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V. BimomocTi npo guceprauiio
Mosga guceprarii:
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Tema gucepranii:
1. ®i3UKO-TEXHOJIOTI4YHI 0COOIMBOCTI €JIEKTPOHHO-IIPOMEHEBOTO 3BAPIOBAHHS BUCOKOHIKEJIEBUX )KAaPOMIiLIHUAX

CIIaBiB 3 MOHOKPHUCTAJIIYHOIO CTPYKTYPOIO.

2. Physical-technological peculiarities of electron beam welding of high nickel heat-resistant alloys with single-
crystal structure.

Pedepar:

1. Incepralist npucBg4YeHa BUPIIIEHHIO IPO6IEMU OTPUMAaHHS HEPO3'eMHUX 3'€IHAHb )KaPOMilLIHUX HiKeJeBUX
CIIJIaBiB 3 MOHOKPUCTAJIIYHOIO CTPYKTYPOIO IIPU PEMOHTI pobounx sonatok ['T]l i ykpynHeHHI MOHOKPHUCTAJIIB.
Po3rygHyTO cyyacHuMii cTaH po6JieMHy 3BapIOBaHOCTI )KapOMILIHUAX HiKeJIEBUX CIIJIaBiB i OOIPYHTOBAHO JIOLiIbHICTD
BMKOHAHHS pOO6IT. Bu3HaueHi KpuTepii SIKOCTi 3BapHUX 3'€IHaHb i pO3pO6JIeHI METOIY KEPYBAaHHSI 3BAPIOBAHICTIO
IAHOTO KJIACy MartepiasiB. 3alIpOMOHOBAHO PO3IJISAATH 3BAPIOBAHICTE MOHOKPUCTAJIIB 3 TIO3ULLii CTENeHi Aerpaaanii
IIOCKOHAJIOCTi MOHOKPHUCTAJIIYHOI CTPYKTYPU. BCTAaHOBJIEHO BILJIMB I1OJIOKEHHS METAJIEBOI BAHHU I10 BiJHOIIEHHIO
10 KpucTanorpadii NoBepxHi CIIJIaBJIEHHS Ha YTBOPEHHS 3€PEH BUIIAKOBOI opieHTalii. BusHa4eHi opieHTaniliHi
YMOBU KPUCTaJli3allil 3BaploBaibHOI BAHHU, [IPU SIKUX J0CATA€TbC (POPMYBAHHSI MOHOKPUCTAIIYHOI CTPYKTYPH

3BapHOTrO 3'€JHaHHs. BCTaHOBJIEHO, 1110 OTPUMAHHS MOHOKPHUCTAJIIYHOTO 3BAPHOT0 3'€IHAHHS I0CATAETHCS [IPU



CIIBIAJiHHI HANPSIMKY MaKCMMAaJIbHOTO TEMIIEPATYPHOTO IPAli€eHTy 3 HAIIPSIMKOM MEPEBAKHOr0 pocty <001> no
dpoHTYy KprcTasnizauii BaHHU 3 TPaHUYHUM BiIxuieHHsM He 6isbiue 15 rpamyciB. OGIpyHTOBAHI i 3aIIpONIOHOBAHI
PEKMMU 3BapIOBAHHS Ta TEXHOJIOTIYHI METOIY X BUKOHAHHY, 10 JO3BOJISIOTh KEPYBATU KPUCTAJIi3allielo
3BapIOBaJIbHOI BaHHU ITpM (POPMYBaHHI 1IBA SIK IIPM 3BAPIOBAHHI, TaK i [IpY HaIJIaBJIeHHI. BUpilleHi OCHOBHI MUTaHHS
3BapIOBaHHS JKapOMILHUX HiKeJIEBUX MOHOKPHMCTAIIB, 10 BUKJIIOYAIOTh MOKJIMBICTh YTBOPEHHS 3€PEH BUIIAIKOBO]
opieHTallii B CTPYKTypi MeTasly 1iBa Ta TPilyH. 1715 peMOHTY po6o4ux Jjionatok 3i crasy JKC32 gys I'TI 18T

p03p06neHa IIPpUHOUIIOBA TEeXHOJIOTig €JIEKTPOHHO-TIPOMEHEBOTO 3BAPIOBAHHS.

2. The thesis work is devoted to a problem of obtaining of the permanent joints from heat-resistant nickel alloys
with single-crystal structure in regard to repair of the blades of gas turbine engines and coarsening of the single-
crystals. Current state of a problem of weldability of the heat-resistant nickel alloys was considered and relevance
of performance of the study was grounded. Criteria of quality of the welded joints were determined and methods
of weldability control for this grade of materials were developed. It was proposed to consider the weldability of
single-crystals from point of view of a level of perfection degradation in single-crystal structure. Influence of a
position of molten pool in relation to crystallography of fusion surface on a formation of random orientation grains
was determined. Conditions of orientation of the welding pool crystallization were established, under which
formation of single-crystal structure in the welded joint is achieved. It was determined that the single-crystal
welded joint can be obtained at a conjunction of direction of the maximum temperature gradient with direction of
the main growth <001> along the front of welding pool crystallization with boundary deviation of not more than 15
deg. Thesis grounds and proposes the modes of welding and technological methods of their fulfillment that allow
controlling crystallization of the welding pool during weld formation in welding as well as surfacing. The main
problems of welding of heat-resistant nickel single-crystals were solved, including possibility of formation of the
random orientation grains in the structure of weld metal and cracks. Principle technology of the electron-beam
welding was developed for repair of blades from JS32 alloy for the gas-turbine engine D18T.
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