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METROLOGICAL ASPECTS OF ENSURING MEASUREMENTS IN RAILWAY
ROLLING STOCK PROJECTS

The problems of obtaining reliable information in online mode about the technical condition of
rolling stock are considered. It was determined that obtaining such information is possible thanks to
the use of a system for monitoring the parameters of the condition of the rolling stock using technical
means that carry out measurements based on metrological support.

It is known that one of the main tasks of railway transport is the safety of traffic, which can be
ensured by using a parameter monitoring system to maintain and restore the efficiency, reliability and
reduce operational costs of rolling stock.

The paper presents the metrological aspects of providing measurements of rolling stock
parameters by the statistical method of calculating verification intervals, which allows to determine
control errors based on the available initial data in the form of specified error intervals of measuring
devices.

A detailed description of the method and, accordingly, the results of using the method to determine
the dependence of the average risk of verification and the dependence of the ratio of the value of the
optimal control tolerance on the estimation of the error of the measuring device being verified to the
limit of its permissible error on the ratio of losses due to false and undetected failures are presented,
in a graphical form.

Keywords: metrological support, system, monitoring, rolling stock, method, means of
measurement.

Introduction. One of the main tasks of railway transport is ensuring the safety of train traffic,
which is faced by all divisions of railway transport. Improving the safety of train traffic and preventing
accidents is possible through the use of measures to diagnose and control parameters of the technical
conditions of both individual parts of the rolling stock and individual parts. To ensure the
implementation of these measures in order to increase these measures, it is necessary to perform an
analysis of technical capabilities and metrological characteristics.

Ensuring the reliability and safety of the means of railway transport, the economic efficiency of
their use are important tasks, both at the stage of manufacture and in the conditions of operation. A
large place in the production activity of railway transport is occupied by work related to the
maintenance and restoration of the working capacity of rolling stock, which are accompanied by
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metrological support of parameter measurements. Thanks to the use of monitoring systems with the
use of technical means and information-measuring systems, it is possible to ensure the process of
measuring the parameters of the components of the rolling stock with their further processing to obtain
results regarding taking further actions to ensure the trouble-free operation of the rolling stock [1].

In GOST 16263-70, at one time, an almost similar definition of measurement was regulated,
namely as «finding the value of a physical quantity experimentally with the help of special technical
means».

Organized multiple measurement, in our study, is used only as the basis of the concept of
"monitoring”. The measurement is carried out to compare the measured value with a measure that
stores and reproduces a certain physical value of the given value.

Analysis of recent research and problem statement. The peculiarity of the monitoring
measurement is that it requires not one measurement, but a certain set of measurements organized in a
certain way. This makes it possible not only to obtain the value of the value of the monitoring
indicator, but to conduct a certain observation of it. Registration of monitoring measurement results is
particularly important for their ongoing use in on-line mode and often, in addition, also in real time.
But, it is also important for retrospective analysis and forecasting [2-4]. Therefore, another feature of
monitoring measurement is the mandatory storage of received and registered monitoring information
for a given time. For purposeful and convenient use of the results of monitoring measurement, it is
necessary to organize, in accordance with the purpose of the measurement, meaningful storage of the
received information in a certain way - in the form of organized files, databases and knowledge bases.

The next, no less important, feature of the monitoring measurement is the presence in the
monitoring system, along with the measurement subsystem, which allows direct measurement of the
value, as well as the computing or analysis subsystem, which provides a large volume of indirect
measurements, which allows not only to organize observations, but also to assess the state of
monitoring object, which allows solving a number of monitoring tasks: control, diagnosis and others.

The purpose and tasks of the study. The purpose of the study is to improve the system of
measuring the parameters of the rolling stock of railway transport by using the monitoring system in
order to obtain reliable information about the technical condition of the rolling stock, ensuring the
reliability of operation and the safety of transportation.

