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Simulation and Test on Rice Seed Orientation

Based on Single Axisymmetric Properties

Yu Yaxin

Lin Jiahui Zhao Yun
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(School of Mechanical Engineering and Automation, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract; According to inertial properties and surface characteristic of rice seed, Euler dynamical model

was built.

Matlab software was used to simulate the movement stability of the seeds.

The numerical

simulation results proved that rotation about x-axis and y-axis was unconditional stability, while rotation

about z-axis was stable with some conditions. The effect of parameters on movement stability of rotation

about z-axis, such as crank length, angular velocity, the friction coefficient between the rice seed and the

guide plate, angle of vibrating board, and angle of guide plate, were analyzed. According to the results

of simulation, through orthogonal experiment on fabricated device, a set of optimized parameters were

obtained. Through experiments, above 89% embryo of rice seed were ordered.
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Fig.1  Photomicrograph of rice seed
LEMG 2. 8B 3. FR
R Fof Al LSRR S Al R B (8] 2) , LB Rk
S

[S)

+

2
X
— +

. ()

c

=

a

=l

N . — N 1
3 A SIS 1, = m (5 + ),
L= am(a + )AL = tm(a® +5) b m

TR b ) o

P2 ARl LA A

Fig.2  Geometry model of rice seed
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Fig.4 Schematic diagram of rice seed movement
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Fig.7 Effect of u, on movement stability

10 —— 14905 e pry=1.0 -+ p1y=1.4
i

"

Y/

_35 1 1 1 1 1 1
0 0.5 1.0 1.5 2.0 2.5 3.0

/s
B8, Xt RE AN Z SRR RE P Y 52

Fig.8 Effect of w, on movement stability

K 13 4 6 = 10°, ¢ = 10°, R =1 mm, 0 =
=1.44 mm, ¢ =

104 mmZ5 PR R A GRS 205 O 4.5 .6 mm i

107 rad/s,u, = 0. 15, u, =0.5,0

— 6:100 0: 200

710 1 1 1 1 1 J
0 0.5 1.0 1.5 2.0 2.5 3.0
INF ) /s
K9 6 X FEFhia sl g e v i

Fig. 9 Effect of # on movement stability

- 20 0.5 1.0 1.5 2.0 2.5 3.0
5 1] /s

B 10 @ X Fe it iz 2 A 1 19 52 )

Fig. 10  Effect of ¢ on movement stability

—R=0.5mm - R=1 mm ----- R=2 mm
10t oo,

720 1 1 ’ 1 I" 1 1
0 0.5 1.0 1.5 2.0 2.5 3.0
[ 18] /s
B R XA A E gl g e v i

Fig. 11  Effect of R on movement stability

w=207

0.5 1.0 1.5 2.0 2.5 3.0
i1 /s

B 12 o XFERE S AR Pk 1 52

Fig. 12 Effect of @ on movement stability

By Ve OL .y AT, A MR 1<,
Ay Wl B e )AL D S R Rl A 0 B A RN
P TEAR R 54 2 00T B 1 4 A i 7 R o 25
(14 5% BB
3.3 RO EEMESH

R b i AR T 1) ) A 2l 3 T G AR B HE A 2



66 & Ak HLOM 4R

20134

_____ a=4mm - q=5mm — a=6mm

0 0 “5 1 .IO 1 .I5 2 .IO 2 ..5 3 ..0
IR 1] /s
13 R LA AR X 32 3l B R 1 52 1
Fig. 13 Effect of shape of rice seed on movement stability
1] 75 Tl 14 5% 5 A o ) 0 2 4 1) 14 N TE ey =
0.5,u, =1.4,0 =10°, ¢ =10°, R =1 mm, w =
10 rad/s &, J 0o 77 5 1) Al A 52 78 5 B3 o

100 900
.7 T, 600
£ 50 é 300
Ry
E 25 J&K 0

0 300

|
[
W
[=)
f=3
=

0 025 050 075 100 0 025 050
fif 15l /s i) /s

P14 T o A% R 43 AT

Fig. 14  Analysis of centroid velocity

0.75 1.00

4 XK
K15 it F 55 19 I 2h X Pl i o 355 B

(19 8 e ARE A N [E RS 6 5, =Rl 2050 O £ 10. 27 mm

2.08 mm 1 2. 87 mm ; i Jii & 32. 016 g,

e
Bl 15 HEFp#IRR &
Fig. 15 Test bed of seed-metering device
4.1 RESH

T 56 H iR Bl AR A 2 T AR, DR SR T O
AN TR 3z 2y Ty 1) 1) AR Ao 4 3l A EE 45 DR S A A
AN A SCH 0,82, 5 [ Az 2 THRG W AS W] L 5 b 4%
(2000 *5,1500 5,600 5 ) , L3R 15 A [F] BE 2 [ 44
H1 4% 2 A 1932 3 77 B :x, = Reos(wt + @) + L A] 51,
S 232 0PI W T 53] 3 e R 2R ) Al e B WL R
WK R,

