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Ha3sBa po60oTH aHIJIiHCBHKOIO:

Methodology for the forecast of the multisite fatigue damage of the transport category airplanes structures.

Pedepar yKpaiHCBKOIO:

OG6’eKT DOCiIKEHHS — BTOMHE [TOIIKOIKEHHSI KOHCTPYKTMBHUX €JIEMEHTIB JIiTaKiB 3 MHOKMHHUMU
KOHLIEHTPaTOpaMU HaIpyXeHHS — OTBOpPaMHU IIif 3akjenkyu. MeTa JoCiIKeHHs - po3po0Ka MeTO0JIOTii
[IPOTHO3YBAaHHSI BTOMHOTO PYMHYBaHHS IOBITPSIHUX CYZEH 3 6araTo0CepeIKOBUM IOIIKOPKEHHSIM Ha OCHOBI
TEOPETUYHUX i EKCIIEPUMEHTAJIBHUX METO/IB NOCIiIPKEHHSI BTOMHOTO PyMHYBaHHS. METOLU IOCIIIIPKEHHS —
€KCIIEPUMEHTAJIbHI JOCIII)KEHHSI BTOMHOTO PYMHYBaHHS 3Pa3KiB 3 MHOKMHHUMY KOHIIEHTPATOPaMU; METOON
MaTeMaTU4HOI CTaTUCTUKU i Teopii IMOBIpHOCTi. PO3p06s1eHO METOI0JIOTiI0 TPOTHO3yBaHHS TPAHUYHOTO CTaHy
aBialliiiHUX KOHCTPYKIiil 3 3aKJICTIKOBUMU 3'€JHAHHSIMU 3 BPaXyBaHHSIM CTaTUCTUYHUX XapaKT€PUCTUK
6aratoocepe1KOBOi MOMKOPKYBAHOCT] — BUNAJKOBOTO PO3TAIyBAaHHS PO3CISIHMX B3IOBX 3'€JHAHHSI BTOMHUX
TPIlIMH, CTATUCTUYHOTO PO3MOLiNy iX pO3MipHUX ITOKA3HUKIB, BUMIAJIKOBOI IPUPOIH iX YTBOPEHHS i pOCTY.
Mertomosoris BKiII04ae HOBi TEOPETUYHI MOZI€JIi BTOMHOT'O PYHHYBAaHHS aBialliiHUX KOHCTPYKLiN IpU
6aratoocepeiIKOBOMY IOIIKOAXKEHI, METOJM YMCEJIbHOTO Ta 1aBOPAaTOPHOTO €KCIIEPUMEHTY, METOIU
IHCTPYMEHTAJIbHOTO KOHTPOJII0 BTOMHOTI'O MTOMIKOKEHHS. Y HOBill TEOPETUYHIN MOZEli iMOBIpHICHOTO
IIPOTrHO3yBaHHSI 3aJIMIIKOBOI MilIHOCTI Ta pecypcy aBialliiiHMX KOHCTPYKLil 3 6araToocepeiKOBOI0
MIOLIKOKYBAHICTIO Ha BiAMIHY Bif] iCHYIOUMX MOJEJIEN TAKOTO TUIlY BPAaXOBAHO HEOOHOPITHICTh JOBXVUHHY TPIlIKH.
ImiTanifina Mozesnb 6araToocepenKoBOi MOMKOAKYBAHOCTI 3aKJIETIKOBUX 3'€JHAHb (DI03eJISIKY JIiTaKiB, 106ymoBaHa
Ha OCHOBI MeToy MoHTe-Kapsio, 103B0JIsIE IPOBOAUTH YMCEJIbHUM €KCIIEPUMEHT 3 GisIblll IOBHUM BpaxyBaHHSIM
CTaTUCTUYHUX XapaKTePUCTUK NIPOLECIB YTBOPEHHS Ta POCTYy BTOMHUX TPiluH. Pob6oTa BripoBampkeHa B JII1
«AHTOHOB». VHiBepcasbHiCTb HOBOi METOMOJIOTI] 3a0€31€4YUTD ii BUKOPUCTAHHS SIK B YKPAIHCBKIl, TaK i CBiTOBIl
aBialliiHil ramyssax. Pe3ysbTaty NIPpOEKTY PO3MMUPSIIOTh OCBiTHI IPOTPaMM [J1S1 HABYaHHS CTYZAEHTIB 3a

CreniaJbHOCTSIMY «ABiallillHa Ta PaKETHO-KOCMiuHa TexHiKa» Ta «O6CIyroByBaHHS IOBITPSIHUX CYJI€H.

