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Fig.1 Working principle diagram of magnetic

plate precision seed-metering device
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Tab.1 Particle parameters for DEM simulation

2 HfE
7242/ mm 1.7
T F25 5/ (kg-m ™) 2100
B I -/ MPa 447.92
HEE/AYEA 0.28
-5 50 AR 2 I 1 2l 8 4 R 4 0. 085
BT 5 B AR I B 4 TR 5K 0.110
Fif 5 5 Fh ¥ Z 18] 1) 3 FE 4% K KL 0.385
T 55 ol - 22 T Y 4 TR 0.385
Fil 1 5 49 W 14 Tl F8 K 52 2R B0 0.38
Tl 1 5 Tl (10 Tl 80K 52 R 250 0. 30
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Tab.2 Calculated value of magnetic force with

different magnetic field strength mN

T 377 90k 2 B B/ mm
/mT 0 0.20.406 08 1.0 1.2 1.4 L6 L8

100 3.6 2.7 1.8 1.1 0.64 0.37 0.21 0.13 0.08 0.05
150 4.5 3.42.31.40.80 0.46 0.27 0.16 0.10 0.06
200 5.6 4.2 2.8 1.7 0.99 0.57 0.34 0.20 0.12 0.08
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Fig.2 Effect of seeding simulation

(a) B=100 mT, #=120°, v=0.1m/s (b) B=150mT, §=110°, v=0.06 m/s (c¢) B=150 mT, #=130°, v =0.08 m/s
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Tab.3 Results of orthogonal experiments

. PRSI A E M AR PR R R
=2

o/ (mes™") 0/(°) B/mT  S/% L/% D/%
1 0.04 110 100 84.46 1.65 13.89
2 0.04 120 150 83.57 2.42 14.01
3 0.04 130 200  79.25 2.03 18.72
4 0. 06 110 150 87.16 1.12 11.72
5 0. 06 120 200 84.54 1.84 13.62
6 0. 06 130 100 82.61 1.67 15.72
7 0. 08 110 200 66.55 0 33.45
8 0. 08 120 100 85.71 3.57 10.72
9 0. 08 130 150 83.08 1.65 15.27
s, 247.28 238.17  252.78
s, 254.31 253.82  253.81
s, 235.34 244.95  230.34
Ry 6.32 5.22 7.82
L, 6.1 2.77 6. 89
L, 4.63 7.83 5.19
L 5.22 5.35 3.87
R, 0. 49 1. 69 1.01
D, 46. 62 59.06 40. 33
D, 41.06 38.35 41
D, 59. 44 49.71 65.79
R, 6.13 6. 90 8.49




%2 1

WIHEF S5 RS SCHERD 4% 70 B RE S HOT 07 K 97

R 150 mT, BLif 4% %<y 87.16% .
4 FEHERHESIREST L

T S E B T A R A A TR I S B
AL 56 HE b 2 AR RE , LABIE A B s 0% Al NG 2 HE Ao
o AR RELBEAT 5 2, B A5 0 kR i
KON 10% 1 A F ATl R AR HLAN L 3 BT 7R
R 01 FCR I 45 2R, S i e Bk A R AR T W S i T
W58 8 D9 150 mT A% 2 mm 5 b A 78 7 07 B
FAIEE Sy 110, FERL A PE T, SO Fh A B 2l 38 % | Jd
1o G 4% b A R b R T ROR 2 58 HE B AR 1 S B

At IR ZR L HA RN 4 PR

P 3 R A 0K A

Fig.3 Magnetic plate precision seed-metering device
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Tab.4 Simulation and experimental contrast on different seed box moving speed

