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wan Belmas Hanna Tancura, Olrna Bilous, Anhelina Schvachka

AUTOMATED CONDITION MONITORING OF VARIABLE CROSS -
SECTION METAL STRUCTURES BASED ON THE ELECTRIC POTENTIAL
METHOD

Abstract The paper provides a scientific substantiation for an automated monitoring system
for welded nodes with variable cressctions usinghie electric potential method. The
developed algorithm allows for the identification of microcracks at the initiation stage (h < 1
mm), ensuring aiBL0% reduction in the metal intensity of structures due to precise control of
actual strength reserves.

Keywords: structural health monitoring, electric potential method, variable -sext®n,
stressstrain state, defect initiation, metal intensity.
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LIMITATIONS OF EXISTING QUANTITATIVE PARAMETERS IN THE

EVALUATION OF VOLUMETRIC -CLASS REGULAR MICRO RELIEFS

Abstract. It has been established that the existing quantitative parameters for evaluating
surfaces with regular microreliefs do not account for changesiertisssectional shape of
grooves, which significantly affect the operational properties of surfaces with regular
microreliefs. The necessity has been determined to develop a parameter that would take into
account both the crossctional shape of regularicrorelief grooves and its variation along

the groove centerline, as well as to determine the range of its optimal values.

Keywords: quantitative parameters, evaluation, regular microreliefs, grooves, elements
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Vasyl Vasylkiv, Nazarii Makovynskyi, Oleksandr Korniev
FEATURES OF THE APPLICATION OF ADDITIVE MANUFACTURING
TECHNOLOGIES IN THE PRODUCTION OF AUGER TYPE PARTS
SYNTHESIZED BY GENERATIVE DESIGN METHODS

Abstract. This paper investigates the technological features of applying modern additive
manufacturing technologies to the production afesc products with complex geometry
obtained through the implementation of a generative design methodology in accordance with
operating conditions and the nature of force factors acting on the flights. It is shown that
conventional technologies for formingelical surfaces have significant limitations in the
manufacture of lightweight multiavity structures with locally variable stiffness and a-non
uniform flight thickness distribution law. Rational conditions for the application of SLM,
EBM, WAAM, SLS, andFDM technologies in the fabrication of auger type parts with a
functionally graded structure have been determined. An approach for integrating the results of
topology optimization and generative design with additive manufacturing of screw
components is pposed. It is demonstrated that the use of generative design enables the
creation of flight structures with minimized mass while ensuring the required stiffness,
whereas additive manufacturing technologies provide the possibility of their practical
implementation without the technological limitations inherent in traditional forming methods.
Keywords: auger, helical surface, generative design, additive manufacturing, SLM, WAAM,
topology optimization, functionally graded structure.
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Ihor Hrytsai , Bohdan Stoliar

A KINEMATIC CONCEPT FOR FORMING GEARS VI A CONTROLLED TOOL

MOVEMENT

Abstract The article focuses on dreasing the efficiency and e&wendliness of gear
production using the innovative radi@tcular method, which significantly increases cutting
speed by breaking the rigid connection between the tool and the workpiece. Furthermore, the
proposed kinemati concept replaces complex tool geometry with a mathematical control
algorithm for a thin disc cutter, which simplifies the manufacturing equipment and enables the
integration of artificial intelligence for process optimisation.
Keywords: radiatcircular nmethod (RCM), gears, forming kinematics, servo drives and
softwarecontrolled drives, artificial intelligence and adaptive control, environmentally
friendly production.
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Katerina Deineka, Yurii Naumenko
SOME RESULTS OF SOLVING A GENERALIZED CROSSINDUSTRY
APPLIED MECHANICAL PROBLEM OF INCREASING THE EFFICIENCY OF
PROCESSING GRANULAR MATERIALS IN DRUM MACHINES BASED ON
THE ESTABLISHED EFFECT OF AUTO-OSCILLATIONS SELF -EXCITATION

Abstract. Some results obtained in an attempt to solve the problem of reducing the energy
consumption of processing granular materials in drum machines are pre3éetede of the
established hydrodynamic effect atitcoscillations of the granular filling of the rotating
drum chamber with soft and hard seKcitation demonstrates a sharp intensification and
reduction of the energy consumption of processes by increasing dilatancy and activating the
passive part of thalling. This opens the way to the creation of a new generation of energy
efficient processes of drutygpe machines.

Keywords drumtype machines, granular material, rotating drum, internal chamber filling,
autcoscillation, soft and hard sedixcitation

Drum-type machines remain the main equipment for fglume processing of granular
materials.The International Patent Classification distinguishes 9 classes corresponding to 9
main types of drum machines: BO1J 2i1@ranulators, BO1J 8/10 and B01J 19/2&actors,

BO1F 29/601 mixers, B02C17/00 mills, BO3B 5/567 washing machines, BO7B 1/322
screens, B24B 31/02 tumbling machines, F26B 11/G4dryers, F27B 7/00 heat treatment
machines.

The problem with drum machines is the high energy intensithefworking process.

This is caused by the low intensity of the relative movement of the processed granular
material in the chamber of the rotating drulnsignificant portion of the granular filling of

the chamber is passive, does not undergo shear ddformand does not participate in the
working process.

The generalizedrossindustry applied mechanical problem was solved on the basis of a
new established physical phenomen®he hydrodynamic effect of sedixcitation ofautc
oscillations of the granat filling of the rotating drum chamber was revealddito-

25



[ Olsjto' -Odzf{ ' wdzCUEasCdgoIsdz’ Y dzts ' E stz g Jtedi dayd * f [ mP B walg &p dz0 42026 6.

oscillations are excited due to the loss of stability of the rotating drum vibration system on the
verge of establishing a dynamic balance between the action of gravitational and centrifugal
force fields on the granular fillingThis is accompanied by a mutual transition of the flow
regimes of the liquefied granular filling in the chambdéie circulation and wall layer.

The first direct video recording of thautcoscillating mode of movement ohé
granular filling of a rotating drum [1] was made in 1966 in a technical video film of the IWF
film studio (G°ttingen, Germany) (Fig. 1).

Fig. 1. Sequence of pictures of one penodmtboscﬂlatlons of granular filling of
the chambeof a laboratory drum mill (according to [1])

Subsequently, the conditions for the stability of the motion of the drum machine unit
were established [2], the mechanism for implementingtheoscillating mode of théll ing
flow was revealed [3], and aadel of the conditions and factors for the oscillatory stability of
the motion of a twdraction granular filling was constructed [4]he influence of the degree
of filling of the chamber and the content of the crushed material in the filling on the
techrological and energy efficiency of treutcoscillating grinding process in a drum mill
was experimentally evaluated-§.

It turned out that seléxcitation ofautcoscillations allows you to switch from a passive
mode of implementation of the process focessing granular material to an active
intermittent dynamic process based on-setfulation due to feedback without the need for
external periodic actionThis allows you to sharply intensify and accelerate the process.
Auto-oscillations lead to period pulsating motion and activate the passive part of the filling
and significantly increase the intensity of interaction of particles of the medium with the
working body and the medium.

At the first stage of solving the problem, innovative processes tmepsing granular
materials were created when the drum rotation speed reaches the bifurcation-1&lud e
processes are implemented using a device that contains a drum and a drive with a rotation
speed regulator, an elastic element and a recordéecglement's oscillation amplitudgo
determine the bifurcation value of the speed, the initial arbitrary drum rotation speed is
changed with simultaneous measurement of the amplitude of oscillations of the elastic
element until the maximum value of threeasurement results is reached.

Recent studies have revealed two qualitatively different modes eéxsmtation offill
oscillationsi soft (Fig. 2a) and hard (Fig. 2b), which significantly affect the implementation
of technological processes.

Fig. 2. The obtained pictures of one periodwfcoscillations:
al with soft selfexcitation, bi with hard selfexcitation
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In the soft mode, there is a smooth s=dtitation of auteoscillations of the filling of a
quasthamonic form with a limited amplitude (Fig. 2aJhis mode is characterized by
monostability, reduced bifurcation values of the drum rotation speed and the dilatancy of the
filling in the chamber, and an increased number of pulsations per one drum rotation.

In the rigidmode there is a jumjike selftexcitation of discontinuous relaxati@uto
oscillations of filling anharmonic form with a significant amplitude (Fig. Zych a regime
is characterized by bistability, increased amplitude, reduced qualityr,faand increased
degree of relaxation @futc-oscillations.

At the second stage of solving the problem, innovasiueoscillating processes of
granulation, washing, classification and mixing were created in the setxa#iftion mode
[17-21] and theprocesses of heat treatment, grinding, drying, reaction and tumbling in the
hard selfexcitation mode [2-25].

At the third stage of solving the problem, which is currently under implementation,
innovative methods will be created to control the processpsocessing granular materials
when conducting sekxcitation ofautc-oscillations in soft and hard modes.
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Nataliia Dotsenka Olena Baranova

ANALYSIS OF KINEMATIC PARAMETERS AND FORCE LOADS IN

MECHANISMS FOR PRESSING VEGETABLE OIL

Abstract. The process of oil extraction from sunflower seeds using a screw press with
preliminary hydrothermal treatment of the mash was investigated. The kinematic and force
parameters of the unit were analyzed, andni#sn energy characteristics were determined. It
was established that the preliminary treatment of raw materials contributes to reducing energy
consumption and force loads while maintaining efficient pressing performance.
Keywords: kinemati@and force analis, pressing mechanisms, oil separation.
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INVESTIGATION OF THE FIXTURE PARAMETERS FOR THE WOUND STRIP
SPIRAL BLANKS MANUFACTURING

Abstract. The design ofthe fixture for the wound strip spiral blanks manufacturing is
presented, thgurpose of which is to improve the quality of wound stsjral blank

formation by preventing the loss of stability of the woutlidhts. The equation for
determining the strip winding force onto the mandselerived.
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Viktor Kovalov, Galyna Klymenko, Yana Vasylchenkg Maksym Shapovalov Yuriy
Lobur
Donbas State Engineering Academy, Kramatorsk, Ukraine

ADAPTIVE ACCURACY CONTROL SYSTEM WITH IMP ROVED DYNAMICS
FOR HEAVY LATHES AS A MECHATRONIC SYSTEM

Abstract The paper considers the problem of improving machining accuracy in heavy lathes
through the application of an adaptive control system with enhanced dynamic characteristics.
A mechatronic apach to compensating elastic deformations of the technological system is
proposed based on the use of a sensor subsystem, digital information processing, adaptive
control algorithms, and a higgpeed combined electromechanical drive. The system provides
reattime acquisition of current information on cutting process parameters, formation of a
digital model of the workpiece surface, and correction of tool position in real time. Particular
attention is paid to the specific application of the system in heathes, which are
characterized by large masses of moving units, high drive inertia, and increased requirements
for dynamic stability. It is shown that the integration of mechanical, electronic, sensor, and
control subsystems makes it possible to clagb#yproposed system as a mechatronic system
and ensures improved machigiaccuracy of largsized parts

Keywords mechatronic system, heavy lathe, adaptive control, machining accuracy, digital
control.
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Pifseddzd B3OMO kwetsotets jdzj di3j dzsO© ( Miste® yS¢d OB
GGl | § 56 5dtz0 BOMO tsddC 56 f St Biss Y C S0 & B 15 d2t€ fiplst
Miste' y¢d o' Hf 59 ' Hdats) ;
LbinsoyddzO O Skl dzORd)zk Csdzoj' ©0 (Hdo. tedf.
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bg%%cﬁu k,, +kk, +k Jweosb +(1+k, - Kk )sin b} (10)
“Hdv f 2Ol dzyOmisdE Stdoj ' o
& = I8k~ 2+ 14k +kk Jwoosh +(L+k, - Kk )sinb (11)
h & qgL u
“Hdv MCjBCBodn Ctdoj k' o
—gc'g(k-lﬁ . inb2
€y T )i+ (k,, + Kk, Jweosh +w, cosb +(1+k,, - kk)sinby (12)
h & qoL u
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Oleksandr Lysenko, wan Valiavskyi, Mykhailo Korolenko
PROSPECTS FOR THE APPLICATION OF HEXAGONAL DIAMOND
(LONSDALEITE) IN TOOL MANUFACTURING

Abstract The prospects for the use of hexagonal diamond (lonsdaleite) as a potential
superhard material for tool manufacturing are cargid. Its structural features, physical and
mechanical advantages compared with conventional cubic diamond, and possible areas of
application in the development of weasistant cutting, abrasive, and mitools are
analyzed.

