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BIIVIMB TEIIJIO3MIH I YAC EKCl;[JIYATAI_[Ii IHAPOI'OHIB TEC
HA CTATUYHY TPIIIUMHOCTIUKICTD CTAJI 15X1M1D

Pesrome. [lokasano, uo 10KanbHUL napamemp MexaHiku pyuHy8aHHsa — Cmamuyna mpiyuHoCmiuKicmes
(Jic), uymauea 0o 3minu cmany memany 6HACHIOOK Oezpadayii 6 excniayamayiuHux ymoeax. Buseneno, wo
KibKicmb 3yNUHOK MEXHONIO2IMHO20 npoyecy hi0 uac ekcniayamayii cmani, opicumayis 3paskié (ocvoga i
maneenyianbua) ma micye ix po3mauly8awus 6 nepepizi cminku mpyo (6ins 306HIMHLOI Ma GHYMPIUHBLOL
noeepxoHsb mpyb) nIUBaAOMb HA pigeHb CMAMUYHOI mpiwyuHocmitikocmi. 3a 00HAK080I Mmpuganocmi exchiyamayii
Ha eonosuux napozonax TEC, ane pisHoI Kinbkocmi 3yNUHOK ONOKI8, AKI CYNPOBOONCYIOMbCA SHAYHUMU NEpenaoamil
memnepamypu 8 cminyi mpy6, nanbineuie 3Hudxcenns piehs Jic cmani 1I5SXIMI® 3agixcysanu ons memany, ujo
nepenic Oinbuty Kinokicme 3ynuHok. Llum Ookazano, wo nokasHux Jic SUCOKOUYmMAUGUN OO0 3MiHU CHIAHY
EKCITYamogaHo20 Memany nio eniusom mennoamin. [lpoananizosano mexaunizmu pyuHy8aHHs Memany y GUXIOHOMY
cmani ma nicis ekcnryamayii, GUOTIeHO GNIUG KITbKOCHI NYCKIG-3VNUHOK MEXHONOIMHO20 Npoyecy Ha IHPOpMamueHi
@paxmocpaghiuni oznarxu.

Kniouosi cnoea: conosui napoconu TEC, Oecpaoayis, 3ynuHKu mexHono2iuH020 Npoyecy, Cmamuina
mpiwunocmitixicms, iHpopmamugHi ppakmocpaghiuni o3Haxu.

O. Student, H. Krechkovska, L. Babiy

SHUTDOWNS EFFECT DURING OPERATION OF STEAM PIPELINE
OF TPP ON THE FRACTURE TOUGHNESS OF 15Kh1M1F STEEL

Summary. The main steam pipelines of TPP are subjected to a combined effect of number of
technological factors causing the degradation of steel. Lot of operational factors affect the workability of energy
equipment. Among these factors are hard temperature-force operating conditions (temperature of the steam
pipelines is up to 570°C and the steam pressure — 24 MPa) and hydrogenated environment. One more reason of
the loss workability of equipment was revealed recently. This is a frequent shutdown of the process caused by
exploitation of the blocks in a maneuvering mode.

It is known that fracture toughness (Jic) is a local parameter of fracture mechanics sensitive to changes in
the state of the metal as a result of its degradation in service conditions. It was shown that Jg-curves
significantly differ for the steel 15KhIMIF in virgin state and used for a same time (~2-10° h), but at different
numbers of process shutdowns on the steam pipeline. It was revealed that number of shutdowns during longtime
operation of steel and orientation of the specimens (axial and tangential) and its location in the cross section of
tube wall (near the outer or inner surface of the tube) affect the value of fracture toughness. At the same
operation time of steel on the main steam pipeline of TPP, but at different numbers of shutdowns the maximum
reduction of the Jic level was revealed for the 15KhIMIF steel after more shutdowns. Consequently, Jic level is
the sensitive indicator of changes in the state of the metal under the influence of thermal cycles caused by
shutdowns.

