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a. fIFRPER4s

a. Structure of seed metering device

b. il B Al B R

b. Sketch map of churning device arrangement

LADFE  24MRME 3Rtk 4R SRR 6. BRI 7.HIMEE
8T TR

1.Seed box 2.Outer cylinder 3.Ventilation shell 4.Seed tube 5.Seed
transportation tube  6.Brush 7.Churning device 8.Clearing finger

B 1 AR RE RH X AKAGHA 25
Fig.1 Pneumatic cylinder-type seed metering device for hybrid rice
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iz, I HIR SRR HEFR 23 A7 70 G ORI (R, B e
MR o X 455 % Rl 2 25 AN R W RS b 58 1) 23, R T 7
PRI, ATHAIR S5 SRR fEMFE NIl —
TR B v A B T IR A S opy, (AHAE SN
(TR 2 P QES BRS e ¥ s  E  [2 Ei W O WA ke L E e
S Am MR E S HAMMMRE, RS RERFN
R AR BT T H S S, BEENSCHESL
WAER, TIHE mHERR 2SO HEFORE B

RS AE TR B IR A% 5 m) ZRURD T 2 78 4 A 2 ok L T
PERE s IR I 2Ll b, Wk TR BRI A A E, B
W TR A AMEE, eum o3 Am 2 ANRAL, Flie 5 4,
W 8 4H, WHLA/MEEAR 135 mm [EAEANRID, 79 B 28
FEESN 10 mm, P E R 3D PR s HLHIIE, 4 50
Ny ABS YKL, EWE 16 fior, HEWmE 2 Bros.
TR H WA ARG I =3 R Gk i o dfr (s 1
), Bl 2as 2b 43R EN 1 mm. 2 mm )RR E ;
2c A— M AR ERENMER, HEEOEER
| mm. I KEZFAHN 2 mm.
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1 mm
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a | mm)EHFEEE

a. Churning device with
thickness of 1 mm

b. 2 mm /4 Fhk B
b. Churning device with
thickness of 2 mm

c. Arc-shaped churning
device with slope
thickness from 1 mm to 2 mm

B2 BHEETFEH
Fig.2 Schematic draw of churning device
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Table 1 Average value of the triaxial size of seeds for 6 typical
varieties of hybrid rice

KT B 1) JERETHY
faFf Varieties Average Average Average
length/mm width/mm thickness/mm
AL 1179 9.82 228 1.82
I 1179 9.72 2.64 2.04
SRR 1212 8.94 2.30 1.94
Al 338 8.22 2.87 2.14
FiAk 1179 8.62 2.56 1.99
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i AR SRS, BRI WA 3 .
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Fig.3 Schematic diagram of rice seed model
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1.Seed box 2.Churning device 3.Outer cylinder
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Fig.4 Schematic diagram of simplified seed metering device
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Table 2 Material parameters

" . TARALL HIYIRE % % Density
F4R} Materials Poisson’s ratio v Shear modulus G/GPa  p/(kg'm™)
FEfl Rice seed 0.5 181.5 1139
ABS kL CHERRES) 0.4 326.6 1050
=3 EMSH
Table 3 Contact parameters
25 R Static fricti D o friofi
Contact category ecoyery tatic r1'ct10n ynamic '1ct10n
coefficient coefficient coefficient
T 0.3 0.56 0.15
FEFI-ABS MEL (RIS 05 0.5 0.01
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a. | mm/E i FhaE &

a. Churning device with thickness of 1 mm

b. 2 mm/EHE R E

b. Churning device with thickness of 2 mm

c. 1-2 mm /S S B B R Ak B

c. Arc-shaped churning device with slope thickness from Imm to 2 mm
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Fig. 5 Varying curve of mean normal stress with time for different churning device
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Table 4 Average triaxial resultant velocity of rice seed

iR E Zhh A
Churning device Triaxial resultant velocity/(m-s™')
1| mm JE AR E 2.80x10
2 mm JEHRR R 5.65x10%
1-2 mm 557 3B R 9.21x10™

3 HitrE Azl

R EREHOC B R, RWIAE 1-2 mm 45 A 5 E
3R B BRSO, 34T = IR R KTV IR IEAS e
AARY, WIS A,

3.1 Rl

PRI 2018 4F 1 H, I MF: JPS-12 HLEs il
HEFP 2RI &, ISR AR J A8 7K A & i P G
1212, BZ&JEEKIEF ERINE A . TS, Rk
JPS-12 WA HERI SR8 T & Lt T, KA sl gL
TR T HER 28 B WS R 5 U AT SRR iE R IR BT AT
3.2 REEH

i 6 Fron, I3 E N NR B AU &
Hefp 2%, AR HLE W AT R, BRI
3.18~~36.82 r/min; HRHE PTG W B R, e B Y
79 0.82~4.18 kPa, JEFIFEEN 1.16~2.82 mm.

