JJIEKTPOJBHUIATEIb 5 M BKJIIOYACTCA JICHTAa BBIJa4YM ToBapa 6. JIeHTa BbIJauM TOBapa CMeEIIAeT OTKPBITOE OKHO K
CJIeIyIOIIEH 3aII0JTHEHHON KacceTe, OTKyJa Ha TPaHCHOpTep MoliagaeT ToBap. 3aTeM MOKyIaTelb HAKMMaeT Ha IBEpIy
JIOTKa JUIs TOBapa, YTOOBI ITOJY4YUTh TOBAp.

PaccmorpuM moppoOHee YCTPOMCTBO IUIACTHHYATOTO KOHBelepa W mpuHOUI paboThl (pucyHOk 2). Komseiiep
COCTOHT M3 IUIACTMACCOBBIX IUIACTUH, COCAMHEHHBIX MeXIy coOoi. YacTh IilacTHH KOHBeifepa CIUIOIIHBIE, BTOpas
MIOJIOBUHA IDTACTUH MMEIOT 2 IMa3a T 3aKPeIUICHHUS TOJIKATEIs B IUIACTHHE KOHBelepa.

350

! ] ! !
(};>_ _ ! _ _ 2 _ _?, _ ?,_ _ _C

EECECTCECE L]

Pucynok 2- Cxema ImiacTHHYATOTO KOHBEHepa TOProBOT0 aBTOMara
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ToBap, pacojoKeHHbII HAa KOHBeWepe, MEPUOANIECKH MPOJIBUTACTCS BIIEPE HA 3aaHHBIH IIAr 3a CYET TOJKATEIS.
Toskareny pacloNIOKEHbl [0 MEPHUMETPy KOHBelepa ¢ 3aJaHHbIM [1aroM. TolKarenb MPEACTaBISET COO0Oi
IUIACTMACCOBYIO IUTACTHHY, KOTOPasi YCTAaHABIMBACTCS B IUIACTHHY KOHBeitepa [3].

Hcnonp3oBaHue COPOSKTHPOBAHHOTO TOPTOBOTO aBTOMATA IS IPOIAXKH CYBEHHUPHOM MPOAYKIMHU O3BOJISIET PELIUTh
pSI CHEAYIOMIMX 3aiad: O0ECednTh BBICOKYIO CKOPOCTh BBIJayM TOBapa IOKYMATEN0; BO3MOXXHOCTH pa3MelaTh
00JIBILIOE KOJIMYECTBO TOBAPOB, YTO MO3BOJIUT PadOTATh aBTOMATy B aBTOHOMHOM pEXUME OoJiee [UINTEIbHOE BpeMs 10
ClIeAyIOLIeH 3arpy3KH; TOPTOBBIA aBTOMAT 00JaJaeT JO0CTAaTOYHO MPOCTON KOHCTPYKLHMEH M 00eCHeYyMBAET BBICOKYIO
IUIOTHOCTB YKJIAJIKHA TOBapa; aBTOHOMHOCTb 000pYy/J0BaHHsI — aBTOMAT pabOTaeT CaMOCTOSTENHHO, HE TPEOYIOTCS 3aTPaThl
Ha 3apIUlaTy NpoJaBily; OOOpYAOBaHHE 3aHUMAaeT HEOOJBINYI0 IUIONIAJb, YTO COKpAllaeT 3aTpaThl Ha apeHiy.
BO3MOKHOCTh M3MCHEHHSI BHEIITHETO BU/Ia aBTOMATA JIJIsl IPUBJICUYCHUS OOJIBIICTO KOJNYECTBA KIUECHTOB; BO3MOXKHOCTh
pa3MelieHus B MecTax 00JIbIIOro CKOTUICHHMS JII0JIeH ()KEIe3HOJOPOKHBIE M aBTOOYCHBIE BOK3aJIbI, @3PONOPTHI, TOPIOBBIE
LEHTPbI, BOIM3M TYPUCTUYECKMX MECT M JOCTONPHMEUYATEIbHOCTEH, Ha BBICTABKAX, MPU MPOBEACHHU Pa3IUYHBIX
KoH(pepeHHi) [4,5].

