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1. Po3po6ka MeTomiB OL[iHKU pecypcy O0JITOBUX 3'€JHAHb POOOYMX KOJIiC TIOBOPOTHO-JIONATEBUX IiIpOTYpOiH

2. Development of methods for assessing life-time of bolted connection of Kaplans turbine runner

Pedepar:

1. O6'eKT BOCIIPKEHHSL: IPOLEC HAKOIIMYEHHS 0araToLMKJI0BOi BTOMHOI IIOIIKO/AKYBAHOCTi Y 60JITOBUX 3'€JHAHHSIX
pob6oyoro KoJieca rifpoTyp6iny, 10 BUKIMKAHU NepexifHUMU peXuMaMu poboTH rigpoarperary. Mera
IOCJiI)KeHb: CTBOPEHHS METO/IiB OLIIHKM KOHCTPYKLiHOI MilJHOCTi Ta HaAiHOCTi pi3bOOBUX KPiljleHb B €JleMeHTax
€HepreTMYHUX MAIVH 3 YpaxyBaHHSIM 0COOJIMBOCTEN TEXHOJIOTIYHOTO Ta €KCIIyaTaliliHOro HaBaHTaKEeHHS, a
TaKOX Jlerpajalii maTepiany; BUKOPUCTAHHS PO3PO0JIEHUX MiTXOAiB IO BU3HAYEHHS [TapaMeTpiB HaAiHOCTi Ta
pecypcy 60JTOBUX 3'€HAHb pOO0YMX KOJIiC TigpoTyp6iH. MeTony BOCiIpKeHb: TEOPETHYHOIO 6a3010 AucepTaLii €
METOJIY: MEXaHIKM TBEpPIOro NepopMOBaHOrO Tijla; TEOPii KOJIMBaHb; MeXaHiKy IOUIKOKYBAHOCTI CYLiIbBHOTO
cepeoBUIIa; TeoPii IMOBIPHOCTEN Ta BUNAKOBUX NpoueciB. Po3paxyHok HIC 6051TOBUX 3'€IHAaHb TPOBOIUBCS B
PaMKax METOAY CKiHY€HHUX €JIEMEHTIB. /17151 TPOBeleHHS €KCIIEPUMEHTAJILHUX OCIIiI)KeHb BUKOPHUCTOBYBAJINCh

MEeTOJu TeH30MeTpii, BIOpoBUMipIOBaHHSA Ta MPpPOBOi 06pOoOKU curHamiiB. TeopeTuyHi Ta NPpakTUYHi pe3yibTaTu:



3anponoHoBaHa y3arajbHeHa NMOBipHICHA MaTEMATUYHA MOJ€JIb HAKOIIMYEHHS BTOMHO] ITOIKOI>)KYBAHOCTI J1s1
OLIiHKM pecypcy O0JTOBUX 3'€JHAHb, 110 BPAaXOBY€ BUIIAIKOBUII XapaKTep 4acTOTHU 3aIlyCKiB/3yIIMHOK Tifpoarperary
Ta gerpagauiio marepiany. [IpoBeeHO OOCITiIP)KEHHS 3aKOHOMIPHOCTI BIUIMBY ITONIEPENHBOrO 3aTSIraHHSA HA pecypce
601TOBOrO 3'eHaHHSA. OTPUMaHi pe3yJIbTaTH [ 60JITOBOTO 3'€JHAHHSI POOOYOro KoJjeca rifpotyp6binu I1J1 40-B-
700, BctaHoBsieHoi Ha [JHinpol'EC 11, mokazany, mo MaTeMaTUYHe CIIOTiBaHHS pecypcy 60JITOBOTO 3'€JHAHHS 3
ypaxyBaHHSM BUIIaIKOBOT'O XapaKTePy BUHUKHEHHS [I€PEXiTHUX IIPOLECIB, a TAKOX Jerpagaliii MmaTepiaiy,
cTaHOBUTH 31 pik pu noBipuoMy iHTepBali Bif 25 10 40 pokiB. PeKOMeEHAYeTbCS MPOBOAUTH 3aMiHy 60JITOBUX
3'eqHaHb Yyepes 25 POKiB ekciutyaTalii rigpoarperary. HaykoBa HOBM3HA: BIepIle 3alIPOIIOHOBAaHO MMOBIpHICHY
MOJI€JIb HAKOMIMYEHHSI BTOMHOI IOIIKO/I)KYBaHOCTI, 1110, Ha BiIMiHY Bifl iCHyI0YMX, BpaXOBY€ BUNIAJKOBUI XapaKTeP
4acTOTY HaBaHTaKEHHs Ta IIpoliec Aerpazauii (crapinus) matepiany. Po3po6aeHo Hosui ninxia no anasnizy HIIC
00JITOBUX 3'€JHaHb POOOYMX KOJIIC rigpoTypOiH, 1110, HA BiIMiHY Bif iCHyIOUNMX, 03BOJIsSIE€ BPAXyBaTU TEXHOJIOTIIO
MOHTaXY Ta OCOOJIMBOCTI €KCILTyaTalii 11 6a3yeTbCsl Ha 3aCTOCYBAaHHI TPUBUMIPHUX CKiHU€HHO-€JIEMEHTHUX
Mogesiel 3 BUCOKUM CTyIeHeM JeTasizalii. Ha ocHOBi po3pobiieHux nifxomis Ta Mojiesiell BUSIBIEHO
3aKOHOMIPHOCTI BIUIMBY IIONIEPEAHBOTO HAIIPYKEHOIO CTaHy Ha pecypc 60JITOBUX 3'eJHaHb POOOYUX KOJIiC
rigpotyp6iH. CTymiHb B IPOBAIKEHHS: Pe3yJIbTaTi JOCIiIPKEHDb BIPOBAIKEHI B IPAKTUKY IIPOEKTYBaHHS
rinpotyp6in Ha BAT "Typ6oatom” (M. XapkiB). Komniekc YJIbTPA-B-1 BUKOpUCTaHO 17151 AOCiIKeHHs Bibpariit
dyHIameHTy Typboarperaty (pe3yJsbTaTy BposaikeHo Ha BAT "TIpomOyapeMoHT", M. JJOHELbK) Ta [1711 BU3HAYEHHS
BiOpalilfHOTO CTaHy BiflLIeHTPOBUX HacociB (maTeHT Ykpainu N2u201211397). Cpepa BUKOPUCTAHHS: PE3YJIbTATU
pPO6OTH MOXKYTb BUKOPUCTOBYBATHUCh I1iJ] YaC KOHCTPYIOBAHHSI 60JITOBUX 3'€[IHAHb 1711 BA3HAUYEHHSI iX IPOEKTHOTO Ta

3aJIMIIKOBOTO PECYypCYy.

2. Object of study: the process of the accumulation of the high cycle fatigue damage in water turbine impeller
bolted joints. Purpose of research: the creation of methods for assessing structural strength and reliability of
threaded fasteners in the elements of power machines allowing for the technological and operational load, and
degradation of the material; using the developed approach to determine the parameters of reliability and life-time
of the water turbines impeller bolted joints. Methods of research: theoretical basis of the thesis are methods of
mechanics of deformable solid body; theory of vibrations; continuum damage mechanics; probability theory and
stochastic processes. Calculation of stress-strain state of bolted joints is performed within the finite element
method. For the experimental research methods strain gauges, vibration measurement and digital signal
processing is used. Theoretical and practical results: the generalized probabilistic mathematical model of
accumulation of fatigue damage for life-time prediction of the bolted joints, taking into account the random nature
of the frequency of starts / stops of water turbine and degradation of the material. A study of the influence of the
pretightening on the life-time of bolted connection. The results for bolted connections of water turbine impeller
40 PL-V-700 installed on the Dnipro II power station is obtained, showed that the mathematical expectation of the
life-time of the bolted connection based on the random nature of the occurrence of transients regimes and
degradation of the material is 31 year with confidence range from 25 to 40 years. It is recommended to replace
bolted joints after 25 years of operation of the hydraulic unit. Scientific novelty: first proposed probabilistic model
of accumulation of fatigue damage accumulation, which, unlike existing, taking into account the random nature of
load frequency and the degradation (aging) of the material. A new approach to the analysis of bolted joints stress-
strain state impeller turbines, which, unlike existing technology to allow for the installation and operation features
and is based on the use of three-dimensional finite-element models with a high degree of detail. On the basis of
approaches and models revealed regularities of pre-stress state of the life-time of the turbine impeller bolted
joints. Degree of implementation: research results implemented in the practice of designing turbines at OJSC
"Turboatom" (Kharkiv). Measurement complex ULTRA-V-1is used to study vibration of turbine foundation (case
studies at JSC "Prombudremont”, Donetsk) and to determine the vibration state of centrifugal pumps (patent of
Ukraine N2 u201211397). Application area: The results can be used in the design of bolted joints and to determine
their project and the residual life-time.
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