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Abstract. A flip-flow screen with crankshaft-link structure (FFSCLS) is an effective solution for 
screening of high-water and fine materials due to its good performance. The dynamical 
characteristics largely affects the screen performance and the processing capacity of the FFSCLS. 
In this paper, a dynamic model governing the dynamical characteristics of the FFSCLS was 
proposed. In addition, the motion trajectory and vibration data of the FFSCLS were investigated 
by vibration experimental technology. The results show that the experiment results can be fully 
described by the dynamic model whit the maximum deviation was within 6.26 %. Moreover, the 
mass ratio between outer box and inner box determined the dynamical characteristics of the 
flip-flow screen, and these parameters should be optimized. This work can provide useful 
references for efficient operation and optimal design for the flip-flow screen. 
Keywords: flip-flow screen, vibration characteristics, dynamical model, experimental analysis. 

1. Introduction 

It is known that screens can be considered as the main equipment in mining industry [1, 2]. 
Dry screening of viscous and fine-grained minerals plays an indispensable role in processing coal 
ore, and iron or gold deposited rocks, etc. [3-7]. However, conventional screening equipment 
(linear vibrating or circular vibrating screens) usually encounter many problems, such as blocking 
and low efficiency when dealing with moist materials [8-11]. The flip-flow screen with elastic 
screen surface has been widely used for screening fine-grained minerals due to its good 
performance [12, 13]. To achieve the best screening performance of flip-flow screen with 
simultaneously increasing lifetime, a better understanding of its dynamics is necessary, thereby 
optimizing structural design [14]. 

Till date, many researchers investigated and analyzed the dynamic response and the operation 
mechanism of the flip-flow screen. Increasing the relative amplitude and avoiding undesirable 
resonances of the inner and outer boxes can be realized to improve the screening performance 
[15]. The dynamic response of the flip-flow screen largely affects its screening efficiency and 
processing capacity and the dynamic response curves were measured and analyzed under different 
operating conditions [16, 17]. Kinematics of the screen boxes and the surface of the flip-flow 
screen were investigated using acceleration sensor and laser displacement sensor, the results 
showed that screening experiments obtained excellent screening efficiency [18]. The dynamic 
characteristics and vibration of a flip-flow screen have been investigated; the results showed that 
this kind of screen was efficient even dealing with moist fine coal [19-21].  

The vibration of the screen boxes can be decomposed into several components along different 
directions in the coordinate system. Then, dynamic characteristics of the screen boxes are explored 
by solving vibration differential equations, which are established based on the vibration theory 

https://crossmark.crossref.org/dialog/?doi=10.21595/jve.2022.22455&domain=pdf&date_stamp=2022-05-09


RESEARCH ON DYNAMIC AND VIBRATION BEHAVIORS OF A FLIP-FLOW SCREEN WITH CRANKSHAFT-LINK STRUCTURE.  
HONGXI LI, CHUSHENG LIU, ENHUI ZHOU, LING SHEN 

 ISSN PRINT 1392-8716, ISSN ONLINE 2538-8460, KAUNAS, LITHUANIA 837 

[22]. Considering degrees of freedom in the translation and rotation, 1- degree of freedom (DOF) 
[15], 2-DOF [23], spatial 3-DOF model [24, 25] and coupled 3-DOF [26, 27] are adopted. From 
the standpoint of flip-flow screen applicability, the 1-DOF model is the most appropriate in 
dynamic analyses. 

In our current study, a dynamical model of a flip-flow screen with crank-link structure was 
established. The time evolution of kinematic characteristics and spatial trajectories of the FFSCLS 
were investigated using vibration testing experiments. Besides, the mass ratio of outer box to the 
inner box on the dynamical characteristics of the flip-flow screen were analyzed parametrically. 
The results help in clarifying the kinematic characteristics and mechanical response of the 
FFSCLS, which provide technical and theoretical support for industrial applications and optimal 
design. 

