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ABSTRACT

In the article, the significance and essence of management of intelligent manufacturing in
the era of the fourth industrial revolution has been presented. The current revolution has
a large impact on the operation of the company. Through the changes resulting from the
application of modern technologies, production processes are also undergoing revolutions,
which results in changes in such indicators of business development. Management of intelli-
gent manufacturing is also a challenge for socially responsible activities; due to solutions of
Industry 4.0, enterprises directly and indirectly influence environmental protection, which
results in benefits for all mankind. In the article, the analysis and assessment of manage-
ment of intelligent manufacturing, using modern technologies during the production process,
has been carried out, with particular emphasis on the components of management such as:
monitoring, control, autonomy, optimization. Moreover, the impact of the above components
of management on changes in the following indicators (KPI — Key Performance Indictors)
has been evaluated, i.e. (1) quality, (2) rapidity of the production process implementation,
(3) performance and (4) productivity, (5) decrease in waste generated during the techno-
logical process and (6) amount of consumed electricity. For the purposes of conducting the
research, a case study has been used, developed due to the information shared by the com-
pany manufacturing machinery and equipment for the polymer processing industry, in which
intelligent solutions of Industry 4.0 are being applied. The presented article is a significant
contribution to the current development of knowledge in the field of implementing Industry
4.0 solutions for polymer processing. The article is a combination of theoretical and practical
knowledge in the field of management and practical industrial applications. It refers to the
most current research trends.
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Introduction

to emerging problems. These are just some of the

advantages of Industry 4.0, which causes that the

Whereas some industries introduce new technolo-
gies very slowly, others rapidly respond to changes,
using intelligent technologies to reduce waste and
minimize costs in millions per year. The contem-
porary industry has unique opportunities to opti-
mize performance with intelligent sensors that pro-
vide feedback to the automated infrastructure. De-
vices receive and send feedback in the cloud and arti-
ficial intelligence helps to find appropriate solutions
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more efficient system, through feedback and opti-
mized results, is becoming a reality for a smart fac-
tory. Since the beginning of the 21st century new
generation technologies have shown a sharp increase.
The emerging fourth industrial revolution, the devel-
opment of which is being witnessed, poses a range of
challenges for production companies from the tech-
nological and organizational point of view as well as
from the point of view of management [1, 2], and
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thus the subject matter of Industry 4.0 has become
one of the most popular in recent years [3].

The beginnings of Industry 4.0 were initiated by
the German government in cooperation with the in-
dustry and academia in 2011 as a high-tech strat-
egy of 2020, which eventually leads to the creation
of intelligent manufacturing [4-6]. Intelligent manu-
facturing is a new form of production, its main tech-
nologies include the Internet of Things (IoT), Cyber-
Physical System (CPS), Cloud, Artificial Intelligence
(AI) etc., which integrate production resources with
sensors, cloud computing, communication technol-
ogy, control, simulation, intensive data modelling
and predictive engineering. The essence of intelligent
manufacturing can be summarized in its six pillars:
(1) technology and production processes, (2) mate-
rials, (3) data, (4) predictive engineering, (5) sus-
tainable development, and (6) sharing resources and
networks [7]. The use of new technologies and process
transformation contributed to the creation of modern
production systems, imposing new requirements on
employees, e.g. in terms of possession and develop-
ment of new competences but also bringing positive
effects for the company’s environment, including the
natural environment and the society [8, 9].

The mentioned CPS digitization leads to the im-
plementation of tools and solutions by the produc-
tion company that enable the integration of manu-
facturing processes, machinery, people and products,
and thus the company operates within the framework

of the integrated network, it is able to manage its
own resources better and more efficiently and make
better decisions, favorable for the company’s deve-
lopment [10]. As presented by the research (Report
by McKinsey [11]), advanced technologies create the
potential for a significant increase in performance
of production, e.g. the transition from conventional
production to automated production 4.0 may im-
prove performance even by 45-55%. Can such effects
be actually expected and what other factors, being
the evidence of enterprise development (i.e. produc-
tivity, performance, time of process implementation,
consumption of materials and waste generation),
change after the use of the Industry 4.0 technology?
The authors will aim to prove this while analyzing
the example of the polymer processing company as
the industry most frequently reaching for intelligent
modern technologies.

