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Hrorosoe 3HayeHMEe yIeIbHOIO pacxoia
CXOIHBIM 00pa30M BBIYMCIIIETCS KaK OTHO-
LIeHME 3HAYe€HM PACXO0/1a TOIIMBa K MOLIHO-

CTU C YYETOM TTOIPABOYHOTO KoddduimeHTa
[41:
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Takum o6pa3om, MpuBeIeHHbBIE PUMEPHI
MOKAa3bIBAIOT, YTO AUAarHOCTUPOBAaHUE C I10-
motbio MCY-T cBoauTcs K mog0opy JaHHBIX,
HEeOOXOIMMBIX JIS pELlIEH S LIeIEBOM 3a1aun.

NMPOBJIEMbI C AAHHbIMUA

Hecmotpst Ha TO, YTO B HACTOSIIMI MO-
MEHT Pa0OThI IT0 IIPOEKTY TOJIBKO HAYaThl, YXKe
OBbLIO BBISIBJICHO HECKOJIBKO 3HAYMTEIbHBIX
Mpo0GJIeM pa3HOIO YPOBHSI CJIIOXKHOCTH, Ka-
KJasi U3 KOTOPBIX TpeOyeT COOCTBEHHOTO,
crenuduIecKoro moaxoma.

IlepBast — HECOBEPILIEHCTBO IIPOIPAMMHO-
ro obecreyeH s UIsl aHaIM3a MOCTYIAIOLIIX
C JIOKOMOTHBA JTaHHBIX. TouHee, HeoOXOoau-
MOCTb ITPUCITOCOOJICHUSI TIO HY3K/IbI IMaTHO-
CTUPOBAHMUS NIPOTPAMM, M3HAYAIbHO JJIS
3TOr0 He COo3JaBaBLIMXCs. DTa IpobjieMa pe-
IIaeTCs MyTeM 3aKJII0YCHMS C CO3AaTeIIMu
IIPOrPaMMHBIX IIPOIYKTOB JOTOBOPOB Ha MX
JIOpabOoTKY.

Bropast npobiema — oTKa3bl MUKPOITPO-
LIECCOPHBIX cucTeM. s BeaeHus y4€Ta ma-
paMeTpoB paboThl 000PYIOBAHUS TIOKOMOTH -
Ba TpeOyeTCs1, YTOOBI HAAEKHOCTD CEKEHUS
ObljIa 3aBEIOMO BBIIIE, YeM HAIEXHOCTh Ca-
MOTO TEIUIOBO3a, XOT$ Ha IIPaKTHUKE BCE OKa-
3BIBACTCS C TOYHOCTBIO 10 Ha000opoT. K mpu-
Mepy, ceifyac UcIpaBHO JUIIb mopsiaka 20%
ATIIK «Bopt», emig npuMepHo 60% HaxonuTcs

B paboTocrnocoOHOM coctossHuu, a 20% cu-
CTEM HEMCIIPaBHBI MOJHOCThIO. [IprunHamMu
TOMY CJIy>KaT HE CTOJIbKO YPOBEHb HaIEKHO-
CTHU Y3JI0B U arperatoB COBPEMEHHBIX JIOKO-
MOTHUBOB, CKOJIbKO HU3Kast HAAEXKHOCTb COB-
PEMEHHBIX MUKPOIIPOLECCOPHBIX CUCTEM
(a 3a4acTyi0 U OTKPOBEHHBIM BaHAaIU3M
CO CTOPOHBI COTPYAHUKOB IO 1 JIOKOMOTHB-
HBIX OpUTaj;: BEIpBaHHbIE OJIOKM U ITepepe3aH-
HBbIE IIPOBOJA — pealy OOPTOBBIX MUKPOIIPO-
eccopoB). PerieHue 3Toii mpooieMbl TECHO
CBSI3aHO C HAJIMYMEM TPETheil IPOOIEMBI.

