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Design and simulation of air-suction type precision seed metering device for Polygonatum seeds

Zheng Jiaxin" 2, Guo Haiyu', Hu Chi'., Zhou Guodong'. Fang Pengcheng'. Yang Wencai'
(1. College of Mechanical and Electrical Engineering » Yunnan Agricultural University, Kunming , 650201, China ;
2. Yunnan Provincial University Modern Agricultural Equipment Engineering Research Centre with Highland

Characteristics » Kunming » 650201, China)

Abstract: The efficiency of manually sowing Polygonatum sibiricum seeds is low and the cost is high, besides the
existing Polygonatum seeders mostly use mechanical seeders, resulting in obvious seed jamming and a high rate of
seed damage. In response to the above issues, an air-suction precision seeding apparatus has been designed with strong
universality for different sizes of Polygonatum seeds and meets the requirements of dense planting agronomy. Firstly, the
planting technology and physical characteristics of Polygonatum seeds were analyzed, and it was found that
Polygonatum seeds were small and medium-sized sceds with 1 000-grain weight of 35.60 g, sphericity of 89.95% and
equivalent particle size of 3. 57 mm. Secondly, the overall structure and working principle of the seeding apparatus were
explained, and the working process of the seederwas divided into three areas: seed filling area, seed carrying area,
and seed dropping area. Thirdly, according to the agronomic requirements of Polygonatum sibiricum seeds, the
shape structure and size parameters of the main components of the seed metering device were designed. Finally, the
Discrete Element Method (DEM) was used to analyze the seed filling process of Polygonatum sibiricum, and solved
the motion law of the seed without negative pressure, the Computational Fluid Dynamics (CFD) method was used
to analyze the internal flow field of the metering device, and solved the pressure and flow rate of flow field at the negative

pressure chamber, the EDEM — FLUENT coupling was used to analyze the seeding performance of the seeding
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apparatus, solved the seed movement law under negative pressure, and analyzed the filling performance, carrying

performance and throwing performance of the seed metering device. The simulation results indicate that when the speed

of seed discharging disk is 30 r/min, the negative pressure of pneumatic tube is 3.5 kPa, the qualified rate is 90.5%,

the reseeding rate is 6 %, the leakage rate is 3. 5%, the performance of seed discharging is good.

Keywords: Polygonatum; air-suction metering device; discrete element method; CFD; EDEM—FLUENT coupling

0 3l

PORS R TR AL G 25 4 AR O 2 L 1) £ 2 TR
Yy, B I 58 38 5 A R 925 B 10 A 25 D R A I R
55 T 18 I R IR SRR . T Ak DR FG L Y 245 1
A B R ft T TR B 094 9 TR 1 T 3 75 OR K R
K AT 2R E AR AL, & % i
PREEFATEEZ Jy 5~10 cm.  H BT EF X 20RE Bl 7K i 4%
P HLAR S B B b I Bl T 0K Al B B PR 2 L [
— b Bl Z MBI AFAE RS R S EOR 1 22 53 — ML U HE
ol o 1 B R 3% i i B 2 45100 3 8 A TR

HERf A B RL B B TT O, JLHERR 1 BE B Tk
SE BRI B0 S B A AR A8 3 B AR SR
B ML 52 BURS 5 3% » A A B3 b1 L 3 B 1k
5 X BRI RO ZOR AR AL A BE B iz T
b A7, BB A BT T — il HE R AR 6O
2 [ 20 e e vy O R 4 308 o [ 3 HE AR 5 1R
JJr o A A A ol P ) 28 e 31 g HIEFopORS JBE NI <
EENEYE S S) PR ke i ey R R E P S
AU OR R HE Al A, AT 7R JC R S B AL O T SR B
DR AS R 5 BORE i RR Al . BEUE R SF T B T — A e
Fof 25k [ Bt AT S AR O A £L 3 AR T 3R O
BRI & 3O TR 5 HE R 4% i e T B
K HE b A% 18 7T BR [ I B e A R T 1R R ) AL
Zhang S B T — B T/ IVRLAR B SR T 4 B 1Y
SO RN A, DR T AT/NVRLAR B S At
T HERR R A% R A A M SR 2 S R AL

L IRBT ST B L HE R AR AR A HE R 7 XA Bl
T AR R DB X BEORE AT R SO R AR S SR
UHERP &7 . A SCS % BORG A6 P 10 20 285K L 454 TH 1]
PR AR BT — BN BORS BT RN R A B T
A ZBESR g /N B SONS 4 HE R A O 0 E
Bk T ST HER A A B

1 EEMTFAREERRYERME

1.1 BEfFMFREE:

BEXS 2 HLIX BORS Rl 22 2R T3 R A 5, 3
FEAEF AR ZBRINT (1) 2k Hb 3% Hb . 3038 A FhRE7E
BRI AC IR 3Ty . S8 BEAY SEREA 1.2 m( D),

i}

R B pe B A - fY T AR T P T 10 ~
15 em'™ , 75 Bk P it 2 — 2 IR AL . () BREE : = Rt IX
TR L h i AL, BRI 5~ 8 em, AT HE 5~8 cm,
() RETR ARA 25 B M 5 0 e S I3, oAy il ol 15 3
T Ky P T RE IR EEAE 3~5 em,
120 cm
SisiikikikiE
Scm

B1 EREMTFZELMETEE

Fig. 1 Schematic diagram of Polygonatum seeds planting

on the ridge
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Fig. 2 Yellow skinned Polygonatum seeds
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Tab. 1 Three axis dimensions of Polygonatum seed mm

S5 KE e /ME FHE b i 22
£ a 4.19 3.78 3.99 0.19
i b 4. 00 3. 38 3. 69 0.16
J& ¢ 3.47 2. 80 3.13 0.18
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Fig. 3 Overall structure of seed metering device
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Fig. 4 Seeding device working area

LSMA 28U 3 RAL 4 BT

UHERN S s B 11 DR S R Y T B HE
ol 55 19 5 s O B B 0% E 0 A O S RS 9% L OF
HTHEAFER X I, T 7R R AL P AT A R SR TR
PEATHERN WA SZ 520 o % XSk N HERD &% A ZhiE BR
7B RN T S BL Bl KA D BE

U HE R 25 Sl 20 I DI 0 R B AN A A L Ao
TR e O XA B ILFEETT . iR
R 50 114 34 BT A0 ARE o I D/ B A i X A T
MR AR I HE T AR S US TR R E L HER RN
ey R 5 R0 FLAE ) W5 5 o 2E TORE 1 o
A0 B HERD S BLHFh DI BE

HERR PR 0 00 AL 2 AE BRaE o [ — I X, 552 B HE Ao
e B TR VG Bl HE R BRI DI RE

3 HEMSREEMME

3.1 HEMER R EMIZIT

N5 T, A R Ak 25K, B A HE Rl
YL N /N F 50 mm, A SC BE BUHE B 48 A 98 E N
18 mm , H: P A% B A% 25 B HEFD 4 s HiEFh 25 35 R R 4H 98 5
BN 10 mm; SEE K E R 8 mm ; B HEFD 2% 5 96
K 46 mm . BEWS S 3 2 HE [F] % A

B 5 SEXEEMWFHMIS

Fig. 5 Air-suction type seeding apparatus for Polygonatum seeds
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Fig. 9 Seed filling simulation view of seeding apparatus
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Fig. 10 Simulation vector diagram of seed filling stage
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Fig. 18 Local cloud view of the suction hole at the lowest part of the seed tray
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