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Abstract. To optimize the efficiency and noise performance of high-frequency vibrating screens, 
this study investigates the airflow behavior of lightweight materials during free fall and their 
impact dynamics on the screening surface. Based on the energy conservation theorem and the 
characteristics of tobacco screening, a computational model for the air resistance coefficient was 
derived. KT board specimens were employed as experimental substitutes for tobacco leaves to 
examine the effects of porosity and geometric dimensions on descent velocity and air resistance. 
The results indicated that materials with higher porosity exhibited greater descent velocities and 
lower air resistance, whereas larger geometric dimensions lead to increased aerodynamic drag and 
higher resistance coefficients. Furthermore, field operational modal analysis revealed that the 
sieve plate exhibited subharmonic resonances within the 9.9-10 Hz and 20-30 Hz frequency bands 
under nonlinear excitation. These findings could provide theoretical and data support for structural 
optimization aimed at noise reduction and screening efficiency enhancement.  
Keywords: light particulate materials, air drag, high-frequency sieve shaker, subharmonic 
vibration, modal analysis, KT board. 

1. Introduction 

The efficient operation of the tobacco leaf screening system plays a crucial role in improving 
the production efficiency of cigarette factories [1]. During the high-frequency vibration screening 
process, tobacco leaves with different varieties, porosity, and moisture levels experience varying 
air resistance, which affects the screening efficiency at different stages of the production line [2]. 

The air resistance coefficient is a key parameter used to characterize the effect of air resistance 
on an object or structure moving through the air, particularly in high-speed motion. Accurately 
determining the air resistance coefficient is essential in the design of high-frequency vibrating 
screens, as it directly impacts screening efficiency and energy consumption. Optimizing the 
screening process to enhance efficiency while achieving energy-saving and low-carbon goals is a 
critical factor in process improvement [3]. The main technical contents of the relevant standards 
of high frequency vibrating screen in China are elaborated [4]. 

Currently, research on air resistance effects is more prevalent in defense, military, and civilian 
applications, particularly in high-speed transportation vehicles such as high-speed railways and 
aircraft, as well as in regions with complex geographical and atmospheric conditions. For 
example, Y. Chen [5] et al. conducted a three-dimensional numerical simulation to analyze the 
effect of air resistance on high-speed subway trains. Their findings indicated that as the train 
approached the vertical shaft, the air resistance coefficient continuously decreased, with the 
resistance concentrating at the rear of the train during steady motion. Li [6] et al. developed a 
three-dimensional computational fluid dynamics (CFD) model for high-speed trains and found 
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that the leading car was the primary noise source. Cao [7] et al. employed numerical simulation 
to analyze the gas flow field inside a concentric tube during missile launch, providing a reference 
for optimizing concentric tube design. Wang [8] et al. constructed a jet motion model that accounts 
for air resistance, proposing a feasible wind-resistant firefighting scheme for compressed air foam 
cannons under harsh wind conditions. Deng [9] et al. investigated the effects of tunnel length, 
slope type, gradient, altitude, and train speed on four air resistance indicators for high-speed trains 
passing through high-altitude railway tunnels: average train air resistance, maximum train air 
resistance, average tunnel air resistance coefficient, and maximum tunnel air resistance 
coefficient. 

In contrast, limited research has been conducted on the influence of air resistance coefficients 
on the screening efficiency of high-frequency vibrating screens and the vibrational response of the 
screen panels. Pany [10] et al. had studied the supersonic panel flutter analysis of flat plates and 
curved plates with different edge boundary conditions. The linear piston theory was used to 
evaluate the aerodynamic loads. The solution of a complex eigenvalue problem was formulated 
according to Hamilton’s principle. Members of the research group, Pang [11] et al. and Ren [12] 
et al. used MATLAB simulations to analyze the displacement and velocity of tobacco leaves in 
motion, comparing results with cases where air resistance was not considered. However, there 
remains a lack of systematic research on how the air resistance coefficient varies with tobacco leaf 
characteristics and how these variations impact screening efficiency and screen panel vibration. 
Investigating the effects of tobacco leaf size, porosity, and other constitutive parameters on air 
resistance and integrating these findings into the structural optimization of high-frequency 
vibrating screens align with the scientific and technological innovation goals of new-quality 
productivity in the tobacco industry. 

