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Effect of Disturbed Seeds on Performance of Centrifugal Mechanical
Maize High-speed Precision Seed Metering Device
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Abstract; Aiming to improve the performance of the mechanical maize precision seed metering device in
high-speed operation, a seed-disturbing mechanism was designed to discretize the originally static
accumulation of seeds, increase the mobility of seeds, and improve the precision seeding conditions. The
theory analysis and structure design of the disturbing mechanism were carried out. The influence of
disturbance teeth shape, disturbance teeth height, and seed pile height on the seeding performance was
studied by the discrete element simulation analysis method. The influence of each factor was clarified. To
verify the theoretical analysis results and obtain the best performance parameters, the shape of seed-
disturbing teeth, the height of seed-disturbing teeth, and the height of the seed pile were used as test
factors. The breakage rate, qualified rate, multiple rate, and missing rate were used as test indicators to
carry out the three-factor and three-level center orthogonal test. The test data were analyzed by multiple
regression analysis and response surface analysis using Design-Expert software. The influence relationship
of each factor on the index was obtained. A multi-objective optimization method was used to determine the
better parameter combination. When the operation speed was 13 km/h, the shape of seed-disturbing teeth
was D, the height of seed-disturbing teeth was 11. 20 mm, and the seed layer height was 66. 40 mm, the
qualified rate was 94.75% , the multiple rate was 2.71% , the missing rate was 2.54% , and the
breakage rate was 0. 42% , which met the technical requirements of precision seeding under the condition
of high speed.
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Fig.2 Shape of maize seeds
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Fig.3 Parabolic fitting of maize kernel profile
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Fig. 6 Seed motion trajectory under action of seed-disturbing teeth with different shapes
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Fig.7 Seed motion trajectory under action of seed-disturbing teeth at different heights
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Tab.6 Experimental factors coding

i Ak
X, x,/mm X3/ mm
-1 B 10 55
0 D 11 65
1 C 12 75

®T KRBRAREER

Tab.7 Experimental design and results

e

i3 —Xl X, X, S/ % H/% M/ % N/ %
1 -1 -1 0 0. 68 83.40 3.75 12. 85
2 1 -1 0 0.78 83. 64 4. 66 11.70
3 -1 1 0 0.75 84. 60 7.04 8.36
4 1 1 0 0. 81 88. 60 4.63 6.76
5 -1 0 -1 0.63 87. 61 7.60 4.79
6 1 0 -1 0.83 88.76 5.99 5.25
7 1 0 1 0.74 84.31 8.36 7.33
8 0 1 0.56 89.35 6.38 4.26
9 -1 -1 0.73 83.61 7.96 8.43

—_
(=)

1 0. 82 86.70 6.48 6. 82

1

0

0 -
11 0 -1 1 0. 62 82.51 4.87 12. 62
12 0 1 1 0.76 84.73 11.56 3.70
13 0 0 0 0.41 93. 67 3.52 2.81
14 0 0 0 0.43 94. 04 2. 66 3.30
15 0 0 0 0. 46 94. 44 2.85 2.72
16 0 0 0 0. 42 93.52 2.89 3.58
17 0 0 0 0. 46 94. 66 2.77 2.57
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Tab.8 Variance analysis of regressions equation

1 2% H M

P/ F P F P F P F P
[ 13.40 <0.0001* 159. 36 <0.0001* 48.27 <0.0001* 161.79 <0.0001*
X, 4.23 0.078 6 62. 49 <0.0001* 14. 65 0.006 5 ** 27.26 0.0012*
X, 14.23 0.007 0 ** 75.52 <0.000 1 * 40. 49 <0.000 4 ** 397.79 <0.000 1 *
X, 14.23 0.007 0 ** 19. 14 0.003 3 ** 5.59 0.050 0 6. 60 0.0371"*
X, X, 0.42 0.5384 16. 20 0.005 0 ** 12.35 0.009 8 ** 0.39 0.554 1
X, X5 37.74 0.000 5 ** 17.33 0. 004 2 ** 0.15 0.706 9 23. 64 0.001 8
X, X, 0. 66 0.4455 0. 87 0.3834 75.25 <0.000 1 ** 101. 65 <0.0001*
X2 84. 14 <0.000 1 ** 166. 84 <0.000 1 ** 9.95 0.0161* 157.92 <0.0001*
X2 143. 83 <0.0001* 708. 47 <0.0001* 35.01 0.000 6 ** 710. 25 <0.0001*
X2 58.98 0.000 1 ** 252.19 <0.000 1 * 222.20 <0.000 1 * 1.22 0.305 1
e BT 2.88 0.166 8 0. 83 0.5442 0.29 0.8973 0.33 0.8035

T - R 3 (0. 01 <P <0.05) 5 s FRB ML (P <0.01),

e LA — O [l 9 7 7 o

S =0.44 +0.04X, —0. 04X, +0. 1X, X, +0. 14X; +
0.18X; +0. 12X;

H=94.06 +1.31X, +1.44X, 0. 72X, +0. 94X X, +
0.97X, X, —2.94X] —6.06X; —3. 62X;

M =2.94 -0.64X, +1.06X, —0. 83X, X, +2. 04X, X, +
0.72X* +1.36X; +3.42X;

N =3.00 -0. 67X, -2.50X, +0.33X, —0. 88X, X, —
1. 83X, X, +2.22X; +4.70X;
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Fig. 12 Response surface of influence of factor

interaction on breakage rate
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Fig. 13 Response surface of influence of factor

interaction on qualified rate
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interaction on multiple rate
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