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METOJIUKA PO3PAXYHKY OIITUMAJIbHUX ITAPAMETPIB ITPOKATKHA

! Kuiscoruii nayionansnuii mopeosenvho-ekonomiunuil ynieepcumen,
2JlyybKuil HayionanHull mexHiuHuil yHigepcumen,
3Teproninbcokuil nayionansuli mexuiunuii ynieepcumem im. leana Iynios,
* Kuiscokuii koonepamuenuil incmumym 6i3necy ma npasa.

Ha nionpuemcmeax piznux 2any3seii RpoMUcio8ocmi uie 6 He00CmamHmiil KiibKoCmi 6UKOPUCMO8YIOMbCA MAUIUHU 3
PIBHUMU 30 KOHCMPYKUIAMU POJIUKOBUMU POOOUUMU OP2AHAMU, AKI 6 3ATIEHCHOCHI 8i0 MEXHON0ZIYH020 NPOUECy GUKOHYIOMb
piznomanimui onepayii. Taxi mawunu nompiono y0ocKkonanoeamu 0Coo1U60 MAnN02AdAPUMHI 3 KEPOBAHUMU NPOUECAMU, 6
AKUX OCHOBHUIL RPOYec nPpoxooums ¢ pooouii 3oni. Ilonepednsvo nposedenuil ananiz podomu neeHO20 Kiacy Mawiun noKa3ae
HedoCcmammuio ix npooyKmueHicms ma AKicmy 20moeoi npooykuyii. 3aznauena npodnema noKazana cyvyacHi memoeHyii 6
YOOCKOHANIEHHI PONUKOBUX POOOUUX OP2AHI6 6 MAWUHAX PIZHUX KNACIE 0e 3a 00NOMO2010 HUX RPOX00AMb Pi3Hi podOUi
npoyecu. Memoio 00cnioxcennsa € po3pooKa memooy 6UHAUEHHA Ma PO3NOOINY 6eNUUUHU CHIUCHEHHA MICMO060T 3a20MOo6KU
6 NPOMINCKY MidC 6ANbULOGUMU POOOUUMU OP2AHAMU, 3 NIOBUWEHHAM AKOCMI NPOOYKUIl ma onucy O0aHux npouecie 3a
oonomozoro mamemamuynoi mooeni. IIposedeno ananiz cknaonocmi npoyecy HazHimanna, HedOCMamHubol cmaodinbHocmi ma
Haoilinocmi podéomu; npu HepieHOMIpHIii nodaui Komnonenmie 6 pooouy kamepy. Kpim mozo, na axicmo nooaui eéanxie
énueac paod iHwux ¢paxmopie: QizuKo-mexaniuni 61acmueocmi cupoBUHU, pexdcum podomu, HedoCmamuiii imMnynsve
306HIWHIX CUJI NPU OCbOBOMY NepeMiuieHHi, HaAOMIpHA KinbKicmb podouux opeamnie. Buznauenns pyxy cepedosuwia 6
RPOMIICKY MiNC 8AIKAMU € OOHIEI0 3 00CUMb CKIAOHUX 3a0a4. Bupiwenns yux 3a60ans moxyciuge Ha 0CHOBI pemeibHo20
eugueHHa cymi npouecy, uio eiodysacmuca nio yac npoxamku. Takuil nioxio 003601ume euzHauuUmMu xapaxKmep cmaoiiinozo
PO3N0OINY 3IUNAHHA MICIMA 6 RPOMINCKY Midc eanKkamu 3 ypaxyeanuam kKyma konmakmy. Taxum uunom, xoncmpykuin
NnO0BEPXHI HOB020 6AIKA 00360 IUNA 3MEHWUMU 6NIIUE HA MICMO i, MAKUM YUHOM, RIOGUWUMU AKICMb POPMYSAHHA RPU MUX
sice mexnonoziunux napamempax. Ilpu yvomy 3smenuyiomscs empamu cyxux peuosun i mexunonoziunui opax. Pospoonena
MOOeb 0036071A€ GUIHAYUMU CMUCTUGICMb mMicma Npu ROYaAmKoeux i KiHYesux 3HAYEHHAX 8'A3Kocmi npu 3a0anux
MEXHON02IYHUX | KOHCIMPYKIMUGHUX NAPAMEMPAX A NPOBEOCHUIl AHATI3 MOdHce Gymu 0CHOB80I0 0Jisi PO3POOKU IHICEHEPHUX
Memo0ie¢ nPOEeKMYBanHs POOOUUX OP2AHIE 01 PeYNI0BARHA CMADIIbHOCMI npoyecy.