Research objectives: 1. To analyze the task of obtaining information on measurement parameters of
the technical condition of rolling stock using the monitoring system. 2. Investigate metrological
support of means of measuring the parameters of the technical condition of rolling stock. 3. To
propose a method of metrological provision of measuring devices, which are a component of the
monitoring system, with the help of which it is possible to reduce the interverification interval. 4. To
present the results of the application of the method of metrological support for measuring devices..

Research materials and methods. The introduction of maintenance and repair of rolling stock,
taking into account its actual technical condition, should be based on comprehensive and reliable
information about the parameters of rolling stock equipment. The most effective way to obtain it is the
use of a monitoring system using information measuring systems, microprocessor technology,
personal computers and automated workplaces, which will necessarily lead to improved reliability
indicators and lower operating costs.

According to its structure and functions, the process of monitoring rolling stock units can be
conditionally divided into [5]: external, which is associated with telecommunication means of
transmitting on-board data; internal (board).

Internal monitoring is provided by systems of collection, processing and application of on-board
information to ensure effective management of rolling stock, without further use in logistics systems.
External monitoring is the process of remote monitoring of the parameters and condition of the rolling
stock, its direction of movement, speed and location, absence of emergency situations, etc. Internal
monitoring is developing in several directions in a decentralized manner, gradually combining into a
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single on-board computer system. The use of monitoring systems makes it possible to move from
preventive periodic diagnostics to constant control and analysis of the state of mechanisms and nodes,
which, thanks to the timely elimination of malfunctions, allows you to save a lot of money, reduce the
time and cost of repairs.

When developing (designing) a monitoring system, it is necessary to solve the problem of
establishing inter-verification intervals for measuring devices [6-8], which are part of the system.

Let's consider the statistical method of calculating inter-verification intervals, which allows to
determine control errors of the first and second kind based on the initial data available to the system
developer in the form of specified error intervals of measuring devices [9, 18].

We assume that the error of a collection of the same type of measuring devices is a random
function of time, and the errors are its realizations. Therefore, the verification of measurement tools
from the point of view of statistical decision theory can be considered as testing a complex hypothesis
against a complex alternative [10]. According to this approach, the quality of verification is
characterized by an average risk, the expression for which, in the absence of losses with correct
decisions, has the form:

R=CP, + C,R,, 1)

where Pg. and Py,r according to the probability of false and undetected failure; C; and C, —
respectively, losses from erroneous and undetected failures.

Erroneous decisions made during verification are mainly due to two reasons: firstly, the final
accuracy of the sample measuring devices and, secondly, the error of those recognized as suitable for
use exceeding the permissible limit in the interverification period of operation. The error caused by the
first cause can be called an instrumental error, and the second - a forecast error.

Next, we will determine the probabilities [11] of wrong decisionsPs,. and P, s. We denote by G the
event, which consists in the fact that the error of the measurement means during the inter-verification
interval is within the permissible limits, by F - the event, which consists in the fact that at the moment
of time the error estimate, as representing some function of the errors, is believed, and of the standard
measuring instrument is within the control tolerance .

Then the probabilities of false and undetected failure:

p,= P{GF}= P{G} P{GF}, ()
P, = P{Gr}= P{F} P{GF} (3)

Expressions for probabilities included in the right-hand side of Fq. (2) and Fq. (3) have the form:

P{G}= [W(T Inyyim,)dm,, @
P{F}= [, ©
P{GEY = [W(T Inyyin)dn, | [ v/ ng)dn|dn, ©)
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where ¥ (no) — the density of the probability of error believed at the time of verification; 1y (fj)- the
probability density of the estimation of the error of the measuring means being verified at the time of
verification; (fj/ne) — conditional probability density of the error estimate at a fixed error, which are
believed at the time of verification.

It is known [12, 13] that the best verification quality, i.e. the minimum average risk, can be
achieved if the following solution rule is used: measuring means are considered suitable for use if the
probability that the error of the verified measuring means will not exceed the permissible limits for
time ¢, provided that the value of the error estimate obtained during verification is equal:

P{n(z) e[-a.a],t€]o, T]/%} > CliZCZ : (7)

Using the Bayes formula and using Fq. (6), we get:

P{n() €[-n,a],t€[0,T]/ n} = f WA(T /1o W, (1 /%)d%, (8)

where — (/1) posterior probability density of the error probability of the measuring means to be
believed at a fixed estimate at the time of verification.

