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Pe3rome

CrartusTa pa3riexaa pe3yiaTaTuTe, MoJIy9eH! OT U3MEPBAHETO Ha 00IaTa cuia
B HMIIIKA, HABUTA HA MAIlIMHA C ITpecuyaIiy ce ocu. IamepBanusita Ha Tpu BUaa
MPEXIN CE TIPABST ChC CIEIIMATHO 000pyABaHE, pa3pabOTEHO 3a U3MEPBAHE HA
CUJIaTa Ha OI'bH B JIB€ B3aMMHO NEPIEHANKYJISIPHU HanpasieHus. [lomydyenure
KOMIIOHEHTH C€ cymupaTr reomeTpuyHo. [lomydenure pesynratu mie ObaaT
M3I0JI3BaHM 33 ONITUMHU3MPAHE HA TPOLECA HA HABUBAHE.

Stoyanov B., D. Valachev, “Experimental determination of the total force of
yarns winding on a machine with intersecting axes”, Textile and Clothing,
Sofia, 58(12)/2010, year LVIII, page 356-362. ISSN 1310-912X

Abstract

The paper views the results obtained from the measurement of the total force in
a fibre wound on a machine with intersecting axes. Measurements of three types
of yarns are taken by special equipment developed for measuring the tensile
force in fibres in two mutually perpendicular directions. The components
obtained are geometrically summed. The results obtained will be used for
optimizing the winding process.

I'.7.2. N3cneaBane Ha CTPYKTypaTa U MEXaHUYHUTE CBOMCTBA HA €JIEKTPOHHO-
JTBYEBO 3aBapEHU PA3HOPOIHU ChEIMHEHUS OT MEJl U HEPBKJaeMa CTOMaHa C U
0e3 odeer.

Pestome

[IpencraBenu ca pe3yiaTaTUTE OT U3CJIEABAHE HA CTPYKTypaTa U MEXaHUYHUTE
CBOMCTBA Ha Pa3HOPOJHU CHEJIMHECHUS OT MEJI U HephxkaaeMa cromana 304L,
oOpa3yBaHU 4pe3 eJEKTPOHHO-TbuUeBa 3aBapka. M3cienBanute mpodu Osxa
3aBapeHu 0€3 U3MeCTBaHe Ha JTbYa M C U3MECTBAHE Ha JTbUa KbM JIBATa 3aBaApCHU




Marepuana Ha pascrosHue 0,3 mm. Pa30BHUAT ChCTaB CE€ ONPENEHS 4pe3
pentreHoB aHanu3. CTpyKTypaTa € M3clie[iBaHa C MOMOIINTa Ha CKaHMpaIla
€JIEKTPOHHA  MUKpockomus. [3MmepeHnm ca  MEXaHWYHUTE CBOMCTBA,
BKJIFOUUTETHO TBBPAOCT U AKOCT Ha OMbH. Pa30BUAT ChCTaB HA PA3IIICKIAHUTE
o0pasI| ce ChCTOU OT ABY(a3zoBa CTPYKTypa OT JIULEBO-LIEHTPUPAHU KyOHUUHHU
(fcc) u nentpupanu no tsuoto Kyouunu (bec) daszu. [Ipobara, 3aBapena 6e3
MU3MECTBaHe, I0Ka3Ba Hall-BHCOKUTE CTOMHOCTH Ha IPAaHUIIA HA MPOBJIAYBaHE U
SIKOCT Ha OI'bH. MUKPOTBBPIOCTTA HA BCHYKU MPOOU ce MOBUIIIaBa B 30HATa Ha
TOTIEHE OT CTpaHaTa Ha CTOMaHaTa M HaMaJsBa B 30HaTa Ha TONIEHE OT CTpaHaTa
Ha ME/ITa B CpaBHEHHE C IIbPBOHAYAJIHATA TBBPJOCT Ha JBaTa MaTepHaa.

Kaisheva D., A. Anchev, V. Dunchev, B. Stoyanov, S. Valkov, M. Ormanova,
G. Kotlarski, V. Todorov, M. Atanasova, S. Rabadzhiyska and P. Petrov, ,,Study
of the structure and mechanical properties of electronbeam-welded dissimilar
joints of copper and stainless steel with and without offset*, VEIT-2021, Journal
of Physics: Conference Series, 10P Publishing, 2022,
http://dx.doi.org/10.1088/1742-6596/2240/1/012006, Scopus 0.21

Abstract

We present the results of an investigation of the structure and mechanical
properties of dissimilar joints of copper and 304L stainless steel formed by
electron-beam welding. The samples studied were welded without a beam offset
and with a beam offset towards either welded materials to a distance of 0.3 mm.
The phase composition was determined via X-ray analysis. The structure was
investigated using scanning electron microscopy. The mechanical properties,
including hardness and tensile strength, were measured. The phase composition
of the considered specimens consisted of a double-phase structure of face-
centered cubic (fcc) and body-centered cubic (bee) phases. The sample welded
without offset exhibited the highest yield strength and tensile strength values.
The microhardness of all samples increased in the fusion zone on the steel side
and decreased in the fusion zone on the copper side compared to the initial
hardness of the two materials.

['.7.3. BiusitHue Ha MOIIHOCTTA HA JIb4Ya BBPXY CTPYKTypaTa U MEXaHUYHUTE
XapaKTepUCTUKN Ha EJIEKTPOHHO-IBYEBU 3aBAPEHU CBEIWHEHUSA OT MEI U
HEpBbKJIaeMa CTOMaHa.

