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The aim of the paper is to introduce the digital twin concept as part of the Industry 4.0 strategy. In the 
form of a case study, the procedure and outputs of the simulation of a specific production plant together 
with its intermediate storage and output for the next plant are presented. In the research part is presented 
a simulation model of production lines and intermediate stock with material flow representation. At the 
beginning of the research the analysis of production and logistics processes was carried out. The next 
part describes the programming methods used to record and redirect material flows between individual 
lines and stock. The simulation method using simulated production line models enables the digitization 
of dynamic production processes in enterprises. We expect that in the coming years there will be an 
increase in demand for the creation of simulation models of production systems in modern manufactu-
ring companies that will try to implement the Industry 4.0 strategy and thus increase their competitive-
ness. 
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 Introduction 

Currently, new technologies are developing very 
rapidly and enter into our lives and into industrial pro-
cesses. Digitalization and automation are finding their 
way into various industrial sectors. The megatrend of 
digitalization covers many areas of today's life such as 
production, which is of particular economic impor-
tance. In this context, the topic of the fourth industrial 
revolution, known as Industry 4.0 (I 4.0) or smart ma-
nufacturing, has continued to develop in recent years 
[1]. We live in an era when we are significantly con-
fronted with new social trends which affect the living 
environment, sustainable life, migration processes, 
global social changes, and economic innovations, as 
well as new technologies and more efficient use of ar-
tificial intelligence [2]. Industry 4.0 also brings funda-
mental changes in production and human society that 
deserves ethical recognition and solutions. We per-
ceive the future not only as a scientific and technolo-
gical challenge, but also as an issue of ethical impor-
tance and potential ethical risks. Therefore, the civili-
zation changes, such as the adaptation to the parame-
ters of a new society under Industry 4.0, call for ethical 
caution and moral sensibility in order to reduce, or 
even eliminate, potential negative impacts on humans 
and their existential conditions. 

Development in the industry has been heading by 
improving the production processes from automation 
to their digitization. The latest trend in businesses is 

implementation of the Industry 4.0 strategy, which 
predicts the future development of digital production. 
Many authors deal with the characteristics and the de-
finition of the concept of Industry 4.0. Bauer [3] has 
defined Industry 4.0 like an intelligent real-time, hori-
zontal and vertical integration of humans and ma-
chines with objects and information and communica-
tion technology systems (“digitalization”) to enable a 
flexible and dynamic management of complex systems 
[3]. Industry 4.0 philosophy and the associated met-
hod of digital factory require a wide range of tasks and 
skills to be managed for their successful application 
and efficient operating. One of the key competencies 
for their reliable operation is mastering computer si-
mulation of various logistics processes that take place 
within the enterprise [4]. 

Simulation is the reproduction of a real system 
containing dynamic processes in simulation models. 
In a broader sense, simulation involves the prepara-
tion, implementation and evaluation of specific expe-
riments using a simulation model. The model is a sim-
plified replica of a planned or real system characteri-
zed by processes in another system. Tecnomatix Plan 
Simulation (TPS) is a simulation tool that helps to cre-
ate digital models for systems such as production to 
generate system characteristics and optimize perfor-
mance. Digital models allow experimentation with 
scenarios without disturbing existing production. 
They can also be used in the planning process long 
before the changes are introduced into the production 
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process [4]. The Tecnomatix solution through simula-
tions optimizes business processes that determine the 
ability to deliver the product faster. Tecnomatix makes 
it possible to match the production capacities with the 
proposed intent from product development to deli-
very to reduce the lengthy introduction of processes, 
thereby improving their quality, and ultimately to 
increase company flexibility, market share and brand 
value. Creating a simulation model is currently a major 
challenge for businesses with ambition to engage in 
the modernization of their processes through the la-
test trend in enterprise digitization, Industry 4.0. 

 Literature review about Digital Twin phe-
nomenon 

Industry 4.0 is based on the so-called Cyber-Phys-
ical Systems (CPS), which consist of a physical and a 
virtual part. Physical systems include actuators and 
sensors that collect data and transmit it over a 
network. Virtual counterparts of physical systems map 
physical parts, monitor them, and use their data to 
control the actuators of the physical element [5], crea-
ting a closed-loop circuit. Digital twins (DT) are often 
discussed in this increasingly complex work environ-
ment. They also implement the mentioned closed-
loop approach [6], but focus on simulating different 
scenarios. DT contains various types of data such as 
product specifications and designs, production pro-
cess models, performance data and other knowledge 
representations [7]. Thus, due to this consolidation of 
heterogeneous data, DT can be considered a multidi-
mensional and multilayered cognitive artefact. A co-
gnitive artefact is a man-made object that contains ex-
ternalized knowledge or memories that help accom-
plish a task [8]. 

