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T Tent 1B Il RS (4 G 5 55 il G 23 W 43 BT 1k 1) 57 A8
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1. B4 % Vacuum chamber; 2. HEF 44 Seed plate ; 3. HEF £ [
M Seed tray fixing plate; 4. | Ffi#ft Seed scraper; 5. Fl % Seed room;
6. F#f Seed box.

Bl SHRAMBEHSRLEREER
Fig.1 Exploded view of the structure of air suction mi-
cro potato seed metering
HeR e TARRERE 3200y 2 M W Rl A S 4%
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Fig.2 Dividing the working area of the seed metering
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Fig.3 Straight hole type seed disc
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Fig.4 Circular fluted seed discs
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5 HMEEMFIERE
Fig.5 Micro potato seed model
2) HERP S LRI TR A o O 7o R
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Fig.6 Seed metering mesh model

x1 BHTHESH
Table 1 Discrete element simulation parameters
ZH s ABS R

Parameters Micro potato Steel
JAFAH Poisson’” s ratio 0.330 0.394 0.300
By YIBEAL/Pa Shear modulus — 7.5X10°  3.189x10° 710"
%)% /(kg/m®) Density 1068 1180 7 800
T PR AR (S )
Crash recovery factor 0.449 0.482 0.710
R R (S )
Static friction factor 0.434 0.493 0.445
SRR (S )
Dynamic friction factor 0.010 0.120 0.269

] 2K Ay 30 000 A5 B {5 ELBsF ] 2 9 s, HEDEM &5
Fluent #:B% 0.05 s 444 1 R &
1.4 HEFES TET 24

#£ EDEM 5 Fluent 1% & A [7] 1% gh 3 1 5 7% 3
D5 ) JE EATHRR A O BN . el m s R S
S o 50 A ] A k78 2 AR (300 KL 22 A7) HAK 3
GB/T 6973—2005¢ H k. (45 %5 ) # B AL 401 56 T
) AT B R LT 960 heo il ad XA R 4514 1)
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150 K0T, SE & 05 B A A8 FR B Ak e T 45 R
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Jei W07 B ] R R oA 80 he A T i e E ], 7E
EDEM H 5 B 0k A= sl ECh 150 47, Ho iRk 5
FKECRMAEL 75k, (FEITE NG, 2 H
EDEM Ji &b P A% e 78 HEFf X 355 A 7 geometry bin ¥
WES R GETHHER P REFE AR A Bl (B 7)o
1.5 WMEHERIEZIT5XIEHEIREN

A GBI S AR b 2 B i
TETHEF 25 1 45 g AT e 780 5 Ao~ B 4 b WG 1
WAL HEFR 28 0 HER M B 5 A B HEFD 22 5k
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Fig.7 Simulation process of seed metering coupling
PERE RS, T e BRI R . 7R A |,
B 25 R Z [ AA A 52 AR, 64T ZUOE A i ik
B, B 5 M 18 B T AR R R AR R B DR AR T

—s— SA%FE%L Qualification index
100 — JHREEEL Leakage index

—a— FHEFE4L Double index
L
80
s
L 6ot
A =
=
® a0t
i
20 F
0 L L
3000 4000 5000 6000
TUELE X} {E/Pa Negative pressure
—— S 8% Qualification index
—o— B TE 4L Leakage index
100 —a— E#EFE 4 Double index
8()[/'/.—_—.\.\-
<
S 60t
c =
=
= a0
Jm
204
{’ I 1 1L -
9 10 11 12 13 14

HA%/mm Diameter

B8 EIR N E FE X HE A AE

VERCRAE i B 48 A, DL R 5 JE HERl & 10 22 &

Pt
2 RSP

mEmERRE

D) A [A) 25 B S HERPPE RE B9S2 o 7E Fluent H
43 5% B —3 000, —4 000, —5 000, —6 000 Pa f 1
FERIUR A, T HEFP 4500 5 3k 20 r/min, WALECH 12
A WAL B AR R 10 mm B, (R 47 B0 R ARG 7 Bk
5. B4R ER 3K, RIS BRI, nE 8A
FiR o 5 I , BE A R 4 X A A W Rs T, A 4%
P H S FE AR BB 2 8, 10 A% 4R BOR T T R i
HFUEAE R — 3 000 Pa B HERD 25 19 B A& F8 B AR, 25 &
2 [ UG AEAE —6 000~—4 000 Pa.

