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Abstract. Aiming at the structural reliability and operation stability of the vibrating screen, this
study takes the 2460 double-layer circular vibrating screen as the research object, applies Creo to
build a three-dimensional model of the vibrating screen, and uses ANSYS Workbench to analyze
the dynamic characteristics of the vibrating screen. Through modal analysis, the natural
frequencies and vibration modes of the vibrating screen are obtained. Through harmonic response
analysis, the displacement and stress distribution of the vibrating screen at its working frequency
are achieved. The analysis results show that the vibrating operates stably without transverse swing,
the stress distribution of the screen body is uniform, can bear large dynamic loads, and has good
structural strength and stiffness. This research provides a reference for the design of the domestic
circular vibrating screen.

Keywords: circular vibrating screen, dynamic characteristics, finite element model, modal
analysis, harmonic response analysis.

1. Introduction

Vibrating screen is the key equipment in coal preparation industry, and it uses the vibration of
the porous screen surface to complete the particle separation, so as to achieve the purpose of raw
coal classification, dehydration, disintermediation, desliming, etc. [1, 2]. The use of vibrating
screen to screen coal can effectively improve the clean utilization rate of coal and achieve energy
conservation, emission reduction and sustainable development [3, 4].

However, during the operation of the vibrating screen, the vibration exciters will produce
strong alternating load on the screen body, which will lead to side plates deformation, beam
fracture and other failures of the screen body, affecting the structural reliability and reducing the
working life of the vibrating screen [5, 6].

In this study, the 2460 double-layer circular vibrating screen is taken as the research object.
The three-dimensional model of the vibrating screen is established in Creo, and the modal analysis
and harmonic response analysis are carried out in ANSYS Workbench to study the structural
strength and stiffness of the vibrating screen.

2. Three-dimensional modeling

The 2460 double-layer circular vibrating screen is mainly composed of side plate, discharge
end, baffle, screen mesh, spring, vibration exciters and other parts. The three-dimensional model
of this vibrating screen is established in the 3D software Creo, as shown in Fig. 1. The motor
drives the vibration exciters to rotate together through the belt, so as to generate the exciting force,
which drives the whole screen body to perform periodic reciprocating vibration, and its motion
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trajectory is approximately circular.

The main shaft of the vibration exciter is designed as an eccentric shaft, so that the exciting
force is evenly distributed on the whole shaft to avoid concentrated load. The bearing capacity of
the main shaft is more reasonable, which can improve the service life and structural reliability of
the main shaft, as shown in Fig. 2. The elastic connection between the motor and the exciter is
achieved by a belt, and no additional elastic coupling is required, making the structure simpler and
more reliable. The screen surface adopts the modular design, which is fixed on the support beams
by pressing woods and strips, so it can be replaced according to the working conditions and has
good applicability. The screen body supported by rubber spring has the advantages of low noise,
small fluctuation in resonance area, and stable vibration.

Fig. 1. Three-dimensional model of 2460 double-layer circular vibrating screen: 1 — baffle; 2 — side plate;
3 — spring; 4 — motor; 5 — motor support; 6 — belt; 7 — vibration exciter; 8 — spring support;
9 —base; 10 — discharge end; 11 — screen mesh; 12 — pressing wood; 13 — pressing strip
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Fig. 2. Structure of main shaft
3. Establishment of finite element model

Before the finite element analysis, the finite element model of the vibrating screen needs to be
established in ANSY'S Workbench. In view of the complex structure of 2460 double-layer circular
vibrating screen, if the simulation analysis is carried out according to the actual model, the
calculation amount and the calculation time will increase. Therefore, in this study, the vibrating
screen model has been simplified under the premise of allowable error. Some parts and structural
details that have less impact on structural strength are omitted, such as screen mesh, bolts, bolt
holes and chamfers, etc. Other parts are bonded together to form a rigid frame structure, as shown
in Fig. 3(a). The main components of the vibrating screen are structural steel Q345 with good
mechanical properties, the material performance parameters are shown in Table 1.

