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C.B. KPACHHKOB

MOJEJNPOBAHHUE U AHAJIN3 KOJIEBAHUI KOPITYCA TYPBUHBI 500 MBT
BBJIN3 OCHOBHOU MO/1bI BEPTUKAJIBHBIX KOJIEBAHUU

IIpoBeneHo MoaenMpoBaHUE CUCTEMEI TypOoarperar-(gyHIaMeHT-OCHOBAHHE C MapoTypOMHHON ycTaHOBKOH MomHocTeio 500 MBT.
Jlns uccnenoBaHust BEIOpaHa CHCTEMa ¢ IIapoBOM TYypOMHOM, KOTOpast COAEPKUT HECKOJIBKO THIOBBIX KOpITycoB. IlocTpoeHs! reomeT-
pHYecKHe M pacyeTHble MoJenH. [IpoBeneHbl pacueThl BHIHYKICHHBIX KonebaHuii Hanboee ruOKIX KOPITyCOB MAapoBOil TypOUHEI B
JMara3oHe 4acToT OJIM3KHMX K OCHOBHOM MoJie, KOTOpasi XapaKTepU3yeTcsi MAKCHMaJIbHBIMHU BepPTUKAJIBHBIMH KolieOaHUsiMU. PacueTrsl
U MOZICJIMPOBAHUE BBIIIOJHEHO METOIOM KOHEYHBIX 3/1eMeHTOB. OlpeieieHbl MecTa HanOOoIbIIUX aMIUTUTY L KoJleOaHUil Ha BHEIIHUX
CTEHKaxX KOpITycoB mapoBoii TypouHsl. [lo pe3ynbraTam pacueToB onpeaeneHbl NPHUMHBI TOBBIIIEHHBIX BUOPAIMIi.

KuroueBble ciioBa: BuOpanus, maposas TypOuHa, cucTeMa TypboarperaT-pyHIaMeHT-OCHOBaHHE, METOA KOHEUHBIX JJIEMEH-
TOB, COOCTBEHHBIC YaCTOTHI U (POPMBI KoNleOaHHi, pyHIaMEHT.

