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AHHOTAIUA

Bo BpeMs okcrulyaTauMM — 3JIGKTPUYECKMX  MAIlMH = HMX  HU30JSLUA
MOJIBEpraeTcs JCHCTBUIO TEMIIEpaTyphl, DSJIEKTPUYECKMM © MEXaHHUYECKUM
BO3/JCHCTBUAM, a TaKK€ BIIMSHUIO OKpPYXKAWOIIEH cpeabl. ODTO MNPUBOAUT K
CTapEHUIO, YXYAIICHUIO CBOMCTB U Pa3pyUICHUIO TUAIEKTPUUYECKHX MAaTEPUAIOB,
COKpamass CpOK CIy>KObl JJIGKTPUYECKOW MaIIMHbI B 1ieJoM. [IpuMenenwme
npeoOpa3zoBarenel 4yacTOThl ISl PErYJIUPOBAaHUS CKOPOCTH  AIIEKTPUUYECKHUX
JIBUTATEJICH 3HAYUTENIBHO MOBBICUIIO 3HAYMMOCTh JIEKTPHUUECKUX BO3JICHCTBUIN Ha
U30JISILIMIO HU3KOBOJIBTHBIX OOMOTOK, U3MEHUB XapaKTep €€ CTapEHUs.

B Hacrosimee BpeMs B COBPEMEHHBIX IMpeoOpa3oBaTesisiX YacTOThI
npeIaraeTcsl UCIOIb30BaTh MOTYIPOBOJIHUKOBBIE MPUOOPHI HOBOTO MOKOJICHUS
Ha ocHOBe KapOuna kpemuus (SiC). OHu 00:1aJar0T PSIOM MPEUMYIIECTB, TAKHMHU
KaK BBICOKME paldoune HampsOKEHUST W TEeMIepaTyphl, BBICOKas 4acToTa
NEPEKIIIOUCHUH, YTO TO3BOJIAET PACIIMPUTHh (YHKIIMOHATIHHBIE BO3MOXKHOCTH
CHJIOBOM 3JIEKTPOHUKH. B TO ke BpeMs, UX MPUMEHEHUE NIPUBOJIUT K TOBBIIIEHUIO
AIIEKTPUYECKUX U TEIUIOBBIX HArpy30K, YTO MOXET HEraTHBHO CKa3bIBATHCS Ha
(YHKIIMOHUPOBAHUU D3JICKTPUYECKOM MalnHbl. V3MEHEHHE 3KCIUTyaTallMOHHBIX
(bakTopoB 00yClIaBIMBAET HEOOXOUMOCTh YTOUHEHHS M BHECEHUSI KOPPEKTUPOBOK
B CYUICCTBYIOIIME METOJbl WCIBITAHUH H MOJEIM OICHKM TOKa3aTelel
HaJIC)KHOCTH.

B cBs3u ¢ atuM, maHHas paboTa TOCBSIIEHA WCCIEAOBAHUIO BIHSHUA
YaCTOTHOI'O PETyJUPOBaHUS Ha HAJAEKHOCTb CHCTEMbl H3OJSIUN OOMOTKHU
AIIEKTPUYECKOro ABUTareis. PaccMOTpeHbl 0COOEHHOCTH YCIIOBUM 3KCIUTyaTalluu
HU3KOBOJIBTHBIX OOMOTOK B 4acTOTHO-peryaupyemom mpusoje (UPII), BoisBIeHbI
OPUYUHBl HETaTUBHOTO BO3JEWUCTBUS JIaHHOTO METOJla YIpPAaBJIEHUS HAa CUCTEMY
U30JISIIIMM, YKa3aHbl OCHOBHBIE CIIOCOOBI, MPUMEHSEMBIC IJISl €r0 YCTPAaHCHUS.
BeimonHeH 0030p METOAOB, TMO3BOJISIONIMX OIICHUTH CTOWKOCTh MEXBHUTKOBOU
U30JISIIIMU K IEHCTBUIO MOJIYJIMPOBAHHOTO HAIPSYKEHUSI.