Keywords: lonsdaleite, hexagal diamond, tool manufacturing, superhard materials
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laroslav Lytvynenko, Volodymyr Dzyura, Kateryna Marushchak

COMPUTER MODELING AND OPTIMIZATION OF REGULAR AND
PARTIALLY REGULAR MICRORELIEF TO ENSURE MAXIMUM PLANE
UNIFORMITY

Abstract The problem of ensuring the uniformity of friction pairs created on the working
surfaces of regular and pattyaregular microreliefs to improve their operational properties
has been analyzed. An algorithm has been developgatitoize the placement of regular and
partially regular microreliefs to achievenaximum planar uniformity. The developed
algorithm searobs for the optimal mutual placement of microrelief grooaesounting for
their geometric parameters (amplitude, pitch, groove width).

Keywords: regulamicroreliefs, computer modeling, algorithm, geometric parameters, planar
heterogeneity, grooves, area.
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CLAMPING DEVICES FOR TURNING WITH INTEGR ATED SPRING
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Abstract. Smallsized highspeed clamping devices with integrated spring clamping drives
and stationary hydrauliclamping drives are presented, whidlerease the efficiency of the
turning process on CNC machines. Based on theoretical studies, the influence of their design
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Volodymyr Nerubatskyi
INVESTIGATION OF THE INFLUENCE OF CONTROL SYSTEM PARAMETERS
OF A LOCOMOTIVE TRACTION INDUCT ION DRIVE ON ITS OPERATING
MODES USING MATHEMATICAL MODELING

Abstract.The paper investigates the influence of control system parameters of a locomotive
traction induction drive on its operating modes using mathematical modeling. Regularities in
the varidion of traction and energy characteristics under changes in control parameters are
established, and approaches to their rational selection are substantiated.

Keywords: traction electric drive, locomotive, control system, mathematical modeling,
operating nodes, energy efficiency
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INVESTIGATION OF STRESSES AROUND REINFORCED OPENINGS IN THE
SUPPORT ZONE OF PERFORATEDI-BEAMS

Abstract. Using théinite element method (FEM), the regions of maximum equivalent stresses
in perforated steettbeams were identified. Methods for strengthening the support zones were
presented, and their effectiveness in reducing stresses around the openings was evaluated.

Keywords perforated beams, opening reinforcement, equivalent stresses
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Roman Rogatynskyi, Andrii Diachun, Taras Peleshok Pavlo Leskiv, Vladyslav
Penionschko
ENSURING THE ACCURACY OF EDGEWISE COLD COILING OF SCREW
CONVEYOR FLI GHTS

Abstract. The paper considers the technological process of edgewise winding of flights onto a
mandrel into a tight pack, followed by stretching the turns to the required pitch and calibrating
them during assembly directly on the shaft. Technologitaénsional errors, including pitch,

as well as the outer and inner diameters of the turns, are determined for each operation, taking
into account manufacturing tolerances of the blank, mandrel, and shatft.

Keywords:screw conveyor flights, edgewise wingdirpitch error, mandrel, turns calibration.
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Volodymyr Savkiv, Petro Fedoriv, lhor Fedoriv, Andriy Landiak
PNEUMATIC -JET SHEET MATERIAL FEEDING DEVICES

Abstract. This paper analyzes the process of separating andnfeetieet material using
pneumatic jet feeders, which operate on the principle of the aerodynamic suction effect
generated when a jet of compressed air flows out of a nozzle.

Keywords:pneumatic jet device, aerodynamic suction effect, sheet material,drgrispder.
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Andrii Senyk Volodymyr Kobelnyk, Roman Leshchuk, OksanaKobelnyk
ENHANCING THE DURABILITY OF STANDARD ROLLER CHAINS BY
FORMING REGULAR MICRORELIEFS ON JOINT BUSHINGS USING VIBRO-
ROLLING METHOD

Abstract.The paper investigates the influence of the microrelief of the surfaces of the rolling
bushings of drive chains on their tribological characteristics and durability. Modern methods
of forming regular microstructures are analyzed and the feasibility of their application is
substantiated. It is established that the regularization of the nliefakows to increase the
wear resistance and efficiency of the articulated joints.

Keywords: microrelief, rolled bushing, roller chain, vibration burnishing, tribology, wear
resistance.
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Vadym Stupnytskyy, Taras Oleniuk
JUSTIFICATION FOR RE PLACING COORDINATE G RINDING WITH
FINISH BORING DURING THE MACHINING OF HA RDENED WORKPIECES
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Abstract. The text justifies replacing coordinate grinding with finish boring during the
machining of precision holes in hardened parts. It is shown that modern CNC machines and
superhard tool materials can ensure the required accuragueade quality. This approach

Is particularly suitable for singlenit and smatbatch production, as it reduces costs, the
number of setups, and dependence on specialized equipment and highly skilled grinders.
Keywords. Edge machining, grinding, accyrainish boring.
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E.O. Paton Electric Welding Institute of the NASU, Ukraine

EFFECT OF METAL BATH STIRRING INTENSITY ON STEEL INGOTS
CONTAMINATION WITH SLAG INCLUSIONS

Abstract. For the conditions of producing steel ingots using a combined external influence in
the form of electroslag heating and stirring of the metal (ESHS), it has been determined that,
in order to prevent contaminah of the metal with slag inclusions, the specific stirring power
should not exceed 50*F0W/kg.

Keywords:steel ingot, heating and stirring of metal, stirring power, slag inclusions.

In many industries, such as nuclear power engineering, heavy mgchiner
manufacturing, shipbuilding, and the chemical industry, large forgings are required for the
production of critical largescale components and mechanisms. These forgings are produced
from ingots weighing tens to hundreds of tons, and their quality detesrtine reliability and
service life of the final products. With the exception of specialized production methods,
ingots are manufactured by pouring molten steel into molds. The prolonged solidification of
large volumes of liquid metal is accompanied by flormation of various defects and
inhomogeneities within the ingot body. To mitigate the causes of their formation, it is
necessary to apply technologies that enable active control over the processes occurring during
the transition of metal from the ligqiito the solid state.

Such approaches may include methods of external influence [1,2], in particular the
method developed at the E.O. Paton Electric Welding Institute, which involves electroslag
heating and stirring of the metal (ESHS) during ingot foromaf{3]. According to this
method, the schematic diagram of which is shown in Fig. 1, heating is achieved by Joule heat
released during the passage of electric current through the slag layer, while stirring is
performed by argon purging of the molten mdtath using a lance immersed into the liquid
core of the ingot.

Fig. 1. Schematic diagram of ingot productior
by the ESHS method.

| - pouring of liquid metal into the casting mol
Il - heating and stirring of the metal:

1 - bottom plate; 2 molten slg;

3 - molten metal; 4 sandclay mold;

5 - solid metal; 6 direction of metal stirring;

7 - nonconsumable electrode;-8ance.

The conducted studies using physical and mathematical modeling, as well as
experiments on real steel ingots, have shawat this method makes it possible to
significantly improve the homogeneity of cast billets [4].

One of the main technological parameters determining the efficiency of ingot
production by the electroslag heating and stirring (ESHS) method is the intehsitgtal
stirring, which primarily depends on the gas flow rate used for purging. The effect of gas
purging on the stirring intensity of the molten metal bath is commonly evaluated by such a
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parameter as the specific stirring power, i.e., the ratio o$tiling power to the mass of the
treated metal [5]. The stirring power can be calculated using the formula presented in [6].

: +p'gH
N =" RT ].I:I. u]J
P2
=, 22,4
whereN - stirring power, W;nNj gas molar flow rate, kmol/$t =80 ““* : R - universal

gas Const anlttempératfres K o-latmdSpheric pressure, BaNgensity of the
mol t en medg-atcekgf mii on dHrenmersion deptlaof the lange inm/ s | ;
the meta, my-gas fl ow rate for purging, mj/ min.

Experiments aimed at evaluating the stirring power dusfegtroslag heating and
stirring (ESHS) were carried out during the casting of two ingots of CT80 steel intaclagnd
molds. The ingots had a diameter of 2B mm, a height of 45800 mm, and a mass of
120130 kg. The temperature of the slag bath @ma¢ of Wacker ESR2063 slag) with a
thickness of 560 mm was maintained at 15806 0 0 A C. The purging de
immersed to a depth of twthirds of the calculated depth of the molten metal bath.

The maximum possible stirring intensity was selédiased on the condition that gas
purging should not cause excessive agitation of the slag bath in the gas exit zone or exposure
of the metal surface, in order to prevent interaction of the steel with air. Preliminary
experiments showed that, under theegivexperimental conditions, such requirements were
satisfied 5 minutes after filling the mold with molten metal at an argon flow rate of less than
10 L/min. Therefore, during the production of the first ingot, in the first purging cycle, as
shown in the da presented in the table, the argon flow rate was intentionally kept below this
permissible value. The table also presents data on purging parameters and the specific stirring
power, which was determined as the ratio of the stirring power (calculateyltbsimbove
mentioned formula) to the mass of the molten metal bath at the start of purging. The volume
of the bath was estimated with a sufficiently high degree of accuracy by calculation, taking
into account the results of macrostructural analysis arBaamann sulfur print of a
longitudinal axial template of the ingot (Fig. 2), where the position of the molten metal bath
along the boundary between its liquid and solid regiassclearly distinguished in the form
of light lines.

Table
Stirring regines of molten metal during casting of experimental CT80 steel ingots
Stirring | Start time, Argon Purging | Immersion Specific stirring
I'ngo cycle min flow rate, duration, s| depth, cm POWer,
L/min ’ ’ 10° W/kg

1 10 8,5 30 35 67,1

2 15 6,5 30 27 68,4

1 3 21 5,5 40 20 49, 8
4 27 4,5 40 15 44,4

5 33 4,0 30 15 39,9

1 8 6,5 30 34 39,9

5 2 17 5,5 40 25 37,2
3 25 45 40 15 46,3

4 32 4,0 30 14 39,1

In the investigated ingot, due to the application of heating and stirring, no pronounced
defects of the internal structure were observed. In particular, no shrinkageveavipresent,
and neither axial looseness nor porosity was revealed after etching. However, despite the
absence of shrinkage defects, slag inclusions were detected in the upper part of the first
experimental CT80 steel ingot. They are especially cleasiplei on the polished surface of
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the template prior to etching for macrostructural examination (Fig. 3a). Highlighting their
locations on the Bauman print (Fig. 2b) clearly shows that they are mainly located on or near
the boundary of the molten metal b#that existed during the first and second stirring cycles.

