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2. Improvement of the cold spraying technology of coatings deposition on titanium alloy parts

Pedepar/aHoTanis:

1. lncepTaniio NpruCBIYEHO BUPIIIEHHIO BaXKIMBOIO HAYKOBO-TEXHIYHOIO 3aBIAaHHA 3 IIOLOBXEHHS PECYPCHUX
[IOKa3HUKIB JleTasiel aBiallilHUX IBUT'YHIB 3 TUTAHOBUX CILJIaBiB HA OCHOBI HAYKOBO-OOI'PYHTOBAaHUX PEKOMEHAIIil 3
HAaHECEHHS 3aXMCHUX i BiIHOBJIIOBAJIbHUX OKPUTTIB XOJIOAHUM ra30JMHaMiYHUM HanuioBaHHIM (XT'H).
BigcyTHiCTh JOCTATHBOI TEOPETUYHOI Ta €KCIIEPUMEHTAIBHOI 06331 010 IPU3HAYEHHS TEXHOJIOTIYHUX PEKUAMIB
HaHECEHHS [TOKPUTTIB 3 YPaxXyBaHHSIM XapaKTEPUCTHK MaTepiasliB OPOIIKY Ta OCHOBH [JIs1 HAIIMJIIOBAHHS €
aKTyaJIbHUM 3aBJaHHAM (Pi3sMKO-TE€XHIYHOro 06po6sieHHs. HaykoBa HOBU3HA OTPUMAHUX PE3YJIbTATIB I0JISrae B
TaKOMYy: - yIieplie OTPMMAaHO 3aKOHOMIPHOCTi TeMIIEPATyPHO-MIBUAKICHUX XapaKTEPUCTUK YaCTHHOK HiKeJIEBOrO
[IOPOIIKY B KaHAJIi COTLJIa, BUKOHAHOTO 32 €XEKTOPHOI0 cxemo10, iJ1st XI'H 3 po6ounm trckom 1o 1,0 MI1a, Bix

TeMIIepaTypH IOBITPs Ha BXO[Ii B COILJIO Ta AiaMeTpPy YaCTHUHOK, 110 JO3BOJIMJIO OOpaTH ONTHMaJIbHI TeMIIepaTypHU



PEKUM HaMWJIIOBAaHHS Ta po3Mip ¢Qpakiiii MopoIKy 3a KpUTEpieM MakCUMaIbHOI IIBUIKOCTI YaCTUHKY Ha BUXOi 3
COILJIa; - yIeplle TEOPETUYHO OO PYHTOBAHO Ta €KCIIEPUMEHTAJIbHO JOBEIEHO MOXKJIUBICTh BUKOPHUCTAHHS
KOMITIO3ULiliHOi TOPOIIKOBOI CyMillli HA OCHOBI HIiKeJII0 3 OAaBaHHSIM OKCUy aJIIOMiHII0 17151 GOPMYyBaHHS 3aXUCHUX
i BiIIHOBJIIOBAJIbHMX IIOKPUTTIB HA AETAJISIX 3 TATAHOBUX CIUIABiB XOJIOAHUM ra30MMHAaMiYHUM HAIMMJIIOBAHHSM 3
po6ounm THCKOM NoBiTps 1o 1,0 MIla, 3acTocyBaHHS SKOi NigBUILy€e PeCypC JeTaseil Mpy iX BilHOBIIOBaJIbHOMY
PEMOHTI; - ynepiue Ha 6a3i eKCIIepUMEHTAIbHUX JJaHUX OJeP>KaHO 3aKOHOMipHOCTI BIIUBY peskumis XI'H 3
pobounm THCKOM MoBiTps fo 1,0 MIla (Temneparypa NoBiTpsl, BUTPaTa OPOLIKY, AUCTAHIisl HAIIMJIIOBAHHS) Ha
XapaKTePUCTUKU TOKPUTTIB (afresifiHa MilJHICTb, MIKPOTBEPAICTb, MiIKDOCTPYKTYPA, KOE(illieHT BUKOPUCTAHHS
MIOPOIIKY), HAHECEHI Ha TUTaHOBI ciiaBu. OTPUMAaHi eMIIPUYHI 3a71€KHOCTI ONUCYIOTHCA MTOJIIHOMOM JIPYyTrOTO
NOPSIAKY i JAI0Th 3MOTY IIPOTHO3YBaTH are3iliHy MilJHICTb IOKPUTTIB i KoeillieHT BUKOPHCTaHHS IOPOIIKY Ha
TUTAHOBUX CIIJIABaX 3 KOMIIO3ULiTHMX IOPOIIKOBUX cymimen. [IpakTUYHa LiHHICTb JUCEePTaLifHOI pOOOTH MOJISITae
y TOMY, 110 aBTOPOM OJI€P>KaHO HOBi HAYKOBO-OOI'PYHTOBaHI pe3yJIbTaTH, Ki € OCHOBOIO PO3POOJIEHHS
TEXHOJIOTIYHUX IPOLECIB MTOJOBXKEHHS pecypcy poboTu JeTaseil apialiliHoi TeXHiKY 3 TUTAHOBUX CIIJIaBiB, Ta
IO3BOJISIIOTh Ha €Talli iX peMOHTY 31 ICHUTH BUOIp palLlioHaJIbHUX PEKUMIB HAallUIIOBAaHHS BiIHOBJIIOBAJIbHUX

IIOKPUTTIB 17151 3a6€e3MeYeHHs 3aJJaHuX iX BJIaCTUBOCTEN NpY MiHiMasbHil cO6iBapTOCTi oiepKaHHSL.

2. The dissertation is devoted to solving an important scientific and technical problem of extending the service life
of titanium alloy components used in aircraft engines. This is achieved through scientifically substantiated
recommendations for applying protective and restorative coatings using cold gas dynamic spraying. The lack of
sufficient theoretical and experimental foundation for determining the coating process parameters is a critical
issue in physical and technical surface treatment. Scientific novelty of the obtained results includes the following: ¢
For the first time, the relationships governing the temperature and velocity characteristics of nickel powder
particles in the nozzle channel with an ejector-type configuration for low-pressure cold gas spraying (operating
pressure up to 1.0 MPa) have been obtained as a function of the air temperature at the nozzle inlet and particle
diameter. This made it possible to determine the optimal spraying temperature regime and powder particle size
based on the criterion of achieving the maximum particle velocity at the nozzle exit. * For the first time, the use of
a composite powder mixture based on nickel with aluminum oxide additives has been theoretically substantiated
and experimentally confirmed for forming protective and restorative coatings on titanium alloy parts using cold
gas dynamic spraying at air pressures up to 1.0 MPa. Its application increases the service life of parts during
restorative repair. * For the first time, experimental data have been obtained and the patterns of influence of cold
gas dynamic spraying parameters, namely, air temperature, powder feed rate, and spraying distance, at air
pressures up to 1.0 MPa on coating characteristics (adhesion strength, microhardness, microstructure, and powder
utilization efficiency) applied to titanium alloys have been established. The obtained empirical relationships are
described by second-order polynomials, allowing prediction of adhesion strength and powder utilization for
composite powder coatings on titanium alloys. The practical significance of the dissertation lies in the author’s
development of new, scientifically substantiated results that serve as a foundation for designing technological
processes aimed at extending the service life of titanium alloy components in aircraft. These findings also enable
the selection of optimal parameters for restorative coating deposition during repairs, ensuring desired coating
properties at minimum cost.
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