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Design and Test of Positive and Negative Pressure Combination
Roller Type Precision Seed-metering Device for Rapeseed

LIAO Yitao'” LIU Jiacheng' LIAO Qingxi'> ZHENG Juan' LI Tian' JIANG Shan'
(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
2. Key Laboratory of Agricultural Equipment in Mid-lower Yangtze River,
Ministry of Agriculiure and Rural Affairs, Wuhan 430070, China)

Abstract; Considering at the problem of small particle size and light quality of rapeseed, which makes it
difficult to displace individual seeds, a positive and negative pressure combination roller type precision
seed-metering device was designed. The working principle of the seed-metering device was clarified, and
the force analysis of the seed absorbing, seed carrying and seed discharging links of the seed-metering
device was carried out, as well as the analysis of the dragging process of the seed discharging roller on the
seed population. The mechanism of preventing dragging accumulation by controlling the height of the seed
layer in the seed filling area and the pressure of the seed population was proposed, and a seed filling
chamber structure with lateral seed filling and free fall of the dragging seed was designed. The influence
of the height of the seed layer and the structure of the seed filling chamber on the performance of the seed
filling in the seed filling area of the seed-metering device and the solution of the dragging accumulation of
the seed population were investigated by using the discrete element simulation. The simulation results
showed that the average kinetic energy of the seed population inside the seed dispenser was increased with
the increase of the filling seed layer height, and the average disturbance capacity of the seed population
was gradually increased. Under the condition of 50 mm seed filling layer height, the designed anti-drag
strip accumulation seed filling chamber reduced the pressure on the seed population at the bottom of the
seed filling area, and the phenomenon of population drag strip accumulation did not occur, and the
disturbing effect on the seed population in the seed filling area was maintained. Seed metering tests were
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conducted on the JPS — 12 seed-metering device inspection test bench, the test results showed that in the

roller speed at 15 ~30 r/min, suction seed negative pressure in the range of 1. 0 ~ 1. 2 kPa seed-metering

device qualified index could reach more than 90% . The results of the field test showed that the coefficient

of variation of plant spacing stability was 4.4% and the coefficient of variation of seedling number

consistency in each row was 8. 14% in the actual field operation of the planter equipped with positive and

negative pneumatic pressure combination roller-type small-size seed single-seed precision planter, which

met the requirements of precision sowing.

Key words: rapeseed; precision seed-metering device; positive and negative pressure combination;

roller type
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Fig.2 Force analysis of sucking seed progress

Schematics of structure of positive and negative pressure combined roller type precision seed-metering device
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Fig.7 Schematics of seed population force analysis
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Tab.2 Test result
. X?% S GHRE TR S
Y,/% Y,/ % Y3/ %
(remin~") X,/kPa

0.6 86.93 3.27 9.82

0.8 90. 95 2.37 6. 69

15 1.0 92.28 2.49 5.27
1.2 93.00 2.48 3.90

1.4 90. 07 4. 11 5.82

0.6 85.73 2.74 9.88

0.8 89. 00 2.55 8. 45

20 1.0 90. 45 4,25 5.31
1.2 91.59 3.60 4. 81

1.4 89. 66 5.26 5.08

0.6 84.47 4.97 10. 56

0.8 86. 80 4.48 8.72

25 1.0 90. 16 4.75 5.09
1.2 90. 25 5.06 5.71

1.4 89.25 6.23 4.51

0.6 83. 68 4.58 11.74

0.8 85.37 5.81 8. 82

30 1.0 91.47 4.57 4.65
1.2 90. 99 5.21 3.79

1.4 90. 31 6.53 3.16

0.6 82.96 4.48 12. 56

0.8 86. 17 6. 68 7.15

35 1.0 87.05 6.50 6.45
1.2 87. 80 8.53 4.98

1.4 85.75 9.72 4.53
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Tab.3 Variance analysis of regression equation

I GsFRELY, ERFEECY, Te a5k v,

K FHM HEE F P SEF A F P SEHF AmE F P
B 167.52 5 26.88  <0.0001*  71.28 5 25.71  <0.0001* 154.71 5 50.23  <0.000 1 **
X, 53.27 1 42.74  <0.0001*  51.37 1 92.63  <0.0001*  0.97 1 1.58 0.224 4
X, 67. 00 1 53.76  <0.0001™ 14.16 1 25.54  <0.0001* 126.60 1 205.52  <0.0001 *
XX, 0.38 1 0.31 0.5857 3.35 1 6.03 0.0238* 5.68 1 9.22  0.0068™
X2 0.25 1 0.20 0.658 8 0.38 1 0.69 0.4161 0.004013 1  0.006515 0.9365
X2 46. 61 1 37.40  <0.0001*  2.02 1 3. 64 0.0716 21.46 1 34.84  <0.0001*
%% 23.68 19 10. 54 19 11.7 19

M 191.2 24 81.82 24 166. 42 24
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Fig. 16  Response surface diagrams of test results
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