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Pedepar:

1. B po60Ti BUKOHAaHO JeTaJIbHUI aHaJIi3 KOHCTPYKLiN €HepreTUYHOro 06J1aHaHHS JITaKiB Ta €JIEKTPUYHUX CTaHLiN
3a HaIpsSMKaMHU iX 3aCTOCYBaHHA. 3TrilHO JAHUX aHAaJIi3y, TEXHOJIOTII CTBODEHHS Ta BUKOPUCTAHHSA €JIEKTPUYHUX
IIPUBO/IB Ha TepuTOpii YKpaiHu oTpuMau CBill HalOIMbIIMI PO3BUTOK Ta TPAKTUYHE 3aCTOCYBAHHS B rayysi
€HepreTMYHOro MalMHOOYAyBaHHS (TiporeHepaTopu Ta rilporeHepaTopy-IBUTyHH), ajle B HOBUX KOHCTPYKIIiSIX
€HEPreTUYHOTO 06JIaHAHHS JITaKiB 11i TEXHOJIOTII Malike He BUKOPHUCTOBYIOThCS. BUCBIT/IEHO, 1110 €1EMEHTH
KOHCTPYKIi! TriiporeHepaTopiB MPaI0I0Th B YMOBAxX CKJIAJHOTO HABAHTAXXEHHS, BUKJIMKAHOTO CIIJIbHOIO €10
iHepHiltHUX cuJ Bifi 06epTaHHS pOTOPA, CUJ TSDKiHHS, CKIIaJajIbHUX HAaBaHTaXKeHb, 110 BUHMKAIOTh Bifl TOCaI0K
IeTajsieil 3 HaTAroMm, a TaKoX TeMIIepaTypHUX HaBaHTaKeHb. [Ipu aHaisi JiHill TpeHy Ta pesKUMiB poboTU
rizpoarperaris BUSIBJIEHO, 1[0 06€PTaHHS pOTOPA, HEPIBHOMIPHICTb €JIEKTPOMArHiTHOTO MOJIs Ta TiApaBIiYHUI

BILJIMB Ha TypOiHy [IpU3BOASTH O BUHUMKHEHHS Bibpalii yciei KoHCTpyKii rimpoarperaty B 1isiomy. [Tpuannau



