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B cOOpHUK BKIIIOYEHBI TE3MCHI IOKIAA0B MexIyHapoaHoi koHdepeHnuu «XXI| XapuroHosckue temaruue-
ckue Hay4Hble yTeHHs. CynepKOMIIBIOTEPHOE MOJICIMPOBAaHHE U MCKYCCTBEHHBIH MHTEIJIEKT». TemaTnka KoHpepeH-
LMH: METO/IbI, MOJICTIH M aJITOPUTMBI YUCICHHOTO MOJCIMPOBAHUS (PU3NYECKUX MPOLIECCOB Ha BHICOKONPOU3BOIUTENb-
HBIX BBIYMCIHUTENBHBIX cUCTeMax; 3 (eKTUBHBIC alrOPUTMBI BBICOKONAPAIJICIbHBIX BBIYHCICHUN; TEXHOJIOTHS TI0JIHO-
MacIITaOHBIX KOMITBIOTEPHBIX MCHBITAHUH CIIOKHBIX TEXHHYECKHX CHCTEM Ha OCHOBE CO3JaHMA «IIH(POBBIX IBOHHU-
KOB»; apXHUTEKTypbl BBICOKOIPOWU3BOIUTENBHBIX BBIUYHCIUTEIBHBIX CHCTEM, CHCTEMHOE MPOrpaMMHOE OOecTeueHHE;
HCKYCCTBEHHBII MHTEIUICKT 1 HEHPOHHBIE CETH; BUPTYaIbHO-UMUTAIOHHOE MOJICIPOBAHHE.
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SOFTWARE TOOL TO IMPORT EXTERNAL LOADS INTO THE COMPUTATIONAL MODEL
“LOGOS-SA” REALIZED WITHIN PREPOSTPROCESSOR OF “LOGOS” SOFTWARE PACKAGE

A. V. Gordeev, V. N. Dyupin, A. Yu. Eremenko, N. A. Mustaeva, A. S. Santalov

Russian Federal Nuclear Center —
All-Russian Research Institute of Experimental Physics, Sarov

The paper describes a software tool realized within LOGOS Prepost, which is a part of “LOGOS” software
package and was worked out to import external loads into the LOGOS-SA computational model.

A full cycle of the external load import process is described as well as their use to set loads in the LOGOS-SA
model. Algorithms to import the loads from a set of file formats are shown. The algorithm to interpolate the imported
data onto the finite-element mesh of the strength model are provided. The visualization process of the produced data is
given and we show the way to use them for the task in the model to perform the strength computations.

An example of implementation of the generated software tool to perform the computations in LOGOS-SA is
provided in the end of the paper.
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KOMIBIOTEPHOE MOJEJIMPOBAHME TEIVIONEPEHOCA U YCAIAKHN METAJUVIMYECKUX
HOPOHIKOB IMPU CEJEKTUBHOM JIABEPHOM IIVTABJIEHUA

I A. I'opoees, M. /. Kpusunes
Y aMypTckuil rocyjapcTBeHHbIM yHUBepcHUTeT, MokeBck