The fractographic features of the steel in virgin state and after operation during the same time on the main
steam pipeline of TPP, but at different numbers of shutdowns were analyzed. The wide stretch zone with
following ductile fracture by forming of dimple structure was revealed on the fracture surface of steel in virgin
state. A few fractographic features were revealed on the fracture surfaces of long-time operated steel. That is,
the stretch zone on the fracture surface of the metal operated at smaller number of shutdowns is significantly
less than in the non-operated metal, but in the steel operated at larger number shutdowns - it disappears. Ductile
increment of cracks during static active loading of specimens of operated steel are essentially decreased and the
continuity of the crack fronts disappeared. At the stage of spontaneous fracture the steel operated at smaller number
shutdowns was destroyed by the mixed inter- and transgranular fracture, but the steel after more shutdowns —
practically only by intergranular fracture. Intergranular fracture was considered as an indicator of the weakening the
boundaries between the neighbouring grains.
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Beryn. TpuBana BucokoTemmepaTypHa eKCIUTyaTallisl OIaJHOJIETOBaHUX —cTayei
CIPUYHHSE 3MiHY iX MIKpDOCTPYKTYPH Ta BTpaTy MEXaHIYHHX BJIACTHBOCTEH. Y mepIry uepry
IIE€ CTOCY€EThCS IIOKA3HUKIB cTaTUUHOL Ji. [1] Ta nukiniunoi AKy, o [2, 3] TpiluHOCTIRKOCTEH,
0 3yYMOBJICHO OUIBIIOI0 YYTJIMBICTIO JIOKAJHHUX (TMOPIBHSHO 3  IHTETpaJIbHUMU)
XapaKTePUCTHK OMOpPY PYHHYBAHHIO TaKUX CTaJled JI0 crerugigHoil Jerpajalii Marepiary Ha
MmikpopiBHi [4]. KpiM TOro, BHUSBIEHO BaXJIMBY pOJb BOAHIO B iHTeHcH(ikamii
BHCOKOTEeMIIepaTypHOi Aerpanartii crameit [5] Ta ii 0ocoOMUBICTh — MiABHINEHHS CXUIBHOCTI
JIeTpaJOBaHUX CTaje /0 BOJHEBOro po3TpickyBaHHs [6]. KiO4YOoBMM UYMHHHKOM BTpaTH
POOOTO3IATHOCTI TEIUIOCHEPIeTHYHOTO OOJIQIHAHHS € YacTi 3YIMMHKA TEXHOJIOTIYHOTO TPOIECy
yepe3 eKCIUTyaTallito OJO0KiB y MaHEBPOBOMY pexumi. HarpiBaHHS ¥ OXOJOKEHHS BHACHIOK
3YIIUHOK CYMPOBOIKYETHCS BUHUKHEHHSIM JIO/IATKOBHX TEPMIYHUX HAINpY)KeHb Yy mepepisi Tpyo,
SIKi, CYMYIOUHCH 3 Halpy>KeHHSMH BiJ] BHYTPIITHHOTO THCKY MMapH, MOXKYTh TOJEKYIU JOCATATH
KpuTnuHuX 3HadeHb [7, 8]. Lle mosermiye 3apo/pkeHHS Ta TOMIMPEHHS TPINMH y TpyoOax,
iHTeHCU(IKOBAHUX IMIKIJIMBAM BIUIMBOM a0COPOOBAHOTO METaloM BOJHIO, 1 MPUBOJUTH JIO
OYEBHIHOI JIeTpajallii y BHIJISJII TOIIKO/PKSHb Y KOHCTPYKIINil, SIKi ITOIMAPIOIOTHCS X OO ii
OCTaTOYHOTO pyiHHYyBaHHS. ToMy MO)KHa CHOAIBAaTUCS, IO 3MiHA MIKPOCTPYKTYpH METaly
MApOTOHIB y TIPOIIeci IX TPUBAJIOi BHCOKOTEMITEPATYPHOI €KCILTyaTallii MPUIIBHIITYBaTAMETHCS
BHACITI/IOK BIUTMBY 1 HABO/JHIOBAHHS, JOJATKOBUX HAMPYXKEHb PO3TSTY, IO BUHUKAIOTH MiJ Yac
MYCKIB-3yIIMHOK eHeprooOiokiB. I[lpu mpoMy, B TIepmry depry, CKOPOIyBaTHMETHCS eTall
Jierpajianii MeTaTy Ha CTPYKTYpHOMY piBHI 3 BIIIIOBIJHOIO 3MIHOIO MEXaHIYHUX BIIACTHBOCTEH, a
BIKE K HACIJIOK IThOTO — Yac JIO 3apOPKSHHS TPIIIUH 1 3arajibHa JOBrOBIYHICTH KOHCTPYKIIil.

Mera pobGoTHm — JOCTIUTH BIUIMB 3yNUHOK TEXHOJOTIYHOIO TIpoIecy Iija dvac
excruryatanii cram 15X1IM1® na maporonax TEC Ha il craTHuHy TpIIIMHOCTIMKICTH Ta
MeXaHi3M pyHHYBaHHSI.

06’ ext pocaimkenns. {ocmimkysamu ctans [5X1M1® (0,14% C; 1,3 Cr; 1,0 Mo; 0,75
Mn; 0,1 Ni; 0,3 Si; 0,25 V; 0,012 S; 0,027% P) y BuxigHomy cTaHi (3 TpyO 3amacy) Ta micis
~2-10°rox ekciyaramii 3a Temmeparypu 10 545°C i treky o 24 MIla Ha ToJIOBHHX
naporonax TEC. 3a oxnakoBoi TpuBasiocTi ekcruryatamnii (puc. 1) metan 3 6okiB Ne 6 1 2
(YMOBHE TIO3HAUYEHHS) BIJAPI3HABCS 3a KIIBKICTIO 3YMHUHOK TEXHOJIOTIYHOTO MPOIIECY
(3arajmpHa KUIBKICTh 3YHUHOK IocToro Oyioky Ny = 501, a BumymeHux — Ny, = 219, a
napyroro — Ny = 576, Ny, = 283). 3pa3ku 11 JOCTIDKESHb BUPI3yBaJIA 011 30BHINIHBOI Ta
BHYTPIIIHBOI TOBEPXOHb TPYOH. AHI30TPOIMIIO BIACTUBOCTEH OIIHIOBAJIM Ha 3pa3Kax OCbOBOL
I TaHTEHITIAJIFHOT Opi€HTAIlIfl CTOCOBHO OCi TPYOH.
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Pucynok 1. TpupajicTb eKcrutyatauii T,, (CTOBITUMKH) Ta BiICOTOK BUMYLIEHHUX 3YMUHOK Ny, Bill iX 3arajasHoi
KinbkocTi Ny (kpuBa) mis ctani 15X1M1® 3 ronosHux naporotiB TEC Ha ocHOBI aHasizy 6 0J10KiB

