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Myp3axmeroBa ¥.A., Katkanbaesa D.A.
OPTYPJIi KOJiK TypJiepiHiH 63apa ic-KUMBLIBI Ke3iHeri TackiMaIiapabl 6acKkapy
Tyitingeme. Makanana KeNiKTiH opTYPIi TYPJIEPiHiH (aBTOMOOHIIB JKOHE TEMip JKOJI KOJIiri MBICabIH/Ia) e3apa
OpeKeTTeCyiH OHTAaWBl XKemen Oackapy NPHHOANTEPI KapacTHIPBUIFaH, COHJAW-aK YII Heri3ri OarelT OOHBIHIIA
JKYPTI3UIETiH TachIMaNAayAbIH KeIeH i )KyHeciHe Tanaay Kypri3ini, Barongapas! TYCipyai 0ackapy sl OHTaHIaHABIPY
MIHIETI MIEITII.
Tyitinai ce3mep: xoik, 6ackapy, e3apa ic-KHMBLTBL, KOCTIapIiay, KOJIKTIK XKyiie, 6ackapy amicTepi.
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S. Bolegenova, Zh. Shortanbayeva, A. Maksutkhanova,
A. Nurmukhanova, Sh. Ospanova
(Al-Farabi Kazakh national university, Almaty, Kazakhstan)

THERMOGRAPHIC RESEARCH METHODS AND FACTORS INFLUENCING THE
EFFICIENCY OF THERMAL VISION MONITORING

Abstract. In this paper, the method of remote monitoring and diagnosis of electrical equipment using thermal
imaging surveys are considered. Thermal vision diagnostics is based directly on the results of a study of a particular object
of electrical equipment based on an assessment of heating temperatures. Inspection of the electrical equipment of
intersystem electrical networks is conducted in two stages without interference in the technological cycle of production.
Identification and elimination of excessive heating of electrical equipment, i.e. a local defect at an early stage of its
development makes it possible to avoid accidental defects. Studies conducted in this direction contribute to improving
the technical and economic indicators of electrical equipment of intersystem electrical networks, reliability and safety of
operation and can reduce damage from emergency situations.

Key words: thermography, diagnostics, intersystem networks, thermal vision monitoring

The arising malfunctions of the electrical equipment lead to large material and time costs, both in the repair
process and in the restoration of the normal production cycle. In this case, the cost of diagnosing a defect can be a
significant amount (up to half) of the total cost of equipment. The most costly, including in time, is the diagnosis of
defects in electrical equipment, due to the need to analyze a large number of tightly located contact groups,
assemblies, current-carrying circuits. Ensuring high-quality and uninterrupted operation of electrical equipment
depends on a large number of parameters, among which one can distinguish the influence of the external
environment, the regularity and types of loads, the influence of random factors (human factor), etc. [1].

Therefore, the clarification of the technical condition of the electrical equipment of the intersystem
electrical networks based on thermal imaging surveys will allow, at the minimum financial cost, in the shortest
possible time, without removing the electrical equipment from work, to check the reliability of the monitored
object, identify defects at an early stage of their development, reduce maintenance costs by predicting the
timing and volume of repair work. As a result of this, research into the methods of thermal imaging diagnostics
of electrical equipment that prevents emergency equipment failure and enhances operational reliability by
identifying local defects is becoming relevant.

In connection with the foregoing, the main attention is paid to the study of thermal imaging inspection
of electrical equipment of intersystem electrical networks.

The situation that has developed in recent years in the electric power industry, within the framework of
the economy, forces us to take measures aimed at increasing the life of various equipment, and this is
equipment from non-CIS countries, which after installation does not require a comprehensive examination for
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about fifteen years, but this also both positive and negative. Therefore, the solution to the problem of assessing
the technical condition of electrical equipment of electric networks is to a large extent the introduction of
effective methods of instrumental control and technical diagnostics.

Diagnosis is an apparatus that allows you to establish signs of malfunction (operability) of equipment
and study them, establish methods and means by which an opinion is made on the presence or absence of a
malfunction (defect). In other words, technical diagnostics makes it possible to assess the state of the
investigated object. Such diagnostics are mainly aimed at searching, identifying defects and analyzing the
internal causes of equipment malfunctions [2-5].

