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PREFACE

Scientific society: employees of higher educational institutions and research institutes, including
graduate students and students, as well as representatives of organizations and firms engaged in the
field of knowledge-intensive business, welcome you to the 2nd International Scientific and Practical
Conference "Development and Design of Modern Materials and Products", organized based on the
Engineering and Generative Design Department Dnipro University of Technology.

We are organizing a conference in the context of the Russian-Ukrainian war, which changed
everything not only in Ukraine, in Europe, but also in the whole world.

We hope that such a conference is another opportunity to gather scientists from different
directions and countries of the world, with the aim of preserving global scientific unity in such difficult
conditions.

We are sure that the results of our joint work will be interesting and useful for all participants of
the conference and will serve to solve modern problems of the world scientific community.
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BERDNIKOVA Olena, Doctor of Technical Sciences, Leading Researcher, dept. of Physical and Chemical Re-
search of Materials E.O. Paton Electric Welding Institute of the NAS of Ukraine, Kyiv, Ukraine, e-mail: omberdni-
kova@gmail.com, ORCID ID: 0000-0001-9754-9478

FEATURES OF THE STRUCTURE OF WEAR RESISTANT COATINGS OBTAINED BY
MULTICHAMBER DETONATION SPRAYING

Abstract. This study explores multichamber detonation spraying (MCDS) as a method for applying advanced
wear-resistant coatings. MCDS enables the deposition of coatings with exceptional strength, heat resistance, and corro-
sion resistance. The technology is effective for various materials, including metals, ceramics, and composites, and is par-
ticularly suited for thin-walled and complex-shaped parts.

Keywords: Wear-resistant coatings, multichamber detonation spraying, plasma-detonation modification,

nanostructures, microhardness, porosity reduction, industrial applications, aerospace coatings, advanced materials.

The technology is intended for applying wear-resistant, heat-resistant, heat-shielding, corro-
sion-resistant and special coatings with increased strength characteristics, from powder materials
based on: metals and alloys, ceramics, cermets and their mixtures. Coatings are formed on parts from
materials: based on aluminum and magnesium alloys, titanium and nickel alloys, polymer and car-
bon-carbon composite materials. Including, on the surface of thin-walled products that have a com-
plex shape and do not allow heating.

The process of cumulative detonation spraying of coatings (CDS) is implemented using a
multi-chamber detonation device (MCDD). It implements an overcompressed (non-stationary) mode
of detonation combustion of a gas mixture in specially shaped chambers and cumulation of energy
from these chambers, which increases the pressure in the combustion products to 40 bar and ensures
the formation of a high-speed jet in a cylindrical nozzle. The speed of the combustion products in the
nozzle reaches 1.8 km/s, which makes it possible to effectively accelerate the powder material to
speeds of 1.2-1.6 km/s with a pulse frequency of 30 Hz.

The purpose of the study is to study the features of structure formation and its influence on the
strength and crack resistance properties of detonation coatings during pulsed plasma processing at all
structural levels:

- microstructure study; microhardness; phase composition; volume fraction of structural-phase

components and their parameters; presence of defects;

- morphology of dispersed phases; subgrain structure; character of dislocation density distribu-

tion;
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- analytical evaluation of the properties of strength and crack resistance of the obtained coat-
ings by structural parameters;
- study of the relationship between the structure and the level of hardening and local internal

stresses formed in the structure of detonation coatings

Table 1

Technological modes and materials for detonation spraying.

Technological parameters The porosity of the

Air consumption Combustible gas to oxi- obtained coatings, %

dizer ratio (B)
(Va, m3/h)

1,24..1,5 4,85...4,96 0,7..1,3

Powder Cr3C; -NiCr brand Amperit 584.054 (75% Cr3C2 +25%NiCr) fractional composition
d=10...45 pm.
The coatings were sprayed at a detonation frequency of 20 Hz, a distance to the sample of 55

mm, a speed of 1500 mm/min, the number of passes was 4.

It is shown (table 2) that when spraying Cr3C; -NiCr powder in the optimal mode (I) (reduc-
ing air consumption from 1.24...1.5 m3/h to 0.84...1.09 m3/h and, accordingly, increasing propane-

butane consumption) due to higher heat input, the following occurs:

- change in the ratio of the emerging phase components - the amount of Cr3Cz increases (from
32% to 49%) with a decrease in the share of (Cr3Cz + Cr203) (from 40% to 26%);

- increases (on average by 18%) microhardness;

- the subgrain structure and particle size of phase precipitates are crushed (by 1.2 times);

- dislocation density gradients in the coating material are insignificant (from p = (2...4)x10'°

cm? to p=(5...6)x10'"" cm™).

Table 2
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Changes in structural parameters in Cr3C2 -NiCr coatings

Structural

parameters Mode | Mode llI
Cr3Co~ 49% Cr3C~ 32%
(CryCs + Cr203) ~ 26% (CryCs + Cr203) ~ 40%

Phase composition

Matrix (Ni-Cr): lamellas~ 22%

Particles (not melt) < 3%

Matrix (Ni-Cr): lamellas ~ 22...24%

Particles (not melt) £ 1%

De, M 1,5..3,5 1,0..2,0
ds, pm 0,1..0,3 0,2..0,3
1,0...10 (CrsCa) 1,0...10 (CrsCa)
dp, pm 0,01...0,05 0,015...0,08
(CryCs + Cr203) (CrsCs + Cr03)
1,0...10 (Cr3C3) 1,0...10 (Cr3Cy)
A, UM
0,1...0,19 (Cr;Cs + Cr,03) 0,07...0,09 (CrsCs + Cr;05)
2x10% (lamella) (8...9)x10° (lamella)
p,cm?
4x10'° (lamella/lamella) 8x10%° (lamella/lamella)
(coating)
(5...6)x10% (carbide/lamella) (7...9)x10*! (carbide/lamella)
p, cm2
4..5x101° 6...7x10%
(melting line)
p, cm2
1...2x10%0 1...2x101%°
(substrate)

Analytical evaluation of strength and crack resistance properties of coatings

1). Structural strengthening (Xo7T):

Yot = Aco + Aotr+ Aoz + Acc + Ao+ Acpy.

where Ac0 is the lattice friction stress (resistance of the material lattice to the movement of free dis-

locations)(Peierls—Nabarro);

AoT.p. is solid solution hardening with alloying elements and impurities (according to the Mott—

Nabarro theory);

Ao3 and AcC are grain and subgrain hardening (Hall-Petch);

Development and design of modern materials and products
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Ao/l is dislocation strengthening due to interdislocation interaction (theories of J. Taylor, A. Zeger,
N. Mott and G. Hirsch)

Ac]1.Y. is dispersion strengthening due to dispersed particles (Orowan).

2). Local internal stresses taking into account the dislocation structure (dislocation density):
©JI/BH = G-b-h-p/[n(1 —V)].
where G — shear modulus;
b is the Burgers vector;
h is the foil thickness (2x10-5 cm);
v is Poisson's ratio;
p is the density of dislocations.
Plasma-detonation (pulse-plasma) surface treatment (modification)

The detonaton sys lem

The transducer
258
|

ngut of air, AN ———F

Input of air, AN - —

AirArN ™

Layer N
. formation

Figure 1. Scheme of pulse-plasma surface treatment

The essence of the process :

1. The part surface is treated with a pulsed plasma jet, which has a power density of 105-107
W/cm2, a speed of 5-8 km/s, a temperature of 25000-30000 K and a frequency of 2...4 Hz.

2. The technology ensures the production of a modified layer with a hardness of 14...19 GPa
and a thickness of 30...100 um

3. Atthe same time, a layer of nano-crystalline material is formed, which has a high: wear re-

sistance, extreme pressure resistance, corrosion resistance

N
a 12 k Development and design of modern materials and products
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4.

Possible concomitant alloying of the hardened cutting edge with alloying elements W, Mo,

Ti, Cr, Ni, N, C, etc.

Results of research:

Development of innovative duplex technology for applying wear-resistant coatings

The first process is cumulative-detonation spraying of coatings(CDS)

>

YV V. V VYV V

>

Coating thickness 0.2-0.3 mm.

Roughness — Rz 10-17 um’

The product is heated up to 100°C.

Productivity up to 2 kg/hour.

The total consumption of the combustible mixture is up to 10 m3/hour.
Standard surface preparation.

No configuration or size restrictions.

The second process is plasma-detonation treatment of sprayed coatings(PDM)

>

YV V V V VYV V

quent modification (PDM) is proposed. This equipment provides low specific energy consumption and

The product does not heat up.

Capacity up to 300 mm2/sec.

Installed power up to 30 kVA.

The total consumption of the combustible mixture is up to 1.5 m3/hour.
Only the wear surface is processed.

There is no need to clean the surface of the coating.

No product size restrictions.

CONCLUSION

1. Technological equipment (MCDU) for deposition of high-quality coatings and their subse-

high material efficiency, up to 90%.

2. Comprehensive studies at all structural levels established the features of the emerging struc-

ture of Cr3C» -NiCr coatings obtained using pulse-plasma (plasma-detonation modification).

3. The method of cumulative detonation spraying provides high-density coatings, up to 400 um

thick, with porosity mostly less than 1%, microhardness up to 13.2 GPa, and high adhesion and cohe-

sion characteristics.

4. Tt has been established that a characteristic feature of the coating structure, which is formed

during pulse-plasma (plasma-detonation treatment) is the formation of a substructure 100-300 um in

size and nanoparticles of strengthening phases of the carbide and oxide type, 10—80 nm in size, uni-

formly distributed over the volume of the structure.

Development and design of modern materials and products
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5. The formation of a nanostructural state in such coatings contributes to an increase in their
strength and crack resistance.

6. Analytical estimates show that a high level of hardening and crack resistance of the resulting
coatings are ensured by the optimal structural-phase composition: a dispersed subgrain structure with

a uniform distribution of strengthening phases and a gradient-free level of dislocation density.

7. An increase in the crack resistance of coatings is facilitated by the absence of structural zones

of dislocation accumulations with their high density - concentrators of local internal stresses.

8. Plasma-detonation modification provides an increase in the hardness and density of the coat-
ing material, which is due to the passage of electric current and healing of defects, as well as acceler-
ated mass transfer of carbon, oxygen, and an increase in the number of carbide and oxide particles in

the surface layer.

9. On the basis of the conducted research, it is possible to recommend a duplex technology,
including a set of technologies (cumulative detonation spraying of a coating and its subsequent plasma
detonation modification) for creating coating materials on the surface of parts operating in extreme

operating conditions.
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ANDRIIUK Valeria, student of the gr. 132-23-3 MMF, Dnipro University of Technology, Dnipo, Ukraine,

e-mail: andriiuk.v.r@nmu.one

NAUMENKO Olena., Higher Lecturer of the Department of Mechanical and Biomedical Engineering, Dnipro

University of Technology, Dnipo, Ukraine, e-mail: naumenko.o.h@nmu.one

PHARMACEUTICAL COATING IN THE FORM OF A FILM FOR SOLID ORAL MEDI-
CINES

Oral solid dosage forms (ODS) have advantages such as ease of manufacture and high patient
compliance. Tablets are improved by techniques such as coating, double pressing and osmotic systems.
Common coating methods include sugar, film, microencapsulation and compression coating [1].

Film coating (FC) is the most versatile method for coating tablets, capsules and granules. FC
can be non-functional (to change the appearance and protect against external factors) and functional
(to control the release of drugs). Microencapsulation is a modification of FC that differs in particle
size and coating methods (mechanical and physicochemical) [1].

A functional coating improves product stability and changes the release pattern, while a non-
functional coating improves the appearance and organoleptic properties, making it easier to swallow,
especially for elderly patients with dysphagia [2].

Many active pharmaceutical ingredients (APIs) have a bitter taste, which makes it difficult to
develop liquid formulations, especially for children. This can be solved by using a film coating, which
creates a barrier between the taste buds and the API [3]. For chewable tablets, more complex coating
methods are used to slow down dissolution in the mouth without affecting bioavailability (microcap-
sule coating) [4]. Product stability requires proper packaging, desiccants and moisture barriers, espe-
cially for bulk products during transport and after opening the package (Table 1). Moisture barriers
stabilise water-sensitive APIs, reducing negative interactions, and should meet ICH Q3C(R6) stand-
ards [5].

Table 1

Functions of coating materials

Function Hassa marepiany
Functional film- Cellulose acetate phthalate
forming polymer Hydroxypropyl methyl cellulose phthalate

Cellulose acetate trimellate

Ethyl cellulose

Methacrylic acid copolymer
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Non-functional Hydroxypropyl methyl cellulose

film-forming polymer Polyvinyl pyrrolidone

Polyvinyl alcohol

High molecular weight polyethylene glycol

Solvent or car-

rier Water, ethanol, methylene chloride

Plasticisers Propylene glycol, polyethylene glycols, diethyl phthalate, frac-

tionated coconut oil, castor oil

Colourants Water-soluble colourants (FD&C Yellow 5)

Water insoluble colourants (FD&C Yellow 5 Lake)

Inorganic pigments (iron oxide, titanium dioxide)

Natural colourants (beta-carotene)

Dry technologies can replace organic solvents. To protect photosensitive APIs, titanium diox-
ide is used in coatings, with an optimal coating level of 2% [5].

Modification of release is achieved with the help of functional coatings, in particular enter-
osoluble and extended release. PH-sensitive polymers are used to delay release, and coatings soluble
at pH >7 are used for delivery to the colon. Multilayer structures help to control the release [6]. Sus-
tained-release formulations reduce the frequency of dosing, but coating defects can lead to dose drops.
Alcohol can impair the effectiveness of these forms [6]. Problems can arise from tablet defects or
errors in the coating process, which emphasises the importance of perfect tablet quality prior to coating.
Uneven colour can be avoided by using insoluble colourants.

Innovations in pharmaceutical processes are developing coating technologies for a variety of
products, including tablets, pellets, catheters and stents, which require sophisticated application meth-
ods for controlled drug release [7].

Important trends include the use of process analysis technologies (PAT) for real quality control
and the concept of quality by design (QbD), which minimises risks. Continuous pharmaceutical pro-
cesses reduce costs, shorten time and improve product stability [5].

Film coating (FC) is used to improve taste, dysphagia, and brand image. The choice of films
with low moisture permeability improves the stability of water-sensitive APIs, while opacifying agents
protect light-sensitive products. Functional films with pH-sensitive coatings improve release, although
changes in pH can reduce efficacy, which can be corrected by additives such as alkalising agents or

superdisintegrants [7].
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OPTIMIZATION OF THE COMPONENTS OF COMPOSITE MATERIALS USING THE
EXPERIMENT PLANNING METHOD

Annotation. The results of research on the calculation of the compositions of the composite material — aerated
concrete — with the use of heat energy waste and ferroalloy metallurgy are presented. Using the method of mathematical
planning of the experiment, the optimal compositions of aerated concrete for the production of small wall blocks for resi-
dential and industrial construction were determined.
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When calculating compositions, technology and studying composite materials, the majority of
experimental studies are formulated as tasks related to determining the optimal ratios between compo-
nents of compositions and optimal conditions of the technical process. There are different ways to
optimize technological factors. Often, such tasks are solved by conducting an experiment, which con-
sists in the sequential study of the influence of each of the factors on the properties of the compositions
(the number of components, the value of the parameter, etc.). This method is associated with significant
costs of time and materials, since the properties of the composite material are affected by a large num-
ber of factors. The method of mathematical planning of the experiment allows to simultaneously vary
all factors and obtain quantitative indicators of the main factors and interaction effects [1]. Practical
interest lies in obtaining mathematical models and establishing, on their basis, the optimal composition
of aerated concrete using waste heat energy and ferroalloy metallurgy.

Currently, the most scarce means of production in the world are raw materials, and especially
fuel and energy. Therefore, it is urgent to direct the production of composite building materials to the
rational use of raw materials, taking into account the maximum utilization of industrial waste, and to
develop, first of all, the production of the least energy- and raw material-intensive materials.

The aim of the work is to use the method of mathematical planning of the experiment to deter-
mine the optimal consumption of fly ash of the Kurakhiv thermal power station and waste during the
smelting of ferrosilicon of the Zaporizhzhia plant of ferroalloys in porous concrete.

When selecting compositions of composite building materials, the consumption of components
is changed under certain conditions, guided by physical considerations. Based on research on the tech-

nology, composition and properties of aerated concrete, the consumption of the variation factors was
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as follows: cement — from 11 to 22 %; fly ash — from 0 to 34 %; waste of ferrosilicon production —
from 0 to 8 %. The response function (composite material optimization parameters) is the compressive
strength of aerated concrete (ocom st), MPa; flexural strength of aerated concrete (ven st), MPa; soften-
ing factor of aerated concrete (Ksof). Tests of aerated concrete were carried out according to standard
methods in accordance with state regulatory documents. The planning matrix of the composite sym-
metric orthogonal three-level plan of the second order and the results of experiments to determine the
mechanical parameters of aerated concrete are given in the table.
Table
Experimental plan, compressive strength (Y1) and flexural strength (Y2) and the softening fac-

tor of aerated concrete (Y3)

No. Experiment plan Experimental data of optimization parameters
in order )4 Y> Y3
Xi X X3 Ocrl Ocr2 Ol Osr2 Ko K2
1 -1 -1 -1 1,91 1,93 0,49 0,51 0,76 0,78
2 0 -1 0 2,31 2,33 0,56 0,58 0,69 0,71
3 1 -1 1 2,74 2,76 0,57 0,59 0,8 0,82
4 -1 0 0 2,23 2,25 0,79 0,81 0,78 0,8
5 0 0 1 2,11 2,13 0,54 0,56 0,82 0,84
6 1 0 -1 1,77 1,79 0,47 0,49 0,75 0,77
7 -1 1 1 2,5 2,52 0,69 0,71 0,76 0,78
8 0 1 -1 2,48 2,5 0,63 0,65 0,71 0,73
9 1 1 0 1,72 1,74 0,49 0,51 0,69 0,71
10 -1 -1 1 2,00 2,02 0,83 0,85 0,83 0,85
11 1 -1 -1 3,34 3,36 0,58 0,6 0,69 0,71
12 -1 1 -1 1,58 1,6 0,47 0,49 0,73 0,75
13 1 1 1 1,76 1,78 0,59 0,61 0,7 0,72

As a result of the conducted statistical processing of the results of the experiment (by deter-
mining the regression coefficients), adequate mathematical models were obtained in the form of re-

gression equations [2], which in the natural values of the factors have the following form:
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Yi(6eom st) = 2,170833+0,097917X:1-0,21018X2+0,038155X3-0,35155X1.X>-0,15321.X1.X3+
0,130833X2X3-0,23625X,2+0,298274X57-0,0266 1. X3%;

Y2(6ven st) = 0,58696-0,05351X1-0,0102452X>+0,055894.X3+0,011065X1.X2-0,06261.X1.X3-
0,02487X>X3+0,033829X:%2+0,015198X52-0,02808.X3%;

V3(Ksof) = 0,752822-0,02098X7-0,01812X>+0,026573X3 +0,004267X1.X>2+0,001209.X1.X3-
0,02022X2X3+0,019674X1%-0,05604X>>+0,041698.X3>.

The coefficients of the regression equations reflect the relation between the studied properties
of the composite material and the content of the components of the technological system. According
to the regression equations, the optimal costs of the components of aerated concrete (for which the
mechanical parameters meet the requirements of the state standards of Ukraine) were determined,
namely: cement content — 13-14%; fly ash content — 30-34%; the content of ferrosilicon production

waste is 7-8% (figure).
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Conclusions. Using the experiment planning method, mathematical models of composite ma-
terials — aerated concrete — were obtained from cement consumption, fly ash and ferrosilicon produc-
tion waste. Mathematical models in the form of regression equations reflect the influence of the com-
ponent composition on the properties of composite materials and allow to optimize their compositions.
The resulting aerated concrete with the use of heat energy waste and ferroalloy metallurgy meets the
requirements of the State Standards of Ukraine.
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WASTE MANAGEMENT FROM BUILDINGS AND STRUCTURES DAMAGED OR
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Abstract. The management of construction and demolition waste has become a pressing issue in Ukraine due to
the widespread destruction caused by the war. This paper examines the primary challenges faced by Ukraine in addressing
this problem and proposes potential solutions. The authors explore contemporary approaches to waste management and
suggest ways to enhance their effectiveness in the Ukrainian context. Particular emphasis is placed on recycling opportu-
nities and innovative technologies for processing construction waste, as well as the experience of other countries that have
faced similar challenges.
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The widespread destruction of infrastructure in Ukraine due to the war has led to a critical
shortage of construction waste management solutions. Experts estimate that the country has already
amassed 10-12 million tons of such waste, with the figure growing on a daily basis [1].

Ukraine's recycling rate in 2024 is estimated to be less than 10%, while experts believe that it
is feasible to recycle 80-85% of waste through industrial processes [2].

Unregulated dumping and storage of hazardous materials in temporary landfills create serious
environmental hazards. Major risks include contamination of groundwater and soil by toxic leachate,
air pollution from hazardous particulate matter, and the worsening of sanitary and epidemiological
conditions [1].

The construction waste resulting from explosions and shelling is distinct from "standard" waste
due to its composition of diverse, structurally different materials, complicating its recycling.

All construction elements, materials, and objects that were located in a residential, industrial,
or public building become uncontrollably mixed and deformed as a result of an explosion. Conse-
quently, it becomes extremely difficult to separate the particles of these materials from other waste.
Hazardous building materials, such as asbestos-cement sheets commonly used for roofing, pose a sig-
nificant challenge. If not properly separated from other materials, all waste must be disposed of in a

landfill.
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According to the Ukrainian Institute of the Future, nearly 50% of all construction waste is
disposed of in landfills. The situation with landfills across the country is critical, as most of them have
long been operating beyond their capacity [3].

The system for managing waste from destruction consists of the following stages:

1. Nitial site clearance: Collection of demolition waste, including potential sorting of indi-
vidual waste components.

2. Transportation of demolition waste from the generation site to waste processing facilities
or interim storage locations.

3. Final site cleanup following demolition of damaged or destroyed structures.

4. Temporary storage of demolition waste at designated sites or waste processing facilities
until final disposal or recovery.

5. Preparation of demolition waste for recycling or disposal.

6. Recycling of demolition waste as secondary material or energy resources [4].

Table 1
Construction Waste Management Strategies
Name Advantages Disadvantages
. . ) - Release of toxic substances;
. ) - Significant decrease in waste volume; . )
incineration .. . - Substantial financial outlay
- Electricity generation; . . .
. for waste incineration facili-
- Reduced transportation expenses. ties
. - Low costs; - Large landfill areas;
burial . o i .
- No need for waste processing facilities; - Environmental poisoning and
- Minimal maintenance. pollution.
- No need for large areas to establish land-
fills;
- Conservation of natural resources; - Significant upfront costs;
recycling - Minimizing negative environmental ef- - Slow return on investment;
fects; - Imperfect regulatory frame-
- Reducing production costs; work.
- Universality of recycling management
methods for various construction materials.

Globally, only three technological approaches exist for managing construction waste (see the
table 1). Classification of construction waste management methods based on processing location (table
2).

Table 2

Construction waste management by territorial factor
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Type of processing Advantages Disadvantages
On-site recycling at the demo- F There are no additional trans- | Low equipment efficiency;
lition site portation costs; - Low product quality;
- Discount on the recycled prod- | Increase in noise level;
uct. - High particulate matter.
Processing at specialized en- | High equipment productivity;  The presence of additional
terprises - Superior quality of the recy- costs for transporting construc-
cled product. tion waste;
- High recycling cost.

The experience of using demolition waste in various countries has been analyzed.

Countries like Denmark, the Netherlands, and Germany have a mandatory requirement for new
construction to incorporate a certain percentage of recycled materials.

Austria recycles approximately 87% of construction and demolition waste. Waste collection is
typically carried out on-site using containers, and is handled by specialized demolition and waste man-
agement operators.

Flanders (Belgium) has taken the most radical approach to combatting construction waste land-
filling, implementing a direct ban on landfills for secondary processing of construction waste fractions.
This approach is driven by Flanders' high population density and the scarcity of available space in
existing landfills.

The Netherlands has had a law in place for nearly a decade that prohibits the disposal of recy-
clable construction waste in landfills. In some other countries, official proof that waste cannot be re-
cycled is required before it can be accepted at a landfill [5, 6].

In Ukraine, there are already companies that can process various construction materials. For
example, «Metinvest», «ArcelorMittal Kryvyi Rih», and the Zaporizhzhia and Dnipro metallurgical
plants handle metal recycling.

Glass recycling is carried out by companies «Region-2001», «Vetropak», and «UtilVtorPromy,
concrete — «Carisy», «TechConstructionMechanicsy», «Agrolndustrial Group», «Tereschenko Groupy,
«Organy. Plastic — «Ecolay», «TICy», «Region-2001», «The Good Plastic Company», bricks — «Actis
Groupy, «Forest Ukraine» and «UtilTorProm». Timber is usually processed in state-owned forestry
enterprises located in every region of Ukraine. [7].

In this paper, the authors analyze the challenges of waste management arising from the damage
and destruction of buildings and structures caused by hostilities. The main issues we have identified
are:

— There is a significant lack of specialized infrastructure and advanced technologies in Ukraine

for the collection, sorting, transportation, storage, processing, and disposal of complex construction
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waste streams. Many communities address the problem of construction waste disposal by transporting
it to landfills.

— Regulatory and standardization gaps exist. The current regulatory framework contains signif-
icant gaps in the comprehensive regulation of recycling and construction waste management. Stand-
ards for the quality and safety of construction materials made from secondary raw materials are absent.

— Lack of economic incentives. Effective financial and economic mechanisms to stimulate the
collection, sorting, and recycling of construction waste have not been established. The cost of dispos-
ing of construction waste remains low, making recycling unprofitable. Secondary materials are not
competitive in Ukraine, partly due to the low cost of raw materials. Primary construction materials in
Ukraine are significantly cheaper than secondary ones due to low rent on mineral extraction. Therefore,
it is necessary to reform the pricing of natural resources and ensure the competitiveness of recycled
materials on the market.

Unresolved social aspects. There is an urgent need for widespread information and education
campaigns to promote a culture of waste management among the population and businesses.

In our view, the following actions are key to addressing the effective management of waste gen-
erated by the damage and destruction of buildings and structures as a result of hostilities:

1. Development and government support for projects, startups, research, and innovation in
the following areas: - improving recycling technologies; - creating new eco-friendly materials based
on recycling; - addressing local recycling and disposal of 'wartime' construction waste based on best
European practices.

