Dynamic modeling and screening performance of a
double-layer forced synchronous circular vibrating
screen

Hongxi Li', Enhui Zhou?, Haishen Jiang®, Ling Shen*, Zixin Yin®

1.5School of Mechanical and Electronic Engineering, Suzhou University, Suzhou Anhui, 234000, China
23School of Chemical, China University of Mining and Technology, Xuzhou Jiangsu, 221116, China
4School of Physics, China University of Mining and Technology, Xuzhou Jiangsu, 221116, China
!Corresponding author

E-mail: 'lihongxi@cumt.edu.cn, *zeh@cumt.edu.cn, >haishen_jiang2015@163.com,
4shenling1314@cumt.edu.cn, *yzxszu@126.com

Received 9 April 2025, accepted 19 March 2026; published online 28 May 2026 ’ W) Check for updates ‘
DOI https://doi.org/10.21595/jve.2026.24956

Copyright © 2026 Hongxi Li, et al. This is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Abstract. The double-layer forced synchronous circular vibrating screen (DLFSCVS) is one of
the most effective solutions for material screening. In this paper, a dynamic model was established
to control the vibration of the screen, and the vibration characteristics of DLFSCVS are obtained
by vibration experiment and parameter analysis. The classification performance of DLFSCVS was
studied by EDEM, and the screening mechanism of DLFSCVS was revealed. The results show
that the established dynamic model can describe the vibration of DLFSCVS well, and the
maximum deviation between the experimental results and the theoretical results was within
4.78 %. The trajectory of the screen box is approximately circular. When the vibration frequency
is 14 Hz, the acceleration amplitude of the screen box in the X and Y axis directions is 34.7 and
35.2 m/s?, respectively. With the increase of vibration frequency, the displacement amplitude of
the screen box is basically unchanged, and the velocity and acceleration amplitude increase
gradually. The results showed that when f = 14 Hz, the screening efficiency of the upper and
lower screen plates up to 0.87 and 0.93, respectively.

Keywords: DLFSCVS, dynamics characteristics, EDEM, screening performance.
1. Introduction

Screening operation is widely used in mining, metal, coal, chemical and other industries [1-3].
Granular substances are a fundamental form in nature and are also the most common form of
products in various industries [4, 5]. Granular materials are the raw materials for many industrial
products, and screening is an industrial method used for classifying and grading raw materials to
meet the requirements of industrial material processing [6]. At present, the classification
technology based on the size, density and shape of materials is widely used [7]. There are various
factors affecting the screening operation, including the amplitude, frequency of the screening
equipment, the opening rate of the sieve plate, and the motion form [8, 9]. According to the
movement trajectory of the screen plate, vibrating screens can be classified into linear vibrating
screens, elliptical vibrating screens and circular vibrating screens.[10].

So far, many researchers have conducted extensive research on the vibration characteristics of
vibrating screens. In order to improve the dehydration performance. Fang [11] studied and
analyzed the dynamic characteristics of the vibrating screen. Jiang [12] showed through research
that the operation of ordinary shaker in the far resonance region is conducive to the stability of the
system. Baragetti [13] proposed an innovative design strategy to verify the motion performance
and structural load optimization of heavy-duty shakers through full-scale experimental tests. Jiang
[9] proposed a new type of double-axis excited large vibrating screen, and studied its kinematic
characteristics and particle motion behavior under different working conditions. Li [14] studied
the vibration of the flip-flow screen through theory and experiment, and the experimental results
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can be fully described by theoretical models. Jiang [15] studied the vibration characteristics of the
variable amplitude vibrating screen, analyzed the influence of several operating factors on the
screening performance of coal materials, and obtained the vibration characteristics when the
screening performance was optimal.