Tpetbsa u, moxanyii, Hauboee CI0XHasA
B IJIaHE PelleHusI MpobeMa — HU3KHUIA ypo-
BEHb MPaBOBOIi ITpopaboTKy Borpoca. CoB-
peMeHHasl CUTyalllsl TAKOBa, YTO BBISIBUTh
HEUCIPAaBHOCTb 3HAYMTEILHO IIPOILE, YeM
BBI3BaThb KaKyl0-I1M00 peakilnio Ha He€ CO CTO-
POHBI IOKOMOTHBHOT'O X03s1iicTBa. B HacTos-
LM MOMEHT CEpBUCHBIC KOMITAHUU IIpUJjIa-
raloT 3HAYUTEJIbHbIE YCUJIMS, YTOOBI OBIThH
YCJIBILIAHHBIMU B JIENIO, HO IO TeX II0p, I10Ka
Ha TPEeBOXHbIE COOOIIEHUs He OYyIeT OTBeTa,
He Oy[eT JOCTUTHYTa KOHEeYHasI LIeJIb — ITOBbI-
LIeHWe HAAEKHOCTH TTapKa.

BripoueM, ¥ KOHCTaTaLIMS CYLIECTBYOIIIE-
IO MOJIOKEHMUS JIeJI, U OIPeAeICHHOE COBEP-
LIeHCTBOBaHME Ipoliecca MOHUTOPUHTIA
TEXHUYECKOTO COCTOSIHUS TEIJIOBO30B OTpa-
JKaloT pacTylliee BHUMaHUe K 0003HAYEHHBIM
B CTaThe IpoldIeMam.
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ABSTRACT

The article deals with the diagnostic process
automation on the basis of software with the use of
data received from microprocessor systems installed
on locomotives. The peculiarity of the approach
under review is the use of the results of monitoring of
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locomotives’ technical condition for the accumulation
of statics, which allows predicting the expected level
of risks and planning corrective actions. The objective
ofthe proposed projectis, to provide timely prevention
of faults, creating preconditions for objective analysis
(operational control) and identifying certain trends.



ENGLISH SUMMARY

Background.

Within the framework of the conducted research
as a prime condition should be regarded obtaining
data, required for maintaining statistical records
of locomotives. As the solution of this issue by
traditional methods of manual data analysis is difficult
because of the large volume of related work, it seems
that the most appropriate method is full-fledged
implementation of a complex system of electronic
sensors and recording (or forward) information
devices, however, this option is extremely expensive.
And it is necessary to find a simple alternative.

Nowadays it is a targeted analytical use of data
already available on locomotives of microprocessor
control systems. The only thing that is required for
them is the development of diagnostic algorithms
that make it possible to get a report in a unified form
on materials of onboard systems with a different set
of recorded figures and facts. Such algorithms are
consistent with the characteristic features of applied
control means.

Objective.

The author aims at showing different aspects of
two microprocessor systems: application, which can
be used in locomotive sector to identify malfunctions
and solve them.

Method.

The author uses mathematical methods and
method of comparison.

Results.

Hardware-software complex (hereinafter-
HSC) «Board» is created by experts as a means of
accounting of fuel consumption, includes sensors
covering diesel generator set of a locomotive and
accessory equipment, as well as the microprocessor
processing unit having access to a global positioning
system (GPS).

The current version of HSC «Board» receives
from a locomotive 21 parameters, all of which are
available for viewing using the program «Kontrol»
(program name starts with «K») in the form of
graphs - time dependences [3].

The principal feature of the complex, in terms
of monitoring, is its ability to transmit data to the
server through the mobile communication system
GPRS. From the server, in agreement with Research
institute of technology, control and diagnostics,
information can be obtained for use. Since the data
transmission system was created with considerable
reliability, data are duplicated twice — on the memory
card, given to a machinist and built-in memory card
of a locomotive.

Server of HSC «Board» has the access interface
in its current version able to automatically detect
a dozen different disorders that correspond to
the tasks of monitoring at the level of operational
locomotive depot [3].

The main disadvantage of this HSC is its focus on
accounting of fuel consumption that for a small set of
diagnostic parameters reduces the implementation
of any diagnostic algorithm to the problem of
obtaining the necessary input data. As an example,
it makes sense to demonstrate two algorithms.