.a' | b
Fig. 2. Baumann sulfur print (a) and macrostructure (b) of the upper part of the
longitudinal axialtemplateof CT80 steel ingot No..1

O 0w B

g Qo o
L;::‘-::V‘A ‘ |

a b
Fig. 3. Appearance and distribution of slag inclusions on the polished surface of the
upper part of the first experimental CT80 steel ingotplate(a), and their locations on the
sulfur print (b).

il

In our opinion, the primary cause of slag inclusions entering the ingot is associated with
two factors. The first is the high argon flow rate during the first two stirring cycles, which
leads to the formation of intense metal flows at tlagrsietal interface. This increases the
tendency for slag particle detachment from the slag bath and their entrainment into the ingot.
The second factor is the presence of a relatively sieatheter molten metal bath, which, as
clearly seen from the sulfuprint, approximately corresponds to the boundary between the
solid and liquid phases. This is due not only by the heat removal conditions but also by the
fact that CT80 steel has a wider solidification interval and a more extendepghase
(mushy) zoneAs a result, during the production of the first experimental CT80 steel ingot, a
relatively high argon flow rate was applied to a comparatively small volume of the liquid
portion of the ingot. This led to the entrainment of some liquid slag particlesviaywdwod
metal flows into the twgphase zone, where they became trapped in the more viscous semi
solid metallic melt.
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Based on the above, to prevent contamination by exogenous slag inclusions during the
production of the second CT80 steel ingot, the argon fiate in the first stirring cycle was
reduced to 6.5 L/min, and purging was initiated 8 minutes after pouring instead of 10 minutes
(see Table).

As the study of the second CT80 steel ingot showed, no exogenous slag inclusions were
detected in it (Fig. 4)

Based on the analysis of the above
data, it can be concluded that, under the
conditions of producing CT80 steel ingots
with electroslag hating (AN-295 slag at a
temperature of 1550 6 00 AC) and
stirring by gas purging, the specific stirring
power should not exceed 50 *-1@V/kg in
order to prevent contamination of the metal
by exogenous slag inclusions.

It should be noted that, acclimg to the

Fig. 4. Polished surface of the specimer data reported in [5], during steel treatment at
taken from the upper part of the second an ASEASKF unit in a 5e&on ladle, where
experimental CT80 steel ingot. metal stirring is performed by argon purging,
the specific stirring power ranges from 50 to
500 * 10 W/kg. Under such processing conditions, there isistoof slag entrainment into
the metal with subsequent contamination by -nwtallic inclusions. Moreover, such
entrainment is even desirable for increasing the efficiency of slag refining of the metal. Most
likely, it is at a specific stirring power about 50 * 1¢ W/kg that the covering slag begins to
be entrained into the molten metal bath, thereby facilitating the removal of impurities.
Therefore, it may be assumed that the upper limit of stirring power determined in this study
for gas purging offte liquid core of an ingot is applicable not only to relatively small ingots
but also to multton ingots.
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Roman Bishchak,PhD, Assoc. prof.;Pavlio Maruschak,DSc, Prof.; Andrii Blavitskyi
SPECIFICATIONS FOR REPAIR OF CORROSION DEFECTS IN GAS PIPELINES
IN FLASH LAYERS

Based on the analysis of known technologies for the repair surfacing of areaoimasion

defects on the surface of main gas pipelines, a scheme for a staggered-sequesse of

short welds has been proposed and tested. When surfacing a large corrosion defect in a
pipeline, the proposed scheme provides rational control of thal'snéhermal and stress
states, reduces the likelihood of overheating and residual thermal stresses, and increases the
reliability of the repaired areas.

Keywords: corrosion defect, surfacing, repair, gas rpgialine
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StanislavDrahan, Ph.D, Yuriy Yaros, Ph.D, Dmytro Hladchenko Ph.D student
EXPERIMENTAL EVALUATION OF ARC ENERGY PARAMETERS FOR
SUBMERGED DRAWN ARC STUD WELDING OF REINFORCING BARS

Abstract The paper presents the results of an experimental study on the energy parameters of
a welding arc. Data on therc column electric field intesity and the potential drop in the
nearelectrode regions were obtained. The research findings can be applied to improve the
stability of thesubmerged drawn arc welding of reinforcing bars

Key words arc column electric field intensity, arc equitatiorawn arc.

I MtsBdzdo ' Mis¥ Isj s desdzse * Lo Ottt 9 Odgdz? tetsL ISV G
sj, hts fdzsh O fjtejte' L LoOts 9 Odz! dets™ HEZced L dzO
sO¢Cdr Ekd@sto On HEY tLtetsBSCd Isjnddtse’ L oOtcs
ftosyjiifdf,tcj &30 o dL dzOyj dzdz™ JWjSCldodetsets tOH' MO
Hitsfpdz" vy j dz fs¢C dZOHj dzZO L O Odz' dzgtso " HisABO € OdzO dzts
OCOHjJ BB S5 s.5. Micjdsoddd OdOdz' s ydzO L Odzj % dz' |

1

—
e

IE = 2nryo,T* (1)
HJiLoOts o Odz' dgd 2Oty gz’ Mis' HRAEY W HEgh BIJREZEDH
Hzeogri*if Jlssds] o df totsdy dz¥ o Odzdavts dz' Oy EARAs dzs o5 v ls j W O
v O¢Cdd3 ud dzts d3, H dzw eLicOrnkzdtEz jWjiClsdeo dtsets
9 J dzd ud dzgz  dzQ@fffistetvy j dats fijds'ts 0 f O .
cS o WAOMRBKEEZ L Od® b Didz''tdz §f dzOo Cdd3 J dzj CIstetsH 5
tc ' o dzV[dzpav d3
du
UH=(Ug+Uo)+T|°IH, 2)
HJu, T dzOf ez c O W, WGTdf,OH) ;dede” f slsjdey’ Odzz o S OlstsHdz
9 Hf s Hidasso W dzO HEZGd, BNB
JteOW ' ¢ WEkdSy' "’ (2), HiSL o t5dm%= cons), tc do ddejde@iz| ddisdh
O oz j d2 Mis! etd MOzl @ HIBSH JqEeASHEEZERIs 9 H
Ld3' dzgz ddOf tclze d
] ZtcOR zo Odzdz" d3 Ols tifgjtic,j tef B2 §f gzidj CIstetsHz dzOB OG O
OdztsHdets” 2w f8d HEZGEd, o EBMA&ZOH BT g2 dBfsls ' s
Jdzj ClstctsHdzd?2 Milstcd y 4 dz dzf ofMmlsdecO’ Mikzlsls' ats s c
fosdg ¢k dO §yoOlks se sikEZ HiME@P"™ s ts'cdedzVH SH zd ¢ .d
Hzed dzO0 =R 14550z d3fp " Mdzv L BEZHY jdzdz?y 99 Oy Odzd

80



[ Ol to' -Dzff ' wdzOdEAsHCdsg Isdz’ Y dats® G Ustdal § e dayd [ [ MO B wsld Ep d0 42026 1.

OolbsieOBd CHdNstzSy W LoOKsoOd dscts ' Missdjlsk

Heed o dsdjdas * ° LBlEHYj ddz . 1 FfesnOsjSOsiplo) teidss,
Heed HGBK' od* 9oOkO 3, 4, 5 &k & &z d@Ofokzed
shyddsceolz. Jted Csyd 2 HsSeydd Hked fkte

LOY Odzj dedz? 2O Iste! tsn " 9dzv n Misteckzdiilz. wjtejHd O
tcdLbkzdz SO’ Ctydese s HBMdzZ' HE, HBLoaBdJdd odL dzO~
"7 HBo9Yydded (sOBdAz. 1) .
vsOBdZdyl jlEzdz sOIsd HBMdz HY jdade? L &8 dad
Hctsotsets teBLIGWHE © L Odzjydetsiyls®™ ©° H H

L, o Upeepo J Ipeep A | U+ U, E, 1/
3 27,94 1324
4 31,42 1296 20,19 2,70
5 33,33 1292
3 28,87 1582
4 32,93 1560 21,94 2,49
5 33,84 1555
3 32,70 1840
4 34,90 1800 22,72 3,22
5 39,18 1777

VU nfBH' dSMyjtcddzj dzls' o B Edziz] dadhyls Odgifls l62] alasg s h
Lo Otcs 9 Odz! dese s Mistezdzdz o' H 286t MjtejHdy B 9 j dzd
By dzd o " Mls L HBMlsOldy s HdzW ftcOCIsdydesets od¢
MsOdz' Mls! HEZetsotset ftetsyj Mk

10 tjL EzdsBdc@EA@d] IsO d @azxedz- L Iz ] tistsair Hst©d0 dp' G tc O
WikdSUy=fll( cdfm. 2), wW¢' HBLottdddd LttsBdlsd dOMiskzt

0] B 9
t dqaplzd € ) O dz2@ug=f(l)L © tj L zdzr OO J SMY J ted d3d dzls (
OilLe=13087l¢ss15661151806 ¢

I didzetse S ' ®fstEyijdes &y Missofft®] HLUzed@tes o O dad
OO zteddn Mistedy dz' o (' BESTipR)s giz® B 3dzPL ¢ I§ /853,
jdzjecjlsduded sd § OwOdjlsteO®Rd Hbked Isjnodsdse’ W
L edsdsdz HEaetss §'H WdMsd LO2EO°  fsd 3 da
Lo Otcs 9 Odgdz?" o5 f " H W dzt Msd3 IsSO L o Otes 9 Odzedz" d3 © ' HC tod

ljtejdz ¢ § sfmd dzO dz

1. ['Mesaur pzj Slstcd ydz® L 9 Otctfd @dzd diz® B I i g © ALd@dzw0 ,
335Mm.

2. Lancaster, J.F. The physics of welding. 2ad Pergamon, 1983, 340p.

81



[ Ol jte' -Odzff ' wozOEAsHCdisg Isdz’ Y dzts € Istda¥ g ftodi dayd [ [ MmO B wag &p dz0 42026 .

U $621.791.75:004.8

[ OetsHL " dg! €d2 w. [ ., PhD; so0OMmdedy’' $d2 J1.1., H
lotsted¢ ' &z s. [., C.I.dz., HBY.; vyvjtedz 2 1. [., Of
1 Oy’ sdzgOdz' dzd?2 Isjrdzg yded?2 Ekdz JtGﬁ]dlSJlS LEO  dzd ¢
we stew uw' (st Csese, sd o, ULvVSEtO’ dzO

¢fL Lt rRfwyyr 1[¢rvlidrr1c ArRs[uv WAAM IRryJul
or ¢l vrIL R/ Ut¢N\lJ)J¢1;[1Cﬂ sl L1 sudrv gL
Rt J 4 w

O deslsOyly stej dzd?2 Odestedlsds ¢ jdzjtekzo Odzdz? ki tcOo oz
OHdlsdo dzsets HEZGo 56 B EHOf OB g Hzdzy Is Wih deSl9 d 2 fls Oc
cOBOdld oL & ttd (g GoLLORbkdSsossdk odL dOy
ftesyj Mk dzOf d&zOo dzj dzdz® 2@ t6' L dzd 2 H' dzv dz2§ OF st

EmlsOdztse € Iz, BOIs j to' Odzd H dzw ftotsd J H B dzdizy tc zte ©fgalk
o] Csdzj dzHs9a Odzd = BOLtsadnm OO Iste”" @ tjixdd3 o dz
"delsjeteOyYy’ T SCdelstetsdzse 3 yh Otetse 5 ls;d3U4teOlslzth’ w

mMdMmilsj &3d € jtockzo Odedz?" L HJdz2OdR' ydzd 3 L o stotslsdzg’ d3 L o 6
s dzt ytsoe Mdzseo ©: dAA AldItg O ' CWOsiiz' 920,dz Isj f dztso ©  d3tsH § dz!
GCAfdstesd IsjkfjttOlskzted

Ivan Lahodzinskyi, Viktor Kvasnytskyi, Andrii Chornyi, Kostiantyn Zvorykin,
Vladyslav Chernii
ALGORITHMIC PLANNING OF THE WAAM MANUFACTURING CYCLE WITH
ADAPTIVE CONSIDERATIO N OF THE THERMAL STATE OF SPATIAL
PRODUCTS

Abstract.An algorithm has been developed for generating control commands for the WAAM
additive arc cladding system, which takes into account the thermal state of the workpiece and
its overall dimensions when callating the operating process parameters for cladding in
different sections of the trajectory. The experimental setup, materials used for the research,
and the specifics of generating the recommended basic parameters for the cladding modes are
described.The feasibility of integrating interlayer temperature control as a basis for further
improvement of the control system with dynamic feedback is substantiated.

