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Abstract. In this paper we use linear vibration approach to make a model of a horizontal vibration screen, which can 

be applied at gravel pit in order to perform separation operation of the wet gravel particles. The model can produce 

the natural frequencies of the system, which are useful in the adjustment of the angular velocity of the vibration 

exciter. A laser triangulation unit is well applicable to measure peak-to-peak amplitude of the working vibration 

screen. Comparison has been performed between the results of the simulation and the measurements. 
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Introduction 

Nowadays automation is widely used to improve productivity also in mining machinery industry. Gravel 

pits ensure the opportunity of the extraction of gravel, where gravels are separated based on its weight 

by a gravel separator/screening machine, which has a vibrating mechanism in order to perform a 

separation process. 

Screen machines play a major role in the mining processing techniques, i.e., the efficient separation of 

mineral particles into various sizes. These type of systems have continuously been improved over the 

recent years [1]. Reconfigurable vibration screens [1], [2] are effective, which can be configured in order 

to serve the current mineral demand. Some papers deal with the design methodology and optimization 

of vibration screens [2], [3]. Modal analysis is well applicable to examine the dynamic characteristic of 

a vibrating screen machine in its design process [3]. Usually an automated horizontal screen ensures 

the vibrating mechanism with eccentric weights. 

In this paper a Weir Trio® TTH6163 screening machine [4], [5] is examined. The task was raised by a 

Hungarian gravel mining company to do an analysis of how its screening machine works. This machine 

has three eccentric timed vibration exciter shafts with oval counterweights, which are applicable to 

provide an oval stroke with adjustable amplitude [4]. It has three different decks with steel screen 

panels in order to isolate different sized particles at the same time. The unit can ensure wet or dry 

applications and easy stroke, speed adjustments [4]. 
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This paper is organized as follows: Section 1 deals with the modelling and simulation of the screening 

machine. Linear vibration approach is used to produce the differential equation of the system. Modal 

analysis is applied to solve the eigenvalue-eigenvector problem of the unit [6]. Furthermore, 

measurements are performed in order to validate the model. The concluding remarks are given in the 

last Section. 

1. Model of the screening machine 

The vibration of the Weir Trio® TTH6163 [4], [5] screening machine (see Figure 1) is modelled with a 

6 DoF 3D linear system. Screening machine can be considered as a rigid body supported by eight rubber 

pads (see Figure 3.), which have three directional stiffness properties. The system is excited with three 

interconnected eccentric weights. Modal analysis is applied to solve numerically the equations of 

motion, taking into consideration of uniform modal damping. 

 

Figure 1. The screening machine 

The structure of the system is shown in Figure 2. The system has 6 degree of freedoms, i.e., 

displacements �⃗� 𝑑 = 𝑢𝑠 ∙ 𝑖 + 𝑣𝑠 ∙ 𝑗 + 𝑤𝑠 ∙ �⃗�  and small angular rotations �⃗� = 𝜑𝑥 ∙ 𝑖 + 𝜑𝑦 ∙ 𝑗 + 𝜑𝑧 ∙ �⃗�  in 

direction of the coordinate axes. The supporting rubber pads can be considered by 12 springs given in 

coordinate directions at the four lower corners. 
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Figure 2. The model of the screening machine 
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The system is considered as a rigid cuboid, which has height, width and depth. The geometric and mass 

specifications of the model are given in Table 1. 

Name Value 

Height (h) 1,974 m 

Width (d) 5,604 m 

Depth (w) 3,364 m 

Mass (m) 8577 kg 

Table 1. Parameters of the model 

The tensor of moment of inertia referring to the centre of gravity, is denoted by 𝐉𝐒. The entries of the 

moments of inertia tensor are determined by the following assumptions [7]: 

𝐽𝑠,𝑧 =
1

12
𝑚(𝑤2 + 𝑑2) = 30535 𝑘𝑔𝑚2, (1) 

𝐽𝑠,𝑦 =
1

12
𝑚(𝑑2 + ℎ2) = 10874 𝑘𝑔𝑚2, 

(2) 

𝐽𝑠,𝑥 =
1

12
𝑚(𝑤2 + ℎ2) = 25232 𝑘𝑔𝑚2. 

(3) 

Eight pieces of SRX 100-160 [8] rubber pads in pairs support the body at the vicinity of the lower 

corners. The resultant stiffness of a pair of pads is uniformly applied in three directions: 

𝑘𝑥,𝑖 = 𝑘𝑦,𝑖 = 𝑘𝑧,𝑖 = 7.92 ∙ 105
𝑁

𝑚
,        𝑖 = 1, 2, 3, 4. (4) 

The position vectors of the four corners are denoted by 𝑟 𝑖, (𝑖 = 1, 2 ,3 ,4), the position vector 𝑟 𝐹 of the 

point of application of the force due to rotating eccentric, which is a harmonic function of time. 