2. The need for a comprehensive legislative framework to regulate the management of con-
struction waste is urgent. The presence of hazardous materials such as asbestos in mixed waste from
shelled buildings poses significant challenges for recycling. Specialized technologies and regulations
are required for the safe handling and disposal of these materials.

3. Development of national quality and safety standards for construction materials and struc-
tures made from recycled materials. A regulatory document is needed that mandates the use of recycled
building materials in reconstruction projects.

4. Training and certification of specialists in waste management.

5. Maintaining detailed records and statistics on construction waste recycling to assess the
effectiveness of initiatives and plan future actions.

6. Implementation of a system of tax, customs, and credit incentives to promote the use of
recycled materials in construction and industry. As a means of economically stimulating enterprises in

the construction waste recycling sector, we propose the use of tax breaks for businesses, reduced-
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interest loans, financial risk insurance, and subsidies from various levels of government to support
innovative projects requiring significant capital investment. A public-private partnership model would
be instrumental in attracting increased private investment in this sector.

7. Raising environmental taxes and royalties on primary resource extraction and CO2 emis-
sions to boost demand for secondary raw materials.

8. Implementing an educational initiative to inform stakeholders about the benefits of green
building and proper waste disposal.

9. Actively seeking international technical assistance and grants to develop modern infra-
structure for sorting, recycling, and disposal of construction waste in Ukraine.

Conclusion. 1. The domestic recycling of construction waste offers a promising avenue for
sustainable development. By effectively managing construction waste, we can mitigate environmental
impacts, create new economic opportunities, and foster a circular economy for construction materials.

2. Effective management of waste generated from the damage and destruction of buildings and
infrastructure due to hostilities is possible through collaboration between businesses, government
agencies, and international financial institutions involved in Ukraine's reconstruction. This collabora-
tion will create a transparent legal and regulatory framework, laying the foundation for a sustainable
and efficient system of cooperation and enabling the launch of large-scale recovery projects based on
the principles of a circular economy and eco-design.

3. Addressing the issue of waste generated from the damage and destruction of buildings and
infrastructure due to hostilities will contribute to the effective reconstruction and sustainable develop-

ment of Ukrainian cities, preserving the environment and saving resources.
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TUTAHOBI HOPOIIKOBI MATEPIAJIM HECOEPUYHOI ®OPMHU 151 ATUTUBHUX
TEXHOJIOI'TA

Y po6oTi MoKkazaHO NPUHIMIIOBY MOXKJIMBICTh BUKOPUCTAHHS OUIBII JIENIIEBHUX MOPOLIKOBUX MaTepiaiB Ha OCHOBI
THTaHy, 10 32 XIMIYHUM CKJIaJIOM BiamoBigae mapiii crutaBy BT1-0, 3 HechepuuHOO (GOPMOIO YaCTHHOK, IO OTPHUMYIOTh
3a TEXHOJIOTIEO TipyBaHHA-AETiAPYyBaHHS 1 MPU3HAYCHUX JIJISI BATOTOBJICHHS 00'€MHHUX BUPOOIB PI3HUMH METOJIAMH aJIH-
THBHHX TexHoJorii. [IpoBeneHo MetanorpadidHi JOCTi KEHHS 3pa3KiB, OTPUMAHKX 3 HeC(HEepUIHHUX MOPOIIKIB, 1110 MTOKA-
3aJ10 BUCOKHI piBeHB ajare3ii mapiB 6€3 BUIUMUX HECYIITLHOCTEH.

KiouoBi ciioBa: adumusni mexnonoeii; muman, nopowiox, Yacmunka, Gopma; Qpaxyis, nogepxHs; wap; Kom-

NAKmMy6eaHHs, CNiAaelenHs;, CmpyKmypa, 811aCMU8OCmI.

3acTocyBaHHS aJIMTUBHUX TEXHOJIOTIH € TIEPCIICKTHBHUM HAIIPSIMKOM Y PO3BHUTKY Pi3HUX Ta-
Jy3el MPOMHCIOBOCTI (OCOOIMBO TaKWX SIK BUCOKOTOYHE MAITMHOOYyBaHHS Ta aBiaJBUTYHOOYIY-
BaHHS), 1110 JIA€ 3MOTY OJIEP>KYBaTH TOTOBI BUPOOH, @ TAKOYK BUTOTOBJISITH HEOOX1THE B TPOMHUCIOBOCTI
TEXHOJIOTIYHO CKJIaJHE OCHAIIeHHs. HallBa)xmMBiUM 3aBIaHHSAM IMIPH [ILOMY € 3aMiHa HAssBHUX JI0-
POTHX IMIOPTHUX MOPOIIKOBUX MaTEpPiajiB JCHICBIINMH aHAIOTAMH.

[{i TexHOJIOTI1 TafOTh 3MOTY 00'€THaTH B COOl1 TOJIOBHI MEpEBar TaKUX METOJIIB OTPUMaHHS
BHPOOIB, SK IMOPOIIKOBA METATYPTis, JUBapHE BUPOOHUIITBO Ta HATUIABJIICHH. 3a3Ha4eH1 TEXHOJIOT1T
nepeadavyaioTh BUTOTOBJICHHS BUPOOY METOIOM IOIIAPOBOIO J01aBaHHs Martepiany [1-4].

MeTor0 AOCHTIIKEHB € OIlIHKA MOKJIMBOCTI BUKOPUCTAHHS THTAHOBUX TOPOIIIKIB, SIKi MOTepe-
JTHBO TIAaBaIN OTIEPAIisiM T1APYBaHHS Ta JACT1IPYyBaHHS B TEXHOJOTIYHOMY JIAHITIOTY 1X BUPOOHUIT-
TBa JIJIs1 TOAJIBIIIOTO OTPUMAHHS BUPOOIB PI3HUMHU METOJIaMH aTUTUBHUX TEXHOJIOT1H.

Ha pucynky 1 HaBeneHO peanbHiI YaCTUHKM METATIYHOI'O MOPOUIKY (CPepruuHOro TUTaHy Ta
MOPOIIKY TUTaHY, OTPUMAHOTO 32 TEXHOJIOTIEIO TipyBaHHI-AETiApyBaHHs [5—7]), 10 BiANOBIAAIOTH
CIPOIIEHUM MOJIENSIM, TIPEICTABIICHUM Y poboTax [8—9], pi3HUX THUIIB yKIaJaHHS TMOTETHYHUX Ya-

CTUHOK Ti€i 9¥ 1HIIOT (hopmHu.
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e)

Pucynox 1 — 3oBHimHi# BUrIA 1 CTpyKTypa chepudnux (a, 0, B) i HechepuyHux (T, 1, €) 1mo-
pouikiB TuTany (ppakuis — 100 Mxm)

Metoaom mpodiTFOBaHHS HACUITAHKX 1 3aKPIMJICHUX Ha MAKIAALI MOPOIIKOBHX IIapiB MiHi-
MaJIbHOI TOBIIMHH 13 3aCTOCYBaHHAM pi3HUX (paKiiii MOKa3aHO, 1110 ONTHMAaIbHA 30BHIIIHS TOBEPXHS
OTPUMYETHCS 32 YMOBHM BUKOPUCTAHHS TOPOIIKOBOTO MaTepiaiy, B SIKOMY YaCTHHKH MalOTh GOpMy
OaraTorpaHHUKIB, yMOBHO NPUIHATHX 32 00'€KTH, K1 32 (HOPMOIO HAOIMIKAIOTHCS IO YACTHHOK, Y BH-
TJISI/T1 TeKcaeIpiB Ta iX pi3HOBUAIB. BUKOpUCTaHHS TaKWX MOPONIKIB Ma€ 3a0€3MEeUNTH OB IIUIBHY
Ta OTHOPIAHY CTPYKTYPY y MOPIBHAHHI 3 mopomkamu chepuunoi ¢popmu [10]. [Tonepeani rpadiuni

pe3yiabTaT eKCl'IepI/IMeHTiB i3 BUKOPUCTAHHAM 3a3HAYUCHOT'O IMMPUJIAAy HABEACHO HA PUC. 2.
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r)
a, 0) cepuunuii nmopomok ¢pakimiero -200+100 mxM; B) HecheprUuHUI MOPOIIOK (HPAKIII€LO -
250+100 MxMm; T) HechepuaHMA TOPOIIOK (Ppakiiero -50 MKM.

Pucynok 2 — Pe3ynbTaTsl 1OCTIIPKEHHS MOPOIIKiB Ha Tipodinorpadi-mpodiiomerpi
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Ha wnaBeneniit (puc. 3) mikpodortorpadii GararomapoBoro 3paska 3 HEJIETOBAHOTO THUTaHY
(OTpMMaHOTO CIUIABICHHSM 33 TEXHOJIOTI€I0 €JIEKTPOHHO-IIPOMEHEBOTO CIUIABJICHHS Ta aprOHOAYTO-
BOT'0 HAIUIABJICHHA) MIOKA3aHO JIOCUTH XOPOIIHUH piBeHb aaresii mapiB 6e3 Oy 1b-sIKUX BUAUMUX Jede-

KTiB, THITy HECYLIJIBHOCTEN (PaKOBHH 200 HETPOIUIABIB).

a)

a) METO/J1 eJIEKTPOHHO-ITPOMEHEBOT0 HAIJIaBJIeHHs O, B) METO/I aprOHO{yTOBOTO HaIlJIaBJICHHS

Pucynok 3 — MikpocTpyKTypa IOCTITHUX 3pa3KiB OTPUMAHUX 3a TEXHOJIOTIEI MOIMIAPOBOTO

HapOILyBaHHS 3 TATAHOBOTO MOPOIIKY (Pppakiis -250+100 Mrm)

Po3riisiHyTO MOKITMBICTH 3aCTOCYBaHHS PI3HHUX JDKEPEI Heprii Ta Croco0iB IS MOMIAapOBOTO
HapoIIyBaHHs MaTepiaiy npu (popMyBaHHI BUPOOIB — aBTOMAaTHYHE €JIEKTPOHHO-IPOMEHEBE HaIlJIaB-
JICHHS Ta py4YHE aproHO/JyrOoBE HAIUIaBJICHHA. BH3HAYeHO ONTHMAaNbHI PEXUMH MPOLECIB MOKPOKO-
BOT'0 CIUIABJICHHSI TOHKUX IIapiB MOPOIIKOBUX MatepiaiiB. [IpoBeneno meranorpadidti JOCTIHKEHHS
3pa3KiB, OTPUMAHUX 3 HECHEPUUHHUX IMOPOIIKIB, 10 MOKA3aJI0 BUCOKUM piBEHB ajre3ii mapiB 0e3 BU-
JTUMUX HECYIITBHOCTEH.

HanuaBieHHst MOPOIIKY 3a XIMIYHUM CKJIZIOM, IO Bignosinae mapii crutapy BT 1-0, 3aiiicHio-
Baiu metogoM EITH (enekTpoHHO-IpOMEHEBOT0 HaIUIaBiIeHHs) Ha ycraHoBIi EI13-20, 3 monepenHim
HacuranHsaM nopomky. [IIBuakicTe HarmmaBneHHs cranoBmia 1,11 Mmv/c; ctpym HarutaBienss 40...50
MA; ctpyM ¢dokycyBanHs 605...610 MA. AproHoayroBe HaruIaBJICHHS TPOBOJIMIN BPYUHY 3 MOIIAPO-
BUM HAaCUIIAHHSM 1 OIIJIaBJIIEHHSM MTOPOIIKY B KaMepi 3 KOHTPOJIbOBAHUM CEpEIOBHIIEM (1HEPTHHIA Ta3
— aproH). PexxuM HarutaBneHHst OyB MpHOIM3HO OJHAKOBHM /IS BCIX 3pa3KiB (3BapIOBATBHUN CTPYM
10 30 A, mxepeno ctpymy Fronius TT3000).

3 HaBeJICHUX BUIIE PUCYHKIB BUHO, III0 OTPUMaHUM (CIUIABJICHUI) IIap MaTepiany XapakTe-
PHU3Y€ETHCS HASBHICTIO PIBHOBICHOI, OJHOPIAHOI, IIJIBHOI Ta 6€3MOPUCTOi CTPYKTYpHU 0e3 Oyab-Kux
BUAMMHUX J1e(eKTiB (Y BUTIIAI HeCylUIbHOCTEH abo mop). [Ipu npoMy, CTpYKTypa AOCIITHUX 3pa3KiB
HaOJIMKEeHa 10 CTPYKTYPH 3arOTOBOK, OTPUMAHUX METOJaMH JTUTTs. TakuM 4UHHOM, MOKHA KOHCTATY-
BaTH, IO BIIHOCHO JICHIEBU MTOPOIIOK, OTPUMAHUH 32 TEXHOJIOTIEIO T1ApyBaHHS-ACTiIpyBaHH!, € TIe-
PCIEKTUBHUM 3 TOTJISAY 3aMiHHM HasBHUX JOPOTHX MOPOIIKIB TUTaHy cepuunoi Gopmu.
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PROSPECTS FOR OBTAINING FINE-GRAINED AND POWDERED MATERIALS
FROM DESTROYING WASTE IN THE AREA OF THEIR FORMATION

Abstract. The feasibility and efficiency of recycling of waste from demolitions by a mobile crushing and sorting
line in the area of their formation are considered. The conducted studies on crushing waste on a vibrating jaw crusher with

an inclined chamber show the prospect of processing with the production of marketable products.

Keywords: destroying waste, crushing and sorting line, fine-grained and powder materials.

As aresult of military actions related to russian aggression, a huge number of completely (Fig.

1, a) or partially (Fig. 1, b) destroyed buildings and structures were formed in Ukraine.

a) completely b) partially

Fig.1 Destroyed buildings

The results of a large study conducted by a group of American scientists, published in The New
York Times, show that about 210 thousand buildings were destroyed in Ukraine between February
2022 and December 2023 alone. Unfortunately, this figure continues to increase. Hundreds of thou-
sands of tons of destruction waste are added to existing industrial and construction waste, which in-
clude [1] parts (debris) of damaged (destroyed) objects, as well as materials, objects that were inside
or next to such objects at the time of damage (destruction) and/or performance of dismantling works
and which have completely or partially lost their consumer properties and cannot be used in the future
at the place of their formation or discovery. Such a huge amount of waste generated in a relatively
short period of time cannot be processed at existing plants.

The scale of the upcoming task of rebuilding devastated cities and disposing of waste in an
environmentally sound manner is almost unimaginable, both for ordinary entrepreneurs and lawmak-
ers. The Law of Ukraine "On Waste" [2], the Law of Ukraine "On Waste Management" [1] legalized
the procedure for performing work and the executors, established responsibility for dismantling, sort-

ing (if possible), removal of waste from destruction to specially created temporary storage places.
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The complex process of destroying waste management begins with manual disassembly and
potential initial sorting. The disassembled waste from each destroying area is taken to a sorting station,
where the waste is classified based on its material composition. Due to the small area of the sorting
stations, relatively small volumes are formed here, which are delivered to specialized secondary re-
source recovery centers. They can accumulate large volumes of secondary raw materials in their ware-

houses, sort them, and then sell them to factories that directly process these secondary raw materials.

Existing enterprises do not have sufficient capacity for their complete processing, obtaining
marketable products and secondary raw materials, which is one of the reasons for the removal of con-
struction waste to created landfills or existing dumps. As a result, thousands of hectares of land suitable
for agricultural or industrial use are removed from rational use, the environment deteriorates, green-
house gas and hydrogen sulfide emissions increase, and the risk of soil and groundwater contamination
with harmful chemical compounds arises. The extremely serious problem that has arisen can be par-
tially solved by using mobile and portable crushing and sorting lines directly at the site of the destroyed
buildings (a rational option) or at special landfills. The use of existing mobile crushing and sorting
lines is not rational for manual dismantling of destruction, since they are designed for large-tonnage
production, are focused on crushing concrete and brick, have large dimensions and power. An efficient
crushing and sorting line should be small in size, with a high degree of crushing, a wide range of final
product sizes and an expanded range of processed materials.

At Dnipro University of Technology research was conducted on waste crushing using a
vibrating jaw crusher with an inclined crushing chamber. The crusher (Fig. 2) includes a passive
(lower) crushing jaw 1, mounted on elastic elements 5 and simultaneously performing the function of

a body.

f T, Y

T T 0007

a) general view b) structural diagram of the crusher

Fig.2 Vibrating jaw crusher with inclined crushing chamber
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The active jaw 3 is installed in the passive jaw posts by means of the suspension axis 2, relative
to which it can perform rotary oscillations. The oscillations of the jaws are generated by a two-shaft
inertial vibration exciter 4. The destruction of the material occurs in the crushing chamber formed by
the working surfaces of the passive 1 and active 2 jaws. The design feature of the crusher allows
loading the initial material and unloading the crushed product in a horizontal plane, which is especially
important when processing sheet material [3].

The laboratory sample of the crusher was used to conduct research on the processing of gypsum

board, sheet glass, glass containers, brick, concrete, marble, and triplex. The figures below show some

of the final crushing results.
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Fig. 3. Crushed sheet glass waste at the discharge gap: a—0 mm, b —10 mm
The obtained fine-grained and powder fractions of sheet glass can be used for the production

of fiberglass, foam glass, glass ceramics and glass ceramic tiles, facing bricks, fillers for plastics, rub-

ber, paints and other materials.
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100 -200 «J15 -400

Fig.4. Distinguished size classes (um) of brown container glass

All selected fractions of container glass are commercial products.

Fig.5. Crushed gypsum component of gypsum board

The fraction of gypsum board 0 — 200 microns after calcination restores the properties of gyp-
sum and can be used in the production of gypsum board, building material, etc. Larger fractions, as
finished commercial products, are used in agriculture, cement, landscape design, etc.

The conducted studies show the feasibility and prospects of recycling destroying waste at the
place of its formation, thereby obtaining marketable products, reducing transportation costs, eliminat-
ing spontaneous dumps in forest plantations, fields, etc., reducing the load on landfills and reducing
the land areas allocated for them, improving the environment, and the owners of destroyed sites using

the resulting product when creating their own facilities or selling to customers.
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IMPROVEMENT OF THE DESIGN OF THE FITNESS HOOK MODEL WITH
EXPLANATION OF THE MATERIAL AND MANUFACTURING TECHNOLOGY

Abstract. A modified model of J-shaped fitness hooks has been developed for performing barbell exercises such
as squats, military presses, shrugs, and more, which are mounted on racks in gyms. The properties of traditional materials
for the manufacture of fitness hooks and their manufacturing using 3D printing technology were analyzed. The choice of
material is explained, and a model is developed that has a simplified design with fewer components and reduced material
consumption. The results of modeling the design of fitness hooks are presented and a simulation study of their strength
indicators is carried out through the analysis of the stress-strain state.

Keywords: J-shaped hooks, fitness hooks, racks, load, steel, polymers, materials, additive technologies.

The object of study for this project was the BFJ Combo Roller J-Hooks fitness hooks from
BRIDGE [1]. Fitness hooks are used to fix a barbell with sports plates, the weight of which can reach
300 kg, and in some cases even more. Therefore, the main load falls on the part of the hook on which

the barbell is placed.

Fig. 1. Fitness Hooks BFJ Combo Roller J-Hooks by «BRIDGEp.

The use of a combination of polymer and steel structural elements was considered. As a basis
(Fig. 2, b), we used strength materials that are resistant to dynamic load: stainless steel 440C, titanium
alloy Grade 2 (6AI-4V) and aluminum alloy 6061 [2, 3]. The properties of these alloys are shown in
Table 1.

Table 1
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The properties of metals for the first version of the fitness hook design

Material Density, kg/m? Young's Modulus, GPa Strength, MPa
Steel 440C 7800 206,7 861,25
Titan Grade 2 (6AI-4V) 4510 102,81 3445
Aluminum alloy 6061 2700 68,9 310

After comparing the materials, 440C steel with a high carbon content (0.95-1.2%) was chosen,
which guarantees high strength and the ability to withstand heavy load. This steel is corrosion resistant,
which makes it indispensable for use in sports equipment. Additional structural elements of the product

(Fig. 2, a) are made of UHMW Black polymers.

Fig. 2. Model of the first version of the fitness hook:

a - additional elements, b - base, ¢ - roll, d - rod.

The basic concept of the fitness hook is to have a roller made of UHMW Black plastic in the
middle of the structure, which allows you to adjust the position of the bar for comfort during exercise.
The shaft rotates thanks to a bronze plain bearing [4] on a 440C steel rod that is fixed inside the struc-
ture and holds the fitness hook on the rack.

During the simulation [5], a loading force of 3000 N was taken. The calculation shows that the
design is able to withstand the load from the barbell bar with a total weight of 300 kg. The weakest
point of the structure is the bending zone and the roll (Fig. 3, a), which may undergo slight deformation
with increasing load. This is confirmed by the deformation simulation model, which demonstrates the

behavior of the structure under an applied load of 5000 N (Fig. 3, b).
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a 0
Fig. 3. Results of simulating the load on the hook and bend point

An analysis of the traditional design of a fitness hook has revealed the presence of a significant
number of components that complicate the production process and lead to increased material consump-
tion. In this regard, a modified model of a fitness hook made of polymeric materials using 3D printing
technology is proposed, which simplifies the design and reduces material consumption. The material

properties for the 2nd version of the fitness hook are shown in Table 2.

Table 2
The material properties for the 2nd version of the fitness hook
Shaft material Material of the main components
. Young's .

. Strength, | Density, . Strength, | Density, [Young's Modu-
Material MPa ke/m’ Mcglll)lzllus, Material MPa ke/m’ lus, GPa
EPX 150 79 1090 2,9 EPX 82 80 1,16 2,8
Thermo-
plastic 114 1280 33 Nylon 12 82,8 1,13 2,93
Resin

Poly-
Rubber 15 1200 | 0002 |Cther 61 1,39 5.8
nitrile keton-

eketone

As in the previous version, the roll is rotated by a plain bearing on a rod fixed in the middle of
the product, which requires lubrication. Thermoplastic Resin was chosen for the roll to provide the
necessary flexibility and elasticity.

The material used for the main components is EPX 82 (Carbon), which has high strength and
wear resistance. Additionally, the model provides for the use of threaded rods for attaching the fitness
hook to the rack (Fig. 4), which will slightly increase production costs but increase the stability of the

attachment.
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Fig. 4. Model of a 3D printed fitness hook

A simulation was developed (Fig. 5, a), which revealed that the load is carried out on the rub-
berized roll of the product, which can withstand a fingerboard weighing 300 kg. At higher loads, the
deformation is transferred to the limbs of the fitness hook, which is insignificant and will not lead to

destruction (Fig. 5, b).

Fig. 5. Fitness hook load simulation:

a - load 3000 N, b - load 5000 N

The analysis of the design of traditional fitness hooks has revealed the presence of a large
number of components that complicate production and increase material costs. A modified model has
been proposed that will reduce the number of assembly components by using 3D printing technologies

to manufacture lightweight and durable structures that reduce overall production costs.

>/A/7 40 /\/ Development and design of modern materials and products



References:

1. BFJ Combo Roller J-Hooks. Bridge. URL: https://bridgebuilt.com/products/bfj-combo-

roller-j-hooks (date of access: 10.11.2024).

2. Metals Handbook Desk Edition. Materials Park / ed. by J. R. Davis. 2nd ed. ASM Interna-
tional, 2002. 1521 p.

3. Budinski K., Budinski M. Engineering Materials: Properties and Selection. 9th ed. Pear-
son, 2010. 792 p.

4. High-Load Oil-Embedded Sleeve Bearings. Lily Bearing. URL: https://www.lily-bear-

ing.com/products/gjjfnbei/ (date of access: 10.11.2024).

5. Autodesk Inc. (2023). Fusion 360: Stress Simulation Guide. URL: https://auto-
desk.com/fusion360 (date of access: 10.11.2024).

Development and design of modern materials and products

41



Krivda V.V, PhD in Technical Sciences, Associate Professor of the Department of Automobiles and Automobile
Management, National Technical University «Dnipro University of Technology», krivda.v.v@nmu.one
Degtyaryov D.Y, student of group 274-23-1, specialty J8-Automotive Transport, National Technical University

«Dnipro University of Technology», dehtiarov.d.y@nmu.one

POTENTIAL AND PROSPECTS OF USING ALTERNATIVE FUELS IN PISTON EN-
GINES OF HYBRID POWER SYSTEMS

Abstract. This article examines the advantages and prospects of using such fuels as biodiesel, hydrogen, and
methanol. Mathematical modeling of piston engine operation with various fuel types has been conducted. Numerical meth-
ods were applied to analyze combustion processes and evaluate the performance of alternative fuels. The results demon-
strate the potential for reducing energy consumption and harmful emissions.

Keywords: biodiesel, hydrogen, methanol, engine, numerical methods.

Introduction. Modern internal combustion piston engines, which are widely used in vehicles
and industrial power systems, primarily run on fossil fuels-oil, natural gas, and coal. Burning these
fuels results in substantial emissions of carbon dioxide (CO-), nitrogen oxides (NOx), and particulates,
which contribute to global warming, acid rain, and other environmental issues. The increasing number
of vehicles exacerbates these negative impacts, underscoring the need for more environmentally safe
technologies [1].

Research points to the advantages of alternative fuels over traditional ones. For instance, bio-
diesel exhibits higher environmental performance and lower CO: emissions, while hydrogen releases
only water vapor upon combustion, minimizing climate impact [1]. However, each fuel type has tech-
nical limitations that must be addressed for stable piston engine operation.

The objective of this study is to analyze the advantages and prospects of using alternative fuels
in piston engines within a hybrid power system and to perform a mathematical analysis of the com-
bustion process of alternative fuels in such engines. The primary parameters considered in modeling
include cylinder pressure and temperature, fuel composition and properties, reaction kinetics, and heat
exchange between the cylinder walls and the working medium. The task is to create a mathematical
model that allows for predicting the combustion efficiency and environmental performance of various
alternative fuels [2].

Three main groups of equations are used for modeling the combustion process: mass balance,
energy, and chemical reaction equations. When burning alternative fuels, it is essential to account for
the mass balance of each component of the fuel mixture and the combustion products. The mass bal-

ance equation can be expressed as:
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(V) +V (V) = S, =i, n

where p — density of the working mixture; V-(pv) — divergence of mass density flow; V' — cylinder vol-
ume; u — speed; #itin, Hiour — mass flow of input and output components.
For describing heat transfer and determining the amount of energy released during combustion,

the energy equation is applied:
Ligy=0-w 2
dt 2 ( )

where E — internal energy of the system; O — heat added to the system; I — work done by the gas.
Heat losses through the cylinder walls and the efficiency of heat transfer to the working mixture
are also considered. The combustion of alternative fuels, such as hydrogen or biodiesel, involves a

series of chemical reactions. These reactions are mostly described by a system of differential equations.

dC,
d—thi(Cl’ Cz,...Cn), 3)

where C; — concentration of the i-th substance; R; — reaction rate for each component.