With the implementation of the national “carbon peaking” and “carbon neutrality” policies, 
enterprises can reduce their carbon emissions and accumulate carbon credits by adopting advanced 
energy-saving technologies, improving production processes, and optimizing energy structures. 
As a result, the application of high-frequency vibrating screens in the tobacco industry is expected 
to expand. Further research on the factors influencing air resistance during tobacco leaf screening 
is crucial for improving screening efficiency. However, experimental studies on air resistance in 
tobacco leaf screening remain limited. The national standards for vibrating screen design in the 
tobacco industry only specify screening efficiency requirements, stating that efficiency is related 
to factors such as tobacco variety and porosity. The specific design requirements should align with 
the working conditions specified by the end user. 

During the tobacco screening process, variables such as drop height, ambient airflow, tobacco 
leaf size, and porosity influence the screening efficiency of different vibrating screens, with a 
particularly significant impact on high-frequency vibrating screens. These factors are 
indispensable for future research on the development of high-frequency vibrating screens and the 
optimization of screening production lines.  

The research framework of this study is illustrated in Fig. 1. Drawing on research methods 
such as those employed by Liang [13] et al., who used a free-fall model to determine the air 
resistance coefficient, and Yuan [14] et al., who conducted simulations to analyze air resistance 
coefficients, this study aims to simulate material screening conditions using KT board specimens. 
The novelty of this work lies in three main aspects: (i) experimentally determining the air 
resistance coefficient of lightweight particulate materials and assessing its correlation with 
porosity and dimensions; (ii) deriving a theoretical model for the excitation force exerted by falling 
materials; and (iii) conducting experimental modal analysis to determine the natural frequency of 
the assembled sieve plate. By comprehensively analyzing these factors, this research reveals the 
mechanism of resonance and noise generation, providing a theoretical basis for optimization. 

The remainder of this paper is organized as follows: Section 2 derives the theoretical model 
for the air resistance coefficient of lightweight particulate materials. Section 3 details the 
experimental design using KT board specimens and analyzes the effects of porosity and 
dimensions on descent velocity and air resistance. Section 4 presents the modal analysis of the 
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high-frequency vibrating screen under operating conditions. Finally, Section 5 summarizes the 
conclusions and implications for industrial applications. 

 
Fig. 1. Research framework of the study 

2. Research method for testing air resistance of light particulate materials tobacco dropping 

2.1. Derivation of Light particulate materials air resistance coefficient 

To address the need for precise optimization of screening parameters, it is necessary to first 
establish a theoretical basis for the interaction between the material and airflow. In this section, 
we derive the computational model. 

In the process of actively promoting technological innovation across industries, gaining core 
competitiveness requires conducting relevant theoretical research and proposing corresponding 
improvement measures and solutions to existing problems [15]. Cai [16] et al. had numerical 
simulation of air resistance of light materials. But the accumulation of theoretical knowledge is 
essential for addressing each original problem. 

 
a) Air drag principal model 

 
b) Light material 

Fig. 2. Model and material  

As shown in Fig. 2(a), the thin plate undergoes free-fall motion with an area of 𝐴 and a velocity 
of 𝑣. Considering an infinitesimal time interval Δ𝑡, the air density is set as 𝜌 under normal 
temperature and pressure conditions. Given the incompressibility of air, during the time interval Δ𝑡, the gravitational force acting on the thin plate performs work on a cylindrical air element with 
a mass of Δ𝑚 ൌ 𝜌𝐴𝑣Δ𝑡, resulting in the following kinetic energy of the air element: 
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𝐸 = 12Δ𝑚𝑣ଶ. (1)

According to Newton’s third law, the forces exerted by two interacting bodies are equal in 
magnitude and opposite in direction. The force 𝐹 exerted by the air that resists the downward 
motion of the thin plate is the air resistance acting on the plate. Thus, the work done by the air 
resistance can be expressed as: 𝑤 = 𝐹𝑣Δ𝑡. (2)

