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Abstract: This article examines the features of computer modeling of functional 8D objects using the
SolidWorks software suite, which is an integral component in the training of future engineers and
vocational education teachers. The SolidWorks software suite provides tools not only for creating three-
dimensional models but also for analyzing the mechanical properties of parts and visualizing the
technical condition of objects. This enables future engineers and vocational education teachers to better
understand the principles of designing and analyzing complex part structures. A step-by-step algorithm
for computer modeling has been developed, from creating a basic sketch to completing a three-
dimensional model of a functional object. It has been established that the computer modeling process
allows for the selection of appropriate tools and commands for creating geometric transformations of
objects and setting parameters. This ensures high accuracy in constructing a computer model according
to its geometric parameters. It has been established that the modern approach to computer modeling in
the educational process demonstrates the implementation of innovative technological solutions to
improve the quality of training in higher education institutions. It has been determined that the
proposed approach will not only help future engineers and vocational education teachers develop
practical skills but also contribute to a deeper understanding of engineering concepts.

Keywords: Computer modeling, Digitization of education, Future engineers and vocational education teachers, SolidWorks,
STEM education, STEM projects, STEM technologies.

1. Introduction

The modern labor market is witnessing an increased demand for specialists with a broad range of
skills capable of effectively responding to new challenges. These requirements are relevant across
various sectors, from information technology to the financial industry, where employers seek
professionals who can analyze large volumes of information, make informed decisions, and work
efficiently in teams. According to “The Future of Jobs Report 2023,” the most sought-after skills include
proficiency with new technologies, critical thinking, productive communication, and a readiness for
continuous learning. The report also emphasizes the importance of adaptability and flexibility, as rapid
technological changes continuously modify professional processes and employee requirements [17].

The Ukrainian higher education system is actively adapting to contemporary challenges aimed at
training highly qualified specialists. This need is a response to the socio-economic processes observed in
the country. The importance of training qualified personnel is heightened by global technological
changes that require deep knowledge and skills in the field of computer modeling of functional 3D
objects. The training of engineers and vocational education teachers in modern conditions involves not
only traditional education but also mastering advanced modeling and design techniques.
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Significant changes in the budgeting of the educational sector, especially during the martial law in
Ukraine, have accelerated the process of rethinking educational approaches. The emigration of qualified
scientists from the country stimulates the renewal of the educational system, oriented towards global
scientific and intellectual standards. This necessitates the implementation of new teaching and research
methods, particularly in the area of computer modeling.

The educational process now includes comprehensive training that combines theoretical knowledge
and practical skills, meeting the demands of the modern labor market. This encompasses the
development of professional and general competencies, such as the ability to learn, critical thinking,
programming, and creativity. Educators who employ innovative methodologies play a key role in
shaping the personality and professional qualities of future specialists capable of working effectively in
diverse conditions [27].

Changes in the educational process also include the integration of interdisciplinary approaches and
the freedom to choose educational trajectories, which fosters the development of students’ individual
potential. This reflects global educational trends and supports Ukraine’s competitiveness on the
international level.

The modern training process for future engineers and vocational education teachers requires
appropriate skills and abilities in computer modeling and visualization of functional 3D objects. It
encompasses relevant stages that play a key role in the preparation and formation of modern and
competitive highly qualified specialists. This allows students to thoroughly assimilate the theoretical
course material and apply innovative software suites for computer modeling, investigating both the
mechanical properties of parts and the visualization of complex geometric bodies, including functional
3D objects. Therefore, it is advisable for future engineers and vocational education teachers to apply
computer modeling of functional 8D objects to acquire skills and abilities during the design process [37].

2. Literature Review

Given that professional activities in the modern labor market require not only deep technical
knowledge but also the ability to convey this knowledge to future specialists, it is important to
integrate practical skills in modeling and visualizing functional 3D objects into the educational
process. This not only enhances the understanding of the technical aspects of engineering but also
improves the effectiveness of pedagogical activities, allowing future specialists to successfully adapt to
the demands of a high-tech labor market [4].

In the study [57, a new approach to the functional classification of simple objects in the form of 3D
images is proposed. Based on training, a multi-level hierarchical description of objects is constructed,
which allows for the use of various reasoning approaches through annotations. This approach employs
plausibility rules that enable the construction of radial functions from histograms of object instances.
The approach proposed by the authors has been tested on a significant number of real objects,
achieving high classification accuracy with small training sets. However, the study presents a method
for segmenting 3D images that does not allow for the analysis of the mechanical properties of the
object being studied or observed.