In the case of hydrogen, the main reaction is described by a formula 2H>+0>—2H>0, that en-
sures high combustion efficiency and minimal harmful emissions. To achieve optimal performance of
the hybrid power unit, numerical modeling methods are used, allowing for the evaluation of the effi-
ciency and environmental impact of alternative fuel combustion under various parameters. The opti-
mization of the fuel mixture involves finding the optimal air-to-fuel ratio that will provide maximum

energy efficiency and minimal levels of harmful emissions.

E R — air , ( 4)
m
fuel
where ER — air/fuel ratio; mq;- — air mass; mjs.; — mass of fuel.
Boundary conditions for temperature and pressure are set depending on the type of fuel and
engine design [3]. As part of the study, we will create a model that describes the combustion processes,
fuel consumption, and harmful emissions for a hybrid power unit using a piston engine. To achieve

this, we will examine the fuel combustion energy equation:

Q=m-H,n )
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where Q — is the total thermal energy released during combustion (J); m — is the mass of fuel (kg); H.
—1s the lower heating value of the fuel (J/kg); # — is the combustion efficiency, which accounts for
heat losses and incomplete fuel combustion. Fuel consumption (Specific Fuel Consumption, SFC):
SFC =, ©6)
P-t
where SFC — is the specific fuel consumption (kg/kW-h); P — is the engine power (kW); ¢ — the oper-
ating time on the selected fuel (h).
The emission level can be calculated as a function of the air excess ratio A and combustion

temperature. For example, the CO: emission level can be described as follows [4]:

m-C

ECOz =k M ’ (7)

where: Ecoz — the mass of emissions CO-; k — coefficient depending on complete combustion; C — car-

bon content in fuel; M — fuel molecular weight.

Combustion Efficiency vs. Temperature for Different Fuels Specific Fuel Consumption (SFC) vs. Power for Different Fuels

Pil The level of CO; emissions depending on the coefficient of excess air (A)

.

Figure 1 — Comparison of combustion efficiency, spe-
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different types of alternative fuels in piston engines
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In Figure 1, graph 1 should indicate the relationship between combustion efficiency and tem-
perature, graph 2 should show specific fuel consumption (SFC) as a function of engine power, and

graph 3 should illustrate CO. and NOy emission levels as a function of the air excess ratio.
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Conclusions. The study results indicate that the use of hydrogen provides zero CO- emissions,
high fuel efficiency, and improved performance metrics, making it ideal for environmentally oriented
applications. Methanol, due to its properties, offers a balance between environmental friendliness and
cost, while biodiesel serves as a reliable option for engines where fuel stability and high energy density
are crucial.

The adoption of alternative fuels significantly reduces greenhouse gas emissions, improves fuel
efficiency, and lowers operational costs, which are crucial factors under modern environmental regu-
lations [5]. Future research prospects lie in enhancing existing mathematical models for more accurate
simulation of alternative fuel combustion processes and a comprehensive analysis of hybrid power unit
characteristics.
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FLY ASH FROM THERMAL POWER PLANTS — A VALUABLE TECHNOGENIC RAW
MATERIAL IN THE MANUFACTURING OF COMPOSITE MATERIALS

Annotation. Ash and slag waste are man-made mineral formations that are produced in large quantities and pose
a serious environmental hazard. On the other hand, it is a valuable mineral raw material for obtaining various materials.
The presented results showed the possibility of extracting useful components (carbon, iron, aluminum, silicates from fly

ash and using them in the manufacture of various composite materials.
Keywords: composite materials, ash and slag waste, fly ash, extraction of useful components.

Composite materials (CM) have been known for a long time in human history. Thus, reinforc-
ing marble columns with metal rods was used back in Ancient Greece. The very first industrial com-
posite material is considered to be reinforced concrete, widely used since the end of the 19th century.
As is known, composite materials are artificially created materials and consist of two or more chemi-
cally different components that differ significantly in properties and are separated by a well-defined
intercomponent boundary. They are introduced into the composition of composite materials in order
to give them properties that each of the components does not have separately. By changing the size,
location, mass and volume ratio of the components, it is possible to obtain materials with the necessary
characteristics of physical, mechanical, operational and other properties. Any CM consists of a matrix
— a component continuous in the volume of the material, and filler — a discontinuous component in the
form of discrete particles of various shapes, placed in it according to a given pattern and united by a
matrix. It can perform the functions of both reinforcement (in the CM design) and filler that determines
the functional characteristics of the material (thermo physical, electrical, magnetic, tribotechnical,
etc.). The scope of application of CM is enormous: aviation technology, astronautics, ships and me-
chanical engineering, defense industry, energy, construction, medicine, automation, materials for elec-
tronics, nanotechnology and much more. The advantages of CM are high strength, heat resistance, and

wear resistance. However, their disadvantages should also be noted: expensive raw materials,
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production, and cost. Therefore, when creating and manufacturing CM, they strive to reduce the cost
of products by using less expensive raw materials, obtained, for example, from man-made waste [1—
5].

Every year, in the world, simultaneously with the generation of thermal and electrical energy
as aresult of the combustion of solid fuel at thermal power plants (TPPs) and combined heat and power
plants (CHPs), ash and slag waste (ASW) is generated, which is produced in large quantities and poses
a serious environmental hazard, i.e., it creates a global problem. Fuel and energy complex facilities are
among the main sources of environmental pollution. The impact of toxic substances contained in ASW
storage sites on the environment and the human body is analyzed in [6, 7]. At the same time, man-
made waste accumulated over many years has a unique mineral composition and often has a distribu-
tion of useful components that is not typical for natural deposits. During the combustion process of
fuel, chemical and phase transformations of its mineral substance occur. As a result, substances with
new properties are formed — fly ash (the largest type of waste, 75-80% of ASW) and slag. The main
components of ASW are oxides: SiO2, Al,O3, Fe;03, CaO, MgO. A small proportion is accounted for
by sulfates CaSO4, MgSOs4, FeSO4; phosphates and alkali metal oxides are present in smaller quanti-
ties. Ash includes almost all elements of the periodic table of D.I. Mendeleyev. The elemental compo-
sition of ASW varies greatly depending on the type of coal used, combustion technology and waste
disposal. Ash of the same type of coal has different properties, especially from different types of coal.
Almost all ashes contain carbon (under burnt) in the form of coke and semi-coke — in the form of either
independent particles or inclusions in large fractions of ash.

In industrially developed countries of the world, such as the European Union, the USA and
others, the utilization of ASW is an integral part of the technological process of coal thermal power
plants, which involves the involvement of various types of waste in new technological cycles or their
use for other useful purposes. This problem, which is the most important element in the overall chain
of creating waste-free production systems, is given much attention both in our country and abroad [6,
71.

During the recycling process, ASW can be used as secondary raw materials. Based on the anal-
ysis of the review of world experience in ASW processing [6, 7], the main areas of their use are:
construction (construction products, roofing granules); road works (fillers for road materials and as-
phalt fillers, etc. Considering the huge volumes and low degree of their utilization in our country, the
world experience of ASW processing is useful and very relevant for Ukraine. The search for promising
areas of using energy complex waste and new sales markets is an urgent need not only for Ukraine,

but for any economically developed state.
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The output of ash from Ukrainian TPPs is about 8—10 million tons/year. In the dumps of
Ukrainian TPPs, 358.8 million tons of ash and slag have accumulated on an area of about 3,170 hec-
tares. It should be noted that the ashes of coal thermal power plants in Ukraine contain carbon in an
amount from 5-7% to 25-30%. The content above 5% does not allow the use of ash in the construction
industry in large quantities (for concrete — prohibited by standards) [8, 9]. Therefore, technologies are
needed that will provide the opportunity to use ash with a high carbon content to obtain a useful prod-
uct, or to bring the quality of ash to the indicators required by standards for widespread use in the
construction industry.

Fly ash with carbon content corresponding to regulatory requirements is used as a pozzolan for
the production of cement, dry building mixtures, partial replacement of Portland cement in the pro-
duction of concrete, concrete and reinforced concrete products, building materials. In the production
of reinforced concrete and concrete mixtures, ash is introduced instead of part of the cement and sand,
acting as not only an active mineral additive that increases the total amount of binder, but also micro
filler that improves the granulometry of sand and actively influences the processes of concrete structure
formation and its quality indicators. The introduction of ash into the concrete mixture, unlike other
active mineral additives, generally improves workability, which is explained by the spherical shape of
the ash particles, and helps reduce water separation of the concrete mixture. Concrete mixtures with
an optimal addition of ash have a fairly high viability and are suitable for transportation over long
distances. The use of ash provides greater protection of concrete from humid conditions and the effects
of aggressive chemicals, reduces the minimum standard consumption rate of cement and, taking into
account its cost, as a consequence, reduces the cost of concrete [6, 7].

Another component of ASW that is in demand by consumers is fly ash microspheres. These
are hollow ash balls averaging 20 to 500 um in size with solid non-porous walls 2 to 10 um thick,
filled with a mixture of nitrogen and carbon dioxide under reduced pressure (about 0.3 at) [10]. De-
pending on the composition of the coal, the microspheres can be aluminosilicate or Ferro silicate. The
latter have pronounced magnetic properties. The unique combination of such qualities of this product
as an almost ideal spherical shape, low bulk density, high mechanical strength, thermal stability and
chemical inertness, ensured a wide range of applications of cenospheres abroad in the production of
thermal insulation materials, radio-transparent ceramics, fillers of composite materials.

Research [10] has established the possibility of extracting useful components (carbon, iron,
aluminum, silicates) from fly ash. Ash processing products have a finely dispersed fraction, convenient
for further use, which eliminates expensive operations for preparing raw materials. For example, the
resulting iron and aluminum powders are suitable for producing parts and units using the pressing

method, as well as silicates for molding building structures.
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In cases where the carbon content in the ash is higher than the standard values, it is necessary
to separate it into its components (carbon-silicates). The results of studies [6, 7, 11-14] indicate the
fundamental possibility of obtaining low-ash coal concentrate from TPP fly ash by fine classification
by size -0.2+0.02 mm with high efficiency for narrow bands of separated classes of dry bulk materials.
For these purposes, the M.S. Poliakov Institute of Geotechnical Mechanics of the National Academy
of Sciences of Ukraine (IGTM of the NAS of Ukraine) has created a vibratory impact screen of a new
design, which allows for the effective classification of bulk materials by a boundary size of 0.02 mm.
These capabilities allowed the separation to produce two products: carbon and silicates (with low car-
bon content, meeting building code requirements). Carbon is a highly dispersed material that can be
used in the production of plastics, elastomers, ceramics; intensely black dyes, varnishes and coatings;
synthetic fibers, film materials. The silicate part with low carbon content can be used to manufacture
construction products.

It should be noted that fly ash from coal-fired thermal power plants is a valuable potential raw
material for the complex extraction of silica, aluminum oxide, iron, as well as many valuable and rare
earth metals into commercial products. For example, in foreign literature there is information about
the possibility of obtaining: amorphous silica ("white soot"), which is a raw material for "solar silicon"
(extraction of Si07); commercial alumina (extraction of Al,O3); iron concentrate with Fe content above
65% (extraction of Fe;03), including the use of oxides contained in ASW in the manufacture of com-
posite materials. It is possible to obtain liquid glass, wollastonite, metallic gallium, vanadium pentox-
ide. This experience is useful and relevant for Ukraine, so specialists should study it, and this direction

can be the subject of further research in this area.
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MATERIAL SCIENTIFIC FUNDAMENTALS OF THE APPLICATION OF HIGH-
STRENGTH, HIGH-VISCUS STEELS FOR SPECIAL-PURPOSE STRUCTURES

Abstract. This study investigates the production of low-carbon, low-alloy steels for critical applications. The
primary objective is to develop a microstructure consisting of ferrite and pearlite, eliminating the common issue of lami-
nation, thereby enhancing the overall performance and reliability of the steel.

Keywords. low-carbon, low-alloy steels, controlled rolling, substructure.

Introduction. The modern development of the construction industry requires Ukrainian steel
producers to manufacture high-strength, weldable steels for the creation of metal structures, including
those for critical facilities.

It should be noted that the steels currently in use do not fully meet the requirements for mate-
rials in modern frameworks of responsible structures. Domestic thick-sheet metal products exhibit a
significant variation in strength and ductility properties in all directions of the material volume. The
anisotropy of strength and ductility characteristics is a consequence of the coarse ferrite-pearlite
banded structure in the thick hot-rolled sheet. Such structural heterogeneity, along with the formation
of an axial liquation zone, increases the risk of structural failure due to delamination. The use of steels
with a developed ferrite-pearlite banded structure in construction is also limited due to a decrease in
impact toughness values with increasing plate thickness.

Therefore, the use of competitive domestic high-strength steel in the domestic materials market
is economically advantageous and, moreover, reduces the dependence of Ukrainian metallurgical
plants on thick-sheet exports. Thus, obtaining and utilizing high-strength, competitive rolled steel that
meets the modern requirements of both domestic and foreign consumers is a pressing task.

Main body. The primary components of a steel frame include columns, beams, floor slabs, and
connections. Typical rolled, bent, perforated, and profiled sections serve as elements of the steel frame.
Responsible elements that bear significant loads are manufactured from profiles welded from individual

sheets. All elements of the steel frame must have a minimum mass, be well-connected to each other, to
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floor slabs, external and internal walls, vertical transportation means, and various engineering systems [1,
2]. When forming a steel frame, it is necessary to pre-select the types of steel most suitable for heavily
loaded and massive elements of the designed structure [3].

Data analysis and current documentation requirements indicate that for structures of critical
importance, subjected to loads characteristic of such structures, it is most advisable to use welded
carbon steels of strength classes C245-C285. However, for the most heavily loaded elements, such as
columns, higher-strength steels can be used: C345/ [4]. In the frames of high-rise buildings and for
spanning large spans, the use of high-strength low-alloy steels of classes C375 and C390 is advisable.
In modern buildings, the application of high-strength steels C440 and above may be justified [2,5].

Increasing the strength of steels solely through alloying significantly increases their cost and
complicates the possibility of joining them together and with other frame elements. Therefore, a ra-
tional increase in the yield strength of steels to 500-900 MPa should be ensured not only by special
alloying (for example, steels with so-called carbonitride strengthening) but also by the application of
various methods of heat treatment and thermomechanical treatment. At the same time, all high-strength
steels must also have sufficient resistance to brittle fracture, ductility, and a low cold brittleness thresh-
old [6].

Notably absent from the provided list are high-strength ferrite-pearlite steels produced via con-
trolled rolling. These steels, characterized by a superior set of mechanical properties, meet the stand-
ards: tensile strength (Ts) > 500 MPa, yield strength (Ys) > 590 MPa, and elongation (ds5) > 20%,
classifying them as C550 grade

Initially, the primary focus in steel development was on ultimate tensile strength, with relatively
little attention paid to yield strength, ductility, or weldability. This was because riveting was the most
common and reliable method for joining structural elements. Alloying with carbon was the primary
method for strengthening hot-rolled structural steels [7, 8].

Welding, which replaced riveting and bolted connections, necessitated a reduction in carbon
content in steel. This was because welding with high carbon content steel required either a protective
gas atmosphere or a flux cover, significantly increasing construction costs and reducing process effi-
ciency. Therefore, steel strength was achieved by increasing manganese content, although the accom-
panying improvement in toughness was not yet recognized [9].

The brittle fracture of steel structures [10] led to the recognition of fracture toughness as a
critical property. This led to further reductions in carbon content and significant increases in manga-
nese content in steel. The benefits of high manganese-to-carbon ratios for achieving necessary impact

toughness values were established, and the significant role of grain size was also discovered [11].
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Strengthening mechanisms are also considered from the perspective of their impact on embrit-
tlement. For this purpose, by considering the specific (referred to the unit of volume) mechanical en-
ergy expended on deformation and subsequent fracture of samples, it can be found that each material
is characterized not only by the total amount of this energy, but also by the ratio of its constituent parts,
namely: the energy expended on elastic deformation (potential energy), and the energy dissipated (ir-
reversibly lost) during deformation.

The application of this mechanism in combination with other known strengthening mecha-
nisms, such as solid solution strengthening, texture strengthening, dislocation strengthening, disper-
sion strengthening, and subgrain strengthening, allows for the production of economical, easily weld-
able materials that meet the increased demands of consumers in terms of both strength and toughness
[11,12].

Conclusions. The study has shown that thick sheet metal made of low-carbon microalloyed
steels is the most promising material for the frameworks of modern special-purpose structures.

Based on the conducted analysis of the literature, the research objective was formulated: to
form a structural and substructural state in thick sheet metal made of economical microalloyed steel
that would ensure the necessary high complex of properties for modern welded metal structures of
critical importance.
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THE CHOICE OF MATERIAL AND DESIGN FOR A REUSABLE
BIONIC FILTER

Abstract. The paper proposes the design of a reusable bionic filter based on the whale's whisker principle and
selects an economical polymeric material for its manufacture. The filter design consists of plate segments and small tendrils
that provide mechanical water purification. The filter is aimed at reducing water pollution.

The paper compares polymeric materials and selects the best material for a reusable bionic filter based on the
whalebone principle

Keywords: 3D model, whale whisker, polymeric materials, bionic filter, mechanical cleaning, water treatment.

Every day, humanity creates more and more garbage that ends up in oceans, seas, rivers, lakes
and other water bodies, polluting them, and therefore reusable water filters are needed to solve this
problem. Water purification requires industrial and household filters with different types and degrees
of water purification. There are many types of filters. The most popular are mechanical filters, which
can be multi-stage and purify a suspension of different fractions.

In this work, a bionic filter is proposed that will function on the principle of a whale's whisker.
The filter design consists of segments, the 3D model of which is shown in Figure 1, which repeats the

shape of the whale's whisker plate. Each segment is a plate with small hairs.

Figure 1 - Example of segments with and without hairs
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The design of the filter assumes that these segments will be combined into sets of several pieces
- sections, as shown in Figure 2 (shown without hairs). The sets of segments in the structure are con-
nected to the base and create a cluster. Figure 3 shows a structure with two clusters. To increase the
quality of filtering, the segments on the base are staggered. They will be connected to the base by

means of grooves. The design of the base can look like a rigid or flexible substrate.

Figure 2 - Example of combined segments

Figure 3 - Example of clusters, base and grooves

To manufacture the working part of the filter, it is planned to use 3D printing or extrusion.
These methods will automate the filter production process.

The filter working part will be manufactured using a polymeric material. This material must
have the following properties: high chemical resistance, strength, flexibility, affordability, the ability
to be moulded using 3D printing or extrusion, and be safe for humans.

The following materials are suitable for these criteria: polyurethane (TPU), polyethylene (PE),
polycarbonate (PC), high-density polyethylene (HDPE), polysulfone (PSU). Their mechanical charac-
teristics are given in Table 1 [1].

Table 1 — Mechanical characteristics of polymeric materials

N
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Mechanical Materials
characteristics
TPU PE PC HDPE PSU
Density,
0970-120| 0,91-096 | 1.03-126 | 0933-127 | 1.13- 166
g/cc
Hardness, Rock- 38,0 - 68,0
’ ] = 0%, 114 - 124 0.0-112 110 - 127
well R 85-98 (Shore D) 80,
Flexural Yield
25 - 1 0-1 16.5 - 91, 1.0-2
Strength, MPa 5-50 7-16 36.0 - 103 65-91.0 | 7L0-255
Compressive
Yield Strength, | 10-15 5-10 18.0 - 86,2 10 - 20 13.0 - 176
MPa
Processing Tem- | 00 530 | 145-340 | 260-310 180 - 255 80,0 - 420
perature, °C
Nozzle Temper- | ) 540 | 204-218 | 270-320 | 210-260 | 335-380
ature, °C
Melt Tempera- | g0~ | 150-220 | 250-343 124 - 321 260 - 410
ture, °C
Mold Tempera- | = o, 20 - 70 60.0 - 120 156-656 | 656-210
ture, °C

Assuming that all the proposed materials are safe for humans, have the necessary physical
properties and can be processed using 3D printing and extrusion, the cost of the material will also play
an important role in the choice of material. The average cost per kilogram is shown in Table 2 [2-3].

After analysing the cost of polymeric materials, we choose PE for the manufacture of the filter struc-

ture.

Table 2 — Comparative cost of polymeric materials

Materials

TPU

PE

PC

HDPE

PSU

Average price
(EUR/kg)

1,06

0,25

0,96

1,24

3,20

Thus, the paper proposes the concept of a reusable bionic filter based on the whalebone princi-

ple. The filter design consists of segments that mimic whalebone plates, combined into clusters and
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staggered for more efficient filtration. In addition, the characteristics of the materials and their relative
cost for the manufacture of the working part of the filter were compared. For this purpose, it is advis-
able to use polyethylene, as it meets all the requirements, including being non-toxic to humans and
being economically viable. The introduction of such a filter can significantly improve the quality of
water treatment in domestic and industrial settings, contributing to the solution of the problem of water

pollution.
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SELF-REINFORCEMENT OF HIGH-ENTROPY AICrTiNbVB ALLOY DURING ELEC-
TRON-BEAM SINTERING

In this work, we investigate the formation of microstructure and establish the features of in-situ formation of
reinforcing phase inclusions in the process of electron beam sintering of a high-entropy powder AICrTiNbV alloy obtained
by mechanical alloying with the addition of boron.

Keywords: high-entropy alloy; self-reinforcement; composite structure; carbide compounds; oxide compounds

High-entropy alloys (HEAs) are one of the new classes of metal materials that possess a unique
set of high characteristics: thermal stability, hardness, strength, ductility, fracture toughness, corrosion,
oxidation, and wear resistance [1]. Over the past two decades, since the definition of “high-entropy
alloys” and the beginning of their research, this class of materials has undergone a significant evolution
from alloys consisting of simple solid solutions to more complex ones that additionally contain inter-
metallic and other refractory compounds (RC) [1, 2]. Among them, the most promising are self-rein-
forced high-entropy alloys, which, thanks to the addition of non-metallic elements such as C, B, O, N
[2], significantly improves their properties, and, above all, mechanical behavior and wear resistance,
due to both solid-solution strengthening and dispersion strengthening with RC particles (carbides, ni-
trides, borides, oxides). In addition, the formation of “in-situ” reinforcing particles provides much
stronger interfacial bonds with the metal matrix of the HEA and their uniform distribution within it.
One of the most interesting non-metallic elements for alloying high-entropy alloys is B [3], however,
information on the effect of adding this element on such multicomponent materials is limited.

Thus, the aim of this work is to study the self-reinforcement processes of high-entropy alloys
resulted from the electron beam sintering of powdered AICrTiNbV HEA with the addition of B.

The initial powder of AICrTiNbV HEA was obtained by mechanical alloying in a Retsch
PM100 planetary mill for 20 hours in a gasoline environment in a hard alloy (WC-6Co) vial with balls
of 10 mm in diameter made of the same material. The vial rotation speed was 400 rpm. Mixing of the
obtained HEA powder with 1 mol of B (average particle size ~1 um) was carried out in a ball mill for
10 hours, after which the mixture was pressed using a pressure of 100 MPa and sintered by electron

beam in an electron-beam machine ELA-6 (Selmi Ltd., Sumy, Ukraine) for 1 min at temperatures from
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1000 °C to 1200 °C. The HEA powder after mechanical alloying and the microstructure of the sintered
samples were studied in an Axia ChemiSEM electron microscope equipped with an energy dispersive
spectroscopy (EDS) analyzer of chemical composition.

The SEM image of the initial powder of AICrTiNbV HEA is shown in Fig. 1.The initial powder
alloy is an agglomeration of small particles with a size of 1 pum to 5 um, the shape of which is mostly
close to spherical. The uniform light contrast of the particles indicates the homogeneity of the resulting
powder alloy, which is confirmed by local chemical analysis of individual particles. The content of

each component in the alloy is 20 = 1 at. %.

"' n‘ - -ﬁ""““q

Figure 1 — SEM image of the initial powder of AICrTiNbV HEA obtained by mechanical alloying

After electron beam sintering of a compressed mixture of AICrTiNbV+B powders, in-situ for-
mation of inclusions of carbide or oxide phases, depending on the sintering temperature, is observed.
The alloy sintered at lower temperatures (1000 °C) has a composite structure (Fig. 2) consisting of
large irregularly shaped grains (from 20 pm to 100 um) of a lighter dark gray phase surrounded by a
matrix of dendritic inclusions. According to the EDS analysis of the interdendritic region, the dark
gray phase contains almost equal atomic percentages of Al, Cr, Nb and V (~19-20 at. %) but is depleted
in Ti (13.6 at. %) and B (8.1 at. %). The dendritic region consists of small particles of 1-2 um in size
and close to spherical in shape, as well as elongated needle-like particles. The dendritic region, unlike
the interdendritic region, is enriched in Ti, B, and C, which atomic content is not lower than the atomic
content of Al, Cr, or V in relation to the nominal composition of the HEA. The source of carbon for
the formation of the carbide framework (Fig. 2) is residual gasoline after mechanical alloying. How-
ever, it should be noted that there is certain heterogeneity in the distribution of Ti and Nb in the den-
dritic region. The lighter areas of the inclusions are enriched in Nb, which atomic content is 1.5 times
higher than the atomic content of all other elements, while the darker areas inside some small inclu-

sions have an increased content of Ti. Thus, in the process of carbide inclusions growth, there is
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competition for the interaction of Ti and Nb with B and C. Also, in some areas at the location of
dendritic carbide inclusions, dark inclusions of silicon carbide SiC grains are observed (Fig. 2), which

is the result of contamination with SiC grains from the sandpaper during sample preparation,

Carbide rflram ework

1 — interdendritic region; 2 — dendritic region; 3 —SiC
Figure 2 — Microstructure of a high-entropy AICrTiNbVB alloy obtained by electron beam sintering
at 1000 °C

When the temperature of electron beam sintering is increased to 1200 °C (Fig. 3), the micro-
structure of the alloy changes. First, it should be noted the absence of carbide phase particles. Instead,
there is a significant redistribution between light (Al, Ti) and heavy (Nb) elements in the alloy. Similar
to the sintering temperature of 1000 °C (Fig. 2), the formation of a framework from clusters of light
gray phase enriched in Ti and Nb, the atomic content of which is 1.5 times higher than the content of
other elements, is observed. However, the carbon content is low, up to 1-2 at. %, and the content of B
is about two-thirds of the nominal one, which may be due to its high reactivity during sintering with
the simultaneous reduction of impurities, primarily oxygen. This can be confirmed by the formation
of a significant number of small aluminum oxide inclusions in the microstructure of the sintered alloy.
Also, similarly to the sintering temperature of 1000 °C (see Fig. 2), certain heterogeneity between the
Ti and Nb content is observed. In addition to the framework enriched in more refractory elements,

significant areas of the dark phase enriched in Al are observed with gray inclusions enriched in Ti.
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1 — Ti and Nb-enriched phase regions; 2 — Al-enriched phase regions;

3 — Aluminum oxide; 4 — Ti- enriched phase regions
Figure 3 — Microstructure of a high-entropy AICrTiNbVB alloy obtained by electron beam sintering
at 1200 °C

Thus, the addition of 1 mol of B to AICrTiNbV HEA leads to the formation of various rein-
forcing inclusions, depending on the sintering temperature. At a low sintering temperature of 1000 °C,
B interacts with C, Ti, and Nb, which leads to the formation of a carbide framework, while with an
increase in the sintering temperature to 1200 °C, the redistribution of B, as well as low-melting (Al)

and refractory (Ti, Nb) elements in the alloy occurs.
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STUDY OF MULTILAYER WEARPROOF FILM COATING OF COLD HANDIND PRO-
CESSING TOOLS

Abstract. The general purpose of the research performed is to develop new materials for wearproof coatings with
an improved set of performance characteristics. The optimum thickness of titanium nitride coating for fast-cutting tools
used in the turning operation of structural steels has been established.

