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Design and Experiment of Double-disk Pneumatic High-speed
Precision Seed-metering Device for Maize

CHEN Chao'? LI Bingzheng'® HUANG Yi'* JIN Bang'® ZHANG Xu’ WANG Qingjie'”’
(1. College of Engineering, China Agricultural University, Beijing 100083, China
2. Key Laboratory of Agricultural Equipment for Conservation Tillage
Minisiry of Agriculture and Rural Affairs, Betjing 100083, China
3. Liaoning Institute of Agricultural Mechanization, Shenyang 110000, China)

Abstract; Aiming at the problems of insufficient seed-filling time, poor seed-filling effect and
unsatisfactory sowing uniformity of pneumatic precision seed meters during high-speed operation, a
pneumatic high-speed precision seed-metering device for maize with double seed metering disks and a
staggered hole layout was designed. The basic structure and working process of the seed-metering device
were elaborated, a theoretical analysis was conducted on the force acting on seeds during the seed-filling
process and the air chamber pressure, and the key structural parameters of the seed-metering disks were
determined. Through DEM — CFD coupled simulation, the working performance of the seed-metering
device under different vacuum levels was explored, and the influence of seed-disturbing bosses on the
seed-filling performance parameters of the seed-metering disks was compared and analyzed. The results
showed that the designed seed-disturbing bosses could effectively improve the seed-filling performance.
Taking the qualified index, miss-seeding index and multiple-seeding index as evaluation indicators,
single-factor and two-factor combination experiments of operating speed and air chamber pressure were
carried out. The results indicated that at an operating speed of 12. 14 km/h and an air chamber pressure
of —5.15kPa, the seed metering qualified index reached 95. 8% , while both the multiple-seeding index
and miss-seeding index were 2. 1% , which met the requirements of high-speed precision maize sowing.
The research can provide ideas for the development of new high-speed precision maize sowing equipment.

Key words: maize; high-speed precision seed-metering; pneumatic; double disc staggered
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Fig. 1 Schematic of seed-metering device structure
LZEFER 2. ZeEMT) 3. Zeflffbds 4. A% 5. A% 6.
HH 7 AHRME 8 AN 9 ASEMR 100 E 11
O 12 /s 13, SRERES 14, R R

HER 72 T ARl UK T AR X0 o 58l
DT R #EFR DI DA KRR X IV dnf&] 2 i
N o AEHERPE RS SR A, TR 52 fETE Rl XA
SERUERL I R BOMER R . 2 HERR AR E A
TARARZS IS, F ALK HERD £ LS e A A TR
FURN DN B KPR 18 A B MRS IR T 4
A £ OHLBRCI Bl LB U i 3L R AR T,
B2 s T HE A B B L L, 5 BB HE b 25 14 ke % 52 BRI
AREN, BT REHERR B E A Bh XL 3 Rl ]
SR TUAL 10 B 4 22 Pl 2R AT S BR , W5 B B el
TRERFNEEEMX [, 25T - KEMIER,
S IEF IR, Bl BEHERD B A SRR IL, A
I DX Sk A AR B HERD B DR FFRERIRAS . 1R TEA
B DIV IRE, BUFL BT A B B SR % Bl 778 B B
S BT RR JBRs RS B 22 ARG v
P A TGN, 2 I P UCHER A o8 i, I HERR 4%
PR S Ao 28 i o7 2 2 e 3 TR AL S 8, FE HERAR Al it
ferp, e g Dﬁfﬂ!ﬂﬁFﬁﬁﬁ\%@%S@ﬂﬁf?i’%ﬂFﬁ , X

=

K2 HeRh s TAE X R =

Fig.2 Seed-metering device working area diagram
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/N, R R 1A - 5 kPa B A A% 48 #0652
WEfH, R 95.5% . BEAEEEIIHIHE K, EAETE L
BT b e 4.0 ~ —5.0 kPa I, F 4%
FEECERR A2 R I 4 X HE KT 5. 0 kPa B, T 3% HS
BRI, RS T RLFL A S T BN, B
W AR 750 L 300 25 Kb 1 6 K P 4 78 b R () 11 B R
J1 A B E S AR OTE R T AR 0 R AR
R TI R 25 5 T8 B 22 R0 B, AT 365 1l 2 4%
R LT,

