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Abstract: This article presents the methodology for determining the real values of kinematic 

indices which characterizes the mechanical separation of a mixture of solid particles. 

Mechanical separation of a mixture of solid-solid on surface provided with holes is the most 

common method of separation. To optimize equipment that performs this operation, both 

theoretical and practical characteristics are determined. Kinematic indices are part of the 

theoretical characteristics, helping to identify behavior of solid particles on a surface flat 

swing. Starting from an experimental batch, real values of the kinematic indices 

corresponding to up, down and sideways movement on the sieve were determined for the 

following types of real particles: grain, large grain beans, small grain beans and soybeans. 
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1. INTRODUCTION  

 

The separation process on a flat oscillating surface is a very common process in different industries, such as food 

industry, chemical industry, metallurgical industry, pharmaceutical industry etc. [1, 2]. 

 

Within this process, the separation of a solid particles mixture can be achieved by taking into account the two 

dimensions of the particle, its width and thickness. In order to make this process more efficient, the working 

surfaces, provided with different holes of different shapes, undergo certain simple of complex movements [3]. 

 

Since the screening separation process is a complex process, in order to understand it, a series of methods have 

been applied: 

- theoretical method [4-7]: 

o the behavior of a solid particle has been determined through mathematical expressions.  

o  through different models of simulations programs analyzing the behavior of a solid particles 

mixture as well as the movements on the working surface; 

- experimental method [8-11]: 

o through different types of experiments to make the mechanical separation effect more 

efficient; 

o  by analyzing different techniques: taking images and video files by using high-speed video-

cameras. 

 

To optimize this process are determined some parameters, such as: 
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- Real parameters - using different methods to measurement: the efficiency of the separation process, 

constructive parameters of the separation equipment which are used (inclination angle of the working 

surface, the shape of the working surface, active surface of the working surface, oscillation amplitude 

and frequency, time of separation process, etc.) [12-17]; 

- Theoretically parameters - using different relations, take into account type o equipment, relations 

which are designed to determine: the solid particle velocity on the working surface, kinematic index 

which describe the separation process [18, 19]. 

 

Following the theoretical approaches of the mechanical separation process, the kinematic indices have been 

determined. These indices can help us to identify the moving direction of a solid particle on the oscillating working 

surface [8, 20-22]. 

 

Specialty literature is poor in articles aimed at determining the real value of this parameter. The majority of articles 

aimed at determining the theoretically values of kinematic index for different types of separators [23-26]. 

 

Since the kinematic indices represent only theoretical features, this article, following a series of experimental 

analyses, has the purpose to determine their real value for different types of real particles.     

 

 

2. THEORETICAL BACKGROUND 

 

Two situations have been considered, one in which the particle moves down the sieve and one in which the particle 

goes up the sieve.  

 

Following the two actual situations, Figure 1 and Figure 2 show the directions of the forces acting on a solid 

particle on an oscillating surface, and the calculation relations of the kinematic indices corresponding to the 

movements have been determined [27]: 

- down the sieve kj  (equation 1); 

- up the sieve ks  (equation 2), 

 

relations corresponding to a 3D distribution of forces. 

 

  
Fig. 1. Moving of the particle down the sieve [27]. Fig. 2. Moving of the particle up the sieve [27]. 
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By changing the 3D display into a 2D one (often seen in professional literature), i.e. angle α2=0 and for ω=0, 

equation (1) and (2) become: 

 

sin cos

cos sin
jk

  

  

 



     (3) 

 

sin cos

cos sin
sk

  

  


 


     (4) 

 

Following the same display, we could determine a new kinematic index, kl, which characterizes the sideways move 

of the particle on the oscillating surface (equation 5). 
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Through the three aforementioned relations, starting from the actual analysis of the behavior of a solid particle on 

a flat oscillating surface, the real value of these indices has been determined.  

 

 

3. EQUIPMENT AND MATERIALS 

 

Within the experimental measurements, a laboratory stand has been used (Fig. 3) for the analysis of the process of 

separation of a mixture of solid particles according to their dimensions, which is an oscillating sieve operated by 

a rotating slider crank mechanism. Working surface was suspended on frame with help of elastic which have 7 

mm oscillation, in relation with the vertical axes. The oscillation motion of working surface it is made by an 

electric engine which send a motion to the crankshaft, with help of  transmission belt drive, and after that the 

motion are taken by a connecting rod. 