 

Figure 3. The rubber springs located on the base of the system 

The point of application of the force and the position vectors of the corners can be written [9] 

𝐮𝐅 = 𝐮𝐝 + 𝐑𝐅 ∙ 𝛗;       𝐮𝐢 = 𝐮𝐝 + 𝐑𝐢 ∙ 𝛗,      𝑖 = (1, 2, 3, 4), (5) 

where the matrices of 𝐑𝐅 and 𝐑𝐢 

𝐑𝐅 = [

0 𝑧𝐹 −𝑦𝐹

−𝑧𝐹 0 𝑥𝐹

𝑦𝐹 −𝑥𝐹 0
] ;       𝐑𝐢 = [

0 𝑧𝑖 −𝑦𝑖

−𝑧𝑖 0 𝑥𝑖

𝑦𝑖 −𝑥𝑖 0
] ,      𝑖 = (1, 2, 3, 4). (6) 

The strain energy of the springs [6]: 
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𝑈 = ∑(
𝑢𝑖

2

2
𝑘𝑥,𝑖 +

𝑣𝑖
2

2
𝑘𝑦,𝑖 +

𝑤𝑖
2

2
𝑘𝑧,𝑖)

4

𝑖=1

,  (7) 

which can be written in matrix form 

𝑈 = ∑(
1

2
𝐮𝐢

𝐓𝐊𝐢𝐮𝐢)

4

𝑖=1

,   (8) 

where 𝐊𝐢 is the stiffness matrix at the ith corner. After some transformations the final form of the strain 

energy is written: 

𝑈 =
1

2
 [𝐮𝐝

𝐓 𝛗𝐓] 𝐊 [
𝐮𝐝

𝛗 ], (9) 

where K is the global stiffness matrix. 

The kinetic energy of the screening machine can be formulated as 

𝐸 =
1

2
(�̇�𝐝

𝐓 𝐦 �̇�𝐝 + �̇�𝐓 𝐉𝐒 �̇�),   (10) 

𝐦 denotes the mass matrix. 

Lagrange’s equations of the second kind is applicable to produce the equation of the motion of the 

system: 

𝑑

𝑑𝑡
(
𝜕ℒ

𝜕�̇�
) −

𝜕ℒ

𝜕𝐪
= 𝐐𝐅,   (11) 

where ℒ = 𝐸 − 𝑈  is the Lagrange’s function, 𝐪  and �̇�  are the generalized coordinates and velocities, 

respectively: 

𝐪 = [
𝐮𝐝

𝛗] , �̇� = [
�̇�𝐝

�̇�
]. (12) 

Performing the derivations in (11) the equation the motion can be written in matrix form as: 

𝐌 �̈� + 𝐊 𝐪 = 𝐐𝐅, (13) 

where 𝐌  is the mass matrix of the system, 𝐊  is the stiffness matrix, and 𝐐𝐅  is the matrix of the 

generalized forces. The initial condition is 𝐪(0) = 𝐪0, �̇�(0) = �̇�0. 

Modal analysis includes the solution of an eigenvalue problem [6]. Searching the solution with a 

harmonic time function 

𝐪 = 𝐪𝟎 cos(𝛼𝑡), (14) 

where 𝐪𝟎 is the vector of amplitude and 𝛼 is the natural frequency. 

The eigenvalue problem is formulated as follows 

(𝐊 − 𝛼𝑖
2𝐌)𝐪𝟎,𝐢 = 0,       (𝑖 = 1, 2,… , 6), (15) 

where 𝐪𝟎,𝐢 is the eigenvector. It is advisable to normalize the eigenvector [9]: 
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𝐪𝐧,𝐢 =
𝐪𝟎,𝐢

√𝐪𝟎,𝐢
𝐓  𝐌 𝐪𝟎,𝐢

,       (𝑖 = 1, 2, … , 6). 
(16) 

An arbitrary solution of the eigenvector 𝐪  can be produced with the linear combination of the 

eigenvectors: 

𝐪(𝑡) = ∑𝐪𝐧,𝐢 𝑎𝑖(𝑡)

𝟔

𝐢=𝟏

. (17) 

Substituting (17) into (13), multiplying the term with 𝐪𝐧,𝐢
𝐓 , and assume that a real system has dissipation, 

thus Lehr’s damping value (𝜉 ) is taken into consideration, we can get the following form of the 

differential equation: 

�̈�𝑖 + 2𝜉𝑖𝛼𝑖�̇�𝑖 + 𝛼𝑖
2𝑎𝑖 = 𝑄𝑎,𝑖,   (𝑖 = 1, 2, … , 6), (18) 

where 𝑄𝑎,𝑖 = 𝐪𝐧,𝐢
𝐓 𝐐𝐅. The ordinary differential equation can be solved analytically and also numerically. 

