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Abstract

The tapered cylindrical vibrating screen offers distinct advantages across industries
such as mining, chemical processing, and construction materials, owing to its unique
geometric design and dynamic screening mechanism. This study elucidates the impact
of key parameters like amplitude, rotational speed, and frequency on screening
efficiency and particle movement by using numerical simulations with the Discrete
Element Method. The results demonstrate that amplitude significantly impacts
screening efficiency, with an optimal range that maximizes performance. Increasing
rotational speed enhances particle dispersion and screening efficiency; however,
excessive speeds reduce particle retention time on the screen, decreasing thoroughness.
Furthermore, changes in frequency affect particle velocity and jumping intensity, with
proper frequency settings improving efficiency and reducing screen clogging. This
analysis offers valuable theoretical insights and technical guidance for the practical
application and design of cylindrical vibrating screens with taper by investigating their
screening mechanisms and operational parameters.
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1. Introduction

In modern industrial production and material handling, vibrating screening technology plays a pivotal role,
with its performance directly influencing production efficiency and product quality. As a key method for
material classification, sorting, and purification, vibrating screening relies on mechanical vibrations that
induce materials to jump, tumble, and slide across the screen surface, facilitating particle separation by size
[1-3]. With advancements in science and technology, various vibrating screening devices have been
developed. The authors proposed a tapered cylindrical vibrating screen which couples rotation and vibration
motion, incorporates a conical design into the traditional cylindrical screen, allowing particles to move
upward during screening [4-5]. This innovation enhances material separation, reduces clogging, and
improves screening efficiency, making it highly promising for practical applications. Thus, the performance
optimization of the tapered cylindrical vibrating screen is of great practical significance. Optimizing the
performance of such a vibrating screen demands a comprehensive consideration of various factors. By means
of numerical simulation, a profound examination of the impact of assorted parameters on screening
performance can be conducted. Thereby, providing a theoretical basis and technical support for the design
optimization and engineering application of vibrating screens [6-8].
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DEM technology permits the simulation of particle motion trajectories along with force interactions on the
screen surface, thereby facilitating the prediction of screening efficiency within the context of different
parameter combinations [9-12]. In recent years, scholars have carried out extensive and profound research
regarding vibrating screening technology and have attained a series of significant outcomes. Jahan et al. [13]
employed the DEM solver of lights to conduct further simulations of the double-deck banana screen on both
industrial and laboratory scales. They probed into the influence of design and operating parameters on
screening performance. Zhao et al. [14] carried out analogous DEM simulations concerning circular vibrating
screens. They dissected the independent impact of diverse vibration parameters on screening efficiency.
Jafariand Nezhad [15] utilized DEM to simulate linear vibrating screens and disclosed the influence of distinct
parameters on screening efficiency and screen hole wear. Currently, research on the performance
optimization of tapered cylindrical vibrating screens under rotating and vibrating coupling conditions is
relatively scarce, especially studies on the influence of multiple variables (such as amplitude, rotational speed,
and frequency) on the screening process, which are still in the exploratory stage.

Currently, the research on the performance optimization of the tapered cylindrical vibrating screen under the
coupled rotational and vibrational conditions is rather scarce. Specifically, the exploration of the impacts of
multiple variables, including amplitude, rotational speed, and frequency, on the screening process is
insufficient. Accordingly, this research is committed to conducting a systematic analysis of the dynamic
behavior exhibited by the tapered cylindrical vibrating screen within the context of coupled rotational and
vibrational states, employing the Discrete Element Method as the analytical tool. Through an in-depth
investigation of the influence of crucial parameters on screening efficiency and material movement
trajectories, this research offers scientific insights and technical support for enhancing the performance of
vibrating screens.

2. Theoretical Model and Parameter Settings

2.1. Simulation Model

When conducting a simulation study on the dynamic behavior of a vibrating screen, the selection of the
contact model is of crucial importance. In the research, the Hertz-Mindlin model (No-Slip) is adopted. This
model occupies an extremely central position in the exploration of granular material mechanics, with its core
concentrating on the contact mechanical phenomena among particles.

In the context of the normal contact force, in accordance with the Hertz theory, it provides a fundamental
understanding of the contact mechanics between elastic bodies[16].

