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Analysis of the Screening Accuracy of a Linear Vibrating Screen 
with a Multi-layer Screen Mesh
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This paper investigates the screening characteristics of the multi-layer vibrating screens. A portable linear screen with a three-layer screen 
mesh and the vibrating screening experimental platform were designed and simulated. Based on the discrete element method (DEM), the 
influences of the motor excitation frequency, the pulverized coal mass flow rate, and the shape of the particles on the screening accuracy 
of each layer of the screen and the total energy contained in the particles were analysed. The simulation analysis found that, during the 
vibration screening process, with the increase of the frequency of motor excitation, the screening accuracy of each screen layers increased 
first and then decreased. The ratio of the sieving accuracy of the first screen and the third screen is reduced first and then increased. The 
energy contained in the particles gradually increases. With the increased pulverized coal mass flow rate, the screening accuracy of each 
layer gradually decreased, while the ratio of the screening accuracy of the first layer to that of the third layer gradually increased. The energy 
contained in the particles gradually decreases. Similarly, the increased percentage of non-spherical particles generated slightly decreased 
screening accuracy and an increased ratio of the screening accuracy of the first and third screens. The particles also contain much less 
energy than spherical particles do. A simulation was carried out on the vibrating screening experimental platform with screening materials 
such as soybeans and red beans. The experimental results matched the discrete element simulation. The screening accuracy was proved to 
be higher when the excitation frequency lay in 18 Hz to 20 Hz, and the particles mass flow rate stayed below 0.4 kg/s. This study demonstrated 
that changing the shape of particles is a practical way of managing real screening work. It also provided a theoretical basis and reference for 
the design and applications of multi-layer vibrating screens.
Keywords: vibration sieve, discrete element method, screening accuracy, excitation frequency, mass flow rate, particle shape

Highlights
•	 According to the design requirements, a three-layer linear vibrating screen is established.
•	 Taking the excitation frequency, the mass flow rate and the shape of particles as variables, the screening accuracy of the 

vibrating screen is simulated and analysed by using the discrete element method and verified by experiments.
•	 This paper analyses the screening efficiency, the ratio of the first screen to the third screen, and the energy content of particles.
•	 Adjusting the proportion of non-spherical particles can make the simulation results closer to the actual working process.
•	 The results show that the optimum excitation frequency is 18 Hz to 20 Hz, and the maximum mass flow rate is less than  

0.4 kg/s.

0  INTRODUCTION

A linear vibrating screen has many advantages, such 
as large material handling capacity, long service 
life, easy maintenance, etc. It has been widely used 
in coal mining, the chemical industry, the medical 
industry, etc., [1] and [2]. With the increasing accuracy 
requirements for screening materials, existing 
vibrating screens (such as ZKB-type vibrating 
screens) have been unable to meet current production 
needs because of its single motion trajectory and 
low screening accuracy, [3] and [4]. Therefore, it is 
necessary to explore a new method to simulate and 
analyse the running state of material particles on the 
vibrating screen for the problem of the low screening 
efficiency of current vibrating screens.

The discrete element method (DEM) was 
first proposed by Cundall [5] and [6], of the Royal 
Academy of Engineering and American Academy 
of Engineering, based on the principle of molecular 

dynamics in 1971. It is an analytical method for 
discrete granular materials. Its basic idea is to treat 
the whole medium as composed of a series of discrete 
and independent particle elements, which have certain 
geometric, physical, and chemical characteristics; 
motion is controlled using a conventional motion 
equation. The deformation and evolution of the whole 
medium are described by the movement and position 
of each element. By tracing and calculating the micro-
motion of each element, the macro-motion law of the 
whole research object can be obtained.

