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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

JocninKeHHs 3aKOHOMIpPHOCTE! NPOTiKaHHA (Pi3MKO-MeTanyprifiHUX NPOLECiB Ta yTBOPEHHS iHTEpMETaIiIHUX (a3

I1pu 1171a3MOBO-OYyT'OBOMY 3BapIOBaHHi 6iMeTaJ’Iy «CTanb-TUTaH» i3 HAHECEHNMU 3aXMCHUMU IpouiapkKaMmu

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Investigation of the regularities of the physical and metallurgical processes and the formation of intermetallic
phases in the plasma-arc welding of the bimetal "steel-titanium" with the applied protective layers

Pedepar yKpaiHCBKOIO:

B po6orTi cTBopeHo pekoMeHaallii o yrpasiliHHIO IIpoliecaMy MibkgasHoi B3aeMoii IIsIXoM MiHiMizali
eHeproskiafanHs (1o 60-100 [Ixx /MM) Ta 3a1106iraHHIO YTBOPEHHIO KPUXKUX iIHTEpMETalTiJHUX (a3 IIJISIXOM
HaHeCEeHHs 6ap’epHUX MIPOIIAPKIB (30Kpema, 6pon3u CuSi3Mnl) npu CTUKOBOMY 3BapIOBaHHI 6GiMeTaneBUX MIaCTUH
«TUTaH-CTaJIb» TAKUMU AyrOBUMU CIIOCOOaMU, SIK IIJIa3MOBUH, «M’sIKa ms1azma», CMT, P-MIG /MAG Tomo. 175
nepeBipKu JaHUX PEKOMEH alliil MpoBeeHO AOCiIM 3i 3BapIOBaHHS CTUKOBUX 3'€/THaHb GiMeTaseBUX [JIACTUH
«TATAH-CTaJIb» 32 0OPAHOIO TEXHOJIOTIYHOIO CXEMOI0. AHAI3 CTPYKTYP OTPMMAHUX 3'€JHAHb [10Ka3aB, 10
PO3pO6JIeHI TEXHOJIOTIYHI cXxeMa Ta peKOMEHAllii € 3a0BiIbHUMU 11 326€311€4yI0Th 3a1I00iraHHs MeTasypriiHii
Mixk¢asHill B3aeMo[iii TUTaHy i3 3a1i30M i yTBOpeHHIO iHTepMeTaigHux crosyk Fe-Ti. He3Bakatouu Ha 3arajibHy
TEHJIEHIIi}0 YTBOPEHHS iHTepMeTaligHuX (a3 IpY HAILJIABJIEHH] CTaJjli HA TUTAH yciMa pO3TJIsIHyTUMU IyTOBUMU
croco6amu, BU3HAYEHO, 110 CIIOCi6 1171a3MOBOTO HAIJIaBJIE€HHS HENIPSMOIO YO0 3i CTPYyMOIIPOBiIHUM
MIPUCAIKyBaJIbHUM IPOTOM € HaIMEHIII KpUTUYHUM [I0 iX YTBOPEHHS i 03BOJIsIE OTPUMYBATHU iHTEpMETaigHi
IIpolapky MiHiMasbHOI TOBIUHY (25-54 MKM) y CIIOJIyY€HHI 3 HAalKpaIOlo SIKiCTI0 GOPMYBaHHS BaJIMKIiB
HaIJIABJIEHOTO MeTajly. B nepexifHiil 30Hi HanaBIeHHs CTajli Ha TUTAH 3a(PiKCOBAaHO YTBOPEHHS iHTEpMETANiTHUX
¢as TiFe2, TiFe Ta ¢asu o-Fe, 36araueHoi TUTAHOM y Pi3HOMY BiICOTKOBOMY BMICTi /1J1 Pi3HMX CIIOCOOGIB Ta peKUMIB
HariapjieHHs. [Ipy HeBUCOKOMY TeIJIOBKJIaJIaHHi JOCJiIpKEHHS [I0Ka3all MOXJIUBICTb yTBOpeHHs ¢a3 TiFe Ta
Ti2Fe. HasgBHICTh OCTaHHBOI Ha CbOTOLHIIIHIN I€Hb BBaXKajacs ClipHo10. CTBOPEHI TEXHOJIOTIYHI peKOMeHaalii
nepen6avyioTh IIPOBEIEHHS 3BapIOBAHHS PO3PO6IEHMX KpaloK 6imeTasny 3a 11 mpoxofiB: 11s1a3M0oBe 3BapIOBaHHS
TUTAaHOBOTO LIapy, HAHECEHHS OJHOr0 ab0 [BOX 6ap’€pHUX IIapiB 3a 2 NIPOX0OIH KOKHUI (i3 3aX010M Ha KOKHY 3
KpailoK), HaHEeCEHHSI TOHKOTO (0 2 MM) CTaJIeBOro 11apy 3a 3 NPoxoay (Kpallky i LIeHTP), 3alI0BHEHHSI PO3POOKU B

CTaJIEBOMY mapl 3a 2 IIpoxoav, HAHECEHHA OCTaHHbOI'O 30BHIIITHBOTO niapy O6JIPILLbOBYBaHHH.

