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Summary: Pneumatic brakes have, at their heart, the distributor valve. These react precisely to changes in brake pipe pressure and provide the corresponding brake pressure in cylinder. Modern valves are sophisticated pieces of technology, providing load-dependent braking for various specific brake types. Reliability of distributor valve is extremely important for the functioning of the air brake system. In paper is show reliability analysis of distributor valve based on the collected time to failure seals of distributor valve.
1. INTRODUCTION
Freight wagons are main transport means used to provide railway transport of goods and realize main income of each railway administration. The railway success depends on their mobility (validity and contemporariness) and massive commercialization, so it is not surprising that the Railway Administration through International union of railways deals with issues of modernization, standardization and unification of wagons preventively, and in the program of their own development. One of the components of freight wagons that conditions their application in exploitation of domestic and international traffic, while also represents an essential factor for their safe travel, are the brakes. 
In order to achieve the main objective, i.e. carry higher amount of goods, the tendency is placed on longer trains in terms of number of axles, larger capacity of individual wagons, as well as higher transport speed. It is clear that from this arise increased requirements in terms of brake equipment characteristics.
This, above all, refers to safe function in service, increased efficiency in terms of braking distance, increased level of unification for the purpose of interchangeability, regardless of the administration of wagon owners, reducing the role of man in terms of handling with brake force changeover devices, release mechanisms.

Having in mind the tendency of cargo transport development (increased capacity, speed and length of trains, reducing the role of man in brake manipulation), in recent years a considerable development of brake equipment occurred, which meets the requirements and criteria, and does not represent nowadays a restriction in terms of required characteristics for contemporary freight railway traffic.
There are 3 concepts for brake equipment of freight wagons: classical brake of freight wagons regime "S" (Fig. 1), brake with automatic continuous variable brake-force regime "S", and brake with automatic continuous variable brake-force regime "SS”.
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Fig. 1 Classical brake of freight wagons regime "S"
2. DISTRIBUTOR VALVE OF THE AIR BRAKE SYSTEM OF FREIGHT WAGONS
Under classical brake regime "S" is meant an automatic air brake with compressed air which fully complies with the terms of the UIC 540 to 545, which means it is approved for international traffic. The basic downside of the design of brakes with changeover devices P-T, regardless whether a manual or automatic position changing is in question, is in the following:

· In changeover position P - empty wagon, brake force is maximum (120%), 

· In position P - wagon loaded till changeover mass, brake force is minimal (55%), 

· In position T - wagon loaded at changeover mass, brake force is maximum (120%),
· In position T – wagon maximally loaded, brake force is minimal (65%),

In order to provide higher brake force without these oscillations, instead of mechanical changeover device P - T, which ensures only two brake forces, can apply continuous brake force change in two ways: 
· Either change of brake cylinder pressure to continuously follow increase of wagon load (larger load - higher pressure); 

· Or that the transfer ratio changes in the function of wagon load.
The concept of brake with automatic continuous brake force change is also applicable for "S" and "SS" regime. The difference is in the power of brakes. For "S" regime must provide a minimum of 70% of the brake weight. That is why only one brake cylinder is sufficient for "S" regime, while as two for the “SS" regime.
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Fig 2. S regime automatic brake compact control block solution
During recent years successively are developed devices and solutions for the brake in terms of improving its characteristics, such as Distributor valve as main device is equipped with an automatic releaser, as well as a maximum pressure limiter. 
The key parts regarding the reliability of the Distributor valve are the axial seals 4, 5 and 6 (Fig. 2). These elements are critical regarding the functionality of the Distributer valve.
The introduction of the automatic release mechanism simplified the handling with the release mechanism by railway staff, so it is now sufficient just to pull the release handle and discharge of overcharged air installations is performed automatically, based on differences of pressure in brake pipe and operating chamber. So the worker is free from long lasting holding of brake release device handle, which is a considerable saving for longer trains. By fitment of  brake cylinder pressure limiter (HBG) in the distributor valve its is achieved that despite of increased pressure in brake pipe, operating chambers and auxiliary reservoir, brake cylinder will always gain nominal operating pressure, so the brake force does not exceed calculated value. In the opposite case, increased pressure achieves higher brake force, which has the effect of blocking the wheels, creating flat spots or other damages on wheels. Size of brake cylinder for 4-axle car is increased from 14" to 16" and is unified for all types of wagons. This will provide brake force for car of 20 tons per axle, with transfer ratio of the brake rigging system below 12. Rubber packing cups are replaced by leather ones, and the cylinder received a condensate drainage orifice in the bottom portion. The main brake pipe seamless steel tubes are increased from 1 "to 5/4" in order to provide prescribed breakdown speed of the train set. Middle rigging system (cylinder) is improved in design. Holes for bolts, ie. bushes gained corresponding gaps, according to UIC 542 regulations, by heat treatment of bushes and bolts  favorable surface strength and hardness are obtained, which significantly increased the level of mechanical efficiency.Length of middle rigging system is increased onto 960mm to facilitate the installation of brake cylinder with increased dimensions. 