The original purpose of DT was to determine the 
condition and behaviour of the aircraft by digital 
mirroring based on mathematical models, historical 
and current data. Since 2012, DT has also been discus-
sed in other industries. The application of this concept 
was extended in 2014 from Product Life Cycle Ma-
nagement (PLM) to the manufacturing area [9]. Since 
then, the number of scientific publications on the sub-
ject has increased significantly in each subsequent year 
[10]. While initially three basic elements were identi-
fied (physical component, virtual component and in-
terconnection between them) five conceptual compo-
nents were later proposed [10]. As such, DT consists 
of a physical entity, a virtual entity, a system of servi-
ces, data, and connections between them, all of which 
are equally important. Only two-way data exchange 
between virtual and physical objects allows the DT 
concept [11]. According to this understanding, the 
data, apart from the original three parts, constitute a 
central component of DT, since they are necessary to 
generate new knowledge. This concludes that at an 

abstract level, DT can be considered a cognitive arte-
fact for the manufacturing context in industry 4.0. The 
DT concept has evolved into a virtual-physical con-
cept that is related to CPS and the latest definition of 
human-to-industry interface 4.0. On this basis, we 
conclude that DTs are a comprehensive management 
tool for CPS that explicitly reflects human interacti-
ons. DT can therefore be characterized as a socio-
technical systém [12]. 

As an evolving digital replica of a physical system, 
Digital Twin becomes a key technology enabling cyber 
production, as shown in Figure 1. The Digital Twin 
cannot be used solely to model and simulate system 
development to support system design or validation 
[13, 14], but can also support operational and manu-
facturing services to optimize operations and predict 
failures. The Digital Twin idea of paradigm shift is de-
signed for an integrated vehicle health management 
system that allows flight safety and reliability [15]. The 
Digital Twin conceptual model is presented by inte-
grating structural deformation and temperature calcu-
lations to predict the life of aircraft structure [16]. A 
low-energy health monitoring system with data purifi-
cation has been developed for a cybernetic machine 
[17]. As a tailor-made model, Digital Twin employs 
data-based simulation models based on physics and 
intelligence to offer valuable clues about how an error 
would occur and how to proceed. To ensure good 
consistency between the physical system of interest 
and the digital model created, it is important to explore 
how to design the Digital Twin model to properly re-
present the real conditions associated with the physical 
system [18]. 

 

Fig. 1 The Digital Twin architecture for digital manufactu-
ring [18] 

 Materials and methods 

In the research we dealt with the process of crea-
ting a digital twin of a specific production plant by cre-
ating its digital simulation model. It was a model of the 
Machining department in a company engaged in the 
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production of brake calipers for the automotive 
sector. Tecnomatix Plant Simulation (TPS) was used 
to design a digital twin of real production lines and lo-
gistics. The research was carried out through a case 
study on selected lines of analyzed plant. 

3.1 Simulation procedure 

Simulation of the production line in the TPS envi-
ronment is an effective method for solving our re-
search objectives aimed at analysing the line processes 
efficiency. The outputs of the preformed simulation 
are resource statistics, from which we can determine 
the cost of individual workstations and thus determine 
the effectiveness of the solution. 

Tecnomatix Plant Simulation (TPS) is a simulation 
tool that enables you to create digital system models 
to help you define the system characteristics and opti-
mize performance. Digital models allow us to experi-
ment with scenarios without disturbing the existing 
production being able to use them in the planning pro-
cess long before the changes are introduced into the 
production process. Extensive analytical tools, such as 
narrow space analyses, statistics and graphs allow you 
to evaluate different production scenarios. Simulation 
of results provides the information needed for quick 
and reliable decisions in the initial stages of production 
planning. Using TPS, we can model and simulate ma-
nufacturing systems and their processes. In addition, 
TPS allows you to optimize the material flow, resource 
utilization, and logistics for levels of production plant 
planning, through local plans to specific lines [19]. 

3.2 Analysis of production and logistics processes 

The research is carried out as a case study of a pro-
duction plant in a Slovak machine-building company 
dealing with the components for the automotive 
sector production. Due to sensitivity and data pro-
tection, we do not provide the name of the plant, spe-
cific lines and analyzed components. 

The first step in creating the simulation model was 
to analyze the manufacturing processes. In the re-
search we solved five production lines in the Machi-
ning department, where machining operations are per-
formed on the brake caliper holders. We named the 
lines LA, LB, LC, LD and LE. Each line consisted of 
one to three machines, the first machine for initial ma-
chining and the rest for finishing. Machining operati-
ons and transfer of parts between stations are perfor-
med automatically. Tables 1 and 2 show the individual 
processing times we worked on to create the models 
[20]. 

