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ABSTRACT

In this project structure of samples from titanium alloys which are obtained by electron-beam fusion of
titanium powders with using of HDH technology are reviewed. Those samples were domestically produced. The
chemical compositions of powders were made with the requirements of GOST 19807-91 standard. Fractional
composition content of used powders is corresponding to range 160+40 um. Work on surfacing was carried out
in Paton Institute of Electric Welding at the electron-beam welding machine SV-212M. The metallographic
studies were carried with using an optical microscope of reflected light “Neophot 32”. Thin sections for the
studies were made from the middle part of the sample by progressive grinding. For the metallographic studies
and determination of microhardness anisotropy, a sample was cut from the middle part of the final product. The
cross section of the sample is a rectangle with dimensions 16x11 mm. The thickness of the sample was left as
such to exclude deformation of the metal during the investigation of the microhardness. To determine the
mechanical properties of the sample and the quality of technological protection of metal during the enhance were
performed microhardness studieson a modernized device PMT-3 with an acting effort of 0,49 N. Measurements
were taken chequered form from surface to substrate VT1-0.The rate of Hu from the depth of the deposited layer
was analysed with the reference of taken measurements of microhardness.

Structure of the alloying zone of the substrate from the titanium alloy VT1-0 and the enhanced metal
have been investigated. Also was approved that structural changes occurred in the joint zone, apparently,
consisting in the redistribution of alloying elements. The results of measuring the microhardness made it possible
to approve that the value of the transition zone is on the average of 4 mm.

The structures of enchanced layer of metal were examined. The absence of discontinuities in the form of
layer-by-layer powder non-melted elements in structure was confirmed. This structure of sample is
corresponding to the 4 type of the microstructure scale of the GOST 26492-85 standard. The analysis of the
microhardness measurements made it possible to approve that the Hm rate was at range 3000-3600 MPa. This
value is corresponding to the value of deformed titanium alloy marked as VT20.

On the basis of those results it was approved that additive method of electron-beam fusion, could
produce approximate structure of metal which corresponds to structure of deformed analogue alloy.

KEY WORDS: additive technologies, titanium alloy, surfacing, structure, microhardness.

BBEJIEHME

AnnutuBHble TexHonoruu (AT) BHEAPSIOTCS B BBICOKOTEXHOJOTHYHBIE OTPACIH IPOMBIII-
JICHHOCTH OJlaro/iapsi CBOMM TEXHOJIOTHYECKUM TpenmMyniectBam [1]. Jleranu U3 TUTaHOBBIX CIUIABOB,
nony4yeHHble Mo AT, MOT'YT aKTHBHO PUMEHSTHCS B CaMOJIETOCTPOSHHH, XHMHUECKOW TIPOMBIIIIIEH-
HOCTH, MenuiuHe U T.1. [2]. OJHUM U3 OCHOBHBIX KPUTEPHUEB BHEOPEHWS MaTepuajoB W3 THTaHA
SIBIISIETCSl KOPPO3UOHHASI CTOMKOCTh TaKUX cIutaBoB [3]. OHAKO CTPYKTYpHOE M HampsuKeHHO-1edop-
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MHPOBAaHHOE COCTOSIHHUS 3aroTOBOK, copmupoBaHHBIX npu AT, MOryT OKa3bIBaTh CYIIECTBEHHOE
BJIMSHUE HA KOPPO3MOHHYIO CTOMKOCTh. OTCYTCTBHE XMMHUYECKUX COCTABOB, KOTOPBIC UCIIONB3YIOTCS
Ha  OTCUCCTBEHHOM  TPOM3BOJCTBE, IMPEMIATCTBYET IIUPOKOMY  BHEAPCHHIO  3apyOeKHBIX
cepTU(UIMPOBAHHBIX MaTepuaioB. B To e Bpemsi, CTOMMOCTh IOPOIIKAa TUTAHOBOIO CILIaBa, HE
COOTBETCTBYIOIIETO IO XHUMHYECKOMY COCTaBy, B psne ciydacB mpeBbimaer 600 momurapoB 3a
KHJIOTpaMM. Y COBEPIICHCTBOBAHME XUMHYECKOrO COCTaBa BO BpeMs  HapalMBaHUS  HE
MPEICTABIIACTCS BO3MOXHBIM, TaK KaK KaK[Iasd YaCTHUYKa IIOPOIIKa SBJISETCS C(HOPMUPOBAHHBIM
CIIJIaBOM, CO CBOCH CTPyKTypoil u xumued. To ectb, mnsa BHeapeHus AT HapamuBanus B
OTEYECTBEHHOE TPOHU3BOACTBO TPeOYETCsl CO3/IaHKE IUPOKOTO CIIEKTPa COCTABOB IMOPOIIKOB THUTAHA,
KOTOpBbIe OYAYT cepTU(HUIIMPOBaHbL Tak ke ClIeayeT yAeIuTh BHUMaHUE pa3pa0d0TKe HOBBIX PEIICHHI
B MPOU3BOJCTBE MOPOIIKA, YTO MO3BOJIHUT CHU3UTh CTOMMOCTH ChIphs. Pa3paboTaHHas TEXHOJIOTHS
MOJIyYEHHMSI TOPOIIKA TUTAHOBBIX CIIABOB IO MPHUHIMIY THApUpoBaHus — neruapupoBanus (HDH
MPOIIECCHI) CIIEUCHHOTr0 MoTypadpuKaTa, Kak pas, U SBISETCS OJHUM W3 TaKUX PEIICHHM.