Keywords: WAAM, toolpath planning, thermal model, scale factorco@e, temperature

control
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Valeriy Lazaryuk, Ph.D, Assoc. Prgf Zinovii Hrondzal , Ph.D; Andrii Blavitskyi , Pavlo
Sokil
INFLUENCE OF THE THERMAL CYCLE ON HYDROGEN BEHAVIOR IN
WELDED STEEL JOINTS

Abstrad¢. The influence of the thermal cycle on hydrogen behavior in welded steel joints was
analyzed with consideration of phase transformations and hydrogen trapping mechanisms. It
was shown that in martensitic steels the pesld thermal route can affect thedistribution

and degassing of diffusible hydrogen through changes in the phase state of the metat. For low
alloy pipeline steels, the role of the ferribainitic microstructure in the formation of
hydrogen trapping sites and in reducing the localimatibmobile hydrogen within the heat
affected zone was considered.

Keywords: hydrogen embrittlement, diffusible hydrogen, thermal cycle, phase
transformations, heatffected zone.
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QUALITY ASSESSMENT OF HIGH -STRENGTH STEEL SURFACED LAYER
PRODUCED BY ARC SURFACING

A qualitative and technological assessim#rthe feasibility of using the developed flagred
wire PRNp-50Kh2MNSGF for arc surfacing of higgtrength steel of the 50Kh2MNSTF type
onto a substrate made of St3 steel has been carried out.
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WELDING OF THIN -SHEET STEEL WITH ELECTROMAGNETIC INFLUENCE
ON THE WELD POOL

The influence of electromagnetic influence on the welding arc and the behavior of the weld
pool melt, optimal welding modes and parameters of the control magnetic field when
applying fields of various types and configurations have betnrdmed.
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RESEARCH AND DEVELOPMENT OF METAL POWDER WIRE FOR COPPER
WELDING WITH HIGH ELECTRICAL CONDUCTIVITY INDICATORS OF
WELDED JOINTS

Comparative experimental studies of the effect of adding boron, zirconium, and zirconium
carbide on the weldingechnological and mechanical properties,wadl as the electrical
conductivity of welded copper joints were conducted. The features of the formation of the
microstructure of the resulting joint were studied.

Key words: copper, metal powder wire, modifying components, mechanical properties,
electrical conductivity
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%.[ . Paton Electric Welding Institute of the National A@ademy of Sciences of Ukraine,
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bTernopil Ivan Pului Technical Universjtykraine

"The State Scientific and Technical Center for Nuclear and Radiation Safety (SSTC NRS)
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FEATURES OF COMPOUNDS COPPER ALLOY 17 STEEL GRADE m20Cr13
OBTAINED BY PLASMAARC SURFACING

The optimal conditions for plasma arc deposition of copper alloys onto X20Cr13 steel using
the investigated wires were determined experimentally. These conditions provide a bead
width of 28 38 mm and a bead height of up to 5.0 mm watimimal iron transfer into the
deposited metal, while the deposition process productivity reactigs 41 Kkg/h

Key words: copper alloys steel X20Cr13 PAW surfacing processtructure physical and
mechanical investigations

1 G G H dgj g dABEDN dztgd WEO s | ¢ te wL.SQif Is ts ) dzen LOLAZHD T
f OGIOF teds@h d dgj = Odzh SR Oy * & bsdsts ofOFH o d  |j dgts 't jfctamte
' Ltziy dHEORHT BB OYSEE o L dzOydz 2 & t8' Mmfedw' f
s j © deolrls | o dzOflsdoatsflsj2. [MS & €d & Hdz M &Os
Hstesedn &Okjte' Od o, O lOSEY Mfdkds' o, dO W'
Bjtejydzsets 5 odSstdfmlsOdadzy. | Ods' &zO stsdztsdz' Is dzd !

98



[ Ol jte' -Odzff ' wozOEAsHCdisg Isdz’ Y dzts € Istda¥ g ftodi dayd [ [ MmO B wag &p dz0 42026 .

B' d3j Is O iz &sff dsch s d313>|4 Bllsd Efmf hdets odtc’ M jdzO N dzv
LOMistsMizeo Odadz” d3 tc* L dats 3O dz' Is dzd8F (TIG, VB SANVORBRWYIZ] - |
JHdddB "L do2B " dh jWjiClkkdodedr M smmdzcaso @ dzC
Mfsm B (PAW), wGJdaCtHin o B0 OLosdzh s j ¢ Z dzé o O
:OtGOQISJtGo[fr]Iso[Qq’ HY Jtoj dZO dzOcGte' oz IsO toj ¢ lzdzs o Odad

[ jbtss HOdt GBSO sy dzde sMls’ lsted i3Odzdzw w ¢
3 Hdzd 2 T iy lckBDok! 20m13 dzO tsfhdztse ftcso jHjdedn (

L Offssko Odafize iy j MAW dzOf dzOo dzj dzdzr  dzdL ' Ctsdzj G50 O
BjlSOdsy Stesh ¢ RBVELD IsHOs Dlsfips S s dzso ' W dgts’ Btetsdal o3 |
PD-SHOPL (20 Mls@3' m20w

fObj® O SO 5 IStpH ¢ G K Bisd" Waf Jd'dy ddEshs’ 1
" BjlsOdzjodn LO' HGBB@E B20ddB ffcdk®@g H j d2 S &Y dzj
fMlstsfkzo Odedpteds yj MAW L o Otc® o O dadz" . [ dzw iS¢
Cted istpddz'o @Eafdf@uUE d L' MlsOd &Owklsj dhdlsdsdes
©Cd rivR O’ BBLBBE d3ds SO HEsoyddesd 400 didg L Ists
sfls' fedMOHdIR ¢GOsjt' Od' o odistdmibsolke Oddf
) B Ols|c.dd0. BOLEBOIGFA-10 wWEC' LOBjLijykéls! =
Of ZOo dzj dsG 5 d5) Is O czls tsls Yt clatschus! Sy cdgOueisiso’ CIING & o o
H
)
I

QDg_E E&QD'_UJ

] " Hdzts.

zOL dptdmeds 0 § 2O dzOo dzj dzdzv o d C sdzz 9 O dzts4)1Y. dzO BSH
EOdz des o dL dzOyOdzOMy! dzOw 9 dz' Mis? & ts@els das gz
h

o
©
L
J|
L Ofls s M 2 sabofipdaiengtin@omponentsrom SREM TechnologieFrance
s
tc

j dzdz 20 R S tasOESHsy ' f tf tRoftr HeddHEO fH | WS CRYls 5 ) ¢

[ dz' H Y J dzdaw B CtesmMistczCIskztcd ftetso tsH d dzd &34

( 3" € tc sNg@pof3R Vetsame2 , ctitsdzg w) L' LB' d " jdedgv 5 = 9
vo j teH ' Mmis fts t ¢oj dzdzlz odd3 tor 9 CHRED3 dzQ W Is & ZOH C
fwst Jfurm LEtO  dzO) ftod dzOo Odzls Oy § dzdz' dzO OdzdkOL
[dzv odL dzOyYj dedz” G jtsBjlstedyudzdn tetsL &3 t8' o ¢t

SO Y ul L OflistshsGompasBo2dl6.4 tcts ¢ tc O 31z
[bted B30dz 19jQ bdgsisPlede L 5o Od#d D7 kifistOalgste judzts v dzC
soj dzOf dzOo dzj dzdz" 3] Is O dzts FOditd ts WBIESELAPTEJ d3'H Hedgds MO d3C
Qo' &9 dz0 vyddz' dzHted ydz' wiwsdrygdy)L 'Is OMle @dz'dzOX|F @AY
d d&zd dz@ljad%lmq’dﬁ;dadehdteddzlsB ' H 28 Ht 38 &3 L
jLrfjykzels! fjtejrn'" H LOZ LO o dzOf dzOo dzj ded 2 3
1 d ¢ 5 dz0 dzts Cosf-dzgj S @dz' Yz G C SISO Bj sOzsctcOW ' y
0o dzj dgs e ts ) sOdzkz, § jtoj o' Hdets' 5isezdL 82Oy O dz@dg
odz Mls! fwste * wWC' Mls!  Wistocdilzo Odedz? L o Otcded = L 6
1 O t;;; Lzdz 5OOBd o' LEOd dase 50O ts5d3tz? tels fiyls ta isSnist
pjHjddz" Chd Seots’ HiWjSksmMSsy ' o  Hj W
.

S 00, O¥=wN

j toj dzdzd & ff tetsdzd § dzj ¥p| dz'BfiplsidzL o s o 1 I0® dzeC dg e s ts
dzq’d:s MC ZOHBR thdse dsects &Bj IsOdzkz ( MlsOdz' ) IO
¢' ‘s sy Mk dzOf dzOo dzj dzdzv .
CsY BB sOdztscteOW ' ydzg' Htsfdz' HY j dedza? § sC OL Odzd :
£ o' " LtOLCOR o dzOff dzOo dzj dzts gzl dztzg 1s © dz'O dz Y tc @
Bﬁ]dztsadztsd;slz CdzsBzdzw e dz®B 0  ¥R€ k3t © sy Az H iyl &5 7
o fitejn' Hdz 2 Lithyls Odes' Hidzd 2 dYteodad  Mls Ozt W ¢
LsdzO h JteeBd3®s dFE@P , WG O -4 VWof/tegdzmls: 383
-to" 9 jd tofl Efplslsoy " v dzSd Ul hts ftoddzvwc O’ H
L Ooh dteh G3d0O 0106 0d®C d3 HdzWw o fM' 7 HESMdzZ HYEZoa Odzedr L tcOL
S &ZOH O° WV OdkjBEB2 01 S mhdsds ff swfmdzs * s v dzOW o dz'

Q—-]J&'-‘:t. g_g_

99



[ Ol jte' -Odzff ' wozOEAsHCdisg Isdz’ Y dzts € Istda¥ g ftodi dayd [ [ MmO B wag &p dz0 42026 .

o' Hf kh jdzd 3 BOtlsj ddfg ssH;. M3 'tc d s Mdztsalzdzts ¢ t5-2483] Is O dzlz

¢ e Mm? dsds
[ SMdz" Hdzed d&3 M dzv "tsd3 o d L dzOyj dats -HiztG S ds@ dzg! ddzO {f tdzfO% g
sz HY ko Odzdd3d HESISORBd dO MlsOd 20m1 3, wer
Of dzOo dzj dzdzv dzO ' o dz' ' 4z2dQé 4 jBj T 6 HG 5O S © Od3'e dz'dat
Il dMmdztse € d
] tGJLIzdzJIsOls‘ ftetseo j HJ dzd m Csd3ff dzj ¢ Mded ~ H s

IS » dzgsdzS G ' ¥H ZicdED Lsdgtdso 2O dzOo dzj dzdzv "L L OMmlssmize Od

1r [1 IsO-1 B [fA-10 1 tod Yyl sdikz L OB J WiHj Wig ‘Cldsidigw LW QO't

L' " HdzOdzdzv, tslsted d3Odzdzy H " dz' dzedms h o' & L HEsMIsOIsdz

SO o3 dz' dzOdz! dzts¥ L tsdzts¥ L dzj 3" ydzj dzdzv .
litgdz € f simd dzOdz

l. ¢tcL OBOMtse 1 .1 ., JtstsﬁjlstGJd3].¢., 1Tehi 1. 0.
sftcOoasydzd €. 1 SHicS@BEOMcy @.. [1..1 . Ohdd dzsmistets§ dzd J

2. Freudenberger, andWarlimont, H. Copper and Copper Alloys. In Springer Handbook of
Materials Data; Springer International Publishing: Cham, Switzerland, 2018; pR@D7

3. Davis J.R. Copper and Copper AlloysSM International: Materials Park, OH, USA,

2001.

