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Optimal design and experiment of air-suction precision hole sowing
seed metering device for small-grain vegetable seed

ZENG Shan, WEN Zhiqiang, LIU Weijian, XU Zhuo, HE Siyu, WANG Pei
(College of Engineering, South China Agricultural University/Key Laboratory of Key Technology on Agricultural
Machine and Equipment, Ministry of Education, Guangzhou 510642, China)

Abstract: [Objective] The small-grain seed has the characteristics of small size, light weight and irregular
shape. The problems of blockage of seed suction hole, seed damage and poor seeding uniformity often occur in
the operation of traditional seed metering device. Therefore, on the basis of seed pelleting technology, an air-
suction precision hole sowing seed metering device for small seeds was designed. [Method] The seeding
process was simulated by Rocky discrete element simulation software by measuring relevant parameters such as
seed size and friction angle. In order to obtain the best performance factor combination of the seed metering
device, the quadratic regression rotation orthogonal experiment was carried out, and a multi-objective
optimization method was used to optimize the factors affecting the performance of seed metering device.

[Result] Through the test of regression coefficients, the primary and secondary order of the factors affecting

single grain rate and leak seeding rate of the seed metering device was air pressure and rotation speed of seed
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metering device. When the rotation speed was constant, with the increase of the negative pressure, the single

grain rate increased, and the leak seeding rate decreased; When the negative pressure was constant, with the

increase of the rotation speed, the single grain rate decreased, and the leak seeding rate increased. When the

negative pressure was greater than —2 800 Pa, the rotation speed of 5—30 r/min had less obvious influence on

single grain rate and leak seeding rate of the seed metering device, and the single grain rate was all above 90%,

the leak seeding rate was all below 10%. [Conclusion] Through optimization, the optimal working parameter

combination is the rotation speed of 15 r/min, the negative pressure of —2 300 Pa, and the positive pressure of

500 Pa. The performance indicators of the seed metering device under these conditions are as following: The

average single grain rate qualified index is 96%, the average leak seeding index is 3.37%, and the average replay

seeding index is 0.267%, which conforms to the national standard requirements.

Key words: small-grain vegetable seed; air-suction seed metering device; precision hole sowing; Rocky

software; single grain rate; leak seeding rate
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Fig. 1 Structure of air-suction precision hole sowing seed
metering device for small-seeds vegetables
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Table 1 Seed friction parameter

FEEIC) )
I H Item CoefTicient
Angle L
of friction
AR IE A 2224 0.408 9
Seed angle of repose
Tobt 5~ 55 AN A AR i 5 BE 5 A 29.62 0.568 5
Sliding friction angle between seed
and stainless steel plate
Ty S IR TR S E A 28.15 0.5350

Sliding friction angle between seed

and photosensitive resin plate
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Fig. 4 Simulation of vertical feed mode at different time
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Fig. 5 Simulation of side-down feed mode at different time
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Fig. 6 Effects of optimized side-down feed mode at different time
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Table 2 Seed metering device test factor and code table

- FRAEAL G X (SR TD) SERRAR EAE
A5 il ) . .
) Normalized X(coding) Actual value of variable
Range of variable x P

X, X, x/(r'min") x,/Pa
7K Upper level 1 1 30.00 -3 800.00
K F Baseline level 0 0 20.00 —2550.00
N 7K-F Lower level -1 -1 10.00 -1 300.00
EZE 7K L r above the reference baseline level 1.4142 1.4142 34.14 -4317.75
BiZE /KPR ris r below the reference baseline level -1.4142 -1.4142 5.86 —782.25
trifEZ Standard deviation 1 1 10.00 1250.00
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Z1=951-6.6x1 +12.96x; +8.27x1xp — 9.22)622, (6)
Zy = 4.82+6.68x — 13.14 x3 - 8.19 x1x2 +9.14 x2, 432 cm @ e AT RGOS SR LR
() & A S ELAT T HE R 8 B4 BE 4 br 2 X 25 2,
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Table 3 Quadratic orthogonal rotation combination design and experimental results
Eis IR (x)) R (xy) BRI (Z,)/% T IRE(Zy) % HIRF(Z)/%
Test number Rotation speed Air pressure Single grain rate Leak seeding rate Replay seeding rate
1 -1 -1 94.93 5.07 0.00
2 1 -1 60.67 39.33 0.00
3 -1 1 98.00 1.33 0.67
4 1 1 96.80 2.80 0.40
5 -1.414 0 97.73 2.00 0.27
6 1.414 0 85.47 14.53 0.00
7 0 -1.414 52.13 47.87 0.00
8 0 1.414 97.73 2.00 0.27
9 0 0 94.93 5.07 0.00
10 0 0 95.73 4.27 0.00
11 0 0 95.73 4.27 0.00
12 0 0 95.47 4.53 0.00
13 0 0 97.20 2.80 0.00
x4 EEARERFESH
Table 4 Variance analysis of regression equation
EiE 1 K ST H %175 e p
Index Source Sum of squares df Mean square
HRH(Z) 1 Model 2567.93 4 641.98 30.45 <0.000 1
Single grain rate X, 348.66 1 348.66 16.54 0.003 6
X, 1343.90 1 1343.90 63.75 <0.000 1
XX, 273.35 1 273.35 12.97 0.007 0
X’ 602.01 1 602.01 28.56 0.000 7
%7 Residual 168.64 8 21.08
F AR ZE Lack of fit 165.81 4 41.45 58.59 0.000 8
"2 Error 2.83 4 0.71
J& A0 Total 2 736.58 12 641.98 30.45
TIRFE(Z,) T Model 2598.49 4 649.62 31.53 <0.000 1
Leak seeding rate X, 357.22 1 357.22 17.34 0.003 1
X 1381.59 1 1381.59 67.05 <0.000 1
XX 268.96 1 268.96 13.05 0.006 9
X, 590.72 1 590.72 28.67 0.000 7
%% Residual 164.84 8 20.60
AR ZE Lack of fit 162.01 4 40.50 57.24 0.000 9
%2 Error 2.833 4 0.71
JEA Total 2763.33 12
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