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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

JocminKeHHs: 0cO6IMBOCTEN NIPOTiKaHHS CTPYKTYPHHUX Ta (Pa30BUX [IEPETBOPEHD B METAJI 3/IMBKiB, 3BapHUX LIBIB,
HaIUIaBJIEHOT'O Iapy BUCOKOMILIHMX CTaJIEN Ta CIUIABiB, OTPMMAaHUX aIUTUBHUMU METOIAMMU 3 3aJIy4EHHAM

KOHIIEHTPOBAHUX ITOTOKIB €HEPTil.

Ha3zBa po6oTH aHTIJIilICbKOIO:

Investigation of the peculiarities of structural and phase transformations in metal of ingots, welds and deposited
layer of high-strength steels and alloys produced by additive methods using concentrated energy flows.

Pedepat yKpaiHCBHKOIO:

3a gonomororo merony CALPHAD cTBOpeHO MareMaTUyHi MOZeJli Ta IIPOBELEHO KOMII'IOTEPHE MOZEIIOBAHHS
TeMIIePaTyPHOr0, HAIIPY>K€HO-1e(POPMOBAHOTO i CTPYKTYPHO-()a30BOTr0 CTaHy HAIJIABJIEHOTO MIAPY i3 cTanei
09I'2C, S460M, TutaHoBoro criaBy Grade2, OTpUMaHuX alUTUBHUMU MeToxamu. [IpoBeieHO MOZeJIIOBaHHS
6araTomapoBoi 3D KOHCTPYKILii Ta TOHKOCTIHHUX LMJIIHIPUYHUX 000JIOHOK Ta BCTAHOBJIEHO KPUTEPii BUOOPY
Marepiainy AJsi aiATABHOTO IpoLecy. BCTAHOBIEHO CTPYKTYpPYy BUPOOIB, OLEP>KAaHUX METONOM aJUTUBHOI TEXHOJIOTI]
Ha xBeam 3D-mipuHTepi 3 BUKOPUCTAaHHSIM TUTaHOBOrO ApoTy Grade 2. [TokazaHo, 1o epBUHHA CTPYKTypa BUPOOy
- JIMTOTO TUIIY, 3 [IEPEBArOl0 PIBHOOCHUX 3€PEH. BTOPMHHA CTPYKTYpa 3€PEH, FOI4aCTOro TUILY IPECTaBIEHa
nBoma ¢azamu:o- mapreHcuTHa (I'IK ~ 99,0 mac.%) i o - BucokoremneparypHa (3 OLIK peuritkamu ~ 1,0 mac.%).
JoBeneHa HM3bKA BTPATa aJIOMIHIIO ITif Yac OCaIKeHHSI IPOTY 3a TexHoJorieo xBeam 3DMetalPrinting.
BcraHOBJIE€HO, IO IJIa3MOBO-IHAYKLIMHE NIOMAaPOBE BUPOILYBaHHS JO3BOJISIE OTPMMYBATU JOCKOHAITY
MOHOKPUCTaJIiYHy CTPYKTYPY BOJIb(pamy 3 MaJIOKyTOBUMU IPAHULSIMU Ta KpUCTasorpadivyHoo opieHTali€eo, 1o
OyJia 3a[1aHa 3aTPaBOYHUM KPHUCTAJIOM. BCTaHOBJIEHO KpHUcTanorpadiyHy JOCKOHaiCTh MOHOKPUCTAIIYHUX 3/IUTKIB
BOJIb(PpaMy OTPMMAHUX aAUTUBHOIO TEXHOJIOTIE€I0 METOIOM I1JIA3MOBO — iHAYKIiITHOTO MOMAPOBOr0 BUPOILYBaHHS
IIpY Pi3HUX WBUIKOCTSX npouecy (17...70 MM /XB). BCTaHOBJIEHO, 1O 3/IUTOK € MOHOKPUCTAJIIYHUM TiJIOM 3
KpUCTalorpadiyHoI0 OpieHTalli€l0, BiIlIOBiIHO 3apOAKOBOMY KPUCTAJly; TOBIIMHA HAPOLyBAaHUX MIAPiB CKJIAHae
2...3MM; CTPYKTypa IapiB OGHOPiIHA, NedeKTiB Ta IOP HE CIIOCTEPIraeThCs; PO3PAXyHOK KYTiB pO30Pi€HTYBaHHS (0)
eJIEeMEHTIB CyOCTPYKTypH [TOKa3aB, 0 3MiHIOETbCS y Meskax0,294°...1,923°, mo He nepeBUlIye AOIyCTUMY BEJINIUHY
(< 3°). BctaHOBJIEHO BIJIUB aJUTUBHUX MOJU(piKaTOpiB HA GPOPMYBaHHS CTPYKTYPU Ta BJIACTUBOCTEN MeTasly 1IBiB
BUCOKOMIIIHMX HU3bKOJIETOBaHUX cTasiel tviy 14XI'H]ILI. [TokasaHo, mo 1181 JOCIiIKEHNX OKCUIHUX CIIOJIYK

IiABUINEHHS 3HAYeHb YAAPHOI B'SI3KOCTI MeTasly WBIB BinOyBaeThCs BianoBigHO 1o psay Al203n0TiO2o0MgOnZrO2.

Pedepar aHI1iliChKOIO:

Using the CALPHAD method, mathematical models were created and computer modeling of the temperature,
stress-strain and structural-phase state of the deposited layer of steels 09I'2C, S460M, titanium alloy Grade2,
obtained by additive methods. Modeling of multilayer 3D construction and thin-walled cylindrical shells was
carried out and criteria for material selection for the additive process were established. The structure of products
obtained by the method of additive technology with xBeam 3D-printer using titanium wire Grade 2 is established.
It is shown that the primary structure of the product is of the cast type, with the predominance of coaxial grains.
The secondary structure of needles type is represented by two phases: o-martensitic (fcc ~ 99.0 wt.%) and o - high-
temperature (with BCC lattices ~ 1.0 wt.%). Proven low loss of aluminium during wire deposition using xBeam
3DMetalPrinting technology. It is established that plasma-induction layer cultivation allows to obtain a perfect
single-crystal structure of tungsten with low-angle boundaries and crystallographic orientation, which was set by
the seed crystal. The crystallographic perfection of monocrystalline tungsten ingots obtained by additive
technology by the method of plasma - induction layer cultivation at different process speeds (17... 70 mm / min)
has been established. The ingot is a single-crystalline body with crystallographic orientation, in accordance with
the seed crystal; the thickness of the growing layers is 2... 3 mm; the structure of the layers is homogeneous,



defects and pores are not observed; the calculation of the misorientation angles (o) of the elements of the
substructure showed that it varies within 0.294°... 1.923°, which does not exceed the allowed value (<3 °). The
influence of additive modifiers on the formation of the structure and properties of the weld metal of high-strength
low-alloy steels type 14HGNDC is established.
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