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Determination of Interspecific Contact Parameters of Corn and
Simulation Calibration of Discrete Element

ZHANG Rongfang ZHOU Jilei LIU Hu SHI Song WEI Guojian HE Tengfei
(Shandong Academy of Agricultural Machinery Sciences, Ji’ nan 250100, China)

Abstract; In order to get the optimal solution by comparative tests, the simulation analysis was widely
used during the development process of air suction seed metering device. The gas-solid coupling
simulation method was compatible because the single grain rate of air suction seed metering device was
reached by different air pressures, and the process was filled with variable flow field and moving
particles. The difference of contacting parameters between the simulation particle and the real particle
would be bigger when the bonding particle model was implied during the coupling of Fluent. In order to
solve the problem, the reasonable variable range during the process of calibrating the discrete element
parameters was reached with the measured values of contact parameters between maize species. The steps
were as follows; the rolling friction and the static friction of corn-corn were measured by slope method and
energy conservation method of high speed photography. The linear function between the zero level of
variable range and the measured value was established (the best calibration range of zero level was equal
to the measured coefficient value of coefficients). In order to find the optimal coefficient value, six
groups of different coefficients were selected to solve the variable range, and the response surface
optimization method was applied to optimize and calibrate the corn interspecific contact parameters with
the real measurement of corn accumulation angle as the objective quantity. The accumulation angle of

simulation was obtained by calibrations parameters and compared with the real accumulation angle got by
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lifting tests. The relation between curve of accumulation angle was calculated by different coefficients

values. The value of optimized parameter during the calibration range was the most accurate when the

coefficient was 0. 197 7. The best combination of fixed parameters was as follows:

coefficient between corns was 0. 031,

the static friction

the rolling friction coefficient between corns was 0. 003 9. There

was no significant difference between the simulation results of the simulation results of the best parameter

with the real experiment. The results showed that the contact parameters of the calibrated discrete element

of corn were reliable. Those parameters and calibration methods can be set as references for the selection

of calibration parameter range in the simulation process of follow-up air suction seed metering device.
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Tab.1 Main parameters of experimental corn seeds

Fr i &,

mm
Fil T 45 P R TR 3l 45 1R R SR
b i ES % i - %
K 9.032  8.432 8.832 8.967  8.643
& 6.743  7.742 7.867 6.547  7.542
JE 4396 7.535 7. 695 4.034  7.784
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Fig.2 Static friction coefficient test
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Tab.2 Static friction of corn seeds against corn seeds
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Tab.3 Static friction of corn seeds against different

materials
AR/ (°) IR (E ¥iE brifE 22
18 3.078 0.710 0. 135
20 2.747 0. 683 0.119
23 2.356 0. 649 0. 104
25 2. 145 0.618 0.092
28 1. 881 0. 647 0. 083
30 1.732 0. 645 0. 053
33 1. 540 0.623 0.092
35 1.428 0. 608 0. 102
38 1. 280 0. 585 0.110
40 1.192 0. 556 0. 127
42 1.111 0.502 0.118
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Tab.4 Results of stacking angle measurement by

lifting method

75 ZEM IE VI {H A5 iE D)
1 0.412 0. 465
2 0.497 0.473
3 0. 448 0. 500
4 0. 460 0.511
6 0.385 0. 403
7 0. 440 0.472
8 0. 435 0. 449
9 0.383 0.390
10 0.371 0. 406

T4 0. 426 0. 457

b 22 0.062 9 0.063 3
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Tab.5 Experiment factors and codes

Xy Xy
-1.414 0.053 0.013
-1 0.135 0.032
0 0.332 0.078
1 0.529 0.124
1.414 0.611 0.143
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Tab.6 Physical property parameters of corn seeds

and geometry

E24 K fE
HEL /A 0.4
YY)/ Pa 1.37 x10°
FKF T L/ (kgem ) 1197
FoK 5 KRR WK R R AL 0. 182
T oK 5 A B B e R 4 TR 0. 495
K5 A LS VR Bl R 45 R 0.112
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Tab.7 Design and results of central composite test

o Ak B B
A B
1 0 0 0.492 4
2 0 0 0.466 2
3 0 0 0.473 4
4 0 0 0.4713
5 0 0 0.4825
6 1.414 0 0.4999
7 -1 -1 0.496 5
8 0 1.414 0.5279
9 1 1 0.566 4
10 -1.414 0 0.412 1
11 -1 1 0.497 5
12 0 -1.414 0.4199
13 1 -1 0.498 2
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Tab.8 Factors and levels under different ¢ values

