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5. HaykoBo-TexHiYHa po6oTa

Hasga po6oTH (YKp)

JocnigykeHHs Ta po3po0OKa TEXHOJIOTIi €JIeKTPOHHO-IIPOMEHEBOT0 3BapIOBAHHS MarHilo Ta MarHi€eBUX CILIaBiB

Haspa po6oTH (aHrJ1)

Research and development of electron beam welding technology of magnesium and magnesium-based alloys

Pedepar (yxp)

I mifgBUIEHHA AKOCTI 3BapHUX 3'€lHaHb Ta YCYHEHHS TDIlIMH B MeTaji WBa i 30HI TEPMIYHOIO BIUIMBY IOCJI/IKYBaHMX
MAarHi€eBUX CIIJIaBiB 3BapioBaHi KpoMKH mepe], EI13 o6pobisinucst metogom FSW (Friction Stir Welding). [Tpu npomy meTomi metan
3BapIOBaHMX IOBEPXOHbL HE [IOCATA€ PO3IUIABJIEHHS, ajle YCYBa€ThCd CIPSAMOBAHA Bill NMPOKATKM OPi€HTallid 3€PEH Ta CYTTEBO
3HIKYETBCS X PO3MIp, @ TAKOX BiIOYBA€ThCS YIIiIbHEHHSI OCHOBHOTO METaJly, BUPiBHIOBAHHS PO3MOJiNy B 00'eMi iHTepMeTaninis
i ycepenHeHHs1 po3MipiB KpuUCTasiTiB.BukopucranHs npucagHux matepiasniB npu EII3 marHieBux cIiaBiB y BUIILi (POJIBTH
toBuuHOI 0,1 - 0,4 MM y CKJIaJli HIUPKOHIIO Ta CKaH[iI0 POGJISITh MOKIIMBUM Pi3KO PO3IPiOHUTU 3€pHA 3BAPHOTO IIBA i MOKPALIUTH
MEXaHI4Hi BJIaCTUBOCTi 3BapHOTO 3'€JHaHHSI. BBeleHHS 10LATKOBO HEOAUMY Y CKjaf (GOJIbIU [03BOJISIE 301/IBIUTY IIIACTUYHICTh
3BApHOTO 3'€JHaHHS i oTpuMartu KoediuieHT MinHocTi mBa K = 0,90 - 0,95. 3acTocyBaHHs imnysbcHOro pesxumy EI13 marHieBux
CIJIaBiB PU3BOJUTH 4O 3MEHIUIEHHS IIMPUHU IIBA i 30HU TEPMIYHOTO BIIJIMBY MOPiBHSHO 3i IBaMM, OTPUMaHUMU 6€3 MOZIyJIsLii
€JIEKTPOHHOTO IIyuKa. [JIn6KHA MpoMaBaeHHs 30i/bIIyeTbCS 31 3MEHIIEHHSIM KOPCTKOCTI MOZYJISILii €7IeKTPOHHOTO ITy4Ka, TOOTO
3i 3MEHIIEHHSM BiJHOLIEHHsS! May3a/iMIyJbC, OOKOBi CTiHKM IIBiB CTalOTh IPAKTUYHO [apajleIbHUMHU II0 BCill IIMOUHI
MIPOIIJIaBJIEHHS], PO3ILIMPEHHS] y KOPEHEeBiil yacTuHi 1Ba Hemae. MetasorpadiuHi HOCifKeHHs 3BapHUX 3'€JHAHb MarHi€BUX
CIUIaBiB MiATBEPAMIA CTBOPDEHHA OiNbll JPiGHMX CTPYKTYPHMX yTBODEHb y BUIIQJKy 3aCTOCYBaHHS OOpPOOKM 3BaplOBajibHUX
KpOMOK MeTofioM FSW, a TakoX BMKOHAHHS 3BaplOBaHHS B iMIIyJIbCHOMY peXuMi. MilHICHI Ta MeTanypriiiHi JOCHiIKeHHS
3BapHUX 3'€JHAaHb MarHi€BUX CIJIaBiB TOBIMHOK 10 100 MM 3 Moau(diKOBaHMMHM KPOMKAMU MiITBEPIOUIN MOSKIUBICT
BITPOBAKEHHSI po3pobseHoi TexHosoril ETI3 B yMoBax IpOMUCIIOBOrO BUPOOHMIITBA BUPOGIB aBialiiiHOI Ta KOCMIYHOI TeXHIKU. B
MpoIieci [OCIiIKeHb BUTOTOBJIEHI Ta 3BapeHi MaKkeTu NMPOMMUCJIOBUX BUPOOIB 3 MarHi€BUX CIUIABIB 3 JIHIMHUMU i KiJbIleBUMU

3'eJHaHHSIMU TOBIIMHOIO 10 100 MM, $IKi IPOMIINM MilHICHI Ta MeTaMyprifiHi JOCITiI)KEeHHSL.
Pedepar (aHra)

In order to enhance the quality of welded joints and eliminate cracks formation in weld metal and heat affected zone on
magnesium-based alloys investigated, the edges to be welded were treated prior EBW by means FSW (Friction Stir Welding)
method. At this method the metal of butt surfaces being welded don't reach the molten state but the directional grain
orientation caused by rolling is eliminated together with grain size reduction, as well as the compaction of parent metal,
balancing of intermetallides volumetric distribution and averaging of crystallites size occur. Using of filler materials in the form
of foils of 0.1-0.4mm thickness alloyed by zirconium and scandium at EBW of magnesium-based allous makes it possible to
reduce significantly the weld grains size and improve the mechanical properties of welded joints. Addition of neodymium to foil
composition allows to increase the plasticity of welded joints and ensure the weld strength factor K=0,90-0,95. Application of
electron beam welding of magnesium-based alloys in pulsed mjde results in decrease of weld and heat affected zone width in
comparison with welded joints obtained without modulation of electron beam. Depth of penetration rises at the reduction of
pulse mode rigidity, i.e. the reduction of ratio of pulse duration to duration of pause between pulses, lateral walls of welds
becomes practically parallel along the all depth of penetration without local widening in a weld root area. Metallographic
investigations of welded joints of magnesium-based allous confirmed the formation of finer structural generations in the case of
welded edges FSW treatment application, as well as at EBW performance in pulsed mode. Strength and metallurgical
investigations of welded joints of magnesium-based alloys with modified edges of up to 100mm thickness confirmed the
possibility of EBW technology developed introduction into industrial fabrication of products for aerospace application. In
process of research works the prototypes of industrial products made of magnesium-based alloys with linear and
circumferential butt joints of 100mm thick were manufactured, welded and passed strength and metallurgical investigations.
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