Based on the production plan, the products are de-
livered from stock to individual lines for the first ma-
chine tools. Delivery of the product to these machines 
from the warehouse is ensured by a forklift, which also 
ensures transportation of material to the Galvani-
zation department after the completion. After the first 

machining, the product is placed in an intermediate 
warehouse, where on the basis of the established pro-
duction plan are delivered subsequently the products 
for the second and last machining. LC and LA lines 
were selected to create a case study. 

Tab. 1 Machining processes for the LC line [20] 

Station Process Time 

S1 loading and unloading 21 s 

S2 
threading M6x1 

drilling D5,05 / 8 
milling D20 

33.4 s 

S3 
drilling (drill D8) 
drilling (drill D3) 

27 s 

S4 roughing (rod D56,6) 15.9 s 

S5 milling Ø310 26.5 s 

S6 
the whole stab of the dus-

ter 
24.7 s 

S7 jigging Ø57 22.8 s 

S8 groove TK D59,5 22.4 s 

S9 
milling D16 

drilling D 18,5 
34.6 s 

S10 rinse 5 s 

Tab. 2 Machining processes for the LA line [20] 

Station Process Time 

S1 
loading and unloading of 

parts 
22 s 

S2 
milling D 50 

side time 
17.3 s 
2.9 s 

S3 
thread M14x2 

drilling D12,05 / 16 
side time 

7.9 s 
9.3 s 
4.5 s 

S4 

thread formation 
M9x1,25 

drilling D 7.8 
side time 

8.6 s 
8.5 s 
4.9 s 

3.3 Creation a simulation model as a tool for creating 
a digital twin 

When designing the model we used real data, 
which were measured in production in cooperation 
with the company employee. It was necessary to coll-
ect relevant information when creating the simulation 
model of the hall. These were data on individual lines 
(processes, operating hours - tables 2 and 3), routes 
(dimensions of logistic routes) and logistic processes. 

Simulation model Machining department consists 
of five modules representing each section of the ope-
ration. We divide them into the main module and sub-
modules. The main module represents the complete 
manufacturing plant and thus the simulation model as 
a whole. The sub-modules are divided into: produ-
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ction lines, warehouse, intermediate storage and out-
put for the subsequent Galvanizing department. Using 
the above modules, we can keep the simulation clear. 
It also provides the possibility of easier work with in-
dividual sections or their modifications. For a clear 
description of our research conducted in the case 
study, we chose a module covering LA and LC machi-
ning lines, including in-process logistics, intermediate 

storage and output in the module - Figure 2. The mo-
dule contains buffer elements that are reserved for 
material containers. Buffer_LC_IN represents where 
the material is unloaded and which will then be pro-
cessed on the appropriate line. In the case of LC_Gal 
and LC_MS, this is the space for the material to be 
processed, which is waiting for transport to the inter-
mediate storage or to galvanization [20]. 

 

Fig. 2 Simulation model of the module with LA and LC machining lines, in-process logistics, intermediate storage and output 
 
Figure 3 shows a simulation model of an LC line 

consisting of two machines. For each line, there is a 
table in which the product name is entered and how 
many pieces have been processed on that line.  

 

Fig. 3 Simulation model of LC line in TPS 

 

Fig. 4 Method for sorting material through Flow Control 
[20] 

 
The sorting of the material into the respective ma-

chines in the simulation model is controlled by the 
Flow Control element. This element contains Method 
that provides this function (Figure 4) [20]. 

The requirement to create spreadsheet outputs 
from individual lines is necessary for other creation 
processes of digital twin of production.  The following 
are examples of obtained outputs from line simulation 
models that will be used to create a digital twin. 

3.4 Simulation results 

The simulation models have been programmed to 
record the actual production status in the summary ta-
bles for registering the outputs from the Machining 
department to Galvanization department. Two sum-
mary tables were created from the output for Galva-
nization department in the simulation model. The first 
table (Table 3) shows the total number of containers 
from the individual Machining department lines that 
went to Galvanization department. 

Tab. 3 Table summarizing the number of containers from in-
dividual lines 

 String 1 Integer 2 
String Container Number 
1 LA 85 
2 LB 29 
3 LC 95 
4 LE 149 
5 LD 149 

 
In order to get more information and a better over-

view of what material left Machining department, a se-
cond table was programmed in TPS (Table 4). All con-
tainers that have left the Machining department are re-
corded in this table during the simulation. From the 
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table it is then possible to read from which line the 
container came and what material was stored there, to-
gether with the number of machined pieces and the 
indicated time and date when this occurred. 

Table 4 is provided by the method shown in Figure 
5. This method works by comparing the entered na-
mes with the container name and then registering the 
required data in the table. 