The work [67 highlights the main tasks faced by students in higher education institutions under
modern learning conditions, requiring a special approach. This approach is based on the application of
a unified educational system to solve complex disciplinary tasks. The authors propose various
interdisciplinary connections related to information and communication technologies and systems
thinking. In this regard, statistical information on the performance of a group of mechanical
engineering students was collected. Multiple regression analysis was used to process the statistical
information, which allowed for the identification and evaluation of the positive and negative qualities of
systems thinking. However, the study did not focus on the modern approach and features of student
learning using the creative criterion of critical thinking. This criterion combines flexibility, originality,
and productivity, enabling the consideration of new methods and approaches related to the design of
components and parts for both the mechanical engineering and transportation industries, as well as
other sectors of the national economy.

In the research [77], the authors analyze the contemporary challenges faced by vocational
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education. Among the key issues are globalization, digital transformation, and the constantly changing
demands of the labor market. This requires educational institutions to adapt their programs and
enhance the qualifications of teachers to meet new realities. The emphasis is placed on the importance
of implementing innovative approaches to the training of future specialists, especially considering rapid
technological changes and the internationalization of the professional environment.

The approaches proposed in the work [87] focus on methods for preparing STEM discipline
teachers to work with students in a distance learning environment. The authors explore both technical
and methodological aspects of this process, including the use of digital platforms and interactive
technologies. Significant attention is given to the issue of equal access to distance education and the
importance of developing self-regulation in students during their studies.

The article [97] discusses an innovative project that uses fuzzy logic for the segmentation of
vehicle images. This research demonstrates the effectiveness of combining STEM technologies with
tuzzy logic in the educational process, allowing future engineers and teachers to master modern
technologies and develop critical thinking. This approach promotes the integration of technological
projects into educational programs, stimulating students” engineering creativity.

The importance of cognitive and metacognitive processes for the development of the creative
potential of future educators is highlighted in the study [107]. The authors emphasize the significance
of self-reflection and the ability to analyze one’s own learning processes as key elements in teacher
preparation, enabling them to work effectively in a changing educational environment.

The article [117] is dedicated to the analysis of didactic principles for teaching 3D printing
technologies. The authors stress the importance of interdisciplinary approaches to education, which
allow for the development of both creative and technical skills in students. Integrating 3D printing
into the educational process prepares students for the modern labor market challenges, where digital
technologies play a crucial role.

The impact of STEM technologies on the development of pedagogical skills in students is
examined in the study [17. The authors note that the application of STEM technologies stimulates
student interest while simultaneously developing their technical and analytical abilities. This
contributes to the improvement of education quality and student engagement in the learning process.

The importance of implementing STEM education in the training process for future engineers and
educators is highlighted in the study [127. The authors argue that integrating practical knowledge and
modern technologies into educational programs is essential for preparing specialists capable of meeting
the demands of the contemporary labor market.

The reviewed scientific articles demonstrate the importance of innovative approaches and digital
technologies in the training of specialists across various fields. The implementation of STEM education,
digital tools, and cognitive teaching methods fosters the development of critical thinking, creativity, and
technical skills, which are crucial for adapting to the modern labor market requirements. Additionally,
the studies emphasize the necessity of equal access to the latest educational technologies and the
importance of professional training for educators to work in a constantly changing educational
environment.

Current global practice shows that mechanical and architectural design is a multifunctional process
that requires the training of highly qualified specialists. Therefore, in the work [137, the authors pay
special attention to the need for an interdisciplinary approach to teaching future engineer’s architectural
design. This approach allows for mastering the methodologies of elective courses and acquiring relevant
knowledge, skills, and abilities in construction, technological, and structural directions. This approach is
proposed at the Warsaw University of Technology based on the interactive teaching method "Case
Study". It aims to direct the learning process towards the real conditions of professional activity.
However, the authors did not address the basics of designing functional units that operate under
extremely complex conditions and require special approaches and methods for student training.

The increase in the capacities of factories, plants, and traction power of units necessitates the search
for alternative sources of electricity. Thus, the study [147 is aimed at examining a STEM project for
future mechanical engineering specialists, which involves various experiments to obtain electrical
energy — wind, solar, and water. The experimental research created significant data arrays used for
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student training, demonstrating improved comprehension of lecture and theoretical material in
professional disciplines. Therefore, the application of STEM projects is also proposed for the design of
functional units in the mechanical and railway industries. This would significantly enhance the use of
STEM education for better assimilation of theoretical and practical training material.