Literature review
Industry 4.0 Intelligent Technology

The concept of Industry 4.0, which is fairly wide-
ly interpreted, is associated with a number of forms
of intelligence, e.g. intelligent machines, intelligent
production processes, intelligent devices, intelligent
engineering, intelligent technologies, intelligent logis-
tics, intelligent networks etc., which to a large ex-
tent characterizes a smart factory or, in approximate
translation, intelligent manufacturing (Table 1).

Table 1
Intelligent technologies of Industry 4.0.
Typical forms
of industry Main contributions EX emplary
. . literature
intelligence
Intelligent machines Intelligent machines are devices equipped with technologies of the machine-to- (12, 13]
machine (M2M) type and/or cognitive processing technologies, such as artificial in-
telligence (AI), they are characterized by fast learning, which is used for reasoning,
problem solving, decision-making and operations. Intelligent machines include robots
and other cognitive processing systems (cognitive computing systems), which are de-
signed for task operations, often without human intervention.
Intelligent production They include dynamic, efficient, automated and process communication in real time [14]
processes in order to manage and control the highly dynamic production environment imple-
mented through the Internet of Things.
Intelligent devices Interconnection of various digital devices for collecting and exchange of data (infor- (15, 16]
(Internet of Things) mation). This enables communication of devices and interactions between them and,
if required, with the more centralized controller. This also decentralizes analyses and
decision-making, allowing for responding in real time. IoT is also created by sensors
and their readers, e.g. applied in industry, transport or trade.
Intelligent engineering | It is mostly the product design and development, product engineering, production as [17]
well as after-sales service.
Intelligent technologies | It can be defined as the combination of the communication and IT technology with a (18, 19]
Smart Grid technology | traditional energy network to combine production subsystems, transfer, distribution
and consumption in an electrical network.
Intelligent logistics They include intelligent tools and logistics processes. Self-organizing logistics is an (20, 21]
example of intelligent internal logistics, it responds to unexpected changes in produc-
tion, such as bottle necks and shortages of materials.
Volume 11 e Number 2 e June 2020 39
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The most desired form of Industry 4.0 is Smart
Factory, which is the creation of both virtual and re-
al world, using CPS systems [22, 23]. The solutions
most frequently applied by Smart Factory (Fig. 1)
are modern digital technologies, e.g. advanced robots
and artificial intelligence, technologically advanced
sensors, cloud computing, the Internet of Things, Big
Data, 3D printers [24-26]. Digitization and combina-
tion of all of the production units leads to the fully
automated assembly line where machines are able to
communicate with each other, analyze data and even
independently solve problems with minimum human
involvement [27, 28].

Traceability

#
Fig. 1. Smart Factory and its intelligent environments.

Intelligent Manufacturing (IM)

Intelligent manufacturing (IM), using intelligent
machinery, by which autonomization of manufac-
turing processes ought to be understood, allows
the adjustment of products to the market needs.
Due to increased complexity of modern produc-
tion systems, particularly after integrating all the
units/components in a common system, process de-
cisions have become much more difficult, therefore,
there is a strong need for the use of a vast amount of
product data as well as the use of intelligence com-
putational power to streamline the decision-making
process in manufacturing. This intelligent capabil-
ity relates to three functions that act similarly to
the human body: (1) sensing, (2) decision-making
and (3) operating. Due to the technological progress,
detecting errors and production control seem to be
easier since sensors or actuators are not missing in
production systems. The challenge, however, con-
sists in how to process information and knowledge
so as to make the computer automatically make the
right decision at the right time and at the right lo-
cation, with little or no human intervention. There-
fore, some new technologies have emerged in these
areas, such as big data analysis, machine learning
(ML) and cloud computing, which provide a huge po-
tential for an increased intelligent production capac-
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ity [29]. The use of robots enables greater automa-
tion of production processes, which significantly un-
burdens employees in their work and increases their
performance. Overall benefits resulting from the ap-
plication of robots include, among others, increasing
rapidity and efficiency of production, performance,
optimization of production processes or possibility
of self-optimization of robots, adjusting to current
conditions [30]. Therefore, the results of automation
and the use of robots are mostly important for inter-
nal and external customers, but also for the natural
environment, e.g. through effective reduction in con-
sumption and waste of resources and energy [31].

