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Design and Test of Cone Diversion Type Horizontal Plate Wheat
Precision Seed-metering Device

LIU Cailing DU Xin ZHANG Fuyin MA Tuo ZHANG Haoyang LI Yanni
(Key Laboratory of Soil — Machine — Plant System Technology, Minisiry of Agriculture and Rural Affairs,
China Agricultural University, Beijing 100083, China)

Abstract ; In order to achieve precision seeding of low sowing quantity of wheat and improve the accuracy
of precision seeding of wheat, a kind of cone diversion type horizontal plate wheat precision seed-metering
device was proposed. The design and theoretical analysis of key parameters were carried out. Single
factor test on the effects of the guide bar form, number of holes, cone disc speed and cone disc angle on
seed-filling performance were studied by EDEM discrete element software, and then the parameters were
determined. On this basis, the multiple quadratic regression rotation orthogonal combination test was
carried out with cone speed, seed-layer thickness and length of hole, and then the test data was analyzed
by Design-Expert 8. 0. 6 software. The regression model and the influence of factors on the index were
obtained. The influence relation of factors on the single rate was determined and the order of importance
was the cone disc speed, length of hole and seed-layer thickness in turn. The order of importance of the
qualified rate was the cone disc speed, seed-layer thickness and length of hole in turn. Interaction
between the length of a hole and the seed-layer thickness, cone disc speed and seed-layer thickness
cannot be ignored. Based on the regression model, the parameters were optimized and the seed metering
device under the optimized parameter combination was tested for seed-metering performance. The results
showed that the qualified seed-metering rate, the leakage rate and single rate was 90. 13% , 9. 87% and
49.50% , raspectively, and the test results matched the simulation optimization results. The reliability of
the simulation optimization result was verified. The performance comparison tests with the original cone
seed-metering device showed that the designed cone diversion type horizontal plate wheat precision seed-

metering device was better than the original cone disc seed-metering device in both metering performance
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and breakage index. The qualified rate was increased by 3.4 percentage points, 2. 1 percentage points

and 1.9 percentage points at 3 km/h, 4 km/h and 5 km/h, respectively, and the damage rate was

decreased by 0. 2 percentage point at 3 km/h. The designed cone diversion type horizontal plate wheat

precision seed-metering device can effectively improve seed filling performance and qualification index

and reduce sowing quantity and breakage rate. The research results provided a reference for the design of

wheat precision seeder used in wide seedling strip.

Key words: wheat; seed-metering device; involute guide bar; discrete element method; design; test
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Fig. 1 Schematic diagram of cone diversion type

horizontal plate metering device
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Fig. 8 Force analysis of seed-dropping device
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Tab.1 Simulation results of three different guide bar types
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Fig. 10 Seed velocity changing curves in different

guide strip types
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Tab.2 Simulation results of different numbers of holes

BAAB/A HORR/ % HHER % Ui FE A/ %
39 41.9 87.6 12.4
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50 45.9 89.0 11.0

500 42 394

0.0
3.0 3.5 4.0 455.05.56.0 6570 7.58.0 859.0 95100
i} i) /s

7 Ta) B AL A BT ol 3 B2 A b b 2k

Seed velocity changing curves in different

K 11
Fig. 11

numbers of holes

42 39 A~ UL, o = J50RE - 2 5 B2 43 51 Ol 0.061 0,
0.0530.,0.058 5 m/s, 3 W Fift 348 J3F {1 A PR ke
BF, 398 K ol 12 A ) T 4 s SR AR PR BE L BRI A
MRS BTG, PRAf 2 50 AL T FL A5
30203 G J I R T TR AE Y R R

O R LR L R R,
15.20 .25 .30 .35 .40 r/min B} {5 25048 25 5 3% 3
B

£3 ARARENHEER

Tab.3 Simulation results at different speeds

MR/ (rmin ™) ORR/ % BHR/% RRE/ %
15 45.9 89.0 11.0
20 50. 1 81.5 18.5
25 42.9 65.0 35.0
30 33.5 53.5 46.5
35 33.0 44.0 56.0
40 12.0 26. 1 73.9
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Fig. 12 Seed velocity changing curves at different speeds
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Tab.4 Simulation results at different cone angles

HEREHEM/(°)  HRIR/ % AR % 78R/ %
30 45.9 89.0 11.0
35 48.9 88.5 1.5
40 47.4 86.9 13.1
45 46.2 84.9 15. 1
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Fig. 13 Seed velocity changing curves at different cone angles
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i - T %
Bk X,/ (remin™h) FZJEEE X, /mm ALK X;/mm
-1.414 11. 89 7.93 6.5
-1 15. 00 10. 00 7.2
0 22.50 15. 00 8.9
1 30. 00 20. 00 10.6
1.414 33.11 22.07 11.3
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Tab.6 Quadratic regression rotary experiment results