2. Mathematical model  

The investigated of the FFSCLS produced by Zhen Yuan Science Technology Co., Ltd in 
Henan China is shown as Fig. 1. The inner box is supported under the pedestal by cylindrical 
rubber springs. by the guiding springs connect the outer and inner boxes. The screen surface with 
8.82 m length and 2.2 m width is composed of 28 polyurethane screen panels. The two ends of 
one screen panel are installed on the crossbeam of inner box and adjacent outer box. The 
crankshaft is installed at the feed end of the inner box and rotated by a driving motor. The link 
connects the crankshaft and the outer box. Moreover, the rotation of the crankshaft provides a 
simple harmonic vibration with the inner and outer screen frames, which results in periodical slack 
and stretch motions of the elastic screen panel. Then, under the projectile behavior of the elastic 
screen surface, particles can achieve a high ejection acceleration of 30-50 g [28]. Even plugging 
particles can easily pass through the screen surface, ensuring high screening capability and 
efficiency [29]. 

 
Fig. 1. The mechanical structure of the FFSCLS 

Vibration characteristics including displacement, velocity, and acceleration can be obtained 
by dynamical model. The dynamical model of the FFSCLS was established as shown in Fig. 2. 
The dynamic equation of the vibration system can be established as Eq. (1) [30]. The displacement 
of the outer box screen box 𝑋ଵ and the displacement of the inner box 𝑋ଶ along 𝑋-direction can be 
calculated according to the Eq. (2). Based on Eqs. (1-2), the displacement, velocity, and 
acceleration of the outer box (𝑋ଵ, 𝑋ሶଵ, 𝑋ሷଵ) can be obtained by Eq. (3), the displacement, velocity, 
and acceleration of the inner box (𝑋ଶ, 𝑋ሶଶ, 𝑋ሷଶ) can be obtained by Eq. (4): 
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ሺ𝑚ଵ+𝑚ଶሻ𝑋ሷଶ + 𝑐ଶ𝑋ሶଶ + 𝑘ଶ𝑋ଶ = 𝑚ଵ൫𝑋ሷଵ + 𝑋ሷଶ൯, (1)𝑋ଵ + 𝑋ଶ = 𝑒𝑐𝑜𝑠𝜔𝑡, (2)

⎩⎪⎪
⎪⎪⎪
⎪⎨
⎪⎪⎪
⎪⎪⎪
⎧𝑋ଵ = 𝑒cos𝜔𝑡 + 𝑚ଵ𝑒𝜔ଶሺ𝑘ଶ − ሺ𝑚ଵ+𝑚ଶሻ𝜔ଶሻሺ𝑘ଶ − ሺ𝑚ଵ+𝑚ଶሻ𝜔ଶሻଶ − 𝑐ଶଶ 𝜔ଶ cos𝜔𝑡

      − 𝑐ଶ𝑚ଵ𝑒𝜔ଷሺ𝑘ଶ − ሺ𝑚ଵ+𝑚ଶሻ𝜔ଶሻଶ − 𝑐ଶଶ 𝜔ଶ sin𝜔𝑡,
𝑋ሶଵ = −𝑒𝜔sin𝜔𝑡 − 𝑚ଵ𝑒𝜔ଷሺ𝑘ଶ − ሺ𝑚ଵ+𝑚ଶሻ𝜔ଶሻሺ𝑘ଶ − ሺ𝑚ଵ+𝑚ଶሻ𝜔ଶሻଶ − 𝑐ଶଶ 𝜔ଶ sin𝜔𝑡
      − 𝑐ଶ𝑚ଵ𝑒𝜔ସሺ𝑘ଶ − ሺ𝑚ଵ+𝑚ଶሻ𝜔ଶሻଶ − 𝑐ଶଶ 𝜔ଶ cos𝜔𝑡,
𝑋ሷଵ = −𝑒𝜔ଶcos𝜔𝑡 − 𝑚ଵ𝑒𝜔ସሺ𝑘ଶ − ሺ𝑚ଵ+𝑚ଶሻ𝜔ଶሻሺ𝑘ଶ − ሺ𝑚ଵ+𝑚ଶሻ𝜔ଶሻଶ − 𝑐ଶଶ 𝜔ଶ cos𝜔𝑡
      + 𝑐ଶ𝑚ଵ𝑒𝜔ହሺ𝑘ଶ − ሺ𝑚ଵ+𝑚ଶሻ𝜔ଶሻଶ − 𝑐ଶଶ 𝜔ଶ sin𝜔𝑡,