Since the lightweight thin plate moves at a relatively low speed, the heat loss due to friction 
during motion is negligible. Its motion satisfies the law of energy conservation. Based on 𝑤 = 𝐸, 
the expression for air resistance can be derived as: 𝐹 = 12𝜌𝐴𝑣ଶ. (3)

Based on the well-established theories and research findings in the automotive field regarding 
air resistance and drag coefficient, the following expression can be derived. 𝐴 dimensionless 
parameter 𝐶 is introduced, which is related to the shape of the lightweight falling object: 

𝐹 = 12𝐶𝜌𝐴𝑣ଶ. (4)

In the above equation, 𝐶 represents the air resistance coefficient, which varies depending on 
the falling object and its surface characteristics. During the free-fall process of the thin plate, data 
is continuously recorded using a laser ranging acquisition system. Subsequently, data processing 
is performed to obtain the velocity and acceleration curves of the falling plate throughout its 
motion. Here, ℎ denotes the instantaneous displacement of the falling plate, and 𝑎 represents its 
instantaneous acceleration, expressed as: 𝑎 = 𝑣ሶ = ℎሷ . (5)

According to Newton’s Second Law, the formula for calculating air resistance can be 
expressed as: 𝐹 = 𝐺 −𝑚𝑎, (6)

where 𝐺 represents the gravitational force of the thin plate, and 𝑚𝑎 represents the inertial force of 
the thin plate, 𝑚 is the mass of the thin plate. 

Substituting Eq. (6) into Eq. (4), the air resistance coefficient formula for the falling thin plate 
can be expressed as: 

𝐶 = 2ሺ𝐺 −𝑚𝑎ሻ𝜌𝐴𝑣ଶ , (7)

where, 𝜌 = 1.29 kg/m3 represents the air density under standard conditions.  
Fig. 2(b) displays the KT board specimen used in this study. The KT board consists of a 

polystyrene (PS) core produced through a foaming process. It is characterized by its light weight, 
resistance to deterioration, and ease of processing, which allows for precise control over porosity 
and mass distribution. Similar to tobacco leaves, it serves as an ideal model for lightweight and 
thin particulate materials. 
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2.2. Experimental testing and analysis of Light particulate materials air resistance 

The experimental measurement of air resistance for lightweight falling objects, such as tobacco 
leaves, is the most direct and reliable method for studying their motion characteristics. In this 
experiment, KT boards were used as substitutes for tobacco leaves to investigate the effects of 
material porosity and geometric dimensions on air resistance during free fall. A linkage device 
was employed to release the lightweight boards while a laser ranging data acquisition system 
recorded the motion. Subsequently, data regression processing was conducted using MATLAB to 
indirectly determine velocity and acceleration [17]. The entire testing process was conducted 
under stable airflow conditions in the laboratory [18], and the air resistance and its coefficient 
were obtained using the air resistance coefficient calculation Eq. (7). Finally, the experimental 
results were used to analyze the impact force of falling tobacco leaves on the sieve plate. 

3. Application effects of Light particulate materials 

3.1. Experimental design 

Tobacco leaves exhibit characteristics such as being lightweight, thin, porous, and irregularly 
shaped. After re-drying, their density ranges from 0.90 to 1.22 g/m3, which is relatively close to 
the density of KT boards, which fall within 1.00 to 1.40 g/m3. Moreover, KT boards allow precise 
control of porosity and dimensions, facilitating experimental data analysis and comparison. 
Therefore, lightweight KT boards were selected for the study.  

To ensure the reproducibility of the experiments, strict environmental controls were 
implemented. The laboratory temperature was maintained at 25±2 °C, and the relative humidity 
was controlled at 50±5 % to minimize the impact of air density variations on the free-fall motion. 
The KT board specimens were precision-cut using a computer numerical control (CNC) cutter to 
ensure dimensional accuracy (± 0.1mm) and to maintain consistent edge quality, thereby reducing 
aerodynamic interference caused by rough edges. 