) A 5% T L% Wl D%
R ARl BEGREE GASAEE
wEE/ (mes™h)  fEME HKE — (LS R —— Tirf R I

0. 04 81. 67 84. 46 3.30 18.33 13. 89 31.97 0 1.65
0. 06 87.16 86.72 0.51 11.72 11.98 2.17 1.12 1.30 13.85
0.08 89.57 87.93 1.86 7.86 8.94 12.08 2.57 3.13 17.89

o1 2% 4 TSN, 700 B 45 T EE AR 0 0 B S iR
0 {1 i 70 R 1) 722 Ak R B R A A ) 5 SR R )5 3T
LRI (AR X iR 22 i Ko 3.3% , AR R K%
31.97% , w4k fe KR 22 R 17.89% o {EFHi % 5l
HEE N 0. 08 m/s I, FLAE ) ELAH 15 89. 57% , SLbr
RIS A 87. 93% ; EHE AT EAH N 7. 86% , L Prik
BAH 2 8. 94% ; 55 R Mk AR W 5 T R AR 8 ol
0.06 m/s BRI 25 R o 05 B 20 A 5 ik g 45 2R 0
AW G UER T B HOIT A BT Y AT AT | TR B3R B R
Al ol 5 5 A o O HE RO

5 it

(1) 22 W X HE b L, 3R M T — o R A
AW EHER BRI T HE R A 454 L T AR R
55 1 W R 1 SCHE Bl 4 A EE % HE A A Al SE B — Tk e

Fofv o 548 b, DR T LA 70 ol R ) 75 4 4% B s o 1 19
FF o

(2) 2R FHABURL 2 Wos %, 357 1 il B8 HE R T
1 4B 4 A W A X Ao g B BT R B T
DB S8 U5 BB T G W o T8 G 0 L 7R A
BRI RS 2l B R HERD A SR P AR S, A5
P B AE A0 i 2 1 52 e e A M e 19 IR R R Ko
Al Ao O FLAS A G W K i 1 G % 3 150 mT
FPAEH sh 5 0. 08 m/s 8 M 110° 4%/ T B
B % R T 3k 89.57%

(3) 38 23 A [F1Fh 46 B ol 2 B2 R HEFh &% 70 Fh 2 fE
(05 5 SE BRI 6 B A T, 45 R P Ak A —
B, PR 5 0 BRI 45 SR B AR, b e A
TBURL B3 10T U D7 L 43 A R e O 2% o 25 5 ol
RE AT AT PR RN AT AR

£ % X W

Cundall P A, Strack O L. A discrete numerical model for granular assembles[ J]. Geotechnique, 1979, 29(1) : 47 - 65.

2 LuZ, Negi S C, Jofriet J C. A numerical model for flow of granular materials in silos. Part 1: Model development[J]. Journal of
Agricultural Engineering Research,1997,68(3) :223 —229.

3 JHAESC, S, 22 AR S BORLAR N WAL T I R Y B B TT i EL LT ] R L AR AR, 1996, 12(2) 1186 -~ 189.
Zhou Deyi, Ma Chenglin, Zuo Chuncheng, et al. Discrete element simulation for arch flowing of agricultural particle material in
outlet[ J]. Transactions of the CSAE, 1996, 12(2) :186 —189. (iin Chinese)

4 BEA, TR, KRR, S ASEECHRRD S AR AR B HOTIE O BT [T ). Rl TAES#4R, 2011, 27(11) : 32 -36.
Li Zhengquan, Yu Jianqun, Zhang Weilin, et al. Simulation analysis of working process and performance of inside-filling seed
metering device by discrete element method[ J]. Transactions of the CSAE, 2011, 27(11);: 32 -=36. (in Chinese)

5 THRE,ERLOH . RIS S DA SR T]. ARl HLA 4R, 2011, 42(12) : 83 -87.
Yu Jianqun, Wang Gang, Xin Nan,et al. Simulation analysis of working process and performance of cell wheel metering device

[J]. Transactions of the Chinese Society for Agricultural Machinery, 2011, 42(12) : 83 —87. (in Chinese)



