AHOTALIA

I'anywyax O.B. Po3poOka TeXHOIOrI CTHKOBOIO IJIa3MOBO-IyTrOBOIO
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JucepTaiiiina podoTa MpucBsiYeHa BUBUCHHIO METATYPIridHUX 0COOIMBOCTEN
IIPOLIECIB IIJIa3MOBO-JyTOBOr0 0araTonmpoxiJHOrO 3BaplOBaHHsI OiMeTaly THUTaH-
CTaJIb 13 HAHECEHHIM Oap’ €pHUX MPOIIAPKIB I MiHIMI3allll 00 MOBHOI'O yCYHEHHS
inTepMmetaniiHux da3 (IM®D), sxi 3a3BUYall yTBOPIOIOTHCS MIPU B3AEMO/I11 TUTAHY Ta
CTajlll y HarpiToMy JI0 TIeBHUX TeMmIlepaTyp cTaHi. BUBYeHHS 3a3HaYeHUX
METaTYpPridiHUX OCOOIMBOCTEH JI03BOJIUTH CTBOPUTH TEXHOJOTIT OJep/KaHHA
3BApHUX 3’€JIHAHDb MPUUHATHOI SKOCTI, SKi BHKOPHUCTOBYIOTHCS B XIMIUHIH
IPOMUCIIOBOCTI Ta MaricTpajbHUX TPYOOIpoBOIaX.

JIsist MiIBUIIEHHS KCILUTyaTaliifHOTO pecypcy TpyOHW Takux TpyOOIpPOBO/IIB
BUTOTOBJISIFOTE 31 CTaJI, TNTAKOBAHOIO 13 BHY TPIIIHBOT CTOPOHHU TPYOH 1IapOM TUTAHY
a0o TUTaHOBOTO CIIaBy. HassBHICTh THTAHOBOTO IIapy 1 BACOKI BAMOTH JIO MIIIHOCTI
Ta KOPO3iMHOI CTIHKOCTI 3BapHMX IIBIB, BUKJIMKAIOTEH Psif MpobieM mpu BUOOpI
Croco01B 3BaprOBaHHA. AKTYaJIBHOIO € 3a7ja4a BUOOPY CreliaJbHUX TEXHOJIOTTYHUX
NpUiioMiB, crtoco0y 3BaprOBaHHS Ta PO3POOKU BIATOBIIHOT TEXHOJIOTIT 3’€THAHHS
JIMCTIB IJIAKOBAHOI TUTAHOM CTaJli, SIKa 3a MOPIBHSIHO HEBUCOKUX BUTpPAT JO3BOJIUTH
OTPUMYBaTU TPYyOHI BUPOOH HEOOXITHOI SIKOCTI.

O0’exkT mOCJIZKeHHs — TIIPOIEeCH IIa3MOBOrO 1 JYyroBOTO 3BapIOBAaHHS
KOHCTPYKILIMHOI HU3BKOBYTJIEIEBOI CTadi, IJJAKOBAHOI IIApOM THUTaHy, 13
3aCTOCYBaHHSIM Oap’ €pHUX MOKPHUTTIB.

IIpenmer nocaigkeHHst — (QOPMYBaHHS CTHKOBOTO 3BapHOTO 3’ €IHAHHS

OimMeTay «THTaH-CTaJIb» TPH 0AraTonpoxiTHOMY 3BapIOBaHHI.



MeTta poGoTH — JocHiKeHHs e(EeKTUBHOCTI 3acCTOCyBaHHS Oap’epHMX
MOKPHUTTIB 3 PI3HUX MarepialliB Ta IX HaHECEHHs Ha THUTaH Ta CTalb 3
BUKOPUCTAHHSM PI3HUX METO/IIB IJIa3MOBO-yTOBOT'0O HAIJIaBJICHHS 1 HATUITIOBAHHSI
JUIsL MIHIMI3aLll yTBOPEHHSI IHTepMeTaniIHUX (a3 MpH 3BapIOBaHHI BCTUK CTaJIEBUX
JMCTIB, TUIAKOBAaHWX IIAPOM THUTaHY, PO3POOKa TEXHOJIOTIl OJ[ep>KaHHS TaKUX
CTMKOBHX 3’ €THAHb.