B mensx omnpeneneHus  CTOMKOCTH — W3OJSIIMOHHBIX — MaTepUAloOB,

HCIIOJIB3YyCMBIX TIpU  HM3TOTOBJICHUU 0OMOTOK QJICKTPUYCCKUX MaAIIHMH K



AJIEKTPOTEILJIOBBIM BO3JICHCTBUSAM, XapaKTepHBIX MJisd pexumoB padotel YPII,
ObLIM MPOBEJAEHBl HCIBITAaHUS Ha o00pa3lax HMaJIMPOBAHHBIX OOMOTOYHBIX
IIPOBOJIOB. B pe3yibrare IPOBEACHHBIX 3KCIIEPUMEHTAIbHBIX HCCIIEI0BAaHUN
MIOATBEPKIACHO BO3HMKHOBEHHE KOPOHHBIX pas3psaoB IPU  BO3AECUCTBUHU
IOBBIIICHHOIO CHUHYCOMJAJIBHOTO, a TaKXe HMITYJIbCHOTO MOAYJIMPOBAHHOIO
HaIIpSDKEHUS, IIPpU  YPOBHSX, COOTBETCTBYIOIIMX BEPOSATHBIM  3HAYCHUAM
nepeHanpsbkeHuii B oOMotke asuratenss B coctaBe UPIL. M3ydensl mporeccsl
paspylIeHHs] M30JSUMM  I0J JCHCTBUEM KOPOHHBIX pa3psAloB, BbISBICH
AIEKTPOTEIJIOBOM XapakTep crapeHusa. OTMEYEHO pe3KOoe YXYAIICHHE CBOMCTB
M30/BIIMM W YCKOPEHHOE pa3pyllCHHE IIPU BO3JACHUCTBUU  HMMITYJIBCHOTO
HANPSDKEHUS! ¢ HAHOCEKYHIHBIMU (DPOHTAMH BBICOKOM YaCTOTHI.

[lomy4yeHHble pe3yJbTaTbl MOTYT OBITh HCIOJIB30BaHbI Ui Pa3pabOTKU
MaTeMaTUYeCKONM  MOJENM  JJsi  NPOTHO3UPOBAHMS ~ CpPOKa  CIYXKObI
AIIEKTPOU3OJISILIMOHHBIX MAaTEPHAJIOB, alallTUPOBAHHBIX K OCOOEHHOCTSAM YCIIOBUMN

9KCIITyaTalluH 3JICKTPUICCKUX MAlllHH.

KiroueBble  ¢ji0Ba:  KOPOHOCTOMKOCTb,  MEXBHUTKOBAas  M30JIAIUA,
HU3KOBOJIbTHAs OOMOTKA, CHCTEMa H30JIAIUH, YaCTHUYHBIC pa3psaibl, YaCTOTHO-

pPEryIIUPYEMBIN MIPUBOJ, JIEKTPOTEIIOBOE CTAPEHHUE.

ABSTRACT

During the electrical machines operation, their insulation is exposed to the
effect of temperature, the electrical and mechanical stresses, as well as the
environmental impact. It leads to insulation aging, properties deterioration and
destruction of dielectric materials, shortening the electrical machine’s service life.
The use of power converters for electric motors speed control has increased
remarkably the significance of electrical stresses effect on low-voltage winding
insulation, changing the nature of its aging.

Currently, the implementation of new generation semiconductor devices

based on silicon carbide (SiC) in modern power converters is proposed. They have



numerous advantages, such as high operating voltage and temperature, high
switching frequency, that allows to extend the power electronics functionality. At
the same time, their application leads to the both electrical and thermal stresses
increasing that can adversely affect the electrical machine operation. The change in
operational factors makes it necessary to refine and adjust the existing testing
methods and models intended to reliability indicators assessing.

In this regard, the given work deals with the investigation of the frequency
control impact on the electric motor winding insulation system reliability. The
operational conditions features of low voltage windings in a variable frequency
drive (VFD) are considered; the negative effects caused by this control method
using on the insulation system are identified, as well as the main ways to eliminate
it are discussed. The methods allowing to estimate the turn isolation endurance to
the effect of modulated voltage are reviewed.

In order to determine the endurance of insulating materials used in the
electrical machine winding manufacture to the electrothermal stresses typical for
the VFD operation modes, specimens made by enameled winding wires are tested.
As a result of performed experimental studies, corona discharges appearance are
confirmed under the increased sinusoidal voltage waveform as well as impulse
modulated voltage, at levels corresponding to the probable overvoltage values in
the motor winding in VFD. The processes of insulation destruction under the
corona discharges are studied, and the electrothermal nature of aging is revealed. A
rapid deterioration and accelerated insulation failure under the high frequency
impulse voltage with nanosecond rising fronts is observed.

The obtained results can be used to develop a mathematical model for
predicting the electrical insulating materials service life adapted to the electrical

machines operating conditions.
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