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1.Test-bed bracket 2. Driving system 3. Combined slide rail 4. Rice seeds
5. Cleaning-seeds brush roll 6. Cleaning-seeds scraper 7. Seeds separating
and feeding mechanism 8. Exit 9. Horizontal driving system 10. Horizontal
conveyer system

B1 #Feaiftinssdhrsl
Fig.1 Structure sketch of seed directional delivery test-bed
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a. Section of combined slide rails  b. Structure of fixed-distance conveying plate

LIHIE 2.J8E4E 3URE] 4 EERSIER ST

1.Slide rail 2.Fixed shelves 3.Screw 4.Fixed-distance conveying plate
5.Seed

I b AWEE, mm; o NWIERA, (°): o NWIERET, mm.

Note: b represents tooth space of positioning conveying plate, mm. a represents
angle between slide rails, (°). J represents gap between slide rails, mm.

B2 WemasghrER
Fig.2 Structure sketch of combined slide rails
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Table 1 Relationship between conveying frequency and seeding rate

Conveying Qualified Single seed  Double eeds  Three seeds
frequency/Hz rate/% rate/% rate/% rate/%
1 95.975 10.097 39.428 46.450
2 98.745 15.240 53.176 30.329
3 98.335 13.152 47.763 37.420
4 95.355 38.164 38.322 18.869

TE: WBIERAA 60°, iFEH 10 mm, HREHESHA 1L 2. 3. 4Hz,
Note: Angle between slide rails is 60°. Tooth space of positioning conveying
plate is 10 mm. Conveying frequency are 1, 2, 3 and 4 Hz, respectively.

MR R IR IR AN 5 1. 24 3. 4 Hz B R
EREE RN 95.975% 98.745%. 98.335%F1 95.355%,
A DUE H S 5E AR N 2 Hz I, HEFh & Fs R B, ik
AEEN 3 Hz BHRZ s THNENEAN 1. 4 Hz B, R &
MR BART N, (ERERDIEADN . @i gg K,
FIE SRR, HEPh A M Z AR 3 2 R R 2 (R A HE
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2.1.2  EIEHTIAMCEFEXT HEFT AL GG R R

W HIEMZFN 3 Hz, WA N 60°, FHARYE AT i
RIS FC, & RRHNER U FER 94 104 11, 12 mm 4
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Table 2 Relationship between tooth spacing and seeding rate

i AW BRE  WRE  SHE
Tooth pacine/mm Qualified  Singleseed Double seeds  Three seeds
pacing rate/% rate/% rate/% rate/%
9 95.355 36.486 38.124 20.745
10 98.100 50.054 40.018 8.028
11 95.090 44212 41.211 9.667
12 94.560 31.880 35.826 26.854

TE: WHERAN 60°, ki3 Hz, HHEE/HIA 9. 100 11, 12 mm.
Note: Angle between slide rails is 60°. Conveying frequency is 3 Hz. Tooth
space of positioning conveying plate are 9, 10, 11 and 12 mm, respectively.

Xof L HERF AR R 2 A 95.355% - 98.1%- 95.09%55
94.56%. Fr, WM 10 mm B, HERAHEREE, H
ViBE AT HEFP A A R A B35 . RiRIG ISR, wiE
BB FE RN E ST VA PR 1P AR s A
A RN LR RUE G FERR /N, 2 BRSO V TR
Fhr s, . ATINTER RE TR, FhT BARTE V TEAE
W RER TE B AR IRl T, (EFh PRI AR 2. M,
B85 A BE IR, e (05 1Rl AR 2, (H BRI K
W, FEFER SRR 5 R ARSI, R E R
AR . R IR AT T ARTURIE FARH A R (2~
3 KR BT 50%~60%3 Bl AR, OBGRIGHERN R
T e N AU BEAE N B VTR d, BT d D9 10 mm.