Pesrome

B ToBa m3cienaBaHe ca MpeACTaBEHU PE3YJATATUTE OT EJIEKTPOHHO-THYEBO
3aBapsBaHE Ha CBEIWHECHHUS MEXIy Hepbkaaema crtomaHa 304-L u men.
N3cneaBaHo € BIMSHUETO HA MOIIHOCTTa Ha JibYa BBPXY CTPYKTYpPUTE H
MEXaHUYHUTE CBOMCTBA Ha 3aBapEHUTE CHEIUHECHUS;, EKCIICPUMEHTUTE ca
peanu3upaHu Mpu OTKJIOHeHHEe Ha Jibua oT 0,3 mm cnpsmo Cu-modara u
M3M0J13BaHN MOITHOCTH Ha Jipya oT 2400, 3000 u 3600 W. ®a30BHUIT ChCTaB Ha




MOJTyYCHUTE 3aBaAPCHU CHhEIMHECHMS € U3CIIC/IBAaH Ype3 PEHTTeHOBa Tudpakiius
(XRD); mukpocTpyKkTypaTa 1 XUMHUYHHSIT ChCTaB Ca M3CIEABAHU CHOTBETHO
ype3 CcKaHupamia eynexkTpoHHa Mukpockonusi (SEM) wu  eHepruiiHo-
aucnepcuoHHa peHtreHona criekrpockonus (EDX). Mexannunute cBolicTBa ca
M3CJIeIBAHU Ype3 M3I0JI3BaHE HA €KCIIEPUMEHTH 3a OIbH U HW3CJIEJBAHUS Ha
MUKPOTBHPAOCT. Da30BUAT CHCTAB HA 3aBAPEHUTE ChEIMHEHUS € TIo11 (hopmaTa
Ha 3aMecTBalld TBbpPAM pa3TBopu Mexnay Fe, Cu m yucra men um ocraBa
HEMPOMEHEH 10 MOIIHOCT. Y CTAHOBEHO €, Y€ MUKPOCTPYKTYPHUTE CE TPOMEHST
NOCTENEHHO IpU TMpWIaraHe Ha pa3jiWyHU CTOMHOCTH Ha MOIIHOCTTAa Ha
€IEKTPOHHUS JIbY. Pe3ynTaTture OT TECTOBETE 3a OIbH IMOKa3BaT MO-BUCOKH
SIKOCTH Ha OI'BH MPHU MO-HUCKU MOIITHOCTH Ha Jibua (T.€. 2400 u 3000 W), kouto
ciagat npu 3600 W. OTHOCUTENHUTE YIBIKEHHS C€ TOBHUILABAT C
YBEJIMYABAHE HA MOIHOCTTA Ha €JIEKTPOHHHUS J1b4. OCBEH TOBA € YCTAHOBEHO,
Y€ MUKPOTBBPAOCTUTE CUITHO 3aBUCST OT NPUJIATAHUTE TEXHOJIOTUYHU YCIOBUS
(ompeneneHdn OT MOIIHOCTTA HA EJIEKTPOHHUSL JbY) U CHOTBETHUTE
MUKPOCTPYKTYPHU HA 3aBAPEHUTE ChEANHEHUSL.

Kaisheva, D.; Anchev, A.; Valkov, S.; Dunchev, V.; Kotlarski, G.; Stoyanov,
B.; Ormanova, M.; Atanasova, M.; Petrov, P. Influence of Beam Power on
Structures and Mechanical Characteristics of Electron-Beam-Welded Joints of
Copper and Stainless Steel. Metals 2022, 12, 737.
https://doi.org/10.3390/met12050737 - 1F2.351 / 1F2.695-01.2023

Abstract

In this study, we present the results of electron-beam welding of joints with 304-
L stainless steel and copper. The influence of the beam’s power on the structures
and mechanical properties of the welded joints was studied; the experiments
were realized at a beam deflection of 0.3 mm to the Cu plate and beam powers
of 2400, 3000, and 3600 W. The phase compositions of the obtained welded
joints were studied by using X-ray diffraction (XRD); the microstructure and
chemical composition were investigated by scanning electron microscopy
(SEM) and energy-dispersive X-ray spectroscopy (EDX), respectively. The
mechanical properties were studied by using tensile experiments and
microhardness investigations. The phase compositions of the welded joints
were in the forms of substitutional solid solutions between Fe, Cu, and pure
copper and remained unchanged in terms of power. It was found that the
microstructures changed gradually with the application of different values of
the power of the electron beam. The results of the tensile tests showed higher
tensile strengths at lower beam powers (i.e., 2400 and 3000 W) that dropped at
3600 W. The relative elongations rose with increases in the power of the
electron beam. Moreover, it was found that the microhardnesses strongly
depended on the applied technological conditions (defined by the electron
beam’s power) and the corresponding microstructures of the welded joints.




I'.7.4. 3aBapsBane Ha Men M HepbxkaaeMa ctomaHa 304L ¢ HempekbCHAT
EJICKTPOHEH JIBY.

