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HAIIPYKEHUH CTAH BY3JIA 3°€JJHAHHS KOJIEKTOPA 3
KOPIITYCOM ITAPOI'EHEPATOPA III'B-1000M 3 KABEPHOIO

Peztome. I[Ipeocmasneno po3paxyHKo8ull amaniz APY*CHO-NAACMUYHO20 HANPYIHCEHO20 CMAHY 8Y31a
3’ €OHAHHA «2apsio20y Kolekmopa 3 kopnycom napoeenepamopa I1I'B-1000M 3 oegpexmom y suensnioi niockoi
HanigeainmuyHol KaeepHu, PO3MAulo8anol Ha GHYMPIUHIL NOGePXHI nampyoka 8y3ia 3 €OHAHHA 6 obnacmi
eanmenvHozo nepexoody. Ilpogedeno oyiniosanms 6naU8y 2eOMEeMPUUHUX NAPAMEMPIE KAGEPHU HA HANPYIHCEHUU
cman 8 oKoauyi ii eepuiuHu NPU MOOEN08AHHI NOGMOPHO CMAMUYHUX eKCNIYamayiiHux  HABAHMAICEHb
napozenepamopa.

Kniouosi cnosa: npydscno-niacmuyHuil HAnpysiCeHull CMAaH, NApoeHepamop, KaeepHa, HNOBMOPHO
cmamuyHe HABAHMANCEHHS, MeMOO CKIHYEHUX eleMeHmIs.

S. Ban’ko

STRESS STATE OF THE HEADER-TO-PGV-1000M STEAM
GENERATOR CONNECTOR WELDMENT WITH A CAVITY

Summary. The paper presents a numerical stress-state analysis of the weldment joining the “hot”
header to the PGV-1000M steam generator. This weld joint has a defect in the form of a plane semielliptical
cavity located on the inner wall of the nozzle, near the fillet. The numerical elastic-plastic analysis is performed
using a three-dimensional model and SPACE-RELAX software. The stress state around the cavity is determined
using a specially developed procedure to generate a regular finite-element mesh that is locally refined toward
the cavity tip. The finite-element model of the steam generator was fragmented using a two-stage procedure
involving the solution of the elastic-plastic problem for (i) the main model and (ii) a fragment of the weld joint
with the cavity. The plane cavity with ellipsoidal tip located on the weld joint fillet, in the zone of peak tensile
axial stresses determined at the first stage, is modeled. The solution is obtained for the following sequence of
service loads on the weld joint: hydraulic testing — unloading — normal operation. The effect of the loading
history on the stress state near the cavity is assessed by comparing the normal-operation calculations made with
and without regard to the loading history. The effect of the geometrical parameters of the cavity on the stress
state near its tip is evaluated during the simulation of repeated static service loads on the steam generator. The
distribution of the axial and hoop stresses over the cross-section of the cavity that passes through its front and is
perpendicular to the header axis is determined. Plots of the distribution of the axial and hoop stresses ahead of
the cavity tip are presented.

Key words: elastoplastic stress state, steam generator, cavity, repeated static loading, finite element
method.

IlocranoBka mnpo6gemu Ha mnaporeHeparopax I[II'B-1000M aTomMHUX cTaHIii
VYkpainu B mporieci eKkcIuryarailii BUsBJICHO 1e()eKTH Y BUTIISAI KaBEpH 1 TPIIIUH KOPO3i1HHOTO
MOXOJ/KEHHS, K1 PO3TalllOBYBaJINCh HA BHYTPILIHINA MOBEpXHI MmarpyOKa By3la 3’€THAHHS
KOJICKTOpa 3 KOPIyCOM IaporeHeparopa B 30HI raireiabHoro mepexomy [1]. V 3B’s3ky 3
BUSIBIICHHSIM TaKoOro TUIY Je(eKTiB iCHye HEOOXiIHICTh MPOBEACHHS NETAILHOTO aHali3y
HanpyxkeHoro crany (HC) By3nma 3’emnanHs 3 jgedekToM B yMoOBax eKcIUTyaTamii 3
ypaxyBaHHSM MPYKHO-TJIACTUYHOI MOBEAIHKMA MaTepialy B OKOJIMII KaBepHH. BupimieHHs
3a3HA4YCHOI MpoOIIeMu iepeadadae po3B’sI3aHHs 33a7a4i B TPUBUMIPHIHA TOCTAHOBIII.

