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Abstract. The article investigates the current problems of dough rolling - a method of
processing dough by plastic deformation, which is the most common method in the bakery and
confectionery industry for forming products, namely, the mass of dough in the working chamber of
the machine is compressed (compressed) in the gap between the rotating rolls, while it decreases in
cross section and increases in length; the process of passing the dough between the rolls is provided
by the friction forces of the rotating surfaces of the rolls and the dough. Due to the loose surface of
the rollers, the dough moves in the gap between them, deforming at the same time. At the moment of
dough tightening by each roll, two forces are exerted: normal force and tangential friction force.

The purpose of the article is to evaluate the mechanics of the process of developing methods
for a sufficiently accurate quantitative description of the processes taking place in the dough during
its shape change in the inter-roll gap and after deformation. A comprehensive study of the behavior
of dough in the deformation zone during rolling and pressing and the establishment of regularities
that link quality parameters to their deformation modes are possible only when using the methods of
continuum mechanics. They allow for quantitative assessment of the transformations taking place in
the dough. To analyze these processes, it is necessary to take into account the basic rheological
properties, conditions on the surface of its contact with the rollers, and other factors.

Key words: dough, deformation, injection, rolls; molding machine.

Introduction.

Reliability of the technological process of rolling and pressing in the production
of bagels, drying, gingerbread and other products should ensure minimal dispersion of

quantitative characteristics of their quality indicators. Accordingly, new opportunities
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are created to determine the impact of instability of the initial parameters that arise
during the technological change on the quality indicators of the finished product [1-4].

The discrete action of the rolls makes it possible to reduce energy consumption
for the process, maintain constant product quality, and simplify control, mechanization,
and automation of the process. Maintaining the countercurrent flow and updating the
contact surface of the phases between which heat or mass is exchanged contributes to
the maximum utilization of coolant energy during heat exchange or maximum mass
recovery during mass exchange. During such renewal, fresh elements of the medium
come into direct contact. In this case, the driving force of the process increases, the
process is accelerated [5-9].

Research methodology.

Technological processes of dough rolling are a complex technological complex,
characterized by a high degree of uncertainty, large dimensionality, latency of quality
indicators of raw materials and semi-finished products, and multi-purpose behavior,
when the priority of goals depends on the situation that arises depending on the
circumstances at the control object. Existing control systems for technological
processes of dough rolling do not provide an operational comprehensive response to
rapid changes in the situational behavior of management objects, which depends on
many factors of a technological and organizational nature.

Based on the analysis of the principles of management of complex technological
complexes, promising directions for the development of control systems for rolling
stages were identified: a scenario approach and the use of knowledge engineering. It is
possible to improve the situation by using the mobility of process control in the
working chamber with roll working bodies. The mobility is based on the rolling process
model, as well as the control of parameters using controlled mechanisms - roll rotation
speed, duration of their action, temperature conditions, discrete-pulse impact of the
rolls on the environment, and the creation of more advanced roll surfaces. Therefore,
the development of multi-purpose technological process control systems for rolling
stages, the formation of new roll designs based on the developed approach and design

parameters, will help to increase productivity, reduce specific losses and consumption
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of resources and raw materials, and improve product quality.

Improvement and development of rational designs of machines with rolling
working bodies and increase of their efficiency is one of the main tasks of scientists.

Given all of the above, the dough rolling process is promising, as it provides a
significant intensification of the process and reduces specific energy consumption [10-
14].

Research results.

The purpose of studying the process of dough formation is to ensure full
compliance of the processing modes of the structural and mechanical properties of the
viscous medium with the structural shapes and parameters of the rolling working
bodies.

To achieve this goal, a number of interdependent scientific tasks were solved,
namely: a significant number of types of rolling working bodies, rotation frequency,
and level of mechanical deformation on the dough were investigated, which allows
intensifying the process in order to accelerate its formation while maintaining optimal
values of specific work in a correspondingly short time. A characteristic feature of
these machines is that under the influence of extreme conditions in the machine
chamber, the structural composition of the components partially changes, and the
process of these changes depends significantly on the chemical composition of flour
and the temperature conditions of the dough entering the molding. They are based on
promising impact parameters with the formation of impact conditions under
established methods of regulating deformation processes. Therefore, the existing
designs of forming and dough dividing machines do not fully meet the quality
requirements of the technological process. This effect can be explained by a change in
the magnitude of the friction force between the medium and the surface of the rolls,
which scientists try to minimize in their works [15-18]. This change leads to an increase
in energy consumption.