Fig. 2(b) presents a KT board measuring 40 cm × 40 cm with a porosity of 40 %. Four groups 
of square thin plates were designed and fabricated, with side lengths 𝐿 of 25, 30, 35, and 40 cm. 
Each group corresponds to four porosities 𝜌: 10 %, 20 %, 30 %, and 40 %. Including additional 
backup KT boards, a total of 24 boards were prepared to ensure uniform horizontal mass 
distribution and stable free-fall motion while maintaining consistent mass within each group. 

The laser sensor used for displacement measurement during the KT board’s free-fall is detailed 
in Table 1. The experiment simulates the movement of tobacco leaves from the discharge outlet 
to the screening surface, where they are influenced by gravity and rebound airflow near the 
screening surface, allowing for an in-depth investigation of their motion behavior. 

Table 1. Parameters of sensor 

Type Maximum measurement 
center distance (mm) 

Measuring 
range (mm) 

Maximum 
resolution (mm) 

Maximum acquisition 
frequency (Hz) 

HG-C1800 1000 ±400 1 1000 

The experimental model is shown in Fig. 3(a) and 3(b). The experiment was conducted under 
laboratory conditions. A laser displacement sensor was activated, and the KT board was fixed at 
the zero-point release panel. The KT board was released via a linkage switch, simultaneously 
triggering data acquisition by the laser displacement sensor. The experiment was carried out under 
normal indoor ventilation conditions to simulate the free-fall motion of tobacco leaves, with 
different KT board models tested sequentially. 

Fig. 3(b) illustrates the experimental support structure for simulating the screening surface. 
The setup consists of an aluminum alloy frame, a laser sensor, a linkage switch, a bottom baffle 
support, and a laptop data acquisition system. 
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a) Experimental diagram  

 
b) Experimental installation drawing 

Fig. 3. Experiment setup for lightweight boards.  
(Experiment in Yanshan University, Qinhuangdao, Hebei, China, 2024) 

3.2. Experimental data analysis of Light particulate materials air resistance  

The free-fall method was used to measure the air resistance coefficient. By recording the 
displacement data of KT boards with different combinations of side lengths and porosity during 
the falling and screening process, the original data was analyzed using Origin to generate curves. 
MATLAB was employed to calculate and solve for parameters such as velocity, acceleration, and 
air resistance coefficient during the descent [19]. 

3.2.1. Influence of porosity on the screening descent velocity 

To facilitate data comparison in the graphs and make the overall trend of each curve more 
distinct, the plotting time is uniformly set to 0.4 seconds. As shown in Fig. 4, KT boards with the 
same edge length but different porosities exhibit an initial increase in velocity followed by a 
decrease during descent. When approaching the sieve plate surface, the velocity decreases due to 
the influence of rebound airflow, which increases air resistance. 

Comparative analysis indicates that for thin plates with the same edge length, a higher porosity 
results in a shorter descent time, a greater average velocity, and a higher peak velocity. The 
experimental results strongly validate the derived Eq. (7) for calculating air resistance coefficients. 
With constant density across all test specimens, the plate exhibiting the fastest drop velocity 
demonstrated the highest porosity and consequently the least air resistance, showing the most 
significant velocity change. This phenomenon became particularly pronounced in thinner plates 
with smaller dimensions, demonstrating how size effects influence porosity and air resistance. 
Key parameters require comprehensive consideration and simulation calculations. Vibration 
significantly affects the synchronization of vibrating screen movements. 

3.2.2. Influence of porosity on Light particulate materials air resistance 

To investigate the effect of porosity on air resistance during the descent process, time-air 
resistance curves were plotted for KT board models with the same edge length but different 
porosities, as shown in Fig. 5. 

