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Industry 4.0
Part I. Selected applications in processing of polymer 
materials 
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Abstract: Examples of applications of the Industry 4.0 concept in manufacturing operations connected 
with processing of polymer materials were presented. Implementation of Industry 4.0 structure aims at 
increasing the speed of manufacturing with simultaneous decrease in the number of defective products.
Such results are enabled by the use of integrated information systems coupled with automated manu-
facturing and quality control processes. On the basis of literature and own experience, it was found 
that the processing industry requires the use of such integrated systems, and further improvement of 
competitiveness will be difficult to achieve without implementing the developed Industry 4.0 concepts.
Keywords: Industry 4.0, processing of polymer materials, integrated information systems.

Przemysł 4.0
Cz. I. Wybrane aplikacje w przetwórstwie tworzyw polimerowych 
Streszczenie: Przedstawiono przykłady zastosowań koncepcji Przemysł 4.0 w procesach produkcyj-
nych związanych z przetwórstwem tworzyw polimerowych. Implementacja struktury Przemysłu 4.0 
ma na celu zwiększenie szybkości produkcji przy jednoczesnym zmniejszeniu liczby braków. Osią-
gnięcie takich rezultatów jest możliwe z wykorzystaniem zintegrowanych systemów informatycznych 
sprzężonych ze zautomatyzowanymi procesami produkcji i kontroli jakości. Na podstawie literatury 
i doświadczeń własnych stwierdzono, że przemysł przetwórczy wymaga stosowania tego typu zinte-
growanych systemów w celu osiągnięcia dalszej poprawy konkurencyjności.
Słowa kluczowe: Przemysł 4.0, przetwarzanie materiałów polimerowych, zintegrowane systemy infor-
macyjne.

The concept of Industry 4.0 at present is difficult to 
define precisely because the term was created in re-
cent years and is interpreted in different ways in vari-
ous sources, depending on the complexity of the struc-
ture. Generally it can be assumed that the term refers 
to computer-aided manufacturing systems integration 

based on complex data exchange algorithms combined 
into networks of varied structure. Some studies per-
ceive Industry 4.0 as the next industrial revolution, yet 
in some cases this opinion seems disputable. Analysis of 
the concept in the context of industrial applications sug-
gests that this is rather an extension of Product Lifecy-
cle Management (PLM) system taking advantage of new 
information tools (Fig. 1). Operations of this type have 
been observed for at least a few years in such internation-
al corporations as Pratt & Whitney and GE, where data 
exchange in the manufacturing process generally takes 
place via integrated networks of computer systems based 
on CAD-I/CAx numerical data exchange standards. In 
Poland it is also possible to encounter Industry 4.0 type 
solutions implemented in manufacturing, particularly in 
automotive and related processing industries. As an ex-
ample, SPLAST Company in its processes designed for 
manufacturing of products from polymer materials has 
implemented and is developing integrated systems based 
on structures of Industry 4.0. Owing to this approach to 
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the manufacturing process SPLAST Company was able 
to increase its effectiveness and simultaneously decrease 
the number of faulty products. R&D processes based on 
computer systems and on incremental models of rapid 
prototyping occupy an important place in the structure 
of Industry 4.0. Regarding this, SPLAST has its own R&D 
laboratory and cooperates with Rzeszow University of 
Technology in the area of simulations of polymer mate-
rials processing and rapid prototyping systems, as ele-
ments of Industry 4.0 structures. Another company invol-
ved in development of solutions designed for processing 
industry, SONDA SYS. isa – manufacturer of the first Pol-
ish industrial system for sintering of polymer powders 
(Selective Laser Sintering – SLS), as an Industry 4.0 ready 
equipment. Implementation of solutions for Industry 4.0 
also requires specialists, therefore Rzeszow University of 
Technology conducts scientific research in this area and 
provides education to students particularly related to ap-
plication of rapid prototyping methods, production man-
agement and engineering, as well as computerization of 
manufacturing processes.

INTEGRATION OF MANUFACTURING 
OPERATIONS IN POLYMER MATERIALS 

PROCESSING, BASED ON THE STRUCTURE OF 
INDUSTRY 4.0

Integration of design and prototyping processes

The schematic diagram (Fig. 1) shows that most ele-
ments characteristic for the structure of Industry 4.0 are 
present in PLM. The main task in the process of imple-
menting Industry 4.0 concepts involves integration of var-

ious software and hardware related solutions to achieve 
multi-channel flow of data within temporal structures 
and in real time.  