An analysis of existing methods [19-23] for calculating machines with rolling
working bodies made it possible to determine the feed ratio, to establish the influence

of design parameters, power consumption, and rheology on the flow of dough mass
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between the rolls. The data show that their approaches are different. They are
associated with the introduction of a large number of experimental coefficients for the
ratio of working media. There is a practical absence in determining the operating modes
of the roll assembly of the forming machine.

Improving the design of machines with rollers is based on understanding the
nuances of the processes that occur when ensuring rational dough flow parameters.
Therefore, optimization of the design of the main machine components plays an
important functional dependence on quality and energy saving. A detailed study and
analysis of the essence of the process based on theoretical views and studies describing
changes make it expedient to confirm possible ways to improve the rolling assembly
[24-26].

Proceeding from this, the main purpose of this article is to determine the
methodology for determining the useful specific power based on torque and pressure
in the gap between the rolls, taking into account rheological parameters; to improve the
technological process of injection, rolling out the mass of the medium using rolls,
provided that the research is optimized, followed by the development of rational
designs of machines with rolling working bodies and the prompt implementation of
their results in industry.

Therefore, in order to generalize the classification of methods of machines with
rolling working bodies, it is necessary to determine those discrete features that
characterize their process quality.

To determine the characteristic features of the roll assembly in forming machines
that are discrete in nature, we have considered and analyzed possible dough flow
structures. It constitutes a mathematical description of the hydrodynamic structure,
which provides special opportunities for determining the efficiency of the rolls whose
designs we have developed. Taking into account the effect of the rollers on the medium,
the following structural flows are possible:

According to the model of ideal extrusion, regardless of the complex real flows
of the dough moving to the extrusion zone through the straight processing zone, it does

not change. The time spent in the process zone will:
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t = Vinz
Ve

where Vin.z — is the volume of the injection zone; Vc — volumetric capacity of the
medium (dough) flow.

The rate of change of the properties of such an ideal flow:

= (&) @

where ¢ — is the parameter under study; v — is the linear velocity of the flow; x — is the
displacement coordinate.

According to the model of complete mixing, at all points in the volume of the
processing zone, the properties of the medium are the same and equal to their value at

the outlet:

% = (VL;) (Cin — Cex), €)

In real cases, the residence time of a mass of medium in a flow is different and
differs from the average time that can be determined by Eq. This phenomenon can be
described using the diffusion and cellular models.

According to the diffusion model, the mixing of the dough mass in the flow in the
direction of its movement is described by an expression formally corresponding to
Fick's law of molecular diffusion. By analogy with the coefficient of molecular
diffusion in Fick's law, the degree of longitudinal mixing in the diffusion model is
characterized by the longitudinal mixing coefficient DL:

2
= () + 0 (G) @

According to the analysis of the process of injection, rolling, and transportation
of a viscous medium, roll machines are the most advanced and promising in terms of
energy consumption of work processes, reliability of operation, and conditions of mass
processing.

Assuming the congruence of the current lines in relative motion relative to the
surface of the working groove on the surface of a cylindrical roll, the value of the radial
component of the absolute velocity at the flow point in the area of the smooth surface

of the roll along its peripheral radius (Fig. 1) is determined by the expression
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dh

V2 = (vr2)<p=0 + w%;

where (V) ,=¢ — is the radial component of the absolute velocity in the section 0-0;

h — 1is the current radial gap in the area of a smooth surface (without a groove); ¢ — is
the value of the angle of rotation, which is calculated from the 0-0 section in the
direction of rotation of the working roll.

In turn, the value of the gap h at the initial stage of drawing the mass of the
medium into the space of its compression by the rollers is determined by the geometric
relation in the form

h=vVRZ+e2—2-R-e-cosgp —r, (6)
where R — is the radius of the inner surface of the cylindrical roller; e — eccentricity
formed by the mass of dough; r, — is the peripheral radius of the working roll with
dough.

