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AHHoTauuAa. B HacTosALee Bpems paspaboTKa HEMHBA3MBHbLIX METOL0B AMArHOCTUKU
3IeKTPUYECKMX MaLUMH, U 0COHBEHHO reHepaTopoB KaK OCHOBHbIX MPOW3BOAMUTENEN
3/TEKTPUYECKOM 3HEPT UM, C MOMOLLbI0 AAaTYMKOB GUKCALMN MAarHUTHOMO NoJA ABNAETCH
aKTyasIbHOM Hay4yHO-TEXHUYECKOM 3afadvein. [1nAa pelieHuA 3ToM 3a[ayuM NpoBeeHbl
nccrenoBaHMA No paspaboTke MeToda NOUCKA HEMCNPaABHOCTEN CUHXPOHHOIO reHepaTopa
nyTeM aHanun3a BHeLLHEero MarHUTHoro noss. B cTaTbe paccMaTpmBaloTCA OCHOBHbIE BOMPOCH!
KOMMbIOTEPHOI0 MOAENMPOBAHMA BHELLHEr0 MarHUTHOro nonA B cucteMe FEMM 4.2 onAa noncka
HeucnpaBHocTel. [prMBoAATCA MaTEMaTUYECKME BbIparkeHWA /1A CO30aHUA KOMMbIOTEPHOM
MOoenNM CUHXPOHHOI 0 reHepaTopa B ABYMEPHOM NPOCTPaHCTBE, Ha 6a3e KoTopbix popMumpyeTcA
UYMCIEHHOE peLleHMe BHELLUHEro MarHUTHOI O NoJiA C UCMO/Ib30BaHMEM METOAa KOHEYHbIX
aneMeHToB. Mpy MoaenmMpoBaHUK yYTeHbI 0COBEHHOCTM KOHCTPYKLMM CUHXPOHHOI O reHepaTopa.
OnpegfeneHbl 0CHOBHble 3Tanbl paboTbl B cucteMe FEMM 4.2, TeoMeTpuyeckas Mogenb
CUHXPOHHOIO FreHepaTopa UMMOPTUPYETCA U3 CUCTEMbI aBTOMATU3UPOBAHHOIO MPOEKTUPOBaHUSA.
Ou3nyecKne CBOMCTBA BCEX 3/IEMEHTOB MOeNn onpenesnfalTCA KOHCTPYKLUOHHBIMU
MaTepuanaMm CMHXPOHHOI0 FreHepaTopa M BHELLHEero NpoCTPaHCTBa. YnpaBnALLan nporpaMma,
CO03[aHHaA Ha OCHOBe afiropuTMa, NPencTaB/IeHHOro B CTaTbe, MO3BOJIAET BbINOSIHUTb
Mo[esIMpoBaHue BpaLleHUA UHOYKTopa CUHXPOHHOI0 reHepaTopa, aBTOMaTtM3upoBaTh
pacyeTbl 3/IEKTPOMarHUTHOI O MOJIA U BbIBO pe3ynbTaToB. [1pMBeaeH NpuMep UCMOo/b30BaHWA
KOMMbIOTEPHOM MOOENN CMHXPOHHOI 0 FeHepaTopa A/1A MoMCKa HeUCrpaBHOCTEN NyTeM
nccnefoBaHMA BHELLHEro MarHUTHoro nosiA. [o pesynsrataM YMCIIEHHOMO PELLEHNA BHELLHEro
MarHMTHOI0 MoJiA NpoBeAeH FapMOHUYECKUIM aHaNIM3 MarHUTHOM MHAOYKLMU UCMPaBHOMO
CUHXPOHHOI0 reHepaTopa. B cTaTbe NokasaHo, YTo AMarHOCTUYECKUM NMPU3HAKOM CTaTUYEeCKOro
3KCLEHTPUCUTETA MHOYKTOPA CUHXPOHHOIO reHepaTopa ABMAETCA NOABJIEHME YETHBIX FTaPMOHUK
B CMEKTPe MarHUTHOM MHOYKLMW BHELUHero MarHMTHoro nosndA. Ha ocHoBaHWM MosyYeHHbIX
pe3ynbLTaToB onpefesieHa 3aBUCMMOCTb POCTA YETHbIX FAPMOHMK OT BEJIMYUHBI CMELLLEeHUA
WMHOYKTOpPa CUHXPOHHOIO reHepaTopa.
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Abstract. Currently, the development of non-invasive diagnostic methods for electric
machines and especially generators, as the main producers of electric energy, using magnetic
field fixation sensors is an urgent scientific and technical task. To solve this problem, research
has been conducted to develop a method for troubleshooting a synchronous generator by
analyzing an external magnetic field. The article discusses the main issues of computer
modeling of an external magnetic field in the FEMM 4.2 system for troubleshooting.
Mathematical expressions are given for creating a computer model of a synchronous generator
in two-dimensional space, on the basis of which a numerical solution of the external magnetic
field is formed using the finite element method. The modeling takes into account the design
features of the synchronous generator. The main stages of work in the FEMM 4.2 system are
defined. The geometric model of the synchronous generator is imported from the computer-
aided design system. The physical properties of all elements of the model are determined by
the structural materials of the synchronous generator and the external space. The control
program, created on the basis of the algorithm presented in the article, allows you to simulate
the rotation of the inductor of a synchronous generator, automate the calculations of the
electromagnetic field and display the results. An example of using a computer model of
a synchronous generator for troubleshooting by examining an external magnetic field is given.
Based on the results of a numerical solution of the external magnetic field, a harmonic analysis
of the magnetic induction of a working synchronous generator was carried out. The article
shows that a diagnostic sign of static eccentricity of a synchronous generator inductor is the
appearance of even harmonics in the magnetic induction spectrum of an external magnetic
field Based on the results obtained, the dependence of the growth of even harmonics on the
magnitude of the displacement of the inductor of the synchronous generator is determined.
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BesepeHue

nHxpoHHbIe re’epartopsl (CI') npen-
CTaBJISIFOT COOOM OCHOBY CHCTEM BBI-
pabOTKH SIIEKTPOIHEPT UM, TIOSIBIICHHE
HEUCTIPABHOCTEU B KOTOPBIX MOTYT TIPHBO-
JIUTH K COOSIM B AIIEKTPOCHAOKESHNUH WITH K OT-
KITIIOYEHUI0 oTpeduTeneil. HeucnpaBuoctu

MOXKHO Pa3JeIUTh Ha IBE TPYIIIIbI: SIEKTPU-
YeCKHE, BKIIFOYAIOIINE KOPOTKUE 3aMbIKa-
HHSI ¥ OOpPBIBBI B OOMOTKAaX, 1 MEXaHHUYe-
CKHE, BKJIIOYAIOIIME HEUCTIPABHOCTHU MOJ-
ITUITHUKOB, CTATUYCCKUN M JTUHAMWYECKUIN
AKCIICHTPUCHUTET, MMOBPEXKACHUS AemIidep-
HBIX CTEpXKHEM.
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