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Calibration of discrete element model parameters for maize kernel
based on response surface methodology
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(1 College of Mechanical and Electrical Engineering, Henan Agricultural University, Zhengzhou 450002, China;
2 School of Mechanical Engineering, Anyang Institute of Technology, Anyang 455000, China)

Abstract: [Objective] The discrete element method (DEM) is commonly used in simulating the motion states
of agricultural materials in agricultural production process. The accuracy of discrete element simulation depends
on the parameters used in simulation process. In this study, we calibrated DEM parameters to provide a reliable
basis for the application of DEM in simulation experiment. [ Method] Using maize kernel as object and repose
angle as response value, the discrete element calibration method based on response surface methodology was
proposed after the comparison of simulation experiment results adopting different parameter combinations with
prototype experiment results. Plackett-Burman experiment was performed to test the significance of discrete
element parameters and screen the parameters that significantly influenced response value. Then the steepest
ascent experiment was used to ascertain the optimum value ranges of significant parameters. Finally, central
composite designs were used to design response surface modifying experiments consisting of three factors and
five levels. [Result] Corn Poisson's ratio and corn-corn static friction coefficient interacted significantly with

each other. The best parameter combination was corn Poisson's ratio 0.438, corn-corn static friction coefficient
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0.182 and corn-corn static rolling coefficient 0.051. The simulation experiments were conducted using calibrated

parameters above and the mean value of repose angle was 26.89°, approximately to the value in prototype

experiment. [ Conclusion] The discrete element parameter calibration method for maize kernel based on

response surface methodology is feasible, and can improve the accuracy of maize kernel discrete element

simulation test.

Key words: maize kernel; discrete element; parameter calibration; response surface methodology
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Fig.1 Maize kernel simulation model
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Tab.1 The setting of simulation parameters

S HH
TR 0.399~0.423
TR AR/ MPa 138.3~409.5
FREE/(kg'm™) 1197
AR LG 0.28
AN B B /M Pa 75 000
NI E/(kg'm™) 8 000
FTR-F KW 7% 0.182~0.284
FR-AFERIRE RZEL 0.615~0.729
FR-FORE R R EL 0.231~0.342
TR R R 0.267~0.401

TK-TKIRBN S AL
TR AE IR BN EIE 2 K

0.054 5~0.078 2
0.031 7~0.093 1
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Tab.2 Plackett-Burman experimental factors and levels
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K
A B/MPa C D E F G H I~
AP (-1) 0.399 138.3 0.182 0.615 0.231 0.267 0.054 5 0.0317 —
FZKF(H) 0.423 409.5 0.284 0.729 0.342 0.401 0.0782 0.093 1 —
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Tab.3 Design and result of Plackett-Burman experiment

- K% o

75 A B I C D I E F I G g ERAC)
1 +1 +1 -1 -1 -1 +1 -1 +1 +1 -1 +1 26.52
2 +1 +1 -1 +1 +1 +1 -1 -1 -1 +1 -1 27.30
3 -1 +1 +1 +1 -1 -1 -1 +1 -1 +1 +1 31.45
4 +1 +1 +1 -1 -1 -1 +1 -1 +1 +1 -1 32.96
5 -1 -1 -1 +1 -1 +1 +1 -1 +1 +1 +1 34.17
6 -1 +1 +1 -1 +1 +1 +1 -1 -1 -1 +1 33.81
7 +1 -1 +1 +1 -1 +1 +1 +1 -1 -1 -1 29.96
8 +1 -1 +1 +1 +1 -1 -1 -1 +1 -1 +1 27.73
9 +1 -1 -1 -1 +1 -1 +1 +1 -1 +1 +1 31.53
10 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 29.51
11 -1 -1 +1 -1 +1 +1 -1 +1 +1 +1 -1 30.40
12 -1 +1 -1 +1 +1 -1 +1 +1 +1 -1 -1 31.88
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Tab.4 Variance analysis of Plackett-Burman experiment

PRI 7 A F P
A 19.335 8 18.533 0* 0.023 1
B 0.030 3 0.029 0 0.8756
C 0.4172 0.3999 0.572'1
D 0.3112 0.298 3 0.623 0
E 38.118 8 36.536 2%* 0.009 1
F 1.167 2 1.118 7 0.367 8
G 5.869 5 5.625 8* 0.098 3
H 0.854 7 0.8192 04321
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Fig. 3 Pareto chart of Plackett-Burman experiment
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Tab. S5 Design and result of the steepest ascent experiment
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Tab.6 Design and result of central composite designs
experiment

ESS ER-FEAK  FR-EXK HEBS/

5 bk BEERN ROEERH C©
1 1 1 1 27.49
2 1 -1 1 27.75
3 0 0 0 26.77
4 0 0 0 26.49
5 0 0 0 27.39
6 1.682 0 0 27.83
7 0 0 0 27.96
8 -1 -1 -1 30.70
9 -1 -1 -1 30.13

10 0 0 —1.682 27.18

11 0 0 1.682 31.71

12 0 0 0 28.07

13 1 1 -1 25.83

14 0 0 0 28.71

15 0 1.682 0 25.80

16 1 -1 -1 27.35

17 —1.682 0 29.82

18 0 —1.682 0 27.21

19 -1 1 -1 25.83

20 -1 1 1 27.59
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Tab.7 Variance analysis of model of central composite
designs experiment

o 0,
Wi mEERN wommsy "
1 0.46 0.18 0.042 25.53 297
2 0.44 0.22 0.050 26.49 0.21
3 0.42 0.26 0.058 28.45 8.08
4 0.40 0.30 0.066 31.51 17.99
5 0.38 0.34 0.074 31.31 19.31
6 0.36 0.38 0.082 3271 29.94
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BRKE BB ¥ F P
A 9 4.626 2 5.652 7% 0.006 1
A 1 6.169 7 7.538 8%  0.020 6
E 1 9.8058  11.981 7%*  0.006 1
G 1 10.5547  12.896 8*  0.0049
AE 1 39516  4.8284 0.052 7
AG 1 0.007 7 0.009 4 0.9249
EG 1 0.751 8 0.918 7 0.360 4
A’ 1 1.731 6 2.115 8 0.176 4
E? 1 32205 3.9351 0.075 4
G 1 4.6429 5.6732%  0.0385
Bk 7 10 0.818 4
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Tab.8 Variance analysis of modified model of central
composite designs

BRKIE  HEE ¥1J5 F P
1B 7 58395  7.8352%¢ 0.001 1
A 1 6.1697  82783*  0.0139
E 1 9.8058 13.1571*  0.0035
G 1 10.5547 14161 9%  0.002 7
AE 1 39516  5.3020%  0.0400
A’ 1 17316 23234 0.153 4
E? 1 32205 43211 0.059 8
G 1 46429 62297  0.0281
k%= 12 0.745 3
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Fig. 4 Response surface and contour plot of the effects of
corn Poisson's ratio and corn-corn static friction
coefficient on repose angle
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