Pesrome

Enextponno-npueBo 3aBapsiBane (EBW) e eaHa oT MalIkoTO TEXHOJOTHH,
KOWTO TO3BOJISIBAT 3aBapsiBaHE HA MaTEPHAINA C PANTHYHUA TOIIO(PH3NIHU
XapaKTepUCTHKU. Ta3u CTaTus MPEICTaBs PE3yATAaTUTE OT U3CIEIBAHETO HA
CTPYKTypaTa ¥ MEXaHHUYHHUTE CBOWCTBA HA EJIIEKTPOHHO-IIBYEBO 3aBApEHU
oOpa3uu OT Mel U HephxAaema cromaHa. [IpoOute ca 3aBapeHu ¢ paznuyHa
MOIIIHOCT Ha U3TOYHMKA, TPOMEHSIIIKM ToKa Ha Jbya. [IpobuTte ca uzcnenBanu
Yype3 peHTreHoBa IU(pakius M CKaHUpalla €JIeKTPOHHA MHUKpocKomusd. Te
CBUIO Ca MOJIOKEHN HA MEXAHUYHU TECTOBE, KATO U3MEPBAHE HA TBBPIOCT U
AKOCT Ha OITbH. 3aBapeHaTa 30Ha € TBbPJ Pa3TBOP HAa MEI U Y-XKEIS30 C
BKJIFOUBAHUS HA YKWCTAa MEJ M MAJIKO KOJUYECTBO O-keis30. llo-Bucokure
CTOMHOCTH Ha MOIIHOCTTA Ha J’b4a BOJAT J0 MO-(pUHA MUKPOCTPYKTypa Ha
3aBAPBYHMS LIEB. Y CTAHOBEHO €, Y€ YBEJIMYABAHETO HA MOIIHOCTTA HA Jb4a
BOJIM JIO TIOJI00OpsSIBAaHE HA MEXaHMYHUTE CBOMCTBA.

Kaisheva D., A. Anchev, V. Dunchev, B. Stoyanov, S. Valkov, M. Ormanova,
G .Kotlarski, V. Todorov, M. Atanasova, P. Petrov, Welding of copper and 304L
stainless steel with continuous electron beam, Bulgarian Chemical

Communications, Volume 54, Special Issue B2, Blagoevgrad, Bulgaria (pp. 78-
81) 2022, DOI: 10.34049/bcc.54.B2.0462, Scopus 0.168

Abstract

The electron beam welding (EBW) is one of the few technologies that allow
welding of materials with different thermophysical characteristics. This paper
presents the results of the study of the structure and the mechanical properties
of electron beam welded samples of copper and stainless steel. The samples
were welded with different source power, changing the beam current. The
specimens were examined by X-ray diffraction and scanning electron
microscopy. They were also subjected to mechanical tests, such as hardness and
tensile strength measurement. The welded zone is a solid solution of copper and
y-iron with inclusions of pure copper and a small amount of a-iron. Higher
values of the beam power lead to finer microstructure of the weld. It was found
that an increase in the beam power leads to improvement in the mechanical
properties.

I'.7.5. EnextponHo-impueBo 3aBapsiBane Ha Cu u Al6082T6 amymuHuEBH
CIUIaBHU C KPbrOBU OCIIMJIALIMK HA JIbUa

Pestome

B ToBa wu3cinenBaHe ca TpEeACTAaBEHH pe3yiATaTUTE OT OIEpaluuTe II0
€JICKTPOHHO-JTbYEBO 3aBapsBaHE, NMPWIOKEHU BbPXY MEIHU U AITyMHUHUEBU
criaBu Al6082T6. M3cnenBa ce BAMSHUETO HA TCOMETPHATA HA CKAaHUPAHE Ha




JbYa BBPXY CTPYKTypaTa M MEXaHUYHHUTE CBOWCTBA Ha 3aBapbyHOTO
cheMHEHNE. EKCiepruMeHTHTE ca IPOBEIEHN C IOMOLITa Ha KPBIOB PEXUM Ha
ocuunanus ¢ paguyc Ha tpenteHe oT 0,1 mm u 0,2 mm. OTKIOHEHUETO Ha Tbua
e 3aganeHo Ha 0,4 mm 1o OTHOLIEHWE Ha CTpaHaTa Ha alyMHUHHEBATa CIUIAB, a
MOIIIHOCTTA Ha Jbya € 3aaaaeHa Ha 2700 W. da30BUAT CbCTaB HA MOJIYYEHUTE
3aBapeHU CheAMHEHUA Oellle u3cieaBan upe3 peHrrenona qudpaxius (XRD).
3a u3clieBaHe HA MHUKPOCTPYKTypaTa Ha CTaBUTE € M3I0JI3BaHA CKaHHpalla
enekTpoHHa Mukpockonusi (SEM). XuUMHUECKHST ChCTaB € M3CIEBaH C
MOMOIITa Ha €HEPTrUMHO-TUCIIEpCUOHHA peHTreHoBa crekTpockonus (EDX).
MexaHu4HHUTE CBOMCTBA Ca U3CJIEIBAaHU Upe3 U3CIIeIBAaHUS HA MUKPOTBBHPAOCT.
30HaTa Ha TONEHE HAa 3aBapbyuHUA IIEB ChIbpKa TpU (a3u - amyMHuHHEBa
MaTpuiia, HOAPEACH TBHP/ pa3TBOp Ha MeJ U aryMuHui noj popmata Ha CuAl,
1 yucTa MeJl. ['eoMeTpuuTe 3a CKaHUpaHe Ha eJIEKTPOHEH b4 UMAT 3HAUYUTEITHO
BJIMSIHUE BBPXY CTPYKTypaTa Ha 3aBAPBUHMS 1IEB. Y BEJIMYABAHETO HA pajinyca
Ha TPENTEHE Ha J’bua BOAM A0 HaMalsBaHE HAa WHTEPMETaIHHUTE (a3 u
no00psiBa XOMOT€HHOCTTa. M3MepeHuTe CTOMHOCTH HAa MHUKPOTBBPAOCT B
30HAaTa Ha TOIMEHE Ca MHOTO MO-BUCOKH OT T€3H, U3MEPEHU B HEOJIAropoaHHUTE
MeTaJu Mopaard 00pa3yBaHETO Ha MHTEpMETaTHH ¢dazu. MUKpOTBBPIOCTTA HA
3aBapBbUYHOTO ChEAMHEHHE, 00pa3yBaHO MpH paauyc Ha TpenteHe ot 0,2 mm, e
MHOTO TTO-HHCKO B CpaBHEHUE C Ta3u, 00pa3yBaHO MIPU paJinycC Ha TPENTEHE OT
0,1 mm.

