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Abstract.  

Research background: In today's global world and many major market 

players, companies are forced to streamline and optimize their processes. 

They can use many methods for this purpose. One of the modern and 

innovative methods is process simulation. Simulation is experimenting 

with a computer model of a real production system in order to optimize the 

production process. 

Purpose of the article: The purpose of this article is to point out how it is 

possible to optimize processes in a manufacturing plant using a simulation 

tool. 

Methods: The main methods used were mainly method of analysis and 

simulation software Tecnomatix Plant Simulation, version 15.0.5 from 

Siemens company. The authors used the method of analysis both in the 

processing of the theoretical basis of the problem, as well as in the analysis 

of processes in the manufacturing company. This analysis provided 

important information inputs for creating a simulation model that reflects 

the current state of material flows in the company. 

Findings & Value added: The results were obtained based on performed 

experiments with the created initial model of the current state of material 

flows. These experiments were performed using a tool of genetic 

algorithms that are part of the simulation software. The parameter that was 

assessed in the individual experiments was the production time of the 

entire production plan. Based on the process simulation, it was possible to 

reduce this time, which increased the production efficiency and throughput 

of material flows in the production plant. 

Keywords: simulation; optimization of processes; genetic algorithms; 
model of logistics flows; innovation 

JEL Classification: C53; C61; C63; D24; O30; L6. 

 
*Corresponding author: zdenka.vidrova@fpedas.uniza.sk 

SHS Web of Conferences 92, 0 (2021)

Globalization and its Socio-Economic Consequences 2020
8023 https://doi.org/10.1051/shsconf/20219208023

  © The Authors,  published  by EDP Sciences.  This  is  an  open  access  article  distributed  under  the  terms  of the Creative
Commons Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/). 



1 Introduction
There is no denying that today's digital world is pushing businesses to use advanced 

simulation tools in business practice. They are important at every level of the product life 

cycle, especially in the process of design, analysis and optimization of production and 

logistics systems. The great advantage of these tools is that they allow changes in existing 

production systems by experimentation [1]. Therefore, simulation and modelling will 

become an integral part of the planning and control of the processes of the factories of the 

future [2]. [3] argue that companies rely on the power of simulation every day to gain a 

competitive advantage in their market. 

The popularity of simulation is constantly increasing, mainly due to its wide use for 

analysis and modelling of systems in various application areas, such as production or 

business processes [4]. The simulation has its irreplaceable place in almost every area and 

the possibilities of use are wide. It is a tool for a better understanding of process behaviour 

and the search for optimal solutions [5]. It is modelling and simulation that give managers 

the opportunity to test of how the proposed logistics system will work and evaluate its 

optimality based on the assessment of costs and performance parameters [6]. 

Simulation of logistics systems is one of the statistical-experimental methods. Its basic 

principle consists in a simplified presentation of a real system through a simulation model. 

The simulation model describes only those properties of the real system that interest us in 

terms of the problem. After verification of the validity of the model, a set of simulation 

experiments is performed with the model. Individual variants of simulation experiments 

represent individual proposals, "improvements" of the simulated system. It is necessary to 

realize that the results obtained by the simulation are probable quantities and it is necessary 

to work with them accordingly [7,8]. Although the simulated system should reflect the real 

one, the authors [9] argue that there are differences between these two systems, which only 

become apparent when solving both. 

The simulation in logistics can be used, for example, in the case [10,11]: 

• analyses of the performance of the production and logistics system (elimination of 

bottlenecks, optimization of running times and stocks, determination of the system's 

performance limits), 

• dimensioning of transport and handling systems, 

• optimization of picking and shipping processes, 

• inventory optimization, 

• examination of variants of control and layout systems (e.g. push and pull systems), 

• balancing production and assembly lines. 

Currently, there is strong software support for the simulation of production and logistics 

systems, which allows the entire simulation process to be visualized and to define virtually 

any configuration of the output message from simulation experiments [12]. For the needs of 

solving the study we selected, we chose simulation software from Siemens based on the 

recommendations of experts in this field. 

