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Design and Experiment on V-groove Dialing Round Type
Guiding-seed Device

ZHAO Shuhong CHEN Junzhi WANG Jiayi CHEN Jiaqi YANG Chao YANG Yueqian
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract: A V-groove dialing round type guiding-seed device was designed to improve the uniformity and
stability of planting and meet the requirements of precision planting. The overall structure and working
principle of the precision guiding-seed device were illustrated and analyzed. The optimal design of
structural parameters of key components was conducted, such as guiding curve, V-groove and dialing
round. The interaction model of machinery and maize was established by using discrete element method.
The scoop-type metering device was taken as the seeding object and EDEM software was employed to
simulate the guiding-seed process. And then the dynamic behaviors of maize were researched under the
working conditions. Orthogonal simulation experiments were carried out based on numerical simulation
technology with forward speed, rotational speed, tangent angle as experimental factors and with qualified
index and coefficient of variation as assessment consumption. Based on experimental data,
a mathematical model was built, and the experimental factors were optimized by Design-Expert 6. 0. 10
software, the best combination was achieved. The simulation results showed that as the forward speed was
7.69 km/h, rotational speed was 29.47 r/min, tangent angle was 46. 10°, and the qualified index was
92.05% , the coefficient of variation was 8.00% , which could meet the requirements of precision

planting. On this basis, the high-speed photography experiment, comparison performance experiment and
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vibration adaptation experiment were carried out. The experimental results showed that the majority of

grains were slipping in a steady state in the tube and few irregular impacts and tumbling. The V-groove

dialing round type guiding-seed device had better adaptability to different maize grains which could be

used in conjunction with scoop-type, pickup finger-type and air suction-type precision seed metering

device. Its qualified index was similar to that of unguided tube, and coefficient of variation was higher

than those of retractable plastic guide tube, curved guide tube and unguided tube. Under the normal

operating conditions ( vibration amplitude was 1 ~3 mm, and vibration frequency was 1 ~4 Hz) , the

vibration amplitude and frequency had little effect on the homogeneity of the guided parts.

Key words: precision planting; guiding-seed device; guiding-seed curve; V-groove; dialing round;
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Fig.2  Analysis of guiding-seed curve
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Tab.1 Coding of experimental factors

X

M %

Erie] T 32 32 T AR VIEZUi
vy/(km+h™")  p/(remin"") o/ (°)
1. 682 9.00 45.00 60. 00
1 7.78 38.92 53.92
0 6. 00 30. 00 45.00
-1 4.22 21.08 36. 08
- 1.682 3.00 15.00 30. 00

3.2 ABEERSHSMN

FESE AL F 2R A= R 3R 0K P L E S e e
Mot Z R AL 5 J7 58, R 3 B 15 s
PEFTEE R M, FF X 82 Wi 45 b 19 32 2N R AT B
Porbr. B EE 3 K, EL il R B L L

—

100 «x,

-1.62877.628
(a)

Fe i T AR T BT 45 b L, HL At 4% 200 2 S O 4+ 1
SE , Bt Ak BT 3 (AR g 25 2R . B 5Ty
FGHRMNG 2 Pron o x x, a IR (E

x2 HRBRARSER

Tab.2 Schemes and results of experiments

WA R PERETSE bR

el RIEEUE TR DIRMbiA SIEE TSR RS
X Xy X3 S/ % C/ %
1 -1 -1 -1 93.14 9.99
2 1 -1 -1 90.70 8.82
3 -1 1 -1 87.48 10. 58
4 1 1 -1 87.59 10. 49
5 -1 1 1 91.83 11. 80
6 1 -1 1 89.49 10. 42
7 -1 1 1 92. 80 10. 90
8 1 1 1 97.79 7.87
9 -1.628 0 0 94.08 6. 68
10 1. 628 0 0 83. 68 10. 05
11 0 -1.628 0 95. 06 8.96
12 0 1.628 0 87.29 11.05
13 0 0 -1.628 94.56 10. 06
14 0 0 1.628 92.87 9.48
15 0 0 0 93.31 7.21
16 0 0 0 95.38 6.25
17 0 0 0 93.45 7.98
18 0 0 0 94.08 8.25
19 0 0 0 92.98 7.35
20 0 0 0 93.83 8.05
21 0 0 0 94. 04 7.52
22 0 0 0 93.55 8.90
23 0 0 0 94. 87 8.01
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$=93.88 -0.71x, —1.73x, +0.67x, — 1. 28x] —
1.36x; —0.46x; + 1. 11x,x, —0. 75x,x, +2. 13x,x,
(13)
C=7.70 +0.017x, +0. 17x, —0. 098x, +0. 36x; +
0.94x; +0. 85x5 —0.071x,x, —0.39x,x, —0. 71x,x,
(14)
N E WL A 46 b5 5 R (8] 56 & L i ] Design-
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Fig.7 Response surfaces of factors on qualified index
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Fig.9 Test bed of seeding performance experiments
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Fig. 10 Schematic diagram of electric drive system
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Fig.11 Measuring of maize grains by high-speed photography
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Tab.3 Results of suitability experiments %
. PR Ji b
IJIJ*‘:F bk R EL S
EXaat. 25 R M
A 253 89.01 10. 01
R 15 91.20 8.98
FM7 = 87.16 9.34

