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Multi-parameter optimization of high-frequency vibrating screen based on DEM

CHEN Bing"™, YAN Ji-wei", YIN Zhong-jun®, SUN Zhi-hui", XIAO You-peng®

1) School of Mechanical Engineering, University of Science and Technology Beijing, Beijing 100083, China
2) Nantong Lianyuan Electromechanical Technology Co., Ltd., Haian 226600, China
XX Corresponding author, E-mail: bingchen9803@ustb.edu.cn

ABSTRACT The screening efficiency and average transport speed of materials are important indicators for measuring the performance
of screening machinery. In recent years, few breakthroughs have been made in traditional screening machinery. As high-efficiency
vibration machinery, high-frequency vibrating screens have become widely used in recent years, but the operational methods of high-
frequency vibrating mesh screens are relatively unique: the screen box is fixed and the screen is vibrated at a high frequency. Despite its
wide use, there are relatively few studies about the materials movement law and screening characteristics of high-frequency vibrating
screen. In this study, a discrete element method (DEM) was used in a simulation of the screening process of the spherical and
nonspherical particle groups, and an experimental study was also conducted. The results show that changes in the screening efficiency in
the simulation of spherical and nonspherical particles are consistent with those observed experimentally, but the simulation results for the
nonspherical particles were closer to those obtained in the experiments. Orthogonal designs and multiple sets of simulation tests were
conducted to analyze the influence of each vibration parameter (vibration frequency, amplitude and mesh inclination) on the particle
distribution curve, screening efficiency, and average transport speed of the materials. Multivariate nonlinear fitting was performed on the
data using the orthogonal test table, and the relationship between the screening efficiency and the vibration parameters was obtained.
Based on this relationship, the optimal vibration parameters were obtained and verified in the simulation. The results obtained in this
research provide a theoretical basis for the design of the vibration parameters of the high-frequency vibrating screen, and the
experimental and simulation data provide support for the investigation of the screening mechanism of the high-frequency vibration

system.
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Fig.1 Diagram of force between particles in soft ball dry contact model
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dv; 1 Table 1 Simulation conditions and material parameters
mi—t = Fji+F;+F
dr — t Parameter name Parameter value
j=
d n; ( 1 ) Mesh size (length x width)/mm 450 x 225
Wi
1, id_tl = Z (r; iXF ],) + M,; Particle shape Spherical/Nonspherical
J=1
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Fig.2 Screening model in EDEM
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(3) 7 1 9 5 B2 5 161, A1 i BURL AL 1432 2l 45 1k

Density/(kg'm™®) Particle: 2800; Steel: 7800

Poisson’s ratio Particle: 0.25; Steel: 0.3

Shear modulus/Pa Particle: 5 x 107; Steel: 8 x 10"

Coefficient of Restitution Particle — Particle: 0.2; Particle —

Steel: 0.3

Coefficient of Static Friction Particle — Particle: 0.6; Particle —
Steel: 0.4

Coefficient of Rolling Friction Particle — Particle: 0.01; Particle —
Steel: 0.01

3 EDEM i M9ig sh 241

Fig.3 Motion parameters of the screen mesh in EDEM
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Table 2 Characteristics of particles of different sizes

}?aﬁicle Property Generatiox}l ) P.eirticfle

size/mm speed/(kg's ™) distribution/%
1.5 Easy-to-sieve 0.015 10
2.0 Easy-to-sieve 0.015 10
2.5 Easy-to-sieve 0.015 10
35 Difficult-to-sieve 0.025 10
4.5 Difficult -to-sieve 0.025 10
5.0 Obstructed-to-sieve 0.01 10
6.0 Obstructed-to-sieve 0.01 10
7.0 Obstructed-to-sieve 0.01 10
8.0 Obstructed-to-sieve 0.015 10
9.0 Obstructed-to-sieve 0.015 10

(2) (®) ©

’

—

B4 RREZEEIRAERIEIRL (a) KATBIURL (b) =FIEBRL (o) IE
T I ks

Fig4  Different types of nonspherical particles: (a) strip particle;

(b) triangle particle; (c) square particle
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Fig.5 Photograph of screening experiment system with high-frequency

mesh-vibrating screen
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Fig.7 Comparison of experimental and simulated materials
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Table 3 Correspondence of levels and factors

Level Vibration frequency/Hz Amplitude/mm Mesh inclination/(°)

1 30 0.5 20
2 35 1.0 25
3 40 1.5 30
4 50 2.0 35
5 70 2.5 40

XFAS [m) A T35 47 0 EAR L5, 7€ EDEM J&
Aib BAR B L 28 Ak T R 3 TR A 1 W Rk Y i
BB LA BT P38 Y U E AT gk, A 25 iR
g 4 PR,
32 EXRAWERSW

PR S B AN R 4L A B T B0kL 5 ok
DA K ok A 7 1T 22 1) 0 Rl 4R AR . FE 25 A ER
XA R R B KO ECR T 21, 15 30 A
PRI 2R 1) A 7K SR IOE 1) 7 3 80 5 R - Yz
i R, I B A T 0% b 45 R AR /N
BAEFT ST, v LA AR AS [R)4i 2 2 80T 19 J0RL
o3 L.

F4 IEARER

Table 4 Results of orthogonal tests

Group fr!lﬁ)erszi}(/)/l;{z Amfr} i;ude/ incll\i/fai}ilon/ e;.fcrfeilci;/g% t/:;;r;f:t Group fr;/ibratio/rll{ Amplitude/ incll\i/ileast}ilon/ ?fcr.eenin/gq ::af;;f;
© speed/(m-s ") quency/Hz mm © efficiency/% speed/(m's ")
1 30 0.5 20 78.13 0.412 14 40 2.0 20 77.55 0.621
2 30 1.0 25 74.56 0.483 15 40 25 25 74.95 0.801
3 30 1.5 30 72.94 0.623 16 50 0.5 35 76.23 0.822
4 30 2.0 35 70.31 0.809 17 50 1.0 40 72.81 0.927
5 30 2.5 40 67.19 0.843 18 50 1.5 20 80.65 0.643
6 35 0.5 25 78.85 0.472 19 50 2.0 25 77.89 0.725
7 35 1.0 30 76.20 0.637 20 50 2.5 30 72.33 0.869
8 35 1.5 35 74.37 0.819 21 70 0.5 40 62.79 0.915
9 35 2.0 40 68.50 0.872 22 70 1.0 20 70.62 0.639
10 35 2.5 20 75.21 0.603 23 70 1.5 25 67.78 0.755
11 40 0.5 30 80.32 0.631 24 70 2.0 30 63.93 0.859
12 40 1.0 35 76.29 0.759 25 70 25 35 57.99 1.082

13 40 1.5 40 70.20 0.872
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Fig.8 Particle distribution curves at different vibration frequencies
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Table 5 Regression coefficient evaluations

Correlation
coefficient,

Probability corresponding to  Variance of

Fvalue Fvalue, P residuals

0.9841 102.8610 7.7x107" 0.8132

M 5 A[H, =0.9841 5 1 JEH 50T, U8 [N
H R H P /N F B & K (0=0.05), 1L
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Fig.15 Response surfaces of screening efficiencies for different combinations of vibration parameters
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Table 6 Parameter optimization results

Theoretical screening

Screening efficiency in  Average transport speed in

Vibration frequency/Hz ~ Amplitude/mm  Mesh inclination/(°) efficiency/% simulation/% simulation/(m-s ')
51 0.6 27 81.01 81.49 0.732
MBOR G302 KT 81% 3 HARIE— & 14 B [5] ZhaoLL,LiuCS, YanJ X, et al. Numerical simulation of particle
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