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Simulation and Experimental Optimization on Filling Seeds Performance of
Seed Metering Device with Roller of Air-suction

ZHANG Kun YI Shujuan
(College of Engineering, Heilongjiang Bayi Agricultural University, Daqing 163319, China)

Abstract: In order to improve the filling performance of seed metering device with roller of air-suction,
the numerical simulation on the height of seeds layer, the vibration frequency and the angle of vibration
were carried out with method of discrete element analysis. The results showed that the arc length in the
area of filling seeds and the time of filling seeds can be increased through increasing the height of seeds
layer. The leakage rate can also be reduced under the same conditions; the mean value of normal stress
was increased with the increase of vibration frequency, which meant that the disturbance to the seeds can
be enhanced; the proper vibration angle can increase the height of filling seeds effectively. The filling
performance of the seeds metering device can be improved effectively by reducing the internal friction
force, enhancing the disturbance of the populations and increasing the height of filling seeds. Maize seeds
(Zhengdan 958 ) were taken as research materials in order to determine the optimal combination of
parameters. The seeding performance of metering device was studied through the quadratic rotation-
orthogonal combination experiment. The height of seeds layer, the vibration frequency and the vibration
angle were taken as main factors. The qualified rate, leak seeding rate and the re-seeding rate were taken
as indexes. The mathematical model between three factors and the indexes was built. The effect of each
factor on the qualified rate was analyzed and optimized parameters were tested. The effect of factors on
the qualified seeding rate in primary sequence was the negative pressure, forward speed and angle of
seeds suction. The optimal parameters were obtained. The qualified rate was above 90% , the leak
seeding rate was lower than 5% and the re-seeding rate was also lower than 5% , when the vibration angle
was 45°, the vibration frequency was 116 ~ 122 Hz and the height of seeds layer was 96 ~ 117 mm. The
results of the verified experiment were consistent with optimal results. Conclusions can be drawn that the

seed metering device with roller of air-suction had good adaptability to maize seeds. References for the
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design of the maize seeds metering device with roller of air-suction can be provided.

Key words: maize; roller seeder of air-suction; filling seeds performance; numerical simulation;

orthogonal experiment
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Fig.1 Structure diagram of pneumatic cylinder

seed-metering device
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Fig.3  Simulation results of seed
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82 & Ml

U

2017 4

HIK o T ERME LﬂWBZKJJ FIATr 22085

D= NZ (fu—m)’ (6)
LS
Hrp =N Z Joi
X D——7J52%,Pa’
N—fi 4 Bcds B8k, N =100
p— P X [ B ) SR, Pa
S i B 2B Fh 32 B B F-2403%5 ) 1), Pa
05 22 B R H U 3l B BIORE B R, gt 2 X A 1
AP Bl PR K . TS AR AR B 3 Dy 65 He
i}, 5250 39. 65 Pa’ . fiR 845 % Jy 85 Hz i}, J5 254
58.62 Pa’, PRahsi= A 105 Hz i}, 525K 61. 77 Pa’,
PRI I 2 5 R 3l 0 %6 B DA — o R B R i AR R R 3
TR,
WA BN 3 RO [ P Bl 15 0 HE R 2 T A
FASAC AN 6 Fir s, DB H AT L Bl 4R 20 00 % 7
P PR SR O T AR R

6

§5
o4
)
2 65 85 105
PRSI/ Hz

P 6 Rl 5 AR K R

Fig. 6  Relationship curve of vibration frequency and

miss rate of seed-filling

3.3 IREhME

AR 2B i 00, 208 BRI O 1 mm, B R 5
J& 2 100 mm, 4z 55 2y 105 Hz, #5400 Fh A 9% 2h 1 2 6
S350 30°.45°.60°, Unl&l 7 Fr i, AR BOAS TR 4R 30 A
P