Electrical equipment of MES contains a large number of devices, the long-term operation of which
without proper diagnosis of the technical condition can lead to their failure and significant material damage.
To implement effective diagnostics of electrical equipment of intersystem electrical networks, modern
techniques and technical means of control are needed. The solution of the problems of diagnosing MES
electrical equipment can Dbe performed on the Dbasis of thermal imaging surveys.
Thermal inspection of electrical equipment is one of the first areas of application of the thermal method of
non-destructive testing for the needs of industrial enterprises.

Thermography is a type of infrared image in which infrared cameras detect radiation in the
electromagnetic spectrum with a wavelength of from about 900 to 14,000 nanometers (0.9-14 microns) and
obtain an image of this radiation. Typically, this visualization is used to measure the temperature of variation
over an object or scene, which can be expressed in degrees Fahrenheit, Celsius or Kelvin.
A real-time thermal camera captures all the radiation that enters the lens. Radiation can come both from the
object under study, and from other radiation sources, followed by reflection from the object, which gives some
radiation.

For an object having mirror properties, temperature measurement is not possible. For example, on
busbars RU-10 kV, shown in the figure below, there are colored areas that are well suited for measuring
temperature. Tires are made of copper, which has a very high thermal conductivity. This means that
temperature changes along the surface of the part should be small (Fig.1) [6].
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Figure 1. Thermogram of busbars RU-10 kV
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Basically, the components of electrical installations act as mirrors for infrared radiation, but this is not
noticeable to the naked eye. Uncoated metal parts are particularly prone to glare, while insulated plastic, rubber
or painted parts in most cases do not create glare. In the figure below, the reflection of the operator from the
conductive bus in RU-10kV is clearly visible. But, this reflection is not an object’s hot spot. One way to
determine if the image you see is a reflection or not is to change your position relative to the object. And then
it will be visible if you look at the object from a different angle and follow the hot spot. If she moves with
you, then it will be a reflection.

Thermography is currently a well-established method used to test electrical installations. This was the
first and most widespread application of thermography. The infrared camera itself has undergone a period of
rapid development, and at the moment we can say that the 8th generation of thermographic systems has become
available to users. It all began more than 40 years ago, around 1964, and now the method is recognized
worldwide. Thermography is widely used in both industrialized and developing countries.

In recent decades, thermography in combination with vibration analysis has been the main method for
the complete diagnostics of industrial plants for the implementation of preventive maintenance programs. The
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main advantage of these methods is that they not only allow you to check the installations during their
operation. In fact, the operation of the installation in normal operation is a prerequisite for accurate
measurements, thus stopping the production process is not required. Thermographic control of electrical
installations is used in three main industries:

- power generation;

- transmission of electricity;

- electricity distribution.

Using an infrared camera or thermal imager, a specialist measures the heat generation locally and
presents it as an image of an object emitted by infrared radiation. The fact that radiation is a function of the
surface temperature of the object allows the camera to calculate and display this temperature [7].

The emitted radiation measured by the camera (thermal imager) depends not only on the temperature of
the object, but also on the emissivity of the object. Radiation also comes from the environment and is reflected
by the object. It is also worth noting that the radiation of the object on the reflected radiation will also affect
the absorption in the atmosphere. In connection with the foregoing, it follows that for accurate temperature
measurement it is necessary to compensate for the effects of several different radiation sources. This is done
by the camera in real time in automatic mode. However, the following parameters of the object [8] must be
entered into the camera:

- the emissivity of the object;

- visible reflected temperature;

- the distance between the object and the camera;

- relative humidity;

- ambient temperature.

An important parameter that should be correctly entered is the emissivity, which, in short, is a measure
of the radiation emitted by the object, compared with the radiation of a completely black body at the same
temperature.

In electrical networks, measurements are usually taken during periods of high load. In this industry - at
least in northern countries with clear seasonal weather changes - inspections are carried out in spring and
autumn or before long interruptions. Thus, in any case, repair work is carried out during the period of
production shutdown. However, this rule is applied less and less, and recently, inspections are carried out under
various loads and operating conditions of power plants.

