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MIPOLIECIB

2. Strength of compound and composite elements of rotors considering interconnection of dynamic processes

Pedepar:

1. Inceprarifina po60oTa IpUCBIYeHa PO3pOoOLii HOBOrO KOMIJIEKCHOTO MiIX0/y 4O BU3HAYEHHS CTATUYHOI Ta
IMHAMIYHOI MIIJTHOCTI CKJIaIeHUX Ta KOMIIO3ULiTHUX €JIEMEHTIB POTOPIB 4Yepe3 MOEeI0BaHHS iXHbOI CTalliOHAPHOI
Ta HeCTallioHapHOi OBEJiHKY, K€ BPaXOBYE B3a€MOIIOB I3aHICTh IMHAMIUYHUX ITPOLIECIB, 1110 Bi0yBaIOTHCS B TAKUX
eJIeMeHTaX 3 OJIHOTrO 60Ky Ta B MPYKHO-IeMIbepHUX HiJMUIHUKOBUX ONOpax Bajy 3 iHIIOro 60Ky, sKi 06'enHaHi
MiXX CO00I0 IIPY>KHUM POTOPOM 4Yepe3 Hajle>KHUM YMHOM BiJITBOPEHi 3'€HAHHS MDK Or0 KOHCTPYKTUBHUMU
yacTuHaMU. [IpoBefieHO OIS cyyacHUx JpKkepes iHpopmallii Ta HasiBHUX IiAXO[IiB 10 PO3B'sI3aHHS 3a1ayi
BU3HAYEHHS MIIJTHOCTI €JIEMEHTIB POTOPiB, BUKOHAHUX 3 KOMIIO3ULITHUX MaTEPialiB, a TAKOK MOJEJIIOBAHHS
IVHAaMiYHOI TOBEIiHKY POTOPIB B KOHTAKTHUX Ta 6€3KOHTAKTHUX IiAMUITHUKOBUX Olopax. Po3pobieHa

y3arajbHIOI049a METO/IMKA Y BUTJISIZi TIOBHOTO LIMKJTYy IIPOEKTYBAHHS POTOPA OCbOBOi TYpOOMALIMHU Ta €KCTEHCUBHI



METOIU MiABUIIEHHS MIIJHOCTI BiILIEHTPOBUX i OCbOBUX POTOPIB, MiCJIs1 YOIO CTBOPIOIOTHCS BJIACHI METOIU
BpaxXyBaHHS a€POIMHAMIYHUX Ta YAAPHUX HaBaHTaXXEHb HA JIOIIATKU POTOPIB TypOOMaIINH, 1[0 BIUIMBAIOTH HA IXHIO
CTaTUYHY Ta AMHAMIi4YHy MillHiCTb. [IpONIOHyeThCs MifXif, 10 MoOyA0BYA MOZEsli KOHTAKTHOI B3aeMOJIil MixK
€JIeMEHTaMHU POTOPiB TypOOMAIIMH, & TAKOXX PO3IJISIAI0THCS METOIY PYHHIBHOTO Ta HEPYWHIBHOIO BU3HAUYEHHS
CTaTUYHOI Ta [MHAMIYHOI MIIJHOCTI LIMX €JIeMEHTIB i 3'€lHaHb MK HIUMU Ha OCHOBi pO3paxyHKOBHUX Ta
€KCIIEPUMEHTAJIbHUX OCIIIKEHb MEXaHIYHOI [TOBEIiIHKY iCHYIOYMX i HOBUX By3JIiB pOTOpPiB. CTBOPEHI HOBI METOAM
BM3HAUEHHS XapaKTePUCTUK KOHTAaKTHUX Ta O€3KOHTAKTHUX MiJIIUITHUKOBUX OIIOP Ta IXHbOTO BIJIMBY HA
IVHAMiuyHy MilIHICTb POTOPIB Y TAaKUX ONOpax i IPOBOAUTHCS PO3B'SI3aHHS MOBSI3aHUX 3 MiAMUITHUKOBUMU OIIOPaMu
[IPaKTUYHUX Ipo6sieM QYHKIIOHYBaHHS POTOPHUX MaMIKH. [ BUpilIeHHS IPaKTUYHUX [TpobJieM abpa3uBHOTO
3HOLIYBaHHS [IPOIIOHYIOThCS KOHIIEMLil 6iMaTepialbHUX JIONATOK OCbOBOTO POTOPY TYPOOMAaIIMHM 3i CTajleBUM
XBOCTOBUKOM Ta a/IIOMiHi€BUM CYLi/IbHOMETAJIEBUM, NIOJIIMEPHAM Ta METaJI-MaTPUYHUM KOMIIO3ULiTHNMU
aepoAMHAMIYHUMU MPOQiNSIMU, MiLIHICTb SKUX [1€PEBipPSEThCS €KCIIEPUMEHTAJIbHO Ta 32 JOIIOMOTOI0 PO3PO6IIEHOTO

y pOOOTi KOMIIJIEKCHOTO METOJY JOCJIiJKEHHS.

2. The thesis is devoted to the task of developing a new comprehensive approach to determining the static and
dynamic strength of compound and composite elements of rotors through modeling their steady and transient
behavior, which takes into account the interconnection of dynamic processes occurring in such elements on the
one hand and in the elastic-damper bearing supports of the shaft on the other hand, which are interconnected by
an elastic rotor through properly reproduced connections between its structural parts. The first section reviews
modern sources of information and existing approaches to solving the problem of determining the strength of
rotor elements made of composite materials, as well as modeling the dynamic behavior of rotors in contact and
non-contact bearing supports. The second section develops the generalized methodology in the form of a closed-
loop design of the axial turbomachine rotor and extensive methods for increasing the strength of centrifugal and
axial rotors, after which proprietary methods for taking into account aerodynamic and impact loads on the
turbomachine rotor blades which affect their static and dynamic strength are proposed. The third section presents
an approach to build a model of contact interaction between the turbomachine rotor elements, and methods for
destructive and non-destructive determination of the static and dynamic strength of these elements and
connections between them are considered based on computational and experimental studies of the mechanical
behavior of existing and new rotor assemblies. The fourth section creates new methods for determining the
characteristics of contact and non-contact bearing supports and their influence on the dynamic strength of rotors
in such supports with solving practical problems of the rotary machine functioning related to bearing supports.
The fifth section proposes concepts of compound blades of the turbomachine axial rotor with a steel root and
aluminum solid, polymer and metal-matrix composite airfoils to solve practical problems of abrasive wear, and the
strength of these concepts is tested experimentally and using the developed comprehensive research method. The
suggested modelling and simulation approaches and developed design solutions found their practical
implementation in the industrial and production activities of LLC “ITC “Donventyliator” (Kharkiv, Ukraine),
SoftinWay, Inc. (Boston, USA), LLC “Advanced Digital Solutions” (Kharkiv, Ukraine), and SKF (Goteborg, Sweden), as
well as in the parts of individual sections of the work in the performance of the NRFU grant and four state-budget
research projects of the Ministry of Education and Science of Ukraine, which is reflected in the relevant
implementation certificates.
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