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ABSTRACT

Advancements in drilling technology and the increasing demand for complex drilling fluids have
revealed the limitations of conventional solid control systems, driving the need for innovation. This
paper proposes a cylindrical vibrating screen with coupled rotation and vibration, which improves
solid-liquid screening efficiency and large particle agglomeration compared to traditional planar
screens. The efficiency of a vibrating screen depends on factors such as frequency, rotational speed,
amplitude, and inclination angle, making optimization of these parameters critical for enhancing
industrial production efficiency. Using the Discrete Element Method (DEM), this study simulates wet
and dry particle screening on a cylindrical vibrating screen. It evaluates particle screening efficiency,
collision frequency, and particle distribution across 30 different vibration parameter combinations.
The analysis identifies the optimal settings for frequency, amplitude, speed, and inclination angle
under various conditions. The optimal combination was found to be an amplitude of 4 mm, frequency
of 15 Hz, rotational speed of 10 rpm, and a screen inclination angle of 0°. Screening efficiency is
higher when particles exhibit an arithmetic distribution on the screen. This study provides valuable
insights for the efficient operation and optimal design of cylindrical vibrating screens.
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1. INTRODUCTION

With the increase in drilling depth and the development and implementation of new drilling
techniques, the use of high-density, high-viscosity fluid and drilling fluid has become inevitable,
rendering the existing conventional multi-stage solid-phase control systems increasingly inadequate.
Conventional oil drilling screens are planar vibrating screens, which have certain limitations in
processing the new drilling fluid. Additionally, drum screens used in the mining industry only exhibit
rotary motion, leading to easy clogging of screen holes and low screening efficiency. The recycling
of particles after vibration screening needs to be paid close attention to. There is an urgent need to
develop solidphase control equipment and systems with better processing efficiency. The authors
proposed a new drilling fluid solid control system, consisting of a multi-layer ultra-wide screen
surface translational elliptical drilling vibrating screen, an integrated solid-liquid separator, and a
large-capacity centrifuge as the core components, to replace the existing multi-stage solid-phase
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control systems (Li, Fang, and Zhang 2019). One of the integrated solid-liquid separators is the
cylindrical vibrating screen with coupled rotation and vibration studied in this article. The efficiency
of screening by a vibrating screen is heavily dependent on vital factors like rotational speed,
frequency, amplitude, and the inclination of the screen, which are closely tied to industrial production
efficiency. Therefore, careful design and optimization of these screening equipment parameters is
crucial (Y Li et al. 2021; Wang et al. 2020; Wu et al. 2024; Elskamp et al. 2015; Ning et al. 2019;
Yin et al. 2022; Makinde et al. 2015).

The intricate dynamics of particle motion in screening arise from their interactions and contact with
the screen (Asbjornsson et al. 2016). For cylindrical vibrating screens, it is challenging to explore the
detailed effect of these parameters related to the screening effect through experimental methods.
Currently, research on vibrating screens focuses primarily on the analysis of screening results (Jiang
et al. 2017). The screening process is not wellunderstood in existing research, and there is a particular
lack of thorough studies on cylindrical vibrating screens. Conventional experimental methods have
limitations in capturing and analyzing the screening process and are often accompanied by high costs
(Zhao et al. 2017; Shanmugam et al. 2023; M Li 2020).

Numerical simulation techniques based on the Discrete Element Method (DEM) are capable of
simulating virtual screening tests and thus predicting ideal screening operating parameters without
performing actual physical tests (Cleary 2004; Elskamp et al. 2016). It has been widely used in several
fields of science and technology such as mineral processing, chemical engineering, applied physics,
and agricultural engineering (Zhu et al. 2008; Zadravec et al. 2018; Zhong et al. 2016; Z Li et al.
2019; Wu et al. 2018; Chen et al. 2019; Tang et al. 2020).

