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Summary. Baking industry plays one of the most important roles in the production of vital food products.
The quality of the bakery products can be improved through the improvement of quality in technological process
of dough kneading. A technical solution for providing greater contact with the environment, reducing the duration
of the process, and, accordingly, increase productivity due to the developed design of a new machine with a
cylindrical working body was proposed. The ways of regulating the course of the technological process in the
working chamber of a new kneading machine are considered. They are based on the change of parameters:
duration of kneading, temperature, humidity, rotation frequency of the working body. A method of calculating the
required power based on the process of kneading the dough is proposed. It allowed obtaining a theoretical
calculation of power consumption at unknown values of the friction forces action on the kneading drum, but the
known frequency of its rotation with the corresponding design parameters and factors of influence. In addition, it
makes possibility to determine the effort main components that affect to the power increase of the working body
drive.
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Statement of the problem. As it shows in the analysis of the current equipment and
technologies in leading food producing companies there is a steady tendency to develop
computer-operated technological machinery as well as integral technologies. It should be
emphasised that working parts of the current machinery have permanent and unchangeable
geometric shape. It is only the number of the drive shaft rotations that can be adjusted. It is
quite obvious that such technical solutions do not bring any fundamental changes but make the
kinematics of machine, its service and control more complicated.

However there are natural limitations which appear to be a significant obstacle in the
further development in this field. They are connected to the speed of physico-chemical,
biochemical and other processes in non-Newtonian fluids.

A number of technological processes of mixing are close to or have reached their
boundaries. If we try to accelerate them through increasing work parameters and hence intensify
the machine work this can result in significant decline in the quality of the product.

As follows from the short analysis of the state and features of the modern equipment as
well as the methods of mixing of components there is still a problem of finding new trends in
food engineering which will resolve the above mentioned problems either partially or in full.

During the mixing process all phenomena can be examined through the physico-
chemical properties which define the speed of the process on the molecular level and in local
capacity of the machine work chamber which contains adequate number of inclusions from
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dispersed environment. Thus the study of the phenomena which takes place in the machine
working chamber or in the individual stages of the process should be defined mainly by the
hydrodynamic structure of the streams.

The use of different designs of working bodies and their reasonable use in mixing
machines for non-Newtonian fluids is disclosed in the works of the authors [1, 2, 3, 4]. They
revealed the influence of working bodies on the environment with low frequencies in the
implementation of complex modes of their interaction (superharmonic, polyphase, discrete,
etc.). Studies of the dynamics of the environment in these machines are quite detailed [5, 6].

However, today there are new mixing technologies that require the implementation of
complex modes of movement of the working body in terms of obtaining high quality products
and minimal energy consumption. Therefore, the question of creating a discrete-pulse mode of
influence of the working body with the presence of shock-vibration feature of the machine
behavior in terms of interaction with a multicomponent environment is relevant. In part, these
modes are disclosed by the authors [7] in a new design of the mixer for the paste and emulsions.
In the process of production of biscuit semi-finished product, the prescription components
undergo physical and chemical transformations, and interact with each other to form
relationships, which leads to a change in the microstructure of the semi-finished product. In
order to determine the mechanism of stabilization of the foam structure of sponge dough using
extruded corn flour, the authors of [8] studied changes in the microstructure of sponge dough
and finished sponge semi-finished product using a new mixer design.

One of the conditions for increasing the technological parameters and reducing the cost
of production is to regulate the adhesive properties of the treated medium. The influence of
adhesion on the technological process in the works of the authors is quite clearly and reasonably
revealed [7, 9, 10, 11]. With a special approach to the design of the working surfaces of the
bladeless working body, it was possible to combine transport and technological functions. In
order to model the process of mixing the components, the authors [5, 6, 7, 12] conduct in the
mathematical description of the dynamics of the concentrated flour mixture and the dynamics
of the two-phase layer, which forms a heterogeneous environment. In their works, they reveal
the interaction of a heterogeneous environment with the surface of the working bodies and the
working chamber.