AHaJi3 ocTaHHiX AociailkeHb i myOJikauiil. Ymepiie po3paxyHKd TPUBHMIPHOTO
HC By3na 3’emHaHHs KOJEKTOpa 3 KOPIYCOM MaporeHepaTopa MpH il eKCIUTyaTamiiHuX
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HABAaHTA)XCHb TPEJCTaBIICHI B poOorax [2, 3], B SKHX IIOKa3aHO CYTTEBO HEOIHOPITHUHN
XapakTep pO3MOJLTy HANpyKeHb Ha BHYTPILIHIN MOBEpXHIl TajdTeNbHOTO MEPEX0ay B3IOBXK
KOJIOBOi koopamHatu. B myOmikamisx ¢axiBuiB BAT «[igpompec» (Pocis) [1,4-5]
po3paxynku HC By3na 3’elHaHHSA Tpu i1 €KCIUTyaTalliifHUX HAaBaHTAa)KEHb MPEJCTAaBIICHI B
TPUBHMIPHIA TpPYXHIA TOCTaHOBII Oe3 ypaxyBaHHA AE(PEKTHOCTI B OOJACTI TaJITEIBHOTO
nepexony. AHani3 TpuBiMipHOTO TpykHO-Tu1acTuuHoro HC By3na 3’enHanHs 3 AeQEeKTOM Y
BiJTOMHX IyOJTIKAIlisAX 3 TaHOT MPOOJIEMH HE MTPEICTaBICHO.

Mera poGoru. IlpoBectn umcenvHuil anamiz npyxkHo-maactuuHoro HC Bysma
3’€IHaHHS KOJIeKTOopa 3 KopmycoM mnaporeHepatopa [II'B-1000M 3 nedexkrom y Burmsai
IUIOCKO1 HAIIBENINTUYHOT KaBEPHU, PO3TAIIOBAHOI B 0OJACTI TalITeIbHOTO MEPEXOAY B 30HI
MaKCHUMaJIbHOI KOHIEHTpamlii HampyXeHb. JlOCHIIUTH BIUIMB TEOMETPUYHHX MapaMeTpiB
KaBEpHU Ta MOBTOPHO CTATUYHUX EKCIUTyaTaliiiHuX HaBaHTakeHb Ha HC By3na 3’eqHaHHS.

HocranoBka 3aBaanHs. Pospaxynku HC mnpoBoamnm B TIpy>KHO-TUTACTHYHIN
MOCTAHOBI[I 3 BUKOPHCTAHHAM TPUBUMIPHOI MOJENi TMaporeHeparopa 3a JOIMOMOTOH0
nporpamuoro komruiekcy SPACE-RELAX [6]. Tlpu po3B’si3aHHi 33a7a4i BHKOPHUCTOBYBAIN
PIBHSHHS Teopil IUIACTMYHOI Tedii 3 130TponHuM 3MmirHeHHsM [7]. Ilpuiimanace mojmens
171eaIbHO MPYKHO-TUIACTHYHOTO MaTepiany.

Jns Busnauenns HC B okonuii kaBepHH po3poOiieHa crelliaibHa Mpoleaypa
noOy/IOBU PEryJIspHOI CITKM CKIHYCHHUX €JIEMCHTIB 3 JIOKAJIBHHUM 3TYIICHHSM i1 BY3JiB JI0
BEpIIMHU KaBepHU. i BChOrO Tijla BUKOPHCTOBYBAJIM CIelliajbHI 3MilllaHI CKiHYEHH]
€JIEMEHTH y (hOpMi IECTUTPAHHUX NPU3M, a Y310BXK (PPOHTY KaBepHH — TeTpaeapH [8].