Various aspects of implementing STEM education and executing STEM projects are discussed in
the works [12, 15-187, which also confirm the effectiveness and relevance of STEM education.
Participation in STEM projects fosters students’ creative abilities, the importance of which is described
in the study [197. The effectiveness of education can be enhanced by predicting students’ educational
achievements using data mining [20, 21°] and machine learning methods [227.

In the modern labor market, there is a demand for skills related to the practical application of data
mining [23, 247, artificial intelligence [25-287], computer graphics, and modeling. These skills are
particularly important for future engineers and vocational education teachers, who also extensively use
methods of digital image processing, computer modeling, and object visualization in their professional
activities. Among the methods of digital image processing, filtering [29, 307, edge detection [31, 327,
segmentation [9, 33, 347, and contrast enhancement [35] are applied. Computer modeling methods
allow for the accurate calculation of object operating modes [36, 377]. For the visualization of objects,
especially those with complex geometric shapes, the use of three-dimensional graphics [887], augmented
reality [397], and extended reality [407] is effective.

To address the challenges of training highly qualified engineering and pedagogical specialists in
higher education institutions, modern techniques, approaches, methods, and teaching tools are
employed, enabling students to acquire professional skills [417. For example, during the training of
students in fields related to transportation and services, specifically railway transport, students master
professional and specialized disciplines that provide them with qualified skills and abilities. During their
studies, students pay significant attention to computer modeling, analysis of visualization, and test
information about rolling stock components, as well as the dynamic processes occurring during
movement [42, 437. The use of modern computer systems such as SolidWorks, AutoCAD,
CorelDRAW, Visio, and others during training allows engineering students to successfully apply them
to solve practical tasks. Specifically, working with the SolidWorks software suite enables the
construction of functional 8D objects with complex geometric shapes that operate under significant
dynamic and static loads [447]. Additionally, the use of SolidWorks allows for theoretical studies on
modeling the loads acting on rolling stock components during their design, operation, and
determination of residual life.

The analysis of literature sources [ 1, 4—44] indicates that the issue of acquiring competencies in the
design and computer modeling of functional 3D objects using the SolidWorks software suite is relevant.
In particular, further research into the strength characteristics and visualization of complex geometric
shapes is important, as these aspects require expanded scientific understanding and the improvement of
application methodologies.

3. Purpose and Tasks of the Research
The objective of this research is to explore contemporary approaches to computer modeling of
functional 3D objects in the professional training of future engineers and vocational education teachers.
To achieve this objective, the following tasks must be addressed:
e Outline the general aspects of the use of 3D modeling;
e Analyze the graphical representation of a functional 8D object;
e Examine the specific features of computer modeling in the construction of a functional 3D object.

4. Materials and Methods
4.1. General Aspects of the Use of 3D Computer Modeling

The process of computer modeling gains particular significance due to its use as a core component
of pedagogical activities and the creation of educational projects. The concept of “modeling” pertains to
the pedagogical lexicon from the technical domain and requires scientific substantiation, the
establishment of norms, and the regularities of functioning within the educational system.
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The term "modeling" is defined as "a method of studying phenomena and processes based on the
substitution of a specific research object with another, similar one — a model" [457. In a broad sense,
"modeling is the process of adequately reflecting the simplest properties of the studied object or
phenomenon with the precision necessary for practical needs" [467. Thus, "modeling is the process of
depicting the research object with a similar model, conducting experiments with it to obtain information
about the research object" [467].

In turn, "computer modeling is the creation of an object or phenomenon using computer technology
and mathematical, physical, or logical systems. The result of modeling is computer models, which can be
presented in 2D or 3D formats; they can be static or gamified (with animation elements)" [477].

In the professional training of future specialists in engineering and vocational education, it is
advisable to perform modeling and visualization of complex 3D objects using functional objects
designed to perform specific tasks or functions. Modeling functional 3D objects facilitates better
assimilation of abstract mathematical concepts and stimulates logical and spatial thinking. During
project work, future engineers and teachers learn to use 3D modeling tools, which is an essential
competency in many modern professions [47].

