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Design and Performance Experiment of Helix Grooved Rice Seeding Device

Tian Liquan Wang Jinwu Tang Han  Li Shuwei Zhou Wenqi Shen Hongguang
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract; To meet the requirements of precision rice direct-seeder and linear and holey sowing of the
seeds lining and holing in the operation of field seeding , a precision hill-direct-seeding seed metering
device with spiral slots and hook-spoons was developed to improve the current situation of labor . The
movement track of spiral slot inner sprouting rice seed was analyzed in the process of seed-sowing by
means of the Matlab software, as well as rotational quadratic orthogonal experiments was used to further
analyze the effects of the rate of average hill diameter, the rate of seeds’ number in the hill and leak-
seeding rate on seeding performance; rotation speed, working length of spiral sheave and lead angle. The
JPS — 12 detecting and experimental set of seed metering device was selected to test sowing performance.
Experimental data was analyzed by Design — Expert software so as to establish the mathematical model
between the experimental factors and experimental indexes. The result showed that the best operational
parameter combination was lead angle of 71. 0°, working length of spiral sheave of 10. 8 mm, and the
rotation speed of 23. 2 r/min. The correct rate of average hill diameter was 91. 06% , the correct rate of
seeds’ number in the hill was 94.64% and the leakage-seeding rate was 3.64% . The sowing
performance can meet the requirement of rice planting in the operation of field.

Key words: rice hill-direct-seeding; seed metering device; spiral slots and hook-spoons; design;
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Fig.1 Sketch of direct-seeder
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Fig.2  Sketch of seed-metering axle
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Fig.3  Stress sketch of hook spoon in seed-metering process
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Fig. 6 Rack experiment of seed-metering device
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Tab.2 Coding and level of experimental factors
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-1.682 18.0 6.0 40.0
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Tab.3 Schemes and results of experiment

I 5 P % PERETE bR
e x,/ xy/ xy/ ¥,/ ¥/ ys/
(r-min~") mm (°) % % %

1 20. 4 7.2 49.3  89.16 87.13  6.28
2 27.6 7.2 49.3  88.95 85.09 7.86
3 20. 4 10.8  49.3  90.87 87.24  8.20
4 27.6 10.8  49.3  90.25 84.56  9.20
5 20. 4 7.2 76.7  89.74 87.45  8.22
6 27.6 7.2 76.7  87.97 87.55  7.38
7 20. 4 10.8  76.7  91.31 91.97  4.36
8 27.6 10.8  76.7 89.76 89.71  7.18
9 18.0 9.0 63.0  90.33 76.74  7.48
10 30.0 9.0 63.0 88.54 72.41 5.18
11 24.0 6.0 63.0 88.08  94.1 2.32
12 24.0 120 63.0 91.04 94.07  4.80
13 24.0 9.0 40.0 89.41  88.1 9.06
14 24.0 9.0 86.0  90.28 93.32  6.30
15 24.0 9.0 63.0  91.05 93.41  3.20
16 24.0 9.0 63.0  90.40 90.13  2.74
17 24.0 9.0 63.0 90.71 88.31  3.32
18 24.0 9.0 63.0 90.54 91.2  3.72
19 24.0 9.0 63.0  90.76  90.38  3.96
20 24.0 9.0 63.0 91.11 90.82  3.04
21 24.0 9.0 63.0  90.59 94.04  5.46
22 24.0 9.0 63.0  90.64 89.72  3.20
23 24.0 9.0 63.0 90.70 93.63  5.50

y, =46.97 +1.78x, +2.51x, +0. 34x, -
6.31x,x0, —=0.03x; = 0. 11x; =0.001x; (12)
y, = —108.42 +20. 51x, -9. 14x, - 0. 21x, +