Knrwwuoei cnosa: mpughasue cepedosuwye, sanxu, peonozis, degpopmayis 3cy8y, micmo, 2azo6a gasa.
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METODS OF CALCULATION OF OPTIMAL PARAMETERS OF ROLLING

Enterprises in various industries are still using machines with different designs of roller working bodies, which,
depending on the technological process, perform various operations. Such machines need to be improved, especially small-sized
machines with controlled processes in which the main process takes place in the working area. A preliminary analysis of the
operation of a certain class of machines showed insufficient productivity and quality of finished products. This problem has
shown modern trends in the improvement of roller working bodies in machines of different classes where different work
processes are carried out with their help. The aim of the study is to develop a method for determining and distributing the
amount of compression of the dough piece in the gap between the roller working bodies, improving product quality and
describing these processes using a mathematical model. The paper analyzes the complexity of the injection process, insufficient
stability and reliability of operation; with uneven feeding of components into the working chamber. In addition, a number of
other factors affect the quality of rolls feeding: physical and mechanical properties of raw materials, operating mode,
insufficient impulse of external forces during axial movement, and an excessive number of working bodies. Determining the
movement of the medium between the rolls is one of the most difficult tasks. The solution to these problems is possible on the
basis of a thorough study of the essence of the process occurring during rolling. This approach will make it possible to determine
the nature of the stage distribution of dough sticking together in the gap between the rolls, taking into account the contact angle.
Thus, the surface design of the new roll made it possible to reduce the impact on the dough and thus improve the quality of
forming with the same technological parameters. At the same time, dry matter losses and process rejects are reduced. The
developed model makes it possible to determine the compressibility of the dough at the initial and final viscosity values at given
technological and design parameters, and the analysis can be the basis for the development of engineering methods for
designing working bodies to regulate the stability of the process.

Keywords: three-phase medium, rollers, rheology, shift deformation, dough, gas phase.
1. INTRODUCTION

Using machine tools with rollers is one of the main areas of rational technical support for product
formation in various industries. A key aspect of optimizing technical support for product formation
processes across various industries involves the use of machines equipped with roller working tools.
Presently, there is not enough large variety of designs of roller working tools, which carry out a
technological operation on injection, rolling, transportation of a viscous medium. Many of these machines
require refinement and research in order to introduce new developments in their production. Special
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attention is placed on compact, efficient machines that feature controlled processes within the operating
chamber. When creating or upgrading small machines with clearly defined roller working tools, it is crucial
to focus on justifying the technological scheme and the corresponding constructive solving of taken
decisions. Since the design parameters are interrelated with the process, it substantially affects the
feasibility of producing such a machine in enterprises such, technological capabilities of which are focused
on repair and restoration of equipment [1,2].

Machines designed to form viscous medium should influence it in such a way that the loss of raw
materials and final products were minimum, but the quality of the products were high. This brings the
necessity of ensuring that processing regimes, geometric shapes and structural parameters of working roller
bodies complete correspond to structural and mechanical properties of a viscous medium[3,7]. The stated
problem identified current trends in the design of roller working bodies in machines of different classes,
where they carry out working processes: rolling, injection, kneading, transportation. The inventors
constantly direct their calculations and designs on optimizing geometric profile and structural elements, use
of pre-cast constructions, use of materials and coatings.

Drop of scientific developments behind the practical needs is explained by the various properties
of technological environments’ properties, variety of materials used for their transportation and the
difference in their exploitation conditions of [2,3].

2. EXPERIMENTAL METHODS

Constructive parameters of the rollers have to ensure supply of dough for its alignment and
redistribution of its volume mass by injection and transportation in the gap between them. The process of
injecting dough with rollers may seem straightforward, but the mathematical model and basic dependencies
calculations are quite complex. Now there are some solutions for this problem, based on simplification of
the actual process and which do not take into account the influence of the elastic-viscous and plastic
structure of dough and the way it acts on pressure fluctuations.

In general, the productivity of the injection unit (kg/s), that has roller working bodies of different
diameters, which rotate at different speeds, can be determined by formula [3,4]:

II= nlsp(Rin Ky + RynyKy), 1)

For the case of identical diameters of roller working bodies rotating at the same speed, the productivity
is calculated as follows:

II= 2nlénpK, 2

where 1 - the length of the feeder chain, m; b - gap width, m; R; and R; are the radii of rolls, m; n;
and n; - frequency of their rotation, ¢ *; K 1, K 2, - coefficients of feeding the dough, depending on the roll
diameter and dough consistency. For the wheat flour dough of the 1-st and premium quality K is 0.7 at R =
0.15 m, with decreasing R - decreases; p - average density of dough, kg / mé.

