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A FINITE ELEMENT STUDY OF UPPER DIE CHAMFER DIMENSIONS
IN RADIAL EXTRUSION

Abhari P.B., Solianov D.O.,0Oliinyk D.S.
(Donbass Statengineering Academy, Kramatorsk ernopil, Ukraine)

Extrusion is a widely used metal forming process valued for its versatility and
industrial applications. As a higgpeed, coseffective method, it includes types such
as forward, backward, radial, lateral, and combined extrusion. Radial extrusion
involvespressing a billet with opposing punches to force material radially through a
fixed die. The process is analyzed using the finite element method (FEM) via QForm
2D, offering key insights into material flow and process optimizdtipn

The die geometry anpower mode parameters for the radial extrusion process
with room temperature are as folloWSg. 1) Ry 7 the radius of billet (F18mm),
R the flange radiusR=36mn), the billet height (70mm), hthe relative flange height
(h/Ry=0,65), ri the diechamfer (£2; 6; 10nm), Vi punch velocity (V=1mm/s), P
punch load, the friction factors between the billet and tools are
constant (Zi bel's | aw, e=0.08) , and a
AA 6060 aluminium alloy.
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Fig. 1.Effective strain distributions (a), effective stress distributions, MPa (b) and the punch
load vs. the punch stroke =2 mm; 2i =6 mm; 3i =10 mm (d) in the radial extrusion

The maximum values déffective strain and stress are calculated as follows:
Unax= 2 . 8ax=200MPa in the radial extrusion with f=10 mm (Fig. 1). And also, the
study further examines how punch load varies with stroke, comparingskoaki
curves for different upp@die chamfer dimensions. These curves reveal a pronounced
rise in forming loads as the punch advances through successive deformation stages,
underscoring how subtle changes in tool geometry can profoundly affect process

performance (Fig. 1).

Reference:1. Abhai Payman. Investigation of load on the tools in precision radial extrusion
process with multiple ram [/ Payman Abhari /]
technologies and achievements in metallurgy, material engineering and production ernygiaeerin
Series: Monograph$.Nr56.iCznst ochojwa ,i332.0 16
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APPLICATION OF MULTILAYER SWITCHING FOR NETWORK DESIGN
IN A METAL FORMING ENTERPRISE USING CISCO PACKET TRACER

Abhari P.B., Tokar V.O., Khmarskyi D. P.
(Donbass Statengineering Academy, Kramatorsk ernopil, Ukraine)

In modern enterprise and campus networks, the demand for botlsgegd
switching and efficient routing has led to the widespread adoption of multilayer
switches. A multilayer switch (MLS) combines thew-latency switching of a
traditional Layer 2 switch with the dynamic routing capabilities of a router operating
at Layer 3. This hybrid device is fully capable of performing routing functions such as
forwarding packets between different IP subnetsigpating in routing protocols, and
applying advanced poliegased controls, all while maintaining the performance
characteristics of hardwatmsed switching [1].

In designing a network topology for a metal forming enterprise, two multilayer
switches are utilized in place of a traditional router. This configuration enhances
performance by integrating routing and switching functions, offering greater flexibility
and scalability within the network infrastructure (Fig. 1).
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Fig. 1 Network topobgy design withmultilayer switchedor a metal forming enterprise using cisco
packet tracer: administrative campus (1); hot and cold forming campus (2)
guality control campus (3) and warehouse campus (4)

Reference: 1. A. Ziradkar, N. Mahendrakar, A. Palande, and Prof. Rajashri Sonawale,
ACampus net wor k architecture using cisco pa:
Engineering and Technology (IRJET), vol. Vol. 8, Issue 4, Apr 2021. [Online].

7



AGGREGATE -MODULA R PRINCIPLE OF CREATING METAL -
CUTTING MACHINES

Chupryna V.M., Cherednikov O.M.
(State Scientific Research Institute of Armament and Military Equipment Testing and
Certification, Cherkasy, Ukraine

Metalcutting machines and complexes must be createdgusnodern
technologies and meet qualitatively new requirements for productivity and product
guality. For this, it is necessary to guarantee such important indicators as accuracy,
productivity, reliability, and the level of automation of machine tools.

Analysis of general trends in the development of domestic and world machine
tools indicates an increase in the level of automation of machines, as well as a
significant increase in the level of flexibility and modularity of metalworking
equipment. In this diréion, one of the main ways to develop metalworking equipment
IS to transition to the aggregateodular principle of machine tool construction, which
was previously used only for the production of special aggregate machines in single
copies.

Theaggregatanodular design of the machine tool is shown in Figure 1.

3

8

1- rack, 2- magazine, 3 autcoperator, 4 side frame, 5 power table,
6 - central frame, Yrotary table, 8 multi-spindle head,
9 - spindle.
Fig. 1. Layout diagramof a modular type machine:
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The use of complete modules (assemblies, subassemblies, mechanisms), in
particular mechatronic modules, as well as unified and normalized elements in machine
tool designs allows you to create various layouts with a minimum rnuofilegiginal
elements. This increases their flexibility, repairability, ease of modernization,
significantly reduces the time for their design and production, reduces the cost of
machines, makes it possible to widely unify modules and establish theucpood
with high quality.

Figure 2 shows the basic subsystems that form the basis of modular machine tool
designs. These subsystems contain the main structural elements of a modular machine
tool. Such aggregate assemblies include typical elements of ppering system
(frames, racks, consoles), longitudinal and cross tables, aggregate heaalsti(eglf
and nonselfacting), spindle assemblies, automatic gearboxes, rotary tables, turret
heads, etc. Already today, subsystems manufactured by specialinpadrses are
widely used: motespindles; rotary tables, overhead guides, chip conveyors, tool
magazines, turret heads, gearboxes with-uithotors, guide protection devices, and
others. A significant step towards the aggregatelular design of machirieols was
the development, manufacture, and implementation of various types of mechatronic
modules. When designing and manufacturing modular structures, special attention is
paid to the unification of landing elements and surfaces for mounting modules.

Main subsystems of a modular
machine tool

y y
Subsystem of supporting elements Feed elements subsystem
- central frame - self-acting power heads
- rack - non-self-acting power heads
- side frame - power tables
- stand frame - power heads
Transport subsystem Tool change subsystem
- rotary tables - tool magazines
- dividing tables < » - auto operators
- roller tables - turret heads
- faceplates - clamping mechanisms
Cutting assembly subsystem Workpiece change subsystem
- complete spindle assemblies - workpiece accumulators
- single-spindle headstocks < » - reloaders
- multi-spindle boxes - manipulators
- multi-spindle attachments - clamping mechanisms

Fig. 2. The main subsystems of a modular machine tool



Thanks to the modular approach, new directions in the design of machine tools
have appeared.

1. Recently, more and more machine tools have appeared that are designed using
mechatronic modules as complete modules, the feature of which is the location of the
engine directly on the executive body. In various machine tools, such modules are tool
and workpiece drives, which are made in the form of mgppandles, feed drives, nrai
drives, rotary and globe tables, rotary headstock, turret heads, rotary tool drives, and
others. This allows you to significantly increase the modularity of the machine tool
design by combining mechatronic modules into complex systems and complexes.

