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€JIEMEHTIB €eHEPreTUYHOTro 00JIaJIHaHHSI 32 iX OB3yYOCTi T2 HABOJHIOBAHHS

2. Methodology of local energy approach for durability prediction of structural elements of power equipment
under their creep and hydrogenation

Pedepar:

1. Y nuceprauiiiziilt pob0Ti I0AaHO METO0JIOTIIO OLIiHIOBAaHHSI BIJIMBY BOJIHEBOBMICHOT'O cepeioBUIlA Ha
IOBrOTPUBAJY MilIHICTb KOHCTPYKTUBHUX €JIEMEHTIB TEMJIOEHEPreTUYHOr0 06J1aiHaHHS 33 IIOB3Y4YOCTi. B
MEeTOJ010Tii 06’'eAHAaHO PO3PaXyHKOBY METOIMKY BU3HAYEHHS eHeprii fepopMyBaHHS Ta KiHETUKY HarpOMasKeHHSI
IIOIIKOM’KEHbD i3 BpaXyBaHHSIM HaBOJHIOBAHHS MaTepiajly 3a BUCOKOTEMIIEPATYPHOI IIOB3y4OCTi, JIOKAJIbHUI
€HEPreTUYHUN KPUTEPIN pyHHYBAaHHS Ta €KCIIEPUMEHTAJILHY METOLVKY BU3HAYEHHS €Heprii pyliHyBaHHs. g
BHICOKOI IOCTOBIPHOCTI IOOY0BM KPUBUX HarpOMaPKEHHSI IIOLIKOAKEHb y MaTepiasi Briepiie po3po06yeHo
(heHOMEHOJIOTiUHY y3arajJbHeHy MOJieJib, 1Ka BPaxOBY€E BIIMB HABOJHIOBAHHS MaTepiasly Ha HarpOMaIpKeHHs

MiKpozedeKTiB IiJ, 4aCc BUCOKOTEMIIEPATyPHOTO MPYXKHO-IJIACTUYHOTO ledopMyBaHHs. Briepiie BU3HaueHO Ta



OLIiHEHO, 3 BUKOPUCTaHHSIM 3aIIPONIOHOBAHOI METOJIMKY, €Hepriio TeOpMyBaHHS 1IiJIOT0 eJIeMEHTa KOHCTPYKLN 3a
eKCIUIyaTalilHUX YMOB i CKJIaIHOI reoOMeTpii Ta JIoKaJibHi 06’eMU KOHLIEHTpAaLlii Hanpy>keHb. Po3pobieHo
aJITOPUTMU Ta MIPOTPAaMU J1JI PO3PAXYHKY METOLOM CKiHYEHHUX €JIEMEHTIB HallpyKeHO-,e(POPMOBAHOI0 CTaHy Ta
KOHIIEHTPALill BOJHIO, SIKi B I0JJa/IbIIOMy BUKOPUCTAHO [171s1 BU3HAUYEHHsI eHeprii ne¢opmyBaHHs. Ha po3pob6ieHi
[IPOrpamMu OTPUMAHO CBiZOLITBO IIPO aBTOPCHKE MTPaBo. ATpOOOBAHO 3aIIPOIIOHOBAHI METOAMKY i OTPUMAHO iX
3a[l0BLJIbHY 30DKHICTh 3 €KCIIEPMMEHTAIbHUMU Ta PO3PaXyHKOBUMM JIITEPATyPHUMU JAHUMU. 3 BUKOPUCTAHHSIM
IIpe/iCTaBI€eHOI METOMOJIOTIi /1711 MPOTHO3yBaHHS JOBrOBIYHOCTI KOHCTPYKTUBHUX €JIEMEHTIB €eHEPreTUYHOTO
o6J1aiHaHHS 32 IX MOB3Y4OCTi Ta HABOAHIOBAHHS BU3HAYEHO 3a/IMLIKOBUI PECYPC €JIEMEHTIB TeIJIOEHEPreTUYHOTO
00J1afHaHHS 32 €KCIUTyaTaliliHUX YMOB i3 BpaxyBaHHSM arpecrMBHOIO CepPelOBHUINa, CKIaLHOI reoMeTpii a TaK0X
NIOTIepEIHBOrO AedOPMYBaHHS MaTepiay.

2. The dissertation presents a methodology for assessing the impact of a hydrogen-containing environment on the
long-term strength of structural elements of thermal power equipment under creep conditions. The methodology
combines a computational technique for determining deformation energy and damage accumulation kinetics,
considering material hydrogenation under high-temperature creep, a local energy fracture criterion, and an
experimental method for determining fracture energy. To ensure high reliability in constructing damage
accumulation curves in the material, a phenomenological generalized model was developed for the first time,
accounting for the impact of hydrogenation on microdefect accumulation during high-temperature elastic-plastic
deformation. For the first time, the deformation energy of an entire structural element under operating conditions
and complex geometry, as well as local stress concentration volumes, was determined and assessed using the
proposed methodology. Algorithms and programs for calculating the stress-strain state and hydrogen
concentrations using the finite element method were developed and subsequently used to determine deformation
energy. Copyright certificates were obtained for the developed programs. The proposed methodologies were
tested and demonstrated satisfactory agreement with experimental and calculated literature data. Using the
presented methodology for predicting the durability of structural elements of power equipment under creep and
hydrogenation conditions, the residual life of thermal power equipment elements was determined under operating

conditions, considering an aggressive environment, complex geometry, and prior material deformation.
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