Pabora mocBsieHa MOCTPOSCHUIO KOMITBIOTEPHOW MaKPOCKOITIMYECKOW MOJICTH TEXHOJIIOTHH aITUTHBHON Ieva-
TH — CEeNeKTUBHOTO JazepHoro TuiaBneHus (CJII) MeTammndecknx MOPOIIKOB HEMPEPBIBHBIM J1azepoM. OOBEKT Moie-
JUPOBaHUA (HOPMAIN30BAH 10 OJMHOYHOTO METAUTMYECKOTO MTOPOIIKOBOTO CJIOS, HAHECEHHOI'O Ha MOJUIOXKKY. [lopom-
KOBBIH CJIOW paccMaTpUBAJICS B TPUOJIMIKEHUH CIUIONTHON cpenpl. Marematudeckas moaens CJIIT Ova chopmynupo-
BaHa C MOMOIIBIO CHCTEMBI YPaBHEHUH B YacTHBIX mpousBoausiX [1], [2], [3]; pemranucek crnenyronme ypaBaeHus: 1)
pacmmpeHHOe ypaBHEHHE TETUIONPOBOJIHOCTH Ha CIyYail TemsonepeHoca B MOPUCTOH cpejie B MPUOIMKEHUH CIUIOII-
HOW Cpenbl; 2) ypaBHEHHE CBS3H MEXIY TEMIIEPAaTypol M yIeNbHOM IHTANBNNEH cpensl; 3) KHHETHUECKOE ypaBHEHNE
CBSI3U JJIS OTIPEZICTICHUS JIOKAJIbHOW IIOPUCTOCTH € TIOPOLIKOBOTO CJI0s; 4) MHTErpajbHOE YpaBHEHUE ISl BEIYUCIICHHS
YCaJIKH MOPOIIKa Yepe3 3aBUCUMYIO IIEPEMEHHYI0 KOOPAMHATY Z, KOTOpasi ONpeIessieT MOJI0KEHHE JIOKaIbHOro 00beMa
MOPOIIKOBOTO cJI0s. BbUTH MocTaBieHbl rpaHUYHBIE M HadalbHble YcinoBus. D(dekTHBHBINH KO3(OHUIMEHT TEIUIONpo-
BOJHOCTU MO3BOJSUI YYHUTBIBATh 3aBUCUMOCTh TEILIONPOBOJHOCTH OT JIOKAJIBHOM MOPUCTOCTU € U TeMmepaTypsl T
CIUIABIISIEMOTO CJIOSI, @ TAK)KE OLEHHMBATh TEIIONPOBOJHOCTH 33 CUET KOHBEKIUH B 30HE paciuiaBa. JlazepHoe u3myde-
HHUE BBOAWJIOCH B MOJIETH C TIOMOIIBIO TPAHUYHOTO HCTOYHHKA.
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Pucynok 1 — TpexmepHas BU3yanu3aris KOMIBIOTEPHOTO MOJICTIMPOBAHUS ()
temmnepatypsl T obpasia, (0) T0KaabHOI MOPUCTOCTH € OAUHOYHOTO TPEKa
npu CJIIT nopomka cramu 03X17H13M2

MaremaTuyeckass MOJeNIb pelajack C IOMOIIBI0 METOAa KOHEYHbIX 3jJeMeHToB B makere Comsol
Multiphysics. C nomorupto komnbtotepHoit Moaenn CJIIT uccnenoBanyck HecTallMOHApHBIE MOJS Temneparypbl T u
OCTaTOYHOM MOPHUCTOCTH €, ycaaku MopomkoBoro ciost ctamu 03X17HI3M2 (pucynok 1), a Takke OCYIIECTBISIICS
MOUCK PAIlMOHAIBHBIX U ONTUMAJBHBIX PEKUMOB JIa3epHOH 00pabOTKM AJIsl JaHHOM TEXHOJIOTUH. Pe3ynbTaThl MOAEIH-
pPOBaHUS MOKAa3aJId XOpOIllee COOTBETCTBUE C JAaHHBIMHU pacueToB mozene [4], [5] apyrux Hay4HbIX rpymi. Pasuras
MOJIeNb TEIUIOTIEPEHOCA, KOMITAKTUPOBAHHA U ycaaku mopomrkoBoro cios mpu CJIIT MoxeT SBIAThCS COCTaBHOM da-
CTBIO «IH(POBOTO IBOMHMKA» TexHomoruu CJIII.
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COMPUTER SIMULATION OF THE HEAT EXCHANGE AND SHRINKAGE
OF METAL POWDERS AT SELECTIVE LASER MELTING