2. dgnificant development is being made by new generation machine tools with
variable configuration and open architecture. Reconfiguration provides greater
flexibility and functionality of the machine tool system by changing the layout of the
equipment or rdacing system components. The change in the architecture of an open
system occurs by replacing individual nod@sodules. When reconfiguring, it is also
possible to modernize the machine tool system. Such systems are more flexible both in
manufacturing ath in operation. This necessitates the transition to the modular
principle of designing and manufacturing machine tool systems.

3. The development of hybrid layouts is also promising, in which traditional
solutions coexist with layouts of machines with flat&inematics (tripod, hexapod).

The aggregatenodular principle of designing machines from typical modules is also
widely used here.

The transition to the aggregat®dular principle of building machine tools
allows:

to reduce the number of original &in the machine tool and ensure high design
unification of the component elements;

to increase the accuracy, rigidity and reliability of structures;

to increase efficiency and significantly reduce the design time of metalworking
equipment;

to deepen thespecialization of the production of component units and
significantly reduce the cost of machine tools.

The latest methods of modular design and manufacturing of machine tools
require new approaches in their research, among which the following can Iifeedtent

general issues of rational design of machine tools according to the modular
principle (with ensuring the main indicators of machine tool quality);

structuralparametric synthesis of modular machine tool designs;

modern methods of calculating the maubsystems of the machine tool;

consideration of the dynamics of the machine tool as a complex modular system;

mathematical modeling of machine tools and their components.

Assembly modules have their own characteristics, which, when assembled, are
addedo the similar characteristics of the entire machine tool.

The use of the aggregateodular principle of machine tool construction will
lead to a significant improvement in the quality of metating equipment in
production

10



INVESTIGATION OF REASONS OF REDUCTION OF PERFORMANCE OF
WELDED AUXILIARY METAL STRUCTURES OF BRIDGE CRANES

Havrysh P., SeginVi., Yusifov V.
(Donbass StatEngineering Academy, Kramatorsk ernopil, Ukraine)

Main steel structures of bridge cranes are main and final beams. Welding of such
structures is always performed by qualified welders, after weldingdastiuctive
testing is mandatory, for example, ultrasonic. [1,2]. Metal for such structures is also
neassarily chosen according to the requiremeédiBAOP 0.001.8018. Welded
structures of secondary el ementweldingf or
structures of crane movement drivevery often manufactured without calculating
possible deformatiahand transverse shrinkage.

Under conditions of cyclic fatigue load, defects occur and welds are destroyed

during crane operation. Figure 1 shows examples of such defects.

a b

a) Crane truck crossection crackb) Weld seam breakup of metal abruction

Fig. 1. Defects of auxiliary structures

A number of reasons for such defects in crane metal structures have been
identified. One of the reasons is the design flaws of the welded assembly. Such
shortcomings arise when the designer does not understand and does not fulfill the basic

requirements folifting cranes operating under fatigue cyclic loads. Unlike static loads,
11



fatigue loads change not only their magnitude, but also their sign (positive loads and
negative). Such loads are especially dangerous for welded units.

When welding a metal, its gnostructure changes, separate zones arise where
the metal structure does not correspond to the base metal. Therefore, such a change ir
the microstructure does not withstand fatigue loads of metal and defects appear (cracks,
weld failure).

It is importantto note that due to design flaws formed place lifting crane, where
often there are defects from fatigue load. In Fig. 2. points of defects of auxiliary metal
structures are shown. Such defects do not immediately affect the overall performance
of the crane.

But, consider for example Figqal

A
A-A
i
-

L \
LU LR

Oi cracks in welds of joints of vertical wall with lower

A

A

belt in the area of beam height change, formed in curvilinear part
transition from s mal dttachment lodatomss ect i on t o
bracesframestands diagonalsframe connectiongussets;
91 end point othestructural rils, coversetc.

Fig. 2 locations of defects in auxiliary metal structures
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A crack in the cross member of the cramaet structure leads to a decrease in
resistance to fatigue loadairst it expands and continues along the weld seam. Defects
in welds and their destruction lead to an emergency condition of the crane cart. There
is a need for urgent repairs. The crane igtadut of service while repairs are carried
out. This reduces the functionality of the crane and its productivity. A repair plan is
urgently developed, a specialized team is called in, etc.

Conclusions. Thus, defects and damage to auxiliary metal strusture
significantly affect the general condition of the lddting crane and its performance.

To prevent such situations, it is necessary to carefully inspect not only the main metal
structures (main anithal beams), but also auxiliary metal structures. Timely detection

of defects |l eads to quick repairs and r
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DEVELOPMENT OF AN EXPERIMENTAL METHOD FOR DETERMINING
LIMIT DEFORMATION IN ROLLED METAL SEPARATION

Karnaukh S. G., ChostaN. V.
(Donbass Statengineering Academy, Kramatorsk ernopil, Ukraine)

Reducing metal consumption in blank production and increasing the accurac
and productivity of rolled metal cutting are important directions for improving
mechanical engineering. These factors significantly affect the technical and economic
indicators of subsequent forming processes. Therefore, obtainingjindky blanks
ata low production cost is a relevant task. Even a slight increase in the efficiency of
the separation technology leads to a significant increase in production profitability.

When evaluating the ¢stampabilityeée o
7438:2020 1] plays a major role. However, despite its widespread use, this test has
significant drawbacks that reduce its effectiveness in assessing quality. These
drawbacks can be summarized as follows.

Firstly, the value of the measured bending angle , used as a characteristic
of the ultimate plasticity, does not adequately reflect this material property since it
depends on the specific test conditions such as the radius of the mandrel and the
thickness of the specimelAtacture occurs when a certdevel of tensile deformation
is reached in the outer layers of the specimen8Therefore, this value should be
considered as an indicator of ultimate plasticity.

In the study 2], a new methodology for determining the ultimate plasticity of
strip steéduring bending is proposed. This methodology utilizes specimens that differ
i n configuration from standard speci me
(bending) side.

However, fabricating specimens of such shape involves significant labor and
cost. Itis important to consider that among the various types of rolled products, the
separation of roundectioned rolled products is the most commonly demanded.
Therefore, to address the task of determining for ranking the metal's bending
capability and seicting the method of separating rolled products into measured billets,
it is practical to use specimens with a circular cisssion.

The diameter of the specime$, should correspond to the diameter of the
separated rolled product, and its lenditisfould be no less than a certain valueX .

Prior to testing, a hole with a diameter &f ¢' ' is drilled at the center of the
specimen. This hole serves to mark the working surface along the bending line with a
measuring circle. During the bending procdkg, circle transforms into an ellipse,
where the major axik perpendicular to the bending line represents the longitudinal
deformationr of the surface layers, and the minor akisalong the bending line
represents the transverse deformatonBy reordingl hi ' ' at the moment of
crack formation, it becomes straightforward to calculate the values of ultimate
plasticity:

- 0EajQ; - 0 &ajQ.

The first of these values character:i
when subjected to bending tests, it becomes relatively straightforward to predict the
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outcomes of separating the rolled product, for which the actual degree of deformation
Is known.