Keywords. adhesion; adhesion-fatigue phenomena, multilayer wearproof coating; titanium nitride coating.

An important reserve for significant increasing the wearproofness and operational reliability of
tools and technological equipment is the application of thin wearproof films, based on transition metal
nitrides and carbides.

Until now, there have been no scientifically based methods for selecting wearproof coating
materials for specific operating conditions (material being processed, tool material, type of tool, work-
ing conditions).

The general purpose of the research performed is to develop new materials for wearproof coat-
ings with an improved set of performance characteristics based on the study of the properties of thin
films of nitrides and carbides of transition metals.

In conducting the study, we proceed from the following assumptions:

- there is no universal coating for a variety of working conditions of the tool and processed
materials;

- each of the investigated materials of wearproof films should possess its own set of opera-
tional properties (mechanical, adhesive, thermodynamic).

As it is known, the surface areas of cutting and stamping tools operate under very severe con-
ditions of intensive impact of the processed material, which is accompanied by such phenomena as
elastic and plastic deformations, adhesive interaction and adhesion of the material, friction, vibration.
Requirements for the properties of the tool (such as hardness, strength, heat resistance) are also true
for surface protective films. The level of these properties (at least many of them) should be even higher.
This primarily relates to heat resistance. An important property of transition metal nitrides and carbides
is their thermal stability at high temperatures.

Compounds with a face-centered cubic structure have the highest melting temperatures and
stability. Among transition metals, elements of group VI have the highest melting points and stability;

among carbides, derivatives of elements of group V; among nitrides, derivatives of elements of group
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IV. The stability of group VI nitrides decreases from CrN to MoN and then to WN, while the stability
of carbides decreases in the reverse order. [1].

Numerous experimental data indicate that all values of mechanical properties decrease with
increasing coating thickness [2]. The choice of optimal thickness should be based on two opposing
factors:

- as the layer thickness increases, the strength properties of the films deteriorate, and wear
increases due to fragility. However, with increasing film thickness, resistance primarily to abrasive
wear increases, which ensures longer durability;

- the thickness of the coating affects the radius of the cutting edges. As the layer thickness
increases, the rounding increase greatly, this automatically increases the cutting effort and deterio-
rates the quality of the machined surface.

Depending on the operating conditions of the tool, the optimal coating thickness is different.
The optimum thickness of titanium nitride coating for fast-cutting tools used in the turning operation
of structural steels has been established:

- on the front surface 4 pm;

- on the rear surface 2 um.

An important property of wearproof films is the strength of their adhesion to the tool substrate.
Film adhesion is caused by the interaction between the coating atoms and the substrate. One of the
main factors determining the film adhesion strength is the substrate temperature during coating appli-
cation. The performed studies show that the films obtained at temperatures of 500-550°C have the
highest complex of operational properties, i.e. close to the zone of thermal de-hardening of tool steel
[3].

Firstly, wear of coated cutting tools depends on the strength of adhesion of the film to the tool
surface, the level of adhesion with the machined material, strength and thermodynamic properties of
the surface layers. (Fig.1).

The intensity of wear is determined by adhesion and adhesion-fatigue phenomena in the contact
zone of the cutting tool with the machined material. (Adhesion wear of the tool is defined as the sepa-
ration of the smallest particles of tool material by adhesion forces in the process of friction with the
processed material).

It is impossible to completely eliminate the wear that occurs under conditions of joint plastic

deformation between the tool material and the machined material.
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Fig.1. Scheme of wearproof coating with improved operational properties:
I — the lower coating layer adjacent to the tool base; II — transition layer;

III — the top layer of the coating is in contact with the processed material.

It is impossible to completely eliminate the wear that occurs under conditions of joint plastic
deformation between the tool material and the machined material.

Conclusions. It is obvious that it is impossible to realize the whole complex of useful opera-
tional properties in the coating of unchanged chemical composition. Practical implementation of the
research is the development of multilayer wearproof film coatings, successfully combining the neces-
sary operational: high adhesion strength with the instrument base; minimal adhesion to the processed

material; high hardness, strength, heat resistance of each of the components of the coating.
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PROPERTIES OF GEOPOLYMERIC MATERIALS BASED ON EXPANDED PER-
LITE

Abstract. Geopolymers based on expanded perlite are a perspective research object and an environmentally
friendly alternative to existing thermal insulation materials. The paper investigates the properties of a geopolymeric mon-
olithic thermal insulation material based on perlite that would meet the requirements for mechanical, physical and thermal
insulation characteristics that are put forward for materials of this type. The optimum composition of geopolymer blocks
based on perlite is determined, and a method of their formation is proposed.

Keywords: geopolymer, perlite, expanded perlite, liquid glass

The development of building materials with minimal energy consumption and a wide range of
properties that meet the criteria of sustainable development and environmental friendliness is the pre-
rogative of our time. Perlite-based geopolymer materials demonstrate significant competitiveness com-
pared to traditional building materials, as they require less energy for their production and have a lower
carbon footprint than cement or brick [1,2].

Approximately 10 billion tonnes of structural materials are produced annually in the world,
accounting for more than 16% of global energy consumption and carbon dioxide emissions, with ce-
ment production accounting for almost 5% [3].

Joseph Davidowitz [4, 5]. developed the concept of creating geopolymer materials as an alter-
native to traditional Portland cement and laid the foundations for all modern research. Geopolymers
are formed as a result of a chemical reaction between aluminosilicate materials (metakaolin, slag, per-
lite, fly ash) and alkaline activators, forming a three-dimensional mesh structure that determines their
unique properties. In the process of well-known geopolymerization, aluminosilicates dissolve, forming
silicate and aluminate gels, which polymerize into a stable structure. Thanks to this, geopolymers com-
bine the properties of traditional cements with additional advantages, such as environmental friendli-

ness, corrosion resistance and high heat resistance.
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Perlite has long been known as an effective material in thermal insulation systems. Its low
coefficient of thermal conductivity and fire resistance make it possible to manufacture building struc-
tures that do not require additional insulation, and the low density of perlite blocks ensures the lightness
of building structures. This helps to reduce the amount of work and the cost of construction [6].

The introduction of geopolymers based on expanded perlite is an important step in the direction
of reducing energy consumption, minimizing greenhouse gas emissions, and increasing the durability
of building structures [7].

For the study of the geopolymer material, expanded perlite of the M75 brand (Berehivskoe
deposit) with a fraction size of 0.7...1.2 and sodium liquid glass Na,O(SiO2)n were used as a binder.
The mixed mixture with different proportions of components was pressed into a mold with a load of
980 N to obtain a monolithic composite material of geopolymeric nature and sintered for 1 hour at a
temperature of 400 °C. After heat treatment, it was removed from the oven and left in the mold for 24
hours. at room temperature. Different compositions of the composite were selected for the experiment
- the ratio of pearlite: liquid glass (5:1, 5:2, 5:3, 5:4, 1:1)

The disadvantage of perlite-based materials is high water absorption, which is due to open
porosity. This factor can negatively affect the mechanical properties of the material, especially in con-
ditions of high humidity [8,9].

It was experimentally established that the minimum value of water absorption of samples (Wi
= 76.5%) with a density (510 = kg/m3) has a composition with a ratio of 1:1 (perlite + liquid glass),
which was formed at a temperature of 400 © C. To reduce the degree of water absorption of perlite-
based materials, various hydrophobic treatments or the addition of special additives to the mixture can
be used.

Durability research took place in several stages - freezing, thawing, heating. Moistened to the
humidity values in operating conditions and hermetically sealed in special polyethylene bags, the sam-
ples were exposed to cyclic temperature changes: freezing at a temperature of -22 °C — thawing at a
temperature of +20 °C — heating to a temperature of +60 °C. After every tenth cycle, samples were
taken in order to determine their thermal conductivity under standard conditions and to record changes
in the appearance of the material.

According to the results of a visual inspection of the experimental samples after 100 cycles of
climatic effects of freezing — thawing — heating, it was found that the appearance of the samples
from the heat-insulating composition does not change - the change in the geometric dimensions of the
samples is within the limits of permissible values, there is no noticeable change in the color and struc-
ture of the material. As a result, it was determined that the term of effective use of thermo-perlite

composition for thermal insulation of buildings is at least 50 years.
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The evaluation of the thermal conductivity of the samples, depending on the ratio of the com-
ponents, showed that the coefficient of thermal conductivity increases with an increase in the specific
content of liquid glass, which is logical, since the amount of pearlite in the composition, a component
that provides low thermal conductivity, decreases, as well as the number of internal air pores decreases,
the specific density of the samples increases.

The research joint of geopolymer compositions was also used in 5 variants, which have the
same amount of perlite but with different amounts of binder. The highest value of the strength limit
(kg/cm? = 21.30) has a sample made with a ratio of 5:1 (perlite + liquid glass) and was formed at a
temperature of 400 °C

The strength properties allow the use of geopolymer materials based on perlite in construction,
because compared to other alternative materials, such as those used by the authors [10], the strength
of geopolymer filled with perlite was 2.3 MPa. It can be concluded that the strength values obtained
are higher than the average values obtained in other studies [3,5].

The results of electron microscopy demonstrate that the studied samples have a uniform struc-
ture and evenly distributed pearlite particles in the matrix. Cavities are observed in all compositions,
as in works [2,7]. Apparently, this was due to an insufficient amount of binder, insufficient for com-
plete wetting of the filler, resulting in cavities up to 400 um in size. Accordingly, cavities of these sizes
are stress concentrators and significantly weaken the matrix, which correlates well with the results of
the study of mechanical characteristics. In samples with a higher content of liquid glass, the number
of cavities is minimal. Further research is needed to establish the relationship between compaction
pressure and pore number.

The use of perlite-based geopolymers in the construction industry opens up new opportunities
for creating energy-efficient, durable and environmentally friendly structures. In Ukraine, the esti-
mated resources of perlite raw materials (Zakarpattia region) are estimated at 100 million m®. Perlite
geopolymers have the potential to become the basis for the sustainable development of the construction
industry of our country and the world, providing a response to the modern challenges of the energy

crisis, climate change and the growing demand for innovative solutions.
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THE CHOICE OF DESIGN AND MATERIAL OF SUN PROTECTION COATING
FOR ROOFS OF SMALL-SIZED BUILDINGS

Abstract. The work proposes a method for solving the problem of overheating of small-sized buildings
by applying a special sun protection coating to their roofs. Polymethyl methacrylate is proposed as a material
for the coating. The use of such a coating will help reduce the heating of roofs without additional energy costs,
while ensuring environmental sustainability.

Keywords: 3D model, roofs of small buildings, sun protection coating, polymethyl methacrylate.

Given the warming trend and the increase in solar activity in recent years, the issue of cooling
the premises is becoming increasingly important. When electricity and appropriate technology are
available, this is usually not a problem, but in situations of limited resources, emergency situations or
extreme weather conditions, alternative cooling methods are needed. These are not always radical, but
may be sufficient to reduce peak temperatures or save resources. In the case of large buildings, it is
often easier to insulate against external heat than to try to maintain comfortable conditions inside.

However, this option is not suitable for smaller thin-walled buildings such as small retail out-
lets, garages, etc., whose walls are usually poorly insulated and made of metal or plastic with metal
elements. These materials get very hot in the sun, which can lead to burns if touched. The absence of
thermal insulation is often due to economic expediency - a metal structure without insulation is much
cheaper. The size of the facility is also an important factor: the smaller the building, the faster the heat
exchange with the external environment. Combined with the lack of air conditioning, a fan or the
ability to create a draft, this can lead to heat stroke.

The idea of a potential solution to this problem was suggested by the Saharan silver ants or
Cataglyphis bombycina. These insects are one of the most heat-resistant animals on Earth. They sur-
vive at temperatures above 50 °C thanks to their reflective hairs. Electron microscopy has shown that
the hairs covering the back of the ant's head, thorax and abdomen have a triangular cross-section. In
addition, _the_scientists found corrugation of two surfaces of the hairs facing the sun and absolute
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smoothness of the third surface adjacent to the ant's body, which, together allowing a high optical
reflection in the visible and near-infrared range of the spectrum while maximizing heat emissivity in
the mid-infrared [1].

To reduce the heating of roofing materials and, as a result, premises, the authors propose to
apply a special sun protection coating over the roofs of buildings. It is a set of triangular prisms of

equal length, with a small cross-section (5-10 mm), connected together by a base (Fig. 1).

Figure 1 - 3D model of the sun protection coating

The work proposes to select a material for the construction of prisms according to the following
criteria:

- The optical properties of the material should be as similar as possible to those of chitin (re-
fractive index n = 1,56, light transmittance > 90, high transparency).

- Resistant to UV radiation (no ageing or discolouration due to sunlight).

- Resistance to mechanical damage, strength (the coating is designed for small-sized buildings,
on the roofs of which people will not walk).

- Resistance to environmental influences (atmospheric phenomena, moisture, chemical envi-
ronments), frost resistance.

- Range of permissible working thicknesses and material shapes.

- Affordable price.

The above criteria are met by polymethyl methacrylate (PMMA) and polyethylene tereph-
thalate (PET). We propose to use PMMA in work.

PMMA or organic glass is a transparent synthetic polymer often used in sheet form as a light-
weight or impact-resistant alternative to glass. PMMA is a cost-effective alternative to polycarbonate

when tensile strength, flexural strength, transparency, polishability and UV resistance are more
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important than impact strength, chemical resistance and heat resistance. In addition, PMMA does not
contain the potentially harmful bisphenol-A subunits found in polycarbonate. It is often preferred be-
cause of its moderate properties (Table 1), ease of use and processing, and low cost. PMMA swells
and dissolves in many organic solvents. It also has low resistance to many other chemicals due to its
ester groups, which are easily hydrolysed. Nevertheless, its environmental stability is superior to most
other plastics such as polystyrene and polyethylene and is therefore often the choice for outdoor appli-

cations [2].

Table 1 — Mechanical properties of polymethyl methacrylate

Properties Polymethyl methacrylate
Density, g/cm? 1,19
Light transmittance, % 92
Refractive index 1,49
Tensile strength, MPa (at 23 °C) 70-74
Tensile modulus of elasticity, MPa 3000-3300
Relative elongation at break % (at 23 °C) 4-5
Transition temperature, °C 95-112
Impact strength, kJ/m? at sheet thicknesses of 5-24 mm 13-15
Maximum operating temperature, °C 80-82
Molding temperature, °C 150-170
Coefficient of thermal expansion, mm/m*10°C 0,65
Thermal conductivity, W/(m*K) 0,2-0,3
Maximum water absorption by weight, % 0,3-0,4
Hardness, N/mm? 180-190

The sun protection coating consists of two parts: the base and the triangular prisms that are
attached to it. The type and material of the base depends on the shape of the roof: for a flat roof, you

can use a hard, non-plastic material that allows you to make a coating in the form of tiles, while for

72 Development and design of modern materials and products



uneven surfaces, such as slate or corrugated board, it is better to use flexible plastic materials. In both
cases, the substrate can be sheet or mesh in shape. Figure 2 shows an example of a coating with a mesh

base.

Figure 2 - 3D-model of a sun protection coating with a mesh base

As for the production of prisms, the authors propose two methods: cutting from sheet PMMA
or extrusion. In the first case, a sheet of organic glass of the required thickness will be cut into trian-
gular prisms. To do this, a cutting method needs to be chosen, and since the sheet thickness does not
exceed 10 mm, the chosen method must ensure high accuracy. Laser cutting is an effective method in
which a laser beam is focused on the material, heating and melting it, allowing for fast and accurate
cutting of sheets to form complex shapes with minimal material loss and increased productivity [3].

However, cutting organic glass is usually difficult due to its properties. The low melting point
makes it difficult to machine quickly due to localised overheating, and the same applies to laser cutting
- the material can burn out and the edge quality leaves much to be desired. Moreover, the equipment
and the cutting process itself are quite expensive, which directly affects the cost of the product.

An alternative to laser cutting is waterjet cutting, which allows you to cut sheet material along
any straight or curved contour with minimal material waste (cutting width of just 1 mm). The fluid jet
acts as a point tool, capable of cutting complex contours with any radius, without the need to create a
hole beforehand. The cutting width is 0,76-2 mm, which reduces material loss, and the low force (1-
100 N) and temperature (+60...+90°C) prevent deformation, melting and burning. This method does
not change the physical and mechanical properties of the material, which saves on additional edge

processing [4].

The second method of manufacturing prisms is extrusion, which is a process in which a material

is heated to a plastic state and forced through the matrix to form a continuous profile or product. This
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method is widely used to manufacture a variety of plastic products such as pipes, profiles, tiles and
films. Extrusion provides precision shapes, high production speeds and the ability to create complex
geometries with uniform thickness along the entire length of the product.

This work proposes a method of solving the problem of overheating of small-sized buildings
by applying a special sun protection coating to their roofs, which is based on bionic principles, in
particular, the structure of the hairs of Saharan silver ants. The material chosen for the coating is
polymethyl methacrylate, which has optimal optical, mechanical and operational properties. For the
manufacture of triangular prisms, it is proposed to use the methods of extrusion or waterjet cutting of
PMMA sheet. The coating base is selected depending on the shape of the roof. The use of the proposed
coating will help reduce roof heating and improve comfort conditions without additional energy costs,

while ensuring environmental sustainability.

References

1. Willot Q, Simonis P, Vigneron J-P, Aron S (2016) Total Internal Reflection Accounts for
the Bright Color of the Saharan Silver Ant. PLoS ONE 11 (4): e0152325. doi:10.1371/jour-
nal.pone.0152325

2. Poly(methyl methacrylate) [Electronic resource] - Access mode: https://en.wikipe-
dia.org/wiki/Poly(methyl methacrylate)

3. [ymans JI. I. JlazepHi TexHONOTIi Y MamMHOOYAyBaHHI : HaBY. MOCIOHMK JJISi CTYJICHTIB
cneuianbHOCTI «lIpukinagHa MexaHika» JI€HHOI, 3a04HOI Ta aucTaHuiiHoi ¢Gopm Hauanus / JI. L
[Tynane. — Xapkis: HTY «XI1I», 2020. —109¢

4. TIpo TexHoJyori0 TiApoadbpasuBHOro pizaHHs MarepiamiB [Electronic resource] - Access

mode: https://www.roden.ua/waterjet-cutting-technology.html

74 Development and design of modern materials and products



Savytskyi Ivan, student of the specialty 132 Materials science, Dnipro University of Technology, Dnipro, Ukraine,

e-mail: savytskyi.l.D@nmu.one,

Dmitro Laukhin, Doctor of Tech.Sci., Professor, Engineering and Generative Design Department, Dnipro Univer-

sity of Technology, Dnipro University of Technology, Dnipro, Ukraine, e-mail: laukhin.D.V(@nmu.one,

Matsiuk Iryna, Associate Professor, Department of Engineering and Generative Design, Dnipro University of

Technology, Dnipro, Ukraine, e-mail: matsiuk.i.m@nmu.one.

USING METALLIC GLASS IN CLOTHING TO ENHANCE ITS PHYSICAL PROP-
ERTIES

Abstract. In the article it is shown that metallic glass, with its unique properties like superior
strength, lightweight, and corrosion resistance, offers innovative uses in smart textiles and specialized
apparel. This study compares it to steel, emphasizing its potential in extreme environments like fire-
fighting and aerospace, while identifying cost-effective alloys such as Fe40Ni40B20 for advanced

textile applications.

Keywords: metallic glass, amorphous metal, advanced textiles, mechanical properties, tensile strength, specific

strength, fracture toughness, density, elastic strain limit, stainless steel, vitreloy, alloy, metal, metallic glass in clothing

Metallic glass, or amorphous metal, is an innovative material that is rapidly gaining attention
for its unique properties. Its structure, unlike that of ordinary metals, is not crystalline, but amorphous,
like that of glass, which provides exceptional strength, low weight, and corrosion resistance [1]. The
ability to withstand high loads and extreme conditions opens up new opportunities for the use of me-
tallic glass in various industries [2]. There are many metal glass alloys, the six most well-known of
which are shown in figure 1.

Metal glass is made by cooling molten metal alloy extremely quickly - for some alloys, the rate
exceeds a million degrees per second. This process prevents the atoms of the alloy from organizing
into their usual crystalline structure, resulting in an amorphous, or “glassy,” structure [3]. This cooling

is usually achieved using special methods, such as casting the melt onto a cooled surface [4].
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Figure 1 — Six most well-known metallic glass alloys.

Despite its many advantages, metallic glass has certain limitations that make it challenging to
use widely. The production of amorphous metal is a complex and expensive process, as it requires
extremely rapid cooling to maintain its amorphous structure. This requires expensive equipment and
precise temperature control, which limits large-scale production. In addition, due to its brittleness,
metallic glass can be prone to sudden fractures under excessive loads, which reduces its suitability in
some applications. Despite these challenges, research is ongoing to optimize the production and im-
prove the properties of metallic glass, which could expand its use in the future and reduce the cost of
manufacturing.

The paper proposes to use metal glass to improve the properties of textiles. The integration of
metal glass fibers into the structure of clothing can give this material 50% strength and resistance to
environmental influences without increasing weight. Products made with metallic glass will not only
be able to withstand significant mechanical loads, but will also remain comfortable and lightweight. A
3D-model of metal glass in the structure of the fabric is proposed (Fig. 2), the images were created in
the software Blender 4.2.0. Such clothing will be extremely wear-resistant and can be used in sports-

wear, creating durable accessories.

N
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Figure 2 - 3D model of metallic glass in the fabric structure

Besides the sports industry, metal glass has great potential in the development of special cloth-
ing for occupations associated with extreme conditions. In particular, these can include firefighters,
astronauts, rescuers, and workers of other fields where people face dangerous conditions on a daily
basis.

For firefighters and rescuers working in high temperature and high-risk environments, clothing
made with metallic glass will provide additional protection against mechanical damage and increased
resistance to high temperatures. The strength and corrosion resistance of amorphous metal will protect
them from damage when working in harsh environments where conventional materials can wear out
quickly.

In the space industry, metallic glass can also become an indispensable material, as the condi-
tions in which astronauts work are very demanding on the properties of clothing. Their gear must be
as lightweight, durable, and radiation-resistant as possible. Amorphous metal provides the perfect ratio
of lightness and resistance to external influences, which allows to reduce the weight of equipment, as
well as to ensure the comfort and protection of astronauts in space.

The authors of this paper have performed a comparative analysis of metallic glass alloys. Table
1 shows the key physical and mechanical characteristics of six amorphous metallic glass alloys and
compares them with the properties of ordinary steel (grade 1020) and stainless steel (SAE 304). Ana-
lyzing this data, a conclusion can be made that amorphous metal alloys demonstrate significantly
higher tensile strength, elastic ultimate strain, and specific strength. In addition, most of these alloys
have a slightly lower density, which is an important advantage for applications requiring high strength
at low weight. However, it should be noted that amorphous metals are inferior to traditional steels in

terms of critical crack resistance.

Development and design of modern materials and products

77



Table 1 - Comparison and properties of metallic glass alloys

Metallic
glass alloys | yitreloy | PA77Cu6 | FedoNi | NidoFe2 | T | cuzr-Al | ZTEW | gpee | Stainless
and their 1 sit7 | 40820 | BeP1dsiz | CUPd | pianoys | NEAIAR 450 | Steel
key charac- Alloy loys SAE 304
teristics
Density 6.6 8.5 7.5 7 5.5 6 6.4 7.85 8
(g/em?)
Tensile
Yield
Strength 1.7-2.0 1.3 1.5 1.4 1.6 1.2 1.5 0.4 0.52
(GPa)
Elastic
Strain 2 2 1.5 1.5 3 1 2 0.25 0.3
Limit (%)
Fracture
Toughness | 25-85 Uni‘“"wn 30 30 Unknown 40 40 50-70 | 70-90
(MPa-m'/?) (low) (average)
Specific
Strength 1555 330 153 200 200 290 200 230 51 65
(MPa-cm’/g
)
P rl'(cg“; ger 100-200 | 500-1500 | 30-80 | 50-100 | 200-600 50-150 60-120 1 2-3
Low
Limited price, Excellent
Suitable | use due to well for flexi- Can be used Suitable
for light- fragility suited Can be ble and for brotec- for spe-
weight, and high for used in light- tivepclo the cialized
durable price, but | clothing | textiles for | weightas- | . 7. textiles
Notes and | and wear- | potentially | thatre- | embedded tronaut lgfilllzrilrpfzrr- with high
comments resistant useful in quires sensors clothing firefighters strength
fabrics, sensors in- due to its due to its duegto it > | and flexi-
especially | for high- creased balanced high temperature bility re-
for sports- | precision | durabil- | properties strength resri)s tance quire-
wear measure- | ity, such and light- ments
ments as for ness
rescuers

The most significant factor limiting the widespread adoption of metallic glass is its cost. Even

the most affordable metallic glass alloys are 10 times the price of stainless steel, while the most ex-

pensive amorphous materials can cost up to a thousand times more. This significant cost gap is due to

the complexity of production processes and the use of rare elements in the alloys, such as palladium

and zirconium. [5]

Considering the balance between mechanical properties and price, the most suitable choice is

to use Fe40Ni40B20 and Ni49Fe29B6P148Si2 alloys. Their relatively low cost is due to the use of

common chemical elements such as iron, phosphorus and silicon, which reduces the cost of the pro-

duction process. In addition, they contain boron and nickel, which, although relatively abundant,

slightly increase the overall cost. As a result, these alloys are promising for use in the production of

high-tech materials, where the balance of price and performance is important.
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Thus, the paper proposes the use of metallic glass in clothing to improve its durability and
resistance, which is an extremely promising material due to its unique properties, and shows a 3D
model of metallic glass in the structure of the fabric. It is also shown that Fe40Ni40B20 and
Ni49Fe29B6P148Si2 alloys are proposed to be the most reasonable alloys in the fabric structure in terms
of price and mechanical properties. The use of these alloys in the structure of the fabric will increase
its strength characteristics by 25-30 percent, depending on the chosen alloy and structure.