Jlo HayKOBOT HOBU3HH JIOCIIIJDKSHHS BITHOCSTHCSI HACTYITHI MTOJIOKEHHS:

1. Brepie BCTaHOBIEHO 3aKOHOMIPHOCTI BIUIMBY BEJIMYMHU MTOTOHHOI
eHeprii £ Ha TOBIIHHY MEePeXiTHOI 30HH, III0 YTBOPIOETHCS MIPH B3aEMO/IT pO3ILIaBy
cTajIi 3 TMTAHOM B IIpOIlecax MIa3MOBOT0 Ta [yTOBOTO HATUIABIICHHS CTalll Ha THTaH,
1 Butovae inTepmertanini ¢pasu Ti-Fe, a came — nipu 3HauenHi £ B intepsaii 45—-60
Jbx/MM 1 BenmnamHa cTaHoBUTH 10—60 MKM, a pH 301/IbIIeHH] BeTnIuHu £ 10 60—
100 Jbx/mm — nocsirae 450 MxM i Oinble i3 yTBOPEHHSM 3HAYHOI KIJIBKICTI
MIKPOTPILIUH Ta IHIIAX JePEKTIB.

2. OTpumano 1oJNaJdblIMi PO3BUTOK YSBICHHS TMPO OCOOJUBOCTI
CTPYKTYpOYTBOPEHHS IIPY METATYyprifiHI{ B3a€MO/I1i BaHA/IIIO 31 CTAJLIIO B IIPOLECaX
IUIa3MOBOTO Ta JlyTOBOT'O HAIUIABIEHHS MMOKPHUTTS BAHAIIIO HA CTAb 1 CTaNl Ha 1€
IIOKPUTTS, BCTAHOBIIEHO, L0 B MEpexXiJHIA 30HI MiX HAlJIaBIEHUM BaHa/1€BUM
INOKPUTTAM 1 CTajUll0 YTBOPIOETHCS IHTEPMETAJIIHHH MPOIIapOK 3MIHHOI
KoHueHTparii (40—-75 mac.% V 1 60-25 mac. % Fe) i migsumenoi TBepmocti (1o 5520
Mlla), mo npu3BOAUTE A0 TPIIMHOYTBOPEHHSI.

2 OTpuMano noJanblIMi PO3BUTOK YSBJIGHHS MPO OCOOIMBOCTI
MeTallyprifHol B3a€EMO/Ii1 PO3IIaBy MiTHUX CILJIaBiB 3 TUTAHOM 1 CTAJLIIO, a came —
BCTaHOBJIEHO YMOBU HaHeCeHHs Oap’epHoro mokputts 13 crmaBy CuSi3Mnl na
TUTAaHOBY IIJIACTUHY, IPH SKUX B3aeMHa AUdy3is €IEMEHTIB Ha MeXax PO3ILTy

«tutaH-CuSi3Mnl-cTanpy He NPU3BOAWTH JIO YTBOPEHHS KPHUXKUX (a3 Ta

TPIMHOY TBOPEHHSI.
4. Brepiie BusABIEHO 0COONMBOCTI METaypriiiHOI B3a€MOAIl Ha MexXi
«TUTaH — IJIa3MOBO HAalWIEHEe CTalleBe MOKPHUTTS» IPH I[UIa3MOBO-yTOBOMY

HaIlJIaBJIEHHI CTAJIEBOTO APOTY Ha I¢ MOKPUTTS, a caMe — YMOBU MiHiMi3alii iHoro



ToBIIMHH (He MeHIe 400 MKM) 1 BETMUMHM TTOTOHHOI €HepTii HaIlJIaBIeHHS Ha Ie
nokputts (o 200-250 JHx/MM), pH SIKUX MK HaITMJIGHUM ITOKPUTTAM 1 TUTAHOM
YTBOPIOETHCS Oe3eekTHa MepexiiHa 30Ha.

