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2. Methods of increasing the vibration resistance strength and reliability of hydrogenerators due to the
improvement of the design of the elements of the rotor and the crosses according to the criterion of own
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Pedepar:

1. Inceprauifiny po60Ty IPUCBSIYEHO MiABUILIEHHIO BiOPOCTIIKOCTI rijporeHepaTopiB LJISIXOM YAOCKOHAJIEHHS
KOHCTPYKLii OTIOPHO-HATIPSIMHUX XPECTOBUH Ta BUBHAYEHHS KPUTUYHUX YaCTOT pOTOpa. BCTaHOBIEHO NIPUYNHHO-
HACJIIKOBUH 3B'130K MK KOHCTPYKIi€I0 XPECTOBUHU Ta BUHUKHEHHSM PE30HAHCHUX SIBULL,. PO3paxoBaHO BJIACHI
4aCTOTY KOJIMBAaHb BAJIONIPOBOAY Y TPUBMMIPHIl [IOCTAaHOBLi 3 ypaxyBaHHSIM [TOJATINBOCTI MiAIIAITHUKIB.
[loepnaHH4 pafiiaIbHUX, OCbOBUX i TAHTE€HIIiAJIbHUX CKJIALOBYX [P HELOCTATHIN JKOPCTKOCTI MOCTOBOI
XPECTOBUHMU CIIPUYMHSIE 36ir BIACHOI 4aCTOTU 3 pO60YOI0 YaCcTOTOI0. Ha OCHOBI BibpaliiiHux BUTPOOYyBaHb

3aIMIPOINIOHOBAHO MEPeXif, 0 XPECTOBUHY IIPOMEHEBOTO TUITY 3 MiIBUIIEHHSM KOPCTKOCTI Ta BifJaleHHSIM



KPUTUYHUX YaCTOT. MeTOI0 AucepTaliiiHOl po60TH € pO3PO6JIEHHSI METOMIB Ta aJITOPUTMIB TOCTIIPKEHHSI
HaIpyeHo-1edOPMOBAHOI0 CTaHy XPECTOBUHU TijporeHepaTopa y TPMBUMIPHIl IOCTaHOBL 3 ypaxyBaHHIM
TE€XHOJIOTIYHOI, FeOMETPUYHOI ¥ OJIMBHO - ILUIIBKOBOI CKJIAJIOBUX, Y MEXKAX SIKOi IHTErPYIOTbCS aHAITUYHA OLIiHKA
JKOPCTKOCTi OCHOBHUX €JIEMEHTIB XPECTOBUHY Ta €KBiBaJIEHTHA JKOPCTKICTb MiJMUITHUKIB i YIIOPHUX JOMKPATIB K
napaMeTpy I'PaHUYHUX YMOB /ISl BU3HAUEHHS BJIaCHUX (POPM i KDUTUYHUX YACTOTU POTOPA, 3 IOJAJIbIIUM
OOIPYHTYBaHHSIM i BIIPOBAJ)KEHHSIM KOHCTPYKTUBHUX PillleHb 1010 MiBUILIEeHHS XOPCTKOCTi XpeCTOBUHY, 110
3a0€e31e4yIoTh 3HIKEHHS BiOpallill BaJoNpoBOAY Ta MiABUILIEHHS HaJliliHOCTI arperarty. [IpeacraBieHa
IuceprauiiHa poboTa Hajlae HayKOBO OOI'PYHTOBaHI METOIM BU3HAYEHHS JKOPCTKiCHUX XapaKTEPUCTHK i
HarpyXkeHo-1edOpPMOBAHOI0 CTaHy OIIOPHUX XPECTOBUH rimporeHeparopis. OTprMaHi pe3yabTaTy KijIbKiCHO
OIMCYIOTb BIIJIMB OCHOBHMX KOHCTPYKTHUBHUX [TapaMETPiB HA AWHAMIKy BaJIONPOBOJY Ta CIAYIYIOTh IMiAIPYHTIM [JIS
OLIiHKM HaJIiMHOCTI Ail04uXx arperaris. HaykoBa HOBu3HA po6oTu: 1. Biepie CTBOPEHO HOBUI METOJ, PO3PAXYHKY
HaIpy>XeHO-Ae(OPMOBaHOTr0 CTaHy XPECTOBMHU TiIpOreHepaTopa, 110, Ha BiIMiHY Bifl iCHYyI0UMX, a€ 3MOTy
BpaxyBaTU CUJIM Bifl Iii KODOTKOrO 3aMUKaHHS, HEPIBHOMIPHICTb MaCOBOI CKJIa[J0BOI riiporeHeparopa 3
[IOKPOKOBUM YTOYHEHHSIM CUJIOBUX (PAaKTOPIB, IO BifOBiAaI0Th KpUTUYHUM PEXKMMaM HaBaHTaXXEHb. 2.
YIOCKOHAJIEHO iCHYIOY] iIHKEeHEPHI MEeTOAM PO3PAaXyYHKY BJIACHUX YAaCTOT POTOPIB riIpOreHepaTopiB y 4aCTHHI
TOYHOTO 3aJJaHHS TeOMETPii €JIEeMEHTIB KOHCTPYKILii Ta BpaXyBaHHS €KBiBaJIEHTHOI NOJATINBOCTI OIIOP i yIOPHUX
IIOMKPAaTiB B TPUBMMIPHIl [TOCTAHOBL 3 3aJaHHSIM TEIJIOBUX TPAHUYHUX YMOB | pOJly; OTPUMAaHO IIPOCTOPOBI
KapTHUHU BUTMHIB KOHCTPYKUIi y TpbOX IiomuHax. 3. HabyB MoasnbpIioro po3BUTKY METOJ, PO3PaxyHKY
[IOJATIVMBOCTI ONIOPHMX Ta YIIOPHUX BY3JIiB IiIpOreHepaTopa, 10, Ha BiIMiHY BiJl iCHYIO4MX, la€ 3MOTY B
TPUBUMIPHI TOCTAHOBIIi OLIIHUTYU BHECOK TEXHOJIOTIYHOI, T€OMETPUYHOI Ta OJIMBHO-TIIBKOBOI CKIafoBuX. Haykosa
Ta [IPaKTU4HAa 3HAYYILIiCTh PE3yJbTaTiB: 1. 3aIIPONIOHOBAHO HOBY KOHCTPYKLiI0O MOJEPHI30BaHOI XPECTOBUHY, 110
BiZIpi3HSETHCS Bif, iCHYIOUOI TOAATKOBUMU CUJIOBUMU IIOSICAMY, SIKi 3a6€311e4yI0Th HEOOXiTHY SKOPCTKICTh
KOHCTPYKUii 15 riffporeHepaTopiB BeJIMKOI IOTYXHOCTi, HEOOXiAHUH 3arac MilJHOCTi Ta Bi6pPOCTIMKOCTI 3rifHO
iCHyI0UMX HOPMATUBHUX JOKYMEHTIB. 2. PO3p006JieHi METOY LO3BOJISIIOTh [IPOEKTYBATH XPECTOBUHU 3
ONTUMAJIbHUMU MAaCO-TrabapUTHMMU NIOKa3HUKaMU, 3 HEOOXiJHOO XOPCTKICTIO KOHCTPYKIi, 10 BKJIIOYAIOTh B
KOHCTPYKIIi0 PO3MipHi €JIEeMEHT! — JOMKPATH, AJ1s JeMndyBaHHs Iii Bil MOMEHTY KOPOTKOTO 3aMUKaHHS IOJIIOCIB.
OTpumaHi HayKOBi pe3yabTaTU MOXYTb OYTH BUKOPUCTAaHi HAyKOBO-JOCiIIHUMU Ta IPOEKTHUMU OPraHi3allisiMH,
KOHCTPYKTOPCbKUMHU 6I0PO, OpraHi3alisiMyu eHepreTUyHoi ranysi, BUIIMMYA HaBYaJbHUMU 3aKJ1alaMU Ta iHIIMMU