Figure 1. Operation time T,, (bars) and a percentage ratio of forced shutdowns Ny, vs. total amount of
shutdowns Ny (curve) for ISKhIMI1F steam pipeline steel based on analysis of six blocks of power plant
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Metoau nocaizkenb. CTaTMYHYy TPIMIMHOCTIMKICTD CTalli BU3HAYAIM 3a KIMHATHOI
TEMIIEPAaTypy Ha TIOBITPI 3 BHKOPUCTAHHSIM METOJy J-iHTerpaja, OIiHIOIOYHA WOro KpUTHYHE
3HAUECHHS Ji., K€ UyTJIUBE J0 Jerpajallii TemIoTpuBKux craneit [9]. BunpoOoByBanu Oaikosi
3pa3kd (10x15x90 mm) ochOBOI Ta TaHTEHIIAILHOI OpIEHTAIl 3 Hamepe] HaBeICHUMHU
BTOMHHMH TPIIIMHAMHU JOBXHHOIO dp=6...7 mm. Ha 3aBepmansHOMYy eTami (OCTaHHIX
0,5 mm) MBHIKICTH POCTY TpimMHHE cTaHOBHIA 5-107 m/cycle. 3pasku HaBaHTAKyBaIH 3a
CXEMOIO0 TPUTOYKOBOTrO 3ruHy. Ilil 4ac aKTHBHOTO CTaTUYHOTO HABAHTAXKEHHS OJHOYACHO
¢ikcyBamu cuity P Ta 3MiHY MOJATIMBOCTI 3pa3Ka i po3KpUTTS OeperiB TPIlMHN BHACTIIOK ii
migpocTanHs Ha BenmunHy Ag. [1[00 BU3HAYMTH KpUTHUYHE 3HAYeHHs J-iHTerpania, IIo
BIJITOBiZIa€ CTApTy TPINUHHU, OyayBadW Jg-KpHBiI (3QIEKHOCTI ITOTOYHOTO 3HAUCHHS J-
iHTerpana Ji Bia migpocranus TpimuHU Aa) [10]. 3HayeHHs Ji BU3HAYAIM B TOYIl NMEPETUHY
Jr-KpuBOi 3 JiHi€t0 J=M-Aa, 10 BpaxOBy€e IOMPABKY Ha 30HY BHUTATYBaHHS Yy BEpIIHHI
TPIIIMHY TIPH BU3HAUYCHHI 11 MoBkwHH. [Ipu oMy npuiiMamun M = 2:Gy,, e Gpo — FPAHUIS
TJTMHHOCTI METaly.

®pakrorpadivHi 0COOTMBOCTI pyWHYBAHHS 3pa3KiB JIOCHIKYBaIH Ha CKaHYBaJIBHOMY
enekTpoHHOMY Mikpockori EVO-40XVP.

PesyabTaTnn po6oTrH Ta ix odroBopeHHsi. OIIHIOBaHHS CTaHy MeETally ITCIISI HOTO
Jerpajanii 3a piBHEM TPIIIUHOCTIMKOCTI 3 BUKOPHUCTaHHSM J-iHTerpaja € MepCHeKTUBHUM
METOJIOM, OCKUIBKH BiH JIO3BOJISIE OI[IHUTH BJIACTUBOCTI BHCOKOIIACTHYHHX MaTepialliB Ha
3pa3kax HEeBEJIUKUX pO3MipiB, a piBeHb Ji. HE 3aJEKUTHh BiJ reoMeTpii 1 po3MipiB 3pa3kiB y
JIOBOJII IMAPOKOMY JTiana3oHi ix 3miau [11].

JlocnmipkeHHsT cTaTUYHOI TpimuHocTiikoeTi cram 15X1IMI1® y BuxigHomy crtaHi Ta
MiCIIs eKCIlTyaTanii Ha aporoHi 3 BUKOPUCTAHHSIM METOJY J-1HTerpana BHSBHIIM, IO CTapT
TPIIMHU B METali, eKCIUTyaToBaHOMY Ha Oiori Ne6, BinOyBaeThcs 3a HMIKYMX 3HAYCHB J-
iHTerpaja TOPIBHSHO 3 HEEKCIUyaTOBaHMM MeTasioM. lle CBiqunTh TIpo MeHImy
€HEeproEMHICTh Mpollecy pyHHYBaHHS €KCILTyaTOBAaHOTO METaly BHACIIJIOK Horo gerpajarii.
PyitnyBaHHs 3pa3kiB 3 MeTanry 0;ioka Ne 2 BiIOyBaeThes 3a Ie HIDKYUX CHeprosarpar Ha picT
TPIIIKUHY, IO OB’ I3aHO 13 BILTMBOM O1JIBINOT KiJTBKOCTI 3yMMHOK TEXHOJIOTTYHOTO MPOIIECY.