 (3)

⎩⎪⎪
⎪⎪⎪
⎪⎨
⎪⎪⎪
⎪⎪⎪
⎧𝑋ଶ = 𝑚ଵ𝑒𝜔ଶሺ𝑘ଶ − ሺ𝑚ଵ+𝑚ଶሻ𝜔ଶሻሺ𝑘ଶ − ሺ𝑚ଵ+𝑚ଶሻ𝜔ଶሻଶ − 𝑐ଶଶ 𝜔ଶ cos𝜔𝑡

      − 𝑐ଶ𝑚ଵ𝑒𝜔ଷሺ𝑘ଶ − ሺ𝑚ଵ+𝑚ଶሻ𝜔ଶሻଶ − 𝑐ଶଶ 𝜔ଶ sin𝜔𝑡,
𝑋ሶଶ = − 𝑚ଵ𝑒𝜔ଷሺ𝑘ଶ − ሺ𝑚ଵ+𝑚ଶሻ𝜔ଶሻሺ𝑘ଶ − ሺ𝑚ଵ+𝑚ଶሻ𝜔ଶሻଶ − 𝑐ଶଶ 𝜔ଶ sin𝜔𝑡
      − 𝑐ଶ𝑚ଵ𝑒𝜔ସሺ𝑘ଶ − ሺ𝑚ଵ+𝑚ଶሻ𝜔ଶሻଶ − 𝑐ଶଶ 𝜔ଶ cos𝜔𝑡,
𝑋ሷଶ = − 𝑚ଵ𝑒𝜔ସሺ𝑘ଶ − ሺ𝑚ଵ+𝑚ଶሻ𝜔ଶሻሺ𝑘ଶ − ሺ𝑚ଵ+𝑚ଶሻ𝜔ଶሻଶ − 𝑐ଶଶ 𝜔ଶ cos𝜔𝑡
      + 𝑐ଶ𝑚ଵ𝑒𝜔ହሺ𝑘ଶ − ሺ𝑚ଵ+𝑚ଶሻ𝜔ଶሻଶ − 𝑐ଶଶ 𝜔ଶ sin𝜔𝑡,

 (4)

where, 𝑚ଵ and 𝑚ଶ are the mass of the outer and inner boxes; 𝜔 and 𝑒 are the rotational speed and 
eccentricity of the crankshaft; 𝑐ଶ and 𝑘ଶ are the damping and equivalent stiffness coefficients 
of the cylindrical rubber springs, respectively. 

 
a) 
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b) 

Fig. 2. Dynamical model of the FFSCLS 

3. Results and discussion 

3.1. Experiment set up 

Main parameters of the FFSCLS are shown in Table 1. The vibration behavior of the FFSCLS 
is closely related to its screening performance. The vibration testing technology was adopted to 
analyze the dynamical characteristics of the outer and inner boxes. Fig. 3 shows the field layout 
of the experimental test and analysis system, including FFSCLS, vibration test and signal analysis 
system. 

 
Fig. 3. Field layout of the experiment and analysis system 

The rated power of the driving motor is 37 kW, and the rated rotational speed is 1480 r∙min-1 
(660 V, 50 Hz). The pulley reduction ratio 𝑖  = 2.68. Thus, the rotational speed of crankshaft was 
550 r∙min-1 (57.6 rad∙s-1). The vibration test and signal analysis system consist of INV9832 ICP 
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three directions acceleration sensors, a 16 channels data acquisition instrument, and DASP 
software installed in a computer. Acceleration sensors are absorbed on the inner and outer boxes 
by magnetic seats. The 𝑋-direction of the acceleration sensor was parallel to the material flow, 
and the 𝑌-direction was perpendicular to the 𝑋-direction.  

