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Introduction

The problem of the resource of railway automation means is currently very
important. This is due to the issue of accounting for wear and optimization of the
process of modernization of railway automation and, in particular, train control
systems. The problem is complicated by the very large volume of such work and the
significant level of depreciation of fixed assets of the signaling and communications
facilities. Given the existing financial constraints that can be directed to
modernization, it is very important to optimize this process not only by financial
criteria, but also to take into account the role of individual devices and systems in
ensuring the continuity of the transportation process and safety of passengers and
cargo. Therefore, theoretical research on these issues is not only relevant but also has
a practical focus.

Analysis of research and publications

Scientific research on the problems of determining the resource of automation
systems are focused mainly on the means of industrial automation, automation
systems in energy, aviation, road transport and other industries. First and foremost,
scientific works should be accounted for [1 - 6].

In railway transport, research on the issues traditionally considered is focused on
rolling stock and engineering structures. The purpose of most of these works is to
extend the service life primarily of traction rolling stock and man-made structures [7].

With regard to the technical means of railway automation, we can point out a
relatively small number of scientific papers on resource issues. It is characteristic that
the authors of the works specify the insufficient theoretical substantiation of the
problems of the resource and the dominance of administrative approaches to the
processes of planning modernization measures. [8 - 11].

In this respect, the monograph of the authors Boryak K.F., Brown V.O.,
Lenkova S.V., et al. dealing with the problems of cost process modeling and
replenishment of complex renewable facilities and systems of electronic equipment
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appears to be of great interest. [12]. However, it is impossible to fully use these
scientific achievements for devices and systems of railway automation. This is
primarily due to the presence of a large number of differences related to safety
requirements, design features and maintenance system in the repair. [13, 14].

The purpose of the work is research of the process of costs and replenishment
of railway automation.

At the first stage we define a small concept of objects of railway automation. If
we perceive this term in the plane of functions of realizations of system functions,
then it can be applied to arrows, traffic lights, rail circuits, crossing alarm devices,
slide retarders, etc.

Obviously, this list is far from complete, but only serves as an example. Usually
all these facilities have a very high cost and significant service life which is normally
at least 25 years for railway automation products [9], but in fact according to
observations it can be up to 40-50 years. The level of functional safety requirements
imposed on management and control facilities should be also taken into account. In
accordance with the State Standard of Ukraine 4178 [14], 4 levels are specified
depending on the requirements for technical means that perform safety functions. The
latter requirement significantly affects not only the algorithm of the object, but also
its design, selection of materials, structures, components, and so on. During
operation, there is a loss of resource of the object, so it is expected to carry out
repairs. A classic example of this is relays, which undergo the appropriate recovery
processes in a timely manner. The frequency of these works varies from 1 to 10
years depending on the type of product [10]. However, most railway automation
facilities are not subject to scheduled repairs, in most cases they are restored after
damage.

It should be noted that the implementation of all repair works is aimed not only
at restoring the facility, but also extending its service life. More often it can be
observed at replacement of the damaged element, on new. For example, replacement
of an auto switch or electric motor of an arrow, a signal head of a traffic light or other
accessories.

It is also necessary to take into account the planned measures to prepare for the
winter and summer periods of operation, during which some repair and restoration
works are carried out. In any case, during all the above works, the initial resource of
objects is restored.

The process is complicated by the heterogeneity of objects of even one type, for
example, at the station there are 100 traffic lights in constant operation, of which 70
have been in operation for 25 years, 10 traffic lights - 12 years, and 5 were replaced
with new ones this year. Obviously, a similar situation occurs in the analysis of the
resource of a particular object in the process of operation of which is i — Te partial
update of its initial resource Ro

R, R K,,

where: R,; - the value of the resource of the object after the i - that repair;
K; -recovery factor after the i repair.
In the classical approach to the recovery process [2], the timing of repairs is set

(1
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according to some selected critical value of the recovery flow wi(4t). That is, the
criterion for the need for repair is inequality

a(at) > w, (at) . (2)

It is obvious that while maintaining the same volume of repair work, the service

life decreases after each repair. This approach is well illustrated by the graphs in
Figure 1 of [12].
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Fig.1 View of functions w(4t) ma R; in case of partial renewal of the object
» graph of the function to the stream of views w(4¢);
 graphs of functions of the resource.

The existing system of organization of maintenance of railway automation
devices [13] provides for the implementation of mostly scheduled work. Unscheduled
recovery usually occurs after damage to railway automation devices. That is, there is
no reason to talk about a sustainable mode of repairs and, accordingly, the restoration
of facilities.

Until now, the process of restoring the resource of objects has been considered
under the assumption that repair work should not occur later than some limit value of

Hayunviii 632250 6 bydywee 57 ISSN 2415-766X (B) / 2415-7538 (0)



Boinyck 22

the resource. However, as mentioned above, the vast majority of railway automation
facilities are used for their intended purpose after depletion of the resource. With a
planned system of repairs, it can occur when the object's resource is exhausted. This
principle is applied to objects that perform functions critical to security, Fig. 2.

