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Summary: Flexible manufacturing systems (FMS) represent at the same time production technology and production philosophy. FMS represent one of the ways that the manufacturing system while achieving the high level of flexibility and automation, that is considered to be agile. Design, selection and application of modern flexible manufacturing systems, or its individual elements, requires a detailed analysis and definition of a wide range of technical and economic basis for the selection of optimum solution in terms of accuracy, reliability,mobility, flexibility, productivity and economy.
In this paper exposed an approach, or methodology for the development and implementation of flexible manufacturing systems. The methodology is based on the technological basis that are formed on the principles of group technology, application of simulation techniques and multicriteria optimization.
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1. INTRODUCTION 
The basic characteristic of he development of modern production is reflected in the continuous expansion of market demand in terms of product range and product quality, reduce cost and delivery times. These requirements impose the solution of manufacturing systems, which are based on the effects of automated large-batch and mass-production manufacturing in terms of productivity and efficiency, and effects of small batch and mass production in terms of flexibility, reliability and mobility, therefore the development and application of FMS [1].
Basically FMS are intended to produce one or more families of products and parts, with the development and implementation based on the application of the concept of group technology [2].
The basic units of a modern FMS are numerically controlled machine tool, especially at today's level when they are multi-functional machines that integrate despite the different treatment processes (turning, milling, drilling, grinding, etc.), and various technologies (heat treatment, metal forming, etc.). Integration of such machines by means of manipulation systems, measurement/control systems,  transport systems, as well as their control by computer, leads to creation of FMS of various levels of complexity [3, 4].
In practice, there are many complex levels of FMS [5]:

· Flexible manufacturing module (FMM)

· Flexible manufacturing (assembly) cell (F(M/A)C)

· Flexible manufacturing group (FMG)

· Flexible manufacturing line (FML)

· Flexible production systems (FPS)

Modern flexible manufacturing systems because of its high production and technological capabilities, high prices and costs in terms of investment required to ensure their rationale exploitations. Taking into account all the complex conditions of production and marketing of products, you need a systems approach to the design and implementation of FMS, or their elements, with different levels of automation and flexibility.
2. REVIEW METHODOLOGY
The proposed approach or methodology consists of three stages or phases, which significantly can be apply integral and simultaneously or separately (Fig. 1):

· Technological basis for the development and implementation of flexible manufacturing systems

· Evaluation and selection of elements flexible manufacturing systems

· Modeling and simulation of flexible manufacturing systems
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	Fig. 1 Phases of development of flexible manufacturing system


3. PHASES OF DEVELOPMENT FMS
3.1 Technological basis for the development and application of FMS
The first step in setting up the technological basis includes analysis of production program and manufacturing processes appropriate products. Starting from production program, or parts, appropriate technical-technological documentation forming the appropriate part or product families.
By defining the content of group technology (GT) process for a particular part families determine the types and levels of machining systems, while defining the type and content of a particular group of operations will provide a basis for selecting the type and level and other elements of FMS, such as tools, fixtures, measuring and control systems, etc. GT process planning is performed based on complex part representatives from the part families, that may be real or imaginary [6].
Group manufacturing processes and operations allow precise definition of the process plan for any part, including the representative part of a part family. In order to make rational and rapid determination cycle time of machining process is necessary to precise machining process for corresponding representatives part, in depending on the method used to determine this time. These methods are used for the determination of the machining time (tg), auxiliary time (tp) and setup time (Tpz) for families of parts. They are in practical implementation are used as analytical or graphical methods, or:
· Semigraphical method (or just the graphical and analytical)
· Method based on the representatives part of part families
In both cases, the methods provide approximately determination cycle and setup time, which is in manufacturing practice, given satisfactory results in determining the norms of time for certain machining process, and thus the basis for determining the number of machining systems and establishing a degree of their utilization. In the second paper, shown example of defining the technological basis for the development FMS for manufacturing part families of shaft, through the application of the both methods for defining cycle time of machining process.
Based on the geometric characteristics of parts from group, requirements provided  from process planing and characteristics of available resources choose the level of complexity of elements FMSs.
3.2 Evaluation and selection of elements FMS
For the selection of most appropriate solutions FMS elements in the process of their design and development using a number of multicriteria optimization or decision making methods.