2.1.3 Rk AT HAT AL 00

B E HER ARSI N 3 Hz, KiFE N 10 mm, 78
TB I £ o B 300, 45°, 60°. 80° 4 AN /KF-HE4T B K R,
T TE I S5 HER RO R R 3 Fis.
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Table 3 Relationship between slide angles and seeding rate

AR RSV $j R =
slide angles/(°) Qualified Single seed  Double seeds  Three seeds
rate/% rate/% rate/% rate/%
30 96.260 32.028 50.986 13.246
45 98.390 21.670 61.448 15.272
60 97.600 33.152 40.072 24.376
80 95.355 36.462 37.046 21.847

TE: HEEY 10 mm, &SR 3 Hz, WHIEICH 5010 30°. 45°, 60°F1 80°,
Note: Tooth spacing is 10 mm. Conveying frequency is 3 Hz, and angle between
slide rails are 30°, 45°, 60° and 80°, respectively.

FH 1 56 15 25 T8 08 & B P 6E S [ HEFR A 8 2R 0 N
96.260%- 98.390%-. 97.600%F1 95.355%, Frh, X4iEiE
Jef 45° B, HEMERER RS . T HEAAHME (2~
3R WK 76%LA L.

2.2 IEXIRIE

MG FlR B R 2RI R S R, DLHER &R 1
FREFEER, CHEAHERR Y, NS HEiEr, WESHRER
KGN BisiE 2~4 Hz. 1A 30°~60°. A
B 9~11 mm. FKH=FER RIEAIEAS e 4 AR50 %
A%, SRR 3 AT 2R S5H ST
WEMESHT, RS RIAT kB OO ENE, K
RHEM AR E Yy, FIEARHEM SR Y, B B A Ty
2, e REAE. REMIRBNERIEITIL.
RRREKFWE 4 P,

F4 HBRRARRKER
Table 4 Experimental factors and levels
RIEHF Test factors

K EHRE W F i
Levels Conveying Angle between Tooth pitch
frequency X/Hz two slides Xo/(°) Xz/mm
1 2 30 9
2 3 45 10
3 4 60 11

2.3 EXRELERES
2.3.1 XBuR
2014 4 11 B, TEAR b AL K A7 Ak B seah == 3473056,
R L5 RN 5 Fros.
F5 It RER

Table 5 Experimental design and results

o ,ﬁ%ﬂﬁ ik B A
No. est factors Qualified Ideal qualified
X X2 X3 rate ¥1/% rate Y2/%

1 2 3 1 98.4 75.235
2 1 2 3 94.105 75.802
3 1 2 1 95.51 80.8

4 3 1 2 96.215 57.45
5 2 2 2 98.69 87.375
6 2 2 2 98.55 88.73
7 2 2 2 96.05 83.093
8 1 1 2 90.96 84.845
9 2 3 2 95.275 78.325
10 2 3 3 95.36 50.76
11 3 2 1 98.745 65.16
12 2 2 2 98.598 82.085
13 1 3 2 97.635 83.095
14 2 1 3 93.71 65.4

15 2 1 1 97.99 60.372
16 3 2 3 93.145 52.715
17 2 2 2 98.76 79.895

2.3.2 EPEKFHEANGET LR EMES

FIF Design-Expert 8.0.5b X158 4512t 47 2 Joml 14
WA, XIS R T BI04, TR SR A%
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—2.04855x,"—4.71022x10°x,"-0.70480x5> (1)
HE 6 A, XMEHEAMAEELEEEZEDN

(P<0.01) o {HEIE IS AR AR AT BE A8 B0 (xoxs)

) P AR ARSI FE — R (x®) P B I>0.1, i
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RN (2) o BIBRAS B35 R & 10 Bl B8 Oy 22 73 #r
W 6 fiaw.
Y,=—35.87743+29.13630x,+0.86963x,+15.45163x;
—0.12692x,x,—1.04875x1x3-2.04855x,”
—4.71022x107x,°—0.70480x> 2)
T (20 BEH RIS, RS
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Table 6 Variance analysis for qualification rate Y,

