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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

Po3po6ka iHHOBALIMHUX KOHCTPYKTUBHO- TEXHOJIOTIYHUX PillleHb 3'€THaHb KOMITO3UTHUX KOHCTPYKIIINI
I M bt YKL

Ha3sBa po6oTH aHIJIilICbKOIO:

Development of innovative structural and technological solutions for joints of composite structures

PedepaT ykpaiHCbKOIO:

P03p0671€HO KOHCTPYKTUBHO-TEXHOJIOTIUHI pillleHHSI BUCOKOHABAHTAXEHNUX METAJIOKOMIIO3UTHUX 3'€JHAHb 32
IOTIOMOTOI0 KPIMMJIbHUX MIKPOEJIEMEHTIB [TOJIOBXXHBOIO Ta MONEPEYHOTO 3B'SI3KY, CUHTE30BAHO METOIVKU
PO3paxyHKy Ha MilIHiCTb Ta IPOEKTYBaHHS, pO3p006JIeHO KOHCTPYKLii 3pa3KiB 3'€JHaHb Ta TEXHOJIOTIUHE
3a0€e31e4eHHs iX BUTOTOBJIEHHS, IPOBEJIEHO BUIIPOOYBaHHS 3pa3KiB Ha MIilJHICTb Ta (OPM IOA0 3aCTOCYBAHHS
3'eJHaHb 3 IIPOIOJIIOCHUMY 3'€JHAHHAMMU. [T0Ka3aHo, 10 32 YMOBHU 30iIbII€HHS TOBIIMHY JeTaJjli 3 KOMIIO3UTY Ha 5-
10% y 30Hi 3aKiHYeHHs CTaTUYHA MillHICTb 3alIpOIIOHOBAHMUX CIIOCOOIB 3'€JHAHHSI 3a6e3Ievye 3HKEHHS!
TPYZOMICTKOCTI 32 PaXyHOK BUKJIIOUEHHS OIlepaliil BUTAryBaHHA. KOHCTPYKTMBHO-TEXHOJIOTIYHI pillleHHS 3'€IHaHb
3a0€3Me4yI0Th 3HIKEHHS TPYLOMICTKOCTI Ta COOGIBapTOCTI 3aBISIKU BUKJIIOUEHHIO ONepallill CBepIJIiHHS OTBOPIB Ta
BCTAHOBJIEHHS TPAAULIVHOIO KPIIJIEHHS, BOJIOLIOTh BUCOKOIO TEXHOJIOTTYHO HAZIMHICTIO 3aBISIKA 3HVDKEHHIO
110sIBU OpaKy, OpraHiyHoO iHTEerpyIOThCs Y TUIIOBI TEXIIPOLIECH BUTOTOBJIEHHSI KOHCTPYKLIiH i3 KOMIIO3UTIB.
Pesyabratu HIP MoXXHa BIPOBagUTHU Y 6ibIIICTh KOHCTPYKLIN ITaHEJIel OOMMBKY Ta €J1EMEHTIB KapKacy JITaJbHUX
araparis, a TaKOX y 6araTboX BUPOOax TPAaHCIIOPTHOTO MAIIMHOOYIyBaHHS, y CIOPTUBHOMY Ta MEIUYHOMY
iHBeHTapi. Yriepie B CBIiTOBI MTPAKTUIIi 3aIIPONIOHOBAHO CIIOCO6OU 3'€JHAHHS AeTaje! i3 MOJiMEPHUX KOMITO3UTIB,
1110 I'PYHTYIOTbCSI Ha 30€peXKEeHHI LiJliCHOCTi BOJIOKOH i 3a6e3I1e4yIoTh e(PeKTUBHUI [1epexif 10 METaleBOro
3'€JHyBaJIbHOTO €JIEMEHTY, 1110, B CBOIO Y€pry, Tae 3MOT'y BUKOPHUCTOBYBATH TPaJuLiiiHi clocoby CKaaHHS JIiTaKiB
Ta ix arperariB. TUIIOBi eJleMEHTU 3alIPOIIOHOBAHUX CIIOCOOIB 3'€JHAHHS MOXKYTb OYTH OCHOBOIO 117151 PO3POOJIEHHS
MIPOKOI HOMEHKJIATYPH CIIELiaJIbHOTO KPIlJIEHHS 1J151 KOHCTPYKIil 3 KOMIIO3UTiB. KOHCTPYKTMBHO-TE€XHOJIOTI4H]
pillleHHs 3'€lHAHb HA OCHOBI MMOB3[IOBXHIX Ta TPAHCBEPCAJIbHUX KPIIIMJIBHUX MIKPOEJIEMEHTIB MOXXHA

