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®diznko-TexHoNoriYHMI iHCTUTYT MeTanis Ta cnnasis HAH Ykpainu (Kunis, YkpaiHa)

BUKOPUCTAHHA KOMM’KOTEPHOIO MOAEJIIOBAHHS
AN ILEHTUDIKALLT AEDEKTIB, LLLO YTBOPIOIOTLCSH Y
CTAJIEBUX BUJIUBKAX KOPMYCIB 3AMNMIPHOI APMATYPU
NPU NINTTI 3A MOAEJIIMU, LLLO FTASUDIKYIOTbCH

lpencraBneHo pe3ynbTatv KOM'IOTEPHOr0 MOAEIOBAHHS TEXHOJIOMYHOIO MPOLIECY BUrOTOBJIEHHS
cTaneBoro BUINBKY «kopryc BeHTusisi DN8O PN40» meToaoM anTTs 3a MOAESIMU, L0 rasniky-
toTbCsl. MoaenoBaHHs MPOBEAEHO 3 BUKOPUCTaHHSIM riporpamu Flow-3D Cast ans BusaHa4yeHHs!
AepekTiB, IKi MOXYTb YTBOPUTUCS Y BUIIVBKY Py TEePMOAECTPYKLUII MIHOMO1ICTUPOI0BOI MOAESII.
lMpoaHanizoBaHO MOXJIMBOCTI MPOrpamMHoro npoaykty Flow-3D Cast 14040 aaekBaTHOCTI pe3ysib-
TaTiB MOAEII0BaHHS Ta iX BiAMOBIAHOCTI HATYPHUM BUNPOBYBaHHSIM. BCTaHOBIEHO, L0 B OCHOBY
PO3paxyHKy nporpamu rnokaaaeHo OLIHKY CepeaHbOi LBUAKOCTI PPOHTY MeTasly 4epe3 Koeilli-
EHT TerionepeaaYi Mk MetasomM 1a niHOMoiCTUPOJIOM, MPU LibOMY MiIHOMOAE/b OMUCYETLCS K
rocTiriHa TemneparypHa rnepeLlikoga. BusHa4eHo, Lo aaropyutm rnporHo3yBaHHSI MOBEPXHEBUX
negekTtiB y Flow-3D Cast cknagaetbCcs 3 BUXIAHUX BEJINYUH YTBOPEHHSI OKCUAY, LLO MPONOPLINHNA
r10LLi MOBEPXHI Ta Yacy B3aeMoii, npuv LibOMY MOLEJb HE BPaxoBYE Taki iBULLA, SIK OKCULAHA MJ1iB-
Ka, Wo rnpuauvnae 4o CTIHOK popMU i 3a/INLLKU MIHOMOLET, LLJO BUXOASTb Yepe3 ropucTy niljaHy
popmy. [ocninkxkeHo mexaHiam opMyBaHHS NoBepxXHeBUX AeeKTIB Ta MNOSICHEHO 3a 40MOMOIor
@isn4HOI moaeni B3aemogii piakoro metasy 3 rniHonoicTuposioM. HaseneHo pesynbtaty Moge-
JIIOBAHHSI MPOLECIB JINTTS BUAMBKa «kopryc BeHTuass DN80 PN40» 3a gornomoroto Flow-3D Cast 3
Z1IBOMa BapiaHTaMu JIMBHUKOBO-XUBWJIbHOI CUCTEMMU, [IOCITIAXKEHO KIHETUKY 3ari0OBHEHHS JINBapHOI
popmu 3a HasIBHOCTI MiHOMOJTICTUPO/I0BOI MOAEJTI Ta VIMOBIPHICTb YTBOPEHHS 10BEPXHEBUX Aepek-
TiB y BUIVBKY. BU3Ha4eHO onTyuMasibHU BapiaHT IMBHUKOBO-XWBWU/IbHOI CUCTEMU, & caMe MeTasl
0 BUJIMBKA MaE€ MigBOANTUCS 3HU3Y 3a [OMOMOIOI0 TPbOX XUBWUJIbHUKIB — 'y aaHLi Ta cepenHio
4aCTUHY KOPIIyCY, SIKUV BUKJTIOHAE YTBOPEHHS «3aCTIVIHVX 30H» Y MICLISIX 3YCTPIYi MOTOKIB PO3ri/iaBy.
lNepeBipeHo, 1110 cucTema KOMM’'tTEPHOro moaestoBaHHs Flow-3D Cast 103Bois€ ineHTUgIikyBatu
MiCLS1 YTBOPEHHSI CK1aA4aToCTi Ta iHLLUMX 4eMEKTIB, NOB’I3aHMNX i3 3aXOMAEHHSIM MiHOMOICTUPOY
YY1 [IPOAYKTIB FIOro PO3KAaay.

