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APPLICATION OF COMPUTER DESIGN SYSTEMS (CAD)
IN THE DEVELOPMENT OF INNOVATIVE PRINTING EQUIPMENT:
SYNTHESIS OF FUNCTIONALITY AND DESIGN

Zenkin ML.A., Ivanko A.l., Mialkovskyi V.Yu.

3ACTOCYBAHHSI CACTEM ABTOMATHYHOTI'O ITPOEKTYBAHHSI (CAIIP)
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CHUHTE3 ®YHKHIOHAJIBHOCTI TA IU3AUHY
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The article presents a comprehensive study and
development of scientific and practical approaches to the
integration of computer-aided design (CAD) systems into
the processes of creating innovative types and series of
printing equipment, considering the synthesis of
functionality and aesthetic design, which contributes to
the improvement of the constructive and aesthetic
parameters of printing systems. It was found that modern
concepts of industrial design, which underlie the design
of printing equipment, provide for a detailed analysis of
human-machine interaction aimed at optimising the
form, functionality and visual design of devices. The role
of CAD as a key tool that not only improves the
technological characteristics of printing systems, but
also significantly reduces development time due to the
capabilities of digital modelling and optimisation of
structures, is studied. The advantages of using digital
technologies that replace traditional drawing and
modelling methods, simplifying the creation of technical
documentation and making changes to constructive
parameters, are assessed. It is substantiated that the
automated generation of three-dimensional
visualisations in CAD provides the design of the structure
of printing systems considering materials, mechanical
properties and ergonomic characteristics, allowing to
simulate real operating conditions and conduct
preliminary tests without the need to create physical
prototypes. Approaches to the integration of CAD into
specialised areas, such as computer-aided industrial
design (CAID), conceptual design (CACD) and process
design (CAPP), have been developed, which contribute
to the optimisation of modelling and the identification of
design flaws at an early stage. Ways to modernise
existing CAD systems have been proposed to increase
their flexibility in the development of innovative designs,
taking into account the needs of the printing industry. It

has been found that, despite a significant reduction in
time and financial costs due to CAD, technological
barriers remain associated with the lack of adaptability
of software to the creation of complex mechanical
systems, which requires further research.

Keywords: computer-aided design systems, printing
equipment, digital modelling, innovative printing
technologies, industrial design, design optimisation.

Introduction. In the process of developing and
improving innovative printing equipment, the use of
prototypes plays a crucial role in training, testing,
and optimising engineering and design solutions.
Prototypes can be both physical and digital,
allowing for the evaluation of technical
characteristics, functionality, and ergonomics of the
product at different stages of development. The
definition of a prototype may vary depending on the
research context; however, its core essence lies in
creating models with different levels of detail,
enabling researchers and engineers to analyse,
modify, and improve design solutions during the
iterative development process. The wuse of
prototypes contributes to the effective study of not
only the problem space that arises during
development but also the identification of optimal
solutions to technical and structural challenges.
Modern prototyping methods include a wide range
of technologies, from traditional manual modelling
and sketching to digital prototyping using 3D
printing and computer modelling.
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Within the framework of this study, special
attention is paid to the use of Computer-Aided
Design (CAD) systems as a key tool for creating and
visualising 3D models that act as digital prototypes
of printing machines. The use of CAD in the design
of printing equipment not only speeds up the
development process but also reduces costs
associated with the creation of physical mock-ups
thanks to the ability to conduct detailed analysis of
design solutions in a digital environment. An
important aspect is that CAD systems make it
possible to test future equipment already at the stage
of virtual modelling, which allows for the detection
of potential structural flaws and the implementation
of necessary adjustments without significant
material costs. CAD software suites also play a
significant role in the implementation of the so-
called "conceptual CAD", which involves the active
use of digital modelling at the early stages of
development, prior to detailed technical design [16].
Research confirms that the use of CAD as a method
of prototyping in the early stages of design and
engineering enhances the accuracy of predicted
characteristics of future products and simplifies
their further implementation in production.

The aim of this article is to conduct a
comprehensive study and develop scientific and
practical approaches to the use of CAD in the
development processes of innovative types and
series of printing equipment, taking into account the
synthesis of functionality and design, which
contributes to the improvement of aesthetic and
structural parameters.