Jr-KpUBi IS MeTany y BuximHoMy crami Ta micist ~2-10° rox ekcruryaramii Ha
nmaporonax OyiokiB Ne 6 Ta Ne 2, moOymoBaHi 3a pe3yjibTaTaMH BHIPOO 3pa3KiB OCHOBOI
opieHTaIlil, ICTOTHO BiJpi3HAIOThCS (puc. 2). BusHaueHi 3 Jr-KpUBUX KpUTHUHI 3HAUYEHHS J-
iHTeTrpana Ji. I eKCINTyaTOBaHOTO MeTally 3 000X OJIOKIB HYDKYI 3a 3HAYCHHS Ji. I MeTaTy
y BuxigHoMy ctaHi. [Ipuuomy 3Ha4yeHHs Ji. JUId MeTaly, 10 MaB OUIbIIY KiTBbKICTh 3yNHUHOK,
€ HIDKYi TTOPIBHSHO 3 METaJIOM 3 MEHINOO iX KiUIBKICTIO. 3 1X aHaJi3y MWLM BUCHOBKY, IIIO
poboTa, siKa 3aTpavyaeThCsl Ha CTapT TPIIIMHU 3a AKTUBHOI'O HABAaHTAXKEHHS 3pa3KiB 3
eKCILUTyaTOBAaHOTO METally 3HAYHO HW)KYa, HDXK 3a PYHHYBaHHS METally y BUXIIHOMY CTaHi.
3HAYHO HIDKYAMH € ¥ eHepro3arpatd Ha CTapT BTOMHOI TpIMHU (3HA4eHHS Jy.)
€KCILIyaTOBAHOTO METally 3 OUIBIINOK KITBKICTIO 3YHUHOK, IO CBIJYATH MPO 1HTCHCHBHY
Jerpajalilo MeTalxy, COPUYMHEHY TeIUIO3MIHAMH TEXHOJOTIYHOTO TMpoliecy. BinMiHHICTH
piBHIB Ji. MeTamy 3 000X OJIOKIB MOXHA IOB’SI3aTH 3 1X PI3HOK MIKPOCTPYKTYpPOIO —
TPIUHOCTIMKICTE MeTaly 3 Omoka Ne 6 3 ¢deput-0eitHIT-KapOiHOIO CTPYKTYPOIO BHINA 32
TPIIIMHOCTIMKICT, MeTalmy 3 Oyioka Ne2 3 depur-kapOiTHOIO CTPYKTyporo. BinMiHHICTB
CTPYKTYPH METaly IiciIs OJHAKOBOI TPUBAIOCTI EKCIUTyarTalii MOKHAa IOSCHUTH JIUIIN
BILTUBOM 3yITHHOK TEXHOJIOT1YHOTO MPOIIECY Ha JeTpaJallio CTPYKTYpH ctaii [12].

201



BICHUK TEPHOIITIbCbKOIO HALIIOHAJIBHOIO TEXHIYHOIO YHIBEPCUTETY. Ne4 (72) 2013

]
600 Fl 600 | —
I - . —
_m -
500 i 500 _—
I ' g o1 L
£ 400 o—0—© o £ 400
~ O/OO E
E 300 " = 300
.| _laA— - —O
- B /‘/,A/A B /O/O
200 A 200 500 |l o—0-0
A
100 100 A A A—A—A
0 I I I
0,0 0,4 0,6 0,8 1,0 0,0 04 0,6 0.8 10
Aa, mm Aa, mm
a 7]

PucyHOK 2. Ji-KpHUBi U1 MeTaly y BUXiTHOMY cTaHi (m) Ta micns ~2-10° h excrutyaranii Ha 6710w Ne 6 (o) Ta
Ne 2 (A), oTpuMaHi Ha 3pa3Kax 0CbOBOI OpieHTallii OiJist 30BHIIIHBOT (@) Ta BHYTPIIHBOI (6) MTOBEPXOHBb TPYO

Figure 2. Ji-curves for the metals in the initial state (m) and exploited one during ~ 2- 10° h on the block
N.6 (o) and N.2 (A) determined on axial specimens cut near outer () and inner (b) surfaces of tubes

BaxuBO TaKOX OIIHWTH TPINIMHOCTIHKICTH cTami O 30BHIIMHBOI Ta BHYTPIIIHBOT
MOBEPXOHb €KCITyaTOBaHUX TPyO. YMOBH Jierpajariii MeTaixy B OKOJII I[MX OBEPXOHb OyiH
pizauUMU. Bt BHYTpIIIHBOI MOBEpPXHIi, KA KOHTAKTYE 3 HABOJHIOBAILHUM CEpPEIOBUIIEM (3
apol0 BHCOKHMX IapaMeTpiB), MOXIMBE aKTHBHE HaBOJHIOBaHHS Metamy [13], sxe,
iHTeHCUIKYyIOUM JTUQY3IHHAN Mepepo3oaiyl BYIJICIIO Ta €JIEMEHTIB JeryBaHHs [14],
moJieTurye Jerpajaiiro Metany [15]. 30BHIIIHS MOBepXHS TPyO KOHTAKTye 3 TMOBITPSM 1,
pearyroud 3 KHCHEM, BIUIMBAE Ha CTPYKTYPHI MEPETBOPEHHS B Yaci TPHUBAJOi eKCILUTyaTarlii
ctani 15X1M1® na naporonax TEC, sike mposBIIsi€TbCs, y MEPILY YepTry, 3HEBYTIICIIIOBAaHHIM
MeTairy [16], mo oHO3HAYHO BIUIMHE HA CTPYKTYPY Ta 3HU3UTH MEXaHIYHI XapaKTePUCTHKH
MeTary. 3 aHanizy Jg-KpUBHX 0auuMO, 10 OLISI BHYTPIITHROT MOBEPXHI 3HAYEHHS Jj, HUXKYI,
HDK OUTSI 30BHIIIHBOI, TPUYOMY 1 JUISI METaly ICJISI MEHINOI, 1 Micas OUThIOI KiJTbKOCTI
3YIMHHOK TE€XHOJIOTIYHOTO MPOIIECY.