Vg A R EE ot A A R L R R A ] R 4
PRIEIC 5 ) B f A R SR AR S AP R AT IE S IR
¥, MR Matlab 15 B 20 BT 58 45 2 5008 35 Y0 1], 4
ANEEI 3 AKF, F 1 RIECRIBE R K-,

x1 KEEFRKF

Tab.1 Factors and levels of orthogonal experiment

T K 3 1 AR R R R B R 3l B9
¥ X, /mm xy/rad 5! 17 o W5 o, /(%) x/(°)
1 0.5 24w 1.36 1.07 10 8
2 1 21w 1.24 1.02 15 12
3 2 187 1.17 0.97 20 16

4.2 KBER

AR h B AR, LR & =
IV IESS IR I 2 Ly (37) , A 4150 U i 6 5
T 100 i, BEALEE B4R S0 b, Ge TR RV I 2 1 HE
IR, BRI A 10 IR, | & 45 RT3
flo B 5 A RN 2 R

A 2220 M7 2 3 AT, S AN B2 X e Al o
S T R B N AR K RS AR S
e ol ) 2 482 PR o, HHAR AL 0 R A
PRSI A 6 5 Matlab w75 51 (9 5 16 B2 A IR 30
A A X 32 B B MRS A /NI S I AT o DA
SE [0 26 R B4 H AR, 7l LAA5 3 — 21 B AR i R &k R

HENR=2mm, 0 =217 rad/s u,, =1.36 u,, =
1.07 .8=20°,a =12°,

TERES T, HEAT RE A 1) HE e 7Y 30k U5,
BEALZE I 100 MiAE A , 8426050 10 W, THE-F 2 1E,
T b 5E 1] 0 89% o

16 Sy Rl R AR AR 0.3 s HU— K I8 7 /Y

o WIHRIRZS AT B RS AP (2,3,5,10) fE B A
B8l B IR AR R AR, (EE 16 Hp A Rl
(1,4) IEAE 56w, R Rl (6,7,8,9) ity . Zid ik
g b1 AR B A8 2l 7R B 16f Hh BRAE R 9 Ab, I
AR A D JUR i 1) i az 2l ) LS B E ) HE AR H
i



4510 4 ATAEHT S ¢ T BRI PR R B0 R R E 1 41 O B R 67

iEZ ﬁtgﬁj‘j‘ﬁﬁgﬁ% 123 45 67 8 910
Tab.2 Scheme and result of orthogonal experiments
RN XN X X, X BMERR/Y
1 1 1 1 1 1 71
2 1 2 2 2 2 67
3 1 3 3 3 3 63
4 2 1 1 2 2 80
5 2 2 2 3 3 79
6 2 3 3 1 1 69
7 31 2 13 7 s - O
8 3 2 3 2 1 76
9 3 3 1 3 2 82
10 1 1 3 3 2 69
1 1 2 1 1 3 74 © ®
et 2 o7 P16 ARG 16
13 2 ! 2 3 ! 76 Fig. 16  Rotation of rice seeds
14 2 2 3 1 2 76
15 2 3 1 2 3 68 FRPE B T HERR A ST TR A AR e MR Bl )
16 3 1 3 2 3 67 #jj‘*% 5
oo o ™ (2) I Matlab % JCH 7 75 40047 %008 77 5T,
- = SIHT T HE R B 3 A 7 T i S R L
3 RBERWRENN RSB LR R AE T, AT LS B B 48 e 5l 164 4
Tab.3 Range analysis of experiment results /N 2 B B I sh R VR, R B R IR IR — 3
4 X, X, X, X, X; I, S5 30 E mHEFE HERR H
3 B Tm 77 20 R (3) FF E 0 HE R 3T T E SR 5,
K, 74.67 75.67 72.17 70. 67 74. 66 R=2 mm . @ =21x rad/s,ﬁ :200’#]2& — 1.07\'“2” —
j;’jﬁ R 786..0303 760.‘3333 770..1070 756..5107 74(?‘3333 136, o = 127 RFRE 1 40 89% W3 Frifir v
[ia) AR F14) - 2 4 b B2 56 mm/s
. (4) BRI 550 23 A 2 B, A1) R A A R 2k ) FR
5 H#Hig

