TopalifbIpOB YHHBEPCUTETIHIH Xa0apuIbIChI
FBIJIBIMHU KYPHAJIbI

HAYYHBIA JKYPHAJI
Becthuk TopaiirelpoB yHuBepcurera

TopaiifbIpoB YyHMBEPCUTETIHIH
XABAPHIBICBHI

3HepFeTI/IKaJ'II)IK Cepl/lﬂCI)I
1997 xpuimad OacTar MmIbIFaIbl

| TORAIGHYROV
UNIVERSITY
BECTHHUK
TopailrbipoB yHUBEpcUTETA

JHepreTuyeckKas cepus
Nznaercs ¢ 1997 rona

ISSN 2710-3420

Ne 3 (2024)
ITABJIOJIAP



HAYYHBIH )KYPHAJ
BectHuk TopaiirelpoB yHuBepcuTeTa

JHepreTuyeckas cepust
BBIXOJUT 4 pa3a B roj

CBUJETEJBCTBO
0 IIOCTAQHOBKE Ha IepeydeT IeproJUIeCKOro MeyaTHOTo M3IaHus,
MH(POPMALIMOHHOTO areHTCTBA ¥ CETEBOTO M3JIaHHs
Ne 14310-K
BBIIAHO
MuHHCTEPCTBO HHPOPMALIUK M OOIIECTBEHHOTO Pa3BUTHUS
Pecny6iuku Kazaxcran

TemaTnueckas HaIpaBJE€HHOCTb
HY6HHK3L[I/I$I MaT€pUuaJioB B obacTu QJICKTPO3HEPICTUKH,
DJIEKTPOTEXHOJIOIUHU, aBTOMATU3allul, aBTOMaTU3UPOBAHHBIX U HH(bOpMaHPIOHHLIX
CHUCTEM, DJIEKTPOMEXAHUKHU U TEIJIOOHEPTETUKU

MoanucHoli uuaexc — 76136

https://doi.ora/10.48081/MEBG1583

Bac PE€AAKTOPLI — rJIaBHBII pe€aaKTOp

Tanunos O. M.
dokmop PhD, accoy. npogpeccop (doyenm)
3aMecTUTENh TIIaBHOTO pelakTopa Kanraes A.T., dokmop PhD
OTBETCTBEHHBIH CEKpeTaphb Carpiaasik ©.B., dokmop PhD

Pezlamum aAJIKaChbl — Pezlammom{an KoOJLJ1Ierus

Knenens M. 4., 0.m.H., npogheccop

Huxkudopos A. C., 0.m.n., npogheccop

Hosoxwunos A. H., 0.m.H., npogheccop

Huxurun K. U., 0.m.u., npogheccop (Poccutickas @edepayust)
Amdepos A. 1., 0.m.u., npogheccop (Poccutickas @edepayust)
Komrexos K. T., 0.m.H., npogheccop

[Ipuxoasko E. B., K.M.H., npogheccop

Kucios A. I1., K.M.H., O0YyeHm

Hedtucos A. B., doxmop PhD

Owmaposa A. P. mexHuueckutl pedaxkmop

3a JAOCTOBEPHOCTh MaTEPHAIIOB U PEKIIAMbl OTBETCTBEHHOCTb HECYT aBTOPBI M PEKIIaMOaTeIINn
Pe[[aKLll/Iﬂ OCTaBIsieT 3a cOOOM TIpaBO HA OTKJIOHEHUE MaTEepUaIoB
ﬂpu HCITOJIb30BaHUN MAaTECPHAJIOB JKYpHaJia CChIJIKA Ha «BecTHHK TOpaﬁI‘BIpOB YHHUBEPCUTETA» o0s13aTenpHa

© TopaiirbIpOB YHUBEPCUTET



Bectnux Topaiirsipos yausepcuret. ISSN 2710-3420. Cepust snepeemuuecxas, Ne3. 2024

MPHTU 44.29
https://doi.ora/10.48081/EUKJ5998

*N. Yu. Taran', V. V. Kaverin? E. Zh. Sarsikeyev, V. V. Titkov*
L2 gbylkas Saginov Karaganda Technical University,

Republic of Kazakhstan, Karaganda,

3S. Seifullin Kazakh Agrotechnical University, Republic of Kazakhstan, Astana;
*Peter the Great Saint-Petersburg Polytechnic University, Russian Federation,
Saint-Petersburg

*e-mail: 1814n97@mail.ru

1ORCID: https://orcid.org/0000-0002-7852-714X
ORCID: MMMWIM
3ORCID: https://orcid.org/0000-0002-7209-5024