BUHUKHEHHS HaBaHTaXEHb i Bibpalliil Ta iX BIIJIMB HA KOHCTPYKIIiIO arperaTy KOpPeJsolThCs 3 BIUIMBOM HaBaHTaKEHb
i Bibpaliit Ha eHepreTU4He 06JIalHAHHS JIiTaKa, 110 BUHUKAIOTh [IPOTITOM HOTO [0JIbOTY Ta OOYMOBJIEH] BIaCHUMU
KOJIMBaHHSIMU KOHCTPYKLI JliTaka, BUMyIIEHUMU BiOpallisiMu Bifi 060pPOTHOI YaCTOTU JBUTYHA JliTaka i camolo
4aCTOTOI OOEPTaHHs IPUBOAiB. PO3p006JIeHO METO, T2 HAYKOBO OOI'PYHTOBAHI IPUHIUIY 3MEHIIEHHS KiJIbKOCTi
BiZIMOB Ta BiIHOBJIEHHS] €HEPreTUYHOr0 O6JIaIHAHHS aBialliiiHOi TEXHIKM Ta €HepreTUYHOro O6JIaiHaHHS
aepoJpoMiB Ha OCHOBI HACTYIIHMX HAYKOBUX METOJiB OCIIiIKEHHSI: PETPOCIIEKTUBHUI METO[I (L03BOJIsIE
[IpOaHaJli3yBaTH iCHYIOUi TEXHOJIOT] pEMOHTY Ta METOJIA PO3PaxXyHKIB €JIeKTPUUYHUX MALIMH), METOIU
MaTeMaTU4YHOIO MOJEIOBAHHS HAMIPYKE€HO-Ae()OPMOBAHOIO CTaHy Y TPUBUMIPHIN OCTAHOBL [J151 BUBHAYEHHS
MeXaHIYHUX Halpy>KeHb Ta 3yCUJIb Y PI3HUX PEXUMax POGOTU eJIeKTPUYHUX MALINH, METOIU MaTEMaTUYHOTO
MOJIEJIIOBAHHS CKIHYEHMX €JIEMEHTIB 111 BU3BHAYE€HHS TEIJIOBOI'O CTaHy BY3JIiB €JIEKTPUYHUX MAIIWH IIPU
TEXHOJIOTIYHUX OIepallisgx Ta Y Pi3HUX €KCIIyaTallilHUX PEeKMMaX, 3aCHOBaHi Ha aJiTOPUTMaxX CTaTUCTUKUA METOIU
41 CEJIbHOTO OIPALIOBAHHS PE3YyJIbTaTiB €KCIIEPUMEHTIB, METOIY TIEPEBU3HAYEHHS 00 €KTIB 17151 3a0€3I1€4eHHS
MO>XJIMBOCTI 3aCTOCYBaHHS TEXHOJIOTiM pEMOHTY TiporeHepaTopiB [Jis eHepreTUYHoro obJagHaHHS
aepoKOoCMiuHOi TexHiku. [IpoBeeHO aHai3 BiOpalLiiHOro CTaHy rifpoarperariB B pi3HUX pe>KUMax poooTH,
BM3HAY€HI OCHOBHI €KCIIEpUMEHTAJIbHI BiOpaLiliHi IapaMeTpy Ta iX BiNOBigHICT BUMOraM HOPMAaTUBHO]
IoKyMeHTalii. BukoHaHi BuMipioBaHHS (POPM POTOPIB Ta CTATOPIB rilporeHepaTopiB-ABUTYHIB. 3a pe3yJbTaTaMu
aHasizy popM YMCeJbHUMU METOIaMHU (3 BUKOPUCTAHHSM PO3KJIasiaHHs popmu B psg Dyp’e) BU3HauYeHi
PO3PaxyHKOBI BiIXMUJIEHHS iCHYIOUMX (POPM Bif, LMIiHIPUYHOI. [IpOBeIeHO OiarHOCTUKY TEXHIYHOTO CTaHy aKTUBHUX
YACTHH TiIporeHepaTopa 3 BUKOPUCTAHHSM TEIUIOBI3iiHOro 06J1aIHAaHHS, B TOMY YMCJIi BUTIPOOYBaHHS OCceps
CTaTopa Ha IMTOMi BTpaTH i HarpiBaHHS iIHOYKTUBHUM MeTO0M. Ha OCHOBI pe3ysibTartiB BUIIPpOOYBaHb (110
PO3IJISIAQINCS B PO3[iji 3) 3aIIPOIIOHOBAHI 3aX0y 3 MiBUIIEHHS HaJiiHOCTI rijporeHepaTopiB-ABUTYHIB IIPU iX
PEKOHCTPYKUii. BUKOHaHO NOCIIiIKEHHS HalpyKeHO-4e(pOPMOBAHOr0 CTaHy POTOpa riiporeHepaTopa-BUryHa
AQHAJIITUYHUM METOJZIOM, & TAKOXK METOJIOM CKiHUEHUX €JIEMEHTIB 32 JOIIOMOTOIO BillIOBiAHOTO IIPOTrPaMHOr0
3abe3nevyeHHs (npukianHuii naket SolidWorks Simulation). ITpu 1jpoMy po3TrisiHyTHi SIK CTaH poTopa 0
PEKOHCTPYKLii, TaK i Hapy>KeHHs Ta Jeopmaliii eleMEHTIB pOTOpPa, 10 BUHUKATUMYTh B [IPOLECi BUKOHAHHS POOIT
3 10oro peKOHCTPyKLii. HaykoBa HOBU3HA po6oTu: 1. OGrpyHTOBaHUI MiAXis Ta po3po6IeHNI PO3PAXYHOK
HaIpyeHo-1edOpPMOBAaHOI0 CTaHy riipoarperaTy y TPMBUMIipHIN IOCTaHOBL 3 SIBHO 33laHUMU I'PaHUYHUMU
YMOBaMHU IEPIIOTO Ta TPETHOTO POAY 3 YPaxyBaHHSIM PEKUMIiB pOOOTU IIPY HOMiHAaJIbHIl, YTOHHIN Ta pO3riHHIN
4acToTax ob6epTaHHs. 2. BUKOHaHe yTOYHEHHS [IapaMeTPiB TEXHOJIOTI] BiTHOBJIEHHS TipOre€HepaTOPiB HA OCHOBI
TPUBUMIPHOTI'O MOJEJIIOBaHHS, sIKe MOKJIANa€ThCS HA TIOKPOKOBE BUPIillIeHHS 3a71adi 3 iTepaliliHUM KPOKOM Ta
IIOCTYIIOBOIO JuepeHLialielo IPaBUIbHOCTI Pe3y/bTaTiB PO3PaxyHKiB. 3. BcTaHOBI€HA MOXKJIMBICTD PEMOHTY
€HepreTMYHOro obsafHaHHS aBialiliHOI TeXHIKY 3a paxyHOK BUKOPUCTAaHHSI TEXHOJIOTII 3 raysi 3arajibHOro
€HepreTUYHOro MalMHOOYAyBaHHS. [IpakTUYHe 3HaU€HHS OTPUMAHUX Pe3ysbTariB. 1. Po3pobyieHa TexHOoIoris
BiZJHOBJIEHHS €HepreTUYHOro 06J1aJHaHHS aBiaTeXHIKY, 110 3a6e31euye peMOHTOIIPUATHICTD BY3JIiB y
aepoJpOMHUX YMOBaxX. 2. O6UnCIIeH] NapaMeTpy TEXHOJIOTIYHUX OIepalliii, o Aal0Th 3MOTY BUBHAUMUTH HEOOXiTHI
napaMeTpH (HaTSTU, 3yCUJIS [TIOCAJKY Ta iH.) HA OCHOBi MaTEMaTUYHOTO MOZEJIIOBAaHHS. 3. BcTaHOBIIEHI
3aKOHOMIipHOCTI nedopmaliii fetaseii Ta By3JiB 06afHAHHS AAI0Th 3MOTY BU3HAYMTH iX MOXJINBY IIpaLle3NaTHICTb y