2% BT BT A AR AL PR R 20 ) i
HCR] feh 45 2P R AP A IIOE S R A TG 3 A BE AT
BN 5T, fE LR 3  15,20,25 30,35,
40 45 v/min 0T A7 G288, 26 ] ik 3 Ak
TR A EAT B SR g , A AR AP AL, 4% 41
HAZ 3 WHUR RSP (A AR I 4528, ik 4 Fis .
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Tab.4 Results of seeding performances experiments %
AR, TARFeH, v RS R NS R A CIRGER PR B S g T
(km-h™")  (r-min™')  AHHEK R 5 R AR A5 5 A EER R (TR BRI EER R TR 5 R
3 15 91.08 6. 68 89.95 13. 41 91.26 12.01 92. 64 10. 04
4 20 90. 56 6. 85 88.71 15.01 89. 85 12.95 90.78 11.35
5 25 89. 04 7.12 87.24 15.99 88.50 13.56 89.42 11.99
6 30 88.98 8.35 86. 46 16. 85 87.04 14.25 87.15 12. 45
7 35 87.04 9.24 85.59 17.25 86. 42 14.99 86. 07 13.85
8 40 86.90 10. 54 84.10 18.27 85. 66 15.27 85.47 14. 07
9 45 84. 68 11. 05 83.21 19.01 83.46 15.91 84. 64 15.42
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Fig. 12 Effects of vibration on guiding-seed performance

T, BV Al 2 S 1 e A 1 52 BB RS 5 25 Ik 3l i
FEIRE] 7 mm B, B A RN 85.39% 7 S R ALK
12.03% o il 1 WA ARFRLIR 2 R R BEAIR 3 i 2
WG IN AFRLAE VR BUE T AL A AR R R A Bl
B, BV A R S T R B s MO, 5 Ok
KL 58 4 18 B3R B B AP o

Hi AT 12b Al 1, B4R S A5R 5 I , & s 1 el
TG BEAR, A2 S RBGE W . SaRsh i 1 ~
4 Hz I, AP P BB S AR DR 35 B s MR SR K T
4 Hz I}, & M 18 080 B, A2 S 28 B2l 3 m, B
S Rh I S RARRE T 52 BB R R WA 5 2 4R SR
7 Hz I}, 45 K 45 K3k 31 85.70% , 7% 5 & K3k ¥
13.49% o il 1 LA ARERLAR 25 R R BEAIR 30 40 %
BTN ALV RUUTE I A 1L AR b SRR R
L5 A Bl fEE AT R N, 2 B 4 g S AR T RS

TEAS R RLz B PRk R, 3 WO Lz 3 Bl K vk
ol 57 B0 A1 2 T T, AR S AR RO R

5 it

(DRI T —F VB MR 4K 48 =X A1, %
FOW R A0 2R VR MRS RS Bk R R R AT 4
B SOLER S BT, 4 T BRI Sk AR E o

(2) MK B8 BT ik g 37 3 A 1 — K FF R ]
YERIREAY iz ] EDEM 3% 3 b 4803 3695 i 17 1
P05 EL, DAAILEC R B2 HERD g LA e s A S A
LARF L oA R R, SRR S TR R
BRI F8 b, R HE P80 — WK I 32 e 5% 1k 56 O ik i
ST R 5 A8 bR ] B A i ]l Design-Expert
6.0. 10 B ffF il 5o 45 R A7 b 2. R 2 H Fs 2
SO T TR AL SRR W], LA T
HE A HERD g AR A G il 4 U0 e A 40 ol
7.69 km/h 29. 47 r/min i 46. 10°}, 5 fh 34 54 K ks
FENEIRAL, LA I8 168 92.05% 7% 5 22800 8. 00%