The integration of this material into textiles can significantly change many industries, improv-
ing the quality of life and increasing safety in extreme conditions. In the future, this material can be
used not only for clothing, but also in building materials, medical devices and other products that
require increased strength and durability. Due to its unique characteristics, metallic glass can make a
significant contribution to the creation of high-tech clothing that meets modern requirements. It may
well become the foundation for new innovations in smart textiles and specialized clothing for jobs

where every detail can play a crucial role in safety and efficiency.

References”
1. https://rhp.at/en/services-know-how/material-development/metallic-glasses
2. https://www.oeaw.ac.at/en/news/metallic-glasses-are-revolutionizing-medicine-energy-and-
electronics
3. https://civil.poriyaan.in/topic/metallic-glasses-40133/
4. https://www.samaterials.com/a-comprehensive-guide-to-amorphous-metals.html

5. https://www.aimspress.com/aimspress-data/aimsmates/2016/3/PDF/matersci-03-01022.pdf

Development and design of modern materials and products

79



SLUPSKA Yuliia, Assoc. Prof. of the department of mechanical and biomedical engineering, Dnipro University
of Technology, PhD, slupska.yu.s@nmu.one.

ANALYSIS OF THE IMPACT OF ELECTRON BEAM WELDING ON THE STRUC-
TURAL PARAMETERS OF WELDED JOINTS OF STEELS 09G2S, 10HSND, AND 10G2FB
USING FACTOR ANALYSIS

Abstract. The study analyzes the influence of structural parameters on the quality of welded joints in steels
09G2S, 10HSND, and 10G2FB after electron beam welding. Applying factor analysis reveals key parameters affecting
joint quality, facilitating the optimization of welding processes and enhancing the reliability of industrial structures.

Keywords: welded joints, structural parameters, welding quality, factor analysis, electron beam welding, corre-

lation matrix, optimization of technological processes, structural reliability.

Main content of paper. In modern industry, welded joints play a crucial role in ensuring the
reliability and durability of structures. Improving the quality of these joints is a relevant task, as defects
in their structural state can lead to serious consequences, such as accidents and the failure of critical
components [1, 2].

The purpose of this study is to investigate and analyze the relationships between structural
parameters of welded joints and to identify key factors affecting welding quality.

The relevance of the research is driven by the need for quality control in welding, which is
increasingly important within modern technological processes. The use of mathematical methods, par-
ticularly factor analysis, allows for the identification of hidden correlations between variables, aiding
in the optimization of the welding process. This approach can offer significant advantages in produc-
tion, including material cost reduction and increased reliability of finished products.

In the study, the impact of electron beam welding on the structural state of welded joints in
steel grades 09G2S, 10HSND, and 10G2FB was analyzed. Based on experimental data, a correlation
matrix was constructed, revealing relationships between ferrite grain size, the percentage content of
structural components (ferrite, pearlite), and the geometric dimensions of welded joint zones [1-4].

Table 1 presents the correlation matrix, which illustrates the relationships between different
structural components, essential for understanding their impact on welding quality. This enables the
identification of the main factors influencing the final characteristics of welded joints, providing a

deeper understanding of technological processes.

R0 Development and design of modern materials and products



Correlation matrix of structural component ratios

Table 1.

09G2S
The HAZ The Ferrite 2 Ferrite Ferrite Pearlite | Pearlite | Pearlite
boundary boundary 3 4 2 3 4
of the between
welded the heat-af-
joint — fected zone
HAZ (HAZ) and
the base
metal.
The bound-
ary of the
welded 1,00 -0,33 0,45 0,05 -0,61 0,36 0,61 -0,66 0,03
joint —
HAZ
HAZ 033 | 1,00 | -0,12 | 032 | 0,17 | 0,60 | -0,53 | 0,59 | -0,90
The bound-
ary be-
tween the
heat-at- 0,45 -0,12 1,00 -0,67 -0,91 -0,18 0,68 -0,31 0,20
fected zone
(HAZ) and
the base
metal.
Ferrite 2 0,05 0,32 -0,67 1,00 0,43 0,77 -0,20 0,15 -0,49
Ferrite 3 -0,61 0,17 -0,91 0,43 1,00 0,03 -0,83 0,20 -0,23
Ferrite 4 0,36 0,60 -0,18 0,77 0,03 1,00 -0,10 0,00 -0,82
Pearlite 2 0,61 -0,53 0,68 -0,20 -0,83 -0,10 1,00 -0,43 0,52
Pearlite 3 -0,66 0,59 -0,31 0,15 0,20 0,00 -0,43 1,00 -0,26
Pearlite 4 0,03 -0,90 0,20 -0,49 -0,23 -0,82 0,52 -0,26 1,00
10HSND
The HAZ The Ferrite 2 | Ferrite Ferrite Pearlite | Pearlite | Pearlite
boundary boundary 3 4 2 3 4
of the between
welded the heat-af-
joint — fected zone
HAZ (HAZ) and
the base
metal.
The bound-
ary of the
welded 1,00 -0,72 -0,25 0,03 -0,03 0,51 -0,39 0,23 0,67
joint —
HAZ
HAZ -0,72 1,00 0,54 0,08 0,17 -0,24 0,61 0,39 -0,67
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Continuation of Table 1

The bound-
ary be-
tween the
heat-af- -0,25 0,54 1,00 -0,67 -0,67 -0,51 -0,30 -0,09 | -0,62
fected zone
(HAZ) and
the base
metal.
Ferrite 2 0,03 0,08 -0,67 1,00 0,97 0,77 0,78 0,62 0,50
Ferrite 3 | 003 | 0,17 | -0,67 097 | 1,00 | 0,65 | 0,86 | 068 | 0,34
Ferrite 4 0,51 -0,24 -0,51 0,77 0,65 1,00 0,40 0,63 0,86
Pearlite 2 -0,39 0,61 -0,30 0,78 0,86 0,40 1,00 0,73 -0,03
Pearlite 3 0,23 0,39 -0,09 0,62 0,68 0,63 0,73 1,00 0,21
Pearlite 4 0,67 -0,67 -0,62 0,50 0,34 0,86 -0,03 0,21 1,00
10G2FB
The HAZ The Ferrite 2 Ferrite Ferrite Pearlite | Pearlite | Pearlite
boundary boundary 3 4 2 3 4
of the between
welded the heat-af-
joint — fected zone
HAZ (HAZ) and
the base
metal.
The bound-
ary of the
welded 1,00 -0,15 0,96 -0,47 -0,24 0,13 -0,49 -0,37 | -0,22
joint —
HAZ
HAZ -0,15 1,00 -0,02 -0,73 -0,53 -0,72 -0,45 0,12 -0,16
The bound-
ary be-
tween the
jeatal 096 |-0,02| 1,00 | -0,61 | -037 | -0,10 | -049 | 029 | -0,17
ected zone
(HAZ) and
the base
metal.
Ferrite 2 -0,47 -0,73 -0,61 1,00 0,67 0,72 0,61 0,01 0,10
Ferrite 3 -0,24 -0,53 -0,37 0,67 1,00 0,71 0,83 0,56 0,65
Ferrite 4 0,13 -0,72 -0,10 0,72 0,71 1,00 0,29 -0,18 | -0,01
Pearlite2 | 049 |-045] -049 | 061 | 083 | 029 | 1,00 | 0,78 | 0,83
Pearlite 3 -0,37 0,12 -0,29 0,01 0,56 -0,18 0,78 1,00 0,94
Pearlite 4 -0,22 | -0,16 -0,17 0,10 0,65 -0,01 0,83 0,94 1,00

The generalized eigenvalues presented in Table 2 reflect the results of the analysis of different

steel grades after welding, highlighting the importance of material selection in welding technology.

Generalized eigenvalues of the studied steel grades after electron beam welding.
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09G2S
Eigenvalues Percentage of total Cumulative, %
variance
Factor 1 4,179374 46,43749 46,4375
Factor 2 2,390334 26,55926 72,9968
Factor 3 1,524795 16,94216 89,9389
Factor 4 0,703839 7,82043 97,7593
Factor 5 0,201659 2,24066 100,0000
10HSND
Eigenvalues Percentage of total Cumulative, %
variance
Factor 1 4,546941 50,52157 50,5216
Factor 2 2,973983 33,04426 83,5658
Factor 3 1,058407 11,76008 95,3259
Factor 4 0,344187 3,82430 99,1502
Factor 5 0,076481 0,84979 100,0000
10G2FB
Eigenvalues Percentage of total Cumulative, %
variance
Factor 1 4,419991 49,11101 49,1110
Factor 2 2,400740 26,67489 75,7859
Factor 3 1,714751 19,05279 94,8387
Factor 4 0,405599 4,50666 99,3453
Factor 5 0,058919 0,65465 100,0000

The graph presented in Figure 1 illustrates the eigenvalues for steels 09G2S, 10G2FB, and

10HSND, demonstrating their differences in behavior during welding. This clearly confirms that each

steel grade has its unique characteristics that affect the quality of welded joints.

Factor analysis allowed for the reduction of the number of variables to key factors, significantly
simplifying further research and optimization of technological processes. The main identified factors

are the percentage content of ferrite and pearlite, which play a critical role in electron beam welding
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processes. This highlights the necessity of monitoring these parameters to achieve the desired level of

quality in welded joints [1,2].
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Fig. 1. Graph of eigenvalues: a — steel 09G2S; b — steel 10G2FB; ¢ — steel 10HSND.

Conclusion. The results of this study can serve as the basis for developing a mathematical

model that allows for predicting the quality of welded joints based on their structural characteristics.

This could represent an important step in improving welding technologies and ensuring product relia-

bility.
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®OPMYBAHHS CTPYKTYPH TA ®A30BOI'O CKJIAJTY BACOKOEHTPOIIIIMHOT'O W sFECONI
CIIVIABY B TPOLECI MEXAHIYHOI'O JIETYBAHHSA

AHoTanisi. B po0oTi JocnijpkeHo MpouecH yTBOPEHHS CaMOapMOBAaHMX YAaCTHHOK IIOPOILIKIB BHCOKOCH-
tpomniiiHoro W sFeCoNi criaBy yaconkamu kap0ifay BoibdpaMy siKi yTBOPIOIOTHCS ITiJ] Yac MexaHidoro seryBanHs. [1o-
Ka3aHo, 1o BiaOyBaeThcs opMmyBanHs TpudazHoro kommnozuty 3 OLK, I'IK TBepanmu pozunHamu Ta yactuHamMu WC.
Cepenniii po3mip yactuaok WC B matpuii BECy cknanae 0,5 MxM.

KurouoBi ciioBa: gucoxoenmponiiini cniagu, Mexaniyne ie2y8anHs, CmpyKkmypa, meepouti po3uuH, Kapoio 60.ib-

ppamy

OCHOBHOIO PO3BUTKY CYYaCHOTO MAaIlIMHO- PAKETOOYAyBaHHSI, €IEKTPOHIKH Ta aePOKOCMIYHUX
TEXHOJIOT1H € po3poOKa HOBUX MaTepialiB 3 IMiIBUIIEHUMH (Di3UKO-MEXaHIYHIUMH BIACTUBOCTSIMU (BU-
COKOIO TBEPIICTh, MIITHICTIO, MOJTYJIEM MPY>KHOCTI, yIApPHOIO B’ A3KICTh TOIIO) Ta BUCOKOIO CTIMKICTIO
70 i1 KOPO31MHOTO Ta OKUCHOTO cepeaoBuina [1]. OqHuM 3 MEepCHeKTHBHUX HAIPSMKIB MIOAO0 pe-
aJtizanii HOBOTO MiAXOIy A0 MPOEKTYBaHHS MaTepiajiB € CTBOPEHHs TaK 3BaHMX BUCOKOCHTPOIIHHUX
cruiaBiB (BEC) [2]. BucokoeHTpomiiiHI CriiaBu — 11e HOBUH KJIac METaJieBUX MaTepiaiiB, IO CKIaaa-
I0ThCS 3 T1’ATH 1 GiIbIlIe OCHOBHUX €EMEHTIB y NPUOIN3HO PIBHUX aTOMHHX KOHIEHTpamisx [3]. Ix
BIJIpI3HSIE€ BUCOKA EHTPOIIIS 3MIITyBaHHS, sika cTaduLmi3ye ogHodasHi cTpyktypu [4]. Ha BigMmiHy Bifg
TPaJULIHHUX CIUIABIB, JIe OJIMH a0 /IBa OCHOBHI eNeMeHTH TOMiHy10Th, Y BEC yci enemenT MaroTh
Maiike 0JIHaKOBHH BIUIMB HA BIACTUBOCTI Marepiaiy. L{i crutaBu 1eMOHCTPYIOTh HaI3BHYATHO BUCOKY
MmimHIicTh (800-1200 MlIla [5]), tBepaicts (300-900 HV [6]), kopo3iitHy Ta TepMidHY CTIHKicTh. Lle
POOHTH iX MEPCIIEKTUBHUMU JIJIsI BAKOPUCTAHHS B a6POKOCMIYHIN, aBTOMOO1IBHIN, EHEPTeTHYHIH MTPO-

MUCIIOBOCTSIX, a TAKOXK B 1HIIUX cepax, Je MoTpiOHI MiIHI Ta JOBrOBIYHI MaTepiaiu.
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3a paxyHOK yHiKaiabHUX BiaacTuBocTelt BEC MoxyTh OyTH BUKOPHCTaHI K CKJIaJIOBI KOMIIO-
HEHTU ISl PO3POOKHM KOMIO3HUIIIMHUX MaTrepiaiiB 3a ydacTi TyroIlaBKUX crmoiyk [7]. B manomy
BUMAJIKY OTPHUMAaHHS KOMIIO3UIIIHUX MarepiaiiB Moxe OyTH 3[IiHCHEHO NMPSMHUM BBEIEHHSIM TYTO-
IUTABKUX CTONYK 3 TOJANBIINM CHIKaHHSM 0 33JIaHO1 MIITFHOCTI, 00 K 3 BUKOPUCTAHHSM ITiIXO/IB,
K1 0 3a0e3meuyBaiin “in-situ” yTBOPEHHS YaCTUHOK 3MIITHIOBAIBHOI (pa3u. Haitbibmoro mommpeHHs
Ha0yJIM KOMIIO3UTH Ha OCHOBI Kap0Oiaxy Boiabdpamy. OCKUTBKH B OCHOBI BUXOJY 3 JIay TBEPIOCILIAB-
HUX PI3IB € 3HOLTYBaHHS MaTPUYHOI (a3u KOOAIbTY 3a paxyHOK ii BUMUBaHHS, 3aCTOCYBaHHS O1IbIII
TBEPJIUX Ta 3HOCOCTIMKUX CIUIAaBIB B SIKOCTI MAaTPUIlI MOXE CTAaTH HOBUM BUTKOM B PO3BUTKY METAJIO-
00po6ku. B poboTax [8-9] mokazaHo, 1110 MeTaI0 MaTPUIHI KOMITO3UTH Ha OCHOBI KapOixy Boiabhpamy
3 matpuriero 3 BEC 103Bossit0Th OTpUMYyBaTH KOMITO3HIIIIHI MaTepiaiu THITY KEPMETIB ISl BUTOTOB-
JICHHS PIKY4YOro IHCTPYMEHTY 3 MiJABHIIEHUMHU €KCIUTyaTalliiHIMH BIaCTUBOCTSAMHU. Byio BcTaHOB-
JIEHO, 110 3aMiHa K00aIbTOBOTO CrOydHOTO Ha BECH MOXe mpU3BECTH TaKOX JI0 MOAPIOHEHHS 3epeH
WC. Onni 3 Hajikpammx 3Ha49eHb TBepaocTi (2358 HV), Tpimmuocriiikocti (12,1 MIIa-M"?) ta min-
HocTi Ha ctuck (5420 MIla) orpumano s Bepaoro craBy WC — 20 mac.% AlFeCoNiCrTi BEC 3
OLK crpyxkrypoto, cieuenoro mipu 1500 °C [10].

AJNBTEpHaTUBHUM BapiaHTOM KOMITO3MLIHHUX MarepiaiiB € 3MirHeHHsa Marpuii 3 BECy no-
6aBkamu 710 20 00. % dacTUHOK KapOiAiB, OOpuIiB, HITPHUIIB UM OKCUIIB. [IpoTe, 3a paxyHOK MO€-
HaHHS BHUCOKOI TBEPAOCTI, MOAYJsS TMPYXKHOCTI Ta MIKPOILIACTUYHOCTI, HAWBHUIIIOTO CTYIICHIO
3MILIHEHHS] MOKHA JTIOCATHYTH 1] Yac BUKOPUCTAaHHS KapOiay Boib(pamy sk 3MmirHior0401 ¢asu [11].
B po6ori [11] mpoomunu orpumManHst komro3uTiB CoCrFeNi—WC 3 pi3HUM BMiCTOM 3MIITHIOIOYOT
ckianoBoi. [Tokazano, mo tBepaictb komno3uty CoCrFeNi—20 mac.% WC cknanae 593 HV, mo Bu-
sBUBCA B 3,3 pa3u BummM, Hik 0a3zoBuii BEC 180 HV, Ttoxi sixk Mexa TekydocTi 30umbmmmmacs 3 278
MlIla qyis 6a3oBoro BEC no 1098 Mlla mist komnoszuty CoCrFeNi—20 mac.% WC. OTpumanHs KOM-
MO3UTIB MPSIMUM 3MIIIyBaHHAM KepaMidHuX dacTUHOK 3 BEC mae psig HenonikiB MoB’A3aHUX 13 ce-
Tperaii€lo CKJIaJ0BUX Ta iX HEPIBHOMIPHUM PO3MOIiIOM. PIBHOMIpHICTD PO3MOIIIY € OJHUM 3 KJTIO-
YOBHUX CTPYKTYPHHUX (DaKTOPIB KOMIO3UIIIMHUX MaTepialliB, 3MIIIHEHUX KepaMiYHUMHU YaCTHHKAMH,
OCKIUJTBKH JIOKaJIbH1 (PITyKTYyallii KepaMiyHMX YaCTHHOK 3HAYHO 3HM)KYIOTh MIITHICTh Matepiany. binbn
NEPCHEKTUBHUM METOJIOM OTPUMAaHHS 3MIITHEHUX KOMITO3UIIITHUX MaTepianiB Ha ocHOBI BEC-€ “in-
situ” CHHTEe3 3MIIIHEHUX MTOPOIIKiB.

Buxonguu 3 1150ro, METOI0 J1aHOT pOOOTH € BCTAHOBJIEHHS 3aKOHOMIPHOCTEH YTBOPEHHS ca-
MO3MilHEHOT cTpykTypu nopomkiB W1,5FeCoNi B yMOBax MeXaHIYHOTO JIETYBaHHS €JIeMEHTapHOL
nopoukoBoi cyMinr W-Fe-Co-Ni.

Sk BuxinHi Marepianu Oyio B3sTo nmopomku MetainiB W, Fe, Co, Ni 3 po3MipoM 4acTHHOK 25—

50 MkM Ta_uymuctororo 99 %. HaBakky MOpOIIKIB po3MillyBalid B TBEpJOCIIaBHUN OapabaH i3
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BIIHOIIIEHHSIM KYJIbOK 10 Matepiany 10:1. JIns yHUKHEHHSI HaJTUTIaHHS, Ta Peakirii 31 CTiHkaMmu 6apa-
0aHy pO3MENTIOBaHHSI MTPOBOJIMIIN B CEpPeIOBHINI OeH3UHY. MexaHiuHe JieryBaHHs nmpoBoawim 3a 400
00/xB ipotarom 20 roauH. AHaJli3 OTPUMaHUX ITOPOIIKIB IMPOBOMIN METOAAMHU PACTPOBOT €JIEKTPOH-
HO{ MIKpOCKOMIT Ta PEeHTIeHiBCHKOro (pa30BOro aHaizy.

Ha pucynky 1, a HaBeieHO pe3ynbTaTH PEHTTEHOCTPYKTYPHOTO aHauTi3y nopomkoBoro Wi sFe-
CoNi BEC micnsa mexaniunoro sieryBanus (MJI). [Ticnsa 20 rogua MJI dopmyeTbest criiaB, SIKHid CKJ1a-
naetbes 3: TBepaux po3uuHiB 3 OLIK 1 I'LIK ctpykrypoto Ta kapOigy Boasppamy WC. BinnosinHo 10
TEOPETUYHHX 3aca]l GopMyBaHHs CTpyKTypu TBepaux po3uuHiB BEC mis Wi sFeCoNi crnaBy Kifb-
KicTh BasieHTHHX eNekTpoHiB (KBE) cknamae 6mu3pko 8, 1o, BianmoBigHO 10 podboTtu [12], BKasye Ha

BHCOKY IMOBIPHICTh YTBOPEHHS JIBOX TBEPJMX PO3UHHIB, Ta BIAMOBIIA€ TaHUM OTPUMAHUM B POOOTI.
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Pucynok 1 — Criektp peHTreHiBcrkoi qudpakiii (a) tTa mikpoctpykTtypa mopomky Wi sFeCoNi BEC

micist MexaHigHoro JyieryBanHs OLIK

YrBopenus WC ¢aszu B CTpyKTypi MOPOIIKOBOTO MaTepially OB’ I3aHO 31 B3aEMOJIIEI0 aTOMIB
BYTJICLIO, SIKI HE PO3UMHWIMCS B OKTaKEAPUYHUX Ta TeTpaeapuuHux_nopoxkHuHax OLIK ta I'LIK
KPUCTAJIYHUX TIPATOK TBEPIUX PO3UYMHIB 3aMillleHHs, 3 aTomamu W mig yac MJI ta 3ymoBieHO
HaWO1IBIIT BUCOKHM, BiJl'EMHUM 3HAYCHHIM €HTaJbII1i 3MinTyBaHHsa aTOMHOI mapu W—C (AHw-c = — 60
kJIx-Monb™!) cepent eHTanbMiil 3MiNIyBaHHS iHIINX eeMEHTIB 3 ByriemeM B cuctemi W-Fe-Co-Ni ta
HAsBHOCTI BHCOKOBYTJICIIEBOT'O CEpPEIOBHILA ITiJl Yac po3MentoBaHHs. [lo TOro X, ByIJielb, 3aBISKU
HallMEHIIOMY aTOMHOMY pajiiyCy IOpIBHSHO 3 IHIIMMHM KOMIIOHEHTaMH CIUIaBy, Ma€ HaWOUIbIIy
MBUAKICT UQyY3ii 1 KpIM pPO3UMHEHHS B IMOPOKHUHAX IPATOK TBEPAUX PO3UYHHIB 3aMIICHHS
BHACIIIJIOK «in-situy peakiii yrBoproe WC.

YacTuHkH KapOiny Boiab(pamy, sSKi yTBOPIOIOThCS miJ yac MJI, estresy MatoTh cepeaniid posmip 0,5
MKM (pHc. 1 0). 3a paxyHOK CHHTE3Y CIIJIaBy METOJIOM MEXaHIYHOTO JIETYBaHHS IIEPBUHHHUNA O30T

B cruiaBi aToMmiB W SIK 1 aTOMIB 1HIIMX €JIEMEHTIB, BiZIOYBA€ThCSl HA AaTOMHOMY piBHI. B mojgansmomy
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IiJT yac WOro B3a€MOJIl 3 BYTJICIIEM JIOCATAETHCS BHCOKA PIBHOMIPHICTH PO3MOLTY 3MIIHIOBAILHOT

KapOiaHO1 a3y mo 00'eMy YaCTHHOK MOPOIIIKIB.

PoGota BukoHaHa 3a ¢piHaHcoBOI miaATpuMKH HarionansHoro Gponay nociikenb YKpainu (IpoexT

2023.03/0053, Horosip Ne 244/0053)
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€niceeBa MapuHa — K.T.H., CTapIIui BUKJIaaad kadeapu OyJiBHUITBA, TEOTEXHIKH 1 reoMexaHiku, HanionansHui

TexXHIUYHHUHI yHiBepcuTeT «J{HinpoBchka noxitexHika», J{Hinpo, Ykpaina, e-mail: Yelisieieva.M.O@nmu.one

CTPUMYIOUI ®PAKTOPU BUKOPUCTAHHA TEXHOJIOT'TI
3D-APYKY B BYJAIBEJBHIN T'AJTY3I

YV po6oti HaBeneHi pe3yapTaTH MPOBEACHOTO aHATI3Y MOI0 CTPUMYIOUNX (aKTOPiB BUKOPUCTAHHS TexXHOJoTii 3D-
JIpyKy B OynmiBeNbHIM raiy3i, a camMe COLIaJIbHHUX, IPAaBOBHX, HAayKOBHMX, TEXHIYHMX Ta CEKOHOMIYHHX Oap’epiB.
3anpornoHoBaHi NUISIXH MTOA0JIAHHS BUIIEBKa3aHUX BUKJIHMKIB.

KuarouoBi ciioBa: mexnonoeis 3D-0pyky, 6ydieenvnuii 3D-npunmep, 6emonni cymiui ons 3D-0pyky, cmpumyioui

¢axmopu, byodigenvra eany3o

[[IBuakicTh OyaiBHUIITBA Ta MPOCTOTa MOHTAXY, €KOJIOT1YHI BiJIHOBJIIOBAJIbHI Oy/iBeNbHI
Marepiany 1 KOHCTPYKIli Ta BUCOKHI Kjac eHeproeeKTUBHOCTI 3BEICHUX Oy/iBENb — TaKi CyJacHi
BUMOTH 4acy IIepel] CBITOBOIO OyniBeJIbHOIO IHAYCTpi€to. IlepcrekTHMBHOIO 1HHOBALIHOIO
TEXHOJIOTIEI0 3/1aTHOIO BCe 11e 3a0e3neuntu € 3D-apyk OymiBens.

