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Design and Experiment of Air-suction Broad Bean Seed Metering
Device with Flat Belt Auxiliary Seed-filling

SU Wei ZHAO Qinghui LAI Qinghui XIE Guanfu TIAN Baoning WANG Yongjie
(College of Modern Agricultural Engineering, Kunming University of Science and Technology, Kunming 650500, China)

Abstract: An air-suction metering device for broad beans with a flat belt auxiliary seed-filling device was
designed to address the difficulties of sowing large-sized and highly different three-axis dimensional broad
bean seeds. The motion mechanism of the flat belt auxiliary seed-filling device and seeds was elucidated
through a dynamic analysis of the seed-filling process. A one-factor test was conducted by using the
computational fluid dynamics and discrete element method bidirectional coupling simulation method
(CFD — DEM) to determine the main component parameters affecting the seed-filling performance and
clarify the mechanism of the flat belt auxiliary seed-filling device. An experimental platform was
constructed, and a quadratic regression orthogonal combination test was conducted with operating speed,
flat belt input shaft speed, and negative pressure as the test factors and qualified index, reseeding index,
and miss-seeding index as the test indicators. The test results showed that the primary and secondary
factors affecting the qualified index of the air-suction metering device were operating speed, negative
pressure, and flat belt input shaft speed. A multi-objective optimization of the test results yielded the
optimal parameter combination of the operating speed at 5.69 km/h, flat belt input shaft speed at
395 r/min, and negative pressure at 3 845 Pa. The air-suction metering device performance was verified
through sowing tests with a qualified index of 91. 6% , reseeding index of 3. 8% , and miss-seeding index
of 4.6% , which met the requirements for broad bean planting.
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Fig.1 Structure diagrams of air-suction broad bean

seed-metering device with flat belt auxiliary seed-filling
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Fig.7 Simulation test results
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Tab.3 Experimental factors and codes

K=

S iy YD 2 STl i N fil e i R
%,/ (km-h~") %,/ (remin ") x5/ Pa

-1.682 5.04 252 3000
-1 5.33 303 3405

0 5.76 378 4000

1 6.19 454 4595

1. 682 6.48 505 5000

4 REAREER
Tab.4 Text design and results

e ik Y\/% Yy % Yy %
X, X, X, ’
1 -1 -1 -1 67.6  10.1  22.3
2 1 -1 -1 46.9 6.9  46.2
3 -1 1 -1 740 13,5 125
4 1 1 -1 79.0 2.8 18.2
5 -1 -1 1 76.3  22.5 1.2
6 1 -1 1 59.7 15,2 25.1
7 -1 1 1 53.6  38.2 8.2
8 1 1 1 58.4  27.4  14.2
9 -1.682 0 0 78.5  18.6 2.9
10 1. 682 0 0 64.8 6.5  28.7
11 0 -1.682 0 59.7 8.2 321
12 0 1. 682 0 75.2 20.3 4.5
13 0 0 -1.682 72.5 1.8 257
14 0 0 1.682  54.4 452 0.4
15 0 0 0 96.0 2.2 1.8
16 0 0 0 87.3 6.2 6.5
17 0 0 0 93.9 3.1 3.0
18 0 0 0 92.2 0.5 7.3
19 0 0 0 94.1 5.5 0.4
20 0 0 0 94.0 4.2 1.8
21 0 0 0 88.4 8.1 3.5
22 0 0 0 91.7 0.2 8.1
23 0 0 0 94.4 3.1 2.5

HEAT LA 43 B, 8 0 25 3R 1 52 e, 45 21 5 A 48 4R
Y, EREARE Y, MR Y B O R R AT
8] 5 75 R 19 2 35 M e A, A s Rk S

(1) GA%FEHC Y, [ AR 70 55 b 3 Pk A g

B S A IZA R BE AR 3 (P <0.01)
Horp Vb i 5 5 R A2 B (X, X, ) P KT 0,05, %
HEAD 28 TAE B 09 5 A% 18 80 W3 R T B 3
b A DG 12X 50 PR 2R 0T o 0 A 9 5% e A FE —IROR &R o
AU P =0.270 3 &3, UL A A7 7 H A 52 el 45
PR EERER, EBRAREFENHRERFHETZ Tl
B BT G AR R Y, /Y AL
Y, =92.48 -3.7X, +2.97X, -3.66X, +5.89X,X, -

7.81X,X, -7.68X; —9.16X> —10.58X> (12)
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Tab.5 Variance analysis of qualified index, reseeding index and miss-seeding index

Tr 7 GERIECE: o 1% 45 4 i 15 45 4

RI PR AME F P SFIPA A F P oA A hE F P
iR 5251.25 9 56.91  <0.000 1" 3085.37 9 38.71  <0.0001" 3311.65 9 44.23  <0.0001"
X, 187.04 1 18.24  0.0009 "  200.67 1 22.66  0.0004"  775.17 1 93.18  <0.0001*
X, 120. 51 1 11.75  0.0045" 165. 56 1 18.69  0.0008 "  568.56 1 68.35  <0.000 1"
X, 182. 62 1 17.81  0.001* 1497.13 1 169.06 <0.0001*  633.98 1 76.21  <0.000 1™
XX, 277.3 1 27.05  0.0002 " 15.12 1 1.71 0.2139 162.90 1 19.58  0.0007 "
XiX; 1.9 1 0.1854  0.6738 2.20 1 0.249  0.6261 0.0113 1 0.0014  0.9712
X,X;  488.28 1 47.62  <0.000 1"  102.24 1 11.55  0.004 8" 143. 65 1 17.27  0.001 1"
X; 936.43 1 91.33  <0.0001™  146.47 1 16.54  0.0013™  342.21 1 41.14  <0.000 17"
X 1333.73 1 130.08 <0.0001*  210.20 1 23.74  0.0003*  484.97 1 58.3  <0.000 1"
X3 1777.26 1 173.34  <0.0001  758.14 1 85.61 <0.0001"  213.84 1 25.71  0.0002*
5k 133.29 13 115.13 13 108. 14 13

&Kl 66.11 5 1.57 0.2703 60. 57 5 1.78 0.2239 48.19 5 1.29 0.3573
W% 67.18 8 54.56 8 59.96 8

M 538454 22 3200.5 22 3419.8 22

s R (0. 01 <P <0.05) , s KRB (P <0.01),
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Fig. 12 Response surfaces of significant interaction term
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