The other possibilities of Industry 4.0 can be
grouped in six major areas [32]:

e flexibility of production which occurs during the
production of small batches;

e rapid prototyping;

e higher output capacity;

e reduced configuration costs, fewer errors and less
machine downtime;

e higher quality of products and less rejected pro-
duction;

e better opinions of customers on products.

Looking at the historical development of the
technological production system, the basic three
measurements are used: quality, performance and
costs [33], but also the following benefits from the
use of IM can be observed: (1) reduced demand
for materials; (2) less waste due to fewer materi-
als consumed; (3) increased possibility of reusing
and recycling waste; (4) reduced demand for energy;
(5) greater integration of the supply chain; (6) im-
provement in operational performance [34, 35].

For the purposes of the article, the following KPI
will be analyzed: (1) quality [29] and (2) rapidity
of production process development [36-38], (3) per-
formance and (4) productivity [39-42], (5) decrease
in waste generated during the technological process,
and (6) amount of electricity consumed, however, the
first four have been broadly discussed and studied in
the literature, whereas the last two require further
verification.

Industry 4.0. in the area of management

Modern solutions of Industry 4.0 challenge var-
ious companies to find appropriate applications of
new methods in the area of management and pro-
duction. In the case of some organizations, access
to management information near real time may be
of great importance for enterprise management [43].
However, differences mostly relate to management at
the operational level in enterprises which need to cur-
rently analyze data of large variability in time and
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keep track of constant changes in various parame-
ters, and not just use the information on the level of
these parameters obtained with some delay. In par-
ticular, this situation affects companies with great
complexity of processes and high personalization of
the offer [44].

It is very important for intelligent management of
Industry 4.0 to perform managerial functions: moni-
toring, control, optimization, autonomy (more exten-
sively discussed in another point, from the perspec-
tives of management of the technological process in
the polymer processing company) [35] (Fig. 2).

Performace objectives

Smart Factory

— Automation - Productivity
¢ || T
Optimization 8 3
e
ER
5
B Monitoring | . Cycle time reduction

Intelligent Solutions INDUSTRY 4.0
Big DATA % Enarky conmmetan

Machine to machine
g J Sensors _J _RFID__J Simulation ]

Fig. 2. Management skills of Smart Industry in the era
of Industry 4.0.

Mentioned managerial functions:

e Monitoring: the performance of this managerial
skill/function is facilitated by the global monitor-
ing of the production system and its environment,
which can be obtained due to combined various
objects, i.e. the Internet of Things [45], e.g. for
real-time value stream mapping by setting sensors
along the assembly line; Radio-frequency identifi-
cation (RIFD) system is used to tag goods, raw
materials and products for their registry in the
course of the process.

e Control: fully integrated control at each stage of
the technological process and also monitoring the
product parameters with the customer [46]. This
system requires the interaction of machinery and
equipment with humans [47].

e Optimization: on the basis of the monitored and
controlled data, using the Internet of Things, arti-
ficial intelligence, simulation systems, the process
can be optimized in real time [48, 49].

e Autonomy: the possibility of real-time monitor-
ing, control and optimization of current systems
due to algorithms and neural networks, commu-
nication of machinery and equipment, [50] and
their capabilities of self-learning and improve-
ment [51].

Volume 11 e Number 2 e June 2020

Intelligent Manufacturing

in management of the polymer
processing company production
process

Research methodology

To conduct the research, a case study will be
used, developed due to the information shared by the
company manufacturing machinery and equipment
for the polymer processing industry, in which intelli-
gent solutions of Industry 4.0 are applied. The data
for the research were transmitted via direct contact
and e-mail from the Wittmann Battenfeld company,
which is one of the leading manufacturers of robots
and peripheral equipment for the plastics worldwide.

The research was conducted on the basis of in-
formation and materials provided by the top level
manager of Wittmann Battenfeld Poland. The re-
ceived materials were analyzed by the authors of the
article in November 2019. Wittmann Battenfeld con-
ducts independent research on the performance and
productivity indicators of their machines, which were
used in the article, and also uses the results of tests
performed by companies using their products. The
construction of the research instrument has been cre-
ated in one step data collection.

