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Summary: Flexible manufacturing systems (FMS) characterized by high price and costs exploitation, therefore must take account of all stages of lifecycle, focusing on the required and possible techno-economic effects of their application. Defining the necessary technological and economic basis for the development and implementation of FMS, requires very complex and reliable-economic analysis that will show the reasons for selecting the most favorable variant FMS and appropirate elements.
In this paper are show the technological basis for the development and implementation of FMS, for example, group of shaft manufacturing.
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1. INTRODUCTION 
Considering to complexity of the problem economical exploitations of flexible manufacturing systems,  the solutions which are very expensive in terms of winning andmanufacturing, on the one side, and which must provide reliable effects on the market or in exploitations, on the other side, efforts related to versatile technical and economic analysis in their design and implementation are justified. [1]
By applying the concept of group technology (GT) it's possible to create the necessary basis for determining the elements of FMS and which will be applied in the process of designing an appropriate range, in reference to family of parts and products. These requirements, it's possible to created based on analysis of all the necessary parts from the observed range, or based on a appropriate analysis of representative items. On machining modules of FMS performs the corresponding manufacturing processes of individual parts which make up a family of parts. It is certain that constructive-technological solutions of individual modules influence the effect of manufacturing the appropriate process, such as technology solutions of manufacturing process for individual modules to influence those effects [2 ,3 ,4].
In this present case for formed a part families, are shows the methodology for defining technological basis for the development and implementation of FMS, for example turning process of shaft group.
2. METHODOLOGY FOR DEFINING TECHNOLOGICAL BASIS 
The proposed approach to development and application of FMS is composed of three basic phases: Defining the technological basis for the development and implementation of FMS, Evaluation and selecting elements of FMS and Modeling and simulation of FMS.
The methodology for defining the technological basis for the development of FMS is composed of the following tasks:

· Analysis of the production program,
· Forming part families,
· Design and selecting complex parts,
· GT process planning,
· Specify the process plan and the determination of time of individual process,
· Determining the level of complexity and number of elements FMS,
· Evaluation of application effects of FMS.
3. CASE STUDY-DEFINING TECHNOLOGICAL BASIS 
The main task set refers to the development and implementation of FMS to produce formed group of shaft by type of serial production (Table 1).
Table 1. Basic information about the group of shaft
	Order Part Number
	Identification code of part
	Volume of production (pcs/yr)
	Mass of part
(kg)
	Price
(EUR)

	Shaft 1
	100.011
	2000
	2,1
	50

	Shaft 2
	100.012
	3000
	2
	65

	Shaft 3
	100.013
	4000
	1,9
	65

	Shaft 4
	100.014
	2000
	1,8
	75

	Shaft 5
	100.015
	4000
	2,1
	75

	Shaft 6
	100.016
	2000
	2,1
	80

	Shaft 7
	100.017
	6000
	2,2
	80

	Shaft 8
	100.018
	5000
	2
	80


Based on geometric and technological characteristics  from the group of parts, is projected the imaginary complex part, with the appropirate features (Fig.1).
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	Fig.1 Complex part of technological group of shafts


On the basis of the projected complex part, volume of production and other necessary information, is projected GT process plan. In this process plan is a key turning process (op30), that is implemented on a CNC lathe.

3.1 Determination of cycles time for group machining process
Group manufacturing process plan and the corresponding processes allow precise definition of the process plan for any part, including the representatives parts of the appropriate part families. [3 ,4 ,5]
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. Contents of the developed methodology will be achieve on example of group turning process of shaft group. 
3.1.1 Graph-analytical method
To determine the necessary cycle time of machining process during the observed parts group by graph-analytical methods, must be extracted using technologically simplest and most complex part of that group and based on the group process designed to achieve  precise process. As a criterion for the selection of the simplest and most complex part of the group commonly used procedure in the observed number of machining operations.
Total cycle times of machining process during one process groups of products or parts, can be determined from the expression:
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where are:
· Qi- volume of production individual parts of group
· tci- cycle time of machining process for certain parts of group
Cycle time of machining process (tci), which, as it's known, include the basic (main) and auxilary time, are determined from a diagram similar. In the observed case diagram cycles times a group of shafts on the turning process on a CNC lathe, has the look as in Fig. 2. The diagram shows the dependence cycles times and number of operations, the simplest part has 7 operations and cycles time of 4.8 min/piece, and the most complex part has 14 operations and cycles time of  8.7 min/piece. 
Cycles times of machining process within individual parts of group can be defined graphically, using the diagram in Fig. 2 or analytically, with the prior determination of the coefficient that describes the direction of change cycles times depending on the number of operations (z).
Based on the pictures, we see that the coefficient of direction k:
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For example, the shaft 3 which in this process has 10 operations, cycles time of machining process is calculated as follows:
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	Fig. 2 Dependence cycles times of turning process on the number of operations


In table 2, there are data on cycle time of turning process some parts of the group, obtained using methods observed.

