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Fig. 1 Schematic diagram of intelligent modeling of angle of

repose
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Fig. 2 Schematic diagram of non-spherical particles, (a) J=

1.50; (b) 6=0.48; (c) 6=1.80
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Table 1 Parameters used in DEM simulation

Parameter Value
Drum diameter/mm 91

Drum height/mm 136.5
Lifting speed/(mms ) 16

Particle quantity 7000

Particle diameter/mm 4.6—5.2 (Uniform)

Particle density/(kg'm °) 2000
Hertz-Mindlin

0.1,0.2,0.3,0.4,0.6,0.8

0.03,0.18, 0.33, 0.48, 0.64,
0.79,0.95, 1.12, 1.30, 1.48,

Contact model

Particle friction coefficient, z

Particle shape variable, &

1.65, 1.80, 1.95
Shear modulus/Pa 1x107
Poisson’s ratio 0.3
Viscous Damping ratio 0.8
Local Damping ratio 0
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Fig. 3 Image sequences of angle of repose of non-spherical particles obtained from DEM simulation: (a) Generation of spherical

particles; (b) Replacement of spherical particles with clumped particles and settlement of particles; (c), (d) Process of lifting cylinder;

(e) Formation of stable angle of repose 8
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Table 2 Angle of repose of non-spherical particle for DEM

simulation (for example)

Type No. ) #s (5) 0/(°)
0.48 0.1 20.15
7 0.95 0.1 25.05
38 1.80 0.3 31.79
33 0.95 0.3 29.04
64 1.80 0.6 34.22
60 1.12 0.6 30.44
Train set 13 1.95 0.1 28.04
36 1.48 0.3 31.52
28 0.18 0.3 19.75
66 0.03 0.8 19.74
68 0.33 0.8 23.62
43 0.48 0.4 23.45
1 0.03 0.1 16.79
75 1.48 0.8 32.14
19 0.79 0.2 26.26
46 0.95 0.4 28.62
Test set ) ) ) )
65 1.95 0.6 33.71
37 1.65 0.3 31.88
39 1.95 0.3 33.19

52 1.95 0.4 33.60
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Fig. 4 Structure of neural network used in present work
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Table 3 Computing time for predicting angle of repose by

using data-driven models and DEM simulation

Data-driven model prediction/ms DEM
Intelligent model Kriging simul'fltion/

BP-ANN RBF-ANN model min
0.7627 0.3124 1.0269 =153 X32

32 RIEAEARB AT EE

T ST R R AR [ TN R AT VRN L
#, KM BP. RBF 12 &RAI%F 32 4L Kb it
APF, R 4 5 SR [20] 7 A 1 1% 4t o B 4
(Kriging) [F1 VA58 (1 00 45 SR A7 LA, 0k 4 R

R4 T RIS AR LE AR B SN B f AR
Table 4 Predictive performance for data-driven models of

angle of repose

Model MSE R TIC
BP-ANN 0.3530 0.9875 0.0108
RBF-ANN 0.3913 0.9850 0.0113

Kriging 0.4641 0.9848 0.0124
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TR bR RIS T4 G0 B4 AR, H A RE
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Fig. 5 Variation of angle of repose predicted by BP, RBF and
Kriging from DEM simulation
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Table 5 Influence of number of hidden layer neurons on

performance of intelligent models of angle of repose

MSE (train set) MSE (test set)

Number of

neurons

BP-ANN RBF-ANN  BP-ANN RBF-ANN

10 0.0046 0.3393 0.3530 0.3913
20 0.0048 0.1379 0.3673 0.7327
30 0.0039 0.0804 0.3739 1.1047
40 0.0068 0.0455 0.5137 112.81
42 0.0068 0.0191 0.4333 243.73
44 0.0042 0.0023 0.2672 2376.07
46 0.0049 1.97E-7 0.3097 13432.6

XF RBF LRI 28 HE B 5 21 sl B Re s 3%
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Fig. 6 Influence of particle shape variable ¢ and friction

coefficient u on angle of repose
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Data driven intelligent modeling method for angle of repose of
non-spherical discrete particles

HU Zhou, LIU Xiao-yan, WU Wei-ning

(College of Electrical and Information Engineering, Hunan University, Changsha 410082, China)

Abstract: The discrete element method (DEM) simulation of the angle of repose (AoR) of non-spherical is

computationally intensive and time consuming. Based on the obtained DEM simulation data, the data driven intelligent

modeling methods—the BP neural network and RBF neural networ were used to model the AoR of non-spherical discrete

particles, and were compared with the traditional Kriging regression methods. The results show that the speed of the

intelligent models is dramatically faster than the speed of the DEM simulation; the intelligent model has better predictive

performance than the traditional Kriging regression model, and the BP neural network model has the best overall

performance. Finally, based on the BP neural network model, the influences of particle shape and friction coefficient on

the AoR were analyzed. It is found that the AoR increases with the increase of particle shape variable and friction

coefficient, which further indicates the credibility of the intelligent model.

Key words: non-spherical discrete particles; angle of repose; intelligent model; discrete element method
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