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Llen Ha npoekTa:

YcbBbplUeHCTBaHeE Ha CbliecTByBalla nonynpoMMulusieHa WMHcTanauuss 3a
eNneKTpoaAbLroBo o06paboTBaHe C Kyx KaTtoa BbLB BakKyyM W pa3paboTBaHe Ha
TEXHONIOTMYHN PeXMMHU 3a 3aBapsiBaHe Ha XMMUYECKU aKTUBHU MeTallHU MmaTepuanu

OcCHOBHUM 3aaa4u:

PaspaboTrBaHe Ha cnomarateslHo 3aBapb4HO oOopyABaHe W MNpoMsAHa B
ynpaBrieHNWeTo UM 3aABWXKBAHETO My C Len pasliMpsBaHe Ha TEeXHOSIOTMYHUTe
Bb3MOXHOCTU Ha MHCTanaumAaTa; PaspaboTrBaHe Ha npucnocobnieHusl 3a 3aKpenBaHe
Ha 3aBapsiBaHUTe 4YacTU BbpXy paboTHaTa mMaca U OCUrypsiBaHe Ha Bb3MOXHOCT 3a
yCTaHOBfIBaHe Ha TepmoeneMeHTW; 3aMsiHa Ha CblUecTByBalja BaKyyMHa nommna c
HOBa C Lie&1 MOCTUraHe Ha MO-BMCOK BaKyyMm, Heobxogum npu o6GpaboTBaHeTOo Ha
XMUMUYECKN aKTUBHM MeTanHuM Matepuanu; Cb3gaBaHe Ha xapAyepHa cuctemMa wm
pa3paborBaHe Ha co(pTyepHO MPUIIOXKEHWEe 3a perucTtpupaHe M cnepeHe Ha TeKyLUU
Temnepatypu B 30HM Onu3kn po pa6oTHuTe; lpoBexpaHe Ha eKcnepuMMeHTarHu
M3cneaBaHWA 3a onpegensHe Ha Bb3MOXHOCTTA 3a 3aBapsiBaHe Ha TUTAaHOBM CNiaBw,
Yype3 eneKkTpoAbLIroB pa3psfd C TaHTANoB KyX Katon BbB BakKyym; M3cneaBaHe Ha
KOPO3MOHHaTa YCTOMYMBOCT Ha MaTepuasia B 30HMTe Ha 3aBapsiBaHe M Ha TEPMUYHO
BINUSAHMeE.

OCHOBHW pesynTaTu:

PaswunpeHn ca TEeXHOJNIOTUYHUTE Bb3MOXHOCTU Ha cbllecTByBaLwaTa
nonynpoMuiuyieHa MWHCTanauusi No OTHOLUeHWe Ha MaKcumarneH paboTteH xoa wm
CKOPOCTU Ha ABMXKEHMe Ha paboTHata maca; YUpe3 mpomsiHa Ha KOHCTPyKUMSATA Ha
paboTHata Maca e cb3gadeHa Bb3MOXHOCT 3a MOHTMpaHe Ha TepMoOerieMeHTU B
30HMTEe Ha 3aBapeHoOTO cbeauHeHue; lMocTurHat e No-BMCOK BakKyyM B Kameparta
ocurypsiBalll Bb3MOXHOCTM 3a OOpaboTBaHe HAa XUMMWUYECKM aKTUBHM MeTaslHu
maTepmanu; Cb3ageHa e xapAayepHa cucTema 3a perMcTpupaHe U criegeHe Ha TeKylum
TemMnepartypy B 30HU Onu3ku po pab6ortHute; lpoBegeHM ca eKcrnepuMeHTanHu
u3cnegBaHUA M ca yCTaHOBEHU NOAXOAALLM peXMMU 3a 3aBapsBaHe Ha TUTaHOBa
cnnaB Ti-6Al-4V; lNpoBexpaT ce nscnegBaHusi CBbpP3aHN C KOPO3MOHHaTa YyCTOM4YUBOCT
Ha nony4yeHUTe CbeAUHEHUs B 30HUTE Ha 3aBapsiBaHe U HA TEPMUYHO BIUAHMeE.
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X210Cr12 4pe3 enekTpoabroB pas3psg BbB Bakyym, MawuHocTpoeHe m
MalUMHO3HaHue, 2017.
Ferdinandov N., D. Gospodinov, M. llieva, St. Dimitrov. Effect of the Process
Parameters on Mechanical Properties of Titanium Alloy TI-6AL-4V Welds, 56th
Science Conference of Ruse University, Bulgaria, 2017, Ruse, 2017, ISBN ISSN
1311-3321.

