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Abstract/резюме: In work mathematical models are developed and speeds of movement of seeds are analytically determined by a 
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1. Introduction/Введение  

For cleaning of seeds the product lines which are turning on 
air sieve grain grader machines, grain grader and vibration 
pneumatic separator now are used. Shortcomings of used lines are 
high energy consumption and metal consumption, and also big 
losses of seeds in fodder waste. 

For the purpose of decrease in energy consumption and 
increase in an exit of seeds on chair of agricultural cars of the Perm 
GSHA the technology of cleaning of seeds [1] is developed. Feature 
of technology is allocation of part of standard seeds after processing 
on air решетной the car and a grain grader. The second part, about a 
half, process on a vibration pneumatic separator. 

The purpose of the presented scientific work is increase of 
efficiency of cleaning of seeds on a vibration pneumatic separator. 

Application of an improved version of a vibration pneumatic 
separator for cleaning of elite seeds of grain crops allows, in 
comparison with used, to raise specific loading by 2-2,5 times, to 
reduce specific power consumption by 30-50%, and at its use in the 
product lines which are carrying out fractional technology of 
cleaning, to reduce losses of seeds more than by 1,5 times. 

The experimental sample of a vibration pneumatic separator 
developed and made on chair of the FPBEI HPE agricultural 
machines "Perm SAA", successfully passed production check in 
shop of postharvest processing of seeds of department of seed 
farming of the Perm Scientifically Research Institute of Agriculture 
and is used in educational process. 

2. Preconditions and means for resolving the 
problem/Предпосылки и средства для 
решенияпроблемы 

Vibration pneumatic separator (VPS) are intended for cleaning 
of hardly separable impurity and sorting of seeds of grain, 
leguminous, grains and oil-bearing crops and herbs taking into 
account distinctions of seeds and impurity on a complex of physical 
and mechanical properties, including on density [2]. Working bodies 
of vibration pneumatic separator is дека with the punched surface 
and an air stream. In a form flow distinguish: trapezoid, established, 
for example, on pneumatic sorting tables MOС 9C or MOC-9H, 
direct-flow and in the form of the punched rotating drum located at 
an angle to the horizon. The greatest distribution was found now by 
VPS with trapezoid surface. 

Separation on these working bodies consists of two 
interconnected consecutive stages - stratifications of a grain material 
with its transfer to a fluidized condition and divisions to fractions 
with various properties. 

With increase of productivity of VPS with trapezoid wild, its 
area and, respectively, total the capacity necessary for pseudo-
liquefaction of a grain material, increase on parabolic dependence 
that leads to directly proportional increase in the fluctuating masses 
flow and the grain layer which was on it. High power consumption 

of process of separation is explained by that only on 1/3 squares 
flow there is an active stratification of a material, and on other — its 
selective transportation [3].  

With direct-flow wild all its area serves in separators only for 
stratification, a material (down) then it divide by means of PS 
dividers. 

 
Division of a grain material on uniflow деке can be realized 

according to the uniflow scheme (PS moves lengthways flow in one 
direction) and the counter-current (PS is divided into two opposite 
directional streams). The pilot studies showed that at uniflow flow 
dividing ability on 25... 35% are higher. This results from the fact 
that separation process on it steadier, that is is less sensitive to little 
changes of key parameters and casual influences. 

Stability of separation on деках significantly depends on 
resistance of the airdistributing device which best value at uniflow 
flow is in limits 150... 280 Pas are provided also by rather leveled 
high-speed field of an airflow with a grain layer - 21... 24%, without 
grain — 15... 18%. The analysis showed that at separation on деке 
with the increased aerodynamic drag of the air distributing device 
(200... 400 Pas) uniform of distribution of an airflow on the area is 
higher and to a lesser extent depends on PS thickness. 

Efficiency and quality of separation of seeds on VPS with 
uniflow wild, both with a direct flow, and with a countercurrent, are 
caused by effectiveness of dividers.  

Applied vibration pneumatic separator have the increased 
losses of seeds in wastage at demanded quality of office of impurity. 

Besides so far mathematical models are not developed for 
calculation of speed of movement of a grain material for the 
punched fluctuating surface blown by a sloping airflow [4,5]. 