 

In order to determine the real value of the kinematic indices corresponding to a solid particle, the following 

modifications have been made on the mechanical separation process [27]: 

- The working surface has been modified, from a sieve with holes into a blind sieve on the surface of 

which a series of marking lines have been traced; 

- In order to determine the value of the kinematic indices on the working surface, only one real particle 

has been used.   

 

 
Fig. 3. Laboratory stand used for the analysis of the behavior of a solid particle on a flat oscillating surface [27]. 

 

In order to determine the value of the kinematic indices, a series of parameters must be determined, such as [27]: 

- construction characteristics of the laboratory stand: the gradient of the working surface with regard to 

the horizontal line, α = 10o (inclination work surface was constructed so as the supply area is higher than 

the discharge area); 

- characteristics of the solid particle used within the experimental measurements: friction coefficient, µ; 

- characteristics of the movement of the solid particle on the working surface: the angle α2 made by the 

projection of Fi force to OX axis; the angle ϕ made by the projection of Fi to OZ axis. 
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If α and µ can be determined by different devices and equipment, α2 and ϕ must be determined analytically. To do 

so, the following are to be determined: 

- The projection of the solid particle’s trajectory on the surfaces of the XOY and XOZ planes ; 

-  The real value of the angles α2 and ϕ must be known, angles to be obtained from the projection of the Fi 

force on XOY and XOZ planes. 

 

Two video cameras have been used, in order to determine the spatial trajectory of the solid particle on the flat 

oscillating surface, with a 25frames/sec recording speed. With the purpose to follow the movement of the particle 

on planes the cameras are placed on two perpendicular planes (Fig. 4 4 and Figure 5), [27]: 

 XOY – video camera number 1; 

 XOZ – video camera number 2. 

 

 
Fig. 4. Video camera positioning [27]. 

 

 
Fig. 5. The reference planes [16]. 

 
The rotation of the eccentric shaft was determined with help of laboratory equipment, Vibrotest 60, and for this 

study was choose 240 rpm the working rotation. 

 

The purpose of this article is to demonstrate the possibility to determining the index corresponding to the kinematic 

separation process on the flat screen with oscillating movement. To this end, in order to eliminate some defects as 

the construction work surface, it was chosen as it is a blank screen inclined from the horizontal surface (Figure 6). 

On this surface was limited the distance that was monitored the movement of the solid particle by tracing a chalk 

lines. This marker, from the work surface, has taken into account the displacements on XOY plan that solid particle 

makes: 
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- 265 mm It’s the tracking length of solid particle; 

- To emphasize the lateral movement of the solid particle was drawn a longitudinal line in the middle of 

the working surface. 

 
 

 

 

 

Fig. 6. Blind oscillating surface with the used markers [16]. 

 
In the experimental determinations there have been used real particles which form are differs from the ideal shape. 

To determine the real value of kinematic indices what use one real particle, respective the next particles: grain; 

large grain bean; small grain bean and soybean.  

 
In order to determine the value of kinematic indices of the solid particles, the following working methodology has 

been used (Fig. 7) [27]. 

 

 
Fig. 7. Working methodology. 

Software used to study the behavior of the solid particles on a flat surface are:  
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1. SynthEyes 3-D Camera Tracker It is a tool that will analyze 2D video motion [28]. In this way are 

obtained the particle coordinates and with help of them it is possible to determine the particle path. 

2. Mathcad is a very complex software that can solve algebraic equations, algebraic equations systems, 

function graphs can represent many other operations [29]. 

 

Since within the experimental measurements intended to obtain the real value of the indices, the following real 

types of solid particles have been used: soybeans, grain, small grain beans and large grain beans, the characteristics 

of which are presented in Table 1. 

 

Table 1. Characteristics of solid particles [27]. 

Nr. 
Particle 

type 

Solid particle dimensions, mm 

Roundness Weight (g) 
Friction 

coefficient, µ 
Length 

(mm) 

Width 

(mm) 

Thickness 

(mm) 

1. grain 20.30 13.43 8.46 0.65 1.25 0.49 

2. 
Large 

grain bean 
19.03 12.93 8.77 0.67 1.19 0.48 

3. Small 

grain bean  
12.70 8.19 7.44 0.72 0.48 0.39 

4. Soybean  7.32 6.40 6.29 0.91 0.22 0.37 

 

To achieve the experimental study on the working surface was put only one solid particle, and for that particle was 

determined the real value of the kinematic index. 

 

 

4. OBTAINED RESULTS  

 

Following the experimental measurements and complying with the working methodology, it has been determined, 

first, the trajectory covered by the solid particle on the flat oscillating surface (Fig. 8). 