Discrete Element Method (DEM) is a numerical simulation approach used to solve problems
involving discontinuous media, and it is widely applied in industries such as mining, metallurgy,
and chemical engineering [16, 17]. Discrete element method can simulate the separation and
mixing processes of granular materials, and is widely applied in the development of screening
equipment and in the screening of materials [18-20]. DEM can simulate the mechanical and
kinematic characteristics exhibited by a large number of particles under complex conditions [21].
Dong simulated the particles using DEM flow on the multi-layer screen plate of banana screen,
and analyzed the screening results according to the distribution curve, which helped to better
understand and control the screening process [22]. Harzanagh studied the effects of various design
and operating variables on screening efficiency, and conducted simulations on screens with
spherical and aspherical particles, revealing the predictive ability of DEM simulation [23]. By
verifying the validity of the screening process of the DEM model, Zhao found that the spherical
and non-spherical particle models had the same screening performance [24]. Chen used DEM to
conduct numerical simulation of the screening process of elliptical vibrating screen, investigated
the screening time and screening efficiency, and evaluated the screening performance [25]. These
scholars and engineers apply (DEM) technology to optimize screening equipment. By simulating
the screening process of particles, they can obtain some operating parameters of the screening
equipment, providing certain technical references for the use and optimization of the equipment.

However, previous studies mainly focus on single-layer vibrating screen, and the vibration
characteristics of double-layer circular vibrating screen have not been effectively demonstrated.
Therefore, the vibration characteristics and screening performance of double-layer circular
vibrating screen should be deeply analyzed. In this paper, a dynamic model of a double-layer
circular vibrating screen is established. The vibration characteristics of the double-layer circular
vibrating screen are tested experimentally, and the rationality of the dynamic model is verified by
comparing with the vibration characteristics based on the dynamic model. The DEM model of
double-layer circular vibrating screen is established, the screening process is discussed and the
influence of vibration parameters on the screening performance is studied.

This research demonstrates its uniqueness in aspects such as the focused structure of the
specific device, the verification of the high-precision model, the quantitative laws of vibration
characteristics, the revelation of the efficient performance of the double-layer sieve plate, and the
research logic of combining multiple methods. The research results are helpful to understand the
dynamic characteristics and screening performance of the double-layer circular vibrating screen,
and provide reference basis for efficient operation and optimization design about this type of
vibrating screen.

2. Experiment
This section introduces the vibration test and the screening test setup for the DLFSCVS.
2.1. Experimental apparatus

The DLFSCVS is composed of drive motor, synchronization belt, eccentric vibration
excitation system, screen box, buffer spring, and upper and lower screen plate, as shown in Fig. 1.
The drive motor drives two sets of eccentric excitation systems through the synchronous belt to
generate in-phase excitation force. The screen box is supported by damping spring and vibrates
periodically under the action of exciting force. The inside of the screen is equipped with two layers
of screen plate, and the effective screening area is 3600x8000. The upper and lower screen holes
are square holes, the aperture size of the upper screen plate is 60 mmx60 mm, and the aperture
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size of the lower screen plate is 30mmx30mm.

The dynamic characteristics test and analysis system, as shown in Fig. 2. The system mainly
includes: 3680 vibrating screen, ICP three-way acceleration sensor, multi-channel signal
acquisition instrument INV3060S, multi-channel signal real-time analysis software Coinv DASP.
The ICP three-way acceleration sensor can simultaneously measure acceleration signals in three
directions X, Y and Z. INV3060S multi-channel signal acquisition instrument, with 16 data
channels, integrated signal acquisition and amplification functions, can collect and analyze
multi-channel signals in real time. Coinv DASP-V10 multi-channel signal real-time analysis
software, which is installed on the computer with multi-module integration, can be used for
real-time testing and analysis of acceleration signals collected by the INV3060S multi-channel
signal acquisition instrument. The velocity and displacement signals can be obtained through the
transformation of the acceleration signal waveform by the first integral and the second integral.
By filtering the signal, time domain analysis, self-spectrum analysis and Lissajou analysis, the
kinematics characteristics of displacement, velocity, acceleration amplitude, vibration frequency
and space trajectory can be obtained.

Fig. 1. Schematic illustration of the DLFSCVS: 1 — driving motor; 2 — synchronous belt;
3 — eccentric excitation systems; 4 — screen box; 5 — damping spring; 6 — upper screen plate;
7 — down screen plate. Photo by the authors, vibrating screen of Henan Zhenyuan
Technology Co., Ltd., Xinxiang, Henan Province

» Sy B i il AR P i 2
Fig. 2. Dynamic experiment and analysis system of the DLFSCVS: 1 — 3680 vibrating screen
(DLFSCVS), 2 — ICP acceleration sensor, 3 — INV3060S, 4. Coinv DASP. Photo by the authors,
vibrating screen of Henan Zhenyuan Technology Co., Ltd., Xinxiang, Henan Province