Slack adjuster is changed in design in respect to water entry protection, protection from corrosion (phosphatizing of elements), and, as most significant, the spindle with knurled screw threads is replaced by spindle with rolled screw threads.
End cocks are re-designed according to the new demands for international traffic and conformed to most reliable European variants in terms of fixation in end positions by spring force.
3. Reliability Analysis of DISTRIBUTOR VALVE 

In the research the reliability of components and systems, based on the analysis of empirical data reliability make monitoring the exploitation of different technical systems. As one of the ultimate goals of reliability analysis is to determine the theoretical distribution law of random variables, time in technical systems. More precisely, the highest goal is to determine which of the known theoretical distribution law most suitable empirical data, ie. which distribution law can be best interpreted the results that we have. Distribution parameters are determined by a variety of graphical and analytical methods. The basis for determining the distribution consists of empirical data on failures observed element or system's asteroid belt. Empirical data, as a subset of the elements of a population on which determine the characteristics of reliability, must be representative of the entire collection.
To determine the theoretical distribution law are used graphical and analytical methods. Graphical methods are very simple and are often used in engineering practice. Features of Microsoft Excel allow easy application of both methods. Graphical method for determining the distribution law and relevant parameters, is done using probability paper, which is a simple way can be generated in Microsoft Excel. The probability chart is entered point with coordinates [ti, F(ti) = MR]. Number of points equal to the number of observed elements n or interval with, if the data given interval. If the plotted points can be approximated by a straight line, a supposed model of distribution law is good. Otherwise, rejects the hypothesis of the law distribution. Using graphical methods can be assumed as to the validity of the model law distribution and estimate the parameters of the distribution.
Options Microsoft Excel, in terms of producing different types of diagrams, which are very important in the analysis of reliability are extremely high. For the analysis of reliability construct a histogram frequency of failure occurrence f, cumulative frequency of failure occurrence F, diagrams empirical and theoretical function of frequency of failure occurrence f(t) and function of cumulative frequency of failure F(t), the reliability function R(t) function and failure rate λ(t). Analytical methods can be somewhat more accurately determine the parameters of the distribution of the graphical methods. Especially in situations of abnormal and analytical procedures are suitable, for example. when the shape parameter β, in the Weibull distribution, has extreme value. Of course, Spreadsheet to Microsoft Excel - in very useful analytical approach to determining the parameters of the distribution.
The best known analytical methods for determining parameters of the distribution are:
· Method of least squares (Regression analyze);

· The method of torque;
· The Maxiumum-Likelihood-Method.
Theoretical basis and procedures necessary to analyze the reliability of mechanical parts and systems are given in [2,3,4].
Time to failure seals of distributor valve obtained by monitoring in the exploitation arranged in 7 intervals are given in Table 1.
Table 1
	i
	1
	2
	3
	4
	5
	6
	7

	t, km
	416000.00
	434000.00
	452000.00
	470000.00
	488000.00
	506000.00
	524000.00

	N(t)
	4
	9
	17
	10
	7
	3
	2

	N(t)
	4
	13
	30
	40
	47
	50
	52

	n(t)
	48
	39
	22
	12
	5
	2
	0

	n(t-t)
	52
	48
	39
	22
	12
	5
	2

	n
	52
	52
	52
	52
	52
	52
	52

	MR, %
	7.0611
	24.2366
	56.6794
	75.7634
	89.1221
	94.8473
	98.6641

	Fe(t)
	0.0769
	0.2500
	0.5769
	0.7692
	0.9038
	0.9615
	1.0000

	Re(t)
	0.9231
	0.7500
	0.4231
	0.2308
	0.0962
	0.0385
	0.0000

	fe(t), km-1
	2.3669E-04
	5.3254E-04
	1.0059E-03
	5.9172E-04
	4.1420E-04
	1.7751E-04
	1.1834E-04

	e(t) km-1
	2.4615E-04
	6.3660E-04
	1.7150E-03
	1.8100E-03
	2.5339E-03
	2.6374E-03
	6.1538E-03


The failure times plotted on Weibull probability paper (Fig. 3) fall in a fairly linear fashion, indicating that our choice of the two-parameter Weibull distribution was valid.
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Fig. 3 The probability chart Weibull distribution
From probability plot weibull distribution are read parameters Weibull distribution: 
β = 16,819, η = 470,129.21 km, therefore, the law reliability Weibull distribution can be written as:
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Also, the failure times plotted on normal probability paper fall in a fairly linear fashion, indicating that our choice of the normally (Gaussian) distributed with parameters: mean m and standard deviation  - (m, () = (453801.7, 30024.2) km.

4. CONCLUSION

Pneumatic brakes have, at their heart, the distributor valve. These react precisely to changes in brake pipe pressure and provide the corresponding brake cylinder pressure. Modern valves are sophisticated pieces of technology, providing load-dependent braking for various specific types of brake. Reliability of distributor valve is extremely important for the functioning of the air brake system. Reliability analysis of distributor valve of braking system wagons are determined on the basis of empirical data failure times. The analysis was made on the basis of data obtained by monitoring in real exploitation.
At the Faculty of Mechanical Engineering in Nis was developed software for reliability analysis. This software has performed reliability analysis scheduler of braking system wagons. 
Reliability analysis indicates that the failure times sealant distributor valve can be described with standard normal distribution and Weibull distribution. For initial hypothesis normal distribution and Weibull distribution was performed statistical test Kolmogorov-Smirnov test or dα-test.
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