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1. MiHicTb By3J1iB TypOOTre€HepaTopiB i riiporeHepaTopiB BEJIMKOI MOTY>KHOCTI

2. Strength of High Power Turbogenerators and Hydrogenerators Units

Pedepar:

1. Ha ocHOBi N0egHaHHS TPUBMMIPHMX Ta aHAJIITUYHMX METO/IB PO3PaxXyHKiB BUpillleHa BaXKJIMBA HAYKOBO ~TEXHIYHA
po6sieMa, 1o MOJISITae B po3pooLi ePeKTUBHUX MeTOAiB gocimkeHHs HIIC eleMeHTiB KOHCTPYKIiN Ta By3JliB
riiporeHeparopis, FeHepaTOPiB-ABUTYHiIB, TypOOr€HepaTOPiB BEUKOI IOTY>KHOCTI I1 TEMIIEPATyPHUX HABAHTAXKEHD.
[To6ymoBaHO METOZOJIOTI0 IPOBEIEHHS MIIJHICHOTO pO3paxyHKy KOHCTPYKLil eJIeKTPOreHepaTopiB BEJIUKOI
IIOTY>KHOCTI, sIKa 6a3yeTbcs Ha po3B’a3aHHi MCE TpuBUMIpHUX 33124 TEPMOIPY>KHOCTI, TEIJIONPOBIIHOCTI i
BMKOPHCTAHHSIM CY4aCHUX METOZiB KOMIT'IOTEPHOTO MOZEJIOBAHHS, IPOBECTU yTOYHEHNUH aHasi3 HIC KOHCTPYKUil
Iif 9ac eKCITyaTaliflHAX Ta aBapiTHMX HaBaHTAXXEHb, & TAKOX YLOCKOHAIMUTU Pl iCHYIOYMX KOHCTPYKLN
reHepaTopiB /Jis MifBUIEeHHS HaiHOCTI iX po60oTH. PO3p06s1€HO HOBY METOJIMKY [IO MOJIE/II0OBAaHHS Ta IPOBEJEHO
IIO BCiei cuCTeMU OXOJIOIKEHHS TeHepaTopa B LiJIOMY, 10 JO3BOJIAJIO 6ilbII TOUHO ONKCATU NOJIs1 IBUIKOCTEN Ta
TEMIIEPATYP Y MIOTOLI, BU3HAYUTHU JIOKAJIbHI XapaKTePUCTUKU TEIUIOBiAAAY] Ha IOBEPXHSIX [ETalley Ta NOLATKOBI
CWJIOBi HaBaHTa)KEHHSI BUHMKAIOTh HA HUX. B pamkax TpuBuMipHOi Moziesti chopMysiboBaHi 3aa4i LOCTiIKeHHS
HJIC B xOpo6ax Ta XpeCTOBMHAX F€HEPATOPIB I CUJIOBUX i TEMIIEPATYPHUX HABAHTAXKEHb i OTPUMAHO Psif, HOBUX
Pe3yJbTaTiB. YIOCKOHANEHO MeTo, po3paxyHKy HIC 6aHIaXHOTO KiJblisl POTOpa TypOoreHepaTopa BeJIMKO1
MOTY>KHOCTI Mif BIJIMBOM BiILIEHTPOBUX CUJI Bill 0OGMOTOK POTOPA, MaCOBUX CUJI CAMOTO OAHIAKHOTO BYy3J1a, HATATY
nocazKy 6aHJaXKHOTO KiJblisl Ta TEMIIEPAaTYPHUX HaBaHTaKeHb. B paMKax TPMBUMIipHOI MOJieJli I0JIJaHO [IOYaTKOBi T
YAOCKOHAJIEHO MeTOo, po3paxyHKy HIIC oOpHUX €JIEMEHTIB €JIEKTPUYHUX MAIUH BEJIMKOI ITOTYKHOCTI, a TAKOX
IIPOBEIEHO NOCiIKeHHSI MiITHOCTI ABOPSAHUX MiJIl ATHUKIB XOPCTKOTO i rifipaBJiyHOro TUMIB Mif 4ac
eKCIUlyaTaliiHuX HaBaHTaXeH Po3pobsieHo meTor po3paxyHKy HIIC npysxHoi nifgBicku ctaTopa TypboreHeparopa
BEJIMKOI IIOTY>KHOCTI I1if] Yac aBapiliHMX HaBaHTaX€Hb, BUKJIMKAHMX KOPOTKUM [1BO(PA3HUM 3aMUKAHHSIM, SIKUAM
BpaxoBye HepiBHOMIpHicTb HarpiB 45 Warszawskiej, Politechnika w Dre nie , Stowarzyszenie Elektryk w Polskich ,
Polskie Towarzystwo Elektrotechniki Teoretyczneji Stosowanej, 2016. S. 29 30. Tretiak O., Shut O. Designing of
high power generators. IHTerpoBaHi KOMIT'IOT€pHI TEXHOJIOTii B MalIMHOOYIyBaHHI: MaTepiasl BCEYKpP. HayK.-TEXH.
KoH®. 2017: T. 1. XapkiB: HAKY «XAl», 2017. C. 91. AHOTALIIS - IHCTUTYT Npo6JieM if BIJIMBOM CUJIOBUX Ta
ra3oiMHaMiKu 3 10 O3BOJIMJIO CJIiIPKEHHS po60TH , IO Ta ITPOBEJEHO YMCJIOBE i/l 9ac eKcIyaTalilHUX a TpaHruYHi
YMOBH Ta b. aHHS CcTaTopa. 46 B pamKax TpUBHUMIPHOTO MiTX0y PO3P0O06JIEHO HOBUI METOJ, PO3PaxyHKY CKJIaIHOTO
HJIC MIXXIIONIIOCHOI TepEMUYKM POTOPA IIif] 4aC KOPOTKOTO 3aMUKaHHS, K€ CYIIPOBOJKYETHCS Pi3KUM 3POCTaHHIM
4aCTOTU OOEPTaHHS POTOPA, 3 YPaXyBAaHHSM BIUIMBY BilILIEHTPOBUX CUJI, @ TAKOXK TEMIIEPATYPHUX HABAaHTAXKEHD, SIKi
BUKJIMKaHi HarpiBaHHM By371a Iifl 4aC MPOXOIKEHHS CTPYMY Ta 3aJ1€XKaTh BiJ] LIBUIKOCTI 06€PTAaHHS CAMOTO
poTopa. OTpuMaHi pe3yJbTaTy BUKOPUCTOBYBAJIMCS I1if] YaC IIPOEKTYBAaHHSI, BUPOOHULITBA Ta 30ip1ii
rigporeHepartopis Ta Typboreneparopis Ha JII1 «3aBog, «EjekTpoBakmal», a TaKOX O0yJId BIIPOBAI’KEHIi B y400BUM
npouec Ha Kadgenpi aepokocMivyHoi TennoTexHiku HAKY «XAl». Kio4oBi cyioBa: Typ6oreHeparopu,
rizporeHepaTopH, HalpyXeHo - AedOopMOBaHUM CTaH, MilIHICTb, TEPMOIIPY>KHICTh, aBapiliHi HAaBaHTa>)KEHHS,