On chair of the FGBOU VPO agricultural cars "Perm 
GSHA" uniflow VPS with vacuum and delivery air systems from a 
wild original design [3,4] are developed. The particular interest 
presents to VPS with the sloping airflow given under I flow. The 
further intensification of a working separation process of seeds in a 
fluidized bed is possible at the expense of optimization of speeds 
and the airflow direction on various sites flow, and also a mode of 
its work. 

In this regard a research objective is increase of overall 
performance of a vibration pneumatic separator of seeds. 

2.1. Theoretical model/Теоретическая модель 

2.1.1. Determination of traveling speed of a grain material on the 
punched fluctuating surface blown by a directional airflow 

Let on the material being on a fluctuating punched surface, 
having the openings, which size there are less than components of a 
grain material, and inclined at an angle to the horizon, works forces: 
weight force G=m·g; inertial force U=j·m; frictional force F=N·tg𝜑𝜑; 
airflow force Pв( N- the normal response swore on a surface).  

In view of the fact that the direction of inertial forces and a 
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sliding friction changes depending on the direction of acceleration 
of a surface, we will work out differential equations separately for 
right and left-hand intervals. The direction of action of forces on a 
material, being on a fluctuating surface, in a right interval are 
presented in figure 2.1.1: 

 
Fig. 2.1.1. The scheme of forces operating on a material (a right 
interval) 

Because the inertial force is directed in opposite to 
acceleration the party, it in this interval is focused to the right and to 
seek to shift a material up on a surface.  

The differential equation of the relative movement of a 
material on a surface, worked out with use of the principle of the 
scientist (D' Alamber), will become: 

𝑚𝑚 ∙
𝑑𝑑2𝜉𝜉вв

𝑑𝑑𝑑𝑑2 = 𝑢𝑢 ∙ cos(𝜀𝜀 − 𝛼𝛼) −𝑚𝑚𝑚𝑚 ∙ sin(𝛼𝛼) − 

−(−𝑢𝑢 ∙ sin(𝜀𝜀 − 𝛼𝛼) + 𝑚𝑚𝑚𝑚 ∙ cos(𝛼𝛼) − 𝑃𝑃в ∙ sin(𝜀𝜀 − 𝛼𝛼))
sin(𝜑𝜑)
cos(𝜑𝜑) + 𝑃𝑃в

∙ cos(𝜀𝜀 − 𝛼𝛼). 
After transformations, receive: 

𝑑𝑑2𝜉𝜉вв

𝑑𝑑𝑑𝑑 2 ∙ cos⁡(𝜑𝜑)
cos⁡(𝜀𝜀−𝛼𝛼−𝜑𝜑)

= 𝜔𝜔2𝑟𝑟 ∙ cos(𝜔𝜔𝜔𝜔) − 𝑔𝑔 ∙ sin⁡(𝛼𝛼+𝜑𝜑)
cos⁡(𝜀𝜀−𝛼𝛼−𝜑𝜑)

+ 𝑘𝑘п ∙ 𝑉𝑉𝐵𝐵2  
(2.1.1) 

In the left interval force of inertia is directed from right to left, 
and the material seeks to be shifted down on a surface (to fig. 2.1.2). 

 
Fig. 2.1.2. The scheme of forces operating on a material (the left 

interval) 
The differential equation of relative movement of a material 

on a surface will become: 

𝑚𝑚 ∙
𝑑𝑑2𝜉𝜉вн

𝑑𝑑𝑑𝑑2 = (𝑚𝑚𝑚𝑚 ∙ cos(𝛼𝛼) + 𝑢𝑢 ∙ sin(𝜀𝜀 − 𝛼𝛼) − 𝑃𝑃в ∙ sin(𝜀𝜀 − 𝛼𝛼))

∙
sin(𝜑𝜑)
cos(𝜑𝜑)− 𝑢𝑢 ∙ cos(𝜀𝜀 − 𝛼𝛼) + 𝑃𝑃в ∙ cos(𝛼𝛼 + 𝜀𝜀)

−𝑚𝑚𝑚𝑚 ∙ 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠. 
After transformations, receive: 

𝑑𝑑2𝜉𝜉вн

𝑑𝑑𝑑𝑑 2 ∙ cos⁡(𝜑𝜑)
cos⁡(𝜀𝜀−𝛼𝛼+𝜑𝜑)

