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Experiment on Pneumatic Metering Device with Declined
Disc for Virus-free Seed Potato
MAO Qiong, HUANG Mei, HUANG Jie, DUAN Hongbing*

( College of Engineering and Technology, Huazhong Agricultural University, Wuhan, Hubei 430070, China )

Abstract: A pneumatic metering device with declined disc was designed for virus-free seed potato in order to improve the
mechanization planting level of virus-free seed potato and guarantee the sowing quality. Single factor and orthogonal
experiments were carried out. The relationships of performance indexes such as eligible index, multiple index, miss index and
coefficient of variation with the rotational speed of metering shaft, tilt angle of metering disc and the shaped hole form of metering
disc were analyzed. Single factor experiment showed that performance indexes were remarkably influenced by those three
factors. Orthogonal experiment indicated that the eligible index reached as high as 97.62%, the miss index was 0.67%, and the
coefficient of variation was 8.94%; while the rotational speed of metering shaft was 10 r/min, tilt angle of metering disc was 45°,
and the shaped hole form of metering disc was cylindrical hole with 9 x ® 12 mm. The result of the study showed that pneumatic
metering device with declined disc could meet the precision seeding requirements for virus-free seed potatoes with large piece
and great differences in shape, and provide a new method for large piece seeds.
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Figure 1 Seed metering system
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1. Seed box; 2. Seeding flow adjustable sheet; 3. Cleaning device; 4. Seed chamber shell; 5. Planter plate; 6. Seal ring ;7. Seal ring ~ ;

8. Air chamber shell; 9. Planter plate fixing sleeve  ; 10. Planter plate fixing sleeve  ; 11. Metering shaft.
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Figure 2 Structure of metering device
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Table 1 Physical and mechanical characteristics of virus—free seed potato
mm ° °
. & mm .mm mm Triaxialaverage . kg/m* . Roll stability Natural angle of
Variety Mass  Length  Width ~ Depth . . Sphericity . Porosity
particle size Volume density angle repose
4.34 24.01  18.60 16.80 19.80 0.71 646.80 0.38 11.90 25.59

Favorita

Note Roll stability angle refers to the rolling stability angle between virus—{ree seed potato and steel.
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Figure 3 Relationship between index and rotational

speed of metering shaft
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The tilt angle of metering disc
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Figure 5 Relationship between index and tilt angle of

metering disc
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Figure 4 Impact of rotational speed of metering shaft on
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Figure 6 Impact of tilt angle of metering disc on
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The shaped hole form of metering disc The shaped hole form of metering disc
a.9x ®10 mm b.9x @11 mm c. 9 x P12 mm d.9x P13 mm e. 12 x ®10 mm £12x® 11 mm
g 12 x @12 mm h. 12 x ®13 mm

a. 9 x ®10 mm metering disc; b. 9 x @11 mm metering disc; c. 9 x @12 mm metering disc; d. 9 x P13 mm metering disc; e. 12 x P10 mm

metering disc; f. 12 x @11 mm metering disc; g. 12 x ®12 mm metering disc; h. 12 x ®13 mm metering disc.

7 8
Figure 7 Relationship between index and shaped hole Figure 8 Impact of shaped hole form of metering disc on
form of metering disc coefficient of variation
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Table 2 Factors and levels of orthogonal experiment AiB.Cs °
Factor
Level A° B C r/min C. B. A AB:Cy
45° 10 r/min
1 45° 9 x ® 10 mm 25 9x ®12 mm N
2 35° 9x ® 11 mm 20
45°
3 30° 9x ® 12 mm 15
4 40° 9x ® 13 mm 10 lor/mln 9X(I)12mm
97.62%
9 1.711% . 0.67% 8.94%
3 o
4 o
4
C. B. A C 4. ALBsCy 2
B 3. A 1 ABC, A
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Table 3 Programs and results of orthogonal experiment

1 2 % % % %
Test number Nullable column 1 Nullable column 2 Eligible index Multiple index ~ Miss index  Coefficient of variation
1 1 1 1 1 1 77.01 1.86 21.13 9.84
2 1 2 2 2 2 84.92 3.38 11.70 10.56
3 1 3 3 3 3 97.19 0.84 1.97 13.10
4 1 4 4 4 4 94.32 3.09 2.59 15.33
5 2 1 2 3 4 92.45 0.50 7.05 9.69
6 2 2 1 4 3 94.84 1.04 4.12 8.72
7 2 3 4 1 2 79.32 1.24 19.45 16.55
8 2 4 3 2 1 84.99 2.14 12.87 14.05
9 3 1 3 4 2 88.99 0.44 10.57 16.36
10 3 2 4 3 1 91.65 0.62 7.74 18.74
11 3 3 1 2 4 86.17 1.18 12.66 11.76
12 3 4 2 1 3 77.59 2.14 20.26 11.99
13 4 1 4 2 3 85.53 0.58 13.89 18.98
14 4 2 3 1 4 79.23 0.90 19.87 17.06
15 4 3 2 4 1 99.07 0.27 0.66 13.54
16 4 4 1 3 2 86.22 2.14 11.64 10.83
4
Table 4 Range analysis of experiment results
1 2 1 2
Test index A B Nullable C Nullable Test index A B Nullable C Nullable
column 1 column 2 column 1 column 2
K1 353.45 343.98 34424  313.15 352.72 K1 37.39 52.64 49.55 80.69 42.40
K2 351.60  350.64 354.03  341.61 339.44 K2 43.48 43.42 39.66 51.12 53.36
K3 34439  361.74 35040 367.51  355.15 K3 51.22 34.74 45.29 28.40 40.24
% K4 350.05  343.12  350.81 37723  352.18 K4 46.07 47.36 43.67 17.95 42.15
Eligible k1 88.36 86.00 86.06 78.29 88.18 % k1 9.35 13.16 12.39 20.17 10.60
index k2 87.90 87.66 88.51 85.40 84.86 Miss index k2 10.87 10.86 9.92 12.78 13.34
k3 86.10 90.44 87.60 91.88 88.79 k3 12.81 8.68 11.32 7.10 10.06
k4 87.51 85.78 87.70 94.31 88.04 k4 11.52 11.84 10.92 449 10.54
R 2.26 4.66 245 16.02 393 R 3.46 448 247 15.69 3.28
K1 9.17 3.38 6.21 6.15 4.88 K1 48.83 54.87 41.15 55.45 56.17
K2 491 5.94 6.29 7.27 7.19 K2 49.01 55.07 45.78 55.34 54.30
K3 4.37 3.52 431 4.09 4.59 K3 58.85 54.96 60.56 52.36 52.79
K4 3.88 9.51 5.52 4.83 5.67 % K4 60.41 52.20 69.60 53.94 53.84
%_ k1 2.29 0.84 1.55 1.54 1.22  Coefficient k1 12.21 13.72 10.29 13.86 14.04
Multiple k2 1.23 1.48 1.57 1.82 1.80 of k2 12.25 13.77 11.45 13.84 13.57
index variation
k3 1.09 0.88 1.08 1.02 1.15 k3 14.71 13.74 15.14 13.09 13.20
k4 0.97 2.38 1.38 1.21 1.42 k4 15.10 13.05 17.40 13.49 13.46

R 1.32 1.53 0.50 0.80 0.65 R 2.89 0.72 7.11 0.77 0.84
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