At present, the research mainly takes the 
traditional single-layer screen vibrating screen as the 
research object and develops the related screening 
accuracy theory. Zhao et al. [7] and [8] carried out a 
three-dimensional discrete element simulation on the 
vibrating screening process to study the influence 
of the vibration parameters of the vibrating screen 
on the screening efficiency of the material during 
the screening process. Li et al. [9] and [10] proposed 
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that the increase of vibration intensity can improve 
the screening efficiency of materials to a certain 
extent but would also increase the loss of materials 
during the screening process. Elskamp and Harald 
[11] and [12] conducted vibratory screening research 
on materials with different particle sizes and shapes. 
It was found that when the horizontal velocity 
component of the material is higher than the vertical 
velocity component, the screening accuracy of the 
material is higher; otherwise, the screening accuracy 
is reduced. Dong and Yu [13] studied the influence 
of the size and shape of the vibrating screen pore on 
the screening efficiency and analysed the screening of 
materials under different geometric parameters of the 
vibrating screen.

Suitable motor excitation frequency and the mass 
flow rate of the particles can improve the screening 
accuracy, and it is also an important parameter to 
measure the screening accuracy of the vibrating screen. 
Therefore, the linear vibrating screen is taken as the 
research object, with the shape of material particles, 
the mass flow rate and the excitation frequency of 
motor as the control variables. The discrete element 
method is used to simulate and analyse the influence 
law of the screening precision of each layer of sieve, 
which provides a reference for further understanding 
the screening mechanism of the particle group on the 
multi-layer sieve vibrating screen.

1  STRUCTURAL DESIGN OF LINEAR VIBRATING SCREEN

Based on the traditional ZKB vibrating screen, an 
optimization scheme is proposed to design a portable 
linear vibrating screen containing a multi-layer screen. 
The structure is mainly composed of a sieve hopper, 
a screen frame, a column, a screening motor and a 
screen, and is fixed on the bottom plate. Fig. 1 shows 
the three-dimensional model of the vibrating screen.

The two screen motors are arranged on both sides 
of the vibrating screen, and the output end is connected 
to the eccentric wheel with eccentric block. The 
eccentric wheel rotation generates a certain intensity 
of exciting force. The component forces parallel to 
the direction of the screen offset each other, while the 
component forces perpendicular to the direction of the 
screen are superimposed on each other, to increase the 
throwing index of the vibrating screen and improve 
the vibration intensity.

Based on the theory of dynamic balance and 
Lagrange dynamics theory analysis, it is concluded 
that the spatial motion trajectory of any point on the 
vibrating screen is like an ellipse, and the relationship 
between the stiffness of the supporting spring and the 

relative sensitivity of the screen vibration is analysed, 
[14] and [15]. The geometric parameters of this 
vibrating screen member are shown in Table 1.

Fig. 1.  Portable linear vibrating screen model

Table 1.  Shaker design size parameters

Name Geometric parameters [mm]
Total length 390
Total width 310
Total height 417
Screen length 300
Screen width 150
Eccentric radius 12
Front pillar height 180
Rear pillar height 224

2  DISCRETE ELEMENT MODEL

In this paper, the discrete element method is used to 
simulate the motion of particles on a vibrating screen. 
Its parameter input includes the physical properties 
of particles and geometry, the contact model, etc. [16] 
and [17].

First, the geometry model is imported, and the 
material properties of the pulverized coal particles and 
the screen are input, as shown in Table 2.

The factors affecting the accuracy of the sieve 
are mainly the shape, size, concentration ratio, mass 
flow rate, related geometric parameters, and related 
geometric parameters, including excitation frequency, 
vibration direction angle, etc.

According to Zhang [18] and [19], the research 
on the effect of coal crushing found: the particle size 



Strojniški vestnik - Journal of Mechanical Engineering 66(2020)5, 289-299

291Analysis of the Screening Accuracy of a Linear Vibrating Screen with a Multi-layer Screen Mesh

of coal powder crushing is mostly concentrated in 0.5 
mm to 5 mm. Therefore, the screen mesh size is set to 
5 mesh, 10 mesh, and 18 mesh in the design process 
of the vibrating screen, respectively. The relative 
particle size (the ratio of particle size to mesh size) is 
0.7. Therefore, the pulverized coal particles are set to 
spherical particles of 0.7 mm, 1.4 mm, 2.8 mm, and 5 
mm, respectively. The concentration ratio is 1:1:1:1, 
and the total mass is set to 0.3 kg. The vibration form 
of the vibrating screen is simplified as follows: the 
amplitude is 1.5 mm, the swing angle is 0.5°, and the 
vibration direction angle is 45°. 

