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Ha3sBa po6oTH yKpaiHCBHKOIO:

TeopeTuko-eKkcriepuMeHTajbHe OOrPYHTYBaHHSI METOZAa PO3PaxyHKY AONYCTUMUX HAIMIPYKEHb, 110 3a0€CIIeYy0Th

IIPOEKTHUI pecypc KpuJa JiTaka

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Theoretical and experimental justification for a method of calculation of allowable stresses ensuring the aircraft
wing design life

Pedepar yKpaiHCBKOIO:

HaykoBo-pocnigHa po6oTa npucssideHa po3poOlii Ta peasisalii TeOpeTHYHUX METO/IB Ta IPOrPaMHOr0O
3abecredeHHs 1J1s1 PO3PaxyHKy AOIYCTHUX HAIIPY>KEHb Y PEryJIsIPHUX 30HAaX KOHCTPYKLIi Kpuia Jitaka
TPaAHCIIOPTHOI KaTeropii, 10 3a6e3Mne4y0Th IPOEKTHUI PECYPC, 3 YPAXyBaHHIM IIPOQiI0 TUIIOBOTO MOJIbOTY. MeTa
POOOTH OJISATa€ B TEOPETUYHOMY Ta €KCIIEPUMEHTAJIbHOMY OOIPYHTYBAHHI 3aJ1€5KHOCTI JOIyCTHUX HAIIPYXeHb
€JIeMEHTIB KOHCTPYKIii, 1110 3a6ecreyyioTh IPOEKTHUI Pecypc, Bijl HapameTpiB NPo@io TUIIOBOTO MOJbOTY,
XapaKTEPUCTUK TypOYyJIEHTHOCTI aTMOC(hepy Ta BTOMHUX XapaKTE€PUCTUK KOHCTPYKIIMHOTO MaTepiany Ha OCHOBI
IOCTiIKeHb peaklii B3aeMmoii nuHaMivHoi Mogesi jiitaka ta TypoysieHTHOi aTMochepu. O6'€KTOM [OCIIIKEHHS €
PETyJIIpHi 30HM KOHCTPYKILii KPUJIA, SIKi IIPOEKTYIOTHCS HA 3aaHUN PECYPC 3 yPaxXyBaHHIM BUMOT €KOHOMIYHOI
€(EeKTUBHOCTI IIPU JKOPCTKOMY OOMEKEHHI MacH, Ta €KCIUIyaTyIOThCsl B yMOBaX BUIIQAKOBOTO HABAHTaKEHHSI.
[IpegMeTOM MOCIITIKEHHS € TPOLeC HAKOMUYEHHSI BTOMHUX NOIIKOKEHb y PETYJIIPHUX 30HaX KOHCTPYKIIii 3a
TUTIOBU TNOJIT MPY 33JaHUX MACOBO-iHEPLIIOHHUX NTapaMeTpax JiiTaka. [Ipyn po3paxyHKy Halpy>KeHO-
Ie(pOpMOBAHOTO CTaHy 3aCTOCOBAHO METOJ], CKIHU€HUX €JIEMEHTIB, [IONTOBHEHUH aHAIITUYHUMU 3aJ1€5KHOCTSIMU.
AHaJi3 NOMKOIKYIOUNX CUJIOBUX (PAKTOPIiB BUKOHAH iMOBIPHOCTHO-CTaTUYHUM METO/IOM Ha OCHOBI
MaTeMaTU4YHOTO MOZEIOBAHHS JUHAMIUYHOTO IIPOLieCy HaBaHTaKeHHS. OO6po6Ka JaHUX JIbOTHUX peaisaliil
3TMHHUX Ta KPYTUJIbHMX MOMEHTIB BUKOHaHa 3 3acTocyBaHHSM CAIIP. IlepeBipka po3po6ieHHUX METOAUK
PO3pPaxyHKY HOIyCTHUX HaIPY>KE€Hb, JJOBIOBIYHOCTI Ta PECYPCY €JIEMEHTIB KOHCTPYKLi Kprila 3MiiiCHEeHa 3
BUKOPUCTaHHSIM €KCIIEPMMEHTAJbLHUX Ta TEOPETUYHUX METOLiB. HaykoBa HOBU3HA [OCIII)KEHHS MOJIATae y
PO3poOLi HOBOI'O METOY PO3PAaXyHKY NOIYCTHUX HAIIPYXEHb Y PEryJISipHUX 30HAaX KOHCTPYKIIii KpuJja JliTaka, 110
3abecredyioTb IPOEKTHUI pecypc. MeTos BpaxoBye Tpodisib TUIIOBOTO MOJIBOTY JliTaKa, CXeMY aTMOC(EPHO]
TypOYJIEHTHOCTI, XapaKTE€PUCTVKU BUTPUBAJIOCTI MaTepiaiiB. Takox MeToH, 03B0JIsI€ 6€3 IPOBEAEHHS JOIATKOBUAX
€KCIIEPUMEHTAJIbHUX OCIiTKEeHb aHAJITUYHO BUKOHATH YPaxyBaHHS 3MiHU CEPEAHIX HANIPY>KE€Hb Y TUTIOBOMY
II0JIbTi 32 PaXyYHOK BUPOOJIEHHS I1a1Ba, HAbMpPaHHSI-CKUIAHHS BOAU Ta iH. OCHOBU METOLLY MOXYTb OyTU
BMKOPKCTaHI IIiJl 4ac aHaji3y JOIMYyCTHUX HAIIPYKE€Hb [1J151 30H KOHCTPYKTUBHUX HEPETYJSIPHOCTEN Ha eTai
[IPOEKTYyBaHHA JiiTaka. OTprUMaHi 3aJIEXKHOCTI JOIyCTHUX HAMPYKEHb PETYIIPHUX 30H KOHCTPYKLII Bif,
IOTpebyeMOro pecypcy [L03BOJISIIOTh BUKOHATH aHaJli3 Ta CKOperyBaTy napameTpy npodisio TUIIOBOTO MOJIBTY 3

