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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

Po3pobka KOMIIO3UTHUX aBiallilHUX CMApPT-KOHCTPYKLM.

Ha3sBa po6oTH aHIJIilICbKOIO:

The development of composite aviation smart-structures

PedepaT ykpaiHCbKOIO:

O6’eKT mOCIIKEHHS — KOMITO3ULilHI 00INBKY aBialliitHMX KOHCTPYKIiH 3 ClelialbBHUMU BJIACTUBOCTIMU. MeTa
POOOTH — CTBOPEHHS KOMIIO3UTHUX CMapT-O0LIMBOK /1715 aBiallilHUX KOHCTPYKLii, 0 MaloTh QyHKIiOHAIbHI
BJIACTMBOCTI IpY 36€piraHHi ix KOHCTPYKTUBHUX BJacTUBOCTEMN. JlOCiI>KeHHs IOis17I0Ch Ha TPU OCHOBHI €TaIlu.
Ha eramni npoeKTyBaHHSI KOMIIO3UTHOI KOHCTPYKLii BUPillyBaJIMCh OCHOB-Hi IPOOJIEMH, & CAMe: 3aXUCT Bif|, epoaii,
o6Mep3aHH4, yIapiB 6JIMCKAaBKU Ta Bif MONAaHHS NTaxXiB; MOHITOPMHT HalPyKe€HO-1e(pOPMOBAHOTO CTaHy Ta
iHTerpa-1is MeTajieBuX mapiB [AJ1s1 361IbIIeHHS] MIITHOCTI Ta MiIBUIIEHHS TEIJI0- 1 eJIeK-TPOonpoBigHOCTi. Kpim
TOTO, IIOEHAHHS €JIEMEHTIB KOHCTPYKIii AOLIJIbHO BU-KOHYBATU IriOpUAHUM 3'€JHAaHHSIM, HA OCHOBI MeTajIeBUX
wWTUPTIB, BOYLOBAaHUX Y MOAN(IKOBAHY €JIEKTPONPOBiIHY MaTPULII0. AHAIITUYHI PO3PaxyHKH, Ta pO-3p0O0JIeHH]
MaTeMaTW4Hi IPOrpaMHi MPOJLYKTHU NEPEBIPINCh METOLOM CKiH-4eHHUX esleMeHTiB (MCE). TexHosoriYHMil eTan
OyJ10 HaIpaBJIeHO HAa PO3POOKY TEXIIPOLIECY BUTO-TOBJIEHHSI CMAapPT-KOHCTPYKIii 3 TO€JHAHHSM BCixX LIapiB
KOMIIO3UTY Ta iHTerpa-1jielo 1aTYMKiB MOHITOPMHIY Ta METAJIEBUX MIAPiB TAKMM YMHOM, 1100 HE BifOy-Jocs
BiIXMJIEHHS Bif] 3a1aHUX KYTiB apDMyBaHHS. A TaKOX Ha IAHOMY €Talli BLOCKOHAJIIOBAJINCh METOOV
€JIEKTPOIIPOBIIHOCTI KOMIIO3UTY, 11100 IIPOBiAHMI ap HaObyB 6a>KaHi MUTOMI XapaKTepPUCTUKY €JIeKTPUYHOTO
OIIOPY, T HE 3ME-HIIVB MEXaHIYHi XapaKTE€PUCTUKU IIPU BIIPOBAIKEHHI B KOMITO3UTHY CTPYKTY-PYy. TexHoJIOriyHe
ONpOOYBaHHS PI3HOMAHITHUX NapaMeTpiB riOpuAHOro 3'eAHAHHS JAI0 MOKJIUBICTb 3DOOUTU MPAKTUYHI
peKoMeHpanii 7o Buy MeTa-JieBoi YaCTUHY 3'€IHaHHS, 0COBINBOCTEN BCTAHOBJIEHHS Y KOMIIO3UT Ta METO-IUKHU
BUT'OTOBJIEHHS Ta HAaHECEHHS MOAM(IKOBAHOIO CIIOJIYYHOr0. 3aKJII0YHUI eTall IPOeKTy lependadas
€KCIIEPMMEHTAJIbHI MEeXaHiuHi Ta TenoeJeKTPUYHI BUIPOOyBaHHS 3pa3KiB MaTepiasliB, OKPEMUX YACTHH Ta LIiJIO]
KOHCTPYKIii, ampo6allilo TeEOPETUYHUX PO3PAXYHKIB Ta y3arajbHEHHS pe3yJb-TaTiB i BUBHAYEHHS 10JaJIbUIOr0

IIJIaHY [OCJIIPKEHb B po3po01ii CMapT KOHCTPYKIIiii 3 KOMIIO3ULITHMX MaTepiaiB.