Due to the fact that pressure of dough on the roller working bodies is transmitted on the normal,
considering working pressure prescribed and the diagrams of its change over the length of the working
chamber, it is possible to determine the forces acting on them in the areas of feeding and rolling

P, = 0,5P,Rlx (3)
P, = 0,5P,RIp (4)
The moment on the roller working body is created by the action of the tangential forces P and Pu
, which occur because of friction of dough on the roller and direct opposite to the rotation of rollers
M, = 0,5P,R*Itan ¢ (5)
M, = P,R*kltan ¢ (6)
where ¢ is the angle of friction of the dough on the roll working body; for wheat flour dough,
depending on the recipe and moisture content, it is 25-30 °; tge (varies from 0.47 to 0.57).

Since the roller working bodies are interconnected by gear transmission and rotate in different

directions, their torques are folded. In our case, the resulting moment on the drive shaft (in N e m) is
M= P,R?l(a + 2p) tan ¢ )

To perform these calculations, it is necessary to find rational constructional size of rolls, which
correspond to the designed capacity for given kinds of dough. In present calculations, the effect of the
tightening angle (contact) on the distribution of the density of the dough mass at the injection, that is, in the
node zones, is not determined.

A dough with a moisture content of 33% was prepared for high-quality wheat flakes using pressed
yeast. The dough was made through an opaque method with a fermentation period of 60 minutes at a
temperature of 32-33°C. The quality of the pressed yeast met the standards specified by DSTU. The
characteristics of the wheat flour used in the preparation are as follows:
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Moisture content (%): 14.5.

Raw gluten content (%): 28.

Gluten resistance to compression (IDK-1 device): 54 units.
o Gluten stretch (cm): 14.

Various structural schemes involving roller working bodies can be mathematically characterized
using time-dependent continuous functions. These functions encompass geometric dimensions of the
equipment, characteristics of the working rolls, and the physical and mechanical properties of the viscous
medium, all of which are influenced by rolling conditions. Utilizing developed methodologies for
describing the dough injection process in the gap between rolls, the hydrodynamic theory of pseudoplastic
fluid calibration was applied. This theory facilitates establishing quantitative relationships between the
material properties and the geometric features of the working space in different processing conditions [4].

Employing this theoretical framework, numerous formulas were derived to calculate the pressure
within the roll gap, considering parameters such as medium viscosity. The experimentally determined
dependencies are expressed using partial algebraic functions. To generalize these partial dependencies, the
multifactor Protoediakonov function is utilized, which, when applied to chemical research results, provides
accurate outcomes.

The characteristics of the dough with an indestructible structure were examined using the RV-8
device. Experiments were conducted under low shear forces, below the threshold shear stress. Deformation
values, indicated by arrow deviations, were recorded every 10-20 seconds. By knowing the geometric
characteristics of the device and the measurement data, the shear stress (") is calculated using the formula:
, (m— mo)ngul
T =T—T,= 5

anint rol
where m is the load mass rotating the rotor, consisting of the masses of two weights and cups
(excluding the value compensating for bearing friction); mq is the load mass at which the rotor begins to
rotate, g is free fall acceleration, Rpu roll pulley radius, Rin internal swath radius, hr distance between rolls.
Consequently, the plastic viscosity was determined according to Machihin U., 1991 [5]:

t, = (=) 1y

Formulation of the problem. Analysis of studying the dough injection and the performance of
existing machines indicates the complexity of the process, insufficient stability and reliability of the work;
the components are fed into the working chamber unevenly. In addition, a number of other factors influence
the quality of injection of rolls: physical and mechanical properties of raw material, operation mode,
excessive number of working bodies, the insufficient pulse of external forces in axial displacement, etc.,
because, the design, parameters of working bodies and kinematics of motion are not still sufficiently studied
[6,7]. Therefore, despite a significant number of scientific achievements, development of new more
promising constructive technical solutions of working bodies, working chambers with improvement of
guality indicators of products based on the construction of a mathematical model remains an urgent
problem.