OruiHIOBaHHS TOYHOCTI pe3yibTariB po3paxyHkiB HC y BepiinHi kKaBepHU MPOBOIUIH
Ha OCHOBI PO3B’SI3aHHS MOJEIBHOI 3aJadi MPO PO3TST IMOJIOTOTO IMUTIHIAPA 3 KIJIBIEBOIO
MOBEPXHEBOIO KAaBEPHOI MaJloro pajiyca, IO pO3TallOBaHA Ha BHYTPIIIHIM MOBEpXHi
IUTIHApPA ¥ Opi€eHTOBaHA B3JOBXK HOTo pajaiyca. OiHIOBAIHM SKICHUH XapakKTep pO3MOALTY
OCbOBUX HAINpYy>KEHb Tepe]] BEpPIIMHOI0 KaBepHU 1 BIACTaHb BiJl BEPIIMHU JI0 TOYKH 3
MaKCHUMaJbHUM pIiBHEM HaIpyXeHb. lIpoBeneHe TMOpPIBHSAHHSA OTPHUMAaHUX pe3yJbTaTiB
PO3paxyHKIB 3 aHAIITUYHUM PO3B’A3KOM [9] mokazano iX y3roJKeHHsI.

Po3paxyHkoBa CKkiHUEHHO-€IeMEeHTHa Mojeib 1-ro kouTypy AEC (puc.l), Brirodana
KOPIIYC TaporeHepaTopa, «rapsuuii» KOJEKTOp, TOJIOBHUN IUPKYJIAIINHUN TpyOOmpoBig
(I'LIT) i kopmyc peakTopa [10].
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a

Pucynox 1. CkiH4eHHO-elleMeHTHA MOeTb: a — 1-ro koHTypy AEC; 6 — By37a 3’€THaHHS KOJEKTOpa 3
KOPITyCOM ITaporeHepaTopa
Figure 1. Finite-element model of (a) primary circuitand (b) weld joint of hot header to steam generator

[Ipu npoBeneHHI pO3paxyHKIB BHKOPHCTOBYBAIM NPOLEAYpY (parMeHTamii
JMCKPETHOI MOJIeNi MaporeHeparopa, sika BKIIoYaja JBa IOCHiJOBHI eranu. Ha mepmomy
eTami pO3B’S3YBAIM MPYKHO-IUIACTUYHY 3a7ady JUIS OCHOBHOI PO3paxyHKOBOI MOJEINI
(puc. 1), Ha apyromy — 3amaudy Ans (parMeHTa By3ia 3’€IHaHHSA 3 KaBepHOIO (puc. 2).
MoenoBany IIOCKY KaBEpHY 3 €JINCOIAaIbHOK BEPUIMHOIO, SKa PO3TAIllOBaHA B TaJITENi
By3JIa B 30HI MAaKCUMaJIbHUX PO3TATYIOUMX OCHOBHX HAIPYKEHb, BU3HAYCHUX Ha MEPUIOMY
eTari po3B’si3aHHS 3a/1a4i.

_ CiTxa B OKONHULI BEPIUHHY
3oHa POrTalIlVEAHHA KaBSPHII KaBEp HH
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Pucynok 2. CkiHUeHHO-eTIeMEHTHA MOJICTh (hparMeHTa By3Jia 3’ €JHAHHS 3 KaBEPHOIO
Figure 2. Finite-element model of the fragment of weldment with cavity

I'eomeTpuuHi mapameTpu KaBepHU HaBe[eHO Ha puc. 3. [Ipu mpoBeneHHI po3paxyHKiB
npuitmanu: r=0,25 mm, R=0,5 mm, a=1,5, 2,01 2,5 mm, a/b -1/1.

Pucynox 3. 'eomeTpudna Moaens kaBepHH (1/2 qacTuHA)
Figure 3. Geometrical model of half the cavity