-

2.2. Materials

The actual process of screening is relatively complex. In order to facilitate the collection of
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particle data and realize the similar function of simulation and real screening, a simplified three-
dimensional prototype of the vibrating screen was established, and the DEM simulation of the
screening process was carried out, as shown in Fig. 3. The simplified 3D prototype model of the
vibrating screen is composed of feed end, upper screen plate and lower screen plate. After the feed
particles are screened, three kinds of products are formed. The coarse particles are discharged
from the tail of the upper screen plate, the medium particles are discharged from the tail of the
lower screen plate, and the fine particles are discharged from the bottom of the lower screen plate.
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Table 1. Geometric parameters and vibration conditions

Parameter Value
Name of plate Upper screen plates | Lower screen plates
Length of screen deck (mm) 4000 4000
Width of screen deck (mm) 1800 1800
Aperture size (mm) 6060 30x30
Vibrational frequency f (Hz) 14
Inclination angle of the screen (°) 20
Feed rate q (kg/s) 48
Poisson’s ratio 0.2
Particle density (kg/m?) 1100
Particle size (mm) 15, 30, 45, 60, 100
Particle composition (%) 30, 15, 18,19, 18

Table 2. Collision coefficient parameters [26]

Parameters Coefficient of restitution | Coefficient of static friction | Coefficient of rolling friction
Particle-screen plate 0.5 0.35 0.01
Particle-steel 0.5 0.154 0.01
Particle-Particle 0.5 0.35 0.01

The relevant parameters of the geometric model and granular materials of coal are shown in
Table 1. In order to effectively simulate the screening condition of D-FSCVS3680 double-layer
forced synchronous circular vibrating screen, the screen plate was reduced in equal proportion,
and the width and length of the screen plate were set to 1800 and 4000 mm respectively. Set the
hole of the upper screen plate to 60 mmx60 mm, and the hole of the lower screen plate to
30 mmx30 mm. As mentioned above, the screening performance of the vibrating screen mainly
depends on the motion characteristics of the sieve plate and the feed amount, so the vibration
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frequency and feed amount parameters of the sieve plate can be adjusted, and the other factors
remain unchanged in the subsequent test. Table 2 details the collision coefficients between
particles, between particles and screen plates, and between particles and screen box walls,
parameters which are of vital importance for ensuring that the model results are as close as possible
to the actual situation.

2.3. Evaluation

Screening efficiency refers to the ratio of the mass of particles produced after screening that is
smaller than the size of the sieve (actual screening mass) to the mass of particles in the feed
particles that is smaller than the size of the sieve (theoretical screening mass). In this work, the
percentage of particles smaller than the size of the screen in the feed end, coarse particle discharge
end and fine particle discharge end is measured during the screening process. The sieving
efficiency is calculated under the formula [9, 27]:

_ (a=y)B—a)
T=a-na-ay

where 1 represents the screening efficiency; a indicates the proportion of particles in the feed
material whose size is smaller than the sieve aperture size; f represents the proportion of
fine-grained particles whose size is smaller than the sieve aperture size; y indicates the proportion
of coarse-grained particles whose size is smaller than the sieve aperture size.

()

3. Results and discussion

This section will present the mathematical model of the DLFSCVS, followed by the
description of the vibration experiment results, and finally the presentation of the screening
experiment results.

3.1. Theoretical mechanics model

The dynamics model of the DLFSCVS is shown in Fig. 4. The direction X is parallel to the
upper and lower screen plates, and direction Y is perpendicular [28].

Y
w —._m 0] _..m
! “ ! “
\oo 0o\ 0y J X
Cx/2 p—‘ A Cx/z
kx/2 kx/2
/2 ¢y/2 k2 ¢y/2

Fig. 4. Dynamics model of the DLFSCVS

The rectangular box in the figure represents the vibrating screen. A Cartesian coordinate
system X-Y is established, with point O being the reference point of the vibrating screen’s mass
center. This system is used to describe the vibration displacement of the vibrating screen in the
plane (along the X horizontal direction and Y vertical direction). Two small circles marked as m
are eccentric mass blocks, which move in circular motion around their respective centers (the red
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arrows indicate the rotation direction). When the eccentric blocks rotate, they generate centrifugal
inertial forces, and the horizontal and vertical components of these forces are the excitation
sources that drive the vibrating screen to vibrate.