—s— A HF5% Qualification index
—o— i TE %L Leakage index

2.1

100} —4— E#EFE%L Double index
80 b—/_’\-\'
<
<
B 2 60F
=
3o 40t
Easd
20
r
04 T N " 1 .
20 25 30 35 40 45 50
#5358/ (r/min) Speed
—s— S8 Qualification index
—o— G TE 4L Leakage index
1007 —a— TEHEFE%L Double index
30 ;/./.\-\-
»
3 60f
D =
-
B a0t
Ja
Z(nM
06 3 10 12 14
Wz L% Number of holes
op=Al|

Fig.8 Effect of different factors on seed metering performance
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B LTHE TREMERE RERACER LT
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IR AREHE BS EARE AR B, HERD B 00 B L 25~
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3) AN [) W L B A 6T HEFR MR s e . iz H
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B TR S B0 AR T RS AW TR
7 A IR G 1 D PR R Ay I A T L AR A 38,
FL 5 R S ) A S f T R ) e O 224
FLE AR 2 R ) 5 5 AL ) R 2 sk /0N | DA L 4
B m.

4) AR FLEOS HEFPPERE RS2 . 7R PR TR
A —5 000 Pa, HEFP 5% 3 4 20 r/min WAL B2 N
10 mm ASAZ I, 73 53] e W FL AR O 6.8.10.12 14
(R HE o 255, T 22 o B T 5 R 4 IS S5 2R AT B PR R
5 EAR S . AR A 3K, &5 RBCEYE,
KI8D fryR o 45 SR WT, bi & WAL B R 3, &
IR R LT R TR S EREAERT
B 1 e 4 T 3G 8 B B R R T R, L
J R R AR — o B BT, AL R 2 T 8K
B3 R 5 HERR ST R ) X R T 2%
5 BOWAL P A1 T A 1 B R 2 X6 R /N DA TR 5

HE b fE
22 ZREXEFEASIRE

N T PN 5B S 8 E LA
JEE X CHEFD £ 5% X, AL B X AL X, iR
R, UEHIEER Y, B8 Y, HERFER Y, 2
AL Y, TAERCR Y i 6 b, 4T ZIRIEAS
B A A . WA R DRI AR Y, T 7
EDEM 5 Fluent 731l 12t J 40 B 3l 5t A 25
5B A DR DA K R A RS AR E RS
TR T2 AR RD Sy B R DI EETE AR Yo Ptk
7 VU PR 2R LK B R E AT e 21 A i e, e A
R SR T Z AN 2 AR 3 PR

iz FH Design expert13.0 84X bk 25 R itk 1707
2P AR 4 TR S PR o RIS ot 45

Y, =-—944.5375+ 0.111617X, + 8.951X, + 95.6333X; + 16.8854X, — 0.09X, X, —

F2 REXEEAFREEZERS
Table 2 Experimental factor code
SRR RO i L
Code Negative Seed plate SuFllon hole Nu@ber of
pressure speed diameters suction holes

—2 —4 000 25 9.00 6
—1 —4 500 30 9.75 8

0 —5000 35 10.50 10

1 —5500 40 11.25 12

2 —6 000 45 12.00 14

R3 TREXEEAAREARESER
Table 3 Pilot programme and test results
e [ % Factors 5857 Experiment index
No. X, X, X; X, Y, Y, Y, Y,