Sk posmsmanocs B po6oti [1, c¢. 104], BHacmiok BOEHHHMX i Ha TepuTOpii YKpaiHnu
3pyHHOBAHO BEJIMKY KUIBKICTh 00’ €KTIB )XKHTIOBOTO (DOHY, COIIaTbHOI Ta IIUBLILHOT IHPPACTPYKTYpH.
[lepen ykpaiHChKMMHE iHXEHepaMU-OymiBeIbHUKAMU TIOCTa€ CEPHO3HHUN BUKIUK — 3a0€3MeYuTH
KOM(OPTHUM JKUTIOM THUCSYl YKpAiHIIIB B CTUCHII TepMiHM. 3a AaHuMH [2, c. 166], Hampukian,
oyniBenbHui ipuHTEp StroyBot a6o 3D-npunTep Rudenko 3matHuii 3BecTr cTiHu OyAMHKY TIJIOIICIO
y 100 m? ipoTsirom 48 romuH. OTXe, He BUKINKAE CyMHiBY TIepCIIeKTHBHICTh 3aCTOCYBaHHS 3D-1pyKy
Oynienb B peanisix Yikpainu. [Ipore, cTaHOM Ha 3apas, 115l TEXHOJIOTISI He € PO3MOBCIOKEHOIO Ta Ma€e
XapakTep MOOJWHOKHMX BUMAJKIB OKpeMHuX 3a0ylOBHHKIB, SIK B YKpaiHi, Tak 1 y cBiti. Po3misnemo
cTpumyrodi pakTopu Bukopuctanus 3D-npyky B OyaiBensHIN ramy3i (puc. 1).

1. CouiaabHi paxkropu. HoBi HemoCTaTHRO BUBYEHI TEXHOJIOTII 3aBXKAM 3yCTPIYAIOTHCS 13
MIEBHOIO TIEPECTOPOTOIO SIK 3 OOKY MIAMPUEMIIIB, AKi PU3UKYIOTh BIACHUMHU KOILITaMH Y pa3i iHBECTHIIIN
B HUX, TaK 1 CyCIJIbCTBOM, IKi HETOTOBI CIIPUIIMATH 1HHOBAIIKHI MiAX0/H, 110 HE MATBEPIUIN CBOIO
e(DEeKTUBHICTh POKAaMH 3aCcTOCYBaHHS. [OJIOBHa TpuYMHA B IHOMY BOAYaEThCS Yy HHUBBKIN
MpoiH(GOPMOBAHOCTI IMIMPOKUX BEPCTB HACEJIEHHS Yy IepeBarax Ta TEXHOJOTIYHO OOTPYHTOBAHHMX
PIIIEHB II0/I0 MOXJIMBOCTEH aIUNTUBHIX TEXHOJIOT1i. BUTBIITICTh TFO/IEH BBAXKAIOTH ITIO 1/1€0 CKJIATHOO
Ta HEMOXJIMBOIO Yy peamizamii. [lng mnomomanHs paHoi mpoOiremMu HEOOXiIHO TMPOBOIUTH
po3’siCHIOBaIbHI KammaHii Bia ¢axiBiuiB-mpodecionaniB, MOTYXHY 1H(QOpPMAIIHHY MiITPUMKY

3aMpoBaHKEHHS 1THHOBAIIHHOT TeXHOIoTiT 3D-npyKy.
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Kpim Toro, Ha puHKY mpaiii Opakye KBami(ikoBaHUX KaJpiB K IHKEHEPHOTO, TAK 1 pOOITHUYIOTO
piBH, 5K O MOTIIM HajaTh (axoBi KOHCYIBTAIll, peKOMEHIAIll Ta B3SITH y4acTh 0€3MOCEPENHbO Y
BITPOBA/KEHHI Y JKUTTS IPOEKTIB Oy/IiBelIb, 3BEICHUX 32 TonoMororo 3D-texHosorii. Lle cBimuuTth npo
HEOOX1IHICTh BIIKPUTTS Cy4acHHUX CIeliaTbHOCTEH B 3aKi1aaax npodeciitnoi (mpogeciitHo-TexHIuHOT)

Ta BHIIOI OCBITH 13 MIJATOTOBKHU KBaTI(hiKOBAaHUX KaJAPIB TAHOTO TTPOdiFo.
4 N/ \/

CouianbHi MNpasoBi HayKosi TexHiyHi EKOHOMIYHI

\. J\ J\ J\ J\ J

Pucynok 1. Crpumytoui (pakTopu BUKOPUCTAHHS TeXHONIOTi 3D-apyKky B OyniBenbHiN ramysi

2. IlpaBoBi ¢axropu. Hapasi BifcyTHI AepkaBHi OyaiBelIbHI HOpMH a00 1HIIII HOPMAaTUBHO-
MPaBOBI IOKYMEHTH, 5IKi O peraMeHTyBaJIM MpaBuiia BUKOpUCTaHHS 3D-npyKy B Oy/iBenbHIN ramysi.
3a0yTOBHUKH Ta IHBECTOPH MOTPEOYIOTH YITKOTO PO3yMIHHS BUMOT /10 oOnagHanHs (OyaiBensHuX 3D-
MIPUHTEPIB), 10 OyAiBENbHUX CyMIIIEH, sKi € e(peKTUBHUMMU 151 BUKOpHCTaHH: nipu 3D-apyui OyniBensb
PI3HOTO MPHU3HAYEHHS, 10 TEXHIYHUX XapaKTEPUCTUK Oy/liBETbHUX KOHCTPYKIIif, BUTOTOBICHHUX 3a
noroMororo 3D-apyKy Ta mpaBwil cepTU(IKaIlii 3BeICHUX 3 M€ TEXHOJIOTIEK0 Oy/IiBETb.

[apHUM CTHMYJIOM JI0 BUKOPUCTAHHS MTPOEKTIB OyiBesb, 3BEIEHHUX 3a JIOOMOT0r0 3D-1pyKy
Oyna 6 po3poOKa Ta 3aTBEpKEHHS 3aKOHOJABUMX AKTIB II0/I0 IHBECTyBaHHS Ta MEBHHUX IMOJATKOBHUX
IUTBT TP 3alPOBAPKEHHI MOJIOHUX MTPOEKTIB.

3. HaykoBi ¢akropu. HasBHuii Opak 3HaHb Ta HAyKOBUX JOCIIDKCHBb (haxiBIiB Pi3HUX
rajxysei s ycminmHoi iHTerpartii TexHosorii 3D-apyky B OyiBelbHY Taly3b.

30kpema, HeoOXiHI IPYHTOBHI HAYKOB1 TOCIIIPKEHHSI CIIPSIMOBaHI Ha po3p0o0Ky ONTHMAaIbHUX
CKJIaJiB OETOHHUX cyMilel uist OyaiBenbHUX 3D-nipuHTEpiB; pO3pOOKY Ta ONTUMI3ALliI0 KOHCTPYKIIIT
yKpaiHChbKUX 3D-TIpUHTEPIB Ta KOMIUICKTYIOUHX JI0 HUX 13 BpaxyBaHHIM BUMOT JI0 MIITHOCTI, CTIHKOCTI
Ta €(EeKTUBHOCTI BUTOTOBJIEHUX KOHCTPYKIIiH; CTBOPEHHS BIPTyaJbHUX Oararo3ajadHux Mojelen
OyniBeTbHUX 00 €KTIB, fKI MOTIM MOXYTh OyTH BIATBOpEeHI 3a jgomomororo OyniBenbHoro 3D-
MPUHTEPA; PO3POOKY Ta BIOCKOHAJIEHHS CHUCTEMM aBTOMAaTH30BaHOTO 3D-IpyKy, sika MOKpAIIUTh
MIPOYKTUBHICTH 1 TOUHICTH MPOIIECY Ta 1HIIIE.

Tiapku TicHA CIIBIIpAIl BUSHUX 13 PI3HUX Tally3el HayK JT03BOJIUTH 3aCTOCYBATH KOMITJIEKCHUM
MDKAUCIMIUTIHAPHUNA MIX1A 0 JOCHipKeHb TexHonorii 3D-nmpyky OymiBenb Ta 3a0e3meduTtd il

MaKCHMaJbHY €(eKTUBHICTh Ta MOIMYJSPU3ALIIO SK IPOBIAHOT TEXHOJOTIT B Oy/liBEIbHIN Tay3i.
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4. TexuiuHi (paxkropu. TexHIUHA HETOTOBHICTh PUHKY YKPaiHCHKHX 3a00IYBHHKIB TaKOX
HETaTHBHO BIUIMBA€E HA HAPOIIEHHS TEMITIB 3BEICHHS Oy/iBemb 3a TexHooriero 3D-npyky. [onoBHOIO
poOIEMOIO € BIICYTHICTh BITYM3HSAHUX OyaiBebHUX 3D-NpUHTEpiB Ta KOMIUIEKTYI0UMX 10 HUX. [Tpn
[[bOMY Hapas3l CIOCTEpIraeThCs JOCTaTHBO BHCOKHH pIBEHb BHUXOMY 3 JIaay 3aKOpPJAOHHOTO
yCTaTKyBaHHs, 1110 0€3yMOBHO 3aTpUMY€ TEMITH 3BEJICHHSI Oy/IIBEINIb Ta 3I0POXKUYyE iX BapTicTh. Kpim
TOTO, BiZICYTHI (paxiBIli 3 pEMOHTY Ta eKCIUTyaralii OymiBenbHUX 3D-TipuHTEpIB.

Takoxx € 0OOMEKEHICTh B JIOCTYIMHUX OyIiBENIbHUX MaTepialiaX, OUTBIIICTh CKIaliB OETOHHUX
CyMIIIIEH, IKi BUKOPUCTOBYIOThCS JUTst 3D-IpyKy € 3aKOpIOHHOI PO3POOKOIO.

ABromarm3oBaHa TexHoJoriss 3D-npyky BuMarae aOCOJNIOTHO PIBHOI TMOBEPXHOCTI
OyiBEJIbHOTO MaiiIaHYMKa JIJII MOYKJIMBOCTI YKJIaJIaHHS HAIIPSIMHUX PEHOK Ta O€3MEePEIIKOIHOTO PyXy
o HUM OyaiBenbHOTO 3D-niprHTEpa Ta 3a0e3MeveHHs oro BUCOKOI MPOAYKTUBHOCTI Ta TOYHOCTI [2,
c. 172].

5. ExonomiuHni ¢akTopu. 3 eKOHOMIYHOI TOUYKH 30py € MPOOIEMa rOCTPOTO OPaKy KOIITIB SIK
OKpemMux 3a0yJOBHHKIB, TaK 1 Jep)KaBU Ha peaizalilo MacITaOHUX IHHOBAIlIMHUX OyIiBEIBbHUX
npoekTiB. Texnomorist 3D-apyKky moTpedye BUCOKHMX MOYAaTKOBUX IHBECTHIIM depe3 BHKOPUCTAHHS
JIOPOTOBAPTICHOTO 3aKOPIOHHOTO TpUBUMipHOTO 00naaHanHs (3D-npuntepis). [loganemmii po3BUTOK
TEXHOJIOTIT Ta PO3IMIMPEHHS BUKOPHCTAaHHS TaHOTO YCTAaTKyBaHHS Yy HaHOMMKIOMy MailOyTHBOMY
MOXE CIIPUSTH 3HIDKEHHIO IIUX BUTPAT MPSIMO MPOTIOPILIHHO 3pOCTaHHIO KOHKYPEHIII Ha pUHKY.

[IpoTe maHa TEXHOJOTISA BIAKPHBAE MOMJIMBOCTI HIONO 3a0IIA/DKEHHS B IHIIMX aCHEeKTax:
3HAYHOTO CKOPOYEHHS TEpMiHIB OyJiBHHUIITBA Ta TPYAOBUTPAT. AJKe, B IbOMY BUIAJKY JOCTaTHHO 2
— 3 oci0 Ha OyaiBeIbHOMY MaiIaHUMKYy: Omeparopa, KUl kepyBatuMe po0oTor OymiBeasHOTO 3D-
MPUHTEPA Ta MaTepialo3HABI, SIKUH 3aiiMaTHMEThCSI TIPUTOTYBAHHSM BHUCOKOILJIACTUYHOT OETOHHOI
cymimri. KpiMm Toro, momepenHi HaykoBi AocmimkeHHs BueHUX [3, ¢. 9 — 10; 4, c. 16] m03BOIsAIOTH
MPOTHO3YBaTH IIMPOKE BUKOPUCTAHHS B SKOCTI CHPOBHHH Jii OCETOHHHX CyMIIlIel elIeBUX
BTOPHHHUX MarepiaibHUX pecypciB  (30JIM-BUHOCY, JOMEHHOTO TpaHYJIbOBAHOTO  MUIAKY,
MIKpOKpeMHe3eMy Ta iH). lle Bce B KOMIUIEKCI MiHIMI3y€ KaIliTaJIOBKJIAJICHHS Ha BUKOPHCTaHHS
texHonorii 3D-apyky.

Jnis cTapTy K BHUKOPUCTaHHS IIi€l TexHoJorii HeoOXigHa Koomeparis i3 €BpONeChbKUMHU
MapTHEPAMH, B TOMY YHCJI1, 4epe3 3TyIeHHS KOIITIB MI>KHAPOJHUX TOHOPIB Ha peatizallito moaioHux
MIPOEKTIB.

BucHoBku. OTxe, € psiJ CTPUMYIOUYHX (PAKTOPIB IS HTUPOKOTO 3aPOBA/DKEHHS Ta IIBHIKOL
peasizanii OymiBHUITBA KHUTIOBOTO (OHAY YKpaiHH i3 BUKOPHCTAHHSM HOBITHBOI TexHomorii 3D-
npyKy. BupimryBatu ix HE0OX1JHO KOMITJIEKCHO Ta B KOMaHII 13 (GaxiBIIMH PI3HUX Tay3edl Hayk 1
MpeACTaBHUKAMH Pi3HHUX cdep TiSITBbHOCTI (IepikaBH, Oi3HECY, HAyKH, €BPONEHCHKUX JOHOPIB). AJe,
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y MiJICYMKY, TeXHOJIOT1s1 3D-1pyKy BiIKpHUBa€e 6€31119 MOXKIHBOCTEH /TSl CIPaBKHBOTO PEBOJTFOIIHHOTO
cTpuOKa y pPO3BUTKY OYIiBEJIBHOI Traiy3i, MOJOJIAHHS HEH BUKIWKIB IIOJ0 CTAJOTO Ta IBHJKOTO
nporecy BinOy10Bu YKpaiHu.
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CHOICE OF ECOLOGICAL MATELIAL FOR THE
CONSTRUCTION OF A MODULAR HOUSE

Abstract. This study proposes the selection of an eco-friendly material for the construction of a modular house,
offering an optimal balance between cost-efficiency, durability, and sustainability. An analysis of modern nanomateri-
als was conducted, alongside a detailed description of the modeling and structural calculations performed using Au-
todesk Fusion 360. This approach enables the assessment of the strength and reliability of structural elements. The
implementation of the proposed method promotes the advancement of modern sustainable construction practices.
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Today, modular construction and eco-friendly materials utilizing nanotechnology are
gaining popularity due to increasing demands for environmental responsibility and energy effi-
ciency.

The aim of this work is to design a house assembled from modules made of environmen-
tally safe nanomaterials that are harmless to human health and do not negatively impact the en-

vironment. The dimensions of the house are 10 by 10 meters, with a total area of 100 m? (fig. 1).

Fig. 1. — Sketch of the house

The use of eco-friendly materials in modular house construction faces several significant
challenges. First, these materials require in-depth research into their durability and environmen-

tal impact. Second, their application necessitates changes in design and personnel training, as
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innovative approaches demand specialized knowledge and skills. Despite these challenges, eco-
friendly materials remain promising due to their advantages. They contribute to reducing CO-
emissions, conserving energy resources, and improving indoor air quality [1].

Such materials are popular in countries with high sustainability standards, particularly in
Europe, the United States, and Canada, where modular houses made from eco-friendly materials
are frequently used in rapid housing or office construction projects. This is due to their adapta-
bility to different climate conditions and the ability to reuse the structures multiple times.

For the construction of modular eco-houses, environmentally friendly materials can be
used, including soil blocks, nanoconcrete with improved thermal insulation properties, nano-
brick for strong and lightweight structures, recycled metal, and FSC-certified wood, bamboo as
a rapidly renewable resource, as well as nanocomposites to enhance the durability and stability
of the building. These materials ensure energy efficiency, reduced emissions, and minimize en-
vironmental impact [2].

Nanobrick and nanoconcrete are among the most common materials in modular construc-
tion due to their unique properties. Nano-brick offers high strength with lightweight, making
transportation and assembly easier. Its structure, modified with nanoparticles, provides self-
cleaning, water resistance, and UV radiation resistance, extending the service life of buildings.

Nanoconcrete is distinguished by excellent thermal and sound insulation properties,
which reduce the energy consumption of the building. By incorporating graphene or nanosilica,
it becomes stronger and more crack-resistant, allowing for a reduction in the weight of structures
without compromising reliability. These materials are not only environmentally safe but also
economically efficient due to low maintenance costs and a long service life [3].

Construction using nanomaterials, such as nano-brick and nanoconcrete, can be 30-50%
more cost-effective compared to traditional methods due to reduced material costs, shorter con-
struction times, and enhanced energy efficiency. These materials also lower energy-saving ex-
penses thanks to their excellent thermal insulation properties and reduced waste, making them a
profitable choice in the long term.

To calculate the load on the roof structure, three main components were considered: the
weight of the roof, snow load, and wind load. The weight of the roof is determined based on the
roofing material and the beams that make up the structure. Snow load depends on local climatic
conditions, particularly snow cover and maximum loads during the winter period. Wind load is
calculated based on wind speed and the shape of the structure, also taking into account the type
of terrain. These parameters are used to determine the maximum possible loads that could affect

the safety and stability of the roof [4].
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Calculation of total load:

1. Snow load per meter:

Qsnow = 150 kg/m?x2 m=300 kg/m

2. Wind load per meter:

Qwind = 50 kg/m?x2 m=100 kg/m

3. Own weight of the roof per meter:

Qown= 50 kg/m?x2 m=100 kg/m

4. Total load per linear meter:

Jtotal = snowTqwind+qown=300 kg/m+100 kg/m+100 kg/m=500 kg/m

5. Conversion to newtons:

Qotal = 500 kg/mx9.81 N/kg=4905 N/m

6. Calculation of reactions at supports:

Ra= R = (qtota1*L)/2

Ra=Rp= (4905 N/mx10 m)/2 = 24525 N

According to the load calculations for the building, taking into account the roof weight,
snow load, and wind load is essential for ensuring the reliability and safety of the structure. This
allows for determining the maximum possible loads on the roof, which is crucial for maintaining
its stability and longevity. Considering these factors ensures the accuracy of the calculations and
enables the design of a safe roof capable of withstanding external influences [5].

Thus, modular construction using eco-friendly nanomaterials, such as nano-brick and
nanoconcrete, has significant potential for the sustainable development of the construction in-
dustry. These materials offer excellent mechanical and thermal insulation properties, reducing
the energy consumption of buildings and contributing to a decrease in CO- emissions.

Modular houses built using nanomaterials can be constructed 30-50% faster compared to
traditional methods. This significantly reduces labor costs and allows for a quicker return on
investment.

Load calculations for the roof, including the weight of the roof, snow load, and wind
load, are critically important for ensuring the reliability and longevity of buildings. With accurate
engineering calculations and the proper selection of materials, the safety and stability of the
structures can be guaranteed. This makes modular houses made from nanomaterials and nano-

roofs an ideal solution for the future of sustainable construction.

LITERATURE
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STUDY OF THE RELATIONSHIP BETWEEN THE STRUCTURAL STATE AND
THE FORMATION OF FRACTURE SURFACES OF LOW-CARBON MICROALLOYED
STEELS

Abstract. The relationship between the structural state and the fracture mechanism of low-carbon, low-alloy steels
was investigated. The results obtained in the work will allow to increase the complex of mechanical characteristics of rolled
metal for building metal structures, in particular, resistance to fracture propagation.

Keywords: structural state, fracture surface, low-carbon low-alloy steel interfaces.

OcHoBHHIi 3MicT podoTu. [ToBoeHHMI PO3BUTOK Oy AiBEIBHOI TaTy31 Y KpaiHU MOCTaBUTh HOBI
BHMOTH JI0 BJIACTHBOCTEH MaTepialiB, 30KpeMa ITiIBUIICHHS KOMITIEKCY iX MEXaHIYHUX XapaKTepuc-
UK. OcobMMBe Miclie B IIUPOKOMY KOJIi MUTaHb, TIOB’ A3aHKX 3 II€I0 MPOOIEMOI0, TOCIIa€ BUBYCHHS
3TaTHOCT1 MaTepialiB YUHUTH OIip PYHHYBAHHIO MPU CTATHYHUX 1 JMHAMIYHUX HaBaHTaXeHHX. [Ipu
IIOMY OITip MaTepialy MONIMPEHHIO B HhOMY TPIIIIMH BU3HAYAETHCS HOTO CTPYKTYPOIO, a CaMe MOP-
($hoOTTYHUMHU O0COOJIMBOCTSMH TOHKOI OYZIOBH: pO3MIpPOM CTPYKTYPHHUX CKJIQJIOBUX, JUCTIEPCHICTIO 1
PO3MOAIIOM HEMETAJIEBUX BKIIFOYEHb, TUIIOM BHYTPIIIHbO(A3HUX Ta MIK(A3HUX I'paHHIb, TOOTO Ki-
JTBKICTIO Ta PO3MOAIIOM HAHOPO3MIPHUX CTPYKTYPHHX CKJIQJI0BUX.

Came ToMy METOIO JaHOi poOOTH € AOCIHIHKEHHS BIUIMBY CTPYKTYPHOTO CTaHy Ha MEXaHi3M
pYHHYBaHHS HU3bKOBYTJICIICBIX HIU3bKOJIETOBAHHUX CTaJICH.

OCHOBHUM MaTepianoM Ui AOCHIKeHHs1 Oyna oOpaHa HU3BKOBYIJICIIEBA HU3bKOJIETOBAaHA
ctanb 10I"22Db toBmmHOW0 40 MM (kiac mitHOCTI X70 mo API 5CT), ximiuHMiA cKiIaj SKOi HAaBEJECHO
B Tabu. 1. /lany cranp OyJio BUTOTOBJIEHO 332 TEXHOJIOTIYHOK CXEMOIO TPAIUIIMHOI KOHTPOIHLOBAHOT
npokatku [1].

JUnist 1OCIipKEeHHS BIUNIMBY HAHOPO3MIPHHUX €JIEMEHTIB Ha KIHETHKY pyHHYBaHH: OyIo BiniOpaHo 3pa-
3KH 3 JIUCTIB TOBHIMHOIO 40MM Ha TphOX piBHSX: a- MOBEPXHEBUH 1Iap, O- 4 TOBIIMHH, B- CEpeANHA

JIKCTA.
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Ximiganii ckinag craidi 101205

Taommms 1

Bwmict enemenris, (Macc.) %
Cranb
C Mn Si S P A% Nb
10I"2db 0,10 1,83 0,18 0,005 0,015 0,088 0,022

Pesynpratn MetanmorpadigHuX JOCIIHKEHB TIPEICTABICHO Ha puc. 1.

A L f
e, | e |
WD=11.2mm

20.00kV

20.00kV  x1.00

xl.00k

Slpm

T
.,H'__. XHA JIUCTA, 0-Y TOBIIWHU JINCTA; 8 - CEPCANHA

20.00kV

Shpum

Puc. 1. Crpykrypa crani 10I20b: a — nosep-

JHUCTa

AHaii3 HaBeJIeHUX Ha PUCYHKY JaHMX MOKAa3ye, 10 CTPYKTypa Ma€ 3MIIIaHUN MOMieApUIHUN

THIT 32 3aTJIBHO0 KJIacU(IKaIlI€r0 TUITIB CTPYKTYp [2].

@pakTorpaMu MOBEpXHI PyHHYBaHHS BHMBYAIM 3a JOMOMOTOI PacTPOBOTO E€JIEKTPOHHOTO

Mikpockony. OIHKY XapakTepy 3JlaMy JaBajd Bi3yaJIlbHUM METOJIOM uepe3 HOro MpocToTy Ta

JIOCTYITHICTh CHUPAIOYUCh Ha PE3yJbTaTH, sKi Oyno oTrpumano B poboti [3].

PesynbpTaru

(dbpakrorpadgiyHIX TOCHTIKEHb MOBEPXOHb pyiHyBaHHs cTani 10I"2Db naBeneHo Ha puc. 2.
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[TpoBeneHMIt KOMIUIEKC JOCIIKEHBb MOKA3ye, M0 371aM MaiKe MOBHICTIO B’SI3KHH, TIPO 110
CBITYUTH HASBHICTh XapaKTEPHUX JUIS [IbOTO TUITY pyHHYBaHHS o3Hak. [Ipu mpomy ciijg 3a3Ha4yuTH,
10 3apOUKEHHSI pyHHYBaHHS BifOyBanocs Ha dacTkax Jpyroi ¢asu. Crocrepiraerbes 6arato mop

PI3HOTO PO3MIpY Ta HA CTIHKAX BETUKUX MOP MOXKIIMBO CHOCTEPIraT MOPH MAJIUX PO3MIpiB.

Puc. 21. TloBepxHi pyliHyBaHHS CTaJ
10I"2®b: a — noBepXHsl TUCTA; 6 - /4 TOBIIMHA
JIUCTA; 6 - CepeIMHA JINCTA

Ha ¢pakTorpammax npucyTHS BeIHKa KUIBKICTh HEMETAIYHUX BKIIIOUEHD, K1, 31€01TIBIIOTO,
3HaXOAThCA B MOpPax pi3HUX po3MipiB. [lopu Takox MiCTATH Oarato 3pyHHOBAaHUX BKIIIOYEHb, L0
00yMOBIIEHO BUCOKUMH CTYTICHSIMH TIACTUYHOL fedopMaliii, sika nepeayBaia pyiHyBaHHIO.