= 𝜔𝜔2𝑟𝑟 ∙ cos(𝜔𝜔𝜔𝜔) − 𝑔𝑔 ∙ sin⁡(𝛼𝛼−𝜑𝜑)
cos⁡(𝜀𝜀−𝛼𝛼+𝜑𝜑)

− 𝑘𝑘п ∙ 𝑉𝑉𝐵𝐵2  
(2.1.2.) 
Let's designate: 𝜎𝜎 = cos⁡(𝜀𝜀−𝛼𝛼+𝜑𝜑)

cos⁡(𝜑𝜑)
,  𝛿𝛿 = cos⁡(𝜀𝜀−𝛼𝛼−𝜑𝜑)

cos⁡(𝜑𝜑)
  

Then differential equations of the relative movements will 
become: 
  𝑑𝑑

2𝜉𝜉вв

𝑑𝑑𝑑𝑑 2 ∙ 1
𝛿𝛿

= 𝜔𝜔2𝑟𝑟 ∙ cos(𝜔𝜔𝜔𝜔) − 𝑔𝑔 ∙ sin⁡(𝛼𝛼+𝜑𝜑)
cos⁡(𝜀𝜀−𝛼𝛼−𝜑𝜑)

+ 𝑘𝑘п ∙ 𝑉𝑉𝐵𝐵,
2    (2.1.3) 

𝑑𝑑2𝜉𝜉вн

𝑑𝑑𝑑𝑑 2 ∙ 1
𝜎𝜎

= 𝜔𝜔2𝑟𝑟 ∙ cos(𝜔𝜔𝜔𝜔) − 𝑔𝑔 ∙ sin⁡(𝛼𝛼−𝜑𝜑)
cos⁡(𝜀𝜀−𝛼𝛼+𝜑𝜑)

− 𝑘𝑘п ∙ 𝑉𝑉𝐵𝐵2.   (2.1.4) 
 

For determination of speed of the relative movement we will 
integrate differential equations (2.1.3) and (2.1.4). 

To determine speed in any arbitrariest instant of t, the 
integration needs to be conducted ranging from time of the 
beginning of shifts of t1 to t. 

Speed at shifts down will be equal: 

𝑑𝑑 𝜉𝜉вн

𝑑𝑑𝑑𝑑
∙ 1
𝜎𝜎

= 𝜔𝜔𝜔𝜔 ∙ (sin(𝜔𝜔𝜔𝜔) − sin(𝜔𝜔𝑡𝑡1)) − 𝑔𝑔 ∙ (𝑡𝑡 − 𝑡𝑡1) ∙ ( sin (𝛼𝛼−𝜑𝜑)
cos (𝜀𝜀−𝛼𝛼+𝜑𝜑) +

𝑘𝑘п∙𝑉𝑉𝐵𝐵2

𝑔𝑔
) (2.1.5) 

The relative speed of particles when moving material up can 
be defined similarly: 
𝑑𝑑 𝜉𝜉вв

𝑑𝑑𝑑𝑑
∙ 1
𝛿𝛿

= 𝜔𝜔𝜔𝜔 ∙ (sin(𝜔𝜔𝜔𝜔) − sin(𝜔𝜔𝑡𝑡1)) − 𝑔𝑔 ∙ (𝑡𝑡 − 𝑡𝑡1) ∙ ( sin (𝛼𝛼+𝜑𝜑)
cos (𝜀𝜀−𝛼𝛼−𝜑𝜑) −

𝑘𝑘п ∙ 𝑉𝑉𝐵𝐵2) (2.1.6) 
 

Not to mix the moments of the beginning of shifts down (t1) – 
вн and up (t1) – вв, usually enter concepts of phases of the 
beginning of shifts down (𝜔𝜔𝑡𝑡1)вн = 𝜃𝜃1  and up (𝜔𝜔𝑡𝑡1)вв = 𝜓𝜓1 

Taking into account these designations of the equation of the 
relative speeds of particles can be provided to a look: 

