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Design and Experiment of Air-suction Ultra-narrow-row
Device for Precise Panax notoginseng Seed Metering

LATI Qinghui YU Qingxu SU Wei SUN Kai
(College of Modern Agricultural Engineering, Kunming University of Science and Technology, Kunming 650500, China)

Abstract; Panax notoginseng is mainly grown in Yunnan Province. The planting area of Panax
notoginseng has reached 672 km’ until December 2017. The row spacing and plant spacing of the
seedlings of Panax notoginseng are only 50 mm. In order to achieve high-density precision seeding of
Panax notoginseng , an air-suction ultra-narrow-row device was designed for precise seed metering. Based
on mechanical-pneumatic seed filling technology, the seed metering wheel had water drop-shaped holes
on both sides. The seed metering device was compact. Compared with the air-suction cylinder seed
metering device, the air chamber was smaller, which had lower requirements for air volume and wind
pressure stability. The Wenshan Panax notoginseng seeds were chosen for seeding object. The simulation
test of mechanical filling performance was based on the discrete element method, and the machining angle
of water drop-shaped hole was taken as the single experimental factor. And the optimum of processing
angle was obtained as 50°. Based on the three-factor quadratic orthogonal rotating combination test
method, the influences of rotation speed of seed metering wheel, negative pressure of sucking hole and
height of seed layer on seeding performance were explored. The experimental results showed that the
affecting order of the qualified index was negative pressure of sucking hole, rotation speed of seed
metering wheel and height of seed layer. Based on the results of examination, it was found that the fitting
of the equations was good, the best parameter combination was pricking height of seed layer of 50 mm,
rotation speed of seed metering wheel of 34 ~48 r/min and negative pressure of sucking hole of 560 ~
660 Pa, and under the optimal condition, the qualified index was greater than 93. 0% , the missing index
was less than 3.5% , the multiple index was less than 3.5% and variation coefficient of each row
displacement consistency was less than 3.0% . The air-suction ultra-narrow-row device for precise seed

metering met the standard and requirements by comparing the results with the national standard and
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Panax notoginseng planting requirements. The approach of research was suitable for the exploitation of

Panax notoginseng seed-metering device.

Key words: Panax notoginseng; ultra-narrow-row; precision air-suction seed-metering device; discrete

element method ; test

0 3

“LRPEARPGM EaMA ) 2,
L REFR I R BE AT B3 O SO mm 47, & T %
ARG B R ORS  HE R 2R R % R LAY A% O
BB, LA b K BE pe e % R BT A e L TR TR B
K% HE b &% 38 5 o o HL AR S AR U R
QU R R AR B R R AR i
PRI AV AR S5 R A G A L A AR AN R
FAED .

B AT A HER AR F R A BT &1z
J . GUARELLA %" BF 55 40 M7 < 0% 30 5 32 5 %
HERD 2 AL LA 8 AL IE AR 0 B 1 1 F ol 1
PRI, JF H ST RO R, BARUT 4577 DLE K
%5 HERD 28 R W98 A %, W98 W AL R AR W 5 B2
JE WAL T RR HE o 2 R A5 DR 2R % HE R M e 19 5
O, 5% £ 0 o 2 A e 2 S 3 50 494 000 1T AR AU i %
% B3 B TH 6 I TR A A 18 . SINGH 4570 X %
FhAL W X HEFD 25 2E 17 Ak, %5 HEFh L A9 FL AR S
TR IEAT A 5T, 15 B AL )G B FLAR S50, i
TRAEMHEFFLE IR . GAIKWARD %" A
ol = 0 BB - %o AW OKG 8 HE R 8% 2E 4T 1 BE
T3k, 15 HTE A 6 R 280 R BRI HE B g L ) %
5 ELAE

SIS IS R EAR T — PR ER
e CHERR 25 sE R PR RE, H AT 22 E XL
AARHEF RS AT TS, s i T — A
SEAAGAXEREEHEMS L EERIRES S
FEABSE G, o F ol 426 FlookS B2 B8 = A HE AP g8 4241 T =

o BRI S T MR WL E A KT
K% HEFP & TEHERD A 1 1) B 3 A7 WAL 3 o
FIRE 38 L 18005 5 B R0 22 DR 2R K e A S HE A s e
Zhb ., BRI B T — AR IR SRR
Pl 7 HERR &5 , 25 6 07 SHERD 25 F0 s IR 58 X HEFD 45
B 05, RO T T /N R AR B SR R AR B S R 1
JI 19 7 ol FEE R [ A