0. 04x,x, — 0. 43x7 +0. 40x; (13)
yy =71.55 = 4. 34x, +2.47x, -0. 82x, -
0. 04x,x, +0.09x; +0. 01« (14)

iz JH Design — Expert 6. 0. 10 X {445 3] 0 iy HH
KL 7 Bis o

Xf b3 [l U5 75 A 5 i T AT R AT S B eT A,
WA B 5 AR T AR 1 B8 AR TR S ORLECS B
ARG Y 1 A 3 IR E A T AR HE R B AR A%
WA HAE X AR S A% R B . di & Ta w]
I YRR E T R — s I, AR R R B AR A Y Y
T S 48 IS AR 5 2 A e — s I, AR A R
W AR TR T ) T I b 4 2R S SC AR e
TEA8 X K R 25 b Al 16 39 32 A8 A5 e o A 25 SR AH —
Bo & 7h AR, 2R A S R — E W, SORL RS
6 23 R T A 484 I T S R AV S 4 s 224 M e T
S — RE I, 5 ORLECA A% 23 R A8 2 1 iy I



55 1

HISZ A 2 - SR A 5K R 7R 4% HE A 2 B0 5 PR e I 51

7

HI T 7e R, 25 W2 IS RE — 7 I, T 7% 256 i 12 e
THAASE T SE AR a3 0 5 24 4 AR AL I, Tl R A2 1k
DR A, P I MR R A B S e T R 3 i R R
3.4 MH5RWIE

A B R R L A e R i R
AP BUFAE T X AR AR R TORLES A R
7 ORL SR 475 22 1 01 UH 7 RE AT 3 A, B A R
max y,
max y,
min y,
s.t. 18 r/min<<x, <30 r/min

6 mm<x,<12 mm (15)

40°<x,<86°

0<y, (x, ,x,,x,) <1

0<y,(x,,x,,x,) <1

Ogy,?(xl s Xy ’x3> <1

YHE R4S TR 3 23,2 o/min | BEIEAYE K
g 10. 8 mm  MREAE T A1 O 71 00 mF, HE A 1 AE B
L, AR G K RO 9L.27% , SR K& M R A
94.42% 7RI U & R N 3.82% o MR Ak 45 2R
XL HEAT B IR 5 5 TR, 15 B R AR RN

M 17 H T ]

Fig.7 Response curved surface figures

91.06% , 7RI BUA A& R A 94. 64% , 7L B #E R
H3.64% , WUELE R GG RILAR — B IR ETE
Al Z LN .

4 g

()& 7 —Fifie 52 907K e o 7K 09 HEFh %,
Xk G B A A R Ao e R 8 A B A AT 1B ST,
Matlab A4 73 A -HE et i v R 1 PN /K et 28 b i iz
SARZS o Zr A AT, HE A R b B AR R T S 0 4
T, 7K R 25 T A ) 3R S 1 O S U0, R ) 3 A
HR.

(2) 2R FH 0 ImT 9 O A2 e B 4 e it 2 ar ik
56 2 5 HER L BE 8 A B B AT 0 A o O
SIEEHNSESOE L i A Y S NS SR (NI PS
FIFAT G2 10 Uk, AL &5 R 5 50 uk 4 R A
—H.

(3) iz F Design — Expert 6. 0. 10 Zx {4 % 32 56 45
RHEAT o B, IF X8 [l A A AT A AL L3Ik, 7 1 b
B TAERE Y 23,2 o/min BRBERE K 10. 8 mm |
WRERE TH A S 7100/, 15 B AL A R IR B AR
L. 06% , 7RG HE RN 94. 64% , I 4k N
3.64% ,

2 % X W

1 BRI, &), £, 4. 2BFS — 8 BUKFE ZE M #E R AL 5 IR % (1] AR AU 241 ,2010,41(10) :44 - 47.

XIA Junfang,XU Qichuan, WANG Zhishan, et al. Design of rice bud seed sowing and fertilizer machine[ J]. Transactions of the
Chinese Society for Agricultural Machinery,2010,41(10) :44 —47. (in Chinese)

2 AV B Y BRI SF ARG 7 200 KRR AR B R AT S [ D] A ROl R AE 24 R ,2010,29(1) <1 - 5.
CHENG Jianping, LUO Xiwen, FAN Qizhou, et al. Influence of different planting types on growth and development characteristics
and yield of rice[ J]. Journal of Huazhong Agricultural University, 2010, 29(1): 1 =5. (in Chinese)