Rk B BT A 3IR Bl CHE R A BE Tl AL o 2 A8 LR AL 1%
(1) ARG o 22 10 0 PR S BRI R JLAT oL RS BE A 2K

& % x Wt

1 REET. BBASOKHITIM]. B EMR-EHOR IR, 2005.

2 REK M. BRI A S E B S TR R M HOREARLT]. el % FR ,2006,32(6) : 16 ~ 19.

Wu Chongyou, Chen Nanyun. Technical ways of developing key-technologies and machines of super-rice mechanization[ J]. The
Equipment and Technology of Agriculture, 2006,32(6) :16 ~19. (in Chinese)

3 JHMEE, B A K AR BE AR S AR BT BUR e R A E [T ] Rk AR 4, 2008 ,24(4) 1301 ~306.
Zhou Haibo, Ma Xu, Yao Yali. Research advances and prospects in the seeding technology and equipment for tray nursing
seedlings of rice[ J]. Transactions of the CSAE , 2008,24(4) :301 ~306. (in Chinese)

4 FRIERRER. HUGR A UK R HER G BT (T]. R HL A iR ,2009,40(3) 69 ~71.

Zhang Xiaohui, Song Jiannong. Design and research on rice precision needle-like vacuum seeder[ J]. Transactions of the Chinese
Society for Agricultural Machinery,2009,40(3) :69 ~71. (in Chinese)

5 EWE, DB, YRR RS AR RS S M [T, Aol HLRAE R ,2010,41(2) 168 ~72.

Wang Zhaohui, Ma Xu. Vibrating measurement and analysis of seeds layer on precision seedling planting parts for super hybrid rice
[J]. Transactions of the Chinese Society for Agricultural Machinery,2010,41(2) :68 ~72. (in Chinese)

6 e, DB, RUMER. T LA AL 00 AR R A A ORI R [T Rk TR 4 ,2009,25(2) 121 ~ 125.

Qi Long, Ma Xu, Zhou Haibo. Seeding cavity detection in tray nursing seedlings of super rice based on computer vision technology
[J]. Transactions of the CSAE, 2009,25(2) ;121 ~125. (in Chinese)

7 AL AT, TR, . B REIR Bh SO S G A A b [E L 2200710067322, 8[ P]. 2009 — 06 — 10.

(THEET4R)



