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Calibration and Verification of Bonding Parameters of Banana Straw
Simulation Model Based on Discrete Element Method

ZHANG Xirui HU Xuhang LIU Junxiao YANG Youming LI Yue
(School of Mechanical and Elecirical Engineering, Hainan University, Haikou 570228 , China)

Abstract; In order to improve the accuracy and reliability of using the discrete element method to guide
the design and optimization of banana straw crushing and returning equipment, Hertz — Mindlin with
bonding contact model was used to establish the discrete element bonding model of banana straw and carry
out parameter calibration. The impact recovery test, static friction test, and rolling friction test were
carried out by high-speed photography technology, and the basic discrete element model contact
parameters such as impact recovery coefficient, static friction factor, and rolling friction factor of banana
straw were determined. Physical and simulated shear tests of banana straw were carried out to obtain the
mechanical characteristic curve of destroying banana straw outer skin, and the maximum physical shear
force was determined to be 122.41 N. The optimal parameter combinations of normal contact stiffness,
tangential contact stiffness, critical normal stress, and critical tangential stress of the banana straw
bonding model were determined by central composite design ( CCD) response surface method. The
simulation results showed that the relative error between the simulated shear force results and the physical
shear force was only 2. 34% , which verified the reliability and accuracy of the bond parameter calibration
method, and provided a theoretical reference for the design and research of the banana straw crushing and
return machine.
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Fig.1 Banana straw
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Fig.2 Banana straw compression test
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Fig.3  Test of collision recovery coefficient between

banana straw and steel plate
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Fig.4 Test of collision recovery coefficient between

banana straws
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Fig.5 Test of static friction coefficient
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Fig.6 Banana straw rolling force diagram
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Fig.7  Test of rolling friction coefficient
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Fig. 8 Banana straw shear test
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Fig.9 Internal structure diagram of banana straw
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Fig. 10 Shear force and time curve
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Tab.1 Banana straw simulation model parameters

IR 0.41
FHEMFFHE/ (kgom ) 137
F RS FT Y DI &/ Pa 4.8 x10°
HIARA L 0.3
WA/ (kgom ™) 7850
BT Y14/ Pa 7.94 x 10"
T BEAS FF—5R Bl WK S R e 0. 437
TR R R 0. 194
T FERG A —ARIR Sh B 1 L S, 0. 006
7 LR 8] lE 3 0 0 R B e, 0.315
7 P ] 458 8 A 1.150
7 P FF 0] 78 3 JEE 4 IR 4K 0. 009
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Tab.2 Banana straw shear simulation model
bonding parameters
28 Bl
PRI/ (Nem ") 1.5x107 ~ 7.5 x 107
DI i 4 W/ (Nom ") 5.0x10° ~ 6.5x10°
Il 57 35 15 B2 J3 / Pa 2.0x10* ~ 1.8 x10°
Il 53 470 1) )i 73 / Pa

2.0x10* ~ 1.8 x10°

7E EDEM H A4z i — K 100 mm , 542 70 mm [
B A I 25 2, ok A i S B sh 5 A m, e AR Bl T
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Fig. 12 Banana straw shear test simulation model
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Tab.3 Experiment factors codes

Gt i = -
% /(N-m™") x,/(N-m™") x5/ Pa x,/Pa
-2 1.5 %107 5.0x10° 2.0 x10* 2.0 x10*
-1 3.0 x 107 2.0x10° 6.0 x 10* 6.0 x 10*
0 4.5 %10’ 3.5 x10° 1.0 x10° 1.0 x10°
1 6.0 x 10’ 5.0 x10° 1.4 x10° 1.4 x10°
2 7.5 %107 6.5 x10° 1.8 x10° 1.8 x10°
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Tab.4 Experimental design and results of response

surface for bonding parameters

e % LZR%I D]
- x/(Nem™") %,/(Nem™")  x,/Pa x,/Pa F/N
1 4.5 x10’ 3.5x10° 1.8 x10° 1.0x10° 126.10
2 7.5 %107 3.5x10°  1.0x10° 1.0x10° 119.99
3 3.0 x107 2.0x10°  6.0x10* 6.0x10* 94.90
4 3.0 x107 5.0x10° 1.4 x10° 1.4x10° 112.32
5 4.5 x107 3.5x10°  1.0x10° 1.0x10° 117.33
6 6.0 x 10’ 5.0x10° 1.4 x10° 4x10° 134.64
7 6.0 x 107 2.0x10°  6.0x10* 1.4x10° 115.80
8 4.5 x107 3.5x10° 2.0 x10* 0x10° 95.91
9 4.5 x10’ 5.0x10°  1.0x10° 0x10° 108.96

