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Abstract         The operation of separation of seeds is realized due to the 
vibration of flat sieve. The operation of separation is analyzed with the help of 
the layer of mixture model which executes vibration motions on a plane with 
friction.  This paper analyzed the following models of layer material: 
Fajbuševič model, Wacker model and most exact model. The paper have a 
real interdisciplinary character because requires large knowledge of 
mechanics, agricultural machines, mathematics and computer programming. 
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During the technological process of seed 

sorting, it is realized a statistical comparison between 

the width or thickness of seeds in the mass of seeds, 

and the dimensions or sieve orifices. Thus, the seeds 

which are bigger than the sieve orifices remain on the 

sieve, until that the smaller seeds pass through the 

sieve. 

In order to realize the process of separation by 

sorting, it is necessary a relative motion between the 

mass of seeds and the surface of sieve. 

Theoretically, the process of sorting comprises 

two phases: stratification of seed mass on the sieve 

surface and passing of seeds of smaller dimensions 

through the sieve orifices. 

In reality, these phases are not separately 

progressing, but they are interpenetrated, depending on 

the character of motion that the sieve transmits to the 

mixture of seeds. 

The process of sorting, in spite of the fact that it 

appears as a simple one, in reality it is distinguished by 

a high complexity, because it depends on a lot of 

factors, which can not be precisely taken into 

consideration for an exact calculus. 

The motion investigation of the mixture layer 

on the surface of flat sieves is analyses by the aid of 

motion parameters: the angle of gradient of the shaking 

surface, the angle between the direction of the shaking 

and the surface, the sliding friction coefficient, the 

angular velocity etc.  

 

Materials and Methods 

 
The plane sieves are very much used in 

agricultural processes of seed separation at combine 

harvester as well as at seed conditioning.  

On the degree of separation of seeds, there are 

two main factors which have influence, concomitantly 

or independently acting: the kinematic regime of sieve 

and the degree of charging of sieve. 

The kinematic regime of sieves must be chosen 

so that the seeds to move up and down in relation to the 

sieve, in order to give to the seeds the possibility to be 

vertically disposed in relation to the sieve plan, so that 

to be possible the passing through the sieve orifices. 

The second factor which influences the degree 

of separation of sieve can be the degree of charging. At 

a big charging of sieve, the layer of seeds has a big 

thickness so that the particles directly situated on the 

sieve do not permit to the particles, situated in the 

superior part of the layer to arrive in the front of 

orifices; as consequence, the particles having enough 

small dimensions to pass through orifices, remain on 

the sieve; in this way, at a certain moment, they leave 

the surface of sieve, the separation being, also, 

incomplete. 

The processes of vibro-transport and vibro-

separation are based on the dynamic displacements, 

with sliding of the mixture layer on the surface of flat 

sieves what executes vibrations on the same direction. 

The adopted dynamic model is composed of a mass 

what can slide with friction on a platform what vibrates 

on the same direction, under the action of a periodic 

force. 

The displacement of the mixture layer on the 

platform is due to the dry friction between the two 

masses of the system. The three possible cases are 

studied. The periodic motions are studied with the 

known methods for vibro-impacting systems. 

In addition to the exact theoretical study, some 

approximations are used to obtain more simples and 

easily to apply results. 

 

Results and Discussions 

A more complex dynamic model, which 

considers the motion on sieve of the whole layer of 
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mixture (formed of culture seeds, big impurities, small 

impurities and small seeds) is the one elaborated by 

G.Z. Fajbuševič, where the process of separation is 

divided in three main phases. Thus, in the first phase, it 

takes place the aeration of the mixture on the sieve, 

which is executed by choosing an appropriate regime 

of the sieve oscillation. 

The performed researches leaded to an 

inequality which is considered as the necessary and 

sufficient condition to realize the aeration, 

corresponding to an optimal separation. This condition 

is expressed by the inequality 
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where: -  is the pulsation of vibrations of sieve; 

- 2A  is the normal component on sieve of the 

amplitude A of vibration; 

- D  is the diameter of seed; 

- h  is the thickness of the layer of mixture on 

the sieve; 

- k  is a coefficient which takes into account the 

elastic properties of seeds, named ˝coefficient of 

restoration˝. 

The relation (1), established on experimental 

way, shows, in fact, the dependence between the 

normal component of the velocity of oscillation of 

sieve, 2A  and the physical-mechanical properties of 

seeds, correlated with the dimensions of the layer of 

mixture. Thus, this velocity increases with the 

dimensions of seeds and decreases with the increasing 

of the thickness h  of the layer of mixture. The relation 

is valid only for the seeds of spherical shape and it can 

be applied only when there are known the elastic 

properties of seeds, respectively the coefficient k , that 

constitutes a disadvantage of this model. 

In the second phase of the process of separation, 

it takes place the motion of particles of mixture on the 

surface of sieve and it is considered that this motion is 

realized under the influence of periodic pulses, 

repeated with a high frequency. Because the process is 

discontinuous, in the equations which describe the 

motion, it is introduced the function )t( , also called 

the ˝Dirac distribution˝, defined by the relations  

 a) 0)t(  for 0t , 

b) 0)t(  for 0t ,
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The differential equations of motion, in relation 

to a frame O , attached to sieve, are 
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where: - 1A  is the tangent component of amplitude of 

vibrations, cotAA 21 ; 

 - 0  is the initial phase of the strike. 

By integrating the differential equations of 

motion, with the consideration of conditions of 

periodicity of motion, there are determined the 

trajectory and velocity of displacement of particles and 

also, the distance of fly between two successive 

collisions. 