In experiments, when compressing dough in a closed chamber, it shows the properties of elasticity
largely because the gas phase and partly because of elastic protein skeleton. Determination of the effect of
dough compression in the process of pouring justifies further technological processes and study of its
properties. The compressibility of the yeast dough [6] is due to two reasons: the compressibility of gas
bubbles and deformation of structural grid. In terms of rolling, it is unreasonable to talk about the decrease
of distance between molecules of biopolymers in the dough, because it requires too high pressure.
Accordingly, we note that the volume of semi-finished product is reduced only due to compression and
subsequent dissolution of gas bubbles in the liquid phase of dough[8,9].

As we can see, determining the motion of the environment in the gap between rolls is one of rather
complex. At the same time, it is a very important practical problem which is connected with the necessity
of making various calculations of forming working rolls and determining their impact on the environment
[10]. To solve such a kind of problems, it is necessary to involve algebra of logic and set theory, properties
of medium, allowing to consider the layout as an ordered set of working units, and their various
combinations as logical relations of elements of this set [11,12]. Solving these tasks is possible on the basis
of thorough study the essence of the process that occurs during rolling. Such approach will allow us to
determine the nature of stage distribution of dough join ability in the gap between the rotating rolls, taking
into account the angle of contact [13,14].
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The purpose of the article is to develop the method of determining and distributing the level of

compression of dough in the gap between the roller working bodies.
3. RESULTS AND DISCUSSION

Study of works [1,2] showed that uneven velocity of the medium (yeast wheat cracknel dough) is
caused by the nature of the flow. Therefore, a significant factor of increasing the effectiveness of the
intensive action of rolls on the environment is even rolling out of its elementary amounts that come from
the working chamber of machine. Proceeding from the assumptions that specific supply of the medium is
the same for all elementary volumes of the mass in the gap between the rolls, the viscosity remains constant
and it has been taken into account in the calculations.

Consider the process of dough rolling between rollers. The regularity of changing the thickness of
dough layer during the rolling between the rolls is shown in Fig.1. When cylindrical rollers are used, the
thickness of the dough sheet continuously changes in the central region, known as the clogging zone.
However, at the exit from the rollers, the thickness remains uniform. Throughout all rolling cycles on the
curved surface, the gap in the central part of the rollers remains unchanged from one capture to the next.
This ensures the compression and displacement of the dough during the rolling process, resulting in a
uniform thickness across the entire sheet. The rollers, which have identical diameters, rotate at the same
angular velocity (w) with radius (R) and length (L).

When forming the material, its deformation passes through the surfaces of the rolls. The
deformation process consists in obtaining the effect of compression and stretching. In general, the
deformation data is shown in Fig. 1. According to Fig. 1, modeling of acting forces on the material was
carried out. In this case, the force of the pressure action, which depends on the angle ¢. Angle ¢ constrains
the passage of material between the rotating rolls.
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Fig. 1. Scheme of dough movement in the vertical gap between the rolls: 1 —rolls;2 — dough,;
3, 4 - the opposite zone and the direct zone of the joint flow.

The most critical factor is the pressure component. Considering the design specifics of the injection
site, the mathematical model of the process can be represented as follows [6]:

wRh
_2u | (Q 2 ]d(p
R (R+ h)[ln(1+ HJ —D[i + 1t ﬂ
R) 2{R R+h
where R-radius of the roller working body, mm; h-gap size, mm; Q- rate of flow of dough, kg / s;
M - viscosity.

P +Cy

If Plp=0)=P,  then: p, :%j

2
+C, =>C, =P, -
o 3 3 0 RI

Plo)- 2] i

R (R+h)[ln(1+;)—2(;+ Rihﬂ

Let's introduce the designation:
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z]e h*de k=01
0 (R+h){ln(l+;j—2(;+|:\ihﬂ
h)= £ (R+ h)i:ln[l+ Ej(]l—(pg(lj_\; +h JJ; hj}
Then: P(¢) = P, +%‘[Qlo(¢)—%R h(co)j

We eliminate the variable Q from the conditions that the pressure distribution is a periodic function
of the angle ¢, , ¢, that is: P(go + 271) = P(gp)

Ik((P)

in a partial case go(%j =P(0)="P, therefore:

reno ol 54
R 2) 2 \2 ®

From the equation it is seen that the size of the daugh placement (angle of the surface of feeding
the mass on the roll) vastly determines the value of pressure. Function P (¢) depends on angle, and not on
time, that is why, the derivatives are not the characteristics of speed and acceleration of the sealing process.
We introduce additional functions that reveal the discreteness of the injection process:

Feo) = n(1 h h 1 1
(@) = n( +R2-sin(<p))_§.(R2-sin(<p)+R_2)
h
L(p) =Q ~w* Ry "sin(p) 5

Taking into account our data and using (8) the graph of Fig. 2 was drawn.
Pa

0610° /

0410°
P(p)

0210°

04 0.6 08

Fig. 2. Diagrams of the pressure value versus the angle of the dough piece ¢. P- pressure
value, @- the value of the gripping angle

As you can see, the function P (¢) is defined for the angle ¢ from 0,1277 to 0,8034 rad. It is
characterized by three sections, depending on the angle ¢ (Fig. 2). The first section (the beginning of the
process) ¢ from 0.8034 to 0.65 radians (process of feeding and sealing). It is characterized by a decrease in
P () from 0.705.104 to 0.229.104. In this case, there is a nonlinear decrease in the derivative 2P@) and

2
d df;ff ) to 0. The second section indicates stabilization of the

process where @ is from 0.65 to 0.24 radians. It also characterizes a partial decrease of P from 0.229:10* to
2

dZ—Ep‘p) nd the second derivative dd’;(;”) -

=0 (or indefinite). The third section at ¢ from 0.24 to 0.1277 radians: the function P (¢) decreases from

nonlinear decrease of the second derivative

0.145:10% Accordingly, there is a linear decrease in the derivative
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0.145.104 to O; nonlinear increase of the derivative dZ—E;m; nonlinear decrease of the second derivative
d?P(p)
20? from 0.

From the above-stated justified influence of the interaction of a roll and dough it follows that the
optimum elasticity of the dough essentially depends on the ratio of the given values of compression between
them. Very insignificantly it depends on the ambient temperature in the temperature range from 20° C to
35° C. Given the fact that there is a change in compression of dough with deviation, and accordingly, its
structural and mechanical properties, using the mathematical model (8), we determined the effect of the
optimal level of compression of the dough on the structure of the finished product. In this case, the
experimental data on changes in the viscosity values relative to the velocity of tensile angle of dough were
used [15]. It is stated that this dimension varies in small values, so for the dough viscosity at the beginning
of discrete action of the rolls, the changes are slight. Thus, the design of the surface of a new roll has
allowed to reduce the impact on the dough and, in the same way, to improve the quality of the forming with
the same technological parameters. At the same time, losses of dry substances and technological shortage
decrease. Graphic dependence of the optimum compression degree of the dough on the ratio of the given
values of change in viscosity with the course of the angle of tightening is shown on Fig. 3. At the same
time, change of structure of the finished crackles according to discretion of the injection process, due to the
developed method is reflected.
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12005

o g

8O0 |

00 |
F 00

2004

0 10 20 30 T %0 60 70 80 90 " Q

Fig. 3. Phases of dough structure depending on the pressure P and stretching ¢ angle of the
dough for compression during injection in the second section: 1 - compression after many
stretching cycles; 2 - compression at the beginning of stretching; 3 - structure of the finished
cracker.

From the graphic dependence (Fig. 3) it follows that compression of the mass of dough occurs at
gradually changing pressure. This value varies in small values and it is insignificant for viscosity of dough
at the beginning of discrete action of the rollers. This is evident on the structure of cracknel. Thus, the new
roll’s surface design has allowed to reduce the impact on dough and, in the same way, to improve the quality
of forming with the same technological parameters. At the same time, losses of dry substances and
technological shortage decrease.

4. CONCLUSIONS

The main purpose of this study is to develop a method for determining and distributing the amount
of compression of the dough piece between the rolling working bodies, improving product quality and
describing these processes using a mathematical model. The analysis showed that the injection process is
complex, with insufficient stability and reliability of operation due to uneven feeding of components into
the working chamber.

The physical and mechanical properties of the raw material, the operating mode, insufficient
impulse of external forces during axial movement and an excessive number of working bodies affect the
quality of roll feeding. One of the most challenging tasks is to determine the movement of the medium
between the rolls. A thorough study of the rolling process made it possible to determine the nature of the
stage distribution of dough sticking in the gap between the rolls, taking into account the contact angle. The
surface design of the new roll reduces the impact on the dough and improves the quality of moulding under
the same process parameters, which reduces dry matter losses and process rejects.
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The developed mathematical model allows to determine the compressibility of the dough at the
initial and final viscosity values according to the specified technological and design parameters. The
analysis can be the basis for the development of engineering methods for designing working bodies to
regulate the stability of the process.
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