G. A. Gordeev, M. D. Krivilev
Udmurt State University, 1zhevsk

The work is devoted to the development of the computer macroscopic model of the additive printing technolo-
gy — selective laser melting (SLM) of metal powders with a continuous wave laser. The object for the simulation was
formalized to a single metal powder layer on a substrate. The powder layer was considered in continuum approxima-
tion. A mathematical model of SLM was formulated with a system of equations in partial derivatives [1]-[2]-[3]; the
following equations were solved: 1) the extended thermal-conductivity equation for the case of heat transfer in a porous
medium in continuum approximation; 2) the temperature and specific enthalpy coupling equation for the medium; 3)
the kinetic coupling equation to find local porosity ¢ of the powder layer; 4) the integral equation to compute the pow-
der shrinkage using dependable variable coordinate z, that defines the position of the local volume of the powder layer.
Boundary and initial conditions were represented. The effective heat-conductivity coefficient allowed taking into ac-
count the dependence of thermal conductivity on local porosity € and temperature T of the layer being melted and esti-
mating thermal conductivity due to the convection in the region of the melt. The laser radiation was introduced into the
model with the help of the boundary source.
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Figure 1 — 3D visualization of computer simulation
for (a) temperature T of the sample, (b) local porosity ¢ of a single track under SLM
of the powder of 03X17H13M2 steel

A mathematical model was solved using a finite element method in Comsol Multiphysics package. Non-
stationary fields of temperature T and residual porosity ¢, the shrinkage of the powder layer of 03X17H13M2 steel were
studied with the help of the SLM computer model (Fig. 1); rational and optimum modes of the laser treatment for this
technology were also investigated. The simulation results showed a good agreement with the computational data of the
models [4] — [5] by other research groups. The developed model for heat-transfer, compacting and shrinkage of the
powder layer under SLM can be a component of a “digital twin” of the SLM technology.
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BUBJIMOTEKA YPC-O® J1JI51 BEKTOPU30BAHHBIX MMAPAJLIEJIbHBIX BBIYMCJIEHUI
TEIUIO®U3UYECKHUX ®YHKIUIN HA OBIIENA TAMSITH

. I I'opoees, H. H. JKunvruxosa, /[. H. Kuosimxuna, B. I'. Kyoenokun, M. B. Kynukosa, O. H. Lllymununa

Poccuiickuii GpenepanbHblil SOCpHBIA HEHTp —
Beepoccuiickuit HUN skcnepumenTanbHoit ¢pusmku, Capos

B Uncruryte Teopernyeckoi M Matemarndeckod ¢uzuku POSL-BHUMND® dynkumoHupyer u pa3BuBaercs
naker YPC-O® [1], Bkiarouaromuii B ce0st Onbanoreky pacyera TEINIO(QU3NUECKHX CBOMCTB BELIECTB M CHUCTEMY HMH-
¢dopmarnonHoro obecrnieueHust. budnmoreka YPC-O® mpencraiser coboii OMOIMOTEKY MOANPOrpaMM HECKOIBKUX
TUIOB (ypaBHEHHE COCTOSHHS, NMpober (JOTOHOB, ypaBHEHHE /IS pacyera yNpyrormiacTHU4ecKHX CBOWCTB W T.H.), BBI-
MOJHSIOIINX OAWHAKOBBIE (YHKIIMH, HO C MCIOJIh30BaHMUEM PA3IMYHBIX anropuTMoB. [lonap3oBateneM OnOIMOTEKH MO-
JKET CTaTh JI00ast MPUKIIQJAHAS IPOrpaMMa YHUCICHHOTO PEeIIeHHS 3a7ad MaTeMaTHIeCKON (QI3HKH.

B macrosmee BpeMs akTyaqbHOW SBISIETCS 3ajjada aJanTalidd IpoTpaMM WM pa3padoTKa HOBBIX MPOTpaMM
6ubimoTtexn Ay 3¢ (HEeKTHBHOTO MCIIONB30BAaHMS apXUTEKTYPhl COBPEMEHHBIX BRIYHCIHUTENCH. B manHON paboTe omu-
caHa O6mOIHOTEKa, CoMepIKaIIas MPOTrPaMMBI, TIO3BOJISIONIIE TPOBOIUTH BEKTOPU30BAaHHBIE ITapaUICIbHbBIC BEIYUCICHUS
tertodusnyeckux GyHKui Ha obed mamsat (OpenMP).

st perienns aToi 3a1aun Obl1a pa3paboTaHa TEXHOJIOTHS BEKTOPHU3AIMH TEKCTOB MPOrpaMM, BKIIIOYAIOLIas B
ceOst Habop NpaBHJI OPraHU3alMK CYETHBIX MOJYJIEH, JaHHBIX U CXEMY B3aUMOAEHCTBUS C NMPUKIAIHBIMU pOrpaMMa-
MU:
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