4 SEEHEEEABER

Tab.4 Results of single factor test of air chamber

pressure Yo
KERS1/kPa BARHEEL FREIREL HEE A
-4.0 90.5 2.2 7.3
-4.5 93.7 2.0 4.3
-5.0 95.5 2.2 2.3
-5.5 94.3 4.2 1.5
-6.0 92.2 6.7 1.1

XA ) B R R A g 45 R AT O 2240, N
25 R, SRR, EEIIXN SR8 EREE
ORI AEHE BOR .55 W0, B8] 05 T HE Rl 25
() TAEPEREA BERFEMA, 5. 0 kPa BHHERhZ8HERP 2L
SRl
®5 |EEHNERHZRBERFAEHN
Tab.5 Analysis of variance of one-factor test
results of air chamber pressure

WAIEIE Z2RE BdEE PR Xy F P

2] 4 34.51 8. 628 12.45 <0.001
SRR AN 10 6.93  0.693

Bt 14 41.44

2 6] 4 18.24  4.56 6.78  0.007
ERHIEH AN 10 6.72  0.672

Bt 14 24.96

2 [H] 4 62.13 15.53 21.09 <0.001

ImiGTaE AN 10 7.08  0.708
BT 14 69.21

4.2.3 KR IEAS RIH A A

SR 7 b RN AR ZE R T R 38 ELAE G HEF
i TAEPERE RS2, PRIT HERD 25 1 e TAE S5
A, IS 23 R it | JF 8 ke IEAC a4l
AR, R R R AU 6 i, VR A<
FIEFAE 5 K RGBS 13 41, A ER
3 WHCE AR, B U0 E 300 K FKRFR+

2026 4
F6 EXRWHEERD
Tab.6 Orthogonal test factor codes
ity ks
Rl (kmeh ') REHII/kPa
-1.414 9.172 -4.293
-1 10 -4.5
0 12 -5.0
1 14 -5.5
1.414 14. 828 -5.707

13 IR A5 AR 7 F7R X, X, VR R A
KEE S Rt E, WEAFEEC R R B R 18 4L
RIS R AT 7 22500, 45 SR 3R 8 i, IF 15 3]
GRAREL Y, ERREEL Y, MRS R Y, i [R5 R
Y, =95.23 +0.375 6X, —0.310 8X, +0. 09X, X, —

1. 88X; -2.33X;

Y, =2.17 -0.253 8X, -0. 152 3X, + 1. 2X, X, +
1.01X; +2.91X;
Y, =2.60 -0.121 8X, +0.463 1X, - 1.29X X, +

0.873 5X; -0.579 0X;

(10)
F7 EXHBER
Tab.7 Orthogonal test results %
J_\?E’? Xl ? XZ Yl YZ Y3
1 0 1.414 90.2 8.0 1.8
2 0 0 95.5 2.4 2.1
3 0 0 95.3 2.1 2.6
4 1.414 0 91.9 3.7 4.4
5 -1.414 0 90.9 4.8 4.3
6 -1 -1 91.2 7.5 1.3
7 1 -1 91.8 5.0 3.2
8 0 0 94.7 2.2 3.1
9 1 1 91.2 6.8 2.0
10 0 0 95.1 2.1 2.8
11 0 -1.414 90.7 8.2 1.1
12 -1 1 90.2 4.7 5.1
13 0 0 95.7 2.1 2.2

Shy B O b R R A R R R T R HER
REAY2E EAE T, 5 T i 0 B 0 A e AR R A AR
e 12 1T, 25 SR A 1 15 Fio . &1 15 Hr s e 7 ARk
ESRERINEARRAGHFME T A5 ERE