4. Maydanchuk T., Lukianchenko Y., Kozulin S., Porohonko ahd Marynenko S.
Development of a fundamental technology for repairing products made of CuzZn37 brass
through TIG welding . Procedia Structural IntégriVol. 59, 2024, P. 39806.
https://doi.org/10.1016/j.prostr.2024.04.057

5. Skorupa A.andGor al T. I nfludgnfmj f technol ogi cal
bronze paddingweld geometry tn the steel Ssubstrate.
I 3. P.4147.

6. Haduch J. Singlgly filling bronze with the TIG method. Przeglad Splawalnictwa. 2009.

i 3. P.913.

7.t WBYJd o R. ¢ ., o dzyj dz€ ts o R. S. v tstedw d ft
(CBLSJHdzlsdztsG w, 2013. 400 M.

. RAzs M jdzCts 1. [., [ECiwdyjdits .1. w90ttC0O d

[ idHEZ®ZOEEH &ZOW OMsydOydY cuoOt¢Oe, 2013. 3

100



[ Ol jte' -Odzff ' wozOEAsHCdisg Isdz’ Y dzts € Istda¥ g ftodi dayd [ [ MmO B wag &p dz0 42026 .

vrs 621.791

4Jjtcg' QQEIS dzOC . Is| dz6 j dzg'H's Y Yoo, jiste I 5,0 Is1Qudefs 8 | dzj dz€

C. Is. ermmqabJﬁowstBBWBm ZOCtse, C.Is. dz., TMls
O dzOIstsdz" 2 [ " dg y' S$d2,] " BOK @& ,J Jf OBtz EwR®Gdz Of
[ Oteykzs, d&Oc" " MmlstcOdzls

1 Oy’ mEg@Qdzilsj ndz' ydzd?2 Edz o jtemdisjls vStO dad "sd’ o
wetstew o' Ctstef! Csets”, LvVEtO dzO

we Odz | Hisg dyqJsdests | Hiso d Yd del ts

wdzmisdlskzls jdzj SIstctsL 9 Otes 9 Odzdz? ' 5. | . [ . 1 ObtsdzO

sudf 2T w Ju1 IR U 1}

A trlo4rR vyrmy 1w
IRy JullAcr vf1sfovw1rRMm st I { ] un

WBE1RM Sl HU

r sz Hyjdes fjtejoOed WAAM Hdzw o dctslstso dzj dzdzw
Il st advdets osj ssHd GMAW O GTAW, ity dbsls o ©dats
LOBJ LY jyd ddg" Issydesfyls' , ydmlstsilsd tdp ' deO flsddO oSdij drisc
stsdzl sfyls” dedzed » Ctedotsdz dz' 2dedrm j dzj d3j dals® o .

s dz ytsoe Mdzse O: WAAM, OH dIsd o dzj o dtetsB dzd ylso ts,

Ctedotsd dg 220 6 jtsdgjlste’ w.

Serhii  Minakov, Yevgenia Chvertko, Natalia Strelenko, Anton Minakov,
DenysStepanoy Anatolii Minitskyi, Vitalii Mykhailichenko, Roman Marchuk, Ivan
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CONCEPTUAL FOUNDATIONS AND ADVANTAGES OF WAAM
TECHNOLOGY FOR THE FABRICATION OF THIN -WALLED CURVILINEAR
STRUCTURES

The advantages of WAAM for producing complex tinvalled partsare investigated. GMAW

and GTAW methods are compared, justifying GTAW's efficiency in ensuring precision, weld
cleanliness, and thermal cycle control for depositimg-walled elements with curvilinear
geometry.

Keywords: WAAM, additive manufacturing, GAW, thin-walled structures, curvilinear
geometry
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RESEARCH OF THE QUALITY OF SPOT CONTACT WELDING USING
MATHEMATICAL MODELING METHODS

Resistance spot weldy is widely used to join different metals and alloys, as it provides high
speed of work. Spot welding combines interconnected thermal, electrical, electromagnetic and
mechanical phenomena that occur in fractions of a second. Replacing expensseakull
experiments with numerical analysis for predicting the quality of the connection and
optimizing the parameters is an urgent scientific problem.
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Pankiv M.R., PhD, Prof., Marinenko S.Yu., PhD, Assoc. Prof, Okipnyi I, PhD, Assoc.
Prof Huryk O.Ya. PhD, Assoc. ProfPankiv V.R., PhD, Assoc. Prof.
LABOR PROTECTION WHEN CARRYING OUT WELDING WORK

Modern industrial production and construction are impossible without the use of metal
welding technologies. Howeverelding work belongs to the categories of increased danger.
The technological process is accompanied by a complex of harmful factors that negatively
affect the worker's body. The growth of production volumes requires constant improvement
of the occupatioal health and safety management system. The relevance of the study is due
to the need to reduce the level of industrial injuries and prevent occupational diseases.
Keywords: model, welding, danger, occupational safety
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DESIGN AND OPERATING PRINCIPLE OF DEVICES FOR HARD -FACING OF
THIN -WALLED PARTS

Abstract: The paper addresses the relevant problem of restoration and strengthening
of thin-walled parts by harfacing, which is complicated by the occurrence dérihal
deformations, geometric instability, and difficulties in controlling the formation of the
deposited layer. An analysis of existing technological solutions has been carried out, revealing
their limitations, including insufficient control of layer geetry, structural complexity, and
restricted technological capabilities.

New design and technological solutions are proposed, based on the integration of a
controlled thermal cycle, mechanical stabilization, and forming means. The developed devices
includeinduction heaters, forced cooling systems, and specialized forming units, in particular
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grooves and clamping elements, which ensure melt localization and geometric stability.
Special attention is given to a device for edge Hiacthg of disk componentsnplementing
rotational motion and controlled shaping, which enables multilayer deposition and regulation
of geometric parameters of the product.

The implementation of the proposed solutions ensures a reduction in thermal
deformations, improves the accuracf deposited layer formation, and expands the
technological capabilities of the process, thereby contributing to increased service life of
components and overall production efficiency.

Keywords: thin-walled parts, harflacing, thermal deformations, wargingeometric
stability, deposited layer formation, induction heating, forced cooling, forming, clamping
elements, roller units, forming groove, confinement chamber, edgefdwnd, disk
components, multilayer deposition, thermal cycle control, melt iletadn, deposition
quality, component restoration
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Yurii Popil, Denys Stepanoy Serhii Minakov, Anton Minakov, Yevgenia Chvertko,
Nataliia Strelenko, lllya Peremitko, Alina Pryshchepa Yevhenii Pryimak

APPLICATION OF LOW -PRESSURE OXYGEN FOR THICK
METAL CUTTING

Analysis of the advantages of lgwessure oxygen cutting for thick metals, which prevents
jet turbulence and the throttling effect. It examines the practical experience of dismantling a
630-ton presdrame using specialized-&eries torches.

Keywords: lowpressure oxygen cutting, thick metal, scrap cutting.
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Oleksiy Prokofiev, Ruslan Gubatyuk, Serhii Rymar, Yevhen Panteleimonov,
Valery Abdulakh, Oleksiy Nikritin
APPLICATION OF THE W ELDING -BRAZING PROCESS IN THE
MANUFACTURE OF MULTILAYER SHELL METAL STRUCTURES

The E.O. Paton Electric Welding Institute NAS of Ukralrees tested the application of the
process of induction weldirlgrazing under pressure with the use of activating sanbssafor

the manufacture of multilayer cylindrical shell metal structures using solid and perforated
sheet materials. These can be pipes and cylinders of increased strength.

Keywords: pressure weldirgpldering, activating substances, multilayer shell cttines,
strength enhancement.
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Pulka Ch.V., Senchyshyn V.S., Okipnyi I.B., Senchyshyn Vit. S.; Bordun V.L.
APPLICATION OF VIBRATION TR EATMENT IN WELDING AND RELATED
PROCESSES

Abstract. The paper considers the ways of applying vibration treatment in welding and
surfacing processes of machine parts. It is substantiated that the introduction of mechanical or
ultrasonic vibrations into a wkpiece, electrode, weld pool or technological equipment makes

it possible to influence crystallization processes, metal structure formation, distribution of
strengthening phases and the level of residual stresses. The results of studies on the use of
vibration in welding, induction surfacing, arc surfacing, laser cladding and plasma cladding
are analyzed. It is shown that vibration action contributes to the refinement of structural
constituents, an increase in hardness and wear resistance of the démgssitfedreduction in
penetration depth, stabilization of bead geometry and a decrease in residual stresses.
Particular attention is paid to induction surfacing with-8Gpowdered hard alloy, where the

use of vertical and horizontal vibration ensuresducéon in the size of carbide constituents,

a more uniform chromium distribution, increased hardness and improved wear resistance of
the deposited metal. It has been established that the effectiveness of vibration treatment
depends on the frequency, amydie, direction of oscillations and the moment of their
introduction into the technological process.

Keywords:vibration treatment, welding, surfacing, induction surfacing, mechanical vibration,
ultrasonic vibration, residual stresses, wear resistancegpstriacture.
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|. Serebryanik, M. Poleschuk V. Bovkun, I. Krivko , S. Marynenko
DETERMINATION OF THE QUALITATIVE DEPENDENCE OF THE STRENGTH
OF THE COAXIAL CONNECTION OF PARTS OF ROUND FORM FAC TORS,
PERFORMED BY MAGNETIC PULSE WELDING, ON T HE PARAMETERS OF
THE TECHNOLOGY

Annotation.The paper considers magnetic pulse welding (MPW) of round form factor parts
using a singlgéurn flat inductor. A method for assessing the mechanical propertiesldéav

joints of round form factor parts has been developed. A device for strength testing has been
manufactured.

Keywords: nagnetic pulse welding, strengttievice, testing.
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Sviatoslav Fyk
OPTIMIZATION OF MULTILAYER WELD SHAPE IN THE JOINT OF CUTTING
KNIVES AND SHAFTS OF A TWIN -SHAFT SHREDDER TO REDUCE STRESS
CONCENTRATORS

Abstract. The stresstrain state of the joint between cutting knives and shaféstein-shaft
shredder under peak and cyclic loads is considered. The expediency of using a welded joint
instead of a bolted one is substantiated. It is shown that the most dangerous zones are located
at the transition of the multilayer weld into the kriikedy. A rational weld profile is proposed

to reduce stress concentration and improve fatigue durability of the joint.

Keywords: twinshaft shredder, knife, shaft, welded joint, multilayer weld, stress
concentration, fatigue strength.
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Oleksii Shvets, Serhiy BerezovetskyRetro Koruniak
STUDY OF ADDITIVE ELECTRIC ARC W ELDING TECHNOLOGY

Abstract.The work investigates the influence of welding modes on the geometric parameters
and hardness of surfaces obtained by addisivefacingtechnology. As a result of the
research, a significant difference in surface charactsistas established. A comprehensive
assessment of the qualitative characteristics of deposited surfaces makes it possible to fully
assess the suitability of this technology for practical application.

Keywords additive technologysurfacing welding modesurface characteristics.
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ESTIMATION OF THE FA TIGUE LIFE OF STEEL SPECIMENS UNDER
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Abstract A model is proposed focalculationof the fatigue life of metal specimens with a
notch under variable (stepwise) applietycle stress range based on elastiglastic and
microstructure characteristics of the initial material.
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Halyna Krechkovska
METALOGRAPHIC FEATURES OF RIVET JOINTS OF STEAM TURBINES

Abstract. The mechanical properties (impact toughness, strength, and ductility) of riveted
joints in a TPP steamturbine were analyzed. It was shown that the combined effect of stresses
and the technological environment contributed to the initiation and propagation of fatigue
cracks. It was established that the mechanical characteristics of the steel used itade riv
joints met the requirements of the regulatory documents, yet they nevertheless collapsed. The
cause of the collapse was probably a significant number efmatallic inclusions, which, as

stress concentrators, could cause the collapse of the riogtés] |

Keywords:rivet joints mechanical properties, structure.

