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Abstract. The aim of the study of the vibration sieving process is to determine the movement 

of bulk products by inclined vibrating surfaces with the development of new designs of flour sieves. 
It has been found that the presence of an adhesive bond between particles and the contacting 

sieving surface significantly affects the process of vibration movement of bulk materials.  
The graphical dependences of the initial sliding angle on the angle of inclination of a 

vertically oscillating flat surface for high-grade wheat flour and powdered sugar were determined. 
The initial phase angle of sliding with increasing angle of inclination of the sifting deck relative to 
the horizon decreases exclusively for all highly dispersed bulk food products. 

The study found that for first-grade potato starch, the initial phase slip angle φ3 has a 
maximum value, and for high-grade wheat flour, a minimum value at any angle of inclination of the 
sieving surface in the range α = 25°–45° . Moreover, for high-grade wheat flour, an increase in the 
vibration parameter W from 6 to 7 reduces the value of the phase angle φ3 in the range of 25–45°. 

It has been proven that the adhesion coefficient directly affects the value of the initial phase 
slip angle. The value of the adhesion coefficient largely depends not only on the nature of the highly 
dispersed product under study, but also on the angle of inclination in the intensity of vertically 
directed vibrations of the sieving surface. With an increase in the intensity of oscillations W from 4 
to 7 at fixed inclination angles α (25°, 30°, 35°), the adhesion coefficient for flour, powdered sugar, 
and starch increases first in a parabolic fashion and reaches a maximum, and then decreases. For 
wheat flour of the highest grade with a moisture content of 13,8, fixed angles of inclination of the 
flat surface of 25°, 30°, and 35° correspond to the maximum values of the adhesion coefficient of 
1,07 at W = 7, 1,02 at W = 6, and 1,06 at W = 5. 

Key words: sieve, vibration, sieving, adhesion, vibrating surface, adhesion coefficient, 
vibrating sifter. 

Introduction. Reducing the negative effects of adhesion and rational use of the 
forces of adhesive interaction of bulk particles with the contacting working surface 
makes it possible to intensify sieving. Therefore, the development of a progressive 
method of sieving on vibrating surfaces based on the adhesive properties of bulk food 
particles is timely and practically important. The introduction of this innovation in 
equipment for the production and processing of bulk food products will reduce their 
energy consumption, increase production volumes and improve the quality of 
finished bakery, confectionery, pasta and food concentrates [1,3,4,5]. 
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Research methodology.  
The main condition for the product to be able to be sieved through a flat sieve is 

its sliding. The limiting acceleration, at which the inertia force is equal to the friction 
force, for spherical particles depends on the intensity of the oscillation, the coefficient 
of friction of the oscillation, the acceleration of free fall, and the radius of the 
particle. 

In the process of vibratory screening, based on the vibration movement, in the 
simplest case, of two fractions in opposite directions, the movement of particles down 
an inclined surface, is carried out in a thin permitted layer of the product. Such a 
layer is represented as a set of separate, non-coupled particles whose interactions with 
the vibrating plane are approximated by the law of dry friction [2,7,8,11]. 

Based on the results of the experiments, a new simplified design of a vibrating 
sifter using a crank mechanism was developed to reduce energy consumption. 

Research results.  
In the course of the study to determine the adhesion coefficient of highly 

dispersed particles, it was found that the adhesion coefficient fad directly affects the 
value of the phase slip angle [6,9,10]. 

The results of the study of the dependence of the coefficient fad of highly 
dispersed food products on the angle of inclination of the sieving plane are shown in 
Figures 1-2 and in the form of analytical equations. 

 

 
Figure 1 – Adhesion coefficient of highly dispersed products depending on  

the angle of inclination of the sieve surface 
 

Analysis of these dependencies shows that the value of the adhesion coefficient 
largely depends not only on the nature of the highly dispersed product under study, 
but also on the angle of inclination and intensity of vertically directed vibrations of 
the flat sieving surface W=4–5, the adhesion coefficient fad for high-grade wheat 
flour, powdered sugar, and first-grade potato starch increases with an increase in the 
angle of inclination α in the range from 25o to 40o [14,16,17,19,21,22]. 

At a vibration intensity of W=6–7 for first-grade potato starch, the tendency to 
increase the adhesion coefficient fad with an increase in the angle of inclination of 
the sieving surface α from 25° to 45° is maintained. However, for higher-grade flour 
and powdered sugar, at a vibration intensity of W=6, with an increase in the angle of 
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inclination of the surface within α=25° to 45°, the coefficient first decreases and then 
increases. At the vibration intensity of the inclined sieving surface W = 7, the 
adhesion coefficient fad decreases for these products with an increase in the adhesion 
coefficient fad, which are different for the studied products. For potato starch, the 
range of variation of fad is the widest, and for wheat flour, the narrowest. Parabolic 
curves, graphical dependencies depicting fad of wheat flour of the highest grade, 
powdered sugar from potato starch of the first grade on the angle of inclination of the 
sieving surface α, do not intersect anywhere. The order of their location is preserved 
in all graphs. For the plot of first-grade potato starch, the coefficient fad takes the 
maximum and for the plot of first-grade wheat flour the minimum values of the angle 
of inclination of the sieving surface at α = 25°– 40°, and again an increase is observed 
at α = 40°– 45°. 