To simulate the screening situation as well as 
possible, four kinds of particles were structurally 
improved, and their corresponding aspheric particle 
models were designed. The method of equivalent 
radius is chosen as the method of equivalent volume 
radius, with which spherical particles and non-
spherical particles have the same volume, different 
shapes, but equal mass [20]. Fig. 2 shows four non-
spherical particle models.

At present, particle contact models are mainly 
divided into hard sphere model and soft sphere 
model. The hard sphere model does not consider 
the deformation of particles. It is described by the 
coefficient of recovery and the coefficient of friction. 
Based on the law of momentum conservation, the 
integral result of force to time is described as the 
velocity change before and after particle collision. It 
is mainly used in the numerical model of fast motion 
and low concentration particle system.

The model simplifies the contact force between 
particles by elastic and damping coefficients and 
calculates the contact force according to its normal 
overlap and tangential displacement. Thus, the 
velocity variation of particles can be obtained, which 

is more suitable for the numerical simulation of 
engineering problems. The soft sphere model uses 
the elastic and the damping coefficient to simplify the 
contact force between the particles. The contact force 
is calculated according to the normal overlap amount 
and the tangential displacement, so that the velocity 
variation of particles can be obtained, which is more 
suitable for numerical simulation of engineering 
problems.

Therefore, the soft sphere model is used to 
simulate the collision behaviour between particles in 
the screening process, [21] and [22]. Its mathematical 
model is shown in Fig. 3. 

Fig. 3.  Soft particle contact model

where dn is normal damping, kn is normal stiffness, dt 
is tangential damping, kt is tangential stiffness, dr is 
rolling damping, and dk is rolling stiffness.

According to the theory of the mechanics of 
particulate matter, the motion analysis equation of the 
ith particulate matter can be expressed as follows:

Table 2.  Material property parameter

Item Density [kg/m3] Elastic recovery coefficient Static friction factor Rolling friction factor Poisson’s ratio Shear modulus [GPa]
Pulverized coal 1300 0.5 0.6 0.05 0.3 1
Screen 7861 0.5 0.4 0.05 0.29 79.9

a)     b)     c)     d) 
Fig. 2.  Non-spherical particle model; a) 0.7 mm; b) 1.4 mm; c) 2.8 mm; and d) 5 mm
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where mi is the mass of inertia of spherical particles, 
Ii is the and moment of inertia of spherical particles, 
ni is the total number of spherical particles, vi is the 
movement speed of material particles, and ωi is the 
rotational angular velocity of material particles. 

Among them, Fn,ij (the normal force), Ft,ij (the 
tangential force), Tt,ij (the tangential moment), Tr,ij 
(the friction torque) can be obtained according to the 
theory of mechanical properties of granular materials, 
[23] and [24].

3  SIMULATION ANALYSIS

The movement state of the material particles on the 
vibrating screen is as follows: when the screening 
starts, four kinds of material particles are generated 
in a certain proportion in the granular factory. When 
the motor rotates at a certain frequency, the vibrating 
screen also periodically vibrates, the material particles 
on the net are thrown forward. Under the dual effects 
of the excitation force and gravity, the particles and the 
screen frame come into contact and collide to generate 
energy exchange, which causes the particles to move 
relative to each other. Particles with a particle size 
smaller than the mesh size of the screen are screened, 
while particles having a larger particle size remain on 
the screen surface until they exit the discharge port. 
Fig. 4 shows the screening status of the vibrating 
screen in the simulation.