Kaisheva, D.; Anchev, A.;Dunchev, V.; Kotlarski, G.; Stoyanov, B.;
Ormanova, M.; Valkov, S. Electron-Beam Welding Cu and Al6082T6
Aluminum Alloys with Circular Beam Oscillations. Crystals, 2022, 12, 1757.
https://doi.org/10.3390/cryst12121757, / 1F2.67 -01.2023

Abstract

In this study, we present the results from electron-beam welding operations
applied on copper and Al6082T6 aluminum alloys. The influence of beam-
scanning geometries on the structure and mechanical properties of the welded
joint is studied. The experiments were conducted using a circle oscillation mode
with an oscillation radius of 0.1 mm and 0.2 mm. The beam deflection was set
to 0.4 mm with respect to the side of the aluminum alloy, and the beam power
was set at 2700 W. The phase composition of the obtained welded joints was
studied by X-ray diffraction (XRD). Scanning electron microscopy (SEM) was
used for the investigation of the microstructure of the joints. The chemical
composition was investigated by using energy-dispersive X-ray spectroscopy
(EDX). The mechanical properties were studied by micro-hardness
investigations. The fusion zone of the weld seam contains three phases—an
aluminum matrix, an ordered solid solution of copper and aluminum in the form
of CuAly, and pure copper. Electron beam-scanning geometries have significant
influences on the structure of the weld. Increasing the beam oscillation’s radius
leads to a decrease in intermetallic phases and improves homogeneity. The
measured microhardness values in the fusion zone are much higher than the




ones measured in the base metals due to the formation of intermetallic phases.
The microhardness of the weld joint formed using an oscillation radius of 0.2
mm was much lower compared to the one formed using an oscillation radius of
0.1 mm.

I'.7.6. IloBbpxHocTHA Momudukaius Ha ciaB Ti6Al4V upe3 HempekbcHAT
€JIEKTPOHEH JIbY.

Pesrome

B ta3u myOmmkanus crutaBta Ti6Al4V e moBbpxHOCTHO Momuduimpana upe3
CKaHMpaI| eJleKTpoHeH np4. [lo Bpeme Ha mporeaypara mo MoauQuKamus
TOKBT Ha €JICKTPOHHHUS JThY € 25 mA, yecToTaTa Ha CKaHUPaHE Ha ETICKTPOHHUS
a4 e 200 Hz, yckopsBamoro Hampexenue e 60 kV, ckopocTra Ha JBH)KEHUE
Ha npobarta € 5 mm/s u 10 mm/s. [IpobGute ca MoguduIMpanu ¢ MOMOIITa HA
HETNPEeKbCHAT €JIEKTPOHEH JIbY, KbAETO TEOMETPHITA HAa OTKJIOHEHUETO Ha JTbua
e mox popmaTa Ha kpuBa Ha Lissajous. ®a30BUAT ChCTAB HA MOJYYCHUTE TPOOH
€ M3CIIeJIBAH upe3 peHTreHoBa audpakius. MUKpOCTPYKTypaTa € u3cie/IBaHa
4ype3 onTHYHA MUKpockomnus. M3cneaBana € 1 MUKpOTBbpAOCTTa. PesynraTure
MOKa3Bart, ue MpoIechT Ha 00paboTKa MpUINHIBA 00pa3yBaHETO Ha enHO(a3Ha
CTPYKTypa Ha o' MapTeH3UT, KBJIETO CKOPOCTTa Ha oOpasera mo BpeMe Ha
mporenypara Ha wMoaudukanus He Bausge Ha (Pa3oBUS ChCTaB  Ha
MoauduImpaHuTe MOBLPXHOCTH. CTOWHOCTUTE HA TBBPJOCTTAa Ha Mpoldara,
oOpaboTeHa ChC CKOPOCT Ha NBIDKEHHE 5 mm/s, ca TO-HHUCKH OT TE3H,
00paboTeHN ITPU CKOPOCT Ha ABIKEHHUE Ha pobara ot 10 mm/s.