The first algorithm, proposed by the author of
the article, is control of oil circulation at the launch
of diesel. In this case, all the parameters required for
the control(oil pressure and frequency of a crackled
axle rotation) are already in the system and the
process of diagnosis is reduced to detection of time
periods when oil pressure is below the permissible

value at nonzero diesel’s rotation. Upon detection
of irregularities the following message is fixed in the
report: «The launch of diesel without oil circulation».
Pic. 1 shows graphs of parameters illustrating the
situations of oil pressure (1) and the frequency of
engine crankshaft (2). Launch of diesel without oil
circulation is obvious.

The second algorithm, already implemented in
HSC «Board» is control algorithm of specific fuel
consumption accounting.

Since this hardware-software complex has no
information on either fuel consumption or of the
shaft power of diesel, both parameters must be
calculated. Consumption is determined by a known
method for the average level of consumption (h_ )
(in the «Board» there is the average value of the left
and right level detector; product of the length of the
tank (I,,) and its width (b, ) is assumed constant).
The principle of calculation is implemented in the
formula (1).

As for a capacity of diesel the situation is
somewhat different: in HSC parameter of generator
power is used, calculated as the product of the
current (1) of the generator and its voltage (U ).
Accordingly, the ratio of the power at the output of
the generator to its nameplate efficiency (n) is the
output power at the shaft of the diesel. Calculation
of output power of the diesel is given in (2).

To assess the impact of devices receiving power
directly from the engine crankshaft, a safety factor
(n) is added to the formula. The final value of specific
fuel consumption is obtained as the ratio of fuel
consumption to the power at the shaft of the diesel
engine with account of correction factor, as it is
shown in formula (3).

Upon detection of irregularities the following
message is fixed in the report: «The increased
specific fuel consumption». [2] Pic. 2 shows that the
rate of change of fuel level (1) changes proportionally
to the position (2) of controller driver (4) and rotation
of diesel (3).

Thus, «Board» is an example of a ready and
simple self-contained diagnostic complex, which is
required to be adjusted for the purpose of monitoring
with minimal changes, which is a real task, although
with a high degree of complexity due to the limited
range of recorded data.

Fundamentally different is the situation with
developed by specialists family of diagnostic
microprocessor systems, referred to as MSU- T.

From the outset it had a significant by the
standards of the rolling stock, number of sensors
(in its current version the system supports up to
250 sensors in the actual number of about 150-200
depending on the series of locomotives), and they
were installed only on new domestic locomotive
(2TE25A (K), TEP70BS, 2TE116U). That latitude of
diagnostic signals:> range of this family of systems
makes it an interesting device from the standpoint
of not only the diagnosis, but also investigation
of the processes occurring in the structures and
mechanisms of the locomotive. At the same time
an increasing amount of information is problematic
for analysis, and holding even the simplest of
checks is associated with a significant number of
parameters [4].

Unlike HSC «Board» MSU- T family initially did not
have its own system of data transmission from the
onboard computer of the locomotive to the workplace
of a diagnostician, as its creators put the main focus
on embedded diagnostic functions (which, however,
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are very simple), and the ability to have online access
to the data on the work of the plurality of nodes and
aggregates of alocomotive. However, in the process
of debugging of onboard systems and structures
of the locomotive the function of recording data
from on-board sensors was provided on removable
storage device and further analysis was conducted
using a special program «Oscilloscope» (which, like
«Board» displays information of the sensors as time
dependencies).

Implementation of algorithms for the diagnosis
according to data of MSU-T is not hindered by a
search for a source of information (in fact, often
data provided are a source of inspiration for the
construction of algorithms), so it has much wider
possibilities. Below there are examples of algorithms
by means of diagnostic complex «Oscilloscope-2»,
developed with the participation of the author.

Control of oil circulation at launch of the diesel:
after t, after turning-on of a relay actuator of the
engine at speeds equal to zero, contactor of oil-
priming pump must be closed. After t,after oil
pressure reaches the allowable value contactor of
oil pressure relay actuator comes into action. After
t, rotation of diesel should not be equal to zero [4].
Pic. 3 shows how the relay actuator comes into action
(steps 1and 6-8) and graphics of oil pressure (steps
3 and 4) for normal launch of the diesel. In this case
a much greater amount of information is controlled,
but in order to standardize the report only one
message will be fixed: «The launch of diesel without
oil circulation». All other information is supplied to
the operator to decide on further action (in the form
TU-28and TU -152, or as a footnote to the report).