AR SRR REE H i ¥175 F18 P18
Variation source Sum of squares DF Mean square F value P value
Model 82.56/82.17 9/8 9.17/10.27 8.94/10.86 0.0043*%/0.0014**
X 3.34/3.34 1/1 3.34/3.34 3.26/3.53 0.1141/0.0970
X2 7.60/7.60 1/1 7.60/7.60 7.40/8.03 0.0297*/0.0220
X3 25.65/25.65 1/1 25.65/25.65 25.00/27.12 0.0016**/0.0008%***
X1X7 14.50/14.50 1/1 14.50/14.50 14.13/15.33 0.0071%%/0.0044**
X1X3 4.40/4.40 1/1 4.40/4.40 4.29/4.65 0.0771/0.0631
XoX3 0.38/ 1/ 0.38/ 0.37/ 0.5598/
X’ 17.67/17.67 1/1 17.67/17.67 17.22/18.68 0.0043*%/0.0025%*
x* 4.73/4.73 1/1 4.73/4.73 4.61/5.00 0.0689/0.0558
x5 2.09/2.09 1/1 2.09/2.09 2.04/2.21 0.1964/0.1753
5% 7 Residual 7.18/7.57 7/8 1.03/0.95
P2 Lack of fit 1.75/2.13 3/4 0.58/0.53 0.43/0.39 0.7435/0.8063
S Correct total 89.74/89.74 16/16

Ee 7 NRTRBIGARE R REHR A Y, 07 = sl

Crrx? FORMRE (P<0.001); “#*RIRHLEK R (P<0.01); “*"RREE(P<0.05). T,

Note :Numbers under ““/”are variance analysis results for qualified rate Y; after rejected no significant factors.“***” means highly Significant (P<0.001), “**”means very

significant (P<0.01), “*”means significant (P<0.05). Same as below.

2) HRARHERNER Y, [FERER R i RS A IS
SRR EAE AT Z s ARG, 15 2% R R
HARHER R vy s g [EE AR a0 (3) « BIE TR R
FERG IR 7 BTN
Y,=—1581.47080+0.67530x,+6.74402x,+309.13475x;
+0.37708x1x—1.86175x165-0.49172x,x;—1.3146 7,
—0.031076x,"—14.30168x5 3
RIFER 7, XA P=0.0005, HABR IS
FE R R R (P<0.001) o BRIZ x,2 DL SR B ik 4
HRox) FIGEE x;s L HAEFK) P HYI>0.10, XFEAEHER R

Y, AR . [FRE, RN P EAEZE, ST
TEHADR L B R ZE R KRR S H . HIFRA R
FIAF UG M EEA R A= (4) , SALE E MR ST
ZOHTInER 7 R
Y,=—1521.88186—25.83025x,+6.77170x,
+304.93337x5+0.37708x,x,-0.49172x,x;
—0.031384x,"—14.37087x3> (4)
W (4) BRI, R AR HE R

B R R R 2R 3 R A ib AR A BE A AR ik AR
NSRS

x7 BBIEHMER Y, HESER

Table 7 Variance analysis for ideal seeding rate Y,

A SRR SEITA H ¥o7 F1i MAAE P
Variation source Sum of squares DF Mean square F Value Pr>F
Model 2345.45/2324.31 9/7 260.61/332.04 17.31/23.62 0.0005%%%/<0.0001***
X 628.21/628.21 1/1 628.21/628.21 41.73/44.69 0.0003%%#%/<0.0001***
X2 46.79/46.79 1/1 46.79/46.79 3.11/3.33 0.1213/0.1014
X3 170.11/170.11 1/1 170.11/170.11 11.30/12.10 0.0121*/0.0070**
X1X2 127.97/127.97 1/1 127.97/127.97 8.50/9.10 0.0225*/0.0145*
X1X3 13.86/ 1/ 13.86/ 0.92/ 0.3692/
Xox3 217.61/217.61 1/1 217.61/217.61 14.46/15.48 0.0067%%/0.0034**
x,? 7.28/ 1/ 7.28/ 0.48/ 0.5093/
X’ 205.85/210.53 1/1 205.85/210.53 13.68/14.98 0.0077*%/0.0038%**
X3 861.21/871.98 1/1 861.21/871.98 57.21/62.03 0.0001*%%/<0.0001***
7% Residual 105.37/126.51 7/9 15.05/14.06
%417 Lack of fit 50.55/71.69 3/5 16.85/14.34 1.23/1.05 0.4085/0.4965
S Correct total 2450.82/2450.82 16/16

e /7 NET B R RS B R v T E A R

Note: Numbers under “/”are variance analysis results for ideal qualified rate Y; after rejected no significant factors.
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X THTE A X FITGEE X AE BAE RS A% 25
Mo 35 3.2, 5 Mo e 7 T 40 €] 36

4 #% % Qualification rate/%

a. HIESRA NG TE e A 22 HAR
a. Interaction of conveying frequency and slide angle

Ak Z Qualification rate/%

b. FESRA A BESE HAE
b. Interaction of seeding frequency and tooth spacing
FE: B 3a i iiEEy 10 mm, [ 3b HRIFIEI A N 450,
Note: Tooth spacing is 10 mm in Fig.3a. Slide angle is 45° in Fig.3b.