3akirouenue. Takum 00pa3oM, pazpaboTaHHash MOJEIb TOPrOBOTO aBTOMATA MO3BOJISET € MOMOIIBIO PA3IUYHBIX
YCTPOMCTB M MEXaHW3MOB (KOHBEWepHas CHCTEMa BBIAa4YM TOBapa C pa3MEIICHHEM CYBEHHPHOW NPOJYKIHH B
BEPTHKAJIbHBIX KACCETaX) PEaM30BbIBATh CYBCHHUPHYIO MPOAYKIHIO Pa3iUdHONH (OPMBI U Pa3MEpOB C BBICOKOM
IUIOTHOCTBIO YKJIAKK (HAPUMEP, OPEITOKH, MATHUTHI ), YTO IMO3BOJISICT pab0TaTh AaBTOMATy B aBTOHOMHOM PEKUME OoJiee
JUTUTETIBHOE BPEMsI [0 CIIEAYIOIEH 3arpy3Ku.
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THE RESEARCH OF MODIFIED CERAMICS AS CONSTRUCTION MATERIAL FOR FOOD
EQUIPMENT

Candidate of Engineering Sciences B. Pashchenko, Doctor of Engineering Sciences A. Lytvynenko, National
University of Food Technologies, Kyiv, Ukraine, Doctor of Engineering Sciences E. Shtefan, National Technical
University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute” Kyiv, Ukraine

The results of research of technical ceramics in conditions of cavitation wear are presented. The ultrasonic
frequencies of 44 kHz were used. The influence of structural constituents of ceramics on the rate of failure is shown. Wear
features are noted. The effect of additives on the durability of materials is analyzed. The nature of ceramics wear and its
similarity to the mechanism of damage of metals are demonstrated. It is proposed to use the critical destruction power
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for the determination of intensity of ceramics wear. On the basis of structural energetic theory, an adapted formula is
proposed for comparing the intensity of destruction of ceramics of different types. It was shown that the insertion of ZrO;
into the a-Al,O3 ceramic matrix increases the resistance of ceramics. The nature of dependencies shows a similar pattern
of wear of the specimens. The increasing of the content of a-Al,O3 in the structure of the material and the addition of the
small dispersed ZrO; increases the viscosity of ceramics. The results of calculations are correlated with the experimental
data. In addition, the proposed approach makes it possible to use for known materials the known dependences of the
evaluation of the wear resistance of metals.
Keywords: construction materials, modified ceramics, vibration, wear.

Introduction. In food industry, it is important to use physical and mechanical effects, for example, hydrodynamic
cavitation, to intensify the processes of processing of liquid-phase media. Microbubbles that arise during the decay of
cavitation caverns have an intense impact effect on the components of the medium. Such conditions accelerate the mass-
exchange reactions [1,2]. Technological equipment for food industry in various industries implements the processing of
products mainly in a liquid-phase state. At the same time, special conditions of flow appear in the equipment units
(fittings, pump seals, diffusers, confuser, Venturi nozzles). These conditions include cavitation. It causes the intensive
wearing of equipment. Its reliability and durability are reduced under such conditions. Thus, a rational choice of
appropriate materials is relevant. Ceramics is one of these materials.

Researches of its erosion resistance and patterns of wearing are of great practical importance. Physics, mechanical,
chemical and operational properties of technical ceramics based on aluminum oxide are determined by:

- content of 0-Al203 and ratio of phase components, impurities and binders;

- the ratio of the defining crystalline phases;

- size, shape and nature of the distribution of phase components;
- structure and porosity of the specimen;

- pore size and its density, their shape and placement;

- nature, properties and temperature of the environment.

The plastic deformation is completely absent in brittle materials. The fragile nature of its destruction is the most
typical. Ceramics relate to such materials. Hooke's law is fair for most ceramic materials. They are evaluated by the value
of the bending strength, modulus of elasticity, shear and separate other indicators, which are characteristic for researches
of metallic materials. The behavior of ceramic materials during cavitation wearing is similar to metal structural materials.

