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ONPEOENEHUE MEXAHUYECKUX HANPSXXEHUN B 3NIEMEHTAX
KPEMJNEHUA CEPOEYHUKOB CTATOPOB TYPBOITEHEPATOPOB

B pabome ¢ ucnonvzoeanuem 3D-modenu u npoepammusix komniexcog SolidWorks u ANSYS evinonnen pac-
uem D/IC, Ha6edeHHbIX NOMOKAMU PACCESIHUSL 8 30HE KDENJIeHUsI CePOeYHUKA CIamopa mypoo2enepamopa K KOpny-
Cy, paccuumaHbl INEKMPOMASHUMHbLE CULbL, OCUCMEYIOWUE HA CUCIEMY KPENleHUsl CepOeUHUKA, NONYYEeHA Kapmu-
Ha pacnpeoenenuss MeXaHUYeCKux HanpsdiCeHull 8 d1eMeHmax y3id KpenieHus, 6O3HUKAIOWUX npu Oelcmeu 1ex-
mpomazuummusix cui ¢ yacmomoti 50, 100 u 200 I'y. Ykazano, umo Heo6xo00umocms npogedeHus 0ONOIHUMETbHBIX
UCCIE008AHUTL INEKMPOMASHUMHBIX CUTL U MEXAHUYECKUX HANPANCEHUT @ IeMEHMAX KPenienus cepoeyHuKa cma-
mopa onpeoenena 0coOeHHOCMAMU PAbOMbl HAYUOHALLHOU IHEP2EMUECKOU CUCEMbL («RUKUY» U «NPOBATbLY IHED-
2onompebnenust, 3HAYUMENbHBLIL USHOC DNIEKMPOOOOPYOOBAHUsL MENI08bIX dNeKmpocmanyuil u m.o.). Ucciedosanus
npoeoounUcy o mypbozenepamopos mowrocmoto 200—-300 MBm, komopvie 561510Mcsi RPAKmMuyecKu eOUHCMeEeH-
HbIMU MAHEEPEHHBIMU MOWHOCMAMY 8 dHepeocucmeme YKpauHvl i 4acmo pabomarom Ha O10Kax meniosvlx J1eK-
mpocmanyuti 8 HeHOMuHAIbHbIX pedcumax. CoopanHble asmopom OanHvle 0 Mypbo2eHepamopax, Komopbule Yyacmo
pabomarom 6 HEHOMUHANLHBIX PEAHCUMAX, NO3BONUNU YMEEPICOAMDb, MO OHU UMeIOm 601ee HUSKVIO HAOe)HCHOCMD,
uem mypbocenepamopul, KOmopbie pabomaiom moibKo 6 HOMUHALbHBIX PENCUMAX. B HEHOMUHANbHBIX percumax
OmMeueHO ycuieHue subpayul, Ymo, 8 c0K o4epedsb, NPUBOOUM K NOSABIEHUIO OONOIHUMENbHBIX 0epeKmos 8 Hau-
boJlee HAZPYIHCEHHBIX INEMEHMAX MAWUH, 8 YACHHOCHIU, 8 Y3IAX NOOBECKU CEPOCUHUKA. NOSGNIEHUE HA NOBEPXHOCMU
CRUHKU CEPOeYHUKA OMIONCEHUL NPOOYKIMOE (hpemmune-uzHocd, 0ciabieHue u nOOBUICHOCHL PACHOPHBIX KIUHbES,
nosigneHue YCMAaloCMubIX MPewur 8 C8APHbIX WBAX U KOIbYEBbIX pedpax pamvl, OMEUHYUBAHUE 2A€K CHSIICHbIX
wnunex, oopvle weex cmancHulx wnuiex u m.0. Iloryueno pacnpedenenue MexXaHUYeCKUX HANPSICEHU No ONuUHe
CIISIHICHOU WNULKU NPU PASTUYHBIX YACTOMAX, GbINOJIHEHO CPAGHEHUE C OONYCIMUMbIMU 3HAYEHUSMU HANPAICEHUT
0711 UCHONb3YEMbIX MAMEPUANO8 KpenieHus, COelanbl 8bl800bl 0 803MOJCHOCMU pAbombl mypbo2eHepamopos 8
ouanasone paccmampusaemoix wacmom 50, 100 u 200 I'y. Tloomeepocoena 603MOACHOCHb KOMINLIOMEPHO20 MOOe-
JUPOBAHUSL BOHUKAIOWUX YCUNULL 6 DJIEMEHMAX KPENIEHUsl 8 PA3IUYHBIX PENCUMAX C YeTbl0 NPOSHO3UPOBAHUS UX
paboyezo cocCmosiHUA ¢ peKomeHOayuel NOOMEEPAHCOeHUs. Ha NPAKMUKe NymeM YCMAHOBKU OONOIHUMENbHBIX Oan-
YUKOB.

