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HuninapuaHi  0OOJIOHKM € OCHOBHUMHM HECYYMMH €JIEMEHTaMH IOCYAMH,
pe3epByapiB i TPyOONPOBOIB, IO TPAIOIOTH IiJ THCKOM. JIOKalbHI BM’STHHU
ICTOTHO 3MIHIOIOTh HalpyXXeHO-IeOPMOBaHMH CTaH KOHCTPYKLII Ta MOXYTb
3HWKYBaTH ii  eKCIUlyarauwiiHy HagilHicth. HaiOimpmr — oOrpyHTOBaHMM
IHCTpYMEHTOM aHalizy TakuX Je(eKTiB € HeNHIHHUHA pPO3paxyHOK METOJIOM
CKIHYCHHHMX €JIEMEHTIB, OJHAaK HOro MacoBe 3aCTOCYBaHHS CYIPOBOJDKYETHCS
3HAYHUMHU OOYMCIIOBAIBHUMH BUTpaTaMu. Y 3B’SI3Ky 3 LUM IEPCICKTHBHHM €
miaxig, opieHToBaHMM Ha JaHi, B paMmkax skoro MCE-po3paxyHku
BUKODHCTOBYIOTH Ul  (OpPMyBaHHsS HaBYaIbHOI BHMOIpKM, a IOJaJbIIe
NPOTHO3YBAHHS XapaKTEPUCTUK MIITHOCTI BUKOHYIOTH 3a JIOIIOMOTOIO CypOraTHOI
MOJIeJTi MAITUHHOTO HaBYaHHS [ 1].

Meroto poboTn € m1oOydoBa TAapaMETPH30BAHOIO  OOYHCIIIOBAILHOTO
KOHBeepa s aBroMaTnzoBaHoro otpuManHsi MCE-mannx, nocraTHix Iyt
HaBYaHHS CypOraTHOI MOJeJi OILIHKM MIIHOCTI y 30HI BM’STHHH. Po3poOieHo
napaMeTpU30BaHy HENHIHHY MOJENb IMIIHAPUYHOI OOOJOHKH 3 JIOKAIBHOIO
BM’siTiHOIO B cepenoBuili ANSYS APDL. Mopnens BpaxoBye NMpy>KHO-IUIACTUYHY
MOBE/AIHKY Marepially, T'€OMETpHYHY HEJIHIHHICTh 1 KOHTaKTHY B3a€EMOJII0 3i
HITAMIIOM.

Juis anpoGanii migxony, chopmoBano naracer 31 100 po3paxyHKOBHX
3amuciB. BXinHI 3HaueHHs BKIIOYAIOTh TEOMETPUYHI IapaMeTpH OOOJIOHKH,
rMOMHY BM SITHHM, MEXaHIYHI XapaKTEPUCTHKU Martepialy Ta pO3paxyHKOBHH
BHYTPIIIHIA THCK, SKHH BU3HAYaId BiAnoBimHO g0 [2]. SIk 1iiboBi mapameTpu
NPUIHATO MaKCHMalbHE CKBIBAJICHTHE HaNpyXeHHs 3a MizecoMm, aMmIunTynay
HaIpy’>KeHb 1 3aJIMIIKOBI paiaibHi epeMilleHHS.

ABTOMaTH30BaHO INaKETHE BHKOHAHHS PO3pPaxyHKIB i 0OpOOKY pe3yNbTarTiB.
Bepuoikamis napamerpu3oBaHoi MoJeNi Ha E€TaJOHHOMY INpHKIaal IOKa3ajia
po30ixHicTs He Outbine 1%.
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Otpumani  pesynsratd  MCE-monentoBaHHs — JEMOHCTPYIOTH  (Di3WYHO
Y3ro/DKeHy HOBEAIHKY OOOJIOHKHM y 30HI BM’STMHH. BcraHoBieHo, mo Qakruyna
3aJUIIKOBA TJIMOMHA BM SITHHH MOXE CYTTEBO BIJPI3HATUCS Bl IUIHOBOI,
0coOJIMBO 711 BENUKOrabapUTHUX TOHKOCTIHHUX OOOJIOHOK, IO MiITBEPIUKYE
JOLUTbHICTh BUKOpUcTaHH came MCE-po3MmiueHMX AaHMX mijJ 4ac MoOynoBH
CyporaTHOi MOAEI.

Jit chopmoBaHOi BHOIpKM BHMKOHAHO MAIMHHE HABYaHHS 3 METOIO
NPOTHO3YBAaHHS MAaKCHMAJILHOTO EKBIBAJICHTHOTO HANpYXXEHHS Ta aMILNTYAN
HarpykeHb. Halikpaiii pe3yiapTaTh NOKa3ad MOJENi BHIAAKOBOIO Jcy Ta
rayciBChbKOro Ipolecy, NPUYOMY B MiJICYMKYy Hale(EeKTUBHIIIOW BHSBHIACS
MOJIeIb BHIIAKOBOTO Jiicy. sl MPOrHO3yBaHHS MaKCHMaIbHOI'O €KBIBaJEHTHOI'O
HanpyXeHHs oTpuMano RMSE = 12.39 MIla, MAE = 5.40 MIla ta R? = 0.970.
Pazom 3 TuM, JUIs IPOrHO3YBaHHS aMILITY M HalpyXeHb oTpuMano RMSE = 21.00
MIla, MAE = 15.94 MIla ta R? = 0.474, 1m0 € HE AOCTaTHHO TOYHUM, 1 MOTpPeOye
HOKpaleHHs. Mogjens Tuiy OararomapoBoro HepcenTpoHa IMPOAEMOHCTpYyBaia
ICTOTHO TipIIi pe3yJabTaTH, 10 BKa3ye Ha MOTpeOy 3HAYHOTO 30LNBIICHHS 00CATY
BUOIPKHM JUI €)EKTUBHOTO 3aCTOCYBaHHSI HEHPOMEPEKEBOTO i IXOTY.

TakuM 4MHOM, y poOOTi c(hOpPMOBAHO MapaMeTPU30BaHUH OOUHCIIOBAJILHUM
KOHBEEP, MIJArOTOBJICHO BHOIPKY Ta MiITBEPIVKEHO MOXIHMBICTH BHUKOPUCTAHHS
HiIXOMy, OpIEHTOBAaHOrO Ha JaHi, /sl OIEPaTHBHOTO  MPOTHO3yBaHHS
XapaKTEePUCTUK HaNpyXEHO-1e(OpMOBAHOTO CTaHy LMIIHAPUYHUX OOOJIOHOK 3
JIOKILHUMH BM’ITHHAMH.
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APPLICATION OF A DATA-CENTRIC APPROACH TO STRENGTH
ASSESSMENT OF CYLINDRICAL SHELLS WITH DENTS

A parameterized computational workflow for finite-element analysis of cylindrical shells
with local dents is developed for subsequent surrogate modeling. A nonlinear ANSYS APDL
model accounting for elastoplastic material behavior, geometric nonlinearity, and contact
interaction is used to generate a dataset. Based on the obtained data, five machine-learning
models are trained to predict the maximum equivalent stress and the stress amplitude in the
dent zone. The best final results are achieved by the Random Forest model: for maximum
equivalent stress, RMSE = 12.39 MPa, MAE = 5.40 MPa, R*> = 0.970. The results confirm
the feasibility of a data-centric approach for rapid assessment of the stress-strain state of
dented shell structures.
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