From the analysis of the mentioned above works it is possible to realize qualitative
technological process of mixing at the expense of geometrical designs of a working body and
the chamber taking into account properties of the environment. Since the elastic and plastic
dough has an anomalous viscosity, which varies depending on the shear stress, its properties
and other factors, the surface phenomenon occurs at the boundary between two phases: the
dough — one phase, the contact surface — the second phase [13, 14, 15]. Therefore, we proposed
the geometry of the working bodies in the form of a cylindrical, conical, barrel-shaped, helical
shape with a smooth or with different notches.

Analysis of the available investigations results. Current enterprises mostly use
machines with the working parts which are shaped as a cylinder or conical spiral with the
regular or changeable steps along the spiral length. The spiral mixes the components of the raw
materials well both vertically and horizontally and plasticises them.

It was suggested to change the shape of the working chamber and working part which
should increase the efficiency of the mixing components at the earlier stage (for example, non-
Newtonian fluid dough) as well as its viscous environment. [1, 2]. It is worth to mention that
this is a new breakthrough in design of the working parts. A design of the new machine with
cylinder working part is developed to ensure wider contact with the environment, reduce the
duration of the process, and as a result to increase the efficiency (Figure 1).
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Figure 1. Cylinder working part with incisions

One of the problems that arises in the process of designing of new equipment for mixing
viscous substances there is the one of prediction of final result as well as defining the quality
of mixing while using the current «research technology». The choice of the working part is
made by intuition which is followed by the experimental research tests to check if the choice
was right. This is costly and results in a lot of energy and time consuming.

The objective of the work is to determine the required power of the working process
of mixing the components.

Statement of the problem. Dough kneading machines can be classified as a complex
system because they have the following features: structural complexity, functioning
complexity, complexity in the choice of the behaviour in multi-alternative situations and
development. Single and interactive run of the main processes in the working chamber of the
machine is the serious factor that complicates the qualitative and quantitative assessment of the
machine. The wide range of the raw material quality fluctuation affects substantially the run of
the process and as a result, makes the process management more complicated. In order to
prevent poor quality dough kneading and to achieve a good quality bread one can regulate the
run of the processes in the working chamber of the dough kneading machine through the change
of the parameters such as time of kneading, temperature, humidity, frequency of working part
rotation.

The drum kneading part and polyhedral working chamber are main structural elements
of the dough kneading machine [1, 2]. Let us examine the major forces that act on the dough
kneading drum. Every infinitely small element of the dough kneading drum area is affected by
the friction forces of the dough. Those forces are generated as a result of action of the dough
kneading drum on the component mixture which in its turn interacts with the surface of the
working chamber during the whole process of dough kneading. The area with the large friction
force is found on the first two stages of the kneading when the process of batching of the
components is taking place. Under these conditions the friction force smoothly affects the
kneading.

Thus the special feature in finding the affect of the friction force lies in the fact that we
can propose the method to calculate the power for various conditions of interaction of the
«product — kneading chamber» set. Our proposal is based on the comparison of the physical
experiments and results of the corresponding numerous calculations. If you compare the
corresponding results you can solve the so called «reverse» task that is you can find the friction
ratio as well as asses the efficiency and expediency of using the particular material for designing
the equipment.

When calculating the required power for the dough kneading in the blade-free machine
and using the proposed methods there is a provisional distribution of the sections in the
polyhedral working chamber. During the process of the kneading there are all stages with the
unequivocal zones, while physical-mechanical properties of the made dough and the nature of
action of the working part are different.
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The angular velocity of the kneading drum is the important feature of the kneading
working process on the first stages of the dough kneading. Its optimal measurement is closely
connected to the mixture friction ratio with internal surface of the polyhedral working chamber,
loading coefficient, and friction with the cylinder surface of the kneading drum. Thus the
angular velocity should be changeable which depends on the above parameters. Centrifugal
mode prevents angular velocity of the kneading drum from increasing. In this mode the particles
of the components mixture are moving only in the circular concentric paths, while the kneading
is substituted by segregation because the particles with large mass tend to move to bigger
diameter. When calculating the angular velocity (Figure 2) we can assume that when the angle
of the mixture separation from the surface of the kneading drum is 35...45° the provision of
frequency ratio is made:

@ = 0.950
where acr — being critical angular velocity which is calculated from the equation in the top
Mwly —
point of the kneading drum of the centrifugal force 2 and weigh mg that is:

, D
Moy —=M-(,
2
where m — being the weight of the particle.