Kntouesvie cnosa: mypbocenepamop, CmAdCHAs WNUTLKA, YACMOMA, YNEKMPOMASHUMHAA CUIA, MeXaHuYe-
cKoe Hanpsdicerue, 3D mooensv, npoepammHblil KOMNIEKC.

OTIpEeJIeISIET TO, YTO 3JIEKTPOOOOPYIOBAHHE MOCTOSHHO
paboTaeT B NEPEXOAHBIX, MAHEBPEHHBIX peXHMax. B

BBepeHue

IMocTanoBka nmpobiaembl. B pabote coBpeMeHHOI
SHEPTrOCHCTEMBl YKpauHbI CIEAyeT OTMETUTH PSI 0CO-
OCHHOCTEH, KOTOPBIE IEHCTBYIOT OHOBPpEMEHHO [ 1—4]:

— ycraHoBIIeHHOE Ha 3Heprobiokax TOC renepa-
TOpPHOE 000pYIOBaHMS MPAKTHYECKH MOJIHOCTHIO OTpa-
60TaJI0 CPOK AKCIUTyaTallM, YCTaHOBJIEHHBIH 3aBOJa-
MU-U3TOTOBUTENSIMA. MUPOBOH 3KOHOMUYECKUN KpH-
31C, KOTOPBIA OINpEeNesieT M TeXHHUKO-3KOHOMHYECKHUE
BO3MOXKHOCTH YKpaWHBI, JeJIaeT HEBO3MOKHBIM IIPOBe-
JIeHHe 3aMeHbl ycTapeBuiero obopynosanus. [lostomy,
C LENbI0 MPEAYNPEKICHUS aBapUIHBIX CUTyalud U
oOecrieueHHs MOBBIIIEHHOTO KOHTPOJIS HaJl COCTOSIHUEM
000pyOBaHuUs B AKCILTyaTallluu, He0OX0IMMO YBEINYH-
BaTh YMCJIO TOYEK KOHTPOJS Pa3sIMuHBIX Y3JI0B TypOO-
reHepaTopa;

— HEepaBHOMEpHAas Harpy>KEHHOCTh IEKTPUIECKUX
ceTell B T€UEHUE Iofa, HElENH, CYTOK IMPUBOIUT K He-
00XOIMMOCTH DPETryJIMPOBAaHUs BBIPAOATHIBAEMOH Typ-
6oreneparopamu (TI') aMeKTPO’IHEPTHUHU B CHCTEMY. DTO

YKpauHe Takoe BO3MOXKHO TOJBKO 3a CUET BBIBOJA B
HEHOMUHAJIbHBIE PEXHMBI SKCIUTyaTallid T'€HEPaTOpPOB
T3C momHOCTRIO 200-300 MBT [5];

— CHIDKEHME SHEepronoTpebiieHus MPUBOJIUT K He-
TIOJIHOW 3arpy3Ke BO3JYIIHBIX JIMHUH 3JeKTporepenad,
K TeHepauuu M30bITOYHON PeakTHBHOW 3HEPIWH W Ha-
pylIeHnto OalaHca aKTHBHON M PEaKTUBHOW HEPTHUH B
cucteme [6].

OTH 0COOEHHOCTH MOTPEOOBAIN PELICHUS 3a/1a4n
obecrieueHHs HAAEKHOCTH pabOTHl HHEPrOCHCTEMEI,
3IIEKTPOOOOPYAOBaHUSI HOBBIMH METOJIAMH C HCIOJIB30-
BaHMEM BO3MOXXHOCTEH COBPEMEHHBIX KOMIBIOTEPHBIX
CHCTEM B pexxnMe on-line.

ueJ'H)IO CTATbU SABJIACTCA ONPCACIICHUEC MCXaHU-
YEeCKMX HaNpsDKEHUH B DJIEMEHTaX KperuleHWs cepled-
HHKa cTaTtopa K Kopirycy TypOorenepaTopa B 3aBHCHMO-
CTH OT 3HA4YEHWH 3JIEKTPOMArHUTHBIX HAarpy30K, KOTO-
pblE U3MEHSIOTCS B 3aBUCHMOCTH OT PEXHUMOB €ro pa-
6O0TBHI.