C.B. KPACHIKOB

MOJIEJIIOBAHHA TA AHAJII3 KOJIMBAHb KOPIIYCA TYPBIHH 500 MBT
IIOBJIN3Y OCHOBHOI MO/I1 BEPTUKAJIBHUX KOJINBAHb

PosrnsinyTo mpoGremy minBHieHO! BiOpalil HaHOLIbII MHYYKHX KOPIIYCiB mapoBoi TypOiHH eHeproOyioky moryxkhicTio 500 MBT.
OCHOBHOIO NPUYMHOIO BUHUKHEHHSI ITiIBUILEHO] BiOpalil mapoBoi TypOiHu € HebanaHC POTOPY Ta HEJAOCTATHS KOPCTKICTh SICMEHTIB
cHCTeMH. Po3riisigaeTscs BUMALOK 3 NPAKTHUIN eKCIUTyaTallil, e [eHTPyBaHHs POTOPIB HE HaJgajda CyTTEBUX 3MiH BiOpariiiHUX mapa-
MeTpiB. Lo nanoi poOoT Oyino MOAENIOBaHHS BUMYIICHUX KOJHMBaHb KOPITYCiB MIIIHAPIB HU3BKOTO THCKY B CHCTEMI TypOiHa-
(dhyHmameHT-ocHOBa 3 TypOiHOIO moTyxHicTI0O 500 MBT, a Takok JOCTiIKEeHHS MPUYXH iX miaBHIIeHOi BiOpauii. JocmimKkeHHs mpo-
BOJMJIKCH 32 JIOIIOMOTI'OF0 METO/Ia KOJIMBaHb, METO/IA CKIHYCHUX CJIEMEHTIB, @ TAKOXK PO3POOICHUMH aBTOPOM METOJUKAMH 100y J0BH
MoieNieil Ta MPOBEJCHHS JOCIIIKEHb KOJMBaHb CUCTEMH TypOiHa-(yHIaMEHT-0CHOBa. B pe3ylibTaTi MpOBEJCHHUX NOCIIKEHb OYII0
OTPUMAaHO TPHOXBUMIPHY CKiHUCHO-EJIEMEHTHY MOJIeNIb CUCTEMH TypOiHa-(QyHIaMEeHT-0CHOBA, OTPUMaHI aMILIITy JHO-4aCTOTHI 3aje-
KHOCTI JUTSl TOYOK KOPITYCiB LIWIIH/PIB HU3bKOTO TUCKY. IIpOBEACHE TOCIIKEHHS 103BOJIUIIO 3pOOUTH BUCHOBKH IIOA0 MPHYUH Mif-
BUILCHOI BiOpallil BEpXHiX YaCTHH KOPIYCiB NapoBoi TypOiHH. 3aBAsSKH YHIKaIbHHUM OCOOIMBOCTSIM PO3POOIICHOI MOZIENI iICHYE MOXK-
JIUBICTb JAOCHI/PKSHHsI BIOpPALIfHUX MPOLIECIB HA PiBHI, 1110 J03BOJISIE aHAJIi3yBaTH BiOpaLil CKIaAHUX €JIeMEHTIB cucTeMu. [IpakTiuyne
3HAYCHHS MPOBENCHOT pOOOTH Ma€ HArSITHUN 3aci® po3poOKH crieriami3oBaHNX MOAENEH U JOCIHiIKEHHS BUMYIICHHX KOJIHWBAHb
cucteMu TypOiHa-pyHIaMEHT-OCHOBA, a TAKOXK PO3B’SA30K MPAKTUYHOI 3a/1a4i 3 aHANI3y NPUYMH ITiIBUIIEHO] BiOpamii OKpeMHX CKJIa-
JIHHX €JIEMEHTIB.

Konrouosi cioBa: BiOpamis, mapoBa TypOiHa, cucteMa TypOoarperar-(QpyHIaMeHT-0CHOBA, METOJ CKIHUCHUX €IEeMEHTIB, BIACHI
4acTOTH Ta (JOPMHU KOJIHBaHb, ()yHIAMEHT.

S.V. KRASNIKOV

MODELING AND ANALYSIS OF 500 MW TURBINE CASING OSCILLATIONS
NEAR BASIC VERTICAL OSCILLATION

The problem of increased vibration of the most flexible housings of a steam turbine of a power unit of 500 MW is considered. The
main cause of the increased vibration of the steam turbine is the unbalance of the rotor and insufficient rigidity of the elements of the
system. A case study is considered where the centering of the rotors did not significantly change the vibration parameters. The pur-
pose of this work was to simulate the forced oscillations of low pressure cylinder housings in a turbine-foundation system with a tur-
bine capacity of 500 MW, and to investigate the causes of their increased vibration. The studies were carried out using the oscillation
method, the finite element method, as well as the methods developed by the author to construct models and conduct oscillation studies
of the turbine-foundation system. As a result of the studies, a three-dimensional finite element model of the turbine-foundation-base
system was obtained. The amplitude-frequency dependences for the points of the low-pressure cylinder housings were obtained. The
conducted research made it possible to draw conclusions about the causes of increased vibration of the rotors of the steam turbine.
The type of developed three-dimensional models of the tour-bin-foundation-base system is unique. Due to the features of this model,
it is possible to study the vibrational processes at the level, which allows you to analyze the vibrations of almost all elements of the
system. For individual studies, further specification of the parts of the system important for the task is needed. The study made it pos-
sible to conclude on the causes of increased vibration of the upper parts of the steam turbine housings. Due to the unique features of
the developed model, it is possible to study vibration processes at a level that allows you to analyze the vibrations of complex ele-
ments of the system. The practical value of the work carried out is a clear tool for the development of specialized models for the in-
vestigation of the forced oscillations of the turbine-foundation-base system, as well as the solution of a practical problem to analyze
the causes of increased vibration of individual complex systems of the elements. The results of the realized work were used to develop
measures to improve the vibration state and reability of power units with steam turbines with a capacity of 500 MW.

