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1.Seed box 2.Seed box connector 3.Gas chamber shell of multiple flow-paths
4.Seed chamber shell 5.Cleaning device 6.Flange 7.Shaft 8.Seed brush
9.Sucking plate  10.Seed tube 11.Seed unloading device
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Fig.1 Structure diagram of rice pneumatic seed metering device
with adjustable seeding rate
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b. Diagram of sucking plate
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a. Schematic diagram of flow-path
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1.No.1 negative pressure interface location 2.No.l flow-path 3.No.3 negative
pressure interface location 4.No.3 flow-path 5No.2 flow-path 6.No.2
negative pressure interface location 7.Positive pressure chamber 8.Seed
brush 9.No.1 sucking hole 10.No.2 sucking holes 11.No.3 sucking holes
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Fig.2 Diagram of multiple flow-paths
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Fig.3 Structure model of negative pressure flow-path
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Table 1 Factors and levels in simulation experiments
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Fig.4 Simulation test result and coefficient of variation of
different negative pressure interface locations

2.2 HFEREHIIT

HEFp S AR REAM B &, TE R S5 1, 724k
PR AL b7 A 22, X R HEAT IR . Wi 2b B,
HERD 00 AR 5B SE AR RS BB A 4, CRAE AR
MPE, HERRAEAME N 210 mm. N T ECE SHERIESS
), EHERN R BT ¥ T 3 HEAL, O 1 R FE R T
ZOR, R 3R ALBCE B DY 1, 2, 2, TR



54

Wi KRS AR R R G O 5 S5 23

BRSEEN 14 mm, HFAEIIZ00R, WEL RS
AR EEE, MR E R EERE O E, |
SCHR[21TRT 1, WALz [A) 5 B e S i Fh 35 L, Pfh e &
RISEEAN S5 mm, 2 WALAF-OZIEFIEEA S mm.
FH - P9 I 18 2 IR0 AH Bph ST, Rt 2 1) 38 ok 9 36 B A B
BE I, B EE RN 5 mm, #OM HETRFL 2 1] EE A
12.5 mm. N 7 PRUESFR ) EE M, BoHERR B IR AL
M A .

HRYE KRG Tl B S EURFAE T %0, K FE AT 2800 T 4
Bk, KRR, %SRRI, KGR
HIFEAN N 2255 F8, K EZIN 9 mm, 55 5 R FE 218 2 mm,
AR B AL R STl (1) FroR, iR vE
g, WALEAAN 1.28~1.32 mm Z [8], {HHT/KBERERER
FERAR, KERK, Fm 7RISR, EIRLERS
WEALE 1.5 mm. HiEE AT hR56 o, Ll ERE N
1.5 mm B, MRS

d,=(0.64~0.66)b (D
A dy WRALEAE, mm; b AFFFIHTEE, mm.
2.3 IEEHMHXEEEIT

IKAG b7 Bl P FLIR B, 2 5 M X 2R B X 5
SR IEEAE BT HERR L, SERcfh . IR 3R X 1 45
P o o FE AP A FIBCR,  H T AU R R A B AL
BHEF B R R KA, Rk, FEESEMXHEES M
FEIE AR TR, R i IE B OE R R X 5 £ R i iE
AME I, Bk RSN EE SR X, s
W HE P 5 5 2l ) FE AR B AR E XS, A2 2
We R URAE R, BRB FERAN 2 B ) E R, (E B TR B
BHIAF, FEFS5R AL BIE A BAFE, K im ik
PhEgE S, B, BRSO IX 5 6K fTE 2 (8] () (8] R
AGE R, [AIFER S mm, FEFNIE IR XS, SR
HNIEEBMX, ZIEEREH, EAHME, BT R
EEWGEREFRR, G0 7 MR E 2B, SR 1 R
BOR . HSCHER[22] 0T A, T REABEHER AL B, 4B
HEFp RS, < BA B A BN VIR v, VIEE
B 7 TR R B R DI 277 ), Wil 6b s, AT EE v,
SRR ERE 2 AT MR V. 5V, FIGIERE
PSR AP E, KPR, BEAEFR K
AL R RN, AR A B E . R, IR R AR X
R E 0~20°,

2.4 FEMERSHMEZFRIT

IKFEF T EERZ R0, HEFh 28 K [ TAE 5
SN AL B EE . N TR IR ALIEE, WK 2 5K
S5a s, TERWGEAN 2 T 2 MEFER, 7EHEF
FEARNZEE T 1 ANEF BRI, @I 3 A BRI HERRL 1)
PRI v PV BRI AL S ) 2% 0T, PR IE HE 4 1) 1
TAE.