Table 1. Parameters of the FFSCLS 
Item Value 𝑒 (mm) 12 𝑘ଶ (N∙mm-1) 1670 𝑘ଶ  (N∙mm-1) 6635 

Damping ratio 0.01 𝑚ଵ (kg) 3500 𝑚ଶ (kg) 5300 

Before each experiment, the parameters of DASP software were set. Then enable the sampling 
mode of the DASP software and start the drive motor. Since the vibration of the screen is stable, 
keep recording for a period of time, then turn off the motor. Wait until the vibration of the screen 
is completely stopped, shut down the signal collection. Finally, the signal was recorded and the 
dynamical parameters can be measured.  

3.2. Dynamic characteristics of the FFSCLS 

The dynamic characteristics of the outer and inner boxes were analyzed after the vibration 
experiment. Fig. 4 demonstrates the time-domain characteristic curves of displacement signals 
about outer and inner boxes. In general, the displacement curves can be divided into three stages: 
initial stage (0-5 s), stable stage (5-35 s) and stop stage (35-40 s). At the initial stage, the 
displacement amplitudes of the outer and inner boxes in the 𝑋-direction gradually increase with 
the max value of 8.52 and 9.49 mm respectively and finally stabilize. The displacement amplitudes 
in the 𝑌 direction increases rapidly at first and then decreases slowly with the peak value of 6.50 
and 7.19 mm, respectively. During the stop stage, the displacement amplitude of the inner and 
outer boxes in the 𝑋-direction decreases tardily, while the displacement amplitudes in the  𝑌-direction increases and then decreases. 

 
Fig. 4. Displacement signals of the outer and inner boxes 
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Fig. 5 demonstrates the displacement signals under the steady stage. The displacement signals 
of the inner and outer boxes are shown as standard sine waves. The motion directions of the outer 
box and the inner box in the 𝑋-direction are opposite for the phase difference between the two 
waveforms is 180 degrees. The displacement amplitudes of the outer and inner box along  𝑋-direction are 6.93 and 5.42 mm, respectively. The displacement amplitudes of the outer and the 
inner boxes along 𝑌-direction are 0.32 and 0.52 mm, both very small, the displacement amplitudes 
along 𝑍-direction are even smaller than along 𝑌-direction. Therefore, compared to the value along 
the 𝑋-direction, the displacements along 𝑌- and 𝑍- direction both can be neglected. 

 
Fig. 5. Displacements under the steady working condition 

 

 
Fig. 6. Lissajous displacement patterns of the outer and inner boxes 
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Fig. 6 shows the displacements Lissajous figure of the outer and inner boxes. The trajectories 
of the outer and inner boxes are messy at the initial stage (0-5 s) and stop stage (35-40 s). The 
trajectories look like a straight line at stable stage (5-35 s). In addition, the outer box and the inner 
box are oscillating around their respective centers, and the swing amplitude of the outer box is 
greater than that of the inner box. 

In addition, because the screen box does high frequency vibration, so the acceleration is 
regarded as an important indicator to measure its vibration intensity. Fig. 7 shows the acceleration 
signals of the outer and inner boxes along 𝑋 and 𝑌-directions during stable state. Like the 
displacement curves, the acceleration curves of the inner and outer boxes are also 180° out of 
phase in the 𝑋 direction. Moreover, the 𝑋-direction acceleration amplitude of the outer box is close 
to 22.20 m∙s-2, while the acceleration amplitude of inner box is 17.59 m∙s-2. The 𝑌-direction 
acceleration of the outer and inner boxes show a similar trend, both acceleration amplitudes are 
less than 2.72 m∙s-2. Therefore, the rationality of 1-DOF model is further proved. 