Ormanova M., G. Kotlarski, B. Stoyanov, S. Valkov, Surface modification of
Ti6Al4V alloy by continuous electron beam, Journal of Physics: Conference
Series 2487 (2023) 012037, XXII International Conference and School on
Quantum Electronics (ICSQE 2022), IOP Publishing, doi:10.1088/1742-
6596/2487/1/012037, Scopus 0.21

Abstract

In this work, Ti6Al4V alloy was surface modified by a scanning electron beam.
During the modification procedure, the current of the electron beam was 25 mA,
the frequency of scanning of the e-beam was 200 Hz, the accelerating voltage
was 60 kV, the velocity movement of the sample was 5 mm/s and 10 mm/s. The
samples were modified using a continuous electron beam, where the geometry
of the beam deflection was in the form of a Lissajous curve. The phase
composition of the obtained samples was investigated by X-ray diffraction. The
microstructure was studied by optical microscopy. The microhardness was also
investigated. The results showed that the treatment process causes the formation
of a single-phase structure of o' martensite, where the velocity of the specimen
during the modification procedure does not affect the phase composition of the




modified surfaces. The hardness values at the sample treated with 5 mm/s speed
motion are lower than that treated at speed of sample movement of 10 mm/s.

I'.7.7. N3pabotka u xapakrepuszupade Ha Ti/TiC KOMIO3UTHH CJO€BE Upe3
CJICKTPOHHO-JIbYEBA MOBHPXHOCTHA MOIU(DUKAIIHSL.

Pesrome

B ToBa m3cienBaHe ca TPENCTaBEeHW BH3MOXKHOCTUTE 3a Moaudummpane u
mojo0psiBaHe Ha TMOBBPXHOCTHATA CTPYKTypa W CBOWCTBA HAa THUTAaHOBHU
cyoctpatu upe3 (opmupane nHa xommno3utHu Ti/TiC cmoee. CrnoeBete ca
MPOU3BEICHU Upe3 AByeTalHA TEXHUKA 32 MOAU(HUKAIIUS HA TTOBBPXHOCTTA HA
eNEeKTpPOHEH Jbd. [IBpBaTa cThIKAa Ce ChCTOM OT WMHXKekTupaHe Ha C mpax B
yrcture Ti CcyOCTpaTu dYpe3 TEXHOJOTHs 3a JICTUpPAHE C EJIeKTPOHEH JIbY.
Bropara crhnka € YCBHBBPIICHCTBAHETO M  XOMOTCHHU3MPAHETO Ha
MHUKPOCTPYKTypaTa 4pe3 Mpoleaypata Ha €JIeKTPOHHO-THUEBO MPETOISBaHE.
[To Bpeme Ha MPETOISIBaHETO C€ MPOMEHS CKOPOCTTa Ha IBMKEHUE Ha TIPOOUTE,
KaTo ce u30upar naBe (HAW-TPEACTaBUTENIHU) CKOpocTdH: 5 u 15 mm/s.
OTuuTaliku JBETE CKOPOCTH Ha JBMXKEHHE Ha oO0pasmuTe, ce (opmupa
KOMIIO3UTHA CTPYKTypa noj ¢opmara Ha ¢puHu dactunu TiC, pasnpenencHu B
OCHOBHaTa TuUTaHueBa MaTpuua. CKOpOCTTa Ha MOpETOmsBaHE OT 5 mm/s
JOBEX/1a 10 00pa3yBaHETO HA MHOTO MO-Je0esI KOMIIO3UTEH CJIoH, KbaeTo TiC
YACTUITUTE Ca 3HAYUTEIHO TI0-XOMOTEHHO pasmpenenenu. [lomyuenute
pe3yATaTH 32 MEKPOTBBPOCTTA 1O Bukepc moka3BaT 3HAYUTEIIHO YBEINUCHUE
Ha CTOWHOCTTa Ha CIIOMEHAaTaTa MEXaHWYHA XapaKTEPUCTHKA B CPABHEHHUE C
OCHOBHHSI TUTaHOB cyOctpaT. [lpum mo-HHCKa CKOpPOCT Ha JBWKEHHWE Ha
oOpaszerna Mo BpeMe Ha TNPETONSBAaHETO, MUKPOTBBbpAoctTa ¢ 510 HV, ummn
OKOJIO 2,5 MbTH MO-BUCOKA OT Ta3W HA TUTaHOBATa MOAJIOKKa. [Ipunaranero Ha
M0-BHCOKa CKOpPOCT Ha IBW)KCHHE Ha oOpasena BOIW /0 HaMassiBaHE Ha
MUKPOTBBPIOCTTA B CPABHEHHE C MO-HUCKATa CKOPOCT. BhIpeku ToBa, TOM Bce
Ollle € MHOTO IMO-BHCOK OT TO3W Ha OCHOBHHsI Mmartepuan Ti. Cpemnara
MHUKPOTBBPJOCT Ha Tpodara, mojaydeHa MpH MPETOIsBaHE ChC CKOPOCT Ha
nBkeHue 15 mm/s, e 360 HV, mnu e 1,8 nbTH 0-BHUCOKa OT Ta3u HA OCHOBHUSA
MaTepual.

