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1. 3aKkOHOMIPHOCTI CTPYKTYPOYTBOPEHHS Ta POPMYBaHHS Pi3HOPIAHMX 3'€JHAHD >KapOMIIIHUX HiKeJIeBUX CIIJIaBiB

BXXJI12Y ta EI698B]] 32 yMOB 3BaplOBaHHS TEPTSAM i KOHTAKTHOI'O CTUKOBOTO 3BAPIOBAHHSA

2. Regularities of structure and joint formation in dissimilar nickel-based superalloys VZhL12U and EI698VD under
friction welding and resistance butt welding conditions

Pedepar/anoTamis:

1. B pucepTauiiiHiil poboTi BUKOHAHO aKTyajibHEe HAayKOBO-IIPAaKTUYHE 3aBJJaHHS — BCTAHOBJIEHO 3aKOHOMIPHOCTI
CTPYKTYpPOYTBOPEHHS Ta GOPMYBaHHSI Pi3HOPITHUX 3'€JHAHb )KapOMIILIHUX HikeseBuX crasiB BXKJI12Y ta EI698B/[]
3a YMOB 3BapIOBaHHs TEPTSIM i KOHTAKTHOIO CTUKOBOTO 3BaploBaHHs. OTpUMaHi pe3ybTaTh € HAyKOBOK OCHOBOIO
17151 pO3pO06JIEHHSI IPOMUCIIOBUX TEXHOJIOTIH 3BapIOBAaHHS Bi/llIOBiaIbHUX JleTajell ra30BUX TypPOiH i MOXYTb OyTH
BMKOPHUCTaHi BiTYM3HSIHUMU IiJIIPUEMCTBAMMU aBiallifiHOrO ABUTYHOOYAYBaHHS. Y NIEpLIOMY PO31ijli HaBeLEHO
3arajibHy XapakKTepUCTUKY >KapoMiljHux HikesieBux ciiasis (PKHC), BUKOHAHO orJisig, JliTepaTypHUX IPKepesl MO0
po6JieM, SIKi BUHUKAIOTh [TPU Hepo3'’eMHOMY 3'eiHaHHI JKHC 3 BUKOpUCTaHHSIM CIIOCO0iB 3BapPIOBAHHSI 1JIaBJIEHHSIM,

BHCOKOTEMIIEpPaTypPHOro NasHHs AUQYy3iliHOro 3BapioOBaHHs. Y APYyroMy po3ziji po3risiHyTO METOAU JOCIIiIKeHb,



MaTepianu Ta yctatkyBaHHs. HaBeneHo iHdopmaliio mo10 XiMiYHOTro CKIany AOCTiIKyBaHUX CILIaBIB, ixX (a3oBux
XapaKTEPUCTHK Ta [TIOKA3HMKIB MEXaHIYHMX BJIACTMBOCTEN, ONMCAHO METOIVKHU NOCIiIKEHb, yTaTKyBaHHH,
anaparypy. HaBeieHo pe3ysibTaTul JOCJIiIKEHHS MIKDOCTPYKTYPH Ta (pa30BOrO CKJIaZy OCHOBHOrO meTany (OM)
crasiB EI698B]] ta BXKJI12Y sk y cTaHi mocTadaHHs, Tak Iicyst TepmivHoro oopo6sienss (TO) 3paskiB. Y TpETbOMY
PO31iii HaBeleHO pe3ysIbTaTh PO3PaxyHKOBO-EKCIIEpUMEHTAIbHUX AOCIIIKeHb TepMoiepOpMaLiiHUX IIPOLIECiB
nin yac 3T cnasiB BXKJI12Y ta EI698B/I. Ynepie nokasaHo, 110 Ha no4aTkoBux cragisx 3T crasiB BXKII12Y ta
EI698B]] 30Ha KOHTaKTHOi B3aeMoii 3MillyeTbCs y 6ik 6isbll JJeroBaHoro cniasy BXKJI12Y 3 meHow0
TEIJIONPOBIIHICTIO, fle POPMYETHCS IEPEXigHMI TPOLIAPOK JIoKai3auii fedopmaii. ¥ yeTBepToMy po3mii
[IpeJCTaBJIeHO Pe3yJsbTaTy AOCIiIKeHb CTPYKTYPOYTBOPEHHS! pi3HOPinHUX 3'efHaHb 32 ymoB 3T crasiB BXKJI12Y Ta
EI698B]] y crani nocradyaHHs. Y 'ITOMY PO37iJli IPeICTaBIe€HO Pe3yJIbTaTH AOCIIIPKEHb CTPYKTYPOYTBOPEHHS
pisHOpimHuX 3'egHanb 32 yM0B 3T criasis BXXJI12Y Ta EI698B]l y nonepegHb0 TepMiYHO-00p0O06I€HOMY CTaHi. Y
IIOCTOMY PO3[1iJli HaBe4EHO Pe3yJIbTaTU AOCJIiI)KEHb CTPYKTYPOYTBOPEHHS Ta (POPMYBAHHSI Pi3HOPiIHMX 3'€JHAHb
criasiB BXKJI12Y ta EI698B]] 3a ymoB KC3. Po3paxyHKy TEPMIiUHUX LIMKJIiB BUKOHYBAJIX Ha OCHOBI pO3p00JIeHOI
MaTeMaTU4HOI MOJIeJIi TPOLECY HarpiBaHHs, B OCHOBY SIKOI [TOKJIa[I€Hi PiBHSAHHS TEIJIONPOBIIHOCTI 1
XapaKTEePUCTUKU BUIJIEHHS TIOTY>KHOCTI B 30Hi KOHTaKTy B npoueci 3T. Briepiue goBeneHo BU3HA4YalIbHY POJIb
BHCOKOTEMIIEpaTypHOI IIJIacTHYHOI AedopMalLiii B pexkuMi InHaMiYHOI pekpucTaisalii y KiHeTuli po3ynHeHHs
3MilHIOBaIbHOI 00-¢a3u 3a yMOB 3BapIOBaHHA TepTsaM ciiasiB BXKJI12Y ta EI698B]I. BussneHo, 0 iHTEHCUMBHA
Iedopmalis 3a X yMOB 3yMOBJIIO€ TIOBHE PO3UMHEHHS YaCTOK BTOPUHHOI 00-(a3u y 30Hi TEPMOMEXaHIUHOTO
BIUJIMBY 32 KOPOTKOYaCHOIO NIEPEBUIIEHHS TEMIIEPATYPU COJIbBYCY CILIABIB 3 iX HACTYITHUM BUCOKOIUCIIEPCHUM
BUJIiIJIEHHSIM I1if] Yac OXOJIOZKEHHS TiIbKY 3 60Ky criaBy BXKII12Y (po3mip yactok ctaHoBuTh 30-40 HM). HaToMicTb
32 YMOB KOHTAKTHOT'O CTUKOBOTO 3BaPIOBAHHS [I0BHE PO3YMHEHHS YaCTOK O0-(a3y B HEPO3IJIABJIEHUX 3€PHAX CIIJIABY