 

 
Figure 2 – The adhesion coefficient of high-grade wheat flour depending  
on the angle of inclination of the sieving surface at different levels of its 

oscillation intensity 
 

In Fig. 2. shows families of curves depicting graphical dependences of the 
adhesion coefficient of high-grade wheat flour, powdered sugar, and first-grade 
potato starch on the angle of inclination of the die at different levels of intensity of its 
oscillations [12,13,15,18,20,23]. 

As can be seen from Fig. 2, the value of the coefficient fad for the highest grade 
of powdered sugar flour at the intensity of oscillations of the sieving surface W = 3 is 
determined: in the area α = 25°–35° by parabolic functions: 

          (1) 

          (2) 

With an increase in the intensity of oscillations within the range of W = 4–5 and 
W = 6–7, the range of determination of the fad coefficient expands and corresponds to 
the areas α = 25°–40° and α = 25°–45°. 

The intersection of the curves corresponding to different levels of oscillation 
intensity W = 4–7 occurs for high-grade wheat flour, powdered sugar, and first-grade 
potato starch. The equality of the coefficients fad at the points of intersection of the 
curves corresponding to the determined angles of inclination of the sieving surface α 
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indicates a direct proportional dependence of the adhesion force of the layer of highly 
dispersed particles FNad on the vibration intensity of the separating surface. For 
example, the intersection of the curves corresponding to vibration intensities W = 4 
and .W = 7 at the point fixed by the surface inclination angle α = 35,5° indicates a 
direct proportional dependence of the adhesion force of the layer of high-grade flour 
only for the specific specified levels of vibration intensity, and not W = 5 or W = 6. 

Of particular interest is the family of curves for first-grade potato starch. The 
point of intersection of the three curves with levels of intensity of oscillations of the 
sieving surface W = 4–7 is the only one and is determined by the coordinates fad = 
1,32; α =33,6.° In this case, it can be argued that there is a continuous direct 
proportional relationship between the adhesion force of the starch layer and the 
intensity of oscillations of the sieving surface at a fixed angle of its inclination α. 

When the range of inclination angle α=25°-45° is expanded, the error of the fad 
coefficient does not exceed 12% for flour, 15% for powdered sugar, and 20% for 
starch. 

Conclusions.  
The analysis of the results of studies to determine the adhesion coefficients of a 

layer of highly dispersed particles showed that the efficiency of the sieving process is 
assessed by the ratio of productivity to energy consumption in the relevant means. In 
the process of vibratory sieving, based on the vibration movement of two fractions in 
opposite directions, the movement of particles down an inclined surface, is carried 
out in a thin permitted layer of the product. Such a layer is represented as a set of 
separate, non-coupled particles, whose interactions with the vibrating plane are 
approximated by the law of dry friction. The vibration movement of highly dispersed 
particles connected by autoglue bonds up an inclined surface is carried out in a 
polylayer. The thickness of the polylayer depends on the vibration intensity and the 
angle of inclination of the vibrating surface relative to the horizon. 

Based on the results obtained, it can be argued that the design of the vibrating 
sifter can significantly reduce the resistance to material flow, more rationally use the 
drive energy, and increase the efficiency of sifting bulk materials. 
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Анотація. Метою дослідження процесу вібропросіювання є визначення переміщення 

сипких продуктів похилими вібруючими поверхнями з розробкою нових конструкцій 
просіювачів борошна 

Виявлено, що наявність адгезійного зв’язку часток з контактуючою просіючою 
поверхнею, істотно впливає на процес вібропереміщення сипких матеріалів.  

Визначено графічні залежності початкового кута ковзання від кута нахилу 
вертикально коливної плоскої поверхні для пшеничного борошна вищого сорту і цукрової 
пудри. Початковий фазовий кут ковзання зі збільшенням кута нахилу площини просіювання 
деки щодо горизонту зменшується винятково для всіх високодисперсних сипучих харчових 
продуктів. 

У ході дослідження встановлено, що для картопляного крохмалю першого сорту 
початковий фазовий кут ковзання φ3 має максимальне, а для пшеничного борошна вищого 
сорту - мінімальне значення при будь-якому куті нахилу поверхні просіювання у діапазоні α 
=25°– 45° . Причому для пшеничного борошна вищого сорту збільшення параметра вібрації 
W від 6 до 7 знижує величину фазового кута φ3 в діапазоні - 25–45°. 

Доведено, що коефіцієнт адгезії безпосередньо впливає на величину початкового 
фазового кута ковзання. Значення коефіцієнта адгезії багато в чому залежить не тільки від 
природи досліджуваного високодисперсного продукту, але також від кута нахилу в 
інтенсивності вертикально спрямованих коливань поверхні просіювання. Зі зростанням 
інтенсивності коливань W від 4 до 7 при фіксованих кутах нахилу α ( 25°,30°,35°) коефіцієнт 
адгезії для борошна, цукрової пудри і крохмалю росте спочатку по параболічній залежності 
і досягає максимуму, а потім спадає. Для пшеничного борошна вищого сорту вологістю 13,8 
фіксованим кутам нахилу плоскої поверхні 25°,30° і 35° відповідають максимальні значення 
коефіцієнта адгезії 1,07 при W =7; 1,02 при W =6 і 1,06 при W =5. 

Ключові слова: сито, вібрація, просіювання, адгезія, вібруюча поверхня, коефіцієнт 
адгезії, вібраційний просіювач. 
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