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Abstract: The development of technology has contributed to
the creation of new products and ideas. Changes are not only
visible in the area of industry, but also in 3D printing. This
production method is constantly evolving, because of better
printers and materials are available. Opportunities offered by
3D printing are noticed by enterprises, which constantly
looking for new innovative solutions. In particular that, the
development of enterprises is increasingly seen by the
perspective of the Fourth Revolution and Industry 4.0. The
possibilities and brief of characteristics 3D printing, as well
as a brief of history industrial revolution with the
technologies, that characterize Industry 4.0 has been
presented. These solutions are basis for further development
of enterprises. Enterprises, which will be functioning as
factories of the future. The concept of managing the printout
process has been presented too. This solution is intended for
systematize and make the single steps of the printing
process, easier for users.

Key words: smart factory, digitalization, 3D printing,
manufacturing, Industry 4.0.

1. INTRODUCTION

In recent years, rapid manufacturing progress, can be
observed in many fields of science and technology,
associated primarily with modern information
technologies, that have a very wide social impact and
are also used in industry. It can be said that:” We are
currently witnessing another industrial revolution”,
knowing under the slogan of Industry 4.0. Industry 4.0
(originally German - Industrie 4.0), comes from the
design of modern industry development strategies,
promoted by the German government and appeared for
the first time in 2011, at the Hanover industrial fair.
Since then, the slogan “Industry 4.0” has become
popular and more attention has been paid to various
aspects of the new industrial revolution, and similar
slogans have emerged regarding for example:
Education 4.0 and Logistics 4.0 [8]. Due to the wide
range of changes, which are currently appearing, new
challenges  connected with  management of
organizations and enterprises arise in the 21st century.
These challenges are perceived differently by different
authors, so currently there is need to consider

70

enterprise’s production capacity, access to resources,
as well as the level of development of enterprises and
further opportunities. Currently, enterprises are trying
to fulfil the requirements of customers, for example by
introduce automation and robotization, but this is
increasingly insufficient [17, 20, 23]. That’s why, the
idea of implementing technologies, related to Industry
4.0 and factories of the future is needed.

In the article, in addition to described issues, authors
focused on the analysis and use of specific technology.
In particular, authors focused on technology related to
3D printing. The physical part of modern and
intelligent factories is limited by the capabilities of
production systems implemented in the factories. Due
to the need for mass adaptation of processes and
products in the 4.0 Industry, there is a need for
continuous development of new, unusual production
methods. In this way, 3D printing has become a
leading and promising technology for producing
customized products, because of its ability for create
personalized products with advanced properties [14,
30]. Authors [33] suggest, that the impact of 3D
printing, can be crucial and revolutionary, and that,
this impact can last for decades in the areas of:
manufacturing, value chains, environments and world
economies, which are related to the paradigm of
Industry 4.0 [14, 30 33]. Nowadays, more companies
use this type of solution, because this solution has
many advantages and possibilities to use. And also,
because of more technologically advanced printers and
better filaments, that are available. In the article, the
concept of using 3D printing in connection with
interactive instructions for using printer for employees
is proposed. These concept supports and improve
activities related to 3D printing, and is also the basis
for the further development of the proposed concept.
Because of these solutions, employer, can save the
time during training a new employee. And second, it
can be the basis for further development associated
with the transformation of the enterprise into a factory
of the future, used interdisciplinary solutions,
connected with the fourth Industrial Revolution.



However, the biggest barriers for manufacturers for
implementing 3D printing are: long printing time of
complex elements, high cost of industrial printers or
specific materials needed for printing.

1.1 The basics of the problem

In the history many of revolution changes can be
listed, which were differently captured by various
authors, who often focused on selected aspects and
areas. Currently, there is need to a systemic and
interdisciplinary approach [7].

Jack Goldstone [9], identifies four “generations” of
scientists, who have studied the theory of revolution.
First generation, scientists, mainly described in their
approach, and their explanations of the phenomenon
of revolution, usually referred to social psychology
(for example, Le Bon crowd psychology theory). The
next generation of scientists had to face new,
revolutionary events, which were unable to define
with earlier theories.