Fig. 4.  Simulating the screening process of vibrating screen

This paper mainly analyses the running state of 
material particles on the vibrating screen, taking the 
motor vibration frequency, particle mass flow rate 
and its shape and concentration ratio as the control 
variables, taking the screening accuracy of each screen 
layer and the ratio of the screening accuracy of the 
first layer to the third layer as the research variables, 
and the scheme with the highest screening accuracy 
under this condition is selected.

3.1  Influence of Vibration Frequency on Screening 
Accuracy

The vibration frequency of the motor affects the 
transmission capacity of the vibrating screen and 
affects the stability of the particle flow screening. 
According to the discrete element simulation analysis, 
the screening accuracy of each screen layer is 
changed, as shown in Fig. 5, under different vibration 
frequencies.

From Fig. 5, it can be seen that with the increase 
of motor vibration frequency, the screening accuracy 
of each screen layer increases first and then decreases. 
When the vibration frequency is 16 Hz, the screening 
accuracy of the first layer screen is the highest, 
reaching 95.6 %; when the vibration frequency is 18 
Hz, the screening accuracy of the second layer and 
the third layer screen is the largest, respectively 94.5 
% and 91.2 %. Under the same vibration frequency, 
the screening accuracy of each screen layer is also 
different. The screening accuracy of the upper screen 
is always slightly higher than the screening accuracy 
of the lower screen. This is because the first screen 
is screened by four different particle sizes, while the 
third screen only screens particles with the smallest 
size, so the first layer screen has higher screening 
accuracy than other screens. The screening precision 
ratio of the first layer screen and the third layer screen 
is as shown in Fig. 6.
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Fig. 5.  Relationship between excitation frequency and screening 
accuracy

It can be seen from Fig. 6 that as the vibration 
frequency of the motor increases, the ratio of the 
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screening accuracy of the first layer screen and the 
third layer screen decreases first and then increases. 
When the vibration frequency is 18 Hz, the ratio of 
the screening accuracy of the first layer to the third 
layer is at least 1.04. Currently, the screening accuracy 
of each layer of the screen is also relatively high. As 
can be seen from Fig. 6, when the vibration frequency 
of the motor is too low or too high, the shielding 
precision of each layer of the screen is relatively low, 
and the shielding precision ratio of each layer of the 
screen is also large. The reason for this phenomenon 
is shown in Fig. 7.
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Fig. 6.  Relationship between excitation frequency and screening 
accuracy ratio

a)    b) 
Fig. 7.  Schematic diagram of pulverized coal screening at different 

frequencies; a) f = 12 Hz; and b) f = 28 Hz

Fig. 7 shows the vibration screening state of 
the 2 s time node. It can be seen in Fig. 7 that when 
the motor vibration frequency is as low as 12 Hz, 
the material particles cannot obtain energy through 
contact collision, and it is difficult to be effectively 
thrown loose. There is a large amount of material at 
the inlet of each layer of the screen, severely hindering 
its passage. When the motor vibration frequency is 
as high as 28 Hz, the particles collide violently, get 
too much energy, make it fly about in the air, fill the 
vibrating screen and even fly away from the screening 
area, greatly reducing screening accuracy.

From an energy point of view, when the 
excitation frequency is 12 Hz, most 5 mm particles 
remain on the upper sieve within the specified sieving 
time. The particles have no or only a small amount 
of energy and are difficult to move. As the frequency 

increases, the energy contained in the particles 
gradually increases, indicating that the collision 
between particles is intensified, and the screening 
process can be completed, and the screening time is 
gradually shortened. When the excitation frequency is 
increased to 24 Hz, because the excitation frequency 
is too large, the particles collide violently, the energy 
obtained is also large, and the screening time is also 
significantly shortened. However, a large number 
of small particles come out of the screen in advance 
with the large particles, and the screening efficiency is 
greatly reduced.
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Fig. 8.  Energy relationship of particles at different excitation 
frequencies

Therefore, the optimal excitation frequency is 
about 16 Hz to 20 Hz.