Having differentiated equation (6), we have

dh eR-sin @ (7)
dp  VR2+e?-2-e:R-cos¢’

Taking into account the condition (v,,),-9 = 0, we obtain:

_ w-e'R'sina
VR2+e2-2-e-R-cosa’

(8)

Equation (8) shows that the radial component of the flow arising at the initial stage

U2

of tightening by the roll surface from the side of the fixed contour of the mass of the
medium is subject to a sinusoidal condition. This condition leads to a change in the
stationarity of the angle of rotation of the entire mass at the absolute velocity of the
medium.

From the equations obtained, we see that the position of the inner surface of the
medium for a fixed value of the angle of rotation is determined by the following

dimensionless parameters: relative to the resulting eccentricity € and eg ; the relative
radius of the inner surface in the 0-0 section ¢@; the relative radius of the roll R; the

coefficient of influence of the geometric parameters of the working roll a. Thus, these

five parameters should be decisive in any experimental studies of rolls [27-30].
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Conclusions.

Observations have shown that the results of experimental studies, combined with
theoretical generalizations, expand the completeness of the assessment of physical
processes and allow predicting the practical implementation of the obtained provisions
and create opportunities for mathematical formalizations of the elements of the studied
dough injection technologies.

In addition, the presence of a gas phase in the media of the systems, which are
spontaneously or forcedly formed in the form of dispersed phases, was chosen as a
unifying feature of theoretical and experimental studies.

Based on the results obtained, it can be argued that the development of enzymatic
processes during roll injection is clearly associated with the influence of different types
of deformation, which determines the impact on the change in the quality indicators of
bagels; possible structures of dough flows are considered and analyzed; characteristic
features of the roll assembly in forming machines that are discrete in nature are

determined.
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AHnomauin. Y cmammi 00Cioxcyiomscs akmyanbHi npooiemu HaeHimauHs micma 8aiKamu —
ye cnocib6 obpobku micma NIACMUYHON Oedhopmayiero, wo € HAUubLIbUW NOWUPEHUM MEMOOOM 8
XNiOonexkapcuKiltl ma KOHOUMeEPCHKIll NPOMUCI080CII NPU PopMy8arHi 8upoobis, a came maca micma
8 poOOUIll Kamepi MauwUuHU 0OHCUMAEMBCS (CMUCKYEMBCA) 8 3a30Pi MIdC 00epmOoBUMU BATIKAMU, NPU
YbOMY, BOHO 3MEHULYEMbCA 6 NONEPEeUHOMY Nepemumui i 30i1bUYEMbCa NO 008MCUHI; Npoyec
NPOXOOIHCEHHS MICMa MIdHC 8aIKAMU 3a0e3nedyeEmvcs cuiamu mepms 06epmosux no8epxoHy 6alie
ma micma. 3a805Ku puxiesill NOBepXHi BANKi8 MICMO NepeMiydcmvpCs 6 3a30pi MIidC HUMU,
00HOUACHO Oepopmyrouucs. B momenm 3amsacy8ants micma KONCHUM 8ATIKOM, 8i00Y8AEMbCSL GNIIUEG
080X CUL: HOPMALHOIL cUnU i OOMUYHOL CULU Mepmsl.

Memoto cmammi € oyiHka MexaHiku npoyecy po3poOKu Mmemoodié O00CMAMHbO MOYHO20
KIIbKICHO20 ONUCY NPOYECI8, U0 NPOXOOSIMb 8 MICMI NPU 11020 HOPMOIMIHI 8 MINHCBATKOBOMY 3A30Di
i nicia Oegopmayii. Bcebiune Oocniddcents nosedinku micma 8 30HI OehopmysanHs npu
PO3KAUYB8AHHI I HASHIMAHHI MA 6CMAHOBIEHHI 3AKOHOMIPHOCIEL , W0 3653V10Mb NApamempu AKoCmi
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3 pedcumamu ix oepopmayii, MoNHCIUGL TUUE NPU BUKOPUCTNAHHI MEMOOI8 MEXAHIKU CYYITbHO2O
cepedosuuya. Bonu 003601510ms nposooumu KinbKicHi OYiHKU Nepemeopeis, uo npoxoo0sms @ micmii.

s ananizy yux npoyecié HeoOXiOHO 6paAXy8amu OCHOBHI PeoNo2iuHi 61ACMUBOCMI, YMOBU HA
NOBEPXHI 1020 KOHMAKMY 3 8AIKAMU MA iHWi hakxmopu.
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