This method complements the methodology discussed in [3] for selecting the
appropriate method of separating the rolled product into billets using synergetic
fracture criteria. It helps minimize potential errors in choosing the separation method
for materials with different mechanical properties. This is particularly relevant for
materials that can be classified into different categories based on factors such as heat
treatment, loading conditions (loading rate, temperature), and the nature of $ke stre
state, including plastic, elastptastic, and brittle behaviors. Brittle materials may
exhibit elastieplastic or even plastic characteristics, while plastic materials can display
brittle behavior. Overall, the proposed recommendations provide ergjiwiaran
effective tool for the rational selection of the separation method for rolled products into
accurately sized billets.

The sample was subjected to bending deformation at a low deformation rate
using a thregpoint cold bending scheme until a destive crack appeared, which was
visually observed using a mirrovleasurements of the dimensiongl ' ' were
carried out using a digital device. Subsequently, digital photographs, enlarged in
computer images to significant sizes, were processed grapdic editor COMPAS.

The calculation results ,-  based on the measured valads) are presented in
Tablel. To scale the resulting image, an additional Hole¢' ' was drilled next to

the deformed hole prior to photographing (FigLyerhe results of the experiments are
presented in the form of graphs showing the dependence of longitudinal and transverse
ultimate formability on the hardness of materials from ddf¢rclasses (Figui@) [3].

Table 1. Calculation results |, -

Steel B%ndlng axis ) ]
irection
2410 0,56 0,39
420 Along the rolling | 0 48 0,32
C45 direction 0,44 0,22
100Cr6 0,25 0,20

ai ¢+ pbt+ ¢;mi Ot pdi p aTip
Figure 1. Photographs of the specimens with the deforr
working hole after bending [3]
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Figure2. Relationship between longitudinal and transverse ultifieateability and material hardness

Conclusions.Therefore, the value , determined based on the experimental
results, serves as an indicator suitable for ranking metals according to their divisibility.
The procedure for determining the indicator allows for the full standardization of
the test. Considering the largeale separation of rolled products into standard blanks,
it is possible to expect accelerated accumulation of information en thenagnitude
for metals with different chemical compositions and structural states, leading to the
formation of a corrgzonding database.

The boundary of zonéO(corresponding to a hardness range pofp) 0
coincides with: T - mit YConsequently, the steels 2O, 420, which
fall within zone’Q@ can be cl assifi ed asordmgtote i al
aforementioned criteria. The boundary of z&D@orresponding to a hardness range
of ¢ Y'Y coincides with:- Tiw v - Tit o Consequently, the steeld5,
which fall within zonéQ@an be classified as materialsip & | gd taiscd i ¢ st at
steelp mamipfalls withinzoneO@@ d exhi bi ts characteri st
statee.
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THE IMPACT OF ARTIFICIAL INTELLIGENCE ON THE
EFFECTIVENESS OF STUDYING GENERAL TECHNICAL DISCIPLINES
IN HIGHER EDUCATION

Podlesny Sergy V.
(Donbass StatEngineering Academy, KramatorsK ernopil, Ukraine)

The integration of artificial intelligence (Al) into higher education has emerged
as one of the most transformative forces in contemporary academia. As educators and
policymakerancreasingly recognize that traditional teaching methods must evolve to
accommodate rapid technological advances, the study of general technical
discipline® such as mathematics, physics, engineering fundamentals, and computer
sciencé stands at a pivotal pcture. The problem addressed in this report is
multifaceted: How can the effectiveness of teaching and learning in these foundational
technical disciplines be enhanced through the incorporation of Al tools and methods?
This question is deeply connectediweritical scientific and practical tasks, including
the need to generate personalized learning experiences, improve educational outcomes
optimize resource allocation, and ultimately prepare graduates to succeed in a rapidly
evolving digital economy. Theising prominence of Al offers the promise of
transforming not only the content delivery and assessment methods but also the overall
student learning trajectory, making it incumbent upon educators and researchers to
critically evaluate the resultant imgac

Recent research and publications hayv
role in education. Pioneering studies have detailed the use of intelligent tutoring
systems, adaptive learning platforms, and automated assessment tools that previde real
time feedback and datéiven insights into student performance. For example, several
experiments in the United States and Europe have demonstrated significant
improvements in student engagement and academic achievement wieneAl
systems are integrat@&to general technical courses. Despite these promising results,
numerous challenges remain unresolved. Earlier research often focused on isolated
applications of Al, with limited attention to holistic integration across a curriculum
covering diverse techcal domains. Moreover, questions regarding scalability,-long
term effectiveness, ethical considerations, and the potential exacerbation of digital
inequities have yet to be fully addressed. These gaps form the foundation of the present
study, which aim$o build upon and extend previous work by offering a comprehensive
analysis of Al 6s i mpact on the effecti:
in higher educatiofiL-5].

Based on the identified gaps in the literature, the primary objectivies oéport
are fourfold. First, the study seeks to systematically assess the impact of Al tools on
student performance and comprehension in general technical disciplines. Second, it
aims to evaluate the degree to whichehlabled personalized learning eoviments
can address diverse learning styles and mitigate common challenges associated with
traditional lecturedbased formats. Third, the research intends to develop and test a
robust framework for integrating Adriven methodologies into the curriculum,
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incorporating adaptive learning systems, natural language processingl{aid®)
tutoring solutions, and immersive simulation technologies. Fourth, the study strives to
identify the potential barriers to effective implementafisuch as issues of data
secuity, algorithmic bias, and the need for extensive faculty trathiagd propose
practical strategies to overcome them.

The main material of the study is presented through a nmettiods research
design that combines quantitative experiments, qualitativee cstudies, and
comprehensive literature analysis. In the quantitative phase, controlled experiments
were conducted across several higher education institutions that offer courses in
general technical disciplines. These experiments compared traditior@intga
modalities with Atlenhanced learning environments by measuring key performance
indicators such as test scores, concept mastery rates, and student retention. The
experimental data indicated that students exposed tbagéd adaptive learning
systems xhibited statistically significant improvements in both their understanding of
complex technical concepts and their ability to apply these concepts to piadilany
tasks. For instance, in engineering fundamentals courses, students usisgjsédd
simuations demonstrated faster acquisition of practical skills and a higher degree of
conceptual clarity compared to their peers in traditional settings.

The qualitative component of the study involvedlapth interviews and focus
groups with students, eduoses, and administrators. These discussions revealed that
Al interventions not only improve academic performance but also enhance student
motivation and engagement by providing immediate, personalized feedback.
Participants highlighted that Al tools fatdte a more interactive learning experience
by enabling individualized learning trajectories, adjusting the pace of instruction
according to student needs, and identifying areas where additional instructional support
is required. Educators reported that thtegration of Al into their teaching practices
allowed them to shift some of their focus from routine instruction to higtroar
mentoring and complex problem facilitation. At the same time, however, concerns
about data privacy, the ethical deploymehAl algorithms, and the potential for over
reliance on technology were consistently articulated, calling for the development of
robust regulatory frameworks and ethical guidelines.

