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MOJEJIIOBAHHS PO3KPUTTSI BTOMHOI TPIIIIMHHA B CILIABI
A16T 3A PEI'YJSAPHOI'O HABAHTA’KEHHA METOAOM
CKIHYEHHMUMX EJIEMEHTIB

Pestome. Cmeopeno molelb NIOCKO20 3pA3KA 3 YEHMPAILHOIO MPIYUHOI 8 WNPYI*CHO-NIACMUYHIT
nocmanosyi 3a 00NOMO20l0 Memoody CKiHueHHux enemenmis. OOIPYHMOBaHO Gubip po3MIpi6 CKIHUEHHUX
efleMeHmie @ OKOJNi 8icmpsi MpiwuHU. 3MO0eNbOBAHO 3AKPUMMS 6MOMHOI MPIWUHYU 30 Pe2YNAPHO20 YUKTTUHO20
HABAHMAJICEHHSL 3 YPAXY8AHHAM 3ANUMKOBUX Oepopmayitt ma Hanpyosicewv 8 ii okoni. Ompumano 3a008iibHe
V320024CeHHs pe3yTemamie MoOento8aHHs ma eKCnepuMeHmanbHux OaHux.

Knruoei cnosa: saxkpumms mpiwunu, iOKpumms mpiwjunu, epekmugHull Koeqiyienm iHmeHcueHocmi
HanpyoiceHb, Memoo CKIHYEeHHUX elleMeHMmIs.

P. Yasniy, Y. Pyndus, O. Galushchak, V. Fostyk

SIMULATION OF FATIGUE CRACK OPENING IN ALLOY D16T
UNDER CONSTANT AMPLITUDE LOADING USING FINITE
ELEMENT METHOD

Summary. The aim of this study was to simulate fatigue crack opening using FE software complex
ANSYS and compare it with experimental data. Using the FE simulation software the model of central cracked
flat specimen was created. Only half of the specimen with enabled conditions of symmetry was modeled. The true
strain diagram of DI16T alloy at 20 °C was used for the simulations in order to reproduce the conditions of the
experiment. FEM calculations were performed for the plane stress condition.

For creation of the accurate computational model the size of finite element mesh in the crack tip was
adapted using software experiment. The finite element mesh size for the finite element analysis of the stress
strain state of the flat specimen with a central crack under uniaxial tension was found.

Fatigue crack closure effect was modeled under constant amplitude cyclic loading considering residual
strain and stresses in the crack tip.

For software determination of the crack opening a macro that allows to calculate displacement of nodes
of the model for a given load step was developed. The node, in which at this moment the crack tip was located,
was determined with the help of software and two nodes on both sides of the crack plane at a distance r from its
tip and the base b were selected. To maintain constant b and r during each crack growth the points of
measurement were upgraded using software. Previous experiments proved that in order to reduce the error of
determining opening stress intensity factor the measurement of the crack opening should be performed at the
minimum values of b and r. Therefore, according to the experimental data r=0,02 mm and b=0 were used that
is, directly on the shore of the crack.

The method for determining the moment of crack opening has been chosen. It has been found that the
moment of crack opening corresponds to the point of the greatest curvature of diagram efforts — opening of
crack tip. For this purpose the derivative approximation by finite differences with a constant increase in stress
was used.

Results of modeling and experiment were compared.

Key words: crack closure, crack opening, effective stress intensity factor, finite element method.

HocTranoBka mpodaemu. JIjiss cyyacHMX TEHJEHIM pPO3BUTKY TEXHIKH XapaKTepHi
3pOCTaHHsI BUMOT JI0 MIITHOCTi, HQJIMHICTh 1 JOBIOBIYHICTh €JIEMEHTIB MAIlliH, KOHCTPYKIIiH
Ta CIIOPY/Jl 3 OJTHOYACHUM 3HM)KEHHSIM 1X MaTepiaJJOEMHOCTI.


https://core.ac.uk/display/60793087?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