The training process for students in engineering and vocational education specialties in modeling
and visualizing functional 8D objects encompasses relevant stages that play a key role in preparing and
torming modern and experienced high-quality specialists. This enables future engineers and teachers to
thoroughly assimilate the theoretical course material and allows for the practical application of
innovative software suites for computer modeling, investigating both the strength characteristics and
visualization of complex geometric bodies, including functional 3D objects.

One of the stages of modeling functional 3D objects is the preliminary study of general and
professional disciplines, which allows the student to have a conceptual visual representation of the object
being subjected to computer modeling. Another important factor is that the student must know the
mechanical properties of the object being designed, its operating conditions, and the nature of the static
and dynamic loads acting on it.

4.2. Analysis of the Graphical Representation of Functional 3D Objects

The subject of modeling is the non-rotating brake shoe, a complex functional object that is part of
the brake lever transmission (BLT) of the 18-100 model freight car bogie [48, 497]. The non-rotating
brake shoe absorbs the load developed by the brake cylinder, which is transmitted through the BLT
system of rods and levers to the brake shoe, which then applies braking to the freight rolling stock 50,
517.

The non-rotating brake shoe is characterized by its complex geometric shape. It consists of upper
and lower ribs that firmly connect the support surface. The central part of the non-rotating shoe has a
slot for installing a pendulum suspension, allowing it to move freely during braking. The support
surface and ribs of the non-rotating brake shoe are connected to the faces of'a quadrilateral slot designed
to mount it on the triangle beam. The entire structure of the non-rotating brake shoe is rigidly
connected by at least one stop, which is made in the form of a plate or rod and is intended to limit the
rotation of the shoe relative to its pendulum suspension [52, 537.

Since the non-rotating brake shoe is a functional object that absorbs and transmits significant loads,
it is essential to focus on its design stages for students. The study of the object model is carried out
using the SolidWorks software suite, which allows for modeling, analysis of the mechanical properties of
parts, and visualization of the technical condition of the object [54, 557].

4.8. Features of Computer Modeling in the Construction of a Functional 3D Object

The modeling process in SolidWorks begins with sketch creation, which starts with selecting the
construction plane where the two-dimensional sketch will be built [567. As is known, models of varying
complexity can be constructed in different sequences and by various methods. The choice of
construction method depends on the analysis of the build, the functional properties of the model, and the
developer’s experience in technical drawing.
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During sketch creation, a full set of geometric tools and editing operations is available. There is no
need to immediately adhere to precise dimensions; it is sufficient to approximate the sketch
configuration. Later, if necessary, the developer can change any dimension value and apply constraints
that limit the mutual arrangement of lines, arcs, circles, etc.

Based on the analysis of the geometric shape of the non-rotating brake shoe, it can be optimally
constructed in two ways at the initial stage:

1. Create the profile of the central part of the shoe by selecting the horizontal projection plane;
2. Create the profile of the shoe contour by selecting the frontal projection plane.

For a more prepared audience of students, the first option can be proposed, while the second option
is suitable for beginners. The advantage of the second method is the accessible transitions from
operation to operation with fewer steps.

The process of constructing the contour model of the non-rotating brake shoe in SolidWorks begins
with selecting the model’s position in the coordinate system [49, 57. To do this, click the left mouse
button to select "FrontPlane". This will place the model in the XY coordinate system to the right. To
create the contour profile, we will use a series of primitives: "Line", "Circle", "Point", "Center Arc", and
operations "Trim Entities", "Sketch Fillet". During the construction of the non-rotating brake shoe
model, SolidWorks displays numerical values on the screen. Without releasing the left mouse button,
select the desired value, press "Enter", and release the left mouse button. Another option is to assign the
specified dimensional values to the already constructed primitives using the "Smart Dimension"
function.

To do this, activate the "Smart Dimension" function. Move the cursor to the desired side of the
primitive, click the left mouse button, and without releasing it, drag the resulting dimension to the
required distance. Then, adjust the model by entering the necessary numerical values, thereby applying
dimensions to the geometric construction. To exit or change the operation, click the green checkmark
or the "Ok" button.

After completing the graphical constructions, ensure that dimensions are applied to all parts of the
profile (Figure 1). The color of the lines will change from blue to black.
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Figure 1.

Dimensional parameters of the contour diagram of a non-rotating brake shoe.

Pressing the "Close Dialog" button on the left side of the screen or exiting the sketch on the right
side of the screen completes the process of two-dimensional constructions. The red cross closes the
operation without saving the actions performed.