A central component of the investigation was the development of anatiegr
conceptual framework for Aénhanced education in general technical disciplines. This
framework emphasizes four key dimensions: personalization, feedback, engagement,
and scalability. Personalization is achieved through adaptive learning systems that
tailor instructional content to match individual student profiles, thus addressing
disparate learning speeds and styles. Feedback is delivered in real timeuiaeked
analytics that can diagnose learning gaps and dynamically adjust instructional
strakgies. Engagement is fostered through interactive simulations and virtual
environments that offer immersive learning experiences, allowing students to
experiment safely with complex technical scenarios. Scalability is secured by
deploying clouebased Al stutions that can be seamlessly integrated into existing
institutional infrastructures, ensuring that even large classes can benefit from
individualized attention. This framework was validated through pilot implementations
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in multiple institutions, where nasured improvements in academic performance,
satisfaction metrics, and overall course efficacy provided compelling evidence for the
transformative potential of Al in this context.

The scientific results obtained offer robust justification for the continued
integration of Al in higher education. The data consistently show th&nhAanced
learning models lead to improved comprehension, higher engagement levels, and better
retention rates among students studying general technical disciplines. Moreover, the
study underscores the value of Al in enabling educators to identify and address
individual learning challenges, thereby facilitating a more inclusive educational
environment. The innovative use of technologies such as machine learning algorithms,
natural laiguage processing, and simulatioased instruction collectively contributes
to a paradigm shi® one that transforms static, cdanensional teaching methods into
dynamic, interactive, and studergntered learning experiences. Importantly, the
findings al® highlight critical areas for future research, including the optimization of
Al tools for different technical subjects, strategies for mitigating ethical risks, and the
development of standardized metrics for assessing thetéomg benefits of Al
integrdion in educational settings.

In conclusion, this study provides comprehensive evidence that artificial
intelligence significantly enhances the effectiveness of studying general technical
disciplines in higher education. The integration of Al not only adea pedagogical
practices by offering personalized, interactive, and-ddteen instruction but also
addresses longtanding challenges related to student engagement and instructional
efficiency. The results advocate for a systematic and ethically geduaatbption of Al
technologies that can cater to diverse learning needs while preparing graduates to thrive
in a sophisticated, technologich global landscape. Future prospects for this research
include expanding the scope of Al integration across aaditiacademic disciplines,
refining adaptive learning algorithms to further individualize learning experiences, and
establishing multinstitutional collaborations to standardize best practices in Al
enhanced education. As this field continues to evolveh sitiatives will be crucial
in shaping a responsive and innovative educational system that not only meets current

demands but also anticipates the future challenges of a rapidly digitizing world.
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FEATURES OF TECHNOLOGY FOR THE MANUFACTURE OF LIQUID
ROCKET ENGINE SHELLS TO THE MODERN CAPABILITIES OF CAD -
CAM SYSTEMS AND 5-AXIS CNC MACHINES

VoichyshenO., DerbabaV.
(Department of Engineering Technology and Materials ScieNa@pnal Technical
University "Dnipro Polytechnic”, Dnipro, Ukraine)

This article describes the following scientific results:

1. The process of planing withspecial cutting tool on a-&xis CNC machine
for machining screw surfaced liquid engine(pic.1) housings was proposed for the
first time.

Picture 1. CAD model of liquid engine shelée(ew surfacgs

2. The principles of programming -8xis CNC machines for planing using
modern CAMsystemg1] have beemlevelopedor the first time.

3. A mathematical model of increasing the accuracy of the control program on a
CNC machine[2] for processing the spiral surface§ the shells of liquid rocket
enginedhas beemwbtainedfor the first time.

4. CAM modeling of the cutting process was performed to obtain machining
accuracy results.

The practical significance of the results described in the article:

1. A methodology fo programming Eaxis CNC machines for machining spiral
surfaces of liquid rocket engine housings by milling and planing was created and put
into production.

20



2.The company introduced planing technology usingaaiS CNC machine and
special cutting tools.

3. A system for measuring and analyzing liquid jet engine shells was put into
production.

4. A system for correcting the control program of a CNC machine was created
and implemented to improve the accuracy of machining spiral surfaces of liquid rocket
engne housings.

Theoretical and practical achievements of the work were implemented at the
foll owing enterprises: State Enter-pris
Buil ding pl ant named after A. M. Mak a i
AYuzhnoyei g5t aQfef iDees named after M. K. Ya

The introduction presents scientific novelty and practical significance, reveals
the relevance of the study.

The main part analyzes the problems of manufacturing liquid rocket engine cases
in modern prodation, methods of their manufacture and control, substantiates and
adapts the method of modeling the planing process for machining spiral surfaces of
liquid rocket engine cases. The method of programmiagi® CNC machines for the
planing process is desioed. A method of accuracy control in modeling the planing
process is proposed.

A mathematical model for improving the accuracy of machining the screw
surfaces of liquid rocket engine covers is developed, experimental studiesssafall
samples using & mathematical model are considered, methods for modeling and
programming the planing process for machining the screw surfaces of liquid rocket
engine covers are developed. The results of using the above methods in production are
considered.

In the generalconclusions, recommendations for the practical use of the
developed methods and results are proposed and the results of theoretical and
experimental studies are summarized.
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THERMITE CASTING ADDITIVES FOR LARGE CASTINGS

1Zhiguts Yu., Legeta Ya. Filvarochnyi S., ?Fordziun Y., 2Maksyutova O.
(Uzhhorod National University, Ukrainéylukachevo State University, Ukraine)

Introduction. Analysing the problems of synthesis of cast materials by
metallothermic and combined methods, the directioprattical application of
synthesised materials for heating and feeding the-addiiive zone in
technologies for producing castings with thermite applications of high
temperature gradient is traced.

Purpose of the workTo simulate the processes occurridgring the
feeding of large castings, melting was carried out under pilot conditions to
produce wmgqMi{ssofrom i

Experimental part.Exothermic packs were placed on the melt surface. The
packages were installed sequentially after controlling the towmaf a solid crust on
the surface of the casting additive with a probe. Portioning of the exothermic charge,
in addition to increasing the duration of the charge burning, reduces heat loss of the
thermite alloy. Fluorspar (CaFwas additionally addea tthe charge, which reduces
the ignition temperature of the mixture and increases the fluidity of alumina slag [1].
The mould was covered with a lid with a hole in the centre.

The exothermic charge consisted of 80% thermite, 5.5% carbon (in the form of
back graphite of @AJ] fllo0 |Igrgadeu)r,e 1 1c% nitrag |
granulesof& mm in size, 3.5% ferrosilicon (
a highly superheated melt with a chemical composition similar to that poured into the
mould. Theimpurities reduce the calorific value of the exothermic charge by up to
3200 kJ/kg according to theoretical calculations. The weight of the charge was
calculated according to the methods of [2] and ranged from 20.5 to 27.6 kg. The loading
of packages witla metalthermal charge, each weighing ~ 8 kg, onto the melt surface
was carried out sequentially three times with a time interval of 1.5 minutes.