[
]
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Fig.2 Functions of the resource of the object in the case of:
* performing repairs after complete depletion of the resource;
« performing repairs until the resource is exhausted.

Resource functions in fig. 2 illustrate situations when the object is used for its
intended purpose after the complete exhaustion of its resource and repair when the
resource 1s not fully exhausted. For objects, the operation of which is related to the
safety of trains, the value of the intervals of operation A¢, Ta At is critical (Fig. 2.a)
after resource depletion.

Obviously, in these cases it makes no sense to consider this process according to

the classical criterion of optimization of scheduled repairs. From the point of view of
safety of use:
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At; =+ 0
At, > 0

In the case of unspent resources, early repair is economically impractical,
although on the other hand it contributes to increased safety, which is extremely
important for rail transport.

Unlike non-critical industrial automation systems, railway devices that perform
safety-related functions have some differences in operating technology.

Responsible systems and their components cannot be operated to the field
resource. A certain critical value Ry, 1s set at which the system or a separate element,
such as a relay, meet the established requirements for functional safety [14]. This
approach illustrates the graph in Figure 1, when repairs occur at some Ry,. This
approach is implemented in the system of technical use of class 1 relays, which
undergoes a mandatory inspection every 10 years.

However, for many components, including floor equipment, inspection or repair
times are not always available. In fact, very often the operation of devices is observed
after the critical value Ry, of the resource during the time At, (Fig. 2), and sometimes
until its complete depletion, during the time At,. It should be noted that the
countdown At starts from the moment when R; < Ry,. It is obvious that the behavior
of the control system at the time of Ati is critical for functional safety, and
unfortunately this process has not been studied enough so far. In this regard, it is
advisable to introduce some local optimization criteria, which, in contrast to [4],
focuses on safety, rather than the economic component.

|tPl'i1 —+ Rl' - z '()I)t mindac’g'i' - (3)

— Ly
where tp; is the planned time of the i - that repair;

R; - service life after the i - th repair;

tpi" - locally - the optimal value of time and i- that repair.

This does not take into account the restrictions on the timing of repairs, which
significantly requires analysis of the problem. It is obvious that the parameter of the
failure rate of the object of railway automation depends on its properties in terms of
reliability and safety and on the characteristics of the process of costs and
replenishment of the resource.

In general, this can be represented as a function of type

wo()=w(/T [, T),), (4)

where: I, - a complex indicator that characterizes the functionality of the system
(reliability, security....);
I1, - a comprehensive indicator that characterizes the technical use of the
object (the process of repair and restoration).
The process of repairs and restorations will be determined in accordance with

[12]

7 =7 3 =R V) k=1L Np }, (5)

where Il = <Rpk’ Vpk> - parameters of k - that repair;
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R . - maintenance resource k - that repair.

Rpk = (tpk — 1 ) , IKILO tpo = 0
npk = set of elements that change during repair;
N, - the number of scheduled repairs during the operation of the object [O, T.];
K - serial number of the repair, £ = (1, V).
In the future, based on function (2) and the expression for the resource from [2],

we define the resource function of the object of railway automation:

.. R —r (t),yéeuitelt t

N LR T
0,yeurit=t,,

where Ry is the value of the resource that is restored after & - that repair;
Ry 1s a function of resource costs in the interval [ty t].
Define the function ri(t) as follows:

r. (1) =R, (1_a)(t/i19 7 2)]; (6)

cokp

telt,t, .l;k=0,N,

The variable Ry determines the initial resource of the object at £k = 0, which is
denoted on the graphs as R,

ot/l,, 1)) TaR(t/jpjz)

Thus, the functions together determine the actual process of costs and
replenishment of the resource of the object in the time interval T. of the process of
technical use of the object. Also, analyzing the above functions, it is easy to
determine that the resource function is uniquely determined by the failure parameter
of the object w(4¢) in the process of its use.

Conclusions

Research of the process of costs and replenishment of devices and systems of
railway automation showed some very significant differences in approaches to the
formation of estimates. This is primarily due to the requirements of functional safety
and features of technical use of critical systems, which include systems of railway
automation. In the future, it is necessary to take into account the above to synthesize
cost models and replenishment of specific objects.
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Annomayusa B cmamve paccmampusaemcs 60npoC UCCIe008aHUsl Npoyecca pacxooos U
NONOIHEHUSL pecypca 00BbEeKMO8 HCene3HOOOPOHCHOU asmomamukuy. B omauuue om xnaccuueckux
n00x0008, Npoyecc pacxo008 U 860CCMAHOBIEHUS. PACCMAMPUBAEMCS C Y4emoM QYHKYUL, KOmopble
8bINOIHAEM KOHKpemHblll 00vekm. Ocobvili akyenm cOenaH HA CUCMeMax Kpumuiecko2o
HazHayeHus, obecneuusanuwux QyHKYUOHAIbHYI0 OE30NACHOCb.

Knrwouegvie cnosa: ycmpoiicméa u 00beKmvl IHCENE3HOOOPOIHCHOU ABMOMAMUKU, CPOK
CI1yoHcObl, pecypc, npoyecc pacxo0o08 u NONOJIHEeHUs pecypca.
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