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PARAMETRIC GEOMETRIC MODELING IN SOLIDWORKS WHEN
STUDYING THE DISCIPLINE “COMPUTER-AIDED DESIGN SYSTEMS”

Abstract. The article analyzes the step-by-step process of mastering parametric geometric modeling in
SOLIDWORKS during the study of the discipline “Computer-Aided Design Systems” at the Department of Technology
and Automation of Mechanical Engineering. The use of the basic principles of parametrization in the developed
laboratory works for the training of engineering specialists is considered. The main advantages of applying
parametric geometric modeling are formulated. It is recommended that students develop their skills in scientific
student groups based on CAD/CAE/CAM technologies to acquire practical experience in geometric model
parametrization.

Keywords: parameterization, geometric modeling, SOLIDWORKS, CAD

Anomauin. Y cmammi npoananizoeano wiisAxu noemanto2o ONany8ants NapamempuiHo20 2e0MempuiHo20
mooemosannst 6 SOLIDWORKS y npoyeci susuenns oucyuniinu «Komn romepuszosani cucmemu npoeKmysantsy Ha
Kagheopi mexuonoeiti ma agmomamuzayii MawuHo6yoyeanns. Po3ensinymo UKOPUCMAHHA OCHOBHUX RPUHYUNIE
napamempu3sayii 6 po3poobienux rabopamopuux pobomax O ni02omoexu indcenepnux gaxisyis. Copmynvbosano
OCHOBHI nepesazu BUKOPUCMANHA NAPAMEMPUYHOLO 2€0MEMPULHO20 MoOeniosans. Pexomendosano 3000ysavam
PO36USAMU HABUYKYU Y CIYOEHMCbKUX Haykoeux 2ypmiax, saxi oazyiombes na CAD/CAE/CAM mexuonociax, ons
3000ymms npakMuyHUXx HAGUYOK 3 NAPAMEMPUIAYIi 2e0MempUIHUX MOOeel.

Knwouosi cnosa: napamempusayis, ceomempuune mooenosanns, SOLIDWORKS, CAD

Modern development of engineering education is closely linked to the implementation of
Computer-Aided Design (CAD) systems, which allow the creation of digital two- and three-
dimensional product models, as well as the analysis and optimization of their engineering and
technical designs, including drawings and specifications [1-4]. One of the key areas of CAD
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development is parametric geometric modeling [5-8], which ensures a logical interdependence
between model elements, allowing for rapid design changes without losing consistency. In the
educational process of the discipline "Computer-Aided Design Systems," it is important not only
to acquaint students with the basic modeling tools but also to form an understanding of the
principles of parametrization, which form the basis of modern engineering thinking.

Descriptive geometry with its methods of constructing three-dimensional objects in
drawings [9, 10] does not easily allow for design modifications. Without parametric geometric
modeling, modern CAD systems lack the interdependence between geometric elements [11] which
leads to errors during editing or the need for a complete model rebuild. Products made without
proper parametrization of geometric models may have issues with dimensional accuracy, errors in
the tool movement trajectory for CNC machines, and the execution of assembly operations for
multiple products [12-20]. Parametric geometric modeling eliminates these drawbacks because it
allows the creation of models with fixed dependencies that regulate the mutual arrangement, sizes,
and proportions of objects. In SOLIDWORKS, this approach is implemented through sketch
relations, dimensions and dependencies, equations, global variables, and parameter tables. This is
why the discipline "Computer-Aided Design Systems™ gradually familiarizes approaches to
parametric geometric modeling for SOLIDWORKS. The learning process includes step-by-step
laboratory exercises, independent design assignments, and the use of simulation tools, which
encourage students to think parametrically and creatively.

The purpose of this study is to analyze the ways of mastering parametric geometric
modeling in SOLIDWORKS by studying the discipline "Computer-Aided Design Systems". The
research involves creating favorable conditions for students to master professional skills in
parametric geometric modeling in SOLIDWORKS and to ensure a high level of their
competitiveness in the labor market.

Parametric geometric modeling involves using two main types of dependencies: geometric
and dimensional [6]. Geometric dependencies (coincidence, parallelism, tangency, concentricity,
symmetry) ensure the correct spatial position of model elements, and dimensional dependencies
define the magnitudes of distances, angles, and radii. SOLIDWORKS automatically forms such
relationships when creating sketches and also allows the user to manually set constraints or use
equations to build linked parameters.

The sketch is the basis for constructing any model in SOLIDWORKS. Parametrization of
sketches allows setting fixed relationships between lines, arcs, circles, and other geometric
elements. Mastering these skills is provided through the completion of Laboratory Work 2
"Creating Sketches Using Relations" [11]. For example (Figure 1), when performing the task, only
the axis of symmetry and the start of the sketch construction are fixed on the sketch, while other
constructions are completed through relations between elements and dimensions. The completed
task consists of black primary lines, which indicates their defined position, and the status of the
document shows the inscription "Fully Defined".
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Figure 1 — Result of completing the task for Laboratory Work 2 [11] in SOLIDWORKS

Similar parametrization elements are used to create sketches for three-dimensional models.
This is provided for during the completion of Laboratory Work 3 "Creating Solid Three-
Dimensional Models of Parts" [11]. After creating the sketch, the three-dimensional model is
formed using extrude, revolve, or cut operations. For example (Figure 2), the main sketch of a
stepped shaft is constructed with the necessary relations and dimensions, as well as other
constructions of the three-dimensional part with the corresponding description in the
"FeatureManager Design Tree". Adding dimensional parameters to the three-dimensional model
allows for the creation of different product variations in the future by changing only a few key
values in the equation table via the link Menu Bar > Tools > Equations.

