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OLIHIOBAHHS TPAHUNYHOI'O CTAHY MOJEJII
KOJEKTOPA TAPONEPEI'PIBHHUKA TEILTOBOI
EJEKTPOCTAHIII 3A IIIAXOA0OM R6

Pestome. Tennosi enexkmpocmanyii (TEC) nanexcamo 00 8axcnugux 00’ €kmis, 8i0MOGU AKUX MONCYMb
npusgecmu 00 agapiti 3i sHayHumu Haciiokamu. Binouwicme TEC @ Vkpaini euuepnana cgiii npoekmuuii pecypc,
AKUL 3HAYHOIO MIPOIO 3QNedHCUmb 8i0 OCHOBHUX eleMeHMi8 NApoBOOAHOI cucmemu eHepeoObloKi8, o Maronms
cymmesi ekchiyamayitiHi nowKooxcenHs. ToMy 8axdcIUBUM 3080 AHHAMU € OOCMOGIPHE OYIHIOBAHHA SPAHUYHO2O
CMaHy KONeKmopie naponepecpieHuKi6 iz 3acmocy8aHHAM CYYACHUX E€GPONEUCbKUX NiOX00i6 ma 8paxy8aHHAM
exchiyamayiuHoi 0ecpadayii mamepiany.

Konexmopu naponepeepisnuxie TEC excnimyamylomovcs 'y cepedosuwyi 800AHOI napu ni0 MUCKOM
15,5 MPa 3a pobouoi memnepamypu 545 °C. Tpugani mepmomexaniuni HAnpysicenHs, Kopo3iliHO-HABOOHEHe
cepedosuye ma cnoginoHene 0eOPMYSAHHS Y YuX eleMeHmax KOHCMPYKYIl CAPUYUHSIOMb NOSY GMOMHUX
MpiWuH Ha GHYMPIWHIN NOGepXHi Konekmopa. Tpiuwunu nepegadcHo 3apooiCyIomucs 830068C ePaAHUYb 3epeH,
ocnabnenux nopamu ma SudineHHsMU KapbiOig. YHacniook excniyamayii KOAeKMopié 3MIHIIOMbCSA
XapaxkmepucmuKu MexaniyHux nacmugocmeil mamepiany.

Oyineno epanuunuti cman moodeni Konexkmopa naponepecpignuxa komaa TII-100 3 euxopucmauHam
Oiaepamu oyinioeanns pyinyeanns (JOP). JJOP 6yoyeanu ona Ky = K ma K,. = K epaxosyrouu
Koeghiyienmu 3anacy MiyHocmi 0151 6UNAOKY WIACMUYHO20 KOJIANCY Ma KPUXKO20 PYUHYBAHHS MO0 KOeKmopa
3 NONEPeyHol0 MPIWUHOI HA GHYMPIUWHIL CMIHYI 014 PI3HUX CRiGGIOHOULeHb 008X4CUHU mpiwuHu | 00 IT
enubuHuy a.

Kniouosi cnoea: xonexmop naponepecpisnuxa, cmanv 12XIM®, 6’s3xicmo pyinysanus, Oiacpama
oyinI08anHs pyuHyeans, R6.

O. Yasniy, V. Brevus, V. Yasniy, Y. Lapusta

ASSESSMENT OF THERMAL POWER PLANT SUPERHEATER
COLLECTOR MODEL LIMIT STATE USING R6 APPROACH

Summary. Thermal power plants (TPPs) belong to the important objects, the failure of which can cause
accidents with severe consequences. A great part of Ukrainian TPP has exceeded its design life, which is
determined, to large extent, by the main elements of steam power systems. Therefore, the main task is to assess
correctly the superheaters collectors limit state using modern approaches and taking into account the service
degradation of material. TPP superheater collectors operate in the environment of water steam under the
pressure of 15.5 MPa at temperature 545 °C. As a result of combined action of prolonged thermo-mechanical
stresses, corrosive and hydrogen environment and slow deformation, fatigue cracks emerge in these components
on the inner collector surface. Operation of collectors results in the change of the material properties.

