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Parameters Calibration of Discrete Element Simulation for Pellet Feed Attrition

NIU Zhiyou'?> KONG Xianrui' SHEN Bosheng' LI Hongcheng' GENG Jie' LIU Jing'?

(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
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Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract; The discrete element simulation parameters calibration of pellet feed attrition was carried out
by using EDEM simulation software, aiming at the lack of accurate attrition simulation model of pellet
feed, so as to explore the damage mechanism of pellet feed in pneumatic conveying. The intrinsic
parameters of pellet feed with a particle size of 2. 50 mm, which was used as the object and served for
polyculture adult fish, were determined through basic experiments. The coefficient of restitution,
coefficient of static friction and coefficient of rolling friction between feeds were determined to be 0. 58,
0.23 and 0. 12, respectively, while these three coefficients between feeds and soft plastics ( soft PVC,
polyvinyl chloride) were 0. 69, 0.22 and 0. 18, respectively through AoR (angle of repose) test of pellet
feed, coefficient of restitution calibration test and discharge time of pellet feed, combined with the
experimental optimization design method. The normal stiffness per unit area, shear stiffness per unit
area, critical normal stress and critical shear stress were determined by uniaxial compression breakage test
and simulation test of pellet feed, combined with response surface optimization, which were 2.25 x
10° N/m’, 8.05 x 10° N/m’, 455 MPa and 305 MPa, respectively. The AoR simulation test and uniaxial
compression simulation test were conducted with the determined parameters, whose results showed that
the relative errors between the simulated value and the measured value in AoR, breakage force and
discharge time were 0.35% , 1.43% and 2. 81% , respectively; the contact parameters of the bonding
model were verified by tests of free discharge, inclined sliding and inclined rolling, whose results showed
that the contact parameters of the bonding model were reasonably set. The model developed could provide

a method and theoretical basis for the calibration of discrete element simulation parameters and the study
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of attrition mechanism of pellet feed.

Key words: pellet feed; attrition; angle of repose; bonded particle model; parameters calibration of

discrete element
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Tab.2 Parameters of AoR simulation model for

pellet feed
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Fig.4 Simulation model of AoR for pellet feed
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restitution calibration test
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Fig.6 Simulation model of feed breakage under

uniaxial compression
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Tab.4 Pre-simulation test of uniaxial compression

breakage
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Tab.6 Two-level factorial design and results of

angle of repose
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Tab.9 Design and results of response surface test

of angle of repose

RiEf 6/(°) xR 6/%

K@Fs B c E

1 0.22 0.10 0.18 20. 59 26.93
2 0.26 0.13 0.22 27.98 0.71

3 0.22 0.13 0.22 27. 68 1.77
4 0.24 0.07 0.26 25.73 8.69
5 0.26 0.10 0.18 27.78 1.42
6 0.24 0.10 0.22 28.33 0.53

7 0.26 0.07 0.22 29. 36 4.19
8 0.24 0.10 0.22 28. 64 1.63

9 0.24 0.13 0.26 29. 69 5.36
10 0.24 0.10 0.22 28. 54 1.28
11 0.24 0.10 0.22 28. 89 2.52
12 0.24 0.07 0.18 24.32 13.70
13 0.24 0.10 0.22 28.72 1.92
14 0.22 0.10 0.26 27.09 3.87
15 0.22 0.07 0.22 25.58 9.23

16 0.24 0.13 0.18 24.25 13.95
17 0.26 0.10 0.26 25.43 9.76
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Tab.10 Simulation test results of coefficient of restitution

" M = S A%
2 3 4 5 6 Bl
0.50 0 0 16 52 127 5 2.40
0.55 0 2 19 61 109 9 2.48
0. 60 0 7 22 96 70 5 2.78
A 0. 65 2 14 27 101 46 10 2.98
0.70 7 14 54 91 28 6 3.32
0.75 8 30 77 70 11 2 3.70
0.55 1 2 19 60 110 8 2.50
0. 60 0 7 17 68 103 5 2.59
b 0. 65 2 15 37 78 65 3 3.01
0.70 9 10 57 101 22 1 3.40
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Fig. 7 Calibration results of coefficient of restitution
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Tab.11 Experimental design and results of calibration

for coefficient of rolling friction

X5 7= F TERH ] 0/s
1 0.06 1.15
2 0.08 1.11
3 0.10 1.13
4 0.12 1.21
5 0.14 1.20
6 0.16 1.20
7 0. 18 1.23
8 0.20 1.15
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Tab.12 Response surface test design and results

of bonding parameters

KT X X, WeRE Sy f/N
1 0 0 40. 50
2 0 1.414 52.40
3 0 0 39.70
4 0 0 40. 00
5 -1 -1 16. 31
6 -1 35.40
7 0 0 40. 10
8 -1.414 0 17.73
9 1.414 0 49. 10
10 0 -1 18. 61
11 0 0 40. 30
12 -1 1 34.10
13 1 1 59. 60
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Fig. 8 Comparison and validation of two particle model
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Tab.13 Experimental results of free fall with different

particle models wd
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Tab.14 Experimental results of inclined sliding and

rolling of different particle models s
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