OpraHi3alismu, SKi CIleniani3yloTbCs B 00J1aCTi JOCTIIKeHb i eKCITyaTallii eHepreTHYHOro 06aHaHHS.

2. The dissertation addresses improving the vibration resistance and reliability of hydrogenerators by enhancing
the design of support-guide cross-arms and determining critical rotor frequencies. A causal relationship between
cross-arm design, its non-uniform stiffness, and resonant phenomena in the shaft line was established. Natural
frequencies and vibration mode shapes of the shaft line were calculated in three dimensions, accounting for
bearing compliance. The combination of radial, axial, and tangential loads on a bridge-type cross-arm with
insufficient rigidity causes the natural frequency to coincide with operating speed, leading to excessive vibration
amplitudes. Based on vibration tests, a transition to a radial-type cross-arm with increased stiffness and shifted
critical frequencies is proposed. The goal of the thesis is the development of methods and algorithms for the study
of a stress-strain state of the support-guide cross-arm (cross-piece) of a large-power hydrogenerator in a three-
dimensional formulation that accounts for technological, geometric, and oil-film contributions. Within this
framework, analytical assessments of the stiffness of the cross-arm’s main elements and the equivalent stiffness of
the bearings and thrust jacks are integrated as boundary-condition parameters for determining the rotor’s
eigenmodes and critical speeds. The results are then used to justify and implement design solutions that increase
the cross-arm stiffness, thereby reducing shaft-line vibrations and improving the unit’s reliability. The dissertation
provides scientifically substantiated methods for determining stiffness characteristics and stress-strain states of
hydrogenerator support-guide cross-arms. Results quantify how design parameters affect shaft line dynamics and
serve as a basis for assessing existing unit reliability. Scientific novelty of the work: 1. For the first time, a new
method has been developed for calculating the stress-strain state of the hydrogenerator support-guide cross-arm
(cross-piece) which, unlike existing approaches, accounts for short-circuit forces and the non-uniform mass



component of the hydrogenerator, with stepwise refinement of load factors corresponding to critical operating
regimes. 2. Existing engineering methods for calculating the eigenfrequencies of hydrogenerator rotors have been
improved in terms of the exact specification of structural geometry and the inclusion of the equivalent compliance
of supports and thrust jacks in a three-dimensional formulation with prescribed first-kind (Dirichlet) thermal
boundary conditions; spatial bending patterns (mode shapes) have been obtained in three planes. 3. The method
for calculating the compliance of bearing and thrust units of the hydrogenerator has been further developed,
enabling—unlike existing methods—a three-dimensional assessment of the respective contributions of the
technological, geometric, and lubricating film components. Scientific and practical significance of the results: 1.
The new design of the modernized cross-arm (cross-piece), which differs from the existing additional power
zones, which provide the necessary rigidity of the design for high-power Hydrogenerators, the necessary supply of
strength and vibration resistance according to existing normative documents. 2. Developed methods allow to
develop support-guide cross-arm (cross-piece) with optimal mass-dimensions characteristics, with the necessary
rigidity of the design, which includes the design of the spacing elements namely jacks, for damping actions from
the moment of short-circuit poles. Results are applicable to research organizations, design bureaus, energy sector

organizations, universities, and specialized power equipment research and operation centers.
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