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1. Introduction

In the times of the Fourth

ISSN 1800-6450

DEVELOPMENT OF ADDITIVE
TECHNOLOGIES IN THE LIGHT OF THE
INDUSTRY 4.0 AND INDUSTRY 5.0
CONCEPTION IN ACCORDANCE
WITH THE IOE IDEA

Abstract: The main objective of the publication is to analyze the
development of additive manufacturing systems based on the
concepts of Industry 4.0 and Industry 5.0, with particular
emphasis on the Internet of Everything ideology. In connection
with that, the authors have resolved to review the existing
devices, and also IT tools, which are applied in manufacturing
processses based upon additive technologies. In order to
facilitate the analysis in question, three variants were
developed; the first, presenting 3D printing as a self-contained
manufacturing work station not involving other technologies
within the Industry 4.0 conception, the second, indirectly
involving 3D printing in the Industry 4.0 conception, and also
the third, in which 3D printing constitutes a major and
indispensable element of this conception. The contemporary
literature of the subject includes dissertations claiming that the
fifth industrial revolution may be coming. Taking that into
account, this dissertation attempts as well to discuss the
evolution of 3D printing in the context of the 5.0 Industry
conception, based upon the Internet of Everything, and also
Virtual Reality. This part of the article is a forecast of the
things to come.

Keywords: Additive Manufacturing, Industry 4.0, Industry
5.0, Internet of Everything, Supply Chain Management.

al., 2020; Naseer et al., 2021), construction
(Baigarina et al., 2023; Bos et al., 2016) and

Industrial food (Chen et al., 2024; Koirala et al., 2023)

Revolution, 3D printing plays a major role in
manufacturing items coming in complex and
highly tailored geometries. Prototypes and
finished products  are  successfully
manufactured (with the application of it) for
the automotive (Khan et al., 2024
Shahrubudin & Lee, 2019; Makhkamova,
2024), aircraft (Alami et al., 2023; Careri et
al., 2023), medical (Weilu & Yinghui, 2024;
Salmi, 2021), electromechanical (Zhang et
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industry. Nowadays, the manufacturers of
3D printers, and also the providers of IT
services, are developing solutions rendering
it possible to commission, and also to
monitor, manufacturing processes remotely,
which significantly contributes to increased
manufacturing efficiency (Bajic et al., 2023;
Rahman et al., 2022; Paszkiewicz et al.,
2020). In addition to that, by means of
applying robots (collaborative and mobile),
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it is possible to manufacture 3D models
without interruption, whilst offering a short
manufacturing time and a competitive price
(Hernandez-Del-Valle et al., 2023; Safeea et
al., 2022). Increased  manufacturing
automation, and also data collecting and
flow with the application of the Internet of
Things, result in turning the vision of the
Smart Factory into reality (Grencikova et al.,
2021; Wozniak et al., 2021; Irpan et al.,
2023). Dispersed supply and manufacturing
chains have become reality as well,
rendering it possible to create new business
models, and liaising product designers with
end users (Akbar et al., 2022; Milosavljevic
et al., 2024). The fruit of that is integrating
data, information, and also processes within
the Internet of Everything conception.

The contemporary literature of the subject
includes dissertations claiming that the fifth
industrial revolution may be coming. The
contemporary literature of the subject
includes dissertations claiming that the fifth
industrial revolution may be coming.
A debate on this issue has already been
commenced by scientists, researchers and
politicians  presenting  various  visions
(European Commission, 2020 and 2021;
Ismail et al., 2024; Doyle-Kent, 2019;
Jovi¢i¢ et al, 2023). The industrial
revolution  encompasses  technological,
economic, and social transformations
associated with the rise of large-scale factory
industry and modern industrial civilization,
leading to changes in work processes and
conditions (Herrmann, 2018). Each of the
previous revolutions is characterized by
specific principles and slogans. Currently,
we are unable to determine which
technologies will be leading the fifth
industrial revolution. However, it can be
presumed that it will be another step towards
increasing production efficiency and mass
customization of products.

