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Abstract. Shaped metal deposition (SMD) is a relatively new technology of additive manufacturing, which
creates near-net shaped components by joining metallic materials by melting the area of a welding joint in high
vacuum in the range from 107 to 10° mbar. In the present study, the main mechanical properties including
micro-hardness and tensile properties were investigated. Single bead walls were deposited. Test pieces were
machined from the deposited walls according to the National standard of Russia Federation for the mechanical
tests. The tensile properties also showed dependence on the direction of the test carried out. All the examined

tensile properties of the as deposited samples are close-matched properties of the as cast material.

Beenenne. B Hactosiee BpeMsl aiaJUTUBHBIE TEXHOJIOTHH SBISIFOTCS OJHUM M3 HauOoJiee JUHAMHUYHO
pa3BHBAIOIIMXCSl HANpaBleHUi pecypco-addexTuBHOro mnpousBoacTBa [1]. Vcmonb3oBanue mocnoiHON
AITUTHBHON YKJIAJKW TTOPOIIKA, TPOBOJIOKH HIIM IPYTKOB ITyTEM CEIEKTHBHOTO JIa3epHOTO cruiaBieHus (SLM -
Selective Laser Melting) wii mocioifHOTO HaBapUBaHUS MaTepHaja B paciuiaBe 3JIeKTpoHHEIM TydoM (EBDM -
Electron beam Direct Manufacturing) mo3BoisieT Ha OPSIOK YCKOPUTH M3TOTOBJICHNE CTATBHBIX MU3AEIHHA 1 UX
neranei. [Ipy 5ToM OCHOBHBIM (haKTOPOM, OINPEAEIAIONINM MOJAXOSIT JIM aJUINTUBHO ChOPMHUPOBAHHBIE JIETallN
JUIS TIPAKTUYECKOTO MPUMEHCHUs WIM HET, SBJSIFOTCS UX MEXaHWdeckue cBoiicTBa. CBOICTBA JOJIKHBI OBITH
COMOCTAaBUMBI CO CBOMCTBAMH H3JCJIHMA, MOJYUYCHHBIX NPU JIUThE, KOBKE WM APYTHX TPAJUIMOHHBI METOJIAaX
MONydeHHUsT MeTalIoB. Ha cerogHsmHmii 1eHbh OCHOBHOE BHHMMAaHHE CIEIHAINCTOB B 0O0JACTH aIIUTHBHBIX
TEXHOJIOTHH ynemsercss OW3aiiHy W CO3MaHUIO JeTajed CIIO)KHOW WM HEOOBIYHOW T'eOMEeTpHH, TOrja Kak
(yHOAMEHTAIFHBIE BOIMPOCHL, CBSI3aHHBIE C (OPMHUPOBAHWEM CTPYKTYpHl B JIOKANIBHBIX OO0JACTAX
BBICOKOCKOPOCTHOTO HArpeBa U OXJIAX/ICHUS U ¢ BIUSHHS Ha MEXaHMYCCKUE CBOWCTBA aJIUTHBHBIX METAJLJIOB
MIPaKTHYECKH HE pacCMaTpPUBAIOTCS. B cBs3M ¢ 3TUM JaHHas paboTa HalesleHa Ha UCCIIeJOBaHHE TOTEHINAIBHOM
BO3MOXKHOCTH TIOJIyYEHHUS! CIUIOLIHBIX 00pa3lioB NPH JIEKTPOHHO-JIyY€BOM HAaIlIaBJIEHHH CTAIBLHON MPOBOJIOKU
U M3y4eHHEe MEXaHHYECKHX CBOWCTB MOJIYUYEHHBIX 00BbEMHBIX 00pa3IoB.