2 Methods
The research took place in a large manufacturing company based in the Slovak 

Republic, which is engaged in the production of rolling bearings in the segments of the 

automotive, aerospace and textile industries. In the analysis and simulation, we focused on 

selected bearings designed for the automotive industry, which form the main segment of the 

company's sales. 
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2.1 Process sheets and flow charts 

The first and necessary step for obtaining relevant data was the analysis of the production 

process, respectively, material flow, which was built mainly on its observation. We have 

chosen process sheets and flow diagrams as complementary tools for observing the 

production process. Within these tools, it was necessary to distinguish individual types of 

operations within the production process (production logistics). They are shown in the 

following table together with a more detailed description.       

Table 1. Types of activities in manufacturing  

Type of activity Characteristics 
Operation Technological operation, assembly, change of physical or chemical properties 

Transportation Move from one place to another 

Manipulation 
The material or object is prepared or modified for operation, storage, 

inspection, transport 

Control, testing Verification of the quality or quantity of an item 

Storage Storage and protection against improper handling 

Source: [6] 

Making process sheets in combination with flow charts allowed us to get a picture of the 

material flow model in this company. This analysis revealed the current "problems" of the 

company. We have found that before a finished bearing is formed, the material has to travel 

really long distances, which also leads to time losses. From the observation of the 

production process and its analysis, we can also define the causes of these problems. The 

most important thing is to define the main problem, from which many others arise - the 

continuous production time of one type of bearing is up to 21 days. This information was 

confirmed to us by the chief technologist. 

Based on a thorough analysis, we were able to define the factors that led to this 

problem, respectively, they act directly on the logistical arrangement of the material flow. 

First, we start from the layout of the workplace, i.e. the arrangement of machines and 

equipment in production halls. When we look at the production of this type of bearing, 

which by the way belongs to the most numerous group in the manufactured portfolio, 

machines and equipment according to the sequence of individual operations are not located 

in one production hall, so there are huge material transfers, which further directly affects 

material handling and also and related time losses. Another factor, that greatly affects the 

production time of the bearing, is the capacity of individual machines and equipment. The 

problem is that while the machine can process many parts in the first operation, these parts 

must "wait" before further operations, which are performed on machines with lower 

capacity. This creates downtime for individual semi-finished products and thus also for 

material flow. 

2.2 Creating a simulation model

Obtaining this data was necessary to create a model of the logistical arrangement of the 

material flow. For this purpose, we have chosen a very progressive and innovative tool - 

Tecnomatix Plant Simulation software, version 15.0.5. from Siemens, the use of which in 

Slovak companies is not so widespread. This software tool is designed to simulate discrete 

events and helps to create complex digital models of different types of systems, e.g. 

logistical, and allows the investigation of their individual characteristics, for their 

optimization and evaluation. To achieve the most holistic approach to the real-time 

simulation model, the SimTalk programming language can be used and individual blocks of 

the model can be programmed according to user requirements [13]. Some authors have 
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decided to extend the usefulness of TPS software, for example by simulating a 

morphological creative method [14]. 

Output data from the analysis of the production process were used as input data to the 

simulation model, mainly: 

• technological process of production, 

• sequence of production operations, 

• assignment of specific machines to given production operations, 

• duration of production operations, 

• recasting time of machines, 

• arrangement of machines within the layout of the production plant, 

• the need for unit staff, 

• inputs of the production process, 

• outputs of the production process, 

• production plans (annual, monthly, weekly, daily). 

For the purpose of creating a simulation model, we selected three groups of bearings, 

namely K2291, R2242 and R2021. Each of these types has a similar production process, 

which means that before the finished bearing is created, its individual components must be 

produced - shaft, outer ring, cages. Subsequently, these components are assembled into the 

bearing. We selected these types as a representative sample because they are produced in 

the largest batches and can therefore save considerable costs. 

To create the structure of the simulation model and a study for a given implementation 

of the material flow, it is necessary to use specific elements offered by the simulation 

software. For the purposes of our study, we chose the following elements, which we further 

worked with: 

• representation of material flow, 

• representation of information flow, 

• in-process control 

• resources (input material / raw material), 

• movement of elements within the model, 

• connectors, 

• entry entity, 

• output entity, 

• work group, 

• statistical report of production, 

• production routes, etc. 

The model that was created represents the current state of material flows. If we want to 

change this state and find out how it affects the overall production, it is possible to change 

the following parameters with respect to the real state: 

• number of employees (operators, logisticians), 

• production plan and production batch sizes - in this case, genetic algorithms can be 

used that generate different combinations of production batches and look for the best 

possible solution, 

• variability of production, etc. 