When the eccentric blocks rotate, the exciting force is directional harmonic force. The exciting
force in horizontal and vertical directions (F, F,) can be obtained through Eq. (2):

E, = F, cos wt, )
{Fy = F, sin wt, )

where, w is the rotational speed of the vibration exciter; F, is the total excitation force. The total
excitation force F, can be obtained as:

Fy = 2mw?r, 3)

where, m is the mass of the eccentric block and r is the eccentricity.
The differential equations for the two degrees of freedom vibrating system are:

MX + ¢, x + kyx = Fy cos wt, 4
{Mj}+cyy+kyy=Fosinwt, )

where, M is the mass of the screen body; x, X, and X are the displacement, velocity, acceleration
of the screen body along X-direction, respectively; y, y, and y are the displacement, velocity,
acceleration along Y-direction, respectively; k,, c, are the equivalent stiffness and damping
coefficients of the springs along X-direction, respectively; k,, ¢, are the equivalent stiffness and
damping coefficients of the springs along Y-direction, respectively.

Assuming that the displacement (x, y) has the following forms:

x = A,cos(wt + @),
oS )
y y sin(wt + ¢@,).
Taking derivative of (x,y) to time t, the velocity and acceleration can be calculated as:
x = —wA,sin(wt + ¢,),
7= wA (6)
y = wA, cos(wt + ¢,),
i = —w?A,cos(wt + @q), -
y = —w?A, sin(wt + @,). )

Substituting Egs. (5-7) into Eq. (4), the displacement amplitude (A, A,) and phase angle (¢4,
¢,) can be obtained:

(Ax = fo )
\/(kx - M(UZ)Z + (Cxw)z
- Fo | ®)
\/(ky - M“’Z)z + (Cyw)z
Cr
QY1 = arctanm,
cyw )
P, = arctanm.

The specific parameters and calculation results are presented in Table 3.

6 ISSN PRINT 1392-8716, ISSN ONLINE 2538-8460



DYNAMIC MODELING AND SCREENING PERFORMANCE OF A DOUBLE-LAYER FORCED SYNCHRONOUS CIRCULAR VIBRATING SCREEN.
HONGXI LI, ENHUI ZHOU, HAISHEN JIANG, LING SHEN, ZIXIN YIN

Table 3. Parameter table

Symbol Item Value
M The total mass of screen body (kg) 17430
Fy Total excitation force (N) 600000
B Width of screen plate (mm) 3600
L Length of screen plate (mm) 8000
P Motor power (kW) 2x55
n Rated motor speed (rpm) 1450

i Reduction ratio of belt wheels 1.726
w Angular velocity of the exciter (rad/s) 88
Ky Springs stiffness along X-direction (N/m) 2,139,000
Ky Springs stiffness along Y-direction (N/m) 3,056,000
Cx Damping coefficients along X-direction (N-s/m) 21,390
Cy Damping coefficients along Y-direction (N-s/m) 30,560

3.2. Vibration test and kinematic characteristics

Displacement determines motion space, velocity determines energy transfer efficiency, and
acceleration determines separation driving force. Together, these three factors constitute the
complete physical picture of the operation of a vibrating screen: without displacement, the basic
space for screening cannot be guaranteed; without velocity, the efficient flow of materials cannot
be achieved; without acceleration, the separation of materials cannot be driven. Only by studying
these three parameters simultaneously can the working mechanism of the vibrating screen be
comprehensively understood, providing a scientific basis for equipment design, parameter
optimization, and industrial application.

X (mm)
%o b o B w

Y (mm)
(=] E= =]

'
~

'
l=e]

Z (mm)
-JIB II\) (=] O
T T T

1
0 20 40 60 80 100 120
Time(s)

Fig. 5. Time-domain characteristic curves of displacement signals

The time domain response curve of displacement obtained by dynamic experiment is shown
in Fig. 5. The time domain response process of displacement can be divided into three different
stages: starting stage, steady state operation stage and stopping stage, and the difference of
displacement signals in each stage is obvious. It can be seen from the figure that the main vibration
direction of the vibration system is X axis and Y axis. The vibration in the X-axis direction is
relatively regular, and the displacement amplitude changes little. The vibration in the Y-axis
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direction is more complicated, and the displacement amplitude is obviously higher in the start and
stop stage than in the steady-state operation stage. Compared with the vibrations along the X-axis
and Y-axis, the amplitude of the vibration along the Z-axis is very small and can be disregarded.

