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Annotation - The article deals with monitoring of power
lines in areas with intensive ice deposition. It emphasizes the
need to apply environmental parameters that significantly
affect the short-term forecast of electricity consumption, en-
ergy losses in power grid elements, frostbite on power lines
and their forecasting, outlines the main tasks that are solved
by an automated monitoring system. It is proposed to im-
prove the existing monitoring systems for power lines by add-
ing meteorological parameters to the system. It is shown that
monitoring of power lines, taking into account real-time mon-
itoring of meteorological data, will allow to increase the effi-
ciency of management of the modes of operation of electric
networks

For this purpose it is necessary to include in the automat-
ed system of monitoring of parameters of power lines addi-
tional blocks of control of environmental parameters. Obser-
vation data generated in the relevant database will be used to
analyze, evaluate, and forecast the weather to correct system
management.

An automated system for monitoring power and meteoro-
logical parameters should be a multifunctional system. This
will make it possible to make greater use of the laid-down
power lines (mechanical, electrical) and to make adequate
management decisions in normal and emergency modes. The
use of meteorological data will allow monitoring of environ-
mental meteorological parameters in the area where the
power lines are located and, accordingly, to control their
current state, which will allow to optimize the use of their
real throughput, to control the level of technological losses, to
perform limit values of long and short-term currents, and
overload currents. capacity along power lines, and to assess
weather conditions in a particular area for emergency crews.

The organization of monitoring of power lines taking into
account the control of weather data in real time will allow to
increase the efficiency of management of the modes of opera-
tion of the electrical networks.
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I.  INTRODUCTION

The new capabilities of existing information technolo-
gies make it possible to move to more efficient manage-
ment and operation of electric networks by monitoring data
on environmental parameters that significantly affect the
short-term forecast of electricity consumption, the energy
loss in grid elements, icing accretion on power lines (PL).
This requires to include additional environmental monitor-
ing blocks in the automated monitoring system of the over-
head line parameters. The observational data generated in
the relevant database will be used for their analysis, as-
sessment and prediction of the meteorological situation
with the aim of correcting the management of the system.

An automated monitoring system for the parameters of
overhead lines and meteorological parameters should be a
multifunctional system. This will make it possible to use
mechanical and electrical resources to a greater extent, and
also to make the correct control decisions in the normal and
emergency modes (melting ice [5-10], load control of a
power system, search for short-circuit (SC), etc.).

Recently, electric power organizations are increasingly
using various monitoring systems for overhead lines,
providing the system operator with detailed information on
the current state of overhead lines [1-4]. The existing dif-
ferences of such systems are associated, as a rule, only with
an element base, while the functionality is similar.

One of the examples of such systems is monitoring sys-
tem of distribution electric networks [14]. This system is
designed for early detection of ice on the overhead lines,
monitoring the magnitude of the load and a number of me-
teorological parameters (temperature, humidity, direction
and wind speed) at the point of installation of the control
point. The disadvantage of this system is a narrow range of
functionality.

The purpose of the article is to improve efficiency of
monitoring overhead lines in areas with intensive deposi-
tion of ice due to the expansion of the functionality of the
system in any emergency situations.
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II. PROPOSED DIRECTIONS

The automated monitoring system for the parameters of
overhead lines and meteorological parameters should pro-
vide the following functions [13]:

. short-term and long-term forecasting of power
consumption;

. short-term and long-term forecasting of energy
consumption in the tasks of managing the efficiency of
consumption processes (energy management tasks);

+  prevention of damage due to the formation of ice
(breakage of wires, damage to support structures) by timely
alerting operational personnel to the possibility and the fact
of ice formation;

. increase of accuracy of calculation of losses of
electric energy in problems of dispatching management;

A. Main Tasks

Among the main tasks that are solved by the automated
monitoring system for the parameters of PL and meteoro-
logical parameters should be:

»  tasks of automatic periodic measurement of mete-
orological parameters;

»  tasks of receiving, processing and storing parame-
ters in the database;

. analysis tasks and generation of warnings;
. control of melting ice;

. tasks of real-time data transmission to the dis-
patcher's workstation.

The solution of these tasks should be carried out within
the framework of a system for collecting meteorological
parameters from meteorological stations [13].

In contrast to existing approaches, monitoring of mete-
orological parameters should be carried out on PL using the
meteorological stations, and they can include both tradi-
tional sensors of meteorological parameters (air tempera-
ture, humidity, air speed, air direction), and new type sen-
sors — mass sensors of ice deposits.

The parameters must be measured and transmitted to
the workstation at least once every 30 minutes, and the
interval between measurements must dynamically change
depending on the meteorological situation.