BICHUK TEPHOIIJIbCbKOIO HALIIOHAJIBHOIO TEXHIYHOIO YHIBEPCUTETY. Ne2 (70) 2013

Bimomuit (heHOMEH Iepe9acHOr0 KOHTAKTy OeperiB 3pocTarodoi BTOMHOI TPIIIUHU 3a
JIOJJATHOT YaCTUHH IUKITy HAIPYXEeHb, SKUH HA3WBAIOTh 3MUKAHHIM a00 3aKPUTTSM TPIIIUHH
(3T) [1, 2], mMHAPOKO BHKOPUCTOBYIOTH JUISl TIOSICHEHHS YHCIICHHUX KiHETHYHUX €(EKTiB, sKi
CYIIPOBOJUKYIOTh BTOMHE pYWHYBAaHHS KOHCTPYKIIMHMX MarepiamiB. IloBepxHi OeperiB
TPIIIUHE 10321y BiCTPSI 3TUIIAIOTHCS 3aMKHEHUMH T11JT 9ac YaCTHHH ITUKITY HABAHTAKyBaHHSI
PO3TArOM, a KOHTAKT BTPAYa€ThCs (PO3MOUYMHAETHCS BIAKPUTTS TPIIIMHU) JIUIIE 3a EBHOTO
HaBaHTaxeHHs po3Tary [3]. 3T xapakrepuzyeTbcsi Koe(ilieHTOM iHTEHCHBHOCTI HANpyKeHb
(KIH) Bigkputts Tpimunu K.

AHani3 ocTraHHIX JocailKeHb i myOaikamiii. Bimomo kinbka MexaHi3MiB, sKi
nosicHIoI0Th edekT 3T:

® HAsBHICTH Ha Oeperax TPINMIMHKM IUTACTHYHO 31edopMoBaHoro matepiany. Take 3T
HalxapaKTepHille I MaTepialliB ITiIBHINEHOI IUTACTUYHOCTI, HABaHTa)XyBaHUX 3a YMOB
IUIOCKOTO HAaIpPyKEHOTO CTaHy [2];

® OKMCHEHHSI TIOBEPXOHb TPIIIMHE B KOPO3IMHOMY CEpeJOBHIN, SKE CIHPUUYHHSE
PO3KJIMHIOBaHHSI O€pETiB TPIIMHM MPOAYKTaMH KOPO3ii[4];

® [IIOPCTKICTh MOBEPXOHb O€periB TPIIIMHU, CHPUYMHEHA POCTOM TPIIIMHU Yepes
BIJIOBIJIHI KpHUcTajorpadivyti IIOUMHNA 3€peH, 10 MPU3BOAUTE 10 JeopMyBaHHsS OeperiB
Tpimuuu no tuny I [5, 6];

¢ 30UIBIIEHHST 00’eMy MaTepiadly B 30HI IepelIpyWHYBaHHS BHACIIJOK JIOKAJIBHUX
($ha30BUX MEPETBOPECHD, CIIPUIMHEHIX MEXaHIYHUMHU HANIPY)KEHHSIMH [7];

® B’SI3KICTh CepeIOBUIIA, IO MEPEITKOKAE TIEPEMIIICHHIO OeperiB TpiluHHA [8];

® 3AJIUIIKOBI CTUCKYBAJIbHI HANPYXEHHS CHepeay BICTps BTOMHOI TPIIIMHU 3yMOBJIEHI
CTHCKAHHSIM JIOKJIbHOI 30HH ITACTUYHO 371e()OPMOBAHOIO MaTepialy HpHU pO3BaHTAXECHHI
3pa3ka. Takuil MexaHi3M HPUHIUIIOBO BIAPI3HSAETHCS BiJ MOMEPEIHIX, OCKIIBKH BPaxOBY€E
MpoIlecH, IO BiIOYBalOThCS CHEepeay BICTps TPIMIMHU, a TEpelideHi BUINEe MeXaHi3MHU
3yMOBJIEHI ITPOIECaMu 033y BiCTps TpiluHu [9].

