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Discrete element simulation modeling method and parameter
calibration of sugarcane segment

REN Jiahui, WU Tao, LIU Qingting, MO Wangyujie, LI Ke
(College of Engineering, South China Agricultural University, Guangzhou 510642, China)

Abstract: [Objective] The construction method of discrete element model and the setting of simulation
parameters of sugarcane segment as stalk material with large length and diameter ratio are not clear, the accuracy
of the model has a great influence on the dynamic response characteristics between particles, and the accuracies
of the simulation parameters need to be improved by parameter calibration. [Method] Taking the physical
repose angle of sugarcane segment as the response value, the discrete element parameters were optimized and
calibrated by simulation test method. Firstly, the basic physical parameters of sugarcane segment were measured
by physical test, and the sugarcane segment simulation model was constructed based on the multi-sphere

polymerization model and XML method. Then, the Plackett-Burman test was used to screen the significance of
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eight initial parameters in the discrete element simulation of sugarcane segment, and the optimal value ranges of
significant parameters were determined by the steepest ascent search test. Further, the second-order regression
equation between the significant parameters and repose angle was established based on the Box-Behnken test,
and taking the physical repose angle of 42.70° as the target value, the regression equation was optimized.

[Result] The significance screening test showed that the Poisson’s ratio of sugarcane segment, the static and
dynamic friction coefficients between two sugarcane segments had significant influence on the simulated repose
angle. The optimal parameter combination was as follows: The Poisson’s ratio of sugarcane segment was 0.35,
the static and dynamic friction coefficients between sugarcane segments were 0.53 and 0.04 respectively. The
simulation test results of the optimal parameter combination showed that there was no significant difference
between the simulated repose angle and the physical repose angle, and the relative error between them was
0.99%, which further verifies the reliability of sugarcane segment parameters calibrated by discrete element
method. [ Conclusion] The sugarcane segment discrete element model and the optimal simulation parameters
can be used in the sugarcane segment discrete element simulation test, and can provide a reference for

calibration of the discrete element parameter of stalk agricultural materials with large length and diameter ratio.

Key words: Discrete element; Calibration; Optimization; Simulation parameter; Repose angle; Sugarcane segment
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Table 1 List of Plackett-Burman test parameters

REBC-TERY  TEBCIEEGE:  REBCTEBUR MBI BRI REBCRIR
BEBOH  EBETY] IRERECG) BRI, EBERBG) KERE BEERE SIEERY
BHT ALb(X,)  #EE(X,)  Sugarcane Sugarcane Sugarcane (Xe) 0.0)] (Xp)
Parameter Poisson’s Shear segment - segment - segment - Sugarcane Sugarcane Sugarcane
level ratioof  modulus of  sugarcane sugarcane sugarcane segment - segment - segment-
sugarcane  sugarcane segment segment segment steel steel static steel rolling
segment segment restitution  static friction rolling friction restitution friction friction
coefficient coefficient coefficient coefficient  coefficient coefficient
-1 0.30 3.0 0.30 0.30 0.01 0.20 0.10 0
0 0.34 10.8 0.45 0.55 0.35 0.45 0.35 0.03
1 0.38 18.6 0.60 0.80 0.06 0.70 0.60 0.05
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Expert. 11 F AR50 45 R AT 77 2 70 #r, 1920505
AR EWS RN 3 Pros. HE 3 WA, BEER-
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Table 2 Plackett-Burman test scheme and results

Fr5 HERAA/°)
No. X = % X = X X § Repose angle
1 1 1 -1 1 1 1 -1 -1 49.39
2 -1 1 1 -1 1 1 1 -1 34.99
3 1 -1 1 1 -1 1 1 1 40.19
4 -1 1 -1 1 1 -1 1 1 48.03
5 -1 -1 1 -1 1 1 -1 1 31.80
6 -1 -1 -1 1 -1 1 1 -1 37.07
7 1 -1 -1 -1 1 -1 1 1 36.45
8 1 1 -1 -1 -1 1 -1 1 28.39
9 1 1 1 -1 -1 -1 1 -1 31.59
10 -1 1 1 1 -1 -1 -1 1 35.83
11 1 -1 1 1 1 -1 -1 -1 48.14
12 -1 -1 -1 -1 -1 -1 -1 -1 26.28
13 0 0 0 0 0 0 0 0 40.02

D) X, oo A & T EE AT R XX A A T ER—ERIR L A R FH BB A BRI B R HG X~- X F R
TR AR S A A R B RS R R A

1) X| and X, are Poisson’s ratio and shear modulus of sugarcane segment; X;—X;5 are restitution coefficient, static friction
coefficient and rolling friction coefficient of sugarcane segment-sugarcane segment, respectively; X,—Xj are restitution coefficient,

static friction coefficient and rolling friction coefficient of sugarcane segment-steel, respectively

% 3 Plackett-Burman iR i SHEZ S
Table 3 Analysis of significance of parameters in Plackett-Burman test

SR “FJ5 H 1B F P
Parameter Sum of square Degree of freedom

X; 33.835 1 20.372 0.020*
X, 5.727 1 3.448 0.160
X; 0.785 1 0.473 0.541
Xy 398.477 1 239.917 0.001**
X 203.775 1 122.690 0.002%**
Xs 1.680 1 1.012 0.389
X; 6.007 1 3.617 0.153
X 3.819 1 2.300 0.227