The limit state of TP-100 type boiler steam superheater collector model was assessed using failure
assessment diagram (FAD). The FADs were built for K., = K. and K,,,, = K. taking into account safety factors
for plastic collapse and for brittle fracture mechanisms for the collector model with part circumferential internal
surface crack for various ratio of crack length [ to depth a.

The influence of internal surface crack that is perpendicular to the cylinder axis, on the residual
structural integrity of TPP superheater collector has been studied. The FADss were built taking into account the
fracture toughness of 12CriMoV steel after 179 thousand operation hours for static and cyclic loading and,
also, the safety factors for the brittle fracture mechanism and plastic collapse. The critical sizes of the inner
surface defect, that is perpendicular to the axis of the cylinder, considering fracture toughness of 12CriMoV
steel for static and cyclic loading, were assessed. It was found out, that with the increase of ratio the minimum
crack depth that is critical for the structural element decreases.
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IlocranoBka mnpobaemu. Terosi enektpocrannii (TEC) HamexxaTte A0 BaIUBHUX
00’ €KTIB, BIIMOBH SIKAX MOXYTh IIPH3BECTH JIO aBapiil 31 3HAYHWMH HACiIKaMH. BiTbIIiCTh
TEC B Ykpaini Buuepnana cBili MPOEKTHHH pecypc, SIKUM 3aleXHUTh BiJl CTaHY OCHOBHHUX
€JIEMEHTIB TapOBOJSHOI CHUCTEMH €HeproOJiokiB [1], mo MaroTh 3HAYHI EKCIUTyaTalliifHi
nowmkokeHHs [2, 3]. Tomy BaXIMBHM 3aBJaHHSIM € JOCTOBIpHE OIIHIOBAaHHS MIITHOCTI
KOJICKTOPIB MapoIleperpiBHUKIB 3 YpaxXyBaHHIM €KCIUTyaTaIlliifHOI Jerpaaariii MaTepiaiy.

AHaJi3 octaHHiX docaimxenb i myOaikaniii. Konexropu mapomneperpiBaukisB TEC
eKCILIYaTyIOThCS Y CEPeIOBHII BOSHOI IapH 11 THcKoM 15,5 MPa 3a po6odoi TemriepaTypu
545°C. TpuBanmi TepMOMEXaHIUHI HaINpyXEeHHS, KOPO31HHO-HABOJHEHE CepeloBHUINE Ta
CTOBITbHEHE JIeOPMYBaHHS Y IUX €JIeMEHTaX KOHCTPYKINH CIPHYMHSIOTH TOSBY BTOMHHUX
TPIIIMH Ha BHYTPIIIHIM MOBEpPXHiI KoJeKTopa. TpIlMHUA 3apO/KYIOTHCS MEPEBAXKHO B3/I0BXK
IPaHUIb 3€peH, OCTa0JCHUX IopaMH Ta BHUAUICHHAMH KapOimiB [2, 4]. VYHaciigok
eKCIUTyaTarii KOJIEKTOpPIiB 3MIHIOIOTBCS XapaKTePUCTUKUA MEXaHIYHUX  BIIACTHBOCTEH
Matepiany. IlepiogudHi 3yIMHKA 1 BUXOIW HA POOOUYUH peXMM PYHHYIOTh 3aXHUCHY IUTIBKY Y
BepIIMHAX TPIIIMH, NPHUIIBU/IIYIOYM BOJHEBE PpO3TPICKYBaHHS KOJIEKTOpa. 3a3BHYaif
TPIIIMHN TOIUPIOIOTHCS MK OTBOpaMHU JIJIS TATPyOKiB.

B ekcruryatoBaHoMy marepiaiii KojiekTopa Ha (pOHI MHOXKMHHOTO PO3TPICKYBaHHS, KOJIU
JOB)KMHA OUTBIIOCTI TPIIIMH HE IEPEeBHINYE 2 mm, BHSBIICHO 3HAYHE JIOKaJli30BaHE
MOIIKO/KEHHS KOJIEKTOpa y BUIJIS/II YAacTKOBO KOJIOBOI TPIIIMHM JOBXHMHOKO 149 mm Ha
BHYTPIIMHIA TOBEepXHI W HalOUIBmMOK rHOWHOK 37,8 mm, sSKa IepeTHHAe BCi OTBOPHU
KpituteHHst natpyOkiB [3]. TpimuHN TakuxX po3MipiB MOXYTb OyTH HTPUYHHOIO PAaNTOBOTO
pYHHYBaHHS KOJEKTOpa. ToMy Ba)KJIMBHM 3aB/IaHHSM € OIIHIOBAaHHS MOKIIHBOCTI TIOJQITBIIOT
eKCILTyaTallii KoJIeKTopa i3 HassBHUMH Jie(heKTaMH.