In view of the above, the main advantage of Industry 
4.0 structure is its temporal multidimensionality whose 
integrative effect is decisive for accumulative decrease in 
duration of production [1–5]. This is particularly notice-
able and important in mass production of components 
manufactured by means of injection molding. Elabo-
ration of structures and processes integrated around 
product optimization can take place at the start, when 
 3D-CAD model is developed as CAD-I, i.e., Computer 
Aided Design-Interfaces; this type of model may be de-
scribed as 4D-CAD if the adopted procedure of making 
designs takes into account multidimensional structure, 
including the fourth dimension of time dedicated to fur-
ther analyses in parallel time horizons. This will enable 
increased speed of virtual prototyping and physical pro-
totyping based on the systems of Computer Aided Engi-
neering (CAE) [6, 7], Finite Elements Method (FEM) and 
Additive Manufacturing (AM). Parallel organization at 
this stage also makes it possible to include the process 
of testing technological and functional prototypes gen-
erated by means of 3D printing. Testing of technological 
prototypes makes it possible to speed up preparation of 
the technological process for mass production. On the 
other hand testing of functional prototypes with proper-
ties similar to those in finished products enables rapid, 
nearly simultaneous refinement of the product at the pro-
totype stage [8].

The schematic diagram in Fig. 2 presents in a simpli-
fied way the reduction of time needed for designing, pro-
ducing and analysis of a product prototype. In reality 
reduction of time will depend on the complexity of the 
object. Notably, the gain will be greater in the case of 
more complex structures. It can be seen that a signifi-
cant part of the process takes place in a numerical envi-
ronment, therefore infrastructure related limitations (in 
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hardware and software) are not a key obstacle in speed-
ing up the process. It is possible to use external subcon-
tractors, linked with the relevant company via a network 
structure. The process of executing a 3D-CAD model 
generally remains unchanged in both cases [9–11]. Yet, 
here it is also possible to use procedures speeding up the 
modeling process, i.e., the so-called program macros for 
defined product groups. Reduction of time results from 
a parallel approach to analysis based on Finite Elements 
Method and a parallel production of prototypes using 3D 
printers as well as prototype tools in the processes of Ad-
ditive Manufacturing and Rapid Tooling (RT). It is pos-
sible to speed up geometric analysis of prototypes by ap-
plying Rapid Inspection (RI) processes based, inter alia, 
on 3D scanning. Integration of software and use of uni-
versal data exchange file formats enable implementation 
consistent with the structures of Industry 4.0 [11–16].

Integration of product manufacturing processes in an 
injection molding process 

Mass production of goods from thermoplastic poly-
mers with the use of injection molding is one of the 
manufacturing processes in which significant gains can 
be achieved if Industry 4.0 objectives are implemented. 
Notably, in this case the structure of Industry 4.0 is also 
an extension of the existing systems of production plan-
ning and quality monitoring based on computer aided 
solutions. At the first stage of production preparation, 
reduced duration of manufacturing is enabled by previ-
ously conducted design and simulation works, e.g., result-
ing from the use of injection molds with conformal chan-
nels (Fig. 3).

Importantly, during the entire process it is necessary to 
examine properties of input materials and parameters of 
the injection process, to inspect molded pieces as well as, 
e.g., imprints on the pieces. Monitoring operations with 
feedback should be carried out in real time, in a continu-

ous mode. As a result it is possible to minimize waste by 
using continuous recycling. Owing to this, once a defec-
tive product is identified, it is forwarded directly to the 
mill from which it is sent back as input material to be re-
injected. Consequently there is no need for storing and 
then milling the defective products, and for drying the 
regranulate [17].  

COMPUTERIZED PROCESS INTEGRATION 

Integration of manufacturing processes [18–20] across 
the borders of specific production plants has become a 
reality, consequently it is necessary to design and de-
velop schemes enabling cooperation between different 
economic entities, to be facilitated not only by intercon-
nected computer networks but also by integrated technol-
ogy and manufacturing systems. Solutions of this type 
should make it possible to collect data from machines 
used in the process of prototyping and manufacturing 
and then enable their analysis, e.g., by an expert system. 
Such operations may help to streamline the processes 
of prototyping and manufacturing and may promote 
the use of evolutionary methods of control, correction 
and data specification taking advantage of mechanisms 
based on feedback loop. 

In order to introduce such solutions it is necessary to 
take into account the following issues:

– Synchronization of works. 
It is necessary to develop a methodology for managing 

a distributed prototyping process. For practical reasons, 
the process should be centralized. Obviously the process 
may be coordinated and controlled by technicians. Yet, 
this significantly reduces flexibility of resources manage-
ment and makes it difficult to introduce a methodology of 
round-the-clock prototype engineering, such as follow-
-the-sun (FTS) and role-based access control (RBAC) [3, 4]. 
In this case it may be highly advantageous to implement 
a central automated mechanism driving the prototyping 
process based on a programmable arbiter. Obviously the 
functioning of the system will be based on incomplete 
information, and due to this support from technical per-
sonnel will be necessary, yet it will not be required on a 
continuous basis.   

– Communication environment. 
Environment used for communication in a distribut-

ed prototyping environment is of heterogeneous nature, 
therefore it poses serious difficulties in administration 
and in creating communication clusters. In order to com-
ply with rapid prototyping (RP) requirements it must en-
able rapid reconfiguration, as well as setting up of encod-
ed and safe communication for the work groups; it must 
facilitate control of access to the machines, ensure speci-
fied transmission parameters, and comprise a consistent, 
uniform system of network management.

