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Pedepar:

1. Incepralis npucBgYeHa BUPIIEHHIO HAYKOBO-TEXHIYHOI IPO6JIEMY BIOCKOHATIEHHSI METOY PO3PaXyHKY i
KOHCTPYIOBaHH4 TiIpOCTaTOIMHAMIYHUX YIIOPHUX MiAMUITHUKIB, 10 BpPAXOBYE HA BiIMiHY BiJl TONEepeHixX
IOCTiI)KeHb YTBOPEHHS TYpPOyJIEHTHOCTI Ta TEMIIEPATyPHUI CTaH MacTUja y MacTUIbHOMY 1api. [IpoBeneHnit
OTJISA] Cy4aCHUX KOHCTPYKTUBHUX CX€M i YMOB POOOTHU Pi3HUX TUIIIB YIIOPHUX HiAUIMITHUKIB KOB3aHHS PiTUHHOTO
TepTs. Po3risiHyTo cdepy 3aCTOCYBaHHS TilpOCTATONMHAMIYHUX YIIOPHUX IiAMUITHUKIB KOB3aHHSI PiJUHHOTO TEPTS
y CKJIaJii MiAMIMITHUKOBOTO By3ja. HaBeieHo OrJisiy METOIiB PO3PAaxXyHKy YIIOPHUX IiJIIUITHYKIB KOB3aHHS
piguHHOTrO TepTs. Ha 6a3i mpoBeZeHOro aHaiidy 00paHo CKiHY€HHO-Pi3HULIEBUI METOJ, 1151 PO3PAXYHKY POOOUNX
XapaKTEPUCTUK Ta OOpaHi OCHOBHI PiBHSIHHS TePMOTiIPOAMHAMIYHOI Teopii MallleHHs TiApoCTaTOAMHAMIYHIX

VIOPHUX MiJIINITHMKIB [IpY TypOYJIEHTHOMY PeXUMi pyxy MacTusa 1o TypoyseHTHii mogesi B. H. KoncTanTuHecKy.



Ha ocHOBI piBHSIHb TEpMOTiApOAMHAMIYHOI Teopii MaleHHS Ta 06paHUX METOLiB PO3p06IeHa MaTeEMAaTUYHA MOJEb
i obuncIoBasbHA ITPOrpamMa po3paxyHKy poO0UNXK XapaKTePUCTHK TiApOCTaTOAMHAMIYHUX YIIOPHUX i IIUITHUKIB.
[IpoBeneHunit NOPiBHANILHUI aHaJli3 BUKOPUCTaHHS IiIpOCTATUYHOrO Ta FilpOCTAaTOIUHAMIYHOTO YIIOPHUX
NiAIUITHYKIB Y CKJIaAi NiAIMITHUKOBOrO By3Ja. Ha 6a3i poBeeHHOr0 aHaIu3y OTPUMaHUX KPUBUAX POOOUMX
XapaKTePUCTUK 000X THUIIIB MiAUUITHUKIB, 6YB 3p006JI€H BUCHOBOK IIPO JOLIBHICTb 3aCTOCYBAaHHS
ripocTaToguHaMiYHUX YIOPHUX MifIINNHUKIB. [IpoBeneHnii aHani3 BIIMBY (Pi3sMYHUX BIACTUBOCTEN MacTUIa Ha
poboui XapaKTepUCTUKU TiIpOCTATOAVHAMIYHMX YIIOPHUX MiAIMIIHMKIB BCTAHOBUB, 110 BUKOPUCTAHHS MaJIOB 1I3K1X
MAaCTUJI JO3BOJISIE Kpallle 3a0€3MeYUTU TEMIIEPATYPHUI PEXXUM MACTUJIbHOTO MAapy. BUKOHaHI TeopeTnyHi Ta
€KCIIEpMMEHTAaJIbHI JOCiIPKEHHS POO0YNX XapaKTePUCTUK €KCIIePUMEHTaIbHOTO 3pa3ka YIIOPHOro HifMUITHUKA Ha
pi3HUX peXxnMmax ekcrryaranii. [IpoBeneHo aHasi3 MOro BaHTaKOIMIMOMHOCTI, TEMIIEPATyPHOrO CTaHy MAaCTUJIA B
MAaCTWJIBHOMY LIapi, BAUTPAT MACTUJIa Ta BTPAT MOTYXHOCTI Ha TePTsl. [Ioka3aHo, 0 Teopisl Ta eKCIIEPUMEHT 100pe
y3rofIKyIoTbCsl. TeXHIKO-eKOHOMIUHEe OOIPYHTYBAHHS BUTOTOBJIEHHS TiJpOCTAaTOMHAMIYHUX YIIOPHUX MiIINITHUKIB
[10Ka3aJlo, 110 cobiBapTiCThb iX BUTOTOBJIEHHS HE3HAYHO Bipi3HETHCS Bifl CO6IBAPTOCTI rilpOCTaTUYHUX YIIOPHUX
NiAUIHYKIB. Pe3yJipTaTu JUCEePTaliiiHOI pOOOTH BIIPOBAI>)KEHHI B IIPAKTUKY [J1s1 IPOEKTYBAHHS Ta IOMIYKOBUX