Therefore, the main objective of this
publication is to analyze the development of
additive manufacturing systems based on the
concepts of Industry 4.0 and Industry 5.0,
with particular emphasis on the idea of the
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Internet of Everything.

The study attempts to address the following
research questions:

e What is the path to full automation
of production lines in the 3D
printing industry in light of the
concept of Industry 4.0?

e What directions of change for the
3D printing industry may occur in
the context of implementing the
Industry 5.0 concept based on the
Internet of Everything and Virtual
Reality?

Taking this into account, the study aims to
provide information on the possible
implications of modern devices and IT tools
characteristic of the Industry 4.0 concept in
additive manufacturing processes. The
functionality of IT tools was examined using
the example of a product, namely a car
mirror holder. The research was conducted at
the Laboratory of Rapid Prototyping
Systems at the Rzeszow University of
Technology. The study also addresses the
potential arrival of the fifth industrial
revolution and its impact on design and
manufacturing processes based on additive
technologies.

2. Development of additive
technologies

2.1. History of additive technologies

The history of additive technologies is
eventful indeed. It began in the 1970s, when
the first conceptual work on this technology
was conducted. Yet, it is commonly accepted
that the birthdate of additive technologies is
1984, when Charles Hull described the
process of 3D printing; two years later, he
patented it under the name of
Stereolithography (SLA). It was Charles
Hull as well that, in 1986, established 3D
Systems, the company which is still in the
market today and which manufactures 3D
printers. Ch. Hull is also the creator of the
STL file format, which is commonly applied
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for developing 3D models (Budzik et al.,
2022).

The late 1980s marked another breakthrough
in the history of additive manufacturing, as it
was then that S. Scott Crump patented the
technology known as Fused Deposition
Modelling  (FDM),  which  involves
developing a model layer after layer
(Paoletti, 2018). In 1992, Selective Laser
Sintering (SLS) was developed. This
technique is more precise than FDM, and
that owing to placing following (very thin)
layers of materials with the application of a
scraper, and sintering them with the
application of laser (Badiru et al., 2017).

2006 was when progress in the industry of
additive technologies was made again. The
first desktop printers were then developed by
Adrian Bowyer, who proved that the chosen
elements of new 3D printers may be made
with the use of another such device (the
RepRap project) (RepRap, 2006). In 2009,
the Makerbot company launched the first
ever self-assembled 3D printer.

In 2013, 3D printers entered mass
distribution, and, owing to that, became
available to natural persons, not only in retail
chains, but also from popular online
marketplaces (Rayna & Striukova, 2016).

The year 2014 represented a significant
advancement in 3D printing, particularly
within the aerospace industry when NASA
announced that a 3D printer had printed the
first ever artefact onboard the 1SS (Clinton &
Morgan, 2015). In turn, 2015 saw the first
printer able to print glass items. Scientists
from MIT managed to develop the first
device able to glass extrusion layer after
layer, with the application of a method
similar to FDM (Krassenstein, 2015).

In 2017, such companies as Apis Cor and
WinSun were set up to offer huge concrete
3D printers, rendering it possible to construct
house frames much more rapidly and
economically in conparison with traditional
methods. Other construction and
architectural projects connected with 3D
printing were completed in 2016-2019, and

they included bridges, residential buildings,
and even skyscrapers in Dubai (APIS COR,
2019).

In 2018-2021, 20% of the companies on the
list of Top Global 100 vendors drawn up by
Gartner applied 3D printing to develop non-
standard products. In a few years, shoes will
cease to be sown, and will be printed to suit.
An instance of that change is the shops of
Adidas and Nike, in which customers can
now personalise what they purchase
(Materialise, 2024; Groot, 2018). Another
footwear manufacturer, Brooks, went even
further, rendering it possible for customers
not only to design their own model, but also
to adjust to the anatomy of a purchaser's
foot. It is indeed an observable trend in
manufacturing; however, considering the
costs of producing individualized products,
as well as the durability of materials for 3D
printing and the user comfort of such
products, the trend may not be applicable to
mass production.