A comprehensive approach to the phenomena of the
spread of revolutionary changes is presented by Alvin
Toffler [30], who identifies three great waves of
change that changed the existing order and
contributed to building a new social organization.
Author presents conclusions and prediction for future
social changes, related to the digital revolution, which
are now largely successful.

In turn, Peter Drucker [7] analyses the changes, that
have taken place in the field of management since the
first industrial revolution and presents the challenges
for management at the threshold of the 21% century.
According to Peter Drucker, the second industrial
revolution took place gradually, starting from the
second half of the nineteenth century and began with
the establishment of research laboratories by the
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leading enterprises, such as Edison, Bell, Siemens.

The culmination of many studies and works, was the
begin of the idea of Henry Ford, to start the mass
production of cars. Since then, the automotive
industry has become a leading industry and set
directions for changes in work organization and
management.

Although Jeremy Rifkin [26] used the term of third
industrial revolution, but he described it more
narrowly and focuses mainly on the problem of
digital integration of energy networks (Smart Grid),
which is currently considered to be complementary to
Industry 4.0.

It is now recognised, that the third industrial
revolution was related to the technical applications of
computers and microcomputers, to control machines
and robots in the mid-20th century [13]. One of the
precursors of the digital revolution in industry was
August-Wilhelm Scheer [28], who formulated the
vision of the Computer Integrated Manufacturing
(CIM - Computer Integrated Manufacturing) of the
future, in both way, in production and management
areas. The idea of the fourth industrial revolution,
initiated by Henning Kagermann (who is considered
to be the main initiator of Industry 4.0), is an
industrial development programme, that is to lead to
the construction of modern factories of the future by
using digital technologies and  distributed
(decentralised horizontal integration) control systems
knowing conventionally as the Internet of Things
[25]. The use of such systems opens up completely
new possibilities in the organization of production
processes. Description and characteristics  of
individual revolutions are shown in Figure 1.
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Fig. 1. Diagram of the industrial revolution phases (own, based on [7, 15])



1.2 Characteristics of the fourth industrial

revolution and Industry 4.0
The concept of Industry 4.0 covers a wide range of
different concepts of factories of the future, i.e.
unmanned factory, a digital factory, a smart factory, a
virtual factory and others [2]. The implementation of
the factory of the future, will certainly involve
organisational changes, which will also force changes
in the way such as organisation is managed.
Therefore, the question about the nature of changes
related to the introduction of the Industry 4.0 concept
arises.

1.3 Changes in industry

The concept of Industry 4.0, includes decentralised
control and horizontal information exchange between
machines, robots, other production resources, AGVs
and maobile robots, enabling better coordination and
organisation of production processes. In the 14.0
concept, there are also specific technologies that are
already being used by individual enterprises, namely
[24]:

Simulations,

Additive manufacturing - 3D printing,

Big Data,

Autonomous robots,

Cyber Security,

Horizontal/vertical integration,

Industrial Internet of Things,

Augmented reality.

AN

Technologies that are still being developed are
intended to improve the planning and manufacturing
processes in enterprises. Moreover, these technologies
are the basis for further development of the enterprises
and an opportunity to be more competitive in order to
become the factory of the future.

Further opportunity for businesses is development of
RFID tags. Tags that make easier use the
storage/logistical space of an enterprise. Additionally,
thanks to this solution, employees can easily track,
where the right components, needed for production or
printing are. They don't have to use cards, but can use
for e.g. tablets. The information obtained, can be used
to flexibly control and monitor the production process
of each product individually. This is done by saving
process information in a very small RFID chip,
attached to the components [4].

Using the available technologies and constantly
evolving the Industry 4.0, several factory concepts of
the future, can be identified [19]:

— Large intelligent automated and robotized
factories - customization mass production (mass
customization)

Mobile modular factories - smaller scale of
production, close to the market, lower distribution costs

— Small digital factories - production of special
products on request - e.g. 3D printing.