€KCIIEPUMEHTAJIbHUX NOoCiIKeHnb yrnopHux By3iiB ['T]] Ha [T HBKI «30psa»-«MalmnpoekT».

2. The dissertation is dedicated to the solving the scientific and technical problem - improving the method for
calculation and design of hybrid thrust bearings, which takes into account, unlike the previous researchers, the
formation of lubricant turbulence and temperature conditions in the lubricating layer. Modern design schemes and
operating conditions of different types of sliding liquid friction thrust bearings have been carried out. The sphere
of application of sliding liquid friction hybrid thrust bearings as a part of the bearing unit is considered. The review
of calculation methods for sliding liquid friction hybrid thrust bearings is given. On the basis of the analysis, a
finite-difference method was chosen to make operating characteristics calculations for the hybrid thrust bearings.
The analysis of equations for calculating the operating characteristics of this bearing is carried out. The basic
equations of the thermohydrodynamic lubrication theory of hybrid thrust bearings under the lubricant turbulent
motion were chosen according with the turbulent model V. N. Konstantinescu. The solution of these equations is
numerically solved by the method of finite differences with the template of the explicit scheme "cross" and was
reduced to the solution of the system of algebraic equations with respect to pressure and temperature. The system
of algebraic equations was solved by an iterative method - the method of upper relaxation. On the basis of the
equations of the thermohydrodynamic lubrication theory and selected methods a mathemetical model and
computer program for calculating the operating characteristics of the hybrid thrust bearing is worked out. The
theoretical calculations and curves of load capacity, power losses due to friction lubricant consumption and the
maximum temperature of the hybrid thrust bearings with Raleigh pocket lubricating layer are performed. The
regularities of change in operating characteristics of this types of bearings due to the formation of turbulence in
the bearing lubricant layer between the pad bearing and collar, which leads to a change the layer’s pressure and
temperature is obtained. It was established that the rational choice of the lubricant supply pressure and geometric
parameters of the hybrid thrust bearing can increase the load capacity of this bearings in 1.1...1.35 times and to
reduce the power loss due by a friction on 20...46 %. The performed analysis of the influence of the physical
properties of oil on the hybrid thrust bearing operating characteristics showed that the using low viscosity oils
allowed the best results to ensure the temperature regime of the oil layer. A comparative analysis of hydrostatic
and hybrid thrust bearings usage in the bearing unit is conducted. On the basis of the analysis of the obtained
performance curves for both types of bearings, it was concluded that the hybrid thrust bearing is advisable. Test
bench has been modernized for conducting experimental researches of the working characteristics of the
experimental sample of the bearing at different operating modes. The experimental sample of the hybrid thrust
bearing was designed and manufactured. The analysis of the equipment and means of measurement for control the
experimental sample performance characteristics are carried out. A description of the automated complex for
measuring and processing of sensor parameters during the tests is given. The experimental technique of hybrid
thrust bearing working characteristics on different operating modes is carried out. Experimental and theoretical
tests of hybrid thrust bearing are carried out. Comparative analysis of the obtained research of bearing capacity,



the temperature state of the lubricant in the lubricating layer, lubrication consumption and power losses to
friction are presented. It is shown that the theory and experiment are in good agreement with each other. The
error in the determination of the carrying capacity does not exceed 5 %, the difference in lubricant temperature
does not exceed 1...2°C. Manufactoring feasibility report of designed hybrid thrust bearing is determined. It’s
shown that it manufacturing cost is not significantly different from the cost of the hydrostatic bearing. Presented
research technique of the improvement of the hybrid thrust bearings calculation and design method, tables and
graphs of bearings performance characteristics, depending on the design parameters, simplify the process of their
design, which has an important practical significance. The results were proved under the state enterprise Gas
Turbine Research and Production complex «Zorya»-«Mashproekt».
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