Presentation of the main research material.
The modern process of designing innovative
printing equipment is based on the concepts of
industrial design, which involves a comprehensive
study of printing devices in the context of human—
machine interaction with the aim of identifying
optimal  solutions regarding their  form,
functionality, and aesthetic design. The integration
of CAD in the defined process plays a crucial role,
as it enables not only the improvement of the
technological parameters of printing systems, but
also significantly shortens the development time
through  digital modelling and structural
optimisation.

The use of CAD in the process of developing

innovative printing equipment is a modern
achievement that has created technological
opportunities to integrate advanced digital

modelling technologies and structural optimisation
solutions to improve the quality, functionality, and
aesthetic aspect of printing machines. Modern
software suites for automated design are

characterised by high performance, powerful
computational capabilities, and the ability to
process complex graphic models, which
significantly shortens the development cycle of new
products. As noted in [12], the implementation of
CAD in the printing industry is reflected in the use
of digital tools that replace traditional methods of
drawing, sketching, and modelling, significantly
simplifying the process of creating technical
documentation and introducing changes to the
design parameters of products (Figure 1).

Fig. 1. Using CAD to model parts and components
of a printing machine [14]

Thanks to this, digital technologies make it
possible to carry out detailed design of printing
system structures, determine optimal technical
characteristics, and analyse the functional
capabilities of future printing machines even at the
modelling stage.

One of the key advantages of CAD in the
development of printing equipment is the ability to
automatically generate visualisations, which allows
the creation of three-dimensional images of
structures based on specified parameters, including
materials, mechanical properties, and ergonomic
characteristics. In this way, it is possible to simulate
real operating conditions of printing equipment and
conduct preliminary testing without expending
resources on the production of physical samples [2].
These issues become important for further
development of innovative solutions, where the
combination of functionality and aesthetics plays a
crucial role in creating competitive products.
Modern information technologies, especially those
related to automated design, have become an
integral part of the process of creating new products,
as they not only simplify the development stages but
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also contribute to shortening the production cycle
and improving engineering accuracy [1].

Today, CAD is widely used in all stages of
engineering design, particularly in specialised areas

such as CAID, CACD, and CAPP. The
implementation of these systems creates
opportunities for manufacturers of printing

machines to optimise modelling processes, identify
potential design flaws, and integrate innovative
solutions already at the design planning stage
(Figure 2).

Fig. 2. Localisation and search for design flaws
in the design of printing machines [15]

However, the main issue that remains relevant
both in the industrial environment and in academic
research is the need to adapt traditional CAD
systems to ensure flexibility in the development of
innovative designs for printing equipment.
Therefore, the question of how to moderise
existing software platforms in accordance with
industry needs remains one of the key areas for
further research.

Although the use of automated design has
significantly reduced the time and financial costs
involved in developing new printing devices,
certain technological barriers still exist that limit the
possibilities for a complete transition to digital
design. One of the main problems lies in the fact that
a considerable number of designers and engineers
continue to work with highly specialised software
products, which do not always provide the
necessary flexibility for creating complex
mechanical systems. This is particularly relevant
during the stage of three-dimensional modelling,
where it is necessary not only to build a
geometrically accurate model of the printing
mechanism but also to take into account all its
operational characteristics, ergonomics, ease of
maintenance, and visual appeal [9]. Although
modern CAD packages for engineering modelling
offer powerful tools for creating complex models,
the development process remains rather labour-
intensive and requires significant calculations and
analytical work (Figure 3).

Fig. 3. CAD design of geometric correction
of a separate printing mechanism [14]

However, in the case of printing equipment,
there arises the need not only for high-quality
visualisation but also for precise calculations of all
structural features, which requires the integration of
CAD with other technologies for graphic data
processing. The use of specialised software may be
useful for image correction and improving visual
perception, but for engineering modelling, it is
necessary to apply specialised tools that ensure full
compliance between the digital prototype and its
physical analogue.

In the process of developing innovative
printing equipment, special attention is paid to
analysing user needs, which allows a better
understanding of the potential benefits that new
technological solutions may provide in terms of
functionality and design. As noted in [4], before
starting industrial design development, it is
necessary to conduct a comprehensive analysis of
the positioning of the future product, which includes
the use of modern digital tools, particularly big data
processing technologies. The integration of big data
management algorithms into the development
process of printing equipment allows for
systematising market information, analysing
consumer feedback on the functional characteristics
of printing devices, and, based on this, optimising
engineering solutions to ensure their compliance
with modern requirements (Figure 4).