“ORCID: https://orcid.org/0000-0002-6763-8688

SYSTEM OF MONITORING THE DEGREE OF
DESTRUCTION FROM ELECTROCHEMICAL
CORROSION OF UNDERGROUND METAL ELEMENTS
OF OVERHEAD POWER LINE SUPPORTS

In this article, the studies were carried out and the block diagram
was developed for a system of monitoring the degree of destruction from
electrochemical corrosion of underground metal fastening elements for
overhead power line supports. The analysis of the causes of emergency
shutdowns of overhead power lines in the CIS and the methods of
assessing the consequences used in _foreign countries are carried out. The
studies were aimed at modernizing the unified power system of
Kazakhstan, reducing emergency situations and increasing reliability of
power supply to consumers. The article presents a diagram of the design
solutions of the proposed monitoring system for the portal-type support
mounting unit. One of the aspects was direct controlling the degree of
destruction of the support fastening points located underground. The

proposed system allows collecting and transmitting to the control center
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the information of the degree of destruction from electrochemical
corrosion of metal fastening elements of portal-type supports.

Key words: portal type supports, overhead power lines, power
system safety, power system reliability, galvanic corrosion, U-bolt,
monitoring system.

Introduction

In the course of overhead power lines (OHPLSs) operation, unforeseen
emergency situations arise that lead to outages. Each emergency shutdown is
accompanied by large economic costs, automatic restrictions on the transmitted
power to large consumers and switching overvoltages, which negatively affect
the quality of electricity. In the world power history, there were large-scale
blackouts with serious consequences. For the further development of the power
industry of the Republic of Kazakhstan, it is necessary to take into account the
experience and problems faced by power transmission organizations of foreign
countries. Thus, scientists K.M. Jawadur Rahman, Maria Moosa Munnee,
Shahriar Khan from the People's Republic of Bangladesh, in article [1] carried
out the most complete analysis of major emergency shutdowns in the world that
occurred from 1965 to 2015. The work used a formula for assessing damage
during emergency shutdowns. The formula equally took into account the number
of people injured and the time it took to recover from the consequences of the
accident. According to this formula, the analysis of the scale of consequences
and causes of emergency shutdowns was carried out. Most outages occurred due
to natural weather conditions (hurricane, earthquake, snow storms). Weather
conditions that have recently reached extreme values render a great impact on
reliability of electricity transmission in the Republic of Kazakhstan. In severe
weather conditions, the weak points of overhead power lines are susceptible to
destruction.

Emergency outages of overhead power lines with voltage of 220 kV and
higher, the length of which across the territory of the Republic of Kazakhstan is
more than 26 thousand km, were analyzed by E. Bapin in work [3] based on the
data from the power system operator.

Technical causes of emergency situations include damage to supports,
insulator strings, linear fittings, cables, and wires. The main factor in damage to
supports is corrosion of underground fastening elements. The STC FGC UES
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JSC carried out and provided the analysis of the damage causes to overhead
power lines in the CIS countries from 1997 to 2007. Figure 1 shows the ratio of
damage caused by technical reasons [4].

Figure 1 — Causes of emergency shutdowns in the CIS countries:
A —reducing the insulating properties of a string of insulators;
B — wire break; C — break of the lightning protection cable;

D — violation of the integrity of linear reinforcement;

F — destruction of supports

Most emergency shutdowns of overhead power lines in the CIS countries
occur due to damage to insulators and wire breaks. In case of such damage,
restoration work takes place in a short time. A different situation arises when the
supports are damaged. The main causes of damage to portal-type supports are
the destruction of metal fastening units. In these assemblies, the most vulnerable
elements are the U-bolt and the metal loop. The destruction of these elements
under the impact of electrochemical corrosion leads to the fall of the support.
Since the overhead transmission line supports are interconnected, the fall of one
support leads to the fall of groups of supports, which is accompanied by lengthy
and costly restoration work.

At present, in the Republic of Kazakhstan, the main method of reducing
emergency situations and assessing the technical condition of supports is, as a
rule, the method of visual inspection of metal fastening elements of supports.
This method is used in accordance with the regulations, and planned openings of
soil are carried out along the entire length of the overhead power line. These
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measures are carried out with long-term power outages in large industrial zones
and as a result, incur large financial costs. During the excavation of the soil, it is
revealed that a significant part of the support fastening elements is not subject to
electrochemical corrosion.

It is normatively recommended to replace the support fastening unit when
the cross-section is lost by 20% of the factory values. However, operating
organizations replace the support fastening elements on all the overhead power
lines at once.