From the four subplots in Fig. 5, it can be observed that the air resistance acting on the KT 
board model increases with time during its descent. The falling time of KT board with lower 
porosity is short. At 𝑡 = 0.2 s, the air resistance curves for the four porosity levels intersect at a 
common point. Before this intersection, at any given moment, board with lower porosity 
experience greater air resistance, whereas those with higher porosity experience lower resistance. 
After the intersection point (approximately 𝑡 = 0.2 s), the aerodynamic behavior diverges 
significantly. KT boards with higher porosity descend faster and approach the sieve plate earlier. 
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Consequently, they encounter the rebound airflow from the sieve surface sooner, leading to a sharp 
and early increase in air resistance. In contrast, boards with lower porosity descend more slowly 
and experience this resistance spike later. Therefore, in the late stage of descent, the measured air 
resistance for high-porosity boards appears higher because they are interacting with the ground 
effect zone while low-porosity boards are still in free fall.  

 
a) 𝐿 = 25 cm 

 
b) 𝐿 = 30 cm 

 
c) 𝐿 = 35 cm 

 
d) 𝐿 = 40 cm 

Fig. 4. Descent velocity curves of KT boards with different porosities over time 

 
 a) 𝐿 = 25 cm 

 
 b) 𝐿 = 30 cm 

 
 c) 𝐿 = 35 cm 

 
 d) 𝐿 = 40 cm 

Fig. 5. Air resistance variation of KT boards with different porosities (same edge length) 
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3.2.3. Influence of edge length on descent velocity 

The experimental data were imported into Origin, and a comparative plot of descent velocity 
for KT boards with the same porosity but different edge lengths was generated, as shown in Fig. 6. 

From Fig. 6, it can be observed that the velocity of all four boards initially increases and then 
decreases during descent. Before reaching the peak velocity, the influence of the upper sieve 
surface is minimal. However, after reaching the peak velocity, the KT boards begin to decelerate 
due to the effect of the upper sieve surface. The velocity variation pattern remains consistent across 
different KT boards with the same porosity. It can be observed that before reaching peak velocity, 
boards with larger edge lengths generally exhibit lower descent velocities at any given moment 
due to increased surface area and air drag. Furthermore, the velocity variation pattern remains 
consistent across different edge lengths: the board accelerates until it encounters the resistance 
effects near the sieve surface. Comparing the curves, larger boards (e.g., 𝐿 = 40 cm) show a more 
gradual velocity increase compared to smaller boards (e.g., 𝐿 = 25 cm), confirming that geometric 
size significantly influences the descent dynamics. 

 
 a) 𝑝 = 10 % 

 
 b) 𝑝 = 20 % 

 
 c) 𝑝 = 30 % 

 
 d) 𝑝 = 40 % 

Fig. 6. Velocity comparison of different side length board with the same porosity 

3.2.4. Influence of edge length on Light particulate materials air resistance 

As shown in Fig. 7, KT boards with the same porosity but different edge lengths experience 
gradually increasing air resistance during descent. In the early stage of descent, the resistance 
increases slowly. However, in the later stage, as the plates approach the baffle, air resistance grows 
significantly and rapidly. 

From Fig. 7, it can be observed that the air resistance variation pattern remains generally 
consistent across KT board models with different porosities. Specifically, the larger the size of the 
square KT board model, the greater the air resistance it experiences during descent. 

3.2.5. Influence of edge length and porosity on air resistance coefficient 

Using the air resistance coefficient Eq. (7), the air resistance coefficients for different KT board 
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models with varying edge lengths and porosities during descent were calculated, as shown in 
Fig. 8. 

 
 a) 𝑝 = 10 % 

 
 b) 𝑝 = 20 % 

 
 c) 𝑝 = 30 % 

 
 d) 𝑝 = 40 % 

Fig. 7. Comparison of air resistance of models with same porosity and different side lengths 

From the variation curves of air resistance coefficient with KT board size and porosity in 
Fig. 8, combined with the expression of air resistance coefficient in Eq. (7), it can be concluded 
that in the presence of a baffle: The larger the edge length of the KT board, the greater the air 
resistance coefficient during the screening descent process; The smaller the porosity, the greater 
the air resistance coefficient. During screening, the impact force of tobacco leaves on the sieve 
plate is a random nonlinear excitation. 

