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As can be seen from the comparative table, the analytical calculation gave slightly
higher values of mechanical stresses compared to the three-dimensional calculation.
Also, the FEM calculation allowed to obtain a detailed picture of the distribution of
stresses and deformations for the entire volume of the shaft, taking into account all
acting forces.

In the course of the presented study, an example of using the finite element
method to calculate the stress-strain state of one of the most loaded elements of an
electric machine was considered. In particular, the possibility of reducing the diameter
of the shaft journals of a synchronous electric motor that received damage that did not
allow it to continue its operation without grinding the shaft journal surfaces was
substantiated.
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The reliability of power transformers is largely determined by the condition of the
on-load tap changer (OLTC), which ensures the maintenance of the required voltage
level in the electrical network. The operation of the OLTC contact system is
accompanied by heat generation, which may lead to local overheating, contact
degradation, insulation aging, and, consequently, emergency failures. Therefore,
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timely monitoring of the OLTC temperature is one of the key tasks in the operation of
power transformers.

One of the modern diagnostic approaches involves the use of winding indicators
for indirect determination of OLTC temperature [1].

Traditionally, the following methods are used to monitor transformer temperature:

- oil thermometers (indicating the average temperature in the tank but not local
overheating);

- winding temperature indicators (WTI), which determine winding temperature as
the sum of oil temperature and the calculated overheating from load current;

- fiber-optic sensor systems, which allow direct measurement of conductor
temperature inside the windings.

The drawback of these traditional methods is that they do not detect local
overheating, particularly in the OLTC zone [2].

One of the most effective methods of indirect OLTC temperature monitoring is
the winding indicator method [3]. The best results are achieved when using fiber-optic
sensors or thermistors embedded in the windings near the OLTC. This method provides
reliable information about the thermal condition of the tap changer, ensures early defect
diagnostics, and increases the reliability of power transformer operation.

The optimization of indicator placement within the windings is a relevant task,
since diagnostic accuracy and timely detection of overheating in the OLTC zone
depend on it. Incorrect or insufficiently dense placement of indicators may result in
missing local defects in the OLTC contact system, which poses the risk of emergency
failures.

The optimization methodology includes the following stages:

1. Thermal field modeling — determining the temperature distribution in the
windings and OLTC zone using thermal modeling methods.

2. Sensor selection — applying fiber-optic and thermoresistive sensors, which
provide high accuracy and the possibility of multipoint measurements.

3. Placement optimization — ensuring higher sensor density in the OLTC zone and
at key winding levels, which makes it possible to reduce the overall number of sensors
without losing informativeness.

4. Data processing — analyzing average values, temperature gradients, and
temperature change rates (dT/dt).

5. Integration into monitoring systems — transmitting data to SCADA or [oT
platforms for generating warning and emergency signals.

Thus, the reliability of power transformers largely depends on the effective
monitoring of the thermal state of the on-load tap changer, while traditional
temperature monitoring methods do not allow the detection of local overheating, which
may lead to hidden defects and emergency failures. Optimizing sensor placement
combined with modern data processing methods makes it possible to improve
diagnostic accuracy, detect defects in a timely manner, and enhance the overall
reliability of power equipment.
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Further research should be directed toward improving transformer thermal state
models and integrating intelligent monitoring systems into digital power system
management platforms.
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CUCTEMHU ABTOMATUYHOI'O MTOKEXKXOI'ACIHHSA B
EJEKTPOIIUTOBUX

Tupcin Oaexcii PocTuciiaBopuy

EnexTpoiuToBl NpUMIIIEHHS HaleXaTh 0 KaTeropii MiJBUIIEHOI MOMXKEXKHOI
HeOe3neku. Lle MosSCHIOEThCS THM, IO caMe TYT 30CEPEIKYEThCS BEIMKa KUTbKICTh
CWJIOBHX 1 PO3MOAUTBYUX MIPUCTPOIB, KaOETHHUX JHIN, CHCTEM aBTOMAaTUKHU Ta 3aC001B
KEpyBaHHS €JIEKTPONOCTa4aHHsIM. Takl MPUMILIEHHS € «CepUeM» eIeKTPOTEXHIYHOT
1HbpacTpyKTypu OyIb-IKOTO MmiAmpueMcTBa abo Oy[iBIi, apke BUXIA 3 J1aay HaBITh
OJIHOTO BY3J1a MOKE CIPUYMHUTU MAacIITaOHUM 3011 y poOoti Beiei cuctemu. Came
TOMY MTUTAHHS MMOXKEKHOT O€3MEeKH B €IEKTPOIIUTOBUX CTOITh 0COOIMBO TOCTPO.

OCHOBHMMHM TpPUYUHAMHU BUHHUKHEHHS TOXEX B EJEKTPOIIMTOBUX € KOPOTKI
3aMUKaHHS, [IEPEBAHTAXEHHS JIIHII, IEpEerpiB KOHTAKTIB 1 CTPYMONPOBIIHUX €JIEMEHTIB,
cTapiHHg a00 MeXaHIuHe IOIIKOKEHHS 130JIA11i1, a TAaKOXK MOTPAIUITHHA B anaparypy
CTOPOHHIX MpeaMeTiB un nuity. KoxkeH 13 1ux (akTopiB MOKe IPU3BECTU JO 3aliMaHHS,
AK€ Ha TIIOYaTKOBIM CTaali 9acTO HEMOMITHE, aje My>Ke IIBUIKO MOIIUPIOETHCA.
Harmpukian, ickpa B MICIIl OraHOTO KOHTaKTy YM MIKPOTPIIIMHA B 130JiA111i KaOesto
3[IaTHI CTaTH JPKEPETIOM CEPHO3HOT TIOMKEXKI, SIKIIO X BYACHO HE JIOKATI3yBaTH.

1106 3a0e3neunTy HAJICKHUM PIBEHBb MOXKEKHOT OE3MEKU B TAKUX MPUMIIICHHSIX,
CbOT'OJIHI IIMPOKO BIPOBALKYIOTHCS CHCTEMH aBTOMAarnyHoro noxexoracinus (CAIID).
IxHst romoBHA repeBara IoJjsra€ y MOJKJIMBOCTI INBHIKOTO BHSBIICHHS Ta JHKBiJarlii
3aiiMaHHs O0e3 yuacTi iroauHu. [{e Mae BupimmanbHe 3HaUeHHS, aJ1)KE HaBITh KUTbKa XBUJIUH
3aTPUMKHA MOKYTh OOEPHYTHCSI BHUXOAOM 3 JIQJy JOPOroro OOJagHaHHS, 3yMUHKOIO
BUPOOHMYMX IPOIIECIB YA HABITh MACIITaOHOIO TEXHOTEHHOI aBapiero. Ha BinmMiHy Bix
pPYYHHUX 3ac001B raciHHS, ABTOMATUYH1 CUCTEMHU PEAryloTh MUTTEBO — BOHH HE 3aJI€KATh
BiJI IPUCYTHOCT1 IEPCOHAITY 1 3/1aTH1 JIOKAII3yBaTH MOXKEXKY I11€ JI0 ii MOIIMPEHHSI.

3Baxkaroud Ha crenu@iky eleKTpooOIagHaHHs, BUKOPUCTAHHS TPaTULIIMHUX
3ac00IB TIOKEKOTACIHHS (BOASIHUX UYMW MIHHUX CHCTEM) Yy EJICKTPOUIUTOBUX €
HEIOIIIbHUM 1 HebOe3nmeunum. Ilo-mepmie, Boma ¥ TiHA TOIMIKOIKYHOTh
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