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Bo3MoskHbIE TIPUHIMIIEI YAAIEHUST HEMETAJUTMUECKUX BKJIIOYEHUH B IIPOMKOBIIIE ITyTEM
TPOJTYBKH aprOHOM MOKHO KJIACCH(HMIIPOBATH CIIEAYIONMM 00pa3oM: BIyBaeMbIil ra3 u3me-
HsET HalpaBJIeHHE MOTOKA MEeTalla B IPOMKOBIIE U HANpaBisieT HEMETATIMYECKUE BKIIIOYE-
HUS K CJIOIO IIJIAKa; YBEIMYEHHE TYypOYJICHTHOCTH CHOCOOCTBYET KOAryJsIIUKM HEMeTaIhyie-
CKHX YaCTHLl; HEeMETAUTMUECKUE BKITIOUEHUSI aICOPOUPYIOTCS Iy3bIpbKaMy aproHa.
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Puc. 3. MopennpoBaHne KOHCTPYKIIMHU TacuTeNst TypOyJIEHTHOCTH
C U3MEHEHHBIMH XapaKTepUCTUKAMHU

MareMaTtuueckoe MOJCIMPOBAHUE C MOMOIIBIO KOMITbIOTEPA (pHC. 3) MO3BOJSET TO-
JTY4YUTh OOLIYIO0 KAPTHHY BCETrO TEUCHMS KUAKOCTH B 00beMe U rpauuecKu BU3yaIu3upo-
BaTh IMOJISi CKOPOCTEH, NaBJICHUN MM TEMIIepaTyp BO Bcell obnactu TedeHus. B To Bpems
Kak Mpu (U3NYECKOM MOJCIMPOBAHUM HM3MEPHUTEIbHbIE AATYMKHM pacHojararoTcs B He-
CKOJIbKMX TOUYKaX, IJ€ MPEeANoaaraeTcsi pa3BUTHE UCCIENYEMBIX SIBICHUM.
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Mertannokopa UCHOIb3YEeTCsl KaK apMUPYIOIIUN 3J€MEHT B KOHCTPYKLHMU aBTOMO-
O6unbHOM mMHBL. OCHOBHBIE TEXHOJIOIMYECKHE 3Talbl IPOU3BOJCTBA METAJUIOKOpAA: CTa-
JIETJIABUIIbHOE TPOU3BOJICTBO HEMPEPHIBHO JINTOM 3aroTOBKH, IMPOKATHOE MPOU3BOACTBO
KaTaHKU U3 HETIPEPBIBHO JINTON 3arOTOBKH, BOJIOUMJIBHOE MPOU3BOCTBO TOHKOM CTalbHOM
JaTYHUPOBAHHOM IPOBOJIOKM M3 KaTaHKH, CBUBKA METAJUIOKOP/AA U3 TOHKOW IPOBOJIOKU.
Tonkoe naTyHHOE MOKpBITHE (3—5 MKM) Ha CTaJIbHOM MTPOBOJIOKE 0OeCIIeunBaeT pocT ajre-
3UM PE3UHBI K METAJUIOKOPY B IIKMHE. CBHBKA METAJUIOKOPJA 3aKJIIOYAETCs] B HEMPEPHIB-
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HOM IUIETEHUWU Ha KAHATHOW MAaIllMHE HECKOJBbKUX TOHKHUX CTaJbHBIX MPOBOJIOK JHaMET-
pom 0,15-0,75 mm u3 Beicokoysiepoauctor cranu 70-93. IIpoyHOCTH MPOBOJIOKH HAXO-
nutcs B nepenenax 30004000 I1a. BeneactBue BHICOKOM MPOYHOCTH M, COOTBETCTBEHHO,
HU3KOM IJIACTUYHOCTH YacCTO BO3HHUKAIOT OOPBIBBI MPOBOJIOK HETIOCPEACTBEHHO B IMPOIIEC-
C€ MX CBHMBKHM B METAJJIOKOPJ Ha KaHaTHON MmamuHe. OOpbIB XOTS Obl OJTHOM MPOBOJIOKHU
MIPU CBUBKE MPHUBOJUT K OCTAHOBKE MPOIECCa CBUBKH, K CBAPKE MECTa pa3phbiBa U K HOBO-
My 3aIyCKy Ipoliecca CBUBKM Ha KaHATHOM MaminHe. YacToTra 0OphIBOB Ha MPOU3BOJCTBE
OIICHUBACTCS OTHOCHUTEIIHLHOW OOPBIBHOCTHIO, KOTOPAst U3MEPSICTCS B KOJIMYECTBE OOPHIBOB
Ha OJIHY TOHHY METaJUIOKOPIHOW MPOIyKUKH, 00p/T. UeM HMKe BeTMUMHA OTHOCUTEIBHOM
0OpBIBHOCTH, TeM d((HEeKTHBHEE MPOU3BOICTBO. MaKCUMalIbHASI BETUYHHA OTHOCUTEIIBEHOMN
OOPBIBHOCTH COOTBETCTBYET YCJIOBHIO, MIPH MPEBBIIICHUU KOTOPOH MPOU3BOACTBO yKe HE
3¢ (}HEKTHBHO U IOJDKHO OBITH OCTAHOBJICHO.