CraTtnyHa TPIIMHOCTIMKICTE JOCHIDKCHUX MaTepialiB, BA3HAYCHA Ha 3pa3kax OChOBOT
(puc. 3a) 1 TaHreHIiaNbHOI (puc. 36) OpieHTaIlil, 0THO3HAYHO 3HIKY€ETHCS, 1[0 CBIIYUTH MPO
aHI30TPOMIiIO Jerpajallii cTajli BHACTIJIOK eKCcIuTyaTarii. BaIuBy pojib BiirparoTh ITyCKH-
3YIMUHKH TEXHOJIOTIYHOTO TPOLECy, a TaKOX BIUIUB poOOYOro cepeqoBuia. MakcuMaibHe
3HUKEHHS PiBHS Ji. TMOPIBHSHO 3 BUXITHUM CTaHOM (IIpakTU4YHO Ha 79% Ha OCHOBUX Ta Ha
81% Ha TaHTeHIIaTbHO OPIEHTOBAHUX 3pa3kax) 3adikcyBasid came JUIst MeTay Micis O1TbImol
KUTBKOCTI 3YIMHOK, BHPI3aHOTO OLIS BHYTPIIIHBOI TOBEepXHI TpyoW (puc. 3a, 6). bins
30BHIIIHBOT TOBEPXHI TpyOM BHACHIIJOK Jerpajamii mertamy Onoka Ne2 3HaueHHs Ji
3HUKYIOTBCS Ha 60% (Ha ochoBUX) Ta 68% (Ha TaHTeHIIATBHUX 3pa3Kax) MOPIBHSIHO 3
XapaKTepUCTHUKaAMHU MeTally y BHUXIJIHOMY CTaHi, BH3HAUC€HHMMM Ha 3pa3KaxX BiJMOBIIHOL
opientarii. Ilpm 1BOMY TPINUHOCTIMKICTH MeTaTy IIICIAS MEHINOI KIJBKOCTI 3YIHHOK,
BHU3HAYECHA Ha 3pa3Kax, BUpPi3aHUX OiJsl BHYTPIMIHBOI MOBEpXHi TPyO, 3HU3MIACS CTOCOBHO
BIJIMOBITHAX XapaKTePUCTHK CTai y BUXITHOMY cTaHi Ha 58% (Ha ochoBHX) 1 Ha 62% (Ha
TaHTeHIIAIbHUX 3pa3kax), a Ha 3pa3Kax, BUPI3aHUX Ol 30BHIIIHBOI MOBEpXHI TpyO — Ha 40
Ta 52% BIAMIOBIIHO.
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PucyHok 3. CtaTuyHa TPiLUHOCTIHKICTh Ji. cTaii 15X1M1® y BUXinHOMY cTaHi (HOpHi CTOBIUMKH) Ta MicCIst
~2:10°h ekcruryararii Ha 6;omi Ne 6 (0ii croBmauku) Ta Ne 2 (cipi cTOBIMIMKY), BU3HAYEHA HA 3pa3kax OChOBOT
(@) Ta TaHreHUiaNbHOT (6) OpieHTaLili 6171 30BHILIHBOI (1) Ta BHYTPilIHbOT (2) MOBEPXOHb TPYO

Figure 3. Fracture toughness Jj. of the 15Kh1MI1F steel in the virgin state (black bars) and after exploitation
during ~ 2-10° h on the block N.6 (white bars) and N.2 (gray bars) determined on the
axial (a) and tangential (b) specimens outer (a) and inner () surfaces of tubes

OTxe, Ha OCHOBI OTPUMAaHUX PE3yIbTATIB IOAO BIUIMBY TEIUIO3MIiH, CIPUYMHEHUX
3YIIUHKaMH TEXHOJIOTIYHOTO Tporecy, Ha Mipy Jnerpazamii crtam 15XIMI1® wmoxHa
CTBEPJIXKYBATH, IO 3a OJIHAKOBOI TPUBAJIOCTI UMM OijbINa KUTBbKICTh 3YMUHOK BiOynacs mif
yac 11 eKcIuryaTarlii, TUM CHJIbHIIIE 3HUXKYEThCS piBeHb Ji.. [[uMu pesynpTaTamu JOBEACHO,
10 3yNMUHKY OJIOKIB iHTeHCH]iKYIOTh Aerpafanito craneit maporonis TEC.