After completing the formation of the diagram, we proceed to the "Features" panel, which activates
the operations for creating volumetric figures. For this diagram, we apply the "Extruded Boss/Bose"
operation and respond to the extrusion depth query by entering a numerical value. The process of
forming a solid volumetric image of the contour of the non-rotating brake shoe is completed.

Next, a rectangular hole needs to be created on the constructed contour of the non-rotating brake
shoe for its attachment to the triangle. The sequence of actions includes the following intermediate
operations: constructing the diagram (Figure 2a) followed by extruding the rectangular hole and corner
semicircles (Figure 2b, 2c, 2d).
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c) d)

Figure 2.
Operations for forming a mounting hole for a non-rotating brake shoe on the triangle.

The next step involves forming the right part of the non-rotating brake shoe, which includes the
hole for the pendulum suspension, the slot for the shoe lug, and the mounting holes for the shoe and the
brake shoe guide [577].

This process is divided into the following actions: constructing the diagram of the hole and slot
(Figure 3a), their mirror reflection (Iig. 8b), and cutting to the specified distance (Figure 3c).
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a)
Figure 3.
Process of constructing the hole and slot of the non-rotating brake shoe.

The subsequent steps involve constructing the brake shoe guide and the holes for its mounting
points.

A distinctive feature of constructing the brake shoe guide is the operation of creating auxiliary
planes perpendicular to the shoe guide ("Plane1" and "Plane2"). The creation of auxiliary planes is
performed in the following sequence: a) In the "Reference Geometry" tab, activate the "Plane" option; b)
In the "Feature Manager" panel, which opens in the "First Reference" line (Fig. 4a), mark the line on
the object where the plane will be constructed; ¢) In response to the "Second Reference" query from the
Feature Manager, activate the shoe guide (Figure 4b).

a)

Figure 4.
Operation of creating auxiliary planes for the non-rotating brake shoe.

On the created auxiliary planes, we construct the profiles of the holes in the lower and upper parts
of the shoe and apply the "Sweep Cut" operation for extrusion towards the central part of the object
and the "Cut-Extrude" operation for outward extrusion (Figure 5). The use of two extrusion
operations is due to the fact that the line for creating the auxiliary plane is not at the end of the object.
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Figure 5.
Operation of creating mounting points for the brake shoe on the non-rotating brake shoe model.

The completion of the construction at this stage is confirmed by pressing the "Ok" button.

Next, the construction of the brake shoe mounting points, which are rectangular holes with rounded
corners, is carried out [54, 587. A distinctive feature of these constructions is the use of the side of the
part as the plane for constructing the profile. Therefore, the following steps are required:

e Activate the Sketch mode for two-dimensional constructions;

e Select the part of the model where the profile is to be constructed (Figure 6a);

e Activate the "Midpoint Line" primitive and construct a rectangle with the required dimensions,
then apply the geometric dimensions to it;

e Use the "Sketch Fillet" operation to round the corners of the rectangle and close the dialog box;

e Apply the "Extrude" operation to the constructed profile (IFigure 6b).

Figure 6.
Similarly, the same steps need to be performed to create the second mounting hole for the brake shoe.

The final stage of constructing the non-rotating brake shoe model is a procedure aimed at reducing
its weight without compromising its strength. This is a technological operation involving the cutting of
a part of the non-rotating brake shoe body that does not participate in technical operations [597].

The next design stage is to create the cutout zones in the shoe body, which should be performed in
the following sequence:

a) Create a profile in the upper part of the shoe, applying dimensions that are referenced to the model’s
contour (Figure 7);
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Figure 7.
Creating the profile for the cutout zone in the body of the non-rotating brake shoe.

b) Activate the "Linear Pattern" operation to create the lower part of the cutout zone;
c) Perform the "Cut Extrude" procedure to the specified depth of the model (Figure 8a); d) Mirror the
created zone of the model for the opposite part of the shoe (FFigure 8b).
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a)

Figure 8.
Operations for creating cutout zones on the body of the non-rotating brake shoe model.

For ease of use of the brake shoe, we create fillets along the contour of the model and in the areas
where it connects with the elements of the braking system. After performing all the listed operations,

we obtain a model of the non-rotating brake shoe that can be used for the corresponding calculations
(Figure 9).
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Figure 9.
Designed model of the non-rotating brake shoe.