HeFh 88 76 BURFAENL 5, 75 Z2W HEFR 2% P J R 0 7
PGk, W Sa s, EFREE 2 38 fE M X8 R i .
H TR ERRE A M AR e Xk 1, fFfEphds 58
BOEFEN G, FTHFEMSEE, MR B HEM S, %
FREIF .

a. JEFPE R E ke B AR
a. Schematic diagram of seed brush and seed unloading device

HER

g speed

b. R X Ik

b. Seed throwing area
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1.Seed filling area 2.Seed unloading device 3.Seed brush 4.Seed chamber
shell
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Note: O is the seed-throwing point, V, is the initial velocity of leaving the seed
plate, m~s'1; V. is the horizontal component of initial velocity, m‘s'l; Vy is the
vertical component of initial velocity, m-s™.
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Fig.5 Schematic diagram of seed brush, seed unloading device
and seed throwing area
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1.Seeding test-bed 2.Seed metering device 3.Negative pressure pipeline
4.Positive pressure pipeline
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Fig.6 Test devices
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a. Group number of suction holes is 8
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¢. Group number of suction holes is 16
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Fig.7 Average seeding number under different conditions
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LA 12 516, 752 fL5 3 FLLAER, Wfldi%12 5
W LKL 16 SR oL, HE 1 L. 4 LA 5 FLLT
TERF, 12 AL EHERE ST 16 HRFLI AR, )
TE SERR A = Hp N g B FLEH EO 120

1 LRGSR, BT 17%, 2T
WA RE, EERRN: KEMT BT EmE T,
FUERFEANTET, AN AL, 4 B 22 (R R I B
W& (HRPEKRER EER, DUSKFE I H E R 2,
—REAE L AN BRSO

B2 FLIREG S R nr &0, MAHEET 1 FLRIREE R, =X
RN/, FEFERN: FEE 2 ML TAE,
H 2 AL F B AR R B, SOKR B IR T

PR R 3N, (RS R T 2 FLAFT
B, FEBFEE N B R LS BT
FE, WAL EEE e, X TR AN IR L A R RO AR
fEE—EMyaE, WAREEMSMm, SBTEER
ARITRTRE PRGN, AT PR T Wl G 2

xf FIRREGEE AT T b, AR INER 4 R,
o1 LR Z4 R a, R SHEM S ET 2R S
1~2 RL/ R P2 TR R (P<0.01) 5 TRFLA1EL
XA E 1~2 R/ RS =4 T BEFRW (P<0.05) .

M2 FLFZE s BTk, WALAK. R S5HER
BTN A N 1 ~3 R/ R TR
(P<0.01)

M 3 L ZE T a R AT A, WAL S SR
5 2~4 R/ R TR E I (P<0.01) 5 HERRE
BN R AR T AR, X 2~4 R/ CRE AR T
W5 (P<0.05)

M 4 FLJ7 2 M as el n, W LA S Ut <1 ki
17 3~5 R/ 7RI PR AR TR L S IE (P<0.01) 5
HEFh B3 3] 3~5 Ki/7 R T ROE 2 R (P<0.01) .

M 5 FL Z i s e, WL BT 4~6 Ki/reR
FEA TR E R, X <2 R/ R A 3 R

FIRE, (P<0.05) ; ML SHPM R EN <2 Ri/XERE 4~6 Ki/
H 3. 4. 5 FLIRERSE R AT AL, FOREE DN, TP IR (P<0.01) o
F3 WHIWER
Table 3  Test results
%
HEAE 1 L 1 hole 2 fL. 2 holes 3 fL 3 holes 4 L 4 holes 5 4L 5 holes
o) Level of factor : : : _ _
o, TNE | BHE | RRE . KR ABE  SIRDGE GfE <2RIAR  BfR
X1 X2 X3 Missed _seed Qualified  Missed _seed Qualified rate Missed _seed Qualified <1 Sucke-d Qualified <2 Sucke-d Qualified