BJKJI12Y He BinbGyBaeThCs, HONPU KOPOTKOYACHE [IEPEBUILIEHHS TEMITEPATyp COJBBYCY i cosimycy.

2. The dissertation work has fulfilled a relevant scientific and practical task - the regularities of structure formation
and formation of dissimilar joints of nickel superalloys VZhL12U and EI698VD under conditions of friction welding
and resistance butt welding have been established. The results obtained are a scientific basis for the development
of industrial technologies for welding critical parts of gas turbines and can be used by domestic aircraft engine
manufacturing enterprises. The first section provides a general characteristic of nickel-based superalloys (NS), a
review of literature sources on problems that arise during the permanent connection of NSs using fusion welding,
high-temperature brazing, and diffusion welding methods is performed. The second section discusses research
methods, materials and equipment. Information is provided on the chemical composition of the studied alloys,
their phase characteristics and mechanical properties, and describes research methods, welding, and equipment.
The results of the study of the microstructure and phase composition of the base metal (BM) of the EI698VD and
VZHLI2U alloys are presented both in the as-delivered state and after heat treatment (HT) of the samples. The
third section presents the results of computational and experimental studies of thermal deformation processes
during FW of VZhL12U and EI698VD alloys. The fourth section presents the results of studies of the structure
formation of dissimilar joints under the conditions of the FW of VZhL12U and EI698VD alloys in the as-delivered
state. The fifth section presents the results of studies of the structure formation of dissimilar joints under the
conditions of FW of VZhL12U and EI698VD alloys in a pre-heat-treated state. The sixth section presents the results
of studies on the structure and joint formation of dissimilar joints of VZhL12U and EI698VD alloys under the
conditions of RBW. It was found that during RBW, ensuring uniform heat release over the cross section and
localized along the length in the joint zone of the workpieces is complicated by the specific temperature
dependence of the thermophysical properties of the NS. It is shown that when using a plastic layer of nichrome foil
in the process of resistance heating, a melt layer common to both welded alloys is formed. Deformation during
forging stage ensures the displacement of the metal melted by resistance heating beyond the cross section of the
workpieces and its penetration along the grain boundaries of both welded alloys. The formation of a defect-free
joint over the entire cross section of the workpieces is ensured by the crystallization of the melt layer common to
both alloys under conditions of its intense plastic deformation during forging stage. For the first time, the
determining role of high-temperature plastic deformation in the dynamic recrystallization mode in the kinetics of



dissolution of the strengthening oo-phase under the conditions of FW of VZhL12U and EI698VD alloys has been
proven. It was found that intensive deformation under these conditions causes complete dissolution of particles of
the secondary oo-phase in the thermomechanically affected zone with a short-term excess of the solvus
temperature of the alloys with its subsequent highly dispersed o'-phase precipitation during cooling only from the
VZhLI12U alloy side (the particle size is 30-40 nm). In contrast, under the conditions of RBW, complete dissolution
of the oo-phase particles in unmelted grains of the VZhL12U alloy does not occur, despite a short-term excess of the
solvus and solidus temperatures.
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Micuesnaxo,rperHﬂ: Bys1. Kazaumupa Manesuua, Kuis, 03150, Ykpaina
dopma By1acHoCTI:

Cdepa praBJIiHHﬂZ HaujonanbHa akageMisd HayK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VIII. 3akir04Hi BimoMocTi

BaacHe IlpizBuime Im's [10-6aTbKOBI Makcumos Cepriit FOpiiioBuy
rOJIOBH pajgu

BaacHe IlpizBuie Im's [10-6aTbKOBI Makcumos Cepriit FOpitiosud
roJIOBYIOYOrO Ha 3aCifiaHHi

BigmoBimasibHU 32 MiATOTOBKY ITonomaprosa €sreHis IOpiiHa
00JIIKOBHX JJOKYMEHTIB

Peectpartop IOpuenko TeTtsiHa AHaToiiBHA



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