 
Fig. 8. Air drag coefficient as a function of edge length and porosity 

3.3. Analysis of the impact of Light particulate materials material falling on the resonance 
of high-frequency vibrating screens 

High-frequency vibrating screens are currently in a rapid development phase within the 
tobacco industry, with broad application prospects and increasing customization needs. The 
overall structure of the high-frequency vibrating screen is shown in Fig. 9(a), two high-frequency 
motors are installed on the lower frame, and the amplitude of the eccentric excitation force is 
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adjusted by modifying the position of the internal eccentric mass blocks, while the excitation force 
frequency is controlled by varying the rotational speed. The vibration amplitude of the upper and 
lower screening plates is controlled by adjusting the number, stiffness, size, and shape of resin 
elastic elements between them, as well as by designing the relative mass and structural 
configuration of the two plates. 

To mitigate the harmful vibrations transmitted to the factory floor, particularly when the 
vibrating screen is installed on the second floor or higher, damping supports are designed and 
tested for optimal selection. Currently, imported ROSTA elastic supports are widely used, but 
their fixed vibration characteristics limit their adaptability. Pany [20] et al. observed that the lowest 
frequency can be found out at the lower bound of first propagation surface, by choosing an 
optimum periodic angle of curved panel. In some environments, their performance is suboptimal, 
slowing down the customization of high-frequency vibrating screens. Key technical challenges 
include determining the damping and vibration isolation parameters of elastic supports, selecting 
appropriate materials, and optimizing the support arrangement. Addressing these issues is 
essential for enhancing the large-scale design, customization, and proprietary development of 
high-frequency vibrating screens. In the tobacco screening process, the falling of tobacco leaves 
can be simulated as lightweight plates with varying porosities dropping onto the sieve plate. To 
prevent material accumulation and improve efficiency, the swing amplitude or vibration frequency 
of the sieve plate is typically increased. However, this often leads to increased noise and 
significant machine vibration. Therefore, reasonable regulation of these parameters is essential to 
balance efficiency with operational stability.  

 
 a) High frequency sieve shaker overall 

structure diagram 
 

b) Model of tobacco leaf falling and throwing motion  
Fig. 9. Overall structure diagram of the high-frequency sieve shaker  

and the motion model for tobacco leaf falling and throwing 

The research team has accumulated several years of study and has established and derived the 
vibration control equation for the dual-mass high-frequency vibrating screen. Pang [21] et al. had 
studied nonlinear harmonic resonance analysis of vibrating screen. Ma [22] et al. had studied on 
vibration characteristics and parameter optimization of double-mass linear vibrating screen. 
Considering the actual working conditions where tobacco leaves fall onto the upper screening 
plate as a nonlinear excitation force, the theoretical derivation and calculation indicate the 
potential occurrence of nonlinear harmonic resonance in this type of vibrating screen. The force 
exerted by the falling tobacco leaves on the screening plate is a random nonlinear excitation. Based 
on previous research findings, Fig. 9(b) illustrates the throwing motion model of the tobacco 
leaves. According to D’Alembert’s principle, the equation of motion for the material in the y-
direction is given by: Δ𝑦ሷ = −𝑔 cos𝛼଴ ൅ 𝜔ଶ𝐵 sin𝛿 sin𝜔𝑡. (8)

Just before the throwing motion occurs, Δ𝑦ሷ  = 0, the phase angle at which the material begins 
its throwing motion is obtained as: 
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𝜑ଷ = arcsin 1𝐷, (9)

where 𝐷 = ఠమ஻ ୱ୧୬ఋ௚ ୡ୭ୱఈబ  is referred to as the throwing index. 
During the falling process, when the tobacco leaves have not yet contacted the screen panel, 

the acting force is zero. Using this boundary condition, the nonlinear acting force on the upper 
screen panel of the high-frequency vibrating screen is obtained as: 

𝐹௪ =
⎩⎪⎪
⎨⎪
⎪⎧𝑚ሺtan𝜇 cos𝛿 − cos𝜑ሻሾ𝑔 cos𝛼଴ − 𝜔ଶሺ𝑝ଶ cos𝜔𝑡 + 𝑞ଶ sin𝜔𝑡ሻ sin 𝛿ሿ,       𝜑ଵ < 𝜙 < 𝜑ଵ௭,−𝑚ሺtan𝜇 cos 𝛿 + cos𝜑ሻሾ𝑔 cos𝛼଴ − 𝜔ଶሺ𝑝ଶ cos𝜔𝑡 + 𝑞ଶ sin𝜔𝑡ሻ sin 𝛿ሿ,       𝜑ଶ < 𝜙 < 𝜑ଶ௭,𝑚𝜔 sin𝛿 ሾ𝑝ଶሺsin𝜑ଷ௭ − sin𝜑ଷሻ + 𝑞ଶሺcos𝜑ଷ − cos𝜑ଷ௭ሻሿΔ𝑡 ,    𝜑ଷ௭ < 𝜙 < 𝜑ଷ௭ + Δ𝜑,0,       𝜑ଷ < 𝜙 < 𝜑ଷ௭,

