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Design and Experiment of Precision Seed Metering Device for
Rice Bud Seed with Protruding Disturbing Species

LUO Haifeng'®> LIU Guanghui' WU Mingliang'®> ZHANG He' WANG Chengwei' JIANG Xiaohu'
(1. College of Engineering, Hunan Agricultural University, Changsha 410128, China
2. Hunan Provincial Engineering Technology Research Center of Modern Agricultural Equipment, Changsha 410128, China)

Abstract; Aiming at the problems such as population accumulation and high water content of rice seed
which are not easy to be adsorbed during seeding process, a kind of air-suction rice seed precision
discharge device with convex and disturbed seed copying hole was designed. According to the mechanical
and physical characteristics of Yliangyou No. 1 hybrid rice, which is widely used in South China, the
structure and geometric parameters of the profile-shaped hole were designed rationally. The dynamic and
kinematic analysis of filling and seeding process was carried out, and the range of working speed and
working negative pressure was obtained. Based on the fluid-structure coupling theory of CFD —DEM, the
adsorption force was taken as the test index, and the adsorption performance simulation tests of seven
diameters were carried out. The suction hole diameter with the largest adsorption force was determined to
be 1.4 mm. At the same time, the average velocity of rice bud seed was taken as the evaluation index,
and the simulation test of disturbed seed performance was carried out. Under the conditions of working
speed 10 ~ 50 r/min, working negative pressure 1.2 kPa and suction hole diameter 1.4 mm, the
disturbance ability of the seed plate with convex species copying hole was strong, which could effectively

reduce the population accumulation phenomenon. Based on this suction hole, the working speed and
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working negative pressure were selected as test factors, and the qualification index X, replay index X,
and missing sowing index X, were evaluated. The two-factor full factor bench tests were carried out. The
test results showed that when the working speed was 25 r/min and the working negative pressure was
1. 24 kPa, the qualified index of the seed feeder was 92.64% , the replay index was 2.57% , and the
missing sowing index was 4. 79% . The results showed that the average qualified index of each line was
92.86% , the average reseeding index was 2. 72% , the average missing sowing index was 4.42% , the

average qualified rate of hole distance was 90.57% , and the coefficient of consistency of discharge of

2025 4

each line was 3. 12% . The coefficient of variation of total displacement stability was 1. 89% |,

and all the

evaluation indexes met the planting requirements of rice bud seed precision direct seeding, which

provided a certain theoretical basis for rice bud seed seeding.

Key words: rice sprout seeds; air suction seed metering device; CFD — DEM; convex and disturbing

species of profiled holes
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Structure diagram of air-absorbing rice
bud seed precision seed discharger
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Fig.2 Schematic of structure of seed discharging disk
with convex seed disturbing imitation shape holes
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Fig.6 Contour curve of rice bud seed bowed surface
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20 r/min, TAEf R 1.2 kPa, 256 11 SCR LR F S5,
W fL g4 0.8.1.0.1.2.1.4 1.6.1.8 2.0 mm,
2.1.4  WERRPEREVE M 48 bR

A0 B0 5 T8 AL Y 2R LR B MR ) A
FH T Bt HEFh 8555 3 12 ) 24 Fh X, B0 BR 7 2 Ak Bt
M AR R B AL R PR R ) B AR b, H R A
TR S3R6 5 TR O TR BRI B T AR
PRI B #e , B 7 WA T R 5 R A =2 1 T A e
TITEHORILSE X AR AT R 7 R e . 75 R
AR R G, X e LR AR R PR TR AR U BN
P WAE s DL K R R A

T£ EDEM 5 Fluent 0555 4 0 42 & K T 88
FE 7 (I 14a) FHL 3 (18 14b) By 3B L K 43t
S5 RIA SCHE I A 35 2 v 1 2 3 B F LR 30
W B 25 ol , SR J5 5 28 aak 485 ol IXT00 it 2 ol BT 52 W B
A kg W L VR B2 i %) DF A 4 s o

FESIBBIE SN 8 53/N
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Fig. 14  Simulation distribution results of pressure

gradient force and drag force
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Fig. 15 Simulation model validation test diagram
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Tab.3 Suction air velocity at different locations

Wi &1 Wi a3 W ) 4
(Fr)  f2 (T x4 S
(FEM/ (m-s™') 12,13 12.06 11.95 12,15 11.97
PR/ (mes™') 1174 11,65 11.56 11.71  11.57
E/% 3.22  3.40  3.26 3.62  3.34

i H

AR 45 2R, O Fal g 25 2R 5 52 bR T AR AL
WG R ZE N 3.22% ~3.62% , 0] FIHE P 2 E 0% R A5
ot R 114 I8 S 5 D ELRE B T A PR
2.1.6 Wik e AL 45 R