3.2  Influence of Mass Flow Rate on Screening Accuracy

During the screening process, different mass flow 
rates are bound to have an impact on the screening 
accuracy of the pulverized coal on each layer of the 
screen. According to the discrete element simulation 
analysis, the relationship between different mass flow 
rates and the screening accuracy of each layer of mesh 
is shown in Fig. 9.
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Fig. 9.  Relationship between mass flow rate of pulverized coal and 
screening accuracy

It can be seen from Fig. 9 that as the mass flow 
rate of the pulverized coal increases, the screening 
accuracy of each layer of the screen is accelerated to 
decrease. When the mass flow rate of pulverized coal 
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is 0.1 kg/s, the screening accuracy of the first layer 
screen is the highest, at about 96.38 %. When the 
mass flow rate is 1 kg/s, the screening accuracy of the 
third layer screen is the lowest, about 42.41 %. This 
is because when the mass flow rate of the pulverized 
coal is small, the amount of pulverized coal flowing 
into the screen at the same time is small, and the 
pulverized coal can be sufficiently thrown under the 
action of the exciting force, thereby facilitating the 
sieving of the pulverized coal. When the mass flow 
of pulverized coal is large, more pulverized coal 
flows into the screen at the same time, which is not 
conducive to the loosening of the pulverized coal by 
contact collision, which, in turn, is not conducive to 
the sieving of coal powder. When the mass flow rate 
of pulverized coal is constant, the screening accuracy 
of each screen layer is also that the screening accuracy 
of the upper screen is slightly higher than that of the 
lower screen. The screening accuracy ratio of the first 
layer screen and the third layer screen is as shown in 
Fig. 10.
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Fig. 10.  Relationship between mass flow rate and screening 
accuracy ratio

It can be found from Fig. 10 that as the mass 
flow rate of pulverized coal increases, the ratio of the 
screening precision of the first layer of the screen to 
the third screen layer increases gradually, from about 
1.037 to about 1.657. When the mass flow rate reaches 
about 0.6 kg/s, the total amount of coal powder on the 
screen exceeds the maximum processing capacity 
of the screen, and the first screen layer has obvious 
clogging phenomenon, as shown in Fig. 11.

When the mass flow rate of pulverized coal 
is large, there is more coal powder flowing into the 
screen at the same time. While the pulverized coal 
is thrown up, a large amount of pulverized coal still 
flows into the inlet of the vibrating screen.

Due to the limited screening space, the pulverized 
coal originally thrown up is pressed downward, and 
the mass flow rate is large, the processing capacity of 
the screen is limited, and the material accumulation 
and overflow are easily caused, so that the smaller 

pulverized coal particles do not have enough space to 
move towards the outlet of the screen mesh, which is 
not conducive to the screening of materials.

Fig. 11.  Screen mesh blocking diagram
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Fig. 12.  Energy relationship of particles at different mass flow 
rates

From the energy point of view, when the mass 
flow rate is small, the particle energy is large, and the 
change is relatively gentle. As the particle mass flow 
rate increases, the energy contained in the particles 
gradually decreases, and the rate of decrease increases. 
This also shows that when the mass flow rate is small, 
the particles can be fully sieved, the collision between 
the particles is more violent, the energy contained is 
larger, and the time used for sieving is also relatively 
short. As the mass flow rate increases, more pulverized 
coal particles flow at the same time. Due to the limited 
sieving space, the pulverized coal that was originally 
thrown upward was pressed down, which greatly 
reduced the contact and collision between particles. 
As a result, the sieving time is prolonged, and the 
reason for the accelerated reduction of the energy 
contained in the particles is explained.

