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Design and Experiment of Positive and Negative Pressure Combined
Tube — Needle Centralized Seeding Device for American Ginseng
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2. Key Laboratory of Agricultural Equipment in Mid-lower Yangize River,
Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract; Existing agronomy of American ginseng cultivated in China, which uses narrow row spacing
and precision seeding, has persistent challenges that employ a seeder to improve efficiency and guarantee
precision, highlighting a need for narrow row spacing precision sowing technology and equipment. The
object was to explore an innovated prototype of multi narrow rows parallel tube-needle centralized seeding
device to address the challenge, which combined positive and negative air pressure to suck and discharge
the seed respectively. The working principle of the prototype device was introduced and main structural
parameters were confirmed. The uniformity of airflow field distribution between rows of the prototype
device was estimated by employing the simulation analysis. The mechanical model for seed sucking and
discharging during the seeding process was constructed. Finally, the seeding performance of the prototype
device was tested by bench test and the influence law of the seeding performance was investigated. The
result of airflow field simulation analysis showed that the coefficient of variation on the airflow average
velocity value of each seeding needle at the end adsorption surface was 2.923% , which proved that the
airflow field of the centralized seeding device designed was evenly distributed. The bench test results
showed that the seeding qualified index of the prototype device reached more than 90% . Combined with
the quadratic regression rotation orthogonal combination test and response surface analysis, it was showed
that the primary and secondary factors affecting seeding qualified index and missing index were rotating
speed of the seed meter shaft, the negative pressure and the positive pressure successively. The optimal

working parameters combination was optimized as the row axis speed of 13.10 ~ 17.70 r/min, the
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negative pressure of 4.25 ~ 4.50 kPa, and the positive pressure of 2.90 kPa. Within the optimal

condition range, the qualified index of a single row was greater than 88. 50% , the missing index was less

than 5.00% and the multiple index was less than 7.50% . The difference working conditions in the

optimal condition range were selected to estimate the overall performance of the prototype device. The

result showed that each row qualified index of centralized seeding device was greater than 86.30% , the

consistency coefficient of variation for each row was less than 1.80% and the stability coefficient of

variation for each row was less than 6. 20% , which confirmed that the seed metering device worked stably

and achieved the precision seed metering requirements for American ginseng sowing. The research result

provided the core device for further developing American ginseng seeder adapted to the precision planting

agronomic requirements.

Key words: American ginseng; seeder; positive and negative pressure combined; centralized seeding

device
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Schematics of positive and negative pressure combined tube-needle centralized seeding device and key components
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Fig. 7 Relationship curves of row axis speed, negative pressure and positive pressure with seeding performance indicators
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Tab.1 Cording of factors

i by HERh 4% 3 X,/ Ik X,/ EJE X,/
(rmin~") kPa kPa
1.682 24.00 5.10 3.90
1 21.57 4. 86 3.66
0 18. 00 4.50 3.30
-1 14.43 4. 14 2.94
-1.682 12. 00 3.90 2.70

4.3.2  [IHBAL R AT S W A T
iz B A 3 1 Design-Expert 8.0.6 Xt ik %
s AT 2 5T I 15 BRI ECY, w1
By, ERIRE Yﬁﬁﬁﬂlﬂiﬂa%_ Z, MR Z,  IEJE
Z, Z (B el 9 7 # I e i g6 25 SR A [l 3 5 B kAT
T2 b BRI 3,
Wl BEFEBR Y, Y, Y Il AR Ty AR Dy
Y, =87.76 —-4.20Z, +2.14Z, -0.61Z, +
1.192,Z, -0.24Z,Z, +0.71Z,Z, -
2.70Z2 -0.992; -0.217: (17)
Y,=5.41+5.71Z, -3.51Z, +1.45Z, -
0.427,7,+0.4372,7Z, -0.952,7 +
3.477Z7 +1.30Z; +0.527; (18)
Y,=6.83-1.51Z, +1.367, -0.847, -
0.76Z,Z,-0.192,Z, +0.24Z,Z, -
0.77Z: -0.31Z. -0.31Z7: (19)
Hi 23 0, A R X S8 Y, k46 £
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Tab.2 Test scheme and result of experiment of

quadratic rotation-orthogonal combination

jEnioy H& BRI WHETE IR
B 7z, Z, 7, Yi/% B Y, % Yy %
1 -1 -1 -1 87.8 7.2 5.0
2 1 -1 -1 79.8 15.9 4.3
3 -1 1 -1 90. 1 1.6 8.3
4 1 1 -1 84.5 10. 1 5.4
5 -1 -1 1 86.5 10.5 3.0
6 1 -1 1 75.2 22.4 2.4
7 -1 1 1 89.3 2.6 8. 1
8 1 1 1 85.1 11.3 3.6
9 -1.682 0 0 87.2 4.0 8.8
10 1.682 0 0 70. 4 27.9 1.7
11 0 -1.682 0 80.8 150 4.2
12 0 1.682 0 86.5 4.6 8.9
13 0 0 -1.682  86.5 5.3 8.2
14 0 0 1. 682 85.2 9.9 4.9
15 0 0 0 88. 1 5.8 6.1
16 0 0 0 90. 8 3.6 5.6
17 0 0 0 86.2 4.2 9.6
18 0 0 0 85.2 8.0 6.8
19 0 0 0 90. 1 4.2 5.7
20 0 0 0 86. 6 6.4 7.0