Dong et al. (2013) investigated the effect of linear, circular, and elliptical vibration modes on the
screening process. Liu et al. (2013) studied the movement of particles on a single-deck banana screen
and concluded that the screening effect does not significantly improve when the banana screen length
exceeds 430 mm. Chen et al. (2021) investigated the drive frequencies of the two motors for a two-
motor-driven elliptical vibrating screen, revealing the significant effect of different drive frequencies
on the vibration direction angle of the self-synchronized system. Safranyik et al. (2019) studied the
motion of individual spherical particles in the non-inertial frame of reference of a vibrating screen
and used analytical methods to determine optimal vibration parameters for the vibrating screen. Yang
et al. (2022) used DEM simulation to optimize the screening efficiency of a linear vibrating screen
for recycled asphalt pavement.

In previous studies, The authors thoroughly examined the dynamic features and synchronous drive
concepts of large multi-deck vibrating screens, leading to the development of a dynamic model for a
two-motor flexible drive vibration system. The model not only optimizes the force conditions but also
enhances the excitation force of the vibrating screen, which lays an important foundation for the study
of the excitation source of the cylindrical vibrating screen with coupled rotation and vibration in this
paper (Y Lietal. 2020; Y Li et al. 2019). However, the new cylindrical vibrating screen with coupled
rotation and vibration proposed in this paper differs from conventional single-motion screening
equipment. The research delves deeply into how structural design and vibration parameters impact
screening performance, playing a pivotal role in the development and enhancement of equipment
efficiency.

This paper investigates the screening process of cylindrical vibrating screens using DEM, focusing
on how rotational speed, amplitude, frequency, and screen inclination angle impact screening
performance. It also examines particle agglomeration at the end of the screening process, which plays
arole in solid-phase recycling. The study analyzes screening efficiency and particle-screen collisions
across 30 sets of varying surface energy, considering the combined effects of vibration parameters on
screening efficiency. Several optimal parameter combinations for different conditions are identified.
Additionally, the impact of particle distribution on the screen’s efficiency is explored. The findings
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contribute to improving cylindrical vibrating screen design and offer valuable insights for enhancing
its operation and optimization.

2. NUMERICAL EXPERIMENTS
2.1. Contact Model

The nature of interactions differs between various substances. Establishing the contact model for both
particle-particle interactions and particle-screen interactions is important. The contact model details
the interactions between elements that come into connect with one another. To simulate normal
contact, the Hertz-Mindlin (no-slip) model was applied, known for its accuracy and efficiency in
force calculations. Figure 1. shows that the Hertz-Mindlin (no-slip) model was used to model the dry
particles. The Hertz-Mindlin (no-slip) model with JKR (Johnson-Kendall-Roberts) cohesion was
applied to model wet particles. In this paper, the presented model is employed to simulate the behavior
of wet particles within the context of solids control, leveraging the theoretical foundation established
by Mindlin and Deresiewicz. The model incorporates the effects of van der Waals forces within the
contact region, thereby enhancing the precision of the simulation by accounting for these fundamental
intermolecular interactions Xu et al. 2022.

Particle 1 Particle 2
g

Figure 1. Hertz—Mindlin (no-slip) contact model.

Due to the wet nature of the particles, cohesive forces can be observed between them even if they are
not physically touching. The maximum gap 9. between particles under non-zero forces is:
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Where E*, R*, 7, a, ac and J are the equivalent Young's modulus, the equivalent radius, the energy

of the particle's surface, the distance between particles, and the magnitude of normal overlap between
particles, respectively. When 6 <&, the model is subjected to zero force.

The maximum cohesive force occurs when the particles are not in contact, and the separation gap is
less than .. The maximum cohesive force is called the pull-out force. The magnitude of the
maximum cohesive force ¥ p; is known as the resistance to pull-out and can be expressed as
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The separation force between particles F p, is contingent upon the liquid's surface tension and the
wetting angle 6. We have

Fp, =27y, cos(0)R R, 4)
2.2. Force Analysis of Particles in a Cylindrical Vibrating Screen

A portion of the screen is selected as the object of study, and a coordinate system is established as
shown in Figure 2, which is fixed to the screen box, meaning the coordinate system does not rotate
with the screen. Applying Newton's laws of mechanics, the force analysis of the particles reveals that
they are subjected to gravity, screen support force, friction forces along the radial directions r , axial
directions z , and tangential directions 1, and inertia force. The following outlines the forces applied
to the particles in the three coordinate directions:

