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2. Scientific foundations of argon arc and electron beam welding of promising high-strength titanium alloys. -
Qualifying scientific work on manuscript rights

Pedepar:

1. Incepraliist Ha 3M06YTTSI HAYKOBOTO CTYIIEHS JOKTOpA TEXHIYHMX HAyK 3a crenianbHicTio 05.03.06 - «3BapioBaHHS
Ta CIIOpiZHEeHi Npouecu i TeEXHOJOorii». — [HCTUTYT eslekTpo3BapioBaHHA iM. €. O. [latona HanjionanbHoi akagemii
Hayk YKpainu, M. Kuis, 2023p. [Jucepralis prcBsyeHa pillleHHIO BayKJIMBOI HAyKOBO-IIPaKTUYHOI IIPOGIEMH, 1110
II0JISITa€ B PO3BUTKY HAaYKOBUX OCHOB (POPMYBAHHS CTPYKTYPH Ta KOMILJIEKCY BJIACTUBOCTE! 3BAPHUX 3'€IHAHb
HOBUX BUCOKOMIIIHMX TUTaHOBUX CIlaBiB 3 0B>1100MI1a, i Ha 11i#1 OCHOBi po3po61]i TEXHOJIOTii apTOHOLYTOBOTO Ta
€JIEKTPOHHO-TIDOMEHEBOT0 3BaplOBaHHA. B POOGOTI BCTAaHOBJIEHO LISIXU MiIBULLEHHS SIKOCTi 3BaPHUX 3'€JHAHDb
MIEPCIIEKTUBHUX BUCOKOMILIHMX TUTAHOBUX CILJIaBiB, BUKOHAHUX EI13 Ta AJI3 - 3BaploBaHHS Ha PEXXUMaX SIKi
3a06e3ne4yTb ONTUMANIbBHUAN (Pa3oBUil ckiaj MeTasny mBa i 3TB, BUKopucTaHHs IPMCagHOTO MaTepiany SIKUI MiCTUTb
Ha 20...30% MeHblIe JIETyI0YMX €JIEMEHTIB Ta 3aCTOCYBaHHS Bi[IOBiHO] MiC/I93BapIOBaIbHOI TEPMiYHOI OOPOOKHN.

JocminkeHo 3BapHi 3'eJHaHHS BUCOKOMILIHUX TUTAHOBUX CILIaBiB 3 Ko = 0,7-1,7, Takux 5K (0+0)-CIijlaByU po3pobJieHi B



Ykpaini T120 (Ti-5A1-2.8Mo0-2.3V-4Nb-1.3Cr-1Fe-2.7Zr) Ta ekoHoMHO-JsieroBanuii Ti-3.6Fe-0.250. 3 [IceBno-o-
CILJIaBiB OCIiIPKeHO 3BapHi 3'eHaHH ciiaBiB BT19 ta ekoHoMHoO sieroBanux Timet LCB (Ti-6.3Mo-4.4Fe-1.5Al),
LCB-5.1(Ti-2.8Al-5.1M0-4.9Fe). 3 IIceBro O-cmiiaBiB AOCIiIKEHO BIIMB 3BapPIOBAHHS HA BJIACTUBOCTI 3'€lHaHb
apominHoro cnnasy Ti-5.6A1-2.2Sn-3.5Zr-0.4Mo-1.0V-0.6Si. 3arrporioHOBaHO METO/IMKY BU3HAUEHHS BIIJIUBY
ApProHOYTOBOTO 3BAPIOBAHHS HA MIBUIKOCTI OXOJIOIKE€HHS B MeTasli mBa Ta 3TB npu AJI3 TUTaHOBUX CILIABIB TAKMX
gk BT19, BT6, BT23, T120M magX0M MaTeMaTUYHOI'O MOJIETI0BaHHS 32 METOJOM KiHIIEBUX €JIEMEHTIB, 11O JO3BOJISE
BM3HAUUTU PO3MipH 30H, B SIKUX [IPOTIKAIOTh [10IiIMOPQHi NEPETBOPEHHS 3 YTBOPEHHSIM METACTabiIbHUX OO0 Ta O-as.
[TobymoBaHi Aiarpamu aHi30TEPMIUYHUX [IEPETBOPEHb IIPY OXOJIOIPKEHHI (0+0) criasi T120, IceBno-0 TUTAaHOBUX
criasiB BT19 Ta LCB-5.1 i3 3a3HaueHHsIM JIiHil ITOYaTKy Ta KiHIIS aHI30TpOIIiYecKiX IepeTBOpeHs 000 i 000", 3 3aJIeXHICTIO
KiJIbKOCTi 0-a3u B MeTasli 3BapHOTO 3'€IHAHHS BiJl MAKCUMAaJIbHUX UIBUJIKOCTEN OXOJIOAKEHHSI 3BApHOTO 3'€THAHHS
TUTAaHOBOTO NICeBHO0-0-cIyIaBy BT19. JlociipkeHo BIIJIMB YOTUPbOX BUJIIB MiC/Is3BapIOBAILHOI TEPMiIYHOI 0OPOOKU Ha
BJIACTUBOCTI 3'€IHAHb IICEBI0-0 TUTAHOBUX CILJIaBiB, BUKOHaHUX AJl3 ta EI13, HariBullli 3Ha4eHHS MillHOCTi MalOTh
3'eJHaHHS MilaHi rapTyBaHHIO B BOMY 3 [IOAJIbLIIMM CTapiHHM, [IpY LjbOMY MilHiCTb 3'eHaHb EI13 crinaBy BT19 Ha
piBHi 1270...1280 MIla. BctaHOB/IEHO O6EPHEHO NPOMNOPLiIHY 3a/1€5KHICTh MILIHOCTI 3'€elHaHb TUTAHOBUX IICEBLO-0-
crnasiB BT19, LCB-5.1 Big KinbKkocTi 0-da3u B MeTasli mBa, 3alIPOIIOHOBAHO KPUTEPIH SIKOCTi 3BapHUX 3'€JHAHb.
Kinro4oBi cyoBa: TuTaH, TUTAHOBI CIJIaBY, 3BAPIOBAHHS, ApTOHOAYTOBE 3BAPIOBAHHS, €JIEKTPOHHO-TIPOMEHEBE
3BapIOBaHH, (0+0)-CI1JIaBY, ICE€BI0-0-CIJIaBY, IICE€BNI0-0-CIJIaB, [IOTOHHA €HEPTisl, Pa30Bi IEPETBOPEHHS, MIilHICTb,