Fie B = LR PR AR AR 2R S LR
A FEFPHEA A ST — Bl 28 17 AW =0k % HE
Fhs o A HEISTHE 5 R S 2R, 15 8 3
BLEE R SR, o B WAL B CHE R B i ORI RR 2
i of HE R P B £ 5% i e o

il

1 5 TIERE

1.1 HEFEEEH

A AT AR 2 = K B HE A 2% B LA
R A AL N HE D SE ILAL ZH R, LA A AN A 1 R
o HERMAS AR fr HEFP A | 00 e R4S % B AR
250 AR A A

BT HRh s 2t A
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Fig.2 Working structural diagram of seeding

metering device
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Tab.1 Material parameters of Panax notoginseng seed
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Fig. 10 Velocity contours of suction hole end face with different thickness seed-metering wheel
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Tab.2 Experimental factors and codes

H#
Hii it % fL 67/ HERh 48 5% 8/ o2 B

Pa (remin~") mm

-1.682 450 30 20
-1 511 36 32

0 600 45 50

1 689 54 68

1. 682 750 60 80

®3 HEARETSER

Tab.3 Experiment design and results

. % 4R
TN, X, Xy Y% Y, /% Yi/% Y,/ %
1 -1 -1 -1 89.7 3.8 65 5.4
2 1 -1 -1 9.4 68 1.8 3.7
3 -1 1 -1 8.3 28 19 6.7
4 1 1 -1 9.2 32 56 3.9
5 -1 -1 1 89.1 6.5 4.4 3.4
6 1 -1 1 9.6 7.2 1.2 2.1
7 -1 1 1 87.2 4.7 81 83
8 1 1 1 89.8 4.9 53 4.7
9 -1.682 0 0 88.1 2.5 9.4 7.2
10 1.682 0 0 90.2 83 L5 3.5
11 0 -1.682 0 94.3 38 L9 1.7
12 0 1. 682 0 90.4 2.1 7.5 8.9
13 0 0 -1.682 922 2.2 56 3.8
14 0 0 1.682 89.3 87 2.0 3.5
15 0 0 0 93.5 2.7 3.8 2.2
16 0 0 0 92.7 2.9 44 2.7
17 0 0 0 94.2 1.5 43 2.6
18 0 0 0 93.5 2.5 40 1.5
19 0 0 0 94.6 1.6 3.8 2.6
20 0 0 0 93.4 3.4 3.2 4.4
21 0 0 0 93.2 3.9 2.9 29
2 0 0 0 93.7 2.6 3.7 3.2
23 0 0 0 94.0 2.8 32 2.7
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IR A R 2R 0% v 7 1L 1) 552 W) AS 2 fRT B I 2Rl R R

FETE IR K FR o RIUTH P =0.0612 K2, LT

HAbSZ w5 b5 19 2 R o A 07 # 5 JE &R AL

R* =0.941 8 0[] 5 7 i 14 0300 {1 15 52 B (400
RAF o SIBRA B3 R 5 0 [l H A Ay
Y,=3.76 —1.92X, + 1. 64X, -

0.65X, +0.7X; +0. 43X, (18)

L E (18 ) [ 9 2 Ko A6 30 45 1Y, 52 e U %
T8RO PR F 0T Ry WAL 7 s HERD A e 0 A2
=,

3.4.4 KiTHFE-BMEERREY,

i A R 5 DL RO R g B AT 2 on mH G,
PR R AT HE R — B R R R Y,
[a] LB Sy

Y, =2.76 - 1. 14X, +1.55X, -0. 12X, -
0.43X,X, -0.05X,X, +0. 75X,X, +

0.89X +0. 88X, +0.29X> (19)