P, :PfT—GT—m(aT+AT)
P.=G.+F,-m(a,+Ar)-N (5)
i :Pfy_Gy_m(ay"’Ay)

Where N is the support force of the particles on the screen surface, in Newtons (N); m is the mass of
the particles, in kilograms (Kg); rT is the radius of the cylindrical screen, in meters (m); oy is the
rotational angular velocity of the cylindrical screen radius, in radians per second (rad/s); Fr is the
centrifugal inertia force of the particles, in Newtons (N); Pt, Pr, Py, are the tangential, radial, and
axial forces, in Newtons (N); P ft P fy, are the friction in the tangential direction and friction in the
axial direction, in Newtons (N); at, ar, ay are the acceleration components of vibration acceleration
in the tangential, radial, and axial directions, respectively, in meters per second squared (m/s?); Grt,
Gr, Gy are the components of gravity along the tangential, radial, and axial directions, in Newtons
(N); and Art, Ar, Ay indicates the acceleration of particles relative to the screen surface, encompassing
the tangential, radial, and axial directions, respectively, in meters per second squared (m/s?).

Figure 2. Force on particles on a cylindrical screen.
2.3. Definition of Screening Efficiency

Comparison of the number of particles before and after screening is critical in assessing the
effectiveness of screening. This paper introduces the concept of particle screening efficiency to more
clearly demonstrate the effects of different factors on the particle screening process.

Particle screening efficiency can be measured by calculating the ratio of the number of effective
particles separated by the vibrating screen to the total number of effective particles produced (Yin,
Zhang, and Han 2016; Zhao et al. 2017). The higher the efficiency of effective particle screening, the
greater the final particle screening efficiency. The final particle screening efficiency is

52



N;
=—=x100%
Pr N, x 0 (6)
where N; is the quantity of particles that pass through the screen and V7 is the aggregate number of

effective particles created.

3. MODEL AND PARAMETER SETTINGS

The complete model of the cylindrical vibrating screen has been constructed. However, as shown in
Figure 3, analysis using EDEM 2022 software is infeasible due to the model's complexity.
Additionally, only the side plates and sieve surface significantly impact particle movement. Thus, to
reduce complexity, less critical components were excluded from this study, resulting in the simplified
model displayed in Figure 4.

Motorl Shell Motor2

Screen

Spring Support

Spring Base

(a) (b)

Figure 3. (a) Complete model; (b) Prototype of the screen.

As shown in Figure 4, The mesh size of the cylindrical vibrating screen is 200 mesh, with a grid size
of 0.85 mm. The proportional reduction method was applied in the calculations to improve the
computational efficiency of the simulation. This method reduces model complexity by ignoring the
less critical parts of the vibrating screen. During the numerical simulation process, only the box and
the screen are considered. The dimensions of the screen are 200 mm in length and 13 mm in diameter.
The particles have a certain initial velocity when entering the screen from the particle source. During
screen movement, small particles are able to pass through the holes, while larger particles remain on
the screen surface. The particle generation rate was 8000 particles/s. The total duration of the
simulation was 2 seconds, during which 16,000 particles were produced.

Considering the complexity of the simulation process, this simulation simplifies the modeling of the
particles, which are all spherical. Table 1 presents the physical parameters associated with the
particles and the screen. Interactions are defined to describe the behavior of materials when they come
into contact with one another. Table 2 displays the interactions of all materials within the model. The
surface energies were set at 0.5 J/m?, 1 J/m?, 1.5 J/m?, and 2 J/m?, and the effects of different surface
energies on various combinations of parameters were compared. The impact of rotational speed,
vibration frequency, inclination angle on particle screening performance and amplitude is analyzed.
To study the effects of these four parameters, the simulation used the control variable method,
changing one parameter individually. Table 3 displays the selected simulation parameters. Since the
trend of screening efficiency is not obvious when the amplitude is between 2 mm and 5 mm at 0.5
J/m? surface energy, two more data sets of 6mm and 7 mm amplitude were measured relative to 0
J/m? surface energy.
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Figure 4. 3D model of cylindrical vibrating screen.

Table 1. Material parameters.