 𝑑𝑑 𝜉𝜉вн

𝑑𝑑𝑑𝑑
∙ 1
𝜎𝜎

=  𝜔𝜔𝜔𝜔 ∙ (sin(𝜔𝜔𝜔𝜔) − sin(𝜃𝜃1)) − 𝑔𝑔 ∙ (𝜔𝜔𝜔𝜔−𝜃𝜃1

𝜔𝜔
) ∙ ( sin (𝛼𝛼−𝜑𝜑)

cos (𝜀𝜀−𝛼𝛼+𝜑𝜑) +
𝑘𝑘п∙𝑉𝑉𝐵𝐵2

𝑔𝑔
)  (2.1.7) 

𝑑𝑑 𝜉𝜉вв

𝑑𝑑𝑑𝑑
∙ 1
𝛿𝛿

= 𝜔𝜔𝜔𝜔 ∙ (sin(𝜔𝜔𝜔𝜔) − sin(𝜓𝜓1)) − 𝑔𝑔 ∙ (𝜔𝜔𝜔𝜔−𝜓𝜓1

𝜔𝜔
) ∙ ( sin (𝛼𝛼+𝜑𝜑)

cos (𝜀𝜀−𝛼𝛼−𝜑𝜑) −
𝑘𝑘п ∙ 𝑉𝑉𝐵𝐵2 (2.1.8) 
 

For phases 𝜃𝜃1, 𝜓𝜓1 reference is lack of the relative accelerations 
of particles: 
𝑑𝑑2𝜉𝜉вн

𝑑𝑑𝑑𝑑 2 ∙ 1
𝜎𝜎

= 𝜔𝜔2𝑟𝑟 ∙ cos(𝜔𝜔𝜔𝜔) − 𝑔𝑔 ∙ sin⁡(𝛼𝛼−𝜑𝜑)
cos⁡(𝜀𝜀−𝛼𝛼+𝜑𝜑)

− 𝑘𝑘п ∙ 𝑉𝑉𝐵𝐵2 = 0. 
From where it is expressed the equations: 

cos(𝜃𝜃1) = 𝑔𝑔
𝜔𝜔2𝑟𝑟

∙ ( sin (𝛼𝛼−𝜑𝜑)
cos (𝜀𝜀−𝛼𝛼+𝜑𝜑) + 𝑘𝑘п∙𝑉𝑉𝐵𝐵2

𝑔𝑔
) (2.1.9) 

cos(𝜓𝜓1) = 𝑔𝑔
𝜔𝜔2𝑟𝑟

∙ ( sin (𝛼𝛼+𝜑𝜑)
cos (𝜀𝜀−𝛼𝛼−𝜑𝜑) −

𝑘𝑘п∙𝑉𝑉𝐵𝐵2

𝑔𝑔
) (2.1.10) 

After definition of phases of the beginning of shifts, find 
traveling speed of particles. 

Average speed of movement of a material on a fluctuating 
surface depends on the size of shifts of particles up and down during 
one frequency period of T:  
𝑉𝑉ср = 𝜉𝜉вн+𝜉𝜉вв

𝑇𝑇
. (2.1.11) 

Therefore, for determination of average speed it is necessary 
to find sizes of shifts up and down a path of integration of the 
equations of the relative speed ranging from the moment of the 
beginning of shifts of 𝑡𝑡1 until the end t2. 

For shifts down we find: 
1
𝜎𝜎
∙ �

𝑑𝑑𝜉𝜉вн

𝑑𝑑𝑑𝑑

𝑡𝑡2

𝑡𝑡1

= � 𝜔𝜔𝜔𝜔(sin(𝜔𝜔𝜔𝜔) − sin⁡(𝜃𝜃1)
𝑡𝑡2

𝑡𝑡1

)𝑑𝑑𝑑𝑑

−� 𝑔𝑔 ∙
(𝜔𝜔𝜔𝜔 − 𝜃𝜃1)

𝜔𝜔

𝑡𝑡2

𝑡𝑡1

∙ �
sin(𝛼𝛼 − 𝜑𝜑)

cos(𝜀𝜀 − 𝛼𝛼 + 𝜑𝜑) +
𝑘𝑘п ∙ 𝑉𝑉𝐵𝐵2

𝑔𝑔 �𝑑𝑑𝑑𝑑 

The first integral of a right member will become: 
� 𝜔𝜔𝜔𝜔(sin(𝜔𝜔𝜔𝜔)− sin(𝜃𝜃1))
𝑡𝑡2

