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Abstract: The results of analytical definition of parameters 

distribution of a separate bulk solids portion on the rectangular flat 
tray by the implementation of two-stage feeding technology are 
presented in the article. The numerical verification of derived 
dependences has been performed.  

 
 
Two-stage feeding technology has been proposed before [1]. The principle 

of this technology is in transformation of separate portion into continuous flow, 
this process could be realized with the aid of vibration, in particular [2]. 

During vibration of bulk particles undergo complicated movement, being 
moved in both horizontal and vertical axis. The process of transformation of 
separate portion in continuous flow includes the change in shape of open 
surface of a separate portion, the movement of the portion gravity center along 
the tray and the combination of separate portions between each other. 

The mathematical model of the process of a separate portion’s 
transformation in a continuous flow [3] has been offered. To use the given 
model it is necessary to know the initial distribution parameters of a separate 
portion in a flat tray  
It has been proved experimentally that the curve which restricts the portion of 
bulk from the top represents a half-wave of sinusoid in the longitudinal section 
(Fig. 1). Upon the movement through the tray, only the shape of the 
longitudinal section is changing, while its surface area remains constant. 
Therefore, if we know the portion’s surface area in zero moment of time, we 
could model the section shape’s behavior for some period of time. 
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Fig. 1. Longitudinal section of a portion of bulk: 
А – amplitude of sinusoid ( height of material’s portion); T – half-period of sinusoid  

(length of longitudinal section of material’s portion); k – tangent angle of slope to sinusoid  
and slope’s angle of material 

 

To determine the section area of the portion, we need to know sinusoid 
parameters: the amplitude and half-period. These values used to be obtained by 
direct measurements for every experiment [3]. However, if the volume of the 
portion being loaded and the slope of this type of bulk, one could determine the 
portions parameters at the zero time point analytically. 

Let’s consider a separate portion of material on the flat and derive the 
dependence of amplitude and half-period of sinusoid from the volume of 
portion and material slope (considering rectangular-shaped flat tray). 

Sinusoid equation 
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where A  is amplitude, T  is half-period. 
Write down expression for tangent’s slope angle tangent to sinusoid 
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Then tangent’s slope angle tangent with the base ( Tx = ) will be as follows 
 

T
A

TT
TA π

−=
π

⎟
⎠
⎞

⎜
⎝
⎛ π−

2
1

2
sin

2
1 .                                        (3) 

 

It is clear that tangent’s slope angle tangent with the base will be equal to 
tangent of given angle of material’s slope k , therefore: 
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Write down formula to derive portion volume using parameters of curve 
that describes it 
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Expression for amplitude A  from equations (4)  
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and from equations (5) 
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Equalize right parts of equations (6) and (7). Express the half-period T  
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The Solution of equation (8) relative to variable T  is 3 roots, later one 
need to use all roots, selecting positive rational solution 
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Therefore, the formula for calculating half-period T  through given values 
only is obtained. Let’s get the same solution for the amplitude. 

Let’s express half-period T  through amplitude A  and slope angle k  from 
equation (4) 
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Now express half-period T  through amplitude A  and volume V  from 
equation (5) 
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Now we need to find the solution for amplitude A  which is dependent on 
the known parameters only, i.e. volume V  and slope angle k . To do that, insert 
equation (11) in equation (10). As equation (11) has two conjugate roots, 
insertion of any of those will give the same result, so from that, selecting first 
root: 
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Therefore, formulas for the calculation of amplitude and half-period of the 
bulk portion from the volume of the portion and the slope angle are obtained. 
The negative value of the slope angle should be used (because the calculations 
are based on the right half of the portion) and it should be expressed in radians. 

Let’s make numerical check; all values will be in reference units. Let 
volume 10=V  and slope angle 756,0)3,0(arctg =π−=k . 

Find the solution for half-period T  from equation (9) and select positive 
rational root: 
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It is clear that the solution will be 255,2=T . 
Now from equation (7) we will find amplitude A  
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Let’s calculate amplitude A  with the equation (13), using only known 
values: 
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Positive rational root is 353,1=A , it fits the previous solution, therefore our 
calculations are correct. 

Now perform the check, taking into account the obtained amplitude and 
half-period, let’s calculate the starting volume from equation (5) 
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The calculated values of the volumes are the same, so the dependence 
derived earlier can be used for the calculation of the distribution parameters of a 
separate portion in a squared flat tray. 
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Аннотация: Представлены результаты аналитического оп-

ределения параметров распределения отдельной порции сыпу-
чего материала в прямоугольном плоском лотке при реализации 
двухстадийной технологии дозирования. Проведена численная 
проверка полученных зависимостей. 
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