Material performance Poisson's Ratio Density Shear Modulus
particles 0.2 2600kg/m> 50MPa
screen 0.3 7800kg/m?3 70GPa

Table 2. Interactions of materials.
. Coefficient of Coefficient of static Coefficient of rolling

Material . .

recovery friction friction
Particl d

artie’es an 0.0003 0.44 0.01

particles
Particles and screen 0.03 0.5 0.002

Table 3. Simulation parameters.
Surface energy Amplitude
Frequency (Hz) Speed (rpm) Inclination angle (°)

(J/m?) (mm)

0 15, 20, 25, 30 2,3,4,5 10, 20, 30, 40, 50 0,1,2,3
0.5 15, 20, 25, 30 2,3,4,5,6,7 10, 20, 30, 40, 50 -

4. RESULTS AND DISCUSSION

4.1. Impact Analysis

The DEM results clearly indicate a significant impact on the screen surface, with excessive impact
forces potentially leading to screen breakage and disrupting the normal operation of the vibrating
screen. Due to the random positioning of particles, only a portion are in contact with the sieve surface
at any given time. Considering the instantaneous impact force at a single moment does not capture
the cumulative effect of all particles on the screen surface, nor the full stress distribution across it.
Therefore, this study examines the impact over a period, allowing observation of stress changes as

material spreads across the surface throughout the screening process.

Table 5 presents the analysis results, highlighting variations in impact force and stress during
screening. As particle quantity increases, impact forces also rise, leading to greater stress on the screen
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surface. Due to a lack of support in the center, this area experiences significantly higher stress, making
it susceptible to damage under strong alternating loads. Thus, positioning a support beam in the
middle of the screen is essential for reducing stress and enhancing the screen's structural reliability.

Table 4. Experimental results of DEM analysis.

Time(s)
Item
0-0.5 0.5-1 1-1.5 1.5-2
Impact force(x107°N) 14.92 15.02 16.23 17.69
Maximum stress(KPa) 221.051 469.71 500.84 544.62

4.2. Effect of Different Surface Energy on Particle Screening Efficiency

For the purpose of screening high-density drilling fluids, this article presents a cylindrical vibrating
screen as a proposed solution. The paper investigates the vibration parameters related to vibrating
screens. To reduce complexity in the research process, the viscosity between particles was represented
by surface energy (Biresaw and Carriere 2001). A material's capacity to retain moisture on its surface
is described by surface energy, which also affects adhesion (Steffen et al. 2018). The simulation of
the movement of wet particles on the screen is controlled by setting the surface energy. The adhesive
nature of wet particles causes smaller particles to attach to larger ones or form aggregates through
surface adhesion (Johnsin, Kendall, and Roberts 1971). Surface energies were obtained considering
the physical properties of the drilling fluid, modeled particle shapes, and the GEMM (Liao et al. 2021;
Zhai, Xiong, and Tang 2019). As shown in Figure 5(a), increased surface energy results in a lower
average frequency of particle impacts with the screen. As shown in Figure 6, during the vibration
process, due to the existence of surface energy, the particles have a certain degree of moisture on their
surfaces, causing the wet particles to adsorb other nearby wet particles, leading to the particles
sticking together.
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Figure 5. (a) Collision tally at different surface energies; (b) Screening efficiency at different
surface energies.

The average collision tally between the particles and compared to a surface energy of 0 J/m?, a surface
energy of 0.5 J/m? led to a 47.1% decrease in the screening surface. The average collision tally at a
surface energy of 2 J/m? was 23.47% of that at 0 J/m?. As shown in Figure 5(b), the screening
efficiency of the particles at a surface energy of 0.5 j/m? was 5.52% of that at 0 j/m>. At a surface
energy of 2 J/m?, the screening efficiency fell to 1.7% of the efficiency observed at 0 J/m?. An increase
in the water content of particles leads to a higher viscosity in the mixed phase fluid. The increased
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interaction of wet particles strengthens the adhesion between them and the screen holes. When
moving on the screen surface, wet particles exhibit a smaller rebound phenomenon than those with
lower water content. Additionally, the attachment of small particles to larger ones results in reduced
particle penetration. Lastly, we will evaluate the differences in particle screening efficiency generated
by different vibration parameter combinations for surface energies of 0 J/m? and 0.5 J/m>.