98 & A Bl B ¥ i 2014 4

6 THRE, MO AT A, AE AL N U S R A R A B BT LA AT [T ] A0k AR A 4%, 2008 ,24(5) ;105 -
108.
Yu Jianqun, Shen Yanfang, Niu Xutang, et al. DEM simulation and analysis of the clearing process in precision metering device
with combination inner-cell[ J]. Transactions of the CSAE, 2008 ,24(5) :105 —108. (in Chinese)
7 BRI, AR, B, SE. BT EDEM 4R S0 AP S oK RE R RIS SRR AT T ] Al MLB A 4R, 2011, 42(10) ¢ 79 - 83.
Chen Jin, Zhou Han, Zhao Zhan, et al. Analysis of rice seeds motion on vibrating plate using EDEM[ J]. Transactions of the
Chinese Society for Agricultural Machinery, 2011, 42(10): 79 —=83. (in Chinese)
8 ZEWEW] R, PRIE, S SR Sl 2HR R g Rl L N ORI Sl s BT AT L] R HLBE A 41,2009 ,40(3) < 56 - 59.
Li Yaoming, Zhao Zhan, Chen Jin, et al. Discrete element method simulation of seeds motion in vibrated bed of precision vacuum
seeder[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2009,40(3) : 56 —59. (in Chinese)
O WL AW S MR RS G B B, CN 102511223 A[P]. 2012 - 06 —27.
10 fHIEEZ, REZIR. SEROMERRRED AT REVEIZ D TLC] / HAMY) T3 B 61 5 4R B2 SR 8 2 5 45 1993:80 - 81.
1L W R, BT B SRE B R MhL Y AT S [T] . Rolk TR 24 ,2003,19(6) 1122 - 125.
Hu Jianping, Hou Junhua, Mao Hanping. Development and test of the magnetic precision seeder for plug seedlings [ J].
Transactions of the CSAE, 2003,19(6) ;122 —125. (in Chinese)
12 BEE AR R R R UK 2 R R @ I8 e 2 B [T ] R0l DA A4, 2007, 23(9) : 115 - 117.
Hu Jianping, Li Xuanqiu. Experiment and parameter optimization of magnetic precision cylinder-seeder[ J]. Transactions of the
CSAE, 2007, 23(9): 115 -117. (in Chinese)
13 e A RS 2 HE A s S0 HE A A2 20 0 2 R S 0 F0 A0 AT [ D . BRI V095 K%, 2012,
Wang Jing. Dynamics modeling and simulation analysis of seed filling and metering process on magnetic plate precision seed-
metering device [ D]. Zhenjiang: Jiangsu University, 2012. (in Chinese)
14 BF 55 5 T8 BT I I 8L W OR 56 HE R o 70 FUBURLIZ 3l 0 B0 BR AT 58 [ D . 48T V095 Rk, 201 1.
Shao Xiuping. Particle kinematic simulation and experimental study on the process of magnetic precision seed-meter sucking seeds

based on DEM [ D]. Zhenjiang: Jiangsu University, 2011. (in Chinese)
15 FEEGR,H74, FARHT. BSHRIck M HTE EDEM | RS2 M. P54 . P56 Tk K4 i it ,2010.

Simulation Analysis of Seed-filling Performance of Magnetic
Plate Seed-metering Device by Discrete Element Method

Hu Jianping Zhou Chunjian Hou Chong Wang Jing
(Key Laboratory of Modern Agricultural Equipment and Technology, Ministry of Education,
Jiangsu University, Zhenjiang 212013, China)

Abstract; The structure and working principle of a magnetic plate precision seed-metering device were
introduced. In order to understand the seed-filling performance, the single-row permanent magnet
metering elements were made as the research object and the simulation model was established by using
particle discrete element method. The seed box moving speed, the magnetic suction surface magnetic
field intensity, and the effect of filling position angle on seed-filling performance were simulated, and the
best combination of all factors was obtained. The simulation results showed that the main factor influence
filling properties was the surface magnetic field intensity of permanent magnet, and the second was the
seed box moving speed. Both prototype test and simulation test showed that the metering device had good
performance under these conditions of the permanent magnet magnetic field strength 150 mT, seed box
moving speed 0. 08 m/s, and the filling the position angle 110°. The simulation test value of the single
seeding rate was 89.57% , and the actual test value was 87.93% . Simulation and test results were
consistent. The results proved that it was feasible using discrete element method to analyze the
performance of magnetic plate seed-metering device, and the magnetic plate precision seed-metering
device could be used for small particles of vegetable seeds.

Key words: Magnetic plate type Seed-metering device Seed-filling performance Discrete element

method  Simulation analysis