AHanu3 MpUYHH Pa3pylIeHHs Ha MPOU3BOJICTBE MOKAa3all, YTO OCHOBHAs MpPUYHHA
paspyIieHus: MPOBOJIOKH TIPU CBHBKE CBs3aHa C JC(PEKTOOOpa30OBAaHHEM B CTAJIM, CBS3aH-
HOM C IUJIACTHYECKON AedopMmaiieil MpoBOJOKU: OCEBBIE TPELIUHBI, CY>KEHUE, PacCIOH,
MOBEPXHOCTHBIC JEPEKThI KaK KOHIICHTPATOPBI 3aPOKICHUS TPEIIHH.

Jnst cHuKeHHsI OOpBIBHOCTH HEOOXOAMMO OTMpeAeNieHbl OCHOBHBIE MMapaMeTphl CBUB-
KM, OKa3bIBAIOLIUE BIUSHUE HA OOPBIBHOCTh U UX KOJIMYECTBEHHOE BIIUSHHE OTHOCHUTEIb-
HOU OOPBIBHOCTH METAJIIOKOP/IA.

Pa3paborana 3aBUCUMOCTH JIJIsl pacueTa BeIWYMHBI WU YUCIEHHOTO KPUTEPUS OTHO-
CUTEIBLHOW OOPBHIBHOCTH METAJIIIOKOP/Ia, TIO3BOJISIIONIEH MPOTrHO3UPOBATh BEJTUYHHY OTHO-
CUTEIIbHON OOpBIBHOCTH TEpe]l HAdajaoM IMPOW3BOJCTBA WM CHWXXATH AITY BEIUYUHY
B JICHCTBYIOIIIEM MTPOM3BOICTBE METAUIOKOPA:

E KKOHCT K K
B=Lfe. v P obp/T,
G,0 K,

rae £ — monyns ynpyroctd FOnra tonkoi npososokw, Ila; €, — MakcuManbHas 3KBHBa-

JeHTHas aedopMaiys NPOBOJIOKH B TPOIECCE CBUBKU, %; G, — Mpeaena MPOYHOCTH
MIPH PacTsHDKEHUHM TOHKOM MPOBOJIOKH, [1a; & — oTHOCHTENbHOE yAJIMHEHUE TOHKON TMPOBO-
JIOKU TP pacTsbkeHuH, %; K — K03 GUIMEHT, YIUTHIBAIOIINNA KOHCTPYKIIAIO METal-

KOHCTp

aokopaa; K. — Ko3((UIMEHT, yYUTHIBAIOIIMNA BIMSHUAC COJCP)KAHMS YIJIEpOosa B CTalH
IPOBOJIOKH Ha OOPBIBHOCTh M/KOpAA MpH CBUBKE; K, — KOA(PQPULIHUEHT, XapaKTepU3y Ol

BJIMSIHME CKOPOCTH TOHKOT'O BOJIOYEHUS HA OOPBIBHOCTH ITPOBOJIOKU IIPU CBUBKE B METAILJIO-
xopa; K, —k03(p(UIMEHT, yUUTHIBAIOIINI TPOrpaMMy BbIITyCKa METAIIOKOP/A.

Jlnst mpoBepKU aZeKBaTHOCTH 3aBHCUMOCTH BBITIONIHEHA CBepKa (DAKTHUECKUX M pac-
YETHBIX 3HAUCHUN OTHOCUTEIILHOW OOPBIBHOCTH:

1. [lepuon HapaGotku Metamnokopna 2+2x0,30SHT: 07.03.2019-12.03.2019. Cpennue
3HAYEHUS] MEXaHUYECKUX CBOMCTB TOHKOW MPOBOJIOKH, MOMyueHHble U3 20 pe3ybTaToB UC-
NBITAHWNA Ha pa3pblB TOHKOM TMPOBOJIOKM B TEUYCHHWE TMEpUOAAa H3TOTOBICHUS M/KOpAa:
E =193653 MlIla, o, =3345 MIla, 6=2,64 %, o6bsem Bbimycka N = 44,564 T, ctans 80.
dakTHIeCcKOe 3HAUCHHE OTHOCHUTEIILHON 0OpBIBHOCTH 7,1 00p/T, pacueTHOE 3HAUCHHE 8 0OP/T.