Diameter (mm) Diameter (mm) Diameter (mm)
1.02 1.02 1.02

034 . LN 7Y 034 . 034 .
(a) 0j/m? surface energy (b) 0.5j/m? surface energy (¢) 1j/m? surface energy
Diameter (mm) Diameter (mm)
1.02 1.02

0.88 0.88
0.75
0.61

048

0.34 .3
(d) 1.5j/m? surface energy [)4 (e) 2j/m? surface energy

Figure 6. Particle sticking at 1.4 s for different surface energies.

Therefore, in the vibrating screening process, dehumidifying the screening object is an essential part
of improving particle screening efficiency. During screening, the rotary movement of the cylindrical
vibrating screen helps to dehumidify the particles. When particles become lodged in the screen, it is
difficult to unlock the screen if it only has rotary motion. The rotational variation of the equalized
elliptical motion force within one plane makes it easier to unlock stuck particles.

4.3. Effect of Screen Structure and Vibration Parameters on Particle Screening
Efficiency

(1) Effects of parameters on screening efficiency at the surface energy is 0 J/m?.

As shown in Figure 7(a), The screening efficiency is highest among all parameter combinations when
the rotational speed is 10 rpm, the screen surface angle is 0°, amplitude is 4 mm, and frequency is 15
Hz. At a screen inclination of 0°, it takes 1.15 seconds for the particles to reach the outlet. At a screen
inclination of 1°, the time for particles to reach the outlet is 3% higher than at an inclination of 0°; At
a screen inclination of 2°, particles reach the exit 6% slower than at an inclination of 0°; At a screen
inclination of 3°, the time for particles to reach the outlet is 10% higher than at an inclination of 0°.
When the screen has a certain angle of inclination, the particles will appear to climb with the upward
vibration, resulting in a longer time for the particles to move to the exit. Some of the particles were
unsuccessful in climbing the slope and found bouncing, which resulted in a decrease in the average
velocity of the particles in the y-axis direction, as shown in Figure 7(b). Thus as the angle of
inclination increases, the time for the particles to reach the outlet grows. As the angle of inclination
increases, the screening efficiency decreases.

As shown in Figure 7(c), when the amplitude is 4 mm, the screening efficiency is 36.43%, which is
9.1% higher than when the amplitude is 2 mm; 8.5% higher than at an amplitude of 3 mm; 4.5%
higher than the amplitude of 5Smm. Therefore, it can be obtained that as the amplitude increases, the
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screening efficiency of the screen will first rise to a peak and then decline. As shown in Figure 7(d),
the average speed of particles in the y-axis direction increases steadily with greater amplitude. When
the average speed reaches a certain value, the screening efficiency of the particles will rise, while
when the average speed exceeds that value, due to the speed of the particles being too fast, the
collision tally with the screen will be reduced accordingly.

As shown in Figure 8(a), when the rotational speed is 10 rpm, the screen has the maximum screening
efficiency of 36.43%, while the screening efficiency of other rotational speeds is not much different
compared to the screening efficiency at 10 rpm. Therefore, in equilibrium elliptical motion, the
screen's rotational speed has little impact on particle screening efficiency, although there is a trend
toward decreased efficiency with increasing rotational speed. As shown in Figure 8(b), As the
rotational speed increases, there is a corresponding increase in the collision tally between particles
and the screening surface. This is due to the fact that during the motion of particles on the screen, due
to the presence of rotational motion in the screen, the particles are hit back before they can pass
through the holes of the screen, resulting in an increase in the collision tally between the particles and
the screen.

As shown in Figure 8(c), the screen has the maximum screening efficiency of 35.6% when the
frequency is 15 Hz. The screening efficiency at 20 Hz decreased by 17.9% compared to the screening
efficiency at 15 Hz; The screening efficiency at 25 Hz decreased by 23% compared to the screening
efficiency at 15 Hz; The screening efficiency at 30 Hz decreased by 40.9% compared to the screening
efficiency at 15 Hz. Thus, as the frequency increases, the screening efficiency of the particles
decreases gradually. This is because the increased frequency accelerates particle movement along the
screen's length, thereby lowering the collision tally, as shown in Figure 8(d).
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Figure 7. (a) Screening efficiency at different inclination angles; (b) Average velocity of particles
in Y-axis direction at different inclination angles; (c) Screening efficiency at different amplitudes;
(d) Average velocity of particles in Y-axis direction at different amplitudes.
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Figure 8. (a) Screening efficiency at different rotational speeds; (b)Collision tally at different
rotational speeds; (c)Screening efficiency at different frequencies; (d)Collision tally at different
frequencies.