Kroyosi cnoBa: inTTs 3@ MOLENISIMU, LLIO ra3vikyeTbCS, MIHOMOJIICTUPOI0B] MOLETI, KOMIT IOTEPHE
mMozestoBaHHS, GopMyBaHHS AedeKTIB BUINBKIB, JIMBHUKOBO-XWUBW/IbHA CUCTEMA.
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efani 6inbLoro nowmpeHHs B YKpaiHi Ta cBiTi HabyBae cnocid nuTTs 3a MOAENSAMU,

wo rasngikytoTbcs (JITM), aknii BUKOPUCTOBYETLCH A1 BUPOOHMLTBA LLUMPOKOI HO-
MeHKNaTypu BUNMBKIB, BKJIOYAO4YM 0COOAMBO BiANOBiAanbHi AeTasi, B YUCO AKX BXO-
OuTb TpybonposigHa apmatypa. JITM no3Bonsie onepXxyBaTu cTanesi apMaTypHi BUNMB-
KM BUCOKOT SIKOCTi 3 HEOOXiaHUM piBHEM BnactmBocTel [1]. OgHak oTpMMaHHA npuaat-
HUX AKICHUX BUNIMBKIB € MOXJ/TIMBMM NKLLIE B Pa3i NPaBMiIbHO CAPOEKTOBAHOI IMBHUKOBO-
XUBUIbHOI cuctemu (JIXKC). JINBHMKOBO-XMBUIIbHA CUCTEMA 3HAYHO BIJIMBAE HA NPO-
Luec 3anueaHHa GOpMM ChiiaBoM, Mif Yac sakoro BinOyBaeTbCcs rasudikauisa niHononi-
CTMPOJIOBOI MOAENi Ta 3aMilleHHs ii cnnaBom. HenpaBuabHa KOHCTPYKLIS MBHMKOBOI
CUCTEMU MOXE MPU3BECTM A0 3aMilllyBaHHS MiHOMONICTUPONY i rasiB, ki yTBOPKOOTb-
CS Bif MOro pos3kiafaHHs, B PigkuMin MeTan, WO 3rogoM BUKIINMKAE YTBOPEHHS PISHUX
nedexTiB B Tifli Ta Ha NOBEPXHi BUNMBKA.

EdekTMBHUM NOMIYHMKOM Ha eTani po3poOKM IMBHUKOBO-XMBUIbHOI CUCTEMU €
CUCTEMU KOMM'IOTEPHOro MoaentoBaHHs nuBapHux npouecis (CKMJIIM), ockinbku Oo-
3BOMIAIOTb Y KOPOTKUI TEPMIH OLLIHUTW Pi3Hi BapiaHTN TeXHOsOorii 6e3 3aCTOCYyBaHHS
[OpOornx NPOMMCIIOBUX EKCNEPUMEHTIB, BUTPAT eHeprii Ta matepianis. Komn’iotepHe
MOZAENIOBAHHSA CTano NOTYXHMM iHCTPYMEHTOM AN Bidyanidauji NpoLeciB 3aNOBHEHHS
dopmMun, 3aTBEPAIHHS | OXONOOKEHHS BUIMBKA, @ TaKOX A1 NPOrHO3yBaHHSA po3TaLly-
BaHHA BHYTPILLHIX AedeKTiB, Taknx, K ycago4Hi pakOBUHU i MOPUCTICTb, HEMETaNeBi
BKJIIOYEHHS, rapsdi i xonogHi TpiwmHn. CKMJIT BUKOPUCTOBYIOTh SK A1 KOPUIYBAHHS
iCHYIOYMX TEXHONOTIYHNX NpoLeciB [2], Tak i Ans po3pobkn HoBux [3, 4]. Hapasi CKMJIM
[03BONFAI0Tb MOAENOBATM HE TiNIbKW rpaBiTaLiiHe NUTTA B NilaHi GopMu, a i cneuianbHi
cnocobun nutTta. OgHak He BCi iCHYo4i nporpamMu MoxXyTb Mogentosatu JIFM, a moaento-
BaHHSA 3anMBKM 6e3 ypaxyBaHHs MiHOMOMICTUPOIOBOI MOAENI A€ HeNPaBUIIbHI pesysib-
Tatn. CTaHOM Ha cboroaHi npouec JIFM go3sonsatoTs 3moaenioBatu nporpamm ProCast,
Flow-3D Cast, Magmasoft [5].

