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Table 1 Measured size of soybean seed

K5 i Fl Soybean varieties

% Index K {8 Value E 40 BE17 Ty By YT 44 Jbi o1
Ken bean 40  Ken feng 17 Green kernel black bean Black bean  Heihe 44 Northern xinjiang 91
¥ 6.29 6.87 7.59 8.32 6.69 7.11
K J Length/mm .

B2 0.29 0.39 0.67 0.56 0.43 0.48
. ) BfE 6.35 6.73 6.69 7.75 6.10 7.21

i B Width/mm o
bRk ZE 0.28 0.26 0.37 0.40 0.30 0.38
. BfE 5.73 6.38 5.67 6.52 5.13 6.34

JZ J Thickness/mm s
FrdftE 2 0.33 0.30 0.54 0.50 0.29 0.52
. ) BiH 6.13 6.66 6.65 7.52 5.98 6.88
¥J4% Average diameter/mm .
bRt 72 0.28 0.28 0.46 0.43 0.30 0.43
A5 ¥E 3.07 3.33 3.33 3.76 2.99 3.44
Arithmetic mean diameter/mm Nt 0.14 0.14 0.23 0.22 0.15 0.23
EX YT BIfE 0.14 0.19 0.19 0.26 0.14 0.21
Single seed quality/g bR 72 0.03 0.03 0.04 0.05 0.02 0.04
T1RLJ5T i Hundred seed weight/g 14.35 19.27 18.82 26.49 20.87 20.17
Ui AT Single seed size/em® 0.12 0.16 0.15 0.22 0.11 0.18
2 Ji¥ Density/e - mm- 1.19 1.24 1.24 1.20 1.15 1.29
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Note:1 is seed; 2 is seed plate; r is the radius of seed; o is the seed centroid; g is
the acceleration of gravity, m-s; n is the speed of seed plate, r-min’'; » is the rela-
tive velocity of seed and seed plate, m-s'; [ is the type hole diameter , mm.
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Fig.1 Relative movement of seed and seed plate
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to the type hole horizontally with b as the section width and ¢ as the section
height; State e indicates seeds are filled into the type hole horizontally with ¢ as
the section width and « as the section height; State f indicates seeds are filled into
the type hole horizontally with c as the section width and b as the section height.
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Fig.3 State analysis of seed horizontally feeding type hole
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Table 2 Probability and type hole diameter ratio of seed horizontal movement
[t Al Varieties
IR State $5 b7 Index R 40 B¥17 BT g 44 JegH 91
Ken bean 40 Ken feng 17 Green kernel black bean Black bean Heihe 44 Northern Xinjiang 91
AILEAALL 1.92 1.85 1.91 1.82 1.98 1.86
‘ N 0.15 0.16 0.14 0.14 0.14 0.15
b MALEHRE 1.85 1.82 1.80 1.72 1.86 1.77
NS 0.18 0.18 0.19 0.19 0.19 0.19
AILEAALL 1.92 1.86 1.93 1.83 2.00 1.85
¢ N 0.15 0.15 0.12 0.13 0.13 0.15
q MALERE 1.86 1.81 1.80 1.68 1.81 1.78
RS 0.18 0.18 0.22 0.21 0.21 0.19
AILEAALL 1.87 1.83 1.85 1.75 1.91 1.79
¢ N 0.17 0.16 0.14 0.15 0.15 0.17
. U EINER Y 1.88 1.82 1.76 1.70 1.85 1.80
IRAE A 0.17 0.17 0.16 0.18 0.18 0.16
Sl 17 AL ELAR L By B G Y (P A 3 i 6 3 i 7 , 4 01~ 8l
ol G Y 900 78 N ALIN L A0 FL B A% LS L D 1.60~2.10. £ 4
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Note: State 1 indicates that the seed is turned 90° into the type hole with b as the cross section height; State 2 indicates that the seed is type hole turned 90° into the type

hole with ¢ as the cross section height; State 3 indicates that the seed is turned 90° into the type hole with a as the cross section height.
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Fig.5 State analysis of seed turn 90° feeding type hole
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Table 3 Probability and type hole diameter ratio of seed turn movement

Bl Varieties

JR A State FEF5 Index

K40 RE17 HWT B i 44 Jhg 91
Ken bean 40 Ken feng 17  Green kernel black bean Black bean ~ Heihe 44  Northern Xinjiang 91
| HALER 1.93 1.84 1.84 1.79 1.93 1.86
RS 0.31 0.33 0.32 0.31 0.32 0.31
5 HILER 1.81 1.78 1.66 1.6 1.73 1.72
RS2 0.37 0.35 0.41 0.41 0.41 0.37
3 HALEARLE 1.92 1.87 1.99 1.87 2.1 1.85
IRAS M2 0.32 0.32 0.27 0.28 0.27 0.32
o L SRR S B BT 5 BB A L LR LL