74

g Ak MO ¥ R 20134

10

12
13
14

15

16

2 £ x #

Taylor W A, Andersen P G, Cooper S. The use of air assistance in a field crop sprayer to reduce drift and modify drop trajectories
[ C] // Proceedings of the Brighton Crop Protection Conference; Weeds 2. Farnham, U. K. : BCPC Publications, 1989 631 ~639.
Quanquin B J. Less drift, more on target with the twin system [ C]. ASAE Paper 92-1564, 1992.
Quanquin B J. Air-assist applied to field sprayers [ C] // Proceedings of the National Conference on Pesticide Application
Technology. Guelph, Ontario; University of Guelph, 1995.124 ~ 126.
Young B W. A method for assessing the drift potential of hydraulic nozzle spray clouds, and the effect of air assistance[ C] // Air-
Assisted Spraying in Crop Protection, BCPC MONO. No.46. Farnham, U. K. : BCPC Publications, 1991 77 ~ 86.
Hislop E C, Western N M, Cooke B K, et al. Experimental air-assisted spraying of young cereal plants under controlled conditions
[J]. Crop Protection, 1993,12(3) . 193 ~200.
Howard K D, Mulrooney J E. Testing protocol for the evaluation of air-assisted boom sprayers [ C]. ASAE Paper AETC96116,
1996.
Robert E W. Equipment to reduce spray drift [ R]. Lawrence, KS: Kansas State University, 2000.
Hislop E C, Western N M, Ruth Butler. Experimental air-assisted spraying of a maturing cereal crop under controlled conditions
[J]. Crop Protection, 1995,14(1) . 19 ~26.
Panneton B, Philion H, Thériault R, et al. Spray chamber evaluation of air-assisted spraying on broccoli [ J]. Crop Science,
2000,40(2) : 444 ~448.
Piché M, Panneton B, Thériault R. Field evaluation of air-assisted boom spraying on broccoli and potato[ J]. Transactions of the
ASAE, 2000,43(4) : 793 ~799.
Scudeler F, Raetano C G. Spray deposition and losses in potato as a function of air-assistance and sprayer boom angle [ J]. Sci.
Agric. , 2006,63(6) : 515 ~521.
FEAT A, AT KBS PLAI TR (1], A HLBK,2006 (1) :139 ~ 140.
W2 75 A XU R, 4E . B i B XU SUBAT B 25 AL RGBT [T ] AP HLAR 2008 (6) 34 ~35.
KB RS B XS SR B S LG 2 M AR B [T ] RO LB A= 4 ,2012,43(10) :66 ~ 71,
Zhang Tie, Yang Xuejun,Dong Xiang, et al. Experiment on spraying performance of super-high clearance boom sprayer with air-
assisted system[ J]. Transactions of the Chinese Society for Agricultural Machinery,2012,43(10) :66 ~71. (in Chinese)
ER AT WS HLERT ) 45 2k KO g B R [T ], Al HLA % 41 ,2006,37(3) 142 ~45.
Wang Jun, Qi Lijun. Pressure drop on the boom sprayer and its effect on spraying[ J]. Transactions of the Chinese Society for
Agricultural Machinery,2006,37(3) :42 ~45. (in Chinese)
XL Sk, TR, 4. ST BB 25 oL SO0 25 AR AR i ma [ 1] ARl 4 , 2012 ,43 (15 T)) :67 ~T72.
Liu Xuemei, Yuan Jin, Zhang Xiaohui, et al. Effect of air-assisted spraying condition parameters on boom spray drift
characteristics[ J|. Transactions of the Chinese Society for Agricultural Machinery,2012,43 ( Supp. ) :67 ~72. (in Chinese)
AN MOBIR, 5 5. TR E RORIATE[T]. 4l TRE~# 4 ,2001,17(5) :59 ~62.
Tang Bomin, Lin Guangwu, Gao Chongyi, et al. Study on two-phase flow spraying technique[ J]. Transactions of the Chinese
Society of Agricultural Engineering,2001,17(5) :59 ~62. (in Chinese)

(L#% 67 W)

8

10

11

12

14
15

Lefcourt A M, Narayanan P, Tasch U, et al. Theoretical analysis of stability of axially-symmetric rotating objects with regard to
orienting apples[ J]. Transactions of the ASABE, 2008,51(4) :1353 ~ 1 364.
S, B O R RERIR R I 09 2R 1 X KR AR O B R IR IR AT (], ARl T4 1L ,2008,24(4) 1155 ~158.
Jin Chenggian, Yuan Wensheng, Wu Chongyou,et al. Experimental study on effects of the bulbil direction on garlic growth[ J].
Transactions of the CSAE,2008 ,24(4) :155 ~158. (in Chinese)
5 BRE A TR, 55 KRN R AL B 588 0 [T]. AR HLR %Rk ,2011,42(2) :88 ~93,119.
He Yueping, Chen Qingchun, He Ruiyin, et al. Optimal design and kinematic analysis for planting system of garlic planting
machinery[ J]. Transactions of the Chinese Society for Agricultural Machinery,2011,42(2) :88 ~93,119. (in Chinese)
R, A e SRR R T IRCRP AR BT [T ], R B A S FE A AR ,2009(2) 118 ~20.
Jian Shichun, Zhao Feng, Li Qing, et al. Research and design on rotary garlic single-clove directional seed metering device[ J].
Agricultural Equipment and Vehicle Engineering, 2009 (2) ;18 ~20. (in Chinese)
Gao Chi, Zhang Heng. Study on the direction identification and alignment of garlic scaly bud[ J]. Advanced Materials Research,
2012, 482 ~484 . 220 ~223.
AT, 5T, 3Rk, . kAR VR AR A 1 HE 5 S R HE R A R R S ECRAL [T ] VLI KA A AR, 2008,
29(3):194 ~197.
Yu Yaxin, Zhao Yun, Zhang Bin, et al. Seed metering device based on orienting ordered arrangement in embryo and parameter
optimization[ J]. Journal of Jiangsu University: Natural Science Edition, 2008,29(3) :194 ~197. (in Chinese)
MRk I ZRARG =M JUat 5% ECF L, 1999.
Wi, g M), Juat. & S EOE HARH: ,2004.