The analysis of the studied rolls showed that for the experimental rolls, the
smooth surface was limited by smooth edges, in contrast to the complex branched
shrinkage sink inherent in rolls produced by standard technology. This indicates that
the heatingof the casting additive is sufficient, which is ensured by directed heat
removal and feeding the casting with a liquid thermite alloy. Subsequent machining of
the rolls showed the absence of shrinkage defects (pores, shells) and a slight deviation
in the dciemical composition of the roll neck material (Table 1). No bleaching was
detected in the microstructure of the cast iron roll surface. The casting additive zone
consisted of higlst r engt h castiignaB@dao wgt hp MijthAed ot
experiments desibed above, the casting additive was not topped up by 1/3 with pig
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iron. The alloy saving on the casting additions was 33%. A section of the casting
additive showed that the shrinkage sink penetrated 0.5 of its height.

Machining of the roll necks did naotveal any shrinkage defects. Chemical
analysis showed that the chemical composition of the casting iron for the roll body and
casting additive was identical. This opens up significant prospects for alloy savings in
the production of heavy and medium slwaf$tings.

After pouring the mould, pauses were maintained between charge pours, the
duration of which was determined by the time of hard crust formation on the surface
of the casting additive and was63minutes (depending on the roll weight). The first
experiments showed that the charge does not ignite immediately after charging, but
with a delay of 13 minutes. This made it possible to simplify the technology of
exothermic charge charging and pour it directly into the additional casting part of the
castng using measuring containers3L

Fig. 1 shows the microstruct-dbesrof|
castings obtained by conventional and experimental technologies, with the formation
of a ledeburite structure of alloy cast iron, dark globulesggaaphite inclusions. In all
cases, pickling was carried out with nitallium.
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In addition, it was found that in actual production conditions, there are delays in
the introduction of the metallothermic charge that are longer than the recommended
pauses. In this case, the temperature of the charge may no longer be sufficient to ignite
it. In this case, the charge must be ignited with thermite matches, which has virtually
no effect on the efficiency of the thermite casting additive.

During the machining process, clubs were taken from the upper part of the roll
base and the upper neck fdremical and metallographic analysis and mechanical
testing. The main parameters of using the pilot technology ofteigpberature casting
additives to produce roll castings and the results of argchl tests are shown in
Tablel.
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Metallographic analysisf the rolls, chemical analysis and mechanical testing
made it possible to assess the impact of the synthesised materials on the quality of the
material of the working layer and the upper neck of the roll. The quality of the roll
material and, above allhé surface hardness of its working layer determine the
durability of these parts in operation.

The working layer of both the experimental and control rolls has a structure of
spheroidal cast iron with nodular graphite. The nature of changes in the size and
number of graphite inclusions, dispersion and amount of free cementite, as well as
hardness along the depth of the working layer for control and experimental rolls are
almost identical (Table 1).

Table 1- Mechanical characteristics of theaterial of the upper roll neck

Roll design type Manufacturing | Hardnesss Tensi | e pst
technology 1 | MPa
iz mesoe Traditional 230 463
Experimental 227 495

Based on the results of the study, it can be concluded that the practical use of the
synthesised cast irons in the technologies of high temperature -thetakl
applications in foundries did not have a negative impact on the microstructure and
hardness othe working layer of the upper neck of the rolls. At the same time, the
tensile strength of the upper neck material even increase€ellB%63 A reduction in
material consumption in the production of rolled rolls was also confirmed by reducing
the weight ofthe additive by 6&¥0% compared to the conventional one [3]. The
proposed technology does not require significant changes to the traditional casting
process. Its implementation eliminates the operations of sprinkling and topping up, and
replaces them witthe operations of preparing a mettaérmal charge and its filling.

Conclusions. The study of the synthesised high quality thermite cast irons
determined their mechanical properties and microstructure. The use of a thermite alloy
in the casting additiveone allows the alloy to mature, refine its structure, and increase
the mechanical properties of the shaft neck by20%. The introduction of the
technology of thermite casting additives also allows for significant savings in liquid
alloy consumption andccordingly, achieves a significant economic effect.
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o R

yqddz0 JjCo' 90dzj dzlsdets’'; 1T flz@@BE dzy tiz3 ™ G B,
ntizelzv 5 tctBfMis Olsd ydzj dOftclzy jdedey . 1 tod
TR &ezlzo Odzdzy | dzj o3 dzls © f By d 620 b Hzts fig
sz Ctedlsjte’ 8, ° HOdzd 2 j dzj d3gjidzls o ¢
BO' & Mlsts L3 dzO Isdfkz Mmistclz:
LOdzsdflE scdmMBsez' Is! Mw L d3' h OdzO HBsH,
dswsclr Blttoddade 2 L fdzHo ] ¥itstc dgGPB2
Iso tstc j dadzW .

1 dz0o jHjdets toj L zdz sOIsd HDO=lAPdZ® H
o[fr]lso[Qc{ ftesyj Mk ®BttsB ¢ J64tHRE), YOf

sMdzOh jdzdd3 P dzBHNyd sbigdgzls Misiclzg T

f OtcOd3j Istc’ o Ctsdzls OC Is dats ’ oL O diBts
' Odzsds 'L jJSMYy jteddzi delsOdzr dzes o MilsOdzs o
sotsC, hts dzO2CtOh j dzOB dzdy j dzdz" L O Mk ¢
2@ ddedetc * ¢ tdiz=2 dilz,0105dzdzv) B ' dz' D {fj tdafiay s o  Isizc
LiesMisOdzdzy Mddzd ' L Odadav , O dzj ‘ HtS9 )
d tondzj ¥, BOC d B3O dz' dzj SO o' dz2' B3O dz! dzd
MlsOs s+ * fted MY of OH' dzedz’' O U Otz P dz'cls@
Odzdzv , tMlsOdzdz’ L dzOydets  jtejodhzelss o jc

sOBdyw Istcd dzOdz’ tjL lzdzt sOIsd Htsdz' HY j dg
D P, 1] P 1] L &§ Q d
(max) (max) (max) | (max/min)
0,1 85 36 70 95/40
0,15 112 45 110 102/38
0,2 127 59 120 150/40
0,3 132 67 136 160/55
0,5
( Sy Jtedq¢ 125 42 112 80/40
[ " Is] e OlsBreztd,; P. A new method for the.prediction of formability limits of metal
sheets / P. Brozzo, B. Deluca, R. Rendina // Proc. of'ttennial cong. in Inter. Deep Draw. Res.
Group.i 19721t . 3 .21s/t3d. o556z yS 5, [-BbH | zfmalsBdedpy 3tPtetsyj M' ¢
sBsBSCd d3d SsHESdE ME " dgyd dedzed » j dzj d3d dzls ' o : dzO9 y O dz!
l . 1. siwmtzedy .o ts] dde,d3r 21021008. .
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[Ode S5 1. .
(1 0y tdOdz dzd?2 bkdz o jtefdsjlsly § tOsQE dgjCaon b2
B SO 9, ULVLSEO dzO)

1 sMisOdzsoa €O L OHOY' .

dzHdzsBZHEZO Odzdzgy OCIsdodes offtctso OHY Iz° "
HicIsisdiso | OHdIsd e dzjWireo Ardc Badidizeg YMawutscturing,
WAAM) odte" Ldgw ' s MW LHOILd Miss MisihIsde® o dAtls o
GJtsdzj ste’ ~ . 1 OMmlssmize Odzdzvy  WAAM E o daetsists
o' HCtcdo O detso' By dzde sMmis® Hdzw L d3j dzgh J dzdaw
LOoHWCd oftetso OHY J dadzt (stsydzdMmisdes $t5d3 to
Zdz' W' St Odzd -~ " HZCH - B3 yaktsints ' s O dzOH T 2 dztsfls
hJtesC ] oftctso OHY j dedzy s m dzsdzse '