BEALZE L S0 KL ZE BT 32 W BT, SR (ED A
NZA A HAR AR, 3k 4 s

x4 FEABRER

Tab.4 Simulation test results

. WALE  EJIBREE T/

#/mm N

H /N W ff J3/N

1 0.8  4.3256x107% 1.1256x107°* 4.7892x10?
2 1.0 4.3568x107° 1.1237 x107* 4.6852 x10"*
3 1.2 5.6822x107% 1.2391x107* 5.9861x107*
4 1.4 6.1251x107% 1.3246x107° 6.6548 x10~*
5 1.6 5.6386x107° 1.2456x107° 5.8941 x10
6 1.8 4.3256x107% 1.2142x107% 4.6823 x10°
7 2.0 3.6532x107% 1.1236x107% 4.1638 x10

M2 4 mIH, Y CAERE 3R 20 v/min AR 1R
1.2 kPa I5F W L RS X6 8 B B8 A 8 K I 52 )
W B PE R B L FL B AR 1.4 mm
2.2 #HAEaHEIAR
2.2.1 R HERe 07 B8 1T

R TR KR R RN ME B 4, T 1R ALAL
PahtEae. 17 BS80S 07 B AL S B B 68 1 E
BB, XA TC A 4 R 05 T8 AL L i HE D B A
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TAE#: 3 &/ 10 .30 .50 v/min, TAEM &K 1.2 kPa,
WAL ELAR N 104 mm B 3EAT B0 R0 GE U7 LK 58, K
B R S5KFERS i
*5 HERBREZRSKE
Tab.5 Simulation test factors and levels

2.2.2 AR REDS B PR FE AR

TRl - 187 3 B S W AR A Al SRR 1 3
A Ao 458X 2R 25 ol I o i J3E 7B K 5 AT s BBl
TR 249 3 2 Sy 0 A P8 BE 015 EL I S5 3T 48 A
2.2.3  PUAb kR B 45 R

M 07 LS 45 R 5, 3l i EDEM 5 Ak FiAE e

k¥ - .

’ TAERE M/ (romin ") LYAE R R RN RICE TN PR TE B FLHEFR S 78 45 TAE R 3T
! 10 Jir A5 3] () K A 25 Fh - Y 3K B, T A/ERT R 0.5 ~3.5 s
’ i E 22K SR OF 19 B 16 R
3 50 . e - .

iy & 16 7] 45, HER 5 % K B8 28 R 3 24 5
OO rsh i L OO _ashimtimn il R I s ]
= — AR (TR = — AR R = — AN R
é 0.06 \—/\/"’" é 0.06 'éOAOS-
% # %
7 0.04F 7 0.04f 7 0.06f \/;
" \\/f~//§J/ 5 =
0.02 0.02 0.04

05 1.0 15 20 25 3.0 35
i)/
(a) TAERE 10 r/min

05 10 15 20 25 30 35
B /s
(b) TAER#30 r/min

05 10 15 20 25 30 35
i [A)/s
(e) TAERE 50 r/min

P16 AN TR AR e T 25 b 7 44 3 e A8 A 2
Fig. 16  Average speed of bud seed at different working speeds
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PE,LVEAR N 1.4 mm (90 LA JE Al 3D T ED HERD
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Wb PR S5, P TR T R Ry 32.25 g, F I K E N
27.76% o FE# B A Mk K 27 A AL SE I A0 46 S8 5
AT A AR R A 17 iR, B ECT AR
B ORI T AR A7 a0 R 2, R AT 7 R A TR K
¥ TAER: S 10 ~50 r/min, 45 ff 10 r/min % & K
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Fig. 17 Bench test set
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3.3 ARRRBRERESW
A T8 75 52, 00T R 25 il i
ZERINZR 6 P, W 6 nl A, G A% 4R B KT
83. 19% , R W HEFh &% 16 L 46 1 7 vh TAEMERE AR E
x6 HBHER
Tab.6 Test result