Recent years in the realm of 3D printing
have witnessed advancements in materials
and processes that can utilize manufacturing
with materials of various strength and visual
properties during a single additive process.
One example is Desktop Meta, which
introduced an innovative 3D printer based on
carbon fiber technology in 2022, enabling
the rapid production of composite parts with
exceptional  strength and  lightweight
properties. This achievement has opened up
new possibilities for industrial applications,
from aerospace to automotive (Desktop
Meta, 2022). Similarly, HP 3D PRINT
EUROPE updated its Multi Jet Fusion 5200
printer series, introducing new features and
enhancements such as faster printing times,

increased accuracy, and flexibility in
material options (HP 3D, 2022).
Furthermore, recent years have seen

developments in the medical field. Thanks to
advancements in 3D printing technology, as
well as scanning and 3D modeling,
personalized medical implants have become
more widely used. These individually
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tailored implants, such as joint prostheses or
bone fragments, provide better quality of life
for patients by minimizing the risk of
rejection and accelerating the recovery
process. The medical industry has also seen
new possibilities in the production of
surgical tools with complex shapes and
functions. Surgeons can now use tools
tailored to specific surgical procedures,
contributing to the improvement of precision
and effectiveness in surgical procedures
(Weilu & Yinghui, 2024).

Therefore, the history of additive
manufacturing is a history of continuous
progress and innovation. It can be said that
additive ~ manufacturing  has  firmly
established itself in our reality, catering not
only to the industrial segment but also to the
commercial one.

2.2. Adaptation of additive technologies in
the structure of Industry 4.0

In the era of the Fourth Industrial
Revolution, the adoption of modern
production management solutions  will

gradually become the standard (Madzik et
al., 2024; Zimon et al., 2020). According to
the principles of the Smart Factory concept,
manufacturing enterprises should implement
modern  technologies characteristic  of
Industry 4.0. These technologies include,
among others, the Internet of Things, Big
Data, cyber-physical  systems, cloud
computing, collaborative robots and mobile
robots, as well as RFID and GPS systems.

Nowadays, the numerous manufacturers of
3D printers strive to develop fully-automated
production lines. One of these companies is
3D Systems, offering the Figure 4 platform,
made of the combinations of several 3D
printers supported by robotic arms, which
transport finished parts to a final processing
work station, where there were additionally
cured with the use of UV. The company
demonstrated as well a quality control
module, in which a robotic arm turns a
finished part in front of a scanner, which, in
turn, adjusts it to a 3D model in order to
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check precision and conformity. In a
production lot, the material delivery process
is automated as well. It is of importance that
the platform has been configured in the
aspect of all requirements relevant to the
factory environment, including the formation
of data collection systems within 4.0
Industry. 3D Systems launched as well DMP
8500 Factory, which is the first truly
scalable, automated and fully-integrated
solution for manufacturing metal parts with
the application of additive technologies. This
solution consists of several moduls, among
others: part manufacturing printer modules,
Replaceable Print Modules (RPMs) for
transporting toner to printers and finished
parts from printers, toner management
modules for removing dust from parts on
working platforms before the unused toner is
recycled, and also transport modules, which
carry RPM between a printer and toner
modules.