T R ARE Rk
Y, /% Y,/ % Yi/ %
(remin~") mm mm
1 30. 00 20. 00 7.2 51.20  78.40  21.60
2 30. 00 10. 00 10. 6 23.60  92.40 7. 60
3 15.00 20. 00 10. 6 24.00  92.60 7.40
4 15.00 10. 00 7.2 48.40  88.40  11.60
5 11.89 15.00 8.9 16. 80 93.00 7.00
6 33.11 15. 00 8.9 41.60  86.80  13.20
7 22.50 7.93 8.9 46.00  90.80 9.20
8 22.50 22.07 8.9 40.00  89.60  10.40
9 22.50 15. 00 6.5 49.60 82.40  17.60
10 22.50 15. 00 11.3 31.20 85.60  14.40
11 22.50 15. 00 8.9 40.40  91.60 8.40
12 22.50 15. 00 8.9 32.80 90.00 10.00
13 22.50 15. 00 8.9 36.00 84.80 15.20
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Tab.7 Variance analysis of single rate and qualification rate
. | HUHL | %
Shit): S ¥ 75 2 F P SRit): S ¥ 75 2% F P

15 7Y 6 217.63 11.24 0.004 8 5 44.04 6.19 0.009 3
X, 1 307.52 15. 89 0.007 2 1 50. 92 7.99 0.0255
X, 1 3.49 0.18 0.6859 1 17.10 2.68 0.1454
X, 1 169. 28 8.74 0.0254 1 5.12 0. 80 0.399 8
X X 1 84.36 4.36 0.0819 1 31.50 4.94 0.061 6
X, X 1 133. 44 6. 89 0.0393

Xf 1 148. 05 7.65 0.0326

X§ 1 31.50 4.94 0.061 6
KA 4 21.76 1.49 0.4386 5 3.86 0.31 0.8765
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Tab.8 Single factor test results at different

advancing speeds

i HETET T KT £ J A A

Ckmh-1) KPS (X RELETS L RRSLTS
/% Wi/em /% B /cm

1 90.0 4.30 87. 1 4.25

2 89.2 4.35 87.8 4.35

3 3 87.5 4.40 81.6 4.20
¥ 88.9 4.35 85.5 4.27

WEZE/ % 1.4 1.10 3.9 1. 80

1 84.2 4.45 83.5 4.55

2 84.1 4.55 82.1 4.50

4 3 85.8 4.50 82.2 4.65
¥IE 84.7 4.50 82.6 4.57

BREH/% 1.1 1.10 1.0 1.70

1 78.7 4.70 75.2 4.65

2 81.5 4. 60 77.0 4.75

5 3 76. 8 4.65 79. 1 4.55

¥ 79.0 4.65 77. 1 4.65

WRER/ % 2.9 1.10 2.5 2.20
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B o TR) B A TS 3 KOT 28 S CHE D 2 L T A 5 HE o
AR TETT HE W EE S 345 km/h B G A% % 43 ) B2 5
3.4.2.1.1.9 E 5 s, 32 W HE 5 i K CF 8 S HE
i 25 HEFD-PE BB 6 Ar 00 F J5 HE B HEFP 45, UE B 2 55 19
BB NSRRI h S X R R AR L R T
FERHLER , T4 R T A48 %
4.2.2  HERR 0L AR R H g

R4 GB/T 6973—2005 il i a0 2 i 56 Jy vk 1k
AT R T b, 130 25 1 m) 1, 5 AL EL i g
BEA 3 km/h il 08 R R N B A5 5 0k AT 0
P, ARG BORE 3 000 i HE H R 7 R ARk
PERRF i, 45 R 3 UG B0 SR BCE Y (E B Rl
6 7 238 (A R o o0 ot 5 HlE o - O LR L 45 2R
W29 Fim .

MR 9 W LLE o R I KO B HE R 2
PR AR AAIR , L A 2 HE D 28 A 32/ 0.2 AN 43 i,
2 PR Sy A A HE 24 PR kR R 2 7 PR A E A
1 A2 T 458 o~ 2 3 8 - 42 T T O 5 A 2 AR
T 25 45 0 15 ol 4 o RRUK, R4 ) K, 3 U
BRI 2, T P IR T R 5 U AL BE 1
TR VA V) PRE A ), 38 KR B R AL R IS R



64 & o Bl B ¥ iR

2018 4

K9 WREREAEER

Tab.9 Crushing rate test results

B/ 5 W/
e wgre . '
g Jitk/g Yo
1 142.26 0. 40 0.28
- 138. 83 0. 49 0.35
i .‘2:7 7.
HETRAF 3 143. 96 0. 46 0.32
P 141. 68 0.45 0.32
1 147. 00 1.02 0. 69
2 140. 20 0.47 0.34
JEE
3 141.74 0.72 0.51
FHH 142.98 0.74 0.52
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