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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
FSES
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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aliiR 2 0.710 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

LRI 7 07702  1.084 1 0.4815
afiiR 7 5 0.710 4
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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

EHREH 75 B R-FOKE B R EE R =, BoK
TEVRA EU U /N 6T 6 KR 7 3 R A 398 K 34 1) 5 i
R

B T 25 (1 3 AR ) 7 A B 42 3 S B B K HEAR
1 26.43°, K I3 $E Point prediction fIt A4 A ER T
NS R, RAF 1 diiE HAMEM RSB S
FORVARALL 0.438, T K- T KEEEHE 240 0.182. &
KT KRB EEE A5 0.051, HASH T IEIK
S, FoKBAPERLE 273.9 MPa. KT KWK E 25
0.233. FAR-ANFEWIKE 250 0.672. FAKR-AEFHWE:
JEE P2 240 0.334, TR EFANIR B BEHE 224 0.062 4.
2.4 AR IEEER

SRy 6 VI T R T 925 15 1) 1) e 16 2 001 A i 1k A
AR, R PR E G BB KR RS #OT S Bk 17
EDEM fjj B AR5, 56 EH 2 3 Ik, 15 210 £ K RL
HERUH 23 7 27.18°, 25.87°F1 27.63°, “FI1H N
26.89°, /i FAH 55 MMEY) & R 4T

3 #ig
1) 570 i 7 T P AR B 1 S L T 3 A
o KPR R A 52 S I P 2 TR TR He

http://xuebao.scau.edu.cn



3 ]

TR, S H T LTV ) TR B OT S Bbr

117

HAKIARA S TOK-TOR B B R MO S HAR

2) bR 15 2 1 KRR BT S 808 &

KIAFALL 0.438, FOK—TFOKHERBEHE 540 0.182, FoK-
TRESNEE 2% 0.051. L K#ME#E 273.9
MPa., EK-T KWK E &% 0.233 K- AFHWKE
FRH0.672. T AK-AFHMNERBEHE R EL 0.334, F K-
ANEFAE 5 BEHE 2251 0.062 4. BeiF iR 56 % 0 3L T
M) S8 T 2 58 B KA AL 2 OGS 40 FTAT Y, AT 42

[

B BT D TR R
S E k-

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

TR, %, ERH. BHUR T L HAE EDEM |
(RISEER M. 7622 PaAE TR iRk, 2010.

1 . BORL R G2 ) B BT BVE T 0 e B EOT R T
1 k8 5 EDEM 844 & [M]. B 3R TR
F HihAL, 2010.

MA Z,L1Y, XU L, et al. Dispersion and migration of ag-
ricultural particles in a variable-amplitude screen box
based on the discrete element method[J]. Comput Elec-
tron Agr, 2017, 142, Part A: 173-180.

RV, XK, B4, 55 BT B EUT R HER S HER E A
TR A FEIE SR [D]. A0k TRE2AR, 2016, 32(22): 27-
35.

BOAC J M, AMBROSE R P K, CASADA M E, et al.
Applications of discrete element method in modeling of
grain postharvest operations[J]. Food Eng Rev, 2014,
6(4): 128-149.

LENAERTS B, AERTSEN T, TIJSKENS E, et al. Simu-
lation of grain-straw separation by Discrete Element
Modeling with bendable straw particles[J]. Comput Elec-
tron Agr, 2014, 101: 24-33.

LR, BEE, . ARG TEL R
B HOT I AT, WAL, 2013, 30(3): 393-397.
SARNAVI H J, MOHAMMADI A N, MOTLAGH A M,
et al. DEM model of wheat grains in storage considering
the effect of moisture content in direct shear test[J]. Res J
Appl Sci Eng Technol, 2013, 5(3): 829-841.

RACKL M, HANLEY K J. A methodical calibration pro-
cedure for discrete element models[J]. Powder Technol,
2017, 307: 73-83.

COETZEE C J. Review: Calibration of the discrete ele-
ment method[J]. Powder Technol, 2017, 310: 104-142.
COETZEE C J, ELS D N J. Calibration of granular ma-
terial parameters for DEM modelling and numerical veri-
fication by blade—granular material interaction[J]. J Ter-
ramechanics, 2009, 46(1): 15-26.

WANG L, ZHOU W, DING Z, et al. Experimental de-
termination of parameter effects on the coefficient of
restitution of differently shaped maize in three-dimen-
sions[J]. Powder Technol, 2015, 284: 187-194.

GRIMA A P, WYPYCH P W. Investigation into calibra-
tion of discrete element model parameters for scale-up
and validation of particle—structure interactions under im-

http://xuebao.scau.edu.cn

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

pact conditions[J]. Powder Technol, 2011, 212(1): 198-
209.

COETZEE C J, ELS D N J. Calibration of discrete ele-
ment parameters and the modelling of silo discharge and
bucket filling[J]. Comput Electron Agr, 2009, 65(2): 198-
212.

5K 7, 2 OUNE, W ISR . TR RN T o B L RURL HE R
BT Ebr e 7], E R @, 2016, 11(16):
1821-1825.

RN, WA, 2o, A5 RERT 285 T2 [ 3% £ P9 L
R AR B Bt 2 8obs € (0], ARk ML i, 2015,
46(3): 208-213.

KB, EME, HII0, 5. SRoTE b 28R E
JTERE L], AR, 2017, 48(3): 49-56.

PO, R, BREEIR, 55, 25 R URL [A) 26 45 77 I & 1
B B HUTE R S 50bR € [7]. HR R AR R 22k, 2017,
38(3): 93-98.

COETZEE C J. Calibration of the discrete element meth-
od and the effect of particle shape[J]. Powder Technol,
2016, 297: 50-70.

PASHA M, HARE C, GHADIRI M, et al. Effect of
particle shape on flow in discrete element method simula-
tion of a rotary batch seed coater[J]. Powder Technol,
2016, 296: 29-36.

MARKAUSKAS D, RAMIREZ-GOMEZ A,
KACIANAUSKAS R, et al. Maize grain shape approa-
ches for DEM modelling[J]. Comput Electron Agr, 2015,
118: 247-258.

GUO Z, CHEN X, LIU H, et al. Theoretical and experi-
mental investigation on angle of repose of biomass—coal
blends[J]. Fuel, 2014, 116(15): 131-139.

T B, P, KW Bk B ) 2 A R H R
[M]. b5 1B 4 Tl H iR AL, 2002.

B [, SR, X047, SRR ORI AL HE AR A AL i
WTTIE]. Mk TR, 2014(11): 254-260.

GRIMA A P, WYPYCH P W. Development and valida-
tion of calibration methods for discrete element model-
ling[J]. Granul Matter, 2011, 13(2): 127-132.

JASCT5 . BARKERLI WD BE ) 5 R R AU [D]. W AR 2R
Jetal K2z, 2015.

FEFE, XUEE, N, 5. B2 T sl g i) oK TR 30
ARG 5 05 B 7). A0k TFE2E4R, 2013, 29(15): 34-
41.

DAI F, ZHAO W Y, HAN Z S, et al. Experiment on
Poisson's ratio determination about corn kernel[C]//
Trans Tech Publications Ltd. Advanced Materials Re-
search. Switzerland: Trans Tech Publications Ltd., 2013:
799-802.

WA 5 . BT B TR 1 FORHER 2 I B A s Uy
PAFFL[D]. KA AR, 2009.

COSKUN M B, YALCIN N B, OZARSLAN C. Physic-
al properties of sweet corn seed (Zea mays saccharata
Sturt.)[J]. J Food Eng, 2006, 74(4): 523-528.

[HfEHwE FR%]