In this regard, an urgent task is the diagnosis and timely identification of the
overhead power lines sections that are most susceptible to electrochemical
corrosion.

The degree of electrochemical corrosion of metal elements depends, as a
rule, on the properties of the soil. The main ones are as follows: the soil type, the
composition and concentration of salts, pH, humidity, differential aeration, the
soil structure, the presence of bacteria in the soil, the soil temperature, electrical
resistivity.

Previously, methods based on the magnetoplastics effect and ultrasonic flaw
detection were used to assess the condition of the metal fastening elements of
overhead power transmission line supports located underground. They made it
possible to determine the complete structure of the metal and to identify the
sections of the element that were most susceptible to corrosion. But to do this,
the sensor must be directly applied to the element under study. Such
measurements were highly accurate and made it possible to determine internal
defects in the metal fastening elements of overhead power transmission poles [5].

The fastening points of overhead power transmission lines located
underground are subject to surface and pitting corrosion. Consequently, the use
of these methods to diagnose the condition of elements is not advisable, since it
is necessary to open the soil, and internal corrosion is very rare.

At present, there are no automated systems of remote monitoring the current
state of metal fastening elements for portal-type supports. The proposed system
will make it possible to determine timely the unit susceptible to electrochemical
corrosion and the degree of its destruction. This will allow replacing it in a timely
manner, taking into account planned outages. Developing and studying the
system of monitoring the degree of destruction from electrochemical corrosion
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of metal fastening elements for overhead power line supports located
underground is a science-intensive, technically complex and urgent task.

Materials and methods

The system of control and indication equipment in the field of high voltage
electrical equipment is designed for continuous monitoring of the degree of the
controlled object destruction and the residual life of metal elements subject to
electrochemical corrosion when interacting with the ground, as well as taking
into account the flow of induced currents through the controlled object.

There is a device for identifying the degree of corrosion damage, in
particular, to the loops of anchor plates and U-shaped bolts of the underground
anchor assembly of guy wires for overhead power transmission lines. There is a
method of determining the corrosion state of metal elements of the anchor
assembly of guy wires for supports, in which the loss of cross-sectional area of
the elements under study is determined. It is compared with the standard value
and based on the resulting difference, the degree of corrosion damage is judged,
characterized in that the electrical resistivity of the soil is first measured in two
mutually perpendicular directions near the anchor assembly. There are measured
the electrode potentials of each U-shaped bolt relative to the copper-sulfate
reference electrode, the induced currents in each guy support; there is determined
the depth of immersion in the ground of the anchor plate loop and, according to
the measurement data and according to the known calculation method, there is
determined the loss of cross-sectional area of the metal elements [6].

The disadvantages of the device are include relatively low reliability of the
results, the inability to monitor automatically changes in the degree of destruction
from electrochemical corrosion over time, and the absence of the data
transmission system to the control center.

At the Federal State Educational Institution of Higher VVocational Education
"Novosibirsk State Academy of Water Transport”, Novosibirsk, studies were
carried out and a device was developed for measuring corrosion by the surface
electromagnetic wave method. The method uses a microwave signal generator of
tunable frequency; generator and indicator communication elements, a
microwave power detector characterized in that it additionally contains a power
divider connected to the output of the generator; a switch, the control input of
which is connected to an electronic computing device, microwave inputs are
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connected to the output of the divider and an indicator communication element,
and the output is connected to the input of the power detector; a digital-to-analog
converter, the output of which is connected to control input of the microwave
generator, and the input to the electronic computing device; an analog-to-digital
converter, the input of which is connected to the output of the power detector,
and the output to the electronic computing device; a temperature sensor
connected to the input of the electronic computing device; an interface unit
connected to an electronic computing device and a control electronic computing
device [7].

The disadvantages of the device include technical complexity of diagnosing
the degree of damage to metal structural elements; when operating the device, it
is necessary to turn off the power in the area under study; the absence of a data
transmission system to the control center.

The proposed system of monitoring the degree of destruction from
electrochemical corrosion of metal elements located underground allows
expanding functionality by constant monitoring their condition, without
excavation during measurements and transmitting information to the control
center via a wireless network.

Results and discussion

The system of monitoring the degree of destruction from electrochemical
corrosion of metal elements located underground consists of a serially connected
monitoring object, a primary transducer unit connected to a matching and
measurement unit, the output of which is connected to the input of the
communication unit, and contains a system power supply unit. It differs in the
design of the sensitive element and the presence of a communication unit [8].