[ jss y' ' tetsetslsd * HtsMmdz HY jdedg" HBY'
fMlso tstcj dadaw Gtcj B dzd n Goddzls’ o "L o dzzlstc’ M 0
tetsLtesBC O toj CSsd3j dgH Oy ' Rdz' s’ H i3 jL rO@BdE' LW dgtsy | Oz

b dzOdz' L BflsOdzdz’ 7 HMdz HYy jda * fkzedz €O

v Mo sse "-B] rd®DRSds 28 dz' Isj tcOlskzte’ zOC s i
Hisfdz" HY j dzdg? o dzOMisdoetsMmisj 2 d3j sOdzj adm o dte
lteslsj B' dzt ' Mils! totse ‘' Is' diflddiEfiflz * dsj tdos lstdd O LB G
MsOlsdudzse s dz09 Odzls Oy j dzdzv . 1 dIsOdzdzw o f dzd o L
2O tclzy jdz@ L EedzvHOE Is! v WicOG d3j dzls Otc dzts .

v CBdzlsj € Mis’ M desBzHlzo Odzdgy HEM' L Oc
Mls' 2Csmis’ s tj mMktemiz GtojfB dAdt€ B tsds9 ( dals * ol
dzj 6" o desd3’ edese 5  sIstsC k2 LO Cttf kzMtsds. [
G' HictsH  dzO0d3" € d , ftosls j mdmis j d3dzd 2 f" " HR"' H
CJBBRjIste’ ~ SO dzO9o Odzls Oy }pleigdavdzts dzttzetc O - 2 9 QfcisiisyHe

4 jtcjH Cdzs ytsso dn oz s drtf sif tofsB H Is r
HsMmdz' HY jdadzv, odH " dzw b Ist pw

1 SBA3d 4 d2O ¢ ' dz €' Mis! HOdzd » RCSSidE tseddy telzisdz
shMsedzdots L Cd3 teyOmlsddd MlstckzC skztc OB ;
1 dzj HsMisOlsdzy ' daW stedzsOy' v ftots osj m Odzs'-ydz

BOIsj tc” Odz' 9 L OdZj 9 dazOth z@ o zP @3, Is tc
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g o' HiMklsdz M kdz %' CtoOds’ d3jlssHdSd o
odzzlste’' hdz2' i3 ( ZMmissls’ dzd s | dzj d3j dzals O dzd
[jsO wseBld.

[ il HBMd HYjddy *° ty' @O & ydsfls'
odoyj dgiizf Odz' ydzd & 7 Ote O SO takyf fitls f o ts 'z’ CBjtedks daL
ZOHtczZC S0 Odets™ L O HBftsdBsess WAAM, L dzOfgls
odL dzOyj dedzv d3' ydesmls® . Aj LOBjLfjykz® CtOh
CodlstelCy' L oo NARHN]. 1 SLCEsdEOELdS @5 b

3" ydesmils® L EZteOrlzo Odzdaf s BN E ddd ® sddS 3@ ¢ WA o
sso Oted MiIso .

[ JIstsH(d

[BO' CIls HBINdztcy B gladelzy codadzls BEZSMde®O L N
ltoso JHj e@szO@F D EZ Soli dWorks Flow Si mul
Cotefisgz H dBEEM-tc 5L tcOR 2 dz€ d ftotso JHjdts b Sol
FPtcOrRzo Odzdgv @3 G J sd3d Isted ydats”’ dzy dz' dz' 2 dzts-mis” .
NAB: Byl Isj Sysmls' , &3’ ydz' Mmis: dZzO tetsL tod
CstetsL

tJjLEzdz sOlsd IsO BBGBGo tstcj dadgw

WAAM-B te 5 dgitc®& H | d3ts dzfiIstdB 6 &dz®@ Jtlz@ &Yy k2 Isj ¢k
17720% B ' dzt hz 3" ydg fyls+ O ttsLtcde ftstc’ 9 dz
ZOvw o dPpdE sl SstcB QOB Yy tcd®@H dIsdo dzedm dBOIJ 6° Odz
CyW' y" "delsd L O OME { tctsOdzO tls BLSdsdO dAists. dafipisvtc
10V itso Odets, M s o LiBdEz3 Riptc] dgk j ksl v { G fo?
dzj HiSYy' dz' dzO, s, 9vR HFedEZOoBRsdZO0HdY oftcso
d dzj o3 dzls® o, hs HBL Ot L3 dzh dIsd dBOME
LOf OMmM&o didids’ o -iylstNACAMzZ tetss , L EtoOn ko Odzdz o3
olstsdgdzts’ d3° ydaetsmlis ' .

Il dMmdztse € (

Ujnmdesdzse W WAAM E ' H dzOdzdz L Ctd' t
fijtcjHEdsod HA&YW odetslstso dzj dzdzv tsflsdd3’ L 59 OcC
CFDIFEM-O®zOdz" L. HBLoBRY' ' Itsydts odL d2Oydlsd L ts
H dzw L d34 dzh § dzdzw 3O M d h dzwidttesidglzd . ISQfirfls ts frirjdsotdC
1 0f ot sdeso Odz0 d3j stsH I C O adig GGl I dz' dzjo dz@rf
WAAM-d30Is j t6 ' O dzlz, Odzj 2 My jydw ¢k o JtotsB
LB ' dz hjdzd ~ CJ W' y' " dzsOf sdi3f id ighds * oH dzw 1
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Hisfdz" HY j dedgv d3Os Is! B EIEWZS B ts'OKH S O dz'dz] digd dAst
zOo Odzls Oy jdz@ * JSMYf jtoddzj dzlsOdz' dgz © ©Odz" HOY"
1 tcOCIsdydzO® L dzOyd di3' fyls
it sLtetsBdz dz20 By ssHJSC O BO° ftodS dzOHdzj L o
GtejBdzdr cGoddzls' @ L EZtcORkzo Odzatfeiz dg’ i PQ ez clzd 8 °
tcj 1 dd3 o dzO o Odzls Oy j dzdzv . wdzls j ctcOy " W f stots:

GOl jte' Odz' o, ftedmC A datizf 5 jodddests B A fiy s dzOO sO
I dSstedflsOdzezd  WAAM SOCEY fsdjchbk' Isjnds
CONkEdsC &y ddosmls' &sCOd dses tj Gedilsl

| " IsijtcOlkzicO:

1. Zhang Z., Yan, J, Lu, X., Zhang T., & Wang H. (n.d.). Optimization of porosity and
surface roughness of CIVH wire arc additive manufacturing of AA2024 using response surface
methodology and NSGIA Civil Aviation University of China; Tianjin University of Technology
and Education.

2. Orzolek, S. M., Semplel. K., & Fisher, C. R. (2021NickelAluminum Bronze (NAB)
review: Additive manufacturing and weldabil{typ. 29 30).