1 —1 —1 —1 —1 815 6.7 11.8 7.80
2 1 —1 —1 —1 821 2.6 153 11.92
3 —11 1 —1 —1 84.2 9.6 6.2 10.94
4 1 1 —1 —1 85.7 5.8 8.5 16.41
5 —11 —11 1 —1 807 3.8 15.5 7.84
6 1 —11 1 —1 851 2.3 12.6  11.88
7 —11 1 1 —1 86.3 8.7 5.0 12.96
8 1 1 1 —1 874 3.2 9.4 16.39
9 —1 —1 —1 1 83.9 7.6 8.5 7.78
10 1 —1 —1 1 87.1 6.5 6.4 10.11
11 —1 1 —1 1 83.3 13.8 2.9 10.12
12 1 1 —1 1 88.1 5.2 6.7 16.34
13 —1 —1 1 1 84.7 9.2 6.1 7.76
14 1 —1 1 1 87.2 2.7 10.1  10.90
15 —1 1 1 1 86.5 11.2 2.3 12.92
16 1 1 1 1 84.8 7.3 7.9 16.43
17 —2 0 0 0 80.3  12.3 7.4 9.64
18 2 0 0 0 86.3 2.7 11 14.52
19 0 —2 0 0 80.7 6.7 12.6 8.68
20 0 2 0 0 85.3  10.5 4.2 16.16
21 0 0 —2 0 80.7 9.0 10.3 7.90
22 0 0 2 0 87.5 3.5 9.0 11.58
23 0 0 0 —2 813 8.3 104 1211
24 0 0 0 2 85.9 8.3 5.8 12.12
25 0 0 0 0 95.3 3.5 1.2 9.78
26 0 0 0 0 95.6 3.1 1.3 10.07
27 0 0 0 0 95.4 4.0 0.6 10.08
28 0 0 0 0 93.6 4.1 2.3 10.78
29 0 0 0 0 94.9 2.1 3.0 10.11
30 0 0 0 0 96.2 2.1 1.7 10.98

P ] N - RUDEROR W o8 &R s LI UEE )
B, LR 8 b 5 s TR 3R 2 A A [ ) A [
T A -

(2)

0.0011X7 — 0.11225X7 — 4.5X7 — 0.664063X7
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Table 4 Analysis of variance of qualification index and leakage index

A% 58 Qualification index

TG 5L Leakage index

J5 2ERAR

Source of variance I Deﬁgieizof F r . I Deﬁgr‘fesgo[ F P
Square sum freedom Square sum freedom
1575 Model 677.540 18 16.150 <0.001™ 284.850 18 24.770 <<0.001 0™
X, 33.610 1 14.420 0.003™ 122.400 1 36.910 <0.001 0™
X, 22.430 1 9.620 0.010" 40.040 1 12.070 0.005 2™
X, 17.340 1 7.440 0.019" 17.340 1 5.230 0.043 0"
X, 19.800 1 8.500 0.014" 18.030 1 5.440 0.039 8"
XX, 1.560 1 0.671 0.430 4.620 1 1.390 0.2627
X X5 0.903 1 0.387 0.546 0.002 5 1 0.001 0.978 6
XX, 0.090 1 0.039 0.848 1.690 1 0.509 0.490 2
X, X5 0.023 1 0.001 0.924 0.123 1 0.037 0.8511
X,X, 12.960 1 5.560 0.038" 0.010 1 0.003 0.957 2
XX, 1.690 1 0.725 0.413 1.000 1 0.302 0.5939
X/ 204.610 1 87.810 0.009™ 23.050 1 6.950 0.023 2"
X, 216.000 1 92.700 0.003™ 38.950 1 11.740 0.005 7™
X 175.740 1 75.420 0.009™ 10.010 1 3.020 0.1102
X/ 193.530 1 83.050 0.008 34.200 1 10.310 0.008 3™
XXX, 6.250 1 2.680 0.129 2.100 1 0.634 0.4428
X XoX, 0.003 1 0.001 0.975 0.090 1 0.027 0.8721
XXX, 7.02 1 3.010 0.110 4 0.16 1 0.048 2 0.830 2
XXX, 0.422 5 1 0.1813 0.678 5 0.25 1 0.0754 0.788 7
5% 2% Residual 25.63 11 36.48 11
KA Loss 21.78 6 4.710 0.055 32.53 6 6.85 0.086 0
2% Error 3.85 5 3.95 5
KUH Sum 703.17 29 321.33 29
Y,=187.90595 — 0.03773X, — 2.8366X, — 1.133X; — 4.71845X, + 0.0033X{ + 0.00442X 7 + 0.25759X (3)
Y, =784.2625 — 0.08233)(1 - 7.5975X2 — 71.944X,; — 11.823X, + 0.0034X, X, + (4)
0.0925X, X, + 0.00725X{ + 0.0646 X7 + 3.42593X 7 + 0.3849X
Y, =6.92042 — 0.0162X, — 1.188X, + 0.7233X; — 2.5846X, + 0.002X} + 0.0231X7 -+ 0.1253X7 (5)