Such an approach contributes to the effective
generalisation of the obtained data, the formulation
of strategies for further structural improvement, and
the creation of innovative solutions that align with
market trends. In the context of rapid technological
development and increasing competition in the
printing industry, the application of big data
analytics is essential for forming competitive
advantages that facilitate the development of new
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high-tech products with improved characteristics
[10].

Fig. 4. An example of innovative CAD design
of printing equipment [13]

The intellectualisation of the printing
equipment design process largely depends on the
use of advanced methods of computer-aided design
(CAD), which allow for increased personalisation
and flexibility in the design and functional content
of devices. As noted in [7], modern industrial design
is gradually evolving from a traditional approach
focused solely on functionality to an intelligent
design model that considers user needs and
integrates them into the development process.
Thanks to digital technologies, there is a gradual
transformation of industrial design in printing
equipment, allowing companies to create products
with improved technical characteristics that better
meet customer expectations. An important factor
influencing the development of this direction is the
widespread adoption of internet technologies and
digital platforms, which not only improve
interaction between manufacturers and consumers
but also contribute to the development of more
effective project management systems in the field of
automated design (Figure 5).
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Fig. 5. Industrial design of a roll-to-roll printing
machine [13]

Computer technologies play a crucial role in
modernising the process of creating innovative
printing equipment, as they significantly simplify
operations related to graphic data processing,
structural modelling, and testing of technical
parameters. As noted in [8], the use of automated
systems in design allows for the acceleration of
structural variant analysis, the introduction of
necessary adjustments to product parameters, and a
comprehensive comparison of  technical
characteristics, which contributes to determining
the optimal solution. One of the key advantages of
CAD is the ability to store digital data on designs
and graphic images in a unified system, ensuring
quick access to necessary information and
simplifying  the  decision-making  process.
Compared to traditional drawing methods, which
required significant time and resources, the use of
CAD allows for much faster and more efficient
design processes, as well as simplifying the
implementation of changes and the execution of
operations such as copying, scaling, transformation,
and mirroring of models (Figure 6).

Fig. 6. Design concept of a printing press
(book printing) [13]

Modern automated design technologies are
becoming the foundation for the implementation of
innovative solutions in the production of printing
equipment, combining data processing, digital
modelling, numerical control, and rapid
prototyping. As noted in [6], the development of
automated industrial systems enables the integration
of virtual design with manufacturing processes,
contributing to the creation of more efficient and
high-tech printing machines [11].

Flexographic printing machines and automated
design. Flexographic printing, or flexo for short, is
one of the most dynamically developing and
technologically flexible methods of printing
production, widely used for the creation of
packaging products in large print runs. Due to the
ability to work with a wide range of materials,
including paper, plastic, foil, and cardboard, this
technology is indispensable for the production of
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labels, packaging, and specialised printed products.
The use of CAD in the design process of
flexographic machines allows engineers to
automate the development of structural elements,
perform accurate calculations of printing
parameters, and optimise equipment settings to
achieve maximum production efficiency (Figure 7).
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Fig. 7. Modern design of a flexographic printing
press [5]

The use of CAD enables the creation of virtual
prototypes of flexographic devices, testing their
performance under different operating conditions,
and adjusting design features before the stage of
producing physical samples. Thanks to digital
control and the integration of sensor technologies,
modern flexographic printing machines are
equipped with high-precision colour registration
control systems, which help reduce errors and
ensure high print quality even on complex
substrates [4].

Gravure printing machines and their
optimisation through digital technologies. Gravure
printing, also known as rotogravure, is one of the
oldest yet most precise printing methods, used for
producing materials with detailed graphic elements
and a high level of colour saturation. The use of
modern algorithms in CAD significantly reduces
the time required for the development of gravure
printing cylinders, which were previously made
manually or through complex mechanical processes
(Figure 8).

Thanks to digital technologies, it is possible to
automate the process of laser engraving of
cylinders, which ensures more precise control over
the shape and size of printing cells. The use of
specialised software also allows simulation of the
printing process, considering parameters such as ink
viscosity, cylinder rotation speed, and the
interaction between the substrate and the printing
drum. The implementation of CAD in the design of
gravure printing machines enables the creation of

high-performance equipment with enhanced
automation and quality control capabilities [2].

