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Optimization and Experiment of Pneumatic Seed Metering Device
with Guided Assistant Filling Based on EDEM — CFD

SHI Song LIU Hu WEI Guojian ZHOU Jilei JIAN Shichun ZHANG Rongfang
(Shandong Academy of Agricultural Machinery Sciences, Ji’ nan 250010, China)

Abstract: According to the declining seed quality of the air suction seed metering device guided with
assistant seed-filling caused by high speed operation in the field, the design of the seed metering device
was optimized. The structure parameters of seed plate to be optimized was defined by analyzing the factors
of obstructions during seed filling process. According to the determinacy tracking model of the grain
model, the gas-solid two-phase flow of the seed metering device was calculated by introducing the
pressure gradient force model into coupled analysis of EDEM — CFD. Critical points of seed filling process
in each stage was divided on the scales of macro and micro. The most suitable factors of seed filling state
during each state were analyzed. Three factors quadratic rotation orthogonal combination tests were
carried out with the index of the stable time during seed adsorption, the resistance during seed removing
stage and the local void ratio at the hole, with the test factors of the Curvature coefficient of seed guide
groove curve of seed plate, the depth of seed guide groove, the slope angle of seed guide groove. The
optimal parameter combination of seed guide groove of seed metering plate was determined by multiple
regression analysis of test results and multi-objective optimization method. The results were given as follows:
the curvature coefficient of seed guide groove curve was 0.265, the depth of the seed guide groove was
2.57 mm, and the slope angle of seed guide groove was 15.33°. In order to verify the results of optimal
design, the static tests were carried out on the bench of seed metering device, the indoor vibration
environment simulation tests of the seed meter device were carried out according to the vibration signal of the

seed meter collected from operating in the field. By comparing the optimized seed plate with original seed
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plate and the other two testing plates, the result showed that the optimized seed plate had a better performance

at high speed and vibration conditions. The seed filling performance was more stable, and the miss rate was

1.26% when the operating speed was 14 km/h, the main excitation frequency of random vibration was 9.5 Hz,

and the peak value of power spectral density was 0.428 (m/s’)*/Hz.

Key words: precision seed-metering device ; air suction; air-solid two-phase coupling; guided assistant

seed-filling; structural optimization
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Fig. 1  Structural diagram of pneumatic seed metering
device with guided assistant filling
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Fig.2 Seed-filling process of seed-metering device
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Fig.3 Movement and force analysis of seeds
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Fig. 6  Simulation models of corn seeds
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Tab.2 Codes of testing factors
il R ALy WEE h/mm  RHAEAGA o/ (°)

-1.682 0. 100 0. 200 0

-1 0.262 0.768 10. 54

0 0. 500 1. 600 26.00

1 0.738 2.432 41. 46
1. 682 0.900 3.000 52.00

i i Design-Expert 81 58 i T — UCE §% 1E 52
Mg B, sk 3 Pros (X, X, X, O R 4 i
{H) o HM A P 5 192 BOEOR 58 U R A
Y K WA K 2, R 10 s o O 5 i R A%
F— 20, O HABE RN A 5 D 2. 78 rad/s (BREE
79 0.247 m I, B g B TR 14. 1 km/h) | B
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Tab.3 Plans and results of test

o B % LD
b4 - e N S ol 527
e \ X X FRelut | B S AEE
R ! : } To/s Fo/N  8,/%
1 -1 -1 -1 0.121  8.10x1073 62.51
2 1 -1 -1 0.096 1.15x1072 60.09
3 -1 1 -1 0.111 8.8 x107° 64.14
4 1 1 -1 0.09 1.22x1072 59.21
5 -1 -1 1 0.122  1.15x1072 61.34
6 1 -1 1 0.108  1.25x1072 62.44
7 -1 1 1 0.104  1.31x1072 64.36
8 1 1 1 0.111 1.53 x107% 62.11
9 -1.682 0 0 0.119  1.07x1072 64.43
10 1.682 0 0 0.092 1.38x1072 59.62
11 0 -1.682 0 0.122  8.92x107° 62.03
12 0 1. 682 0 0.108  1.21x1072 64.37
13 0 0 -1.682  0.107 8.38x10°° 62.39
14 0 0 1.682 0.119  1.43x1072 64.46
15 0 0 0 0.133  8.99x1073 67.92
16 0 0 0 0.134  9.42x107° 67.20
17 0 0 0 0.138  9.96x10°> 67.93
18 0 0 0 0.135  9.66x10°° 67.47
19 0 0 0 0.134  9.47x107° 67.18
20 0 0 0 0.133 1.0l x10~2 67.00
21 0 0 0 0.137  1.03x10°2 67.82
2 0 0 0 0.132  9.14x1073 66.92
23 0 0 0 0.136  9.68 x107° 67.52
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Fig. 10 Grid division of seed metering tray with

different test combinations
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(15)
5, =67.45 —1.21X, +0.54X, +0.57X, -0. 72X, X, +
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Tab.4 Significance analysis of regression equation

J5 % TR T, iy Fp ZE B 6y

U8 P 2 P 2 P A
X, <0.000 1 w3 <0.000 1 % <0.000 1 ok
X, 0. 000 4 sk 0. 000 2 w3k 0.001 4 ok
X, 0. 000 2 % <0.000 1 EES 0.0009 EE
X, X, 0. 000 1 =% (0.3984) 0.0010 ok
X, X <0.000 1 # (0.0172) ® 0. 000 7 %

X, X, (0.0915) (0.0322) % (0.181)

X? <0.000 1 #%  <0.000 1 %  <0.000 1 Hk
X3 <0.000 1 # (0.0318) = <0.000 1 sk
X} <0.0001 =%  0.0012 % <0.0001 %=
ey <0.0001  #% <0.0001  #x <0.0001 ==
e 0.2103 0.0538 0.1052
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Tab.5 Structure parameters of seed metering plate

for verification test

2 A B ¥ C# D #%
TIFL KL 36 36 36 36
R TIES 0.10 0.90 0.58 0. 264
A R/ mm 0. 50 3.00 1. 60 2.57
SRR A E A/ (°)  52.00 0 32.00 15.33
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Fig. 12 Static bench test of seed metering device
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Fig. 13 Result of static bench test of seed metering device
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Fig. 14  Vibration collecting test of seed metering

device in field operation
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Fig. 15 Time domain signal of vibration acceretion of

seed metering device in field operation
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Fig. 16  Auto power spectral density of random

vibration of seed metering in field operation

4.2.2  HERb ARSI AR 5 07k
HEFf a5 41 36 B 85 45 0034 36 5K 9 M 95 3l

1B B A B ZS B 9 E — 03HO06 78 i s 5% 4% 3l i
B ARG, e K IE 5% 4R 71 30 kN, Bl AL 4R 3h 0 % 5
[l 0.1 ~ 160 Hz, 5 KA B 0 1 {H 200 mm , 5 KN
S0 m/s” e Ko B 1 m/s, B K 63 500 kg
i 3L P 3h B 45 I A 2 B AR RC - 3000 -2, 105G
& A DL 5E B LR 30 15 5 9 PSD 5 4, i i 4 B
55 B A R Y IS B R, W] LR B 2 0 B R
BE SRS, AR £ 1 dB, %R & Ik
A L B R RE R RE A A% TS R W L AR
Ffr AL FH ) B AL A 20 A5 400 0% 5 oK, K0S B HL R A
WE 17a ff 7.

Cit D
(b) HE Bl 3R 2T P s R 2

B1T  HERR A% 2 N IR Sh FR TR LA

Fig. 17  Simulated test of interior vibration environment
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