Monitoring, control, optimization
and autonomy of the production
process of plastics

Monitoring (monitoring the technological process
through the analysis of settings of machinery and
equipment) will be presented on the example of con-
trol and supervision systems implemented by the
Wittmann Battenfeld company, the world leader in
the market of manufacturers of injection molding
machines and auxiliary instrumentation (Fig. 3).
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Fig. 3. Condition monitoring system.
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The operations conducted currently in the field
of management and optimization of manufacturing
processes are moving towards autonomous systems,
being able to independently make even complicated
decisions without the operator (maximum elimina-
tion of the human factor). The systems implemented
by manufacturers can be divided into the ones aimed
at monitoring the technological process as well as the
monitoring and control of selected parameters of the
finished product (color, gloss, shrinkage, molding ge-
ometry etc.).

Monitoring the technological process consists in
determining the group of selected technological pa-
rameters or the parameters directly affecting tech-
nological parameters and being able to influence the
quality of the finished product and productivity, and
subsequently determining the tolerance in which its
variability may take place (Fig. 4). Monitoring is
aimed at improving the quality of conducted techno-
logical processes, improving the quality of manufac-
tured details, reducing downtime or manufacturing
defective products [52, 53].

252°C
G Temperatur 4
396%
A Humidity 4

0 :
fve ag?m"é:ﬂ H

F v’ 15.62 mm/s’AI3
“ | 24 — A :
y - ‘

iddidlBeniicind ConditionMonitoring

Fig. 4. The automated processing cell — injection of ther-
moplastics.

In order to improve productivity, avoid trouble-
some and extremely costly downtime and to maintain
machinery and equipment in the best possible con-
dition, in the case of the discussed injection molding
technology, the following parameters of the machin-
ery itself can be monitored:

e mechanical parameters associated with the proper
operation of individual moving parts, their protec-
tion, the level of generated and transmitted vibra-
tion, which can adversely affect the course of the
production process,

e technological parameters of the device itself, such
as pressure and temperature of oil and/or other
liquids required for the proper operation of the
machine, voltage and electrical current essential
for the control and proper operation of the device.

42

A range of factors associated with the course of
the technological process is also subjected to moni-
toring, in the case of technologies of injection mold-
ing of thermoplastics, the following parameters may
be subjected to monitoring:

e temperature of polymer melt — monitored both in
terms of the plasticizing system and in terms of
the tool (injection mold),

e pressure of the processed polymer — monitored
both in terms of the plasticizing system and in
terms of the tool (injection mold),

e screw rotation speed in the plasticizing system
with the speed of its travel,

e speed of injection of polymeric material into mold-

ing cells of the injection mold,

clamping force of the injection mold,

parallelism of the injection mold plates,

temperature of the surface of the molding cell,

characteristics of the material processed with de-
tails of parameters of its preparation, such as tem-
perature and drying time,

e flow rate of the cooling medium in the thermostat-
ing system of the injection mold.

Monitoring selected technological and machinery
parameters allows managerial staff and technologists
for constant surveillance of the conducted process
and prevention related to excessive deviation of se-
lected parameters from the assumed tolerance, and
thus manufacturing defective products.

The control of selected technological and machin-
ery parameters offers the possibility of their automat-
ic correction in the case of the occurrence of disconti-
nuity of the process. The above-mentioned values are
subjected to the process of continuous and even re-
mote monitoring combined with the acquisition and
storage of the obtained data.

The data acquired during the monitoring process
are used not only for supervision of the proper course
of the production process but also serve the process
of recreation and full traceability of the product (it
is possible to fully recreate the course of the process
of manufacturing the molding with the possibility of
identification of the applied material, whether it was
dried or not, etc.).

Moreover, it is possible to use the monitoring pro-
cess, by the combination with the technological pro-
cess, to tag the molding so that it is possible to re-
place it with another detail of the same shape (orig-
inality of parts).

The control with the possibility of adjustments in
the autonomous and automatic mode is to implement
changes in selected machinery and technological set-
tings aimed at triggering specific effects in the course
of the process itself or aimed at triggering specific

Volume 11 e Number 2 e June 2020
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changes in characteristics of the material processed,
and thus the characteristics of the product already
formed. A range of process parameters may undergo
the control. The main factors affecting the quality
of the finished product and its structure include the
temperature and pressure of the material processed.
At the stage of material preparation in the plasti-
cizing system, the temperature and pressure of the
polymer affect its lightness and the process of homog-
enizing plastics with excipients and fillers (uniform
dispersion of fillers and homogeneity of the material
is critical for the proper course of the injection pro-
cess but also translates into the quality and mechan-
ical properties of the finished product. At this stage,
the monitoring and control of these two parameters
takes place continuously and is repeated depending
on in which zone of the system the material prepared
for injection is.