Valkov S., D. Nedeva, V. Dunchev, F. Padikova, M. Ormanova, B. Stoyanov,
N. Nedyalkov, Fabrication and Characterization of Ti/TiC Composite Layers
by an Electron-Beam Surface Modification, Coatings, 2023, 13, 951.
https://doi.org/10.3390/coatings13050951 /1F3.236/

Abstract

In this study, the possibilities for modification and improvement of the surface
structure and properties of titanium substrates by a formation of composite
T1/TiC layers are presented. The layers were fabricated by a two-step electron-
beam surface modification technique. The first step consists of injection of C




powder within the pure Ti substrates by electron-beam alloying technology. The
second step is the refinement and homogenization of the microstructure by the
electron-beam remelting procedure. During the remelting, the speed of the
motion of the samples was varied, and two (most representative) velocities were
chosen: 5 and 15 mm/s. Considering both speeds of the motion of the
specimens, a composite structure in the form of fine TiC particles distributed
within the base titanium matrix was formed. The remelting speed of 5 mm/s led
to the formation of a much thicker composite layer, where the TiC particles
were significantly more homogeneously distributed. The results obtained for the
Vickers microhardness exhibit a significant increase in the value in the
mentioned mechanical characteristic in comparison with the base Ti substrate.
In the case of the lower speed of the motion of the specimen during the remelting
procedure, the microhardness is 510 HV, or about 2.5 times higher than that of
the titanium substrate. The application of a higher speed of the specimen motion
leads to a decrease in the microhardness in comparison with the case of lower
velocity. However, it is still much higher than that of the base Ti material. The
mean microhardness of the sample obtained by the remelting speed of motion
of 15 mm/s is 360 HV, or it is 1.8 times higher than that of the base material.

I'.7.8. EnextpoHHO-1pU€BO 3aBapsiBaHe Ha ThTaH u T16Al4V crutas.

Pesrome

Tasu pabota mpeacTaBs pe3ylTaTUTE OT €JICKTPOHHO-IFYEBO 3aBapsiBaHe Ha
guctH o-T1 (CP-Ti) u Ti6Al4V (Ti64) ctaBu. M3cnensanu ca cTpykrypaTa u
MEXaHUYHHUTE CBOWCTBA HAa ()OPMHUPAHUTE 3aBAPEHU CHEIUMHECHHS B 3aBUCUMOCT
OT MOIIHOCTTa Ha EJEKTPOHHUS Ib4. MOIIHOCTTa Ha Jbya € 3aJajeHa
cboTBeTHO Ha P; = 2100 W, P, = 1500 W u P; = 900 W. IIpoBenenu ca
eKCIepuMeHTHU ¢ peHTreHoBa aqudpakius (XRD), 3a na ce uzcnensa ¢ha3oBUsT
CbCTaB Ha U3paOOTEHUTE 3aBapeHU ChEAUHEHUs. MUKpOCTpyKTypaTa €
U3Cclie/IBaHa 4Ype3 ONTHYHA MHUKPOCKOMHS, CKaHUpalla eJeKTpOHHa
mukpockonus (SEM) u eHepruitHo AUCIIEpCUOHHA PEHTTEHOBA CIIEKTPOCKOIHUS
(EDX). MexannuHuTe CBOMCTBA Ha 00pa3yBaHUTE ChbEIMHEHUS Ca U3CIICABAHU
ype3 EeKCHEPUMEHTH 3a U3MNWTBAaHE Ha ONbH U EKCOEPUMEHTH 3a
MUKPOTBBPAOCT. OOCHIEHN ca PE3yNATaTUTEe OT EKCIEPUMEHTUTE OTHOCHO
BIIMSIHUETO HA MOITHOCTTA HA JIbYa BHPXY MUKPOCTPYKTYpaTa U MEXaHUIHUTE
CBOWCTBa Ha 3aBapbuHUTE CheauHeHUs. OCBeH ToBa € OOChACHA W

IMpaKTHU4ICcCKaTa NpUJIOKUMOCT Ha HACTOAIIWA MCTO/ 3a 3aBapsiBaHC HaA o-Tim
Ti64.
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Abstract




This work presents the results of the electron-beam welding of commercially
pure a-Ti (CP-Ti) and Ti6Al4V (Ti64) alloys. The structure and mechanical
properties of the formed welded joints were examined as a function of the power
of the electron beam. The beam power was set to P; = 2100 W, P, = 1500 W,
and P; = 900 W, respectively. X-ray diffraction (XRD) experiments were
performed in order to investigate the phase composition of the fabricated
welded joints. The microstructure was examined by both optical microscopy,
scanning electron microscopy (SEM), and energy dispersive X-ray
spectroscopy (EDX). The mechanical properties of the formed joints were
studied using tensile test experiments and microhardness experiments. The
results of the experiments were discussed concerning the influence of the beam
power on the microstructure and the mechanical properties of the weld joints.
Furthermore, the practical applicability of the present method for the welding
of a-Ti and Ti64 was also discussed.

['7.9. BuausHne Ha TreoMmeTpuaATa Ha OTKJIOHEHME Ha Jb4a BBPXY
NOBBPXHOCTHATA CTPYKTypa M MEXaHMYHHUTE CBOMCTBA Ha MOAW(UIMpaHA C
enekTpoHeH ab4 TC4 TuTaHoOBa CILJIaB.