Therefore, without affecting the normal use of the 
vibrating screen, the mass flow rate of the particles 
should not exceed 0.4 kg/s.
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3.3  Effect of Particle Shape and Concentration Ratio on 
Screening Accuracy

The simulation settings are as follows: 25 % of 0.7 
mm particles, 25 % of 1.4 mm particles, 25 % of 2.8 
mm particles, 25 % of 3.5 mm particles. A total of 
three simulations were performed: 100 % spherical 
particles, 50 % spherical particles and 50 % non-
spherical particles, and 100 % non-spherical particles. 
Fig. 13 shows the variation of the screening accuracy 
of each screen layer under three working conditions.
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Fig. 13.  Effect of particle shape on screening accuracy

It can be seen from Fig. 13 that with the increase 
of the proportion of non-spherical particles, the 
overall screening accuracy of each screen layer 
shows a downward trend. When the proportion of 
non-spherical particles is 0, the screening accuracy of 
each layer is the highest, which is 95.6 %, 94.5 % and 
91.2 % respectively. When the proportion of the non-
spherical particles is 100 %, the screening accuracy 
of the first layer of the screen does not have much 
influence, and the screening accuracy of the second 
and third layers of the screen is reduced more. This 
is because the shape of the non-spherical particles is 
irregular, and it is easier to block them at the mesh 
of the screen, and the collision between the particles 
is intensified, so that the small particles are screened 
in advance, which greatly reduces the screening 
accuracy. The screening accuracy ratio of the first 
layer screen and the third layer screen is as shown in 
Fig. 14.

It can be seen from Fig. 14 that as the proportion 
of non-spherical particles increases, the ratio of the 
screening precision of the first layer screen to the 
third layer screen gradually increases. When the 
sieved particles are all non-spherical particles, the 
ratio of the first layer screen to the third layer screen 
is the largest, and the ratio is 1.281. At this time, small 
particles are screened in advance with large particles 
in the upper screen, resulting in a slight reduction 
in the screening accuracy of the upper screen, and a 

significant reduction in the screening accuracy of the 
lower screen.
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Fig. 14.  Relation between particle shape and screening accuracy 
ratio

Table 3.  Influence of particle shape and energy content

Proportion of non-spherical particles [%] 0 50 100
Total energy ×10–6 [J] 3.43 2.16 1.05

From an energy point of view, during the sieving 
process, the energy obtained by spherical particles 
is greater than that obtained by non-spherical 
particles. This is because spherical particles are more 
uniform, energy exchange is more likely to occur 
during collision, and it is easier to pass through the 
screen. The shape of non-spherical particles is more 
complicated, and they are easily affected by the current 
attitude during the collision process, and their edges 
and corners often prevent them from passing through 
the screen, causing most of the energy obtained to be 
dissipated.

In summary, the shape of the material particles 
has a certain influence on the simulation results when 
using the discrete element method for simulation 
analysis.

4  ANALYSIS OF VIBRATION SCREENING EXPERIMENT

An experimental platform for vibration screening was 
built. The screening accuracy of each screen layer was 
analysed experimentally with the excitation frequency 
of the motor and the mass flow rate of the particles. 
The results of the simulation and experiment verify 
each other, which can provide a basis for the structural 
optimization design of linear vibration screen and the 
application and development of the discrete element 
method.

4.1  Preparation in Advance

Firstly, an experimental platform is built to prepare 
the raw materials for the experiment, to simulate the 
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screening process. Millet, red bean, rice and soybean 
were selected as screening materials to simulate 
different shapes of material particles. Different raw 
materials were mixed evenly at the ratio of 1:1:1:1 
using an electronic scale, and each material used 
for screening was 0.3 kg. To reduce the impact of 
contingency factors on the experimental results, 30 
samples of the above 0.3 kg particles were prepared, 
and repeated experiments were carried out. Fig. 15 
shows all the experimental conditions prepared.