© Crpokoyc A.B., 2018
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U3noxeHne oCHOBHOro MaTepuana

Bompocamu ompeneneHns MEXaHHYECKHX Hamps-
KEHUH B JIEMEHTAaX KPEIJIEHHs CEPIeYHUKOB K KOPILy-
Cy, B YaCTHOCTH, B CTSDKHBIX LINMWJIbKaX, 3aHUMAJIUChH
MHOTHe uccnenoBarenn [3—6]. OmHako oIpeneneHue
Harpy30K BEJIOCh JUIsl IBYMEPHBIX Mojenen. s perme-
HUSI TPEXMEPHOH 3aqayul ONpeeCHUS] BIMSHUS dIIeK-
TPOMAarHUTHBIX Harpy3oK B Y3JaX KpeEIUIeHUs cepjed-
HHUKa CTaTopa B HEHOMUHAJBHBIX peskuMax 1T pabotsr
HAMH  WUCIIOJIb30BAaHBl  MPOTPaMMHBIE  KOMIUIEKCHI
SolidWorks 1 ANSYS. Creayer OTMETUTH, YTO IOJ
«HEHOMHHAIBHBIMH peXuMaMu pabotsr TT» Mbl moHu-
MaeM H3MEHEHHE (PaKTHIECKOH BEJMYMHBI BBIPAOATHI-
BaeMOW aKTUBHOW MOIIHOCTH (TI0 CpaBHEHHIO C HOMH-
HaJIbHOI), I3MEHEHHE PEKUMOB pabOTHI 33 CUET M3Me-
HEHHS TOKa 0OMOTKH BO30Yxaerus [3—6]. st moapo6-
HOTO HCCJICJOBAaHHSI U, COOTBETCTBEHHO, KaK OOBEKT
MOJICTIMPOBaHMs, ObliIa BBIOpaHa CTSDKHAS IIIHIIbKA.

CucreMy ypaBHEHHIi, ONPEICISIONIYIO CBSI3b Mar-
HUTHOTO IIOTOKAa CEpJCYHHMKA CTaTopa, €ro 4YacTOThl,
3HaueHue DJ[C B CTSKHBIX IIMUIIbKAX, KOTOpas MPUBO-
JITCS TIOTOKAMH PACCESHUSI B 30HE KpEIUICHHS cepied-
HUKa K xKopirycy TI (puc. 1), pemaeM ¢ BCIOIb30BaHUEM
TPaHUYHBIX YCJIOBHUH MEPBOrO poja IPH MOMOIIHM HpO-
rpammHoro komiuiekca SolidWorks u ANSYS [5; 7].

MaTok. KOTOPEIN BEITECHARTCA Dy
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Puc. 1. TopueBas 30Ha ctatopa

Jns uccnenyemoro oObekra (CTSHKHOW LINMMIIBKA
TT') Obl1a cocTaBiIeHa MATEMAaTHIECKAs MOJIEIb:

O, =2 -5Dshm -1 .eJ"(‘D‘HYo)’
forno-)
Eg =Eghm-e > M
j-[o)~t+y()—‘{"—g)
Lh =Lhm e >

rae D — MardMTHBIA IIOTOK, KOTOPBIA BBITECHAETCH

U3 CepICYHHKA CTaTOpa U B CTSDKHBIX IIMTHIBKAX, KOTO-
pBIE CTATHBAIOT cepAeuHNK, HaBoauT D/IC, BO;

3Dshm — YACTBHBI MAaTHUTHBIA MOTOK (paccdu-
THIBACTCS HA CAWHUIY JIUHBI cepaeynnka T B Ha-
MIPaBIICHUH, MAPALICIIFHOM OCH Te€HepaTopa), KOTOPBIi
BBITECHSIETCS] B BO3AYIIHBIN 3a30p MEXIy CIMHKOW CTa-
TOpa ¥ BHYTPEHHEH MOBEPXHOCTHIO €ro Kopmyca, Bo/M;

(® — YacTOTa U3MEHEHUS DJIEKTPOMArHUTHOTO IO-
JIsl B CEpIIEUHHKE cTaropa, ['1;

t — BpeMs POBEACHUS UCCIIeIOBaHuUM, C;

|5 — A ceprevHuKa cTaTopa, M;

Ey, — sHauenwe DOJIC B WmINMIBKE CEPAEYHHKA

cratopa, B;
E

By — ammwmryza Haenennol O3/IC B CTSKHOM
mmnuiske, B;