I flsgfon"' 2dz fls! ' Hsecdse ' ydz Mis! jdzj dgj dals® o
i © jCmy OOy’  jdjttejlsdudscts B &OHd
s thdswdzdasd® § g Y dBdid Bolsj ' Odk
Codayj delstcOy' v dzOfftolzy jdzt . | SHdesyOMm

fsoL bysfls' ®EOljt' Ok Mkl ot of dzd o C
[1, 2] . vddzdmiStssh ' W jde te OfHOR j id" oS tC

Miejnsadh', w¢' Mmftedqyuddavels! Wstdze C

d yd<edz' ydesdsz dzOe Odzls Oy j dzdz' . 4 ddzj 6G°
Lded ¥ J dedzv HB9Gtse " yYdzsfliz] dzdsdls  job Miff @alzte

<
&
@

"~ © G
—
)

g S0 80 §—r
"0, 0.0 e

gogugurIa
P gt @
Q=N -

P I ETR-FII
# &

NNSOQ®

B L j dzj B dzls Lo St tEasty’  |s O ' datdcflzdzy , W
sy OlsSd Hts HIMCO Isktes' dd. JItdd o' H'
s O dzOH' 2 desfls’ tsbkstds’  fdnky dgd,
2O dzdzv M tod yd dzv IsHd i3 S ta dgis oderdztsdzZ@st tdids|Qdaits dzts f Ol
B ydedr dzOo OdzlsOy jdz@, s ftedLo jH] HB 0Oo Ofts
B 'fithfQ dztslo dzj dzdzv it dzd © G lizls f Q ts to L RCO0EAH Azdz@sdz tc B
OC Is iz Owlzts Toadp'dsH ¥ § dzdzv 3, sfMS' & ¢ OdOd L B o
"CtsistekzCbktedzd R L& dz HBLoGBdY' B ttkdzske Ols
jCB®RjdHOY'° fsHts 'R jCMmfkzokoy' .

[ Objt’ Odzd SO d3j stsh EYddezfmdzsh § jsazogy dzdz  j dzj o,
B ' dz CizOW® L dZpPso 7 L 0 H dzO dzdz¥2899 7 & C tsagdS iy dzk
cslstse dzj dz L' ( [ BO®LpE, DIBRBLAMN, 1.85Cr, 0,002S,

- &
O

v

OIRF P0G "FFOFT=
77 -

°F S TITGS
N QO O

o N

132



[ Ol jte' -Odzff ' wozOEAsHCdisg Isdz’ Y dzts € Istda¥ g ftodi dayd [ [ MmO B wag &p dz0 42026 .

OO0, OR) 0.B4Ni, 0.19V, 0.29Mts, Ou K@ 18 m1 1 [RROAY. %, 0237
0.62Mn, 10.95Cr, 00 , ®HDO , ORYA55Ni, 0.27V, 0.89Mts,  Blb).2 4

[ 2% OdzOdz' Lz MlsOdzz | ¢ dzzOlstso Odedf 7 MlsOdzj 2 9 «
f ZOMmisd ydesmils' , O IsOC js30de @K dzlzo de@fiyisLdCe’ tfifijds' . fifls ©
GZOHC R yddz deHted yded m 'L € G SoQR teHs BAsg jizie O SdzOd3ds |
V10 LO hoduCtimis' Sy W tsucriedddzdzy 6 W3LACL 0fy s 9
d3®Wlsdzq’ sotsdBz St ZO L tcOL SOise dzqedsOhylyg'.  jf dijlsc
Odz0Odz' L z© Odef o de® Rl | dzj C s cER/QAXWEEZ o St i

[szlzlsOlsq’ Hsfdz' HY LVdFO'dzO’ B 6 OdOizis! kO d34:o'
B ydeshls’ s O f dzOM& N 1y bgts1AsIom U HBIOEL & f Ssodm L O
9' Hits9' HOdzd o dBSE O m;qc{t@c@;e@l&ﬁﬂa%@zq’?lﬁﬂmgz%oﬂz
(Hdeo. ©kOBdzdy® ) ." mwdzdl dzs' v dz@QJdetief , KCU fted B dzd L
KCV (tm¢"' dz' jCdfj to¢ BiB@et0Ilsd o tshdatse des gz 'dzOls tf dsb» d
oddised toj ¢ zO® dzlSlz dzj Y tstelkzh ddzd mw |

u OB dAffyi"n Odz' udz o &zOfisdotshls’ MlsOdj?2 L OSdj

s, Co,2, - 0 o KCV,

t Is O dz! (10 [10 a, % Y’A)IFX/Q

tls0Odr 18m11[1 A| 898 | 749 | 17 | 740 | 0.6
JJvuv %49 ftekzlss¢, @ C KCU
1130C b f o' kte'i77eg’ b ' S| 590 |} Bdafl Bdgf 4"

{50 Ists' 740 735 15 50
tlsO2En1 [ A 825 763 17 63,0 1,82

J{uauv 200D, 72ftckzlEd, st
4 25 dics, G ONSBGCH @dics Poo et et b deld Bl KCU
HY 216606 41D f 5o  §
{ MpzeC [ CtsmtClEeO MsOd 25mL1fA L OCdj§ ¢

fsojtcandzj odr NOt' & (B)

[jsO@bEmdzdds OdzOdz L & Mgt | lst@MiFaE] [LAOC dzj § § d

SHASKE' HosE K ROd ydetst MEzd' e BH el Otgs H g Mg j tzf
(MsekClktd lsdfk btshmisdlskz). Aj kdfises 0 Mtk Isk
COlsko Odzdz? ' o dMisSBEBEZDEEG EMEEY o dzj dzs  § 5 C SH
tsL & 8'o o' H 65 HE 90 S-S Isdadpyddzisdsj 8 OdrFo "
(tedf. 10) . Itdd ' dalsjdemd¥W' Skels! zsCOd dzgj OdetsH
Mftegdwels! OSkdkzdo o Odzdzs OEH dzél  dr@ dsf' e DL dzd® Isdzj >
C stetsLdsjordisdz’ Yydesets tolz2 dzzo Odadzy . A o C dz¥ yj dedgv

o' Mis k MksOd LOSdjfSd ' diBjLijuyddd shss
ssdsed o L sdk Qtsdzlso sk L OS dzj sHd j dzdzm d B S Bdf.¢ o
o' Hh Otezo Odz' , CtstetsL ' 2d2 odwOLSd wWC tojLbd st
MjtjHtsodhO Mitedwisddlzls! L OsHY jdd* *° §6hdie] dd

133



[ Ol jte' -Odzff ' wozOEAsHCdisg Isdz’ Y dzts € Istda¥ g ftodi dayd [ [ MmO B wag &p dz0 42026 .

VL & CtesmstezC skzte" s Odz' 18m11f Al LOC dzj &
B Cstej dalsc j dz' o fy! CdgQlz’ M igjdf IsoteiPlodDd detiscfodgf dzf , "5 yj B
1598l , T, 8BINb) . | OW ' CMtso Odets L dzgOydzz €' dzr €' Mls:

dzi Hsf EMisd i3 Hdzw  jdzd d3gj dzls® o, N s H2a@nECedsy to
odwedz dzats MC kY yj dedlzg ¢ W Qe tlpO2 BJndesd J dzdeS B tetsL &3' tod
Hts diS0d3) IO Mt j ydW ' ydzO WistedsO (o dlwgdzj dB f dzOfls
W' ceclkted) fMlse st o Odzd HSHOICtse Iz Ctsdzyj dzlstcOy " &
ZO2etsdztso dz' h dzj oG tsdzlz g Oz Odzde ¢ ez® Az Hs'S ‘daB H § dz

LoOWLOIsd eokcdzj y- o MmMks® 2¢° COteB ' H LOf sB ' @
dz! sdzsz R tesd3lz. Kl Bz Mftedwilsd odH' dzj dedzr € Ofe
OLHBOY dBBjY Ljtojda CtedMisOdz' B8ls BOKBI dzgmiflsz IsO

d3d

Lijtejdz SO o3

Is j o3t J§ tGOlsIztrac[ LLJ tGJ . f smdzOB dzj dzdz”

{ dfz®C ) Codzf uj dgdz" BSWGAH' ® dF SB'E (O) ' fsh
18m11f1 1.

j, dzj 6 OIdoded 3 yd dzdzd S ts BL @Y aizif th Lrvs e ta tsdB" 1 L
odMsCO ckMmMisddzO dzj 3y sOdzj oad~ 9 ¢ dzt yJ «
. L O QtsdzlsOleIz L ISj ndzsdztse ' ydzd @3 MmJ te g
dzd L Wistcdsz o Odzdz? d3 tetsL o  dzj dzts’ i34 to
jfdzdar Otdsls(m Y f sh dtejl dgl@F ts dstkaes’' off dzL dzOydzz €
sOdzvrn, tJ itz dHso0Odts LOBJ LT J yudlsc
dzj &3 sOdzj o d -~ 9 ¢ dzt Y4 dz E mMtkzCIskzte" ,
Mmisod LOC dzj f B 5 6 Bzo OLWOL' CH' dBflsiz Is © a3
' d&3' ydesmis® Is © f zOMmiIsd ydesmls 9 ' H
] N z§ iz tcL dz@ig@idlz’ € odz! € Mis! dzd d3d
L-@ ® Istafso dzd - , IsO¢ ‘ BStcdH "' @ dz' sB "' ¥, w gt
HY J dz' hts L n @dgoglzfgl©'dzd Mls O dz' yddzdIsd st to
o Odegsdzd o isfp L © ° 7 tetsL sOh o Odgdg? o5 © L tsdz'
sfsH Bdddd Jjdzj d@3j dels OB rotsmMisseadE O dztstf OlsC d
1 0CB9 Hsfmdz" Hyjdadgw L O 1 tets’ Clstsdz 20RkR59 02/ 0
Odzsz 1 tejLdH] dElsO VSO dzd, dOHOdBSGEts | Oy' tsdzOd
J tcjdz' ¢ f sMmd dzOdg
1. Stresscorrosion crack propagation in nuclear stedurbine rotor steels: effects of
microstructure in a simulated environme&t Weng, Y. Huang, S. Lin, . Xuan Jaurnal of
Materials Research and Technolody (2022)725 742.https://doi.org/10.1016/j.jmrt.2022.@R0
2. Solovey P., Krechkovska H., Student O. Structfnattographic indicators of operational
damage in steam turbine rotor disc steel. Scientific Journal of TNTU (Tern.), 2025, vol. 120, no. 4, pp.
90i 98. https://doi.org/10.33108/visnyk_tntu2025.04. 090
3.H. V. Kr ec h k ov s @Dktarmination & the Fegreedot Degradation of Steels of
Steam Pipelines According to Their Impact Toughness on Specimens with Different Geometries of
NotchesMaterials Science. 52, Is.4 (2017) 5681).https://doi.orgl0.1007/s1100817-9991-z

s ONFHGG OPFEONGF

134


https://www.sciencedirect.com/author/6603686841/fuzhen-xuan
https://www.sciencedirect.com/journal/journal-of-materials-research-and-technology
https://www.sciencedirect.com/journal/journal-of-materials-research-and-technology
../Downloads/17
https://doi.org/10.1016/j.jmrt.2022.01.020
https://doi.org/10.33108/visnyk_tntu2025.04.%20090
https://doi.org/10.1007/s11003-017-9991-z