Fig. 15.  Linear vibrating screen test platform

4.2  Experimental Process

In this experiment, the excitation frequency of the 
motor and the mass flow rate of the particles are taken 
as the research objects. When setting the parameters 
of excitation frequency, the minimum excitation 
frequency is 12 Hz, i.e., the motor speed is 720 r/min, 
and the increase of 2 Hz, i.e. 120 r/min, is selected 
to control the variable experimental analysis. When 
setting mass flow rate parameters, a certain amount 
of material is prepared in advance and placed in the 
bin. All materials in the cartridge are poured into 
the hopper of sieve feeder within 1 to 3 seconds to 
simulate different mass flow rates.

In the course of the experiment, a certain number 
of particles is used as a test quantity, and about 10 
repeated experiments are carried out. The maximum 
and minimum values of the experimental results are 

removed, and the remaining results are averaged as 
the results, and then the data are analysed.

4.2.1 Experimental Study on the Effect of Exciting 
Frequency on Screening Accuracy

The influence of the excitation frequency of the motor 
on the screening accuracy of the vibration screen is 
analysed by using the control variable method. The 
experimental results are shown in Fig. 16.
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Fig. 16.  Experimental relationship between frequency  
and screening accuracy

It can be found from Fig. 16 that as the excitation 
frequency increases, the sieving accuracy of each 
layer of sieve screens first increases and then 
decreases. The screening accuracy of the upper screen 
is always greater than the screening accuracy of the 
lower screen. When the excitation frequency is 18 Hz 
to 20 Hz, the screening accuracy of each layer of sieve 
reaches the highest. When the excitation frequency 
is greater than 24 Hz, due to the violent contact and 
collision between particles, some particles fly away 
from the screen, and the screening accuracy of each 
layer of the screen is rapidly reduced. The particle size 
of the third layer of the screen is the smallest, and the 
screening accuracy is also the fastest. The relationship 
between the excitation frequency and the screening 
accuracy is shown in Fig. 17.

From Fig. 17, it can be found that with the 
increase of excitation frequency, the ratio of screening 
accuracy of the first layer screen to that of the third 
layer screen decreases first and then increases. When 
the excitation frequency is 20 Hz, the ratio is about 
1.06. When the excitation frequency is less than 24 Hz, 
the ratio of screening accuracy changes more gently. 
When the excitation frequency exceeds 24 Hz, the 
screening accuracy of the screen changes dramatically. 
This is due to the high frequency of excitation and 
the small size of pulverized coal particles, because 
of their small mass and inertia, are more vulnerable 
to impact and fly out of the screen area in the severe 
contact impact environment. Currently, the screening 
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accuracy of the first layer sieve decreases slowly 
while that of the third layer sieve decreases greatly, 
which makes the ratio of the first layer sieve to the 
third layer sieve increase rapidly. 
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Fig. 17.  Experimental diagram of the ratio of frequency to 
screening accuracy

4.2.2  Experimental Study on the Effect of Mass Flow Rate 
on Screening Accuracy

Studying the influence of pulverized coal mass flow 
rate on the screening accuracy of vibrating screen 
can in further understanding the screening capacity 
of this vibrating screen, and provide a basis for more 
effective and rational use of vibrating screen. The 
experimental results are shown in Fig. 18.
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Fig. 18.  Experimental diagram of the relationship between mass 
flow rate and screening accuracy

It can be found from Fig. 18 that with the increase 
of the pulverized coal mass flow rate, the sieving 
accuracy of the sieves of each layer is continuously 
decreasing. The screening accuracy of the upper 
screen is always greater than the screening accuracy 
of the lower screen. When the mass flow rate is less 
than 0.4 kg/s, the working state of the vibrating screen 
is relatively stable, and the screening accuracy is 
good. When the mass flow rate is 0.4 kg/s to 0.6 kg/s, 
the sieving accuracy of each layer of sieve begins 
to decrease significantly. When the mass flow rate 
is greater than 0.6 kg/s, the screening accuracy of 
the third screen layer is low, and a large amount of 
accumulation occurs at the feed end, so the analysis of 

the larger mass flow rate is no longer performed. The 
ratio of mass flow rate to sieving accuracy is shown 
in Fig. 19.
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Fig. 19.  Experimental diagram of the ratio between mass flow rate 
and screening accuracy

