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Discrete Element Simulation Parameter Calibration and Experiment
of Corn Straw — Cow Manure Mixture
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(1. College of Engineering, Heilongjiang Bayi Agricultural University, Daging 163319, China
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Abstract: In order to improve the accuracy of parameters required in the discrete element compression
moulding simulation process of corn straw and cow manure blends, a parameter calibration test on corn
straw — cow manure mixtures was carried out and the accuracy of the calibrated parameters was verified by
using a combination of simulation analysis and physical tests. The parameters with significant influence on
the discrete elements of the blends were screened out through the screening test; taking the stacking angle
as the evaluation index, the Design-Expert software was used to carry out the steepest-climbing
experimental design and the Box — Behnken experimental design for the three parameters with significant
influence, and the particle swarm optimisation ( PSO ) algorithm was applied for the parameter
optimization, and the optimal parameter combinations were obtained as follows: corn straw — cow manure
rolling friction coefficient was 0. 128, cow manure — cow manure rolling friction coefficient was 0. 320,
and cow manure — cow manure JKR surface energy was 0. 033 J/mz; the simulation test was conducted
under the conditions of this parameter combination, and the results showed that the relative error between
the simulated stacking angle and the actual stacking angle was 1. 27% , and the relative error between the
uniaxial compression simulation test and the maximum compression displacement in the physical test was
2.97% . The results can provide a reference for the discrete element simulation of compression moulding
of corn straw — cow manure mixture.
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Tab.1 Grain size distribution of corn stalks
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Fig.2  Shear strength curve of cow manure
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Tab.2 Basic physical parameters of cow manure

S8 WE Ty /kPa NEESEM/(°)  NEEEEINE
HE 12.384 33.53 0. 663
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Tab.3 Simulation parameters of stacking angle of corn

straw — cow manure mixture
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T RS FE—SRObE B 4 R 4 0.325
T ORAGFF—5W b TR 20 45 DR A 0.173
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TR P-4 S R S R 4L X, 0.333 ~0. 673
TR P-4 2808 Bl B R K X 0. 050 ~0. 250
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2p JE R S EE R TR AN X 0.532 ~0. 838
A FR B EE R R X 0.310 ~0. 550

4N I E REL 0.435
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A 2T VR B R TR X 0. 124 ~0. 430
FORFEFT—F 2 JKR £HAE Xy/(Jom?) 0.01 ~0.07
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Tab.4 Plackett — Burman test factors and codes

- Y
-1 0 1
TR 2K R B X, 0.184 0.362 0.540
TR FF—AF e AR A X, 0.333 0.503 0.673
KR -2 2R B R DB X 0.050 0.150 0.250
AR RIRE REX, 0.100 0.320 0.540
A A SRR T TR R X 0.532 0.685 0.838
A A TR B R KB X 0.310 0.430 0.550
A 2EHA B T R 45 TR R X, 0.577 0.652 0.727
A ZE B TR Bh PR A DI AR X 0.124 0.277 0.430
KA FF—4 38 JKR RIEAE Xo/(Jom™?)  0.010 0.040 0.070
26443 JKR W fE X o/ (J'm ™) 0.020 0.050 0.080
#* 5 Plackett — Burman iR I8 i&it 54 R
Tab.5 Plackett — Burman test design and results
N iS5l HeB /s
B9 xy w, w3 X, X5 Xg Xg Xg Xy Xy (°)
1 -1 -1 -1 1 -1 1 1 -1 1 1 43.06
2 -1 1 -1 1 1 -1 1 1 1 =1 3297
3 1 1 -1 -1 -1 1 -1 1 1 -1 39.24
4 1 -1 1 1 -11 1 1 -1 -1 4221
5 -1 -1 1 -1 1 1 -1 1 1 1 43.72
6 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 30.01
7 1 -1 -1 -1 1 -1 1 1 -1 1 36.43
8 -1 1 1 -1 1 1 1 -1 -1 -1 39.88
9 1 1 1 -1 -1-11 -1 1 1 40.13
10 1 -1 1 1 1 -1 -1 -1 1 -1 34.44
11 1 1 -1 1 1 1 =-1-1 -1 1 45381
12 -1 1 1 1 -1 -1-1 1 =1 1 40.89
z6 FHEDW
Tab.6 ANOVA result
S8 W F P TUHREE /% .2 MUY
X, 1.29 72. 16 0.075 2.03 6
x5 1.51 98.90 0. 064 2.78 5
x5 2.29 228. 31 0.042 6. 41 3
x, 1.66 120. 03 0.058 3.37 4
x5 -0.38 6.33 0. 241 0.18 7
%6 6.51 1841.45  0.015" 51.73 1
%, 0.10 0.39 0. 644 0.01 10
xg 0.36 5.48 0.257 0.15 8
xo -0.28 3.37 0.318 0.09 9
%10 5.22 1182.30  0.019° 33.21 2