(3) FF T e o 45 A8 I 2 1 3 2k e % BL i 3
LA gid ks . e 25 R R ], 2 B0 BLTE S
BN LU RRZS T B, /0 B8 AN 0 0 Al 43 K% 78
VR 5 P BT B S ol 30 A7 X6 A ) 288 28 6 KR R 3 1
RAF, HH A8 TSR E RS AN , 22 5
BT ] g vk S A A IO S R X TR R
B E T A I R AR S R HEA R T
VESE 3 45 v/min B, fr 511 5 R4S 1Y 28 5 R0
AR AR SR R IUE SR TR R AR S T
41.87% .30.55% . 28.34% ; e sh g & I 1 ~
3mm JREHEN 1 ~4 Hz THF 4R 3006 1 AR
Xof S A A A 2 A PR R 0N

& % x Wt

M BT, AR, % BB E M RS ER [J/0L]. KAWL ,2016,47 (11) :38 —48. http: / www. j-
csam. org/jcsam/ ch/reader/view_abstract. aspx? flag = 1 &file_no =20161106&journal _id = jesam. DOI; 10. 6041/j. issn. 1000-
1298.2016.11.006.

YANG Li, YAN Bingxin, ZHANG Dongxing, et al. Research progress on precision planting technology of maize [ J/OL].
Transactions of the Chinese Society for Agricultural Machinery, 2016, 47 (11) . 38 —48. (in Chinese)

BEULE , ShMObR, XU R , 4F . L RO B R AR E R I [T ] ARE HUBR 24 47,2007 ,38 (12) 1190 - 194.

JIA Honglei, MA Chenglin, LIU Zhaochen, et al. Overview of study on the tillage mode of water storage and soil moisture
conservation for dry farming region in northern China [ J]. Transactions of the Chinese Society for Agricultural Machinery, 2007,
38(12): 190 - 194. (in Chinese)

TUULE A7 5P UL, 55, LT ZigBee MR RITRZ LR RERS [I/O0L]. LRV HUM R ,2015,46(12) :39 - 46.
http: / www. j-csam. org/jesam/ch/reader/view_abstract. aspx? flag = 1 &file_no =20151206&journal_id = jesam. DOI;10. 6041/
j. issn. 1000-1298.2015. 12. 006.

JIA Honglei, LI Yang, QI Jiangtao, et al. Design and test of soil compaction acquisition system for sowing line surface based on
ZigBee [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2015, 46(12): 39 —=46. (in Chinese)
BB K. John Deere 7000 BURS 2 & FIHLAY TRV E 38T [J]. AL WLAK S ,1981,12(2) .78 - 82.

JU Xiqing. Analysis of seed spouts of John Deere 7000 precision seeder [ J]. Transactions of the Chinese Society for Agricultural
Machinery,1981,12 (2) . 78 —=82. (iin Chinese)



