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5. HaykoBo-TexHi4Ha poooTa

Hasga po6oTH (YKp)

Po3po6ka MeTOiB YMCI0BOrO MOZIEIIOBaHHS HeJIiHIHMX KOJIMBaHb KpUJIa i3 OUIKOI’KEHHSIM OKPEMOTO eJIeMeHTa KOHCTPYKILii

HasBa po6oTH (aHrJ1)

Development of methods for numerical simulation of nonlinear oscillations of the wing with damage in a single structural

element

Pedepar (yxp)

O6'eKTOM JIOCIHIIPKEHHS € (aTTep KpuJa JiTaka Mpu HasIBHOCTI JIOPTIB B MeXaHIuHill NpoBOJLi TOBEPXOHb KepyBaHHS. MeTa
po6oTH: PO3pOOKa YMCJIOBUX METOMIB BU3HAYEHHS 4acTOT Ta (OpPM BUJIBHUX KOJIMBAaHb Ta CTIMKOCTI BUMYIIEHUX KOJIMBAaHb
JIITAaKOBOTO KPUJIA 3 IOMIKOJKEHHSIM OKPEMOTO eJleMeHTa KOHCTPYKLii. [IoTouHi eKOHOMIYHI OOMEXEHHS Ta €KOJIOTiYHi HOpMHU
BHMAaralTbh po3poOKku HarledeKTUBHIMX KoHQirypariil sitaki. CriocTepeskyBaHa TE€HJEHIIisl KOHCTPYKLii JIiTakiB 31 3HUKEHHS
OTIOPY, BUKJIMKAHOTO IiIIOMHOIO CMJIOIO, i HAaBiTh 3HIKEHHS BUTPATU NaluBa i BUKHU/IB MOJISAra€ y 30i/bIIE€HH] OAOBXEHHS
kpuna. OgHaK TOHKE KPWJIO THYyYKille i CXWIbHE IO BHIMX BiIXWJE€Hb B TUX JX€ yMOBaxX ekcruryarauii. lleil edext moxe
MIPU3BECTH JI0 3MiH JMHAaMI4YHOI MIOBEiHKM Ta aepOMNPYyKHOI peakuii, o MOTEHIiITHO MOXXe MPU3BECTHU JI0 HecTabiabHOCTI. Tomy
BOKJIMBO BPaxOBYBAaTH T€OMETPUYHI HEJIHIMHOCTI NMpPU MPOEKTYBAaHHI KPUJ 3 BEJMKUM IOJNOBXKEHHSIM, a TaKOXK MaTy TOYHI
PO3paxyHKOBi IPOrpamu, IIO 3B'3YIOTb A€POIVMHAMIYHI Ta KOHCTPYKTMBHI MOZEJi 3a HasBHOCTI HEJHIMHOCTI. YMKOIXEHHS
OKPEMHX €JIEeMEHTiB KOHCTPYKIil MOXXYTb OYTH Taki, SIKUX MOKHA YHUKHYTU 32 JOTPUMAaHHS IPaBUJI eKCIUTyaTalii Ta HeMUHYyYi.
[lepmi - BTOMHI TpilyMHM, KOPO3is, MOJIOMKU Bill BUMNAIKOBUX BIUIMBIB. OCTaHHI 1j€¢ - 3HOC WAPHIPHUX 3'€NHaHb BHACJIIOK
TpUBAJIOl eKCIUTyaTalil. BiH npusBoguTh [0 36i/bIIEHHS I0YATKOBUX JIOPTIB KEPYIOUNX IIOBEPXOHb KpUJIa Ta ONEPEHHS 10 TaKUX
pO3MipiB, fKi MOXYTb CIIDOBOKYBAaTM 3MiHy a€pONPYKHMX XapakTepUCTUK Jiitaka. Cyd4aCHUMI TEOpPETUYHUN Ta
€KCIIEpUMEHTAJIbHUI  aHali3 JIoQTiB BigKprBae 6€3/i4 HOBUX JOCJH[KEHb a€pONpPYKHOCTi. Xoda BBaXKAa€TbCS, MO
dyHIaMeHTanbHA MPOGJIEMAa 3pO3yMisnia Ta iCHYIOTH JIOKaJbHIi MiAXOOW IO MOZEIOBAHHS, NOCJIIKEHHS JIOQTiB NPOAOBXKYIOTh
JaBaTy Pi3Hi IPOrHO3M aeponpyroi AMHAMIYHOI MOBEAIHKM Ta MEX LbOro Ipouecy. Y 3BiTi IpefCcTaBiIeHUil Orjifj, Cy4acHOTro
CTaHy HEJIiHIHOI aepoNpyXHOCTI KpUJ BEJIMKOTO MOJNOBXEHHS 3 JIO(PTOM IOBEPXOHb, IO YIPaBisIOTh. [IpencraBieHi

MeTOJlO]IOFﬁ, 10 BUKOPHCTOBYIOTBCA [JIA aHaﬂisy KpuJI 3 BEJIMKUM IIOJOBXEHHSAM, Ta O6FOBOpIOIOTbC$[ ix 3aCTOCYBaHHS.
Pedepar (aHrI)

