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Simulation and experiment of air-blowing precision seed-metering
device for Panax notoginseng

LIU Su, LAI Qinghui, DONG lJiayu, CAO Xiulong
(Faculty of Modern Agricultural Engineering, Kunming University of Science and Technology, Kunming 650500, China)

Abstract: [Objective] A novel kind of air-blowing precision seed-metering device was designed in order to
fulfill the mechanized planting needs of Panax notoginseng and reduce seed damage in the process of
mechanical seeding. [Method] The main structural parameters of the seed-metering device were determined.
The mechanical model in seed clearing process was established. The internal flow field model of the seed-
metering device was established, Fluent software was used to simulate the flow field under different air-blowing
pressure, and the range of air-blowing pressure for seed clearing was verified. We used orthogonal design and
performed bench test to further examine the feasibility of the range of air-blowing pressure and find out the
optimal combination of working parameters. Eligible index, leakage sowing index and repeat sowing index were
selected as experimental indexes. Operating speed, seed layer height and air-blowing pressure were selected as
the influencing factors in the test. [Result] The optimal combination of parameters was the operating speed
of 0.6 m/s, seed layer height of 90 mm and air-blowing pressure of 0.5 kPa. Under these conditions, the

qualified index was 90.48, the leakage sowing index was 4.24, and the repeat sowing index was 5.28.
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[ Conclusion] The air-blowing seed-metering device can meet the requirements of Panax notoginseng seeding.

This study provides a theoretical basis for the field experiment of the seed-metering device. Comparison

between the test results and the simulation analysis indicates that the influence of air-blowing pressure changes

on the filling performance of the seed-metering device is consistent, and Fluent simulation is feasible for

determining the air-blowing pressure for seed clearing.
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Fig.1 Structure diagram of air-blowing seed-metering
device for Panax notoginseng
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Fig.2 Schematic of structural parameters of seeding disc
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Fig. 4 Simplified model of force on the seed in seed
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Table 1 Factors and levels of seeding performance test

KT PRV /(mes™) PR /mm 5 Rl /kPa
Operating Seed layer Air-blowing
Level ]
speed height pressure

1 0.4 50 0.4

2 0.6 70 0.5

3 0.8 90 0.6

4 1.0 110 0.7
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Table 2 Design and result of seeding performance test

[X 2% Factor &7 Index
e raass PR3 FE ol 2 et P THA XS v B SR H IR
Test No.  Operating speed ~ Seed layer height Air-blowing pressure o Leakage sowing Repeat sowing
(A) (B) ©) Eligible index index index
1 1 1 1 57.23 37.03 5.74
2 1 2 2 76.49 18.52 4.99
3 1 3 3 87.91 3.42 8.67
4 1 4 4 68.63 12.16 19.21
5 2 1 2 79.37 13.56 7.07
6 2 2 1 79.43 14.74 5.83
7 2 3 4 89.34 4.24 6.42
8 2 4 3 82.52 3.53 13.95
9 3 1 3 66.71 28.16 5.13
10 3 2 4 70.45 27.32 2.23
11 3 3 1 76.37 7.95 15.68
12 3 4 2 69.72 3.34 26.94
13 4 1 4 49.67 36.83 13.5
14 4 2 3 67.52 23.95 8.53
15 4 3 2 79.47 3.39 17.14
16 4 4 1 55.45 8.12 36.43
R3 HMMRERIESERONE S R4 HMMEERIESERNSGESH
Table 3 Range analysis of seeding performance test result Table 4 Variance analysis of seeding performance test
ok T H result
Index Item A B ¢ se b AR R IR
L EE S 72565 63245  67.120 Index " 2ration SS DF F
Eligible ks 82.665 73472 76.263 __ souree
index k 10813 83273 76165 é‘f%?‘aiﬂz A 782.77 3 61.151%*
Eligible B 856.51 3 66.912%*
ky 63.028 69.080 69.523 index C 260.73 3 20.369%*
R 19.637 20.028 9.143 R 25.60 6
EEEEEA ky 17.782 28.895 16.960 EEGEIEEAY A 220.90 3 5.959%
Leakage ky 9.018  21.133 9.703 Leakage B 1610.30 3 43.437%*
:;V:g ks 16693 4750 14765 sowing C 23097 3 6.230*
ks 18.073 6.787  20.137 index R 74.14 6
R 9.055  24.145  10.434 LS (= A 265.84 3 11.454%*
IR ky 9.652 7.860 15.920 Rep ?at B 829.99 3 35.762%*
Repﬁat ky 8.317 5.395 14.035 :sgg ¢ 11'2 Z 32367
Sowing ks 12495  11.977 9.070 R _ __
index 1) A\B.C #= R AR T4k b ik T A& & L L A R Ae
ky 18.900 24.133 10.340 £k o w53 Yoy B EF M D
R 10.583 18.738 6.850 1) A, B, C and R represent operating speed, seed layer
1) AB #= C 53k T A ik & AP B 3 E Fo i A0 R height, air blowing pressure and residual, respectively; “*” and
1) A, B and C represent operating speed, seed layer height “**” represent significant effects at 0.05 and 0.01 levels,

and air blowing pressure, respectively respectively
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1) ARG = L7 1P B AU 1 DA S P AR A
SR, M W E S 0, BiE T E RS
B, Wt T s AT R = R R R R % HE
TS o

2) A Fluent FAFBAUA [F] RUE 2644 T HEF
NI, X T RSN R S HERERE S
KRR, B 1 IHM XL E Y 0.4~0.7 kPa,
9 JE BRI FR A T AR A

3) Ji ik = R PR (9 1E 22305, e T 52
HEFh 2% HE R B R 2R 0 3 KT, IR Z
JEE AR B 3 AR XU . R RIS S5 R, kS5
A, TEFPZ R EE N 90 mm. /MR EE S 0.6 m/s. I
FlXUE A 0.5 kPa i, K fE &A% FE 20N 90.48, Tk
TN 4.24, EIFFRECH 5.28.
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