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Simulation and Experiment of Seed-filling Performance of Pneumatic
Cylinder Seed-metering Device for Panax notoginseng

Lai Qinghui Gao Xiaojun Zhang Zhihong
(College of Modern Agricultural Engineering, Kunming University of Science and Technology, Kunming 650500, China)

Abstract; Panax notoginseng is one of rare medicinal herbs in China, and it is mainly grown in Yunnan
Province. Market demand of Panax notoginseng is very large, and hence, until December 2014, the
planting area of Panax notoginseng has reached 40 000 hm*>. However, there is no precision seeding
device suitable for Panax notoginseng. Seed-filling performance is the key factor that influences the
properties of metering device. In order to improve the seed-filling performance of pneumatic cylinder
seed-metering device, Yunnan Wenshan notoginseng seeds were adopted as sowing objects, the method of
coupling DEM — CFD was used as research technique, meanwhile, variance yields of average normal
stress and height of supplying seeds were considered as the optimizing targets. Through single factor
experiment, the blowing wind pressure, vibration frequency and vibration angle were numerically
simulated. It can be found that the experimental phenomenon and effect were in consistent with the
simulation ones. Results showed that the blowing wind pressure can break the original steady state, thus
reduce seeds transient normal stress which lower seeds internal friction; vibration frequency increases
variance yields of average normal stress of seeds, hence disturbance of seeds was enhanced; and adequate
vertical oscillation can effectively improve height of supplying seeds. Reducing internal friction,
enhancing disturbance, improving height of supplying seeds can effectively improve the seed- filling
performance. To find the best parameter combination, this paper used three factors and five levels

orthogonal experimental method to test the metering performance, afterwards, the results of the test were
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optimized and verified. Results showed that at the vibration frequency of 85 Hz, blowing wind pressure of
3 kPa, vertical oscillation of 45°, experimental index is the best. Test indicators, including eligible
index, missing index, multiple index can reach up to 93.02, 1.42 and 5. 56, respectively.

Key words: Panax notoginseng; pneumatic cylinder seed-metering device; seed-filling performance;

numerical simulation
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Fig. 1 Schematic diagram of pneumatic cylinder seed-metering device
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Tab.1 Characteristic parameters of seeds
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Tab.3 Experimental scheme and test results
sy AR amEL R GEEr
A B C AxB AxC BxC
1 1 1 1 1 1 1 62.25 23.36 14.39
2 1 2 2 2 2 2 70. 18 19. 26 10. 56
3 1 3 3 3 3 3 92.54 5.31 2.15
4 1 4 4 4 4 4 74. 16 17.42 8.42
5 1 5 5 5 5 5 56.63 39.21 4.16
6 2 1 2 3 4 5 77.22 11.53 11.25
7 2 2 3 4 5 1 82.61 8.33 9.06
8 2 3 4 5 1 2 89.12 5.45 5.43
9 2 4 5 1 2 3 72. 60 21.24 6.16
10 2 5 1 2 3 4 59. 82 34. 04 6. 14
11 3 1 3 5 2 4 96. 54 0.28 3.18
12 3 2 4 1 3 5 84.34 11.23 4.43
13 3 3 5 2 4 1 79. 06 17.58 3.36
14 3 4 1 3 5 2 72.42 23.21 4.37
15 3 5 2 4 1 3 66. 33 31.26 2.14
16 4 1 4 2 5 3 62.53 32.14 5.33
17 4 2 5 3 1 4 58.22 37. 64 4. 14
18 4 3 1 4 2 5 80. 57 14. 31 5.12
19 4 4 2 5 3 1 76. 26 18.32 5.42
20 4 5 3 1 4 2 74.62 25.23 0.15
21 5 1 5 4 3 2 64.58 33.21 2.21
22 5 2 1 5 4 3 58.13 38.26 3.61
23 5 3 2 1 5 4 68. 34 29.37 2.29
24 5 4 3 2 1 5 76.22 23.54 0.24
25 5 5 4 3 2 1 20. 82 79.03 0.15
ky 71.152 72. 624 66. 638 72.430 70. 428 64.200
ky 76.274 70. 696 71. 666 69. 562 68. 142 74.075
ks 79.738 81.926 84.506 64. 244 75.508 71.125
FERGECES
ky 70. 440 74.332 66. 194 73. 650 72. 638 71.416
ks 57.618 55. 644 66.218 75.336 68. 506 74.996
R 22.120 26.282 18.312 11. 092 7.366 10. 796
k, 20.912 20. 104 26. 636 22.086 24.25 29.324
k, 16. 118 22.944 21.948 25.312 26. 824 20. 282
N ks 16.712 14. 404 12. 538 31. 344 20. 422 25.573
LELCES ky 25.528 20. 746 29. 054 20. 906 22. 004 23.750
ks 40. 682 41.754 29.776 20. 304 26.452 19. 964
R 24.564 27.350 17.238 11. 04 6. 402 9.360
ky 7.936 7.272 6.726 5.484 5.268 6.476
k, 7.608 6. 360 6.332 5.126 5.034 5.643
e ky 3.496 3.670 2.956 4.412 4.070 3.257
BN ky 4.032 4.922 4.752 5.390 5.358 4.834
ks 1.700 2.548 4. 006 4.360 5.042 5. 040
R 6.236 4.724 3.770 1. 124 1.288 3.219
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Tab.4 Results of variance analysis