yhapHa B’HSKiCTb, HJBI/I,ILKiCTb OXOJIOO )KEHHH.

2. Thesis for a scientific degree of Doc. Sci (Eng.) in speciality 05.03.06 - “Welding and Related Processes and
Technologies” - E.O.Paton Electric Welding Institute of the National Academy of Sciences of Ukraine, Kyiv, 2023.
The dissertation is devoted to solution of an important scientific and practical problem, which consists in
development of scientific foundations of formation of the structure and set of properties of welded joints of new
high-strength titanium alloys with ot>1100MPa, and development of the technology of argon-arc and electron beam
welding on this basis. The work establishes ways to improve the quality of welded joints of promising high-

strength titanium alloys made by EBW and TIG-welding in modes that will ensure the optimal phase composition

of metal of the weld and HAZ, use of filler material which contains 20-30% less alloying elements and application

of the appropriate post-weld heat treatment. Welded joints of high-strength titanium alloys with Ko = 0.7-1.7, such
as developed in Ukraine (o+n)-alloys T120m (Ti-5A1-2.8Mo0-2.3V-4Nb-1.3Cr-1Fe-2.7Zr) and sparsely-alloyed Ti-3.6Fe-
0.250 were studied. From pseudo-no-alloys, welded joints of VT19 alloys and sparsely-alloyed Timet LCB (Ti-6.3Mo-
4.4Fe-1.5Al) and LCB-5.1 (Ti-2.8Al-5.1Mo-4-9Fe) were studied. From pseudo o-alloys, the effect of welding on the
properties of heat-resistant Ti-5.6A1-2.2Sn-3.5Zr-0.4Mo-1.0V-0.6Si alloy joints was studied. A procedure for
establishing the effect of argon-arc welding on the cooling rates in the metal of the weld and HAZ at TIG-welding

of such titanium alloys as VT19, VT6, VT23, T120 by means of mathematical modeling using the finite element
method is proposed, which allows determining the sizes of zones, where polymorphic transformations occur with
formation of metastable o oo and o-phases. Diagrams of anisothermal transformations during cooling of (o+m) T120 alloys,
pseudo-o titanium alloys VT19 and LCB-5.1 are constructed with indication of the lines of the beginning and end of
anisotropic transformations oon and oon”, with the dependence of the amount of n-phase in the welded joint metal on the
maximum cooling rates of the welded joint of pseudo-o-titanium alloy VT19. The influence of four types of post-
weld heat treatment on the properties of joints of pseudo-o titanium alloys made by TIG-welding and EBW has been
studied, the highest strength values are demonstrated by joints subjected to quenching in water with subsequent
aging, while the strength of EBW joints of VT19 alloy is at the level of 1270...1280 MPa. The inversely proportional
dependence of the strength of joints of titanium pseudo o-alloys VT19, LCB-5.1 on the amount of o-phase in the weld
metal was established, and a criterion for the quality of welded joints was proposed. Key words: Titanium, titanium
alloys, welding, TIG welding, electron-beam welding, (o+n)-alloys, pseudo-o-alloys, pseudo-o-alloy, kinetic energy,
phase transformations, strength, impact toughness, speed cooling.
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