𝑡𝑡1

𝑑𝑑𝑑𝑑

= −𝑟𝑟 ∙ cos(𝜃𝜃2) + 𝑟𝑟 ∙ cos(𝜃𝜃1)− 𝑡𝑡2(𝑟𝑟𝑟𝑟) ∙ sin(𝜃𝜃1)
+ 𝑡𝑡1(𝑟𝑟𝑟𝑟) ∙ sin(𝜃𝜃1)
= 𝑟𝑟 ∙ [(cos(𝜃𝜃1) − cos(𝜃𝜃2) − (𝜃𝜃2 − 𝜃𝜃1) ∙ sin⁡(𝜃𝜃1)] 

The second integral of a right member of the equation is 
defined 

𝑔𝑔 ∙ �
(𝜔𝜔𝜔𝜔 − 𝜃𝜃1)

𝜔𝜔 ∙ (
sin(𝛼𝛼 − 𝜑𝜑)

cos(𝛼𝛼 + 𝜀𝜀 − 𝜑𝜑)

𝑡𝑡2

𝑡𝑡1

+
𝑘𝑘п ∙ 𝑉𝑉𝐵𝐵2

𝑔𝑔 )𝑑𝑑𝑑𝑑 =

= 𝑔𝑔 ∙
(𝑡𝑡2 − 𝑡𝑡1)2

2 ∙ �
sin(𝛼𝛼 − 𝜑𝜑)

cos(𝜀𝜀 − 𝛼𝛼 + 𝜑𝜑) +
𝑘𝑘п ∙ 𝑉𝑉𝐵𝐵2

𝑔𝑔 �. 

Finally the equation will become: 
𝜉𝜉вн = 𝜎𝜎 ∙ 𝑟𝑟 ∙ [cos(𝜃𝜃1) − cos(𝜃𝜃2) − (𝜃𝜃2 − 𝜃𝜃1) ∙ sin(𝜃𝜃1) − 1/2 ∙
𝜃𝜃2−𝜃𝜃12cos𝜃𝜃1  (2.1.12) 
Similarly the size of shifts up for the right is defined intervals: 
𝜉𝜉вв = 𝜎𝜎 ∙ 𝑟𝑟 ∙ [cos(𝜓𝜓1) − cos(𝜓𝜓2) − (𝜓𝜓2 −𝜓𝜓1) ∙ sin(𝜓𝜓1) − 1/2 ∙
𝜓𝜓2−𝜓𝜓12cos𝜓𝜓1  (2.1.13) 

Use of these equations probably only after preliminary 
definition of phases of the end of shifts 𝜃𝜃2 and 𝜓𝜓2. 
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For the moments of the end of shifts the reference is equality 
to zero the relative speeds of particles. 

For the left-hand intervals we will have: 
𝑑𝑑 𝜉𝜉вн

𝑑𝑑𝑑𝑑
∙

1
𝜎𝜎

=  𝜔𝜔𝜔𝜔 ∙ ((sin(𝜃𝜃2) − sin(𝜃𝜃1)) − 𝑔𝑔 ∙ �
𝜃𝜃2 − 𝜃𝜃1

𝜔𝜔
� ∙ �

sin(𝛼𝛼 − 𝜑𝜑)
cos(𝜀𝜀 − 𝛼𝛼 + 𝜑𝜑) +

𝑘𝑘п ∙ 𝑉𝑉𝐵𝐵2

𝑔𝑔
� = 0 

Так, как: 

cos(𝜃𝜃1) =
𝑔𝑔
𝜔𝜔2𝑟𝑟 ∙ (

sin(𝛼𝛼 − 𝜑𝜑)
cos(𝜀𝜀 − 𝛼𝛼 + 𝜑𝜑) +

𝑘𝑘п ∙ 𝑉𝑉𝐵𝐵2

𝑔𝑔 ) 

that: 
  sin(𝜃𝜃2) − 𝜃𝜃2 ∙ cos(𝜃𝜃1) = sin(𝜃𝜃1) − 𝜃𝜃1 ∙ cos⁡(𝜃𝜃1) . (2.1.14) 
For right intervals: 
sin(𝜓𝜓2) − 𝜓𝜓2 ∙ cos(𝜓𝜓1) = sin(𝜓𝜓1) −𝜓𝜓1 ∙ cos⁡(𝜓𝜓1) (2.1.15) 

The equations (2.2.14) and (2.2.15) are the transcendental, 
their decision concerning phases 𝜃𝜃2  and  𝜓𝜓2  can be carried out 
approximately, including with computer use.  