Y, 5 M 1) (o] YA B R A @ 2 (P < 0.01) , ) B % 45 %
Y5 0 ) ] AR i 35 (P < 0.05) 53 Fif 1 46 5 2K
I P KT 0.05, 9] 14 5 FE R A 3%, 70 i
Y [ RS 5 SEBRE BL UL A AT . AR 3 A A A
RX A T8 B s a] m HER R R 2 R Z,
HERb Al 56 o RO I 27 B B MK P <0.01, 3
AT B FEMAKE P >0 1,300 Z, . Z, 7] %FHERD
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35 5 IRl X T R 48 B R i 3 ) Z, (ke Z, HERD
G K W 23 ) 3 YRR SE P < 0,01, IF JE
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Iﬁﬁﬁﬁ%'r@k¥ P>0.1, 08 Z,.Z, . Z] %%t
BOY W B3, Z, 2, WIRIE TS HOE i 2 3%, H Ay
X U 4% 48 B ) AS I8 3 5 6T B B BCHE Fh i 5L R
Z, R Z, B FE K P <0.01,1EE Z, /0 B 3%
PEIKF P <0.05, AT (1 i 2 MK P >0. 1, 33
Wl Z, 7, %) B 515 8000 52 i S 2, Z, 6 H R 4R 4

R 5% W) 8, S AR TG i 4 8 B0 R S 2
X (17) ~ (19) HIBRAS 5 2 2 5 9 [l )4 48

Br R
Y, =86.87 -4.20Z, +2. 147, -2.597° (20)
Y,=5.84+5.71Z, -3.51Z, +1.45Z, +

3.427% +1.257: (21)



54 PSS A1 R | = O 14 2019 4
x3 HAPAFEAESH
Tab.3 Variance analysis of regression equation

Jr % ERCECE EEE RS R

KU FTAM AmE F p TR H F p SFIr AL B F p

FoL A 437.52 9 9.05 0.001 0" 839.43 9 22.89 <0.0001™ 81.60 9 4.86 0.0106"
Z, 240. 87 1 44. 84 <0.000 1" 445.44 1 109. 31 <0.0001™ 31.20 1 16.71  0.0022 ™
Z, 62. 80 1 11.69 0. 006 6 ** 167. 94 1 41.21 <0.0001" 25.34 1 13.58 0.0042 ™
Z, 5.03 1 0.94 0.356 1 28.52 1 7.00 0.0245" 9. 60 1 5.14  0.0468"
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Z,7, 4.06 1 0.76 0.404 9 7.22 1 1.77 0.2127 0.45 1 0.24 0.6336
Z% 105. 26 1 19. 60 0.001 3 174.01 1 42.70 <0.0001" 8.59 1 4.60 0.0575
Z% 14.07 1 2.62 0.1367 24.38 1 5.98 0.0345" 1.41 1 0.75 0.405 4
Z§ 0. 64 1 0.12 0.7377 3.94 1 0.97 0.3486 1.41 1 0.75 0.405 4
R 53.71 10 40.75 10 18. 67 10

KA 28.58 5 26.72 5 7.65 5

iR % 25.13 5 1. 14 0.4456 14. 03 5 1.90 0.248 4 11.02 5 0.69 0.6509
Jvill 491.23 19 880. 18 19 100. 27 19
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Tab.4 Combination of operating conditions

iy | PRWRE I
Y X,/(remin~") X,/kPa X,/kPa
1 14.00 4.30 2.90
2 15.00 4.40 2.90
3 16.00 4.50 2.90
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Tab.5 Validation results of stability and consistency of each row of centralized seeding device %
- r— 1175 (4 )
1 2 3 4 5 6 7 8 9 10 11 12

| AR R R 86.83 90.83 88.67 90.67 88.67 88.83 90.50 89.17 87.00 89.50 89.00  87.33
BEMTRZAN  3.67 2.13 2.33 2.28 1. 84 4.90 3.11 4.56 5.24 3.44 3. 41 4.08

5 KER R 90.33  91.17 86.83 87.67 88.17 89.33 86.67 90.00 86.33 89.17 88.00 89.83
e R AN 3.41 1.62 4.80 3.20 2.42 2.08 3.40 2.53 6.12 1.10 2.27 3.41

3 R EiR A 88.33 90.17 87.50 89.83 87.83 87.00 89.33 88.83 87.33 86.67 86.83 86.83
BREWTRAN  4.57 3.93 2.68 1.78 4.16 3.71 1.69 2.30 3.29 1.74 3.29 4.85
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