30 M, B0, SR A HE . T KRR R RSO AR FLAR AL 1 R R R [T R AL 27 4k , 2008 ,39(1) : 60 - 63.

ZANG Ying,LUO Xiwen,ZHOU Zhiyan. Development strategy on rice planting and harvesting mechanization in south Chinal[J].
Transactions of the Chinese Society for Agricultural Machinery,2008,39 (1) :60 —63. (in Chinese)

4 BYCHRE, EAEN,F. TR ERKFER X EBILBES (1], Rl T4, 2008,24(12) 52 -56.

LUO Xiwen,JIANG Enchen, WANG Zaiman, et al. Precision rice hill drop drilling machine[ J]. Transactions of the CSAE,2008,

24(12) :52 = 56. (in Chinese)

5 BKRICE TR, BERE R, A b Uy K R AR B A IS X SR [0 ] Y Bl R A2 4R, 2012,43(6) 699 - 703.

ZHANG Wenzhong,SU Yue, YIN Yanbo, et al. Agronomic problems and countermeasures of north rice in direct seeding cultivation


http://www.j-csam.org/jcsam/ch/reader/view_abstract.aspx?flag=1&file_no=20101009&journal_id=jcsam

52

& BLOW o R 2016 4F

11
12

13

14

15

16

17

18

20

21
22

23

24

[J]. Journal of Shenyang Agricultural University,2012,43(6) :699 —703. (in Chinese)
B SR 0 45 7 5 Y B R KR B B (0] 4l K2 . 2014.33.(3) 512 - 18,
ZENG Shan,HUANG Zhonglin, WANG Zaiman, et al. Effects of different planting density on grain yield of precision hill-drop
drilling rice[ J]. Journal of Huazhong Agricultural University, 2014 ,33(3) :12 - 18. (iin Chinese)
PENG Shaobing, YANG Jianchang. Current status of the research on high-yielding and high efficiency in resource use and
improving grain quality in rice[ J]. Chinese Journal of Rice Science, 2003, 17(3): 275 - 280.
EAEW BB, B A AL AL KRS HE R A8 S8Rl AR A i B BHR AT LT ] AR BLBE 2 41k ,2009,40(12) = 56 - 61.
WANG Zaiman,LUO Xiwen, HUANG Shixing, et al. Rice seeds feeding process in cell wheel based on high-speed photography
technology[ J]. Transactions of the Chinese Society for Agricultural Machinery,2009,40(12) : 56 —61. (in Chinese)
WRAZZR , Bhillde Ay 3, 45 AR HEFD & 78 F 2 A o R 39 2B A Bt (] I JURME W 9 27 B 2 4R , 2007 ,21(3) :59 - 62.
CHEN Lidong, MA Shuying, HE Di, et al. Design of seed surface regulating device of seed room in suction seed metering device
[J]. Journal of Hebei Normal University of Science & Technology, 2007, 21(3) : 59 —62. (in Chinese)
AR, ZE R, PR EE L, 5. SRR Je Rl TR RS S HEAR AR A BT [T ] ol T2 4R ,2011,27(12) 38 - 42.
FU Wei, LI Shufeng, SUN Jiayi, et al. Design of compulsory clamp-type precision seed-metering device for corn [ J].
Transactions of the CSAE, 2011, 27(12) : 38 —42. (in Chinese)
VORI PE BRANGE R e RS, 55 o B KRR K 2R 36 BT (2 B3 AR LR ] SR« 2 ZE AL BF 52 i , 2007
HESCH, B/ fLZ3, 55, KFERh S8 B ALY Bt [T]. PR B AR R 2% 24 4z ,2009,40( 1) :62 - 66.
REN Wentao, LU Xiaorong, KONG Aiju, et al. Development of the tapedtype rice direct seeding machine [ J]. Journal of
Shenyang Agricultural University,2009, 40(1): 62 —66. (in Chinese)
S kA AR S KA AR BEREEL RO SRR 1], Rk TR %R ,2003,19(3) :99 - 103.
XIA Ping, ZHANG Jianhua, MA Youhua, et al. Design and experimental study on a new rice seed coating and direct sowing