[na nepeBipkmn NIMBHUKOBOT CUCTEMM BUNTMBKA, LLLO BUTOTOBJISIETLCA 32 MOAENAMM, LLIO
ra3mdikyoTbCAa, HaMU CMiNIbHO 3 IHAINCbKMMKY Koneramu BukopuctaHo CKMJIT Flow-3D
Cast. laHe nporpamHe 3a6e3neyeHHs J03BONSIE MOAENOBATU HACTYMHI MPOLLECU: TEMJOBI,
YCa[KOBI, rigpoanHaMivyHi, TepMoMexaHidyHi, dopmMyBaHHA OedeKTiB; Ta BigodbpaxaTu
pesynsTaTu y BUrngai nosis: Temneparypu, ycaaku, NopyBaToCTi, LWBUAKOCTEN MOTOKY,
3axornyieHHs NOBITPS, TEPMIYHUX HANPYT, Pi3HUX OedeKTIB.

Bipomo, Wo agekBaTHICTb pe3dynbTaTiB MOAENIOBAHHSA TOrO YM iHWOro codTy Ta ix
BiANOBIAHICTb HATYPHUM BUNPOOYBaHHAM BU3HA4YaETbLCS, B NepLly Yyepry, GisndyHumm ta
MaTeMaTUYHUMU MOAENAMU, SKi MOKNAaLEHO B OCHOBY PO3paxyHKy nporpamu. BigMmiH-
Hoto ocobnueicTio JITM Bifg, TpaanUiiHOi TEXHOOTIT IUTTSA Y MOPOXHUCTI NilaHi popmu €
HasIBHICTb pa30BOi NiIHOMOAENI, 3a3BMyan, NoNICTUPONOBOI. lig Yyac 3annBaHHsa pigKnni
MeTan NoBMHEH ra3ndikyBaTyi NIHOMOAEb, NEPLU HiX BiH 3MOXE 3anNOBHUTY NOPOXKHN-
Hy. 3BaXalum Ha Le, NPoLEC 3a/IMBaHHS NepPEBaXXHO BU3HAYAETLCS TEMI00OMIHOM MiX
MeTasioM Ta NiIHOMONICTMPONOBOIO MOAENIIO. 3aBAaHHS X MOAENMOBaHHSA npouecy JITM
nosirae B TOYHOMY ONUCI AMHAMIKM MEXXi pOo3ainy MeTan—Moae b, BKAOYa4m BUAINEHHS
PiOKKX Ta ra3onoaioHuX NPoayKTiB PO3KiaaaHHsA niHomoaeni [6].

Flow-3D Cast onncye niHomoaenb Sk NOCTiliHY TEMNEePaTypHy NepeLuKony, ska Moxe
MaTn NPOCTOPOBO 3MiHHI TEMIOBI BAACTUBOCTI [6, 7]. Ma3udikauia niHononictmpony pery-
JIIOETHLCS LWBUAKICTIO TEMNO0OMIHY MiX METanIoOM i MOAENIO, SiKa, B CBOIO YePry, BU3Hava-
€TbCs KoedilieHToM TennoobMmiHy. KoedilieHT Tennonepenadi — Le 3agaHnii KoegilieHT
TENI000MiHY Ha MeXi PO3A4iny MiX PiAKMM MeTasloM Ta NiHoNoNicTMponoMm. pyba ouiHka
cepeaHbOi WBMAKOCTI GPOoHTY MeTany nposoamTbes B Flow-3D Cast 3a popmynoto [7]:

Py, 1 8T
pC, 8T +phys+phy g

U front &

oe hm,f— KoedilieHT Tennonepenadi Mixk MeTanoM Ta NiHONONICTUPONOM; 6T — PiBHMLUA
TemMnepaTtyp MixX MeTasioM i NiIHOMONICTUPOJIOM; p — LUIIBHICTb MIHOMNONICTUPONY; Cp -

54 ISSN 0235-5884. Npovuecu antrs. 2021. Ne 3 (145)



Mpo6nemMmun asToMaTu3aLii, MexaHi3auil Ta komnio’Tepusauil NPoueciB NUTTH

NMMTOMAa TEMJIOEMHICTb MIHONOAICTUPONY; hm,f— TennoTa NaaBfeHHS NiHOMOMICTUPONY;
hm,g — TennoTa BMNapoBYBaHHSA MiHOMONICTUPONY.