2.3 ETNSGA-I HEixrIHEM R EREM UL
DIEACER o BG4 45 80 il 1 K B # 4
B AR TEARSL , HERD A% 0 TAERBORA JA  HEFb 25
PERERY E BN . AT E CTARRCR Yi=X,, Bl
HERR AR B TARRCR S HER B S B G R R .

3 HEFh g2 B VRPN B B B, A IR KR
max Y,
min Y,
min Y,
max Y (6)
Y, =1—Y —Y,
*2<X1\X2\X3\X4<2

iz FINSGA- Il Fiki#t 171 2 Bin sk i, vl 46
FRRESE B R 50, AR AR 200, 45 AR i 45 21 ) e
LI Pareto e AR WA 9 TR o

FELL T 2 BRI AR i i i g v, e 25 10
FebRAa e 5 R . RAE GB/T 6973—2005¢ Bukr Okl
) IEFPHLAGR S Jr i) , B H AT AT, 7T A 4 AL
KT 0% IiEEE/NT 5% HIFEHE/NT 5% B
TGO, B URAE A —5 175~—4 900 Pa, HEFH 4%
Bk 31.2~36.4 r/min, WAL EH 48 9.8~11.2 mm,
W ALECH 104

2)JZW oMk xt Z HARUALas R ERE . JZIK
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Table 5 Results of analysis of variance of double index and power consumption
HFAEHE %L Double index Uy #E Power consumption
T AR
Source of variance A F r P P Fi r P
Square sum Degrees of freedom Square sum Degrees of freedom

57 Model 495.010 18 14.180 0.001" 217.470 18 17.140  <20.001"
X, 27.740 1 14.300 0.003" 73.570 1 104.380  <<0.001"
X, 122.400 1 63.120  <<0.001™ 110.420 1 156.660  <<0.001"
X, 11.370 1 6.580 0.026" 7.060 1 10.020 0.009"
X, 75.620 1 38.990 0.001" 0.589 1 0.836 0.380
XX, 11.560 1 5.960 0.033" 1.560 1 2.220 0.165
XX, 0.810 1 0.418 0.531 1.010 1 1.430 0.256
XX, 1.000 1 0.516 0.488 0.216 1 0.307 0.591
XX, 0.250 1 0.129 0.726 1.060 1 1.510 0.246
X,X, 13.690 1 7.060 0.022" 0.250 1 0.355 0.564
X,X, 0.090 1 0.046 0.833 0.172 1 0.244 0.631
X2 90.310 1 46.570  <<0.001™ 6.240 1 8.860 0.013"
X,? 71.500 1 36.870  <<0.001" 8.670 1 12.290 0.005™
X2 101.860 1 52.520 0.008™ 0.319 1 0.453 0.515
X/ 65.010 1 33.520 0.001™ 6.470 1 9.190 0.011"
XXX, 1.100 1 0.569  0.467 1.880 1 2.660 0.131
XXX, 0.123 1 0.063 0.806 0.774 1 1.100 0.317
XXX, 9.300 1 4800  0.051 0.003 1 0.004 0.949
XXX, 0.023 1 0.012 0916 0.001 1 0.001 0.972
k2% Residual 21.330 11 7.750 11
JA Loss 17.660 6 4.010 0.074 6.650 6 5.040 0.068
12 Difference 3.670 5 1.100 5
SR Sum 516 29 225.220 29