Lenbro pabOTHI OBLIO UCCIICAOBATh CTPYKTYPHOE COCTOSIHME 3arOTOBOK, MOJyueHHBIX 110 AT u
OILICHUTbH UX MUKPOTBEPIOCTh.

MATEPHAJIBI 1 METOJIUKH UCCJIEJJOBAHUI

Ha oGopynoBanuu ¢ peanuzanmeit AT myTeM 3J€KTpO-IydeBOro OIJIaBiCHUS [4] MOPOIIKOB
TuTaHoBBIX ciiaBoB BT1-0 m BT20, Obutn momyueHbl oOpasiel. s momydeHuss o0Opa3siios
2UI}II/ITI/IBHOI71 HaIlJIaBKU NPHUMEHAIN TMOPOUIKM TUTAHOBBIX CIINIABOB OTCUCCTBCHHOI'O IPOM3BOACTBA,
nofyyeHHble 1o mepcrekTuBHOM TexHomornn HDH [5]. Xumunueckwe cocTtaBbl IOPOIIKOB
HaxoauIuch B paMkax TpedoBanuit 'OCT 19807-91. ®pakioHHBINA COCTaB UCIIOIB3YEMOTO MOPOIIKa
Haxonwics B inana3oHe —160+40 pm. PaboThl o HarutaBKe BHIONHSUIN B IHCTUTYTE DIIEKTPOCBAPKU
uM. E.O. Ilatona Ha ycTaHOBKe 251eKTpoHHO-Ty4eBoi cBapku (DJIC) tuma CB-212M.

Merannorpadpuueckue HCCIeJOBaHUS MTPOBOAMIN HA ONTHYECKOM MHUKPOCKOIIE OTPa)KEHHOTO
ceera «Neophot 32». Ilmudsr s McciaeqoBaHWil HM3rOTaBIMBalM W3 CpelHEH dYacTu obOpasina
MOCe0BaTENbHBIM NI (OBaHueM. s MeTautorpaguyueckux HCCIECIOBAaHUN H  ONpeneneHus
AQHM30TPOITMM MHUKPOTBEPIIOCTH BBIpE3aJics OMBITHBIN oOpasern u3 cpeauHbl u3nenus. CedeHue
oOpa3siia IpeACTaBysIo Co00H MPSIMOYTOJIbHUK, pasMepamu 16x11 mm. TommuHy 00pasiia oCTaBIIsIH
TaKOBOH, YTOO MCKITIOUHUTH JIe)OPMAIINIO MeTalljIa IPH HCCIIE0OBAaHIN MHUKPOTBEPAOCTH.

Jl1s oLleHKH MEXaHUYECKUX CBOWCTB, a TAKXKE C LENIBIO ONPEACICHUSA KaUeCTBA TEXHOIOTUYECKON
3alllMTBI METAJlJIa BO BPEMSA HapallluBaHMs, IMMPOBOIUIN MUCCICAOBAHHUA MUKPOTBEPAOCTH HAa MOACPHU3U-
poBarHOoM Tipubope [IMT-3 ¢ ycumuem 0,49 N. 3amepbl OCYIIECTBISUTUCH B “IIAXMATHOM” TOPSIKE OT
TTOBEPXHOCTH 110 TOTOKKN U3 ciutaBa BT 1-0. Tlo pe3ympTatam m3MepeHus: MUKPOTBEPIOCTH CTPOUIIAch
3aBUCUMOCTb ITOKazaresisi HyL oT riryOWHBI HAIIaBIeHHOTO CITOSL.

