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Kpucrannmzanus: KOMIBIOTEPHBIE MOJIEIIHN, SKCIIEPUMEHT, TEXHOJIOTUH 2019

MexnyHapoaHasi KoHgepeHuus

Containerless processing of metals is used for production of metastable materials
with unique properties. A significant level of undercooling below the melting point is
accessible due to absence of the contact with the casting mold which serves as a
substrate where solidification starts. Nowadays electrostatic (ESL) and
electromagnetic (EML) levitation of liquid ceramic or metallic droplets are the widely
used techniques for measuring thermophysical properties and studying of solidification
kinetics.

In the space experiment PARSEC (acronym PERITECTIKA in the Russian Space
Program), experimental and theoretical study of transient fluid flow, heat and mass
transport, and solidification has been intensively studied starting from 2012 onboard of
the ISS. Solidification pathways of the Fe-Cr-Ni and Fe-Co samples were analyzed
depending on the convection level of induced flow in the samples. The convection
level effects the delay time between nucleation of the metastable and stable phases that
can be better interpreted based on calculated heat and mass transport phenomena in the
electromagnetically levitated samples. Overview of the developed numerical models
and their application to evaluation of microgravity experiments is presented in this
work. The estimates of the cooling rate are flow velocity are performed using the
conjugated model which accounts for all physical processes in the system under
consideration.

This work was supported by NASA, grant No. NNX17AB52G and by the Russian
Space Agency within the space experiment REAL. The ISS-EML facility is jointly
developed by ESA and DLR Space Administration. Implementation of the space
experiment PARSEC on board of the International Space Station using ISS-EML is
performed jointly by ESA, NASA and Roscosmos. Financial support from Roscosmos
(PERITECTIKA project), Russian Foundation of Basic Research (grant No. 18-47-
183002), NASA (grant No. NNX16AB59G and NNX16AB40G), ESA (contract No.
4200014980), and Belspo (PRODEX program, contract No. C4000106700) is greatly
acknowledged.

YucjaeHnnoe MOJC/IMPOBAHUE CCJICKTHUBHOIO JJAa3€PHOI0 IJIaBJICHUA C YIE€ETOM
YCaaKH NMOpPoIIKa ME€TOA0M KOHECYHBIX 3JIECMEHTOB C nepeCTpanBaeMoﬁ ceTKoi

I'. A. T'opnees, B. E. Aukyaunos, M. /1. KpusuiieB

Yamyptckuit rocynapctBenHslid yauepcurer, UMUTu®, YHU 3E, Jlaboparopus
(bu3MKN KOHAEHCUPOBaHHbBIX cpell, 426034 Poccus, 1. MxeBck

AnnutuBHble TexHOJI0TUU (AT) WM TEXHOJIOTHUU MOCIOWHOTO CUHTE3a CEroIHs
SBJISIFOTCSL  OBICTPOPA3BUBAIOIIMMCS HAMpPABICHUEM TMOCTUHIYCTPUAIbHOW MHUPOBOMU
MPOMBIIIJIEHHOCTH.  MeTon  cenekTuBHoro  jaszepHoro  ruiaBieHust  (CJIIN)
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MexnyHapoaHasi KoHgepeHuus