BusiBuim  ¢pakrorpadivyHi 03HAKM PYHHYBaHHS 3pa3KiB €KCIDIyaTalliifHO JerpajioBaHoi
cTali 3a BUMPOO HA CTAaTMYHY TPIIMHOCTIMKICTh, MOB’sI3aHi 3 IHTEHCU(IKAIEIO Jerpaaariii mi
BIUTMBOM ITYCKiB-3YIIMHOK TEXHOJIOTIYHOTO IPOIeCy. 30KpeMa, Ha 3j1aMax 3pa3KiB CcTall y
BUXIJTHOMY CTaHi 30HA BUTSATYBaHHS 3 XapaKTEPHUMH CIiJJaMH 3CYBY IJIAaBHO TMEPEXOIUTHh Y
30HY B’SI3KOTO MiJPOCTAHHS TPIIUHK MIITXOM 3apOJUKEHHS, POCTY Ta 3JIUATTS MIKPOTIOPOKHUH
YHACNIZIOK BUTATYBaHHS TEPETHHOK MK HUMHU (puc.4a, ). B ekcmiyaroBaHiii ctami 30Ha
BHUTATYBAaHHS Yy BEpIUHI BHUXIJHOT BTOMHOI TPIIMUHU ICTOTHO BYX4Ya, a B’S3KE CTaTU4YHE
HiPOCTaHHs TPILIUHY TPAIUISIIOCS JIUINE Y BUIJISI HEBEIMKHUX OCTPIBLIB Y3JIOBXK 11 (POHTY
(puc. 46, 6). Ilns cram micas OLIBINOI KUTBKOCTI 3YMMHOK CIIOHTAHHE TOITUPEHHS TPIIHHA
BiIOyBasIoCs 3a MiXk3epeHHUM (puc. 40), a 3 MEHIIOIO — 3a 3MIIIAHUM Kpi3b- Ta MiXK3EpEHHUM
MexaHIi3MaMu pyWHyBaHHS (puc.4e). OTxe, y cTaml Mmicias OUTbINOI KUTBKOCTI 3YHMHUHOK
JIOMIHYBaJO MIDK3epeHHE pYyWHYBaHHS, IO CBITYATH NP0 MOCIAOJIEHHS 3B S3KiB MiX
CYMIKHUMH 3€pHaMH.
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Pucynok 4. ®paxrorpagiuHi 0coOIMBOCTI CTATUYHOTO MiAPOCTAHHS TPIMHK y cTaii 15X1M1®d y BuxinHomMy
ctadi (a, ) Ta mcis ekcrryaTamnii Ha 61okax Ne 6 (6, 0) Ta Ne 2 (g, e) maporoniB TEC. HanpsiMok ctaTmaHOTO
POCTY TPiLLIMHM 3BEpXY BHU3 Ha (hpakTorpamax

Figure 4. Fractographic features of the static crack growth in the ISHIMIF steel in the virgin state (a, ¢) and
after exploitation on the block N.6 (6, 0) and N.2 (s, e) of the steam pipeline of thermal power plants. The
subcritical static crack growth is directed from top to bottom of fractograms

Takum ymHOM, (QpakTorpadiuHUMK O3HAKAMH BIUIMBY 3YHHHOK TEXHOJOTIYHOTO
mporecy Ha jaerpagamiro ctam 15XIMI1® ming gac i ekcruryaramii Ha maporonax TEC e
MOPYIICHHS HEMEPEepBHOCTI (DPOHTY Ta 3MEHINCHHS TJIHOWHU CTATUYHOTO IMiJPOCTaHHS
TPIIIMHA 3a B’S3KAM SIMKOBHM MEXaHi3MOM, a Ha eTalli CIIOHTAaHHOTO pPyWHYBaHHS —
3HIDKEHHSI a/ire3ii B3JOBXK MEX 3€peH MICisl OUIBIIOI KITBKOCTI 3YNUHOK TEXHOJOTIYHOTO
poIecy.

Kpim Toro, BijoMo, 110 BIIJIMB BOAHIO, a0COPOOBAHOTO CTAJUTIO IMiJl Yac eKCIUTyaTarlii,
Ha CTaTHYHY TPINIMHOCTIAKICTh TEX 3aJCKHTh BiJl MIpH Jerpajarii crtai, IOB’s3aHOI 3
KUIBKICTIO 3YMUHOK. 3a MEHINOI 1X KUTBKOCTI BOJCHH 3MEHIIYE, a 3a OLIbINOl — MPaKTUYHO
yCyBa€ MIiIPOCTaHHS TPIIMHU 3a B’SI3KMM MEXaHI3MOM. A Ha eTalmi CIIOHTaHHOT'O POCTY
TPIIIUHKA caMe BOJICHb 3MIHIOE MEeXaHI3M pyHHYBaHHS 3 KPi3b3€PEHHOTO, BIIACTHBOTO METAITy
ITICJIST MEHINOT KiJIPKOCTI 3yMTUHOK TEXHOJIOTIYHOTO IPOIlecy, Ha MiXK3epeHHHM 3a iX OUThIIOl
KinmpkocTti [17].