- f Brnepmie BcTaHOBIIEHO, MO B pe3ysbTaTi HArpiBy IUIa3MOBHUMH 1
JTYTOBUMH 3BapIOBAIBHUAM JDKEpEllaMH IIPU  3arOBHEHHI PO3POOKH CTHKOBOTO
3’€HAHHS OiMeTany «THUTaH-CTaIb» B IpoIeci 0araTompoxXiIHOro 3BapIOBAHHS J10
900-1300°C B 30HI KOHTAaKTy THTaHy 1 CTall B TBeplid (a3l yTBOPIOETHCS
Oe3nedexTHa mepexijiHa 30Ha TOBHIMHOIO Big 1 MKkM 1m0 10 MKM, B sIKiil mpu IIpH
NoJaNbIIOMy MiJBHIICHHI TemriepaTypd g0 1430°C  yTBoproeTbes CyMmill
iHTepMeTamiaiB 3  MikporBepaictio HV 600—800 Ta iHTerpaJibHUM XiMIYHUM
CKJIaJI0M, 110 BignoBigae popmyni Ti Fe.

IIpakTHYHe 3HAYEHHSI OTPUMAHUX Pe3yJIbTATIB.

l. Po3po0iieHo TeXHONOriYHUN TIpolec 0araTOMpPOXiHOTO CTHUKOBOIO
IUIa3MOBO-IyTOBOTO 3BaplOBaHHs OiMeTajJeBUX IUIACTHH «THTAH-CTalIby, IIO
SBJISIIOTH COOOI0 HU3BKOBYTJIEIEBY CTalb TOBIIMHOIO 10 MM, TTaKOBaHYy TUTAHOM
TOBILMHOIO 2 MM, SIKUH 3a0e31euye OTpUMaHHS 3’ €JHAHb 13 TOKa3HUKaMU MILHOCTI
Ha CTaTUYHUU PO3PHB, IO JOCATAfOTh A0 85% MIIHOCTI BIAIIOBIAHUAX CKJIAJOBUX
OimeTany.

2. OnTtuMizoBaHi KOHCTPYKTHBHI mapamerpu U-momibHOI po3poOKu
KpalloOK JJii CTUKOBOTO 3BapIOBaHHs OiMETaJeBUX IIJIACTUH «THUTAH-CTAJIbY,
30KpeMa, 3allpOTIOHOBAHO BHUTOTOBJICHHS B PO3pOOIll MOpPOry B HUIKHIA YacTHHI
pO3poOKH 13 po3MipaMu JIIs 3a0e3MeYeHHs] CTUKYBaHHSI KPalHOK THUTAHOBOTO IIapy
nepes iX 3BaprOBaHHSIM.

3. Po3pobneno crierianbHUH MIIa3MOTPOH ISl 3BapIOBAHHS TUTAHOBOT'O
mapy B  U-momiOHit  po3poOIti, sSKUHA  BUIPI3HIETBCS  BHIOBKECHHUM
TU1a3MOYy TBOPIOIOYUM COTIIOM 3a/1aHOI JOBXHHH, 10 TOBTOPIoe popmy U-11o1i0HOT
PO3pPOOKH.