BUKOPUCTOBYBATH y TeXHOJIOTisIX VA-RTM Ta RTM 6€3 icTOTHUX 4OONPALIOBAHb.

Pedepar aHIJIiHCBKOIO:

Structural and technological solutions for highly loaded metal-composite joints using fastening microelements of
longitudinal and transverse connection have been developed, methods of strength calculation and design have
been synthesized, designs of joint samples and technological support for their manufacture have been developed,
strength tests of samples and molds have been carried out for the use of joints with pro-pole connections. It is
shown that, provided that the thickness of the composite part is increased by 5-10% in the end zone, the static
strength of the proposed connection methods provides a reduction in labor intensity due to the elimination of
pulling operations. Structural and technological solutions of joints provide reduction of labor intensity and cost
due to the elimination of drilling operations and installation of traditional fasteners, have high technological
reliability due to reduction of defects, and are organically integrated into typical technological processes of
manufacturing structures from composites. The results of the research can be implemented in most designs of
skin panels and aircraft frame elements, as well as in many products of the transport engineering industry, sports
and medical equipment. For the first time in world practice, methods of joining parts made of polymer composites
based on preserving the integrity of fibers and providing an effective transition to a metal connecting element have
been proposed, which, in turn, makes it possible to use traditional methods of assembling aircraft and their
components. Typical elements of the proposed connection methods can be the basis for developing a wide range
of special fasteners for composite structures. Design and technological solutions for connections based on
longitudinal and transverse fasteners can be used in VA-RTM and RTM technologies without significant
modifications.



Impexc YK:620.1, VIIK 621.763-233.3

Koau TemaTHYHHUX PYOPHK: 55.09.43

KepiBHHUKH po6OTH

Bsacue IlpizBuuie Im's I10-0aThKOBI: lllesoBa Mapuna AnatosniiBHa
HayKoBHI CTYIiHb: K.T.H.

Buene 3BaHHSA: nou.

InenTudikarop ORCID ID:

JoparkoBa iHdpopmamnist:



VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Hazsa HTII ykpaiHCBKOIO: MeTon010ris pO3po6IeHHs 3'€lHAHHS KOMIIO3UTHHX €JIEMEHTIB 32 PaXyHOK

METAJIEBUX TPAHCBEPCAJIbHUX MiKpOCJIeMeHTiB

Ha3zpa HTII anri#icbKo¥0: Methodology for the design of composite elements joining due to metal

transversal microelements

HTII, sixy nepen6a4asiocsi CTBOPUTH:

IIpuunnn, yepe3s aki HTII He Gysi0 cTBOpeHO:

OTpHMaHi pe3yJIbTaTH: Bupobu TexHiuHi, MeToau, Teopii

I‘a.nysb 3aCTOCYBAHHSI: aBiallis Ta iHIIMI TPAHCIIOPT, KOMIIO3UTHE BUPOOHULITBO
PeecTpaiifiHuii HOMep KapTKH T€XHOJIOT1i:

Omnuc HTII: [1na poss'szanus 3agavi 6y10 po3po6iero KTP 3'ejHaHb 3 TPaHCBEPCATILHUMU MIiKPOEJIEMEHTAMM.
CyTb crioco0y noJsira€ B TOMY, 0 KPilMjbHI MIKpO€JIEMEHTH Ha METAJIEBUX (DITUHraxX BIPOBAMIKYIOTbCS B
He3aTBePPKEHUI KOMIIO3UT, a OTiM IIPOBOAUTLCS CIiNibHe (POPMYBaHHS AeTari 3 3akiHuiBkowo. KTP 3abesneuye
nepexip 1o metasieBoro QiTUHry 6e3 onepariii MexaHooOpOoOKYU KOMIIO3UTY i 6e3 nepepizaHHs BOJIOKOH, a IIpU
IOCUTDb BEJIMKIl KiJIbKOCTI JKOPCTKUX Ha BUTMH KPINMJIBHUX MIKpOEJIEMEHTIB MOJKHA peaslizyBaTy 3'e€JHaHHS,
6sm3bKe 10 06'eMHOro0. [Ipy IPOEKTYBaHHI 3'€JHAHHS MaTeMaTUYHA MOJIeJIb [1JIs BUBHAUEHHS! HAllpY>KeHO-
IepopMoBaHOro cTany 6a3yeTbcs Ha MeTogi QpisnyHoi guckperusauii. JleTasti, mo 3'eIHYI0ThCS, MOTEJII0I0ThCS
CHACTEMOIO CTPUKHEBUX €JIEMEHTIB €KBiBaJIEeHTHOI >KOPCTKOCTI, 1]0 [IPallOl0Th Ha PO3TITYBaHHS (CTUCHEHHS) i
PO3TallOBaHi B IJIOIMHI [IapajejbHil JIOIMHA CTUKY, a €JIEMEHTH CIIOJIY4HOTO APy MOJEIOIThCS
IVCKPETHUMM 3B'SI3KaMU, 110 MPALOI0Th TUIBKK HA 3CyB. Marepianyu MOJEJIEN €JIEMEHTIB 3'€IHAaHHS
iANOPSIKOBYIOTHCS IPY>KHO-JIiHINHOMY (Pi3nyHOMY 3aKOHY. OCHOBHA PO3paxyHKOBa CxeMa 3'eIHaHHS 6a3yeThCsl
Ha NpUHLMII cuil. KOPEKTHICTh CUIOBUX KPallOBUX YMOB I'DYHTYETbCS HA PO3PaxyHKax JieTasell K €IUHOrO Liijoro
06'ekra. EnemeHTH 3'eIHaHHS 3HaXOIATLCS MiJ, BIVIMBOM CKJIAIHOTO TEPMOMEXAHIYHOTO HaBaHTaKeHHS. 1106
BpaxyBaTU OCOOJIMBOCTI MOBEAiHKA KOMIIO3UTY 6€3 CYyTTEBOTO YCKJIAIHEHHS PO3PaxXyHKOBOI CXEMU
BUKOPUCTOBYETBCSI MOJIEJIIOBAHHS CIIOJIYYHOrO APy, KU MTPaIlloe Ha 3CyB, 3a Mogeio QosbKepceHa s
BM3HAUEHHS MiAJATAMBOCTI. TaKMM YMHOM, OyJI1 OTPUMAaHi TUIIOBi CUCTEMU PO3[IiIbHUX PiBHSIHB 111 PO3PaXyHKY
Ha MILIHICTb i IPOEKTYyBaHHS 3'€JHAHHSI, @ TAKOXK HaBeeHi BCi HeoOXinHI (popMysu 117151 pO3paxyHKy KoeillieHTiB
PO3[iNbHUX PiBHSHD. laHUH NifXi fae 3MOry BUKOPUMCTOBYBATH TPafULiliHi cllocoby cKiafaHHs. Lle mo3Boauts
IOOWTHCDH 3HIDKEHHST MaCH KOHCTPYKLIiN He MeHIIe HixK Ha 20% 1pu 36iblIeHi 3aCTOCYBaHHSI KOMIIO3UTIB Ta
BIIPOBA/I’)KEHHI HOBUX BUCOKOE(EKTUBHUX 3'€JHAHB, 110 3a0€3M1€YUTh 3MEHIIEHHS TPYAOMiCTKOCTI Ha 15-20% Ta

cob6iBapToCTi BUrotToBieHHs Ha 20-25%.

ConiannbHO-eKOHOMIYHA cripsimoBaHicTh HTII: Creopenns npuHumnoBo HOBOI nmpoayKii (Matepiasis,
TEXHOJIOTI! TOIO) AJ1s1 3a0€3MeYeHHs eKCIIOPTHOTO NIOTEHIialy Ta 3aMillleHHI0 iMNopTy, EKOHOMIs eHepropecypcis,
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