PE3YJIbTATHI UCCJIEJOBAHUM

HccnenoBaHussMu MaKpOCTPYKTYPBI YCTaHOBIICHO HaJIWYHME HE CIUIABICHHBIX CJIOEB MOPOIIKA
(puc. 1). OT0 MOXeET OBITH CJIEACTBUEM HECTAOUIBHOCTH TEXHOIOTHYECKIX PEKUMOB HATUIABKH.

9T - s Puc. 1. Xapaxrepuas

: MaKpOCTPYKTYpa 30HbI CILTABICHUS
MOJUTOXKKH M OMBITHOT'O MOPOIIKA
BT1-0 (a) n mopomka BT20 (b).

Fig. 1. The characteristic structure of

the fusion zone of the substrate and

the experimental powder VT1-0 (a)

and the powder VT220 (b).

AHanmu3 JaHHBIX pUC. | TOKa3an, 4To MO MPOAOIBLHOMY CEYeHHI0 o0pasua (popMupyercs
nuddepeHIUPOBaHHAS CTPYKTYpa. DTO MOXKET OBbITh CBSI3aHO C HEPABHOMEPHOCTHIO TEMIIEPATYPHBIX
POKUMOB OXJaXIeHHS oOpasiia. B manpHeWIieM NPOBOAMIN HCCICIOBAHUS MHUKPOCTPYKTYP B
3aBHCUMOCTH OT TIYOWHBI HaIUIaBJIEHHOTO clios. MerammorpauyeckuM aHaJIM30M YCTaHOBIICHO
OTCYTCTBHE TIOp B CTPYKTYpe MeTasuia (puc. 2, 3). AHanu3 JaHHBIX pUC. 3 MOKa3ajl HAJIMIUE BUIUMOMN
CTPYKTYpHOW HEOAHOPOAHOCTH B MECTE CIUIABJICHUS METAJJIOB MOUIOKKH U MOPOIIKa. JTO SBISETCA
CIIENCTBHEM TI€pepacIipeneieHusl JErupymoIX d3JeMEHTOB B mopoinke cmuiaBa BT20, koTopsrit

150



HaIJIaBJsUICS Ha MOmIoKKy u3 criaBa BT1-0. Ipu atom HamnaBka crutaa BT1-0 Ha mommoxky u3
cruiaea BT20 mo3Boinsier chopMupoBaTh MEHEE BHIMNMYIO CTPYKTYPHYIO HEOIHOPOJHOCTH B MECTE
CIUIaBJICHUSI. OJTO SIBISIETCS CIEICTBHEM TOTrO, YTO TMOJJIOKKA HArpeBaercss 3HAYMTENBFHO HIDKE
MOPOIIKa THUTAHOBOTO CIulaBa. [lOpOIIOK K€ TOABEPKEH pACIUIABICHUIO, & CTENEeHb YYacTHs
CTPYKTYpBI HCXOJHOTO MaTepHala B (OPMHPOBAHMH MOHOJIHMTHOTO COCTUHEHUS ONPEACISIeTCs
CTETIeHbIO MPOrpeBa CTPyKTyp. [1o aHAIOruK cO CBAPHBIMU COCIMHEHHSIMH.

)

X d

A

Puc. 2. XapaxrepHas MUKPOCTPYKTYP. Puc. 3. XapaxtepHast MUKPOCTPYKTYpa

HaruiaBjaeHHoro nopoika BT 1-0 Ha noanoxky u3 HaruiaBjaeHHoro nopoka BT20 Ha moanoxky u3
crraBa BT20 B 30He criaBiieHus. crmaBa BT 1-0 B 30He crinaBieHus..
Fig. 2. The characteristic structure of the deposited Fig. 3. The characteristic microstructure of the
powder VT1-0 on the substrate of the alloy VT20 in deposited VT20 powder on a substrate of VT1-0 alloy
the fusion zone. in the fusion zone.

AHaM3 MUKPOCTPYKTYpBI pUC. 4, b TO3BOJNIMI YCTaHOBHUTH COOTBETCTBHE CTPYKTYPBHI IIO
Mopdosorud 4-my THIy 1Mo 9-Ti THmHON mikane MHKpocTpykTyp (['OCT 26492-85). Ilpu sToM
CTPYKTypa COCTOsJIa M3 MPEBPAILICHHBIX 3€PEH M TOHKUX IMPOCIOEK 3epeH a-¢asbl [4, 6]. OaHako,
Hapsay ¢ 3TUM, HMEET MecTO oOpa3oBaHue BhIAeIeHUM 0'-pa3pl. OOpa3oBaHuE 3aKaIOUHBIX CTPYKTYP
CBSI3aHO C HM3KOW SHEpruel HCTOYHHMKA M OBICTPBIM TEIJIOOTBOAOM B 00beM paHee ¢ OpMHUPOBAHHOTO
JUTOr0 MeTaiya. PasMep CTPYKTYpPHBIX COCTaBJISIONIMX B MEPEXOAHOW 30HE OTIIMYAICS OT pazMmepa
3epeH MOJUIOKKHA W HAIUTaBJIICHHOTO MeTajuia. B mepexomHoi 30He oTMedeHo (CM. puc. 4, a) Hammaue
pa3Ho OpHEHTHPOBAHHBIX 3epeH. [Ipu aTOM pasmep mpocioek 3epeH o~ Ga3bl BU3yaabHO OOJbIIIE.