In the tool zone, temperature and pressure can
be monitored and controlled optionally due to the
use of sensors of pressure and temperature and da-
ta acquisition may take place by the machine itself
or the management system (constant monitoring and
supervision of the course of the process and the anal-
ysis of the distribution of selected factors/ parame-
ters in relation to the tolerance field established for
them).

In the case of the occurrence of non-compliance
and exceeding the assumed values, the solution used
currently is not to stop the technological cycle. Such
a situation was observed in the case when the pro-
cess was only monitored. For the system monitored,
in the case of exceeding the assumed values, there
was the stopping of the technological device and call-
ing the operator through a sound or light signal or
combination of both.

At present, due to the application of algorithms
of feedback loop and neural networks, programmable
machines and enormous computing speed as well as
greater knowledge about the characteristics of poly-
meric materials processed, the machinery (the injec-
tion molding machine) is able to independently make
a decision correcting the selected settings in order to
achieve the desired effect and eliminate the source of
formation of defects.

Growing demands concerning the quality of
moldings manufactured but also the areas of their
application force processors to use increasingly nar-
rower tolerance, increasingly shorter processing time
but most of all achieving/manufacturing details with
increasingly better mechanical and utility proper-
ties. Without knowledge, without being able “to look
into molding cells”, using sensors, the operator re-
mains blind and may only refer to their knowledge
and experience. Moreover, some defects of injection

Volume 11 e Number 2 e June 2020

moldings can be visible only after several hours since
the completion of the technological process (already
at the stage of storage or delivery to the customer,
which is often the reason for complaints and entails
significant costs — following the principle of 1-10-
100).

Indirect control
and quality assurance systems

In indirect control systems, the measurement of
the selected value is carried out indirectly. Temper-
ature measurement systems using thermal imaging
cameras should be mentioned here. The thermostat-
ing of injection molds is a task requiring great skills
and knowledge from not only the operator but most
of all from the constructor and manufacturer of the
tool. Continuous measurement of temperature of the
coolant in the injection mold thermostating system
is conducted by the thermostating device but high
thermal inertia of the device (related to its weight
and the way and amount of performed cooling chan-
nels) often prevents proper reaction. The introduced
thermal imaging solutions aim at error elimination
of the device temperature measurement (which may
differ by tens of degrees from the temperature as-
sumed, which significantly affects the properties of
the finished product). Moreover, they are to analyze
the temperature field distribution and not selected
points on the molding as in the case of using thermo-
couples. In the course of thermal imaging measure-
ment, the picture of the injection molding is taken af-
ter removing it from the molding cell. The obtained
thermogram is compared with the pattern. In the
case of compliance with the pattern, the molding is
transferred to further technological operation (trans-
port, packaging etc.). In the case of non-compliance,
the molding is considered as non-compliant and re-
jected (Figs 5 and 6).
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Fig. 5. Thermographic image — the control
of the molding.
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Fig. 6. Thermographic control of the injection molding
process — the injection mold.

The control of the operation
of thermostating devices

The data from other peripheral devices, among
others, flowmeters, rotameters and thermostating de-
vices are subjected to a similar analysis. The injec-
tion molding machine controls the operation of all
of these devices according to the implemented pro-
gram, taking into account the specificity of the ma-
terial (the tool temperature, cooling rate). In the
case of non-compliance in terms of the value of the
required mold temperature, the thermostat settings
are corrected by rotameters and flowmeters, there is
a change in flow rate, thermostating liquid rate, and
thus the value of molding cell surface temperature
(Figs 7 and 8).

Fig. 7. The flowmeter with the system of control and
measurement data acquisition.