JENE BT A

7 ﬁ?ZﬁJﬁi 7 R A

Fig.7 Sketch of vertical oscillation angle
LR 2R 3. R

3 A e B, AE iR 3D JE Ry 30° 45 B Ik Fif
1o BE A ST AR AR 2 A B Dy 60° I, A M B T
R AN G R e =D e T N 3 U =i
T 0 A5 R Bl A B2 Dl 30°.45° .60°, % A Al BE
105 112,90 mm, $Iz 3f) £f BE (4 A [5] 52 i 1~ 7K SF-
AN E T | A2 8% o 4R 3h A B 30°, HK - 1] Hif

R 0L K (A B 5 1) B S s i 24 ek —
A4 e R R 5 IR Bl A B2 D 60°, U LU 1) IRk Bl
PR BR AR 1) /i 282 B/, S BORh 1 )5 42, fil
T o 2 A (EL B 42 8 Sl B . IR SR B
45° WA AL 5 149 7K F- 17 /i 0L 5% SUA AR 5 1 B EL A
B AR R BEAE = P d il NIL LR A il /Y
B2l AR T 5 i 1A e B DT B e T R fE
HJE MBS R A H Z (] ) 22 BE AN K
AR 3 Bl AN R 4R Bh A1 A5 HERR A% R 7T

AARAC AN IEL 8 s, MR ol L 62 U 3l
S0, B X 1 A4 g I ST R R B0 T SRR ST T B
Ja BTt TRIRE AT L WIS 2 04 4k 3 A B2 T L3 e
ol 5 B 4 ] B P ARG T 8 %% o

35

30

S

5 25

8

220
15

10

30 45 60
IRBNAIENC)
B8 fkah SRR RIML
Fig. 8 Relationship curve of vertical oscillation

angle and miss rate of seed-filling

4 K

4.1 REHEH

IR AE JPS — 12 BT HLAL S HE b & 1 RE A )
B & LT, B HERD 27 0 B AT B A URR
HERR 2%, BRI R FP — 12 B 835 JE4R 3 4% , IR
SR I 5% 462K F VC63 B RUIARA , Ui &l 9 FF 7 o

9 EAE R
Fig.9 Picture of test unit
LOgRAC 2. Ff 3. R 7 4 8RS 5. IR HERD AR

K2 M GB/T 6973—2005  HkL (A % ) 4 Fh

LRI J7 3 ), o 22 K6 I 200 L Fh T, o8 BUA 48 K
TR EIERENER. BB EL 5 KBCFY
o KRR ERFPLETEEE R 3 km/h, 44

SE BRI 300 mm , HAl SR AFAAE o AR

60 x 10°0,,
" =73 687 (7



573

TR A MR BT R K R A e R RE O K5 AR L 83

A o, ——FERHLATHEE L, km/h

S—FkIF , mm

Z— A m ALK, Z =8
T RH L RE AR LT SR 3 km/h B R R
n, 4 20.8 r/min,
4.2 ZREBEEZAGIRE

T 5 4 DR Y B ZR A A E T R R R Y
WU FEAE 50 ~ 150 mm, % 3l 451 4 BUE I I A 65 ~
145 Hz, Yz 3l #1 BEJE Bl A2 0° ~90°, J T FiX 3 4>
PRl 3R 1) dc 1 2 0, fE 15 R o 8 b M BB o £, AR S
ek TR UCRD TR T A, w] Lk S [m] )5 2R K]
ARG ME R — Ui 1E 22 2 & i 5 U7 125, 1 Y R g
e 2 Wros . MR8 =R e s IE A G ik
B R EAT AR, A A 3 WHCPRE., R
TR HIAE AR 3,
x2 HBEARFD