4. BcTraHoBieHI ONTUMaNbHI TEXHOJOTIYHI IMapaMeTpyd  IMITYJIbCHO-
JYTOBOTO HAIUIABJIEHHS CTAJEeBOTO IHapy IUIaBKUM eJIeKTPOIOM Ha Oap’epHe

IOKPUTTSL 13 MIJIHOTO KpEMHIM-MapraHlleBOro CILUIaBy, sKi 3a0e3IedyroTh



dopmyBanHs Oe3neeKTHOT CTPYKTYPH MEPEXiTHOI 30HH MK MIJTHUM CIIIaBOM 1
CTaJLIIO, & CaMe: TOBLIMHK HAIUIABJIEHOTO CTaJIeBOTO 1Iapy — 1,5-2,5 MM, niametpu
crayieBoro npucagxoro apoty 0,8—1,0 MM, popma iMITyIbCy 3BapIOBAIILHOIO CTPYMY
— TpameneigangbHa 31 CIIBBIHOIICHHSM dYacy IMITyJIbCy 0 4acy may3u 2:1 Ta
YacTOTOIO IMITYJIBCIB B Alana3zoni 3—10 I',.

5. Po3pobiieni pekoMeH ALl ITO CTBOPEHHIO JOCTAHO-IPOMUCIIOBOL JIIHIT
BUTOTOBJICHHsI TIPSIMOIIIOBHUX TPYO «TUTAH-CTAJb» 13 3aCTOCYBAaHHSIM PO3pOOIIEHOT
TEXHOJIOTIT 0araTompoXiIHOrO CTHUKOBOTO 3BaplOBaHHS OiMeTally «TUTaH-CTAJIbY
BrposapkeHi B TOB «HBI] ITJIA3EP» (Ykpaina) npu po3poOIii Ta BUTOTOBJICHHI
JOCITiTHO-TTPOMHUCIIOBOTO KOMILIEKCY JUISI TIOB3/I0BKHBOIIOBHOIO ¥ OpOITAlbHOrO
3BapIOBaHHs 3aroTOBOK OiMeTaneBUX TPYyO.

Y mepmiomy po3aijii MpUBEACHO pe3yJbTaTH aHajlizy OCOOJIMBOCTEH
OTpUMaHHS 3BapHUX OiMeTaleBWX 3’€IHAaHb THTAHy Ta CTall 3 BUKOPUCTAHHAM
Cy4YacHHX 3BapIOBAJIBHUX TEXHOJIOTIH 1 TEXHOJOTIYHUX MNpHHOMIB. Po3risaHyTo
TEXHOJIOTIYHI OCOOIMBOCTI 3BapIOBAJBLHUX MPOLECIB 1 CTPYKTYpPHI OCOOIMBOCTI
dbopMyBaHHSI TaKMX 3BapHUX 3’€JlHaHb, BHU3HAYEHO XapakTepHi Jjedektdu Iix
yrBopeHHs. ChopmynapoBaHo 60a30By mpoOiieMaTHKy OTPUMaHHs 3’ €IHaHb TUTAHY
Ta CTaJli 3BapIOBAHHSIM IIJIaBlieHHsM. Ha OCHOBI mpoBejeHOoro aHaiily BH3HA4YEHI
MeTa Ta 3aBJaHHs JOCIIIKEHb.

Y apyromy po3aijii HaBeEeHO OMKMC 3aCTOCOBAHMX CTAaHIAPTU30BAHUX Ta
OpUTIHATBHUX METOJIB TMPOBEJEHHS JOCHiDKeHHs. BkazaHo wMarepiangu, IO
3aCTOCOBYBallUCh B Iporeci aociikeHb. [IpoBegeHO oONHUC TEXHOJIOITYHOIO
3BapIOBAIILHOIO 00JIaIHAHHS 11 BUKOHAHHS €KCIIEPUMEHTIB 1 MeTajorpadiqHux
JIOCIIDKEHD.