Displacement (mm)

-6 1 1 1 1 1 1 1 1
40.0 40.1 40.2 40.3 40.4 40.5 40.6 40.7 40.8 409 41.0
Time (s)

Fig. 6. Time-domain characteristic curves of displacement signals in steady state

The time-domain response curve of displacement in the steady-state operation stage is shown
in Fig. 6. In the steady-state operation stage, the displacement amplitude in the X-axis direction is
set at about 4.34 mm. The displacement amplitude in the Y-axis direction fluctuates greatly
periodically, and the average displacement amplitude is about 4.38 mm. As can be seen from the
Lissajous diagram of displacement in Fig. 7, the displacement trajectory of the screen body is
relatively chaotic in the beginning and end stages, and roughly circular during the stable stage.

——— 100-120s|

10 -5

0 5
X (mm)
Fig. 7. Lissajous diagram of displacement

The time domain response of velocity is shown in Fig. 8. In the starting stage, the speed of the
drive motor is gradually increased from 0 to 1450 r/min, and the vibration frequency of the screen
body is gradually increased from 0 to 14 Hz. In this process, when the speed of the drive motor
passes near the natural frequency of the screen body, the velocity amplitude increases
significantly. The maximum velocity amplitude in the X direction reaches 431 mm/s, and the
maximum velocity amplitude in the Y direction reaches 630 mm/s, which is significantly greater
than the working velocity amplitude. In the shutdown phase, the velocity amplitude in the X
direction slowly decreases, and the velocity amplitude in the Y direction slowly decreases first,
and there will be a drastic change in the velocity amplitude before the complete stop. In the
steady-state operation stage, the velocity time-domain response curve is shown in Fig. 9. In the
steady-state operation stage, the average velocity amplitude in the X-axis direction is stable at
about 383.5 mm/s. The velocity amplitude in the Y-axis direction changes periodically, and the
average velocity amplitude is about 387.2 mm/s.

In addition, due to the relatively high vibration frequency of the sieve body, acceleration is
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considered to be an important index of the vibration intensity. Fig. 10 shows the time domain
response curve of acceleration along X and Y directions. In the start-up stage, the acceleration
amplitudes in X and Y directions quickly reached stable values, with almost no abrupt change.
During the shutdown phase, the acceleration amplitude in the X and Y directions gradually
decreases.

600
300

Ve (mm/s)

-300
-600

Vy (mm/s)

V, (mim/s)

-300
-600 |

1 1 1 1 1

0 20 40 60 80 100 120
Time(s)

Fig. 8. Time domain response curves of velocity about the screen body
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40.0 40.1 40.2 40.3 40.4 40.5 40.6 40.7 40.8 40.9 41.0
Time (s)

Fig. 9. Time-domain characteristic curves of velocity signals

In the steady-state operation stage, the time-domain response curve of acceleration is shown
in Fig. 11. In the stable working stage, the average acceleration amplitude of the screen body in
the X direction is close to 34.37 m/s?, and the average acceleration amplitude in the ¥ direction is
close to 33.89 m/s2. The acceleration signal is stable on the whole.

Table 4. Comparison between theoretical and experimental results

Parameters | Theoretical results | Experimental results | Error (%)
[x| (mm) 4.48 4.34 3.56
|y| (mm) 4.55 438 4.78
[%| (mm/s) 3942 383.5 2.71

|y] (mm/s) 400.5 387.2 3.32
|%] (m/s?) 34.7 34.37 0.84
[37] (m/s?) 35.2 33.89 3.76
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Table 4 shows the comparison between the motion characteristics based on theoretical
calculation and dynamic experiment test, including the average value of displacement amplitude,
velocity amplitude and acceleration amplitude during the stable operation period. It can be seen
that the theoretical calculation agrees well with the experimental results. The maximum relative
error is only 4.78 %. The results show that the theoretical model has high reliability and accuracy.

40
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19 19
(=} (=} (=]
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B
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20 F
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0 20 40 60 80 100 120

Time(s)
Fig. 10. Time domain response curves of acceleration about the screen body

Acceleration (m/s?)