Table 1. Material performance parameters of Q345

Parameter Value

Density (kg-m™) 7850

Elastic modulus (MPa) | 2060
Poisson’s ratio 0.3
Yield strength (MPa) 345

After simplification, the model of vibrating screen needs to be meshed. In ANSY'S Workbench,
the success rate and quality of mesh are closely related to the structure shape. The more irregular
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the structure shape is, the easier the mesh is to fail, and the worse the mesh quality is. Therefore,
this study uses a variety of methods to mesh the 2460 double-layer circular vibrating screen.
Sweep mesh method is used for the parts with regular shape, such as support beams and side
plates, the mesh quality is higher. Automatic mesh method is used for the irregular shaped parts,
such as reinforcing plates, discharge end, and baffle, which has a higher success rate. The size of
mech element is set to 50 mm, and the effect of mesh division is shown in Fig. 3(a). The mesh
includes 374065 nodes and 125627 elements. Skewness is an evaluation index to measure the
mesh quality, which represents the relative distortion of the element relative to its ideal shape, 0
is the best and 1 is the worst. The average skewness of the whole mesh is 0.31215, close to O,
indicating that the mesh quality is good and can obtain more accurate finite element analysis
results.

The structure of the vibration exciter is relatively complex, which will affect the calculation
efficiency of the finite element analysis. Therefore, this study uses the mass point in the
Workbench to replace the vibration exciter. Two mass points are respectively arranged at the
connection between the vibration exciter and the screen body, shown in Fig. 3(b). The exciting
force on the vibrating screen comes from the rotation of the eccentric blocks inside the exciter.
According to the vibration parameters of the used exciter, the exciting force can be calculated, and
the included angle with the horizontal direction is 45°, which acts on the connection between the
exciter and the screen body. In order to simulate the impact of coal particles on the screen body
during the operation of vibrating screen, the impact force is applied on the support beams in a
vertical downward direction.

Spring constraints are applied to the finite element model of the vibrating screen to simulate
the rubber spring. Since the rubber spring has both longitudinal and transverse stiffness, a vertical
spring and two horizontal springs are respectively arranged at each spring support. The stiffness
of the horizontal spring is 1/3 of that of the vertical spring. One end of the spring is connected to
the body, and the other end is connected to the ground, the connection effect is shown in Fig. 3(b).

a) Mesh division b) Boundary conditions
Fig. 3. Finite element model of vibrating screen

4. Modal analysis

Modal analysis is mainly to solve the natural characteristics of the system, including natural
frequency and natural vibration mode. The natural characteristics of the system are mainly affected
by its own structure and boundary constraints, and are independent of the external loads on the
system. By comparing the natural frequency with the working frequency, whether the structure
has resonance can be known; by observing the natural mode, the weak link of structural
deformation can be understood.

Setting the solution parameters and conducting the modal analysis on 2460 double-layer
circular vibrating screen, the first nine natural frequencies of the vibrating screen can be obtained,
as shown in Table 2. Fig. 4 shows the first nine natural vibration modes of the vibrating screen
under natural frequencies excitation. Fig. 4(a) shows the first order vibration mode of the vibrating
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screen, the screen body makes rigid body translation along the z-axis. Fig. 4(b) shows the second
order vibration mode of the vibrating screen, the screen body makes rigid body translation along
the x-axis. Fig. 4(c) shows the third order vibration mode of the vibrating screen, the screen body
makes rigid body translation along the y-axis. Fig. 4(d) shows the fourth order vibration mode of
the vibrating screen, the screen body makes rigid body rotation around the z-axis. Fig. 4(e) shows
the fifth order vibration mode of the vibrating screen, the screen body makes rigid body rotation
around the z-axis. Fig. 4(f) shows the sixth order vibration mode of the vibrating screen, the screen
body makes rigid body rotation around the x-axis. Fig. 4(g) shows the seventh vibration mode of
the vibrating screen, the discharge end and the baffle rotate reversely around the x-axis. Fig. 4(h)
shows the eighth vibration mode of the vibrating screen, the discharge end and the baffle translate
along the z-axis. Fig. 4(i) shows the ninth vibration mode of the vibrating screen, the left and right
side plates rotate reversely around the z-axis.