A special role of thermographic surveys is that with their help it is possible to assess the degree of
influence of external conditions on the internal state of individual units of power equipment, even if this effect
did not lead to immediate critical consequences. For example, heating oil in transformer devices during the
summer period contributes to accelerated aging of insulation. The measurement of the temperature of the oil
in transformers during these periods is not a direct assessment of the presence or absence of defects, but can
provide source material for predicting the accumulated change in the state of electrical insulation during the
operation of a given transformer operating in these climatic conditions [9].

Thermographic surveys, almost from the very beginning of their application in the electric power
industry, are most intensively used in this method, since the anomalies in the thermal fields of power equipment
are ahead of schedule in relation to the emergency development of anomalies in electrical processes. At the
same time, the frequency of thermographic examinations is currently dictated by completely different
circumstances than the above considerations of an integrated approach to improving the accuracy of forecasts
of failure-free operation of complexes. The existing recommendations have such terms as 1 year, 3 years,
spring, etc. At the same time, it follows from the most general considerations that the likelihood of a product
defect leading to a failure in operation increases with time of its operation and becomes maximum at the end
of its assigned service life. Therefore, the interval between examinations should also be changed and planned
based on the available a priori data regarding the degree of deterioration of this unit: the assigned resource and
the real time of operation. By the end of the assigned service life of units and devices, the interval between
their surveys should be reduced.

A general analysis of the damage to oil-filled equipment, carried out at RAO UES of Russia together
with UES of Kazakhstan, showed that in power transformers and shunt reactors, approximately 90% of
violations (deviations) occur in three main nodes [10]:

- oil-filled bushings;

- windings and on-load tap-changers;

- voltage regulation devices without load.
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Therefore, during thermal imaging inspection of transformers, these nodes should be given special
attention. When analyzing the results of a thermal imaging examination, it is necessary to take into account
the design of this type of transformer, the method of cooling the windings and the magnetic circuit, the
conditions and duration of operation. This requires preliminary preparation for the examination by examining
the passport and structural data of the transformer, the term and operating conditions, information on the results
of the repairs, the degree of loading of the transformer.

The frequency of conducting thermal imaging diagnostics of contact joints and of all electrical
equipment in general should not be selected from the importance of the facilities for their purpose, not from
the capabilities of diagnostics by operating personnel, not from the voltage class and not from the frequency
of ongoing and major repairs or other similar considerations. The only criterion that specifically determines
the frequency of diagnosis should be only the time of development of the defect, and the frequency of diagnosis
should be less than this time. And as practice shows, the time of development of defects of most equipment
does not exceed one year. Therefore, the diagnosis should be carried out at least once a year.

As experience shows, it is more effective to conduct diagnostics twice a year: in the spring after passing
the autumn-winter maximum loads and changing the operating mode of the equipment, when defects are most
clearly identified and there is the possibility of eliminating them during the «repair campaign», as well as in
autumn during the autumn-winter maximum loads. Diagnostics twice a year is especially necessary at such
power facilities, the equipment of which operates under intensive loads during peak hours and the service life
is 15 years or more. At such power facilities, developed defects were detected during diagnosis after 5 months.
Each state has its own electrical standards, standards and regulations. For this reason, the electrical control
procedures described in this section may differ from standard procedures in another country. In addition, in
some countries of the world, authorized persons are allowed to check electrical equipment. In this regard, it
must be understood that prior to any work related to electrical equipment, it is necessary to familiarize yourself
in detail with the relevant regional and state electrical standards and standards [11-15].

To take a thermal imager, the subject must be in direct line of sight. When conducting a thermal imaging
inspection of electrical equipment, it is important that the infrared radiation of the object under investigation
is measured, which is associated with the presence of a defect and the degree of its development. Therefore,
almost all measurements should be performed in the evening and at night, when the equipment is in load mode,
and also (if necessary) for power transformers in idle mode. Measurements in the summer period are made no
less than two hours after sunset to exclude errors from daytime heating by the sun. In some cases, it is possible
to conduct thermal imaging diagnostics during the day in continuous cloud cover, since continuous cloud cover
does not pass the infrared radiation of the Sun.