W+ FREFEZE(0.01<P<0.005), F[d,

X, X, X, 4% 3180, 10.0.37.0. 04 J/m” B, {/j B HE
TR 55 S B HE B A AH X 3R 25 5/, 3.99% o AE
Box — Behnken 2 5 /1, B K A FF — 4 287K 3l B2 4%
PRIEL 0. 10 A= FE—4 3R 3 FE P % 0. 37 Fl 4= 26—
423 JKR E T fE 0. 04 J/m’ £ Sy Wi Ji T8 3 56 1% 31 o
D KOF B = R R =K IE AR 33 .
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Tab.7 Test design and results of the steepest climb

e X, X, X/ B/ AR
Jm™?) ) ¥/ %
1 0. 05 0.31 0.03 35.98 5. 64
2 0.10 0.37 0. 04 39. 65 3.99
3 0.15 0.43 0.05 41.70 9.36
4 0.20 0.49 0. 06 48.24 26.51
5 0.25 0.55 0.07 50.01 31.16

3.3 Box — Behnken i®3¢iZ it

R Design-Expert # {4 #£ 17 Box — Behnken iz
Wikit. 53 x; v x5 HERE R A K A
BERL, I R R A S An 3R 8 i, i g ik it M 4
W9,

*8 BBDXIEHHD
Tab.8 BBD test factors and levels coding

g Gk =
X5 Xe X/ (Jrm™7)
-1 0.07 0.32 0.032
0 0.10 0.37 0. 040
1 0.13 0. 42 0. 048

9 BBDIKBZITRER
Tab.9 BBD experimental design and results

75 Xy X X0 Y/(°)
1 0 -1 -1 39.57
2 1 0 1 37.12
3 -1 -1 0 35.94
4 0 0 0 37.35
5 1 0 -1 39.24
6 0 -1 1 41.91
7 0 0 0 37.96
8 1 1 0 42.52
9 0 0 0 37.23
10 0 1 -1 41.35
11 -1 0 -1 39.46
12 -1 0 1 38.31
13 -1 1 0 39.74
14 1 -1 0 38.53
15 0 1 1 43. 44
16 0 0 0 37.59
17 0 0 0 38.02
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Tab.10 Analysis of variance of regression model

TERE B AWE CFHM F I
il 135. 81 9 15.09  63.40  <0.0001*
x 0.061 2 1 0.0162 0.0681  0.8017
g 110. 34 1 110.34  463.59 <0.0001*
X1 10. 19 1 10.19  42.83  0.0003*
X3 % 1. 66 1 1. 66 6.99 0.0332"*
X3%0 1.88 1 1.88 7.89 0.0262"
X6 %10 1.89 1 1.89 7.94 0.0258"*
x5 7.59 1 7.59 31.90  0.0008 "
xg 2.15 1 2.15 9. 04 0.0198 "
X7 0.3923 1 0.3923  1.65 0.240 0
B 1.67 7 0.2380
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Tab.11 PSO algorithm parameter configuration
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