The Hertz theory is a well established approach for analyzing the contact between two curved surfaces. It
assumes that the contacting bodies are elastic and that the contact area is small compared to the size of the
bodies[17].

Mathematically, the normal contact force F, between two spherical bodies of radii R; and R;, with a
modulus of elasticity E and Poisson's ratio v, and a compressive displacement ¢ is given by the Hertzian
contact formula[18,19]:

Fp = ZE*VR"8%/? (1)
1 _1-vf | 1-v]
E*  E + E, (2)
11 1
R R (3)

In which E* denotes the equivalent elastic modulus, while R*stands for the equivalent radius. Here, ¢ signifies
the normal compression, that is, the normal displacement.

The tangential contact force formula, under no-slip conditions, follows Coulomb's friction law and Mindlin's
theory. The tangential force F; can be expressed as:



International Journal of Science Volume 12 Issue 2, 2025
ISSN: 1813-4890

Ft = _ktAS (4‘)
k; =8G*VR *x4 (5)

1z 2y

" G Gy (6)

This formula distinctly manifests the interrelation between the normal contact force and the elastic traits
(elastic modulus and Poisson's ratio) of the granular substance, along with the contact deformation. It implies
that the normal contact force escalates in tandem with the augmentation of the contact deformation
magnitude and is intricately associated with the elastic attributes of the particles. With respect to the
tangential contact force, Mindlin expanded upon it grounded on the Hertz theory. When two particles are in
contact and exposed to a tangential force, the magnitude of the tangential force is contingent upon multiple
elements, including the normal contact force, the inter-particle frictional coefficient, and the relative
displacement of the particles. Denote the tangential contact force as Frand the coefficient of friction as y. In
the scenario where no relative slippage transpires, the tangential contact force and the tangential
displacement present a particular elastic correlation, analogous to the connection between the elastic force
and displacement of a spring. Once the tangential force exceeds the limiting friction force (the limiting friction
force is equal to the product of the friction coefficient and the normal contact force, that is F; < uFy), relative
sliding will occur between the particles[20].

By using the Hertz-Mindlin (No-Slip) model, the force situation and motion trajectory of particles during the
working process of a tapered cylindrical vibrating can be simulated more accurately, thereby enabling an in-
depth analysis of its screening efficiency and material distribution [21]. The design characteristics of the
tapered cylindrical vibrating make this model particularly suitable for analyzing the contact behavior in such
vibrating screens, as this model can handle well the complex mechanical environment under the coupling
condition of rotation and vibration of the vibrating screen [22, 23].

2.2. Definition of Screening Efficiency

Screening efficiency is a key metric in the screening operation. It shows what fraction of the total input
particles can make it through the screen of a vibrating screen. Essentially, you figure it out by taking the
number of particles that do pass through the screen, dividing that by the total number of particles you
started with, and then multiplying by 100% to get a percentage. To work it out, you first need to know the
total amount of particles going into the vibrating screen. Then, after the screen has been running for a bit,
you count the number of particles that came out on the other side. Plug those numbers into the formula
and you've got the screening efficiency. A high value means the screen is doing a good job of separating
the particles according to size, while a low value might mean the holes in the screen are the wrong size or
that you need to tweak other settings like vibration intensity or running time. Keeping an eye on this
efficiency in real-world applications lets you pick the best screen and adjust how it's run to make better

quality products faster.

P, =2 % 100% 7)
Nt
In this context, N, represents the quantity of particles that traverse the screen, while Nt denotes the overall

count of valid particles that have been generated.

2.3. Parameter Settings

The prototype of the tapered cylindrical vibrating screen has a length of 2m, a cylinder diameter of 260mm,
a cone angle of 1° and a mesh size of 150 mesh as shown in Figure 1. However, due to the limitations of
computer performance, it is not feasible to process excessively large data. Therefore, the authors have
simplified the entire system to a conical screen mesh plus particles and reduced the size of the vibrating
screen toa cone with a cone angle of 1°, small hole diameter of 1mm, length of 200mm, and cylinder diameter
of 26mm, as shown in

Figure 2.
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Fig 1 Tapered cylindrical vibrating screen prototype

Considering the existing computer performance, in order to improve the calculation rate, all simulated
particles adopt single spherical particles with diameters of 1.2mm, 1mm, 0.8mm, 0.6mm, and 0.4mm,
distributed in a fixed ratio of 20% each. The material properties of particles and the screen mesh are shown
in Table 1. The mechanical properties between particles and particles, as well as particles and materials, are

shown in Table 2.