machine[ J]. Transactions of the CSAE 2003, 19(3): 99 - 103. (in Chinese)
Tz, R SE, MR, 5. A 3K RS AP ULEE e SR S i BT LT ). R Al K224 - B AR B2 i, 2004,30(2) ¢
169 - 171.
LONG Liang, WU Mingliang, GAO Yingwu, et al. Design for the volute distributer for rice precision seeder [ J]. Journal of
Hunan Agricultural University: Natural Sciences, 2004, 30(2): 169 —171. (in Chinese)
T 3, WO o BUEL , 45 S s K R R i LR HE R AR [T ] Ol MLR A 4R ,2005,36(9) 136 - 40.
LUO Xiwen, OU Zhou, JIANG Enchen, et al. Experimental research on precision rice direct-seeder with hill sowing [ J].
Transactions of the Chinese Society for Agricultural Machinery, 2005, 36(9): 36 —40. (in Chinese)
EMTT BT ISR, S KR 2 O TR SORT RERE AR LI LT ] R HLB A 41 ,2007,38 (12) 215 - 217.
WANG Linli, XIE Fangping, SUN Songlin, et al. Analysis for working course of eccentric mandril metering device [ J].
Transactions of the Chinese Society for Agricultural Machinery,2007,38 (12) :215 - 217. (in Chinese)
B0, NN R KRR X B R HERN S i Bt 5 [T ] Aol TR 2% 4k ,2007,23(3) 108 - 112.
LUO Xiwen, LIU Tao, JIANG Enchen, et al. Design and experiment of hill sowing wheel of precision rice direct-seeder [ J].
Transactions of the CSAE 2007, 23(3): 108 —112. (in Chinese)
WAL SR KR AR G HE A 1 e RIS [ D] K AR T AR ,2006.
YUAN Yueming. Research of theoryand experimenton air suction seed-metering device for direct drilling ofricebud-sowing[ D ].
Changchun; Jilin University, 2006. (in Chinese)
B, ZRTE, E R A KRR BB AL AR B A R SR s Bt SR (] R AL iR ,2015,46 (1) :66 - 72.
CAO Chengmao, QIN Kuan, WANG Anmin, et al. Design and experimental research on rice hill seeder with air-blowing special
hole & scoop-wheel type[ J]. Transactions of the Chinese Society for Agricultural Machinery,2015,46(1) :66 —72. (in Chinese)
FKM B BE T, A 5 SRBEA A RN AR AT ST [T B AR R4 %), 2006, 29 (1) 167 ~70.
WANG Yongmei, YANG Wanzhang, WANG Xigui. Study on row sowing devicewith spiral sheave [ J]. Journal of Xinjiang
Agricultural University, 2006, 29(1) .67 —70. (in Chinese)
BT AU S AT 5 25 5 M. db ot MUK Tl i ik, 2008.
FARE. B AL BUE A A XA B RS [ D] B TR Dol K2, 2012,
WANG Dongxia. The study of numerical analysis and optimization design of screw conveyor[ D ]. Zhengzhou:;Henan University of
Technology,2012. (in Chinese)
FIERL. KRR AS CRIRR ) Py B4 PE i S 3R 2 [ D] 1w At - B Ul R 5 ,2006.
YU Haiming. The experimental measurement of physical chanceries for special grain ( Xiandao) [ D ]. Nanjing: Nanjing
Agricultural University, 2006. (in Chinese)
F R, SR, ek TY , AF. S A HER SR R RE A I A r BT [T ] LG ROl A 2E i, 2004,17(3) ;256 —258.
WANG Yushun, GUO Junwang, NIE Yongfang, et al. Detecting and analyzing on performance of external force feed[ J]. Journal
of Shanxi Agricultural University, 2004 ,17(3) :256 —258. (in Chinese)


http://www.j-csam.org/jcsam/ch/reader/view_abstract.aspx?flag=1&file_no=20150110&journal_id=jcsam