ﬁ
HERh A

7L, R

=

FLIRE 5 KRG R348 M R R WTT
0.75d <k, < 1.25d Q1)

A ke, S HERR B R AL TR 5 R ST 242 19 LU AR, Jim 5

23 BUFLEIfALE
w7 R FAEHERN S S, B TE o A, S HEFRD
FEIEE R b, A RS T A B AL TG (R A 1S D



66 ANk TFE2EHR (http://www.tcsae.org)

20194E

L AhAG 2. Pl 8y 3. Flkil 4. K52 5. 63 R 6. HEfl 4
1. Seed box 2. Disturbance roller 3. Seed brush 4. Soybean
5. Socket 6. Seed wheel
T a RORFEINC BRI X 1y Fs R X
Note:a is the area of filling seed; £ is the area of clearing seed;
y is the area of metering seed.
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Fig.6 Profile map of high-filling socket roller precision seed plate
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a.Type hole without chamfer b.Type hole with chamfer
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Note:h is the height of seed centroid higher than seed plate, mm;¢’ is the distance
between seed centroid and its seed end, mm; o is the seed centroid; is chamfer
angle, (°); /' is chamfer length, mm.
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Fig.7 Analysis of type hole chamfer
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Table 4 Global variable parameter setting

T H Ttem J& Pk Property {i Value
. b/ 0.25
UNCE T N
By Hi e /Pa 1.04x10°
Soybean particles
W kg -m? 1230
o WIRALL 0.3
S RHRE o
By Mt /Pa 1.04x107
Plastic wall
W kg -m? 1290
FEL/Na 0.4
Rk I
Byt /Pa 1.1x108
Seed brush wheel
W kg -m? 1150
I WE 2K 0.6
T R R 0.45
Soybean-soybean o
B R R AL 0.05
- I A HL 0.6
(L —HE N
iR R AL 0.4
Soybean-wall o
B R R AL 0.01
- WE 2K 0.45
G —Flgl N
R R AL 0.5
Soybean-seed brush o
Bl R R AL 0.01
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1. Seed box 2. Disturbance roller 3. Seed brush 4. Seed clearing tool
5. Seed row wheel 6. Soybean particles 7. Particles factory
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Fig.8 Simulation of seed metering device
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Table 5 Experimental factors and level

K @%Lﬁfﬁ te RLYR L RLA L
Levels Type h01§ diameter Type h<.)1e depth Type hol'e chamfer
ratio x; ratio x, ratio x;
1.682 2.10 1.25 0.30
1 2.00 1.15 0.24
0 1.85 1.00 0.15
-1 1.70 0.85 0.06
-1.682 1.60 0.75 0

323 RBEZR 554

EDEM {)j B 25 B DL R R 56 77 R & 6 i s, FH
design-expert8.0.6 A4 1k 46 45 JR 34T 1A 53 ¥, 53 B
PRI HE PR A &I PR 22 5 R (R AR A R

Fo6 HBARRKAIWER

Table 6 Experimental design and result

i 5 A 3% Experimental factors

PEMY$R AR Evaluation indexs

iy WAL HARE AL L AL L LN S LA EZE
Type hole diameter ratio x,  Type hole depth ratio x,  Type hole chamfer ratio x; Single-seed rate y,/%  Empty-seed rate y,/% Multi-seed rate y,/%
1 -1(1.70) -1(0.85) -1(0.06) 88.23 8.65 3.22
2 1(2.00) -1 -1 86.64 2.38 10.98
3 -1 1(1.15) 1 90.81 5.86 3.43
4 1 1 -1 83.28 2.77 13.95
5 -1 -1 1(0.24) 88.75 8.82 2.43
6 1 -1 1 85.02 2.37 12.61
7 -1 1 1 90.02 6.76 3.22
8 1 1 1 81.63 3.16 15.21
9 -1.6828 0 0 88.94 9.44 1.62
10 1.6828 0 0 82.63 1.82 15.55
11 0 -1.6828 0 90.75 6.82 243
12 0 1.6828 0 87.82 4.36 7.82
13 0 0 -1.6828 88.79 5.81 5.40
14 0 0 1.6828 86.04 6.15 7.81
15 0 0 0 90.77 3.81 5.42
16 0 0 0 92.38 2.39 5.23
17 0 0 0 92.62 4.21 3.17
18 0 0 0 93.42 2.76 3.82
19 0 0 0 92.03 3.42 4.55
20 0 0 0 91.60 3.19 5.21
21 0 0 0 92.02 3.63 4.35
22 0 0 0 91.76 2.44 5.80
23 0 0 0 91.59 3.21 5.20
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BT 220 TR 7 BT os o HOREZS LRI A B B (B I 94.00% B A2k o X T BLRL AR RL |
RE 3 [ PR 25 PR A SR A5 R B 3, R AU a7 N T RS R O AR 3 (P<0.01) , 2, e R
K 45 R B 0 A B2 R AR AR IR i B D B R O B (P<0.05) , oA T %6 J7 7 G 52 R (P>
P B, HABE R S50 R R RK T 0.94, AT RUAE - 0.05) .
®7 BEAFEAESN