JIst orfiHIOBaHHS MIITHOCTI €JIEMEHTIB KOHCTPYKITIHA 3aCTOCOBYIOTH Iporeaypy R6 [5],
sIKa TPYHTYETHCS Ha JIBOTIApAMETPUYHOMY KpUTepii pyHHYBaHHS T 13 TpillMHAMU — JAiarpami
omiHoBaHHs pyWHyBaHHsA (JIOP), skmii BpaxoBye IUIACTHYHICTH MaTepially y BepIIUHI
TPILIUHH.

BxigHUMU maHUMU IS TIEpeBipKH pyWHYBaHHS €JeMEHTa KOHCTPYKIIl € TeOMeTpHUYHi
napaMeTpd KOHCTPYKIIi Ta TPIIIMHY; HapaMeTpH eKCIUTyaTalliiHOrO HaBaHTaKEHHS;
MEXaHI4HI BIACTHBOCTI MaTepiaiy.

KoopaunaTtu pozpaxynkoBoi Touku Ha JJOP Bu3HauaroTs 3a hpopmynamu [6]

K K P o©

Kr :_Ip -|-—LY +p, Lr :_:;ef, (1)
K K P, oy,

mat mat
ne Ky, 1 K — xoedinientu inTeHcuBHOCTI HanpyxeHb (KIH) mis npukinageHux 1 3aIMIIKOBUX
Halpy>XeHb BITNOBITHO; K, (Kj) — B’S3KICTh pyWHYBaHHS Marepially 3a CTaTHYHOTO
HAaBAHTa)XEHHS; p — IOIpaBKa Ha IIACTUYHICTH; P (abo0 G, — IpUKIAJCHE HaBaHTaKCHHS
(manpyxeHHs1); Py (a00 rpaHUIl TJIMHHOCTI Gpz) — HAaBAaHTAXEHHS (HANPYXKEHHS) MOYATKY
TEKy4OCTi MaTepialny B ociabiieHoMy mepepisi 3pa3ka. KpuBy oIiHIOBaHHS pyHHYBaHHS
K, = fi(L,), mo Binminsge OesneuHy AUIAHKY Big [OUISHKM pyHHYBaHHS eJleMeHTa

KOHCTPYKIIii, BA3HAYAIOTH 3a pe3yJibTaTaMH BUIIPOOYBaHb 3pa3KiB i3 TPIIIMHAMHU HaA B’ S3KiCTh
pyHHyBaHHA [5].

Mera pobGoru. JlochimguTH BIUIMB poO3MipiB  JeeKTy Ha TI'paHWYHUN CTaH
eKCIUTyaTOBAaHOTO KOJIEKTOpa MapoleperpiBHUKA.

PesyabraTén gochizkeHHss Ta ix oOroopeHnsi. OIHIOBAIM TpPaHWYHUN CTaH
«Traps9oro KOJEKTOpa», 3HATOro micis 179 Tuc. roa. exciulyararlii naporneperpiBHAKa KOTJia
tuny TII-100. Konextop Burotosnenunit 3i crami 12X1MO®, XimiuHu#i cK1aj sIKOi HABEJCHO Y

mparti [7].
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XapakTepuCcTUKU MeXaHIuHuX BractuBocTed ctami 12X1M® 3a craTuyHOro po3TAry
HaBeJIeHO y Tadumii 1.

Taoaunsa 1
Mexaniudi BiractuBocTi ctaidi 12X1MO [8]
t,°C Go.2. MPa G, MPa d, % v, %
20 364 478 19,7 72,6

B’s3kicTh pyiiHYBaHHS BH3HAYalIX 3a MO3ALEHTPOBOTO PO3TATY KOMIIAKTHUX 3pas3KiB
TOBIIMHOIO 12 mm Ha cepBoriipaBiiyniii BunpoOyBaibHii Mammuai CTM-10 3rigHo 3i
crangapramu ASTM E 1820, ASTM E 647 [9, 10].