3.Kim, J., Kim, J., & Pyo, C. (2020LComparison of mechanical properties ofAliBronze
alloy fabricated through WAAM with cast aflo

4. Roshan, M., Mahtabi, M. B., Ranjbar Eslamloo, S., Behvar, A., & Haghshenas, M. (2024).
Review on fatigue characteristics of NAB: Conventional and additive metbhion®rsity of Toledo,
USA.

5. Bureau Veritas. (2025, JanuarfBules on materials andelding for classification of
marine unitgNR216).

6. Bercelli, L., Moyne, S., Dhondt, M., Doudard, C., Calloch, S., & Beaudet, J. (2021).
Probabilistic approach for HCF of WAAM parts considering prodedaced poresAdditive
Manufacturing, 42101989.

7. Shakil, S. 1., Shakerin, S., Rahmdel, K., et 202/). Fatigue response of WAAM NAB in
postannealed conditiorinternational Journal of Fatiguel08472.

8. Dharmendra, C., Amirkhiz, B. S., Lloyd, A., Ram, G. D. J., & Mohammadi, M. (2020).
WAAM NAB with enhanced mechanical properties via heat treatmAdtitive Manufacturing, 36
101510.

9. Helle, H. P. E. (1981)An investigation of ship propeller fatigue

10. Bertoglio, C., & Rizzo, C. M. (2016). Survey on fatigue strength of cast bronzes for marine
propellersFatigue & Fracture of Engineering Matetlis & Structures, 3F), 793 816.

11. Bertoglio, C., Gaggero, S., Rizzo, C. M., Viviani, M., & Vaccaro, C. (2015).
Improvements in fatigue strength assessment of marine propellésalysis and design of marine
structures Taylor & Francis.

13.Shen, C.Mu, G., Hua, X., Li, F., Luo, D., Ji, X., & Zhang, C. (201®)fluences of heat
treatments on anisotropy of WAAfsbricated NAB
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(rrid bs 1o AEBO L B ipdAs | ' 23, v 0§ COWRBLY 4 § 56
Bsd’ 9, V8 P\ Yy Cd2 dOyY' sdz0d dzd?2 Ekdg
[ MstesctcQH fgs.f BEdYzS) vSKO  dzO

[JHdZ ‘"8 L cOdzzL j2, Pt oaMmMlsOdeso dzt ' dzOY"
ZON d dztsB ZH Iz 9 Odzdzw L odttse dzd ylso O sSLBGHS'
Otclsddzj o' 2+ € dn M dzOdgds H "99° H C Gudz ¢B tc B d3dz1S5d60
ZOdzOG sH Y j dzdz? o dzOMmdzetsc 5 o d tc BGHL pldolz@  fipdEO tad
tcOH W dzin! C° Otelsddzj o' 2y C° Msoatsdzd o34 od
LEtO dz' LOfkhjdts o dzOMdzj] o dtotse dzd yls azis Oto ks
(ddv cJItSEHOAOe) .

I'md yd odBOcOds Isjteds’ dztse ekt § esd g4 dzd )
s [ 795. l MisOdzts o dzj dzdz¥ -deGtfctdisy pi3zteidg dizszy O dis
MlsOdzz (uv1r8) LOEsoSCd " H YO hIsORY 2o (
sz totsL tesBC O dzOkzSCmsotsets " H tokzdalsWw H dzw
h Is O3t z 9 O dadzw Otslsc{dz;ts 2fipe €' OMiAAOEWIEO OF Isk
t sL®06WL Odzadzw y' ’ f tetsB dzj d3d HiSL o sSdzd Is
o detsBdzdylsots Otlsddzjte' 2Mm* Cdr MdzOWH "' o .

#4dzOtcW Hd ¢ OdelzB tGOeBIs 1 58 coaclkz Ctdzmdze yOf
odcetlstso dzj dadz? o' Htc' L dvj flsdetdits ¢o 21 ' to QfHy i)
My jy Odz dgd s M tsmtsB' &8 BBISdMSE Odzdz?y desfyd ¢ O
Bzdzs ftotso jHjdes toWH CtdifdzjCfMmdedr dzOkZCtso

LOCtsdes 3’ tedetsisj2 Ijy @~ &BjlOdzE " H yofm
C jzt® Odzdzy W stoedz3sL d3° dzj dedzv o3 L Oetslstsa & d L O Iste
[ O twtsBBIsd ftsdzv ¢ O z " Hodh j dzdz

Isj rndetsdztse ® ydzdr dBsy dzdeosMmisj 2 o dcetlstse dzj dzdaw
COdz' Btotslgfs, 1953 L OBj LY jyk"’ ' Ho df t¢ "zdzy M kztf
L d3j dgh j dedz? o dlstcOls di3j sOdzz 2 jdzj e ° .

[ sfdz' HY jdadzg? h IsOBf o Odadz? MdzOtcW H' &8 f totfs
<" daud dzd - Jj dzj d3j dzls* o . 1 59 dd3 BB IstsH ts5dzts «
BOGCOIssf jtoejn '  Hdzedr s j tejodz] &j dzls detis’'L te(sB [€)O 3l
cOn so Iz L d3" ydgj dzdzv IO tcj dzOC MOy" ¥ o dzlz Is tc
hisO®Rf o Odzdzv . 1 O Bfdetse ' tesL tetsB dzj dats™  w [
ofM' " JlOY O hIsOd zo Odzdzv , hts dzgj BREZ L
HisMdz' Hdzed € O3] . [ smdz' Hj§ das i3 af @if o datses jtsts d3j dsfitg
WistedssL d3' dzj dedz? IsO MmMddzse® 8COLddCd dzO o f
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dbdzOdz' L jJSEMfJjteddiy delsOdz dedrm toj L zdz IsOIs' o
e dd3d HJWStcdiszo Odzdzv * offtcS9OHJIsd ttsSL tetSE
odtse dzd ylso 5.

1 @Cts9 0 sodL dz0 ttsBtlsd sV O 9 fSlstec
tej MztecmMsL B jto' 6O Yydn Isj mdzsdztsc ' 2, Ctsdzmliste
sB dzOH dzOdzdz? HdzvW o dttsBdzd ylso © Ctstwflzm' o € tcl
COdz' Btedgdg. 155

10 o' HA3 dzz 9 ' H] Qi ditfcC' Rdzff! IKQ[dZY Ho O dzdzv |
155d3d3, k2 L ttsBdzjdzg' 2 Isjrdesdzse' W BRzdzd MEzd
[ 5 tsets ¥, HtslswekzoOdzdzw 6" dz2 L f jtedH B
stdgtslsdted dBOItedy' , wWC E o HizddIgo Iskisidrytf tcts
Y SEs, tisLtBdzj dzts detso 2 MisMm' B foslsw glze
L Ctdotsdz dg' 2 des¥ ttsBByYysss o jton daj b . A
ftotslsw ¢ z9o Odzdzw s®@ LB ' dhdld Mmls' 2¢" Mlis: d
oditstcdmMisso kY pdztfisd L OFtEsB dogd C Odgd MdzOtew H " o .