6] 77 F2 0 B E A S 3R 4 o fiL AR 4
AL, B UL 5 BE AR 3 (P <0.01) , HFP S
JE (X, ) WAL A7 0 HE Rl 48 % 3 1 A2 B (X, X )
WAL A7 N A )2 e BE Y A8 B (X, X)) A R A )2
FEI ZRIL(X) 1 PSR R T 0.1, BEI LA 4% 33
XF AT HE B — B A2 S R B S R R A &
TR P S A B B U B AR O I R R X
M 0, R FR) 5 W S 2 T B 2 M DG R L AR E ZIROR R
AU P =0.386 0, A &2, 15 W] I HAt 52 e 45 A 11
FEEREE, MIHTERAPE RER =0.906 4, i 1]
(6] 51 5 R 8 T AEL 5 SE PRI A& R AP o BIBRAS B35
PR EgERIENEL R

Y, =2.93 - 1. 14X, +1.55X, +
0.75X,X, +0.89X7 +0. 87X, (20)

i 2 (20) [0 05 R B A 30 15t 52 e & AT
HE - — Bk AR S R EO R J R O HE A A
WAL R R
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Tab.4 Variance analysis of regression equation

VES FERi Tt EIEH TR EETE R EATHERE BT R
KB PR BBE OF P FHM AME F P FHM AME F P TR BEE F P
%] 100.30 9 22.63 <0.0001° 83.18 9 7.90 0.0005" 106.00 9 23.37 <0.00017* 82.64 9 13.99 <0.0001"
X, 10. 96 1 22.25 0.0004 ** 14. 46 1 12.36  0.0038 ™  50.59 1 100.39 <0.0001* 17.87 1 27.23 0.0002 "
X, 8.63 1 17.53  0.0011"" 9.78 1 8.36  0.0126" 36. 80 1 73.02 <0.0001 " 32.63 1 49.71 <0.0001 ™
X 5. 64 1 11.46  0.0049*  22.76 1 19.46  0.0007 ™ 5.74 1 11.39  0.0050 0.21 1 0.32 0.578 8
XX, 0.011 1 0.02 0.8822 1.20 1 1.03 0.3294 0.98 1 1.94 0.1866 1.45 1 2.20 0.1617
XXy 0.28 1 0.57 0.4633 0.78 1 0.67 0.428 6 0.13 1 0.25 0.6268 0.02 1 0.03 0.864 1
XXy 1.20 1 2.44 0.1423 0.03 1 0.03 0.8727 0.85 1 1.68 0.2179 4.50 1 6.86 0.0212°
XT 47.35 1 96.16 <0.0001% 16.73 1 14.30  0.0023 " 7.79 1 15.45 0.0017 " 12. 69 1 19.34  0.0007 **
X% 5.62 1 11.42 0.0049*" 0.41 1 0.35 0.5655 3.01 1 5.96  0.0297" 12. 19 1 18.58 0.000 8 **
X§ 21. 40 1 43.46 <0.0001* 17.31 1 14.80 0.0020*" 0.22 1 0.43 0.5237 1.36 1 2.07 0.1735
ik 6.40 13 15.21 13 6.55 13 8.53 13
3] 3.86 5 2.43 0.1269 10. 55 5 3.62 0.0523 4.45 5 3.39 0.061 2 3.67 5 1.21 0.386 0
R 2.54 8 4. 66 8 2.10 8 4. 86 8
poyill 106.70 22 98. 38 22 112.55 22 91.17 22
W x RREM R (P <0.05), xR/ P T E(P<0.01),
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13b Sy HEFh 40 5% 340k 45 x/min B, 0% FL 67E
AN 2 0 3 0 HE P A A F8 5058 BVE A4 e N i T
P, e & AT, FE WAL 67 Ol 600 ~ 640 Pa, Fft )2
8 40 ~ 50 mm B, HERD A A% 48 B . AL R
— B I B R R B, HERR G A e 0 BT
Jo R B P2 R — e B, B 2 L 67 A 3 K HE
T A de B0 1T E TR



110 & o Bl B ¥ iR

2019 4

60.0
525 675
600 S

&

B 13 225 HZ A M8 KO R R

Fig. 13 Effects of interactive factors on qualified index
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Fig. 14  Parameters optimization and analysis
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