CratnuHa B’SI3KICTh pyHHYBaHHS Martepially KOJEKTopa IapoleperpiBHUKA IpH

temnepatypi 20°C K, = 82,2 MPav/m , kivea K, = 32,0 MPa+v/m [8].

KonekTop mapormeperpiBHHKa CXeMaTU30BaHO PO3IIISAATHA y BUTJISII TOBCTOCTIHHOTO
MUJTIHApa, 3arIyIIeHOTO Ha TOPIAX, i3 YaCTKOBO KOJIOBOKO ITOBEPXHEBOIO TPIIIMHOK Ha
BHYTpIIHIH cTiHmi. [{uaiHap HaBaHTaXKEHUH BHYTPIIITHIM THCKOM.

CxeMy 4acTKOBO KOJIOBOI IMONEPEYHOI TPIIMHM HA BHYTPILIHIHA cTiHi kojekTopa TEC
300pakeHO Ha PUCYHKY 1.

Pucynok 1. Cxema 4acTKOBO KOJIOBOI TPIIIMHY HAa BHYTPIIIHIH CTiHII KoJeKTOpA:
a —rmubuna; | — nosxuna nedexty Ha nosepxni; NA — ueiitpansHa Bich [11]

Figure 1. Scheme of part circumferential internal surface crack on the inner wall of the collector:
a — defect depth; [ - length of the defect on the surface, NA — neutral axis [11]

ToBmuna crinkn mumHapa ¢ =50 mm, BHyTpimmHIE pagiyc R, =112,5 mm,
BHYTpilHI# TucK P = 15,5 MPa. Ockinbku BUKOHYETbCS HEPIBHICTH I >O,1(2Rl. +t)/ 2,

IMWTHIP BBaKAIM TOBCTOCTIHHMM. YHACIIJIOK OChOBOI CUMETpIl IWIIH/Ipa Ta HABAaHTAKCHb
T4l HampyXeHHs ¥ BiAMOBimHI M gedopmarii TakoX CHMETPHYHI BITHOCHO KOO OCi.
TanrennianbHi G, , pafiaipHi G, Ta OCBOBI G, HaIpy>KEHHs JOPIBHIOIOTS [12]:

2 2 2 2 2
r R r pr
Gt:w(l—'_r_j)p, O-VZW(I_r_f)p’ GHZW, (2)

Je P — BHYTpIIIHIM THCK; r=R — BHYTpIlIHIH paalyc nuiiHgpa; R=R +¢ — 30BHILIHINA
paniyc HuiIiHApa; r, — pajlyc AUIIHKE LUIIHApPA, IS KOTPOi OOUUCIIOEMO HAIpPYKEHHS
(R<r.<R +1).
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PanianpHe nepeMimieHHs Bu3Havain 3a popmyiaamu Jlsime [12]

1- r? 1+ R*r* 1
u= = f) S hT . p2 2
E R —-r E R -r'r

3)

ne E i W — BigmoBigHO MOIyI b IpyKHOCTI 1-ro poay Ta koedimient ITyaccona.

HampyxeHHst G, y cTiHII nuutiHApa OyIyTh CTHCKAIOUUMH, a G,, G, — PO3TATYIOUNMH;
pajiagbHi HEepeMIleHHs 1 301LIbIIYIOThCS Y HANIPSIMKY pajiyca r, .

