T ik AT b B
4.2.1 JEMEE

FETE Rl B B, 3 R T T3T T UBILER 136 114 970 1 o
A ol 11 S 0 B RUBIL 4R B Y XU R —
N 2 TR Bl — 21 R 4 i © W B A 1
AR RD T~ 5L, DR T L I 2 2 W R L b B A
Jiv 5% 19 0 s 29 0 1E HER By BE i 50% i H. iz Fh it
P IO EI R AT T, R 0k DR b B Be BT Ak O 1T
I HLIC I A HER B BT I

BEICE 2 B0 PR, 23 ik 4 B RLAK (1 B 5
o AR (3 E SIS ME) |, HE R 25 % 3 1t
AR 3 PO R 48 1/min, HLfLEL BRI AL E
4.5 mm, WAL 10, 5 50 BE 5  EHR R AL &
A8 IXImAT R I 4 Pos .

x4 HFERMERERH

Tab.4 Qualified index of air-suction seeder %

SYME HASE/kPa AR HRER LS
3.0 4.47 +0.54 4.32+0.29 91.21 +0.16
3.3 4.33£0.52 4.38+0.25 91.29+0.14
B2 3.5 3.97£0.44 4.57 20.37 91.46 £0.12
3.8 3.24£0.67 5.00=0.34 91.76 0. 18
4.0 3.15£0.58 5.490.26 91.36 0. 10
3.0 3.16 £0.46 1.46 +0.31 95.38 +0.34
3.3 3.05+0.53 2.01+0.22 94.94 £0.26
N 3.5 2.69+0.51 2.89+0.23 94.42 £0.31
3.8 2,27 £0.42 3.4220.29 94.3120.22
4.0 1.89+0.57 3.79 £0.32 94.32£0.25
3.0 10.43 £0.34 1.15+0.12 88.42 +0.28
3.3 8.98£0.29 1.26+0.20 89.76 +0.36
KB KL 3.5 8.56+0.32 1.27 +0.16 90.17 +£0.43
3.8 6.97 £0.43 1.31£0.23 91.72+0.29
4.0 6.12+0.51 1.32+0.11 92.56=0.19
3.0 12.12£0.26 1.33 £0.10 86.55 +0. 33
1
1
1
1

3.3 11.23 £0.34 1.41 £0.13 87.36 0. 45
Kt i 3.5 9.56 +0.37 1.56+0.18 88.88 +0.51
3.8 8.94+0.29 1.61=0.26 89.45 £0.26
4.0 7.75+0.32 1.77 £0.20 90.48 =0. 44
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