BEUCIRRE TR B 2B R R . B A FE ER 1
Jof T AT D AR FRAEAE ML 3 EE Ry 10 ~ 14 km/h
SEES N -5~ —5.5 kPa JU BN R K 5, ik
B A AL B o AR, BE R E R
it —4 kPa B#HE K E -5 kPa, AR B3 T,
FOAIE PR T 00 R B TR R A TR AR e . 2k
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Tab.8 Analysis of variance of regression equation of qualified index, miss-seeding index and multiple-seeding index

I GisIRELY, EREREECY, Ts a5k v,

SRR FOrE Al ¥y F P SEM O AmE ¥HUr F P SEOTM HME YT F P
BOW 5727 5 11.45 113.02 <0.0001™ 68.08 5 13.62 250.19 <0.0001™ 17.17 5 3.43 204 0.0005*
X, 1.18 1 L13  1L.14 0.0125* 0.5154 1 0.5154 9.47 0.0179* 0.1187 1  0.1187 0.7052 0.4288
X, 0726 1 0726 7.62 0.028*° 0187 1 0187 341 01072 172 1 L72 1019 0.0152*
XX, 00324 1 0.0324 03197 0.5894 574 1 5.74  105.4 <0.0001*" 6.63 1 6.63  39.39 0.0004*
X2 24.58 1 24.58 242.57 <0.0001* 7.04 1 7.04  129.43 <0.0001* 5.31 1 531 3154 0.0008"
X2 37.76 1 37.76 37261 <0.0001* 58.86 1 58.86 1081.56 <0.0001* 2.33 1 233 13.86 0.0074"
% 07093 7 0.1013 0.3809 7 0.0544 1.18 7 01683

Al 0.1437 3 0.0479 0.3386  0.7998 0.3015 3 0.1005 506 0.0756 0.5089 3  0.1696 1.01  0.4742
W®E 05657 4 0.1414 0.0794 4  0.0199 0.6693 4  0.1673

MR 5798 12 68.46 12 18.35 12

o« FOREI 2 (0. 01 <P <0.05) ; #x FREIH .3 (P <0.01),

R
o 3000

gy 49
g, a5

o ! )

12

11 'v;-\

s

B 15 BRI 2R 22 HLAE H i L T

Fig. 15

M, R — PR, G Rsa T EERT
PR ARG = G R R i RS | A L (S A
JE XA AR PRI 52 0 B A BORR, R T 12 km/h
If, A A% R T B RIS s AT 5 5 | R e R ik
PR 56 () T, o 9 i 0P /<2 T 0 % T vy T 4
K, R AEAMT, BILE 5 W 2 kiR 1, =
HEBIR IR, VRl e —E P EXHZ S
HA AR A0 22 5 B sk v B 8BRS s ) 4 0, I
3G e AU o #7648 2005 1l 8 52 TR AR OG
B B RG m 2 E R L HAE T 12 km/h
A e S A ek, RIS R R AR R A W R
RE I A It 23 U 15 45 B0 A, D6 W A PR AE W Fff 7T
SN, AR — 2 ACE DL b S T 2R
HEEMAE RS RRRA S, DL Efa sk &
FEHE BRI 548 BUs /N A B s, 7 e TAE
SRR H
maxY),
minY,
minY, (11)
st (—1.414<X,<1.414
-1.414=sX,=<1.414

ST B HEA P RE R L AR S8 5 A
A 12,14 km/h LR RS R - 5,15 kPa, It
i, Sk TE 8O 95. 8% , H R 5 BUR I 75 15 4505 R

Response surface for two-factor interaction
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WK

5 #ig

(1) &X MR CHEFD 25 55 AR B 78 A B ]
B S B 70 Tl 308 SR AN G 478 o 4 4 4 AR 5 ) B
BT T —FfOBUHER 5 | 78 FL A5 A Ja 1) R X B K
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W T HERD 5510 SC B 45 4 S 850, X HEF 28 se f o 72
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