MaTtepuaJjbl 1 MeTOAbI HccjeaoBaHus. OOpa3Ibl U UCCIETOBAaHUN MOTYYIali Ha OTIBITHOW YCTaHOBKE

s 3d-mewatn mo EBDM —texnonorun, co3ganaoit OO0 «Tatay, r. ToMck. YcTaHOBKA BKITIOYAET JICKTPOHHO-
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JIy4eByIO MYIIKY ¢ MAKCHMAIBHBIM OTKIOHEHHEM Jyua = 7° u pabounm gapinennem 107 Ila, MeXaHH3M moaaun
IPOBOJIOKH M CTOJ C KOMIBIOTEPHBIM YHCIIOBBIM IPOTPAMMHBEIM YIIPABJICHHUEM [UIS 4ETHIPEX-KOOPANHATHOTO
MepeMeIIeHNs: TOPU30HTallbHOe (0Ch X W OCh )), BEpPTHKaJIbHOE (OCh z) W BpAIIATENbHOE MABIDKCHHE.
ONEeKTPOHHBIA IMy4OK (OKYCHpPYeTCs B MATHO pasMepoM 2 MM X 3 mMm. Ha puc. 1 moxasan BHEUTHHHA BHJ

3KCHCpHMeHTaﬂLHOﬁ YCTaHOBKH U MAHUITYJISITOPA, 4 TAKIKE CXEMa MOJa4YU MPOBOJIOKHU U OPUCHTALIUU ITyYKa.
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Puc. 1. Dnexmponno-nyuesasn ycmanoexa (a) u manunynamop (6) (OOO «Tomay, e. Tomck)

U cxema nooayu npoeoJIoKu (8)

Jnst moydeHus SKCIIepUMEHTaIbHBIX 00pa3loB Oblla BEIOpaHa MPOBOJIOKA CTAIM HEpKaBEIOLIEH cTaiu
308LSi guametpom 0,8 MM, KOTOpas IMOCIOWHO HAIUIABIIACH Ha 10-MIUTMMETPOBYIO CTAJIbHYIO IUTACTHHY C
mrarom (0,3-0,4) MM BIOaB ocu pocTa z (puc. 1B). DKCTIepUMEHT MPOBOAMIIN NPHU MEpEeaHEH moate IPOBOIOKH
(puc. ls, puc. 2) ¢ GUKCHPOBAHHEIM yrioM momaun 55° m yckopsiomuM Hanpsokernem 60 KB. DieKTpoHHbIi
ny4ok (okycuposancs B matHo 0,5 x 0,6 Mm’. B pesynabrare GBUIM MONYYCHBI MIOCKHE CTEHKH BBICOTOI
TOJIIIMHOM, COOTBETCTBYIOLIEH YKJIaJKe IIPOBOJIOKM OJAHOrO JuamMerpa. [3 TIOJNydeHHBIX CTEHOK Ha
JJIEKTPOUCKPOBOM CTaHKE BBIPE3aHbl 00pa3llbl ISl MEXaHUYECKUX HCIIBITAHUI Ha PACTSDKEHHUE M OIIPEAEIICHUS
MHKpOTBepA0CTH. OBpPasibl Ha PACTSKEHHE MMeNTH GOPMy JIONATOK C HPAMOYTONBHEIM ceueHneM 2x3x15 mm’.
PacTspkeHne IpoBOIMIIN Ha YHUBEPCATBHOW HCIbITaTenbHON MammHe LFM-125 (Walter+Bai AG, I1IBeiimapus)
IIpH KOMHATHOI Temmeparype co ckopoctsio | mMun'. Ha 06pasuax B hopMe mapamrenenumenoB 2x5x15 mm’,
BBIPE3aHHBIX BJOJb W MEPHCHAMKYJSPHO HANPABJICHHUIO YKIAIKH IPOBOJOKH IPOBOJMIM HCCIIEAOBAHUEC
(a3oBoro cocraBa U MUKpOTBepaocTH No Bukkepcy. Vcnbitanust npoBoauinu npu Harpyske 0,2 Krc B TeUeHHUE

20 cex Ha tecroBoi MammHe KB Hardwin KB 30 (npowmssogurens KB Pruftechnik, I'epmanus). dazoBblit
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aHaJM3 TMPOBOAMIICS C Hcronb3oBaHneM Cuk, u3aydeHus B auama3oHe yriaoB - 10-90° ¢ marom ckaHMpOBaHUSA
0,0143°, u nHakoruieHueM B Touke 2,149 c. JlndppakuuoHHBIE KapTHHBI PETHCTPUPOBAIM IPH ITOMOLIH
LIMPOKOYTOJIBHOTO BEICOKOCKOpocTHOTO 1280-kananbHoro nerekropa OneSight.