LA 24MRE 3HMEE 4SBT E SAURE e RSk
1.Seed box 2.Outer cylinder 3.Churning device 4.Seeder test platform
5.Negative pressure tube 6.Ventilation shell

He6 ANEHHMAERREE

Fig.6 Experiment platform of cylinder-type seed metering device
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P(i) = -’;150 2
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DA FR 67 VR T IS MR BRI R &, T
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Table 5 Experimental variables and levels
[KI& Factors

K T Fo 7 TR A AR RS

Level Negative pressure p/  Rotation speed of  Cleaning distance H/

kPa cylinder n/(rrmin’) mm

1.68 4.18 36.82 2.82

1 3.50 30 2.50

0 2.50 20 2.00

-1 1.50 10 1.50

-1.68 0.82 3.18 1.16

4 BREMA

R RWE 6 P, ZHA 1-2mm BRI E T
Hefhas, HER S HERSE ST (1~3) k%, AR
it 5 Mt Design expert BB AC MR, T
AL A N 7Ty 1.60 kPa. TR & %55% 9 10 r/min.
TEPREE B8 1.94 mm, S4% 2N 84.67%, HINE N 7.92%,
TN 7.41%.

4.1 RESHAESERTN SR

R AR A S, LS 1.60 kPa. ¥R & IHE
10 r/min. JEFHEE S 2 mm NEZRAE, PLEBIL 1212 4
RIGATRL, HEATIRAERYE, St 750 SRR RS I,
MR K, FHREAE FEHEN 86%, EWER
5 8.47%, IRWZEN 5.53%, SRR 45 B AT .
4.2 HENH

HEFh 28 B B A% O B A2 B AR 2 e s R 1
A, RIER 6 WRRLER, BT T HA R AN
R EDNT, WERAE 3 1-2 mm [R5 PR 25 B 1
HERh 2R B DL N, HEPhERIRRR 4 . VR R VSRR IR
B GRS ALEEE) =E AR m N RN R,
gERR 7 Fon.
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Table 6 Experiment result data

# Factors PFr#845 Evaluation index

G5 s RO g WRE e WK

No. ) Rotation . Rate of . Over
Negative . Cleaning Qualified

velocity of .. seed o sucked

pressure X; cylinder X, distance X3 empty/% rate/% rate/%

1 1.68 0 0 1.47 75.46 23.07
2 0 1.68 0 18.13 78.54 3.33
3 -1 1 1 4333 56.54 0.13
4 1 1 1 6.60 81.33 12.07
5 -1 -1 1 15.53 76.00 8.47
6 0 0 0 7.73 83.40 8.87
7 1 -1 -1 7.87 84.66 7.47
8 -1 -1 -1 16.53 82.00 1.47
9 0 0 1.68 7.95 82.41 9.64
10 0 -1.68 0 2.80 83.87 13.33
11 -1 1 -1 35.27 64.07 0.67
12 0 0 0 7.87 83.20 8.93
13 0 0 0 7.27 83.80 8.93
14 0 0 0 7.93 83.61 8.46
15 0 0 0 7.69 83.64 8.67
16 0 0 0 7.56 83.97 8.47
17 0 0 0 7.27 83.93 8.80
18 0 0 -1.68 224 71.67 5.93
19 0 0 0 7.47 83.86 8.67
20 1 1 -1 17.33 71.34 11.33
21 0 0 0 7.87 83.40 8.73
22 -1.68 0 0 17.60 75.20 7.20
23 1 -1 1 15.73 78.00 5.87

T ORCIC AR, 1S3 RO AR, =4 R0 SR
Note: 0 seeds per hill means seed empty, 1-3 seeds per hill is defined as
qualification, =4 seeds per hill is defined as over sucked.