Pedepar aHr1ilicbKOIO:

The object of research is composite cladding of aircraft structures with special properties. The purpose of the
work is to create composite smart casings for aircraft structures that have functional properties while maintaining
their design properties. The study was divided into three main stages. At the design stage of the composite
structure, the main problems were solved, namely: protection against erosion, icing, lightning strikes and birds;
stress-strain monitoring and integration of metal layers to increase strength and increase thermal and electrical
conductivity. In addition, the combination of structural elements should be performed with a hybrid connection,
based on metal pins embedded in a modified conductive matrix. Analytical calculations and development of
mathematical software products were verified by the finite element method. The technological stage was aimed at
developing a technical process for manufacturing a smart structure with a combination of all composite layers and
the integration of monitoring sensors and metal layers so that there is no deviation from the specified angles of
reinforcement. Also, at this stage, the electrical conductivity methods of the composite were improved so that the
conductive layer acquired the desired specific characteristics of electrical resistance, and did not reduce the
mechanical characteristics when introduced into the composite structure. Technological testing of various
parameters of the hybrid joint made it possible to make practical recommendations for the type of metal-left part
of the joint, the features of installation in the composite and methods of manufacturing and applying a modified
binder. The final stage of the project included experimental mechanical and thermoelectric tests of samples of
materials, individual parts and the whole structure, testing of theoretical calculations and generalization of results



and determination of further research plan in the development of smart structures fro
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zsa HTII yKpaiHCBKOIO: MeTOAMKA IPOEKTYBAHHS KOMIIO3UTHOI OGIIVMBKY 32 MEXaHIYHUMHY Ta

TeroQi3sMYHMMU ITOKa3HUKAMU Y 3aJIEXKHOCTI BiJl eKCIITyaTaliliHOro cepefoBuIa

Ha3zpa HTII aHri#icbKo¥0: method of designing a composite skin on mechanical and thermophysical

parameters depending on the operating environment

HTII, sixy nepen6a4asiocsi CTBOPUTH:

IIpuunnn, yepe3s aki HTII He Gysi0 cTBOpeHO:

OTpHMaHi pe3yJIbTaTH: Bupobu texHiyHi, Texnosorii, Metoau, Teopii, [Iporpamui npogykru
l'asy3p 3aCTOCYBaHHS: aBiallis Ta iHIINIT TPAHCTIOPT

PeecTpaiifiHuii HOMep KapTKH T€XHOJIOT1i:

Onuc HTII: 3anpornoHOBaHO MifXil, TOB'13aHMI 3 BUKOPUCTAHHSIM METOAy CKiHueHux enemeHTiB (MCE) nys
[IPOTrHO3yBaHH: (i3MYHUX BIACTUBOCTEN N10JIIMEPHUX KOMIIO3ULIMHUX MaTepiajliB Bpax0oBYyl04M 6yI0BY TKAHUHHU.
JaHwnii nipxin nossrae y pimmeHHi HU3KW MOZEJIbHUX 3314 17151 IPEJCTAaBHULIBKOTO 00'€éMY KOMITO3UTY 3
BM3HAUYEHHSIM BJIACTMBOCTE! Y OCHOBHUX HanpsiMKax. [Ipy o6y 0Bi TPMBUMIPHUX MOJiesieil TKAHUH, HUTKU
MOJIEJIIOBAJIACA SIK OGHOPiAHI cyuinpHi Tisa. [Ipy BU3HaY€HHi po3MipiB IEPETUHY HUTKU BPAaXOBYBAJIOCH JIOKAJILHUN
BMICT BOJIOKOH B 06J1aCTi TOTOBOTO KOMIIO3UTY. [1/1011a IONnepevyHoro nepepisy BOJIOKOH pO3paxoByBalacs
BUXOJSYM 3 IIPUMHSTOTO JIOKAJIBHOTO 00'€MHOT0 3MICTY, JIiHINHO] MiTbHOCTI HUTKY i 06'€MHOI 1IiJIbHOCT] BOJIOKHA
B3SITUX 3 IaCMIOPTHUX JaHUX. [lJ1s1 061Ky sIBUIIA 3CYBY BOJIOKOH 0YJIO 3MOJI€JIbOBAHO Ipolec feopmaliii TKaHnHU
Iif, Oi€lo BaKyyMHOIO TUCKY 3a gonomoroo MCE. HUTku nipy jboMy MOJZIEIIOBAJIMCS SIK YMOBHO OJHOPIZHI Tijla 3
MO3/I0BXXHIM MOJIyJIEM IIPY>KHOCTI PIBHUM MOJIYJIIO IIPYKHOCTi BOJIOKOH, TOMHOKEHOMY Ha JIOKaJIbHE 00'€MHUI
BMICT, a IIoIIepevHi MOyl MPYKHOCTI Ta MOLyJli IPY>KHOCTI Ha 3CYB IpUIMancs 6JIM3bKUMU 10 Hyssl. OTpUMaHa B
pe3yJbTaTi MOZEeI0BaHHS Je(opMOBaHa CiTKa KiHIIeBUX €JIEMEHTIiB OyJia imnoprosaHa B CAD-cucremy nist
CTBOPEHHS MOJEJI NPEACTaBHULLKOIO €JIEMEHTA MaTepiaiy, 10 BUKOPUCTOBYETLCA B IIOAAJBIIOMY [IJIs
IIPOTHO3YBaHHS MUTOMOI €JIEKTPUYHOTO ONOPY. 3aBIaHHs MPOrHO3yBaHHS MUTOMO] €JIEKTPUYHOTO OTIOPY
BUpilllyBasiacs 3 BUKOPUCTaHHSIM cucteMu Abaqus. Tun ananizy Coupled thermal-electric. Marpuus npuiimanacst
i30TpONHUM MaTepiasoM 3 MUTOMOIO €JIEKTPONpPOoBiAHicTIo 0 = 10-12 CMm / M. 3B'I30K €JIEMEHTIB 3[1ilICHIOBABCS 3
CIIOJIyYHVMH IIOBEPXHSIMU 3 BUKOPUCTAHHSIM €JIEKTPUYHOTO KOHTAKTY. [isl 106yI0BY CiTKM BUKOPHCTOBYBAJIUCS
TPUKYTHI €JIeMEeHTHU 3 JIiHIiHOI0 anpokcumalieto. HeobxigHui po3mip esieMeHTa BU3HAYaBCs LJISIXOM OLIiHKU

30DKHOCTI pe3yJIbTaTiB 3 OMyCTUMOIO TOXHOKOIO0 1%.

ConiannbHO-eKOHOMIYHA cripsimoBaHicTh HTII: Creopenns npunuunoBo HOBOI mpoyKIiii (MaTepiasis,
TEXHOJIOTI} TOIIO) 1J1s1 3a6e3MeYeHHs eKCIIOPTHOrO NOTEeHIialy Ta 3aMillleHHIo iMnopTy, EKOHOMisl eHepropecypcis,

ExoHoMisl MaTepianiB, 3MeHIIeHHs 3HOCY 00J1aJHaHHS
Bnyins HTII Ha moBKiJjs:
BnpoBagskeHHs HTII: Briposamkeno
ITpakTuyHa peasnizanis HTTI

IToyaToK eTamy:

3aKkiHYeHHs eTamy:
Crno>kuBavi NPOAYKILii:
IlepcneKTHBHI PHHKHU:

XapakTep CriBpOGIiTHHIITBA 3 iHBECTOPOM



IToTpiOHUI 00CAT iHBECTHILiH, THC. TPH.:

IIpaBa, 0 HaJAI0ThCS iHBECTOPY MiCJIsA 3aBEPIIEHHSI POOOTH:
HasaBHicTb 0i3Hec-1JIaHY:

TexHiKO-eKOHOMiYHe OOrpyHTYBaHHSI:

IloTeH1iaIbHUI 0OCST IIPOJASKY, THC. TPH..

OuikyBaHHI TepMiH OKYIHOCTi (pPOKiB):

JoapaTtkoBa iHdpopmamist:
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