BucHoBku. BcTaHoBIeHO, IO TEIIO3MIHM, CIIPHYMHEHI 3YMUHKAMH TEXHOJIOTTYHOTO
mporiecy, iHTeHCcH(ikyOTh Aerpanarito ctami 15XIMI1®, mpo mo CBIAYUTH iCTOTHIIIE
3HIDKEHHSI CTAaTHYHOI TPIIMUHOCTIMKOCTI Ji, CTai BHACIIIOK 3pOCTaHHS iX KUTBKOCTi. MeTairy
micis OIBIIOT KiJBKOCTI 3yMMHOK, BUPiI3aHOMY 017151 BHYTPIIIHBOI TOBEPXHI TPYOH, BIIACTHBE
MaKCUMallbHe 3HWKECHHS piBHSA Ji. (pakTmuyHO Ha 79% Ha ocboBHX Ta Ha 81% Ha
TaHTEHIIIAJIbHO OPIEHTOBAHUX 3pa3kax), a Oijsl 30BHINTHKOI TOBepXHi — HAa 60% (Ha OCHLOBHX)
Ta 68% (Ha TaHTEHITIABHUX 3pa3Kax) MOPIBHIHO 3 XapaKTECPUCTUKAMH METAITy V BHXITHOMY
CTaHl, BU3HAYEHUMH Ha 3pa3zKax BIJMOBIAHOI opieHTalii. TpimuHOCTIHKICT, MeTaldy Micis
MEHITIOI KiJTBKOCTI 3yIMMHOK, BH3HAYE€HA Ha 3pa3KaxX, BHPI3aHHUX Oisl BHYTPINIHBOI IMOBEPXHI
TpyO, 3HU3MIacs Ha 58% (Ha ochboBHX) 1 Ha 62% (Ha TaHTEHI[iAJILHUX 3pa3Kax), a Ouls
30BHIMHBOT — Ha 40 Ta 52% CTOCOBHO BiJIITOBITHUX XapaKTEPUCTHK CTAJIl Y BUXITHOMY CTaHi.
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BcranoBneHo, 1o TOpYIIEHHS HENEpepBHOCTI (POHTY Ta 3MEHINEHHS TJTUOUHU
CTAaTHYHOTO TIJAPOCTAaHHS TPIIIMHA 3a B'SI3KAM SMKOBHM MEXaHi3MOM, 1 3MiHa
Kpi3b3epeHHOT0 pYyHHYBaHHS Ha MIK3€peHHE Ha eTall CIIOHTAaHHOTO pPOCTY TPIIIMHU €
¢pakTorpadiyHIMHA O3HAKaMHU IHTEHCH(IKaIi Jierpanamii mcis OLTbInoi KiTbKOCTI 3yIMTHHOK
TEXHOJIOTIYHOTO Tpoliecy. 3MiHa MeXaHi3My pyHHYBaHHS 3a OLIbINOI KiTBKOCTI 3yMMUHOK Ha
MDK3epeHHHUI BBAXKAIU 33 O3HAKY 3HI)KEHHS KOT€3UBHOT MIITHOCTI ME&X CyMIKHHUX 3€PCH.

Conclusions. It was found that thermocycles caused by shutdowns of the technological
process intensify the 15SHIMIF steel degradation, the evidence of which is significant
reduction in of the fracture toughness level Jj. due to an increase of their number. The
maximum reduction J;. level (about 79% on the axial and 81% on the tangential oriented
specimens cut near inner surface of tube and 60% on the axial and 68% on the tangential
oriented specimens cut near outer surface of tube) is the characteristic of the metal after more
number of the shutdown compared with the characteristics of the metal in the virgin state,
determined on the specimens of the appropriate orientation. Fracture toughness of the steel
after smaller number of shutdowns was reduced by 58% on the axial and 62% on the
tangential oriented specimens cut near outer, and 40 and 52%, respectively — near inner
surfaces of tube compared with the characteristics for the metal in the virgin state.

It is established that a violation of the continuity of the front and reducing of the
increment of static crack growth by ductile dimples mechanism and changing transgranular to
intergranular mechanism at the stage of spontaneous fracture are the fractographic features of
the intensification of degradation after more number of shutdowns. The change in the failure
mechanism with trans- to intergranular was considered to be indicator of the decrease of the
cohesive strength of the neighboring grains boundaries.

CrnHcok BUKOPHCTAHOI JIiTepaTypH

1. BB ekcmmyartauiitnoi momxkomkeHocTi maponpoBigHol crami 12X1M® Ha xapakTepucTwky il
tpimmHocTilikocti [Tekcr] / O.M. PomaniB, I'"M. Hukugopunn, O.3. CryneHt Ta iH. — ®Di3.-Xim.
MexaHika MarepianiB.— 1998. — T. 34, Ne 1. — C. 101 - 104.

2. Nykyforchyn, H.N. Thermocycling in hydrogen environment as simulation method of pipeline steam
steel’s damages / H.N. Nykyforchyn, O.Z. Student // Proc. 12" Bienniel Conf. Fracture — ECF12:
“Fracture from defects”, Ed.: M.W.Brown, E.R.de los Rios, K.J.Miller, Sheffield, 1998. — London:
EMAS. - 1998.— V. III. - P. 1139 — 1144.

3. Huxudopuun, I'. Oninka MeTogamu MexaHiku pyiHyBaHHS BHCOKOTeMIIepaTypHOI BOJHEBOI Jerpanauil
cTaneil eHepreTmdHoro Ta HadToXimiuHoro obmamnanaa [Tekcr] / T'. Hukudopuun, O.Crynment //
MexaHika pyifHyBaHHS MaTepiaiiB i MiIJHICTb KOHCTPYKILIif; 3a 3ar. pen. B.B. [1anacioka. — JIsBiB: ®MI
HAHY, 2004. — C. 633 — 640.

4. 3acTocyBaHHS MiIXOIiB MEXaHIKM pPyHHYBaHHS 10 OLIHKM BOJHEBOI nerpanauii crameli Hadro- Ta
maponpoBoxiB [Tekcr] / B.B. Ianactok, ['"M. Hukugopunn, O.3. Cryment, 3.B. Cnobonsn // Mexanika i
disuka pyitHyBaHHs GyIiBeLHIX MaTepianiB Ta KOHCTpYKIiii; 3a 3ar. pen. O.€. Annpeiikia, M.U. Jlyuxka,
B.B. boxxunapHuka. — JIbBiB: Kamensip, 2002. — C. 537 — 546.