Po3B’s130K oTpuManu Juis HACTYMHOI MOCHIJIOBHOCTI €KCIUTyaTalliiHMX HaBaHTAKEHb
By3Ja 3’€IHAHHS: iipaBiiyHi BUpoboByBanHs (I'B) — po3BaHTaxeHHs — HOPMaJIbHI YMOBHU
excrutyarauii (HYE). Ilpu rigpaBniyHMX BUOPOOOBYBAHHSAX THUCK Yy MEPLIOMY KOHTYpI
npuiivanu 24,5 Mlla, tTuck y apyromy — 10,78 Mlla, npu HOpMaabHUX yMOBaxX eKCILTyaTawii
BignoBiaHO mipuiimanu 16,0 1 6,0 MIla. [[ns omiHOBaHHS BIUIMBY iCTOpii HABAaHTA)KEHHS Ha
HaNpYy>KEHW CTaH B OKOJIMII KaBepHH pe3ynabTatu pospaxyHkiB HC mns pexumy HYE
MOPIBHIOBAJIM 3 PO3paKyHKaMu 0€3 ypaxyBaHHs iCTOpii HABaHTa)KEHHSI.

PesyabTtaTnn pocaimkenns. Ha puc.4 nmus pexumy I'B 300pakeHo xapakrtep
pO3MOALTY OCbOBUX HAIlPY)KE€Hb 0 Y IUIOIIMHI, 110 MPOXOJIUTh uYepe3 BIChb KOJEKTopa i
BEPILIMHY KaBepHHU TIuOuHOI0 2,5 MM. I3 mpencrtaBieHMX AaHUX BUIUIMBAE, IO B OKOJIMII
BEpLIMHM KaBEPHM MAa€ MiClle KOHIEHTpalis HanpyxkeHb. IIpu 1pbOMy MakcUMalbHI
pO3TAryI0Yi 0ChOB1 HampyxeHHs 653 Mlla nocsararoTbes nepen kaBepHoro Ha BijacTtadi 0,2 MM
BiJ 11 BepIIuHU.
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Pucynox 4. Po3nonin ocb0BUX Hampy>KeHb I KaBepHU TIrOnHO0 2,5 MM tipu ['B
Figure 4. Distribution of axial stresses for a 2.5-mm deep cavity during hydraulic testing (HT)

Ha puc. 5 300pakeH0 XapakTep pO3NOJLLy OCBOBUX O, 1 KOJIOBHX O, HAalpyXeHb Y
nepepi3l KaBepHHU, L0 MPOXOAUTh uepe3 ii (POHT MEePHEeHAMKYISAPHO A0 OCi KOJEKTOopa.
MakcumainbHi pO3TATyI0Ui OChOBI HANpyXEHHsS Iepe] BEpLIMHOI0 KaBEpHU JIOCATalOTh
641 Mlla, xonosi — 373 MlIla.

Jis rimbun kaBepHH 1,5 1 2,0 MM MakCHMaJIbHI OCBOBI HAINPYKEHHS TEpe.
BEPIIMHOK KaBEPHU JOCATAIOTH BIANOBIMHO 626 1 642 MIla, MakcuMmalbHiI KOJOBI —
BignoBigHO 374 1 391 MIla.

Pucynok 5. Po3monin 0cb0BUX Ta KOJIOBUX HAIPYXKECHP y Mepepi3i BepIIMHN KaBepHH IHOMHOO 2,5 MM mpu ['B
Figure 5. Distribution of axial and hoop stresses over the cross-section of the tip of a 2.5-mm deep cavity
during HT

