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Abstract: At present, varieties adaptability is the key problem of soybean breeding special seed metering device technology
research, the main problem is that seeding plate how to adapt difference of measurement and shape of different soybean spe-
cies. It is very important to construct precision model between unknown parameters such as type-hole diameter and filling
chamfer and known parameters such as seed hundred-grain weight and average diameter. Based on Dongnong 52 physical pa-
rameters and theory analysis, acquired each filling state’ s soybean seed’ s type-hole average diameter ratio range is 1. 43 —
1. 87. EDEM simulation model of soybean breeding plug type metering device in district was established, the type hole average
diameter ratio and filling chamfer was selected as factors, seed missing rate and seed re-filling rate was selected as indexes,
two factors and five levels second order regression current rotation design experiment was done, test index’s mathematical mod-
el has been built, variance analysis of test results indicate that, for seed missing rate, average diameter ratio is very significant
P <0.01, filling chamfer is significant 0. 01 <P <0. 05, for seed re-filling rate, type hole average diameter ratio is very sig-
nificant P <0. 01, filling chamfer has a certain influence, but is not significant 0. 05 <P <0. 1. Seed missing rate decreased
and seed re-filling rate increased with type-hole average diameter ratio’ s increasing, seed missing rate decreased and then in-
creased with filling chamfer’ s increasing. The optimal structure parameters of seeding plate’ s type-hole was that type hole av-
erage diameter ratio was 1. 64 and filling chamfer was 1. 54 mm, seed missing rate was 4. 95% and seed re-filling rate was
6.49% , the metering device had the best working performance. In order to verify optimal type-hole parameters, seed metering
device performance contrast test has been done, the results indicated that the seed metering device with optimal parameter had
the best working performance. Meanwhile, the research provides a practical new method for design for seeding plate hole of
other crops.
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(a):Soybean seed dimension; (b) : Distribution of soybean mear diameter;a; Length, mm; b: Width, mm; c:
Thickness, mm.
Bl XEMRTSHUE
Fig. 1 Soybean dimension parameters measure
*1 XEVESHS
Table 1 Statistics of soybean physical parameters
ZH K B J& ¥tz LT
Parameter Length/mm Width/mm Thickness/mm Average diameter/mm Seed mass/g
# KAH Max. 7.71 7.43 6.81 7.24 0.254
#%/IME Min. 6.20 5.93 5.44 5.91 0.139
{E Average 7.00 6.83 6.24 6.69 0.202
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(a) : Non-chamfering sieve pore; (b) : Chamfering sieve pore; g: Gravity acceleration, m+s~

2, r; Particle radius, m;

L Sieve pore diameter, m; R: Sieve pore chamfer, m; Vi : Movement velocity of sieve pore,m-s ",
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Fig. 2 Grain feeding mesh hole processing
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Fig. 3 Soybean feeding type-hole processing
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Fig. 4 Soybean feeding type-hole state analysis
x2 FEHMRESH
Fig. 2 Parameters of filling static
HH RE1 N RE3 K& 4 RES RE6
Item Condition 1 Condition 2 Condition 3 Condition 4 Condition 5 Condition 6
RIS

1.87 1.86 1.81 1.79 1.42 1.43
Type-hole average diameter ratio
IRZSHER Probability 0.148 0.152 0.186 0.170 0.182 0.162
K 6 FHFEHURAE M 4,

Six type-hole filling state of soybean as shown in Fig. 4.
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Table 3 Pre-treatment parameters setting

LiH Ttem J& M Property B Value
MEL /A 0.25
pNGE Uk
\ By I/ Pa 1.04 x10°
Soybean particles
B /kgom 3 1230
MEE /A 0.30
PR} RE ] N
By I/ Pa 1.04 x 107
Plastic wall
BEE/kgom 3 1290
MEk /N4 0.40
Friilie By YL/ P 1.1x10?
L i/ Pa 1 x
Seed brush wheel "
W/ kgom ™ 1150
U E Y 0.60
KE - BET .
RS R AL 0.40
Soybean-wall
IR 0.01
Y 0.60
KT - K .
R R AL 0.45
Soybean-soybean
IR 0.05
U CEY 0.45
K - Fkil )
R R A 0.50
Soybean-brush
SR AL 0.01