– Control at the stage of a physical object production. 
Remote manufacturing is linked with a necessity to de-

velop methods and tools enabling verification of quality 
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parameters in the final object, both at the stage of pro-
duction and at the very end of the process. Given the di-
versity of methods and technologies applied in manufac-
turing of such objects, it is necessary to define adequate 
solutions suitable for a given situation. One of the univer-
sal tools which can be used for this purpose is analysis 
of high resolution images; based on these it is possible to 
perform remote comparison of the manufactured object 
and the digital model. However, given the nature and 
scope of the related works, this issue is not covered by 
this article.

– Safety and confidentiality.
Given the fact that in many cases rapid prototyping 

processes involve the use of novel solutions and inno-
vations, it is necessary to develop policies, methods and 
measures to ensure safe flow of information between the 
distributed components of the prototyping process. Yet, 
the authors did not discuss the related issues in this paper. 

System structures

Each stage of a rapid prototyping and manufacturing 
process plays an important part in the system. Yet, in this 
study we will focus on information exchange between 
the specific components constituting the entire manufac-
turing process. Up until now the process very often takes 
place in a single production plant and all the elements of 
a workstation, e.g., dedicated to rapid prototyping are lo-
cated relatively close to one another. In such a situation 
data exchange does not pose great challenge. However, 
the problem takes on a new meaning, in view of the fact 
that it is necessary to develop novel solutions promoting 
development of Industry 4.0 and to design technologies 
facilitating cooperation between distributed economic 
entities. It seems advanced computer networks should 
naturally be used for this purpose. This way it will be 
possible to ensure rapid and reliable exchange of infor-
mation (data) between the specific distributed compo-
nents of the rapid prototyping process.

A schematic drawing of a typical network infrastruc-
ture enabling integration of distributed elements taking 
part in a rapid prototyping process is shown in Fig. 4. The 
use of broadband computer networks makes it possible 

to place the specific components in locations situated at a 
distance from one another, and as the same time to retain 
adequate transmission quality parameters.

Data management and security

The above approach also presents certain drawbacks 
and limitations:

– Static configuration of network parameters. 
To ensure adequate quality of service parameters for 

data transmission in a rapid prototyping process, it is 
necessary to implement adequate policies for manage-
ment of transmission parameters, such as: capacity, pri-
orities, queuing mechanisms at intermediate nodes, etc. 
However, since manufacturing processes are indepen-
dent from computer network processes, typical comput-
er networks lack mechanisms adjusting values of these 
parameters to dynamic changes in flows accompanying 
the processes of prototyping.

– Lack of support for dynamic relocation of resources. 
In contemporary industrial environment new resour-

ces may appear constantly to support rapid prototyping 
process, existing resources may be relocated, and outdat-
ed resources may in liquidated. Consequently, advanced 
communication infrastructures should ensure tools en-
abling rapid reconfiguration of the network environment 
to ensure continuity of the manufacturing processes. Un-
fortunately, a conventional wide area network does not 
have such functionality.

– Heterogeneity of technical solutions. 
Various operators frequently functioning in a distri-

buted networking environment use different hardware 
platforms and protocols designed for monitoring and 
control of their own infrastructures.

The above limitations pose a serious hindrance, and 
at times make it impossible to develop an effective and 
reliable system for distributed communication to sup-
port rapid prototyping processes. The problem may be 
solved by applying Software-Defined Networking with-
in a computing environment.

CONCLUSIONS

In view of market globalization, large competition and 
noticeable shortage of qualified technicians and engi-
neers, manufacturers are forced to quickly develop inno-
vative solutions based on multifaceted controlled auto-
matic systems using network computing structures. 

Observations related to processes occurring in the con-
temporary market of manufacturers show that today the 
entire design and prototyping process is less and less like-
ly to be completed within one company or a single depart-
ment operating in a given consortium. Entities taking part 
in design development, prototyping and structural analy-
sis are very often geographically scattered, therefore it is 
necessary to employ advanced communications technol-
ogies to ensure fast and reliable data exchange between Fig. 4. System structures
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them. Manufacturing clusters, special economic zones, 
etc. are an excellent example of relationships of this type. 
Therefore, a perfect solution enabling integration of dis-
tributed resources is provided by advanced computer net-
works. In view of the above, implementation of Industry 
4.0 concepts is a necessity for those wishing to survive in 
the market of mass production. This is also applicable to 
polymer materials processing sector. More and more prod-
ucts are manufactured from polymer materials with the 
use of injection molding technique. These include complex 
automotive components. In such a case the structure of In-
dustry 4.0 comprises practically all subcontractors contrib-
uting to the final product. In view of the above, structures 
of this type must be implemented as soon as possible by 
enterprises which want to achieve competitive advantage 
in the market of polymer materials processing.
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