SOLIDWORKS allows the creation of assemblies where "Mates" are established between
parts, similar to geometric relations in sketches. For example (Figure 3, a), when modeling bolted
connections with standard bolts, a washer, and a nut. In this case, each element of the assembly
has its own settings (Figure 3, b). By changing the bolt parameters in the configurations table, the
student can obtain different standard bolt sizes without the need to create new files. Such models
are combined into a standard parts library.
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Figure 2 — Results of completing the task for Laboratory Work 3 [11] in SOLIDWORKS:
(a) creation of the main sketch of a three-dimensional model with parametrization; (b)
construction of a three-dimensional model of a stepped shaft

In the educational process, parametric geometric modeling contributes to the development
of spatial thinking and engineering logic. The instructor offers students tasks to create basic
models, and then — to modify them by changing individual parameters. This approach ensures an
understanding of the structure of digital models, the relationships between objects, and the
principles of design automation. During laboratory sessions, special attention is paid to working
with parameter equations. Students acquire not only the ability to model geometric objects but also
skills in data management, design automation, and the use of global variables for model
optimization.

Advantages of using parametrization in geometric modeling:
the ability to quickly modify the model without its complete rebuilding;
increasing the accuracy of drawings and reducing the probability of errors;
automation of creating product variants;
support for integration with analytical calculations and simulations.
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It is recommended for students to continue their development in student scientific groups
to deepen their knowledge and practical skills in parametric geometric modeling. The main focus
of such student scientific groups is placed on CAD/CAE/CAM technologies.
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Figure 3 — Results of completing the task for Laboratory Work 4 [11] in SOLIDWORKS:
(a) creation of a three-dimensional model of an assembly; (b) review of the parameterized
geometric parameters of the bolt

CONCLUSIONS

Parametric geometric modeling in SOLIDWORKS is an effective tool for training future
design engineers. This modeling approach allows the creation of flexible models suitable for
subsequent modification, automates the development of typical parts and assemblies, and enhances
the quality of education. The implementation of parametrization methods ensures the integration
of design, analysis, and production preparation processes in a single digital environment. Further
research should focus on integrating parametric geometric modeling into interdisciplinary projects
and expanding its application in educational digital twins.
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LEARNING THROUGH PRACTICE: PARTNERSHIPS WITH
COMPANIES, OPEN-DATA CASE ANALYSIS AND THE USE OF
MODERN DIGITAL TECHNOLOGIES

Abstract. Practice-oriented learning represents an educational approach emphasizing the direct
application of theoretical knowledge in real-world contexts. This paper discusses how partnerships
between universities and companies, open-data case studies, and modern digital technologies enhance
learning outcomes. Collaborative projects with industry allow students to apply theoretical concepts to
authentic problems, while open-data analysis fosters analytical thinking, creativity, and evidence-based
decision-making. The integration of digital technologies — including virtual environments, simulation
tools, and Al-driven platforms — enriches the educational process by enabling interactive, flexible, and
personalized learning. These combined methods strengthen connections between academia, industry, and
society, preparing students for the digital economy through the acquisition of both technical and soft skills
such as teamwork, communication, and adaptability.

Keywords: practice-oriented learning; university-industry collaboration; open data; digital
education; applied projects; experiential learning; innovation; higher education; digital technologies.

Anomauia. Y cmammi po32isiHymo 0coOIu8oCcmi HA8UAHHSA Yepe3 NPAKMUKY Hd OCHOBI NapmHepCcmed
3 KOMRAHIAMU, aHANI3Yy Kelcig GIOKpUMUX OAHUX ma GUKOPUCMAHHSL CYYACHUX YUDPOBUX MEXHONOZIH.
Ipaxmukoopicnmogarne HasuanHs 3a6e3neyye 6e3nocepeOHe 3ACMOCYBAHHS MEOPEeMUYHUX 3HAHL Y
PeanbHUX YMO8ax, Cnpusitouu po3eumky npodeciiinux i m’sakux nasuyox. Cnisnpays 3 nionpuemMcmeamu
003607151€ CMYOeHMAM OOJYHYAMUCS 00 CRIbHUX NPOEKMIB, PO38 A3y6amu A8MeHMudHi 3a80aHHs ma
3000y6amu 00¢8i0 63aeM00ii 3 Oi3Hecom. Buxopucmanis 6i0kpumux 0anux popmye anarimuyne MUcieHHs
Il KpeamugHicms, Mmooi K YUPpoesi incmpymeHmuy — Gipmydanvri 1a60pamopii, cucmemu MOOe8AaHHs,
AHATTMUYHI NAAM@OpMU — PO3UUPIOIOMb MONCIUBOCMI NEPCOHANIZ08AH020 HAGUaHHA. Takuil nioxio
SMIYHIOE 83AEMO36 A3KU MIJIC OCEIMOI0, HAYKOK Ma PUHKOM npayi, hopmyrouu ¢axieyis, comosux 00
BUKIUKIB YUPPOBOI eKOHOMIKU.

Knwuoei cnosa: npaxmuxoopicHmosane HAGUAHHS, NAPMHEPCMBO YHigepcumemis i 0Oi3Hecy,
8I0Kpumi Oami; yupposa oceima; NPUKIAOHI NPOEKMU, OOCEIOHE HAGHAHMS, IHHOSAyIl, euwa oceima;
yugpposi mexuonoeii.

1. INTRODUCTION

In today’s dynamic and rapidly changing environment, education must go beyond theoretical
knowledge and place a stronger emphasis on practice-oriented learning. By engaging students in
real-world contexts, this approach equips them with skills that are directly applicable in their
professional careers. Partnerships with companies provide valuable opportunities to connect
academic knowledge with industry needs, ensuring that learning outcomes are relevant and
impactful. At the same time, open-data case analysis allows learners to tackle authentic challenges,
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