Fig. 8. The injection molding machine with thermostat-
ing devices.
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Moreover, this system can be used to analyze the
wear and contamination of the thermostating system
itself. Modern thermostating devices are equipped
with ultrasonic sensors of the coolant flow rate. Ther-
mostating systems that, in the overwhelming major-
ity, are filled with water (from the water supply sys-
tem), during constant operation, undergo corrosion
and scaling in a short time, which leads to a reduc-
tion in the diameter of channels, and thus in cooling
efficiency.

Due to such solutions, the system “recognizes”
a decline in the efficiency of the cooling system and
may inform the operator about that before the man-
ufactured moldings are non-compliant (the arising
defects can generate significant residual stresses or
lead to obtaining a different than assumed structure
of the molding, which affects its mechanical proper-
ties).

The control of the material flow

For the proper course of the material flow, the
supervision of the material preparation (its drying)
is also required as well as dosage while taking in-
to account excipients required for the process or the
molding (pigments, fillers, regranulates or regrinds
and others — Fig. 9). Also, in this case, it is possi-
ble to monitor, control and automatize the system of
polymer preparation, its drying (drying time, drying
temperature, air flow rate, dew point should be tak-
en into account) and then feeding into the hopper of
the injection molding machine.

s

Fig. 9. The automatic dispenser and the drier.

For material feeding systems, sensors analyze ei-
ther weight or volume of the plasticizing material fed
into the system, with pigments and excipients. This
is extremely important from the point of view of the

Volume 11 e Number 2 e June 2020
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accuracy of dosing the material (this process affects
the weight of the obtained moldings, the dispersion of
fillers and pigments in the polymeric mass) and the
quality of the finished product. The control of the
correctness of dosing affects the process of plasticiz-
ing the processed material, the process of its trans-
port and characteristics of the cell filling. The lack
of control of dosing may lead to changes in viscosity
of the material, lack of adequate degree of mixing or,
in the worst case, lack of fillers affecting mechanical
properties in some moldings (the defect impossible
to determine without laboratory tests).

Viscosity control

The primary objective of any kind of production
is to achieve the best possible qualitative indicators,
production ones, often economic ones, while main-
taining the lowest possible energy input and emerg-
ing shortages. One of the control systems, charac-
terized by a high degree of autonomy and the op-
timization potential is the control-measurement sys-
tem placed in the plasticizing system, due to which
the viscosity control of the processed material is pos-
sible (Fig. 10). On the basis of these measurements
and the pressure distribution pattern in the plasti-
cizing system, it makes the current correction of the
value of injection time, holding pressure or both these
parameters at the same time. The changes resulting
from differences in the processed polymeric materi-
als are compensated automatically and immediately
by the system, due to which the obtained products
are characterized by high quality and repeatability,
which is crucial for current production standards.

— -
J’ pdV
/ Vi

L
b |

— U

Data processing

- » »—e——Melt cushion

Fig. 10. The viscosity contol system of polymer melt in
the plasticizing system.

In order to introduce greater autonomy of ma-
chinery and equipment as well as in order to opti-
mize the injection molding production, vision sys-

Volume 11 e Number 2 e June 2020

tems (Fig. 11) are also implemented, not only en-
abling the visual control but also equipped with sys-
tems allowing for decisions concerning the use of the
molding (correct moldings, incorrect moldings).

Fig. 11. Vision systems — the quality control of manufac-
tured moldings, production optimization.

Such systems introduce a new quality to the is-
sues of the quality control and optimization of pro-
duction. They allow the control of 100% of the man-
ufactured details. The moldings produced are pho-
tographed several times in high resolution and the
obtained pictures are analyzed in real time. Depend-
ing on the demand of the specific type of produc-
tion, the system may analyze the molding in terms
of even tens of parameters. In the case of recognizing
non-compliance, the information is introduced to the
system concerning the nature of the defect and, sub-
sequently, the decision is taken autonomously, aimed
at its elimination without the operator. The system
is equipped (depending on the demand and quanti-
ty of the values controlled) with one to even several
cameras.

Discussion and conclusions

The implemented solutions of Industry 4.0 in the
branch of industry such as processing of thermoplas-
tic polymer materials allows for a substantial in-
crease in the parameters/indicators pointed out in
the introduction to the article. Current technolog-
ical solutions allow for significant robotization and
automation of processing with a simultaneous in-
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crease in autonomy of the production process. Learn-
ing machines are able to automatically optimize the
production process in order to manufacture lighter,
more durable moldings, characterized by very good
mechanical, thermal, optical, visual properties, while
using a much smaller amount of material and elec-
tricity for this purpose. The last factor seems to be
the most significant in the era of overexploitation of
natural resources.