Keywords: vibration, steam turbine, turbounit-foundation-base system, finite element method, own frequencies and forms of
oscillations, foundation.
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BBenenne. DKOHOMHKA TEPEIOBBIX CTpaH B MHpE
Oa3mpyeTrcss Ha Pa3BUTHUU BBICOKOTEXHOJIOTHIHOTO IPOU3-
BOJICTBA, KOTOPOE HEBO3MOXKHO 0€3 MOIIHOTO IHEPreTH-
YEeCKOr0 KOMIDIEKCA U €r0 MOCTOSHHOTO COBEPIICHCTBO-
BaHus. bolblas 4acTh 37EKTPUUECKON SHEPTUU B MHUPE U
Halen CTpaHe Bblpa6aTbIBaeTCﬂ Ha aTOMHBIX U TCIIJIOBBIX
aneKTpocTaHiusX. OTedecTBEHHbIE 3HEProOJOKH aToM-
HBIX 3JICKTPOCTAHIIMN BKJIIOYAIOT B ce0s1 MapoTypOMHHBIC
yctaHoBKkU MoIHOocTh0 500, 800 u 1000 MBT. B crpane
NpOrpeccupyromel KOHOMHUKH, OJHHUM M3 IIPEEMHUKOB
KOTOpOH CTajla Halla CTpaHa, TypOMHBI yKa3aHHOH MOII-
HOCTH OBUIM pa3pa0OTaHBl TOJBEKa Ha3ax YYCHBIMH W
WH)XKeHepaMH T.XapbKoBa MOJ OOMIMM PYKOBOJCTBOM Te-
HEPaJbHOTO KOHCTPYKTOpA MAPOBBIX W Ta30BEIX TypOWH
ITOAT «XapskoBckuii TypOUHHBIH 3aB0» uMeHn Kuposa
Kocska IOpus denopoBuua. 3HAYUTENBHBIM BKJIaa B
MPAaKTUYECKOE BOIUIOMICHWE HAYYHBIX PEIICHWH Caemai
3aMECTHUTENb T'eHEepallbHOro0 KOHCTpYKTOopa 3apyouH Jleo-
HuA Anekcanaposuy. [lepeuncianTh BceX yueHBIX U HH-
KEHEPOB, KOTOPbIE BJIOKMIN CBOH TPYA B CO3AaHUE OCHO-
BOIIOJIAraloONNX CepHil TypOWH aTOMHOW SHEPreTHKH He-
npocrto. MHorue umeHa 3a0bIThl. Tpynsl 3HAMEHHTBIX
OTEUYECTBEHHBIX YUYCHBIX ceidac BOCTpeOOBaHBI HE B Ha-
el cTpaHe, a MPEHMYIIECTBEHHO 32 PyOe)oM. ITO OAHUH
u3 (aKTOPOB, KOTOPHIN TIOKA3hIBACT HA LEH M Pe3yiIbTa-
THI JAEATEIbHOCTH PYKOBOJCTBA HAIIEH CTPaHBI U OTpac-
Jielt HapoaHOTO Xo3siiicTBa. OCHOBHBIE MPOIECCHI AKOHO-
MHUK{ HaIlel CTpaHBl CBOAATCS K IIPOTHUBOIIOJIOKHBIM
TCHACHUUAM OT Pa3BUTBLIX CTpaH MUpA, B HaCTHOCTU Ku-
tasg. PakTuyecku nocneanee necsitwierne Kurail miaHo-
MepHO OepeT MoJ| KOHTPOJIb HayKOEMKOEe U TPYAO0EMKOE
MIPOM3BOJICTBO B Hamlel crpane. [Ipu 3ToM OH HcIIONB3yeT
CBOUX CHELUHUAIMCTOB M IPOM3BOACTBEHHBIE MOIIHOCTH.
OnnuM U3 GakTopoB MX ycnexa SIBISETCS TO, YTO KUTak-
CKHE CIIeIHAIMCTH Ha BCEX YPOBHIX yMEJIO HCIIONB3YIOT
Hay4YHBIE ¥ TEXHUYECKHE NOCTIDKEHHS APYTHX CTpaH, B
gacTHOCTH Hamred. Cpeu TeXHOJOTHA, KOTOPBIE aKTUBHO
MPUMEHSETCS KHTAHCKUMH TPOW3BOJACTBEHHUKAMH, OJ-
HAMH H3 KIIOUEBBIX SBJISAIOTCS pa3paboOTKH B 00JacCTH
SHEPIreTUKHU M, B YACTHOCTH, B MPOM3BOJCTBE IHEProdIIo-
KOB M NapoBbIX TypOuH. OnHUM U3 (HaKTOpOB HAJEIKHO-
CcTH paboThl MAapOTYPOMHHBIX YCTAHOBOK SIBJISIETCS OT-
CTpOHKa OT pe30HaHCca W APYrHe BOIPOCHI KOJIeOaHWH
KOPIYCHBIX 1 POTOPHBIX CHCTEM.

