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V. BimomocTi npo gucepraniio
Moga guceprariii:
Koau TeMaTHYHHX PyOPHK: 81.35

Tema guceprauii:
1. TexHOIOTiN CTUKOBOTO 3BapIOBAaHHS TUCKOM JKapOMILIHUX CIIJIaBiB y Pi3HOPiTHOMY CIIOJTyYE€HHI.

2. Pressure butt welding technologies of high temperature alloys in dissimilar combination.

Pedepar:

1. Incepralisi IpUCBAYEHA BUBYEHHIO 3aKOHOMIPHOCTEN (POPMYBaHHS CTPYKTYPHU i MEXaHIYHUX BJIAaCTUBOCTEN
3BApHUX 3'€JHaHb )KapOMILIHUX CIIJIaBiB [IPU CIIOCO6AX 3BAPIOBAHHS TUCKOM Ta MOMIYKY MIJISXiB iHTeHCHPiKaLii
njacTu4Hoi AedopMallii IPUKOHTAKTHUX 00’eMiB MeTaJly B IIpolieci 3BaploBaHHS. B po6oTi gocnimkeHo
TeMIIEpaTypHi yMOBU (POPMyBaHHS 3BapHUX 3'€JHAHb Pi3HOMMEHHUX KapOoMillHUX HikesieBux ciuiasiB EIT741HII,
B)XJI12Y Ta EI698B]] npu 3BaproBaHHi TepTIM (3T). Po3paxyHKOBUM LUISIXOM BU3HAYEHO BIUIMB TEPMiYHOTO LIUKITY
3T Tta nicyig3BapioBasbHOI TEPMiIYHOI OOPOOKYM Ha PO3MOIiJ 3AJIMIIKOBUX HANIPYKEHb B 3BAPHUX 3'€JHAHHSIX.
BusHnaueHo MiHiMasbHi TUCKH, 5IKi 3a6€31e4yI0Th 0canKy 3aroToBok npu 3T XHC y pisHOIIMEHHOMY CIIOJTy4€HHi.
Busasineno crynindactuii xapakrep ocagku npu 3T crnasis BXKJI12Y ta EIT741HIT npu riepeBUiieHHI IEBHOTO
KPUTUYHOTO 3HAYEHHS TUCKY IIpU TepTi. JlociakeHo GOpMYyBaHHS 3BapHUX 3'€IHAHb IIPU KOHTAKTHOMY CTUKOBOMY

3BapIOBaHHi ortopom asnoMiHiny Tutany 0-TiAl ta o0-TiAl 3 TuTaHOBUM cristaBoM BTS uepes nmpoMmixkHi HaHOLIapyBaTi



¢donbru. BusHaueHo iHTepBanyu 3MiHM TeXHOJIOTIYHUX napameTpis npoueciB 3T Ta KC3 onopom, siki 3a6e31euyoTb

dbopmyBaHH# Oe3nedeKTHHX 3'€eIHaHb KapOMILIHUX CILJIaBiB.

2. The temperature conditions for the formation of welded joints of dissimilar nickel superalloys EP74INP, VZhL12U
and EI698VD during friction welding were investigated. Achieving the solidus temperature of EP74INP and
VZhL12U alloys along the joint line was established. The influence of the thermal cycle of friction welding and post-
welding heat treatment on the distribution of residual stresses in welded joints was determined. The process of
billets deformation during the formation of welded joints of EP74INP alloy with VZhL12U and EI698VD alloys was
investigated. The minimum friction pressures were determined, which provide upsetting of billets during friction
welding of dissimilar nickel alloys. Namely, they amount to 80 MPa for the combination of EP74INP with EI698VD
alloys and 300 MPa for the combination of EP74INP with VZhL12U alloys. The step character of upsetting during
friction welding of VZhL12U with EP74INP alloys at exceeding a certain critical value of friction pressure was
revealed. In particular, for a circumferential speed of 1 m /s, the critical value of friction pressure is 550 MPa. The
microstructure of welded joints of EP74INP and VZhL12U alloys was studied. The formation of an intermediate
layer along the joint line, in which welding defects are concentrated, is shown. It is shown that intensification of
plastic deformation of the near-contact volumes of metal at the final stage of friction welding process provides the
formation of defect-free joints. The change in the morphology of strengthening o'-phase in the zone of welded joint
of EP74INP, VZhL12U and EI698VD alloys was investigated. It was established that in the dynamic recrystallization
zone, 0'-phase of the base metal is completely soluble. During cooling of welded joints of VZhL12U and EP74INP
alloys, dispersion of strengthening phase particles with a size of 20-25 nm occurs. In the dynamic recrystallization
zone of EI698VD alloy, o'-phase is not precipitated during cooling of the joints. The distribution of microhardness of
welded joints of EP74INP and VZhL12U alloys was investigated. The absence of areas with reduced values of
hardness was established. For the joints produced through the intermediate element of EI698VD alloy, a decrease
in microhardness in the joint area after welding was established, which can be eliminated applying heat treatment
on the mode of a deformed alloy. The formation of welded joints during resistance butt welding of titanium
aluminide (o-TiAl) and o-TiAl with titanium VTS5 alloy through intermediate nanolayer foils was investigated. It was
established that the use of nanolayer foils of eutectic composition allows producing welded joints at a heating
temperature, which is lower than the liquidus temperature in the system Ti-Al. The width of the diffusion zone in
welded joints o-TiAl with titanium VTS5 alloy amounts to about 50 pm. The intervals of changing technological
parameters of friction welding and resistance butt welding processes were determined, which provide the
formation of defect- free joints of high temperature alloys. The technology of friction welding of dissimilar joints of
nickel In713C alloy with steel 40Kh was developed. Metallographic examinations of welded joints showed that the
width of the diffusion zone does not exceed 5 pm.
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