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Discrete Element Simulation Parameters Calibration for
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Abstract; Due to the lack of accurate simulation model parameters in the process of mechanized
harvesting and crushing of cotton straw, there is a great difference between the simulation effect and the
actual operation in the design of machinery and tools, which limits the design and research of cotton straw
harvesting and crushing device to a certain extent. Xinjiang cotton straw was used as experimental
material to carry out simulation analysis. After the intrinsic parameters of cotton straw were determined by
physical tests, the EDEM simulation software was used for test simulation and parameter calibration of
cotton straw. The accumulation angle and the maximum destructive power of cotton straw were 28. 62°and
143.21 N respectively by the method of accumulation angle test and bending test. The Hertz — Mindlin no
slip model and Hertz — Mindlin with bonding model were used to simulate the stacking angle and bending
of cotton straw. The collision recovery coefficient, static friction coefficient and rolling friction coefficient
between cotton straw and the collision recovery coefficient, static friction coefficient and rolling friction
coefficient between cotton straw and steel were respectively 0.5, 0.41, 0.06, 0.5, 0.37 and 0. 08, and

the normal contact stiffness, tangential contact stiffness, critical normal stress and critical tangential stress
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of cotton straw were respectively obtained , which were 4. 15 x 10'° N/m, 5. 60 x 10" N/m, 40 MPa and 50

MPa, respectively. According to the above results, the pulverized cotton straw can be divided into

powder type material, crushed type material and unbroken type material according to different lengths and

widths. The deviation between the simulation test quality and the actual test quality was 6. 84% , 8.29%

and 7.37% , which proved the feasibility of the parameters and can be used for the parameter calibration

of cotton straw.

Key words: cotton straw; accumulation angle test; bending test; EDEM; parameter calibration
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Tab.1 Intrinsic parameters of cotton straw and

steel plate
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Fig.2 Cotton straw combination model
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Fig.3 Experiment on simulated stacking angle of cotton straw
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Tab.2 Value range of cotton straw contact parameters
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Fig.5 Simulation bending test of cotton straw
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Tab.3 Value range of cotton straw bonding parameters
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Tab.4 Value range of cotton straw contact parameters

2 ¥

% iy
X,/(Ne-m™") Xg/(N'm~™') Xy/MPa  X,,/MPa
-2 2.50 x 10" 3.00 x10'" 10. 00 10. 00
-1 3.20 10" 4.00 x10" 25.00 30. 00
0 4.00 x10"  5.00x10" 40. 00 50. 00
1 4.80 x10"  6.00 x10" 55.00 70. 00
2 5.50 x 10" 7.00 x10'"° 70. 00 90. 00
2 ZHER5HW

2.1 HTRABEMSERTE
2.1.1 Plackett — Burman 32 fih 2 54 i 1%

j# i3 Plackett — Burman 3z 36 X %& A< 422 i 2 %%
(MRAEFS AT 2 [a) i 3K 5 AR B0 X, (iR PE SR DR B X, (TR
By JBE 45 DR X I A6 AT — 4 i 43K 52 AR K X, L
JRE 52 TR B X VR Bl P 52 DR B X ) R AT 3 P T O
Bt , Plackett — Burman 2 56 ¥ 3+ S HER f 5k 5 B



80 P SN 1R = R4 2024 £
RLBHBEMESNE 6 TR, x, ~x, JH X % %7 BEEHRBGITEER
T E Tab.7 Steepest climbing test
. s A ST &R MR 6/ AXT IR 22
% 5 Plackett — Burman ¥ S #R BB 5 ER 75 #
X, X X (°) o/ %
Tab.5 Experimental design and results of Plackett —
1 0.30 0.05 0.30 25.26 11.740
Burman contact parameters 5 0.35 0.06 0.35 26. 58 7,128
SN R 3 0.40 0. 07 0.40 29.37 2.621
5
) X, P x xs % 0/(°) 4 0.45 0.08 0.45 31.06 8.526
1 -1 1 -1 1 1 -1 32.85 5 0.50 0.09 0.50 33.27 16. 247
2 1 1 -1 -1 -1 1 29. 09
3 1 -1 1 1 1 -1 34.49 #*8 BBDiXKEEHRD
4 1 1 -1 1 1 1 32.76 Tab.8 Coding of experimental factors
- - - 32.
5 1 1 1 1 1 1 2.69 it 2
6 -1 1 1 -1 1 1 37.47 E X, X, X,
7 ! - ! ! - ! 2881 -1 0.35 0. 06 0.35
8 1 1 1 -1 -1 -1 32. 64 0 0.40 0.07 0.40
- - - - .55
0 ! ! ! ! ! ! 275 1 0.45 0.08 0. 45
10 -1 -1 -1 -1 -1 -1 28.18
et st sl 2913 9 BBD IR Eit 3ig it A2 B
12 -1 -1 1 -1 1 1 33.69

K6 SHREUSN

Tab.6 Parameter significance analysis
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Tab.9 Design and results of BBD response

surface experiment
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Tab.12 CCD response surface analysis of variance
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Tab.13 Analysis of variance of significance parameter test
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%, 1 12350.17 3 216.85 <0.000 1
xg 1 836. 27 217.82 <0.000 1
P 1 22.25 5. 80 0.0253

x5 1 143. 02 37.25 <0.000 1
x5 1 278. 55 72.55 <0.000 1
5k 2% 21 3.84

I AU 19 4.19 8. 48 0.1105

aliin 2% 2 0. 49
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Fig. 6 Bending test comparison curves
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Fig.7 Material shape after crushing of cotton straw
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Fig.9 Crushing process of cotton straw simulation model
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Tab.14 Comparison between simulation and

actual values of cotton straw after crushing

Yk AR i EAH/ g K H/ g 1 22/ %
3 K Yy ket 19.34 20.76 6. 84
05 1 70 4y ) 14. 82 16. 16 8.29
K T R TR 10. 49 9.77 7.37

R4y 5N 6.84% 8.29% 7.37% ,iEBH T S0
AP, X5 R AR FE AT W 25 FIOM: e 45 0T 57 4R it — 22 A0
SZM1E .

4 #ip
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(1) 4y 384k 55 D 75 A A8 75 FF BB 25 AR FF 400 mm
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