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The basic results of R&D project on the design of a system for monitoring equipment of traction substations of railway
transport implemented in the Institute of Electrodynamics of the NAS of Ukraine are presented. The system is intended for
automated monitoring and diagnostics of the condition of electrical equipment and parameters of its operation modes.
Ultimately, the system enables enhancing the reliability of Ukrzaliznytsia (UZ) power supply systems and, consequently, the

efficiency of railroad traffic management.
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Reliable, efficient, and high-quality railway
operation can be ensured by organizing uninter-
rupted supply of electricity from traction substa-
tions (TP), which requires their complex auto-
mation and computerization. One of the main
directions of this research is the implementation
of electrical recording devices at UZ facilities.
Their use at traction substations becomes a com-
mon practice, significantly improves the working
conditions of personnel, and increases the relia-
bility of the equipment due to continuous moni-
toring of equipment operation and enhanced in-
formation support of the system. Technical data
of these devices enable addressing many problems
associated with the registration of modes of pow-
er grid operation, the definition of electrical and
time parameters, the detection of damages to
power engineering lines and electrical equipment.
To ensure reliable operation of railway power grid
and to improve traffic safety, in addition to highly
reliable registering devices it is necessary to in-
troduce advanced integrated computer systems

© KYRYLENKO, O.V,, STOGNII, B.S,,
SOPEL, M.F, and TANKEVYCH, S.Ye., 2015

27

and technologies for monitoring operation modes,
recording and diagnosing the electric equipment
of power grids based on registration of pre acci-
dent, accident, and post-accident operation mo-
des with reporting the operation status of relay
protection and automation systems and transfer-
ring the emergency information to all levels of
management. Among these objectives, the most
important is to monitor the power equipment [1]:
power transformers, power switches and grids
with different voltage. Thus, the creation of a sys-
tem for monitoring the condition of railway trac-
tion substation equipment (RTSE) is an impor-
tant and urgent task. The main goal of this system
is to provide reliable operation of UZ power sup-
ply systems and to improve railway traffic safety.

The traction substation is a power installation
designed for transformation and distribution of
electricity and reduction of voltage for its trans-
fer to the catenary system for power supply of
electric locomotives. There DC and AC traction
substations. Hereafter, the research deals with
AC traction substations, which number in the UZ
structure is about 300. Usually, the distance be-
tween them is 50—100 km. Nominal voltage sup-



Kyrylenko, 0.V., Stognii, B.S., Sopel, M.F., and Tankevych, S.Ye.

Traction
substation

Computer workstation
of substation operator

Computing
module

(23338333383 |
L A Ao kA A

Regina PC-1
digital recorder

Regina PC- 2
digital recorder

Jlarunk

TemMIepaTypu
Ta BOJIOroOCTi
Maca

CIIB-1 Hocoska T ?} cTOp. E;OSK%
CILB-2 lapumis - -1 crop. 27,5
L[li][’ lﬁl)oln:\ o TEMIEPATYDA T cyop. 10 kB
posa TaBOJOTICTh g Luticrs isossii BB 110 kB
JUTP Hocoska ) npoBiHicTs isosii K
DKC Jlapris Macia TCH-10,4 kB

DKC Hocoska TCH-20,4 xB

Fig. 1. Structure of system for monitoring of the condition
of TS equipment

plied to the catenary system is 27.5 kV. The AC
substations are powered from grids with a volt-
age of 110 or 220 kV. In addition to the rolling
stock, other important railway facilities are con-
nected to railway power grids. They are the auto-
mation and remote control systems for traffic
lights, switches, and communications devices.
These facilities operate on voltage of suitable
quality supplied by signaling, centralization,
blocking (SCB) lines with a voltage of 6 or 10 kV
fed by substation’s own power line. Other less im-
portant facilities, such as heating and lighting de-
vices of railway stations and crossings, etc., are
fed by "two cables — rail" feeder with a voltage of
27.5 kV or by special power lines with a voltage
of 6 or 10 kV.

Thus, proceeding from specific characteristics
of UZ traction substations, the basic equipment
to be monitored has been identified as follows.

+ Power transformers;

+ Measuring transformers;

+ Power switches;

+ Relay automation;

+ Feeders of catenary system with voltage of
27.5kV;

+ Two cables — rail lines; and

+ Signaling, centralization, blocking lines.

While implementing procedures for measuring
current, voltage, active and reactive power, and
other parameters for process equipment with volt-
age 10; 27.5; and 110 kV, the readings are input into
RTSE for each phase through traditional or elec-
tronic [2] current transformers (CT) and voltage
transformers (VT). Information from TS, TN, and
non-electrical parameters and from the 110 V di-
rect current board (DCB) enters the system with-
out using any intermediate analog transducers. The
RTSE data are visualized on the monitor of opera-
tor’s computerized workstation (see Fig. 1).