Other authors [12] distinguish four concepts of the
factory of the future, according to four areas of
application (Figure 2).
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Fig. 2. Four concepts of the future factory [9]
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These factories are ultimately to be smart factories.
Currently, enterprises are at the stage of
implementing particular technologies, related to the
Industry 4.0. Technologies, that give a chance to
survive in the currently difficult and demanding
market. The 4.0 Industry combines many
technologies such as automation, robots, 3D printing
and cyber-physical systems. These technologies may
require a change of operating procedures in
production system. It is necessary to analyse, how the
production system adapts to the environment with
new technologies and customer demand aspects.

2. THE IDEA OF 3D PRINTING IN INDUSTRY
4.0

A variety of manufacturing technologies are used in
industry. Classical cavity techniques are still
dominant, but other modern technologies are
constantly developed. The technologies of the future
are referred to as incremental shaping technologies,
e.g. 3D printing. But for the time, were mainly used
for rapid prototyping, and are constantly developed
and improved. The spread of 3D printing techniques
has the potential to provide very large opportunities
for small and medium-sized production enterprises. It
enables to production of single products with
complex geometries, that cannot be produced with
traditional technologies or require multi-stage
processing on different workstations. Popularization
of 3D printing technology and lowering costs of this
process, creates the possibility of producing not only
prototypes, but also small batch production (rapid
manufacturing) [1, 6]. Three-dimensional printing
technologies are very different, both in terms of their
functioning and operation methods and productivity
[21] and also through the use of various materials,
including plastics, metals, and biodegradable
materials [3].

2.1 Advantages and disadvantages of 3D printing
Technological development has advantages, but there
are also disadvantages. The positive aspects of 3D
printing and its development include [12, 32]:

quick making of a prototype,

the possibility of analysing the prototype before
starting production,

printout of elements in increasingly better quality,
the ability to print increasingly complex elements,
access to various materials,

access to different types of printers,

possibility of prototyping and printing in one place,
development of print libraries,

access to libraries from any computer (data
storage in the cloud),

possibility to observe the printing,
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— interactive help for the operator,
— vertical and horizontal integration production
processes control,

— basic employee training.
But the 3D printing disadvantages are:
— specific properties of the used materials,
possible defects in the printed elements,
long printing time of complex elements,
possibility of hacking data from the system,
specialist printers,
high cost of printers.
3D printing gives the possibility to produce products in
a non-standard way. Due to the increasing of need to
produce personalized products, manufacturers are
increasingly using technologies from the Industry 4.0.
Development in the field of 3D printing, indicate
increasing possibilities of using this technology.
Changes in this area are very visible. Nowadays it is
possible to print the complete house, where only a few
years ago, small and simple elements were printed. A
comparison of sample prints is shown in Figure 3 (a),
(b) and Figure 4. Example of print from Figure 3a) is a
prototype made in FDM (Fused Deposition Modeling)
technology — used PLA material. Examples from
Figure 3 (b) and Figure 4 are made from ABS
materials. Example from Figure 3 (b) was produced as
unit production. But example from Figure 4 was
produced in series, as functional element — element of
oXxygen systems.

b)
Fig. 3. Example of 3D printing



Fig. 4. Example of 3D printing

However, it should be remembered that, this solution
is also possible thanks to better printers, but also to
the filaments, which have better quality. Also in this
area, based on the need for non-standard production,
the development of materials and techniques are
important.

2.2 Materials used in 3D printing

Due to the growing needs for production of
personalized products, related to the technologies of
Industry 4.0, and thus the development of non-
standard production through, 3D printing, the issue of
materials, used for this type of production also
becoming important. Currently, there are many
materials available, which have different properties
and applications. Beside of such materials as ABS
(acrylonitrile butadiene styrene), PLA (polylactide),
the ASA (acrylonitrile styrene acrylate) and PMMA
(poly methyl methacrylate) or LayWood (60% of
PLA and 40% of wooden powder, which is an
admixture) are also used. Therefore, the field of
testing the individual materials for analyses strength
and application becomes important. Authors [11, 16],
made tests of the above mentioned materials for the
strength of individual materials and the possibility of
their application. In particular, that, these materials
are thermoplastic, and more, for example PMMA is
also a transparent material.

