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Design and Experiment of Positive and Negative Pressure Combination
Precision Metering Device for Pakchoi
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Abstract; In view of the disadvantages of complex transmission system and obvious difference in seedling
emergence effect of each row when single metering device is used in precision compound seeder for
Pakchoi, a positive and negative pressure combination metering device for Pakchoi with two plates which
can simultaneously sow eight rows was designed. The working process and principle of the metering
device and the main structural parameters of the metering device were described. The structural
parameters of seed tray and seed metering port and the seed migration trajectory were determined by
theoretical analysis. By using DEM — CFD gas-solid coupling dynamic grid model, the effects of seed
metering disc speed, air chamber negative pressure and air chamber positive pressure on seed metering
performance were analyzed. The results showed that negative pressure had a significant impact on seed
metering device qualified index, multiple index and missing index. When the seed metering disc speed
was 30 r/min, the negative pressure was — 3 000 Pa, the positive pressure was 300 Pa, the average
qualified index of each row was 93.12% , the average multiple index was 3.59% , and the average
missing seeding index was 3.29% . The bench test was carried out by using JPS — 12 seed metering
device detection test-bed. The results showed that when the rotation speed of seed metering disc was
30 r/min, the negative pressure was —3 000 Pa, the positive pressure was 300 Pa, the average qualified

index of each row was 91.32% , the average multiple index was 6. 19% , and the missing seeding index
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was 2.49% . The field experiment was carried out with a better combination of factors. The results

showed that the average number of seedlings of Pakchoi was 10 in each meter, the average plant spacing

was 100. 48 mm, and the uniformity coefficient of variation of the number of seedlings in each row was

8.05% , which met the agronomic requirements of Pakchoi planting, and the research result can provide

a reference for the optimization of the structure of precision metering device.

Key words: Pakchoi; precision seeding; positive and negative pressure combination metering device
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Tab.1 Main technical parameters of metering device
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Fig.4 Probability distributions of seeds’ size
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Tab.2 Mechanical and physical properties of

Pakchoi seeds
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Tab.3 Material properties in EDEM
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5 YA it/ Pa 1.1 %107

e/ A 0.30
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EL /A EA 0.39

ABS #1 %} B/ (kgom ™) 1 100
B YISt/ Pa 8.9 x10°

ES A 0. 60

R — kL T 4 TR 0.50

By R 5% IR B 0.01
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Tab.5 Results and significance analysis of

simulation test

s ES AiedE EHEE R
A B C D B%  B/n K%

1 1 1 1 1 85.36  3.21 11.43
2 1 2 2 2 92.14  3.61 4.25
3 1 3 3 3 88.93  9.28 1.79
4 2 1 2 3 87.86 1.78 10.36
5 2 2 3 1 93.12  3.59 3.29
6 2 3 1 2 89.29  8.21 2.50
7 3 1 3 2 88.71 3.58 7.71
8 3 2 1 3 91.07  7.50 1.43
9 3 3 2 1 89.93  6.79 3.28
A 3.04 1.00 1.25

B 36.85"  13.49  27.54"

F c 5.16 2.50 1.19
D 1.00 1.36 1.00

T R E (P <0.05), N,

% 6 N7 HARI A 22 0 M4 2R, 52 Wi A% 45 4

A48 BOR I B 8 B0 O R R IE R
FE AR, L R OK A A, B, C, D B A 4%, H)
¥ ok 30 v/min &K -3 000 Pa 1F JE & 300 Pa.
Ao o BT 605, X N Y 45 AT T A 4R RCh
93.12% P EAEARE R 3. 59% V35w #% 15 5k
3.29% .

®6 FERABRRESWER

Tab.6 Result of range analysis in simulation test

RIER T Tl A B c D
k, 44.41  43.66  44.29  44.74
O k, 45.05  46.06  44.99  45.02
ks 44.95  44.69  45.13  44.64
R 0. 64 2.40 0.84 0.38
k, 2.68 1.43 3.15 2.27
e k, 2.26 2.45 2.03 2.57
AR ky 2.98 4.05 2.74 3.09
R 0.72 2.62 1.12 0. 82
k, 2.91 4.92 2.56 3.00
o k, 2.69 1.50 2.98 2.41
LELELE ky 2.07 1.26 2.13 2.26
R 0. 84 3.66 0.85 0. 74
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Fig. 14 Variation curves of seed velocity in vertical direction
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Fig. 15 Diagrams of airflow velocity distribution in suction hole
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Fig. 18 Distributions of Pakchoi seeds on oil belt
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Tab.7 Results and significance analysis of bench test

- M % ameE R R
A B C D /% 5/ % /%

1 1 1 1 1 86. 45 6.35 7.20
2 1 2 2 2 89.78 5.00 5.22
3 1 3 3 3 88. 81 8.22 2.97
4 2 1 2 3 87.95 5.21 6. 84
5 2 2 3 1 91.32 6.19 2.49
6 2 3 1 2 88. 67 8. 14 3.19
7 3 1 3 2 87.89 5.02 7.09
8 3 2 1 3 88.39 8.74 2.87
9 3 3 2 1 90. 21 6.20 3.59
1.04 1. 00 1.00

. 6.95 163.63™ 19.04"

3.30 212.73™ 1.25
1.00 85.55" 1.04

S O % =

T e s ORI L (P <0.01),

8 N A BRI 22 3 M 45 3L, S e B RS 5 AR
o5 EOR T 7 18 BRSO R AR O U IR
JE s A A, 505 B — B, LR F RS T
febr, IR IKF A5 A, B, C. D, 8B e £, RN
4 30 r/min 1 JE N -3 000 Pa . 1F 4 300 Pa 4
i vh 22 5605, XF I & AT O B A A AR

91.32% I EFFAE LN 6. 19% F ¥ 6 15 B0
2.49%

x8 ARABBESWER

Tab.8 Result of range analysis in bench test

W EE A B c D
ky 44.17 43.72 43.92 44. 66
k, 44. 66 44.92 44. 66 44.39
CRIECES ks 44.42 44.62 44.67 44.19
R 0. 49 1.20 0.75 0. 47
k, 3.26 2.76 3.87 3.12
- k, 3.26 3.32 2.74 3.03
o A ky 3.33 3.76 3.24 3.70
R 0. 07 1.00 1.13 0.67
k, 2.57 3.52 2.21 2.21
) k, 2.09 1.76 2.61 2.58
LR SR ks 2.26 1.63 2.09 2.11
R 0.48 1.89 0.52 0. 47
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