METaJNIMYECKUX TOPOIIKOB SIBJISETCA OJHUM U3 HauOosiee mnepcrneKTUuBHbIX AT
MetomoB [1,2]. B manHOil pabGoTe TmpeAcTaBiICHO JajlbHEHIEe pa3BUTHE
MaTeMaTHYE€CKON W YHMCICHHOW MOJENH CeNeKTUBHOro jaszepHoro miasieHus (CJIIT)
BBICOKOJIUCIIEPCHBIX METAITMYECKUX IMOPOIIKOB B YCJIOBUSX HMMITYJIbCHOW Ja3epHON
o0pabotku [3,4]. Criekaemblii TOPOLIKOBBIN CJION paccMaTpuBaeTcsl B MPUOIUKEHUU
CIUIOIIHOW CpeJibl, PU 3TOM €ro 3(pPeKTUBHBbIE TEIUIO(U3NUECKHE XapaKTEPUCTUKH
3aBUCAT OT JIOKaJbHOM  mopucTocTH. Mojaens  TO3BOJISIET  PacCUUTHIBATh
HECTAIlMOHAPHBIE TEMIIEpaTypHBIE MOJIA, YACIbHYIO SHTAJBINIO, IOJIE JOKAIbHON
MOPUCTOCTH, MPEACKA3bIBATh TEXHOJOTMYECKUE XAPAKTEPUCTUKH CJOSA: TOJIIIHUHY
CIUIaBJICHHOM JOPOKKH, KaYECTBO CIEKaHUs C MPEIUIECTBYIOIMIMMHU cilosiMU. B pabore
OMMCAaHbl BCE JTalbl aHaldM3a (PU3MKO-MAaTEMaTHUYECKOM MOCTAaHOBKM, BKJIIOYas ee
MaTeMaTH4eCKyl0 (OpPMYJIUPOBKY M YHUCIECHHYIO peanuzauuto. s ywera ycaaku
MOPOIIKOBOTO CJIOS MPHU CIIEKaHUH U MOCJIEIYIOIEM IUIABJICHUH B YUCICHHON MOJENn
ucrnonb3zyerca merof Jlarpanxa-Oinepa (ALE). Ucnons3ys yciaoBue 1o Ka4ecTBY Ha
OTJIeNbHBIA KOHEYHBIH 3JIEMEHT, 00ecrieunBaeTCsl HaJIeKHBIH KOHTPOJIb CXOAUMOCTH
pEelIeHUs] U CBOEBPEMEHHOE JAMHAMHMYECKOE TIEePEeCTPOEHUE KOHEYHO-3JIIEMEHTHON
CEeTKM TMOCPEACTBOM  aJalTUBHOIO YTO4YHEHHS ceTkd. C  HCIoNb30BaHUEM
MPeI0KEHHON YMCIIEHHOW MOJIEH UCCIEI0OBaHbl HECTAI[MOHAPHBIE TEIUIOBBIE MO U
JIOKaJIbHAsi TIOPUCTOCTh CIUIABJIEHHOTO MOPOILIKOBOIO cJiosi BbicokoaucnepcHoro Fe,
00pabOTaHHOTO UMITYJILCHBIM JIA3€POM.

e TK
06
o |E 2500
04 {2000
103 H1500
0.2 1000
0.1
o Js500

Pucynok 1. Pactipenenenne temneparypsl T U J0OKaabHON MOPUCTOCTH € HA BPEMEHAX
(a) t=0,30 mc, (0) t=2,00 mc, (B)t=2,08 MC Ha MPOTHKEHUH TIEPBOTO U BTOPOTO
JA3epHBIX HUMITYJIbCOB IPHU CIEKAaHWM IOpomika »xene3a. IlapaMerprl u3imydeHUS:
sHeprus  umnynbca  E;,=0,84 JK,  AIMTENBHOCTE — MMITYIbCA  Timp=4,5 MC,
sbdextuBHBI paguyc nyda Ry=200 mxmMm, yactora mmiynbcoB v=>50 ['l, cMmemieHue
nyya paBHsercs Ry