Table 7 Variance analysis of regressions equation

k2 Single-seed rate y,/% % R % Multi-seed rate y,/% R Empty-seed rate y,/%
afa?i{jf SFOIR HEE ¥ Ff PfH SEOTRL AmE BT FIE PfH IR BME BJ5 FE PHE
e o sque Fralve Pralue S e square e Palue o squpe [ alue e
X, 75.75 1 75.75 114.18 <0.0001 301.28 1 301.28 251.46 <0.0001 74.89 1 74.89 201.85 <0.0001
X, 4.74 1 4.74 7.14 0.0174 18.01 1 18.01 15.03 0.0015 4.27 1 427 11.51  0.004
X3 4.81 1 4.81 7.26 0.0167 2.49 1 2.49 2.08 0.1696 0.38 1 038 1.02 0.3287
X2 83.57 1 83.57 12596 <0.0001 41.47 1 4147 34.61 <0.0001 7.3 1 7.30  19.67 0.0005
X’ 17.72 1 17.72 26.7 0.0001 2.27 1 2.27 1.9 0.1887 7.3 1 7.3 19.67  0.0005
Xy’ 47.43 1 4743 7149 <0.0001 13.11 1 13.11  10.95 0.0048 10.66 1 10.66 28.74 <0.0001
xx, X HAEH 14.04 1 14.04  21.17 0.0003 2.65 1 2.65 2.21 0.158 4.50 1 4.50 12.13  0.0033
I\T[%)gil 246.28 7 35.18  53.03  <0.0001 380.77 7 5440 4540 <0.0001 108.96 7 15.57 41.95 <0.0001
R:iiial 9.95 15 0.66 17.97 15 1.20 5.57 15 0.37
Lacjlj?fﬁt 5.68 7 0.81 1.52 0.2850 12.39 7 1.77 2.54 0.1078 2.57 7 0.37  0.98 0.5038
Puij:iior 4.28 8 0.53 5.58 8 0.70 3.00 8 0.37
MFl Total  256.23 22 398.74 22 114.53 22

TE:P<0.01 F/sii i3 50.01<P <0.05 F/R .35 P>0.05 R A RH
Note: P<0.01 means highly significant; 0.01<P <0.05 means significant; P>0.05 means nosignificant.

XFFZRRARY xR TR O AR B3 3.2.4 R E F AR ARG P A

(P<0.01) , HA T J5 B T3 0 (P>0.05) o X F 28 i D] 22 6 5 5% 0 110 v 7 18 TG 1, fik 0% ¥ BT 100 1) 22
B oy s’ X TR RO B 25 (P< Sppy s bR e 2, IR O— 11 ok . B 28 ., [ 260
0.00) SURIT PRI (P>0.05) FLEEAR He, OHE R SEH R W/ B RUFL YR E L, 0

AERPET R RECGE A R E N . SRR

Wi 2 [ R KA I/, BERFLAR] A LU oo, B3 S 1G5 000N 5
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1 . . 1 . 2 . 3 N N e , N NS
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. 1 . 2 . 3 . 142 . N NS .,
y, = 186.5 - 233.93x, + 7.73x, - 29.51x, + N, B FLIR BE LG, W38 R TTIR/N o TT, Bl AR L AR
71.69x,2 + 114.36x,° RUFLUR I RFLE f 38 K, AL AR B KA T 78 4, Y
y, =233.97 - 160.71x, - 127.4x, - 29.16x, + RUFLRST 3o KB, 23 plifh 8 &2 e 5L, Z R AR K, 28
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Fig.9 Influence of experimental factors on single-seed rate
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Fig.10 Influence of experimental factors on multi-seed rate
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Fig.11 Influence of experimental factors on empty-seed rate
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Fig.13 Planetary gear type transposition type hole seed plate
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Table 8 Type hole size of planetary seed wheel

AL R AR TYFLIR RLE A
Type hole Type hole diameter/mm Type hole depth/mm Type hole chamfer/mm