 (10)

where, 𝜑ଵ௭ represents the rotor angle of the motor when the tobacco leaves slide forward, and 𝜑ଶ௭ 
represents the rotor angle of the motor when the tobacco leaves slide backward. And 𝛿 represents 
the angle between the vibration direction and the horizontal direction, 𝐵 denotes the vibration 
amplitude (which is adjustable), and 𝜔 is the circular frequency of the vibrating screen.  

When considering the nonlinear force exerted by tobacco leaves, the amplitude of the upper 
screen plate decreases, which slows down the material passing speed and reduces screening 
efficiency. Yu [23] et al. investigated the synchronized motion characteristics of a four-exciting 
motor-driven two-body vibrating system to determine its engineering applicability. They derived 
the system's differential equations using the Lagrange equation. Pany [24] et al. presented a 
method of analysis to determine multi-supported curved panel frequencies using high-precision 
triangular finite element. The nonlinear vibration significantly affects the synchronization of 
vibrating screen movement. The upper screen plate exhibits harmonic vibrations accompanied by 
noticeable high-frequency noise, while the amplitude of the lower support structure increases. 
Based on feedback regarding screen plate noise issues from different models of high-frequency 
vibrating screens used in Chuzhou, Bijie, and Zunyi tobacco factories, the Austrian DEWESoft 
vibration acquisition system was employed for testing. The testing setup is shown in Fig. 10. A 
hammer force sensor and 16 acceleration sensors were used, and environmental excitation 
methods were applied with ARTeMIS Modal Pro modal analysis software to conduct rigid-body 
modal tests on the double-layer vibrating screen. Additionally, elastic-body modal tests were 
performed separately on the upper and lower screen bodies. 

 
a) Vibration testing collection 

 
b) Dropping of tobacco leaves after processing 

Fig. 10. High frequency double-sieve shaker test field diagram.  
(Test at Chuzhou Cigarette Factory, Anhui, China, 2024.6.15) 
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The analysis revealed that during normal startup and operation, an instantaneous random 
excitation of approximately 9.8 Hz occurs, as shown in the impact curve in Fig. 11. As the motor 
speed increases, the vibrating screen quickly enters its normal working state, and the vibration 
amplitude of the support legs significantly decreases, remaining within the industry’s standard 
operating range. The blue curve represents the horizontal impact signal on the support legs, while 
the red curve corresponds to the vertical impact signal. 

 
Fig. 11. Comparison of vibration acceleration amplitude signal during starting of vibrating screen 

 
a) Harmonic modal order diagram 

 
b) First-order primary resonance 

 
c) 1/2 subharmonic resonance 

Fig. 12. Vibration modal analysis of upper tank body 
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During the tobacco material screening process, tests were conducted with the 
variable-frequency motor operating at 12.5 Hz, which corresponds to a motor speed of 750 r/min. 
Modal analysis determined that the first in-plane primary resonance frequency of the upper screen 
plate falls within the range of 9.9-10 Hz, as shown in Fig.12(b). However, in the modal order 
determination diagram shown in Fig. 12(a), harmonic vibrations with amplitude attenuation were 
observed at frequencies of 20 Hz and 30 Hz. Specifically, at 20 Hz, a noticeable torsional vibration 
occurred, as illustrated in Fig. 12(c). This further validates the theoretically derived conclusion 
that the high-frequency vibrating screen, under external nonlinear excitation, exhibits nonlinear 
harmonic vibration. Additionally, it confirms that the upper screen plate generates a certain level 
of noise during operation, providing essential references for the subsequent optimization of 
high-frequency vibrating screen design. The optimal selection of physical characteristics for 
lightweight falling materials is based on minimizing air resistance and reducing the descent time 
to the sieve plate, thereby significantly improving screening efficiency. Through modal analysis 
of the sieve plate, the excitation frequency caused by the continuous falling of lightweight 
materials must be controlled to avoid the ranges of 9.9-10 Hz and 20-30 Hz. This prevents 
resonance with the sieve plate’s natural frequencies, which would otherwise compromise the 
equipment’s service life. 