5. Student, O.Z. An accelerated method of hydrogen degradation of structural steels by thermocycling /
O.Z. Student // ®i3.-xim. MexaHnika MatepiainiB.— 1998. — T. 34, Ned. — C. 45 — 52.

6. Effect of high-temperature degradation of heat-resistant steel on mechanical and fractographic
peculiarities of fatigue crack growth / Student O.Z., Dudzinski W., Kaminska A., Nykyforchyn H.M. //
@i3.-xiMm. MexaHika MarepiaiiB.— 1999. — T. 35, Ne4. — C. 49 — 58.

7. Birak, B.M. OnTnMaibHe yrnpaBJliHHS HECTAL[iOHAPHIME TemneparypHuMHy pexxumami [ Tekct] / B.M. Birak.
— K.: Hayk. nymka, 1979. — 360 c.

8. Panasyuk, V.V. Strength and Fracture of Solids with Cracks / V.V. Panasyuk. — Lviv: NASU, Karpenko
Physico-Mechanical Institute, 2002. — 468 p.

9. BB ekcmiyarariifHoi MOIMKOMKEHOCTI mapompoBiaHoi cTami 12X1M® Ha XapakTtepucTuky i
tpimmHocTilikocti [Tekcr] / O.M. PomaniB, I'.M. Hukudopuun, O.3. Ctynent Ta iH. // @i3.-Xim.
MexaHika maTepianiB. — 1998. — T. 34, Nel. — C. 101 — 104. (Effect of damage in service of 12Kh1MF
steam-pipe steel on its crack resistance characteristics / O.M. Romaniv, H.M. Nykyforchyn, I.R. Dzyoba,
0.Z. Student et al. // Materials Science.— 1998. — T. 34, Nel, P. 110 - 114).

10.Landes, J.D. Test results from J-integral studies: an attempt to establish a Ji. testing procedure /
J.D. Landes, J.A. Begley // Fracture Analysis, STP 560. - N.Y.: ASTM, 1974. — P. 170 — 186.

205



BICHUK TEPHOIITIbCbKOIO HALIIOHAJIBHOIO TEXHIYHOIO YHIBEPCUTETY. Ne4 (72) 2013

11.Dzioba, I. Metody eksperymentalne stosowane do wyznaczenia inicjacji i propagacji szczelin dla
materiatéw sprezysto-plastycznych / Dzioba 1., Molasy R., Lis Z. // XVI Sympozjum Mig¢dzysekcyjnego
Zespotu Zmeczenia i Mechanika Pekania Materialéw i Konstrukcji, Bydgoszcz, maj 1996, Wydaw.
Uczelniane Akademii Techniczno-Rolniczej w Bydgoszczy. — Str. 52 — 55.

12. KpeukoBcbka, [.B. OriHIOBaHHS BIUIMBY TEIDIO3MIH Yy BHCOKOTEMIIEPATypPHOMY BOJICHBBMiCHOMY
cepenoBuIli Ha nerpagauito craneit maporoniB TEC [Tekcr]: aBToped. muc. ... KaHI. TeXH. HAyK: CIIeLl.
05.02.01 «Matepiano3nasctBo» / I'. B. Kpeukorcrka. — JIsBiB, 2012. — 20 c.

13.Baiiuman, A.b. BopoponmHoe oxpymuuBaHUE 3JIEMEHTOB KOTJIOB BbICOKOro pasneHus [Tekct] /
A.b. Baiinman, P.K. Menexos, O.Jl. Cmusin; otB. pen. Bacunenko M.M. — K.: Hayk. nymxka, 1990. —
272 c.

14. Tloxmypcebkwmii, B.I. BrumB BogHio Ha amdysiiiHi npouecn B Mmetaiuax [Tekcr] / B.I. [Toxmypcbkui,
B.B. ®enopos. — JIbeiB: Eneit, 1998. — 207 c.

15. KpeukoBcbka, I'. BrmuB TpuBanoi ekcrutyarauii crani 15X1M1® y BucokoTemneparypHiii mapi Ha ii
BnactuBocti [Tekcr] / T'. KpeukoBcbka, O. CtymeHT // ®i3.-xiM. MexaHika MarepianiB. — 2010. — T. 2,
cneusur. 8. — C. 788 — 793.

16. CtpykTtypHa MikponomkomkeHicTh craneit maporoHiB TEC [Tekcr] / O.II. Ocram, A.l. Konmup,
O.B. BonbnemapoB T1a iH. // ®i3.-xiM. MexaHika marepiamiB. — 2009. — T.45, Ne3. — C. 13 - 23.
(Structural microdamageability of steels of the steam pipelines of thermal power plants / O.P. Ostash,
A.L Kondyr, O.V. Vol’demarov et al. // Materials Science. — 2009 — V. 45, Ne 3. — P. 340 — 349).

17. KpeukoBceka, I'. @paxrorpadiuni o3nakm merpanmanii crami 15X1IMI® micnst Bumpod Ha cTaTHIHY
tpimmHocTilikicTs [Texker] / I'. KpeukoBcbka // [lpobGiemu Kopo3iiiHO-MeXaHIYHOTO pyHHYBaHHS,
iHKeHepis moBepxHi, AiarHocTUuHi cuctemu: 30 XXI BiAKp. HayK.-TeXH. KOH(. MOJOAUX HAYK. i crel.
OMI HAHYV: JIbBiB, 2009. — JI.: ®MI HAH VYkpainu, 2009. — C. 150 — 153.

Ompumaro 29.08.2013

206