Main part. The manufacturing of structural elements from practically pure a-AlO3 for food equipment is known
from [3,4]. Ceramics is used for valves of homogenizers [4] and valves for transporting corrosive-active media with a
solids content up to 20% [5] and loaded small parts [5] (Fig.1a, 1b).

Fig. 1. a) small parts of food equipment; b) specimens of ceramic products: 1 - technical porcelain;
2 - ZI’Oz; 3-— (I-A|203

Ceramics is comparable by durability with corrosion resistant steels. However, the operational properties of ceramics
can be improved. This is achieved by introducing of modifying components into its composition, for example, ZrO,. The
addition of chemically inert ZrO, in ceramics inhibits the growth of corundum crystals. For example, the addition of 0.5
... 1.0% ZrO; contributes to the formation of crystals no more than 15 pm [6]. Submicron ZrO; and a-Al,Oj3 interlayers
appear at the corundum grain boundaries. The crystals have a smaller size and are more perfect isometrically at the same
time. Insertion to the composition of ceramics of modifying additives changes not only its operational characteristics.
This may change its cavitation resistance.

Wearing of different types of based on a-Al.Oz ceramics under cavitation conditions was researched in [1,2,7]. It has
been revealed, that elastic deformations occur in ceramic materials due to the mechanical action of cavitation. They lead
to the formation of surface cracks and their growth. The concentration of stresses leads to the cleavage of the microscopic
volumes of the material, and the process of mechanical action repeats cyclically. The cavitation resistance of the modified
ceramic materials was actively investigated in [8]. Information about the ceramic cavitation wear at various intensities of
mechanical shock is limited. That’s why the research for new scientific and practical results must be continuous.

The information on cavitation resistance of ceramics is limited. To researching above property of ceramics, there were
carried out experimental research using a magnetostrictive vibrator with the frequency of vibration 44 kHz. The intensity
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of wear was determined by the weight method by loss of sample mass at fixed time intervals. The main characteristics of
specimens are presented in table 1.
Table 1 — Main properties of ceramic materials

Properties Number of specimen
1 2 3
Content of ZrO,, a-Al,O3, % mas 65 92 96
Density, g/sm® 2,2 3,4 3,5
Elastic modulus, E-10%, MPa 0,6 2,2 2,4
Impact strength, kJ/m® 1,8 4,0 4,90

The results of the researching are illustrated by the figures, which show the changes in the mass of the specimens at
frequency of vibration of the magnetostrictive vibrator of 44 kHz (Fig. 2) and the rate of loss of theirs mass (Fig. 3).
Equally evident is the graph for the rate of mass loss (Fig. 2), which characterizes the cyclic nature of the process, when
the kinetic energy of the impact of cavitation bubbles accumulated in surface layers of the specimen contributes to the
brittle fracture of its microvolumes.
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Fig. 2. Change in mass loss of material at frequency of Fig. 3. Mass losses rate of specimens at the frequency
vibrations of the magnetostrictive vibrator. of magnetostrictive vibrator.

Microscopic analysis showed that the destruction of specimens occurs precisely over the vitreous phase, which is
contained along the grain boundaries of aluminum oxide. Specimens also contain other inclusions that affect their physical
and mechanical properties and the mechanism of destruction. In addition, ceramic materials possess structural defects
(pores, cracks), caused by the composition and technology of their manufacture. When researching the size of a-Al,O3
grains, it was found that sizes up to 150 mkm are optimal, which determine the resistance of the material to the propagation
of cracks, their number and determines the dependence of the energy of fracture on the grain size. Most defects of
microcracks type occur during the sintering and subsequent cooling of the specimens. These microcracks will increase
even under low loads and, according to the theory of A. Griffiths, their presence on the outer surface and inside the
specimens contributes to the increasing of stress concentrations. This leads to the increase of the size of cracks and to
subsequent destruction of specimen. It is established that the most reliable criteria for the wear resistance of structural
materials is the critical strain power density We* and the accumulation period of cyclic accumulation of damages. Upon
reaching We*, visible erosion products are formed, and after the accumulation period, the wear rate sharply increases.