(1) Effects of parameters on screening efficiency at the surface energy is 0.5 J/m?.

As shown above, with higher surface energy, the average collision tally between particles and the
screening surface is reduced. Particles in the vibration process, due to the existence of surface energy,
have a certain amount of moisture on their surfaces, causing the wet particles to adsorb other nearby
wet particles, leading to particles sticking together, which results in a decrease in particle transmission
rate and a sharp decline in particle screening efficiency.

As shown in Figure 9(a), the screening efficiency is 3.84% when the amplitude is set to 6 mm, which
is 75 times higher than when the amplitude is 2 mm; 1.8 times higher than at an amplitude of 3 mm;
11% higher than amplitude 5 mm; 27% higher than the amplitude of 7 mm. Therefore, it can be
concluded that the screening efficiency increases gradually with the increase of amplitude, and when
the average velocity of the particles exceeds a certain value, particle screening efficiency decreases
markedly. The large amplitude leads to the particles being thrown to a greater height, causing them
to be tossed again before they can settle into the screen. This phenomenon is similar to the trend of
screen screening efficiency with amplitude at 0 j/m2 surface energy. As shown in Figure 9(b), with
more amplitude, particles move faster along the y-axis. The collision count between particles and the
screen shows a similar trend to that at 0 j/m2 surface energy, starting with an increase and then a
decrease.

As shown in Figure 10(a), when the rotational speed is 20 rpm, the screen has the maximum screening
efficiency of 2.5%, while the screening efficiency at other rotational speeds is not much different
compared to the screening efficiency at 10 rpm. Therefore, in equilibrium elliptical motion, the
rotational speed of the screen has little effect on the screening efficiency of particles with a surface
energy of 0.5 j/m2, but there is a tendency for the screening efficiency of particles to decrease when
the rotational speed is too high. As shown in Figure 10(b), with the increase of rotational speed, the
number of particle-screen collisions has a different trend compared to that at 0 j/m2 surface energy.
There is a gradual decrease in the number of particle-screen collisions at 0.5 j/m2 surface energy.
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As shown in Figure 10(c), the screening efficiency of the screen is maximum at 2.86% when the
frequency is 20 Hz. The screening efficiency at 15 Hz was reduced by 30% compared to that at 20
Hz; The screening efficiency at 25 Hz decreased by 4% compared to that at 20 Hz; The screening
efficiency at 30 Hz decreased by 6.5% compared to that at 20 Hz. Therefore, as the frequency
increases, the screen screening efficiency of 0.5 j/m2 surface energy particles increases first and then
decreases. Since the particles have surface energy, small particles attach to larger particles. Small
frequencies cannot separate the small particles from the large particles, reducing the efficiency of
particle screening. With higher frequencies, particles travel more swiftly across the screen, reducing
their collision frequency with the screen, as shown in Figure 10(d).
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Figure 9. (a) Screening efficiency at different amplitudes; (b) Average velocity of particles in the
Y-axis direction at different amplitudes.
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Figure 10. (a) Screening efficiency at different rotational speeds; (b) Collision tally at different
speeds; (c) screening efficiency at different frequencies; (d) Collision tally at different frequencies.
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4.4. Spatial Distribution of Particles Across the Screen Surface

Particles on the screen exhibit different patterns of motion and distribution under varying parameter
combinations. The arrangement of particles on the surface of the screen shows the impact of each
parameter on their movement. Analyzing distribution of particles provides valuable guidance for
parameter optimization. The screen is divided into eight sections to analyze the distribution of
particles. In this study, four representative sets of parameters were selected: (a) 15 Hz, 4 mm, 10 rpm,
0°; (b) 15 Hz, 2 mm, 10 rpm, 0°; (c) 30 Hz, 4 mm, 30 rpm, 0°; and (d) 15 Hz, 4 mm, 10 rpm, 3°.