L, — TOK B KOHTYpE, KOTOPBIA BKIHOYAET CTSK-

HBIE IIMIIBKY, HOKUMHBIE (DIaHIbl, HAKUMHYIO TUTUTY,

KpallHUM MaKeT IIMXTOBAHHOIO CEpACYHUKA CTaTopa,

9KpaH (ecIH OH MPEeLYyCMOTPEH B KOHCTPYKINH), A;
Ighm — aMIUIMTyZJa TOKA, KOTOPBIM HABOIUTCA B

KOHTYp€, YKa3aHHOM BBIIIE, A;
Y =arctg(Xy /Ry) — aprymMeHT KOMILIEKCHOIO

COIIPOTUBIICHHUS KOHTypa 3aMbIKaHUS TOKOB, HaBEICH-
HBIX IOTOKaMH PacCeNBaHMUs B KOHTYpE.

KomrmiekcHoe conpoTuBieHue KOHTYpa (Zy.gh), O
KOTOpOMY TpPOTEKaeT TOK, KOTOPBIH HaBOIUTCS MOTO-
KaMH paccesHHs W 3aMBIKAeTCSl 10 CTSHKHBIM IINUJIb-
KaM, 110 Ha)XKUMHBIM IUINTaM, I10 JIUCTAM KpaiHero ma-
KeTa CepICUHUKA CTaTOpa U 10 SKPaHy, ONPEAEISIETCS:

-1

1 1 @

1
Zysh =Ryoh +1Xksh =Zgp +| 5—+ +
) ) ) ) Zpl Zpac Zekr

e Zg,,ZpsZpacs Lekr — KOMIUIGKCHBIC CONPOTHBIIC-

HUSl CTSDKHOW IINWIBKH, HA)KMMHOM IUINTBI, KpalHEro
MaKeTa akTHBHOM CTalld cep/ieYHUKa CTaTopa U dKpaHa,
COOTBETCTBEHHO.

N3menenuss Mexanuueckux Harpysok TI' mpu uc-
CJIEZIOBAHUM MBI 33/1aBAJIM TOOYEPEIHBIM H3MEHEHHUEM
aktuBHOW MomHocth (P), peaktuBHON MomHOoCcTH (Q),
WN3MEHEHHEM HaNpsDKEHMSI Ha BBIBOAAX OOMOTKH CTaTO-
pa (Us). [Ipu MmomenupoBaHuu JBa U3 TpeX MapaMeTpoB
CUNTAJIM TIOCTOSIHHBIMH, @ OJTMH — U3MEHSUTH, TIPH 3TOM
HEW3MEHHbBIE TapaMeTpbl OBUIM HOMHHAIBHBIMHU IS
nanHoro tuna TI'. Takke nepeMeHHBIMU [TapaMeTpamu,
KOTOpBIE 3a/laBAIMCh B TIOCTABJICHHOM 3ajade mpu pac-
YyeTe YCWINH, ObUTH NMPUHSTHI 3HAYSHUS YacTOTHI M3Me-
uHerns D/IC B paznuaHbIX pexxumax padotst TI:

— HOMUHAJILHBIN pexkuM padoTs! — 50 '

— aBapuiHBINA pexxuM padotsl — 100 I';

— KpaTKOBPEMEHHBIN aBapUHHBIN pexkuM paboThI —
200 I'm.

['pannyHBIE yCIOBUS M3MEHSUTM B 3aBUCHIMOCTH OT
pexxuMa paboTel TeHeparopa (T.e. B 3aBHCUMOCTH OT
MEXaHUYECKUX Harpy30K B KOHCTPYKTUBHBIX 3JIEMEHTaX
cratopa) [3-4; 8].
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UncneHHble 3HAUYEHHS JJIEKTPOMArHUTHBIX CHII
(BMC), xoTopbIe NEHCTBYIOT Ha CTSHKHBIE MPU3MBI Cep-

neunuka craropa TI' (cMm. puc. 1) mpu pa3nuyHBIX Ha-
rpy3Kax, IpeCTaBJIeHbI B Ta0. 1.