Just as 3D printing is an increasingly developed and
accessible way of customizing products, the vacuum
casting method becoming also more popular. It is a
method, that begin the production with a master model
(the so-called mother model). Often it is created using
two technologies: SLA (stereolithography) or SLS
(selective laser sintering). The next step of the process
is creating a silicone form and flood the mother's
detail, which takes place in a vacuum, to avoid the
formation of air bubbles. After hardening, the silicone
mould is cut according to pre-established surfaces and
the master model is removed, leaving space for casting
in a wide range of polyurethane resins [10, 34]. An
examples of models, achieved by this method are
shown in Figures 5 (a) and 5 (b). For example, Figure
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5(a) shows a model of product - upper part of the gear
transmission body. The mixing operation lasted 2
minutes and the whilst degassing 10 minutes. After
casting operation, the mould is degassed for 20
minutes in the vacuum system. Next step — cured,
was in temperature 70-C, for 2 hours. These models
and forms were made in Department of Engineering
Processes Automation and Integrated Manufacturing
Systems, in Rapid Prototyping and Reverse

Engineering Laboratory.
a)

VS
Fig. 5. Examples of product taken from S|I|cone form

& |

T

The example of forms made in Laboratory to, are
showed in Figure 6 (a) and 6 (b).

-

Fig. 6. Example of silicone form




Use of these techniques have become a leading and
promising technologies for producing customized
products, because of ability for create personalized
products, with advanced properties, but vacuum
casting is useful to, for example for:

product validation before offering it to the

market,

— small batch production,

— final details, conceptual models or
prototypes.

And also, personalized products making by vacuum
casting method, can be made from various materials,
for example include PP (polypropylene), ABS
(acrylonitrile  butadiene  styrene), or PC
(polycarbonate) and rubber.

However, regardless of the form, in which new
and personalized products are made, it is also
important to focus on the steps, taken during 3D
printing, as well as the planning of the entire
process. Going one step further, in order to
maintain the quality and standards of the products,
it is necessary to develop planning, operating
systems and standards for starting up, such a
diverse production.

2.3 3D print planning/making system

3D printing, offers many possibilities, in particular,
that there are different filaments available on the
market.

While of planning a 3D printing, many aspects
must be taken into account. The basis is the
information about: which product is going to be
printed, from which filaments, in which colours,
etc. It is also based on prepared CAD models. The
general 3D printing diagram is showed in Figure
7.

CAD description
Finished product

Materials,
Energy

—

30 orint

Fig. 7. General diagram of 3D printing (own)

In combination with the information, on which parts
will be printed, enterprises can carry out specific
orders according to the diagram in Figure 8.
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Fig. 8. Diagram of creating a product by 3D printing (own)

The diagram (Figure 8) showed how the basic
process of making a prototype using 3D printing
looks like. After realization of a several concepts,
the specific solution is chosen, and then 3D model
is developed. Next on the basis of the 3D model, a
prototype is made. The prototype is tested for
performance/quality. If the prototype fulfils the
requirements, is put into production. If the
prototype has defects or need corrects, then
corrections are made, until satisfactory results are
achieved. However, this diagram has evolved in
some ways to these days, because of that, the idea
of 3D printing is still being developed, and
enterprises often aspire to the name of production
in the area of 4.0 Industry. So, the printing process
should be more automated in compared with the
current printing procedures. Decision making and
access to data, should be based on a decentralised
level, and next, the process operator, should also
have access to the entire printing process.

In the next section the possibilities/concepts of
planning and implementing 3D printing, based on the
opportunities introduced by the 4.0 Industry, are
described. Especially, concerned in area of special,
customized products - make to order.



2.4 Printing monitoring
With the development of certain solutions, there are
also a number of the areas that need to be worked on
further. Nowadays, the possibilities offered by
technology, allow introducing of solutions that were
just a concept. However, further technological
developments, including 3D printing, the possibility
of printing a dedicated product for the customer,
should be taken into account. But customer, who will
have a ready idea for the product, must prepare
model, according to the company's requirements.