5 6 1) AL 45 RS R RR AL VAL MR B 48 5T Al R AR i S5 K 8 157

11

13

14

15
16

17

18

19

20

21

FEA I D, E SCHE, S 8 I R i B OR HERD AR Ok B 51K [T/70L]. KOk HLBKE A= 4% ,2015,46(9) :68 —76. hup: //
www. j-csam. org/jcsam/ ch/reader/view_abstract. aspx? flag = 1 &file_no =20150910&journal _id = jesam. DOI:10. 6041/j. issn.
1000-1298.2015.09.010.
WANG Jinwu, TANG Han, ZHOU Wengqi, et al. Improved design and experiment on pickup finger precision seed metering device
[J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2015, 46(9) : 68 —=76. (in Chinese)
THhEL. 2BZ] - 10 BUE A HLBT KA E S5 S BT 5T [D]. MR AR Juqel K2 ,2012.
DING Zhongkai. The study on the design of the 2BZJ — 10 seeder and the structural parameter of the grain conductor [ D]. Harbin
Northeast Agricultural University, 2012. (in Chinese)
UL W TS0 A T BBk 201510989888, 0[ P]. 2016 — 03 — 16.
W, X A2 B, TR AR 2%, A5 — B B K BRI AL 7R oE 5% MR BORS 1 $% b U7 ¥ :201510397119. 1[ P]. 2015 -10—17.
XIS b BB JET Geomagic Design B3R E =4 m TRt [J]. Rl TR ,2015,31(11) :40 - 45.
LIU Lijing, YANG Hui. 3D reverse engineering design on seed tube based on Geomagic Design software [ J]. Transactions of the
CSAE, 2015, 31(11): 40 —45. (in Chinese)
FIRV SR, B E. EARMTAERME DB R R [T]. RPETSE,2010,32(10) 130 - 132.
WANG Le, QIU Lichun, LI Yongkui. High-speed photography analysis on process of corn seeds moving on seed tube [J].
Journal of Agricultural Mechanization Research, 2010, 32(10) : 130 —132. (in Chinese)
Ea®, N, Ea, %, JT EDEM B #4945 Je 208 & 4 F 88 HE A e sE B a3l 53858 [J]. Rl LR =4, 2015,
31(21) .43 -50.
WANG Jinwu, TANG Han, WANG Qi, et al. Numerical simulation and experiment on seeding performance of pickup finger
precision seed-metering device on EDEM [ J]. Transactions of the CSAE, 2015, 31(21) : 43 —=50. (in Chinese)
FAL R AR, TIRE. TR RIS i A 45 01k [J/0L]. R HLI4R ,2016,47(9) : 108 — 114. http: / www. j-
csam. org/jesam/ ch/reader/view_abstract. aspx? flag = 1&file_no = 20160916&journal _id = jesam. DOI;10. 6041/j. issn. 1000-
1298.2016.09.016.
WANG Lijun, ZHANG Chuangen, DING Zhenjun. Structure optimization of cleaning screen for maize harvester [ J/OL].
Transactions of the Chinese Society for Agricultural Machinery, 2016, 47(9): 108 —114. (in Chinese)
EAYE, ERE, A AT RO HRRD 3 IR AT R BT 53888 [T]. ZRAbAR0l R4k ,2015,46(12) =79 - 85.
WANG Xiying, WANG Jinwu, TANG Han, et al. Improve design and experiment on spoon of spoon precision seed metering
device [J]. Journal of Northeast Agricultural University, 2015, 46(12) : 79 —85. (in Chinese)
KA A HE , 220k, 45 BE T B HOT TR P LI AL AT L - VIR B [J/0L]. ROl HUAH 2 41k ,2016,47(9) :62 -
77. http: // www. j-csam. org/jesam/ch/reader/ view _abstract. aspx? flag = 1&file_no =20160910&journal _id = jesam. DOI:10.
6041/j. issn. 1000-1298.2016.09.010.
ZHENG Kan, HE Jin, LI Hongwen, et al. Research on polyline soil-breaking blade subsoiler based on subsoiling soil model using
discrete element method [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2016, 47(9): 62 —=77. (in
Chinese)
o E O MU AL B2 D8 B . A AU T BB (M. st o B AL RL 2 BOR A ,2007.
XE. UG R mHEA S B0 OF Y [ D] dbat. h E Rk K2 ,2015.
LIU Jia. Design and research of the mechanical pneumatic combined precision seed metering device [ D]. Beijing: China
Agricultural University, 2015. (in Chinese)
JASCTE . EARFFRLE Y B A R R SE LD ] /R AR AL AR R 57,2015,
ZHOU Wenxiu. The physical and mechanical properties research of corn grain[ D]. Harbin: Northeast Agricultural University,
2015. (in Chinese)
WANG J W, TANG H, WANG ] F, et al. Optimization design and experiment on ripple surface type pickup finger of precision
maize seed metering device [ J]. International Journal of Agriculture and Biological Engineering, 2017, 10(1): 61 - 71.
FARA L IVFM I S AR HE R A TR N B A ML s [J/0L]. ROl HLBE iR ,2017,48 (10) : 316 -
322, 279. http: / www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? file_no =20171040&flag = 1. DOI; 10.6041/j. issn.
1000-1298.2017. 10. 040.
WANG Xiangyou, SUN Jingbin, XU Yingchao, et al. Design analysis and experimental research of potato cleaning and sorting
machine [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2017 ,48(10) ;316 —322, 279. (in Chinese)
EI L FE T RIS B TR T RS AT AR O BT [T]. Aol AR 4R ,2008,24(2) ;152 - 158.
WANG Gongming, GUO Xinyu, ZHAO Chunjiang, et al. Soil visual simulation study based on particle system [ J]. Transactions
of the CSAE, 2008, 24(2) . 152 - 158. (in Chinese)
WY BRI, BRI 3R R0 ORY A 4R HE R RO IR S T B B0 5 [J/0L ] ROl AL % 4, 2015,
46(9) :77 - 84. http: // www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? flag = 1&file_no = 20150911&journal _d =
jesam. DOI: 10.6041/j. issn. 1000-1298.2015.09.011.
CAO Xiuying, LIAO Yitao, LIAO Qingxi, et al. Design and experiment on valve-branch distributor of centrifugal precision
metering device for rapeseed [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2015, 46(9) . 77 - 84.