Pi3HUX pesxuMax poOOTH NPU NOAANbIIIN eKCITyaTali.

2. In the work, a detailed analysis of the structures of power equipment of airplanes and power plants is carried out
according to the directions of their application. According to the data of the analysis, the technologies of design
and use of electric drives on the territory of Ukraine received their greatest development and practical application
in the field of power engineering (hydrogenerators and hydrogenerator-motors), but these technologies are almost
not used in new designs of aircraft power equipment. It is highlighted that the structural elements of
hydrogenerators work under complex load conditions caused by the joint action of inertial forces from the
rotation of the rotor, gravitational forces, assembly loads arising from the seating of parts with tension, as well as
temperature loads. When analyzing the trend lines and operating modes of hydraulic units, it was found that the
rotation of the rotor, the unevenness of the electromagnetic field, and the hydraulic effect on the turbine lead to
the vibration of the entire structure of the hydraulic unit as a whole. The causes of loads and vibrations and their



impact on the structure of the unit are correlated with the impact of loads and vibrations on the power equipment
of the aircraft, which occur during its flight and are caused by the inherent fluctuations of the aircraft structure,
forced vibrations from the rotational frequency of the aircraft engine and the very frequency of rotation of the
drives. The method and scientifically based principles of reducing the number of failures and refurbishment of the
power equipment of aircraft equipment and airfield energy equipment have been developed on the basis of the
following scientific research methods: retrospective method (allows to analyze existing repair technologies and
calculation methods of electric machines), methods of mathematical modeling of the stress-strain state in three-
dimensional setups for determining mechanical stresses and forces in different modes of operation of electric
machines, methods of mathematical modeling of finite elements for determining the thermal state of units of
electric machines during technological operations and in different operational modes, methods of numerical
processing of experimental results based on statistical algorithms, methods of redefinition of objects to ensure the
possibility of applying technologies for repairing hydrogenerators for aerospace power equipment. The analysis of
the vibration state of hydraulic units in different operating modes was carried out, the main experimental vibration
parameters and their compliance with the requirements of regulatory documentation were determined. The
measurements of the shapes of rotors and stators of hydrogenerators-motors were made. According to the results
of the analysis of the shapes by numerical methods (using the decomposition of the shape into the Fourier series),
the estimated deviations of the existing shapes from the cylindrical shape were determined. On the basis of the
test results (considered in Section 3), measures are proposed to increase the reliability of hydrogenerators-motors
during their reconstruction. The study of the stress-strain state of the rotor of the hydrogenerator-motor was
carried out by the analytical method, as well as by the finite element method using the appropriate software
(SolidWorks Simulation application package). At the same time, both the state of the rotor before the
reconstruction and the stresses and deformations of the rotor elements that will arise in the process of performing
works on its reconstruction are considered. Scientific novelty of the work: 1. The justified approach and the
developed calculation of the stress-strain state of the hydraulic unit in the three-dimensional setting with clearly
defined boundary conditions of the first and third kind, taking into account the modes of operation at rated,
overspeed and acceleration speeds. 2. Refinement of the parameters of the hydrogenerator refurbishment
technology based on the three-dimensional modeling, which relies on step-by-step problem solving with an
iterative step and gradual differentiation of the correctness of the computation results. 3. The possibility of
repairing power equipment of aircraft equipment due to the use of technology from the field of general power
engineering has been established. Practical significance of the obtained results: 1. The technology for
refurbishment of the power equipment of aircraft equipment has been developed, which ensures the
maintainability of units in airfield conditions. 2. Calculated parameters of technological operations, which make it
possible to determine the necessary parameters (stresses, landing forces, etc.) based on mathematical modeling. 3.
The established patterns of deformation of equipment parts and assemblies make it possible to determine their
possible performance and different modes of operation during further operation.
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