per hill rate per hill per hill rate seed per hill rate seed per hill rate

1 1 1 1 36.97 61.21 10.15 89.25 7.94 64.41 10.03 59.88 13.00 59.75
2 1 1 2 37.01 62.39 18.13 81.57 15.60 55.35 11.45 54.52 25.47 40.99
3 1 1 3 41.72 57.99 23.24 76.76 26.05 29.94 18.32 42.94 34.49 30.70
4 1 2 1 27.67 71.38 5.87 90.91 2.09 84.48 3.64 81.21 4.67 85.98
5 1 2 2 33.82 65.60 7.87 91.84 4.66 76.09 5.88 73.53 427 78.05
6 1 2 3 35.63 63.79 9.82 88.99 8.31 63.20 8.63 59.52 10.84 65.94
7 1 3 1 17.34 80.19 2.20 94.65 0.92 88.07 0.31 85.89 2.48 82.61
8 1 3 2 23.24 75.54 5.59 93.82 4.01 81.79 0.63 86.88 2.80 83.54
9 1 3 3 35.15 64.24 7.90 91.49 6.96 71.30 2.48 76.16 6.91 69.37
10 2 1 1 49.20 50.80 11.00 88.03 6.91 74.01 4.00 76.33 11.64 61.19
11 2 1 2 58.20 41.80 15.16 84.52 7.26 67.00 5.67 72.67 12.23 60.55
12 2 1 3 64.42 35.58 17.70 82.30 8.54 64.56 291 74.11 18.52 54.94
13 2 2 1 31.63 68.37 425 94.44 0.65 92.53 0.00 90.33 0.95 89.91
14 2 2 2 37.90 62.10 433 95.67 2.24 83.33 0.33 89.70 2.40 81.74
15 2 2 3 42.95 57.05 10.49 89.51 2.86 80.32 1.00 89.37 6.63 75.00
16 2 3 1 17.59 82.41 1.00 95.67 0.00 92.79 0.00 90.49 0.63 83.44
17 2 3 2 22.08 77.92 1.84 96.01 0.00 92.11 0.00 91.00 0.00 87.88
18 2 3 3 25.23 74.77 2.65 96.36 1.63 91.18 0.33 90.40 237 86.69
19 3 1 1 34.88 65.12 5.36 94.01 3.88 76.12 5.74 71.60 14.11 61.26
20 3 1 2 38.99 61.01 10.51 88.89 4.55 70.30 8.28 69.11 20.94 52.19
21 3 1 3 50.15 49.85 13.50 86.20 5.26 62.87 8.15 62.07 26.92 41.99
22 3 2 1 24.42 75.58 2.20 94.97 0.61 91.44 0.00 91.93 1.22 82.98
23 3 2 2 34.52 65.48 5.19 93.08 0.96 84.94 0.32 86.73 3.80 78.95
24 3 2 3 39.66 60.34 6.61 92.49 2.17 76.47 3.38 83.08 5.45 76.97
25 3 3 1 18.67 81.33 0.57 96.26 0.00 92.75 0.00 81.88 0.61 84.15
26 3 3 2 24.71 75.29 2.08 95.85 0.32 91.32 0.30 90.27 0.60 87.65
27 3 3 3 29.34 70.66 2.37 96.14 0.91 91.46 1.27 89.84 242 82.12
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Table 4 Variance analysis
L3 Ehr ke H & . WEME
Number of suction holes Indicators and test factors S8 d MS F Sig Significance
PR X1 0.025 2 0.012 4548 0.024 *
Mi d” Loer hill X2 0.218 2 0.109 40.467 0 o
19l 15sed seed per it X3 0.062 2 0.031 11.544 0 ok
lhole N x 0.021 2 0.01 3.695 0.043 *
1~2 Ki/7% !
. X2 0.215 2 0.107 38.558 0 o
1-2 Sucked seeds per hill 0.058 2 0.029 10.396 0.001 ok
PR X1 0.01 2 0.005 12.139 0 o
237K
. . X2 0.057 2 0.028 68.773 0 o
27l Missed seed per hill% Xs 0015 5 0.007 18.079 0 o
2 holes - ) 0.008 2 0.004 7.761 0.003 o
1-3 Sucked seed per hill *2 0.042 2 0.021 39.078 0 -
P X3 0.008 2 0.004 7.424 0.004 o
- X1 0.021 2 0.01 10.672 0.001 o
Mi dl’ Loer hill X2 0.033 2 0.017 16.932 0 o
34l 155ed seed per X3 0.009 2 0.004 4512 0.024 *
3 holes R X1 0.112 2 0.056 19.84 0 o
2-4 Sj;l?ejisie/e\dzer hill  *2 0.311 2 0.156 34957 0 -
P X3 0.088 2 0.044 15.501 0 o
- X1 0.013 2 0.007 13914 0 o
<18 clieiis/ée\dz erhill 12 0.029 2 0.014 30.405 0 **
47 i P X3 0.003 2 0.001 3.085 0.068
4 holes 35 BRE X1 0.124 2 0.062 21.551 0 o
. X2 0.25 2 0.125 43,619 0 o
3-5 Sucked seed per hill s 0.023 2 0012 4.057 0.033 S
T X1 0.014 2 0.007 5.929 0.01 *
s 13 ii/ / \j: W 0.164 2 0.082 70.769 0 ok
570 =2 sSucked sced per it X3 0.024 2 0.012 10.465 0.001 o
5 holes . X1 0.04 2 0.02 726 0.004 £
4-6 sjglfejisge\fer hit  *?2 0.537 2 0.269 97.056 0 -
P X3 0.066 2 0.033 11.87 0 o