MexaHiam po3paxyHky HacTynHuin. Konm meTan noTpansisie B KOHTPObHUIA 00’ EM, K
MICTUTb NMiIHOMONICTUPOJ, 0OYMCNIOETLCA TEMJSIO, IKE NepeaaeTbCcs rNiHoMoaeni Bia, piakoro
MeTasy NPOTAroM OHOIO KPOKY B Yaci. [MoTiM Ls KiNbKiCTb Ternia BUKOPUCTOBYETLCH A1
0obuncneHHs 06’eMy NIHOMOMICTUPOY, KN PO3KITAAAETHCS | HArpiBaETbCHA A0 TEMMNEpPaATy-
pv meTany. [Mpu 064NCAEHHI KiNbKOCTI NIHONOMICTUPOY, LLIO PO3KIaAaETbCS, BPAXOBYIOTh-
Cs TEeNNOTU NAaBNEHHS Ta BUNApOBYBaHHSA NiHONMonictupony. EHepris, aka nepenaetbes
NiHONOMNICTNPOIY, BUPAXOBYETLCS 3 MeTany. [Mpun LpoOMy TenNoNpPOoBIAHICTb Y NIHOMOAENI
iIrHopyeTbCcA. MeTan npocyBaeTbCA B MOPOXHUHY, AKa AOPIBHIOE KiJIbKOCTI NiIHOMONICTUPOJTY,
BUOAJIEHOMO B KOXKHOMY KOHTPOJIbHOMY 06’ €Mi. MOpOXHUHA BU3HAYaETLCS 3 TOYKUN 30pY
KOMMOHEHTIB LLUBMAKOCTI HA NOBEPXHI MeTasy, L0 YTPUMYE PyX MeTasy B NiHOMoAesb, 40
TUX Nip, MOKM TUCK Y MeTasli € 4OCTAaTHbO BUCOKUM.

Flow-3D Cast He mogentoe 6e3nocepeaHbo NOoTiK rasy, Lo YTBOPOETLCA Npu rasndgi-
Kauji niHononicTupony, KM, SK BiAOMO, pa3oM 3 BEIMYNHOIO ra30NMPOHMKHOCTI MPOTH-
NPUrapHoOro rNOKpPUTTSA NiIHOMOAES BIIVMBAIOTb Ha NPOLEC 3anuBaHHA. Ha npaktuui npu
HEeOOCTaTHIM ra30NnPOHMKHOCTI MOKPUTTS HAKOMMYEHHS radiB MOXEe CTBOPIOBATU YMOBU AJ151
pyxy meTtany Hasdap, i3 popmu. EdekT ra3onpoHMKHOCTI NOKPUTTHA BpaxoBaHWUi B MOAENI
Flow-3D Cast npnbnmaHo Yepes 3MiHy kKoedilieHTa Tensonepenadi Metan—niHOMoaesb.
Lle nosiCHI0ETBLCSA Tak, LLO LUBUAKICTb TEMOBIAAAYi 3HUXKYETbCS 3i 30i/1bLLUEHHSAM ra30BOro
3a30pYy, 3POCTaHHS TOBLLMHN SIKOrO BiAOYBaAETHLCS YePES3 HAKOMNYEHHS rasiB, BUKIIMKAHE
HM3bKOIO FA30MNPOHNKHICTIO MOKPUTTS.

Flow-3D Cast no3Bonse moaentoBaT NOBEPXHEBI AeDEKTY Ta 3a/IULLKKN NIHOMOMICTUPOY
y BUnMBKY. MexaHiam popMyBaHHS NOBEPXHEBUX AedEKTIB MOXKHA MOACHUTM 32 LONOMOIr Ol
®i3n4HOI Moaeni B3aemMOoLji piakoro Metasny 3 NiHOMONICTUPOOM, Ky NPeACcTaBNeHO Ha
pvc. 1.Tig aieto Tenna piakoro meTany BiaOyBaeTbCA ONMABNEHHNA Ta YaCTKOBA rasudikaLlis
niHononicTnpony. BHacnigok uboro yTBOPIOETLCSH NEBHUI ra30BUIA 3a30P MiXK PPOHTOM
po3nnasy Ta Mogeo. [asu, ki yTBOPIOIOTLCA YHEPEe3 BUNapPOBYBaHHA MOAEN, CTBOPIOIOTL
NMPOTUTUCK Y ra30BOMY 3a30pi Ta BiNbLLOO MipOI0 BUAANAIOTLCS Yepea ra3onpoHMKHE Mpo-
TUNPUrapHe NOKPUTTS i NiLaHy Gopmy Nif BrAMBOM BakyyMy. TakoX BIPOLOBX TOr0, KON
piakuin MeTasn 3anoBHIOE GOPMY, HaCcTUHA NIHOMONICTMPOY MOXE YTBOPIOBaTU Piaky dasy,
sika BUNaaae Ha BHYTPILLIHIO MOBEPXHIO BUIMBKA. B noganbliomy BinOyBaETLCHA NEPETBOPEH-
HS1 JaHoi pigkoi ¢pasu B ras, akmii MOXe NOrMMHATUCA METaNOM. AKLLO Nif Yac 3anmMBaHHs
dopmMin B meTasi GopMyoTbCs Cklaakn abo CTUKN, Oyab-ska AOoMillKa Ha NoBepxHi byae
noTpansIaTh B cepeanHy meTany. To6To 3axonneHHs 3a/MLLKIB MiIHOMOMICTUPONY NPU3BOANTb
[0 GopMyBaHHSA AedekTiB, sKi 3HUXKYIOTb MEXaHI4YHY MiLHICTb BUMBKA.