S PEA ¥ b
TAERHE N/ TARGUE  AMAEEC BAEIREC IRERIREL

(romin-')  Ny/kPa X, /% X,/ % X,/ %
0.8 87.99 3.45 8.56

1.0 91.29 2.37 6.34

10 1.2 92.23 2.55 5.22
1.4 93.07 2.78 4.15

1.6 89.43 4.35 6.22

0.8 90. 09 2. 68 7.23

1.0 92.24 2.45 5.31

20 1.2 94. 09 2.39 3.52
1.4 91.52 3.69 4.79

1.6 90. 36 4.38 5.26

0.8 84.53 5.12 10. 35

1.0 87.7 4.89 7.35

30 1.2 90. 09 4.78 5.13
1.4 88.90 5.32 5.78

1.6 89.49 6. 14 4.37

0.8 83.52 5.12 11.36

1.0 86. 34 5.32 8. 34

40 1.2 87.20 5.45 7.35
1.4 87.37 6.21 6. 42

1.6 88.03 6. 66 5.31

0.8 83.19 5.24 11.57

1.0 84.52 6. 13 9.35

50 1.2 86. 09 6.45 7. 46
1.4 87. 16 7.17 5.67

1.6 87. 34 7.35 5.31

FIJH Design-Expert 13 #4446 45 R k17 £
TCLAE AL G 7 2250 0T, ank 7 s .
Hi 3 7 A4S, & 6 8 B X i [A] 0 A R B e 2

(P<0.01)  TAERH N, \ TAEME N, TAEfRER

TOURJTTE N, By P AEY/NT 0,01, BERA B - 4% T X}

B A% 48 B A i 2 5 A TR B % 8 AIGY TR

o WA R E RS [

X, =71.91951 —=0.225 4N, +35.917 4N, — 14. 9N?
(23)

Wit PR, SR A AT BUN E i E
WY Ay TARERG o TAE %

M 7 A9, 5 4R B X, 0 ] 9 A R A
(P<0.01), TAERH N, TAERIE N, P HI/N
T0.01, 156 B DL I 5 350 X6} 5 B 48 £50RE i 3, T
VEGUR I R 50 N; (9 P AE /N T 0.05, 4 B 1% 53
Xof L 8 R 52 i 2 5 Ay TG B B 48 B0 R
B BB B2 S [ R

X, =6.103 +0.071 149N, —8.739 5N, +4. 075N>
(24)

STIPOE L O od Tt A TG e e A S U
W F Sy TARERG 3 TAEfUE

M 7 AT AT, W 4R B X G ]9 A R A
(P<0.01), TAE#3 N, . TYEfE N, N, N, T/
TURR N, B P EE/NT 0,01, BERA L -
2 T U 485 8 B0 e AR B 2 5 LA 00X U R A G
Wi AN 3 o BIBR AR 3 R 2 [l AR A Oy

X, =21.977 49 +0. 154 283N, -
27.177 86N, —0. 141 1N, N, +10. 792 86
(25)

LR F ORI, A5 B 5 S e AN = Y 3
WRF Sy TAE U ARG 3,

i i Design-Expert 13 X2 56 55 4 oF 17 59 #7 4k
PRI AR R TAERE M N, TAE 7 N, X & #4545 5L
% 5 B0 T 4% 48 By 5w, e R il i dn |18
Fl 7R o

RT BMAFBAESH

Tab.7 Variance analysis of regression equation

U5 2% ERIECE/ O ERE A X, i 48 15 2 X

RIR - CFIrA AHE F P SFIPAN A F P IR A B F P
BEAL 176.87 5 20.53  <0.0001*  52.95 5 31.06  <0.0001*  101.30 5 29.86  <0.0001*
N, 119. 38 1 69.30  <0.0001*  43.90 1 128.74  <0.0001*  18.50 1 27.26  <0.0001*
N, 26. 69 1 15.49  0.0009* 6.88 1 20.18  0.0002*  60.68 1 89.43  <0.0001*
NN, 519 1 3.02 0.0987  0.2948 1 0.8647  0.3641 7.96 1 11.74  0.0028*
N 0.8426 1 0.4891  0.4928  0.0196 1 0.0574  0.8133 112 1 1.65 0.2145
N3 24.76 1 14.37  0.0012" 1. 86 1 5.45 0.0306" 13.05 1 19.23  0.0003*
Rz 32.73 19 6. 48 19 12.89 19

SR 209.60 24 59.43 24 114.19 24

o KRR (0.01<P <0.05) 5 == FKRW (P <0.01),
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Fig. 18 Response surface of influence of test factors on index
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IR, A 4 48 BOE RS R BN, A% AR BB N S
B UK 48 B I 3G R T AR e i — e ik, B
E TAERE R R, A 18 501 KRG W00, i1
B— BRI . LR A % RS T
W48 b5 LA B 52 B g FH A i oK, 24 TAERE 0 10 ~
40 r/min, TAEGUE N 1.0 ~ 1. 6 kPa B, HEFP 58 4 4%
TR RO TR TE 86.34% L) b, Wil 2K HE 7 T % 4% b
B3R,

3.4 SEMRUSKKRIIE

N T ARASHER B A B T AR S, 25 A bR R
Tt 28 B AR RS B TAE S B0 150 46 A 1 52 i 647
PRAGSR A o H A5 oRECRT 29 3 5514 Ry
maxX,
minX,
minX, (26)
s.t. (10 r/min< N, <50 r/min

{0. 8 kPas<N,<1.6 kPa

RALZE R I], Y TAE R 1. 24 kPa, T AE4%
A 25 1/ min B, B AEFEBCR 92. 64% , FH A% 1R UM
T 3B HE B 50K 2.57% 4. 79% .