7()7

2550 65
B9 Paretofziifi#s
Fig.9 Pareto optimal solution set
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1o R AT TR AR Z R, R XA
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Fig.10 AHP analysis model for seed metering
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Table 6 Judgement matrix
BiH Ttem AR TEHE RS R 5L I e TR
) Qualification index Leakage index Double index Power consumption Work efficiency
BRFEE Qualification index 1 5 5 3 3
%84 Leakage index 1/5 1 5 3 3
T%FE%C Double index 1/5 1/5 1 1/3 1/3
Y)PRIH#HE Power consumption 1/3 1/3 3 1 1
TAERCE Work efficiency 1/3 1/3 3 1 1

RT BROWMER
Table 7 AHP analysis results

i Ttem LERNALIRS WA/ % R CHAE
X Eigenvector Weighted value Maximum eigenvalue CI value
A8 84X Qualification index 2.226 44.524 5.931 0.098
TR 2L Leakage index 1.257 25.130
HAETEH Double index 0.265 5.294
TR FE Power consumption 0.625 12.526
TAERCR Work efficiency 0.626 12.526
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3.93% I IHFER 10.8 kW,
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1. A5 Ji #% Frequency changer; 2. {5 i % 1% 1X High definition cam-
era; 3. = 15 4 H #l Three-phase induction motor; 4. HEFl #§ Seed
metering; 5. 1t J 4 i 5 XL Negative pressure piping and fan; 6. %
A HL i Computer.
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Fig.11 Eed metering performance bench test
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Table 8 Comparison of simulation optimization results

with bench test results

. ; " wIEE DI/
AleR % ey e PRI
e #/ % kW
TWiH Item  Qualification Leakage
. . Double Power
index index . .
index consumption
frEffe
Simulation 93.27 2.80 3.93 10.8
optimization
LS i
R 94.18 3.14 2.68 11.2
Bench test
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Simulation optimization and experiment of seed sowing process using
air-suction micro potato seeder based on NSGA-[| and AHP

FU Jin', DUAN Hongbing"*?, HAN Mingxing', CAI Xingkui*, DOGN Runing'

1.College of Engineering ,Huazhong Agricultural University, Wuhan 430070, China;
2.Key Laboratory of Potato Biology and Biotechnology, Ministry of Agriculture and Rural Affairs,
Wuhan 430070, China;
3.Key Laboratory of Agricultural Equipment in the Mid-Lower Reaches of the Yangtze River,
Ministry of Agriculture and Rural Development, Wuhan 430070, China

Abstract A ring groove-type disk of seeder was designed based on the radius of curvature of the mi-
cro potato seeds to solve the problems of the operation of existing air-suction micro potato seeder requiring
high negative pressure, high power consumption and serious leakage. The effective contact area of the mi-
cro potato seed adhering to the disk was increased to improve the qualification index of the air-suction micro
potato seeder. A coupled simulation model of an air-suction micro potato seeder was constructed with
EDEM and Fluent software. A quadratic regression orthogonal rotation combination experiment was de-
signed with operating parameters including the vacuum degree, rotation speed of seeder disk and structural
parameters including the diameter of suction hole, number of suction holes of the seeder as influencing fac-
tors, and the qualification index, leakage index, reseeding index, and power consumption as indexes of
performance. The result set of the impact of various influencing factors on the indexes of performance of the
seeder was obtained through coupling simulation. The non-dominated sorting algorithm (NSGA-1I ) for
multi-objective optimization of the result set was used to obtain optimal solution set of Pareto. The optimal
structure parameters and operating parameters of seeder were obtained after assigning weights to the opti-
mal solution set using analytic hierarchy process (AHP). The results showed that the optimal parameters
were negative pressure value of —5 060 Pa, rotation speed of seeder disk of 35 r/min, number of suction
holes of 10, and diameter of suction hole of 10 mm, with the qualification index of the seeder of 94.18%,
the leakage index of 3.14%, the reseeding index of 2.68% , and the power consumption of 11.2 kW. The
results of bench test showed that the simulation results optimized were basically consistent with the bench
test, with a relative error of 0.97%. It is indicated that the combination of multi-objective optimization algo-
rithm and hierarchical analysis process for weight allocation is reasonable and feasible for the performance
optimization of air-suction micro potato seeder..

Keywords micro potato; seeder; coupling simulation; multi-objective optimization; hierarchical

analysis
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