Due to the limited scope of the article, we do not provide an extensive preview of the 

material flow model drawing as output from the Tecnomatix Plant Simulation software. 

2.3 AutoCad  

When analyzing the production process, we also worked with the AutoCad program, which 

is mainly used for designing production halls. The advantage of the simulation software is 

also the possibility to pair it with the AutoCad program, i.e. we will have a precisely 
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displayed production hall in the simulation space. Then all you must do is set AutoCad to 

the real scale of the production plant. This setting eliminates the need to manually measure 

the distances of individual machines and the length of the material flow. Thanks to the 

pairing with the AutoCAD program, the simulation software can calculate it itself based on 

the location of individual work paths in the simulation space. We analysed the K2291 

bearing before using the simulation software, and in this case, we measured these distances 

manually and based on this analysis we were able to create process sheets and flow charts. 

In some cases, however, it is not possible to use AutoCad in simulation software, 

because the original project documentation is completely different from reality. This means 

that to simulate, we need to get a digital 3D model of the real state in production. 

Practically the only meaningful way is 3D scanning. A point cloud is a set of data in the 

coordinate system (x, y, z) that represents the outer surface of a scanned object. 3D Point 

Cloud models are generated from these points. By scanning existing companies, cloud 

points are created, on the basis of which entire 3D models of the company (production hall) 

with its complete structure are created, including machines, equipment, columns, walls, 

roads, etc. Business models can be directly integrated into the 3D Plant Simulation 

environment [15]. 

2.4 Genetic algorithms

Within the simulation software it is possible to use several methods and tools, thanks to 

which it is possible to optimize processes. For example, the authors [16] used the Value 

Stream Mapping tool in their research as part of the functions of simulation software. We 

decided to use genetic algorithms. The function that we decided to monitor and at the same 

time minimize was the continuous production time of three types of bearings. The input to 

the genetic algorithms was the production plan and thus the size of the production batches 

of individual components. Using genetic algorithms, it was possible to create a huge 

number of combinations and thus select the best (optimal) variant according to 

predetermined parameters. 

3 Results
After the end of production within the simulation model, we can look at the production 

statistics, which will provide the company with relevant data. Given the size range of the 

tables, we will not list them in the article, but we will mention what statistics this tool can 

provide us: 

• waiting times, 

• process times during the day, 

• filling the capacities of individual machines, 

• properties of material flows, 

• total working time, 

• total production time, 

• distance travelled by individual workers, 

• machine setting time, 

• process blocking time, 

• downtime, 

• occupancy of employees, 

• occupancy of machines, etc. 
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We also used these statistics to change the conditions of the model, which could be applied 

in real production and it would be possible to improve the overall results of the production 

process and its efficiency, respectively, optimize the production process. In total, we tried 

three simulations, in which we wanted to improve (optimize) the current, real state. The 

function we wanted to minimize was the total production time of the selected three types of 

bearings. At present, the company also must deal with this problem. For the target variable, 

we could also choose, for example, the cost of recasting, the length of the material flow, the 

handling time, the number of machines, etc. 

3.1 Simulation no. 1

Our goal was to reduce the total production time of three selected types of bearings during 

the simulation. The total production time is greatly affected by the production technology 

(sequence and duration of operations on individual machines) and the layout of the 

company - long distances between individual machines extend the handling time. Since 

changing these factors is not easy and would require time, we tried to come up with another 

solution. The length of production time is also affected by the arrangement and size of 

production batches. This means that we started from the company's current production plan 

and tried to change it according to the requirements of optimization using the genetic 

algorithm tool, which is part of the TPS software. For the subject of optimization 

(improvement), we chose the total production time. 

We decided to use the real production plan for the month of May 2020 of three selected 

types of bearings, also individual bearing components. The sizes of the production batches 

of shafts and outer rings must be identical, as they become part of the finished bearing 

when assembled in one piece. The material flow of each component is marked with a 

different colour in the simulation model for better identification.  

The total number of batches produced for all three types of bearings at the end of 

production had to be 53 - the total number of 53,000 bearings, as one batch contains 1,000 

pieces. After running the simulation, which reflected the real conditions in the company, 

the original production plan was completed in 37,146 days. During this time, 53 000 pieces 

of bearings were produced. 