Figure 2 shows a block diagram of monitoring the degree of destruction
from electrochemical corrosion of metal elements located underground.

1 2| 3 4

-
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Figure 2 — Block diagram:
1 — object of control; 2 — primary converter block; 3 — coordination and
measurement block; 4 — communication unit; 5 — power supply unit

The system consists of control object 1, primary converter unit 2, matching
and measurement unit 3, communication unit 4, power supply unit 5.

The system continuously monitors the sequence of the sensitive element
destruction.

It is known that significant reducing the regulated service life of metal
structural elements is caused by electrochemical corrosion that occurs during
interaction with the soil [9, 10].

The system operates as follows: control object 1 is connected to primary
transducer block 2 and the signal about the state of the sensitive element from
the output of primary transducer block 2 is supplied to the input of matching and
measurement block 3. There the signal is converted into a digital code and the
signals received from primary converter block with saving the results. The signal
about the state of the sensitive elements from the output of matching and
measurement unit 3 is supplied to the input of communication unit 4 that
transmits this signal to the control center. Based on the data received, the control
center makes a decision on either compliance with current operating conditions
or non-compliance.

Unit 5 is used to power the system.

The blocks included in the device are implemented on the basis of the
known technical solutions: control object 1 is a metal structure made of steel and
located underground; primary transducer block 2 consists of sensitive elements
and of four metal plates with the thickness of 2, 4 , 8, 12 mm made of steel;
matching and measurement unit 3 is in the simplest case a microcontroller with
a certain set of software and hardware that converts the number of destroyed
sensitive elements into a digital code; communication unit 4 is a wireless
transmitting device in the form of GSM or radio modem; power supply unit 5 is
a rechargeable battery. Since the process of electrochemical corrosion is slow
and data are transmitted once a month within 2-3 minutes, it is sufficient to use
a rechargeable battery for power supply. The batteries are replaced during
scheduled work on overhead power lines.
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Figure 3 shows a block diagram of design solutions for a system of
monitoring the degree of destruction from electrochemical corrosion of metal
elements located underground, on a portal-type support.

5)>)
v

scil_level L —

Figure 3 — Diagram of design solutions for the monitoring system:
1 —cable guy 1, 2 — U-shaped bolt; 3 — anchor plate with a loop;
4 — primary converter block; 5 — coordination and measurement block; 6 —
communication unit

The proposed design solutions for the monitoring system make it possible
to quickly replace the batteries and to transmit data to the control center. The
presence of electrical contact between the sensitive element and the object of
study allows taking into account the effect of leakage currents on electrochemical
corrosion.

Conclusions

Thus, the work substantiates the relevance of developing an automated
diagnostic system for support fastening elements, formulates the basic
requirements and proposes a technical implementation.

The proposed system allows periodical collecting the information of the
degree of destruction from electrochemical corrosion of metal fastening elements
of supports located underground, and transmitting it to the control center.
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For further research, it is necessary to develop an autonomous power supply
unit for the monitoring system. This will eliminate routine work for replacing
batteries.
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KEP ACTBIHIA OPHAJIACKAH METAJLJI QJIEMEHTTEP/IH, OYE
SJIEKTP KEJJIEPIHIH TIPEKTEPIHIH 3JIEKTPOXUMMUSAJIBIK
KOPPO3USJIAH BY3bLTY JTOPEXECIH BAKBLJIAY KYHUECI

Byn makanaoa sepmmeynep srcyp2isinin, scep acmovinoa OpHANACKAH
NeKmp dHceninepiniy mipexmepin Oeximemin Memain d1emMeHmmepiniy
INEKMPOXUMUSIBIK KOPPOIUAOAH OY3bLITYy 09pexcecin OaKbliay dHCylieciHiy
KYDOLILIMOBIK — CXeMAChl  JHcacanobl. AGapusnvlk — axiculpamyniapovly
cebenmepine manoay oscacanovi TMJ] aymazvinOoazsbl oye 31eKmp
Jrceninepi Men canoapuin 6azanay soicmepi wiem enoepoe KoJLOAHbIIAOb.
3epmmeynep Kazaxcmannely 0Oipbiyeail 9HepeemuKaIblK — HCyleciH
JoHcanebipmyaa,  AGAPUANLIK  JHcaA20aunapobl  asaumyaa  JHcoHe
MYMbIHYWBIAAPObL dNeKMPMEH HCADObIKMAY CeHIMOLNIZIH apmmulpyead
bazeimmanean. bBasvimmapoviy  6ipi-oicep  acmulinOa  OpHANACKAH
mipexmepOi Oeximy myuiHOepiniy Oy3vLiy 0opedxcecin mikenel OaKbliay.
Maxanaoa nopman mipex mipex KOHObIP2bICbl YULIH YCIHbLI2AH OAKBIAAY
JHCylleciniy  KypblabIMObIK — wewiMOepiniy — cxemacvl — KelmipiieeH.
¥cevinvinean orcyiie Ilopman munmi mipekmepoi bekimyoiy Mmemain
INeMeHMmMeEPIHiY DNeKMPOXUMUSLIBIK KOPPOSUACHIHAH JHCOUbLILY 09pediceci
mypanvl aKnapammsl HCUHAy2a HcoHe OUCnemuepnix nyHkmke oOepyee
MYMKIHOIK Oepedi. Axnapammovl 6HOey Homudicenepi OOUbIHWA dye
anekmp  Oepy  oiceninepiniy  mipexmepin  6eximyoiy  dcepacmoi
neMeHmmepin ayblCmulpy mypaivl weuin Kaovlioanaoul.