Product
prototypes

Product color

Determining
guantity of
prints

Interactive
operating aids

Print preview

Callfor help

]

Finish

_—

Hence, in Figure 9, showed step-by-step diagram,
indicate, how will look like company/customer
prepare and print product. In addition, this diagram is
the beginning of the creation of an interactive basic
user manual, within the framework of 3D printing by
an employee. Based on the developed diagram, an
employee, without detailed training, will be able to
operate a 3D printer and make a product that fulfils
the criteria.

Shape, dimensions

Filament type >

Choose of color from
the set of available

Possikility of choose the
filament from the set of
available materials

color

Indication of how many

pieces should be

printed

Instructions for starting the

print

Possibility of print

freview

Use of Andon system, that a
print error has occurred

Inform ation for the
service, that component
has finished printing

Fig. 9. Basic diagram of the interactive manual support for 3D printing (own)

The described diagram (Figure 9) is the beginning of
the system, which will also help the employees in
their work e.g. from maintenance in the company. In
case of a problem, the employee will read e.g. from
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the tablet, what to do when the problem appears.
Additionally, if an error appears, the maintenance
staff, will see, that something is happening at some
workstation and could fix the problem. The diagram



is also the basis of the integration system, which will
be available to everyone involved in the process
employees, and ERP, CAD systems and work safety.
And also, the data, will be stored in cloud. In
addition, the workstation, will be connected with the
system Andon [15, 22] and to the interface, that
loaded onto the tablet. With this solution,
maintenance workers, will see a mark on the tablet
indicating an error. However, no matter, how the
system will be developed, and which materials will
be used or sizes the printout will be made, data
integration are also important. Enterprises use
different MRP/ERP systems, while access to data and
its appropriate use, should be taken to a higher level.
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Level, that should ensure direct access to data to any
person, who is responsible for selected field. This
data are collected in cloud, but should be also
properly saved and secured [18, 27, 31].

2.5 Data integration in 3D printing
However, before moving the area of management and
planning in the enterprises to a higher level, the areas,
related not only with 3D printing, should be change.
At the moment, enterprises are following the module
showed on the diagram in Figurel0.

« Labor Instruchons

Process Focus:
Prod. Line/Process Decisions

Fig. 10. Data from production in cloud [17]

But, over time and with changes in production
systems, the ways and methods of management are
transformed. This concern also in applies to
production planning or manufacturing forms.
Therefore, the diagram in Figure 10 is constantly
modified. These changes are most visible on the level
of data analysis/data use and data access.

2.6 Further development of 3D printing technology

Taking into account, all the advantages and
disadvantages of the 3D printing, this technique is
becoming more recognizable, which makes the
company more competitive. Especially that, the area
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of 3D printing is constantly being developed. The
combination of 3D printing and interactive
information system, will make this technique easier
to introduce for the employee, and also, to find their
way in the world of 3D printing. The interactive
instruction could be a help for employees, who
suddenly have to do something on printer and never
have contact with such solutions like this before. The
idea of 3D printing has an additional advantage,
which is in favour of developing this solution. This
advantage is the idea of "zero waste" [29]. Living in
era, where ecology is a priority, 3D printing has a
chance to become, a typical production. Especially,



because of developing new materials, which gives a
new opportunity for this solution. But also, new
emergence of 3D printing processes - more efficient
are required.

3. CONCLUSIONS

The changes in the market, influence on the
functioning of enterprises. Both, in terms of
technology, managed and acquired data. Nowadays
the possibilities offered by technologies, are an
opportunity to implement more dedicated products.
Taking advantage of these opportunities, enterprises
are increasingly implementing solutions dedicated to
Industry 4.0 and the factory of the future.

