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HOB3YYICTh TA HOIKOIXYBAHICTH OBOJIOHKHU TBEJIY IPU CTATHUYHOMY TA
NUKJITYHOMY HABAHTAXKEHHI

B craTTi mpeacTaBieHO MiXiq X0 pO3B’s3aHHs 3adadi MOB3y4oCTi OOOJOHKH TBEIy SICPHOTO PEaKkTopy 3a yMOB HOro KOHTAaKTHOI B3aeMOAil 3
(iKCYrOYNM €IEMEHTOM 3a JIOIIOMOTO0 CIIeLialbHO PO3POOIICHOI KOPUCTYBALBKOI IIPOLEAYPH Uil IPOrPAMHOT0 KOMIUIEKCY CKIHYCHHOCIEMEHTHOIO
aHanizy. Po3risgaloTbes BUIAJKH HE3MIHHOTO y 4Yaci Ta IMKIIYHOTO HAaBAHTA)KCHHS, sIKe OOYMOBICHO MAI€I0 IIOTOKY, IIJO OMHUBA€ TBEN. 3axady
PO3B’sI3aHO Ha OCHOBI ITOBHOI TPUBUMIPHOI IIOCTAHOBKH, PO3IJISIHYTO MaTepialiy 3 i30TPOII€I0 BIACTHBOCTEH OB3y4OCT] Ta HAKOITMYCHHS ITOIIKO/UKCHB.
V BUmajKy aHamizy NUKIIYHOro NeOopMyBaHHS 3 HAKOIMYEHHSIM IIPUXOBAHHUX IONIKO/UKCHb BPAaXOBYIOTHCS aMILTITY/IHI KOHTaKTHI HaIpy>KEHHS Ta
HAIpPYyXKEHHs], 1[0 BUHUKAIOTH IIPH BIMYLICHHX KOJMBAHHSX TBeny. [l BpaxyBaHHs MPOLECIB HAKOINYCHHS PUXOBAHUX IONIKOKCHb BHACIITOK
[0B3y40CTi BUKOPHCTAHO CIIELiaIbHO PO3pOOIICHY IIPOLEAYpPY AIs JOJaBaHHS O PO3PaXyHKOBOI cXeMH (yHKILII IHTErpyBaHHS y 4aci €BOJOL[IHHOTO
PIBHSIHHSI JUISl CKJSIPHOTO MTapaMeTpy MOILIKOKYBAHOCTI. B aHiil mpouenypi y Bunajky BpaxyBaHHS UKJIIYHOTO HABAHTAKECHHS TAKOXK BHKOHYETHCS
Mepexifi 10 eKBiBaJICHTHOI 3aJadi IOB3Y4OCTi, OTPUMAaHOI HIISXOM BHKOPHUCTAHHS METOJY [BOX MAacCIITa0iB Yacy Ta OCEpEeJHEHHsS Ha Iepioi,
BU3HAYAIOTHCS (YHKIIT acHMeTpii IMUKIy HAaNpyXeHb UL KOXHOI TOUKH IHTEIpyBaHHS CKiHYEHHOENEMEHTHOI Mopeni. OTpUMaHO pe3ylbTaTd
YHCEIBHOrO MOJICIIFOBAHHS [I0B3y4OCTi OOOJIOHKH TBEJIy HpH il KOHTAKTI 3 eJIeMeHTOM (ikcauii 11 BUMAaAKy CTaTHYHOI Ta IMHAMIYHOI HOB3y4OCTi.
Martepian 000JIOHKH — IUPKOHI€BHIA CIUIaB. Y BUIIAJKY BpaxXyBaHHS UKIIYHOTO HABAHTAXEHHS IIPOJEMOHCTPOBAHO CYTTEBE IIPHUCKOPEHHS IPOLECiB
[OB3y4OCTi i HAKONMYEHHs MPHXOBAHMX IONIKODKEHb Ta 3MEHIUCHHS Yacy 10 BUHHKHCHHS MaKpOCKOmidHOro jaeekry. BusHaueHo micue iforo
BUHHMKHEHHS, SIK€ BiJINIOBi/Ja€ BHYTPIIIHIil MOBEpXHi 000JOHKH TBEJIYy HABIIPOTH PO3TALIYBAHHS €IEMEHTY (ikcauii.

Ki11040Bi c10Ba: MOB3y4iCTh, IIONIKOKYBaHICTh, UKIIIYHE HABAHTAXKEHH, 000JIOHKA TBEILY, KOPUCTYBAIbKa IPOLEAypa.

D. BRESLAVSKY, P. PALAMARCHUK, O. MORACHKOVSKY

CREEP AND DAMAGE OF FUEL ROD CLADDING UNDER STATIC AND CYCLIC LOADING

The paper presents an approach to solving the problem of creep of the nuclear reactor fuel rod cladding under the conditions of its contact interaction
with the fixing element using a specially developed user subroutine for the finite element analysis software. The cases of time-invariant and cyclic
loading, which is caused by the action of the flow washing the fuel, are considered. The problem is solved on the basis of a full three-dimensional
formulation, materials with isotropy of creep-damage properties are considered. In the case of analysis of cyclic deformation with accumulation of hidden
damage, amplitude contact stresses and stresses arising during forced oscillations of the fuel rod are taken into account. To take into account the processes
of accumulation of hidden damage due to creep, a specially developed subroutine is used to add to the calculation scheme the function of integration in
time of the evolution equation for the scalar damage parameter. In this subroutine, in the case of taking into account the cyclic loading, a transition to
the equivalent creep problem is also performed, obtained by using the method of two time scales and averaging over the period, the stress cycle asymmetry
functions are determined for each integration point of the finite element model. The results of numerical simulation of the creep of the fuel cladding
when it is in contact with the fixing element for the case of static and dynamic creep are obtained. The cladding material is zirconium alloy. In the case
of taking into account cyclic loading, a significant acceleration of creep processes and accumulation of hidden damage and a reduction in the time to the
occurrence of a macroscopic defect are demonstrated. The place of its occurrence is determined, which corresponds to the inner surface of the fuel
cladding opposite the location of the fixing element.
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