VY pob6ori [10] 3amponoHOBaHO METOJMKY BH3HAYECHHS PO3KPUTTS BTOMHOI TPIIIMHH 3
JIOTTIOMOTOIO OTITUYHOTO METOJIY 3 BUKOPHCTAaHHIM KOOPIMHATHUX ciToK. Ha puc. 1 HaBemeHo
THIIOBY KPUBY P-0, OTpHMaHy ONTHYHHUM METOJIOM 3 JIOIIOMOTOI0 KOOPIMHATHOI CiTKH, sIKa
CKJIQTAEThCS 13 3-X AUITHOK. J[Bi Maiie MpsSMOJTIHIWHI TUISTHKA ac 1 a'c’ MaroTh KyT HaXWIy
BiamoBiaHo A1 @ 10 oci abciuc i BiAMOBIIAIOTh 3aKpHUTIi Ta BiAKpHTiH TpituHi. Jingaka ca’
MOKa3ye 3MiHY IIATIIMBOCTI 3pa3Ka 3 4aCTKOBO BIIKPHUTOIO TpimuHO. CITiJl 3a3HAYHTH, 110
TisSHKa ac BepTuKaibHA. [le 3ymoBiIeHO Manoro 6a3or0 BuMiptoBanHs b=0,2 MM (puc. 2),
HACJTIIKOM YOro € He3Ha4Hi MpyXHi JedopMarii OCHOBHOTO METally, PO3MIIICHOTO MiX
TOYKaMU BUMIpPIOBaHHS. 3a BEJIMUUHY 3yCUIUIS P,, NpuiiMau OpJUHATY TOUKH d, 10 JIEKHUTh
Ha TEepeTHHI MPOJOBXKEHb AIPOKCHUMYIOUHMX NpsAMUX ac 1 a'c’ (puc. 1). Po3max po3kputTs
TPIIMHU 32 TAKOro Crnoco0y BHMIPIOBaHHS BH3HAYAIN 3AICKHICTIO A0 =0nax-Op. Y
PO3MISIHYTOMY BUNAIKY 0,,=0 i A = Ad,y. JIOCTOBIpHICTH TaKOro MiAX01y OOIPYHTOBaHA B
npansx [9, 11].
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Pucynoxk 1. Tunosa giarpama P-9, noGymoBaHa 3 BHKOPUCTAHHAM METOIY KOOPAMHATHUX CITOK

Figure 1. Typical crack opening diagram P-0 built using the coordinate grids method
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Pucynok 2. Cxema BUMipIOBaHHS PO3KPHUTTS BEPLUIMHY TPIIIWHU ONITHIHAM METOAOM
KOOPAWHATHUX CiTOK

Figure 2. Scheme of crack tip opening using the coordinate grids method

VY mpaui [10] npoananizoBaHo BIUIMB BHOOpY Oa3u BHMIprOBaHHsS b Ta BiAcTaHi Bif
BicTpst TpimmHH a0 Oa3m BuUMiproBaHHsA r (puc. 2) Ha omiaky 3T. JloBemeHo, mo s
3MCHIIECHHS MOXUOKH BH3HAuYeHHS K,, CIIi MPOBOAWUTH BUMIPIOBAHHS PO3KPHUTTS TPIIMHU
IIPH MiHIMQJTEHUX 3HAYEHHSX b 1 r.

Merta poboTHu — 3a qomomMoror nporpamuoro komimiekey ANSYS 3monemtoBaT eext
BIIKpUTTS. BTOMHOI TPIIIMHM Ta TIOPIBHATH WOTO KUIBKICHI ~ XapaKTEpPUCTUKH 3
EKCIICPUMCHTAIbHUMH JIAHUMH.

IMocranoBka 3aga4vi. 3T OMMIHIOIOTE eKCIIEPUMEHTANBHO [12], aHAITHYHO, a TaKOX 13
BUKOPHUCTAHHSIM YUCEIBHUX METOMIB [13, 14].