Fig. 8. Updated design of the gravure printing
machine [5]

Digital printing has become one of the most
promising technologies in the field of printing, as it
allows for high-precision printing without the need
for traditional printing plates. The use of digital
printing machines enables quick adjustment of the
production process, reduction of prepress costs, and
the ability to produce personalised products even in
small print runs. The use of CAD in the design of
digital printing devices allows the creation of
efficient ink supply control systems, colour
reproduction regulation, and print parameter
settings, ensuring consistent image quality
regardless of the type of substrate (Figure 9) [16].

Fig. 9. 3D design model of a digital printing system [5]

However, traditional computer-aided design
(CAD) systems still have certain limitations,
including insufficient levels of intellectualisation,
instability in theoretical foundations, and low
flexibility in implementing innovative design
concepts. Therefore, current research is focused on
improving CAD through the integration of big data
management algorithms, which significantly
enhance design quality and the adaptability of
products to market needs. Computerised design
management systems in printing equipment not
only improve development efficiency but also
enhance communication between designers,
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engineers, and clients, enabling quicker responses
to changing product requirements and the
development of optimal solutions [12].

The use of big data management technologies
in combination with automated design opens new
possibilities for the development of the printing
industry, providing greater flexibility, accuracy, and
personalisation in the creation of printing systems.
Cooperation between CAD systems and big data

processing technologies significantly reduces
development times while ensuring product
adaptation to modern demands. The wuse of

integrated solutions such as CAID creates an
effective feedback mechanism between
manufacturers and the market, allowing rapid
consideration of customer preferences and the
modernisation of designs in response to changes in
demand [4].

Software for automated design processes in the
printing industry is a complex engineering tool that
enables analysis, identification of potential
weaknesses in technical solutions, and the
implementation of innovative approaches to
increase the efficiency of printing machines. The
work process with automated design systems is
divided into several stages, each requiring detailed
analysis of previous results to identify design flaws
and possible ways to eliminate them. After this
analysis, modern technological solutions are
integrated into the design, which provide high
equipment productivity, improved print quality, and
increased operational reliability of printing
machines. The use of CAD in the design process not
only accelerates development but also allows the
creation of virtual prototypes, their verification, and
evaluation, which significantly reduces the
likelihood of errors even at the construction stage.
Thanks to automated design methods, which are
actively wused in intelligent manufacturing
environments, new printing device designs are
being developed that take into account current
requirements for design and technological
parameters [11].

As demonstrated in Figure 10, various design
drawings are created during the use of CAD,
including those for arbitrary surfaces and complex
composite  structures. These  technological
capabilities allow engineers to develop high-
precision models of future printing machines that
comply with strict quality standards.

The complexity of geometric drawings created
using CAD highlights the effectiveness of these
digital tools and their ability to generate detailed
visualisations that reflect all the structural features
of future devices. Furthermore, the analysis of the

production environment under conditions of
automated design indicates the need to implement
collaborative technologies, which allow designers,
engineers, and end-users to be integrated into a
unified development process [3]. The introduction
of intelligent algorithms in combination with
automation systems enables the creation of high-
tech printing machines that meet modern market
demands. Trends in the development of CAD in the
printing industry demonstrate that the future of
printing production depends on innovative
approaches to synthesising functionality and design,
which will allow companies to adapt to changing
consumer needs and expand printing capabilities in
the digital era.
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Fig. 10. Geometric visualisation of the appearance
of a printing press CD [3]

Conclusion. The possibility of implementing
digital technologies in the development of printing
equipment has been studied, in particular through
the use of computer modelling, analysis of the
mechanical properties of structures, automated
visualisation of technical solutions, and
optimisation of printing mechanisms. The
feasibility of using integrated software solutions for
automated design of printing equipment has been
substantiated, which enables improvement of
modelling, visualisation, and simulation processes
of printing mechanisms. It has been noted that the
integration of algorithms for working with big data
into the design process facilitates the analysis of
market trends, forecasting changes in technological
processes, and prompt adjustment of design
parameters in accordance with consumer needs.