200

Fig 2 Model parameters

Table 1 Material Properties

Material Property Poisson's Ratio Density Shear Modulus
Particle 0.2 2600kg/m3 50MPa
Screen Mesh 0.3 7800kg/m3 70GPa

Table 2 Interaction Forces Between Materials

Rolling Friction

Material Coefficient of Restitution | Static Friction Coefficient Coefficient
Particle-Particle 0.0003 0.44 0.01
Particle-Screen 0.03 05 0.002

Mesh

This simulation aims to explore the influence of rotational speed, amplitude, and frequency on particle
screening effectiveness. Therefore, these three variables are treated as single controlled variables. Four sets
of simulations are conducted for each variable, as shown in Table 3.

Table 3 Simulation Parameters

Frequency (Hz)

Amplitude (mm) Rotational Speed (rpm)

15, 20, 25, 30

2,3,4,5 0,10, 20,30

3. Simulation Results and Analysis

(1) Impact of Amplitude on Vibrating Screen Performance

Figures 3and 4 show the screening efficiency and the average particle velocity along the axial direction of the
screen under constant rotational speed of 30 rpm and a frequency of 20 Hz, with varying amplitudes (2mm,
3mm, 4mm, and 5Smm). As the amplitude increases, the vibration of the screen surface becomes more intense,
resulting in greater vibrational forces acting on the particles, which accelerates their movement across the
screen. A larger amplitude increases particle displacement on the screen surface and raises the collision
frequency between particles and screen apertures, promoting both particle separation and forward

movement.

As shown in Figure 4, it can be seen that the amplitude directly affects screening efficiency. Smaller
amplitudes result in weaker particle throwing intensity, causing particle clusters to remain more compact,
reducing the chances of particles making contact with the screen surface, and thereby lowering the

screening efficiency.
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When the amplitude is 2mm, the screening efficiency reaches its highest value of 22.49%. However, due to
the tapered shape of the screen, particles tend to climb upward with the vibration, increasing the time it takes
for them to reach the outlet. As shown in Figure 5(a), the small amplitude results in a low axial velocity for
the particles, preventing them from successfully climbing the slope, causing many particles to rebound and
accumulate in the middle of the screen, with a small portion flowing back out of the inlet.
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Fig 3 Sieve rates of different amplitudes
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Fig 4 The average velocity of the particles along the axial direction of the sieve barrel

As the amplitude increases, the throwing intensity and velocity of the particles increase, allowing particles to
spread out more easily. This leads to an enhanced interaction between the fine particles and the screen
surface, consequently promoting the screening efficiency. However, in the case where the amplitude reaches
an excessive level, a reduction in the screening efficiency is observed. At an amplitude of 5mm, particles
experience intense jumping on the screen surface, with their jump height exceeding the vibration cycle of the
screen, which reduces the contact time between the particles and the screen, significantly lowering the
screening efficiency. Therefore, there is an optimal amplitude range that maximizes screening efficiency.
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Fig 5 Screening for different amplitude
(2) Impact of Rotational Speed on Vibrating Screen Performance

Figures 6 and 7 show the screening efficiency and the average particle velocity along the axial direction of
the screen under constant amplitude of 3mm and frequency of 20 Hz, with varying rotational speeds (0 rpm,
10 rpm, 30 rpm, and 50 rpm). The rotational speed of the cylindrical vibrating screen does not significantly

affect the particle velocity, with increased rotational speeds slightly reducing the average particle velocity
along the axial direction of the screen.
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When the screen's rotational speed is 0, meaning only elliptical vibration occurs, the particles move the fastest
along the axial direction, reaching up to 0.155 m/s, and some particles reach the outlet within 0.66 seconds.

However, this does not allow for sufficient particle screening, resulting in a screening efficiency of only
19.53%.
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Fig 6 Sieving rate at different speeds
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Fig 7 The average velocity of the particles along the axial direction of the sieve barrel
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Fig 8 Screening for different speeds

As the rotational speed increases, the centrifugal force acting on the particles also increases, accelerating their
tangential velocity along the cylindrical screen and increasing the material flow during the screening process.
As shown in Figure 8, the higher rotational speed alters the particle motion trajectory, making it more
complex and vigorous. This helps to break particle adhesion and agglomeration, improving screening
efficiency. The highest screening efficiency, 25.49%, occurs at a rotational speed of 10 rpm. However, further
increasing the rotational speed reduces the residence time of particles on the screen surface, compromising
the adequacy of the screening process and lowering the screening efficiency.