Due to the implementation of these solutions,
KPI for the specific product become significantly im-
proved. The key parameters defined for the purpos-
es of this article have changed in the following ar-
eas (Fig. 12): for productivity, an increase by 400%
has been recorded, with an increase in production
performance from 70 000 pieces per year (the da-
ta prior to the introduction of the Industry 4.0 so-
lutions) to 400000 pieces manufactured at present
(the implemented solutions of Industry 4.0). More-
over, it should be noted that efficiency of production
has increased due to the application of a different
construction of injection molds. Over the years, their
geometry has evolved from one-cell, simple tools to
multi-cell (64-fold injection molds) or double system
2 x 48 (which gives a total of 96 cells manufacturing
details).

Productivity 70000 pcs
Efficiency

Quality

Cycle time

60 000 pcs

Waste

Energy consumptio

Fig. 12. Changes in the key parameters (KPI).

In relation to the indicator, the overall qualita-
tive approach is the following, prior to the launch of
the solutions proposed in the fourth industrial revo-
lution, the quantity of generated waste amounted to
about 15% of production, due to the adaptation of
modern solutions, defects have been reduced to the
level of only 3%. Defects and the issue of significant
improvement in the quality of manufactured mold-
ings are correlated with the quantity of waste gener-
ated in the production process (fewer errors, greater
repeatability and quality of manufactured details),
which translates into a decrease in the quantity of
generated waste (in the injection molding produc-
tion, only in exceptional cases, it is possible to fully
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eliminate waste). Waste reduction is the following:
the success consists in reducing the quantity of de-
fective units from 60000 to the level of 12 000.

The cycle time (for the analyzed case) should be
understood as the overall injection molding time with
the holding and cooling stage, in that case, produc-
tion was started with the cycle time of 3.2 s and,
due to the implementation of innovative solutions,
this time has been reduced to 1.9 s.

In relation to electricity saving, in the global ap-
proach to the injection molding, using modern ma-
chinery and instrumentation (and using the KERS
system), it is possible to reduce energy input by 35%.

Production flexibility has been significantly im-
proved due to the introduction of solutions such as
automation and robotization of individual technolog-
ical processes while reducing production cycle time
and reducing the amount of electricity used and er-
rors generated during production. In addition, the
system was designed in such a way that it would be
possible to connect further production sockets and to
acquire data from them. This facilitates supervision
of the current production process and facilitates the
introduction of further system solutions.

The analysis of the solutions of Industry 4.0 in
the field of plastics processing, presented in the arti-
cle, allows for better understanding of processes and
relationships occurring in the course of implementa-
tion of innovative solutions based on automation and
computerization of production machinery and equip-
ment. Injection molding machines manufactured cur-
rently as well as their accessories are autonomous de-
vices and are adjusted to broadly understood com-
munication as well as acquisition and exchange of
data. The knowledge in this field allows for better
understanding of the technological process and its
better control, which leads to improvement in pro-
ductivity and manufacturing high-quality products.
Better understanding of these mechanisms leads to
the more effective use of the potential of Industry 4.0.

It should also be noted that the solutions pro-
posed are not without drawbacks. The first of the
limitations one faces while introducing the fourth in-
dustrial revolution is the issue of economic justifica-
tion of such a purchase (when implementing a new
project, these costs can be determined and accepted,
in the case of the already launched projects, con-
tractors do not trust any changes). Another issue is
the awareness and technical culture of users. Lack
of understanding of the requirements and objectives
associated with various levels of the operation of In-
dustry 4.0 may lead to generating a greater number
of errors or a loss of control over the technological
process. One of the most important limitations and
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issues to consider is safety of use and communication;
processing machines stop being anonymous, they be-
gin communication using various aspects of the Inter-

net.

Ensuring safety of this communication is crucial

to ensure the continuity of production and maintain
the company’s secrets.

Further directions of the research will focus on

the analysis of the issue of Industry 4.0 from the
point of view of individual management layers and
communication in combination with e.g. ERP sys-
tems.
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