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Parameters Calibration of Discrete Element Model for
Corn Stalk Powder Compression Simulation

WANG Weiwei'> CAI Danyan' XIE Jinjie' ZHANG Chunling'® LIU Lichao'?> CHEN Liging'*’
(1. School of Engineering, Anhui Agricultural University, Hefei 230036, China
2. Anhui Province Engineering Laboratory of Intelligent Agricultural Machinery and Equipment, Hefei 230036, China)

Abstract; In order to improve the accuracy of the parameters needed in the discrete element simulation
process of the corn stalk powder, the Hertz — Mindlin with JKR Bonding contact model in EDEM software
was used to calibrate the contact parameters of the discrete element model of corn stalk powder. Firstly,
the physical test results of contact parameters were used as the basis for the selection of simulation
parameters. Plackett — Burman test was used to screen the initial parameters. The results of variance
analysis showed that the rolling friction coefficient between corn stalk powder, static friction coefficient
between powder and stainless steel plate and surface energy JKR had significant effects on accumulation
angle. Secondly, taking the relative error of accumulation angle as the evaluation index, the quadratic
polynomial regression model of accumulation angle and three significant parameters was established by
Box — Behnken test. Taking the measured accumulation angle of 42. 60° obtained by physical experiment
as the target value, the significance parameters were optimized, and the optimal combination was
obtained as follows: corn stalk powder — corn stalk powder rolling friction coefficient was 0. 05, corn stalk
powder — stainless steel plate static friction coefficient was 0.47, and surface energy was 0.05 J/m’.
Finally, the accumulation angle and die hole compression test were compared under the calibrated
parameters. The results showed that the relative error of simulation accumulation angle and measured
accumulation angle was 0.68% , and the relative error of simulation compression displacement and

measured compression displacement was 0. 98% . By comparing and analyzing the fitting of the change
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curve of the compression displacement of the corn stalk powder in the mold hole in the two tests, the

coefficient of determination between the two curves was 0.962 7. The parameters obtained from the

calibration can be used for DEM simulation of corn stalk powder mold hole densification.

Key words: corn stalk powder; dense forming; accumulation angle; DEM; parameter calibration
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Tab.1 Parameters of angle of repose simulation

model for corn stalk powder particles

S8 HE
ERREFFA AL/ (kgom ™) 390°
TORFE AR RN A 1 0.20 ~0.27"
TR FE KR 35 D)4 HE/ Pa 2.4 %107 ~3.5x107
RERRHE/ (kgom ™) 73850"
AN AIAFA L 0.3"
G A B B V) AR i/ Pa 7 x10'%
R R 5 R AL %, 0.15 ~0.30°
oL A3 L e 5 TRLBK 0.4 ~0.8°
TRk —H B H R 3 R 4 AL 0.01 ~0.18¢
RN 85 B AR K S R A 0.15 ~0.30°
AR 5 R ¢ R A e 0.3~1.2°
= 55 A A VR Bl B A TR 0.01 ~0.11°¢
JKR K ,/(J-m™?) 0.01 ~0.10°
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% A -1)  mAF(L)
BB R R R AL > 0.15 0. 30
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R BLR B 15 15 PR AL s 0.01 0.02
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JKR £ MHifig 4,/ (J-m~?) 0.01 0.02
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Tab.3 Design and results of Plackett — Burman test

HEFR
Fe X, X, X, X, X, X, X

6/(°)
1 1 1 1 -1 -1 -1 1 29.2
2 -1 -1 -1 -1 -1 -1 -1 260
3 -1 1 -1 1 1 -1 1 29.8
4 1 1 e R -1 22.8
5 1 1 -1 1 1 1 -1 24.9
6 1 -1 -1 -1 1 -1 1 29.9
7 -1 1 1 1 -1 -1 -1 258
8 1 -1 1 1 -1 1 1 31.5
9 -1 1 1 -1 1 1 1 33.3
10 1 -1 1 1 1 -1 -1 286
1m -1 -1 -1 1 -1 1 1 26.3
2 -1 -1 1 -1 1 1 -1 27.2
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Tab.4 Analysis of parameters of significance

28 B B F P i M
x -0.15 0. 067 0.028 0. 875 6
X, -0.52 0. 800 0.330 0.59%4 4
Xy 2.75 22.690 9. 440 0.037 2
Xy -0.15 0. 067 0.028 0. 875 6
x5 2.12 13. 440 5.590 0.077 3
Xg -0.45 0.610 0.250 0. 642 5
x; 4.22 53.340  22.190 0. 009 1
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Tab.5 Factors and codes of Box — Behnken test

IES
G BR-BRES BR-REATb S KR RIE v/
B R (Jom™?)
-1 0. 05 0.35 0.03
0 0. 06 0.45 0. 04
1 0.07 0.55 0. 05
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Tab.6 Design and results of Box — Behnken test

7 X, Xs X; HeBUfM /()
1 1 0 1 36. 14
2 0 0 0 41.06
3 0 1 1 39.26
4 1 -1 0 41.25
5 1 1 0 43.33
6 0 1 -1 49.02
7 0 -1 -1 39. 68
8 -1 0 1 41. 86
9 -1 0 -1 42.97
10 0 0 0 41.17
11 1 0 -1 44.25
12 0 0 0 41.26
13 0 -1 1 41.75
14 -1 1 0 43.95
15 -1 -1 0 45.12
16 0 0 0 41.38
17 0 0 0 41.26

Box — Behnken & B 455 U Jy 2% /Ay 45 SR an 3k 7
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P RBL R 0.970 4 K IF esit 225U R, 0 0. 9323, #
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Tab.7 ANOVA of modified model of Box — Behnken

Ty 22 K5 ¥ior AmE CEIrM F P
TR 119.27 9 13.25  25.47  0.0002
x 9.97 1 9.97 19.16  0.0032
x5 4.77 1 4.77 9.18 0.019 1
x, 29.38 1 29.38  56.46  <0.000 1
X35 2.64 1 2.64 5.07 0.059 0
X%, 12.25 1 12.25  23.54  0.0019
X%, 44.96 1 44.96  86.40  <0.000 1
x2 0. 47 1 0. 47 0.91 0.3730
x2 14. 44 1 14.44  27.76  0.0012
x2 0.27 1 0.27 0.53 0.4909
5k 2 3.64 7 0.52

ali 5% 2% 0. 057 4 0.014

pe¥i 122.91 16

R*=0.9704 R}, =0.9323 C,=1.71% A, =23.307
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Fig.4 Interaction response surface diagrams
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