THCR ¥ NICKY
ATMOCHEPHHA ABD BARYYM

APYAHOBAHI TPAHYM

,;4:3 LXK nPOTUTHCK 11D SOPMVETHCR
(0] [ HHMI TAIAMMH

ps:

OCTPIBKM PIAKOT ®A3M

MDAEME

PPOHT METAJTY

Puc. 1. ®iznyHa mogenb pyxy poannasy rnpu JITM
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Y Flow-3D Cast € aBi noB’a3aHi Moaeni: Moaenb BiACTEXEHHA nedeKTiB NMOBEpXHi,
[le MOBEPXHEBI BKJIIOYEHHSI BUHMKAKOTb B PE3ybTaTi YTBOPEHHS OKCUAIB HA MOBEPXHI,
Ta MOAENb BiACTEXEHHS 3a/INLLKIB MIHOMNONICTUPOAY, WO rasndikyeTbCs, Ae NOBEPXHEBI
BKJIIOYEHHS BUHWKAIOTb i3 3a/IMLLKIB BYIIELO, WO 3aNMLWaoTbCs NMicns nnaeneHHs, abo
rasudikadyji NiHOMONICTUPOJY METANIOM.

AnropuTm NporHo3yBaHHsA noBepxHeBux aedekTis y FLOW-3D Cast cknagaetbes 3 BU-
XiAHMX BENTMYMH YTBOPEHHS OKCUAY, LLIO NPOMOPLiMHUIA MIOLLI NOBEPXHI Ta Yacy B3aEMOi.
Ina npedekTiB, MOB’A3aHKX i3 3anuLLKaMM NOMICTUPONY, KiNbKiCTb AedeKTiB NponopuinHa
KinbKocTi ra3mdikoBaHoro niHononictupony. Poanoain 3abpyaHeHHs B 3anoBHEHI popMi
IHTEPNPETYETLCSA K PO3NOAiIN MMOBIPHOCTI AedEeKTIB — MiCLUS NOKaNIbHUX MaKCUMYMIB
KOHLIEHTpaLji okcnaHux gedekTis (NNiBok), WweuaLle 3a Bce, 6yayTb MicuaMn nedekxTiB.
OpHak Ha JaHuii MOMEHT MOE b He BPaxOBYE Taki iBULLA, SIK OKCUAHA niiBka, Wwo npum-
nae o CTIHOK GOpPMM | 3aNULLIKN MIHOMOZENI, L0 BUXOASATb Hepe3 MOPUCTY Nilany popmy.

3anuLukuy NiHONoNICTUPOY, L0 YTBOPIOIOTLCS HA MEXi po3ainy MeTan—-Moaesb i He Mo-
XYTb OYTU NEpEMILLEHI MOTOKOM PO3riaBy, BiACTEXYIOTbCH LLSIAXOM PO3B’A3aHHS PiIBHAHHS
rnepeHeceHHs 3anuuiky. Okpim Toro Flow-3D Cast n03B0NSIE BU3HAYUTM XONIOOHI 3aTBOPU
(Hecna), 9Ki yTBOPIOIOTLCS B METasli YHepes BENVKI TENAOBTPATH, SKi MOyTb Ha rasndikadiio
mogeni. 3aranom CKM J1N Flow-3D Cast, He 3Ba)xato4un Ha NeBHi CMPOLLEHHS, NO3BOJISIE
MogentoBaTu Becb npouec JIFM, nepenbayatoum ge 3HaxoanaTbCs CKaa4acTicTb abo
iHLWIi aedekTn, NoB’A3aHi 3 3aXOMNJIEHHSAM MIHOMONICTUPOY Y NPOAYKTIB MO0 PO3KNaay.