Tabimma 1

3unayenus OMC, KOTOpBIe IEHCTBYIOT Ha CTSDKHBIE PU3MBI cepeyHrKa ctatopa TT°
[IpH MoouepeIHOM nu3MeHeHuu napameTpoB P, Q u Uc

P=var, Qx=98,5 Maap, Px=300 MBT, Q= var, Pn=300 MBT, QN=98,5 MBap,
Ucn=20 xB Ucn=20 kB Uc=var
Bemnunna Bemnuuna Bemnunna
P, MBr SMC, H Q. Msap SMC, H Us, kB SMC, H
0 104,8 -72 105,3 19 130,5
200 141,5 0 116,0 19,5 135,0
300 145,2 184 147,5 20 1452

[Ipu MonenupoBaHUN OBUIN HCIIOJIB30BAHBI Peab-
HBIE 3HAYCHUS] TEOMETPHUYECCKUX Pa3MEPOB M 3a30POB B
CHCTEME TOJIBECKH CEpJIeYHHKa CTaTopa M COOPOUYHBIX
y3710B TypoOoreHnepatopa TI'B 300-2VY3, dwusudeckue
napaMeTpbl MaTEepUajioB, M3 KOTOPBIX BBIMOJIHEHBI 3TH
anementsl. Ha puc. 2 npuBeneHa TpexmepHask MOJCIb
CTSDKHOM IINIIBKH, Ha pUC. 3 — cXeMa 30HbI YCTaHOB-
JICHUS CTSDKHOM INITMIIBKKA MEXILy CEepACYHUKOM M KOp-
MyCOM CTaTropa, KOTOpasi UCHOJIB3YeTCsl IPU MOJICTHPO-
BaHHU.

Puc. 2. TpexmepHas MoeINb
CTSDKHOH IIITMIIBKH CTaTopa

Pebpo MecTkOCTH CTXHbIE NPUZMBI

TaHreHUMaNbHbIR
PRCNOPHLIE KAWHBA

PaguanbHble
PACNOPHME KAMHLA

Puc. 3. Cxema yCTaHOBKH CTSDKHBIX TIPU3M
(muTeK) MeXAy cepIeYHUKOM U Kopirycom TT7

Ha puc. 3 noka3zaHO AZOTOJHHUTENBHOE KPEIUICHNE
CTSDKHBIX LINUJIEK, KOTOPOE UCIIOJIB3YETCsl ATl yKECTO-
YEHUsI KPeTUICHHs IIITWIBKYA U CHIDKEHUS BIMSHUS BHO-
paumy, TepenaBaeMoil OT ceplieuyHHKa Ha KOpITyC CTa-
Topa. PesynpraTel mccnemoBanms BiuustHET OMC Ha
CTSDKHBIE LINMWIBKKA CEep/IeYHUKA cTaropa IpH pas3iind-
HBIX 4YacToTax 3JeKTpoMarHUTHHIX mojei (50, 100 u
200 I'm) mpexcraBieHs Ha pUC. 4, TIIe TIOKA3aHO HU3Me-
HEHUE HaIpPsKEHUH, BO3HUKAIOIINX B CTSDKHBIX HIMTHIIb-

Kax B Ipoliecce paboThl Mo JMHe mimwibku. Ha puc. 4
yKa3zaHa  TpaHWIa IIpeAena  TeKydeCTH  CTalu
=620 H/MM2, U3 KOTOPOH HW3rOTOBJIEHA IIMHIbKA
(xBanmpatHblii ipoduitk, ctans 091°2C).

ay
Hime

1000

800

TeK
6800

400

200l#

J[rr
S50 m

L
0 1.0 20 3.0 40
Puc. 4. Pacnipenenenue HanpspKeHHH
B CTSDKHBIX LIMTHJIBKAX MO UX JnHE (4,8 M)

PesynpraTsl MonenTMpoBaHNs OBIIIM COIOCTABICHBI
¢ pesyibraramu, nonyueHHbiMU Ha TI', KoTopbie pabo-
TaIOT Ha ACUCTBYIONMHUX 3HEeproonokax TOC [5-7].

AHanu3 pe3ynbTaToB MOJCIMPOBAHMS ITOKa3all
clefyrolee:

— HamOouiplllee 3HAYCHUE MEXaHMYECKUX Harpsi-
JKEHUH Ha CTSDKHBIX IITMIIBKAX HAaOJI0JaeTcsi CO CTOPO-
HBI KOHTaKTHBIX koien TI (Ha puc. 4 3ta obnacTe Ha-
XOAUTCA B IPaBbIX YaCTAX IHHI/IJ'ICK);

— npu padore TI" ¢ wactoroii 50 'y Bo3HMKaromIHE
MEXaHWYECKHE HANPSDKEHUS B MIMAIBKAX MEHBIIE Mak-
CHMAJIBHO JOMYCTHMBIX: 394 H/MM® Tipi I0mycTHMOM
npejielie TeKyqecTH MaTepuana mmiibkn (620 H/vm?),
U HE MOTYT CYIIECTBEHHO IOBJIHATH HA IPOYHOCTHHIC
XapaKTEPUCTUKU CUCTEMBI «KOPITyC — TOJABECKa — cep-
JICUHHKY;