Duration of measurement for:

. air temperature, relative humidity, mass sensors of
ice deposits — 3 s.;

. air speed, air direction — 2 minutes with a data ac-
quisition rate of 3 s.

The system for collecting meteorological parameters
from meteorological stations should:

. providing acceptance of these parameters;

+  to carry out their verification (verification for reli-
ability);

e to monitor the weather situation and support deci-
sion-making;

v

+  to maintain a database of meteorological parame-
ters.

Weather meteorological monitoring includes forecast-
ing of meteorological parameters based on statistical analy-
sis, displaying current and forecasted weather conditions in
the user's interface.

The Decision-Making System

The decision-making system includes an assessment of
the probability of ice formation, the generation of alarm
messages to operational personnel when exceeding the lim-
it criteria insertions.

To implement the tasks, the automated monitoring sys-
tem for meteorological parameters should perform the fol-
lowing functions:

. measurements with a given accuracy of meteoro-
logical parameters taking into account interference protec-
tion;

. retransmission of meteorological parameters;

. display in real-time the meteorological situation
on the territory of the power grid;

. short-term and long-term forecasting of electricity
consumption;

. forecasting of the deposition of ice on the PL and
timely warning of operational personnel about this situa-
tion;

. prevention of accidents caused by breakage of
overhead lines and damages of other structures of electrical
networks under the influence of wind and ice;

. accumulation of meteorological data for statistical
analysis and for accounting in project practice.

The network of meteorological stations on the overhead
line will provide monitoring of the meteorological situation
not only for individual points of the power grid, but also for
the entire territory of the network as a whole.

Since the weather data are linked to the map of the lo-
cality, it is necessary to solve the problem of storing and
presenting meteorological data using specially geoinfor-
mation systems (GIS) specially designed for this purpose,
which are increasingly used in the management of energy
objects. Data coming from the monitoring system should
be used to take into account the effect of weather condi-
tions on the current and predicted value of the technologi-
cal consumption of electricity, as well as the structure of
the technological consumption of electricity by various
elements of the power grid:

. real-time data on the meteorological situation in
the area of passing overhead lines allow for more precise
planning of the operations of operational brigades. The
monitoring data in combination with GIS technology will
be used most effectively;

. real-time meteorological data allow to increase the
accuracy of calculating corona discharge losses by 2 to 6
times;

«  taking into account the effect of ambient tempera-
ture on losses, relative and absolute wear of hard insulation
will increase the accuracy of loss calculation by 20-50%,
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“plan repair activities not only in accordance with existing
standards, but also taking into account the real state of the
equipment.

C. The Structure of the Technical Complex

The structure of the technical means complex of the au-
tomated monitoring system for the parameters of overhead
lines and meteorological parameters should include three
levels: lower, middle and upper [14].

Lower — the level of collection and processing of data.
At this level, there are sensors and primary converters.
Here, the measured physical parameters are converted into
unified signals for the transfer of measurement data to the
middle level.

Middle — controllers and input/output devices. At this
level, signals are processed from the lower level, calcula-

Subsystem for data
collection from sensors

tions of a number of parameters are performed, and digital
streams are formed to transfer information to the upper
level.

Upper — level of processing and presentation of meteor-
ological data. At this level, digital streams are collected and
processed, archives maintained, expert evaluations per-
formed, information displayed on the monitor screen.

As channels of information transfer in the monitoring
system can be used: radio channel with the type of FFSK
modulation, GSM-communication, fiber-optic communica-
tion line, satellite communication channel, communication
based on the technology of PLC.

The architecture of the software environment of the au-
tomated monitoring system of the overhead line can be
viewed as shown in Fig. 1
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subsystem

User

Control
subsystem

~= -
Report

files Database

Fig. 1. Architecture of the monitoring system software

I1l.  MONITORING FAULT LOCATIONS

A Indicators

Today, it is advisable to create automated monitoring
systems for overhead lines using modern technical means
of collecting, transmitting and processing information. The
automated monitoring system must have multifunctional
software that is compatible with existing software. A
modular view of the system should also be provided, which
will allow it to be integrated into the general automated
system for controlling the technological process of electric
power transmission [13].

An automated monitoring system for the parameters of
overhead lines and meteorological parameters can be con-
structed on the basis of monitoring fault locations of 3-35
kV overhead lines based on the use of short-circuit indica-
tors (Fig. 2) [16].

The indicators are powered by long life batteries. Each
indicator is equipped with an internal battery diagnostic
system. The indicator includes a radio transmitter for
transmitting information on the fact of operation and the
type of damage to the control center. In this case, on the
support near the installation of indicators, a transmitter is
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mounted, which, having received information from the
indicators, retransmits it via GSM-channel.

