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b. HIHLA
b. Section view

a. LK
a. Main view

LA 2B 3 ERGE 4k 5k e 7R
Bl S8R 9. A 10.EIFNEEE
1.Seed box 2.Seed box connector 3.Suction chamber shell 4.Seed chamber
shell 5.Flange 6.Seeding axle 7.Seed brush 8.Seed sucking plate 9.Seed
guiding tube  10.Seed unloading device

B 1 AHXNQRMGEI EARHAT B EIRLEM
Fig.1 General structure of pneumatic single seed seedmetering
device for coated rice
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W
Seed sucking
plate
T
Rice seed
a. L1 b. %42 o B3
a. Posture 1 b. Posture 2 c. Posture 3
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Fig.2 Adsorption postures of seeds
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W FLIR BT, GBS IR YA, g R, B 3 T
FhARRT TR ALRYIE B =

W Feifh

Rice seed

Seed sucking plate ——mm=Vv
= frE1
N Position 1
v
= fE2
NI Position 2
z v
T e {83
Position 3
y B
S g
d

e ALE 1 AR CURIERE L8 2 NREME SR E A (LE 3
TR I UG v R BB I LA 2R, mes™s v RE R
SRFLZ T RRHRERE, ms™s d WRALILE, mm: s JRERCER 4 )
J7 Y BRI, mm.

Note: Position 1 means that the rice seed will enter the negative pressure range;
Position 2 means that the rice seed is in the negative pressure range; Position 3 is
the rice seed leaving the negative pressure range; v is the linear velocity at the
suction hole when the seed sucking plate rotates, m's™; v’ is the relative speed
between the rice seed and the suction hole, m~s‘1; d is the diameter of the suction
hole, mm; s is the relative length of the rice seed in the tangential direction of the
rotation of the seed sucking plate, mm.

B3 BAMHIETER
Fig.3 Schematic diagram of seed suction process
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LAMUSRE 2. A0 S0AE  3RFL 45BN Ah e E
1.0Outside guide groove 2.Inner guide groove 3.Suction hole 4.Auxiliary
seed suction device

TE: o AWFRHEEAHESE, rads s
Note: e is the rotation angular velocity of the seed sucking plate, rad-s™.
B4 BAELEMTEHE
Fig.4 Structure diagram of seed sucking plate
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K fr=uFy, o VRN S5 FE A I ) BE PR 2R %, B 0.36;
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AE F bR R A E I SR S, AR )N S
LARREE, X Hisfam 5 R Al S A4S
BEAT 0T, A ARRERRAE RN B VR Y AR B, N AL -
F,Lcosp+F,Lsin f<F,L/2 2

Kl (D AL (2) RKAF p=50°, RIEE 5 Ffg
Tzl 71 AR R AT R

2X=L-Lcosp (3

HEHE BT BAAS [ RS b ) = RO I A5 2R, REMi K
B RSF—MEE 6~9 mm 2], AR IORh AL A 3E N
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MRHE SCHR[24], 456 QARTERN BRI, 3 0RE A A
A o B 45°,
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Ee FUEHACE 1B EME 2, BHREE 1 ZNEE 2 o R
MR, () 5 pONTRRME SR IE R TR, (°) 5 Fy AR
T EARRBRIEI SRR 1, Ny fo SO LR B AR FERNEIEESR ), Ns Fr o
[ ERER HARREF AR T, Ny B, N2 RERI B AR SR ),
N; Fp NEREREM S AR i 2 MR B )1, Ny L O9REMIHRGT, mm;
Xy PUHERIARE, mm: O (O NREEMBL, GHFMFES, N.
Note: When the guide groove moves from position 1 to position 2, the rice
seed changes from posture 1 to posture 2; a is the inclination angle of the guide
groove , (°); B is the turning angle of the seed under the action of the guide
groove , (°); Fy is the support force of the seed sucking plate to the target rice
seed, N; f, is the friction force of the seed sucking plate on the target rice seed,
N; F; is the rice seed population force of the upper rice seed on the target rice
seed, N; F), is the support force exerted by the bottom rice seed on the target rice
seed, N; F is the friction force between the bottom rice seed and the target rice
seed , N; L is the long axis size of the rice seed, mm; X is the depth of the
diversion groove, mm; O(O") is the centroid of the rice seed; G is seed gravity, N.

B 5 A EFIRARER T a9z hAER
Fig.5 Movement model of rice seed under action of guide groove
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M Ry NSRRI FAE, mm; R OVHZRSMU N sIEEESIRE L O FIEE
25, mm; E'N NS PNG RUELL, mm; NH AN s x Hii TR,
mm; 2 NZE OF 5 x Bz M9 ff, (°); 1 NELBL OE 5 ON Z Ik,
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Note: Ry is the radius of the base circle of the diversion curve, mm; R, is the
distance between the outermost point N of the curve and the center O, mm; E'N
is the line connecting the two ends of the diversion groove curve, mm; NH is the
perpendicular line from point N to the x axis , mm; 4 is the angle between the line
segment OF and the x axis, (°); 7 is the angle between the line segment OF and
ON, (°); n is the angle between the line segment ON and the x axis, (°); {'is the
angle between the line segment £’N and the x axis, (°); Oy is the center of the circle.