— npu pabote TT" ¢ wacroroit 100 ['n HabmonaeTcs
MOSIBJIEHHE 30H C MOBBIIICHHON MEXaHWYECKOHl Hamps-
JKEHHEM, KOTOpBIE IOCTHTAIOT 3HadeHus 670 H/MMZ,
YTO, TIPH JUTUTEIILHOM PEXUME padOTHI, MOXKET TIpHBEC-
TH K aBapUiTHON CUTyalluu U BeIXOLy U3 cTtpos 1T
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— npu padote TI" ¢ wacroroii 200 I'u 3aduxcupo-
BaHO MAaKCHMaJIbHOE MEXaHWYeCKOe HalpsDKeHHE B
CTSOKHBIX IITHIbkax (980 H/M), 4To HexomycTHMO 1a-
’Ke TIPH KPaTKOBPEMEHHOM PEKUMeE PaOOTEL.

Pe3ynbTaThl IPOBEAECHHBIX TEOPETUYECKUX HCCIIe-
JIOBaHWH MO OILICHKE BIMSHUS 3JEKTPOMAarHUTHBIX Ha-
Tpy30K ¢ pa3mmyHoit gactoroit (50, 100 u 200 I'm) Ha
3HAQUEHHE MEXaHMYECKOI0 HANPSDKEHUS B  CTSDKHBIX
HIMWIbKaX MOATBEPKAAIOT TOMyCTUMOCTh padoTel TT B
pexnmax, npexycmorpeHabix 'OCT 533-2000. Ho npu
9TOM HEOOXOIMMO MPOBEACHUE ONOJHHUTEIBHBIX BHO-
paLMOHHBIX HCCIIEIOBaHUN [UIsl BBISIBICHUS 1e(DEKTOB B
CHCTEME KpEIUIeHUS! CepACYHMKA CTaTopa, BBIXOJSIINC
3a paMKH THIIOBOW HHCTPYKIMH 1O DKCIUTyaTalllH.

Hcnonb3oBaHKe MOJTyYEHHBIX MOENIEH MO3BOJISET
YCOBEPIIEHCTBOBATH CYIIECTBYIONINE METOJUKH paHHE-
rO IMAarHOCTUPOBAHMS JE(PEKTOB B KOHCTPYKIHSAX CY-
mecTByomux TI' myTeM AONOJIHUTENBHOIO KOHTPOJIS
COCTOSIHMSI IIMIJIEK B 30HE MOBBIIICHHBIX MEXaHW4e-
CKHX HANpPSDKCHHH, a Takke IMPOTHO3UPOBATH IOSIBIIC-
HHE JIe(QeKTOB NpH pPa3paboTKe HOBBIX KOHCTPYKLHUIA
TypOOTeHEepaTOpOB.

BbiBOoAbI

1. Pe3ynbTaThl pacyeToB, MOMYYEHHbIC MTPU TOMO-
MK pa3pabOTaHHOW MAaTeMaTHYeCKOH MOJENH C HC-
HOJIb30BaHAEM KOMIIBIOTEPHBIX CPEACTB MOICITHPOBA-
HUS  (TIporpaMMHBIX  KomIutekcoB  SolidWorks wu

ANSYS), mo3BOJIUIN ONpPENeTUTh paclpeneleHue Me-
XaHUYCCKUX HaHpﬂ)i(eHHi/lI B CTAIMBAKOIMX IIMWJIBKaX
CepJICUYHUKA CTaTOpa MPU PA3INIHBIX 3HAYCHUAX YACTO-
THI DJIEKTPOMATHUTHBIX CHJI, CO3aBAaeMBIX ITOTOKAMHU
paccesaHusA, KOTOPBIC BBITCCHAIOTCA U3 CIIMHKU CCPACY-
HUKA CTAaTOPA.

2. YCTaHOBIICHO, YTO MEXaHMYSCKUE HATIPSKEHUS
B CTSDKHBIX HIMWIbKAX MPHU JIEHCTBUU 3JIEKTPOMArHMT-
HbIX cuit yactotoit 50 I'11 He MPeBOCXOAAT JOMYCTUMOTO
npenena tekydectu st ctamu 091'2C, u3 KoTopod ux
H3TOTaBIHUBAIOT (Ore = 620 H/MM, 65 = 394 H/MMZ).

3. Ycranosneno, uro npu yactote 100 'y Ha He-
KOTOPBIX y4acTKaX HATPY>KCHHOW HIMMIBKA BO3HUKAIOT
MeXaHUIECKUE HANPSHKEHUS, TPEBBIIIAIOIINE Gy CTAIH
0912C.