Multi-Criteria Decision Making (MCDM) refers to the decision problems where inherent a very large number of different alternatives and criteria. In order to bring a good decision, it is necessary to describe the alternative definition of appropriate criteria. It is also necessary to define weights for each criterion, and the importance of each criterion in relation to others. After that, in every aspect especially evaluate alternatives based on strictly defined criteria or subjective evaluation. The way that manifest that score depends on the chosen method used to solve the problem. 
Today there are many methods of MCDM and depending on the method used as a solution can be obtained: ranking of alternatives, the best alternative, or set of alternatives that meets certain conditions.
The decision process consists of a certain stage, between which there are similarities and differences, but almost all methods can be reduced to the next stage in the process of decision making [7]:
· Identifying and defining problems,
· Defining a set of alternative solutions,
· Defining a set of criteria for evaluating alternatives and their weights,

· Evaluation of alternatives,

· Selection of alternatives.

If the stages of decision making adds and two phases, the application of the selected alternatives and evaluation of results that would determine whether the problem is satisfactory, obtain the process making decision in general, or the process of solving problems.
In the present approach, the problem of the choice of alternatives and criteria is greatly facilitated by the fact that in the first stage determines the required number and level of complexity of certain elements of FMS.
The existence more of MCDM, some of which should maximize and some minimize, it means that to decisions are bring in conflict conditions and for solving MCDM tasks must implement instruments that are more flexible than strict clean mathematical optimization techniques. For this purpos have been developed a number of methods MCDM which is as important can be separated: AHP, PROMETHEE, ELECTRE, TOPSIS, Delphi, etc. [8]. 
The paper [9] is an example choice of machining system for turning process part families of shaft, using multicriteria AHP methods.
Other than listed method for solving complex problems of making decision in engineering practice often used multicriteria methods optimization that are based on: methods of value assessment (method of total value, the methods of group selection based on indicators tehnical-economic levels ,etc. ) and LSP method –Logic Scoring of Preference [10].
3.3 Modeling and Simulation of FMS
For designing and creating spatial structure of manufacturing systems, in addition to the design of process planings, it is necessary to determine and other data, or standards relating to time, technological capacity, material, surface manufacturing facilities, energy, inland transport, and the best schedule of these manufacturing resources, as elements of FMS.
These complex tasks that require the development of optimal solutions FMS and related manufacturing processes, today successfully solved by modeling and simulating of manufacturing systems and processes using appropriate software systems [11].
Simulation of manufacturing processes using an appropriate software system to simulate, as carefully and directed experiments on the computer, is done in the general case when:
· Design a new manufacturing system,

· Advance the manufacturing process in the existing manufacturing system,
· Introduces new program production in the existing manufacturing system.

In all the above cases, the simulation of manufacturing processes can be separate four main stages of its realization [12]:
· Assessment and collection of data from real manufacturing conditions necessary for the development of simulation models,

· Set the target simulation and development simulation model,
· Simulation experiments on the computer,

· The interpretation and application of simulation results.

In the modeling of manufacturing processes is necessary to define the contours of manufacturing space in which to place elements of FMS and other parts of the manufacturing system. In defining the tasks and goals of the simulation of manufacturing processes at the core most important questions [13]:
· What the technological mobility expected,

· What is the best number and distribution of manufacturing resources,
· What is the optimal level of manufacturing,

· What are the best strategies of organization and realization of manufacturing,
· Where are the best location and the optimal size among baffers, etc.

Development of a simulation model, which refers to the model of the production process, is solved in several iterations of the conceptual model to the final model, which provides optimal results of the simulation. Thus developed model represents the best solution manufacturing process, which is to adopt with additional analysis, or if necessary, later corrected [11].
To simulate the process of manufacturing family of product using the program system for simulation, the model of the manufacturing process must include the following important information [14]: 

· The spatial distribution of elements FMSs,

· The distance between the machining systems and other resources,
· Defined making technology flows,

· Defined time process and operation,

· Defined way of performing the sequence of process and operation,

· Defined objects for monitoring and recording the results of simulation,

· Analysis of simulation results and others.
4. CONCLUSION
Exposed to approach the development and implementation of flexible manufacturing system aims that for a specific product program and production requirements make selection decisions of FMS with a high technically and economically effects. 

Three observed phase of FMS can be used integrally or individually to solve certain tasks related to creating a technological basis, the simulation of manufacturing processes and multi-criteria decision making in the selection of elements FMS.
Presented methodology was applied to set the basis for the development of FMS for manufacturing of part families shafts.
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