The monitoring of power equipment is made
automatically under the operating voltage, with-
out any operation involved. The condition of
power transformers is assessed by controlling the
dissipation factor, capacity, total insulation con-
duction, unbalance current of high-voltage input
insulation; temperature of transformer oils; mois-
ture of transformer oils; and control mechanism
operation under voltage.

The condition of voltage measuring transform-
ers is automatically detected while continuously
monitoring the operating voltage of each phase
(or line voltage) of the low voltage side of the
transformer with constant tracking of the ratio
between adjacent phases (line voltages). The
condition of power switches is determined on the
basis of switch commutation life, mechanical du-
rability, and disconnection time.

The automation and relay systems are moni-
tored by a digital recorder through identifying
emergency events with further analysis of opera-
tion of individual devices. The monitoring of cat-
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enary system feeders, two cable — rail lines, and
SCB lines involves identifying fault locations
through analyzing the data of accidents recorded.
This is carried out by digital recorders of subsys-
tem for registration of process parameters and is
followed by automatic translation of basic fault
parameters to the RTSE database.

The RTS monitoring equipment is located at
the TS management board and consists of the fol-
lowing subsystems:

+ Digital recorder of process parameters;

+ Processing, analysis, and visualization of data;
+ RTSE communication components;

+ Time synchronization.

The subsystem of digital parameter recording
shall register the primary data from the sources,
store and do their primary processing in order to
prepare them for further use in the subsystem for
processing, analysis, and visualization of RTSE
monitoring system data.

The subsystem is a source of information on
technical parameters of main equipment. On the
basis of this information, deviations from the nor-
mal operation of RTSE are identified and assessed.
The subsystem registers the information by re-
cording instantaneous readings of analog and dig-
ital values and stores them in the database. The
following processes and parameters are to be re-
corded: normal operation of the main equipment;
electromagnetic transition processes associated
with disturbances in the 27.5 kV catenary system,
two cable — rail lines, and SCB lines; changes in
the position of switching devices; actuation of re-
lay protection and automation; other parameters
of the main equipment used for monitoring.

The subsystem for processing, analysis, and
visualization of data is designed for continuous
processing and real-time analysis of primary data
coming from the digital recorder of process pa-
rameters. This subsystem implements basic func-
tions and algorithms for TS equipment monitor-
ing and visualizes RTSE performance.

The subsystem is based on a computing module
dealing with processing the incoming signals, set-
ting the RTSE, receiving the primary data, work-
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ing with RTSE database, processing, analyzing,
and delivering the data for visualization at opera-
tor’s computerized workstation, etc. While process-
ing the information, scaling operations (calculation
of real physical values in nominal units taking into
consideration the CT and VT transformation ra-
tios, etc.) are performed; the design values (active
and reactive power, cos @, frequency, dielectric loss
tangent, admittance, etc.) are calculated; the warn-
ing and emergency settings are compared; time
markers (signal excess/diminution as compared
with the settings) are assigned.

A specialized software has been designed for
the organization of subsystem operations. The
structure of this software includes:

+ Program for receiving and processing emer-
gency information (Comport.exe);

+ Emergency information analysis program (Qu.
exe);

+ Setting for data on a particular object (Rgsetw.
exe).

General view of the substation dialog window
for receiving and processing the emergency infor-
mation Comport.exe is showed in Fig. 2. The
above software enables setting and adjusting the
parameters of recording the normal operation
and running the digital recorder; receiving and
processing accident files; controlling the opera-
tion of the subsystem and its individual record-
ers; composing arrays of emergency information;
composing libraries form of accidents; organizing
procedures for direct access to any part of oscil-
lograph pattern for its detailed consideration;
measuring instantaneous and real values of ana-
log signals in any part of the pattern, displaying
the readings, and determining the angles between
sinusoidal values. In addition, it makes it possible
to perform harmonic analysis of analog signals
and to represent arbitrary number of charts linked
to the same time. Also, the system can find the
fault locations in the case of short circuits on the
power line, estimate the residual life of high-volt-
age switches, automatically generate information
on the results of accident registration, and trans-
mit this information to the senior management.
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Fig. 2. Dialogue window

Fig. 3. Cabinet of the monitoring system near the TS switch
panel

The RTSE component communication subsys-
tem provides data transfer between the subsystems.
Standard hardware and software of local comput-
ing networks with transport protocols TCP/IP are
used as basic equipment of the subsystem.

The time synchronization subsystem is based
on the principle of bringing digital timers of local
registrars in line with the signals from the GPS
satellite system. This ensures certainty in the
timing of events recorded by various subsystems
and enables the formation of a single time in the
RTSE. The discrepancy in time of accident re-
corded by different subsystems is less than 100
microseconds. The time synchronization of RTSE
elements is automatically controlled by the time
synchronization subsystem cyclically, at least,
one per 10 minutes.
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The RTSE is powered by two independent
sources:

+ the main supply with voltage of 220 V, with a
frequency of ~ 50 Hz;

+ Backup supply with voltage of 110 V.