RT AEDHR

Table 7 Analysis of variance

BEETIA .
Iia d)g; S?)i‘ﬁe sqslilar?e: f)f D‘?gllz":el?of N,[Jejell:; F P
mean freedom  square
deviation
Cﬁgﬁfd 1113.422a 14 79530 45439 0
X 279.032 3 93.011  53.140 0
X 266.639 3 88.880  50.780 0
X 169.130 3 56377 32210 0
PRV 00 73205 1 73205  41.825 0
Qualified  X.X3 0.005 1 0.005 003 0
rate XX 0.125 1 0.125 071 0959
XXoXs 7.605 1 7605 4345  0.796
Error 14.002 8 1750  14.002 8
Total  144212.590 23 144212590 23
Corrected 157 424 2 1127424 22
Total
Corrected , ¢13 g60a 14 186704 242473 0
Model
Xi 404.090 3 134697 174931 0
X 547.660 3 182,553  237.082 0
X 361.281 3 120427 156399 0
T 0 30.420 1 30420 39.506 0
Rateof XX 0.045 1 0.045 0058 0815
seedempty  y v 0.08 1 0.080 0.104  0.755
XXoXs 3.38 1 3380 4390  0.069
Error 6.16 8 0.770
Total  6936.890 23
C‘?getzie‘i 2620020 22
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Design and experiment of wedge churning device for pneumatic
cylinder-type seed metering device for hybrid rice

Wang Baolong'?, Wang Zaiman'*, Luo Xiwen', Zhang Minghua®, Fang Longyu!, Liu Shuncai*, Xu Peng*
(1. Key Laboratory of Key Technology on Agricultural Machine and Equipment, Ministry of Education, South China Agricultural University,
Guangzhou 510642, China; 2.College of Horticulture, Hainan University, Haikou 570228, China)

Abstract: To meet the requirement of the precise direct-seeding for hybrid rice, the study aimed to design the wedge type
churning device, which on the basic of pneumatic cylinder-type seed metering device. As the shape of rice seed is slender, long
and sharp, with edges, villus, and poor fluidity, the wedge-shaped churning device was designed to improve suction accuracy.
The previous experimental results show that the installation of an electromagnetic vibration device at the bottom of the seed
box can help the cylinder metering device to suck seeds, but it is not suitable for field use. A directional churning device and a
linear churning device for a vertical disc rice pneumatic metering device was designed, the experimental results show that the
directional churning device can improve the seed suction precision of the metering device according the previous research of
the author’s team. According to the triaxial size of typical hybrid rice varieties, three kinds of churning devices with thickness
of 1 mm, 2 mm and arc-shaped churning device with slope thickness from Imm to 2 mm were designed, which was made of
ABS plastic and fixed on the outer surface of the cylinder, with two suction holes on both sides of the churning device. The
straight-line distance between the two ends of churning device is 10mm, and five groups in the cylinder axial direction, eight
groups in the cylinder circumference In order to test the churning performance, the virtual simulation was investigated by
means of discrete element method, the model of the seed metering device was drawing out by 3D cad design software.
According to the average triaxial size, the rice seed model made by multi-spherical particles with radius from 0.2 mm to 1 mm
were packed and filled in EDEM software. The mass, volume and moment of inertia were calculated automatically by EDEM
model. The average normal contact force and triaxial resultant velocity towards to the cylinder of the rice seed near suction
holes were compared. The average normal contact forces produced by seed agitator on rice population were respectively
-1.37x107, -1.42x10” and 7.54x10°N. The results showed that the churning effect of arc-shaped churning device with slope
thickness from 1mm to 2 mm was better than the others. Taking the Jingliangyou 1212 rice seeds as the experiment material,
using three factors and five level orthogonal rotatory experiment for arc-shaped churning device, the influence of negative
pressure of the suction chamber, rotation velocity of cylinder, and cleaning distance (distance between the cleaning device and
the hole edge) on the suction performance were studied. The results showed that the prediction optimal parameters of the
regression model were as follows: the negative pressure was 1.60 kPa, rotation velocity of cylinder was 10 r-min™', the cleaning
distance was 1.94 mm, with the qualified rate ((2+1) seeds per hill) of 84.67%, the over sucked rate (=4 seeds per hill) of
7.92% and rate of seed empty of 7.41%. The test results showed that the qualified rate was 86%, the over sucked rate was
8.47%, and the rate of seed empty was 5.53% under condition with optimal parameters. The results showed that the arc-shaped
churning device with slope thickness from 1 mm to 2 mm for cylinder-type seed metering device had a significant effect on the
separation, agitation and suction for the hybrid rice, which could improve the seed suction performance, and provide a
reference for the further optimization.

Keywords: crops; agricultural machinery; experiments; hybrid rice; cylinder-type pneumatic seeder; churning; discrete
element method