Another instance of the application of the
Industry 4.0 conception in enterprises in the
rapid prototyping industry is constituted by
Stratasys. This  company launched
Continuous  Build 3D  Demonstrator.
Manufacturing process is supervised by the
central system in a cloud. Each and every of
additive  devices working in FDM
technology conducts an independent 3D
printing process, which requires least
intervention of an operator. After obtaining a
real item, a 3D printer automatically slides
the model into a mounted container and
immediately commences another printing
process. Therefore, this system renders it
possible to ensure continuous manufacturing
and reduce the time required for obtaining a
finished element. Stratasys, apart from
Demonstrator, offers as well solutions which
are fully compatible with the conditions of
work in the production environment based
upon large robotic systems. Robotic
Composite 3D Demonstrator is a robotic arm
with a 3D printing head. Unlike traditional
3D printers, having no more than three axes,
this robot has eight. Material used in
manufacturing is a plastic strengthened with
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the use of carbon fiber. These robust
materials are appropriate in many cases,
among others, in the automotive and aircraft
industries.

Based on the above solutions, it can be
concluded that utilizing modern technologies
in production management not only becomes
the norm but is crucial for the efficiency,
flexibility, and competitiveness
of manufacturing enterprises in the era
of Industry 4.0. The adaptation of additive
manufacturing within the framework of
Industry 4.0 promotes further automation of
production processes, resulting in increased
quality, precision, and safety of production.
The utilization of advanced robots, vision
systems, and machine learning algorithms
allows for the elimination of human errors
and improvement in the efficiency and
reliability of production processes.

However, implementing the concept
of Industry 4.0 in a company requires
a comprehensive approach and consideration
of both technological and organizational
aspects. The key factor for success in this
case is understanding the unique needs and
capabilities of the enterprise and
constructing an appropriate implementation
strategy.

3. ldentification and clasification
of additive technologies in
supply chain management for
the different variants of a
manufacturing
structure

In the paper, an attempt was made to identify
and classify  additive = manufacturing
technologies in supply chain management for
various structural production variants. These
variants are presented as follows:

e The first variant, where 3D printing
functions as an independent
manufacturing station without the
involvement of other technologies
characteristic of Industry 4.0.

e The second variant, indirectly
incorporating 3D printing into the
concept of Industry 4.0, where
applications for remote control of
3D printers are utilized.

e The third variant, in which 3D
printing constitutes a significant and
integral element of this concept.

3.1. Variant 1 - direct

Variant 1 is the one in which 3D printing is
conducted at a self-contained manufacturing

work  station not involving  other
technologies within the Industry 4.0
conception.

An instance of this variant may be

constituted by a direct structure presented in
Figure 1 it con-stitutes the simplest possible
structure, and involves solely collaboration
between a computer and 3D printer. The
activities within the scope of pre-
processsing, and also post-processsing, are
all conducted by human labour force.

In this system, a computer is provided with
3D-CAD software, and also another software
for printer 3D management. That renders it
possible to develop 3D-CAD models,
processing data into formats readable for 3D
printers, and also starting and monitoring
manufacturing process. Previewing an STL
file, and also ordering it to be printed,
without it being necessary to install
additional applications, is possible with the
application of a Print 3D tool of Microsoft
Corporation (Figure 2).

Minimum requirement for Print 3D
is Windows 10 (15063.0, or more modern)
or Xbox One. Having a STL file on a hard
disk, it is sufficient to click Open, which
starts the tool automatically, and the screen
displays a model preview. This tool renders
it possible to order printing a given model
for devices connected to a computer, and
contacting it via Wi-FI. In the case of
applying older solutions, it is required to
ensure constant communication between a
3D printer and a computer. Data may as
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Figure 3. Variant 2 — remote

There are finished tools in the market which
render it possible to control and manage 3D
printer remotely from anywhere where the
Internet can be accessed. An instance is, to
mention, but one, a tool known as OctoPrint,
which, together with a camera, renders it
possible to control and manage printing
process with the use of a smartfon and in real
time.

In the Rapid Prototyping Systems
Laboratory of the Rzeszow University of
Technology, Octo-Print was implemented.

a)

b)

€ OctoPrint 4 O- & dww

Upioad {r 10 SO e o 3} . g
o

The operator of a 3D printer, therefore, can
monitor manufacturing process remotely,
which reduces the risk of obtaining an
incompatible product, and also damaging the
machinewhile the operator is absent in the
Laboratory.