Pedepar aHIJIiHCBKOIO:

The object of the research is fatigue damage of aircraft structural components with multiple stress concentrators
- holes for the rivets. The aim of the research is development of the methodology for the fatigue fracture
prediction of aircraft with multisite damage on the base of theoretical and experimental methods of the fatigue
fracture researches. Methods of the research are experimental study of fatigue fracture of the specimens with
multiple stress concentrators, methods of the mathematical statistics and probability theory. The methodology for
the prediction of the critical state of aircraft structures with riveted joints has been created. The methodology is
based on the statistical characteristics of multisite damage, random location of fatigue cracks along the line of
their coalescence, statistical distribution of their dimensions, random nature of their nucleation and growth.
Methodology includes new theoretical models of aircraft fatigue fracture under the multisite damage, methods for
the numerical and laboratory experiments, methods for the instrumental assessment of the fatigue damage. The
new theoretical model of the probabilistic prognosis of residual strength and service life for aircraft with multisite
damage differs from existing model of this ensy by the accounting non uniformity of cracks length. The simulated
model of the multisite damage of aircraft fuselage riveted joints is formed on the base of the Monte Carlo method.
It allows for the performing numerical experiment with more complete accounting statistical characteristics of the
process of fatigue cracks nucleation and propagation. The presented work is implemented in the State Enterprise
«ANTONOV». Universality of the new methodology provides its application both in Ukrainian and world aviation



fields. Results of the project extend educational programs for students on the specialties “Aviation and Space -
Rockets technology” and «Aviation transport».
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Omnuc HTII: Pesysnbratom po6oTH € METO/OJIOTIS TTONIEPEPKEHHS BTOMHOTO PYHHYBAHHS JITAKIB LIISIXOM
[IPOTHO3YBAaHHS TPAHWYHOTO CTaHy KOHCTPYKLi, 10 J03BOJIsIE OOIPYHTOBYBAaTH ONTUMAJIbHY I€PIOJNYHICTD
KOHTPOJIIO iX TEXHIYHOTO CTaHy i 3a1o6irty pyiHyBaHHIO IPA MAaKCUMaJIbHOMY BUKOPUCTaHHI PECYPCHUX
MOJKJIMBOCTEH. Y HOBIill TEOPETUYHIN MOJIEJI iIMOBIpHICHOTO IPOTHO3YBaHHS 3aJIMIIKOBOI MIIJHOCTI Ta pecypcy
aBialliflHUX KOHCTPYKIIiii 3 6araToocepeaKoBoIo MOMKOIKYBaHICTIO Ha BiIMiHY BiJ] iCHYI0UMX MOJ€Jieil TAKOTrO TUILY
BPaxOBaHO HEOJHOPIAHICTh AOBXUHY TPilMH. IMiTallilfiHa MOZIEb 6araTOOCEPEIKOBOI MOMIKOAKYBAHOCTI
3aKJIENIKOBUX 3'€IHAHb (PIO3eJISDKY JIiTakiB, H0OyJ0BaHa Ha OCHOBI MeTony MoHTe-Kapsio, Ha BigMiHy Bif, icHy104nx
MoJeJsiel TaKOro TUILY [103BOJIsI€ IPOBOAUTU YMCEJIbHUI €KCIIEPUMEHT 3 Gi/Iblll TOBHUM BpaxXyBaHHIM
CTaTUCTUYHUX XapaKTEPUCTUK NIPOLECIB YTBOPEHHS Ta POCTYy BTOMHUX TPiluH. HoBa cTaTuCcTUYHA MOJIEJb
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