®4 KREBHNSHIEE

Fig. 4 Soybean particle parameters setting

J&PE Property & Value

£ Length/mm 7

P& Width/mm 6.5

it Mass/g 0.191
A Volume/mm? 155. 37
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Tk X
BRL Missing gole
Particles factory I
K+ 4 — 2
Soybean seed Double gilling
Bl 4 — Single filling

Brush wheel

55 AR
Seeding plate

5 HE#h2% EDEM {7 E#&E
Fig. 5 Seed metering device EDEM simulation model
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(a) : Profile of type-hole; (b) :Axonometric of type-hole; R, : Seeding plate type-hole filling chamfer ,mm.
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Fig. 6 Seeding plate whole structure parameters
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Type hole

FEFMEl
Filling
chamfer

A
Seed cleaning
groove
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W7 FoR, xR B A AR R R R4 5 22 5%
B B 1A 2R B 2 A
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Table 5 Code table of experimental factors and levels

JR 56 K 2% Test factors

KPS ILE S i AL SR
3.3 RBFEALRE BRI TR KGRI Code Type hole average Filling chamfer
%6, diameter ratio x x,/mm
3.2.4  BBESM RSB 1.414 1.9 2.5
%26 6 B PEAT T K LA T 1 . -
22030, S8 1T A Ty it o 5 805 S i 2 T, 45 3
R B TR 00 7 AR 45010 ’ e -
y, =38.028 —14.315x, —11.949x, +3.722¢  (7) -1 1.47 0.79
y, =8.488 — 17.683x, — 8.317x, + 12.218x] + -1.414 1.4 0.5
2. 9464 (8)
Fo6 HWHARRIAWER
Table 6 Experimental scheme and result
- HILLIGAR L Fe i E £ HEE RS R
Type-hole average Filling chamfer Seed missing rate Seed re-filling rate
Order diameter ratio %, %,/mm /% 2/ %
1 -1 -1 9.13 4.18
2 1 -1 4.70 11.54
3 -1 1 7.95 4.84
4 1 1 3.70 12.64
5 ~1.414 0 9.58 1.66
6 1.414 0 1.13 13.99
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. R L FEM A L s ik R
5 Type-hole average Filling chamfer Seed missing rate Seed re-filling rate
Order diameter ratio x, x,/mm /% 1,/ %
7 0 -1.414 9.78 9.58
8 0 1.414 8.18 10.43
9 0 0 5.06 6.28
10 0 0 4.29 6.54
11 0 0 4.69 6.73
12 0 0 4.89 6.94
13 0 0 5.10 7.14
x7 REERELERNFTESN
Table 7 Variance analysis of test indexes simplified model
75 5 R R I A FAH PIE B
Source of variation Sum of square DF F value P value Significance
TR A AY
Seed missing rate model 80. 498 3 77.97 < 0.0001
X 53.115 1 154.34 < 0.0001 e
Xy 2.465 1 7.16 0.0254
%3 24.918 1 72.41 < 0.0001 e
% 7% Residual 3.097 9
S PUE 2.662 5 4.89 0.0745
iR 2% Pure error 0.435 4
AR5 Total variation 83.595 12
TRE AR
Seed re—ﬁsz e model 149. 540 4 152.50 < 0.0001 e
X 132.810 1 541.76 < 0.0001 e
Xy 1.095 1 4.47 0.0675 *
x 1.090 1 4.45 0. 0680
%3 15.345 1 62.59 < 0.0001 e
5% 1.961 8
RAUE Residual 1.506 4 3.31 0. 1367
4l 2% Pure error 0.455 4
AR5 Total variation 151.501 12

TFLP<0.01, B 7 :0.01 <P <0.05, BEF; 10.05 <P <0. 1,6 —EH0,[BRBE;P>0.1 HIEW. T,

* ", P<0.01,significant effect; *

effect. The same below.