YCBbBbPLUEHCTBAHA UHCTAJIALIUA 3A
ENEKTPOOBIOBO 3ABAPABAHE BbB BAKYYM

AHOTALUA

MpeaumcTBaTta Ha TMTaHa 1 Han-BeYve Ha HEeroBMTe CNnaBu NPea ocTaHanuTe
00LON3BECTHN KOHCTPYKLMOHHN MaTepuann CBbp3aHu C BUCOKUTE MY MEXaHUYHU
XapaKTEPUCTUKU B LUMPOK TeMrnepaTypeH UHTepBar, HUcKata NiTbTHOCT, OTNnYHaTa
KOpPO3MOHHa YCTOWYMBOCT KbM MHOXECTBO arpecuBHW cpean, HUCKa
TOMNIONPOBOAHOCT, HEMArHMTHOCT, TEXHOMOIMYHOCT Npu obpaboTBaHe 1 Apyru, ca
KayecTBaTa, KOMTO Mo NpaBAT MHOMO aTpakTMBeH MaTtepuan. Tom u cnnasute My
HamupaTt NpUoXeHne B pasnMyHn cepun Ha NPOMULLIIEHOCTTA, KaTo CamMosieTo- 1
PaKeTOCTPOEHETO, KOPABOCTPOEHETO, XMMUYHOTO MALUMHOCTPOEHE, XPaHUTEMHO-
BKycOBaTa MPOMWLLSIEHOCT, KaKTO WU B OpyrM OTpacnu Ha MNpOMULLSIEHOCTTa U
MeguumHaTa.

MexaHu4yHMTEe XapakTepUCTUKM Ha TUTaHa 1 cnnasuTe My obaye 4o ronama
CTeneH 3aBUCAT OT CbObPXXaHMETO HA NPUMECK B HEIO U Han-BeYye Ha kucropoaa,
asoTa, Bogopoaa v Bbrnepoga. OcBeH, Ye NoBMLIABAT SIKOCTTA, T€ PA3KO NOHWXKaBaT
nnacTuyHocTTa.

OCHOBHUTE TPYAHOCTU NPY 3aBapsiBaHe Ha TUTaH U CNfaBuUTE My Ca CBbpP3aHu
C: BMCOKaTa My XMMU4YeCKa akTUBHOCT M3UCKBALLlAa Ka4yeCcTBeHa 3almMTa He caMo Ha
3aBapbyHMS LLEB, a M Ha OKOrOLLEeBHATa 30Ha Harpsita 4o Temenepartypa Hag 250-
300°C; obpasyBaHETO Ha NOpU N CTyAEHW NYKHATUHW BCNEACTBME HANM4YMETO Ha
rasoBu MpPUMECH; CKITOHHOCT KbM yedpsiBaHe Ha 3bpHaTa B OKOfoOLleBHaTa 30Ha
M3n1CcKBaLLa npunaraHeTo Ha oNTMMarnHu pexuMmm Ha paboTa.

Cnopepg nuTepaTypHN AaHHM NO BpEME Ha 3aBapsABaHETO C LieNn HamanssaHe
Ha OMacHOCTTa OT OKPEXKOCTABAHE OT KMCMOPOA, a30T U BOJoOpoa € Heobxoanumo aa
Ce OCUrypu 3alyuTa Ha LWeBa M OKOSoLeBHaTa 30Ha C MOMOLLTa Ha MHEPTHU ra3oBe C
BMCOKa YMCTOTa UM BakyyM OT nopsigbka Ha 10-2Pa. 3a 3aBapsiBaHETO Ha TUTaH U
TUTAHOBM CMNaBu ce npuraraT OCHOBHO cnegHute metoau: BUT, MU, nnaameHo,
€NeKTPOHHO-NBbYEBO, ENEKTPOABLIOBO C KYX KaTOA BbB BaKyyM 1 Na3epHo.

HayyHuTe n3cnegBaHMs No OTHOLLUEHME Ha M3MON3BaHETO Ha pa3psaa C Kyx
Katog 3a 3aBapsiBaHe Ha XMMWYECKU aKTUBHW Martepuanu u B YacTHOCT TUTaH U
TUTaAHOBW CMaBu ca TBbPAE OrPaHNYEHMN.

lMpeoumcTBaTa Ha paspsiia ca CBbp3aHM C Bb3MOXHOCTTA 3a Mosly4aBaHeTo
Ha npakTnyeckn 6e3nopecTu LIeBOBe, BCIEACTBME Ha U3KIMIOYTENHO KayecTBeHaTta
3awmTta M Bb3MOXHOCTTA 3a [Jerasaumss Ha MeTana Ha wesa. fAkoctta wu
NNacTMYHOCTTa Ha 3aBapeHUN Ypes3 eNeKTPoabIroB pasps C KyX Katog CbeAMHeHns ca
Mo-BMCOKM B CPaBHEHME C Te3u MOSyYeHu crieq 3aBapsiBaHe Nof Criom oT gontoc, a
CKOPOCTTa Ha KOPO3Usl MO-HUCKA.