OnavM 3 HalleeKTHBHINIMX CyYacHUX IIJAXOMIB JO pPO3B’SI3aHHS TaKMX 3aJad €
BUKOpUCTaHHS MeTony ckiHueHHHX eieMeHTiB (MCE). CyTp naHOro MeTojy IMoJisirae B
ampoKcHUMaIlii JIOCHIKYBaHOTO Tijla JESKOK MOJEIUTIO, KOTpa SIBJISE€ COOOI0 CYKYIHICTh
€IIEMEHTIB 31 CKIHUYEHHOI KUIBKICTIO cTymeHiB cBobomu [15]. Ilpm obGuucienni MCE
3HAXOJSTh PO3B’S3KH IHTETPAIBLHUX Ta JU(EepeHIiaIbHUX PIBHAHb Y YACTKOBHUX ITOXITHHX.
MCE no0pe miIxoIuTh JIUIS MOJISITIOBAaHHS CKJIaIHAX CEPEJIOBHUII Ta KOJU Oa)kaHy TOYHICTH
(TICcKpeTH3allito) MOKHA 3MIHIOBAaTH Ha Pi3HUX JIJITHKAX CepeIOBHUIIA.
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3BaKaroud, IO EKCHEpUMEHTaJIbHI METOJMKU € CKJIaJHUMH, BHUMAraroTh 3HAYHUX
BHUTpPAT PECYpCIB 1 4Yacy, TO BaXJIMBOTO 3HA4YeHHS HAOyBae€ MOJCIIOBAHHS Ta BIJIITBOPEHHS
eKcrepruMeHTiB 3 gornomororo MCE.

PesyabTaTn pocaimkenHsi. BuxopucrtoBytoun ANSYS, oOumciaroBany HanpyKeHO-
nepopmoBanuit  crtan  (HJIC) mnpsMOKyTHOTO 3pa3ka 3 IICHTPAIBHOIO  TPINIHHOIO,
BUTOTOBJIeHOTO 3 amomiHieBoro cmiaaBy J[16T 3rimno 3 T'OCTom 25.506-85 3a
neGopMyBaHHSI OJHOBICHHM PO3TSITroM. MOJIeTIOBaNIHN JIWIIE TIOJOBHUHY 3pa3Kka 3 ypaxyBaHHIM
YMOB cuMeTpii (puc. 3).

Contact
Target

i)
Pucynok 3. CkiHUeHHOGIeMEHTHA MOJIeITb TNIOCKOTO MPSIMOKYTHOTO 3pa3ka 3 LIEHTPaJIbHOIO TPIlIMHOK

Figure 3. Finite element model of central cracked plate specimen

Jlyist MoJieTFOBaHHSI BUKOPHCTOBYBAIM ICTUHHY Jiarpamy aedopmyBaHHs ciuiaBy J[16T
npu Temrepatypi 20°C Ta BiATBOPIOBAIM YMOBH €KCIIEPUMEHTY. MexaHI4HI BIIACTHBOCTI Ta
ximMiuamid ckian amominieBoro cmiaBy J[16T naBemeno B poGoti [16]. Po3paxynku MCE
MPOBOJIMIIA JUTSI TIOCKOTO HAIPYXXEHOTO CTaHy 3 ypaxyBaHHsAM edekty bayminrepa. s
CTBOPEHHSI CKIHUEHHOEJIEMEHTHOI CITKHM BUKOpHCcTanu JBoMipHuid egeMeHT PLANE1S?2, skuit
BH3HAYAETHCS YOTHpPMa BY3JIaMHU 3 JBOMa CTYNEHSIMH BUTBHOCTI B KOXKHOMY BY3Ii, MOXeE
HaOyBaTH YOTHUPHKYTHY abo TpuKyTHY (opmu. EnemeHT Mae BIacTUBOCTI NPYXKHOCTI,
IJJACTHYHOCTI, dKOPCTKOCTI, 3HAYHUX MEPEMIIIeHb 1 TeopmMarriii.

