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Abstract. The article deals with the problems of the influence of the limit velocity on the 
process of sieving bulk materials; parabolic fall of a product particle through the sieve cells, as 
well as the passage of a particle through a hole equal to its diameter; parabolic characteristics of 
the trajectory of a particle sieved on an inclined sieve, which determine the efficiency and 
productivity of vibratory flour sifters. The purpose of the article is to evaluate the process of 
vibratory sieving and determine the relative velocity of the product particle so that it can fall 
through the hole for mathematical modeling of the process of sieving bulk materials. 
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Анотація. У статті розглядаються проблеми впливу граничної швидкості на процес 

просіювання сипких матеріалів; параболічне падіння частинки продукту через комірки сита, 
а також проходження частинки через отвір, який дорівнює її діаметру; параболічні 
характеристики траєкторії частинки, яка просіюється на похилому ситі, від яких 
залежать ефективність та продуктивність вібраційних просіювачів борошна. Метою 
статті є оцінка процесу вібраційного просіювання та визначення відносної швидкості 
частинки продукту, щоб він міг провалитися у отвір для математичного моделювання 
процесу просіювання сипких матеріалів. 

Ключові слова: просіювання, відносна швидкість, похиле сито, частинка продукту, 
вібрація. 

Introduction. 
To sift flour, the bulk material must move on the sieve surface. To do this, the 

sieve must be set in motion. Flour sifting machines are divided into two groups 
according to the sieve arrangement: 

• flat sieves, which make reciprocating, circular translational and vibrating 
movements; 
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• with cylindrical or pyramidal drum sieves that rotate around an axis. 
The efficiency of a sieve depends on the thickness of the material layer on the 

sieve, the shape of the holes, the moisture content of the material, and the speed of its 
movement on the sieve. Sieves are also characterized by the amount of material that 
passes through a unit area of the sieve per unit time [1-4]. 

Main text. 
The study of flour sieving by inclined vertically vibrating surfaces and the 

analysis of the effect of speed on sieving are the focus of this paper. 
During the operation of bulk material sifters, the following basic requirements 

must be met: duration of operation at constant flow rates; smooth performance 
control; ensuring the required performance in a wide range without changing material 
properties and operating conditions; the ability to turn on the sifter under load; and 
control of the sifting speed of bulk materials; fast locking in emergency situations; 
reliable operation; minimum number of moving parts; low inertia; little wear on the 
working body; low cost, ease of maintenance and low power required [5-7]. 

The product, which is in position I (Figure 1), is moving with velocity through 
the opening. Since the product is still accelerated by gravity, the center of gravity of 
the product will move in a parabola. If the center of gravity of the ball, having 
traveled the length , manages to drop by , i.e., the ball moves to 

position II, then the ball will fall through. 

 
Figure 1 – Parabolic fall of a particle through the sieve mesh 

 
The particle travels both the x and y projections in the same time. then ; 

 . We determine  from the first equation and t from the second, then 

 
                                                     ( 1 ) 
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Thus, the value of t is substituted into the equation  and we get: 

                                             ( 2 ) 

This will be the relative velocity at which the product will have time to fall by 
d/2 during its passage over the hole. 

The sinking can also be hindered by the pinching of the particle by neighboring 
particles. In practice, this phenomenon is usually eliminated by increasing D. That is, 
D-d changes with the increase in layer thickness. In this case, the glazing of the 
product that forms over the holes is destroyed by enlarging the hole itself. This can be 
achieved by shaking. 

 

 
Figure. 2 – Parabolic trajectory of a particle sieved on an inclined sieve 
 
The above formulas describe the sieving process on flat horizontal sieves. If the 

sieve is inclined, the formulas take on a different form. In Fig. 2. it can be seen that 

 
                                                 (3) 

further 

 
                                           ( 4 )  

whence 
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                                     (5) 

Assuming that d = D and the sieve angle is 10°, then cos 10° = 0,985; sin 10° = 
0,174. 

Substituting these values into the formula for , we obtain: 

 
For the flat sieve, we had , so the feed rate on the inclined sieve 

should be lower than on the flat sieve. In other words, for a certain ratio d/D, the 
product on the flat sieve can fall through, and on the inclined sieve it can go down. In 
this case, the largest passage size is reduced [8-12]. 

Conclusions. 
From the above, it can be seen that the speed increases in proportion to the 

square root of the product size. When a product moves in a layer, it is reasoned that 
its parabolic motion can be disturbed by jolts from neighboring particles. In addition, 
the living force of the particle must overcome not only the resistance of its own 
weight, but also the weight of neighboring particles, which indicates the possibility of 
a slight increase in speed. 

Based on the results obtained, it can be stated that the product fails if its center 
of gravity is on the same horizon (or higher) as the edge of the sieve opening, and the 
size of the passage is influenced by . Neither the thickness of the sieve nor the 

spacing of the holes affects the passage size. 
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