The article describes the historical background of the
develop of the fourth revolution and the changes, that
took place in there. Also describes technologies that
are the basis of Industry 4.0. However, in article
focused on one of the technologies, namely 3D
printing, which is still being developed. Nowadays,
this manufacturing technique is more popular,
especially, because of ability for create personalized
products, and also because of the materials-filaments
used in this technique, which have a better quality.
The development of 3D printing and filaments have
caused that, this technology have many areas of
application, not only in the context of machines and
their components, or marketing, but also in medicine
and civil engineering. Applied of 3D printing and its
further development perspective in the context of
Industry 4.0, makes possibility to continue looking
for solutions dedicated to this technique.

In the article, 3D print connected with possibility of
context Industry 4.0 implementation, and with
author’s solution for monitoring and management of
printing process is presented. Likewise, the concept
of interactive basic user instruction, within the
framework of 3D printing by an employee is
presented. This is important from the point of view of
quality of products and the possibility of printing
personalized products.

4. REFERENCES

1. Bourell, D.L., (2016). Perspectives on Additive

Manufacturing, Annual Review of Materials
Research, 46, 1-18.

2. Brettel, M., Friederichsen, N., Keller, M.,
Rosenberg, M., (2014). How Virtualization,

Decentralization and Network Building Change the
Manufacturing Landscape: An Industry 4.0
Perspective, International Journal of Information and
Communication Engineering, 8(1), 37-44.

3. Carausu, C., Mazurchevici, A., Ciofu, C,,
Mazurchevici, S., (2018). The 3D printing modelling
of biodegradable material. IOP Conf. Ser. Mater. Sci.

78

Eng, 400(4), 1-7.

4. Chetouane, F., (2015). An Overview on RFID
Technology Instruction and Application, IFAC-
Papers On Line, 48-3, 382-387.

5. Cichalewski, P., (2016). 3D printing - everything
you need to know. Available  from:
https://techtutor.pl/drukowanie-3d-wszystko-co-
musisz-wiedziec/, Accesed: 12/01/2020. (in Polish).
6. De Jong, J.P.J., de Bruijn, E., (2013). Innovation
lessons from 3-D printing, Mit Sloan Management
Review, 54(2), 42-53.

7. Drucker, P.F., (2001). Management Challenges for
the 21st Century, HarperCollins, New York.

8. Fuchs, C., (2018). Industry 4.0: The Digital
German Ideology, triple, 16(1), 280-289.

9. Goldstone, J.A., (2014). Revolutions: A Very Short
Introduction, Oxford University Press, Oxford.

10. Grabowik, C., Kalinowski, K., Cwikla, G.,
Krenczyk, D., (2015). A review of rapid
manufactured parts post processing methods,
Selected Engineering Problems, 6, 27-32.

11. Grabowik, C., Kalinowski, K., Cwikta, G.,
Paprocka, 1., Kogut, P., (2017). Tensile tests of
specimens made of selected group of the filament
materials manufactured with FDM method, MATEC
Web of Conferences, 112, 1-6.

12.Gracel, J., (2017). 4 archetypes of the factories of
the future. Biznes i Produkcja, 2, 6-10. (in Polish).

13. Gwiazda, A., (2015). The third technological
revolution and a workplace. Available from:
http://www.geopolityka.org/analizy/adam-gwiazda-
trzecia-rewolucja-technologiczna-i-miejsca-pracy,
Accesed: 07/01/2020. (in Polish).

14. Horst, D.J., Duvoisin, C.A., Vieira, R.A., (2018).
Additive Manufacturing at Industry 4.0: a Review,
International Journal of Engineering and Technical
Research, 8(8), 3-8.

15. INS-TOM Sp. z 0.0., (2013). ANDON System - A
new tool for controlling the production process and
an important element of the Lean Manufacturing
concept in the offer of WERMA Signaltechnik.
Available from:
https://automatykab2b.pl/technika/42685-andon-
system-nowe-narzedzie-kontroli-procesu-
produkcyjnego-i-wazny-element-koncepcji-lean-
manufacturing-w-ofercie-werma-signaltechnik,
Accesed: 12/01/2020. (in Polish).

