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Abstract: 

Production bottlenecks (bottlenecks) are a critical issue for optimizing and increasing the efficiency of 

production processes. Detecting and analyzing bottlenecks is a fundamental challenge for modern 

manufacturing enterprises. Enterprises cannot ignore issues that significantly impact process efficiency. Those 

responsible for the production process need to find ways toeliminate bottlenecks and reduce wait times on the 

production line. The productivity of bottlenecks that disrupt process flow limits the capabilities of production 

lines. When classical methods fail to apply to complex cases, computer simulations are the appropriate 

choice.The article presents the results of an analysis of simulation models related to the operation of machines 

in the selected technological line of enterprises in the steel pipe production field. The primary goal of this paper 

is to determine the possibility of solving production bottlenecks through simulation software. The problem 

analysis is related to the application of Siemens Tecnomatix Plant Simulation software. 
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I. Introduction 

Modern production involves selecting products and reducing production cycles,costs and the time 

between product design and delivery. Strong competition among enterprises and changes in customer 

requirements have shortened production cycles, which forces manufacturers to make changes. To improve their 

operations, it is necessary to identify weaknesses in production processes and make appropriate changes.Every 

business faces limitations related to bottlenecks, which can negatively impact productivity. Localizing 

bottlenecks is a criticalissue in  production system. The study of bottlenecks in manufacturing is also a frequent 

topic of scientific studies. Production bottlenecks can lead to various consequences [1]. They can cause two 

significant problems in the manufacturing process. First, the loss of customers due to failure to  meet the needs 

adequately. Second, the accumulation of excess inventory in front of workstations where bottlenecks exist, 

resulting in additional storage costs. 

The development of computer science and enormous computing power has made the popularity of 

simulations that use appropriate software to predict changes on real objects and situations before making any 

changes. Advanced computer simulation technology is becoming important and becoming one of the most 

important elements of production management. The reason for this development is the need for companies to 

solve complex problems as soon as possible [2]. The development of programs to simulate processes makes it 

possible for any business to use them, regardless of configuration. This software is used for a number of 

examples in table design, management and storage [3]. Building a simulation model is a daunting task and 

requires a lot of information about reality (production). 

Simulation models allow evaluating different production options and their effectiveness. In addition, 

simulation enables the use of new strategies and processes, verification of production in the modified system, 

identification of bottlenecks in material flow, increased productivity while reducing inventory and reducing the 

cost of changes made [4]. 

 

II. Literature Review 

The document provides definitions of bottlenecks and will give different ways of dealing with them. 

According to the definitions mentioned the handling of bottlenecks in production and the fact that bottlenecks 

are formed in production with a production station or stage having to operate at 100% capacity [5]. If according 

to the knowledge we learn, using a certain tool up to 100% is extremely good and will exploit the full capacity 

of the machine, but to evaluate according to system techniques, this production process is having problems,  

inefficiency at work. 

A manufacturing station or machine that has a bottleneck is when it is operating at the highest level 

outside the permitted range, which risks causing disruptions in production [6]. From there, it will lead to 

problems arising such as: Delayed goods, congestion, time and costs are pulled up,… 
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A bottleneck is defined as a machine or production station that causes limitations in terms of 

production and output requirements of an entire system. Machines and production stations with bottleneck 

problems will often have extremely low production parameters, but the operating level of the machine is always 

extremely high, from which it can be seen that the working performance is not satisfactory [7].The bottleneck is 

often confused with the quality and capacity of a machine or workstation, and in practice manufacturing to 

handle this problem is extremely difficult without supporting tools. The bottleneck also entails an increase in the 

production time of the product, causing the stalling of an entire system. The bottleneck in normal life is very 

easy to determine, for example, when we are moving on the highway and encounter a toll booth, then the 

vehicles will have to slow down. If there are more toll booths on the highway, the time for us to reach the 

destination will be longer than originally calculated. 

 

 
Figure 1. 

 

Improving the manufacturing process and untangling bottlenecks to the production process is extremely 

important (Figure 1 presents the idea of bottlenecks). Before proceeding with that, it is necessary to find out 

where the bottleneck occurs to localize and make preliminary and specific assessments. 

After identifying the bottleneck in the system, the first stage in the process of removing the bottleneck in 

production [8]. Properly identifying bottlenecks helps us list the limitations of the system. The phases of 

defining bottlenecks will have constraints and these constraints are manageable on simulation software. 

Constraints: 

 Make decisions to use to remove bottlenecks  

 List the factors that depend on the choice of decision to remove the bottleneck  

 Eliminate bottlenecks  

 Go back to step 1 (If the bottleneck is removed) and overcome system limitations 

Because every system has its own constraints. So defining and removing some of those constraints means giving 

birth to new constraints, replacing old ones. 