Fig. 2. Short-circuit indicators for overhead lines with integrated
meteorological sensor.

v

This system is an effective tool for solving such an im-
portant task for the energy sector as finding short-circuit
places in distribution electric networks. But if the system is
supplemented with sensors that control meteorological da-
ta, as well as sensors for the ice deposits in the area where
the overhead line passes, the list of tasks that the system
will solve will significantly expand.

B. Using of Meteorological Data

The use of meteorological data will allow monitoring of
meteorological parameters of the environment in the area
where PL is located and, accordingly, to monitor their cur-
rent state, which will allow optimizing the use of their real
throughput, monitoring the level of technological losses,
assessing the limits of long and short-time load currents.
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Fig. 3. Determination of failure location of the overhead line

Sensors for detecting the presence of deposition of ice
on the wires, which are installed together with the short-
circuit indicators to the overhead line, will solve the prob-
lem of determining the places of ice formation in electrical
networks. Since the formation of ice deposits on the wires
of the overhead line is random and can not cover the entire
length of the line, but only some individual sections of the
line or a branch, the definition of the places of deposition
of ice will be a very actual function.

An automated monitoring system for the parameters of
overhead lines and meteorological parameters should be
closely related to predicting the probability of ice accumu-
lation on the overhead lines [14-16]. At the same time, pre-
dictive functions should be implemented with the help of
various programs are like "dispatcher advisers".

IV. CONCLUSION.

The monitoring of overhead lines, taking into account
real-time monitoring of meteorological data, will improve
the efficiency of managing the operating modes of electric
networks through short-term and long-term forecasting of
power consumption, preventing accidents associated with
the formation of ice on the overhead lines by timely alert-
ing operational personnel to the possibility of ice, mode of
melting sediments, increasing the accuracy of calculating

the loss of electrical energy and finding places short cir-
cuits in problems of dispatching management.
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The article deals with monitoring of power lines in areas with intensive ice deposition. It emphasizes the need to apply environmen-
tal parameters that significantly affect the short-term forecast of electricity consumption, energy losses in power grid elements, frostbite
on power lines and their forecasting, outlines the main tasks that are solved by an automated monitoring system. It is proposed to im-
prove the existing monitoring systems for power lines by adding meteorological parameters to the system. It is shown that monitoring
of power lines, taking into account real-time monitoring of meteorological data, will allow to increase the efficiency of management of
the modes of operation of electric networks

For this purpose it is necessary to include in the automated system of monitoring of parameters of power lines additional blocks of
control of environmental parameters. Observation data generated in the relevant database will be used to analyze, evaluate, and forecast
the weather to correct system management.

An automated system for monitoring power and meteorological parameters should be a multifunctional system. This will make it
possible to make greater use of the laid-down power lines (mechanical, electrical) and to make adequate management decisions in nor-
mal and emergency modes. The use of meteorological data will allow monitoring of environmental meteorological parameters in the
area where the power lines are located and, accordingly, to control their current state, which will allow to optimize the use of their real
throughput, to control the level of technological losses, to perform limit values of long and short-term currents, and overload currents.
capacity along power lines, and to assess weather conditions in a particular area for emergency crews.

The organization of monitoring of power lines taking into account the control of weather data in real time will allow to increase the
efficiency of management of the modes of operation of the electrical networks.

Keywords — electric networks, monitoring system, meteorological parameters, ice deposits, short circuits.

[TigBuiieHHs €(DEKTUBHOCTI YIIPABIIHHS PEKUMaMHU
PO3MOJIUIBHUX MEPEK 3a PaXyHOK aBTOMATHU30BAHOTO
MOHITOPUHTY TTapaMEeTPIB PEKHUMY Ta HABKOJIMIITHbOTO

CEpeIOBHIIA Yy peajlbHOMY 4acl

M.M. Yepewmicin, O.A. CaBuenko, C.B. [Iro0ko O.b. €ropos
XapKiBCbKHMH HAlllOHAJILHUHN TEXHIYHUH YHIBEPCHUTET CliIb- XapKiBCHKUH HalliOHAJILHUH YHIBEPCUTET MIiCBKOTO ToC-
cpKoro rocrogapcTsa imeHi [lerpa Bacunenka, Ykpaina nmonapcerBa imeni O.M. BekeroBa, Ykpaina