40.0 40.1 40.2 40.3 40.4 40.5 40.6 40.7 40.8 40.9 41.0
Time (<)
Fig. 11. Time-domain characteristic curves of acceleration signals

3.3. Sieving process

The parameters for the particle setting in the sieving experiment are shown in Table 2. The
vibration parameters of the sieve body are set according to the calculation results in Table 4. The
amplitude is set at 14 Hz, and the displacement amplitudes in the x/y directions are both set at
4.5 mm, corresponding to a velocity amplitude and acceleration amplitude of 394.2 mm/s and
34.7 m/s? respectively.

Fig. 12 is a snapshot of spherical coal particles in the EDEM simulation screening process, as
shown in Fig. 12(a), at the beginning of screening, spherical coal particles are continuously
generated in the “particle factory” at the feed end. The particle is set at the initial speed of 1 m/s,
and the particle falls under the action of the initial speed and gravity, falls on the feeding baffle,
then sent to the screen plate. With the screening process, the combination of the vibration of the
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screen plate and the tilt angle of the screen plate causes the particles to move along the length of
the screen plate. As shown in Fig. 12(b), at 2 s of sieving, particles fill the entire screen plate. As
shown in Fig. 12(c), when the screening is carried out to 4s, the large particles and some remaining
small particles are transported to the discharge end to form the material on the screen. As shown
in Fig. 12(d), when the screening is carried out for 8s, the particle mass in each region begins to
be stable, and the screening reaches a stable stage, and stable screening efficiency can be obtained
in a stable screening stage.

a)T=1s b)T=2s

)T =4s T =8s
Fig. 12. Sieving process

In the screening process, the material quality and average speed of the material area on the
screen are shown in Fig. 13. As can be seen from Fig. 13(a), the quality of the material in this area
gradually increases as the screening proceeds. When the screening is carried out to 7 s, the material
quality in this area fluctuates up and down in a straight line, and the average value remains
basically stable, indicating that the screening has reached a stable stage. As can be seen from
Fig. 13(b), with the progress of screening, the average velocity of materials in this region gradually
increased, and after 7 s, the average velocity of materials in this region basically remained stable
at2.2-2.3 m/s.

In the screening operation, feeding, sifting, conveying and discharging is a continuous
dynamic process, and the screening efficiency changes dynamically with time. In the simulation
process, dynamic statistical analysis was carried out on the content of fine particles under the sieve
and on the sieve, so as to obtain the change rule of the screening efficiency over time, and the
results were shown in Fig. 14.

Fig. 14(a) shows the change of screening efficiency of the upper screen plate. It can be seen
that when the screening process does not reach a stable state, the screening efficiency changes
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greatly. With the progress of the screening process, the output of the material on the screen
gradually increased, and the screening efficiency gradually reached a stable state. The overall
screening efficiency of the upper screen plate is stable at about 0.87. Fig. 14(b) shows the change
of screening efficiency of the lower screen plate. The overall screening efficiency of the lower
screen plate is less than that of the upper screen plate after the screening efficiency of the upper
screen plate is stabilized, and the overall screening efficiency of the upper screen plate is stable at
about 0.93. The results showed that the screening performance of the DLFSCVS was good and
efficient.

80 3
f~14Hz y\/a»v\*w f~14Hz
60l 9=48kg/s q=48kg/s
g 20 .,./.,./'(*M
@ 40T 70 N E" /,f 2.4
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Fig. 13. The mass and velocity of particles on the upper surface versus time
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Fig. 14. Screening efficiency curve
4. Conclusions

1) The mechanical structure of a double-layer forced synchronous circular vibrating screen
(DLFSCVS) was described and the dynamic theoretical model was established. The vibration law
of the screen body was obtained, and the motion trajectory of the screen body was obtained as
well. The motion trajectory was approximately circular.

2) The experimental test dynamic characteristics of the DLFSCVS screen body including
displacement, velocity and acceleration were compared with the theoretical results. The maximum
error between the experimental results and the theoretical results is very small, only 4.78 %.

3) The screening performance of DLFSCVS was studied by using EDEM, and the screening
mechanism of DLFSCVS was revealed. The screening results show that the screening efficiency
of the upper and lower screen plates are as high as 0.87 and 0.93 respectively, and the screening
effect is superior.
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