Pesrome

Tazu cratus MMa 3a Ued Ja H3CienBa BIUSHHUETO HA TEOMETpUsATa Ha
OTKJIOHEHHE Ha JbYa BBPXY CTPYKTypaTa, MOBBPXHOCTHATa apXHUTEKTypa H
Koe(puIMeHTa Ha TpUeHE Ha MOAU(DHUIMPAHU C EIEKTPOHEH JIbY THUTAHOBU
crutaBu TC4. I1o BpeMe Ha €KCIIEpUMEHTUTE €IEKTPOHHUSAT JbY CE OTKJIOHSBA
nox (opmara Ha Pa3IMYHU T€OMETPUU HAa CKAaHUpPaHE, a UMEHHO JHMHEWHH,
KpbroBu u MarpuyHu. CTpyKTypaTa Ha TpeTupaHuTe oOpa3uu Oemie
U3clie/IBaHa MO0 OTHOILIEHWE Ha TexXHHUs (ha30B ChCTaB Ype3 M3IO0JI3BAHE Ha
€KCIIEpUMEHTU C peHTreHoBa Audpakuus. MUKpocTpykTypaTa € u3cjeaBaHa
ype3 ckaHupamia enekTpoHHa wmukpockonus (SEM). IloBbpxHOCTHaTa
apXuUTeKTypa Oellle M3ciie/iBaHa Ype3 aTOMHO-CHIIOBa MHUKpockomus (AFM).
KoeduineHTbT Ha TpueHe € u3cieBaH Ype3 TECT 32 MEXaHUYHO U3HOCBAHE.
VYcTaHOBEHO €, Ye JTMHEHHUTE U KPbrOBUTE T€OMETPUM Ha OTKJIOHEHUE BOMST
10 Tpanchopmanus Ha (a30BUs CbCTaB OT ABy(da3Ha o + 3 KbM o' MapTEH3UTHA
cTpyKTypa. [IpunaraneTo Ha JIMHEEH HAYMH HAa CKAaHUPAHE BOJU JI0 OCTATHYHO
KoJnuecTBO Oeta ¢aza. M3mon3BaneTo Ha MaTpulla HE BOAU 10 CTPYKTYpHHU
IIPOMEHM Ha NOBBpPXHOCTTA Ha ciiaTa TC4. B cityyail Ha InHeliHa TeoMeTpHus,
nebenuHata Ha MoguduIUpaHara 30Ha e nmosedye ot 800 pm, AOKaTO B ciyyas
Ha EBSM, wu3mnon3Bami KperoBo CKaHupane, nebenmmHara € okoio 160 pm.
MoaudukanusTa Ha TOBBPXHOCTTA C €JIEKTPOHEH b4 BOJM /10 HAMAJISIBAHE Ha
rpanaBoCTTa Ha MOBBPXHOCTTA J10 0k0j10 27 nm B EBSM ¢ nuHeitna reomerpus
Ha OTKJIOHEHHE U 31 nm B reoMeTpusi Ha KpbroBO OTKJIIOHEHUE, B CPABHEHHE C
tazu Ha uyuctuss TC4 cybOctpar (okono 160 nm). EnexktpoHHO-IbUEBaTa




NOBbPXHOCTHA Moaudukanusa Ha cruiaBra TC4 Boau A0 HamansBaHe Ha
koepunuenta Ha tpueHe (COF), kato naii-uuckute croitHoctu Ha COF ca
MOJIydeHW B Clydaid Ha JuHeWHa reomeTpus Ha aedopmanus (0,32).
Pesynrarure, momydeHu B TOBa M3CIE[BaHE, MOKa3BaT, Y€ reOMETpHUsATa Ha
OTKJIOHEHHE Ha JbYa HMa 3HAUMUTEJIeH e(EeKT BbpPXY TIpamaBoCcTTa Ha
MOBBPXHOCTTAa M KOe(UIMEHTa Ha TPUEHE Ha TPETUPAHHUTE MOBBPXHOCTH.
YCTaHOBEHO €, Y€ MPWJIAraHeTO Ha JIMHEeH HAaYMH Ha CKaHWpaHe BOJH JI0
o0pa3yBaHe Ha IOBBPXHOCT C HAali-HUCKA IPanaBoOCT U KOSPHUIUEHT Ha TPUECHE.
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Abstract

This paper aims to investigate the impact of beam deflection geometry on the
structure, surface architecture, and friction coefficient of electron-beam-
modified TC4 titanium alloys. During the experiments, the electron beam was
deflected in the form of different scanning geometries, namely linear, circular,
and matrix. The structure of the treated specimens was investigated in terms of
their phase composition by employing X-ray diffraction experiments. The
microstructure was studied by scanning electron microscopy (SEM). The
surface architecture was examined by atomic force microscopy (AFM). The
friction coefficient was studied by a mechanical wear test. It was found that the
linear and circular deflection geometries lead to a transformation of the phase
composition, from double-phase a + [ to o’ martensitic structure. The
application of a linear manner of scanning leads to a residual amount of beta
phase. The use of a matrix does not tend to structural changes on the surface of
the TC4 alloy. In the case of linear geometry, the thickness of the modified zone
is more than 800 um while, in the case of EBSM using circular scanning, the
thickness is about 160 um. The electron-beam surface modification leads to a
decrease in the surface roughness to about 27 nm in EBSM with linear
deflection geometry and 31 nm in circular deflection geometry, compared to
that of the pure TC4 substrate (about 160 nm). The electron-beam surface
modification of the TC4 alloy leads to a decrease in the coefficient of friction
(COF), with the lowest COF values obtained in the case of linear deflection
geometry (0.32). The results obtained in this study show that beam deflection
geometry has a significant effect on the surface roughness and friction
coefficient of the treated surfaces. It was found that the application of a linear
manner of scanning leads to the formation of a surface with the lowest
roughness and friction coefficient.