B 6 AN NG RAGE ST
Fig.6 Analysis of the movement process of rice seeds in the inner
guide groove
2.2.3 ShMFAAE
AR LA 0 e A 1) W AL AR FE AT, % A T A
EHIRERRZ AT T, i T R

E: 0 NAMUSHERIAA, () JOAREMITZEE L), Ny Fy RS
TN FEAHISCRR /1, N

Note: € is the inclination angle of the outside guide groove, (°); J is the
centrifugal force of the rice seed, N; Fy is the supporting force of outside guide
groove to the rice seed, N.

B 7 MG RAR AT AE A

Fig.7 The effect of outside guide groove on rice seed
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Fig.8 Schematic diagram of auxiliary seed suction device
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a. Top view b. Side view
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Note: f is the friction force of the auxiliary seed suction device on the rice seed,
N; o is the angle between the gravity G and the x axis, (°). Fp is the suction
through a suction hole, provided by the fan, N; G is the gravity of a single seed,
N; G'is the component of the single seed's gravity in the y axis direction, N; N;
N1, N, are the support force of the suction hole to the rice seed, N; F),; is the
support force of the auxiliary seed suction device to the rice seed in the radial
direction of the seed sucking plate, N.

B9 HILLLAGA 42 ) AT
Fig. 9 Force analysis of rice seed at the suction hole
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B ARKBB AR T 1179 505 W EAR AR
B AR 5 RS A B S B ORSE S TR R AR IESD
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Fz1 EHYESE

Table 1 Physical parameters of rice seeds

e « 3 W TR KA
Width/ Thickness/ 1000-seeds Angle of
Treatments Length/mm - o
mm mm weight/g  content/(°)

A4 Uncoated  8.79 2.61 1.96 21.99 39.84

A Coated 9.05 3.09 2.61 40.98 31.87
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FHEE 5 TR
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) FASTCAMSUPER 10K 78 w3 $5 A5 AL X HE b 2 f Wi o
AT E SR BIC St .

LRI 2 FAURTE 3IRENEAL 4 HBHLAESE SN 6. AURER
7B

1.Seed metering device 2.Electronic barometer 3.Driving motor 4.Speed
controller 5.Fan 6.Air pressure display 7.High speed camera

B10 XBEE
Fig.10 Test device
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W o i S R R RS FE I R R 2 — D AR
V) 1 Ml 3 R 3R, R ATl 2 WP B 1) A i — R
20~40 r/min. A3 EHM AR N, BT EIEE RS
AN IER A RS L, HERR AR A B B A 30, 40 Al
50 r/min.

SEIA T B J S AR 7T, B 1~3 kifd
Pt TAEUE Y 1 600 PalPY, BT A e T it i fh
PR 1 ORIRE AR, fUE LG R B SR AR . R
PP (R 2 Fr) , HOUEEE KRR, WA AR
RNFE, HRZER, FIEfEE 1200~1 600 Pa.

F 2 RFAELEE 30 rmin’' BAYIRFHER

Table 2 Seed suction effects at 30 r-min™' rotating speed of seed

sucking plate
U R T ERE
egative Leakage suction Multi suction Single rate/%
pressure/Pa rate/% rate/%
1200 6.25 12.23 81.52
1400 2.89 15.50 81.58
1 600 2.11 2391 73.98
1 800 1.08 2527 73.65

N WA B R A R ot R 5 BB P BE RSO, B 3
TR R B SR EAT IR, A ST AL (a
B A BIROR R B R IR AL (b 5D AR N
BAMR RN BB AN (e 5 , W 11 Pros. S5
B W AT FOR HERD A D

a. alit b. bk c. cfit

a. Seed tray a b. Seed tray b c. Seed tray ¢

Ee a BOE USRSV E BN E AL ¢ SR
AURE At B e B U A 5

Note: Plate a is a seed sucking plate with a diversion groove; Plate b is a seed
sucking plate with an auxiliary seed suction device; Plate ¢ is a seed sucking
plate with a diversion groove and an auxiliary suction device.

A1l BAELEN

Structure of seed sucking plate

IR AT 3 Fron .