Pedepar aHIJIiHCBKOIO:

The work provides recommendations for managing the processes of interphase interaction by minimizing energy
input (up to 60-100J / mm) and preventing the formation of brittle intermetallic phases by applying barrier layers
(including bronze CuSi3Mnl) in butt welding of bimetallic plates such "titanium-steel" arc methods such as plasma,
"soft plasma", SMT, P-MIG / MAG, etc. To verify these recommendations, experiments were performed on welding
the butt joints of bimetallic plates "titanium-steel" according to the selected technological scheme. The analysis of
the structures of the obtained compounds showed that the developed technological schemes and
recommendations are satisfactory and prevent the metallurgical interfacial interaction of titanium with iron and
the formation of intermetallic compounds Fe-Ti. Despite the general tendency of formation of intermetallic phases
during surfacing of steel on titanium by all considered arc methods, it is determined that the method of plasma
surfacing by indirect arc with conductive filler wire is the least critical to their formation and allows to obtain
intermetallic layers in minimum thickness with the best quality of formation of rollers of the weld metal. The
formation of intermetallic phases TiFe2, TiFe and o-Fe phase enriched with titanium in different percentages for
different methods and modes of surfacing was recorded in the transition zone of titanium-steel surfacing. With
low heat input, studies have shown the possibility of the formation of TiFe and Ti2Fe phases. The existence of the
latter has been considered controversial to date.The created technological recommendations provide for welding



of the developed edges of bimetal in 11 passes: plasma welding of titanium layer, application of one or two barrier
layers for 2 passes each (with access to each of the edges), application of thin (up to 2 mm) steel layer for 3
passages (edges and the center), filling of development in a steel layer for 2 passes, drawing of
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Haszsa HTII YKpaiHCbKOIOZ PO3POBKA PEKOMEH/IALIIN TA TEXHIYHI BUMOT'Y IO CTBOPEHHIO
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Hassa HTII aHraificbKo0: DEVELOPMENT OF RECOMMENDATIONS AND TECHNICAL REQUIREMENTS
FOR CREATION OF THE PROCESS OF MELTING BIMETAL SHEETS “STEEL - TITANIUM”

HTII, sixy nepen6a4asiocsi CTBOPUTH:

IIpuunnn, yepe3s aki HTII He Gysi0 cTBOpeHO:

OTpuMaHi pe3yJIbTaTH: Bupobu TexHiyni, TexHosorii, Matepianu
I‘a.nysb 3aCTOCYBaHHSI: MalIMHOOYyBaHHS

PeecTpaiifiHuii HOMep KapTKH T€XHOJIOT1i:

Onuc HTII: 3 texHiko-eKOHOMIYHMX MipKyBaHb HAMKPALIUIT PE3YJIBTAT MOXKE GYTU OTPUMAHO Y Pasi
HaIJIaBJIeHHs 6ap’epHOro npouapky kpeMHieBoi 6ponsu bpKMu3-1 (CuSi3Mnl) toBmuHo 10 1,0 MM Ha
NOTIepeIHbO 3BapEHUI M7Ia3MOBUM cr1Ioco60M TuTaHoBuil (BT1-0) map 6imeTany. [loBepx LbOro npomapKy
HarapssieTbest TOHKUM (1-3 mm) map crasni Ce-08I'2C (ER70S-6) i3 BukopuctanHsam TexHosorii FroniusPuls. ITpu
1[bOMY €(EKT IepeMIllyBaHHS CTAJIEBOTO LIapy 3 OPOH30BUM HE CIIOCTEPIraeThes, 10 yCyBae HEOE3IIEKY
BUHUKHEHHS iHTEpMeTaNiIHUX (a3 i OB'SI3aHUX 3 HUMU TPIMIUH. 2. [l71s NepeBipKu po3pobieHUX peKoOMeHAalil 1o
VIPaBJIiHHIO ITponecamu MixkdasHoi B3aeMozii Ta 3a1106iraHHIO YTBOPEHHIO KPUXKUX iHTepMeTanigHux $as npu
CTMKOBOMY 3BapIOBaHHi 6iMeTajIeBUX IJIACTUH «TUTAH-CTaJb» 6yJI0 BAKOHAHO 3BapIOBaHHS CTUKOBUX 3'€JHaHb
6iMeTasIeBUX IVIACTUH «TUTAH—CTaJb» 32 0OPAHOI0 TEXHOJIOTIYHOO cxeMolo. [IpoBeiennii aHali3 Makpo- i
MIKPOCTPYKTYp OTPUMAaHMUX 3'€[IHaHb [10Ka3aB, 110 pPO3p06JieHa TEXHOJIOTiYHa cxeMa iX 3BapIOBAHHS € 33J0BiJIbHOIO i
3abe3neyvye 3arobiraHHs MeTanyprifiHiil mibkdasHiil B3aeMoii TUTaHy i3 3aJ1i30M i yTBOPEHHIO iHTepMeTaliTHUX
crionyk. 3. [l noganslioi IPOMUCIIOBOI peasisalii po3po6s1eHOi TEXHOJIOTIYHOI CXeMU 3BapIOBAHHS OiMeTaleBUX
3'€[JHaHb «TUTAH-CTaJIb» OYJI0 OOPAHO HEOOXifHE NOCIiIIHO- IPOMHUCIIOBE 06IafHAHHS i CTBOPEHO KOMILTIEKC 17151
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