The photographs of the manufacturing cell,
software interface, and also particular stages
of manufacturing process controlled with the
application of Octo-Print, are presented in
Figure 4.

Figure 4. a) Manufacturing cell in the Rapid Prototyping Systems Laboratory of RUT;
b) Octo-Print Software interface; ¢) Controlling the process with the application of Octo-Print
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3.3. Variant 3 — within the Industry 4.0
conception

Variant 3 involves 3D printing conducted
entirely within the Industry 4.0 conception in
a company.

Figure 5 presents the instance of a structure
in the network within the Industry 4.0

Real-Time Machine Communication

conception. In the discussed structure, there
is a Smart Factory model with implemented
technologies typical of this conception, to
mention, but those: the Internet Of Things,
Big Data, cyber-physical  systems,
computing cloud, collaborative and mobile
robots, and also RFID and GPS systems.

loT .
____________________ I Big Data \"____________________'I
| ) i
| TN
| TR i S T A [T |
| ;1 i [mes) @ i f
i i i il
| Suppliers ? \ ? ﬁ? o Q“:_a ? Customer | |
| gRenen A\ . i f
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| 1 STL Manufacturing Robot Control Vehicles and Shipping i and Payment |
I | i [N 1 H i H
| '

Castomized products ! -

Smart Logistics

Figure 5. Additive technologies in the light of the Smart Factory conception

In  the Rapid Prototyping Systems
Laboratory, work on implementing modern
technologies typical of the Industry 4.0
conception is under way. Manufacturing
process is supervised with the application of
Octo-Print. In addition to that, the Rzeszow
University of Technology is conducting
research together with the B&M OPTIK
company, aiming at integrating 3D printers

with UR3 (Universal Robot) collaborative
robots, which will render it possible to
ensure continuous manufacturing 24h a day
without the involvement of human labour
force.

Figure 6 presents a collaborative robot with
a 3D printer - Prusa i3 MK3S.
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Furthermore, in collaboration with Proximo
Aero, a feeding-sorting workstation (Figure
7) was developed for components printed

using multiple 3D printers, incorporating
a collaborative robot for retrieving and
depositing work platforms using a gripper.

1

Figure 7. Feeding-sorting workstation, where: 1- feeding-sorting station, 2- collaborative
robot, 3- work platform, 4- gripper, 5- frame, 6- printing segment, 7- feeding-sorting segment,
8- measurement segment, 9- drive track assembly, 10- printing device, 11- shelves, 12- cutout,
13- limiter, 14- arm, 15- magnet, 16- positioning pin, 17- base, 18- track, 19- scanning device.

The

feeding-sorting

workstation is

comprised of the following components:

Manufacturing section consisting of
a set of 3D printers, the number of
which  may depend on the
dimensions and reach of the
collaborative robot, further
equipped with a track assembly to
extend its reach.

Storage section housing empty

platforms for 3D printers and
equipped with depositing grips for
platforms with printed elements.
Feeding section, featuring the
collaborative robot as its main
component, network-integrated
with the 3D printers.
Communication between devices
enables automatic operation of the
production slot in an unmanned
mode.
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e Measurement section equipped with
a 3D structural light scanner for
measuring objects, allowing for
rapid verification of the shape of the
product positioned on the work
platform. Measurements  are
referenced to a digital model, which
serves as the basis for the 3D
printing process.

The advantage of the feeding-sorting
workstation for elements printed in a multi-
3D printer setup lies in its simple, modular
construction, enabling expansion of the
workstation to an unlimited extent.
Additionally, it allows for the use of a single
collaborative robot, which can handle
segments of the feeding-printing workstation
without limitations thanks to the use of a
track assembly assembly.