MeToto aaHoi poboTM 610 BUSHAYEHHS OedeKTIB, ki yTBOPIOOTLCS Y BUNMBKY 3i cTai
npu NUTTI 32 MOAENSAMU, WO radndikyoTbCs, 3a AOMOMOrOK KOMM’ IOTEPHOr0 MOAENIO-
BaHHS Ta po3pobka 3axoniB no ix 3anobiraHH0. B skocTi 06’ekTa gocniaxeHHs o6paHo
BUIMBOK «kopnyc BeHTunst DN80 PN40» 3i ctani 20J1 macoto 19,7 kr.

Mpw nnTTI cTani 3a NIHONOMICTUPONOBUMM MOAENAMM HANKPALLMM BBXKAETLCA CUPDOHHUI
niaBig, MeTany 40 BUKMBKA, OCKiNbKW Lie 3abe3nedvye MeHLLY B3aEMO/I0 Po3naBy 3 Mnpo-
OyKTamMn po3kiagaHHa Moaeni. Ha oCHOBI LbOro po3pobeHo NepLUnii BapiaHT IMBHUKOBOI
CUCTEMMU, SIKWI BKJTHOYAE NiABEAEHHA MeTasly 3HM3Y Y hnaHLj KOpnyCy Yepes ABa XUBUJbHUKA.
MonaenbHuin 610K CKlaaaBcs 3 ABOX MoAenen. TakoxX A51s nonepeayKeHHs noTpansHHA Lwna-
KOBWX YaCTMHOK B TiJ10 BUNMBKA B KaHasi IMBHUKOBOI CUCTEMM NepeadadeHo niHokepamMivH1m
dinbTp. ng koMmneHcadji ycaaku ctani Hag, KpyrmmmMm (piaHusiMm BCTAaHOBIEHO eK30TEPMIYHI
Ha/IMBW, @ HA KBaAPATHOMY (PfIaHL — eK30TEPMIYUHI XXNBWUIbHI BUMAapW.

MobynosaHa B CAD-cucTemi TBepaoTiNibHa MOAeNb BUIMBKA 3 IMBHUKOBOO CUCTEMOIO
nepenasanacsa B nporpamy Flow-3D Cast. HeobxigHi ons mooentoBaHHS AaHi — BlacTu-
BOCTI cTani, MiHOMONICTUPOY, KBAPLOBOro MNicKy, QiNbTPIB Ta €K30TEPMIYHMX 0O0IOHOK
obpaHo 3 6a3n gaHux. TemnepaTypy 3anvBaHHa cTani 3agasann 1580 °C, noyaTkoBa
Temnepatypa popmm — 20 °C.

Peaynbratn MmogentoBaHHSA NPOLECY 3a/IMBaHHS 32 NepLUMM BapiaHTOM NpeacTaBieHo
Ha puc. 2. OTpuMaHi peadynsTaT nokasanu, Lo 3anoBHeHHS Gopmu BioOyBaeTbLCSA He-

Temperatune Seiected (deg-G)

1680000
|WMU

Puc. 2. KineTuka 3anoBHeHHS dopMu 3a nepLumm BapiaHtom JIHKC
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BHOMIipHO. CnoyaTtky GiNbLUOK MipO0 3aNOBHIOIOTLCS daHLi, a NoTiM BXe MeTan Haf-
XO0AMB A0 CeEPEeAHbOi YaCTUHM BUNMBKU. [Tpn YoMy B CepenHi YaCTUHI Npu 3yCTpidi ABOX
MOTOKIB CTBOPIOBAINCS YMOBUW A1 OXOMJIEHHSA NiHOMOICTMPONY po3niaBoMm. B pesynbrari
NPOAYKTM pO3kKany NiHONOMICTMPONY Y BUMNSAAI PigKoi Ta ra3oBoi (pba3m He BCTUraloTb BU-
[annTucs 3 po3nasy, WO, B KiIHLEBOMY paxyHKy, NPU3BOANTbL 40 GOPMYBaHHS ra3oBuxX
nedexTiB y Tini BUnmMBKa.