Control of specific fuel consumption: since in the
systems MSU-T ratemeter is designed as a separate
stand-alone subsystem, its involvement is checked
additionally — an indicator of the fuel mass must
not be zero. To solve the problem, it is proposed to
apply the calculation method, similar to that used in
the HSC «Board» — the time derivative is taken with
the opposite sign, but depending on the changes
in amount of fuel in the tank (m___ ), as shown in
formula (4).

Parameter of electric power of traction
transmission is also present in the system, but
since all locomotives are equipped with MSU- T
have traction synchronous generator, the total
diesel power is now determined as the ratio of the
traction transmission power (N_) to the product
of nameplate efficiency of the generator and the
rectifier unit (in (5) identified as a transmission
efficiency, n,,)- And at the thyristor rectifier of the

Ton

locomotive 2TE116U this value varies depending on
the opening angle of the thyristors (), which leads
to the need to consider the angle, which, however,
appears in the MSU-T data. See (5).

Final value of specific fuel consumption
is calculated similarly as the ratio of the fuel
consumption to power, with the correction factor
[4]. See formula (6).

Thus, these examples show that the diagnosis
via MSU-T reduces to the selection of data needed
to solve the target.

Conclusion.

Despite the fact that work on the project has
started, several significant problems of varying
complexity have been revealed, each of which
requires its own specific approach.

First of all there is imperfection of the software
to analyze data coming from the locomotive. More
precisely, it is required to adapt to the needs of
diagnosis programs, initially not designed for it. This
problem is solved by the conclusion with the creators
of software contracts for their completion.

The second problem is failures of microprocessor
systems. For accounting parameters of locomotive
equipment it is required for the reliability to be
obviously higher than the reliability of the locomotive,
although in practice it turns out to be exactly the
opposite. For example, now only about 20% of HSC
«Board» function properly, still about 60% are in
good working condition, and 20% of the systems
are completely defective. The reasons for this
are not only level of reliability of components and
assemblies of modern locomotives, but also low
reliability of modern microprocessor systems (and
often outspoken vandalism on the part of the depot
and locomotive crews: broken blocks and cut wires
are reality for onboard microprocessors). Solving
this problem is closely related to the presence of
the third problem.

The third problem, and perhaps the most
complicated in terms of addressing it, is low level of
legal development of the issue. The current situation
is that it is much easier to identify a malfunction
than to cause any reaction to it from the locomotive
department. Currently, utility companies are making
significant efforts to be heard at the depot, but until
the alarming messages are not being answered, the
ultimate goal — improving the reliability of the park
will not be achieved.

However, and a statement of the status quo,
and a definite improvement of monitoring process
of locomotives technical state reflect the growing
attention to the problems outlined in the article.

Keywords: railway, locomotive, technical condition, monitoring, on-board microprocessors, prognosis,

prevention.

REFERENCES

1. Automated locomotives> reliability control system
(ASUNT). Concept [Avtomatizirovannaya sistema
upravleniya nadezhnost’yu lokomotivov (ASUNT).
Kontseptsiya]. Moscow, 2012, 154 p.

2. Web-application HSC «Board». User manual
[ Web-prilozhenie ARM «Bort>. Instruktsiya pol’zovatelya).
Omsk: PKTP «Transport» publ., 2010, 37 p.

3. Microprocessor control system of traction rolling
stock MSU-TP. Technical description [ Mikroprotsessornaya
sistema upravleniya tyagovym podvizhnym sostavom MSU-
TP. Tehnicheskoe opisanie]. Kolomna, VNIKTI publ.,
2012, 18 p.

4. HSC «Oscilloscope-2». Technical requirements
[ARM «Ostsillograf-2». Tehnicheskie trebovaniya). Moscow,
Kolomna, 2012, 47 p.

KoopanHatbl aBTopa (contact information): MenbHukos B. A. (Melnikov V. A.) — lordson@inbox.ru.

CraTbsl nocTynuia B pegakumto / article received 18.10.2013

MpuHsTa kK nyénukaumm / article accepted 24.12.2013

® MUP TPAHCNOPTA 03°14