4. Additive technologies in the
times of Industry 5.0

The above-presented Variant 3 additive
technologies based upon the 4.0 Industry
conception has not been implemented in full
yet. In numerous factories, design and
manufacturing processses have not been
informatised at an adequate level appropriate
for the 4.0 Industry. It ought to be presumed
that many of them will not manage to do this
before the arrival of the next industrial
revolution, namely 5.0 (Sari et al., 2020).

Nowadays, we are witnessing not only the
significant shortening of product lifetime,
but, as well, or, perhaps, first and foremost,
the periods of time between fundamental
changes in premises, rules and principles,
and also processes constituting the
cornestones of the functioning of particular
areas of social and economic life. Such
changes, referred to as revolutions, are
observed in industry, education, society and
not only there. For that very reason, the pace
and scope of processes, frequently triggered
locally, and reaching a worldwide scale in a
short time, prevents some entities
(prospective participants) from being able to
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catch up and follow, which usually results
from the lack of appropriate resources:
knowledge, capital, personnel, but, as well,
from pressure and the internal situation of an
entity, and also external factors (ASTOR,
2017). In the past, time at disposal for
adjusting to changing economic conditions
was usually longer; nowadays, it is much
shorter and it ought to be expected that it
will be becoming even shorter in the future.

Concentrating upon the 5.0 Industry
conception, one ought to ask what the
features of this revolution actually are, and
what challenges and opportunities are a part
and parcel of it. First and foremost, it ought
to be said this revolution has been defined as
integrating and close collaboration between
humans and machines (Doyle-Kent &
Kopacek, 2019; Nahavandi, 2019), which
may mean return of human labour force to
production lines, unlike in the Industry 4.0
conception, which aimed at the maximum
automatisation of the  manufacturing
processes. This development is the result of
numerous experiences within the scope of
substantial product personalisation, which
requires that humans support robots and
manufacturing automatics systems. One
could claim that such systems already exist,
and, in a way, it would be true as, before we
have really become accustomed to the idea
of Industry 4.0, and before it could become
common, another change is taking place -
and that latter one leads us to Industry 5.0.

However, a recent discussion has begun on a
new concept of industry. Interest in this
aspect is shown by scientists, companies,
and political institutions (e.g., reports
commissioned by the European
Commission) (European Commission, 2020
and 2021; Fraga-Lamas et al., 2021). These
studies indicate that the new industry
concept, in addition to being human-centric,
should also consider sustainability and
resilience. Regarding sustainability,
emphasis is placed on ecological aspects,
energy efficiency, and meeting human needs.
On the other hand, concerning resilience,
opinions  suggest  considerations  of
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globalization aspects and its conditions,
crises such as the COVID-19 pandemic, and
the dynamics of geopolitical changes. The
assumptions of this new revolution built on
the indicated aspects are not entirely
appropriate. We believe that Industry 5.0
must be based on the following foundations:

e Internet of Everything (IoE);

e Human-machine integration;

e Complex Systems;

e Enhanced data processing systems
(Al);

e Virtual, Augmented, Mixed Reality
Systems.

Of course, the concept of Industry 5.0, its
principles, development phases, possibilities,
and limitations can be the subject of a
separate publication. Especially in terms of
focusing on technologies such as bio-
inspired technologies and smart materials,
Digital twins, etc., Industry 5.0 has

enormous potential. However, considering
the main topic of this paper, which is the
development of additive manufacturing
systems, its new model is presented precisely
in the context of the next industrial
revolution. One of the stages of development
within Industry 4.0 is remote design and
manufacturing of components based on
distributed resources. However, they still
remain separate properties and can be shared
in a certain way, while still being under the
control and supervision of the parent
company managing access to production
resources. The completely new approach
presented by the authors is based on the
assumption that there are entirely virtual
design and manufacturing lines, with
individual elements belonging to different
owners, and  supervision of their
manufacturing processes occurs virtually
(Figure 8).