R T BRI A 45 R B vER R TR U TR
B4y B A 1. 24 kPa Fl 25 v/min, £E M A 444
THEATAMIE IR K, AT A8 PS5 R 92.21% |
BB R 3. 12% w46 5 4. 67% W & HEF %
Kt TAEZOR, B 5SS R NFF 6 -

4 HIE{E

4.1 RWEH

N T L RAE SN AR (5 AL OK A
ZFFORS 1 HE B AR 1 H DR L 1R B, 2024 4F 7 H 22
H e 18 e 4 8 OH T 74 0 SR A R R b R AT K A e
5.

W AR 5 S TR Y AL 1 ST A
BCAE , KA ELA AL F I R Al K S B (P 19) B

HYE0EN 2.3 m, o] & Fp 6 17,178 0.25 m, 2 5| 5
F1 0 AR M704 — KQ ( G4) % 20 i Fr b1 5 5L 56 1 e
£ 70 m, GE 22 m, B # HOKAE, a0 20 iR, DLA
WA RSB G TR A5 SR
GB/T 6973—2005 HukL (K5 % ) #%& Fh AL 7 k) ,
SRS T P B A AT R 7 b 2R 1 250 SRS AR i 7T
K B, A 3 UG O 41

19 JKFE B FEAL
Fig. 19 Rice direct seeding prototype diagram
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Fig.20 Field test effect diagram
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Tab.8 Result of field experiment %
BT S SREE EEERH RERER AR
1 92.91 2.76 4.33 90. 12
2 92. 89 2.68 4.43 90. 13
3 92.97 2.69 4.34 89.34
4 92. 86 2.78 4.36 91.26
5 92. 84 2.59 4.57 90. 33
6 92. 69 2.83 4.48 92.21
S 92. 86 2.72 4.42 90. 57

FEF 1] % bt 6 45 T 3R 0T, 4547 & % 46 50 X R/l
T 92.69% HAEFEEL X, RN KT 2.59% I #6985 5L
X, AR TF 4.33% XHEGH8 % X, A /NTF 89.34% |
BATHE R — BT R EON 3. 12% | B HE R R e
AR R KON 1. 89% , 4 TR VEA 48 B 35 35 K K R RS B
K LA 1 — MR R R, H B RE LA AT HEFR 35 5
PR

5 it

(D) B T —Fh BA7 S0 D P 07 18 8L FL 3
Ml AR 25 oA S Aof 25, 3 o Xk A T A1 Ao 07 9 B
FL3 B R AL B 3T B9 28 b AT 32 T3 0 B, W SE TR
W 2K e 2 A HE R 25 DG HE S A S8, X S KR
Pl DX H KRS 2 R BEAT T 8 12 0, A5 80 T TARR

AN TAE 7 Ko

(2) %1 EDEM F1 Fluent % 7 Fft A [] 45 W% 1L
HEAT T B e LR, o 2F R i A2 W D AR R
WIS N R4, B8 1 7 Fh AR WAL 32 W g 5 3
EAEN 1.4 mm (WAL T = AR IR T e K,
6.654 8 x 10 ™" N4 4 Fh 07 I8 B FL A7 T A
PERE D7 Bk, g 25 SR R WY, 7645 30 T AR 5% 3
L BT SRR 5 TR AL A HERD AR B g ) B
REA A0 R HE R B A

(3) LEAZ N 1.4 mm (W FLVE R FERE S5, DL
TTARRE B TAE R il R, DA G A 8 8 B AR
BRI FE R B PPN 48 b, EIT I R 2 W ¥ &
R, AR R R 4 I a0 4 R e AL AR
A 10 ~40 v/min, TAEHRJER 1.0 ~ 1.6 kPa,
Z HFr LAk e il 56 9 F 45 SR R WY, 2 T AR B ol oy
25 v/min  TAEGUEA 1. 24 kPa i, HEFl &% TAETERE A
1, GARTRECH 92.64% EREFRECH 2.57% Imik+a
R 4.79% il KT ZF RO IR AR 2K

(4) LA B FEHEE B KRG I 108 28 E R LR 2k
TERE H E g, 2R R, RIS RN ER
90.57% ,5ATHEE — B 5 R A 3.12% |, B HE
HREEEE S 2B 1.89% , i /2 K Rk & X B #%
FA 5K
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