PesynbTarel. MeTamiorpaduyeckie HMCCICIOBaHMS IOKAa3bIBAIOT, 4YTO HaruiaBieHHbie 1Mo EBDM-
TEXHOJIOTUM CTEHKH OKa3bIBAIOTCS IUIOTHBIMH. [Iop M HECIJIOMIHOCTEH HKCIEPUMEHTAaJbHO HEe OOHapy»XeHO.
Habmromaercss ¢gopmmpoBanue 30HBI TepMmuueckoro BmugHus (3TB) mocme Kakgoro yKIAAKH KakKIOTo
nocuenyromero cios. [myduna 3TB cocrasnser (0,2-0,3) mm. 3TB ¢opmupyercs B ieHTpe CpEeIMHHON JINHUH,
MPOBEACHHON dYepe3 CepeauHy HaIUIaBICHHOW CTEHKH OT €€ BepIIMHBI K ocHoBaHWIO. OOpasoBanme 3TB
00yCIIOBIEHO TeM, YTO B TIPOIECCEe I€YaTH HAIUIABISEMBIH MaTephan MPOBOJOKH W HArpeThli OCHOBHOM
MaTepHall IOJI0KKN OXJIAXKIAI0TCS C Pa3IMYHOI CKOPOCTHIO.

P®A mokazan, YTo B aIJUTHBHO HArulaBieHHBIX M0 EBDM-TeXHONOTHMH CTEHKAaX (QOpMHPYETCS
kyouueckas daza FeygNij, ¢ BbicokuM conepxaHueM B oObeme (87 - 91 %). Ilapamerpsl pemetku ¢asbl
FeygNig, cocraBistor a ~ 3,6 uM. Pasmeps kpucramumroB, oneHeHHbsie mo OKP, mocturator 18 HM u 22 HM.
Taxoke nononHutensHo Gopmupyercs: oFe-dasa ¢ mapamerpom pemerka ¢ ~ 2,8 HM 1 HeOONBIIOH 00bEMHOM
Joneit (9 —13) %.

Hcnbitanus Ha TBEpAOCTh MO BuKkepcy mpoBoamin Ha oOpaslax ABYX THUIOB: BBIPE3aHHBIX BJOJNb U
MEPHECHANKYJISIPHO HANpaBJICHUIO YKJIAIKH IPOBOJIOKH. OKCIEPUMEHTAJIbHO YCTAaHOBJICHO, YTO TBEPIOCTb
aIATUTHBHO C(OPMHUPOBAHHBIX 00pa3IoB cab0 3aBHCUT OT HANPABICHUS YKIAJKN U U3MEHACTCS B CPEOHEM OT
310 mo 360 HV. OTu 3Ha4eHNS KOPPENUPYIOT CO 3HAUCHUSMH TBEPIOCTH JIUTHIX 00pa3IoB, H3TOTOBICHHBIX U3
CTaJIM TaKkoro ke cocraBa. OTMeyaeTcsi pe3koe yMEHbIIEHHE MHUKPOTBEPIOCTH B 00JACTIX, OJM3KMX K KOHILY
YKJIaJIKU JICTIO3HTA.

HcnbiTanus Ha pacTsDKeHHE aiJUTUBHO C(OPMUPOBAHHBIX 0OPAa3LOB IMOKAa3bIBAIOT, YTO MEXaHMYECKHUE
XapaKTepUCTHKH TIPH PACTSDKCHHHM TaKWX MaTepHalioB OKAa3BIBAIOTCS HECKONBKO HIDKE, YeM VY JIUTHIX.
ComocTtaBneHre TONYyYEHHBIX CBOICTB aJAWTHUBHBIX MAaTEpPHAIOB, HCCIEIOBAHHBIX B paboTe W JUTHIX,

MpeICTaBIeHO B Ta0M. 1.

Tabnuya 1
Mexanuueckue xapaxmepucmuxu cmanu 308LSi
Jedopmanns IIpo4yHOCTb Ha pa3psIB,
Martepuan IIpenen Texyuyectu, MIla
pactsxeHus, % MIla
JIuroii [2] Munnmym 45 505 215
OO0pas3iibl, I3TOTOBIICHHBIC
24 - 40 390 - 490 150 - 200
no EBDM-texHomnorus
CIIUCOK JIMTEPATYPBI
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