K BRI

M £ EOKFE S FKFE PR T —r
0.1 0.0496 0.0332 0.0168 0.0564 0.01
E k- 0.125 0.0638 0.0415 0.0192 0.0730 0.01
Fok#F 0.25  0.1346 0.0830 0.0314 0.1560 0.01
JEE#E TR 0.3 0.1630 0.0996 0.0362 0.1892 0.01
Fie 0.5 0.276 0 0.1660 0.0560 0.3215 0.01
0.8 0.4466 0.2656 0.0846 0.5215 0.0097
0.1 0.0128 0.0078 0.0028 0.0149 0.0007
E K- 0.125 0.0157 0.0097 0.0037 0.0182 0.0012
EK®E  0.25 0.0328 0.0195 0.0062 0.0383 0.0007
Bl JEE 2 0.3 0.0395 0.0234 0.0073 0.0462 0.0006
IR % 0.5 0.0661 0.0390 0.0119 0.0773 0.0007
0.8 0.1060 0.0624 0.0188 0.1240 0.0007
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Tab.9 Design and results of central composite test
e=0.125
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Tab.10 ANOVA of quadratic polynomial model

of central composite test

UE 3 ¥ior [SHEERE I i F P
iy 7.678 x107% 3 2.559x107° 37.86 <0.000 1
A 4.364x107° 1  4.364x107° 64.55 <0.0001
B 2.738x10°% 1 2.738x107% 40.50  0.0001
AB 4.012x10°* 1 4.012x107* 5.93  0.0376
k2% 6.085 x10* 6.761 x10 73

AT 4 8.999 x10°  2.27 0.2235
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Fig.7 Response surface and contour plot of effects

of corn interspecific contact parameters
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Tab.11 Optimal calibration parameters under different

& values

£ FOR-EORHREEBEIEL KT OR TR Bl R R 4K
1 0. 090 0.030
0.8 0. 085 0.024
0.5 0. 056 0.012
0.25 0.038 0. 004
0.125 0. 027 0.003 7
0.1 0.019 0.0025
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and g value
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Tab.12 Tangential value of stacking angle compared

with that of real experiment

R i FR S IE DI
5 13z % 1 7 2 hiE 3
1 0. 836
2 0.823
30 MEZHEGE 0.809
4 0.817
5 0. 840
1 0. 636 0.536 0.505
2 0. 624 0.541 0.512
3 e=1 0.615 0.552 0.520
4 0. 624 0.533 0.514
5 0. 632 0. 546 0.519
1 0.543 0. 632 0.576
2 0.556 0. 624 0.583
3 £=0.5 0.551 0.633 0.575
4 0.542 0. 641 0.564
5 0.538 0.619 0.583
1 0. 465 0.781 0.614
2 0.443 0.810 0. 606
3 £=0.19717 0.439 0.796 0.617
4 0.432 0. 822 0. 621
5 0.451 0. 806 0.603
1 0.420 0.812 0.616
2 0.432 0. 859 0. 641
3 AL 0.416 0. 781 0. 601
4 0.452 0.721 0. 609
5 0.471 0.794 0. 629
MEZHAH EBe=hrES R A
1.0p Ee=05trE S5 A [ e=0.1977FR ESFfT B
a a
a
0.8} B & L
= (=
R 0.6 £
o =
& =
Eoar =
® =
0.2 E
, ARLIES
(AR frE2 %3
R Eidr e o N LA AN LR S Ve o
Hrumx
Fig. 11 Results of different simulation parameters

compared with real test results at different positions

of pumping test
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Fig. 12 Diagram of real test and simulation test for

different calibration parameters of gas-solid coupling
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