Table 2. Data for cycles times of turning process
	Designation of part (shaft)
	100.011
	100.012
	100.013
	100.014
	100.015
	100.016
	100.017
	100.018

	Cycles time
(min/pc)
	4,8
	5,9
	6,5
	8,1
	7
	7,6
	8,1
	8,7


According to the following information is provided total cycles times of turning process  observed technological group by (1), which is:
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3.1.2. Method based on a representative parts of technological group
For the observed group should choose a part representative of applying ABC analysis, which specifies the machining process the related GT process plans, and then determine the cycle time of machining process representative parts (tkp). 

On the basis of volume, mass, value of the ABC analysis, according to Table 3, the part representative regarding shaft groups, the selected is shaft 7. Figures 3a and 3b shows the quantitative and mass ABC analysis, where can see the dominance of the 7th shaft.
Table 3. Data for ABC analysis
	Name of part
	Volume of production    Q (pcs/yr)
	Mass of part
m (kg)
	Value
V (EUR)
	Q

(%)
	m

(%)
	V

(%)

	
	
	kg/pcs
	kg/yr
	EUR/pc
	EUR/yr
	
	
	

	Shaft 1
	2000
	2,1
	4200
	50
	100000
	7,14
	7,34
	4,89

	Shaft 2
	3000
	2
	6000
	65
	195000
	10,71
	10,49
	9,54

	Shaft 3
	4000
	1,9
	7600
	65
	260000
	14,29
	13,29
	12,71

	Shaft 4
	2000
	1,8
	3600
	75
	150000
	7,14
	6,29
	7,33

	Shaft 5
	4000
	2,1
	8400
	75
	300000
	14,29
	14,69
	14,67

	Shaft 6
	2000
	2,1
	4200
	80
	160000
	7,14
	7,34
	7,82

	Shaft 7
	6000
	2,2
	13200
	80
	480000
	21,43
	23,08
	23,47

	Shaft 8
	5000
	2
	10000
	80
	400000
	17,86
	17,48
	19,56
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	Fig. 3a Quantity ABC analysis
	Fig. 3b Value ABC analysis


To determine the cycle time of machining process observed group, is determined by the reduced quantity of parts of the group (Qr). Reduced quantity of parts are determined by the expression [6]:
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where are:

· Qi - number of different parts of the group
· ri - reduction degree of the ith part
The reduction degree of a certain part of the observed technological group (ri) includes the reduction of mass (rm) and complexity (rs). Degree of technological complexity of certain parts of the group is determined by the ratio of the machining operations of individual parts and the number of machining operations appropriate representative parts. Reduced quantity of all parts of the groups determined by the expression (5), and presented in Table 4.
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(5)
Total cycle time of turning process of observed technology group of shafts during the processing on a CNC lathe is:
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(6)
Table 4. Reduced quantity for group of shaft
	Product
	Qi 
(pcs / year)
	mi

(kg/pcs)
	rm
	rs
	ri
	Qri

	Shaft 1
	2000
	2,1
	0,955
	0,700
	0,669
	1340

	Shaft 2
	3000
	2
	0,909
	0,833
	0,758
	2280

	Shaft 3
	4000
	1,9
	0,864
	0,867
	0,749
	3000

	Shaft 4
	2000
	1,8
	0,818
	0,967
	0,791
	1580

	Shaft 5
	4000
	2,1
	0,955
	0,933
	0,891
	3560

	Shaft 6
	2000
	2,1
	0,955
	0,967
	0,923
	1840

	Shaft 7
	6000
	2,2
	1,000
	1,000
	1,000
	6000

	Shaft 8
	5000
	2
	0,909
	1,000
	0,909
	4540

	ANNUAL QUANTITIES  Qr=
	24140


3.2 Calculation of FMS application effects
For the case when is doing to products that belong to one group, the total time of  occupation machining module is determined by the following expression:
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(7)
If we assume that the observed production system to work me = 250 days/year. in two shifts of the day se = 2 shifts/day, with ne = 7.5 hour/shift and the level of utilization ηe = 0.8, its effective capacity according to [6] will be Ke = 180,000 min./yr.
Based on previously calculated data for cycles times for the two considered methods, and taking that ns = 10 ser/yr., can be determined time occupation, the number and level of utilization machining modules to be observed the turning process. Based on the budget of machining systems N adopts the Nu like as an integer.
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4. CONCLUSION 
GT process plan for the technology groups allow precise manufacturing processes of their representatives, thus creating high-quality technological base for the development and implementation of FMS. By defining the content of group process plan and the corresponding manufacturing processes and operation on the basis of real or imaginary complex parts, creating a technological basis for the selection of types and levels of certain elements of the FMS for individual processes.
Calculation of the necessary capacity, or number of FMS for certain processes into group process plan of manufacturing certain technological groups, based on a specified cycle time of machining process of representatives, reduced quantities of a group or a diagram of similarity, and this provides a solution, complex tasks in a rational, sufficiently reliable way. The developed methodology was verified on the example shown technological group of shafts.
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