1.1. Simulation results 

The screening machine is excited by three interconnected eccentric mass as shown in Figure 4. 
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Figure 4. The phases of the three eccentric masses 

Pre-measurements were performed in order to determine the characteristic frequency of the working 

system. The dominate frequency was 13.2 Hz due to the rotation of the eccentric masses. The calculated 

eccentricity 𝑚𝑒𝑟 = 1.89 𝑘𝑔𝑚. 

We assume that the points of application of the forces due to eccentricity 𝑟 𝐹,1 = (−0.125 ∙ 𝑖 + 0.75 ∙ 𝑗 −

0.5 ∙ �⃗� ), 𝑟 𝐹,2 = (−0.125 ∙ 𝑖 + 0.25 ∙ 𝑗 − 0.5 ∙ �⃗� ), and 𝑟 𝐹,3 = (−0.125 ∙ 𝑖 − 0.25 ∙ 𝑗 − 0.5 ∙ �⃗� ). 

The exciting forces due to eccentricity at steady-state working method: 𝐹 1 = 𝐹 3 = 13000 ∙ cos(𝜔 ∙ 𝑡) 𝑗 +

13000 ∙ sin(𝜔 ∙ 𝑡) �⃗� , 𝐹 2 = 13000 ∙ cos(−𝜔 ∙ 𝑡 − 20°) 𝑗 + 13000 ∙ sin(−𝜔 ∙ 𝑡 − 20°) �⃗� , where 𝜔 =

82.94
𝑟𝑎𝑑

𝑠
. The angular velocity has a ramp up time (see Figure 5). 
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Figure 5. The ramp up time of the angular velocity 

𝑖𝑓 𝑡 < 3      𝜔 = (−𝑡2 − 12𝑡)/36, (19) 

𝑖𝑓 𝑡 ≥ 3      𝜔 = 82.94 𝑟𝑎𝑑/𝑠. (20) 

In the course of transient response the angular velocity of the eccentric masses are changing according 

to (19). Therefore numerical method is performed to determine the vibration of the system. 

Natural frequencies determined by the modal analysis: 𝑓1 = 2.5 𝐻𝑧 , 𝑓2 = 2.81 𝐻𝑧, 𝑓3 = 3.06 𝐻𝑧, 𝑓4 =

5.3 𝐻𝑧 , 𝑓5 = 5.43 𝐻𝑧 , and 𝑓6 = 5.58 𝐻𝑧 . These frequencies are bigger than the measured operating 

frequency of the system. 

The motions in 𝑦 direction of the following two points 𝑟 𝑃,1 = −3.364/2 ∙ 𝑖 − 5.604/2 ∙ 𝑗 − 0.5 ∙ �⃗� , and 

𝑟 𝑃,2 = 3.364/2 ∙ 𝑖 − 5.604/2 ∙ 𝑗 − 0.5 ∙ �⃗�  are determined. The displacements versus time in 𝑦 directions 

are shown in Figure 6 and Figure 7. 

 

Figure 6. The simulation result of the point 1 

 

Figure 7. The simulation result of the point 2 
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1.2. Measurements with a laser triangulation unit 

Vibration measurements have been performed in order to detect the peak-to-peak amplitude of the 

points 𝑟 𝑃,1  and 𝑟 𝑃,2  on the screening machine in the course of steady state operation. Micro-epsilon 

ILD2220-200 laser triangulation unit [10] was used to perform measurements. During the 

measurements, the water pump was switched off and no gravel was applied. The result of a test 

measurement of the point 1 is shown in Figure 8. 

 

Figure 8. Laser measurement of the point 1 

The peak-to-peak amplitude of point 𝑟 𝑃,1 is approximately 0.66 mm, and the dominant frequency is 13.2 

Hz. The results of the point 2 can be seen in Figure 9. 

 

Figure 9. The result of the point 2 

The peak-to-peak amplitude of the point 𝑟 𝑃,2 is about 0.6 mm. 

The simulation results show a good correlation with the test measurements. The dynamical model of 

the system can be used to predict in a predefined point the coordinate displacement values to the 

transient starting condition or the steady-state status. 

Conclusions 

This paper was dealt with the modelling and simulation of the horizontal screening machine. The 

machine was considered as a rigid cuboid. Linear vibration approach has been used to obtain the natural 
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frequencies, and the peak-to-peak amplitudes of the transient response and the steady-state status of 

the model of the vibration screen. 

The numerical simulation and the measurements were performed in two points. The applicability of the 

model has been verified by the measurements. The frequencies and the displacements in 𝑦 direction 

have been determined by the use of laser triangulation technique. The result of the measurements and 

the simulations showed a good correlation. 
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