VY crarTi po3rAgaeThcss MOHITOPHHT MOBITPSIHUX JIiHIM B pailoHax 3 IHTEHCHBHUM OCaDKEHHSM Jh0oAy. Harojomyerscs Ha HE0O-
XiZIHOCTI 3aCTOCYBaHHS ITapaMeTpiB HAaBKOJIMIIHBOTO CEPEIOBHUIIA, SIKi CYTTEBO BIUIMBAIOTh HA KOPOTKOCTPOKOBHI MPOTHO3 CIIOKHBaH-
HsI €IEKTPOCHEPTii, BTpaTH SHEeprii B elleMEHTaX eHeprocucTeMy, oOMep3aHHs Ha JIiHIsIX eleKTpornepead Ta ix NpOrHo3yBaHHS, OIHca-
Hi OCHOBHI 3aBJaHHJ, SIKi BUPIIIYIOTBCS aBTOMAaTH30BaHOIO CUCTEMOIO MOHITOPHHTY. 3alpOIIOHOBAHO BIOCKOHAJIMTH iICHYIOYi CHCTEMH
MOHITOPHHTY [UIs TIOBITPSHHX JIiHII HUIIXOM J0JaBaHHs 0 CUCTEMH ITOKa3HUKIB, 1110 BU3HAYAIOTh METEOPOJIOTiYHI napamerpu. [loka-
3aHO, 1110 MOHITOPUHI MOBITPSHUX JIiHIH 3 ypaXyBaHHSM MOHITOPHHTY B pEallbHOMY 4aci METEOpPOJIOTIYHHX IaHHX AO3BOJIUTD ITiJBU-
IIUTH eEKTUBHICTh YIPABIiHHSA PEKUMAMH POOOTH EIEKTPHIHHX MEPEK
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Jlnst mboro HeoOXiHO B aBTOMATH30BaHy CHCTEMY MOHITOPHHTY ITapaMeTpiB MOBITPSHUX JiHIM BKIIOYUTH TOJATKOBI OJIOKM KOHT-
POITIO TTapaMeTpiB HaBKOJIMIIHBOTO cepenoBuina. [lani cnocrepexens, chopMoBaHi y BiANOBiAHIH 6a3i qaHuX, OyayTh BUKOPHCTOBYBa-
THUCBH IUIS 1X aHAJIi3y, OLIHKH Ta MPOTHO3YBAaHHSA METEOPOJIOTIYHOI 0OCTAaHOBKH 3 METOIO KOPEKIIil yIpaBIiHHSA CHCTEMOIO.

ABTOMaTH30BaHa CHCTEMa MOHITOPHHIY MapaMeTpiB MOBITPSHUX JiHIN Ta MeTeomapaMeTpiB MOBUHHA OyTu OaraTodyHKI[iOHATb-
HOIO cUcTeMOI0. Lle macTh MOXKIMBICTD Y OB Mipi BUKOPUCTOBYBATH 3aKJIa/ieH]l pecypcH MOBITPSAHUX JIiHIA (MeXaHI4YHi, eIeKTpUY-
Hi), @ TAKOXX IPUAMATH aJeKBaTHI Kepylodi pillleHHs] B HOpMaJIGHOMY Ta aBapiifHOMY peKruMax. BUKOpHCTaHHS METeoJaHuX JO3BOJINTD
MIPOBOAUTH MOHITOPHHI METEONapaMeTpiB HaABKOJIHIITHHOTO CEPEJOBHIIA B palioHi, Jie 3HAXOAUTHCS MOBITPSIHI JiHII, i BIIIOBIIHO, KOH-
TPOJIIOBATH iX MOTOYHHH CTaH, IO JO03BOJHUTH ONTHUMI3yBaTH BUKOPUCTAHHS 1X peaNbHOI MPOITyCKHOT 31aTHOCTI, KOHTPOJIIOBATH PiBEHb
TEXHOJIOTIYHNX BTpaT, BUKOHYBAaTH OLIHKY 'PaHMYHMX 3HAUYEHb TPUBAJIMX 1 KOPOTKOYACHUX CTPYMIB HAaBaHTAXXEHHS, PETyJIIOBATH IIe-
PETOKH MOTYXHOCTI IO TIOBITPSHUX JiHIfAX, @ TAKOXK JaBaTH OLIHKY ITOTOJHUM YMOBaM B IEBHOMY paifoHi Ui aBapiiiHuX Opuraf.

Oprasizalisi MOHITOPUHTY MOBITPSHUX JIiHIH 3 ypaXyBaHHSIM KOHTPOJIIO METEOJAaHUX B PEXKHUMI PEaTbHOTO Yacy J03BOJHTH IiABU-
MIUTH e(EKTUBHICTh KEPYBaHHS PSKUMaMHU POOOTH EIEKTPUIHUX MEPEK.

Kniouoei cnosa - enexmpuumni mepedici, cucmema MOHIMOPUHZY, MEMEOPONO2IUHI napamempu, 6iOKIA0eHH:A 1600y, KOPOMKI
3AMUKAHHAL.
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