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SIMULATION AS A TOOL IN LEAN 

ENVIRONMENT  
 

Abstract: Modern business is significantly different from 

traditional philosophy. Companies which nowadays 

successfully operate in a dynamic environment are 

facing many challenges. In order for the business to 

survive and be improved, it is necessary to use modern 

tools and techniques of quality concepts and 

methodologies in the field of management.  

Lean concept, as a support to the system of production 

management, enables the improvement of the quality of 

existing and developing processes. A shorter production 

cycle, removing of buffers and the reduction or complete 

elimination of time that does not add any value to the 

product are achieved by implementing lean concepts in 

industrial systems. Using Lean management tools, future 

improved state was developed and simulated. This paper 

focuses on simulation in the production system. The 

simulation provides dynamic models with varying 

production performance results, unlike the application of 

a value-stream mapping tool. 
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resource, simulation 

 

1. INTRODUCTION  
 

The current process of globalization of the 

world market and the complexity of the 

business environment are modern business 

conditions that are not easy for organizations 

to adapt to. This problem is both present in the 

developed market economies and in transition 

economies. Managers of modern organizations 

are required to gain proper understanding of 

the changing process and the application of 

appropriate knowledge and techniques in order 

to constantly increase the efficiency and 

effectiveness of the organization. In order for 

the business to survive and be improved, it is 

necessary to use modern tools and techniques 

of quality concepts and methodologies in the 

field of management.  

Modern organizations are aware of the 

importance of people working for them, 

because people actually represent a competitive 

advantage. Therefore it is often pointed out that 

people are the organization and vice versa. 

Intensive and rapid development of new 

technologies requires new forms of 

organization which are consistent with the 

requirements of new technology and dynamic 

changes in the business environment. One way 

to adapt is the use of international 

standardization with the aim of establishing 

distinctive methods and techniques for the 

design, implementation and improvement of 

organizational systems.  

Every system created by the man has its 

purpose and its customers/consumers who want 

a product or service on time, a satisfactory level 

of quality, as well as corresponding prices. 

Lean philosophy has the potential and 

possibilities to design exactly such a system. 

By introducing lean manufacturing, a 

continuous process is established for permanent 

systemic identification and elimination of 

unnecessary business activities, that is, 

everything that does not represent a value from 

the customer's perspective is eliminated. Hence, 

in times of crisis, costs are significantly 

reduced and this allows small but long-term 

financial benefits which is key to achieving 

long-term and sustainable competitive 

advantages. On the other hand, if for a moment 

we ignore the current crisis in the modern 

business environment, where the product life 
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cycle is drastically reduced; lean manufacturing 

allows the company to respond adequately, 

quickly and successfully to a variety of end-

user requirements, both in terms of low 

price/costs and in terms of quality, time and 

innovation. 

 

 

2. LEAN ENVIRONMENT 
 

Lean concept helps to create an industrial 

system based on real customer needs and 

continuous improvement in all work processes. 

 Lean thinking can be described as an 

ability to achieve effective solutions that 

provide lower costs and therefore higher profit 

for organizations, as well as employees’ and 

consumers’ satisfaction. It also allows defining 

of all the activities which add value to the 

product from the user's perspective. 

Lean concept has been developed into a 

model of production management in the context 

of improving the quality and engineering 

processes where reorganization process is 

performed through the identification of five 

principles (Womack and Jones, 1996):  

 defining the value of the product for 

customers,  

 determining the value flows, 

 creating value flows, 

 introducing the principle of "pull" and,  

 striving for perfection [1]. 

 Nowadays, companies tend to include 

these principles in their work processes, but 

they are usually implemented only in specific, 

and very rarely all, functions. These five 

principles lead to the understanding of the lean 

approach in companies, because only their joint 

application including all functions of the 

production system can significantly improve 

and enhance production. 

 

 

3. SIMULATION AS A TOOL 
 

Modern manufacturing systems are 

expensive and complex in all domains. They 

require constant investments through all stages 

of their life cycle. In order for an investment to 

have desired effects, business decision makers 

need to apply the right tools. Making the right 

decision is made difficult by the inability to 

experiment with the real production system in 

order the right decision that would meet their 

expectations could be made after a series of 

experiments. In these conditions, simulation is 

often applied as an effective tool in making 

strategic decisions. 

Simulation models are models of dynamic 

systems, i.e., systems that change with time. 

They mostly refer to models that neither can be 

described directly nor solved using 

mathematical techniques. Their typical 

application in the field of mechanical 

engineering includes queuing models, 

production processes, storage, material flow, 

etc. The result of simulation modeling is to 

obtain the value of a dependent variable for 

each independent variable. In order the 

observed problem could be completely 

analyzed (by observing the behavior of a 

system for different values of the independent 

variables) using simulation modeling, it is 

necessary to make a number of experiments to 

obtain a set of points and values of dependent 

variables for each independent variable.  