e SFOREMRLE (P<0.01) ; *FTREMEE (P<0.05) .
Note: ** is important significant (P<0.01); * is significant (P<0.05).
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Design and parameter optimization of rice pneumatic seeding metering
device with adjustable seeding rate

Xing He, Zang Ying™, Wang Zaiman, Luo Xiwen, Pei Juan, He Siyu, Xu Peng, Liu Shuncai
(1. Key Laboratory of Key Technology on Agricultural Machine and Equipment, Ministry of Education, South China Agricultural University,
Guangzhou 510642, China; 2. College of Engineering, South China Agricultural University, Guangzhou 510642, China)

Abstract: The rice mechanized planting level is low in China. The ordinary hybrid rice and the super hybrid rice of high yield
population structure can be formed with only 3-5 and 1-3 seeds per hill, respectively. The pneumatic rice precision direct
seeding technique is a combination of machinery and air flow. To meet the cultivation requirements of different varieties and
seeding rate of hybrid rice, a rice pneumatic seeding metering device with adjustable seeding rate was designed in this study.
The working principle of seed metering device was analyzed. This seed metering device adopted multiple independent
negative pressure flow-path to control the accuracy of seed suction. The influence of independent negative pressure flow-path
structure on suction hole negative pressure was analyzed by ANSYS-FLUENT software. The key components of seed
metering device with adjustable seeding rate were designed. The method of adjusting seeding rate was explained. The super
hybrid rice Y-2 You 900 was selected as the test object. The average size of the seed was 8.90 mmx 2.20 mmx1.84 mm
(length x width % thickness), and the weight of 1 000 grains was 23.8 g. The seeds were washed by water to remove impurities
and blighted grain. The dry seeds were soaked in clear water for 24 h. Then, they were moistened, filtered out and dried. The
average moisture content was 24.3% (wet basis) before the test. The whole factor experiments were carried out under different
negative pressures, rotational speeds of the suction plates, and group number of suction holes. The results showed that when
the negative pressure was 1.6 kPa, the optimal group number of suction holes was 12, and rotational speed of the sucking plate
was 20 r/min, the optimal qualified rate of 1 hole was 82.41%; when the negative pressure was 1.6 kPa, the optimal group
number of suction holes was 12, and rotational speed of the sucking plate was 40 r/min, the optimal qualified rate of 2 holes
was 96.36%; when the negative pressure was 1.6 kPa, the optimal group number of suction holes was 12, and rotational speed
of the sucking plate was 20 r/min, the optimal qualified rate of 3 holes was 92.79% ; when the negative pressure was 1.2 kPa,
the optimal group number of suction holes was 16, and rotational speed of the sucking plate was 20 r/min, the optimal qualified
rate of 4 holes was 91.93% ; when the negative pressure was 1.6 kPa, the optimal group number of suction holes was 12, and
rotational speed of the sucking plate was 30 r/min, the optimal qualified rate of 5 holes was 87.88%. It also showed that a rice
pneumatic seeding metering device with adjustable seeding rate could meet the requirements of different seeding rate for
hybrid rice in direct seeding. Compared with the original seed metering device, this seeding metering device is more suitable to
rice diversity, which provides a certain reference for rice mechanized direct seeding technology.

Keywords: mechanization; design; optimization; precision seeding; adjustable seeding rate; rice; pneumatic; seed metering
device