Table 2. Natural frequency of vibrating screen

Order | Natural frequency (Hz) | Maximum deformation (mm)
1 2.224 0.318
2 2.229 0.326
3 3.877 0.321
4 4.994 0.724
5 15.770 0.604
6 19.612 0.432
7 24.818 0.656
8 26.942 0.679
9 28.378 0.894
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Fig. 4. Natural vibration mode of vibrating screen

It can be seen from Fig. 4 that the first six vibration modes are rigid body movements of the
screen body, only the spring has been deformed, and the screen body has not been deformed.
When the exciting frequency reaches the seventh natural frequency, the screen body will occur
torsional deformation, and the larger the exciting frequency is, the greater the deformation will
occur. Therefore, the working frequency of the vibration exciter cannot exceed the seventh natural
frequency (24.818 Hz) of the vibrating screen, otherwise it will cause torsional deformation and
damage to the screen body. According to the performance parameters of the motor, the working
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frequency of the vibrating screen exciter is selected as 16 Hz, and the difference with the seventh
natural frequency is 8.818 Hz, 35.531 %, which is a big difference. Hench, when the 2460
double-layer circular vibrating screen works normally, the operating frequency will not cause
large screen structure deformation.

5. Harmonic response analysis

The motor generates reciprocating exciting force by driving the eccentric block to rotate, which
acts on the whole screen body. The beams and side plates have to bear larger alternating load,
resulting in greater dynamic stress. Therefore, it is necessary to conduct dynamic stress analysis
on the screen body of the vibrating screen to obtain the stress and deformation distribution of the
screen body under the working frequency.

The harmonic response analysis can obtain the steady-state response of the system under the
harmonic force, which can be used to analyze the structural response of the vibrating screen under
the excitation force. Harmonic response analysis methods include full method, reduced method,
and mode superposition method. Since the modal analysis of the vibrating screen has been
conducted previously, and modal superposition method is faster and less resources, the mode
superposition method is selected as the solution method of harmonic response analysis in this
study.

Setting the analysis parameters and selecting the frequency range of 0-20 Hz, the stress and
displacement distribution of the vibrating screen at the working frequency of 16 Hz can be
obtained, the analysis results are shown in Fig. 5.

00923
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Fig. 5. Results of harmonic response analysis

Fig. 5(a) shows the displacement distribution of the vibrating screen. It can be seen from this
figure that the overall displacement of the vibrating screen is between 3.5 mm and 4.5 mm. The
centroid of the screen body is located at the excitation motor, and the centroid displacement is
about 4 mm, which basically meets the design requirements of the vibrating screen.

Fig. 5(b) shows the displacement distribution of the vibrating screen along the z-axis, that is,
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the transverse displacement distribution of the vibrating screen. It can be seen from this figure that
the maximum transverse displacement of the screen body is 0.08 mm, close to 0. Therefore, the
vibrating screen runs smoothly without transverse swing.

Fig. 5(c) shows the stress distribution of the vibrating screen. It can be seen from this figure
that the main stress area of the vibrating screen is mainly concentrated at the connection between
the side plates and the exciting motors, where have stress concentration. The maximum dynamic
stress of the screen body is 23.825 MPa, which is far less than the yield strength (345 MPa) of the
material Q345 used for the vibrating screen, and the safety factor reaches 14.48. The stress values
of other parts of the vibrating screen are smaller than 3 MPa. The analysis results show that during
the normal operation of the 2460 double-layer circular vibrating screen, the screen body bears a
relatively uniform force, has a good bearing capacity, and is not easy to deform and damage.