158

Ko BLOW % MR 2018 4

22

23

24

25

26

27

28

29

30

(in Chinese)

B&P, MBS i, %, DA ERABILEI S [J/0L]. Kl HLA 2Rk ,2016,47 (5) : 106 — 114. http: // www. j-
csam. org/jesam/ ch/reader/view_abstract. aspx? file_no =20160515&flag = 1&journal _id = jesam. DOI;10. 6041/j. issn. 1000-
1298.2016.05.015.

LU Jinging, SHANG Qingin, YANG Ying, et al. Design and experimental on potato haulm cutter [ J/OL]. Transactions of the
Chinese Society for Agricultural Machinery, 2016, 47 (5): 106 —114. (in Chinese)

Fa R, D, E a0, 5. 1DSZ — 350 A g H: UK A0 e Bk 4 T 8 SRS LY Beih 5l (U], Rl L2 4R, 2017,
33(1).25-37.

WANG Jinwu, TANG Han, WANG Jinfeng, et al. Design and experiment on 1DSZ — 350 type hanging unilateral rotary tillage
compacting ridger for paddy field [ J]. Transactions of the CSAE, 2017, 33(1): 25 -37. (in Chinese)

LIU H X, GUOLF, FUL L, et al. Study on multi-size seed metering device for vertical plate soybean precision planter [ J].
International Journal of Agricultural and Biological Engineering, 2015, 8(1): 1 -8.

U, X E B A, . ST R ROT R HERE AR HERE N EORF R IE S A [T]. RO LA ,2016,32(22) 27 - 35.
ZHANG Tao, LIU Fei, ZHAO Manquan, et al. Movement law of maize population in seed room of seed metering device based on
discrete element method [ J]. Transactions of the CSAE, 2016, 32(22) : 27 —35. (in Chinese)

R AR, AR R R ERHR R R e 05 B 53 itk [J/70L]. A HLd 2% 42,2017 ,48(7) :78 - 86. hitp: //
www. j-csam. org/jesam/ ch/reader/view_abstract. aspx? flag = 1&file_no =20170710&journal _id = jesam. DOI.10. 6041/j. issn.
1000-1298.2017.07.010.

ZHANG Kun, YI Shujuan. Simulation and experiment optimization on filling seeds performance of seed metering device with roller
of air-suction [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2017, 48(7): 78 —=86. (in Chinese)
XH B B4, X7 AF L 2 TR HOT I U U HERR 88 TAE S B JA A [J/0L]. Rl MLAk =4 ,2016,47(7) :65 - 73.
http: // www. j-csam. org/jesam/ch/reader/view _abstract. aspx? flag = 1&file_no = 20160710&journal _id = jesam. DOI; 10.
6041/j. issn. 1000-1298.2016.07.010.

LIU Yueqin, ZHAO Manquan, LIU Fei, et al. Simulation and optimization of working parameters of air suction metering device
based on discrete element [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2016, 47(7): 65 -73. (in
Chinese)

hfE R, 50, S5 K TR BB T RO R AP K S R A A B B e [J/0L]. ROk MLAR A% 41, 2016,47(3) -
29 -36. http: / www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? flag = 1 &file_no = 20160305 &journal_id = jcsam. DOI;
10.6041/j. issn. 1000-1298.2016. 03. 005.

MA Xu, TAN Yongxin, QI Long, et al. Automatic tray stacking device for hard and soft tray of rice precision seeding for nursing
seedlings pipeline [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2016, 47 (3): 29 - 36. (in
Chinese)

RRIEL, X 4R A S, 45 B e 3t OB ] 5 TE B R 26 B i i 51 [J/0L] . Rl MLm= 41t , 2017 ,48(4) :82 - 89. hutp:
// www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? flag = 1&file_no = 20170410&journal _id = jesam. DOI:10. 6041/j.
issn. 1000-1298.2017.04.010.

ZHAO Shuhong, LIU Hongjun, TAN Hewen, et al. Design and experiment of bidirectional profiling press device for hilly area
[J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2017, 48(4) . 82 - 89. (in Chinese)

FA R, D, EA 0, S S E 18 A AR B ORR W HEAN S AL BT 55 [J/0L]. R AL AE 4R ,2017,48 (12) :48 -
57. http: // www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? flag = 1 &file_no = 20171206 &journal_id = jesam. DOI10.
6041/j. issn. 1000-1298.2017. 12. 006.

WANG Jinwu, TANG Han, WANG Jinfeng, et al. Optimization design and experiment on clamping statics and dynamic finger-
spoon maize precision seed metering device [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2017,

48(12) :48 —57. (in Chinese)