(3) Impact of Frequency on Vibrating Screen Performance

Figures 9 and 10 illustrate the situations of the screening efficiency and the average axial velocity of particles
along the screening cylinder, respectively, under constant rotational speed of 30 rpm and amplitude of 3 mm,
but with varying frequencies of 15 Hz, 20 Hz, 25 Hz, and 30 Hz. When the frequency is set to 15 Hz, the
through-screen rate reaches 23.04%, however, the average axial velocity of particles along the screening
cylinder nearly drops to zero. The vibration of the screening surface becomes sluggish, leading to a reduction
in the movement speed and jumping intensity of particles on the screen. Consequently, the dispersion and

6
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collision among particles decrease, minimizing the opportunities for particles to come into contact with the
screening mesh, which in turn lowers the screening efficiency. Moreover, low-frequency vibration is more
prone to causing mesh clogging, further diminishing the screening efficiency, as depicted in Figure 12.
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Figure 9 Sieve rates at different frequencies
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Figure 10 The average velocity of the particles along the axial direction of the sieve barrel
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Figure 11 Screening scenarios at different frequencies
As the frequency continues to increase, the average axial velocity of particles along the screening cylinder
significantly rises, while the through-screen rate experiences a slight decline. This may be attributed to the
excessively high vibration frequency, which results in a shortened residence time of particles on the screening
surface. Consequently, some particles may be discharged from the screen without undergoing sufficient
screening, thereby affecting the precision and effectiveness of the screening process.

4. Conclusions and Discussions

This study conducted a systematic simulation analysis of the tapered cylindrical vibrating screen under
coupled rotational and vibrational conditions using the Discrete Element Method (DEM) in EDEM software.
Twelve simulation groups were designed to investigate the effects of three variables—amplitude, rotational
speed, and frequency—on the performance of the tapered cylindrical vibrating screen. Each variable was
tested at different levels across four simulations to ensure the reliability and accuracy of the results. Main
conclusions can be drawn from the work.

(1) The analysis of varying amplitudes reveals thatamplitude significantly influences screening efficiency and
particle motion. Smaller amplitudes (e.g., 2mm) can ensure a high screening efficiency but may lead to particle
accumulation on the screen, reducing overall effectiveness. As the amplitude increases, the throwing
intensity of the particles improves, enhancing screening efficiency; however, excessively large amplitudes

7
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(e.g., 5mm) can reduce the contact time between particles and the screen, ultimately decreasing efficiency.
Thus, there exists an optimal amplitude range that maximizes screening efficiency.

(2) The study of varying rotational speeds indicated a direct impact of the rotational speed on particle velocity
and trajectory. At a rotational speed of zero, particles primarily move along the axial direction of the screen,
resulting in low screening efficiency. With an increase in the rotational speed, the centrifugal force acting on
the particles accelerates their tangential velocity along the cylindrical screen, promoting particle dispersion
and screening. However, excessively high rotational speeds can shorten the residence time of particles on
the screen, compromising screening adequacy, with the highest screening efficiency observed at 10 rpm.

(3) The analysis of varying frequencies showed a significant effect on particle movement speed and jumping
intensity on the screen surface. While low-frequency vibrations (e.g., 15 Hz) can improve screening efficiency,
they also slow down particle movement, leading to potential screen clogging. As frequency increases, particle
velocity enhances, but excessively high frequencies (e.g., 30 Hz) can lead to insufficient residence time on the
screen, negatively impacting screening accuracy and effectiveness.

The optimal parameter combination for the tapered cylindrical vibrating screen in this study involves an
amplitude of 2-3 mm, a rotational speed of around 10 rpm, and a frequency of 15-20 Hz, which collectively
maximize screening efficiency while balancing particle movement and retention time. This research
contributes significant insights into industrial applications in mining, chemical processing, and construction
materials by enhancing the separation performance, reducing clogging, and improving the throughput of
vibrating screens through parameter optimization.
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