4. TIpu vacrote snekTpoMaruuTHeix cui 200 ' Ha
3HAYUTENBHBIX yYacTKaX CTSHKHOHM INMIBKA BO3HUKA-
10T HEJIOIYCTUMbIE MEXaHHUYECKHE HAIPsHKEeHUsI, paboTa
TT" npu Bo3/eHCTBUM 3TUX CHJI HEJIOMYCTHMA.

4. JIns CBOCBPEMEHHOTO BBIABICHHUSA NCPEKTOB,
KOTOPBIE MOTYT BO3HHUKHYTH B CTSDKHBIX IINMMAIBKAX H3-
32 HEJOMYCTUMBIX MEXaHHYECKHUX HaNpsHKeHUH, HeoO-
XOJTUMO COBEPIIICHCTBOBATh COBPEMCHHBIC METOIUKH
BHOpAIIMOHHON JIHATHOCTUKH, YCTaHABIMBATH [OIIOJ-
HUTENbHbIE JATYUKH HEIPEPHIBHOIO KOHTpOJs (on-line
KOHTPOJIb) U BBOJUTH B TIPOTPAMMYy CEPBHCHBIX 00CITY-
xkuBaanid TI momomHUTENBHBIE OOCIIEHOBAHUS Y3IIOB
KpETUICHHUS CepJIeYHIKa CTaTOPa.
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BU3HAYEHHS MEXAHIYHOI HAMPYIU B ENEMEHTAX KPIMNEHHA
OCEP[b CTATOPIB TYPBOIEHEPATOPIB

A.B. Ctpokoyc

B pobomi, 3 suxopucmanusam 3D-moo0eni i npoepamuux xomnuexcie SolidWorks i ANSYS, euxonanuii pospaxyrnox EPC, na-
6e0eHUX NOMOKAMU PO3CIIOBAHHS 6 30HI KPINJeHHs ocepos cmamopa mypbozenepamopa 00 KOPHyCy, PO3PAX08aHi enekmpomaz-
HIMHI cunu, wo Oilomb HA cucmemy KpinieHHs ocepos, OMpuMana KapmuHa po3snooiny MexaHiuHux HanpydiceHv @ elemMenmax
8y31a KpinjieHHs, wo eunuxaroms npu Oii enekmpomaznimuux cun 3 yacmomoio 50, 100 i 200 I'y. 3aznaueno, wo neobxionicmo
npogedents 000AmMKOBUX OOCIONHCEHb eNEKMPOMASHIMHUX CUN | MEXAHIYHOT Hanpy2u 6 eNeMenmax KpinienHs ocepos cmamopa
BU3HAYEHA 0COONUBOCMAMU POOOMU HAYIOHANLHOI eHepeemUYHOI cucmemu («niKuy i «NPOBANUY» eHep2OCHOICUBAHHS, 3HAUHULL
3HOC eNeKmpoyCMAmKY8anHs Meniosux enekmpocmanyii i m.o.). Jocniodcenns nposoounucs 0ns mypbozeHepamopie nomydic-
nicmio 200-300 MBm, Axi € npakmuuHo €OUHUMU MAHEBPEHUMU NOMYHCHOCMAMU 8 eHepeocucmeMi YKpainu i wacmo npayro-
10Mb Ha OIOKAX Menio6uUx eneKmpocmanyiii 6 HeHOMIHANLHUX pedcumax. 3ibpani agmopom OaHi npo mypbozenepamopu, sKi
4acmo npayioms 8 HeHOMIHANLHUX PeICUMAX, O0380JUNU CMEEPOICYBAMU, WO BOHU MAIOMb OiNbU HUZLKY HAOIlHICMb, HidiC
mypbocenepamopu, aKi RpaymMe MilbKU 8 HOMIHATLHUX PedCUMax. Y HeHOMIHATLHUX PedCUMax 8i03Ha4eHo nocunenHs 8iopa-
yii, wo, 6 c8010 yepey, npuzeoOUMs 00 NOABU 000AMKOBUX 0epeKmis 6 HAUbINbIU HABAHMANCEHUX eNeMEHMAax MAWUH, 30Kpema,
6 8Y31aX NIOGICKU 0CepOs cmamopa 00 KOPNycy: 6UHAYeHd NOA6d HA NOGEPXHI CNUHKU 0cepos 8I0KIA0eHb NpoOyKmie gpen-
MUHS-3HOCY, OCIAONEHHsL | PYXIUGICIb PONIPHUX KIUHIG, NOS6A GMOMHUX MPIWUH 8 36APHUX W6AX I Kilbyesux pedpax pamu,
0C1abNeHHI0 2atloK Ma 00PU WUTIOK CIAXCHUX WNUIboK. Ompumano po3nooin MexaniuHoi Hanpyau no 008XHCUHT WNUTbKU, WO
CcmAZY€, npu PISHUX 4ACMOMAX, BUKOHAHO NOPIGHANHS 3 OONYCIUMUMU 3HAYEHHAMU HANDYICEHb Ol GUKOPUCHIOBYBAHUX Mame-
pianie KpinnenHs, 3po0aeHi 8UCHOBKIU NPO MOXCIUGICMb pobomu mypbozenepamopis 6 dianasoni pozenanymux yacmom 50, 100 i
200 I'y. ITiomeepodiceHo MOAHCIUBICHL KOMN TOMEPHO20 MOOENIO8AHHA BUHUKAIOYUX 3YCUTLb 6 eNeMEeHMax KPinients 6 pisHux pe-
HCUMAX 3 MEMOIO NPOSHO3YEAHHSA IX POOOU020 CIMAHY 3 PEKOMEHOAYIEI0 NIOMBEPONCEHHSA HA NPAKMUYL WLTAXOM YCMAHOKU 00-
0amKo8UX OaMUUKIE.