After completing the design of the brake shoe, computer modeling is used to determine its strength.
The finite element method, implemented in the SolidWorks Simulation software suite, is employed for
this purpose. Strength analysis is conducted to establish the limit values of permissible stresses [59,
607. This allows for the investigation of the mechanical properties of the functional 38D object, using the
non-rotating brake shoe as an example, for future engineers and vocational education teachers (FFeature
Manager, Fig. 10a) [56, 617].

Thus, students will learn to perform strength calculations to select the optimal steel grade
(Fig. 10b) that meets the strength requirements of the brake shoe [49, 627. Additionally, during the
strength calculation of the brake shoe in the SolidWorks Simulation software suite, students will be able
to visually observe the stress distribution and focus on critical areas if they appear on the constructed
profile. This will stimulate students’ interest in quickly acquiring knowledge and enable them to better
assimilate the educational material.
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The implementation of a modern approach to computer modeling of functional 3D objects in the
educational process for future engineers and vocational education teachers provides them with the
necessary tools to solve complex problems, develop innovative thinking, and prepare for continuous
self-improvement. These skills make them more competitive in the intellectual labor market, which
demands not only deep knowledge in their field but also the ability to effectively apply this knowledge
in various situations.

5. Results

The impact of the computer modeling project of a functional 8D object, exemplified by the non-
rotating brake shoe, on learning outcomes was studied in a group of bachelor’s students (12 students
majoring in "Vocational Education (Mechanical Engineering)" at Yuriy Fedkovych Chernivtsi
National University) during the course "Engineering Graphics and Machine Drawing". The
assessment of students’ learning outcomes was conducted through three tests administered "before"
and "after" the implementation of the computer modeling project of the functional 8D object (Fig. 11).
The maximum score for each test was 100 points. The test topics were related to modern approaches to
computer modeling of functional 3D objects. The test questions covered theoretical knowledge and
practical skills in the field of computer modeling of functional 3D objects.

Test No. 1 included questions on the topics of three-dimensional graphics and digital image
processing. Test No. 2 focused on the use of the SolidWorks software suite for designing 3D objects.
Test No. 3 included questions on the topic of investigating the mechanical properties of functional 3D
objects using the SolidWorks software suite.

The analysis of the test results included calculating the mean score for each test for the group.

Edelweiss Applied Science and Technology
ISSN: 2576-8484

Vol. 8 No. 6: 5939-5956, 2024

DOI: 10.55214/25768484.v816.3290

© 2024 by the authors; licensee Learning Gate



59563

82,000

80,000

78,000

76,000

Mean

74,000
72,000

70,000

68,000
test #1 test #2 test #3

M Before Project [l After Project

" Figure 11.
Results of student testing “before” and “after” project implementation.

After the project implementation, the average test scores in the group increased by 5.1 points. The
project is considered successful as there is an improvement in academic performance at all stages of the
project.

6. Conclusion

The implementation of computer modeling of functional 8D objects in the educational process for
future engineers and vocational education teachers is crucial for preparing qualified professionals
capable of meeting the demands of the modern technological world. The use of the SolidWorks software
suite has enabled students to acquire skills in three-dimensional modeling and apply mathematical
concepts for in-depth analysis and understanding of functional objects, fostering the development of
critical thinking and analytical abilities.

It has been established that tasks involving the analysis of graphical representations of functional
3D objects, such as non-rotating brake shoes for freight cars, allowed students to delve into the
complexity of engineering solutions and produce high-quality, innovative solutions. This not only
developed practical skills but also enabled students to better understand the application of mathematical
models in real projects. Additionally, the properties and behavior of materials were studied through
computer modeling, which is significant for preparing future engineers and vocational education
teachers for real-world working conditions.

The features of the sketch creation and model construction process in the SolidWorks software suite
have been formulated, with a primary focus on selecting the construction plane as the starting point of
modeling. The process includes the use of geometric tools for approximate parameter settings with the
possibility of subsequent adjustments, allowing for the achievement of the necessary accuracy and detail.
It has been determined that different approaches to sketch construction can be optimized depending on
the complexity of the model and the developer’s experience. This ensures effective design of functional
3D objects and enhances the educational process in higher education institutions, fostering the creative
thinking of future engineers and vocational education teachers.

Thus, the integration of advanced technologies into the education of future engineers and teachers
not only enriches their professional experience but also contributes to the formation of a strong
professional identity, which is key to a successful career in today’s dynamic world. Such training enables
graduates to stay ahead by offering innovative solutions and approaches in vocational education, which
is essential for achieving high professional standards and effectively realizing educational potential.
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