HccnenoBanneM pe30HaHCHBIX MPOIECCOB POTOPHBIX
CHCTEM B Hallleil CTpaHe 3aHIMAaJIOCh OOJBIIOE KOJIMYECT-
BO YYEHBIX. 3HAUATEIBHBIA BKJIA B Pa3pabOTKy METOI0B
HCCIICIOBAaHHS POTOPHBIX CHCTEM Ta30TypOMHHOI U Tapo-
TypOMHHOM TEXHHWKH CIEJIaId XapbKoBCKue ydeHsle: Cep-
reii MBanoBuu boromomnos, Aneprtinra MarBeeBHa XKy-
paBneBa, lOpuii CepreeBuu BopoOneB, Hukomait ['pu-
ropbeBud llynexeHko. OCHOBOMONOXKHUK 3TOM IIKOJIBI
C.U. BoromosioB Obl1 ABax1bl yuoctoeH ['ocynapcTBeH-
HOW mpemMur YKpawHbl B 00JaCTH HayKd W TEXHHUKH, a
Takxke ObUT pu3HaH eie B 1985 roay 3acimyXkeHHBIM Jesi-
tenem Hayku YkpauHckod CCP. C.HM. BoromosioBbM u
A .M. Kypasnesoii B 1o CHI'-npocTpancTBE ObUTO HauaTo
MPUHIIUIIHATGPHO HOBOE HANpAaBICHHE — WCCIEIOBAaHHE
Kole0aHui CUCTeMBI TypOoarperaT-pyHIaMeHT-OCHOBA-
HHE Ha OCHOBE TPEXMEPHOTO MOJIEIMPOBAHHS Hamboiee
THOKHX KOPIYCHBIX KOHCTPYKIMH MapoTypOWHHBIX yCTa-

HOBOK. 3HAUWTENBHBIN BKJIAJ B Pa3BUTHE STOTO HAIPaB-
nenns crenamu Anexcannp CranncinaBoBud CTEITICHKO U
Banepuit AnekceeBud JXXopnak. Ilpu uccienoBanun pes3o-
HAHCHBIX MPOIECCOB 3HAYUTEIHHOE BHUMAHHUE YAETSACTCS
KoJieOaHusM BOJIM3HM TIEPBOTO PE30HAHCA, KOTOPHIE OKa-
3bIBAIOT CYILECTBEHHOE BIIMSIHME Ha PabOTOCHOCOOHOCTH
BCell  cucTeMbl  TypOoarperar-(yHAaMeHT-OCHOBaHHE
(TDO) [1-4]. MoznenupoBaHue U aHAIN3 KoJIeOaHUI KOPITY-
COB IAapOBBIX TypOMH B cHCTeMe Typboarperar-(yHIamMeHT-
OCHOBAHHE SIBIISIETCSl CIIOXHOHM, HO HEOOXOIMMOW 3ajadeit
Ju1st obecrieueHust HaIeXKHOCTH paboThl cuctemsl TPO.