1 10.41 5.98 0.84
2 10.94 6.29 0.88
3 11.48 6.60 0.92
4 12.01 6.90 0.96
5 12.55 7.21 1.00
6 13.08 7.52 1.04
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5.1 RIGHFR Table 10 Results of experiment
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177 6 3R 7)1 B0 EAT A5 04 6 3 B 0 FLHE R A OO Nemdew ndew indew
(1 b o3 R R 17 AR &7 40 K G A 1A A i fhteal ! 91.32 401 4.67
*j*»l» . Optimization group 2 92.24 420 3.56
50 HINEE{NEEE X 4 3 87.55 5.02 7.43
Contrast group 4 88.21 8.43 3.36
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Table 9 Type hole size of contrast group seed wheel

ELAS MILER RFLIREE EEE{REIDER NS
No. Type hole diameter/mm  Type hole depth/mm Type hole chamfer/mm

1 13.32 8.00 0.93
2 9.22 4.93 0.86
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1. Seed metering device 2. Mounting rack 3. Seed bed belt 4. Electric machinery
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Fig.14 Comparative validation test of seed metering device
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Parameter simulation optimization and experiment of seed plate type
hole for soybean breeding

Dun Guogiang', Yu Chunling', Yang Yongzhen', Ye Jin', Du Jiaxing®, Zhang Jingtao®
(1.College of Mechtronic Engineering, Northeast Forestry University, Harbin 150040, China;
2.Jiamusi Branch of Heilongjiang Academy of Agricultural Sciences, Jiamusi 154007, China)

Abstract: It is very important to develop breeding techniques for breed improvement and grain production increase. However, the most
breeding experiment is completed by labor, and it has the disadvantages of high labor intensity, low efficiency and high cost, and be-
cause of the human factors and personal differences, the quantity and accuracy of plot breeding experiment is seriously affected, and
hampered the smooth proceed of breeding. So the breeding seeding machine plays an important role in improve work efficiency and
breeding quantity. There are many varieties of soybean in plot breeding experiment and they are always different in size and shape, as
such, the variety adaptability for the plot breeding seed metering device become a key factor. So the mathematical model of type hole
structure of socket-roller seed plate for soybean should be created. In our study, firstly, six species of soybean in Heilongjiang were se-
lected as experiment materials and a statistical analysis of their physical parameters was conducted. Based on this, the ratio of diameter,
depth and chamfer length of the type hole to the average diameter of soybean seed was determined by the theoretical analysis of seed’s
filling process. The discrete element simulation model of socket-roller seed plate was established and simulated the process of seed me-
tering by EDEM. In order to get the optimal size parameter of type hole, the parameter optimization of type hole simulation experiment
was conducted, and the ratio of diameter (DI Ratio), depth (DE Ratio) and chamfer length (CH Ratio) of the type hole to the average di-
ameter of soybean seed was selected as experiment factors. The single-seed rate, multi seed rate and empty-seed rate was selected as ex-
periment index, quadratic regression rotational combination experiment was done and the data was analyzed by Design-Expert 8.0.6 soft-
ware, and we then obtained the regression model and analyzed the influence of factors on the index, the experiment results indicated that
for single-seed rate, the influence of DI Ratio was very significant (P<0.01), the DE Ratio and CH ratio was significant (P<0.05), the sin-
gle-seed rate first increased and then decreased with the increase of the DI Ratio, DE Ratio and CH Ratio, for multi-seeding rates, the in-
fluence of the DI Ratio and DE Ratio was very significant (P<0.01), and CH Ratio had no effect on multi-seed rate (P>0.05). The multi-
seed rates increased with the increase of DI Ratio and DE Ratio. For the empty-seed rate, the influence of the DI Ratio and DE Ratio was
very significant (P<0.01), and CH Ratio had no effect on empty-seed rate (P>0.05). The empty-seed rate decreased with the increase of
DI Ratio and DE Ratio, the empty-seed rate and multi-seed rate were all decreased first and then increased with the increase of CH Ra-
tio. The single-seed rate was more than 90%, multi-seed rate and empty-seed rate was less than 5% by the parameter optimization mod-
ule of Design-Expert 8.0.6. When the CH Ratio was 0.14, the range of DI Ratio was 1.73 - 1.91, and the range of DE ratio was 0.76 -
1.25, the seed plate had the best performance. In accordance with the optimal parameters, varieties of Ken bean 40 and Ken Feng 17
were selected as experiment materials, planetary gear type transposition type hole seed plates were made by 3D Printing with the optimal
type hole, and meanwhile the other two seed plates with different type hole without the optimal parameter were selected as contrast. The
comparative experiment was done and the results showed that planetary gear type transposition type hole seed plate with the optimal
type hole parameter had the best performance. The results were basically consistent with the simulation results, and the simulation opti-
mization model had been verified. Meanwhile, the research provide a reference and method for the design and optimization of the type
hole of seed plate.

Keywords: agricultural machinery; optimization; experiments; soybean plot breeding; socket-roller type hole; EDEM simulation.