Kinmmi ce30ep: nopman mypindezi mipekmep, oye 91eKmMp
JKceninepi, dneKmp HceniCiHiy Kayincizoiel, 31eKmp HeeniCiniy ceHiMOiniei,

INEKMPOXUMUATBIK, KOppo3us, U-boam, baxwiiay sicylieci.
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CUCTEMA MOHUTOPHUHI'A CTEITIEHHU PASPYIIEHUSA OT
JIEKTPOXUMHUYECKON KOPPO3UMN METAJIJIMYECKHAX
3JIEMEHTOB, PACIIOJIOKEHHBIX 1101 3EMJIEI, OIIOP
BO3IYIIHBIX JIMHUM DJEKTPONEPEJIAY

B oannou cmamve nposedenvi uccredosanus u paspabomaua
CMPYKMYPHAS cXemMa CUCmeMbl MOHUMOPUH2A CIeNneHu paspyulenus om
INEKMPOXUMULECKOU KOPPOIUU MEMALIUYECKUX INEMEHMO8 KPEeNnieHUs.
ONOp 8030VUHDIX TUHULL DTEKMPONepeoay, pacnooNCeHHbIX N00 3eMell.
Buinonnen ananuz npuuun asapuitinelx omxmoueHull 8030VUHbIX TUHUL
anekmponepeday na meppumopuu CHI u memooul oyenku nocieocmeutl
npumensiemMulil 8 3apydexcuvlx cmpanax. Mcciedoganus Hanpasiensl Ha
MoOepHu3ayulo  eOuHoll dHepeemuyeckoli cucmemvl Kazaxcmana,
VMeHblUleHUe —A8APUUHLIX CUMyayuil U HOBblUEHUEe HAOEHCHOCTU
anekmpocuabxcenus nompeoumeneti. OOHUM U3 HANPABAEHUU ABTIAEMC
HeNnocpeoCmeeHHbill KOHMPOJb CMEeNeHU pa3pyuenus Y3106 KpenieHus.
ONOp, PACNONONCEHHbIX OO0 3emaéi. B cmamve npedcmaenena cxema
KOHCMPYKIMUGHBIX PeuleHUll npediazaemol CUCmemMbl MOHUMOPUH2A OIS
V314 KpenieHus onopsl nopmanvhozo muna. Ilpeonacaemas cucmema
noseonsem cobupame U nepedasamv HA OUCNEMYEPCKULl NYHKM
uHgopmayuro 0 cmenenu paspyuleHus om  INeKMPOXUMUYECKOU
KOppo3uu Memauiudyeckux 1eMeHmOo8 KpenieHus Onop NOPMAIbHO2O0

muna. Ilo pesynomamam o06pabomxu uH@opmayuu npUHUMAemcs

337



TopaiirblpoB yHHBepcuTeTiHIH xabapbichl. ISSN 2710-3420. Onepzemuxanvix cepusicot, Nel. 2024

338

pelieHue o 3ameHe NOO3eMHbIX dNIeMEHMO08 KPenieHUs Onop 8030YUIHbIX
JUHUTL 2TEKMPOnepeoat.

Kniouesvie cnosa: onopei nopmanvrnoeo muna, 6030yuiHble JUHUU
aeKmponepeoay, — 6e30NACHOCMb — IHEP2OCUCTIEMb,  HAOEICHOCHb

9HepeocUucmembl, dNeKmpoxumuieckas kopposus, U-obpaszuvii 6oam,
cucmema MOHUMOPUH2A.
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