6. Conclusions

In this study, a novel circular vibrating screen driven by the eccentric shaft, the 2460
double-layer circular vibrating screen, is proposed, which can effectively reduce the concentrated
load, and improve the service life and structural reliability of the main shaft. The three-
dimensional model of the 2460 double-layer circular vibrating screen is built by Creo, and the
finite element model of the vibrating screen is established in ANSY'S Workbench. The following
conclusions can be obtained:

1) The modal analysis of the vibrating screen is conducted, and the first nine natural
frequencies and natural vibration modes of the vibrating screen are obtained. The analysis results
show that the operating frequency is far away from the natural frequency, indicating that the
vibrating screen will not have resonance during normal operation.

2) The harmonic response analysis of the vibrating screen is carried out, and the displacement
and stress distribution of the vibrating screen under the working frequency are obtained. The
analysis results show that the vibrating screen operates smoothly without transverse swing, the
force distribution of the screen body is uniform, and the stress value is within the allowable stress
range of the material, meeting the requirements of the strength and stiffness of the structure.

3) This study provides a design idea for the research and development of the novel vibrating
screen. Through three-dimensional modeling and simulation analysis, it can be verified whether
the design of the novel vibrating screen is reasonable and meets the industrial demand, and
effectively reduces the design cycle and cost.

Acknowledgements

The research work is financially supported by the Shandong Province College Student
Innovation and Entrepreneurship Training Program (S202210452071), and the Open Foundation
of State Key Laboratory of Mineral Processing (BGRIMM-KJSKL-2022-11).
Data availability

The datasets generated during and/or analyzed during the current study are available from the
corresponding author on reasonable request.

Conflict of interest

The authors declare that they have no conflict of interest.

ISSN PRINT 2345-0533, ISSN ONLINE 2538-8479 27



DYNAMIC CHARACTERISTICS ANALYSIS OF A CIRCULAR VIBRATING SCREEN.
YUANCHEN WANG, ZHENQIAN WANG, MIN ZHANG, BOWEN XU, YUNHAO SONG

References

1

2]

3]

[4]

[5]

[6]

28

Z. Wang, X. Wang, J. Zhuang, Z. Kou, and C. Liu, “Multiple parameter collaborative optimization of
a particle separation equipment for coal cleaning production,” Journal of Environmental Chemical
Engineering, Vol. 9, No. 4, p. 105646, Aug. 2021, https://doi.org/10.1016/j.jece.2021.105646

L. Peng et al., “A review on the advanced design techniques and methods of vibrating screen for coal
preparation,” Powder Technology, Vol. 347, pp- 136-147, Apr. 2019,
https://doi.org/10.1016/j.powtec.2019.02.047

Y. Zhao, J. Liu, X. Wei, Z. Luo, Q. Chen, and S. Song, “New progress in the processing and efficient
utilization of coal,” Mining Science and Technology (China), Vol. 21, No. 4, pp. 547-552, Jul. 2011,
https://doi.org/10.1016/j.mstc.2011.06.015

Z.Yue-Min, L. Chu-Sheng, H. Xiao-Mei, Z. Cheng-Yong, W. Yi-Bin, and R. Zi-Ting, “Dynamic design
theory and application of large vibrating screen,” Procedia Earth and Planetary Science, Vol. 1, No. 1,
pp. 776-784, Sep. 2009, https://doi.org/10.1016/j.proeps.2009.09.123

Z. Wang, C. Liu, J. Wu, H. Jiang, B. Song, and Y. Zhao, “A novel high-strength large vibrating screen
with duplex statically indeterminate mesh beam structure,” Journal of Vibroengineering, Vol. 19,
No. 8, pp. 5719-5734, Dec. 2017, https://doi.org/10.21595/jve.2017.18319

S. Baragetti, “Innovative structural solution for heavy loaded vibrating screens,” Minerals
Engineering, Vol. 84, pp. 15-26, Dec. 2015, https://doi.org/10.1016/j.mineng.2015.09.011

VIBROENGINEERING PROCEDIA. FEBRUARY 2023, VOLUME 48