Specifics which require simulation 

modeling (Figure 1), including all modeling 

methods, are based on the application of 

computer and information science [5]. 

 

 
Figure 1 - Structure of the simulation 

 

3.1 The software tool for Lean environment 

 When we build a conceptual simulation 

model, it is necessary to translate the computer 

model which will be used for the 

implementation of experiments and for 

generation of results. This process consists of 

two stages. The first phase is to decide which 

type of software will be used to create a 

computer model (Arena, Simul 8, Tecnomatix 

etc). In the second phase, the conversion of a 

conceptual model into a computer model is 

performed using appropriate simulation 

programs.     

 Tecnomatix Plant Simulation is a software 

system which is designd for modeling, 

simulation and optimization of manufacturing 

process planning. Optimization of 

manufacturing process planning using this 
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software system is based on time-oriented 

simulation and event-oriented simulation. 

Modeling of technological processes and the 

creation of simulation models of real 

production processes by applying Tecnomatix 

can be performed in 2D and 3D environments. 

 

 

4. LEAN AND SIMULATION - CASE 

STUDY 

 

 Using a practical example (rotor 

production line) shows how the application of 

simulation modeling and the introduction of 

lean manufacturing concept can shorten 

production cycle.  

 

4.1 Current state - modeling of the 

production process 

 

 Before modeling the manufacturing 

process, technical documentation and realistic 

monitoring of the production process of the 

rotor in the company were analyzed. The 

manufacturing operation and the analysis of the 

proposed production system with the aim to 

eliminate the identified faults and opportunities 

for continuous improvement led to the layout of 

the current state of the manufacturing process, 

Figure 2.  

 

 
Figure 2 - The layout of the current state of the 

system 

 

To obtain the time required to produce one 

of the series (700 pieces) in the present 

conditions, i.e. the current state of the system, 

the measurement was performed separately for 

each machine. As a result of modeling the 

manufacturing process of the rotor, the 

simulation model with the following times and 

work on every machine downtime during 

production was obtained, Table 1.  
 

 

 

 

Table 1. The times of machines  

 
 

Comparing the total time of production 

obtained by the simulation model, 10h 08min 

29s, with times from Table 1, it can be 

concluded that the machines work 50% of the 

time planned for work, while the rest of the 

time they wait, Figure 3. 

 

 
Figure 3 - Diagram of machine state during the 

manufacturing process 

 

4.2 Modeling the future state of the 

manufacturing process of the rotor 

 

 The description and definition of the future 

state is the result of the conducted analysis and 

the model of the existing state of the system for 

which certain shortcomings have been observed 

and opportunities to improve work processes 

discovered. 

 By modeling the future state of the 

manufacturing process (Figure 4) and 

performing simulation, the time is obtained that 

is needed to produce a series with calculated 

waste material, namely 10h 32min 59s. 
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Figure 4 - The layout of future state system 

 

 The analysis of the data in Figure 5 leads 

to the conclusion that the production process 

takes place following the same principles as in 

the present situation, i.e. minimal changes in 

the working time and waiting on the machine. 

 
 
 

 
Figure 5 - Diagram of machine state during the manufacturing process 

  

By analyzing the future situation, it can be 

concluded that the production cycle of 700 

pieces takes 24 minutes and 30 seconds more 

than the current situation, where the output is 

668 pieces, which does not meet customer 

demand. In the present situation it is necessary 

to put into production additional 32 pieces and 

spend 2h 14min 50s. Based on the analysis, it 

can be concluded that future state gives an 

output of 700 pieces and thereby shorter 

production cycle of 1h 49min and 40s is 

achieved in comparison to the current situation. 

 

 

5. CONCLUSION 
 

Managers of modern organizations are 

requiredt to gain proper understanding of the 

changing process and the application of 

appropriate knowledge and techniques in order 

to constantly increase the efficiency and 

effectiveness of the organization. In order for 

the business to survive and be improved, it is 

necessary to use modern tools and techniques 

of quality concepts and methodologies in the 

field of management.  

The main objective of the implementation 

of lean concept in the production process is to 

provide an affirmative reply and to give an 

explanation to the question: "Can the 

introduction of lean concept in the company 

increase the effectiveness and efficiency of its 

production?" 

By simulating the production process, 

which is meant to be improved, it is possible to 

shorten the production cycle in a company by 

introducing lean principles through the 

application of quality tools and techniques (JIT 

production, Nagara system, 5S, arrangement of 

equipment in the spatial structures of the 

system).
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