When entering the conditions for starting genetic algorithms, it is necessary to choose 

whether we are looking for a minimum or a maximum of a function; number of generations 

and size of generation. Each generation learns from the previous one. The more generations 

and the larger the generation size we choose, the more time consuming the background 

calculations will take. On the other hand, it is better to choose a higher number, because 

there is a greater chance that individual generations will learn more and achieve an optimal 

result, which would not have happened with a small number of generations. After the 

advice of an expert from practice, we chose 30 generations and the size of the generation 

also 30. Based on the number of generations and the size of generations, we can find out 

how many simulations will be performed according to the following formula: number of 

simulation runs = observations per individual * (generation size + 2 * generation size * 

(number of generations - 1)). 

The genetic algorithm tool changed the order of batches within the production plan to 

find the lowest production time. The best production plan, of all simulated ones, was 

fulfilled in 30.54 days. By rearranging the production batches, we could therefore save 

almost seven days. However, we must note that the sizes of the production batches did not 

change due to the real situation, only the order of these batches changed. In this case, the 

recasting time of individual machines also played a big role.  
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3.2 Simulation no. 2

The principle of the second simulation is very similar to the first. The difference is that in 

this case the size of production batches also changed - we tried to intuitively combine small 

production batches into larger units. This would also reduce the number of recasts of 

individual machines. We applied the tool genetic algorithms to the production plan 

modified by us and again we were looking for the best solution - the lowest number of 

production days. 

Such a production plan would be completed in 30,536 days, i.e. a little shorter than in 

simulation 1. The following graphs can also be used to present the results from the genetic 

algorithms tool. In the first case, the x-axis shows the number of generations and the y-axis 

the number of production days. Here we can observe that generations have learned from 

each other and gradually achieved the best possible result under these conditions. 

 

 

Fig, 1. Solution development using genetic algorithms (30 generations). 

Source: output from TPS 

The second graph shows simulations within the last, thirtieth generation, where the x-

axis shows the size of the generation and the y-axis the number of days of production. 
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Fig. 2. Solution development in the Generation 30. 

Source: output from TPS 

3.3 Simulation no. 3

Simulation number 3 will be based on the results of simulation no. 2 but will be different 

from the previous ones. We therefore chose the best rated plan from simulation number 2 as 

our initial production plan. In this case, we did not use genetic algorithms to find the best 

solution, but we worked with bottlenecks. Every system is as strong as its bottleneck. The 

capacity imbalance of the machines is a persistent problem in this production plant. In the 

detailed analysis, we found that there are mainly two bottlenecks in the production plant, 

namely the BDE25CNC and KMA101E machines. This problem can be eliminated in a 

simulation environment by changing the number of machine dimensions - from one 

dimension to 2. This means that in a simulation environment we test what results will be 

achieved if these machines process twice as many components in the same time - from one 

machine would two machines working in parallel were created. This seemingly simple 

change brought very surprising results. We found that if the problem of these two 

bottlenecks were eliminated, 53 000 bearings would be produced in as little as 22,957 days. 

If we compare this result with the real situation in the company, the reduction of production 

time is up to almost 39%. 

The advantage of the simulation is just saving time and money, as well as other 

indicators, as changes do not need to be tested first on real production and observe the 

results. It is possible to try it first in a simulation program and only then apply it to real 

production in case of better results after the change. 
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4 Discussions
Based on the simulation software, we created a model of the logistics arrangement of 

the material flow in a specific manufacturing company. We decided to create a model of the 

production of three types of bearings, which are among the most widely produced. We 

consider the human and financial factor to be the biggest limits when working with the 

Tecnomatix Plant Simulation 15. In this software it is possible to use several functions and 

methods and simulate virtually any type of production. However, the quality of the 

simulation results depends very much on the user of this software. Working in this software 

is demanding and requires knowledge of the SimTalk programming language, which is 

specific only to the software. The company obtains a lifetime license by purchasing the 

software, but this amount may not be acceptable to every business. However, if companies 

want to simulate their processes, they do not have to buy this software. All they must do is 

turn to an expert in the field, who will process the project for them according to their 

specific requirements. 

The contribution is an output of the project VEGA 1/0619/20 Fundamental research of quantitative 

and qualitative determinants of enterprise innovation potential and innovation performance in relation 

to increasing its competitiveness. 
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