Tab.2 Factors and levels of test

SES
it i ; ;
FZRE o /mm PREPIR x,/Hz IREPAE 2,/(°)
-1.682 50 65 0
-1 70 81 18
0 100 105 45
1 130 129 72
1. 682 150 145 90
*3 HBRBHAREER
Tab.3 Experiment design and results
. S Mg o7 ¥
TOBmEEX, WEX, fEX, Y/% Y,/% Y,/%
1 -1 -1 -1 75.3 14.6 10.1
2 1 -1 -1 80. 6 0.3 19.1
3 -1 1 -1 80.6 18.4 1.0
4 1 1 -1 84.7 13.3 2.0
5 -1 -1 1 72.0 24.3 3.7
6 1 -1 1 85.0 1.2 13.8
7 -1 1 1 83.0 14.9 2.1
8 1 1 1 85.0 8.6 6.4
9 -1.682 0 0 66.3 23.3 8.4
10 1. 682 0 0 88.7 0.3 11
11 0 -1.682 0 76.4 3.6 20
12 0 1. 682 0 86.7 13.3 1.0
13 0 0 -1.682 82.9 9.0 8.1
14 0 0 1. 682 88.6 2.1 9.3
15 0 0 0 89.7 2.5 7.8
16 0 0 0 88.7 1.9 9.4
17 0 0 0 95.5 0.5 4.0
18 0 0 0 92.0 1.2 8.8
19 0 0 0 84.0 7.8 8.2
20 0 0 0 90.2 2.9 6.9
21 0 0 0 90.9 2.4 6.7
22 0 0 0 92.5 1.7 5.8
23 0 0 0 93.5 1.3 5.2

4.3 MABFERWNEIERZMHELRE
K ] Design-Expert 8. 0. 6 B4 %] 12 56 B 4k 5 47
Z ool A A, % 45 R e AT [ 3 A, il A4S 3]
B Y, IR Y, MERER Y EIH
(1) BHARY,
i A R DL ROk I 0 B AT 2 on A G,
o B 2 D20 HERD 5 46 38 Y 5 0 1 [m] U AR R
Y, = -79.14 +1.41x, +1.55x, +0. 15x, —
2.16 x10 *x,x, +8.80 x 10 "*x,x, +
3.14 x 10 *x,x, =5.37 x 10 x} -
5.87 x10 *x; =2.56 x 10 x> (8)
[l 5 77 R 00 2 E MR B AN 2% 4 Fs o
MR 25 4 AT, 3 SRR I 306 B2 R A 35 1Y
(P <0.01) . fHFf2 5B AR S0 R A2 B (X, X, )
() P fE 2 e BE AR 3 f A BL(X, XS ) 1) P AE
DL AR sl 93 2 F0 4k 8l ffy B S B (X, X, ) /g P e
KT 0.1, U B R 2 e 3 R0 R 3l 401 48 114 58 B30 Fh 2
e B RN 3 A A A8 HL I DL K AR 2 3 AR B A
18 A2 ELIGORT HERD 5 A% 3 00 52 W AN 3, At A& 0 i
F R 56 P4 W W 25 N 2, 15 B AR G 1k PR 2R 0k e iz
THISE WA AEAE IR E R o X TR P =0.413 1~
3 VLI TR A S w48 bR 1 E IR, BIBR
ENTE A SESERICEY i
Y, = —61.94 +1.23x, +1.35x, +0.27x, —
5.37 x10 *x] =5.87 x10 2 =2.56 x 10 x>
(9)
T XS (9 ) 8105 2R R A 30 A5 S 52 0 HE Ao
B R A B R H R B /N O Bl R B R Sl AR R
A
(2) IR Y,
i A R DL RO IR 0 B R AT 2 on A,
(GEIRSSESOR E NS A TR #i
Y, =141.18 = 1. 51x, — 1. 21x, +0. 31x, +4. 60 x
10 w2, =1.57 x 10 x,x, =3.69 x 10 x,x, +
4.43 x10 ’x7 +4.83 x10 x; +2.39 x 10 a3
(10)
MG 3% 4 AT, X SR RL 1 405 B2 e i 35 1Y
(P<0.01), HF0Z 5B RIRSN M B H (X, X,)
P EOR T 0. 1, 350 B b J2 v B2 R 9IR 3h A B2 9 52 6L
TS i 7% 25800 52 A S 2, AR A A R 0 P
25 B, UL AH G 156 PR 3R X w18 A 1Y) 5 W £
TEZIRK R XMFRUIBP =0.110 1,4 3, 3L W]
AFEHAM G s bR ) EER R . HIRA B EHR
J& Y (8] A5 AL Sy



84 Kok HLOB ¥ R 20174
x4 HAEAFEFESH
Tab.4 Variance analysis of regression equation
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