Besides it should be noted that the equations (2.1.14) and 
(2.2.15) are fair only in that case when the duty is steady from the 
very beginning and in each fluctuation the design value of phases 
remains. 

However, between phases of the end of shifts down𝜃𝜃2 and the 
beginnings of shifts up 𝜓𝜓1 , the end of shifts up 𝜓𝜓2  and the 
movement beginnings down can be various ratios. At some of them 
the duty will be steady, and at others, there is a violation of 
frequency of shifts. 

Condition of a steady mode is:  
𝜃𝜃2 ≤ 𝜓𝜓1 and 𝜓𝜓2 ≤ 2𝜋𝜋 + 𝜃𝜃1(2.1.16) 
In this case material driving down comes to an end in a phase 

𝜃𝜃2 , in an interval between 𝜃𝜃2  and 𝜓𝜓1  the lots is on a surface in a 
condition of the relative rest. Then, beginning from 𝜓𝜓1 and to 𝜓𝜓2, 
shift up then there comes the period of the relative rest between 
phases𝜓𝜓2  and 2𝜋𝜋 + 𝜃𝜃1. 

If ratios (2.1.16) are broken (for example, a case when 
𝜃𝜃2 > 𝜓𝜓1 ), the real value of a phase ψ _ 1 will differ from the 
calculated.  

Generally discrepancy of design and actual values of phases 
can be not only at shifts down, but also when moving up.  

If to continue overseeing by change of phases at the 
subsequent fluctuations, it is possible to be convinced that there will 
come a steady mode with rigorous repeatability of phases of the 
beginning and the ends of shifts soon. But values of the limiting 
phases:  

  𝜃𝜃2пред = 𝜓𝜓1пред, 𝜓𝜓2пред = 2 ∙ 𝜋𝜋 + 𝜃𝜃1пред             (2.1.17) 
will not coincide with the initial estimated values calculated 

on the equations (2.1.14) and (2.1.15). 
For determination of sizes of shifts of particles up and down 

on a surface on the equations (12) and (13) in this case it is 
necessary to use their limiting values instead of values of initial 
(calculated) phases. 

Calculation of the limiting values of phases can be made 
analytically or a method of a successive approximation. 

Terminating formulas on which values of the limiting phases 
can be calculated, represent the transcendental equations: 
sin�𝜃𝜃2пред − 𝜒𝜒� − sin�𝜃𝜃2пред� = 𝜒𝜒 ∙ cos⁡(𝜃𝜃0); (2.1.18) 
𝜒𝜒 = 2𝜋𝜋∙cos⁡(𝜓𝜓0)

cos (𝜃𝜃0)−cos⁡(𝜓𝜓0)
, 

sin�𝜓𝜓2пред� − 𝜓𝜓2пред ∙ cos(𝜓𝜓0) = sin�𝜓𝜓1пред� − 𝜓𝜓1пред ∙ cos(𝜓𝜓0) .  
(2.1.19) 

The method of a successive approximation consists in 
calculation of values of phases at each fluctuation until the 
difference between previous and the subsequent value does not 
become less than a size set by accuracy of the decision. 

On input datas: surface slope angle to horizon - α=00; corner 
of an orientation of fluctuations of - ε=300 sliding angles of a grain 
material about a surface: 𝜑𝜑 1=350; 𝜑𝜑 2=450; crank radius - 
r=0,0075м; coefficient of windage of seeds of wheat - kп=0,1м-1  on 
formulas (2.1.11; 2.1.12; 2.1.13) determined average speeds - Vср.  
the material, moving on a surfaces for various speeds of an airflow - 
Vв , hich are given in table 2.2.1. 