['.7.10. 3aBapsieane Ha crutaBu Ti6Al4V u Al6082-T6 upe3 ckaHmparr
EJICKTPOHEH JIBY.

Pesrome

Tasu pabora mpencraBs pe3yiATaTHTe OT W3CJCABAaHE HA BIUSHUETO Ha
OTMECTBAHETO Ha JIbYa BBPXY CTPYKTypaTa M MEXaHUYHUTE CBOMCTBA Ha
€JICKTPOHHO-TbYEBH 3aBAPECHU CheIMHECHUS Mex 1y ciiaBu Ti6Al4V u Al6082-
T6. ExcrieppuMeHTanHaTa npoleaypa BKIIOUBa U3MOJI3BAHETO HA CICLIMPUUHU
TEXHOJIOTMYHU YCJIOBHS: YCKOpsBalo HanpexeHue 60 kV, Tok Ha eeKTpoHeH
a4 35 mA, cKopoCT Ha JBIKEeHHE Ha oOpasena 10 mm/s u oTMecTBaHe Ha Tb4a
0,5 mm KbM JBETE CIUIaBH, KaKTO U 3aBapsiBaHe 0e3 odcer. Da30BUAT ChCTaB
Ha ChE€JMHEHUATA CE aHAJIM3MpPa C TOMOILTa Ha peHTreHoBa nudpakxius (XRD).
MuKpoCTpyKTypaTa U XUMUYHUAT ChCTaB Ha IIIEBOBETE Ca M3CJIEIBAHU Upe3
CKaHupalia enekTpoHHa Mukpockonusi (SEM) u eHepruiiHO-AucCIiepCHOHHA
pentrenoBa cnektpockonus (EDX). ITomyyenute pe3ysitatu 3a CTpyKTyparta Ha
ChEMHEHHUSITA [TOKa3BaT, Y€ OTMECTBAHETO HA JIbYa UMa 3HAUUTEIHO BIUSHUE
BBpXY CTPyKTypata. MUKpOTBBPIOCTTA € U3Cie/IBaHa Mo MeToaa Ha Bukepc.
Pe3ynratute 3a MUKpOCTPYKTYyparTa MoKa3Bar, ue NpolieypaTa Ha 3aBapsiBaHe
0e3 OTMECTBaHE M C OTMECTBaHEe KbM Ti CIUTaBTa BOJM 110 HEXOMOTCHHH
3aBapeHH ChEJIMHEHUS CbC 3HAUUTEITHO KOJMYECTBO HMHTEpMETAIIH.
N3mecTBanero kbM Al crimaBra Boau 10 oOpa3yBaHETO Ha TsACHA 00JacT OT
TiAls ¢daza. M3mepenara MHUKPOTBBPAOCT CHOTBETCTBA HAa YBEJIMUYEHOTO
KOJIMYECTBO MHTEPMETAIIU/IU B CITy4ail HA ©3MECTBaHe KbM T1 CIJIaBTa, C KOSITO
ca MpeJICTaBeHH Ha-BUCOKUTE CTOMHOCTH (0KOJI0 58% 1MO-BHUCOKH, OTKOJIKOTO
¢ TicAlsV obpazen). [lonyyenure pe3yaTaTu 3a CBOMCTBAaTa HA OIIbH MTOKA3BaT,
ye orMecTBaHeTO KbM criaBTa Al6082-T6 Boau 10 Hall-BUCOKUTE CTOMHOCTH
Ha sikocT Ha onbH (TS) u rpanuna Ha nposnauBaHe (Y S), KOUTO ca JiBa MbTH
MO-BUCOKH, OTKOJIKOTO MPH 3aBapsiBaHe 0€3 OTMECTBAHE HA EICKTPOHHUS JTHY.
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Abstract

This work presents the results of an investigation into the influence of beam
offset on the structure and mechanical properties of electron-beam-welded
joints between Ti6Al4V and Al6082-T6 alloys. The experimental procedure
involved the use of specific technological conditions: an accelerating voltage of
60 kV, an electron beam current of 35 mA, a specimen motion speed of 10
mm/s, and a beam offset of 0.5 mm towards both alloys, as well as welding
without an offset. The phase composition of the joints was analyzed using X-
ray diffraction (XRD). The microstructure and chemical composition of the
seams were studied by scanning electron microscopy (SEM) and energy-
dispersive X-ray spectroscopy (EDX). The results obtained for the structure of
the joints show that the beam offset has a significant influence on the structure.




The microhardness was studied by means of the Vickers method. The results
for the microstructure showed that the welding procedure without offset and
with an offset towards the Ti alloy leads to inhomogeneous welded joints with
a significant amount of intermetallics. The offset towards the Al alloy leads to
the formation of a narrow area of TiAl3 phase. The measured microhardness
corresponds to the increased amount of intermetallics in the case of offset
towards the Ti alloy, with which the highest values were presented (about 58%
higher than with Ti6Al4V plate). The results obtained for tensile properties
show that the offset to the A16082-T6 alloy leads to the highest values of tensile
strength (TS) and yield strength (YS), which are twice higher than in welding
without offsetting of the electron beam.
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