B3 HAesEREEwH

Fig.3 Surface of double parameters about seeding qualified rate
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] o 7518 I A Ak AR R 22 HAE I, s &
2 1) 2 B R R AR
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FH T 78 18 I A A AR U 9B 1 22 BLAE FAE G HERE &
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3 SNSRI
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WAV R S i L, KR A4 R AR
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HARERE: maxYi(xy, x2, X3)

ZIRRE: 2<X<4, 30°<)X,<<60°, 9<X;<11

FIFH Design-Expert8.0.5b, XJ HZE AR T LATH
P S E NEIEHR 2.7 Hz, WEIEJff 46.8°. A
FEA 9.6 mm, HEFPEAE N 98.75%.
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R EZKGIERE 10 K. BHMAEBRTYEN
97.98%, SEWALIREER —H.

4 BHEEMRENE
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WA 2~3 KM I/ME S SRg g ) SEER
(5 b E 4 R DL ER RN SIS Ss e
5 TP 3 1 R s G e B 1 O E I T R 2o
(FaFp A7 m S5 M s g m AN o ¥ B LL se
RIFIRE 2> BIBEE 0°<XB<<5°. 6°<<B<X10°A 11°<p<15°
3 ANt 5 DX, U B B TR S S A X Y R
(5 Frp7-y v Sl 1 FE X A R TR 80 S obi Bz LD &
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Table 8 Overall performance test of seeding
I atek el e W L & $FE Frequency /%
Test objects Qualified rate/% Ideal seeding rate/% Missing rate/% Reseeding rate/% 0°<p<5e 6°<p<10° 11°<p<15°
A 419 97.95 74.46 1.84 0.21 51.30 25.66 20.08
Dongnong 419
JLF 16 97.69 73.63 1.98 0.33 53.34 26.18 16.16
Longyang 16
*HTE%{ 98.03 77.91 1.58 0.39 52.78 25.34 18.98
Daohuaxiang
FH 131
96.27 80.12 2.41 1.32 43.38 29.18 22.82
Kongyu 131
JL*E 26 96.18 81.73 2.57 1.25 44.47 28.84 22.26
Longjing 26

TE: B APTRRAD T AR A S AR AT R A AR

Note: /5 represents included angle between sowing seeds’ long-axis and direction of forward motion of paper tape (deflection angle).

RIS TR, 2P B BT H R
FVRE AL BRRE ARG XY B A B S B e o R b B R
HFh a2, IeHEZ . R E M 30 T 5k 2 A
G, FRHR SR N 97.22%, FHIEAEHER RN
77.57%, IR S EFHFEDNET 2.6%F 0.4%. 40 T
TP M BEAE 0°<<P<<5°, 6°<<XB<<10°A1 11°<p<<15°3
Az £ B DX PR PRI RE 23 ) K T B 5 T 43.38%+ 25.34%
1 16.16%, BIiZ%%: B T S2H] 84.88% LA L1k f FEAE
INFEEET 1SRG X, AT AR N E 3
TR SRR AR,

5 &

1) X RORERS € A B iR A R kAT TR R S
IEAZEGHT TE, 73 BT 45 Hh S i HE At 5 A% 25 18 BT 3R 2 I
PN € BREIASCIE N . A BOAFEAE B A FE
Mg AR HERD 2 (0 PR 3R 2 R 9 g BRI AR A BE L fanik
PRI AT AN T R A

2) FIH T Design-Expert8.0.5b [1Z1H g ¥ 2tttk
hag, CLHER SR R D9TPMr bR, XA G g 2 a] A A
RUBATOCAC KA, R LA & IS 2.7 Hz.
TEIE IS 46.8° TN 9.6 mm, HEFHEAEE N 98.75%.