It can be found from Fig. 19 that, with the increase 
of the mass flow rate of pulverized coal, the ratio of 
the screening accuracy of the first screen to that of the 
third screen increases. When the mass flow rate is 0.1 
kg/s, the ratio of accuracy is about 1.07, and when the 
mass flow rate increases to 0.6 kg/s, the ratio reaches 
1.51. When the mass flow rate is less than 0.3 kg/s, 
the ratio of screening accuracy changes more gently, 
and when the mass flow rate is 0.4 kg/s, the screening 
accuracy of the screen will change dramatically. In 
conclusion, within the range of pulverized coal mass 
flow rate, the screening accuracy of the first and the 
second screens changes smoothly, while that of the 
third screens decreases dramatically, resulting in a 
sharp increase in the ratio of screening accuracy. 

5  COMPARATIVE ANALYSIS OF EXPERIMENTAL  
AND SIMULATION RESULTS

5.1  Simulation and Experimental Analysis of Excitation 
Frequency

Comparative experiments and simulation results 
show that when the excitation frequency is 18 Hz to 
20 Hz, the screening accuracy of each screen layer is 
the highest, which is slightly higher than the optimal 
frequency of 16 Hz to 18 Hz in the simulation. The 
highest screening accuracy is about 2 % to 4 % lower 
than the simulation result. The reason for this decrease 
in accuracy is mainly the difference in the adsorption 
of fine pulverized coal particles and the different 
shapes of the particles during the screening process. 
When the frequency is 18 Hz to 20 Hz, the ratio of 
sieving accuracy appears the lowest value, and the 
working condition at this time is the best.
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In summary, when the excitation frequency is 18 
Hz to 20 Hz, the screening accuracy of each layer of 
sieve reaches the highest.

5.2 Simulation and Experimental Analysis of Mass Flow 
Rate

Comparing the experimental and simulation results, 
it is found that the sieving accuracy of the screens 
of each layer is lower than the simulation results. 
Among them, the sieving accuracy of the first layer 
of sieve has the smallest decrease, about 7 %, and 
the sieving accuracy of the third layer of sieve has 
the largest decrease, about 31 %, which also explains 
why the ratio of sieving accuracy suddenly increases. 
In addition, the experimental results have a larger 
decline than the simulation results, which also shows 
that the actual screening process is more complicated 
than the simulation results. When the mass flow rate is 
0.4 kg/s, the sieving accuracy decreases, but it can still 
maintain a high state.

In summary, the best mass flow rate to ensure that 
the vibrating screen can work normally and have high 
screening accuracy is not more than 0.4 kg/s.

6  CONCLUSIONS

In this study, a portable linear vibrating screen with 
three layers of screen mesh was designed. DEM was 
used to analyse the moving characteristics of material 
particles on the vibrating screen. Then a vibration 
screening experimental platform was built to run the 
cross-check of the results. It was shown that:
(1)  With increased pulverized coal mass flow rate, the 

screening accuracy of each screen layer gradually 
decreased, and the ratio of the screening accuracy 
of the first screen layer to that of the third screen 
layer gradually increased. The energy contained 
in the particles gradually increases.

(2)  With increased excitation frequency, the 
screening accuracy of each screen layer first 
increased and then decreased, and the ratio of 
screening accuracy of the first screen layer to that 
of the third screen layer first decreased and then 
increased. The energy contained in the particles 
gradually decreases.

(3)  In the simulation process, properly adjusting 
the proportion of spherical and non-spherical 
particles can make the simulation results closer to 
the actual working process, and the conclusions 
obtained are closer to the actual results.

(4)  To achieve the best screening accuracy, the 
portable linear vibrating screen should be 

working with the optimum excitation frequency 
of 18 Hz to 20 Hz, and its maximum mass flow 
rate should be less than 0.4 kg/s.
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