2. Ilepuon HapaboTku Mmertamtokopaa 2x0,30HT: 01.06.2019-5.06.2019. Cpennue
3HAUEHUSI MEXaHWYECKUX CBOMCTB TOHKOW IMPOBOJIOKM, MOJyuyeHHble U3 20 pe3ynbTaToB
UCIIBITAHUN HA Pa3pbIB TOHKOW MPOBOJOKU B TEYCHHH MEPHOAa U3TOTOBIEHUS M/KOpia:
E =191628 Mlla, o, =3177 Mlla, & = 2,54 %, o6vem Bbiycka N = 102,365 T, ctans 80.
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dakTHyecKkoe 3HaueHHe OTHOcUTeNbHOW oOpbiBHOCTH 10,1 00p/T, pacueTHoe 3HaueHHe
11,7 obp/T.

3. Ilepuon Hapa®otku Meramaokopra 2x0,30UT: 31.01.2018-30.03.2018. Cpennue
3HAUEHUS MEXAHWYECKUX CBOMCTB TOHKOW IMPOBOJIOKM, MOJyuyeHHble U3 20 pe3ynbTaToB
UCTIBITAHUH Ha Pa3pblB TOHKOH MPOBOJIOKM B TEUYEHHUE MEPHUOJA M3TOTOBJIEHUS M/KOpAa:
E =184742 Mlla, o, =3628 Mlla, 6=2,55 %, o6bem Boimycka N = 22,096 1, ckopocTh

TOHKOTr0 BojoueHus 5 m/c, g, = 2,19, cranp 80. dakTHueckoe 3HAYEHUE OTHOCUTEIBHOM

o0OpsiBHOCTH 24,75 00p/T, pacueTHoe 3HaueHue 23,87 o0Op/T.

CpaBHUTEbHAS XapaKTEPUCTUKA PACUYCTHBIX U (HAKTHYCCKUX BEIHYUH OTHOCHUTEIIb-
HOH O6pBIBHOCTI/I MOKa3bIBACT HA JOCTATOYHYIO aICKBATHOCTb HOJ'Iy‘-ICHHOfI 3aBUCUMOCTH,
TI03BOJISIOIIYO €€ MCIOIb30BaTh B MPOU3BOICTBEHHBIX YCIOBHSIX.
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This work summarizes the findings of multi-objective optimization of a gravity sand-
cast steel part for which an increase of casting yield via riser optimization was considered.
This was accomplished by coupling a casting simulation software package with an
optimization module [1]—[3]. The benefits of this approach, recently adopted in the foundry
industry worldwide and based on fully automated computer optimization, were
demonstrated. First, analyses of filling and solidification of the original casting design
were conducted in the standard simulation environment to determine potential flaws and
inadequacies. Based on the initial assessment, the gating system was redesigned and
the chills rearranged to improve the solidification pattern. After these two cases were
evaluated, the adequate optimization targets and constraints were defined. One multi-
objective optimization case with conflicting objectives was considered in which
minimization of the riser volume together with minimization of shrinkage porosity and
limitation of centerline porosity were performed.

Metalcasting process simulation is used to provide detailed information about mold
filling, solidification and solid state cooling, as well as, information about the local
microstructure, non-uniform distribution of mechanical properties and subsequently
residual stress and distortion build-up.1-9 Casting simulation tries to use physically
realistic models without overtaxing the computer. At the same time the simulations need to
give applicable results in the shortest time possible. Unfortunately, numerical simulations
can only test one “state”, while conclusions from calculations or subsequent optimization
still require an engineer’s interpretation and decision after each of the simulation runs.
Understanding the process enables a foundry engineer to make decisions that can affect
both the part and the rigging to improve the final quality.

The objectives which drive designers are generally well defined: improve
the component quality, achieve homogeneous mechanical characteristics, maximize
the casting yield, increase the production rates, etc. It may sound easy, but the truth is that
in reality it is very complex and time consuming to achieve all these objectives at the same
time, due to the high number of variables involved. In many foundries, the only applied