As was presented in this chapter on the example of 
creating tables of statistical outputs from analyzed li-
nes, it is possible to program data collection in simu-
lation models and create outputs in the form of tables 
or graphical outputs. Writing of the required data to 
the tables, as shown in the examples, is provided by 
methods (Figure 5). Data are written to the tables in 
the program and then are automatically written to the 
Excel file after the simulation is completed. And they 
then make the output which is subsequently used in 
the digital twin in real time – online. Working with 
data transmission, their analysis and decisions about 
the next process on the line, is the goal of the digital 
twin, which will be compiled in the future to control 
the processes in the analyzed operation. The data 
transmission will be performed using sensors, suitably 
located on the line. The created simulation models 
provide high flexibility in changing the capacity of the 
workstation, the number of products, materials, trans-
port and machining speed. It is possible to implement 
the changed data into created models, which allow to 
create more detailed models with automatic recalcula-
tion of statistical data. Such information and data can 
be used by technologists, production planners or eco-
nomists for various areas of business processes. The 
risk of misrepresentation of reality in the simulation 
model may be an inaccurately created model or in-
correctly entered data. 

Tab. 4 List of materials from the output for Galvanization 
department 

Container Product Units Time and date 
Conta-
iner_LB 

LB_P_1 192 2. 1. 14 0:47 

Conta-
iner_LB 

LB_P_1 192 2. 1. 14 0:47 

Conta-
iner_LB 

LB_P_1 192 2. 1. 14 0:47 

Conta-
iner_LE 

LE_P_1 90 2. 1. 14 0:57 

Conta-
iner_LE 

LE_P_1 90 2. 1. 14 0:57 

Conta-
iner_LE 

LE_P_1 90 2. 1. 14 0:57 

Conta-
iner_LE 

LE_P_1 90 2. 1. 14 1:28 

Conta-
iner_LE 

LE_P_1 90 2. 1. 14 2:06 

Conta-
iner_LE 

LE_P_1 90 2. 1. 14 2:06 

Conta-
iner_LE 

LE_P_1 90 2. 1. 14 2:06 

Conta-
iner_LE 

LE_P_1 90 2. 1. 14 2:38 

Conta-
iner_LA 

LA_P_1 189 2. 1. 14 2:40 

Conta-
iner_LA 

LA_P_1 189 2. 1. 14 2:40 

Conta-
iner_LA 

LA_P_1 189 2. 1. 14 2:40 

Conta-
iner_LB 

LB_P_1 192 2. 1. 14 2:44 

Conta-
iner_LB 

LB_P_1 192 2. 1. 14 2:44 

Conta-
iner_LB 

LB_P_1 192 2. 1. 14 2:44 

 
Fig. 5 Method for creating a list of materials from the output for Galvanization department [20] 
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 Conclusion 

The aim of the research was an initial analysis of 
the processes on the line, the creation of a simulation 
model as a basis for the creation of a digital twin. The 
digital twin is a digital image of a real production sys-
tem. The benefit of the digital twin is to depict proces-
ses in a simulation model and optimize them, strea-
mline and increase productivity of production proces-
ses, and identify bottlenecks in production. Using the 
simulation model is it possible to monitor the current 
state of production in operation and in case of any 
changes to compare the results between real and simu-
lated - fictitious model. It allows to identify potential 
shortcomings and to improve future proposals for 
change before they are actually put into practice. The 
advantage of the created simulation model is the pos-
sibility to simulate a longer period of time, by means 
of which we can get a general overview of processes 
in operation also over a longer period of time. Given 
that real data was used in the creation of the digital 
twin, the company is able to compare the simulation 
results with the data which are available from specific 
production analyzes. 

Industry 4.0 constitutes also a fundamental turning 
point that deserves ethical appreciation and solutions. 
The peculiarities of this paradigm should also be ex-
plored within ethics and enter, in a constructive man-
ner, the discourse in the area of science and research, 
both within professional socialization and within the 
area of institutionalization of ethical tools in order to 
minimize, to a maximum possible extent, the ethical 
risks and potential negative consequences of new 
technologies and use of digital data in relation to 
customers and partners. New ethical responsibility will 
have to be defined in relation to employees, stakehol-
ders, and the environment. In order to implement 
these plans, it will be necessary to develop and form 
new dispositions and new approaches. The participa-
tory role of the applied ethics, ethical consulting, and 
ethical expertise should be compatible with such 
unusual requirements and new mission.      

The digital version of the Machining Department 
was designed using the Tecnomatix Plant Simulation 
program. The model consisted of several modules that 
represented individual sections of the operation. This 
division of the model ensured the transparency of the 
simulation model and in the future simplified modifi-
cations of the simulation without the need for major 
interventions into the production hall model. The ad-
vantage is that the model itself creates MovableUnits 
-MUs, which represent individual products, that me-
ans, it does not need to do manually. The simulation 
model assists in optimizing, streamlining and increa-
sing the productivity of production processes, and can 
be used to modernize and introduce changes in pro-
duction. 
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