Heas padorbl. HeoOXxoanMo MpoOBECTH MOACIHPO-
BaHWE ¥ AaHAIHW3 BBIHYXICHHBIX KOJeOaHWA KOPITyCOB
HWIMHAPOB HU3KOTO naBieHus B cucteme TOO c typOu-
HOM 500 MBT COOTBETCTBYIOIIMX YacTOTaM BONH3H OC-
HOBHOW MOJBI BEPTHKAIBHBIX Kojebanuid. OOBEeKTOM
MIPOBEJICHHBIX HUCCleNoBaHui siBisieTcst cuctema TdO c
Hanbonee rHOKMMHU Kopnycamu TypOunel 500 MBT.
IIpenmMeToM WHCCICIOBAHUS SBIISIOTCS XapaKTEPUCTUKU
konebanuii cucteMbl TOO ¢ HanboIee THOKUMHU DIIEMEH-
TaMH TypOUHBI.

MartemaTuyeckass Mojaeab. 15 MOAEIUPOBAaHUS U
BBEIYMCIICHUS XapaKTePUCTUK COOCTBEHHBIX KOJeOaHHH
HCIOJIB3YETCs] METOA KOHEYHBIX 3J1eMeHTOB. OCHOBHOU
(byHKIHOHAT B 00ILIEM BUJIE:

L(t, O, q) = R(1), (D
rae O — pa3In4YHbIC COCTOSHUS CBS3H KOPITYCOB TYPOUHBI
¢ pynnamenrom;

L —ypaBnenue Jlarpanxka 2-ro poja;

g — 00001IIeHHBIE TTepEeMELICHHS;

R — BHEIIIHUE CUJTBI.

B Merone kOHEUYHBIX 3J€MEHTOB [5-7] BbIpakeHue
(1) gacto 3anmceIBaeTCs B CIACAYIOMEM MATPUIHOM BHIE:

[M @)} +[CI{q()}+[K1{g(0)}=0,  (2)
rae M — martpuiia macc,

C — marpuna aeMinpupoBaHus,

K — maTpuiia :KecTKOCTH.

CoOcTBeHHas 4aCTOTa CHCTEMBI p; ONPENENAETCA U3
bopmyist (3):

det[K—pM1=0. 3)

Onucanmne pacuerHoii moaenu. Ha ocHoBe paspa-
0OTaHHBIX FEOMETPUYUECKUX Mojeiel (yHaaMeHTa U KOp-
myca IWJIMHApPAa HU3KOTO JaBJICHHS OBUI MOCTPOCHO DA
KOHEYHO-3JIEMEHTHBIX Mojeneit [8-13]. [l mpoBexeHus
pacueToB BbIOpana monenb u3 27040 y3moB u 23165 xo-
HEYHBIX DSJIEMEHTOB. BHeumrHuil BUA Mojenell KOpITycOB
[UIMHIPA HU3KOTO JABJICHUS MapoBOM TYpOUHBI MOKa3aH
Ha puc. 1. Kopmycos IIH/] B uccnemnyemoii TypOuHe de-
TBIPE U OHU UMEIOT COOTBETCTBYIOLME HOMEPA OT OJIHOTO
1o getbipex [1-2]. U3 puc. | BuaHO, uTO Hambolee rudkue
4acTH TypOWHBI MOJEIHUPOBANUCH TPEXMEPHOH CHCTEMOH
IDTACTHH, CTEp)KHEeH M Macc. JKecTkue Jactu TypOMHBI U
TEHEPAaTOp MOJEJIMPOBAIMCh CHCTEMOM Macc U CBs3EH.
OyHAaMEHT MOJETUPOBANICS KaK CHCTEMa CTEP)KHEBBIX
aneMeHToB. CBsi3b 'MOKMX yYacTeil TypOHHBI ¢ (yHIaMEH-
TOM MOJAEIMPOBAJIOCH CHUCTEMOM >KECTKOCTEH, KOTOopas
YYUTBHIBACT OCOOCHHOCTH B3aMMOJCHCTBHS TYpOUHBI C
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¢dynnamenrtom [14 - 21].

