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Abstract: The paper shows researches on influence of lean tools on duration of the overhaul cycle in the process of VIPER turbo jet engines overhaul. The surveyed tools are the Nagara system, Just-In-Time and Layout. A simulation of a working process was done using Microsoft Project software tool in the real overhaul-production system. The research results showed certain regularities in the overhaul cycle proceeding. These regularities can certainly be used for evaluation of the analyzed lean concept tools influence on the effectiveness and efficiency of a production process of every overhaul-production system.
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1. INTRODUCTION
Nowadays, under the conditions of modern market, the aims in a working process of overhaul-production systems have to be set up for introduction of functional organizational arrangement of a certain working process which will enable a high level of flexibility in an organization and management oriented to a customer, with defined quality system, competitive prices on the market and as short as possible delivery time.
The design of functional organizational arrangement, measured through the effectiveness and efficiency of a working process, includes in itself organizational arrangement of variety groups of influential factors that are interdependent in many ways.  Their effect intensity affects the successful result of every working process and the development of overhaul-production systems. The final aim is to achieve as huge as possible effects using minimal invested resources, in other words, costs per a unit of technical system in overhaul process and/or services need to be as less as possible. In that way, the managers who lead a working process are forced to constantly eliminate those activities which cause loss for the enterprise using certain efficient methods, procedures and tools. Additionally, the minimizations are also transmitted to individual elements of organizational structure as spatial dimensions (object) retaining for that the power and position on the market. Therefore, the industrial system is reduced to meager, thin, relayed on something, dependant, and its structures become lean (lean management, lean engineering, lean development, lean production, etc.).                 The approach to building this kind of state is referred to as a lean concept, lean approach or lean doctrine.
The Lean concept has for its goal to eliminate loss sources or “free spaces” and these are basically useless time and losses made due to early investments in production of goods. Stock elimination is the largest problem because it requires the synchronization of very close processes, those which connect different functions within the industrial system.
This concept includes constant organization and management modernization. Those are activities for reduction of production costs through reduction of all manifested loss types and they are expressed in factory flows of materials, losses in jams on equipments, in information, energy, inventory management, design etc. In that way we create a system which will completely eliminate production losses, using what is fundamental for the production and what has influence on production price increase: equipment, material, labor force, time etc.
Systematic and constant researches on useless activities on all levels of working process and their elimination or reduction indirectly affect the quality and costs in industrial system. New methods for labor trainings – tools and developed information technology allows to accelerate the researches and ensures a continuous loss reduction and product quality improvement due to customer requests in all elements of a working cycle.
The Lean concept is referred to as a set of activities for the application of principles, methods and tools for systematic detection of useless activities (losses and mistakes) in a working process [2]. By their detection and elimination in industrial systems we influence general work efficiency: we reduce operational cycles, production cycles, material flows, we increase the utilization rate of space and energy, we build productivity relations in working teams on all levels of organizational structures, particularly for the purpose of production.
2. TOOLS AND METHODS IN PROCEDURES OF LEAN CONCEPT DESIGN 
Tools and methods which are used in the procedures of lean concept design can be presented as significant elements for development of industrial system    (Figure 1). As the Figure shows, which symbolically presents a house, the basis of everything is consisted of working teams, high-motivated workers, and a “5 x why – 1 x how” principle. The essence is not to be satisfied with the first answer but to search further until we find cause of some phenomena. That is the best way to come to a solution. The tools are given in random order, not in order of importance because they are all important. In addition to these tools it is possible to create and design other tools which give better results for certain conditions.
Diagrams of results and work process as well as the realization of VSM (Value Stream Mapping) analysis are bases for encouraging managers to make decisions to reduce losses and design lean concepts with given tools and methods. For this analysis software tools as eVSM (electronic Value Stream Mapping) and MINITAB statistical software can be very useful.
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Figure 1 Tools and methods in lean concept design
3. THE INFLUENCE OF LEAN TOOLS ON OVERHAUL CYCLE DURATION
Reaching shorter duration of overhaul cycle with more effective and efficient work processes in the reparation process of technical systems is in close relation with application level of lean concept, its principles, tools and methods. Experimental researches on its application are carried out in a real overhaul-production system in the overhaul process of VIPER turbo jet engine with the simulation of a work process by Microsoft Project software tools and they are oriented to three lean tools [3]:
1 Nagara system – it is observed the allocation of workers serving more workplaces or machines before and after introducing this tools by application of the interdisciplinary of an individual. (A factor);
2 Just-In-time (JIT) – in the research JIT was treated as a factor which observes time reduction in the work processes applying certain methods, tools and techniques, in other words, as a  set of methods and procedures which has for its aim to design a production process in the way to enable much more precisely reply to delivery demands (B factor);
3 Layout reconfiguration – Layout is observed before and after the introduction of this tool (C factor).
The tools were treated as factors and their analysis of effects on overhaul cycle time - Trc was processed by factor plan 23. In Table 1, according to [3], mean times of overhaul cycle - Trc (in hours) for all factors are shown. The analysis of their influence and their correlation have been solving with MINITAB software which is used for a complete regression analysis and variance analysis.