Ogpnieto 3 nepesar Flow-3D Cast € Te, 110 BOHA [O3BONSE MPOrHO3yBAaTU YTBOPEHHS
noBepxHeBUX AedeKTiB, NOB’A3aHNX i3 3aXOMNJIEHHAM PiOKUX i ra30noaibHVX NPOAyKTIB
po3KnagaHHsa niHomonicTupony. Pesynstatm MOAENOBAHHS YTBOPEHHS MOBEPXHEBUX
nedeKTiB nig yac 3anmBaHHs (pyc. 3) NOKa3yloTh, L0 HAa NOYaTKy 3aJMBaHHA B OOHOMY 3
dnaHuiB BindyBaeTbcs GopMyBaHHSA NoBepxHeBUX AedekTis. OgHak B MPoLEeci 3annMBaHHS
KOHLeHTpauia aedekTiB y dpnaHLui 3MEHLLYETLCS, L0, O4EBUAHO, MOB’A3aHO0 3 NOCTYMOBUM
BUOANEHHSM NPOAYKTIB AECTPYKLi NOMICTUPOSY MOTOKOM po3naasy. HA MOMEHT MOBHOIO
3arnoBHEHHS GOPMU KOHLLEHTPALiA MOBEPXHEBUX AedEKTIB Y Tijli KOPNyCca 3HUXYETLCS.

fran surface dalacd conomnirabon

.00
0y
0.500
0250
.o

Puc. 3. NMoeepxHeBi pedekTn y Bunmneky (nepuunii sapiant JIXKC)

AHaniz nonis WBMAKOCTI PO3MaaBy NoOkKas3as, WO B CEPEHili YaCTVHI BUIMBKA NiCns
MOMEHTY 3YCTPidi ABOX MNOTOKIB LLUBMAKICTb PO3MIAaBy Mamxe HynboBa. YTBOPETHCS Tak
3BaHa «3acTiliHa 30Ha», B AKi YTBOPIOIOTLCS AedekTn. TakmMm YHOM, NepLUnin BapiaHT
JINBHUKOBO-XXNBWUJIbHOT CUCTEMM HE 3abe3nedye oaepxaHHs 6e3aedekTHOro BUINBKA.

AHanis nMBapHMX NPOLLECIB, SIKi BiAOYBalOTLCA Nif Yac 3alMBaHHSA BUTMBKA «KOP-
nyc BEHTUNSA», NMOKa3ye, O HEOOXiAHO CTBOPUTM YMOBU A9 BUHECEHHS NPOAYKTIB
OecTpykuii NOTOKOM po3nnasy B Hagnueu. [ng BupiBHIOBaHHA GPOHTY 3anMBaHHA
000aHO TPETIN XUBUJIBHUK B LLEHTPasbHY YaCTUHY BUIVBKU. MoaentoBaHHSA Opyroro
BapiaHTy JIXXC (puc. 4) nokasano, L0 3anoBHEeHHs BiaOyBaeTbCs OiflbLL PiBHOMIPHO, NPO-
Te B LbOMY BapiaHTi 6inbLua YacTHa MeTasny NpoxXoaMTb Yepes cepeaHiin XMBUIbHUK. Lie
NoB’s3aHo 3 TUM, LLLO AaHWI XNBUJIbHUK PO3TaLLOBaHWIA Ha KONekTopi 6arxkye 0o CTosika,
H>XK [1Ba iHLLI. He 3Baxato4m Ha e, B LaHOMY BapiaHTi Maixe BiACYTHI BepTUKaibHi PPOHTU

Temparatue Selecied [deg-C)
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Puc. 4. KiHeTrka 3anoBHeHHs popmMu 3a apyrum BapiaHtom JIKC
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MOTOKY PO3rMnaey, O MO3UTUBHO BMJIMBAE HA BUAANEHHS NPOAYKTIB TEPMOAECTPYKLLi
MiHOMONICTUPOIOBOI MOAEN.

Pe3ynbTaTn po3paxyHKy nosiB NOBEPXHEBUX AedEKTIB (PUC. 5) MoKasyoTb, O B XO4i
3a5MBaHHA Ha GPPOHTI NOTOKY BiAOYBAETLCA YTBOPEHHSA NOBEPXHEBUX AedeKTiB, oaHaK
Mia KiHeub 3anMBaHHS KOHLUEHTpauia AedeKkTiB 3HUXKYETbCS.

Tree warface defect conceninaion

12000
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a 6 B
Puc. 5. lNMoeepxHesi oedektn y BUAmBKYy (apyrui sapiant JIXKC)

MigcymoByo4M, MOXHa ckasaTtu, Wwo apyruii BapianT JIXKC 3a6e3nevye ogep>kaHHS
BUMBKA 3 MEHLLIMMN AedeKTamm.

