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Optimization design and experiment of tomato pneumatic roller
type seed-metering device

MEI Yuru', XIE Fangping'?*, WANG Xiushan'?, LI Xu'?, LIU Dawei'?

(1.College of Mechanical and Electrical Engineering, Hunan Agricultural University, Changsha, Hunan 410128, China;
2.Hunan Key Laboratory of Intelligent Agricultural Machinery Equipment, Changsha, Hunan 410128, China)

Abstract: Aiming at the problems such as light weight, irregular shape and small particle size of tomato seeds, and difficult to
realize precision seed metering, a pneumatic roller type seed-metering device was designed, which is mainly composed of
positive pressure seed blowing device, convex drum, seed box, and vibration exciter. The adsorption force generated by the
negative pressure in the drum absorbs the tomato seeds in the seed box and rotates together with the drum. The adsorption
force generated by the negative pressure in the drum of the seed-metering device, enables the tomato seeds to rotate with the
drum. When the adsorbed tomato seeds rotate with the drum to the seed feeding position, the seed metering is completed under
the action of positive air blowing. The structural parameters of the drum were determined as the diameter of 142 mm, the
length of 345 mm, the number of seed suction holes of 10 %20, the hole spacing of 33.3 mm, and the hole diameter of 1.2 mm.
The central composite designed experiment was carried out with the seed suction negative pressure, the drum rotation speed
and the vibration frequency as experiment factors and the single grain rate, the replay rate and the missed seeding rate as
performance evaluation indicators. The regression model was established to obtain the optimal working parameters of seed-
metering device by multi-objective optimization method, which included the seed suction negative pressure of 530 Pa, the
drum speed of 5 r/min, and the vibration frequency of 68 Hz. At this time, the missed seed rate of the seed-metering device is
3.7%, the replay rate is 3.2%, and the single seed rate is 93.1%.

Keywords: tomato seeds; pneumatic roller typed seed-metering device; structural parameters; performance experiment
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Fig.1 Structure of the tomato pneumatic roller seed-metering device
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Fig.4 Cloud diagrams of seed suction hole velocity at different seed adsorption postures
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Table 1 Factors and levels of rotation-orthogonal combination

experiment
K RGP REREY(emint) RIS Hz
-1.682 400 5 30
-1 600 6 40
0 900 8 55
1 1200 10 70
1.682 1400 11 80
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Table 2 Missing rate, reseeding rate and single seed rate of tomato seeds in rotation-orthogonal combination experiment

e A WP /Pa YR/ (rminT)  IRBIIR/HZ T %1% HIER/% R /%
1 600 6 40 11.8 19.1 69.1
2 1200 6 40 6.0 325 61.5
3 600 10 40 145 10.2 753
4 1200 10 40 6.0 20.1 73.9
5 600 6 70 4.9 5.5 89.6
6 1200 6 70 5.7 14.9 79.4
7 600 10 70 9.7 43 86.0
8 1200 10 70 4.4 14.0 81.6
9 400 8 55 10.6 2.0 87.4

10 1400 8 55 3.0 19.8 77.2
11 900 5 55 4.1 23.1 72.8
12 900 11 55 5.0 20.2 74.8
13 900 8 30 12.7 23.1 64.2
14 900 8 80 10.5 3.7 85.8
15 900 8 55 47 20.8 745
16 900 8 55 5.6 26.0 68.4
17 900 8 50 4.4 25.8 69.8
18 900 8 55 5.0 21.6 73.4
19 900 8 55 5.6 20.4 74.0
20 900 8 55 48 19.2 76.0
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Table 3 Results of regression variance analysis

J I3 22517 HIRE T R ORI 225007

KW PR AmE FE P P ABE FE P PR fhE FA Pl
KAl 205.14 9 3178 <0.000 1¥* 125195 9 23.84  <0.000 1*¥* 1023.82 9 2147 <0.000 1%*
X 73.03 1 101.82  <0.000 1**  383.14 1 65.65  <0.000 1¥* 121.62 1 2295 0.000 7**
X» 436 1 6.07 0.033 4* 58.55 1 10.03 0.010 0%*  30.96 1 5.84 0.036 2*
X 21.91 1 30.55 0.000 3**  421.01 1 72.14  <0.000 1**  635.04 1 11985  <0.000 1%*
XiXs 9.68 1 13.50 0.004 3** 1.28 1 0.22 0.649 6 18.00 1 3.40 0.095 1
XX 12.00 1 16.74 0.002 2% 220 1 0.38 0.5525 3.92 1 0.74 0.409 9
XX 0.08 1 0.11 0.745 3 46.08 1 7.90 0.018 5* 50.00 1 9.44 0.011 8%
X2 5.98 1 8.34 0.016 2* 229.67 1 3935 <0.000 1¥*  161.52 1 30.48 0.000 3%
X 0.33 1 0.46 05133 0.53 1 0.09 0.769 7 1.69 1 0.32 0.584 5
X3 79.00 1 110.14  <0.000 1** 13923 1 23.86 0.000 6** 8.48 1 1.60 0.234 6
52 7.17 10 5836 10 5299 10
RKPIH 596 5 4.94 0.052 2 16.46 5 0.39 0.8359 9.78 5 0.23 0.9357
2 1.21 5 41.90 5 4321 5
A 21231 19 131031 19 1076.81 19

COFIRPEP <0.05); “HFRIRWIRE (P <0.01),

FH [l AAR TR ) 5 2240 Mr el 0, WP . R sh B (P>0.05), UiBATERIEVE Bl AR T 5 SEBRIE
W FIVR R e IR 2% . B AN R (1) 52 ] iy o = e VS by AN AU LG TN AT
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