 

After analyzing the graphical representations of solid particles trajectories, it can be said that they don’t have the 

same rate, and this due to characteristics of the solid particles. 

 

 The starting point of the movement of the solid particle on the working surface is the same for all types of particles, 

this being (250; 0) (coordinates on OX and OY). The trajectory of the solid particle ends at 0 on OX axis, but for 

all 4 types of analyzed particles, the final coordinates of the particle’s trajectory on OY axis are not the same, as 

the results are as following: 

- grain particle: 0.98; 

- large grain bean particle: 9.1; 

- small grain bean particle: 11.6; 

- soybean particle: 78.4. 

 

In conclusion, the highest deviation from the linearity of the trace, which is from the 0 value of OY, it was obtained 

for the soybean particle, and the lowest deviation for the grain particle. 

 

Also, after measuring the trajectory generated by the solid particle, it shows that the particle of:  

- Grain moved on the working surface  0.272 m; 

- Large grain bean moved on the working surface  0.321 m; 

- Small grain bean moved on the working surface  0.289 m 

- Soybean moved on the working surface 0.32 m.  
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a) 

 
b) 

 
c) 

 
d) 

Fig. 8. Solid particles trajectory charts: 

a) grain; b) large grain bean; c) small grain bean; d) soybean. 

 

 

Given that in order to determine the value of the kinematic index one must know also other characteristics, Figure 

7 shows the α2 variation according to the projection of Fi with regard to XOY plane, with regard to OX axis, and 

to the trajectory of the solid particle on XOY plane. In order to find out the relation existing between α2 angle and 

the particle’s trajectory, the same graphic shows the projections of the trajectory on XOY plane (Figure 9). 

 

Through calculation equations (3), (4) and (5) the real value of the kinematic index can be determined, describing 

the behavior of the solid particle on the oscillating surface (Figure 10).  

 

By analyzing the kinematic indices variations, the following conclusions can be reached: 

- The rates of variation of kinematic indices kl and kj are identical, these being offset from each other, and 

generally kj>kl; 

- In most of the situations, the shape of variation of kinematic index corresponding to upward movement 

on the working surface ks is opposed to the variation of the kinematic index kj; 

- The shape of variation of the three characteristics is the same with the trajectory of the solid particle or, 

to be exactly, with its movement down the working surface, up the working surface and sideways on the 

working surface. 

 

Following the analysis of previous charts, it shows that for any change of direction of the solid particle, the value 

of α2 angle changes also, its positive or negative values depending on the position of the particle with regard to 0 

value of OY axis. 
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a) 

 
b) 

 
c) 

 
d) 

Fig. 9. the trajectory of the solid particle in function by α2 variation for: 

a) grain; b) large grain bean; c) small grain bean; d) soybean. 

 

 

 

 
a) 

 
b) 
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c) 

 
d) 

Fig. 10. The variation of kinematic index according to the trajectory of the solid particle for: 

a) grain; b) large grain bean; c) small grain bean; d) soybean. 

 

 

5. CONCLUSION  

 

The most commonly used method of mechanical separation of a heterogeneous mixture of solid particles is the 

separation by size or separation on site. 

 

The separation process is characterized by the side kinematic index, parameter that describes the movement of the 

swing plane on the surface of the solid particle. 

 

Because in the literature is presented only flat distribution of forces acting on the solid particle on a flat oscillating 

surface, in this article was aimed how the same forces, but acts within the spatial movement of solid particles, 

thereby achieving equations of motion for two movement directions of particles or kinematic indexes of the particle 

movement on the sieve (kj and ks), taking into account the three forces projection on planes XOY, XOZ and YOZ. 

 

From the new general motion equations we determined the kinematic indexes for sideways movement of solid 

particle on the oscillating flat surface kl and we found that regardless of how solid particle movement on the 

oscillating flat surface that is up or down, on this relationship kl index calculation is the same. 

Following the experimental determination of the behavior of a solid particle on a flat oscillating surface, a number 

of parameters could be theoretical determined, such as angle α2 of the projection of force Fi in relation to the OX 

axis; angle ϕ of the projection of force Fi in relation to the OZ axis. 

 

With calculation relations determined for kinematic indexes we found the real value of these parameters. 

 

From the results representation it appears that irrespective of the particle type used in the experimental 

determinations, kinematic indexes value is not constant, their variation is closely related to the behavior of solid 

particle oscillating surface. 
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