The third phase of the process of separation 

consists in the passing of particles through the holes of 

sieve, when it is imposed the condition that the particle 

motion to be decelerated or stopped. For this phase, 

another inequality was obtained, which expresses the 

condition that the seed to pass, without encumbrance 

through the hole of sieve, if there are accomplished its 

geometrical conditions, in relation to the dimensions of 

the hole of sieve:  
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where: - d  is the diameter of holes of sieve; 

 - cv  is the velocity of fall of the seed on the 

surface of sieve. 

All relations are established by using 

approximate methods of calculus for the kinematical, 

geometrical and energetic parameters of sorting 

machines with vibrating sieves, taking as initial data, 

the necessary productivity, the weight per volume unit 

of material and the diameter d of holes of sieve. 
 

Another dynamic model of the mixture layer is 

the Wacker model. This model represents an important 

progress in the study of the seed motion, considering 

the motion of the whole layer of seeds instead of the 

motion of a single seed. With this aim, the seed, 
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modeled by a material particle is replaced by an 

element of volume (elementary volume), composed by 

all component parts of the seed layer. Within the 

framework of this model, it is considered that under the 

action of the air current, the mixture, situated on the 

sieve, gets properties of a viscous fluid, appearing the 

phenomenon of floating. In these conditions, the 

Coulombian force of friction can be replaced by a force 

of viscous friction, whose components are proportional 

to the velocity of the considered element (figure 1).
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Figure 1. Wacker dynamic model 

 

The components of this force, in relation to the 

frame O  of the sieve are 

 cF , cF , cF ,

 (6) 

where c  is the coefficient of damping. 

This force is added to the force of weight G


, 

force of inertia IF


 and the aerodynamic force aF


, so 

that for the study of relative motion, there are used the 

differential equations 
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in the case when the sieve is longitudinally inclined 

(around the Oz axis). 

If the sieve has, also, a transversal inclination 

(around the Ox axis), with the angle t , for the study 

of motion, it must considered the differential equation  

  tsinmgcm 

 (9) 

which, added to the equations (7) and (8), determines 

the motion of the element of layer of seeds, in relation 

to the sieve. 

The integration of the three equations is made 

considering the return on the sieve as a phenomenon of 

natural collision, characterized by the restitution 

coefficient R . 

In accordance to this model, the aerodynamic force aF


 

is considered as a constant force, because the external 

factors have a small influence on its value.  

The ideal model of separation can be appreciated as the 

most exact model for the separation of seeds to the 

holes of the sieve, because it takes into account, even 

from the beginning, the real situation where the seeds 

move under the form of a layer of material, figure 2.
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Figure 2. Most exact model of separation 

 

 

For the analysis it is extracted an elementary 

volume BHdL, from the considered element of 

mixture, having the shape of a parallelepiped, with the 

dimensions L, B, and H. 

It is considered that the seeds that must be 

separated have the average velocity Bv , and the layer 

of material moves on the sieve with the velocity vv . 

If dm  is the quantity of seeds which passes 

trough the elementary surface BdL, from the mixture 

of mass m , this one is given by the relation 

  
v

B

Hv

dLv
mdm ,

 (10) 

from which, by integration, it results 
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where:  - 0m  is the quantity of seeds which enters the 

system of cleaning; 

 - m  is the quantity of not separated seeds, 

arrived to the end of the sieve; 

 - TY  is the quantity which characterizes the 

process of separation. 

The quantity 

  TT YZ 1

 (12) 

represents the relative quantity of separated seeds. 

If it is denoted by X the relative quantity of not 

thrashed ears, short straw, chaff, dust, etc, by Y the 

relative mass of not separated seeds and by Z the 

relative mass of seeds, passed trough the sieve, in any 

position of the sieve, the following relation takes place 
 

 1ZYX .

 (13) 

The situation of the three components, as a 

function of the separation length s, is shown in figure 

3.
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Figure 3. Variation of seed quantity, separated along the separation length 

 

When the mixture of layer arrives at the 

entrance on the sieve, XAYA 1  has a high value 

because 0ZA . 

For the separated seeds, it was established a 

relation, experimentally verified,  
 

  
seZ 1 ,
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where  is a separation coefficient, depending 

on the velocity of sieve sv , 

  
2

111 ss vcvba ,

 (15) 

1a , 1b  and 1c  being experimental coefficients.  

 

Conclusions 

The operation of separation of seeds from the 

layer on the sieves of seed cleaning and sorting 

machines takes place due to the phenomenon of 

material stratification in its components, which are 

differentiated after their density and also, due to the 

state of sifting of the seed layer on the separation 

surface, produced by the motion of sieves. 

The state of sifting of the seed layer on the 

surface of oscillating flat sieves depends on the 

physical-mechanical properties of the material which is 

subjected to separation, the ratio between the seed 

mass and the mass of the other components in the layer 

and also, on the constructive and functional parameters 

of the cleaning system. 

The state of sifting is defined by the character of 

relative motion of the material on sieves: failure of 

relative motion (relative rest), relative motion in one 

direction or in booth directions, with or without 

detachment.  

The theoretical studies show that an efficient 

separation of seeds in the layer on the sieve takes place 

when it is assured to the material a state of sifting, 

defined by a relative motion, in booth directions, on the 

sifting surface, with the tendency of detachment and a 

resultant motion, to the sieve extremity which is 

opposite to the one where the sieve is supplied with 

material. 

The forces which act on the seeds, situated on 

the sieve surface of the cleaning system and which can 

to induce to the material a certain state of sifting, are 

the forces of inertia.  

In order to verify the results obtained in 

theoretical study, experimental tests will be performed 

on cleaning systems at combine harvester as well as at 

seed conditioning machines.  
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