1 d3j dzh j dedzy € dzt S tsMils' hlsORRf zo Odz' ded= 1 §
ftcsHzZCIsd o dzgtsfls ftosyJ Mk hIlsOdf zo Odedzy f Sto
stsdizgz ydmdz® KR dz "Bitcted§ tABB 0 Oy dzdoets o Isjf j to
[fdBOy v Wtstedzd SO ttsL i3 t6' 8 Isjrdetsdztsc ' y
sfjteOY' Wn HBLOGBHRZJEZO LB &z"dlsd ¢ dzv €' fMls+
HdzZw N IsO®f zo Odedzg? Ctstef Mz MdzOWHE odC ted
teOL O) G' HIeOo dz' ydz' IHfitcrifiasyjdg O . 2 A B O 10AODH
Ld3d dz2" dIsd o dlsteOlsd Jdzj Sstetsjdzjtec’ ™ Ek 1, 5¢é7Z

10 9" HAB dzz © " H L Otokze' ydzedr Isj - detsdztsa
15583 L. cGOLBodd dzOCGtc’ 9 Odedz?" 5 L O tslstsoasC, I
" deHEZC Yyt 2dzj dzOcie3 o B@dzY, oV E@pBEZz®O'2As MW h 9
LdzdLdlsd EcOte Hts 0, 25é0, 35 %.

l Oydzdoss o' HAZ Isdets® MsBdzde ' Mis¥ L tot
9 Hte' L dgv°’ ~ 9 H o' HBM®BJr~ L OtkzB ' ydzdr Odz
Isj ted3’ ydzats sBtctsB ¢ d, A J dZ0dzdzdz’ M lOH Odedly
o zOMIsd e tsMmisj 2 odCtcdmlsso zo OdzOMmw Is j tc d3ts O3,
Zdzd C dzzlsd Ibktcdo Odzsets fftesyjMmMkz IsjtcdiccBicsB ¢
dzO G tc' o Odzda" L d3d dzh dIsd odltcOIsd B34 Is O dzlz
odzzlste' hdz' 5° B EBY | dpPtcw 4§ B K J dzOH Odzs O3
ftocsHECIsdodz Mis! odcetlstso dzj dgdgv MdzOteW H ' o,
GOLE SO LddLdlsd MtsB' 9 Otls' Mls: "7 odcetlBe

t BL tetsB dzj dz dstedBOIsdod d&3j » Odz" ydats’ s B to
f " HodhdlIlsd tcszOz C & b A% Mis L d3d dzh dIsd odls
" dzmistelz d3j dzls O dzt dzd = BOIj 6’ Odz' 9. 10 HBY Bd

jAdetsdzse ' ydz fesyjmd, ftodL zOyj ks ot
sBtetsB ¢ d f§de@ty\zin" & .
[ ' IsJ 6 Ok K#di&hnyi V., Markov O., Aliieva L., LevchenkoV., Kaliuzhnyi A.
Investigation of hot combined extrusion of steel hollow conical pastgnal of the Brazilian Society
of Mechanical Sciences and Engineerig§24.4 6 ( 8 ) , httips4/d®idrg/10.1007/s4043124
050324. 2. Markov O, Zinskyi V., Shevtsov S Hrudkina N Designing optimal geometry of the
radius die for broaching cas€2024) EasternEuropean Journal of Enterprise Technologiésl
(132), pp. 7683 https://doi.org/10.15587/1724061.2024.317060
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[ JHOOHL . | rJtGJ oOwdeCts .., 1Odeykz¢ 1. 1.
(Wwo-PEBdzC " oM Cd2 dzOy' sdzOdz’ dzgd 2 Isj,m dz° ydad 2
Bwo GndasOdzé " a ! €, LvEtLO dzO)

[ OBSkOtedz® bkMsOdssCO® HA&v dOf &zOs dzj
CdafflsteSIsdodats Wodw' Msety bkde ojtefOd dzd 2
f sHOY'  f)ldes oy tSottoes 5 j dzj CstesHl o dCstedml
BjnOdz L {sHOY LoOkyoOd desets Histslsk o' ¢
]l sMlsOdzso € O JLEBHRO W dzts L H' 2fded Isd dzOf dzO:
BOlsjte' Ok dz0 § dzsMS b G o jter dz fyls Ody deidts
CjtozoOdadzy EMlsOdeso ¢ d HsoddedzO L OB LY judls
LOHOdts® IstcO' Slstste’ * ¥ ' L afr]IsG)dztsadZJ dztss  h oo
fd dzn tots dz' LlsaOdzls L Jtoj d&3' M jdzdzv &3 "L ' HIste(

[quOEBmOBBm@O:szO@BaQO Hdw  dzOf zOo dzj dzdz®
bdz o j tohGRb Caswes BdzOls s 6 5 s &5 20

[ Mdeso dzO yYyOdgis d dz@ e’ h j dzdgv f totsB dzj 3 ° E
d MY Jtedd3 dzls Odz! dats” EMlsOdzso € o d&d 0~ ¢t
tetsL ' BE kIO MdMmisj BO € jtolzo Odadzy tetsL H' dzj dzO
Cjtkzo Olsd fjted d3" hjozdgv d3 tetsBBSYBsSGts stcc Odz
odCstedmMlsOdzdz" &3 S tetsCtsodm HoOodelkzdz o. l wets
sHd&ze 'L 9 Htsd3d~s MdMlsjd3 vylis. 10 JIsOf’ 9 (
Bllsd odStstedMmlsOdzO dzO2f tetsmils’ " ©C Ond M gzeizO
fotsc cOfRA@SO B dzdqzd dzj S dz0 O dz'Odzts ¢ tstf | TeHydgthid & Is J
Yyomlsddz0 mdmisj d&3d ¢ jtkzo Odzdzgw L OBJ L Y Jykz® d
Lo Otc® 9 Odz! dzsets Mistclz 3z .

dlstezCIskztcedzO Mna J B3O LISBUcPS|dp@iEzl ded@ & dshigiz O
Cdzlsd W j 2 MMz f d&zOskz MACHS3 ‘ HicO29 jted HEe
HfgekzdzOdkd sdfkz NEMA 23.
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[BUIYH KiHL|eBi BUMMKaUi eneKTpona
Nema 23

tdm. 2. ulsds® ClipdeftpleldOzdnnSij telzo Odzdz? bk MlsOdzso € g
flste' yStsodd §sesh Csodd jdj SsiesH B

1 0f o sdatso Odz0 Mtk S sk todz® fiyRlsijde@® tHiPO dz' !

Fl exible Thin Clien. 10c0d dzd?2 odedzWwH 1
B Misdls! § zoP2MACH3 CtesCtsodr Hodcecbkdz o, d
d &z SstesHlz ° LO"  HdEZOdd? L G Sdfftdglds.j tesd3 yd b

tdm. 3. 10c60dz dzgd?2 odcedzvH Of OwOIlsdes’ YO
(BJL HYjtojdzO L oOts 9 Odz! detse s Mistclz d

I didetsd 5G5j 4 OF o dCtdzOdzdzy HIMjtelsOy' 2 dzts

tc' odzj d3 o dh ts° sfme ' Isd L s dzj ZO MdMmisy o3
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