Mpuv BNPOBaaXXEHHI Yy BUPOOHULITBO TEXHONOT i BATOTOBIEHHS BUNMBKA «KOPMYCY BEH-
TUNA» MOXHa PEKOMEHYBATUN B3STU 32 OCHOBY Apyruii BapiaHT JKC. Mpu upomy, wob
BUPIBHATU PPOHT MignomMy MeTany, HeOOXiAHO 3MIHUTW MIOLLI NePeTUHY XMBUITbHUKIB
Tak, o0 nnoLla NnepeTnHy cepenHboro XmMBubHMUKA 6yna MeHLIOo Ha 25 % 3a nnoLty
KPaMHiX XXNBUNbHUKIB.

AHani3 @i3nyHMx Ta MaTtemaTuyHMx moaenen npouecy JIFM cuctemun Flow-3D Cast
nokasas, L0 BOHM MaloTb PSA, CMPOLLEHb Ta HE BPaxXOBYHOTb NPOLECU BUAINEHHS ra3y nig,
yac rasudikauii niHomogeni, aMiHM BeNNYKHN BakyyMy B 00’ eMi NMBapHOi popmMu Ta oro
BMJIMB Ha Xia 3anmBaHHA cnnaBy. OgHak, He 3Baxkatoun Ha ue, gaHa CKM J1IM no3sonse
ineHTUgIKyBaTU MiCUS YTBOPEHHA CKNaa4aTocCTi Ta iHWKX AedekTiB, NOB’A3aHUX i3 3a-
XOMNIEHHAM MiIHONOAICTUPOY YM NPOAYKTIB MOro po3kiany.

Komn’toTepHe moaenioBaHHA B cucTeMi Flow-3D Cast 4038010 ANS BUNMBKA «KOPMYC
BEHTUNS» AOCAIANTU MapOANHAMIKY 3aNOBHEHHS (popMM Ta MicLa GOpMyBaHHS AedEKTIB.
LLlo B KiHLIEBOMY paxyHKy 4asnio 3MOry onTnumisyBaTiu IMBHUKOBY CUCTEMY, sika 3abe3neyunna
CrMOKiMHe i PiIBHOMIPHE 3aIMBaHHS CNnaBy Mo BCbOMY NEPETUHY BUMMBKA | 3 MiHIManbHUM
YTBOPEHHSM NOBEPXHEBUX AEPEKTIB.
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USING COMPUTER SIMULATION TO IDENTIFY DEFECTS
FORMATION IN STEEL CASTINGS OF SHUT-OFF VALVES
CASTED WITH LOST FOAM PROCESS

The results of computer simulation of the technological process of making a steel casting “Valve
body DN80 PN40” produced with lost foam casting process are presented. The simulation is carried
out using the Flow-3D Cast program to determine defects that can be formed in a casting during
thermal decomposition of polystyrene foam pattern. The features of the Flow-3D Cast software
product are analyzed for adequacy of the modeling results and their compliance with a field test.
It is determined that the base of the calculation is the average speed of the metal front calculated
through the heat transfer coefficient between metal and polystyrene foam, with the foam pattern
described as a constant temperature barrier. It is determined that the prediction algorithm of surface
defects in Flow-3D Cast consists of the initial values of the formation of oxide, which is proportional
to the surface area and time of interaction, meanwhile the model does not take into account such
phenomena as an oxide film that adheres to the walls of the form and the foam decomposition
products that escape through a porous sand form. The mechanism of surface defects formation was
investigated and explained by the physical model of the interaction of liquid metal with polystyrene
foam. The results of “valve body DN80 PN40”casting simulation using Flow-3D Cast is presented
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with two variants of the gating system, the kinetics of the mould filling in the presence of polysty-
rene foam pattern and the surface defect formation probability is investigated. The optimal variant
of the gating system is determined, namely the metal should be fed to the casting from below by
means of three gates - in the flange and the middle part of the body, which eliminates the formation
of “stagnation zones” at the meeting points of melt flows. It has been verified that the computer
simulation system Flow-3D CAST allows to identify the places of folds formation and other defects
associated with foam and foam degradation products entrapment.

Keywords: lost foam casting, polystyrene foam patterns, computer simulation, casting defect
formation, gating system.
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4o yBaru aBTopiB!

CrarTi, 1o HaaxoasTb B peaakLito, moBUHHI Matn aHoTawii i KIH4YOBI
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