AHaJi3 KIHETUKH PO3MOBCIOKCHHS PYWHYBaHHS Yepe3 3epHO rpaHUYHI aHCcaMOJTi TTOKa3as, 110
OUTsI TPaHMIlL CTICIIAIBPHOTO TUITY (THIT TPAHUIIh BU3HAYAIM 3TiTHO METOAUKH, IIPEICTABICHOI B PO-
60Ti [4]) He ciocTepiraoTbest MOpU. TakUM YMHOM, MOXIIUBO 3pOOUTH BUCHOBOK, IIO PYHHYBaHHS
PO3MOBCIOIKYETHCS, B TIEPIITY YEPTY, TI0 TPAHMIISIM 3aTalIbHOTO TUTY. [Ipu 1IbOMY, TP TIEPEXO0/Ii uepe3
TPaHMII TAKOTO TUITY TPIIUHA YTBOPIOE CXOMHKH.

['panuist Mixx 3epHaMu — 00JIaCTh, B AKIHA BIOYBAE€THCS KOHTAKT JIBOX KPHUCTAJIIB, BIIMIHHUX

JIMILE OpieHTali€0. BayXIMBUM NMUTaHHAM, sKe OyJIO PO3IIISIHYTO B pOOOTi, CTAI0 BU3HAYCHHS BIUIUBY

N

¥
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CreliaJbHUX TPAHUIb HAa MEXaHI3M PO3MOBCIODKCHHS TPIIIMHU B CTPYKTYypi. Tak sSK 3epHaA 3HAXO-
JATHCS B PI3HUX KpucTajgorpadiyHUX TUTONIMHAX, TPIIIWHA, MiIXOII4d JI0 TPAHUIll, BTpayae MEBHY
SHepTio JJIs MOAONaHHs 0ap’epy — MDK3EpEHHOI IPaHull, 1 TUM CaMUM ranbMyethbesi. [Ipoiimosmu
MEBHY KUIBKICTh TAKMX TPaHMIb TPIIIMHA MOXKE 3yIMHHUTUCH. UUM OilbliIe rpaHUIlb BOHA «3YyCTpiyae
Ha NUIIXY», TUM Ba)Kue i pyXaTuch. Ajie CreriaabHi TPaHMIl, 3HAXOITYMCh MK 36pHAMH, K1 BiJIpi-
3HSAIOTHCS CBOIM TTOJIOKEHHSIM HECYTTEBO 1 MOXKYTh JISKATH B CXOXKHX KPUCTAIOTPapiuHMX TUTOIIH-
Hax, He OyIyTh CIY>)KUTH TPAaHUISIMU TalbMyBaHHs TPILIMHU, TaK SK TPIIIMHI JIETKO MEPEUTH uepes
TaKy TpaHuIlo. TOMy MeXaHi3M pyxXy TPIIIMHU HE MPOCTO HE 3MIHUTHCS, a 3AJTUIIUTHCS TUM CaMHM.
ToOTo cnerianbHl TpaHUIIl, Ha BIAMIHY Bij 3arajibHUX, HE OYIyTh CIYKUTH Oap’€poM Uil TaabMy-
BaHHS PyXY TPIIIUHU.

BucHoBkH. J[0CTi/IPKEHO B3a€MO3B’SI30K MK CTPYKTYpPHHUM CTaHOM Ta MEXaHI3MOM pYHHY-
BaHHS HU3bKOBYTJICIIEBUX HU3bKOJIETroBaHUX ctaneil. [TokazaHo, 1110 3apopkeHHs pylHyBaHHS Bia0y-
Ba€ThC Ha MDK(a3HUX TPAHUILIX YacTKa-MaTpuil. [lpu 1ipoMy, pyiHYBaHHS pO3MOBCIOJUKYETHCS, B

MepIy Yepry, Mo rPaHMIISIM 3arajibHOrO TUITY.
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PHYSICAL MODELING OF PLASTIC DEFORMATION PROPAGATION IN LOW-
CARBON LOW-ALLOY STEELS IN THE FERRITIC-PEARLITE STRUCTURAL STATE

Abstract. Modeling the process of plastic deformation propagation in low-carbon low-alloy steels. The results
obtained are aimed at improving the mechanical properties and expanding the areas of application of rolled products made
of low-carbon microalloyed steels of domestic production based on establishing interdependencies between the structure
and kinetics of crack propagation during dynamic mechanical fractures.

Keywords: Plastic deformation, modeling, fracture, external loading.

OcHoBHHUIT 3MicT po60TH. AHATI3 €EKOHOMIYHOTO PO3BUTKY YKpaiHH, MMOKa3ye rocTpy HEoO-
X1THICTh PO3LIMPEHHS Taly3eil BUKOPUCTaHHS MPOIYKTIB BITYM3HIHOT IPOMHCIOBOCTI, 30KpeMa Me-
Tajmonpokary. OJHUM 13 MOXKJIMBHUX IIJISX1B BUPIIMIEHHS [IHOTO 3aBJaHHS € BUKOPUCTAHHS CTaJlel BiT-
YU3HIHOTO BUPOOHUIITBA Y OY/IIBENIBbHIN raay3i, HacaMmepe/1 Py PEKOHCTPYKIIIT OMIKOKEHNX BHA-
cimiok O6oioBuX nii criopya. [Ipu 1iboMy, BITYM3HSIHUI METAIONPOKAT MIOBUHEH OYTH KOHKYPEHTO3-
JATHUM Y TIOPIBHSHHI 3 3aKOPJIOHHUMH aHAJIOTaMH, K 32 KOMILIEKCOM BIACTHBOCTEH, TakK i 3a co0i-
BapTICTIO TOTOBUX BUPOOiB. OHIEI0 3 HAHBAXKIMBIIIUX BUMOT, 10 BUCYBAIOTHCS JI0 CyYacHHUX Oyi-
BEJILHUX CTaJIel € 3/IaTHICTh YHHUTH OIp PyHHYBaHHIO MPHU TUHAMIYHUX HaBaHTAKECHHSIX Oy/IiBEIb-
HUX KOHCTpYKIiH. C 11i€l TOYKH 30py, HA MEPIITUI TJIaH BUXOJAUTH JOCTIHKEHHS, K1 CIPSIMOBAHO Ha
3’siCyBaHHS BIUTMBY 30BHINTHHOTO HABAHTAKCHHSI HA CTPYKTYPHUU CTaH MaTepiaiy.

Came ToMy MeTOI0 1aHOT POOOTH € MOZETIOBAHHS MPOLECY PO3NOBCIOKEHHS TNIACTHUYHOI 1e-
¢dbopmMallii B HU3bKOBYTJIELIEBUX HU3bKOJIETOBAHUX CTAJISX.

Jls1 BUBYEHHS BIUTMBY HAHOPO3MIPHHX €JIEMEHTIB CTPYKTYpPH Ha MEXaHi3M pyHHYBaHHS Oyi-
BEJIbHUX CTaJIeil OCHOBHUM MaTepiaioM JJisl TociipKeHHs Oyna oopana crans 06X 1. Ximiunuit ckinan
JIAHOI CTaJli MpeIcTaBIeHo B Tabm. 1.

Jlst mpoBeIeHHS TOCIKEHb 0yJI0 BUTOTOBJIEHO 3pa3ku 3 cTam 06X 1. 3pa3sku Manu muiHI-
puuHy dopmy 1 0JHY BiAuLIihOBaHY MOBEPXHIO, MPUIATHY TSI MeTajgorpadiyHuX JOCIIHKEHb. 3pa-
3KkH OyJH MiJiaHI po3TATY, 0e3 JOCATHEHHS CTaHy pyHHYBaHHs. PO3TAr 3pa3kiB NpUIUHSIBCS TPH Pi-

3HHMX HAaBaHTKEHHSX, 3HAUCHHS SKUX MPUBEeH] y Tabm. 2, Ta Ha puc. 1.
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Taomus 1

Ximiyauii ckiafg craiai 06X1

Bwmict XiMiYHUX e1eMeHTiB, %
C Cr Cu | Mn P S Si Ni Al N Mo Nb

0,062 | 1,11 | 0,19 | 0,49 | 0,004 | 0,004 | 0,27 | 0,11 | 0,022 | 0,012 | 0,013 | 0,002

Taomus 2
3ycuiIsl HABaHT)KEHHS 3pa3KiB IPH BUIPOOYBaHHI HA PO3TST
No 3paska 1 2 3 4 5
SYCHII HABA- | 333 ¢ 3079,0 3806,3 3900,0 3981,0
HTaxkeHHs P, H

PH »

Puc. 1. [liarpama eKCiepuMEeHTAIbHOTO PO3TATY 3pa3KiB

JIyist Mo/IeNTOBaHHSI MPOIECY PO3MOBCIOUKEHHS IIACTUYHOI Aedopmaltii OyJI0 BUKOPHUCTAHO
HaCTynHY MoJieNb. PO3TisiHeMO CIiIbHY JiarpaMy TphOX CYMDKHHX 30H, 3 SIKMX CEpEIHS BiIuyBae
IUTAaCTHYHY JedopMallito, a 0OMIBI KpaiHiI 3HaXOAATbCA B NpYyKHOMY cTaHi. [loBeniHKy IHMX 30H
MO>KHA JIOCIIIUTH 32 aHAJIOTIEI0 13 CHCTEMOIO TPbOX CTPUXKHIB, 3'€THAHUX 1 HaBaHTaKEHI CHIJIBHOT
30BHINIHKOI HaBaHTaXeHHsM P. [IpuitMemo, 110 CTpYKHI BUTOTOBIICHI 3 OJTHOTO 1 TOTO X MaTepiay,
Hanpukiaag Gepury, i MarOTh OJHY 1 Ty X TPAHUIIO IUHHOCTI. [IpUpomHO, 3yCHIIIA B CTEPIKHAX
OyIyTh HEOJHAKOBIi. 3 1HIIOrO OOKY, aHATI30BaHI TPU 30HU, BUIIICHI B 00CSA31 MOTIKPUCTAIIYHOTO
MaTepiaiy, MpaIioTh MPU OJHOMY 1 TOMY XK HaBaHTA)XXCHHI, ajie MAIOTh PI3HHUHA OMip MIACTUYHOI
nedopmartii. OgHaK, IpH PO3IIIAAl BHYTPIIIHIX HAIMPYXEHb, IO TiIOTh B MAIUX 00CSATax MOPSIKY
pPO3Mipy OJTHOTO 3€pHa, OmMHcaHa MOJIeTb JOCHTh MPABHIIBHO BiIOOpa)ka€e CIiBBIAHOIICHHS CHII, IO

Mae Miciie B peaqbHOMy MaTepiaii. CepeiHiid CTpUKEHb CHCTEMHU Hece HalO1IbIIe HaBaHTAKEHHS 1 B
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HBOMY B IIEpPIIY Yepry BUHUKAE IIACTUYHA Ae(opMaltisi B TOH 9ac, KOJIH B IHIIMX CTEP)KHSIX TOKH IIe
Mae MicCIIle TITBKH MpyxkHa nedopmartis.

Jliis po3paxyHKy OyJia BUKOPUCTaHA HACTYIHA popMya:
o =P/F1 + F>+ F3) (1)

ne F; — e nedopmoBane 3epHo, a F> 1 F3 — nepopmoBani 3epHa (puc. 2).

G i i 18

P

Puc. 2. CtpmxHeBa MOJIETh /IJIsl TOSICHEHHS YMOB PO3MOBCIO/KEHHS TUTACTUYHIN nedopmartii
Jlns po3paxyHKy 3TiHO 3alpOTOHOBAHOI MoOJem Oyiau BHUKOPUCTaHI JIOKajdbHI 00J1acTi

CTPYKTYpH, MPUKIIA] IKHX HaBEJIEHO Ha puc. 3.

20,006V  x1.00k 20.00kV  x1.00k

Puc. 3. 3aranpHuii BUTIIST KOHQITYpaIliid CTPYKTYPHUX CKIIAJIOBHUX, SKi OYJI0 3aCTOCOBAHO TIPH
MO/IETIIOBaHHI PO3TOBCIOIKEHHS TUIACTUYHOI Aeopmarrii:
a — HaBaHTaxenHs 3806,3 H;
6— nHaBantaxkeuus 3900 H;
6 — HaBaHTaxeHHs 3981 H.
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Pe3ynbratu po3paxyHKiB y3araJlbHEHO Ta HaBEJIEHO Ha puc. 4.

2

ocp/oT 3 T

1,6 /
1.4
1,2 f—— L

1 _—_"“'---l(
038 Ny
0,6
04 ——

i —

0,2

o |

0 10 20 30 40 50 60 70 80
E, %
—&8— HaBaHTaMeHHA 1 —8— HaBaHTAMEHHA 2 HABAHTAMEHHA 3

HaBaHTaMeHHA 4 —@— HaBaHTaMeHHA 5

Puc. 4. lopiBHsUIBbHIN aHATI3 po3Mipa 3epHa MpHU JIOKaIbHIN AedopMariii Ta CiBBiAHOIIEHHS

«CepeHbOI» HAMPYTU A0 MEKHU MIIMHHOCTI

KosxHa By3bKa 30Ha TuIacTHYHOI Aedopmariii npoTuaie miacTuYHoi nedopmaiii B CyMiKHUX
3oHax. [Ipu 301IbIIIeHH] 30BHINTHLOTO HABAHTAXKEHHS 3HAYCHHSI 3THIIKOBUX HAMPYKEHb MOCTYIIOBO
3MEHIIYETHCS, 1 TP TUIACTUYHINA epopmartii po3moaisi Halpy>KeHb CTa€ 0TI PIBHOMIPHUM. Takum
YUHOM, Ha TIOYaTKY TUIACTHYHOI JedopMaliii po3moaisl Hampy>KeHb CTa€e OLIBIN PIBHOMIPHUM, MPOTE
posnoain nedopmarii ctae gyxe HEPIBHOMIPHUM.

BucHoBkH. B po6oTi npoBenieHO (iznyHEe MOJICIIOBAHHS MPOLIECY PO3MOBCIOKEHHS TIIACTH-
yHOi AedopMallii B HU3bKOBYTJICIICBUX HU3BKOJIETOBAaHUX cTassX. [lokazaHo, mo nedopmariii posmo-
TUISIOTBCST B 00CsA31 MeTany BenbMHU HepiBHOMIpHO. lle Oe3mocepenHbo BILUTMBAE Ha MOXKIIUBICTH
00’€THaHHS TPILUH IICIs JOCSATHEHHS MEBHOI iX miibHOCTI. . Ha meit mpouec BIuMBae HE TUTBKU
BEJIMYMHA 1 HAIIPSIMOK HANPYy>KeHb B 00J1aCTI KpUTHYHOTO MEPETUHY, ajle TAaKOXK 1 CTPYKTypa mMarepi-

aiy, 3B'S130K 1 34ETUICHHS CTPYKTYPHHUX CKJIAJIOBUX, X MIITHICTb.
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THE MAIN STAGES OF BUILDING A PHYSICAL MODEL OF THE FRACTURE
OF THE BAINITE COMPONENT OF THE STRUCTURE OF LOW-CARBON MICROAL-
LOYED STEELS

Abstract. Construction of a physical model of the fracture of the bainite component of the structure of low-carbon
low-alloy steels The results obtained in the work can be used in the development of technological schemes for the produc-
tion of rolled metal from low-carbon microalloyed steels with an increased level of mechanical properties, namely re-
sistance to fracture propagation.

Keywords: bainitic structural component, low-carbon low-alloy steel, stages of fracture, physical models.

OcHoBHHIi 3MicT po60TH. PO3BUTOK CydacHOT0 OyAIBHUIITBA CTABUTH BCE 3POCTAIOY1 BUMOTH
710 BIACTUBOCTEH MartepialiiB /Ui 3BapHUX Oy/iBeNbHUX KOHCTPYKILii. [Ipu nbomy, K cBigUaTh AaH1
JiTepaTypHuX jpkepen (nuB. Hanmpukiana [1]), 3acTOCyBaHHS TEXHOJIOTIYHOI CXEMH KOHTPOJIbOBaHA
MpOKaTKa 3 HACTYITHUM NPUCKOPEHUM OXOJIOJKEHHSIM BOJIOJIE€ 3HAYHUMHU NIepeBaraMu rnepej iHI1MA
crioco0aMu 30UTHIICHHS] MIITHOCTI KOHCTPYKIIMHUX JIUCTOBUX CTajeil. BUkopuctanHs came 11i€i Tex-
HOJIOTIYHOT CXEMH JI03BOJISIE JOCSTTH OUBII BUCOKOTO PiBHS €KCIUTyaTalliiHUX BIACTUBOCTEN (TOpi-
BHSIHO 3 KJIACUYHOIO KOHTPOJILOBAHOIO MIPOKATKOI0) 38 PaXyHOK 3aMiHM Y CTPYKTYpPl METaIONPOKaTy
nepriTHOT (a3u Ha AUCTIEpCHY OCiHITHY cKkiIanoBy. Came TOMy, BIOCKOHAJIEHHS BJIACTUBOCTEH BHCO-
KOMIITHOTO MPOKATY 3 HU3bKOBYTJICIIEBUX CTAJICH JIJIsl 3BapHHUX OY/IIBEIIbHIX METAJICBUX KOHCTPYKITIi
HUISXOM 3’ SICYBaHHS MPUHIIMIIOBUX 3aJISKHOCTEH MK MeXaHi3MaMu ()OpMYBaHHS TOHKOT CTPYKTYpHU
3a3HAYCHUX CTaJIel Ta KIHETUKOIO PO3MOBCIOKEHHS PYIHYBaHHS € aKTyallbHOIO MPOOIEMOIO K 3 Ha-
YKOBOIO TaK 1 3 €KOHOMIYHOT TOUOK 30DYy.

Came ToMy MeTOrO JaHO1 poOOTH € MoOymoBa (i3MIHOI MOJIesi pyHHYBaHHS O€HHITHOI CKIa-
J0BOT CTPYKTYpPH HU3bKOBYTJICIIEBUX HU3bKOJIETOBAHUX CTaJICH.

3a xIacHYHUMU ysiBiieHHsIMH [116] npouec pyitHyBaHHS MOXJIMBO B Yaci po3risAaTd K TpU
MMOCJIiTOBHI cTaii:
® CTais 3apOKCHHS TPIIIMHY,

® CTajisl MOBIILHOTO 3pOCTaHHS TPIIIUHH,
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® CTais MIBUIKOTO 3POCTAHHS TPIIUHU.
PosrnsmeMo 3a3HadyeHi TpU cTajili pyiHYBaHHS CTOCOBHO OCHHITHOI Ta/ab0 MapTEHCHTHOL
CTPYKTYPHHUX CKIIQJIOBUX.

Cmaodia 3apoodcenns mpiuiunu.

3aBISKH MPUCKOPEHOMY OXOJIOJKEHHIO, IPU (POPMYBaHHI CTPYKTYPHHUX CKJIAJ0OBUX, YACTKH
npyroi ¢ha3u OyIyTh MEPEBAXKHO BUIIATUCS HA TPAHUIIIX MK MaKkeTaMu OCHHITY, SIKi XapaKkTepu3y-
IOTHCS TT1JIBUIICHUM piBHEM BUIBHOI eHeprii. YacTku npyroi (a3u He3anekHO B MEXaHI3My Ta Po3-
BUTKY IJIACTHYHOI Jeopmartii CpusroTh i JoKasi3amii MIITXOM HaKOMWYCHHSI TUCTIOKAIlii Ha MiXK-
¢a3Hux rpaHuIx. BiAmosigHo 10 MoIeNi 3apO/IKEHHS Ta pO3IMOBCIOKEHHS B’ I3K0T TPILIMHH, 3a11po-
nmoHoBaHoi bpoekom [2], y TakoMy BUMaAKy HAaBKOJIO YaCTKH (POPMYIOTHCS TUCIOKAIIAHI TIET, Kl
HIMIOIOTh MOSBY MOp. TakuM YWHOM, TIPH 3POCTaHHI MOPH HABKOJIO HEl Oy/ie yTBOPIOBATHCS 30HA
Jokamizamii miaactuyHoi aedopmarnii. B takux o0macTsax AMCIOKalii ralbMyIOThCS Ta YTBOPIOIOTH
MeTT Ha OUTBIIN BificTaHi, B IOPIBHSHHI 3 YaCTKaMHU, SIKi PO3TAIlIOBaHI Ha BHYTPINTHRO(A3ZHUX Tpa-
HUIIX 3 IOHIKEHUMH piBHEM BiUIbHOI eHeprii. Lle siBuIie Hebaxxane, TOMy 110 MPU3BOIUTH JI0 JIOKa-
Ji3ariii 30HM TUIACTHYHOI fedopmartii Mixk makeTamMu OeHHITY, 3pOCTaHHIO TMOP Ta PO3MOBCIOIKEHHIO
B’S3KO1 TPIIIIMHH.

Cmaodisa nogiibio20 3p0CMANHA MPIUHU.

Jnist po3po0611i Mojieni pyiHHyBaHHS CTPYKTYPHHUX CKIIQIOBUX, SIKI (POPMYIOTHCS 3a IPOMIKHUM
Ta 3CyBHUM MEXaHI3MaMH 3p00MMO MPHUIYIIESHHS PO ICHYBaHHS «CTPYKTYPHOI OAMHUII», KA Oy/1e
BU3HAYaTU MEXaHi3M 3apO/KEHHS Ta PO3MOBCIOJKEHHS pyHHYBaHHs (1€TaJIbHO BU3HAYEHHS MOHATTS
«CTPYKTypHa OJJMHMILI pyHHYBaHHS» HaBelleHO y po6oTi [3]). Y Bunaaky pylHyBaHHS cTanei 31 cTpy-
KTypamu OeifHITy Ta/ab0 MapTEeHCUTY PO3MOBCIOPKEHHS pyHHYBaHHS (IPOTSKHICTIO €JIeMEHTapHOTO
CKOJIy) ICTOTHO OUIBIIIE HIXK PO3MIp KPUCTANITIB, SKI MOXKJIMBO CIIOCTEPITaTH MPH MIKPOCKOMIYHUX
JOCHIJKEHHAX. TakuM YMHOM, y SIKOCTI «CTPYKTYPHOI OJMHHULI» PYHHYBAHHS, JUIsl HAIIOTO BUMAJKY,
o0upaitMo JTOKaJIbHY 00JIaCTh B CTPYKTYP1 METAJIONpPOKaTy, sika BiJJIiJIeHa BB/l IHIIUX oOjacTel Be-
JMKOKYTOBUMH T'PAaHUIIIMU — KOXKHY OKpeMy KOJIOHito OeiHiTy abo mapreHcury. [Ipu npomy, morpi-
OHO BpaxOBYBAaTH HAasBHICTH BIAMOBITHUX KpUCTaJorpadiuyHUX CITIBBIIHOIICHB SIK MIX peHKaMH B
OKpeMiii KOJIOHIT TaK 1 MK CAMUMHU KOJIOHISIMH.

B Mexax KoKHOT «CTPYKTYPHOI OIMHUII pyHHYBaHHD MOBUTBHHUM PICT TPIIIMHU BiJOyBa€THCS
3a B’SI3KUM MEXaHI13MOM, TOOTO CYIIPOBOJIKYEThCS 3HAUHOIO TUIACTHYHOIO Aedopmarieto. [Ipu pomy,
PIBEHB €HEPrii, 10 MOTJIMHAETHCS i Yac I[bOTO MPOIIeCy, BeIbMU He3HAYHUH 1 pyHHYBaHHS (32 CHe-
PreTUYHUM KPUTEPIEM) MOKE OyTH BiTHECEHO /IO KPUXKOTO — Ma€ MicIie KBa3ikpuxkuit 31am. Crienu-

(bIYHOI0 XapaKTEPUCTHKOIO IIHOI0 PYHHYBAaHHS € KOHIEHTpalis IUIACTUYHOI Jedopmarii y3a0BxK
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TPaAEKTOPIi pyXy TpiluHA — (POPMYBaHHS pyciia TPIIUHU, K€ BIIOYBAETHCS K MPH MIOCKOHAIIPYIKE-

HOMY cTaHi (puc. 1 a) Tak 1 mpu mwiockoaehopmoBanHoMY (puc. 1 0).

!
|

_—>)OOO~OO--—-‘.

#

a 0
Puc. 1. . Po3noBcrokeHHS B’ SI3KO1 TPILIUHU C MaJIOK0 EHEPTi€l0:
a — TIIOCKOHAIPYKEHUH CTaH; 6 — IJIOCKO 1e(OpMOBaHUM CTaH.

[Tpr 11bOMY MOXJIMBO TPHITYCTUTH, IO PYCJIO JUIA PyXy TPIIIMHH (POPMYETHCS IUISIXOM
IacTUUHOi Jedopmanii KoB3aHHSAM. SIK HACNiJOK, IMIBUIKE 3POCTaHHS TPIIIMHU (pyHHYBaHHS
noJiikprcrany) Oyae BiOyBaTHCS 3a paXyHOK 3CYBY (31CKOB3YyBaHHs) KpHCTaIOrpadiuHuX IIIOMIMH
OJIHA BIJTHOCHO OJHOI.

KoB3aHHs B KpuCTaii BiOYBAa€ThCsS IO HAMOUIBIT PO3BUHEHUM TPYIaM KpUCTaIorpadiaHmx
TUIOIMIKH (TJIOUIMHM KOB3aHHS), @ B HUX — I10 TMEBHUM KpHCTAIOrpadiuHuM HampsiMKaM (HaIpsSMKH
KOB3aHHs1). HasgBHICTh rpyny IUIONIMH KOB3aHHS J03BOJISE TPILIHHI, IO PYXa€ThCs, MPU ICHYBaHHI
TIePEIIKO/1 Ha OJIHIHM TUTONIMHI KOB3aHHS NIEPEXOAUTH Ha 1HIITY, sIKa BITHOCUTHCS JI0 Ti€T K TPYIH TUI0-
il (puc. 2). Taka 0cOOMMBICTD PyXy TPIIIIMHY CIIPUYHHSIE MTOSBY BI3epYHKOBOI TOBEPXHI 371aMy Oeii-
HITHOI CKJIaJIOBOI.

TakuM 4MHOM, SKILO B JJOKaJbHIHM 001acTi («CTPYKTYPHIM OJUHMILI pyHHYBaHH» ) nedopMartii
MPUAHATHA OJAHOPITHOO, TO B MEXKax I1i€l o0macTi Aedopmarriss KpucraiaorpapiaHOTO 3CyBY (JIUB. pUC.
3) Oyne BU3HAYATHCS PIBHEM JIOTUYHUX HANpPyXKeHb. PO3MOBCIOKEHHS PYWHYBAaHHS Yepe3 TPaHMIIl
X 00J1acTel, B CBOIO Uepry, Oye BU3HAYATHCS CYMICHOIO JII€F0 HOPMAJIBHUX Ta JOTUYHHUX Harmpy-
KEHb, IPH YOMY 3a TIOSIBY TPILIUH 10 TPAHUILISM KOJIOHIH (Tak 3BaHE MiK3epeHe pyiHyBaHHs) Oyie

BIJIMOBI/IaTH caMe JTOTHYHA CKJIaI0Ba HAMPYTH.
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Puc. 2. Cxema TOHKOT CTPYKTYpH JIiHIH Puc. 3. K Bu3HaueHH10 KpucrajgorpapiaHOTO
KOB3aHHS. 3CYyBY.