Based on the results of conducted experiments, it is possible to assume the validity of application of the critical strain
power density index for comparison of wear of ceramic materials. Depending on the properties of materials, the power
density reaches critical value at a certain velocity of impact V.

Since Vg = f (We™), the criterion of wear resistance for brittle fracture of the surface layer of a material can be
determined from the simplified Pogodaev — Nekoz formula [1]:

* Gf /2E

cr M
3

where — avz the ultimate strength, E is the elastic modulus, Cw is the velocity of propagation of shock waves in the

material under load.

This makes it possible to compare the wear resistance of materials. The values in formula (1) can be simply determined
experimentally. It adapts well to the results of experimental data and makes it possible to quantify the rate of destruction
of materials and to predict their durability [2]. On the basis of the proposed approach to the evaluation of wear resistance
of ceramic materials, comparative wear resistance is presented in the table 2. Calculations show the legitimacy of using
the proposed approach to comparing the wear resistance of various types of ceramic materials, which is determined by
their physical-mechanical properties, in particular, hardness.

1)

Table 2 — The critical strain power density We* of the specimens

Wer*

Number of specimen
1 | 2 | 3
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| | 756 | 7623 | 9016 |

Conclusion. The obtained values of the critical strain power density W¢* for the investigated specimens are in a good
agreement with the results of experiments that establish the dependence of the cavitation-erosion resistance of technical
ceramics on the content of aluminum oxide. The introduction of the modifier of ZrO; into the a-Al,O3 ceramic matrix
allows the significant increasing of its wear resistance. Wear of materials is determined by the intensity of the cavitation
effect and the phase ratio of components. The mechanism of wear of ceramics has a cyclical nature, which is similar to
hydro-abrasive wear of metals. To assess the wear of ceramics it is possible to use the approach similar to that one used
for the assessment of wear of metals. The using of modified ceramics is recommended for elements of food equipment
that are operated under cavitation and waterjet wearing conditions. The chemical ceramics inertness is useful for working
in aggressive technological environments of food industry.
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MODELING OF THE MIXING PROCESS

Ph. Doctor V. Rachok, Ph. Doctor V. Telychkun, Ph. Doctor Y. Telychkun, National University of food
Technologies, Kyiv, Ukraine

The kneading of wheat yeast dough by cam working elements is investigated. Mathematical modeling was performed
using the Flow Vision software package based on the simulation of three-dimensional motion of liquids and gases in
technical structures, as well as for the visualization of flow curves by computer graphics. Physical modeling was
performed via experimental setup with cam kneading elements. The distance between the cams is 2—4—6-8—10 mm, the
rotation speed is 20-100 rpm.

Keywords: mathematical, modeling, dough, kneading, cam

Introduction. Imitation modeling aims to calculate the values of certain characteristics of a process that develop over
time, by reproducing the flow of this process on a computer via its mathematical model [1-2]. During projecting of the
process of dough mixing, there is a range of issues related to the type of working elements is supposed to be chosen. On
the basis of theoretical searches and obtained experimental results, after comparative analysis of working elements, it was
decided to simulate the process of kneading yeast wheat dough using cam working elements [3-4].

Dough kneading is a complex process that involves creating a homogeneous capillary-porous mass of flour, water,
yeast, salt, and other components. The formation of dough during kneading occurs as a result of a number of processes,
of which the most important are: physico-mechanical, colloidal and biochemical processes [5-6].

Main part. Mathematical modeling of the yeast dough kneading process was performed via the Flow Vision software
package, which is designed to model the three-dimensional motion of liquids and gases in technical and natural objects,
as well as to visualize flow curves by computer graphics.

Based on the results, after parametric modeling of the kneading process by the cam working elements, a linear
dependence of the speed of movement of the dough in the working chamber was obtained (Fig. 1).
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