Kniouogi cnosa: mypbocenepamop, cmajicHa WNUIbKA, YACMOMA, eNeKmpoMAHimHa Cuna, mexamiune nanpycenus, 3D
MOOelb, NPOSPAMHUL KOMNIEKC.
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DETERMINATION OF MECHANICAL STRESSES IN THE FASTENING ELEMENTS
OF THE STATOR CORES OF TURBOGENERATORS

A. Strokous

The article analyzes the vibration state of turbogenerators with a power of 200-300 MW, which for a long time worked in
non-nominal modes at thermal power plants in Ukraine and Russia. The state of Ukraine's electrical networks and the uneven
electricity consumption during the day and month led to the need to reduce the load of turbogenerators to 70%, 50% or less in
comparison with their nominal capacity. Operation in such non-nominal modes increases the wear of all turbogenerator ele-
ments. The core of the stator, which is made of thin plates, and the system of its attachment to the body are destroyed especially
intensively. The author specified the standard values of the stator core vibration and the system of its attachment to the housing,
which are used in the service and repair of power plants. Comparison of the experimentally obtained results on power plant units
with regulatory vibration standards for such generators was carried out. The results of the conducted researches showed that
turbogenerators that operate more than the service life established by the manufacturing plants have a greater wear of the stator
core attachment points to the hull (frame, clamping prisms, legs) than turbogenerators that operated only in rated conditions. It
is indicated that such turbogenerators require additional repair and restoration work in order to extend their life. Practical rec-
ommendations for reducing the vibration of stators of turbogenerators are proposed. Installation of dynamic vibration dampers,
reinforcement of the core suspension design refers to such solutions. The need to restore the isolating properties of tie prisms
from vibration, increase the tightness of the weakened upper prisms was noted. Power batteries on the turbogenerators stopped
in repair are proposed to be installed to ensure a constant state of compression of the extreme and central packets. The new de-
sign of improved stopping devices, which is currently used for repairs, is proposed to strengthen the fixation of the clamp prisms,
which are weakened. Such a design is developed and implemented when creating new turbogenerators and carrying out repairs
at the State Enterprise "Plant" Electrotyazhmash ", (Ukraine, Kharkov). The proposed measures were successfully implemented
at domestic and foreign thermal power plants during repairs and modernization of turbogenerators. Applications of the proposed
solutions are checked only on turbogenerators with a capacity of 200 and 300 MW, which are called "maneuverable”, because
the reduction in the power generation capacity during periods of reduced consumption (night consumption dips) is possible only
for such machines. The use of larger turbogenerators (500, 800 or 1000 MW) is unacceptable to solve these problems, because
the amplification of vibration and destruction of the fastening system, which was noted for generators with a capacity of 200-
300 MW, will be greater. This conclusion was drawn on the basis of experimental data collected by the author. In conclusion, it
was concluded that it is impossible to completely exclude the increase in the vibration of the stators of turbogenerators and the
destruction of the stator suspension system to the body when the machine is in operation more than the rated service life of the
specified technical solutions. It is recommended to perform a complete replacement of these units with economic feasibility.

Keywords: turbogenerator, coupling pin, frequency, electromagnetic force, mechanical stress, 3D model, software pack-
age.
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