                     Table 1 Overhaul cycle time - Trc in hours: initial experiment matrix
	LAYOUT
	JUST-IN-TIME

	
	without
	with

	
	NAGARA SYSTEM
	NAGARA SYSTEM

	
	without
	with
	without
	with

	with
	LAYOUT 1
	334.92
	338.75
	323.75
	333.67

	
	LAYOUT 2
	333.67
	337.75
	321.08
	332.67


The Diagram of the influence of observed factors on an overhaul cycle - Trc is given in Figure 2.


Figure 2 Pareto diagram of the factor effects on overhaul cycle - Trc
The Diagram shows that the greatest impact on overhaul cycle duration has the B factor, and the A factor comes after it and then the AB factor combination. It is observed that the C factor and AC, ABC and BC factor combinations does not significantly affect the overhaul cycle duration. The regression analysis discovers and sorts the importance of individual factors according to the order:
1) Just-In-Time (JIT),
2) Nagara system,
3) Layout.
The behavior of main factor effects (Nagara system, Just-In-Time and Layout) of overhaul cycle is shown in Figure 3.


Figure 3 Effects of main factors during observation of overhaul cycle time
A layout of flat surface consisted of overhaul cycle time - Trc with two factors are given in Figure 4.


  


  
Figure 4 Layout of regression flat surfaces
The regression equation of the behavior of overhaul cycle time - Trc is acquired by regression analysis and is: 
Trc = f(A,B,C) = 336 + 7.36 · A – 8.48 · B – 1.48 · C          …(1)
The effects of the application of these tools are:
· The overhaul cycle is decreased from 28.3 to 47.8% in relation to the traditional approach to production process management in overhaul-production systems.
· The number of doers (workers) in a overhaul-production system is decreased for 51.5%. This particularly refers to the possibility to choose work potential of qualified and trained workers in performance of key work processes.
· It is avoided the system entropy which is created due to the presence of incompetent workers and who reject and delay performing assignments because of constant demands for help with state diagnoses.
· The layout significantly regulates flows of work objects arranging them in progressive and irretrievable flows.
4. CONCLUSION
The Lean concept presents a set of efficient and rational procedures in a systemic usage of principles, methods and tools in industrial systems for detection and elimination of useless activities (losses and mistakes) in work processes. This enables necessary conditions for harmonious performance of enterprise functions in a certain time and under certain environmental conditions. The Lean concept introduction affirms the tools which lead to effectiveness and efficiency of a working process what helps to create a productive atmosphere in overhaul-production systems to the satisfaction of workers, users of products/services and society in general. However, further improvements have to be directed towards Just-In-Time and the Nagara system. They are effective for the future work of an overhaul-production system, especially the Nagara system.
It is important to emphasize that the Lean concept is a continuous process and that the whole philosophy of overhaul-production system has to be adjusted to the constant process improvement and loss elimination in the system. Only in this way the overhaul-production systems will have long-term benefits from the Lean concept, and all that will contribute to the modernization of overall production and the rationality of mentioned systems in efforts to achieve as better results as possible under real work conditions.
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