Jlist  CTBOpEHHS JOCTOBIPHOI PO3PAaXyHKOBOI MOJENI PO3MIPH CITKH CKIHYCHHHX
€JIEMEHTIB Yy BIiCTpi TPINIMHU aJaNTyBadM NIIIXOM MPOTPAMHOTO EKCIIEPHMEHTY, SKHU
nosisiraB 'y po3paxyHky HJIC ta posmoaisi HOpMaldbHHUX HANpyXeHb y BICTpl TPILIUHU 3a
PI3HHX PO3MIpIB €JIEMEHTIB CKIHYCHHOCIIEMEHTHOI CITKH 3 TIOJAJBIINAM IHTETpaIbHAM
OIIHIOBAHHSM BIJTHOCHOI TOXHOKM OTPUMAHUX KpHUBHX. Y KOXHOMY MPOTPaAaMHOMY
EKCIIEPUMEHTI pO3Mip eJeMEeHTa MOCIiTOBHO 3MeHImyBamu Big 250 MM 1o 1 mxMm. Jlms
KOJKHOTO KOMII FOTEPHOTO €KCIIEPUMEHTY OyjyBanu rpadiku posmojiily HOPMAIbHUX O

HaIpy’XeHb CIIepe/ly BICTps TpimuHu (puc. 4).
JIsise OLIHIOBaHHS TOYHOCTI PO3paxXyHKIB KPHBI PO3MOALTY HOPMaIbHUX Hampy>KeHb
criepe Ty BicTpsl TPIITUHY iHTEerpyBaiH 3a Gpopmyioro Cimricona [17]
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d
Sy :If(x)dng (0,40, +4(0,+0,+ ... 40, )+2(0,+0,+ .. +0,,)), 1)

ne h — Kpok inTerpyBaHHs; N — po3Mip CITKH CKiIHUCHHUX €JIEeMEHTIB; O,...,0

n

— HOpMaJIbHE

HaIPYXXCHHS Y TOYII 7; KIJIBKICTh KPOKiB iHTerpyBaHHs n = 100; 4uciioBi 3HaYeHHS 00IacTi
iHTerpyBanss — Bizt ¢c=0 10 d=5 MM.

TakuM YHHOM OOYHCIIIOBATIM ILIONLY, OOMEXEHY KOXXHOI KpHUBOKO. J[Is KOXXHOTO
PO3MIpY CITKH CKIHUEHHHUX €JIEMEHTIB 3HAXOAMIN aO0COMIOTHY TOXUOKY BIJTHOCHO HACTYITHOTO
EKCIIEPUMEHTY 3 JICTATBHIIIOO CiTKOIO

Ay =Sy =Sy (2

BinHoCHY mOXMOKY iHTErpalbHOTO OIIHIOBAaHHS O0UYHMCIIOBAIN 32 (POPMYIIOIO
Oy =~ (3)

3a pe3ynbTaTaMy pO3paxyHKIB MOOYIYyBall KPUBY 3aJI€)KHOCTI BiTHOCHOI MOXHOKH O,
IHTETpaIbHOTO OIIHIOBAHHS BiJ po3Mipy ciTku N (puc. 5).
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Pucynok 4. Posnonin HopMambHAX Pucynok 5. BinHocHa noxnOka Mi>k KpUBUMHA
Harpy>XeHb Criepery BiCTps TPIIMHM 32 Pi3HUX pO3MOiTy HOPMAJIBHUX HANpy>KeHb 32 PI3HUX PO3MipiB
PO3MIpiB CKiHUEHHIX €JIEMEHTIB CKiHYCHHUX €JIEMECHTIB
Figure 4. Normal stress distribution behind Figure 5. Relative error between the curves of
crack tip for different sizes of finite elements mesh normal stresses distribution for different sizes of finite