B nutepatypata nuncsa nHopmaumnsa 3a U3Non3BaHETO Ha KyxXu KaToam
n3paboTteHn OT TaHTanoBO (POSIMO, KaKTO M MPOU3TUYALLMTE OT Tam pasfvku B
n3nons3BaHuTe NapamMeTpu Ha pexnmmuTe Ha paboTta. He e AcHo kak Bnvse popmara
Ha KaToda, CKOpOCTTa Ha 3aBapsiBaHE M rofieMuHata Ha Toka Bbpxy ¢opmara,
CTPyKTypata U MexXaHW4YHUTE XapaKTEepUCTMKU Ha 3aBapeHUTe CbeauHeHue npu
N3MON3BaHETO Ha TAHTaNoOBN KaTOAMW.

B pamkuTe Ha paboTtaTta no npoekTa e yCbBbpLIEHCTBaHa CblUECTBYyBaLla
nonynpomMuLLNeHa MHCTanauusa 3a enekTpoabroBO 3aBapsiBaHE C KyX KaTO4 BbB
BaKyyM U ca NpoBeAeHN MbpPBU eKCNepUMEHTarnHN n3cneaBaHns 3a nosiyyaBaHe Ha
peanHn 3aBapeHN CbeOUHEHUS OT XUMUYECKM aKTMBHM MeTanHu marepuanu
(TntaHoBa cnnas Ti—6Al—4V).

CUCTEMA 3A PETUCTPUPAHE U CJNIEOEHE HA TEKYLLUA
TEMNEPATYPU B 30OHUTE HA 3ABAPEHOTO CbEAVWHEHUE
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PROJECT 2017-FMME-01

Project title:

Upgrade of a semi-industrial installation for arc treatment with hollow cathode in
vacuum for welding of chemically active metal materials
Project director:

Associate Professor Danail Gospodinbov, PhD

Project team: Associate Professor Rossen Radev, PhD; Assistant professor Nikolay
Ferdinandov, PhD; Assistant professor Mariana llieva, PhD; Stoyan Dimitrov — PhD
student; students.

Address: University of Ruse, 8 Studentska Str., 7017, Ruse, Bulgaria
Ten: 082 — 888 205
E-mail: dgospodinov@uni-ruse.bg

Project objective:

An upgrade of an existing semi-industrial installation for arc treatment with hollow
cathode and technological modes elaboration for welding of chemically active metal
materials

Main activities:

Elaboration of assisting welding equipment and modification of its control ans drive
in order to expand the technological possibilities of the installation; Elaboration of
devices for fastening of the welded parts onto the workbench and providing
opportunity to set up thermocouples; Replacement of the current oil/diffusion pump
with a new one in order to achieve higher vacuum pressure ranges, required for the
treatment of chemically active metallic materials; Development of a hardware system
and software application for recording and monitoring the momentary temperatures
near the working areas; Carrying out experimental research in order to specify the
possibility for welding of and titanium alloys by arc discharge with a tantalum hollow
cathode in vacuum; Study on the corrosion resistance of the material in the fusion
zone and in the heat affected zone.

Main outcomes:

The technological potential of the existing semi-industrial installation has been
expanded, allowing to extend the maximum stroke and to increase the range of
workbench speeds; A possibility for setting up thermocouples in the weld area or near
the weld has been provided by modification of the workbench design; A higher vacuum
pressure, that assures possibilities for treatment of chemically active metal materials,
has been achieved; A hardware system for recording and monitoring of the current
temperatures near the working zones has been invented; Experimental studies have
been carried out and the appropriate modes foe welding of titanium alloy Ti-6Al-4V
have been determined; Corrosion tests for determination of the corrosion resistance of
the welding are currently carried out.
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MallMHO3HaHue, 2017.
Ferdinandov N., D. Gospodinov, M. llieva, St. Dimitrov. Effect of the Process
Parameters on Mechanical Properties of Titanium Alloy TI-6AL-4V Welds, 56th
Science Conference of Ruse University, Bulgaria, 2017, Ruse, 2017, ISBN ISSN
1311-3321.

MukpocTpyKkTypa Ha 3aBapeHO cbeaneHue: a) 30Ha Ha
S o TePMUYHO BnusiHue; 6) rpaHuLa 30Ha HA TEPMUYHO
ARl QW Ternp 73]
15.2 on A BrnusiHne/pastoneHa 30Ha; B) pa3TorneHa 30Ha;
5 ' 5 e EntAcadies Gatunl Clack Fragusney

o jAoooona | I') rpaHmua 3oHa Ha TepMU4HO BHVIFIHVIe/pa3TOI19Ha 30Ha,
ﬂ) pa3ToneHa 30Ha

obLl B HA 3ABAPEHUTE CbEAUHEHUA U NMPOBHUTE
TENA NPEOU U CNEQ U3NMUTBAHE HA ONBbH

PE3YNTATU 3A PASIMNPEOQENEHUETO HA TBbPOOCTTA CJIEQ
3ABAPABAHE U CTAPEEHE NMPU PA3IIUMHU TEMIMEPATYPU U PEXXUMU
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