ExBiBanieHTHI HApyKeHHsI y CTIHII HUAJIHApPa BU3HAYAIN 32 (DOPMYIIOO

1 2 2 2
o =\/E|:(GI—GZ) +(0,—0,)" +(0,—0,) ] 4)

Jlns mociipKyBaHOT reoMeTpii KOJIeKTopa TaporeperpiBHUKA PO3MOJIiT HAPYKEHb Y
CTIHIII muiiHApa 6e3 oTBOpIB oOumcieHo 3a ¢opmynamu (2) ta (4) amg tucky 15,5 MPa
(puc. 2).
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Pucynoxk 2. Po3nofin Hanpy»XeHb M0 TOBIIMHI TOBCTOCTIHHOTO IIITIHIAPa 6€3 OTBOPIB:
1 — TaHTeHIiaNbHI, 2 — pagiaibHi, 3 — OChOBI, 4 — EKBIBAJICHTHI

Figure 2. The distribution of stresses along the thickness of a thick-walled cylinder without holes:
1 —tangential, 2 — radial, 3 — axial, 4 — equivalent

Koedimient inrencuBHocTi HampyxeHb (KIH) oOumcmioBammu mis Touok A Ta B
¢poHTy TpimmaH (puc. 1) 3a popmyoro[13]

3
K, =%(chfj (altlla,R 1t)+0,f, (altl/a,R /z)j, (5)
Jj=1

ne o, (j=0m03) — KoedilieHTH MHOrOWIEHa, OTPUMaHi ANPOKCHMAIIEIO PO3IOALTY
HaNpy>KeHb y CTIHII IIIiHApa 0e3 TPIIIMHU MHOTOWIEHOM 3-TO CTeTeHs 3a (OpMYIIOr0
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3 J
czc(u):ZGj (Zj mpu 0<u<a, (6)
=0 \d

Jie G, — HAIpPYKEHHs 3THHY B JOCII/DKYBAaHOMY BHIIAJKy JOPIBHIOIOTH HYJIO; f,, f,.
nonpaBKoBl GyHKIIT Ui Touok A Ta B (IpOMiXKHI 3HAUeHHsS 3HAXOIMJIM JHIKHOIO
iHTepronsmiero) [13].

[Mapamerp L, and 1MIiHApa 13  BHYTPIIIHIM  IOBEPXHEBUM  JE(EKTOM,

NepIeHAUKYISIPHIM JI0 Horo oci, o6uucioBaiu 3a popmyioro [11]

2
(%j of O
Sm Shg

L = T (7)

2

/TN
v |
~

S}
+
A
S - S
o |

Ji€ TTApaMETPH S, S,,,5 S, T S,, OTPUMYBAJIH i3 CHCTEMH PiBHSIHD

s ao
. :I—ZE———,
c, T T
S 4 . 2a .
8 = ZsinB—-="sina,
o, ™ T ¢
1
2R’

0 gk 0 < -, (8)
o=

n—PB Ko 0 > -3,
G855 ~OpeS,, =0,
s, =5, s s, =0,
s,',g She st s, =0.

Jlns ouiHroBaHHS pyHHYBaHHs oOuMcmoBaaM 3HadeHHs L, Ta K, . Jlomyctuma

TiTstHKa oOMeXXeHa KPHBOIO OIIHIOBAaHHS PYHHYBaHHS 3TiHO 3 mporenyporo R6 [5, 6], ska
BHU3HAYAETHCS PiBHIHHIM

K, < fro =(1-0,141)[ 0.3+0,7exp(-0,65L) |. 9)

SIKII0 TOYKM 3HAXOJAThCS Ha JOMYCTUMIN IUISHIN JiarpaMu, TO pyHHYBaHHS He
BiJI0OYBa€eThCA. Y MPOTHIICKHOMY BHITAJIKY PO3MIPH TPIIUHHU € KPUTHIHAMHU.

Pesynpratu migpaxyHky 300paxeni Ha mgiarpamax (puc. 3, 4). IIpoananizoBano m’saTh
BiJTHOIIICHD JOBYKHHH TPIIIMHK B3I0BK BHYTPIITHBOI OBEepXHi [ 110 ii rmubunu a.

B ycix mpoananizoBaHMX BHIIQJKax JaHi TPIIIUHU € JOMYCTUMHMH, 32 BHHSITKOM
nedexris 3 [/ a =8, rimbunoro a > 48,06 mm ta [/a = 16, rmubunoo a > 41,75 mm (upu

K,,=K,=320 MPavm) Tta [/a = 8, rmbunow a > 48,10 mm Tta [/a = 16 Ta

mat
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ribuHoro a > 44,03 mm (npu K, , =K, = 82,2 MPa+/m ).