Vibration parameters of the flip-flow screen obtained by the experimental and theoretical 
results under the steady working condition are listed in Table 2. The experimental results are in 
good agreement with the theoretical results. The relative error about the velocity amplitude of the 
inner box is the largest with the value of 6.26 %. Furthermore, less than 6.05 % of the rest of 
relative errors between the calculations and experiments are observed. Hence, the accuracy of the 
dynamical model about the FFSCLS at steady state is proved. 

 

     
Fig. 7. Acceleration signals of the outer and inner boxes 
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Table 2. Theoretical and experimental results of the vibration parameters 
Item X1 (mm) 𝑋ሶଵ (mm∙s-1) 𝑋ሷଵ (m∙s2) X2 (mm) 𝑋ሶଶ (mm∙s-1) 𝑋ሷଶ (m∙s2) 

Experimental results 6.95  371.4 22.20 5.43  291.05  17.59  
Theoretical results 6.93  396.20  23.0  5.12  289.10  16.80 

Error / % 0.29  –6.26  3.48  6.05  0.67  4.70  

3.3. Vibration behaviors with different mass ratio between inner and outer box 

In this section, the effects of the mass ratio between inner and outer box on the vibration 
characteristic of the flip-flow screen are investigated parametrically. Parameters discussed here 
are listed in Table 3. The crankshaft eccentricity 𝑒 is 12 mm. The rotational speed of the crankshaft 𝑛 is 550 r∙min-1 (57.6 rad∙s-1). The stiffness coefficients of the rubber spring 𝑘ଶ is 
1.67E+06 N∙m-1. The mass of the inner box is 5300 kg. Through the dynamic model, it can be 
concluded that the vibration characteristics of the inner and outer box in the 𝑋 direction are closely 
related to their mass ratio. To research the effect of mass ratio 𝑚ଵ/𝑚ଶ (outer box mass to inner 
box mass) on the FFSCLS vibration performance of the flip-flow screen, the mass ratio of 0.5, 
0.66 and 1 were taken for discussion respectively. The changing regular of the displacements, 
velocities, and accelerations about the outer box (𝑋ଵ, 𝑋ଵሶ , 𝑋ሷଵ) and inner box (𝑋ଶ, 𝑋ଶሶ , 𝑋ሷଶ) with the 
mass ratio 𝑚ଵ/𝑚ଶ of 0.4, 0.66 and 1 are shown in Fig. 8. It can be seen that, the amplitude of 
displacement |𝑋ଵ| (Fig. 8(a)), the amplitude of velocity ห𝑋ሶଵห (Fig. 8(c)) and the amplitude of 
acceleration ห𝑋ሷଵห (Fig. 8(d)) decrease with the increase of 𝑚ଵ/𝑚ଶ. To the contrary, the amplitude 
of displacement |𝑋ଶ| (Fig. 8(b)), the amplitude of velocity ห𝑋ሶଶห (Fig. 8(d)) and the amplitude of 
acceleration ห𝑋ሷଶห (Fig. 8(e)) all increase with the increase of 𝑚ଵ/𝑚ଶ. 

Fig. 8(a) shows that the curve of displacement 𝑋ଵ about the outer box demonstrates cosine 
variation law during the process of vibration. When the mass ration 𝑚ଵ/𝑚ଶ of 0.4, the 
displacement amplitude |𝑋ଵ| is 8.32 mm. The displacement amplitude of the outer box |𝑋ଵ| 
decreases from 8.32 mm to 6.94 mm when the mass ration 𝑚ଵ/𝑚ଶ increases from 0.4 to 0.66. 
Then, when 𝑚ଵ/𝑚ଶ further increases to 1, a larger decrease in the displacement amplitude of |𝑋ଵ| 
is observed, whose value is 5.70 mm. Fig. 8(b) is the displacement curve of the inner box 𝑋ଶ. The 
displacement amplitudes of the inner box |𝑋ଶ| increases from 3.68 mm to 5.06 mm when mass 
ration 𝑚ଵ/𝑚ଶ increases from 0.4 to 0.66. Similarly, when 𝑚ଵ/𝑚ଶ further increases to 1, the value 
of |𝑋ଶ| is about 6.23 mm. Under the same mass ration, the sum of |𝑋ଵ| and |𝑋ଶ| is always equal 
to the value of eccentricity e. 