G Y,

Puc. 4. XapaxrepHas
MHKPOCTPYKTYpa IIEHTPaJIbHOH 4acTH
obpasua turanoBoro cruiasa BT1-0
(a) u crumaBa BT20 (b).

Fig. 4. The characteristic
microstructures of the central part of
the sample titanium alloy VT1-0 (a)

and the VT220 alloy (b).

W3 ananu3za naHHBIX pHC. 4, b BUAHO, YTO 110 MEpe OTAAJICHUSI OT 30HBI CIUTABIICHUS (CBEPXY
BHH3) MMPOUCXOJUT YMEHBIIICHNE pa3MEPOB BBIICIICHUH 0'-(ha3bl.

Jnst ycraHOBIIEHUS pa3MepoB 30HBI CIUTABJICHHUS U MEPEXOTHON 30HBI MPOBEIEHB! UCTIBITAHUS
10 OmpereNeHns] MUKPOTBEpIOCTU. Pe3ynbTaTel HCTIBITAHUI MPUBEACHBI HAa pUC. 5. AHAINU3 JaHHBIX
pHucC. 5 TIO3BOJIMJI YCTAHOBHUTH pa3Mep MEPEXOTHOM 30HBI, KOTOPBIA B cpemHeM cocTaBua 4 mm. s
TePEeXOMHON 30HBI XapaKTepHBl 3HaueHUs MukpoTBepaoctu oT 2000 mo 3000 MPa. Ilpu stom
3HaYCHUSI MUKPOTBepaocTH, mpepbimatone 3000 MPa, Haxoauinch Ha pacCTOSHUH OT 4 mm U 110
Kpas HalulaBiieHHoro Meramia. Cienyer OTMETHUTh, YTO 3HAUEHHS MUKPOTBEPIOCTH HAIJIaBIEHHOTO
Metauia He mpepbimand 3600 MPa. i medhopMupoBaHHOrO NMpyTka TUTaHOBOro crutaBa BT20
ypoBeHb MHUKpoTBepaocTu cocTtaBisier 2600...3700 MPa. CnenoBatenbHo, 3HaueHuss Hp mms
ONBITHOTO CIJIaBa HE MPEBBIIANM AHAJIOTUYHBIC 3HAYCHHs JUIs CIJlaBa B JIeOPMHUPOBAHHOM
COCTOSIHMM aHAJIOTHYHOro cocraBa. Pa30poc ypoBHs 3Hauenuii Hu B 400 MPa moxer OBITH
CJIEICTBHEM TOMaJaHus HHAEHTOPA B pa3Hble CTPYKTYPHBIE COCTABIISAIONIIE CILIABA.

Ananu3 puc. 4 u 5 TMO3BOJISET CHENaTh BBIBOA, YTO IPHU HAIJIABKE MOPOIIKA THTaHOBOTO
crutaa BT20 Ha momioxkky u3 cruiaBa BT1-0 mpoucxomuT ¢GopMmupoBaHHe BUIAMMON CTPYKTYPHOM
30HBI, pa3MepoM 4 mm ¢ YpOBHEM MHUKPOTBEPIOCTH BHIIIE, ueM I cruiaBa BT 1-0, Ho HibKe, 9eM It
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crutaa BT20. 3nauenne Hu B atoM copmupoBannom ciioe 2000...3000 MPa, uro Moxer OBITh

CJICACTBUCM IMEPEPACTIPCACICHU A JICTUPYIONX 3JIEMCHTOB ITPU pacCIliaBe CIljIaBa.
G000

5000 ¥

1 . Puc. 5. Pe3ynpratsl u3mepenus

4 )_’:/,_—’———————. T MHUKPOTBEPAOCTH OT Kpast HOIOXKKH JI0
e Kpas HAIUIaBJIEHHOT'O CJIOS.

3 . 1-BT1-0; 2—-BT20.

2000 T
2

4000

3000

Fig. 5. Microhardness measured
from the substrate edge to the edge of weld
layer.