3D
Printing

Cloud Analysis

Own
knowledge
base Intelligence

Cloud Communication
and Transport

WAN

Drons

=G WiFi Trains

RFID  CARS Airplans

Internet

Internet of Everything

Cloud Additive
Manufacturing

*

Ly
& ™
’p@

Cloud Cotrol
Tomograph On-line
HD camera

u

3D
Scanner

Cloud Modeling and
Designing

Figure 8. Additive technologies in the light of the 5.0 Industry conception

As it is presented in Figure 11, the effect of
another industrial revolution within the
scope of additive technologies will be a
complete virtualisation of the entire process.
Design and manufacturing process line will

cease to exist in the context of particular
resources being the property of particular
entities. Therefore, this conception is based
upon dispersing and transparency of all and
any resources. From the point of view of an
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end user, it does not matter where particular
manufacturing, controlling or analysing etc.
elements are. For instance, extensive Al
systems will be supporting design process,
increase the effectiveness and reliability of
manufacturing, and also controlling and
measurement processes. However, in terms
of accessibility on the World Wide Web,
their location will not matter for a customer.
Ultimately, even the functioning of such
systems will be transparent, will become
natural and obvious, without humans being
aware of their current impact on
manufacturing process. Owing to that, truly
virtual production lines, and, in the further
course, factories, will be created.
A customer/user will be able to operate and
control particular stages of the process
remotely, and, in numerous cases, with the
use of virtual or extended reality. These
mechanisms will render it possible as well to
integrate a human with machine or robot in a
remote location, which would not be
possible without the Internet of Everything
(IoE) not first becoming common.

The proper integration of resources using the
latest technologies will lead to more efficient
utilization, consequently reducing energy
consumption, positively impacting the
environment, and considering the creative
input and position of humans in the design
and manufacturing process.

5. Conclusion

Additive  manufacturing  technologies
provide the capability to produce arbitrary
geometries, thus playing a significant role in
industrial applications where conventional
production methods are either technically or
economically infeasible. Enterprises serious
about advancing to the level of Industry 4.0
should therefore consider 3D printing
technologies as an  alternative or
complement to traditional production.

An increasing number of companies
offering 3D printing services are moving
away from traditional manufacturing, where
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all activities related to the manufacturing
process are entirely performed by humans.
Due to COVID-19, one of the global trends
in production and resource management has
become the adoption of IT systems enabling
the online ordering, operation, and
monitoring of production processes. Ready-
made IT tools are available on the market
that allow for remote control and operation
of 3D printers from any location with
internet access. Additionally, the utilization
of collaborative robots and mobile robots is
crucial, as they contribute to the automation
of production, thereby reducing the need for
human involvement in manual tasks.
According to the authors, the improvements
presented in the article offer companies the
opportunity for development and
uninterrupted operation, ultimately leading
to increased quality and productivity.

Considering the pace of changes resulting
from the onset of the Fourth Industrial
Revolution, it should be acknowledged that
the advent of Industry 5.0 is only a matter of
time. This fact may be unsettling for
business owners and managers, as many of
them are still at the initial stages of
implementing technologies characteristic of
the concept of Industry 4.0.

In the context of implementing the Industry
5.0 concept in the 3D printing industry,
several directions of change can be foreseen,
including digital supply chain integration.
Furthermore, the development of artificial
intelligence used for analyzing process data
will enable the development of machine
learning algorithms that can help improve
print parameters, predict defects, and
optimize efficiency. The introduction of
Industry 5.0 may thus lead to the
improvement of production processes using
intelligent systems that monitor, optimize,
and adjust production in real-time. The Fifth
Industrial Revolution also envisages close
collaboration  between  workers  and
technological systems. People will no longer
be mere users of technology but active
participants in  production  processes.
Therefore, company management should be
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aware of the need to adapt their organization potential of the Internet of Everything, as
to the inevitable future in which humans and well as Virtual and Augmented Reality.
machines will collaborate, leveraging the
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