A conceptual model for the integration of CAD
systems into the development processes of
flexographic, gravure, and digital printing
equipment has been developed. The model
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envisages the use of virtual modelling, automated
analysis of the mechanical properties of structures,
intelligent control of technological processes, and
an increased level of production automation.
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ma O0OIPYHMYSAHH HAYKOBO-NPAKMUYHUX NIOX00i8 00
inmezpayii cucmem agmomMamu308aH020 NPOEKMYBAHHS
(CAIIP) y npoyecu cmeopeHHs [HHOBAYIUHUX 6U0i8 i
cepiil noaiepagiunozo 0baadHaANHHS, 8PAXOBYIOUU CUHMES
@ynryionanpbnocmi ma ecmemuuno2o OU3AUHy, WO
CNpUse 800CKOHANEHHIO KOHCMPYKIMUBHUX | eCIMemuyHUux
napamempie Opykapcokux cucmem. Buseneno, wo
CyuacHi Konyenyii npOMUciI068020 Ou3aliny, AKi aexcams
6 OCHOGI NPOEKMYBAHHS NONIZPAPIUHO20 00IAOHAHHS,
nepedbauaromo 0emanbHUll aHALi3 83aEMOOLL TIOOUHU 3
MAWUHOI, CRPAMOSAHULL HA onmumizayilo  gopmu,
@yHKYIOHAbHOCMI  Ma  Gi3YATbHO20  OQOPMIEHHS
npucmpois. ocniosceno ponv CAIIP sk Kiio408020
iHcmpymenmy, AKull He auue NiOGUUWYE MEXHOIO0TUHI
Xapakmepucmuku OpyKapcoKux cucmem, aue il Cymmeso

CKOpOUy€ uac po3poOKU 3AB0AKU  MONCIUBOCHIAM
yugpogozo MOOento8aHHs ma onmumizayii
KoHcmpykyiu.  OyineHo  nepesazu  8UKOPUCMAHHA

Yu@dposux MexHoN02Il, KL 3aMIHIIOMb MPAOUYIUHI
MemoOU KpecleHHs ma MOOeMOBAHHs, CHPOWYIOUU
CMBOPEHHS. MeXHIYHOT OOKyMeHmayii ma 6HeceHHs1 3MiH
00 KOHCmMpYKmMusHux napamempis. O6Ipynmosano, ujo
asmomMamu308ana 2eHepayis MpUSUMIPHUX Gi3yanizayii
y CAIIP 3abesneuye npoOEKmy6awHs CMPYKMypu
noaiepagiynux cucmem i3 8pAXy8AHHAM Mamepiauis,
MexXaHiuHux — enacmueocmeu  ma — epeOHOMIYHUX
xapakmepucmux, —0036ONAIOUY  IMIMY8AMU  pPeabHi
YMO8U eKcniyamayii ma npogooumu nonepeoHi mecmu
0e3 HeoOXIOHOCMI CMEOPEeHHS (DI3UUHUX NPOMOMUNIE.
Pospobneno  nioxoou oo  inmeepayii  CAIIP y
cneyianizoeami cgepu, maki AK aABMOMAMU306AHE
npomucnose npoekmysauns (CAID), xonyenmyanvre
npoexmysannss (CACD) ma npoexmysanus npoyecie
(CAPP), wo cnpusiroms onmumizayii MOOemo8anHs ma
BUSIGICHHIO KOHCMPYKMUBHUX HEOOJNIKI6 HA PAHHIX
emanax. 3anponoHO8ano WIAXU MOOePHI3aYii iCHYIOUUX
CAIIP-cucmem 0ns nidsuwjennss ixuvoi emyukocmi y
PpOo3pobyi  IHHOBAYIUHUX KOHCMPYKYIL, 68paxosyouu
nompedbu nonicpagiunoi eanysi. Buseneno, wo, nonpu
3HAYHe 3MEHUeHHA Yacoeux i (hiHaHco8ux eumpam
saeodsiku CAIIP, 3anuwaiomvcs mexnonociuni oap’epu,
nos’sazami 3 He0oCmamuvo10 adanmueHicmio
npoSpamMHozo 3abe3nedenus 00 CMEOPEHHS CKIAOHUX
MEXauiYHUX — cucmem, Wo NOmMpebye  NOOATbUIUX
00Ci0HCEHD.

Knwuosi cnosa: cucmemu asmomamu308aH020
npoekmyeanns, noniepagpiune 001a0HaHHA, YUDpose
MOOento8antsl, inHoBayiuni ~ mexHoaocii  OpyKY,
NPOMUCTIOBUL OU3AUH, ONMUMI3AYISL KOHCMPYKYILL.
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