Ocr =3[
Thus: D )

When we take this dependency into consideration the formula to calculate optimum
angular velocity on the first stage of the components mixing will look as follows (rad/sec):

21.24

JD

where D — being diameter of the cylinder part of the kneading drum, m.

To calculate the power (Figure 2) we made certain assumptions:

1. cylinder part of the kneading drum contains 25-30% of the whole component
mixture;

2. there is a correlation 1/D2=0.8 between the length of the cylinder part and its
diameter;

3. the central angle of the section is a=130...140°. This is the angle of the intensive
mixing of the components in the bottom part of the polyhedral working chamber.

WDcr
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Figure 2. Diagram to define the parameters of the blade-free kneading: 1 — kneading drum;
2 — polyhedral working chamber; 3 — unloading gate; 4 — container for the made dough;
5 — passive vibration device; 6 — device for liquid components batching

Although approach seems to be very simple there are a lot questions in regards of the
defining the actual movement of the components, the altitude they are lifted to and partial return
into the «bathy under gravitation force.

Experiments proved [20, 21] that the mixture on its surface is lifted by the kneading
drum as a result of adhesion as well as its friction with the surface of the kneading drum and
working chamber. There are also some obstacles in accurate calculation of the mixture
circulation. Due to the fact that the working chamber is a polyhedron and has not only cylinder
parts but also conical ones in the plates joints [19] these obstacles can be overcome through the
following estimations and calculations.

Let's assume that the power required to mix the components at the first stage of the
kneading has two components such as lifting the mixture with the kneading drum Pk.d. and by
the friction force Pf, Watt:

Pix = Pra. + Pr. (1)

Friction in the working chamber of the machine has two components as well. The first
component Pf1 appears at the first minutes of the batching of the components and gradually
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reaches its maximum. The second force sz appears after 15-20c of the components batching.
During the components kneading process an intensive mixing takes place at the bottom part
«bath» of the working chamber and it has its own volume and it continuously supplies Pk.d.
Power. As a result the friction force is as follows:

Pr = P} + P = Gapizz + Ganags.
Thus:

Prix = Pra + Pr = (G1Z1 + Gohy - Zy + G3hyys) ' n, (2)

where G1 — being weight of the mixture that is lifted by the kneading drum, H; G2 — being
weight of the mixture that is lifted by the friction force in the «bath»; h1, h2 — height the mixture
is lifted to by the kneading drum and friction accordingly; Z1, Z2, Z3 — number of circulations
of the mixture per one revolution of the drum, due to the friction and number of circulations of
the mixture in the «bath» per one revolution of the drum and friction force; n — frequency of
the drum revolutions, rev/sec.

We assume that the distribution of the mixture between G1, G2, G3 is in the following
proportion in this type of machines:

G; = 0.35" Geotar;
GZ - 025 ' Gtotal; (3)
G3 == 04‘0 - Gtotal- (4)

G1, G2, G3 mixture distribution are provisional quantities and they are continuously
changing at the first stage of the kneading. The above mentioned distribution was defined after
30 seconds of the experimental batching of the components.

Thus G1 — weight of the components mixture that lies on the surface of the kneading
drum.

G2 — weight of the components mixture that is lifted by the friction force. The given
quantity in the further kneading process increases and in fact during the plasticization equals
100% that is it is equal to the amount of the prepared dough.

G3 — mixture distribution is the weight that is at the bottom part of the working chamber
in the «bathy. Its continuous supply with the components increases dough production which in
its turn affects G1, G2 ratio. That is why it appears to be a supply of the G1, G2 for some time
and defines the main factors of the homogeneity of the dough making.