The method of finding the probability P, by Fg. (6) — (8), with arbitrary probabilistic characteristics
of a random function leads to very complex and therefore unacceptable calculations in engineering
practice. However, the problem is significantly simplified if the apparatus of the theory of Markov
processes is applied to it. The problem [14] of determining the probability is solved for a normal
stationary random function that has a correlation function and a mathematical expectation. With
constant coefficients, the expression obtained in it has the form:

W(T | n,)= 2§iaje*AfaTE(—Aj/2;1/2;7702/202) if 10| <0 if || >0 )

J=1

where 2?20 jefkjuTFl (—)\j 12,1/ 2;m8 / 202> degenerate hypergeometric function. Fq. (9)
J=1
converges quickly and for practical calculations it is sufficient to use one or two of its terms.
Fq. (7) boils down to establishing the optimal control [15-17] (warning) tolerance for the
estimation of the error that are believed, then the value is defined as the root of the equation:

A C2
[ i, /g0)dn, =
-

. (10)
G +G

Next, the problem of finding such a maximum confidence interval for a measuring instrument is
solved, for which the average risk minimized according to rule by Fq. (7) would not exceed the
permissible value, that is, it is necessary to determine T:

T,=maxT if minR(A.,T)<R,. (11)
3

The initial data for the calculation are the values themselves, which are the probabilistic
characteristics of the means to be believed. Since the analysis of the analysis of the function shows
that it is increasing. From this it follows that the task is reduced to solving a system of transcendental
equations, one of which is Eq. (10), and the second is the following equation:

Cler(TO’AKO)'i_Czpuf'(ToaAKo):RD- (12)
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For the convenience of calculations, we introduce dimensionless quantities:

0=aTl,, r:é; z:ﬁ, k=—%, ng
o o A C,
Then:
R, =1 . 13
- R P, (13)
—>=P,+ if ¢>1,
o q

The value can be called the specific average risk. Then, under the accepted assumptions, the system
of transcendental Eq. (10) - (11) takes the form:

[x(l+z2 )7rkr

. 3[1+ ] f weo.xe = gL o,
ok

l+gq
<r\/:fW(0 X)e 2dx+2§l)
NIES

_2r\/:fW(0) ' [rk:x]+¢o[rkz—xJ

(14)

dx—R, =0

rk

\/1—}—22

Eq. (14) meets the requirements of most metrological standards in the range of specified values. As
a result of the calculations, graphs were constructed (fig. 1 and fig. 2), which allow to determine the
dependence of the average verification risk on the ratio of losses due to erroneous and undetected
failures for different values of the maximum interverification interval and the dependence of the ratio
of the value of the optimal control tolerance on the error estimate based on the specified values of the
instrument being verified, to the limit of its permissible error from the ratio of losses under erroneous
and undetected failure for different values of the maximum interverification interval.

where — 29, normalized Laplace function.
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Fig. 1. Dependence of the average verification risk on the ratio of losses due to false
and undetected failures for different values of the maximum interverification interval
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Fig. 2. Dependence of the ratio of the value of the optimal control tolerance
for the estimation of the error of the measuring instrument being verified to the limit
of its permissible error on the ratio of losses due to erroneous and undetected failures
for different values of the maximum interverification interval

In the shaded areas in fig. 1 solution of system Eq. (14) is missing. The lack of a solution in the
area located above the curve is due to the finite accuracy of the sample means, and the curve itself
corresponds to the minimum possible average risk. The shaded area in the lower left corner is bounded
by the curve. This means that when entering this area, the a priori risk corresponding to the
recognition of the unsuitability of measuring tools without verification will be minimal:

A
R..=R, =C f ©(10)d1), (15)
—A

The statistical method for estimating the inter-verification intervals of measuring instruments
considered in the work is the basis for establishing and optimizing [19] the inter-verification interval
for the monitoring system of rolling stock parameters of railway transport.
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Conclusion. The problem of obtaining information on measuring the technical condition of rolling
stock was analyzed. It has been studied that obtaining information is provided thanks to the means of
measurement, which are a component of the rolling stock parameters monitoring system. Since it is
necessary to receive information in real time, metrological support of measuring instruments is
necessary. To improve the system, we used a static method of calculating inter-verification intervals,
which allows, based on the available initial data in the form of specified error intervals of measuring
instruments, to determine control errors, which will allow to reduce the inter-verification interval.
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METPOJIOI'TYHI ACIIEKTH 3ABE3IIEYEHHSA BUMIPIOBAHD B ITPOCEKTAX
PYXOMOTI'O CKJIAAQY 3AJIIBHUYHOI'O TPAHCIIOPTY

Posensanymo npobaemu ompumanns 0ocmosgipnol ingopmayii ¢ ONn-line peowcumi npo mexmiunuir
cman pyxomoeo ckaaody. Buswauweno, wo ompumanns makoi ingopmayii  modxciuso 3a80sKu
BUKOPUCMAHHIO CUCTNEeMU MOHIMOPUHSY NAPAMEMPI8 CMAHY pPYXOMO20 CKAAOY 3 BUKOPUCHIAHHSL
MexXHIYHUX 3ac00i8, AKI NPOBOOSIMb BUMIPIOBAHHS HA OCHOBI MEMPOLO2IUHO20 3a0e3neyeHHsl.

Bioomo, wo oouiei 3 2on06HUX 3a0a4 3GNI3HUYHO20 MPAHCNOPMY € Oe3neKa pyxy, Wo MONCIUBO
3abe3neuumu, BUKOPUCTNOBYIOUU CUCTEM) MOHIMOPUHEY Napamempia O NIOMPUMAHHAM [ GIOHOB/ICHHS.
npaye30amuocmi, HaditiIHOCMI Ma 3MeHUIeHHsL eKCILYAmAayiiHUX eUmMpam pyxomozo cKiaoy.

B pobomi nasedeni memponoziumi acnekmu 3abe3neueHHs SUMIDIOBAHbL NAPAMEMPI8 PYXOMO20
CKAA0Yy CMAMUCMUYHUM MEMOOOM PO3DAXYHKY MINCNOBIDOYHUX iHMEP8anis, wo 0038019€ 34
HAABHUMU  BUXIOHUMU OGHUMU Y BU2NIA0I 3A0AHUX THMEPBANI8 NOMUNOK BUMIPIOBANILHUX 3ac00i8
BUHAYUMU HOMUTIKYU KOHMPOTIO.

Ilpeocmasneno demanvHull onuc mMemoody ma 8iONOBIOHO Pe3yIbMamu UKOPUCIAHHS MemOody O/
BU3HAYEHHS 3ANEHCHOCMI CepeOHbO20 PUUKY NOBIPKU MdA 3ANeHCHOCMI CNiBBIOHOUIEHH 3HAYEHHS
ONMUMATBLHO20 KOHMPOJIbHO20 OONYCKY HA OYIHKY NOXUOKU 3AC00Y BUMIDIOBAHHS, WO NOBIPAEMbCS, 00
Medici 1020 donycmumoi noxXubKu — 8i0 CNiBBIOHOWIEHHA 8Mpam 3a NOMUIKOB0I Ma HeBUABNEHOI
8i0Mo08, 8 epaghiunomy euensoi.

Knrouoei cnosa: memponociune 3abe3neyenns, cucmema, MOHIMOPUHe, pyxXomutl cKiad, Memoo,
3aco0U BUMIPHOBAHHSIL.

36ipnux naykosux npausv /{YIT. Cepia «Tpaucnopmui cucmemu i mexunonoziin, 2022. Bun. 40

101


https://doi.org/10.32703/2617-9040-2021-37-18
https://doi.org/10.32703/2617-9040-2021-38-220-21