elements mesh

[Ipu 3MeHIIEHHI pO3Mipy CKIHUEHHMX €JIEMEHTIB 3pOCTa€ TOYHICTh OTPHUMAHUX
pe3ynbratiB (puc. 5). BimHocHa moxuOka MiK MPOrpaMHUMH €KCIIEPUMEHTAMHU 3 PO3MipaMH
citkm Bim 10 MKM 10 1 MKM BHUXOJWTHh Ha IUIATO U 3aJUINAEThC Maibke craimoro. lLle
JI03BOJIMIIO 3pOOUTH BHCHOBOK, IO JUIS CKiHYeHHOesneMeHTHoro oniHoBanHs HJ[C mmockoro
3pa3ka 3 IEHTPAJBHOIO TPIIIMHOIO 32 OJHOBICHOTO PO3TATY Yy MNPYXKHO-TUIACTUYHIN
MOCTAHOBIII Ta 32 YMOB IIJIOCKOTO HAIpPY>KEHOI'O CTaHy JOCTaTHbO BUKOPHUCTOBYBATH CITKY
CKiHUEHHHUX eJleMeHTIB po3MipoM 10 MkM. CiTKy CKIHYEHHHX €JIEMEHTIB BKa3aHOTO PO3MIipy
CTBOPIOBAJIM B3JIOBXK HANpsIMy POCTY TPIIIMHU HA BiJCTaHI A0 5 MM BiJx OeperiB TpillMHA
(puc. 3).

11



BICHUK TEPHOIINIbCbKOIO HALIOHAJIBHOIO TEXHIYHOIO YHIBEPCUTETY. Ne2 (70) 2013

JIis  BU3HAUYCHHS PO3KPHUTTS TPIIIUHK PO3POOMIM MaKpoC, SKUM Jae 3MOTy
O0YHCITIOBATH TEePEMIIIEeHHs BY3JIiB MOJIETI JUIS 3aJaHuX IiJKPOKIB IMKITY HaBaHTa)KCHHS.
[IporpaMHO BH3HAYalU BY30JI, y SIKOMY B IIei MOMEHT 3HAXOJWJIacs BEpIIMHA TPIIIUHH Ta
BHOWpaJTH JIBa BY3JIA 3 JIBOX OOKIB BiJI TUTOIIMHU TPIIIMHK Ha BiJICTaHi 7 BiJI 11 BEpIIMHA Ta 3
6azoro b (puc. 6). [lyist 30epexxenHs b Ta r CTaIUMU, IPU TiAPOCTaHHI TPIIIUHU TOYKH BUMIpY
MPOrPaMHO OHOBJIIOBAIHM. 3TiJIHO 3 eKCIIepUMEHTAIbHUMH JanuMu [10] BumiproBaym
PO3KpUTTS TpimuHKU Ha BijcTani r = 0,02 mm npu b=0, To0TO Oe3mocepenHbo Ha OGeperax
TPIIIHHY.

HaBaHTa)XeHHST CTYIIHYACTO MPHKIAJAIN J0 TOPU3OHTAIBHUX TOPIIB MOJEm. 3
JIOTIOMOTOFO ~ CIIEIlia]lIbHO CTBOPEHOTO MAaKpOCy ITCIs KOXKHOTO TIAKPOKY HPHPOCTY
HABAaHTAKCHHS BU3HAYAIHM DI3HUIIO MK ITOJIOKEHHSIM KOHTPOJBHHUX BY3iB (pUC. 6) IpH
MIHIMQJTLHOMY Ta TIOTOYHOMY 3YCHULII. 3HA4YeHHS TNEpeMIIeHHS BY3JiB Ha KOKHOMY KpOITi
HaBaHTa)XeHHs 30epiraam B okpemomy (aiiii. Ha puc. 7 300pakeHO 3a1€KHOCTI PO3KPHUTTS O
BiJl HOPMAJILHUX HANPYXKEHb OPYTTO B 3pasKy O, .

PucyHok 6. Cxema BUMiptOBaHHS PO3KPUTTS BepIIMHU TpiltnHu MCE

Figure 6. Scheme of crack tip opening measurement using FEM

Jlns BU3HAUCHHSI MOMEHTY PO3KPHUTTS TPILIIMHU OOpaHO METO/I, onucanuii y mpari [10].
[lpuitHsA, MO MOMEHTY PO3KPUTTS TPIIIMHHA BIIMOBIJAE TOYKA HAWOIIBIIOI KPUBHHU
JiarpaMy 3yCHIUISI-PO3KPHTTS BICTpsl TpilMHHU. J[1S IIbOTO BUKOPHCTAIN AIPOKCHMAIIII0
MTOX1JTHOT KPHBOI JliarpamMu 3yCHJUISI-PO3KPUTTS 3a JIOTIOMOTOI0 METOTy CKIHYCHHHX Pi3HUILH 31
CTaJlIM KPOKOM TIPUPOCTY HanpyxeHHs o, [17]