During the diagnosis, it is necessary to take into account the emissivity of the surface of the object being
examined, as well as the angle between the axis of the thermal imaging receiver and the normal to the radiating
surface of the object. Both abnormal increases and decreases in temperature are evaluated. This approach
allows us to determine how defects in contact joints, induced currents flow, insulation losses and other
developing insulation defects, oil leaks, blocking of cooling medium ducts, and the efficiency of cooling
systems. If necessary, analysis and correlations with the results of other tests and measurements. It should be
noted that when measuring objects of the same type, it is necessary to position the thermal imaging detector at
the same distance and at the same angle to the optical axis to the surface of the object in order to maximally
eliminate errors from extraneous radiation, the influence of distance, humidity and other factors.

LITERATURE

[1] A.l. Khalyasm et.al. Diagnostics of electrical equipment of power plants and substations: a training manual.
- Yekaterinburg: Publishing House Ural, 2015. - 64 p.

[2] E.N. Topilskaya, O.V. Inzhelevskaya, N.M. Topilsky Economic aspects of thermal imaging inspection of
elements of power supply systems of mining enterprises High-tech technologies for the development and use of mineral
resources: international scientific and practical conference: collection of scientific articles. - Novokuznetsk: SibGIU,
2015. - P. 260-263.

[3] Yu. Vlasov Prediction of the durability of contact compounds according to thermal imaging diagnostics //
Electrical Engineering. - 2003. - No. 12. - P. 273-274.

[4] Rules for the technical operation of consumer electrical installations (PTEEP), 2003.

[5] Technological regulations for heat engineering inspections, non-destructive testing and diagnostics of the
technical condition of heat-generating objects using the automated non-contact thermal imaging method, VEMO
03.00.00.000 DM, 2001.

162 Nel 2020 Bectauk KazsHUTY




o TeXHI/IKaJ'l])IK FblJAbIM/JIAP

[6] Methodology for collecting and collecting information to determine the thermal characteristics of the
building's external enclosing structures, VEMO 07.00.00.000 DM, 2003.

[7] Thermal imaging control during the organization of repairs of electrical equipment according to its condition,
Power stations, 2000, No. 6. Yu. Method of thermal imaging non-destructive diagnostics of electrical equipment (basic
provisions), VEMO.

[8] Standart Guide for Examining Electrical and Mechanical Equipment with Infrared Thermography. E 1934-99a;

[9] Change No. 2 “Scope and standards of electrical equipment tests: RD 34.45-51.300-97” - M.: SPO ORGRES, 2000.

[10] Vlasov A.B. Bringing thermal imaging control data to a single criterion // Electrician. — 2001. - No. 12. — P. 24-28.

[11] Under scientific. ed. N.N. Tikhodeeva. Guidelines for the protection of electric networks 6-1150 kV from
lightning and internal overvoltages. - St. Petersburg: PEIPK, 1999. — 350 p.

[12] Guidelines for the use of limiters in electric networks 110-750 kV. - M.: Publishing House NTK.
— Electroproject, 2000.

[13] Hryciuk M., Nowakowski A., Renkielska A., Multilayer thermalmodel of healty and burned skin // Proc. 2nd
European Medical andBiological Engineering Conference, EMBEC 02. — Vienna, 2002. v. 3, pt. 2. — P. 1614-1617.

[14] Ruminski J., Kaczmarek M., Nowakowski A. Medical ActiveThermography — A New Image Reconstruction
Method, LectureNotes in Computer Science, LNCS 2124, Springer, Berlin-Heidelberg, 2001, 274-181.

[15] Scope and standards of electrical equipment tests. RD 34.45-51.300-97, 6th ed.