TOYKU 30Py BTOMHOTO ITOMKO/JKEHHS, IO HAKOITNIYETLCA.

Pedepar aHIJIiHCBKOIO:

Research scientific work is dedicated to the development and implementation of theoretical methods and software
for the service life ensuring allowable stresses calculation for airplane wing regular zones taking into account the
typical flight profile. The aim of the work is consist in theoretical and experimental validation of service life
ensuring allowable stresses dependence from typical flight profile parameters, characteristics of turbulence
atmosphere and fatigue characteristics of structural material under the research of reaction of airplane dynamic
model interaction with the turbulence atmosphere. The object of research work is airplane wing regular zones,
which are designed secundum to the specified life with a glance of economical efficient requirements at hard mass
limitations under the exploitation at the random loading. The subject of research work is the process of fatigue
damage cumulative in the regular zones of the structure at specified mass and inertia parameters during the



typical flight. The finite element method, which is supplemented by analytical dependences, is used to find stress-
strain state. Damage force factors analysis is made with help of probabilistic and statistic method that is based on
mathematical modeling of dynamic loading process. Bending and torsion moments flight data processing is made
with help of CAD. The developed methods for calculations of allowable stresses, durability and resource of wing
structure parts are checked using experimental and theoretical methods. The development of new method of
service life ensuring allowable stresses calculation for airplane wing regular zones is the scientific newness of this
research work. Method includes typical flight profile of the plane, scheme of atmosphere turbulence,
characteristics of material endurance. Also method gives the possibility take into account mean stress changing
during the typical flight in conformity with fuel usage, intake and discharging of water analytically without the
supplementary experimental researches. The method foundations could be used at allowable stresses analysis for
the irregular zones on the step of airplane designing. The obtained dependences of allowable stresses for regular
zones from required resource permit to make the analysis and correct the parameters of typical flight profile in
terms of cumulative fatigue damage.
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X. 3aKJIlI0YHi BiTOMOCTI
KepiBHHK I0pHAHYHOI 0COOH

IlepeJtik 0Cci0O-BHKOHABIIiB
I6parimoBa Tamina AxmeniBHa
Boriko Tetsina CepriiBHa
Bakyznenko Cepriit Bonogumuposud
3apyubkuil AHaToJ1ii1 BikTOpoBuY
3onotyxiH 0pint BiraniioBuy
Kyuepssuit DereH Genoposuy
JIunko Bonogumup Ceprinosny
Manpgiok Cepriit ®enoposud
[Topropcekuit Cranicnas HOpilioBuy
[Tinuyk Hiamap OJsiekcaHApPOBUY
PemernikoBa Penata IOcydiBHa
Tumeuskuii Ojier IBAaHOBHUY
TpetbsakoB Osekcin CeprifioBuy
®omnuos Ietpo OnekcaHapOBUY

Yepuux Onekciit OnekciioBuy

BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JJOKYMEHTIB
Tenedpon

PeecTparop

KepiBHuKk Bigginy YKpIHTEI, mpo €

BiZIIOBiZaJIbHUM 32 peecTpallilo HayKOBOIi

OisIIBHOCTI

Kpusuos Bonogumup CraniciaBoBAY