JlormycTuMe MOIKOKEHHS TaKOXK OLIHIOBAIM 3 BUKOPUCTAHHAM MiIX0/1y, OMMCAHOTO Y
npaui [14], y skoMy IpONOHYIOThCs KoedillieHTH 3amacy MIIHOCTI 1yt napamerpis L, 1a K,

KI + p <fR6(Lr)

< ; (10)
K., SF,  |[SF,
Lmax
<, (11)
SF,
ne SF, — xoe(illeHT 3amacy MIIHOCTI JUIi MEXaHI3My KPUXKOIo pyHHyBaHHs; SF,
Koe(illieHT 3amacy MIITHOCTI U MEXaHi3My IUIaCTHYHOTo Konamcy; K, — B’S3KicTh

pYVWHYBaHHS.

Jns marepiany Tpyou deputnoi crpykrypu SF, = 10,0, SF, =2,22 [14].

3 ypaxyBaHHSM HaBEJEHHMX BHIINEe MipKyBaHb mnoOynoBano JIOP i3 gomycTumoro
JUTSTHKOFO, 10 BU3HAYAETHCS BUIICBKA3aHUMHU KOoe(illiEHTaMH 3amacy MIiI[HOCTI.

Ha puc. 3 306paxeno JJIOP moneni konekropa naponeperpisauka 3a 20°C, K, =K.
['mubuna tpimuen a =5, 10,...,50 mm, [/a= 2 (2), 4 (3), 8 (4), 16 (5), 32 (6), npu 1LOMY
HE pO3IJIAaIn AeeKTH 3 JOBKHHOO TPIiMHY OibIo0 3a 27R, = 706,86 mm.

K

r

1.0
0.9
0.8
0.7
0.6
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0.1

0+ T T T L
0.0 01 02 03 04 05 06 0.7 08 09 10 11 12 13 14 r
Pucynoxk 3. JIOP mozeni konekropa 3a 20°C, K, =K, , a =35, 10,...,50 mm,
rpaHnYHA KpuBa frs (1), [/ a = 2 (2), 4 (3), 8 (4), 16 (5), 32 (6),
rpaHnW4YHa KpyBa 3a KoediuieHtamu 3anacy (7)
Figure 3. FAD of collector model at 20°C, K, . = K., a =5, 10,...,50 mm,
limit curve fze (1), [/ a =2 (2),4 (3), 8 (4), 16 (5), 32 (6), limit curve according to safety factor (7)

Ha puc. 4 300paxeno JIOP wmopmeni konektopa mnapomeperpiBHuka mpu 20°C,
K. = K. I'mibunn Tpimus Taxi xk, sx i npu JIOP i1 K, = K,

mat
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Pucynok 4. JIOP mogeni konextopa 32 20°C, K, = K ., a =5, 10,...,50 mm, rpannuna

KpuBa fzs (1) [/a=122),43),84),16(5),32(6), rpaHIYHA KpUBa 3a Koedimientamu 3amacy (7)

Figure 4. FAD of collector model at 20°C, K, , =K, a=35, 10,...,50 mm,

limit curve fre (1) [/ a= 2(2),4 (3), 8 (4), 16 (5), 32 (6), limit curve according to safety factor (7)

Haiimenmni po3Mipu TpillMH, SKi € KPUTUYHUMHU JUISL €KCIUTyaTallii KOHCTPYKIii mpu
=K, ta K, =K,, i3 ypaxyBaHHaM Koe}ilieHTiB 3amacy MinHOCTi Ta 0e3 ix

ypaxyBaHHs HaBeJIeHO y TalI. 2.

Taoauns 2

Kputnuni po3mipu TpilmuH 3 ypaxyBaHHSM Koe(illi€HTIB 3amacy
MIITHOCTI Ta 0e3 iX ypaxyBaHH

K, =K, =320 MPaym K,, =K, =822 MPavm
a, mm

3 koedimientamu |  be3 koedirieHTiB 3 koedimieHTaMu be3 koedirienTin
Ha 3aracy MilfHOCTI 3arracy MillHOCTI 3aracy MiIllHOCTI 3arracy MillHOCTI
2 25,40 — — —
4 23,00 — — —
8 15,14 48.06 44,26 48,10
16 12,77 41,75 37,00 44,03
32 11,90 — — —