Bonerenosa C.A., lopran6aesa XK.K., Makcyrxanosa A.M., Hypmyxanosa A.3., Ocnanosa I11.C.
TepmorpagusiibIK 3epTTey dicTepi KIHe TeII0BH3UIILIK MOHUTOPUHITIH THIMALIIriHe dcep eTeTiH dakropJap
Tyiiinneme. bepinreH >xyMpIcTa TEIUIOBU3HSIIBIK 3¢PTTEY apKBUIBI JJICKTP KYPBUIFBUIAPBIH AUCTAHIHOHIBI

OaKpLIay JKOHE AUATHOCTHKANAY SHiCTeMeci KapacThIpbUIaabl. TermnoBU3USAIbIK JUATHOCTHKA KBI3IBIPY TEMIICpaTypachH
Oarayiay HeTi3iHIeri 3epTTey HOTIKeNepiHe OalnaHbICThL. JKyilepalblk SJIEKTp TOpanTapblHBIH 3JICKTP KYPBUIFbUIAPBIH
3epTTey OHIIPICTIH TEXHOJIOTHSIIBIK [UKIIBIHA apaNacychl3 eKi Ke3eHae oTei. DNeKTp KYpbUIFbUIAPBIHBIH LIEKTEH THIC
KBI3BII KETYiH aHBIKTAy, SFHU 0ACTaIKbl JaMy Ke3eHIHIeT1 KeprilikTi akaynapIasl Ta0y anaTThIK JKaFIaiiapIslH alIbIH
anmyra MYMKIHIIK Oepeni. Ochl OarbITTa JKYPri3UIETIH 3epTTEyJep Kyie apajiblK JJIEKTP TOPANTAPBIHBIH 3JEKTD
KYPBUIFBUIAPBIHBIH, KOHOMHKAJIBIK THIMJUIITH, CEHIMIUIITH jKOHE TYTBIHY KayiINCI3IiriH apTThIpajibl KOHE anaTThl
»KaFnainapaaH 00aThiH 3USHHBIH MOJIIIEPIH a3aiTabl.

Bonerenora C.A., [llopranbaera JK.K., Makcyrxanosa A.M., Hypmyxanosa A.3., Ocnanosa I11.C.

MeTtoanl TepMorpadguueckoro MccjenoBaHuss H  (akTropbl, BIUsSWIHEe HAa 3(PPeKTHBHOCTH
TeNJIOBH3NOHHOI0 MOHUTOPHHI A

Pe3iome. B panHOll paboTe paccMaTpuBaeTcs METOAMKA JAUCTAHIIMOHHOTO KOHTPOJISE M JUArHOCTUPOBAHUS
3eKTPOOOOPYIOBaHUS C TOMOINBIO TEIJIOBU3MOHHBIX OOCIeNOBaHWN. TeITOBH3MOHHAS IWAarHOCTHKA OCHOBAaHA
HETIOCPEACTBEHHO HAa PEe3yJbTaTax HCCIEIOBaHHUS KOHKPETHOTO OOBEKTa JIIEKTPOOOOPYIOBAaHHUS Ha OCHOBE OIICHKH
Temneparyp Harpesa. O0cieoBaHNE AIIEKTPOOOOPYIOBAHIUS MEKCUCTEMHBIX JIIEKTPUICCKUX CETEH MPOBOAUTCS B JIBA
JTama 0e3 BMEImaTeIhCTBa B TEXHOJIIOTHUECKUH UK MPOM3BOJICTBA. BIsABICHNE U yCcTpaHeHHE H30BITOYHOTO HAarpeBa
3eKTpo0o0OpyIOBaHHUS, T.€. JOKAIBHOrO NedeKTa Ha paHHEH CTaAWd €ro Pa3BUTHSA JaeT BO3MOXKHOCTh HM30eXaTh
aBapuitHbIX nedexToB. MccinenoBaHus, MPOBOANMEIC B JAHHOM HAIPaBICHHUHU, CIIOCOOCTBYIOT MOBBIIICHHIO TEXHHUKO-
HSKOHOMHUYECKUX TIOKa3aTeleld 3JeKTpooOOpYyAOBaHUS MEXKCUCTEMHBIX JJIEKTPUYECKUX CeTei, HaIeKHOCTH U
0€30MaCHOCTH IKCIUTyaTallMy U MO3BOJISICT CHU3UTh YIIEPOBl OT aBAPUITHBIX CUTYallUi.
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