Currently, the literature has methods to detect bottlenecks. But there are few specific studies in production and 

application of practical engineering simulation applications. So the problem here is that there are further studies 

related to simulation software. 

 

III. Research methodology 

 The study of production systems is a familiar topic in many research programs. To carry out research, 

there are many different methods and it is necessary to rely on actual surveys and data analysis evaluations. 

With the development of IT today, research has also become easier with computer simulation software [9]. 

This allows the researcher to build a simulation model that most resembles reality. It helps reduce risk, avoid 

failures or waste when making changes to the production system. 

With the above points of view and purposes, simulation can be used for two purposes: 

• Describe how the system works, understand the production process, identify system limitations. 

• Support researchers in decision-making. 

Production process modeling involves the creation of a virtual production process that allows simulations to be 

conducted and statistics to be collected. Statistics facilitate the execution of reports and a comparison of selected 

settings of parameters characterizing the production station. Computer simulation models can be freely 

improved and can change according to theresearcher's needs 
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Figure 2. Seven Steps to Conduct Successful Scientific Research [10]. 

 

System simulation provides an answer to the question of how the productionsystem will perform under 

different situations, according to previously calculated methods. The application of simulation models allows 

enterprises to choose more efficient production strategies. Simulation models are often used when it is difficult 

to find solutions to problems. This is arguably the best and most recommended method in researching and 

addressing the limitations of the system. 

 

IV. Simulation by Plant Simulation Tecnomatix 

The use of computer modeling and simulation in identifying production bottlenecks notes that creating 

a simulation model requires full knowledge of the object being modeled. Success in applying computer 

simulation to solve research problems lies in creating appropriate models and fully executing simulation 

experiments. Building a production system model and conducting an appropriate simulation experiment helps 

researchers successfully apply simulation models to solve research problems. To create a production system, it 

is necessary to compile the information and data necessary for the establishment of methods that can be used to 

solve problems. Simulation applications must also be carefully selected. 

The study involved the use of Siemens' Plant Simulation Tecnomatix software. The choice of 

application is based on its ability to meet the requirements of system simulation. In addition, there are also other 

simulation software on the market to simulate the production process, including [11]: 

• Arena 

• Matlab Simulink 

• ShowFlow 

Plant Simulation Tecnomatix was chosen due to the availability of resources for the software. This application 

allows simulation and analysis of products throughout the entire production process. This ensures sustainable 

planning of a production process prior to implementation as well as conducting analysis and optimization of 

existing processes. It combines the fields of technology, production engineering, and logistics. It also covers 

issues related to planning and design, through simulation and verification of processes. 

The goal is to achieve the simplest and most efficient model possible. However, it should be borne in mind that 

excessive simplification can lead to false simulation results, i.e., results that differ from the real state of the 

system under certain conditions. Simulations need to stick to real conditions.. 
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a) Modeling of Process Planning in 2D Environment 

 

 
b) Modeling of Process Planning in 3D Environment 

Figure 3. 2D and 3D models created by Plant Simulation Tecnomatix of the analysis process 

 

Model of a steel pipe production system (photo) was created with the use of Plant Simulation 

Tecnomatix software. Input data was determined based on known technological data of the process and data 

related to material flows during production. It is especially necessary to reflect the activities involved in the 

processing of individual components. 

Properly defining the basic properties of the system is crucial to achieving the right analysis results. 

The information collected was used to create virtual manufacturing processes and define their basic tasks. The 

creation of simulation models is based on approved assumptions regarding simulation.. 
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Figure4. Considering the necklace has a bottleneck 

 

Table 1. Processing time component in the workplace (seconds) 

Machine work Processing time (s) 

Plating mass measuring device 25 

Incubator NOF1 50 

Galvanized pan 45 

Automatic welding machine 75 

Vertical paint machine 45 

 

The research process consists of five workstations and auxiliary infrastructure used to transport semi-finished 

products. Analysis performed during a shift (6:00–14:00). 

An initial analysis of the chart led to the conclusion that the "Automatic Welding Machine" station was the 

bottleneck of the process being analyzed. Table 2 provides detailed performance results for specific stations. 

  

Table 2. Detailed statistics in the basic model 

Work stations 
Working 
time (%) 

Standby time 
(%) 

Time congestion 
(%) 

Plating mass measuring device 33.53 0.2 66.2 

Incubator NOF1 66.8 0.1 32.9 

Galvanized pan 60.0 0.2 39.7 

Automatic welding machine 99.7 0.2 0.0 

Vertical paint machine 59.8 40.1 0.0 

 

Detailed data analysis confirms that the bottleneck in the studied example is the station "Automatic 

welding machine", which is used with 99.7% strength, while the rest of the time is spent on pre-planned breaks 

in the production process. It can be observed that the "Automatic Welding Machine" station causes significant 

deadlock at the "Plating Pan" station, reaching 39.7% of the simulation time. Furthermore, the bottleneck was 

identified causing an increase in active stocks as well as the gradual blocking of the "Plating Pan" terminal. It 

also enforces the waiting time for semi-finished products at the Vertical Paint Machine station. 
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Table 3. Statistics, capacity and maintenance information of production machines in November 2022 

 
 

The dashboard provides statistics on variance, capacity, time to evaluate the performance of each machine, and 

issues to be fixed. 

where 𝑋  is the variance is the average operating time of the machine through measurements. 

