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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 @3 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 o = 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 @3 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 o. (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=7,102at 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.
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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 « in the range from 25° to 40° [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 a 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 a=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 a, 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 a = 25°-40°, and again an increase is observed
at a = 40°-45°.
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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 o = 25°-35° by parabolic functions:

faa = 47510 —4(a — ap)2+ 1,42+ 10 — 2(a — ay) + 0,5 (1)

fag = 4610 —3(a — ay)2+ 1,53+ 10 — 2(a — ap) + 0,59 )

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 a = 25°-40° and a = 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 a
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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 o = 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 =35 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; o =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 a.

When the range of inclination angle 0=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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Anomauia. Memoio OocniodceHus npoyecy 8i6pONpPOCitO8AHHA € GU3HAYEHHS NepeMilyeHHs
CUNKUX NPOOYKMI8 NOXUNUMU GIOPYIOUUMU NOBEPXHAMU 3 PO3POOKOIO HOBUX KOHCMPYKYIlL
npocineauie 6OpoOUHa

Busieneno, wo wnasaseuicme aoze3ilino2o 363Ky UACMOK 3 KOHMAKMYIOHYOK NPOCIOUO00
noGepxHero, iICMOmMHO NIUBAE HA NPOYeC BIOPpONnepemijeHHs CUNKUX Mamepianis.

Busnaueno epaghiumi  3anexcnocmi  nouyamko8o2o Kyma KOG3AHHA 6i0 Kyma HAXULY
B8EPMUKATILHO KOAUBHOI NJIOCKOI NOBEPXHI Ol NULEHUYHO2O0 OOPOWHA BUW020 COPMY I YYKPOBOi
nyopu. Ilouamkosuii pazoeuii Kym K03aHHA 3i 30IIbUEHHAM KYMA HAXULY NAOWUHU NPOCII0BAHHSL
0eKuU U000 20pPU3OHMY 3MEHULYEMbCA UHAMKOBO OJisl 8CIX BUCOKOOUCHEPCHUX CUNYUUX XADHUOBUX
nPOOYKmia.

YV xo00i oocniosxcenns ecmanoenieno, wo 011 KaApmonjisiHo20 KpPOXMANI0 NEPpuio2o COpmy
nouamkosuti ¢azoeull Kym KOG3AHHA Q3 MAE MAKCUMANbHE, d Ol NUEHUYHO20 DOPOWHA BUUIO20
copmy - MIHIMAIbHE 3HAYeHHS Npu 0)Y0b-AKOMY KYMi HAXULY NOBEPXHI NPOCIOBAHHA )Y 0iana3oHi o
=25 45° . Ilpuyomy 011 nueHu4H020 OOPOUHA U020 COPMY 3DLIbUEHHS napamempa 8iopayii
W 6i0 6 00 7 3nudicye eenuvuny ¢hazosozo Kkyma @3 8 0ianaszoui - 25—45°.

Hosedeno, wo koeghiyicum aozesii Oe3nocepeOHbO GNAUBAE HA BETUHUHY NOUAMKOBO20
Gazoseoco Kkyma Koe3auHs. 3HaueHHs Koehiyienma aoze3ii bazamo 8 YoMy 3aneHCumsv He MilbKu 6i0
npUpPoOU  OO0CTIOHCYBAHO20 BUCOKOOUCNEPCHO20 NPOOYKMY, ajie MAKodc 6i0 Kyma HAXULY 8
IHMEeHCUBHOCMI BEPMUKATILHO CHPAMOBAHUX KOIUBAHb NOBEPXHI NpOCito8anHA. 3i 3POCMAHHAM
inmencuenocmi xkoaugarv W 6io 4 0o 7 npu ¢ixcosanux kymax naxuny o 25°30°,35°) xoeghiyicnm
aoeesii 0151 bOpowHa, YYKpoB8oi nyopu i KpoXmaio pocme CRoYamKy no napadoiutitl 3a1edcHOCmI
i docseae makcumymy, a nomim cnaoae. J{ns nueHudHo2o 6opowHa euwo2o copmy eoaocicmio 13,8
Qixcosanum kymam Haxumy niockoi nogepxui 25°,30° i 35° gionosioaroms MakcumaibHi 3HAYEHHS
koegiyienma aozesii 1,07 npu W =7; 1,02 npu W =6 i 1,06 npu W =35.

Knrwwuosi cnosa: cumo, 6iopayis, npocitosanmus, aoezesis, 6i0pyoua NnoeepxHs, KoegiyicHm
aoeesii, giopayiinuil npocieay.
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