.4 x10° 103.09
0x10* 119.93
4x10°  90.26
0x10° 85.32

10 3.0x10’ 2.0x10°  1.4x10°
11 6.0x10’ 2.0x10°  1.4x10°
12 3.0x107 2.0x10%  6.0x10*
13 1.5 %10’ 3.5x10°  1.0x10°

14 3.0x10’ 5.0x10°  1.4x10° 6.0x10* 112.68
15 4.5x10’ 6.5x10° 1.0x10° 0x10° 131.37
16 4.5x107 3.5x10° 1.0 x10° 0x10° 116.18
17 4.5x107 3.5x10°  1.0x10° 1.8 x10° 115.90
18 3.0x107 5.0x10°  6.0x10* 4x10° 97.94
19  4.5x107 3.5x10°  1.0x10° 1.0x10° 115.89
20 6.0x10’ 5.0x10%  6.0x10* 4x10° 114.70
21 4.5 %10’ 3.5x10°  1.0x10° 0x10* 115.75
22 6.0x10’ 5.0x10° 1.4 x10° 0x10* 133.45

AN AN —m A NN —m ok e e O ok m O e e e e e

23 6.0x107 2.0x10°  6.0x10* 0x10* 114.95
24 6.0x107 2.0x10% 1.4 x10° 4x10° 118.81
25 3.0x107 5.0x10%  6.0x10* 0x10* 99.40
26 6.0x107 5.0x10°  6.0x10* 0x10* 117.90
27 3.0x10’ 2.0x10%  1.4x10° 0 x10* 105.06

X WD 07 pH TR 36 24 2R AT U o A, A R R W]
o FH R A AR R UL A 6, D BB R 0.979 0,
PSS P, RS WAL, AR P
/NT0. 01, 3 B0 DA 3R 10 5 A X R A i 8 5 5
M, AU P KT 0. 05, B A HR & 28, 56 1 A5 7Y
IR0 B9 Uk [ A 7 B 5 S PR AR A 45, B e A S bk
A FE G AT AL R R AT 3 U)X 30 5 5 010 g 5 32 rm) 42 fih 11
JE xy YT Al W E ooy I B3 1) T e Ll B DD 1)
WLy e, Z I8 3G 2R, 7T DLAS 21 7] 5E 1 2 B0b5 E 45
o Hor ik o] $ Ak W BE ) B P T T U0 1) 42 ik
JEE wy i 505 1 L g 2, %5 BT U] ) F A B 3 R
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Tab.5 Quadratic full model variance analysis

of shear force response surface

JFZERIE PR AmE HUr r P
LT 4014.28 14  286.73  40.02  <0.0001**
% 2088.10 1 2088.10 291.43 <0.0001*
%, 459.77 1 459.77  64.17  <0.000 1 **
X 994. 66 1 994.66  138.82  <0.000 1 **
x4 4.51 1 4.51  0.6289 0.443 1
X, %y 0.293 0 1 0.2930 0.0409 0.843 1
X, % 3.21 1 3.21  0.4475 0.5162
X, %, 2.36 1 2,36 0.3299 0.576 3
Xy %3 64. 61 1 64. 61 9.02 0.0110"
X%, 0.5820 1 0.5820 0.0812 0.780 5
X%, 2.39 1 2.39  0.3331 0.5745
xf 274.29 1 274.29  38.28  <0.0001 **
P 13.32 1 13.32 1.86 0.1977
“ 47.97 1 47.97 6. 69 0.0238"
G 1.85 1 1.85  0.2582 0.6206
T 85.98 12 7.17

He 4015 84. 82 10 8.48 14.57 0. 0659
gl 2% 1.16 2 0.5821

peil] 4100.26 26
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