We can calculate the height of lifting when we take into consideration the factors and
parameters of the flow of the components. The height h1 can be calculated from the ratio (see
picture 2)

h, = R(1 + sin)),

where R — being radius of the kneading drum, m; j =45° — being angle that equals to the friction
angle of the mixture with the surface of the kneading drum at the given section. Then h, =
1,7R.
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Considering hl height we assume that the angle of the lifting of the mixture by the
friction force f will be smaller than the angle of the friction j and we take f = 90° while taking
into consideration the affect of the kneading drum. Then hl = R. The number of circulation of
the mixture both in the first and the second instance is equal (Z1 = Z2 = 2) based on the
following assumptions:

t

Z — rev ,
S

where trev=1/n — time of one revolution of the kneading drum, c;
t1 — being time for the mixture to be lifted by the kneading drum, c:

_90"+j 0374
b= 360n n o

where t2 — being time that equals to the falling of the mixture, c:

tzz\/zhzz\/z-l.m _06JR
g

9.81

The number of the circulations Z3 is defined if the time of the mixture falling equals to
the time of its lifting, thus Z, = % = 2. Provided all conditions (2), assumptions (3, 4) and
calculations are taken into consideration, the formula to calculate the power will look as
follows:

Prix = Pra + Pr = (G1Z1 + Gyhy + Z; + Gshyyz) -n = 0,35+ Grorq RN (5)

Statistical analysis of the investigation. Theoretical calculation of the power
consumption was made based on this approach. The measurements of the friction force with
the kneading drum were unknown but the frequency of the kneading drum rotation with its size
and factors that affect it were known. The following methods allow to measure the power
needed for the kneading process in particular section. This allows to define the main forces that
affect the increasing of the kneading drum drive power.

The data received from the solution (5) show that the calculation of the power
consumption during the dough kneading can be explained through the fact that the increased
number of the components in the working chamber causes significant power increase. The
power and weight of the components in the working chamber have non-linear correlation. The
greatest power change occurs at the end of the second stage prior plasticization with the
maximal weight, that is when the dough is made and the gas phase is of 13.6%. Using the above
data we showed the correlation between the power and the weight of the components which are
gradually fed into the working chamber of the machine (Figure 3).

ISSN 2522-4433. Bicnux THTY, Ne 4 (100), 2020 https://doi.org/10.33108/visnyk_tntu2020.04 .........cccoooververier e e e 81



Methods of calculation of the power for dough kneading with the use of blade-free working part

037
0.25}
y(G)
0.2
0.15 - - - -
3 3.5 4 4.5 5
G

Figure 3. Correlation between the power and the dough weight during kneading n=1,2-1-:-1,7-1rot./c.

Figure 3 shows that the nature of the dough affects the power increase. The calculations
proved that there is a significant increase in power during the first minutes of the dough
kneading however in a short period of time it appears to be even and linear with the small
increase in parameters provided the homogeneous mass is growing. This can be explained
through the decrease in circulation and structural compound deformation which is caused by
the shorter distance between the polymer molecules in the developing dough.

We learned [4, 5] that a range of methods are used to analyse the quality of the kneaded
dough where analysis with consistographs and power balance being the most efficient. To
support the received data in the process of dough kneading we can confirm that the curve is
almost congruent with the consistograph of the wheat dough kneading.

Conclusions. The mixing power of the components mixture at the first stage of mixing
IS investigated in the paper. This power includes two components: lifting the mixture by the
working body and the action of friction forces. Simultaneously, the friction force in the working
chamber of the machine is considered in the form of two components. Theoretical calculation
of power consumption at unknown values of friction forces on the working body by this method
is obtained. In addition, the geometric and design parameters of the machine at a known speed
of the working body with impact factors are used in the calculations.

This method allows to determine the required of power for the mixing process in a given
section and makes it possible to determine the main components of the effort that affect the
increase in the power of the drive of the working body.
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YK 664.643.1

METOJUKA PO3PAXYHKY HEOBXIJITHOI IIOTY>KHOCTI ITIPU
3AMIIITYBAHHI TICTA BE3JIOHATEBUM POBOYUM OPI'TAHOM

Irop Cragnuk!; Oxcana Muaunenn!; Muxaiiao Iuaunens’;
Boaogumup HMignyonnii’; Onena Kosomienn®

Tepnoninvcokuii nayionanvnuii mexuiunuil ynieepcumem imeni lsana Ilynios,
Tepuonins, Ykpaina
2KuiscoKuili HAYIOHATLHUTI MOP206eTbHO-eKOHOMIYHULL YHIGepcUumen,
Kuis, Ykpaina
SXmenvruybkuii KoonepamueHull Mmop206eibHO-eKOHOMIYHULL THCIUmMym,
Xmenvruyvkuti, Yrpaina