3 AERESKE
Table 3 Test factors and levels

Fig.11

KT WA 58 2 ok Bk LG EEEaT )
Levels Rotational speed of seed Negative pressure  Structure of seed
sucking plate n/(r'min’") p/Pa sucking plate C
1 30 1200 a
2 40 1400 b
3 50 1600 c

3.3 1FMiERR

i GB/T6973-2005 (Ffuki CR5a5) 3BFIMLRES J7i25) B
BRI R, SCRRA LI B 1 RRE Rl kLR AR,
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HE 3K
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Fz4 2RFRRBRFITER
Table 4 Statistical results of all-factor test

LI ES U ES

MR 4 MR AR, AR A R R IR 15 e 35 B 1
A iOb i NTTY: TP RS S i by NIT(TR: A NP = e A = W o
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= R i Fpi R . , . N
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suction rate/% rate/% ., - . B .
1 30 1200 a 2894 5.92 65.14 IF, FEFPIRAERE s b 2% Eh > T RS FE A B 2
2 30 1200 b 12.51 7.55 79.93 . . R
TR, RREE
3 30 1200 ¢ 6.25 12.23 81.52 A%, Ik =
‘5‘ 38 1388 ;‘ 2909830 1766390 Z;gé X _F RIS 25 Rt AT 28, SRR 5 For,
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1 40 1200 b 2227 7.42 70.31 BRI A S E (P<0.01) o 3 MR Z 0 ks
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Table 5 Analysis of variance
IR Leakage suction rate H I % Multi suction rate BRI Single rate
T H Ttems
n P C n P C n P C
SP-J7 1 Sum of squares 393.106 503.071 2 649.743 85.009 186.903 332.437 114.516 85.658 1 168.859
H Hi¥ Degree of freedom 2 2 2 2 2 2 2 2 2
#4977 Mean square 196.553 251.536 1324.871 42.505 93.451 166.218 57.258 42.829 584.430
F 15.786 20.202 106.409 9.939 21.852 38.868 2489 1.862 25.404
Sig 0 0 0 0.001 0 0 0.108 0.181 0
H: HRRIEE (P<0.0D) .
Note: ** is extremely significant (P<0.01).
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Design of pneumatic single seed metering device for coated hybrid rice

Zang Ying, He Siyu, Wang Zaiman™, Liu Shuncai, Wang Xuguo, Wen Zhigiang
(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: Direct seeding of rice is widely expected as one of the most important technology in mechanized rice planting. At
present, two ways are mainly divided into the transplanting and direct seeding. The direct seeding can reduce the input of
procedures and costs, while the growth cycle. In the complex field environment, direct-seeded rice seeds are easily affected by
diseases, pests, weeds, and flooding, leading to which greatly reduces the emergence rate and the yield. Alternatively, the seed
coating technology can be used to provide micro-fertilizers, growth regulators and pesticides for the germination of seeds and
the growth of seedlings. Specifically, the film-forming agents, adhesives, and other ingredients are generally used to uniformly
bond the active ingredients on the surface of seeds. Since its convenient application, low cost, as well as resistance to pests and
diseases, the seed coating technology can greatly contribute to enhance the seedling rate in the field, and the growth potential
of seedlings. Particularly, small environmental pollution can meet the harsh requirement of ecological agriculture. In recent
years, the mechanical direct seeding technology of rice has been commonly used in a large area in China, one of which the
precision hole direct seeding technology of rice has good ventilation and permeability in the paddy field. The rice seeds are
distributed evenly in the field, according to the agronomic requirements of rice varieties. The main types of direct seeding rice
are the conventional rice and hybrid rice. The sowing rate is normally 5-10 per hole of conventional rice, while the sowing rate
is generally 2-4 grains per hole for the hybrid rice with strong tillering ability. With the emergence of super hybrid rice and
some high-quality rice varieties, the single-grain sowing has become particularly important, due to it meets the requirements of
agronomic planting. In this study, a single-grain pneumatic seed metering device was designed for the coated rice to meet the
demand of single-grain sowing of super rice. The physical parameters of coated rice seeds were measured. A movement model
was established between rice seed and diversion suction plate during adsorption, according to the movement process of rice
seed under the action of suction tray. The optimal negative pressure was calculated under the ideal condition of seed suction
disk. Taking the coated rice variety (Super Rice Wuyou 1179) as the experimental object, the three-factor and three-level
all-factor test was used to analyze the seed absorption of rice varieties at the speed of suction tray, negative pressure of suction
chamber, and structure of seed suction tray. The experimental results show that the seed suction effect was the best, when the
rotating speed of diversion suction tray was 30 r/min, and the negative pressure of suction chamber was 1 400 Pa. The seed
sucking effect was best in the seed sucker structure with diversion groove and auxiliary seed sucking device, where the
maximum of single seed sucking rate was 81.58%, and the leakage rate was 2.89%. Therefore, the suction tray can effectively
improve the seed absorption rate per grain, suitable for the needs of single-grain sowing of super rice. The finding can provide
a theoretical basis for the rapid development of single-grain sowing of rice.

Keywords: agricultural machinery; design; test; coated rice seed; pneumatic; single seed seeding; diversion groove; hybrid
rice; sucking posture