OXOJIO[KYBaY.

2. At the basis of a combination of three-dimensional and analytical calculation methods, an important scientific-
and-technical problem has been solved, which comprises in the development of effective methods for studying of
the strain-stressed state of structural elements and units of Hydrogenerators, Generator-Motors, high-power
Turbogenerators under the influence of power and temperature loads. The methodology of strength calculation of
high-power generators is developed, which is based on solving MCE three-dimensional problems of thermal
elasticity, thermal conductivity and gas dynamics using modern methods of computer modeling, which allowed to
conduct a detailed analysis of strain-stressed state of structures during operational and emergency loads and also
to modernize and increase the reliability of work of a number of existing generators design. A new approach to
modeling was developed and the operation of the entire cooling system of the generator as a whole was studied,
which made it possible to more accurately describe the speed and temperature fields in the flow, to determine the
local 48 characteristics of heat transfer on the surfaces of parts and additional power loads arising on them. The



tasks were formulated within the limits of a three-dimensional model and a numerical study of the strain-stressed
state in the ducts and spiders of generators under operational power and temperature loads was carried out, and a
number of new results were obtained. The method for calculating the strain-stressed state of the retaining ring of
the rotor of a high-power Turbinegenerator under the action of centrifugal forces from the rotor windings, the
mass forces of the retaining unit itself, the tension of the retaining ring fit and temperature loads has been
improved. Within the limits of the three-dimensional model, the initial and boundary conditions were given and
the method for calculating the strain-stressed state of the supporting elements of high-power electric machines
was improved, as well as a study of the strength of double-row thrust bearings of rigid and hydraulic types under
operational loads was carried out. A method for calculating the strain-stressed state of the elastic suspension of
the stator of a high-power Turbogenerator under emergency loads caused by two-phase shortcircuit, taking into
account uneven heating of the stator has been developed. Within the limits of the three-dimensional approach, a
new method has been developed for calculating of the complex strain-stressed state of the rotor inter pole jumper
at short-circuit, which is accompanied with a sharp increase in the rotor rotational speed, taking into account the
influence of centrifugal forces, as well as temperature loads caused by the heating of the unit during the electric
current flowing, which depend on the rotational speed of the rotor itself. The obtained results were used at
designing, production and assembly of Hydrogenerators and Turbogenerators at State Enterprise "Plant
"Electrotyazhmash", and were also introduced into the educational process at the Department of Aerospace Heat
Engineering of the NASU (National AeroSpace University) "KhAI". Key words: turbogenerators, hydrogenerators,
strain-stressed state, strength, thermal elasticity, emergency loads, cooler.
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