é',.” _ 8.\~ iczl +0,, ,

4)

Jac 5[ — PO3KPUTTA BCPHIMHU Tle.II/IHI/I apu l-My KpOI_Ii HaBaHTAKCHHS, h - KpPOK IpUPOCTY

HAIPYKEHHS O .
”

MaxcuMaibHe 3HaueHHsT 0, BBaXKAIH IIYKAHOIO TOUKOIO PO3KPUTTS TpiluHu (puc. 7) i
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Pucynox 7. Jliarpamu poO3KpUTTS BiCTPs TPIIMHA O, — & , OJIEPKaHi CKiHIEHHOETIEMEHTHUM

MOICIIOBAHHAM

Figure 7. Crack opening diagrams o, — J built using FEM

BucnoBku. CTBOpEHO CKiHYCHHOGIEMEHTHY MOJEIh IUTACTHHU 3 [EHTPATBHOIO
TPIIIMHOIO 32 OJHOBICHOTO pO3TSATY JUISI BHU3HAYEHHS HANPYXXCHHS BIAKPUTTS BTOMHOL
TPIIIMHYU 3 ypaXyBaHHSM BIUIMBY 3aJMIIKOBHX IUTACTHYHHX JedopMarliii i CTUCKYBaIbHUX
HampyXeHb CHepeay Ta mo3aay ii BicTps. MoemoBaHHS BUKOHYBAIH Y MPYKHO-TUIACTHYHIH
MIOCTAHOBIII 32 YMOB IUIOCKOTO HampyskeHoro ctaHy. [IpoBeeHo ontumizaliito po3MipiB CiTKH
CKIHUCHHHUX €JIEMEHTIB Y BICTpPi TPIIIUHU JUIS 3a0e3MeUeHHS] MAaKCHMAITbHOT TOYHOCTI OI[IHKA
HJIC. BcranoBneHo, 110 3a OJHOBICHOTO PO3TrY IJIACTUHU 3 LEHTPAIBHOIO TPIIIMHOIO
JIOCTaTHRO BUKOPHUCTOBYBATH CITKY CKIHUEHHUX e€JeMeHTIB po3mipom 10 mxm. Jlms
BU3HAYCHHS HANPY)XEHHS PO3KPHUTTS TPIIIMHUA B HPOTPAMHOMY CEPEIOBHUINI KOMIUIEKCY
ANSYS po3pobiieHo Makpoc, SKHi J1a€ 3MOTy OOYMCITFOBATH TIEPEMIITICHHS BY3JIIB MOJIENI
JUISL 3aJJaHAX KPOKIB IMKITy HABaHTAXXCHHS Ta allPOKCHMYBATH IMOXiJHY OTPUMAHOI KPUBOI
JiarpaMy HampyKeHHsS-PO3KPHTTS (O, —J ) 3a JONOMOTOI0 METOJy CKiHYeHHMX Di3HHUIb 3i

CTalMM KPOKOM TIPMPOCTY HAnpyxeHHs o, . OO4MclIeHe MakCHMMaibHE 3HAYEHHS MOXITHOL

JiarpaMu HaIlpy>KeHHS-PO3KPHUTTS BiIIOBIae TOYI i1 HAWOLIBIIOT KPUBHHH Ta ITYKAHOMY
HAIPYKEHHIO PO3KPUTTS TPIllUHU O, .

Conclusions. The finite element model of central cracked flat specimen under uniaxial
tension cyclic loading in order to determine the crack opening stress was created. The effect
of residual plastic deformation and compressive stresses in front and ahead of the crack tip
was considered. Modeling was carried out under the plane stress conditions. Optimization of
the finite elements mesh size in the crack tip for maximum accuracy estimation of the stress-
strain state was performed. For uniaxial tension of central cracked flat specimen it is
sufficient to use the finite element mesh size of 10 microns.
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