[ Ol jte' -Odzff ' wozOEAsHCdisg Isdz’ Y dzts € Istda¥ g ftodi dayd [ [ MmO B wag &p dz0 42026 .

uvrs 621.326
Ste' 2 Islzls B. d& dzdz@ weispitc f j ts". rdzOdzq’dztBul;dzq’ths oRis}|
JHJMm C Hjte) OodzO OC OH J O3 BEH' adzdylsea © SO Oten

1ty 1ot ofrovtRrRYLRE 01 ¢0fJ wy [H[HR[[UtRYLRM S,
StV RM 1 [ oduvRrRL 10 #Fumlgwel ltoryws Je J1w

[ sMdz" HYy jJdets LOHOYk s o' dz de@ MjMdd3j stedydz® ¢
L3 dedz’ 2 ftokzyde 2 tsihdetse' 1" dgCdzjtcO. 1 Oftetsyf tsdztso
ssydesfizt tsLodWLCEZ o' HYiBo Hdetsets HAW jtej dzy' Odz
f s Hdzd » d3dzts p dzdlzq L dzOy 4 dz f s OL 2§ g @ MBjcP§ dey t
dzj SHdetstc" Hdg' fMls: sfdztse d, sBydmdzj dzts o dzOfmdz Yo
ofMisOdzse dzj dzs OdzOdz" Isd ydz® L oz 3y desmls® yYOMmlstsls o' H
s dzt ytse ': frifdidmnctz’ f zOMmls d dzd , dzi SHdzStc' HAZO f tolzy dz
Csdzd o Odegdz?, OdzgOdz' Isdyded?2 diBjIstsH, YOMmIstslsd Ctsdzde O

Yurii Krutii, Alla Perperi, Danylo Velychko
ABOUT THE PARAMETRIC ANALYSIS OF AXISYMMETRIC VIBRATIONS OF
CIRCULAR PLATES ON A POWER-LAW VARYING ELASTIC FOUNDATION

The problem of free axisymmetric vibrations of solid circular plates resting on a-fower
varying Winkler elastic foundation is investigated. The proposed analytical approach is based
on the exact solution of éhcorresponding partial differential equation of motion. For a range

of values of the exponent that characterizes the inhomogeneity of the foundation, the natural
frequencies of the circular plate are computed, and analytical relationships between the
frequencies and the governing parameter are established.

Key words: circular plates, inhomogeneous elastic foundation, free symmetric oscillations,
analytical method, oscillation frequencies, parametric analysis.
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Mykola Chausov, DSc, Prof.; Pavlo Maruschak, DSc, Prof.; Vladyslav Shmanenko
COMBINED EFFECTS OF DYNAMIC NON -EQUILIBRIUM PROCESSES AND
CRYOGENIC COOLING ON THE ME CHANICAL PROPERTIES OF AlSI 201

STEEL

The paper analyzes new mechanical effects associated with a sharp drop in the strain of AISI
201 stainless steel under the prior combined influence of dynamiequlibrium processes

of increasing intensity and crgenic cooling.

Keywords dynamic norequilibrium processes, impacscillatory loading, stainless steel,
evolution of mechanical properties.
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THE SEMI-TRAILER TANKER STRESS -STRAIN STATE ANALYSIS WITH
OPERATIONAL CRACKS DIAGNOSTICS

Abstract. The paper investigates the characteristic features of the structures and operating
conditions of semitrailers tankrs A digital model of a semirailer tanler with a halfframe

type supporting system has been developed. The finite element method has been used to
determine the nature of the distribution of equivalent stresses in -adotmon tan&r under

the action of hydrostatipressure for two operating load modes. Critical stress concentration
zones have been established, which are potential sites of fatigue crack initiation.

Keywords: semirailer tanler, supporting structure, operating conditions, finite element
method, stresstrain stateoperational crack
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Vadym Khvorostianyit, Ph.D., Senior Researcher; Mykola DolgoYy D.Sc., Prof.;
Svitlana Tarasovska, Ph.D., Senior Researcher; Natalia Nemertseva Andriy
Kravchuk !, Ph.D., Senior Researcher; Maksynisysart, Ph.D.; Volodymyr Bodunov
STUDY OF THE EFFECT OF THE DURATION OF THE ION EXCHANGE
PROCESS ON THE STRENGTHOF FLOAT GLASS UNDER AXISY MMETRIC
BENDING CONDITIONS

g_(,TEEODQ—-ODI_m'EEEEG-e-

Abstract.A complex experimental study was performed to determine the influence of the ion
exchange process duration on the strength of float glass sheets. The experimental stage of the
research wasealised on specimens in thierm of square plates with a nominal thickness of

8.0 mm, which were tested by the axisymmetric bending technique using a double coaxial
ring. This allowed for a uniform stress distribution in the central zone of the specimen and
minimised the influence ofedge defects on the final result. Using the experimental data
obtained, the dependence of the strength characteristics of the material on the ion exchange
duration was established. It was determined that the maximum strength of float glass is
achieved fora processing duration of 24 hours, as this time period ensures the creation of an
optimal profile of induced compressive stresses and sufficient penetration depth of the
modified layer into the glass structure. The results obtained are of practicalangsofor the
development of poweefficient strengthening conditions for glass components that are
operated under conditions of increased service loads

Keywords:float glass, strengthening techniques, ion exchange, strength limit, axisymmetric
bending.
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Vikroriia Pasternak, Oleh Yasniy, Heorhiy Sulym
ENERGY CONDITIONS FOR CONTACT OF CRYSTALLINE AND
QUASICRYSTALLINE SOLIDS

Abstract. A model of a thin interfacial transition layer between the materials is proposed,
which makes it possible to describe the contact of such materials using an-leamsdy
approach, assuming that the surface energy depends on tpe pfnthe corresponding
displacement fields at the interface.

Key words: quasicrystal, boundary conditions, interface, jump function, interphase layer.
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Extra Trees Regressor

Oleh Yasniy, Pavlo Maruschak, Iryna Didych, Dmytro Tymoshchuk, Liubov Tsymbaliuk
ANALYSIS OF FATIGUE CRACK GROWTH IN TITANIUM ALLOY UNDER
VARIOUS STRESSRATIOS USING EXPLAINABLE MACHINE LEARNING

Abstract The paper investigates the application of the Extra Trees Regressor algorithm for
predicting fatigue crack growth in a titaniumagllunder different stress ratio conditions. The
obtained results confirmed the high accuracy and efficiency of the model in fracture
mechanics problems.

Keywords: fatigue crack growth, artificial intelligence, machine learning methods, Extra
Trees Regresso

1 s ts dgtddg 2 dzlz oCOEAYIs to 2 SR 1s2j ded B HztlzbL' tf) dzts ofdmldiy d dz
odr Dl HY S0 ' H &gz fRdiEdzmpls tclk € Q dz@ § g dagG a5, Oy ' 2 dets”’
Isj nds @ dzj tccj IsBuldBscarO@izderd § B B dzf tf3ts ts Yejsifidslizts d3dzd
Istc’ h e, W)S ROt OC Isj tod istinls iz ilp® ¢ &1 d yf t2tz? KH ki dz
ROIs j tof "Gadz'  wd € oz’ upled B dzls Ofj £ dz o SHE B Is 518 52 dzlz o O dzdz™
¢ tsdzf Is tolz t§ dfttcs.¢ dzts L{lzlot®d dadg dzdLo @ Odg,jj & O tlziz Q dzlz © O dzdzv .

(S M J tod o3 dgglslOmtracfiptz’ H oy l§ Hatkiptzdis o O%BA OC s j oL k25 s
L 2Oyl H sd3' Bl sBBELlslsBisd o Odzd il o ©dz2y § &
ts ) ls O dadas SREREIs d 8 Baso d o G ¢ s 5 MWD €f) dztla@ @i Is s B 1O wzdz" o
BOh d dzdO® 3| & ddaBeizO dg' SLfff | to d 03] telzB RdifA tadbsdcrddszdfto sy j )" o
tolz 2 dziz o © dpde¥s.ts H@RY tots H j d3ts dzfnjisitejtsS O IsipsRO b d dzdzts ¢ ts
dz0 o y OlsiZ8®'dzn © d3B digjseH dj AHajd2f to ts ¢ dats L o ds @) dedets dzdisdics M d dz,
sy dzt o @ tizezlt 50 ' PEAS s ™ ORLZ@dzd f zd § Bte O 3 UscfeS ' Y s & 15
dz0 9 Odzls Oty Mgy f 6 © §1-2] H s dz' Higis Y s oL tChfjds' ts ) Hyg © deelzY o
BOh d dzdizO® t3| Gcdiriftc s ¢ dzts L tz e 10aiafids SRz B C sHIIg dids Odzts o d -
M zZOOREsB Bk tctso j i b tzis o dz"OdzOdiNn O 3B Grgze 1§ & ofi lsals” o
L OHiOmYs ¢ dzts L 2l ©aimws ¢date flafs H dzOEasiiz O dz0dkdedsteissidd d Is € Iz
h Is z y daetsgldsj dzjEfplaizable machinelearning, tsH 5L o Haprd higlsted dzglz @ Ols d
Is ts yiids s ¢ dsdzddQ dzO dz' LoAfed@fiSdte | €38 & H tfiZf B O o3 jlAGMg) Lokz dz' s O'ls
BB H | dzt 45D dzde'O ddb BB B lis 'y dz'  HlgfsH dits| oL ' Offfjds' ts ) B dz@ Gedg dzj o sSG 15
0O dzé ts toEkiradyizesRegresson dAW dzO dz' tsLinisldzts disitts' * h afldizdls O dzthd tsalD °
L Go' L dasqj W' Yy Ofndaliz] Updel diad o O dzls O ff fi) teslziidd ® @ e d H *° dzj dzts
Cdzlsj toff 6] s D upidisipdz & Codda) "t dz¥ 9 0Wazd ® S EILEO ] Iste’ o
“a d ¢ tste d Mmis OwZiExpkginablemachingearning.

156



[ Ol jte' -Odzff ' wozOEAsHCdisg Isdz’ Y dzts € Istda¥ g ftodi dayd [ [ MmO B wag &p dz0 42026 .

[ e STz v e B s dsdas” © @ gad 5 b d Is O datipfiigle
L Ofls ts fij t ein@ dptdc d d3y @z drtsdz'd )l sQsizj X ezs s & dzdf bzalo * H
¢ dz2 YK IdZOe O dzls Oy OdadeW * YO ff) ddalsjyle € 'diz@ o O dzls ®Rx0,j08izdzw
0.1 ®.3.1 dB "' WS BlsthdzPS MY j tod HjoHzE kT dz H A RGO B Is tc O Az
d3sH g tzddds @ 0o d » * H daded® d3j- Is &5 &5 ¥i3l§ WzO N & dzd

I dzf tsB kz HdigsoHd) d2'fn Is ts ifaiefiD0idss @rgze  EHtla tgeesRegressor,
o] Odz' L Bt Olze| @ O fiFgets gzlg Pythphi' '© d € s tc d Mis OBzdz" BgSared. d
1 s jtoj mdzddls d § 5 dzOQdzts 5 B3O Is i tiste ‘Oalzjay f&lzw dzOCAE BStcd Isdz’ o
BRBON d dzdiz® @ ts| Chyplgdisvj SH RAndomForest,GradientBoosting,Extra Treesls © dzh
tcj Gtoj fMP3tRHdg Az’ Otcj L £ dz' s OB ®©clizc 5 tc rxsraly Trees Regressor
ftosH ] 3 daip®@ LTt @ O L ldad § dztf igIs G dats L B ez® tptdzytdstizizls 2 * Is ' fw
dzOf 5B Z HASBM O®RBAE gztc jco M j'dao Jf OH C ¢ B RS ARZB O Stctsc ' o
tetsL M j i dzjoezdaty 9 tfizti'o 2 Bd O dz! da® o @lskBdiglgsd® d3j dz" d Is d
ted L § o] dzO ol UG dgdfs B tizts B © B & dzt WEEARO dz'f OB QYA B’ o
o d¢ tstcd fmlsHedmttptiBgaler.t dzwL OB j L ff jaoy'judday stc® do@ dztkfgds Is Ols * o

) q’letecffrWl‘setﬂ;,nsaLOanuJ daiiym state = 42. 1 OdzO" Is z edgBsdzdipdz’
LH" 2Mdzt ®DlAsd® Is d LOIeas@RPEEEt” f s H O dz' ahddBds td2®OE C tc O N 5°
Coda ' cEt @y 'l Otk DRl ¢ O & dzPdy’ Mls qOE® | tc jod h j 'da
od¢ Btsdfnlﬁ@d{;diz‘ﬁsﬂy‘arederror Hdzts Y " ol dztiz? sfipls't " | f dejzdzdiz? o .
l de "' &k dgQdas dzlz o 1©@'j dpists@ figls If bigff © © o * H @20. | dizlz’

" odzls j toff tdgjjla Gnylz HistOuse dats L b1 gf © dzizY fif 5 @ @EXphainable Machine
Learning. ¢ dzO da' Q% dzd eotsf)Isi iz & O d3 jL Isi1ts "2 &) dzelzg O dgehésmutation
importance¥ ¢ dids L o tsapV tigldsidffo’ fddzd gsky dzts 'dz@ABds y daf3is § dz' .