BE T e

5K A Hy F P

N okm om e
A 1417. 86 4 354.47 4.57 0.0179 *

B 1845.03 4 461.26 5.95 0.0071 = =
AR C 0 1239.19 4 309.80 3.99 0.0276 *
2 930.60 12 77.55
B 5432.68 24
A 2027 4

506.75 7.23 0.0033 #
B 2170.85 4 542,71 7.74 0.0025 # #
JRIEFE% € 1007.21 4 251.80 3.59 0.0379 =
B 841.11 12 70.09
M 6046.16 24
A 146.73 4 36.68 15.07 0.0001 * =
B 72.65 4 18.16  7.46 0.0029 =« =
HmIEH € 50.61 4 12.65 5.20 0.0115 =
R 29.20 12 2.43
A 299.19 24

T ox FoREH (P <0.05), » * FRMEH (P<0.01),

R R AR 22 0 M TR T 3 A B ZPI RN & 1 45
RITEEE R NGRS AN E VSIS S S S
Mo A=K 3 A E B ER XS IE 15 br
(9 2. 35 P, ¥ Design — Expert 8. 061 {43 32 %L [
RIEATIT 2000, N3 4 iR o AR 4 Rl g, SO
WU B X5 M 45 RO Wi AR I 2 (P < 0.01) , Ik 3 43
A TR B C XA M IR B 3 (P <
0.05) ;TR B Rk 3h 4 R A Xt i 1% 45 20 i)
Wl 35 (P <0.01) 4RSI BE C Xt 4% 45 252 Wit
% (P <0.05) ;4R AR A MK B X 54 15
BOE W 2% (P <0.01) JR3IFMBE C X FE 4k 15 5L
RN (P <0.05) .

4.4 SPMUHERBEIE

B A A e, AR AR 4% TR 2R 1Y BB Vi 1A
B AR B 8 b A SR K B B B 0fE (5 AR R BOR T 90, T
WIEUNT 6, EIFIEHUNT 8) AL 7 HS
RO A R ESR E IR S PR .

SRR A T AR = PR SR DL R HL A H
PRAE M BT AE o 24 7 A8 I Sl 3R K, b A P 19
Foft -t B 2 B B AR B T A U A O (R
Ip A BE SR M A o SR AN B /D, AW KU 3 /)
IS EPE B Pl e A9 28R, DT AN REAR 4 A9 kS 1) 2 iy

FERMROCRIPE o A = L R R, W AR IE S A%
i A ] RS o R T 96 46 2, B B2 oo HE bt T o
PERE. 2% L RTIR , A A 45 58 v e B — A & 3
MSEH A A, B, Cy, BMR 3555 85 Hz W KU
3 kPa IR B 45°, IR B0 15 b 4% 95 20 T 4 2
ERRFE R BN 93.02 1. 42 5. 56,
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Tab.5 Parameter optimization results

FY AMIEE RIBREC EREHE THE/ % Rdlb
1 91.24 5.08 3.68 67 A,B,C,
2 92.85 4.21 2.94 65 A,B,C,
3 93.02 1.42 5.56 62 A,B,C,
4 91.32 0.78 7.91 57 A,B, C,
5 94.78 1.37 3.85 55 A,B, C,
6 94.78 4.49 0.73 54 A,B,C,
7 96. 48 2.02 1.50 18 A,B,C,

XA G B PSS g6k o 75 AR [ A3
WA T ER IR 10 . 15 HERl & 4% 18 50T
PIE A 92. 68, k45 BOF-HI{E D 1. 56, H#E 15 K1
HME N 5. 76, 5 EIS AL 4 R LA —F

5 &t

(1) R4 3R REE 2l AR oy B2 o) HE i 25 50 Fol
PERE B 5% i, >k J] DEM — CFD # 4 J7 &, Il /i
EDEM — Fluent % {485 & 19 77 20, 20 516 W KU
P 2 4 2 R Bl A BE E AT BB AL, DA 7P 2 ik
] )3 J7 2 PSR g BE A 48 A, X5 SR BEAT 434, 45
B8R FRRE DI 2 5 3 R4t e AR b Ry B2 R LA ER v A
Fis AR PERE W 4518 -

(2) 43 A6 SR R R Bl 0 %6 I 3l #f BE iE AT
PR A, DA 4 50 T 1R 4 8 AR R B0 K
BAebs IR LACR S50 B g R — 8 ik
ISR AE SR XUE Hy 2. 25 kPa B 7o ol e SR o A, B
A% B = T B 4R BURAR R AR 105 He
I 7 ol 8RR i 5 IR 3l A BE Oy 450 I g A OR B
IS UE TR £ 7 HORE ALY OE i M & Ok | EDEM -
Fluent #5 45 B 48005 F0R0 A8 SR i 0 AL B0 i AT 471

(3) A FREAESEAS , DA AR 20 45
2 IR AP R ST IR 8 8RR 4R 5L
R B AR AR, AT = B KO IE SR, I X 4
HEATACAS AR IR B 4 % 85 Hz (AW KUK 3 kPa,
Pzl BE 450 B, RO B A I 48 A S 48 1 B T
R 50 HRE 45 B n] 3k 93.02.1.42.5.56,, %t {4k
S5 R AT I E 15 2R 50 18 AR S A% 15 5 Iw i 4
B TEARRFEE Ny 92. 68 1,56 .5.76, 5 fk 25
FEAR -3,
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