MTTR = 
𝑀𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒  𝑡𝑖𝑚𝑒

𝑀𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒  𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦
 this value will be in different intervals depending on the specific requirements of 

each system, which when calculated, will give appropriate assessments. 

 

V. Results and discussion 

 
Figure5. Graph % operation of machine assemblies before removing bottlenecks 

 

Figure 5 shows the congestion in the machines and with the red line in the image showing the actual 

operability of the model compared to the available time is only 60% and positions such as the NOF1 Incubator 

and the Plating Pan are the two locations that are blocked. This is the bottleneck that needs to be addressed. And 

Table 4 shows the percentage of actual uptime at locations vs. available time. 

 

Table 4. The percentage of real production uptime, lag time compared to available time is. 

Object 
Workin

g 

Set-

up 

Waitin

g 

Blocke

d 

Powering 

up/down 
Failed 

Stoppe

d 

Pause

d 

Unplanne

d 

Plating mass measuring 
device 

33.36% 
0.00
% 

0.00% 66.64% 0.00% 
0.00
% 

0.00% 0.00% 0.00% 

Incubator NOF1 66.70% 
0.00

% 
0.00% 33.30% 0.00% 

0.00

% 
0.00% 0.00% 0.00% 

Galvanized pan 60.02% 
0.00
% 

0.01% 39.97% 0.00% 
0.00
% 

0.00% 0.00% 0.00% 

Automatic welding machine 

1 
99.99% 

0.00

% 
0.01% 0.00% 0.00% 

0.00

% 
0.00% 0.00% 0.00% 

Vertical paint machine 59.99% 
0.00
% 

40.01% 0.00% 0.00% 
0.00
% 

0.00% 0.00% 0.00% 
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Figure6. Extended model of the analysis process 

 

The extended (improved) model as shown in Figure 6 when adding an Automatic Welding Machine aims to 

address the bottleneck in Figure 5. 

 
Figure7. Expansion pattern efficiency chart (after removing the bottleneck) 

 

According to Figure 7, the red line shows that expanding the pattern helped us solve the bottleneck. 

The actual operating time of the model compared to the available time has increased by more than 70%, the 

congested positions have been resolved (except for the Mass Measuring Device position: this is an area where 

the working time is much shorter than other positions so it always ends earlier than other jobs). Table 5 shows 

the percentage of actual uptime at locations vs. available time. 
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Table 5. Detailed statistics in the extended model 

Work stations 
Working 
time (%) 

Standby time 
(%) 

Time congestion 
(%) 

Plating mass measuring device 50.0 - 49.9 

Incubator NOF1 99.9 - - 

Galvanized pan 89.9 10.0 - 

Automatic welding machine1 74.9 25.0 - 

Automatic welding machine2 74.9 25.0 - 

Vertical paint machine 89.9 10.0 - 

 

Comparing Tables 4 and 5 we see an increase in real time (real production time) between before and after 

expansion. According to Table 6, thanks to the increase in time, the output (capacity) of the machine also 

increases. 

Table 5.3. Compare output (output, input), machining time at the machine 

Machine (cluster) Before After Uneven 

Plating mass measuring device 23059 34566 11507 

Incubator NOF 23053 34560 11507 

Galvanized pan 23047 34559 11512 

Automatic welding machine 23029 34558 11529 

Vertical paint machine 23038 34556 11518 

Plating mass measuring device 23059 34566 11507 

 

Through the two cases before and after removing the bottleneck as above, we clearly see the output, the 

operating time of the machine has been significantly improved. Avoid wasting resources and costs when 

producing. 

 

VI. Conclusions 

The study aims to show the problem of bottlenecks and how big of a bad impact it has on the production system. 

And our team has also found the right solution for this problem. That is the application of Plant Simulaiton 

simulation software. 

The research conducted confirms the applicability of Plant Simulation software in simple production process 

analysis. The use of computer simulation tools allows to predict the operation of the production line and provide 

some system behavior.  

This also confirms that the influence of IT and science on production is in fact increasingly large and important.  

Modeling and simulation of production systems using by  using Tecnomatrix  Plant  Simulation  helps  

manufacturers  to increase  the  productivity  and maximize  the  utilization  of resources. 

. 
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