Y TperbomMy po3aijii TPHUBEICHO TEXHOJIONIYHI Ta MeTajorpadivHi
JOCTIKeHHSI JUISI BUSIBJIEHHSI CTYTIEHIO BIUTUBY JyTOBOT0 a00 IJIa3MOBO-TyTOBOIO
JUKepeJla HaIUIaBJIEHHSl CTajJeBOro 1Iapy Ha TUTAHOBHMM IIap, BCTAHOBIIEHO
3aJIeKHICTh MapameTpiB ¢opmyBanHs IM® mnpomapKy Bif MOTOHHOI eHeprii
3BapIOBAJILHOIO IIpoLecy. 3 ypaxyBaHHSIM OTPUMAaHHUX JaHUX Hajajal oOpaHo

HaMOIBII NepCIIeKTUBHI 3BapIOBAJIbHI Ta CIIOPIIHEH] TEXHOJIOTT JIUIsl HAaIlJIaBICHHS



1 HaMWITFOBaHHS Oap’€pHUX IIapiB, MPU3HAYEHUX i ycyHeHHs IM® mporapky.
IIpoBeneHo MetanorpagidHi JOCHITKEHHSI CTPYKTYPOYTBOPEHHS y IepeXiTHUX
30HaxX IICNIsI HAaHECeHHs Oap’€pHUX IMOKPUTTIB Ha THTAH, ICIA HAHECCHHS
0ap’€pHUX IMOKPUTTIB Ha CTAJIb 1 MiC/s HAIUIABJIEHHS! TOHKOTO CTAIEBOIO IIapy Ha
HaHeCeHl IOKPUTTA. 3a pe3ylpTaTaMu MeTtanorpadidHuxX MAOCTiKEHb O0O0paHo
HaMOLIBII MEepCIeKTUBHI MaTepiall 1 TEXHOJIOTF0 HaHECEHHs Ha THTaH 6ap’€pHOro
[OKPHUTTS 13 HACTYNHUM HAIUIaBJIeHHSIM cTaneBoro mapy. OCHOBHHU KpHUTepii
BHOOpPY — MoBHe abo wacTkoBe ycyHeHHs IM® mpormapky, MiHiMizalis TOBIIUHU
IM® npowapky g0 10 MkMm.

Y uerBepromy po3aini JgucepraniifHOi poOOTH TOCIIKEHO CTPYKTYpPHI
0cOOIMBOCTI BUXIJIHUX 3pa3KiB OiMeTany THTaH-CTallb, 3 SKHX Hauajll IUIaHy€eThCs
3BaproBaTH TpyOHI KoHcTpykuii. [lpuBejieHi pe3yiabTaTh MaTeMaTHYHOI'O Ta
(I3UYHOrO MOJENIOBAaHHS IIPOIIeCY HArpiBy B TBepAii (asi 3paskiB GiMeTaneBoro
JINCTAa TUTAH-CTAlb, SIKMM BiAOYBAa€ThCS MPHU JTYroBOMY abO IMJIa3MOBO-IYTOBOMY
3aproBaHHi. [IpoananizoBaHo ocobmnuBocTi yTBOpeHHs IM® y TBepmiii (asi
3aJIe)KHO Bl TeMIeparypd HarpiBy 30HH Tepmivydoro BmmBy (3TB) npu
3BapIOBaHHI.

Y m’satomy po3aiji NpeJCcTaBIeHO pe3ysbTaTH TMPaKTHYHOI peasizamii
IPOBEIEHUX JOCII[KEHb, a camMe: pO3pOOJIEHO Ppsii TEXHOJOTIHM, MOCIiToBHE
3aCTOCYBaHHS SIKUX JI03BOJISIE€ OJIEpKaTH 3BapHe 3’€IHaHHS OiMeTaay THTaH-CTallhb
BIANOBIAHOI ~ SIKOCTI,  PO3POOJEHO  CTPYKTYpHO-amaparypHi  cxemMd  Ta
CKOHCTPYHOBAHO BIAMOBI/IHE 00JIaJHAHHS JUISI BIIPOBADKEHHS IIMX TEXHOJIOTIH.

KiowoBi cjoBa: 0OiMeran TUTaH-CTalb, 3BapIOBaHHS IUIABICHHSM,
iHTepMeTanigHl (a3, IIOrOHHA eHeprisi, Oap’epHi MOKPHUTTSA, MIKPOCTPYKTYpa,

MIKpOTBEpJICTh, JeEeKTH, 3BaploOBaIbHe 00IaJHaAHHS.