 

Table 2.1.1. Design values of average speed 

Vв, m/s Vср, m/s Ζвн, m Ζвв, m α0 ε0 𝜑𝜑10 𝜑𝜑20 ω, radian/s 

0 0,108489 0,001474 0,011818 

0 30 35 45 51,28 
1 0,126205 0,001454 0,014008 

2 0,148078 0,001500 0,016641 

3 0,172683 0,001599 0,019556 

0 0,127568 0,001682 0,013333 

0 30 35 45 53,38 
1 0,144882 0,001653 0,015400 

2 0,165428 0,001674 0,017798 

3 0,188484 0,001737 0,020449 

0 0,143695 0,001835 0,014441 

0 30 35 45 55,47 
1 0,160464 0,001793 0,016382 

2 0,180144 0,001793 0,018611 

3 0,201751 0,00182 0,021031 

0 0,157718 0,001943 0,015271 

0 30 35 45 57,56 
1 0,174404 0,001895 0,01714 

2 0,193547 0,001878 0,019247 

3 0,214253 0,001879 0,021506 

2.2. Experimental research/ Экспериментальные исследования 

Experiments by determination of traveling speed of a material 
are made on a vibration pneumatic separator (Fig. 2.2.1).  

Technological process of a vibration pneumatic separator is 
carried out as follows. The grain mix from the bunker enters on a 
surface of a zone of preliminary stratification 5 flow the 2nd 
uniform layer which vibration and an airflow created by the fan 1 
influences. 

After redistribution of components the grain layer enters on a 
site with a wall 8. As a result of interaction with it in a transverse 
section of a layer there is an inclination. Components with the 
smaller density, appeared on a layer surface, come down to a wall 7 
and move along it. There is a material distribution between walls 7 
and 8 flow 2. The divided components are removed by the receiver 
3. 

 

 

 
a b 

 – seeds of the main culture;  – mild components;  
 – airflow 

1 – the fan, 2 – дека, 3 – receivers of fractions, 4 – a rod, 5 – a 
stratification zone, 6 – a transportation zone, 7, 8 – walls flow 

Figure 2.2.1: a – flow diagram of VPS; b – the scheme flow 

The experimental values of speeds at a longitude angle of an 
inclination flow equal 0º are provided in table 2.2.1. 

Table 2.2.1. - Average speeds of a grain material on деке a 
vibropneumoseparator 

Unit 
load,  
kg/(s·m
2 

Oscillati
on 
frequenc
y flow, 
minute-1 

Average speeds of 
a material (without 
an airflow), m/s 

Average speeds of 
a material (with an 
airflow), m/s 

The 
calcula
ted 
value 

The 
experim
ental 
value 

The 
calcula
ted 
value 

The 
experim
ental 
value 

1,55 490 0,108 0,089 0,126 0,128 
2,00 510 0,127 0,108 0,144 0,162 
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From table 3.1. follows that average speeds of movement of 
the material, received in experiences, at the given unit loads, both at 
airflow influence, and without it, are rather close to design values. 

3. Concusion/Заключение 

1. Pneumosorting tables (vibration pneumatic separator) 
applied now have low specific duty, high specific power 
consumption - 2,2... 3,1 kW of h/t, and use on technology of uniflow 
cleaning conducts them to larger losses of seeds in a wastage. The 
increase in unit loads at VPS with the trapezoid wild conducts to 
violation of stability of separation and decrease in effectiveness of 
division of a material. 

2. On the basis of theoretical researches of process of driving 
of a particle of small density in a layer of seeds and movements of 
seeds on the fluctuating punched surface blown by a sloping airflow, 
are calculated the speeds of an airflow promoting stratification of a 
grain material and speed of a material on a surfaces flow, depending 
on various factors. Researchers showed that with increase in speed 
of a sloping airflow and an oscillation frequency flow, the average 
speed of movement of seeds and consequently specific duty 
increases also increases also. 

3. By the pilot studies on a model exemplar of a vibration 
pneumatic separator it is established that average speeds of 
movement of the material, received in experiences, at the given 
efficient loadings, both at airflow influence, and without it, are 
rather close to design values. 

4. Application of an improved version of a vibration 
pneumatic separator for cleaning of elite seeds of grain crops allows, 
in comparison with used, to raise a unit load more than twice, to 
reduce specific power consumption by 30-50%, and at its use in the 
product lines which are carrying out fractional technology of 
cleaning, to reduce losses of seeds more than by 1,5 times. 
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