Bix 25,40 mm o 12,77 mm.
3 BUKOPUCTAHHSAM JBOKPUTEPIATBHOTO MiIAXOY

BusiBiieHo, mo 3i 30i7IbIICHHSM BigHOIIEHHS [/d 3MEHIIYEThCS KPUTHYHE 3HAUCHHS
MiHiMaIbpHOI rMOMHY TpimuHU. [IpumMipom, i3 3poctannsm [/ a Bin 2 1o 16 i3 ypaxyBaHHSIM
KoediuieHTiB 3anacy minHocti it K, , = K, MiHIManbHa rIMOuHa Ne(eKTy 3MEHIIyEThCs

BucuoBku.

R6 Ta nmiarpamm

OIIIHIOBAaHHS PYWHYBaHHS, IO JIO3BOJISIE aHANI3 Je(eKTy 3a JBOMA TPAaHUYHUMH CTaHAMHU —
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KPUXKUM PYHHYBaHHSM 1 IUTACTUYHUM KOJIAIICOM:

JIOCITIJIKEHO BIUIMB PO3MIipiB BHYTPIITHBOI MTOBEPXHEBOI TPIMIWHY, TEPHIEHIUKYISIPHOT
JI0 OCi IIWITIHJIpa, Ha 3aJTUIIKOBY MIIHICTh MOJIeNIi KoylekTopa maporneperpiBanka TEC i3
TEIIOCTIMKOIL cTai;

MoOyTI0OBAHO JiarpamMu OIIHIOBaHHS PYHHYBAaHHS MOJIENI KOJIGKTOpA, SIKI BPaxOBYIOTh
XapaKTePUCTHUKN MEXaHIYHUX BIIACTUBOCTEH Ta B’SI3KICTh pyWHYyBaHHS ctam 12X1M®
micas 179 Tuc. ToA. ekcrutyaraiii 3a CTaTHYHOTO 1 IIUKTIYHOTO HAaBAaHTAXKEHHS, a TaAKOXK
KoediIlieHTH 3amacy MIITHOCTI JJISi MeXaHi3My KpUXKOro pyHHYBaHHS Ta IJIACTUYHOTO
KOJIaICy;

OIliHEHO KPUTHYHI po3Mipu BHYTPIITHBOTO TTOBEPXHEBOTO nedexry,
MEPIEeHIUKYJISIPHOTO JI0 OCi IWTIHJApa, BpaxXyBaBIIM B’ S3KICTh pPYWHYBaHHS cTaji
12XIM® 3a cTaruyHOro 1 IUKJIIYHOTO HABaHTAKEHHS Ta KOeQillieHTH 3amacy
MIITHOCTI;

BHSIBJICHO, 110 31 301/IbIIIEHHAM BigHOIICHHS [/a 3MEHIIYeThCS MiHIMalbHa TITHOWHA
TPIIIMHYU, KPUTHYHA IS eIeMeHTa KOoHCTpyKiii. [Ipumipom, 3i 3poctanssm [/ a Binx 2
no 16 i3 ypaxyBaHHsIM Koe(illi€HTIB 3amacy MilHOCTI it K

mar = K ;. MIHIManbHa
KpUTHYHA IIHOWHA JTeheKTy 3MeHIIyeThes Big 25,40 mm g0 12,77 mm.

Conclusion. Using R6 approaches:

The influence of internal surface crack that is perpendicular to the cylinder axis on the
residual structural integrity of thermal power plant superheater collector has been
studied.

The failure assessment diagrams were built taking into account the fracture toughness of
12Cr1MoV steel after 179 thousand operation hours for static and cyclic loading and,
also, the safety factors for the brittle fracture mechanism and plastic collapse.

The critical sizes of the inner surface defect, that is perpendicular to the axis of the
cylinder, considering fracture toughness of 12Crl1MoV steel for static and cyclic
loading, were assessed.

It was found out, that with the increase of //a ratio the minimum crack depth that is
critical for structural element decreases. For instance, with augment of //a from 2 to

16, taking into consideration the safety factors forK =K fos the minimum critical

mat

defect depth reduces from 25.40 mm to 12.77 m.
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