ABSTRACT

Ganushchak O.V. Development of a technology for butt plasma-arc multi-
pass welding of the titanium-steel bimetal with application of barrier coatings. — A
qualifying scientific manuscript.

Dissertation for obtaining the degree of Doctor of Philosophy in the specialty
132 Materials Science. — E.O. Paton Electric Welding Institute of the National
Academy of Sciences of Ukraine, Kyiv —2024.

This dissertation is dedicated to studying the metallurgical features of plasma-
arc multi-pass welding processes for titanium-steel bimetals using barrier interlayers
to minimize or completely eliminate intermetallic phases (IMPs) that typically form
during the interaction of titanium and steel under certain temperature conditions. The
investigation of these metallurgical features enables the development of
technologies for producing welded joints of acceptable quality, suitable for chemical
industries and main pipelines.

To enhance operational lifespan, pipes for such pipelines are manufactured
using steel lined with a layer of titanium or titanium alloy on the inner surface. The
presence of a titanium layer and the stringent requirements for the strength and
corrosion resistance of the welded joints pose challenges in choosing appropriate
welding methods. There is an urgent need for the development of specific
technological techniques, welding methods, and a technology for joining steel sheets
lined with titanium, which would ensure the production of pipe products of the
required quality at relatively low costs.

Object of research — Plasma and arc welding processes of structural low-
carbon steel clad with a layer of titanium using barrier coatings.

Subject of research — Formation of a butt-welded joint of titanium-steel
bimetal during multi-pass welding.

The purpose of the work — To investigate the efficiency of applying barrier
coatings made of various materials to titanium and steel using plasma-arc surfacing

and spraying methods to minimize the formation of intermetallic phases during butt



welding of steel sheets lined with titanium. The ultimate goal is to develop a
technology for producing such butt joints.

The scientific novelty of the research includes the following provisions:

1s For the first time, the regularities of the influence of the value of the
linear energy E on the thickness of the transition zone formed by the interaction of
the steel melt with titanium in the processes of plasma and arc surfacing of steel on
titanium, and including intermetallic phases Ti-Fe, namely, at a value of E in the
range of 45-60 J/mm, this value is 10-60 um, and with an increase in the value of E
to 60-100 J/mm, it reaches 450 pum and more with the formation of a significant
number of microcracks and other defects.

2. The understanding of the peculiarities of structure formation during the
metallurgical interaction of vanadium with steel in the processes of plasma and arc
surfacing of vanadium coating on steel and steel on this coating was further
developed, it was found that in the transition zone between the deposited vanadium
coating and steel an intermetallic layer of variable concentration (40-75 wt.% V and
60-25 wt.% Fe) and increased hardness (up to 5520 MPa) is formed, which leads to
crack formation.

3. The idea of the peculiarities of metallurgical interaction of copper alloy
melt with titanium and steel was further developed, namely, the conditions for
applying a barrier coating of CuSi3Mn1 alloy to a titanium plate were established,
under which the mutual diffusion of elements at the “titanium-CuSi3Mn]1-steel”
interface does not lead to the formation of brittle phases and crack formation.

4. For the first time, the features of the metallurgical interaction at the interface
"titanium - plasma sprayed steel coating" during plasma-arc welding of a steel wire
on this coating were revealed, namely, the conditions for minimizing its thickness
(at least 400 um) and the value of the linear energy of welding on this coating (up to
200-250 J/mm), in which a defect-free transition zone is formed between the
sprayed coating and titanium.

5. It was established for the first time that as a result of heating with plasma

and arc welding sources during the filling of the development of the titanium-steel



butt joint in the process of multi-pass welding up to 900—-1300°C in the contact zone
of titanium and steel in the solid phase, a defect-free transition zone with a thickness
of 1 pm to 10 pm, in which a mixture of intermetallics with a microhardness of HV
600-800 and an integral chemical composition corresponding to the formula Ti,Fe
is formed when the temperature is further increased to 1430°C.