1000

Microhardness, MPa

[, mm

Takum 00pa3oM, MPOBEICHA 3JICKTPOHHO-Ty4eBas HaIlaBKa mopoiika ciiapa BT20 Ha nomiokky
u3 crutaa BT'1-0. McenenoBansl CTpyKTyphl 1 MUKPOTBEPAOCTH TOTYUYE€HHOI'O TUTAHOBOIO CILIABA.

VYcTaHOBIICHHBIE 3aKOHOMEPHOCTH B (OPMHUPOBAHHHM CTPYKTYpPBl MOTYT  OKa3bIBaTh
CYIIECTBEHHOE BIMSIHHE Ha CIy)KeOHble cBoWcTBa m3zaenus, nomydeHHoro nmo AT. K umeny takmx
CBOMCTB OTHOCHTCSI KOPPO3HOHHAs CTOMKOCTh Merayuia. Kak mokasano B paborax [2, 4], TeXHOIOTHS
nojydeHus monydabprukara OnpeneisieT ero CTPyKTYpHble OcOOEHHOCTH W cBoicTBa. [Ipm sTOM
CIIeyeT YYUThIBaTh, YTO IOJYYCHHBIH Ha 0Opa3lax aJIuTHBHON HAIlJIaBKH METa/ll MOXKET OBITh
MOJIBEPTHYT KOPPO3MM OoJiee 3HAYMUTENBHO, YE€M AaHAJIOTUYHBIM, HO B JIMTOM COCTOSHHH, IPH
OIMHAKOBBIX YCJIOBHAX. HOHy‘{eHHLIe S3HA4YCHUA YPOBHA MHUKPOTBEPAOCTHU JIsA OIIBITHOIO CIlJIaBa
MO3BOJISIOT CAENATh BBIBOJI O JOCTaTOYHOM YPOBHE MEXAHMUYECKHUX CBOWCTB CIUIABOB aJIUTUBHOM
HAIUIAaBKH, HO OIIGHUTHh KOPPO3HOHHBIE CBOMCTBa TaKHMM METOAOM HEBO3MOXKHO. OcoOEHHOCTH
CTPYKTYPBI TIOJIYYEHHBIX CIIABOB TPEOYIOT MPOBEICHHS KaueCTBEHHBIX UCCIIEIOBAHNI KOPPO3U OHHOM
CTOMKOCTH CIUIaBOB THUTaHA, MOMy4YeHHBIX 10 AT.

BbIBO/IbI

1. HccnemoBanbl CTPYKTYphl 30HBI CIUIABIICHHUS TOUTOKKKA W3 TUTaHOBoro ciiaa BT1-0 u
HapOIIEHHOr0 MeTajla. YCTaHOBJIEHO, YTO B 30HE CTHIKA IPOM3OILIA HM3MEHEHHS CTPYKTYpBI, II0-
BUMMOMY, 3aKJIIOYAIOIIMecs B IepepacipeeleHny JETHPYIOUINX 3JeMEeHTOB. Pe3ynabTaTtel u3MepeHus
MHKpPOTBEPAOCTH MO3BOJIMIIN YCTAHOBUTh, YTO BETMYNHA ITEPEXOJHON 30HBI COCTABIISIET B CpeaHeM 4 mm.

2. WccnenoBanbl CTPYKTYpBI HAIUTABJIEHHOTO METa/lIa. Y CTAHOBIIEHO OTCYTCTBHE HECTUIONIHOCTEH
B BHJIE TIOCIIOWHOTO HeCIIaBiieHus nopomka. CTpyKTypa OMBITHOIO MeTajlla COOTBETCTBOBAJIA MO 9-TH
TunHOW 1mKane MUKpocTpykTyp (I'OCT 26492-85) 4-my Tumy. AHamu3 pe3yjibTaToB H3MEpPEHHUs
MHKpPOTBEPAOCTH MTO3BOJIMII YCTaHOBUTH, uTO YpoBeHb Hu cocraBun 3000...3600 MPa. Takoe 3HaueHue
MHKPOTBEPAOCTH XapaKTePHO IS 1eOpMUPOBAHHOIO TUTAHOBOrO cruiaBa BT20.

3. Ha ocHOBaHWM pE3yNbTaTOB MeETAIIOrpapUUecKiX HCCIENOBAHUN YCTaHOBIICHO, YTO
aJIUTABHAS DJICKTPOHHO-ITy4YeBasl HaIJIaBKa IT03BOJISIET MONYYaTh CTPYKTYpPYy CIjlaBa OJHM3KYI0 K
CTPYKTYpE aHAIOTUYHOTO JIe)OPMHPOBAHHOTO CILJIaBA.
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