Under parameter (a), the particles move uniformly across the screen toward the exit end and
eventually exhibit an arithmetic distribution across the screen, as shown in Figure 11. At 0.87 seconds,
the particles arrive at the exit end and after 1.53 seconds, they demonstrate a uniform, stepwise
distribution. The particle number in the inlet area (first and second sections) ranged from 1124448 to
1093+46. The number decreased to 984+37 in the third section and 80+20 in each subsequent section.
For parameter (b), the amplitude, frequency, and speed are minimized. Due to insufficient energy,
the particles do not advance or rise properly, resulting in limited interaction with the screen. The
number of particles in each section exceeds 1600. The number of particles reaching the exit is small,
and there is a time lag. The particles have the slowest average velocity in the y-axis direction, causing
most particles to accumulate at the front of the screen.

Under parameter (c), the distribution of particles is haphazard across all sections. The distribution of
particles in each section follows a fluctuating trend of rising and falling.

Consequently, small particles have difficulty passing through and exiting the outlet, which diminishes
separation efficiency and throughput. In parameter (d), the amplitude, frequency, and rotational speed
are the same as in parameter (a), but the screen is tilted by 3°. The distribution of particles is similar,
but the inclined screen makes particle movement from the inlet to the outlet more difficult, resulting
in each section of parameter (d) containing 100+£30 more particles than parameter (a). Overall,
efficiency improves when particles are arranged in a regular pattern on the screen. Adjustments to
both the vibrating screen’s structure and its parameters are essential for improving particle
distribution and boosting screening efficiency. Efficient classification is achieved when particles are
uniformly spread across the screen surface following smooth vibration. In cases where particles are
excessively clustered at the screen's front or are moving too fast, screening efficiency will decrease,
and optimal screening results will not be achieved.

Particle numbe:
Particle number

1 2
345 z
Vibrating screen part

(©)

Figure 11. Distribution of particles on the screen with different parameters
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5. CONCLUSION

The study simulated the behavior of wet and dry particles on A cylindrical vibrating screen that
utilizes DEM for its analysis and optimization. This study examined the influence of rotational speed,
amplitude, screen angle, and frequency on both screening efficiency and distribution of particles. The
study evaluated the strengths and weaknesses of screening performance under different parameter
settings. The summary drawn from this research are as follows:

(1) At a surface energy of 0 J/m?, an augmentation in amplitude initially elevates the screening
efficiency, which is subsequently followed by a decline. As rotational speed increases, the screening
efficiency of the screen decreases, with a decrease trend of approximately 10% + 3%. For each 5 Hz
increase in frequency, the screening efficiency decreases by 17% + 9%. The time for particles to
move from the inlet to the outlet increases with the angle of inclination. The most effective parameter
combination includes an amplitude of 4 mm, a frequency of 15 Hz, a speed of 10 rpm, and a tilt angle
of 0°. At this point, the screening efficiency is more than 10% higher than with other combinations.

(2) The screening efficiency of particles is significantly reduced at a surface energy of 0.5 J/m?
compared to in conditions where the surface energy is 0 J/m>.The lower efficiency is attributed to the
viscous forces acting on wet particles, which cause smaller particles to stick to larger ones or cluster
on their surfaces, resulting in poorer screening outcomes compared to dry particles. In this study, the
screening efficiency of particles with varying amplitude was similar to that of dry particles, showing
a tendency to first increase and then decrease with increasing amplitude. As rotational speed increased,
the screening efficiency also tended to decrease. The increase in frequency caused the screening
efficiency to show a trend of first increasing and then decreasing.

(3) Particles distributed arithmetically on the screen result in higher efficiency. Screening
performance is reduced under the following conditions: the inlet end of the screen has a high
concentration of particles, the particles quickly advance to the outlet end, and the distribution of
particles on the screen is irregular.

Future research should explore combining CFD-DEM simulations for a more accurate representation
of wet particle dynamics on the screen. Given that spherical particles are an idealization, it is essential
to consider a wider range of particle shapes and physical properties.
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