Pe3yiabTaThl 4YHCJIEHHBIX HCCJIeJ0BaHMH. bpuin
MPOBE/ICHBI PacyeThl BBIHYKICHHBIX KOJCOAHUI CHCTEMBI
TDO BOmMM3uM ocHOBHOI Mojpbl. IlepBble cOOCTBEHHBIC
4acToThl Bcelt cuctembl TPO, KOTOpBIE XapaKTePU3YIOTCS
MaKCUMAaJIbHBIMU 3HAYCHUSAMH aMIUTUTY] BEPTUKATBHBIX
KoJiebaHuil HaxomdaTcs B auamasone 18,7-19,9 I'm. Dtux
YacTOT YeThIpe, (POPMBI BEIHYKIICHHBIX KOJICOAaHUH KOp-
mycoB TypOWHEI B cucteMe TDO BONMH3M ITHX YaCTOT
aHAJIOTUYHBI M TIOKa3aHbI Ha puc. 2. OTIHYme 3aKI0YacT-
Csl B pa3HOM COOTHOIICHHH aMIUIUTY/ KoJeOaHuil ouHa-
KOBBIX TOUEK cHCTeMbl. Ha omgHOM yacToTe MaKCHMaib-
HYIO aMIUTUTyRy KoneOaHnii nmeer onuH kopryc LIH/I, a

Ha OCTAJIBHBIX — IPYTHE.

Ha puc. 3 moka3aHbl TOUKH ONPENEICHNST aMIUTUTY/L
KoneOaHNH Ha BHEIIHEH CTEHKE KOpIlyca BTOPOTO LIMJIMH-
Ipa Hu3Koro nasieHus. Ha puc. 4 — 10 mokasaHsl pacmpe-
JeJIeHHs aMIUIUTY/ BePTUKAIbHBIX KOJIeO0aHUH yKa3aHHBIX
Ha puc. 3 TOYeK BOJM3M COOTBETCTBYIOIICH OCHOBHOM
Moabl cucteMsl TDO.

W3 puc. 4-10 BuaHO, 4TO yKa3aHHbBIE TOUKH MMEIOT
3HAYNTEIbHBIC aMIUIUTY/AbI KoyieOaHui BOIM3M OCHOBHOM
Mojsl. X 3HaueHHs MMEIOT KO3((UINEHTH THHAMIYHO-
cti 4 u Oonee. Ilpu sToM ammMTyB! KONleOaHW BHYT-
peHHeH cTeHKH (Toukn x2, x3, x4) kopmyca LIH/I nmeror
OoJpIIie 3HAYCHUS, 9YeM Ha BTOPOH CTeHKe (TOUkH X1, X5,
x6, x7).

Pucynok 2 — ®opma kosebanuii koprnyca [{H/I B61131 OCHOBHO#M MOIbI
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Pucynok 3 — Touku OIpeieieHUs] aMIUTATY I BEPTHKAIBHBIX
KoJiebaHuit
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Pucynok 4 — Ammuty el kone6anuii B Touke x1 xopmyca LTH/{
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Pucynok 5 — Amrututy i1 kosie6anuii B Touke X2 kopryca [{H/]
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Pucynox 6 — Amrututy i1 kosiebanuii B Touke X3 kopryca [{H/]
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Pucynok 9 — Ammuty el koneGanuii B Touke X6 xopmyca LIH/]
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Pucynok 10 — AMIuuTy a6l KosiebaHuii B TOUKe X7
kopmyca [TH/]

BoiBoabl. B pe3yrnbrare MOACIMPOBAHUS U aHAIN3A
BBIHYKJICHHBIX KoJeOanmii cucteMbl TAO BOIM3M OCHOB-
HOUW MOJIbI OTIPE/Ie/ICHbI MECTa MOBBIIICHHOW BUOpALIUK Ha
CTEHKaX KOpIyca HUJIMHAPA HU3KOTO JAaBieHHs. Pe3yib-
TaThl MPOBEJCHHBIX HCCICAOBAHUI MOTYT OBITh HCIOJb-
30BaHbI JJIsl CHIDKCHHUS OOIIEro YpOBHSI BHOpAIMU CUCTE-
MbI TypOoarperar-(GpyHIaMEeHT-OCHOBaHHE U MOBBILICHUS
HaJIe)KHOCTH €€ PabOThI.
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