16. Kalinowski, K., Grabowik, C., Janik, W., (2013).
Analysis and testing of the dimensional accuracy of
parts made with the FDM technology, Selected
Engineering Problems, 4, 103-108.

17. Kampa, A., (2016). The factory of the future. How
in a 21% century production factory looks like?,
Utrzymanie Ruchu, 1, 48-51. (in Polish).

18. Khalil .M., Khreishah A., Azeem M., (2014).
Cloud Computing Security: A Survey, Computers, 3,
1-35.



19. Kowalkowska, J., Poreda, R., (2018). Digital
individualisation in the factory of the future.
Available  from:  https://www.hbrp.pl/b/cyfrowa-
indywidualizacja-w-fabryceprzyszlosci/PI8mTTAvy,
Accesed: 10/01/2020. (in Polish).

20. Li, G., Hou, Y., Wu, A., (2017). Fourth Industrial
Revolution: technological drivers, impacts and
coping methods, Chinese Geographical Science,
27(4), 626-637.

21. Mazurchevici, A., Nedelcu, D., Nitu, E.L., Racz,
S.G., Popa, R., (2020). Additive Manufacturing of
Composite Materials by FDM Technology: A Review,
Indian Journal of Engineering & Materials Sciences,
27, 179-192.

22. Mohamad, E., Rahman, M.S.A., Ito, T., Rahman,
AA A, (2019). Framework of Andon Support System
in Lean Cyber-Physical System Production
Environment, The Japan Society of Mechanical
Engineer (JSME), 19(3), 63-64.

23. Olender, M., Bana$, W., (2019). Cobots — future
in production, International Journal of Modern
Manufacturing Technologies, Special Issue, XI(3),
103-1009.

24. Piatek, Z., (2017). What is Industry 4.0? - Part 1.
Available from https://przemysl-
40.pl/index.php/2017/03/22/czym-jest-przemysl-4-0/,
Accessed: 10/01/2020. (in Polish).

25. Pfeiffer, S., (2017). The Vision of “Industrie 4.0”
in the Making - a Case of Future Told, Tamed, and
Traded, Nanoethics 11, 107-121.

26. Rifkin, J., (2011). The Third Industrial
Revolution: How Lateral Power is Transforming
Energy, the Economy, and the World, Palgrave
Macmillan, New York.

27. Roberts J.C., Al-Hamdani W., (2011). Who can
you trust in the cloud? A review of security issues
within cloud computing, Proceedings of the 2011
Information ~ Security = Curriculum Development
Conference, 15-19.

28. Scheer, A.W., (2015). Whitepaper - Industry 4.0:
From vision to implementation, Awvailable from:
https://www.researchgate.net/publication/281447305
_Whitepaper_-
_Industry_40_From_vision_to_implementation,
Accessed: 07/01/2020.

29. Swiat druku 3D, (2019). 3D printing and a zero
waste idea, Available from:
http://www.swiatdruku3d.pl/druk-3d-a-idee-zero-
waste/, Accessed: 12/01/2020. (in Polish).

30. Toffler, A., (1990). The third wave, Bantam
Books, New York.

31. Wang, L., Wang, G., (2016). Big Data in Cyber-
Physical Systems, Digital Manufacturing and
Industry 4.0, International Journal of Engineering and
Manufacturing, 4, 1-8.

32. Witkowska, A., (2019). Additive manufacturing.
Available from:

79

https://www.utrzymanieruchu.pl/wytwarzanie-
przyrostowe/, Accessed: 12/01/2020/. (in Polish).
33.Yin, Y., Stecke, K.E., Li, D., (2018). The
evolution of production systems from Industry 2.0
through Industry 4.0, International Journal of
Production Research, 56(1-2), 848-861.

34 .https://www.materialise.com/pl/manufacturing/tec
hnologie-i-materialy/odlewanie-prozniowe-vc,
Accessed: 01/10/2020. (in Polish).

Received: October 09, 2020 / Accepted: December
15, 2020 / Paper available online: December 20, 2020
© International Journal of Modern Manufacturing
Technologies