BucHoBku. [To0ynoBaHo (i3uuHy MOJens pyHHYBaHHS OCHHITHOI CKJIaOBOI CTPYKTYPH HH-
3bKOBYTJICIIEBHX HU3bKOJIETOBAaHUX craneil. [IpoananizoBaHo mpoliec pyiHyBaHHs OHHITHOT Ta Map-
TEHCUTHOI CKJIaJIOBUX HU3bKOBYTJIEIIEBUX MIKPOJETOBAaHUX CTaJeil 3 TOUKH 30pY MPOXOKEHHS Tpi-

IIEHOIO TPHOX MOCTIIOBHUX CTaiil: 3apOPIXKEHHS, TOBIJILHOTO 3pOCTaHHSI T IIBUIKOTO 3pOCTAHHS.
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PROSPECTS FOR THE APPLICATION OF COMPOSITE REINFORCEMENT IN THE
CONSTRUCTION INDUSTRY

Abstract: The ongoing conflict has highlighted the need for alternative materials in construction due to the de-
mand for metals in military applications. This study evaluates the prospects of composite reinforcement, focusing on its
mechanical properties, corrosion resistance, and efficiency compared to traditional metal reinforcement. Composite ma-
terials offer superior corrosion resistance, reduced weight, and enhanced construction efficiency. The research demon-
strates their potential to improve infrastructure resilience while reducing reliance on metal resources. Practical guidelines
are provided for integrating composite reinforcement into construction, promoting sustainable and resource-efficient

practices, especially in resource-constrained environments.

Keywords: non-metallic composite fittings, metal fittings, building materials, innovative technologies, compar-

ative analysis, corrosion resistance, lightweight structures, application prospects, building structures.

Modern requirements for the construction and operation of infrastructure necessitate the use
of innovative materials, in particular composite reinforcement. A comparison of the properties of
metal and composite reinforcement indicates significant advantages of the latter, in particular in cor-
rosion resistance. This makes composite materials an ideal choice for use in conditions of high hu-
midity and aggressive environments [1].

Corrosion, as is known, is one of the greatest enemies of traditional building materials. Anal-
ysis of the corrosion mechanisms of mineral building materials shows that their destruction can be
significantly slowed down by effective protection methods. These methods can be used to extend the
service life of reinforcement in concrete structures [2].

In view of the above, the introduction of composite reinforcement can significantly reduce the
risks associated with corrosion and ensure the reliability of structures in various operating conditions.
This highlights the relevance of further research in this area, as the combination of advanced materi-
als and technologies opens up new horizons for maintaining the safety and durability of building
structures [3]. Thus, composite reinforcement has significant potential for improving the quality of
construction and infrastructure management.

Reinforced concrete is a cornerstone of modern construction due to its excellent compressive

strength. However, traditional metal reinforcement, crucial for tensile strength, is highly susceptible
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to corrosion. This issue leads to reduced structural integrity, higher maintenance costs, and a short-

ened lifespan of buildings and infrastructure.

Figure 1. Composite reinforcement

Composite reinforcement is shown in fig 1, made from fibers such as glass, basalt, or carbon
bonded with polymer matrices, offers a revolutionary alternative to metal reinforcement. Its key ad-
vantages include outstanding corrosion resistance, significantly lighter weight, and ease of handling
and installation. In aggressive environments, where metal reinforcement may deteriorate rapidly,
composites maintain their integrity, ensuring long-term structural performance.

The use of composite reinforcement significantly reduces the overall weight of structures, en-
abling more efficient construction processes. For example, in bridge construction or high-rise build-
ings, lighter materials decrease the load on foundations and reduce transportation costs. Moreover,
the non-magnetic properties of composites make them suitable for facilities requiring electromag-
netic neutrality, such as hospitals, military installations, and research laboratories.

Despite its benefits, composite reinforcement also presents certain challenges. Its lower mod-
ulus of elasticity compared to steel can result in increased deflection under load, necessitating careful
design adjustments. Additionally, composites exhibit brittle failure, which occurs without warning
deformation, unlike metal reinforcement. Addressing these limitations requires continued innovation
and precise engineering to maximize their potential.

The relevance of composite materials is particularly significant in wartime conditions, where

metals are in high demand for defense needs. Using composites in civil construction helps preserve
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metal resources for critical applications while ensuring the sustainability and resilience of infrastruc-
ture. Furthermore, composites open up opportunities for creating structures resistant to environmen-
tal stressors such as saltwater, industrial chemicals, and fluctuating temperatures.

Conclusions. In the conditions of war in the country, when iron is critically needed for the
manufacture of weapons and strengthening fortifications, the use of composite reinforcement be-
comes especially relevant. This material not only demonstrates high corrosion resistance and light-
ness, but can also significantly reduce the dependence of the construction industry on traditional
metal resources. The prospects for the use of composite reinforcement in construction are due to its
strength, durability and ability to withstand aggressive operating conditions. This opens up new op-
portunities for improving infrastructure and reducing maintenance costs, making composite materials
an element of production in modern construction.
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ANALYTICAL ESTIMATION OF ELASTIC MATERIAL STRESS STATE DURING
TENSILE TESTING OF STANDARD SAMPLE

Abstract. Influence character of geometric parameters of a rubber-cable belt on tensile testing results of a stand-
ard belt sample is established and it allows considering parameters during determining maximum stresses in elastic shell
of a belt butt-joint connections. Influence character of a stress-strain state of a standard sample on geometric parameters
of a belt is established. The results make it possible to determine a distribution of shear stresses in elastic shell of a belt in
butt-joint connections considering the structure of connections based on testing the standard samples. This increases the

safety of usage of butt-joint connections of rubber-cable belts and increases their lifecycle.

Keywords: composite tractive element, tensile testing, standard sample, elastomeric shell, stress state, analytical

estimation, hoisting and transporting complex, cable-stayed structure.

Main content of paper. Industrial usage of composite elastomer-cable tractive elements re-
quires knowing and predicting the stress-strain state for variable modes of operation, justifying their
design for safe and efficient operation in specific conditions, and considering structural defects like
cable breakages or presence of butt-joint connections. Possible applications of such composite rub-
ber-cable tractive elements are in hoisting complexes, conveyor transport and as stay ropes in cable-

stayed structures.

Features of influence of rope design, mechanical properties of its components are taken into
account on a basis of testing a standard sample made of a rubber-cable belt or rope. The results of
these tests can be applied to butt joints only if the difference in cable placement in ropes and their
joints is considered as well as mechanical properties of shell material. The tests assume pulling out a
cable from a specially made sample, where d is cable diameter, b is belt sample thickness, / is sample

length, ¢ is cable placement spacing.
The solution of such a model can be obtained in the following form
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%qmy)jsin(qmz), (1)

Mz

(BS,,+DV,,)

u(y,z)=
! cosh[q b
"2t

3
[

where B, D are constant unknown coefficients; S,,,V,, are coefficients of expansion of functions
s (z),v(z) into Fourier series (see [1]); ¢,, = mm ; M is the assumed (limited) amount of members

in Fourier series.

It is assumed that a cable cross-section is not deformed. Respectively, the volumes of elastic
shell material, that border with the cable, must belong to one plane. Displacements of these volumes

of material are defined by the function v(z). This plane must coincide with the plane formed by the

displacement of an elastic shell by given dependency in (1).

Define displacements of volumes of material along the contact line with a cable as the average
value of displacement. Error of approximation is estimated by the dispersion of deviations from the aver-
age value. Find the values of unknown coefficients by solving the algebraic system of the second order.

As a result, there is

where

cosh Gm b—sin [a nj d cosh Gm b—sin (a nj d
S, 2t N v, 2t N
X X
N+l cosh (q;”tbj N+l cosh(qzmtbj
Goo = zz 0y = zz

a=0m=1 qn (t —Cos (a nj d j a=0m=1 9 (t —Cos (a njd j
N N

xSin
2t 2t

NoMog Sinh(qglzbJ (—d NoM oy Sinh[cgnzbj
o= >y (Cos(qm—j—lj ;o= > >

a=0m=1 N +1 Cosh qu
2t

Deformation distributions, tangential stresses for different values of relative parameters are

determined with the use of defined unknown constants.
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Tangential stresses of interaction of cables during testing are transmitted along the boundary

z=0. The considered force is applied from the side of one cable. The force of pulling out the cable is

M Sinh(qm tj
T=4GAlY) (BS, +DV,)———=%. (2)
m=1 cosh(qm bj
2t

The distribution of stresses is characterized by a coefficient of their concentration. Extreme
values of shear stresses occur along the boundaries of a sample z =0 and z = b and on a surface of
attachment of an elastic shell material to the cable at coordinate points y = #/2. For various values of
relative thickness of a belt and cable placement spacings in it, coefficients of shear stress concentra-
tion (K) are determined. Concentration coefficients are determined as a relation of extreme stress to

average stress along the surface z = 0.

Belt test results can also be used to determine the maximum stresses in butt-joints of belts and
belts of other constructions. This can be performed by determining the difference of influence of chang-

ing the geometric parameters of a belt by the ratio of maximum stresses.

The proportionality index for coefficients of stress concentration in a cross-section of a sam-

ple as a consequence of change in rigidity of an elastic shell is determined as a relation

o t,—d
Z(BZSZ,m +D2V2’m)COS(qm qu

k_m:l 2
1=y

; 3)

h—d
(BlSl,m +D1V1,m)cos(qm 12 qu

m=1

where indexes 1 and 2 indicate the values relating to an experimental sample and a sample in which

geometric parameters are changed.

Displacements of cables and internal forces that occur in them as a result of loading the stand-
ard belt sample by a force equal to one unit can be determined by expressions obtained from a condi-

tion of equilibrium of cables in a belt

u(l x):NZ‘i[(An nx_C eiﬂnx)(ﬂ EF)_ICOS(/IH<Z—0 5)):|+L (4)
= ’ ’ V1 3EF’
/ 5 Bx —f,x . 1

P(l,x): Z(Ane m+Ce )cos(,un(l—O.S))+§, (5)

n=1
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where u (i, x) is displacements of a cable i (1 <i < 3) in a cross-section x; N is amount of cables

in a sample; 4,, B, are unknown constants; s, =%; B, =\/%(l—cos(;¢n (i—O.S))) . d, t

are diameter and cable placement spacing in a belt, respectively, G is reduced shear modulus of an

elastic shell of a belt; EF is reduced tensile rigidity of a cable; kG is coefficient that considers the in-

fluence of a shape of an elastic shell material located between the cables.

There are three cables in a sample (N = 3), then dependencies in (4, 5) consist of four unknown
constants. Values of unknown constants can be determined from boundary conditions. In a cross-section
x = 0 assume that the middle (second) cable is loaded with a unit force. Equate the distribution of forces

to distribution of forces in a cross-section x = /. Get three more equations

APl C e Pl :é(COS(O.S,un)+ cos(2.54, )) )

Solutions of systems of equations

1 cos( 1, (1-0.5)) +cos( 1, (3-0.5)) 2
C,= 3(6_2@[ _1)( i —2cos(y,,(2—0-5)) 34, =§COS(,L1,,(2—O.5))—C”.
o : 4G L b .
Characteristic index is /3, = \/EE[(BS’" +DVm)tanh(qm2—J(l—cos(,un(1—0.5)))} :

Tensile force acting in the elastic shell between the first and second cable is

2 M

— ﬂnx _ﬂnx _ E 2

T ;[Ane +B,e |[cos(1.54,) ~ cos(0.54,)] EF}%(BS,W +DVm)tanh[qm 2J.
Tangential forces are distributed unevenly. They reach maximum values when x = 0 and

x = [. The relation of maximum stresses in the cross-section x = 0 is an indicator of influence of ri-

gidity on redistribution of forces along the belt. It has a form

: 26 & b
Y4, +C, |[cos(1.54,)—cos(0.54,) ] o > (BS,, +D1VLm)tanh(qm 2}

k= n=l1 m=l1 tl

22 26 U b\
Y|4, +Cy, |[cos(1.5u,)—cos(0.54,)] e > (B,S,,, + DV, )tanh| g, o
n=l1 m=l1 2
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Product of influence indicators & = k;k, allows considering the influence of distribution of

tangential stresses in butt-joint connections with a cable placement spacing that is different from the

spacing of cables in a belt.

Conclusion. Analytical dependencies of rigidity, parameters of a stress-strain state of elastic
shell material are obtained in a closed form, in particular the values of characteristic indicators,
which can be used in mathematical models of rubber-cable conveyor belts, their butt joints and flat
ropes. The obtained models can be used to determine the condition of strength of elastic shell in a

butt joint connection based on results of cable tear out testing in belt samples.
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IMPACT ASSESSMENT OF COMPOSITE STAY ROPE DESIGN WITH POSSIBLE
BREAKAGES AND NON-LINEAR REINFORCEMENT DEFORMATION ON ITS STRESS
STATE

Abstract. A model and algorithm for calculating the stress-strain state of a rubber-cable rope of arbitrary design,
considering the nonlinear deformation of the ropes and the presence of a discontinuity of an arbitrarily located cable, has
been developed. The model was built using the methods of the mechanics of composite materials. It is solved analytically
in a closed form. The resulting algorithm can be considered sufficiently reliable and such that it allows you to reasonably

determine the conditions for the safe use of rubber-cable ropes in case of damage to an arbitrary rope.

Keywords: cable-stayed bridge, hoisting machine, composite tractive element, damaged structure, elastomeric

shell, stress state, analytical solution.

Main content of paper. Application of composite materials in the industry assume studying
the stress-strain state occurring in the structure of created elements and parts and justifying their pa-
rameters depending on the machine it is used in and operational features.

We accept the following calculation scheme. a system of M parallel, flexurally rigid elastic
rods of length L interacts through an elastic continuous medium in which tangential stresses arise.
Deformation occurs within the linear law. One cable (") has a distance discontinuity / (0 < /<L)
from the section of fixing the cables. The force P acts on the rope.

The solution to the problem looks like this [1, 2]

M-1
up =y (Ameﬂmx+Bme_ﬁmx )cos(,um (i—O.S))+£—;+S, (1)

m—1
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where A4,,, Bn, € — unknown constants; M — number of cables in the rope; P — tensile strength of the

Gbkg
hEF

cable; um = tm/M; S, =+ \/2 (1 —cos( ty, )) ; b —rope thickness; ¢ — the step of the arrangement

of the cables in the rope; d — cable diameter; G — shear modulus of the rope rubber shell material;
ke — coefficient that takes into account the cross-sectional shape of the rubber shell; # — the minimum
distance between adjacent cables of the rope; E, F'— composite modulus of elasticity for tension of

the cable material and their cross-sectional area.

Rope loading

p: = EFMil(Ameﬂmx — B, ¢ Pm ),Bm’k cos( 11 (i=0.5))+ P (2)
m=1

Ropes are attached to structural elements of lifting complexes, capital structures. The connec-
tion conditions depend on the design of the connection nodes. We will solve the problem of deter-
mining the stress-strain state in a general way — without specifying the conditions for connecting the
ends of the rope. According to the task, the rope has a break in the continuity of the rope. This makes
it impossible to make decisions (1) and (2) for the rope as a whole. We will apply separate solutions
for two parts of the rope. For the first 0 < x </ and the second / < x < L parts of the rope. We will
give them the numbers 1 and 2. We will indicate the numbers in the lower index of the value that ap-
plies only to the specified part. We will formulate the displacement and load of the cables of the sec-

ond part in the following forms

M-1
Uiy = z (Am’zeﬂmx + Bm’ze_ﬂmx)(:os(,um (l - 05)) +EP_])§' +&, (3)
m—1
M-1
P2 = EF Y (A 2¢Pm™ = By 0e P )B,, i cos( s, (i0.5)) + P. (4)
m=1

The parts of the rope form a single rope of length L. In the section x = /, the conditions must

be fulfilled
pa=pria  (1<i<M), 5)

Pj1=prj2=0. (6)
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The size of the gap between the cables in the section of the break depends on the load on the
rope. Let's conditionally accept it equal to one. The condition for the occurrence of a single gap be-

tween the ends of the damaged cable
0 i#j),
Upg —Ujp = { ( ) (7)

where j — cable number with a break in continuity in the section x = /.

We equate the last condition with the J-function. It is given by the Fourier series on the dis-

crete axis of the numbers of cables of limited length
u-l—u~2=£cos(/¢ (i—O.S))+L. (8)
i, i, M m M

From conditions (5) and (7), we have the following relations

Am,l _Bm,le_zﬂml - Am,Z + Bm,2e_2ﬂml =0, (9)
2B, 2B, 2 .
Apy + Bpae Pt — 4 — B, e P = ; -005( 4 (7= 0.5)) (10)
Me™m
1
£l —&y =— . 11
1m& =4 (11)

After simplifying the expressions (9), (10), we obtain

cos (4, (j—0.5))

A,1=4 , 12
cos i —0.5
By =By p + U =0) s (13)
s> > M
Let's assume that there are no displacements of the first part &1 = 0. Then
1
&y =——. (14)

M

We consider expressions (9) and (10). Let's write down the value of the loading force of the

j™ cable in the section x = /. According to (6), the internal load force of the cable should be zero. To
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do this, multiply the first component of expression (2) by the ratio of the real value of the gap be-

tween the ropes and the one taken in condition (7). Consider expressions (12), (13)

B cos(ym (j —0.5))

M| Ay e+ v -
pi1=EF ), . oy cos(um (i—O.S))Q+P, (15)
m=l| _p _~fpx cos(,um (]—0.5))
—Dbyp€ - M

where

0-—p EMZ—:I Am,zeﬂml +cos(ym (j—O.S))—
M

|
B m (J—0.5 . (16)
m=1 —Bm’ze_ﬁml - COS(/jm (] - 0.5)) . COS(/U (J ))]

The law of decreasing internal load forces of maximally loaded ropes is given by the product
of Fourier series in continuous coordinates on the first and second parts in the intervals 0 <x </ and
[ <x <L and in discrete coordinates of cable numbers, limited by their number. Thus, the model of
the deformed state and the obtained dependencies for the case of linear deformation of the rope (1),
(3) remain unchanged. Ratios (12), (13) obtained from the conditions of simultaneous deformation
remain unchanged. Expression (14) will depend on the quantity y of cables adjacent to the damaged

one

£ = —% : (17)
Expressions of internal load forces of cables (2), (4) are written in the following forms
| ~0.5

(Am,z +COS(/1m(] ))Jeﬂmx _

Ml
M- cos(ym(j—O.S)) - P~
Di1 =EF% = Bn2 +T€’Bml e cos(ym(i—O.S))JrP, (18)
K cos i—1.5))+
S, w(@j (#4n(j-15))
= I\ +¢eos( s, (j+0.5))
(Am,Zeﬂmx - Bm,Ze_ﬂmx)ﬂm,k -
M-

Pia=EF Y| k (ﬁkxj[cos(ym(j—l.s))Jr J cos( 4, (i-0.5))+ P, (19)
L-1

m=1| — > Cj »cos _
kgo +pcos( uy, (j+0.5))
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where C,1, Cr2 — coefficients of the Fourier series, which take into account the difference between
the linear modulus of elasticity of the cable and the real one, depending on the load; ¢ — the coeffi-
cient of proportionality of the load forces of the (j + 1)™ cable relative to the (j — 1)™.

From the condition of equality of forces (5), the condition of equality between the coeffi-

cients must be ensured

& < wkl
D Cppcos(mk)=> Ckzcos( j (20)
k=0 k=0 L-1

The value of the Q coefficient will change. It will be determined by the following dependence

[MAm,zeﬁml +008( 4, —0.5)) - ]ﬂm,k
0= S EF ~M By e P —cos(, (j-0.5)) ) M
Z B0 [cos(ym (j-15))+ ]

- C k
kg(:) e cos(7k) +¢cos(,um(j+0.5))

cos( 4y, (/j —0.5))]_1 . (21

Note that expression (20) is obtained for the general case when not the outermost cable is dam-

aged. For the damaged extreme (first) cable, expression (20) lacks an element cos( o (J — 1.5)) . In case

of damage to the cable number M, the element is missing ¢cos( y7m. ( Jj+ 0.5)) .

The coefficient Q is determined considering the difference in force distributions determined
for the conditions of linear deformation and taking into account nonlinear deformation. The first
components of the distribution of deformations and forces must be multiplied by it.

Finally, the calculation algorithm consists in determining the tension-deformed state of the
rope under the conditions of linear deformation of the ropes using expressions (1) — (4), (9), 10, (12)
—(14), (16). Determine two unknown constant vectors from the conditions of connecting the ends of
the rope to the structure or elements of the lifting machine. According to the determined distributions
of forces in the ropes adjacent to the damaged one, choose the laws of force change. It should com-
pensate for the excess of the calculated (linearly dependent) efforts over the actual ones, determined
taking into account the differences in the values of the linear and non-linear modulus of elasticity.
According to the defined laws, determine the coefficients of the Fourier series Cy,1, Ci2. Substitute
the values of the coefficients into expression (21). Find the value of the coefficient Q. Multiply by it
the first components of the values of the internal load forces of the cables in expressions (19), (20)
and displacements in expressions (1), (3). To obtain the desired displacements of the cables and the
distribution of forces between them in a rope of a given design with a damaged arbitrary cable under

the given conditions of connecting the ends of the rope.
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Conclusions. Analytical expressions are constructed in the paper, which allow determining
the quantitative indicators of influence of the turns of the cross-sections of rope connection to the el-
ements of the cable-stayed bridge or hoisting machine and the vessel rotation around its longitudinal

axis on a stress-strain state of the rubber-cable rope.
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Modern Methods for Designing Materials Based on Cermet Powders

Annotation: The design and development of materials based on cermet powders have revolutionized industries
requiring high-performance composites with superior mechanical and thermal properties. This paper explores advanced
methodologies in cermet material engineering, focusing on computational modeling, powder metallurgy innovations, and

applications in various industrial domains.

Keywords: cermet powders, computational modeling, powder metallurgy, additive manufacturing, sintering tech-

niques, surface engineering, and high-performance composites.

Cermet materials, which combine ceramic and metallic phases, play an essential role in various
industrial applications requiring materials with excellent mechanical strength, wear resistance, and
thermal stability. These composite materials are particularly useful in sectors such as aerospace, auto-
motive, and tooling industries, where high-performance materials are vital. Recent advancements in
the design of cermet materials, particularly those based on cermet powders, have focused on enhancing
the properties and performance of these materials through computational methods, innovative manu-
facturing techniques, and precise material processing strategies [1].

One of the most significant advancements in cermet material design is the integration of compu-
tational modeling and simulation techniques. Computational tools such as finite element analysis
(FEA) and molecular dynamics (MD) simulations have become crucial in predicting how cermets will
behave under stress, temperature changes, and other operational conditions. These methods allow re-
searchers to study stress distributions, phase formation, and material interactions, offering deeper in-
sights into how to optimize the material's microstructure and performance. For example, simulations
can help predict the effects of varying particle sizes and distributions of ceramic and metal phases on
the final properties of the cermet [2].

Machine learning (ML) and artificial intelligence (Al) are increasingly used to process large da-

tasets from these simulations, enabling faster optimization of material compositions. This data-driven
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approach can identify previously unknown correlations between material properties and microstruc-
tural features, significantly reducing the trial-and-error methods that were historically used in material
design.

In addition to computational approaches, innovations in powder metallurgy techniques have sig-
nificantly enhanced the production and design of cermet materials. Traditional powder metallurgy pro-
cesses, such as conventional sintering, are being supplemented with more advanced techniques like
spark plasma sintering (SPS) and hot isostatic pressing (HIP). SPS, in particular, allows for finer con-
trol over the densification and phase distribution of the cermet, achieving more uniform and reliable
material properties [3].

Additive manufacturing (AM) technologies such as selective laser sintering (SLS) and binder jet-
ting are also being integrated into cermet production. These methods provide the ability to fabricate
cermet components with complex geometries and tailored properties. Through AM, it is possible to
print cermet parts layer by layer, ensuring that the material composition and microstructure are opti-
mized for specific applications. This not only improves the performance of the final product but also
allows for quicker prototyping and reduced manufacturing costs [4].

Surface engineering techniques are another area of significant development for cermet materials.
Cermet components, especially those used in harsh environments such as turbine blades or cutting
tools, often require enhanced surface properties to improve wear resistance and extend service life.
Physical vapor deposition (PVD) and chemical vapor deposition (CVD) are widely used to apply thin,
durable coatings to cermet surfaces, enhancing their corrosion resistance, hardness, and thermal sta-
bility [5].

These coatings can be tailored to match the specific operating conditions of the component, offer-
ing precise control over the material’s properties and significantly improving its performance. Addi-
tionally, recent advances in nanotechnology have enabled the development of nanostructured coatings
that offer superior mechanical and thermal properties compared to conventional coatings.

Cermet materials are integral to several industries that demand high-performance materials capa-
ble of withstanding extreme conditions. In the aerospace sector, for instance, cermets are used in tur-
bine engines and heat shields, where their resistance to high temperatures and thermal cycling is criti-
cal. Cermets are also widely employed in tooling applications, where their hardness and wear re-
sistance make them ideal for cutting, drilling, and machining hard materials [6].

In the automotive industry, cermets are used in engine components and brake systems, where high
wear resistance and durability are essential. Biomedical applications, including dental and orthopedic

implants, have also benefited from the biocompatibility and mechanical properties of cermet materials.
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By tailoring the material properties, researchers can develop cermet-based solutions that meet the spe-
cific demands of each application.

Conclusion. The design and development of materials based on cermet powders are at the forefront
of materials science and engineering. The combination of advanced computational methods, innova-
tive powder metallurgy techniques, and cutting-edge surface engineering approaches has transformed
the way cermets are designed and produced. These advances enable the creation of materials with
superior properties that are optimized for specific industrial applications. As research continues to
evolve, the potential for cermet materials to meet the growing demands of industries requiring high-
performance materials will only increase, offering new possibilities for improving efficiency, reducing
energy consumption, and extending the service life of critical components.

In the future, the integration of eco-friendly production methods and the development of more
sustainable cermet materials will play a key role in reducing environmental impacts, further enhancing

the material's importance across a wide range of industries.
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