1 Oed f)f 5C OLfGdets o dptedsdznizs L 5@ © dgf J te d B cztz@zj ded -
Htso X pdeds dzdzts ° N dsdedc, B30 st 5 d3telRssis jEsd'a Trees Regressor.
| M s@sEzyj dZsk®yYR Y H sdz'y df € ¢ dioL’ br W delis' d ) Sty dz' ) ls
f sSBZzH SROHEZEID L H Ols dP HNjIsT o D Is Hzls o ts ta s PCOHTs RBictisdzts g Is
o lstsdzdzts™ M cpdds[d Is O detsfpg tfsdiz@oCie * L dgdtssj W ' Yy OMdeles tpdes dzlz
dzO 9 O dzls Oy Ji WatEMoyTejf ' ¥ Is ©dasL H dztsfidpg C o isg | o 212
L ¢ tsH Y @3dg Mftsf J te d d3j dalPQacts’ Gadrftsog s edDdad) ddafiz o3 .

PyCaret Regression: Actual vs Predicted

@ Predicted vs Actual

38 —— Perfect Prediction

36
34
32

30

Predicted a, mm

28

26

24
24 26 28 30 32 34 36 38

Actuala, mm

t ATz 9 ste’ o g€ dgdzY to d d3j Isis tOEA digg 1A tsoaCOwgdRR ¥ d tztf d3dats
Istc * h o dyts H xdra TreesRegressor

0 dzOdr'Ox| dzd f ©GIO'GH & Ob BBQ2 B ' da' fhdeild (o s ¢ sy Is b2
olstscEeas" " 3@ dz Q' df§lsEOm Odzls OIS EBatZE s % @M gl s to*

157



[ Ol jte' -Odzff ' wozOEAsHCdisg Isdz’ Y dzts € Istda¥ g ftodi dayd [ [ MmO B wag &p dz0 42026 .

ydes dz@ o Odzls @ylsj@igdgp if s d3' lodfdd2dz@e j L z dzff Bl dzets L & § O dzdzv .
' Hlso jWecHd|LdAzS H X 5 ld2cEfiilits H | dz' .

Permutation Importance

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
Decrease in R? after permutation

{ ddpzed Oy dzd @ T f) IBYAREO ddsts ke jof' L , dzQufsyj It Retsmmigation

Importance

1 Oted 3. toj H fls Totadd joid@de y Otz j 'L B * dz' h fdzdlzr §Gsfls
dz0 9 Y O dff telgSRdzO ézO B jCdEE™Y © yH | lsligilstOsR2drCdeils j fistsafB ™ ¢ d
L tc s idsERO B dzd ¥ @ ‘telsdzGny H diziz® 0 O ez dzisfic&fipfo,” H BB tctsh 2
L Oc Odz' des vo@igialigtebirls '@ H M Iz I tzls 5 14 o) g w20 0 Y O dzdz™ .
Learning Curve

1.00 ® ® & & g ol

0.98

082 ~—@— TrainR?
CVR?

20 30 40 50 60 70 80 90 100
Training examples

i dApz8.$ tc d dz@o y E3dizarv>dra TreesRegressor

1 Oted Mz deCdzO 0 § HYj tsiids' o dgwldapyvj tizlf Gozis @HtEts 6 dztsL 59 Odzd -
L dzO yH & ¥ ¢ et disias'” " ddzf dzj o ‘ogE dz¢ QY f§ l6ZO® O dzls b jdatzdzw
o' L dzdzZ® Sl W 1 ' o @Et€ 'dZ@ o O dzls BRx0j08AAMs ®@.3. [ Is te d BO dz'
e L Iz dzH Iy @3 dizh Isaedzfy teLIE 5 H Y 3023 1§ 1Y | to d dgd dipbGddzfIsiyd
f tots ¢ dztsdgtOHagaual te ts ) s OfdEEVCIR )i B M ls j to 'f do@ ‘MiS tshps dptz
Istc* M chdp," HY & " B @ Yddd U3 dets d3' 16 tzis ) b 1§ By d3dasic2Asdzlz 9 O dzdzw
sdlsOdzta O g 'S8 Mls!  BjHlpEZd B Esc sy flsOdzH Otsls ¢
CjCtej MOeBEE BZ: MjtejHd SCoOHEBOLdYdes §s5deSd
fsadeSd (MAE), MjtjHd! 5° OBftsdzt Isdats’ o' H datsfiy
Hjlsj tddzOS8d BBOde tjLbd sOIsd Mo HyOls! Gt o(d
L 5 ¢ te RRO994, MAPE=0.2%, MAE=0.073, MSE=0.0079.

158



[ Ol jte' -Odzff ' wozOEAsHCdisg Isdz’ Y dzts € Istda¥ g ftodi dayd [ [ MmO B wag &p dz0 42026 .

Actual and Predicted a vs N for each R

-8~ Actual, R=0.03
Predicted, R=0.03

—8— Actual, R=01

- - Predicted, R=0.1
Actual, R=0.3
Predicted, R=0.3

38

mm
8

26

24
0 5000 10000 15000 20000 25000

N, cycles
{ qiTzdS ) ste' o dgv dzdzy ST jted d3j des Oz dzd R SO ftesE C
olstsdgdats’ It hddzgd o' H ¢ dz Ctsfls’ ydCdz o dzOe Odzls:
ydSdzBoe Odzls Oy j dzdz”
v O
tc

Cdad3 yd dzts a3, ol L zdz' sOlsirff H &g IsH>p jdzlzdgis * f 'L HOI
OdzestcdIlsdsz Extra Trees Relgsr elsklo0 dzsiodydzlrl tditfcddzsoL ‘L
CsyW' Yy "dzgs' @ OMddzd Iste’ ° ydqd<dzze dz0o Odzls Oy j dzdzv .
ssydz Mis! fosedetsL o Odzdz?y SO OHJ G Olsdets " g ‘dag Is o t tdz
o0y dzdosfmls' OO Istc' 9 TsCOL O HEBAR dzENd@ 2 o f C
ftetsyg M tesLodlsC iz 9 Istsdidzts G s f sh CtsHY J dadaw . [ Isto
fidtemMf jCIsdoads Mis! odCtstedMmlsOdzdzy dBjIstsH" o  sWdszs o
BiGdz € tckz2dzzo Odegdzg" SO ftoscdesL Zo Odzgdg? HtsO Gt ' Y

ljtejdz € f smd dzOdz

1. Shen Z., Lv G., Fu D. et al. A machine learning study on the fatigue crack path of short
crack on an U titanium all oy Sotiety?Ati 2022 sophi ¢
i Vol. 381(2260)1 20220391. https://doi.org/10.1098/rsta.2022.0391.

2. Zhu S., Zhang Y., Zhu B. et al. High cycle fatigue life prediction of titanium alloys based
on a novel deep learning approach // International Journal of Fatigd@4.i Vol. 182.1
108206. https://doi.org/10.1016/].iffatigue.2024.108206.

3. Farhadi S., et al. Comparative analysis of ensemble learning techniques for fatigue life
prediction // Scientific Report$. 202571 15, 11136. https://doi.org/10.1038/s485®4
79476y.

4. Renzo D.A. et al. Methodologies developed for dataset preparation and the machine
learningbased prediction of fatigue crack growth in alloys // Materials Today
Communicationsi 20251 28, 107516. https://doi.org/10.1016/j.rineng.20P3316.

5. Liu J., Chen J., Sun Z., Zhang H., Yuan Q., A study on fatigue crack closure associated
with the growth of long crack in a new titanium allyMetals.7 2023.7 13(8), 1377.
https://doi.org/10.3390/met13081377.

6. Yasniy O., Didych I., Tymosihuk D., Maruschak P., & Demchyk V. Prediction of
structural elements lifetime of titanium alloy using neural netwbiRkrocedia Structural
Integrity.T 202571 72.7  181-187. https://doi.org/10.1016/j.prostr.2025.08.090.

159



[ Ol jte' -Odzff ' wozOEAsHCdisg Isdz’ Y dzts € Istda¥ g ftodi dayd [ [ MmO B wag &p dz0 42026 .

gd Sy W oy or wey wewRwaw T [dgddwwy fwl ow [ ¢z RY

1.867. 42

J BOM, HBCl. IsjniEgOmMdOEZ S OdfitcsWs,j % dzf . dzOES
Gdz, COdzH. .l AdOR QEOEL,, ; [Off§fyj COzE € Odzn . Isj 7 «
C,. HBYyY

ftesofm! Cd2 Hjtey OodiE2ls Isj ndz ydzd?2 kzdz o tcfy
dZzOdz! dzd?2 Ekdz' o jtmdlsjls otsHdsets GtsMisH Olss

rd Iruvdovvedltfvloyvervmdd [fwry Lo
daféorvoeric (rl I &oftury

ddesls O BitslsOf MY oW Bso OO dzO W tstcd3lz dz¥ 9 O dgdzv
GOl j B3O d ydzs’® B H jzdg'S satg W g bk @i das D Cewzo 5N Oso 4
stz sktess, hts MCAZOHO' ls' Mw L hOt's HEBo' ' d d
Bj 2 Odz ydzed i3 o ZOMIsdo sfylsw &i3d .

szt ytseo' Mdzso O: HBYdE Y dzgj B dZOH dzZOdzdz?, Ho sh

)

I. Belmas D. Chasoy, V. Beihul, N. Zakharov, D. Serilko
ON THE ISSUE OF DEFORMATION OF AUXILIARY EQUIPMENT
ELEMENTS (TWO -LAYER COMPOSITES)

Abstract. The work is aimed at formulating and solving a general mathematical
model ofthe deformation of a flexible structural element with a #lager stucture consisting
of layers of arbitrary thickness and materials with different mechanical properties.

Keywords: auxiliary equipment, twlayer elements, deformation.
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Hryhorii Habrusiev; Iryna Habrusieva; Borys Shelestovskyi
ASSESSMENT AND PREDICTION OF RESIDUAL STRESSES IN A PLATE UNDER
LOCALIZED HEATING DURING WELDING

Abstract. The paper presents an analytical approach for assessing residual stresses in a plate
under localized heating during welding. The proposed model enables determinatidraipf

hoop, normal and shear stresses and reveals the influence of plate thickness on-the three
dimensional stress state.

Keywords: residual stresses, welding, localized heating, stress state, plastic strains
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