1) X, X2 A A T BB A T I 2 XX A A T BB B A 3 B R 40 R B R 40 XX A A
TREERMIR L R H R ARAR BB R HG2) X7 7 53R FA0.0540.01KF B H
1) X, and X, are Poisson’s ratio and shear modulus of sugarcane segment, respectively; X3—X; are restitution coefficient, static

friction coefficient and rolling friction coefficient of sugarcane segment-sugarcane segment, respectively; Xs—Xg are restitution

coefficient, static friction coefficient and rolling friction coefficient of sugarcane segment-steel, respectively. 2) “*” and “**”

indicate significant effects at 0.05 and 0.01 levels respectively
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Table 4 Design scheme and results of the steepest ascent search test

L EBIAREGG) THE B — T B R R () B BRI Bl R R A(XG) , s
Fs N co Vo R0 MR %
Poisson’s ratio of ~ Sugarcane segment-sugarcane Sugarcane segment-sugarcane .

No. o ] . o . Repose angle Relative error
sugarcane segment segment static friction coefficient segment rolling friction coefficient
1 0.300 0.30 0.01 32.09 24.85
2 0.316 0.40 0.02 34.98 18.08
3 0.332 0.50 0.03 40.36 5.49
4 0.348 0.60 0.04 42.97 0.62
5 0.364 0.70 0.05 43.80 2.56
6 0.380 0.80 0.06 48.32 13.16

3.4 Box-Behnken(BB) i# 3

MR f BEME AT 45 1, LAR 4 h 4 SRR+
B R (0), 3 55 S5 HUNAKE (—1) FlEK-F
(1) 347 5. 35 4 540 Box-Behnken iR 5, &% it 7 %
REE R 5 R

%5 Box-Behnken iRIIRITHERLER"
Table S Box-Behnken test design scheme and results

P HERUAA/(°)
No. X X = Repose angle
1 -1 0 -1 45.41
2 -1 0 1 46.64
3 1 0 -1 41.95
4 1 0 1 43.72
5 -1 -1 0 40.99
6 1 -1 0 39.20
7 -1 1 0 43.90
8 1 1 0 41.33
9 0 -1 -1 41.24
10 0 -1 1 41.91
11 0 1 -1 44.82
12 0 1 1 45.46
13 0 0 0 43.01
14 0 0 0 42.21
15 0 0 0 42.98
D) X BB X, X520 3 & T RS R R

R i d
1) X;: Poisson’s ratio of sugarcane segment; X, and X; are
static friction coefficient and rolling friction coefficient of

sugarcane segment-sugarcane segment, respectively
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ZENVARER G 2 g R angk 6 FiR, K 6
SHTRT A, BEBLIARAEL (X)) T8 B B R R 8
(Xy)~ T B —JRE BV B BE MR R A IR (X2) X
HER A a8 RS A L 6 3, T B B R R R A
ORI (X7) W HEAR £ 4 IR R S 2, A % T
AR 2 o ZMER A A B P<0.01, BLH] 1%
REAIU B A 2 35 AR AU P=0.318 3>0.05, it B 4
BAE RIEF, TR R AR e
FHH 0.9680, K IEYIE RECH 0.9104, P& H:
1, Y RN R TOAE 5 SE PR E LA R 4 A
T RECN 1.41%, BEHRIGHEIATEE; KN 15.1866,
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S, )RR e R SE R A L, TR SR — 5 TR ROk
HERIHER A
3.5 BRMESHEASHIEIITE

FIFH Design-Expert. 11 B AF AL B, LA
HMERA 42,7008 HARE, XFEIE T FEEAT R AG R
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W1 HEYEER AP RME SRR SN E . &
LR AU AL A D FEBLARA B 0.35. B —
JE B PEVR 240 0,53 1 B -1 BUIR B R AR R AL
0.04, H A B E WS HEF K.



3 ]

TR, 5 R BUE BOT I @B E S 28 131

% 6 Box-Behnken {36 Bl)IEE 5 E 5347

Table 6 Analysis of variance of the Box-Behnken test regression model

77 25 KR 77 AN H H B ¥175 P

Source of variance Sum of square Degree of freedom Mean square
78 Model 55.20 9 6.13 0.003 1**
X, 14.42 1 14.42 0.001 5%*
X, 18.51 1 18.51 0.000 8**
X; 232 1 232 0.0530
XX, 0.1521 1 0.1521 0.5470
X, X5 0.0729 1 0.0729 0.6736
X, X5 0.0002 1 0.0002 0.9811
X/ 0.0863 1 0.0863 0.6472
X/ 5.54 1 5.54 0.0114*
X5 12.63 1 12.63 0.002 0**
5% % Residual 1.82 5 0.3649
AU Lack of fit 1.41 3 0.4710 0.3183
4% Pure error 0.4113 2 0.2056
R Sum 57.03 14

1) “x7 “xx” SR K7 E0.05F20.01K-FF 0 25

1) “*” and “**” indicate significant effects at 0.05 and 0.01 levels, respectively
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