B kauecTBe mpumepa pacuéra 1o NpuBEIEHHON MOAETN MOKHO MPUBECTU (CM.
puc. 1) n1MHaMUKY ycCaJKu MOpPOLIKA MOCjie NEePBOr0 M B Hayajie BTOPOTO MMITYJIbCA.
Pacripenenenue temmepaTypbl M IMOPUCTOCTH MO3BOJISIET JETAIbHO OTCIEKUBATH
KauecTBO (POPMUPYIOLIErocs CJO0s, CTENEHb €ro aare3suu ¢ Mnoasiokkol. B pabore
BBINIOJIHEHBI OILICHKM KauecTBa CIUIABJICHHUSI OJMHOYHBIX TPEKOB, OJWHOYHBIX U
MHO>KECTBEHHBIX ~ HMMITYJIbCOB,  PEXHMBl  BbIXOJAa Ha  KBa3HCTallMOHApHOE
(dbopMUpOBaHUE CIJIABJIEHHOTO CJIOSI.
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PaGora BemonHeHa mpu (uUHAHCOBOM mojaepxkke rpanta POOU  18-47-
183002 p_mon_a u Munoopnayku P®, npoekr 11.6513.2017/8.9 B pamkax Ga3oBoii
YaCTU I'OC3aJaHUS.
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transfer and melting of Fe-based powders in SLM processing // IOP Conf. Ser.
Mater. Sci. Eng. IOP Publishing, 2017. Vol. 192. Ne 1. P. 12026.

HccaenoBanue 3aK0OHOMEPHOCTEH KOHCOIMIANUM c(PepHUeCKOro NopouKa
criaBa Ti-6A1-4V npu nmoMoiy nocja0iMHOro, NOTO4€YHOr 0
3JIEKTPOMMITYJIbCHOI'O CIIEKAHUSA

U. A. Enpkun', B. A. BOJ‘IKOBl, K. C. CTOJ‘I60B2’1, . A. Konoaku’

1V11MypTCI<I/H71 dbenepanpHbIi uccnenoBarenbckuid neHTp YpO PAH, otnen dusuku u
XUMHH HAHOMATEepHUaJoB, JabopaTopusi (PU3MKKM HEPaBHOBECHBIX METAJUIMYECKUX
cucrem, 426067 Poccus, r. MbkeBck yi. um. Tateaasl bapam3unon, 34

*YIMYpTCKMIi ~ TFOCYJAapCTBEHHBIH  yHHBEPCHTET, WHCcTUTYT ~ MaTeMaTHKH,
MH(OPMALIMOHHBIX TEXHOJNIOTUA W (u3uku, JabopaTopus obmei ¢uszuku, 426034
Poccus, r. MxeBck, yn. YHuBepcurerckas, |

3I/IHCTI/ITyT ¢u3uku meramuioB umenu M.H. Muxeea YpO PAH, otnen mMarHUTHBIX
MarepuanoB, Jiaboparopusi ¢deppoMarHUTHBIX cmiaBoB, 620108 Poccus, T.
ExarepunOypr yi. C. KoBanesckoi, 18

B pabote npu nomoniy MeToa MmociIoHHOTO, OTOYEYHOTO 3IEKTPOUMITYJIBCHOTO
cnekanus [1] vccnegoBaHbl OCOOEHHOCTH KOMITAKTUPOBAHUS MOPOIIKA TUTAHOBOTO
cruiaBa Ti-6A/-4V, mHUpOKO NPUMEHSEMOTO B NPOMBINUIEHHOCTU. Llenbio pabGoTbl
ABJISUIOCh ~MCCIIEIOBAHME BIUSHUS PEXKUMOB TIONY4YEHHs] Ha IOPUCTOCTh U
MEXaHHYeCKHE CBOWCTBA 0ObEMHBIX MAaTEPHAJIOB.

Jlig nonydeHus: oObEeMHBIX 00pa3loB Opaiuch MOPOIIKM XUMHUYECKOTO COCTaBa
Tigg 4Als5 oV, Bec.% (OanmaHc nmpumecu) cepudeckoil GopMbl, ¢ TPaHYJIOMETPUUECKUM
coctaBoMm 10-45 MxM. /[y ynpaBiaeHHs JBHKECHUEM JJIEKTPOJA MCMOJb30BAICS 3-X
KOOpJIMHATHBIH aBTOMAaTU3UPOBAHHBIM MAHHUMYJISATOP, @ B KadyecTBe MCTOYHHKA
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