R 7 nl i, i A p EHRE F =
77.969 , [ F AL P <0. 000 1, 2B [ TR A S 4
3 I F =4. 894 S UM IS P > 0. 05, 1568
THINAR 5 52 BB 1 50 71 B P 4L B AR G, HLABE 7R
(R PE 2B R =0. 962 9, 15 B [l =R 75 fige g ey
N {E 96. 29% H)A8AL,, GBS I WL HE 2 v, 5 6 0, 2
6] Y 56 2R, T F) ) Ob A 0 X6 U % 5 0 AT 40 A I T
I P Y 3% 2R [l USRI W] 2R, — ORI o, SR A 2 (P
<0.01) ,x, B2 (0.01 <P <0.05), — YK 2 H

*:0.01 < P <0. 05, significant effect; *0.05 < P <0.1,a certain effect, but not significant; P > 0.1 is no

e 3 (P <0.01) , LB 2 5 4% R A7 7E K
AR R, HEARFAE L EAE . EAR SRR %
PERGSS F =152, 5, [a]IHEARLAY P <0.000 1, &8 [q]
ABEAY M 3 5 AU F = 3,307, R PBIHEKL 5 P
>0. 05, it B BN -5 5 b (i A U 50 i Bl S 8L 6 1Y)
AR, AT e 250 R =0.987 1, 3 Ui I 519
TR T A B EL i 197 98. 71% (A8 4k, BEfS 2 L T
BF v, 5w, o, ZIEASE R, A]H) AR 5 45 %
HEAT A3 BT ST - ph o 4 25 [ AR AU ] T, — IR I



534 101 [ 56 45 - B T EDEM. 9 R T2 g R A8 SUHF P S R AL S U AL S5 SiiE 837

0, AR EE (P <0.01) %, A —E R, (A 35
(0.05 <P <0.1), =k x; I —E 0 (0.05 <
P<0.1) % AR EE (P <0.01), BN H 5 HE
AR AR R &R, HEAFAE S AR o

PR Z T R T4 =3 A9 i 37 Y 1 G P 7 7 T
Ry, BESSAR L 2, RIS, BEST R 4 2, Y
BRI S /N 3G R, X R B T AR H s R
I, BUAL AR T, 4 bV BE 1S I, Jr AT 6 3

W&yl

Seed missing rate/%

(a) AR (b) HFRAR

(a) :Seed missing rate; (b) :Seed re-filling rate.
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P 1 3 g e o7 TR A Th s el AT R o
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RGE NG HE R, AHAS IR AN R 5 3 2 2 i T 2 248
FUBE I, AL DR BRI O, 75 9 22 R b 1~ 1 fiE
5, BT LA RE AR T

R
10
'0

B 7 LIRS ER R i T

Fig. 7 Response surface plot of test indexes

AL HERD B8 AL B B AR S A S8 R de-
sign-expert 6. 0. 10 12 B AR, B2 5E 5 b5 1%
FE T a0, Wil 308 T o/, U BUE % - 27 ke
1. 64, 7R 1. 54 mm, IR, Iei& K N 4. 95% ,
RN 6.49% , RIHERP S RLIFL B AR K FPRL AR
(1 1. 64 fF0T, HERp A BAT S PR AL PERE o

4 HEMEREFSHIXIBIIE

4.1 RIEH R

KRGS T AR A4 52, F- ¥ kL4 7. 00 mm, ki 58
6. 83 mm, K7 JE 6. 26 mm , F-YRi 1% 6. 69 mm, LG
WiEE 21.2 g, FKF12.4% 15 99%
4.2 REEENFEE

WA 8 fros, il e B A AR A 4R AR ALkl
KB /N X A R4 3 CHERR 2%, JPS-12 1157
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4.3 KEHZE

R AP 20 H AR 7k S T 3 A
& RST B HERR 2, HERD £ ELAR 130 mm, 24 A~ H AL, &
A F A AR A SO R L A2 0 10.97 mm,

B8 HEMeRIiEiXie

Fig. 8 Verification test of seed metering device
ST TR FL AR 11 mm, 4350 TR FL B A%
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TERER, Rk, O L SEREIf 28 1.5 mm, BUE A
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Table 8 ANVOA of type-hole diameter effect on test indexes

A e BHETEEL FRETRE LEEE SRS
IR by . . .
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Fig. 9 Effects of factors to test indexes
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