Peztome. O0He i3 saxciusux Micyvb y GUPOOHUYMEBL HCUMMEEO HOMPIOHUX XAPHOBUX NPOOYKMIE
saumae xaibonekapcovka eanysv. Ioninwenns axocmi xai600y104HUX 8UPOOI6 MONCHA 00CASMU 304 PAXYHOK
niOBULeHHs AKOCMI MeXHON02IuH020 npoyecy 3amiuiyeanus micma. CmeopenHs HOB0I KOHCMPYKYil
NOYUHAEMbCA 3 BUKOPUCMAHHA eleMEeHMI8 2e0MempUuiHo20 MOOeNO8AHHS NOBePXHI, WO 6NIUBAE HA
pe3yibmamu  mexHoI02iuHo20 npoyecy. 3anponoHo8aHo mexHiuHe eupiuieHHs i3 3a0e3neueHHs Oilbul020
KOHMAKMY 3 cepedoguujem, 3MeHUeHHAM MPUusaiocmi npoyecy, i, 6i0n08ioHo, 30i1bueHHAM NPOOYKMUBHOCI
34 PAXyHOK po3pobieHOi KOHCMPYKYIi HO60I MawuHu 3 YUIIHOPUYHUM pobouum opeanom. Pozensnymo
WAXU pe2yN08aHHsl nepedicy MexHoN02IYH020 npoyecy 8 poOouill Kamepi HOB0I MiCMOMICUNbHOI MAWUHU,
Wo IPYHMYIOMbCA HA 3MIHI NApamempis: mpueanocmi 3amMiuly8anHs, memnepamypu, 601020CMi, 4acmomu
obepmanns pobouozo opeany. IIpoananizoeano KOHCMPYKYilO YULTHOPUUHO20 poOOYO20 Opeany ma hakmopu
BNAUGY 11020 KOHCMPYKMUGHUX 0COOIUGoCmel Ha eekmusHicmb npoyecy 3mIiuy8aHHs KOMNOHEHMIG
ma AKICHO20 MPAHCNOPpMYSAHHA Ha mpemiti cmadii micmoymeopenns. Ha ocnosi posenady npoyecy
3aMIWYBAHHA mMicma 3aNpoNnoOHOBAHO MeMmOOUKY pPO3PAXYHKY HeoOXIOHOI nomyoscHocmi. 3anpononosana
Memoouxka O003801UNA OMPUMAMU MeOPeMUYHULl PO3PAXYHOK OOUUCIEHHS 3ampam NOMY*CHOCMI Npu
HeI0OMUX 3HAYeHHAX OIi cun mepms Ha MICunbHuUU bapabaw, ane 6idomill yacmomi 11020 00epmMAaHHs 3
BIONOBIOHUMU KOHCMPYKMUBHUMU napamempamu ma gakmopamu eénaugy. Kpim yvoco, dae modxciugicmo
3’scy8amu OCHOBHI CKAO008I 3YCULIA, WO BNIUBAIOMb HA 30I1bULEeHHS HOMYICHOCMI RPUB0OA POOOUO20 OP2AHY.
3a paxyHok Hageoenux 3anexchocmeti UKOHAHO PO3PAXYHOK BU3HAYEHHs HeoOXIOHOI nomyoicHocmi npu Oii
8’A13K020 mepms ma HA8eOeHO GU3HAUEHHS OCHOBHUX CKAAO08UX YMEOPIOIY020 Micma, Wo TPYHMYIOmMbCa HA
supiwienHi 3a80aHHA NepemiyeHHs 1020 MACU 6 OPIEHMYIOUUX KAHANAX NO O0OMeHCeHUx Kpy2oeux
Hanpaesaioyux.

Knrwouoei cnosa: pobouuii opean, HeHLIOMOHIBCHLKA PIOUHA, NEPEeMIUUYBAHHSA, 3AMIULYBAHHS,
nomyosicHicmo, beznonamesutl pooouUll Opean.
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