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V. BimomocTi npo guceprauiio

Mosga guceprarii:

Koau TemaTuyHHUX PyOpPHK: 55.03.03, 55.03.03
Tema gucepranii:

1. CTpyKTypHO-M€XaHi4Hi 3aKOHOMIPHOCTI €KCIUyaTaliliHOI Aerpaganii TeIIOTPUBKUX CTajled KPIMUIbHOI

apMartypu Ta ruHis naporosis TEC

2. Structural and mechanical regularities of operational degradation of heat-resistant steels of fastening fittings
and steam pipelines bends of TPPs

Pedepar:

1. O6'exT mociiKEeHHs - BUCOKOTEMIIEpATypHa Jerpajallisi TeMJIOTPMBKUX CTajlell I'MHiB rOJIOBHUX I1APOTOHIB Ta
KpiNuJbHOI apMaTypy LUJiHAPa BUCOKOTO TUCKY 1apoBoi Typ6iHu TEC 3a BIIJIMBY T€XHOJIOTIYHUX Ta
€KCIIJIyaTaliiHUX YMHHUKIB. MeTa JOCIIiI)KEHHS - OLIHUTU ME€XaHIYHUM CTaH Ta BUSBUTU CTPYKTYPHI i
(dpakrorpadivHi 03HAKU Jerpanauii TeNJIOTPUBKUX OMAIHOIETOBAHNX CTaJIEH, TPUBAJIO €KCILIyaTOBAHUX T'MHIB
rOJIOBHUX I1aPOTOHIB i €JIeMeHTIiB KpinuIbHOI apMaTypH LMJIiHpa BUCOKOTO TUCKY napoBoi Typ6inu TEC, a Takox
OOI'PYHTYBAaTU MOXJIMBICTb IIPOJOBKEHHS iX pecypcy. MeTonu nociiiKeHHs: MeTasiorpadiyHuil aHasi3 CTPyKTypH;
€JIEKTPOHHO-(ppakTorpadiyHe NOCTiIKEHHS] MEXaHi3MiB PyMHYyBaHHSI; MEXaHiYHi BUNIPOOU 3 BU3HAYEHHSIM
TBEPJOCTI, XaPaKTEPUCTUK MILIHOCTI i IJIACTUYHOCTI, yAAPHOI B'SI3KOCTI, CTATUYHOI Ta LIMKJIIYHOI TPIIMHOCTINKOCTI,

BigHOBMOBasIbHE TO KpinuiabHOi apmaTypu. OOIPyHTOBaHO MOXKJIMBICTh BUKOPUCTAHHSI [IOBTOPHOT'O TEPMIYHOTO



06pO6JIEHHS €KCITYaTOBAHUX €JIEMEHTIB KPIiMUJIbHOI apMaTypH 7151 BiTHOBJIEHHS CTPYKTypu 25X2M1® Ta ii
MEeXaHIYHUX XapaKTePHUCTUK 10 PiBHIB, perjiaMeHTOBaHUX [1J11 BUPOOIB y BUXiIHOMY cTaHi. EKcriepuMeHTanbHO
IIOBEJEHO, 1110 i 32 CTPYKTYPHUMU O3HaKaMu (po3Mipy KapOifiiB B3JOBX MeX 3€peH), i 3a XapaKTepUCTUKaMU OIOPY
KPUXKOMY PYIHYBaHHIO (YAAapHa B'SI3KiCTb, CTATUYHA i UKJIIYHA TPIMIMHOCTINKICTD) Aerpapanis crasni 12XIMO B ycix
30Hax ruHiB naporoHiB TEC Bin6yBaeThCs iHTEHCHBHIlIe, HIXK Ha iX MPAMUX [ifIHKAX. BusBieHo, 0 KpUTUIHO
IerpafloBaHUM MOXKE CTaTH He JiMlle MeTasl pO3TSIrHeHOi 30HU rMHY (BHACJIIOK [TOB3Yy4YOCTi), ajie i MmeTas 1oro
CTHCHEHO] 30HH (4epe3 0CO6IMBOCTI oro AedopMyBaHHS Iifl 4ac 3TUHAHHS Tpy6M). PesyabraTu gucepTauifiHol
po6otu Bukopucrano Ha TEC Ykpainu. 3okpema, AJ1s OLiHIOBaHHS TEXHIYHOTO CTaHy €KCILJIyaTOBaHOI CTaJli
25X2M1® enemenTiB KpinuibHOi apmaTypu LIBT napoBoi Typ6iHu Ta BUGOPY PEXUMY BiIHOBIIIOBAJIbEHOTO
TEepMiYHOro 0OpOOJIEHHS raliok Ta IIMUJIbOK MicJs iX eKcIlyartallii. PesysbTaTu OLjiHIOBaHHS T€XHIYHOI'O CTaHy CTaji
12XIM® ruHiB rosoBHUX naporoHiB BukopucraHi Ha TEC Ykpainu 115 06IpyHTOBYBaHHS pillleHb ITPO 4eProBiCTb

3aMiHM €JIEMEHTIB 200 BCTAHOBJIEHHSI TEPMiHIB iX HACTYITHUX OOCTEXEHb.

2. The object of the study is the high-temperature degradation of heat-resistant steels of the main steam bends
and the fixing fittings of the high-pressure cylinder of the steam turbine TPP under the combine condition of
influence of technological and operational factors. The purpose of the research was to evaluate the mechanical
condition and to identify the structural and fractographic features of degradation of heat-resistant low alloy steels
from the main steams bends and elements of the fixing fittings of the high pressure cylinder of the steam turbine
TPP after the long-term exploitation and to justify the possibility of their lifetime prolongation. Research methods:
metallographic analysis of the structure; fractographic studies of fracture mechanisms; mechanical tests with
determination of hardness, strength and ductility characteristics, toughness, static and cyclic crack resistance,
restorative thermal treatment of fixing fittings. For the first time, the possibility of using a repeated heat treatment
for restoring the structure and mechanical characteristics of the exploited 25Kh2MIF steel to values accepted for
fastening fittings in the initial state was substantiated. It was experimentally proved the more intensive
degradation of the 12KhIMF steel in all zones of the steam pipelines bends of TPPs compared to their straight
sections. It was confirmed by the structural features (carbide sizes along the grain boundaries), and the
characteristics of resistance to brittle fracture (impact strength, static and cyclic fracture toughness) of degraded
steel. It was found at the first time that not only the metal of the stretched zone of the bend can become critically
degraded (due to creep), but also the metal of the compressed zone (because of the peculiarities of its deformation
during a pipe bending).The results of this PhD work are used on TPPs of Ukraine, namely, for the assessment of the
technical state of the operated 25Kh2MIF steel of fastening fittings of HPC of the steam turbine and for a selection
of restorative heat treatment of nuts and pins after their operation. The results of the technical state assessment
of the 12Kh1MF steel from both bends of the main steam pipelines after their operation at TPPs of Ukraine were
used to substantiate decisions about a priority of elements replacement or terms for their next surveys.
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