Table 3. Parameters used in section 3.3 
Item Value 

Eccentricity of the crankshaft, 𝑒 (mm) 12 
Rotational speed of the crankshaft, 𝑛 (r∙min-1) 550 

Stiffness coefficients of the rubber spring, 𝑘ଶ (N∙mm-1) 1670 
Damping ratio, 𝑐ଶ/ 𝑘ଶ 0.01 

Mass of the inner box, 𝑚ଶ (kg) 5300 
Mass ratio, 𝑚ଵ/𝑚ଶ  0.4 0.66 1 

The velocities curves of the outer and inner boxes are shown as Fig. 8(c) and 8(d). When mass 
ration 𝑚ଵ/𝑚ଶ increases from 0.4 to 0.66, the outer box velocity amplitude ห𝑋ሶଵห decreases from 
479.3 mm∙s-1 to 399.7 mm∙s-1, and then decreases relatively rapidly to 328.3 mm∙s-1 when 𝑚ଵ/𝑚ଶ 
further increases to 1. On the contrary, the inner box velocity amplitudes ห𝑋ሶଶห increases from  
211.8 mm∙s-1 to 362.8 mm∙s-1 when 𝑚ଵ/𝑚ଶ increases from 0.4 to 1. Under the same mass ration, 
the sum of t ห𝑋ሶଵห and ห𝑋ሶଶห is always equal to 691.1 mm∙s-1, which equal to 𝑒 ∙ 𝜔. The accelerations 
curve of the outer and inner boxes are shown as Fig. 8(e) and 8(f). When the mass ration 𝑚ଵ/𝑚ଶ 

increases from 0.4 to 1, the outer box acceleration amplitudes ห𝑋ሷଵห decrease from 27.6 m∙s-2 to 
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18.9 m∙s-2 while the inner box acceleration amplitudes ห𝑋ሷଶห increase from 12.2 m∙s-2 to  
20.9 m∙s-2, respectively. Under the same mass ration, the sum of ห𝑋ሷଵห and ห𝑋ሷଶห is always equal to 𝑒 ∙ 𝜔ଶ with the value of 39.8 m∙s-2. 

It can be seen from the trend of the curve that, when the mass of inner box 𝑚ଶ remains 
unchanged, increasing the mass of outer box 𝑚ଵ will make the vibration amplitudes of the two 
screen boxes tend to be the same. Thus increase the mass ratio has a beneficial effect on the smooth 
operation of the screening machine. However, excessive increase of 𝑚ଵ will also result in 
excessive compression force and shear force on the supporting springs and overweight of the 
whole screen. Therefore, optimal mass ratio 𝑚ଵ/𝑚ଶ should be chosen within a reasonable range. 

 
a) 

 
b) 

 
c) 

 
d) 

 
e) 

 
f) 

Fig. 8. Vibration behaviors of the outer and inner boxes with different mass ratio:  
a), b) displacement 𝑋ଵ, 𝑋ଶ; c), d) velocity 𝑋ଵሶ , 𝑋ሶ 2; e), f) acceleration 𝑋ሷଵ, 𝑋ሷଶ 
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4. Conclusions 

1) The vibration characteristics of the flip-flow screen with crank-link structure (FFSCLS) 
were studied through theoretical method and experimental test. Based on the established FFSCLS 
dynamic theory model, the dynamic characteristics and vibration behavior of inner and outer 
boxes can be obtained. The maximum deviation between the theoretical and the experimental 
results was within 6.26 %. 

2) The experimental results indicated that the vibration directions Including displacement, 
velocity and acceleration of the outer and the inner boxes are opposite along 𝑋-direction. The 
trajectories about the outer and inner boxes approximates straight line. The vibration of the outer 
box increases while that of the inner box decreases with the increase of the mass ration 𝑚ଵ/𝑚ଶ. 
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