3) iSRG RFEMERERES, F0UE 1 HE 3 B
ST RO UK B S AP & Ntk e . 153 T
SRR AR 97.22%, “PRFREHRER N 77.57%,
T 25 IR R AET 2.6%81 0.4%, 84.88%LA LAl
e 1 BEAE /N TSR T LSO E M RE DX, AL T I U
R B BIE A 8 g AR A RO, R AL T RS A
T B HORS RO AR EIR
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Perfor mance experiment of directional precision seeding device for
japonicarice

Han Bao, Meng Fanchao, Liang Li'na, Ge Yuxiao, Xu Hongyan
(Engineering College, Northeast Agricultural University, Harbin 150030, China)

Abstract: In order to solve the problems that the seeding rate was large, the position of dropping seeds was inaccurate and the
distribution of seeds was poorly uniform on seedling trays during northern japonica rice seedlings in greenhouses, a new
directional precision seeding device with combined V-shaped groove slide was developed. It could achieve that each rice seed
was seriately arrayed in its long axis direction by the positioning conveying plates, which moved along the D-shaped trajectory
in the V-shaped slide. This device was mainly composed of test-bed bracket, driving system, combined V-shaped groove slide,
cleaning-seed brush roll, seed separating and feeding mechanism, and horizontal conveyer system. The combined V-shaped
groove slide and the seed separating and feeding mechanism were key parts of the seed-metering device. The chief function of
the former was to arrange the seeds in their long axis direction while the seeds moved along the combined V-shaped groove,
and the latter could drive the directed seeds to move towards the exit intermittently. The working process of the device would
be as follows: the rice seeds were placed in the hopper above the combined V-shaped groove slide at first, then the positioning
conveying plates drove the seeds to move towards the exit intermittently; each seed moving in the V-shaped grooves would
constantly readjust its own long axis direction influenced by the action of the positioning conveying plates and the inclined
plane of the grooves, which made the seed in the long axis arranged in a row along the V-shaped grooves slide, and realized
the automatic orientation of the seeds. Later, the directed seeds were conveyed to the exit and located on the seed tape or
seedling trays according to the required number and spacing of seed. To study the influence law of different factors on seeding
performance for directional precision seeding device and obtain the optimal combination of parameters, the conveying
frequency, the tooth spacing and the slide angle were taken as the main impact factors of the seeding device performance. In
the self-made test-bed, the long-grain type japonica rice Dong Nong 419 was selected as experimental material, the effects of
the 3 main impact factors on seeding qualified rate (1-3 seeds every turn), ideal seeding rate (2-3 seeds every turn) were
studied by single factor experiments and three-factor and three-level orthogonal experimental design, and the relationships
between 3 main influencing factors and seeding qualified rate and ideal seeding rate were established respectively by
regression analysis. The influence law of the factors and their interaction on seeding qualified rate and ideal seeding rate was
analyzed, and the best optimized combination of the parameters was obtained. The results indicated that the order of primary
and secondary factors affecting seeding qualified rate was: conveying frequency > tooth spacing > slide angle and that
affecting ideal seeding rate was: tooth spacing > conveying frequency > slide angle. The optimal combination parameters were
conveying frequency of 2.7 Hz, slide angle of 46.8° and tooth spacing of 9.6 mm. Under the combination condition of the
optimal parameters, the seeding qualified rate and the ideal seeding rate were 98.75% and 84.8% respectively. The seeding
verification test indicated that the result fitted in well with the optimal experiments. The seeding overall performance test was
carried out under the same conditions with 3 varieties of long-grain type japonica rice seeds (Dongnong 419, Longyang 16 and
Daohuaxiang) and 2 varieties of short-grain type japonica rice seeds (Kongyu 131 and Longjing 26). As the paper tape moved
at the speed of 0.04 m/s, the average qualified rate and the ideal seeding rate were 97.22% and 77.57%, respectively, and all
the miss-seeding rates and reseeding rates were less than 2.6% and 0.4%, respectively. Experiment results indicated that when
seeding long-grain type and short-grain type japonica rice seeds, the device had a better adaptability for the long-grain type.
The seeding performance could meet the requirements of precision seeding for the japonica rice. The research provides a
theoretical reference for optimizing the design and improving seeding performance of the directional precision seeding device
for northern japonica rice.

Key words: agricultural machinery; seed; optimization; japonica rice; rice nurturing seedlings; directional precision seeding;
experiments
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