As a result of the research, the technical docu-
mentation have been prepared and a prototype of
RTSE has been manufactured. This prototype
has the following basic functions:

+ Monitoring and diagnostics of main process
equipment and tracking of changes in opera-
tional parameters;

+ Operational analysis of emergency situations;

+ Warning of possible equipment failures;

+ Determination of equipment residual service
life on the basis of diagnostic data;

+ Forecasting of the equipment residual service life;

+ Identification of fault locations on the lines of
electrified railways.

The Table contains general technical data of
the RTSE prototype.

Description Value
Weight, kg, maximum............... 180
Dimensions (HXx W x L), mm ....... 2200 x 800 x 600

Input voltage, V

AC .. 220 + 20%

DC.. 110 £ 20%
Frequency, Hz...................... 50 +2%
Input power, W, maximum .......... 200

The RTSE prototype is operating at the Iskorost
traction substation of South-West Railways (Fig. 3),
where it has been tested in accordance with de-
signed program and method. The test results show
that the system is ready to be commercialized.

Hence, within the framework of R&D project,
in accordance with the requirements of applica-
ble regulations, a system for monitoring the con-
dition of AC traction substation equipment has
been designed, which enables raising effective-
ness, reliability, and safety of traction substation
operation and railway traffic management.
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O.B. Kupunenxo, b.C. Cmoeniti, M.®D. Conenn, C.€. Tanxesuu

Incruryt enexrpopunamiku HAH Ykpainu, Kuis

MOHITOPUHT OBJIATHAHHA TATOBUX
MIJICTAHILIN SMIHHOT'O CTPYMY

[TpezcTaBieno OCHOBHI pe3yJIbTaT BUKOHAHH:A IHCTUTY-
ToMm esiekrpoarHamikn HAH Ykpainn HaykoBO-TeXHIYHOTO
[IPOEKTY 31 CTBOPEHHSI CUCTEME MOHITOPUHIY CTaHy o0Jaji-
HaHHS TATOBUX I/ICTAHINN 3asi3HmyHOro Tpancnoptry. Cuc-
TeMa peasi3ye aBTOMATU30BaHi MPOIeypy 3 MOHITOPUHTY i
JHArHOCTYBaHHsI CTAHY OCHOBHOTO €JIEKTPOTEXHIYHOTO 00-
JIaJIHAHHSI, BU3HAYEHHSI [IAPaMETPIB PEKUMIB iioro poboTtu. B
KIHIIEBOMY pe3yJIbTaTi CUCTeMa /Ia€ MOKJIUBICTD MiABUIIUTI
HaiiHicTh POOOTH CUCTEM E€JIEKTPONOCTAYAH S YKP3ai3HU-
11i Ta, Bi/IMOBI/THO, CHCTEMM OpTaHi3allii pyXy Ha 3aJi3HUII.
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Knrwouosi cnoea: enexrpoeHepreTudte o61aHaHHI, Ts-
roBa Ii/ICTaHIlisA, aBapiliHUil peKuM, aBTOMATU3Aallid, MOHi-
TOPUHT, IIarHOCTHUKA.

A.B. Kupunenxo, b.C. Cmoznuii, M.®D. Conein, C.E. Tanxesuu

Wncturyt anexrpogmnamukn HAH Ykpaunsr, Kues

MOHUTOPHHI OBOPYAJOBAHUA TATOBbIX
MOJICTAHIII TEPEMEHHOTO TOKA

IIpencrasaenst ocHoBHbIE Pe3yIbTaThl BoioHenus Mnc-
TUTYTOM 271ekTpoanHamMuky HAH YkpauHbl Hay4HO-TeXHU-
YeCKOro IIPOeKTa 110 CO31aHUI0 CUCTeMbl MOHUTOPUHTA COCTO-
SIHUST 000PY/IOBAHUST TATOBBIX TTOJICTAHIINN JKeJIe3HOL0POK-
Horo TpaHcnopTa. Cucrema BbIIOIHSIET aBTOMATU3UPOBaHHbIE
IIPOIIE/Lypbl MOHUTOPUHTA U JIMATHOCTUPOBAHNS COCTOSTHUS
OCHOBHOTO 9JIEKTPOTEXHIIECKOTO 060PYA0BAHMUS, OLpe/eie-
HUE [apaMeTpoB PeKUMOB ero paboThl. B koHewHOM ntore
cHCTeMA TO3BOJISIET TIOBBICUTH HA/[EKHOCTh PAOOTBI CHCTEM
9JIEKTPOCHAOKEH NS « YKP3ATIZHUILI» 1, COOTBETCTBEHHO, CUC-
TeMbl OPraHU3aluK IBMKEHHS Ha sKeJIe3HOI Jlopore.

Kntouesvie crosa: JJIEKTPOIHEPreTn4YeCKroe O60pyl[0-
BaHUe, TATOBadA MMOACTAaHIIMA, aBapHﬁHbeI PEXUM, aBTOMaTH-
3alusd, MOHUTOPUHT, /ITMAarHOCTHUKA.
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