4. Conclusions 

By applying the principle of energy conservation and considering the characteristics of tobacco 
screening, a computational model for the Light particulate materials air resistance coefficient of 
falling tobacco leaves was derived. Through an orthogonal experimental comparison, the effects 
of porosity and size of lightweight falling objects on their falling velocity, air resistance, and air 
resistance coefficient during high-frequency vibrating screen screening were investigated. 
Through systematic experimental research, we further validated the accuracy of the numerical 
simulation results obtained by research group member Cai [16] et al., who used ANSYS/Fluent to 
simulate the unsteady process of material screening and falling. The conclusions drawn from this 
experimental study are consistent with those derived from the numerical simulations. 
Additionally, vibration modal tests of the screen plate under working conditions were conducted. 
The main findings are as follows: 

1) For thin plate models with the same edge length, a larger porosity results in a greater falling 
velocity and acceleration, while the air resistance coefficient decreases. For thin plates with the 
same porosity, a larger edge length leads to a lower falling velocity and acceleration, whereas a 
longer edge length increases the air resistance and air resistance coefficient. 

2) The upper screen plate affects the falling velocity of lightweight material models, slowing 
their descent and increasing air resistance. As the material approaches the baffle, the Light 
particulate materials air resistance and air resistance coefficient increase. 

3) During the screening process, the impact of tobacco leaves on the screen plate acts as a 
random nonlinear excitation. A reduction in the amplitude of the upper screen plate leads to a 
decrease in the material flow rate and screening efficiency. Therefore, when designing the 
amplitude of high-frequency vibrating screens, a 10 % increase should be considered. 

4) During the tobacco material flow period, the falling process continuously applies nonlinear 
excitation to the upper screen plate. Under the influence of external nonlinear excitation, the 
high-frequency vibrating screen exhibits nonlinear harmonic vibration, leading to noise generation 
from the upper screen plate. Measures such as modifying the screen plate structure, improving 
processing techniques, and using advanced composite materials can help achieve energy savings 
and noise reduction, providing valuable references for the optimization of high-frequency 
vibrating screens. 

5) The tobacco screening process can be simulated as lightweight plates with varying 
porosities falling onto a sieve plate. To prevent material accumulation and improve efficiency, the 
swing amplitude or vibration frequency of the sieve plate is typically increased. However, this 
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often leads to increased noise and significant machine vibration. Therefore, reasonable regulation 
of these parameters is essential. It is recommended to improve the sieve plate material to 
significantly increase its natural frequency and reduce its mass. This approach can effectively 
control noise and minimize the impact of the screening machine's vibration on the building 
structure. 

Factors such as the size, porosity, and moisture content of tobacco leaves which is one of the 
Light particulate materials directly impact screening efficiency. Particularly for high-frequency 
vibrating screens, results indicate that at a distance far from the bottom baffle, the motion of the 
lightweight plate is not significantly affected by the bottom airflow. However, after reaching 
maximum velocity, the airflow generated by the bottom sieve surface exerts a greater influence, 
causing the plate to enter a deceleration phase. When the lightweight plate is very close to the 
sieve surface, the resistance from compressed air increases rapidly. This paper identifies these 
patterns experimentally; future work will deduce theoretical models considering the influence of 
eddy currents behind the lightweight plate for further research and experimental verification. The 
research results not only apply to tobacco leaves but also provide theoretical models and reference 
data for calculating air resistance and improving screening efficiency for other lightweight 
materials. These findings can serve as essential reference indicators for optimizing screening 
processes and developing screening equipment. 
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