Ha puc. 6, 7 HaBeneHo rpadiku po3moJily OChOBMX Ta KOJOBUX HAaIpPYKEHb IS
KaBepHU MHOMHOIO 2,5 MM Ha Biapi3ky 0,5 MM (IOYaTOK BIUTIKY Yy BEpLUIMHI KaBEpHHU) 3
ypaxyBaHHsIM Ta 0e€3 ypaxyBaHHs ICTOpii HaBaHTaXEHHsA. [3 HaBeIeHUX pe3yJbTaTiB
pPO3paxyHKIB BUIUIMBAE, 110 HEBPaXyBaHHS MPHU MOJEIIOBAHHI €KCIUTyaTalliiHUX DPEXHUMIB
HABaHTAXXCHHS 3QJIMIIKOBOI HANPYKEHOCTI By3/ia 3’€IHAHHS NPU3BOAWUTH [0 3aBUIICHUX
3HaYeHb OCHOBUX 1 KOJOBUX HaIlPY)KEHHb II€pel BEPIIMHOI0 KaBEPHH, SIKi BiAMOBIIHO
ckinagaroTh 546 1 282 MIla. 3 ypaxyBaHHSIM icTOpii HABAHTAKEHHS MaKCHMaJlbHI 3HAYCHHS
OCBHOBHX 1 KOJOBHUX HAIPY)KEHb CYTTEBO 3HIDKYIOTBCA 1 JOCATAaOTH BiamoBimHo 409 i
233 Mlla.
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Pucynox 6. Po3mnonin ocb0BUX HaNpyKeHb ISl KaBEPHU INTHOMHOIO 2,5 MM Ha Binpi3ky 0,5 MM
JUISL pI3HUX BapiaHTiB HABaHTAXKCHHSI
Figure 6. Distribution of axial stresses over a 0.5 mm segment for a 2.5-mm deep cavity and different
types of loading
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Pucynox 7. Po3noin KoJOBUX HAIIPYKEHb Nepe]] BEPIIMHOI0 KaBEepHH AJIsl PI3HUX BapiaHTiB HABaHTAKEHH:I
TIMOMHOO 2,5 MM
Figure 7. Distribution of hoop stresses ahead of the tip of a a 2.5-mm deep cavity for different types of loading

BucHoBku. [IpoBefeHO pO3paxyHKOBHH aHai3 MPYKHO-IIACTUYHOTO HAIMPYKEHOTO
CTaHy By3Ja 3’ €JHAHHS «Tapsuoro» KOJIEKTOpa 3 KopmycoM mnaporeneparopa [1I'B-1000M 3
neGeKTOM y BHUIIIAI MJIOCKOT HANIBENINTHYHOI KaBEpPHM, PO3TAIIOBAHOI B OOJIACTI TajTedi.
Po3paxyHku BHKOHYBadM 3 YypaxyBaHHSM Ta 0e3 ypaxyBaHHS ICTOpil HaBaHTaXCHHS.
BukonaHo oOmiHIOBaHHS BIUIMBY ICTOpii HaBaHTa)XEHHS Ha HANpPYKEHUW CTaH BY3Ja
3’eqnanHs. [lokazaHo, 10 mepes] BEpPIIMHOIO KaBEpHU TIIHOUHOIO 2,5 MM MaKCHMAaJlbHHX
3Hau€Hb JOCATAIOTh OCHhOBI HANpPY>KEHHS, SKI JJIS PEKUMY TiIpaBliyHUX BHUIPOOYBaHb
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cknanaTs 641 MIla. ¥V pexumi HOpManbHHX YMOB €KCILTyaTalii 3 ypaxyBaHHSM iCTOpii
HaBaHTAKCHHS MAKCUMAaJIbHI OCbOBI HANPYKCHHS Mepe]] BEPIIMHOIO KABEPHU 3HIKYIOTHCS 10
409 MIlIa. be3 ypaxyBaHHS iCTOPil HABAaHTAKEHHS OChOBI HANIPY>KCHHS CKIIaAar0Th 546 MIla.

TakuMm uYWHOM, HEBpaxyBaHHS TIpU MOJCIIOBAaHHI EKCIUTyaTalliHHUX PEXHMIB
HABaHTAXCHHS 3aJIMIIKOBOI HAIIPY)KEHOCTI By371a 3’ €JHAHHA 3 1e()EKTOM Yy BUPIIISAII KaBEpPHU
MPHU3BOIUTH 10 3aBHIIEHOT (110 25%) OLIHKYU PiBHS HAIIPYKECHb.

Conclusions. A numerical elastic-plastic stress analysis of the weldment joining the
“hot” header to the PGV-1000M steam generator and having a defect in the form of a plane
semielliptical cavity near the fillet has been performed. The effect of the loading history on
the stress state of the weld joint has been assessed by comparing the calculations made with
and without regard to the loading history. It has been shown that the axial stresses ahead of a
2.5-mm deep cavity peak during hydraulic testing, reaching 641 MPa. During normal
operation, these stresses are lower: 409 and 546 MPa as calculated with and without regard to
the loading history, respectively.

Thus, neglecting the residual stress in the weld joint with a cavity during the simulation
of service loading leads to an overestimation (by 25%) of the stresses.
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