Practical significance of the obtained results.

l. A technological process for multi-pass butt plasma arc welding of
titanium-steel bimetallic plates, consisting of 10 mm thick mild steel clad with 2 mm
thick titanium, has been developed, which provides joints with static tensile
strengths reaching up to 85% of the strength of the corresponding bimetallic
components.
| 2. The design parameters of the U-shaped edge development for butt
welding of titanium-steel bimetallic plates were optimized, in particular, it was
proposed to manufacture a threshold in the lower part of the development with
dimensions to ensure the joining of the edges of the titanium layer before welding.

: 8 A special plasma torch for welding a titanium layer in a U-shaped
development has been developed, which is characterized by an elongated plasma-
forming nozzle of a given length that repeats the shape of the U-shaped development.

4. The optimal technological parameters of pulsed arc surfacing of a steel
layer with a consumable electrode on a barrier coating of a copper silicon-manganese
alloy have been established, which ensure the formation of a defect-free structure of
the transition zone between the copper alloy and steel, namely thickness of the
deposited steel layer - 1.5-2.5 mm, diameter of the steel filler wire - 0.8-1.0 mm,
welding current pulse shape - trapezoidal with a ratio of pulse time to pause time of
2:1 and pulse frequency in the range of 3-10 Hz.

3. The developed recommendations for the creation of a pilot production
line for the manufacture of longitudinal titanium-steel pipes using the developed
technology of multi-pass butt welding of titanium-steel bimetal have been
implemented at SPC PLASER LLC (Ukraine) in the development and manufacture

of a pilot complex for longitudinal and orbital welding of bimetallic pipe blanks.



The first section presents the results of an analysis of the peculiarities of
producing welded bimetallic joints of titanium and steel using modern welding
technologies and techniques. The technological features of welding processes and
structural features of the formation of such welded joints are considered, and the
characteristic defects of their formation are identified. The basic problems of
producing titanium and steel joints by fusion welding are formulated. Based on the
analysis, the goal and objectives of the research are defined.

The second section describes the standardized and original methods used in
the study. The materials used in the research process are specified. The technological
welding equipment used to perform experiments and metallographic studies is
described.

In the third chapter, presents technological and metallographic studies to
determine the degree of influence of an arc or plasma-arc surfacing source on the
titanium layer, and the dependence of the parameters of the formation of the IMF
layer on the welding process energy. Taking into account the data obtained, the most
promising welding and related technologies for surfacing and sputtering barrier
layers intended to eliminate the IMF layer were selected. Metallographic studies of
structure formation in the transition zones after applying barrier coatings to titanium,
after applying barrier coatings to steel, and after surfacing a thin steel layer on the
applied coatings were performed. Based on the results of metallographic studies, the
most promising material and technology for applying barrier coatings to titanium
followed by surfacing a steel layer were selected. The main selection criterion was
the complete or partial elimination of the IMF layer and minimization of the IMF
layer thickness to 10 um.

In the fourth chapter of the dissertation investigates the structural features
of the initial samples of titanium-steel bimetal, which are planned to be used for
welding pipe structures. The results of mathematical and physical modeling of the
heating process in the solid phase of titanium-steel bimetallic sheet samples, which

occurs during arc or plasma-arc welding, are presented. The peculiarities of IMF



formation in the solid phase depending on the heating temperature of the heat
affected zone (HAZ) during welding are analyzed

The fifth chapter presents the results of the practical implementation of the
conducted research, namely: a number of technologies have been developed, the
consistent application of which allows obtaining a welded joint of titanium-steel
bimetal of appropriate quality, structural and hardware schemes have been
developed, and appropriate equipment for the implementation of these technologies
has been constructed.

Key words: bimetal titanium-steel, fusion welding, intermetallic phases,
linear energy, barrier coatings, microstructure, microhardness, defects, welding

equipment.
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