The object of study is the flutter of an aircraft wing in the presence of free play in the mechanical wiring of control surfaces.
Purpose of the work: development of numerical methods for determining the frequencies and shapes of free vibrations and the
stability of forced vibrations of an aircraft wing with damage to a separate structural element. Current economic constraints and
environmental regulations require the development of more efficient aircraft configurations. An observed trend in aircraft
design to reduce lift-induced drag and reduce fuel consumption and emissions is to increase wing aspect ratio. However, a thin
wing is more flexible and subject to higher deflections under the same operating conditions. This effect can lead to changes in
dynamic behavior and aeroelastic response, potentially leading to instability. Therefore, it is important to take into account
geometric nonlinearities when designing high aspect ratio wings, as well as to have accurate calculation programs that link
aerodynamic and structural models in the presence of nonlinearities. Damage to individual structural elements may be such that
can be avoided if operating rules are followed, or inevitable. The first are fatigue cracks, corrosion, and breakdowns from
accidental impacts. The latter is wear of the hinge joints as a result of long-term use. It leads to an increase in the initial free play
of the control surfaces of the wing and tail to such sizes that can provoke a change in the aeroelastic characteristics of the
aircraft. Due to the importance of solving the problem of free play in airfoil control wiring, many studies have now emerged to
develop more advanced and accurate analytical models. Modern theoretical and experimental analysis of free play opens up



many new studies of aeroelasticity. Although the fundamental problem is believed to be understood and local modeling
approaches exist, backlash studies continue to provide varying predictions of aeroelastic dynamic behavi
Ingerc YIK: 658.512.011.56:004.42, 539.3:534.1, 533.6.013.42 , 533.69.013.42

Kozau temarnunux pyopuk HTI: 50.51.15, 30.19.21, 30.51.39
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HasBa npoaykuii (ykp): BucHOBKY NTpo MoJesti Ta METOY OCiIkKeHHs daTTepa KPUJil BeJIMKOro MOJOBKEHHS 3 JTI0(QTOM

KEpYI04HX IIOBEPXOHb.
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play of control surfaces.
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Onuc npozykuii (ykp): 17151 gociifkeHHs BIIKMBY 0(TiB HA (1aTTep AOLIbHA CTPYKTypHA MOZEJb 3 TPbOMA CTYMEHSIMU
CcBO6OIU SIK MiHIMYM. Lle BUTMH Yy BepTHKaJbHIl IJIOMMHI, 06epTaHHs y HAIIPSIMKY TaHTraxy Ta JIIoPT Kepyrouoi noBepxHi. Jis
6inbLI TOYHOTO pillIEeHHS] MOKE 3HaLOOUTHUCS BPaxyBaHHsI JOJATKOBUX JaHUX IIPO CTPYKTYPY Ta HAaBaHTAKEHHSI: 3MiHA )KOPCTKOCTI
JIOHKEPOHIB Y3[I0BXK PO3Maxy, 3BY>KEHHS KPUJIa, BILIMB IiJIBiCOK ABUTYHIB, PO3IIO/iJI 30BHIIIHIX BIUIMBIB. 3alIPOIIOHOBAHO
CTBOPUTHU METOIUKY JIOKIaIHOTO MOJIAJIbHOTO aHali3y KpHil 3 TI0PpTaMU OBEPXOHb KEPYBaHHS, AOCHiguTH 6idpypkauii Ta
rpaHNYHI IMKJIM BUMYLIEHUX KOJIMBaHb. [Ipy 1[bOMY AOLNBHO BUNIPOOYBATU Pi3Hi PyHKLIl aripokcumalii odTty Ta MeTonu

PO3B'sI3aHHS cUCTeM AndepeHIiabHUX PiBHSIHb.

ComianbHO-eKoOHOMIYHa cupsimoBaHicTs HTII: EkoHOMist eHepropecypcis, EkoHOMist MaTepiaziB, 3MeHIIeHHs 3HOCY 00JIalHaHHS
Crapgis 3aBepmenocti HTII: 3sit no HIIJKP

Bruposagskenns HTII: He BnposamkeHo

Crpoku BrnpoBagaskeHHs: 01.202312.2023

Bupo6HuK npoaykuii: HarioHanpHUI aepoKOCMiYHUM yHiBepcUTET iM. M. €. JKykoBchKoro "XapKiBCbKUH aBiallitHUH iHCTUTYT"
Cro>kuBayi NpogyKuii:

IlepcrieKTHBHI pUHKH:

IIpaBa iHTeseKTyasIbHOI BJIacHOCTI: B Ykpaini

®opmu Ta ymoBH nepegaui npogykuii: CriinieHi HIJIKP
7. Biosriorpagiunuii onuc

8. 3BiTHa JOKyMeHTaIis

KisnpKicTh cTOpiHOK B 3BiTi: 36

Moga 3BiTy: YKpaiHCbKa

YmoBHu nommupeHHs B YKpaiHi: He 3a6oponeHo
YMoBH nepepavi iHmuM KpaiHam: He 3a60poHeHO

KinpkicTs ¢aiisiB y 3BiTi: 1
9. 3aKJII0YHI BiTOMOCTI

IlepeJiik 0Ci6O-BHKOHABIIiB

Crapopy6 Onekcint B'sqyecnaBoBud



®dininkoscbkuii Cepriii BosoguMupoBuy (1. T. H., CTApIIMI HAyKOBUI CIiBPOGITHUK)

KepiBHuK opranisamii:
Heuunopyk Mukosia BacuinboBruy
KepiBHHKHU PO6OTH:

®ininkoBcwkuit Cepriit Bomogumuposyd (g. T. H., C.H.C.)

KepiBHuK Bizainy peectpanii HayKoBoi gisibpHOCTI

IOpuenko T.A.
YKpIHTEI




