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COBEPHIEHCTBOBAHUME TEXHOJIOTYU U OBOPYJIOBAHUSA
MAIIMH HENPEPBIBHOI'O JIUThA U JE®@OPMALIMU METAJIJVIA

Jlepuep M.M.
MarauToropckuii rocy1apcTBeHHbIN TexHnueckuit yauusepeuretr um. .. Hocosa, Maruutoropck, Poccust

Annomayun. TloctaHoBKa 3a1auM (AKTYaJIBHOCTH padoThl). B craThe paccMaTpuBarOTCsS TEXHOJOTHH M arperaThl
MalllMHbl HENPEpPBIBHOTO JHThS U Aedopmarnuu 3aroroBok (MHJI/A3), pabGoraromume ¢ »)uakuMm merauioM. Pazsutne
TexHoyoruu u arperatoB MHJIJ[3, paboTaronux ¢ >KUAKUM METaLUIOM, CO3AaeT YCIoBUs st 3 (HeKTUBHOTO (HOPMHUPO-
BaHUS 3aTOTOBKH IIepell ee MPOXOXKICHHEM B ycTpoicTBe it nedopmannu MHIIJI3 n onpenensger 3hheKTHBHOCTH
mporiecca neopMary u KadecTBa IOIydaeMON B IMOCIEAYIOMIEM HEIPEePHIBHOIUTON 3arOTOBKH. AHAIN3 CHCHU(UKA
MPOXOKACHUS JKUAKOW CTAIM U3 Pa3IMBOYHOIO OTBEPCTUS NPOMEKYTOUHOrO KOBILIA B KPUCTAJUIU3ATOP MO3BOJIMI CO-
3IaTh palloOHabHBIE TTapaMeTPhl PacIoIOKeH!s 00opynoBanHus MamuHEL. Lleab padoTsl. Panmonanm3anus TeXHOIO-
ruil u arperatoB MHJIZI3, ucnonb3yss MOIEPHU3UPYEMBIE KOHCTPYKIIMHM KPUCTAJUIM3ATOPa U PE3YIIBTAThl MOJAECIUPOBA-
Husi. Ucnosb3yemble MeToAbl. OCHOBHBIE 3aKOHBI MEXaHUKHU JBMXKEHUS KHUIKOU CTaJld — HbIOTOHOBCKOM >KHIIKOCTH,
HaxXoJAIICHCs B JHAaNa3oHe TEMIIEPaTyp, ONpeleNsIeMbIX YCIOBHAMHU pa3iMBKH CTaiH. Vcmonb3yeTrcs mporpaMMHBII
MIPOAYKT, OCHOBAHHBI Ha IPHUMEHEHHH METO/a KOHEUHBIX 3JIEMEHTOB B 3aJadaX MEXaHUKH XuakocTH. HoBu3Ha.
BriepBrie paccMOTpEHBI apaMeTphl IBHKEHUS )KUIKON cTanu B arperatax MHJIJ(3, onpenensiomux mapaMeTpsl 3aro-
TOBKH Iiepes neopManyeil B 30He BTOPHYHOTO OXJIaX/IeHNs] MallMHbl. Pa3paborana MaTeMaTruueckas MOJIEINb JIBHIKE-
HUS KUAKOTO METallIa B Mpoliecce KOMIUIEKCHOTO mporiecca pasnuBku u nedpopmaruu na MHJI/I3. Pe3yabrar. B cra-
The JaHbl PEKOMEHAINH 0 PAIlOHAIN3AIIH TEXHOJIOTHHA ¥ MOJEPHHU3AIMH arperaTtoB i 00ecreueHus] TeXHOIOT U-
geckoro mnporecca aedopmarmn. OnpeneneHsl HeOOX0IUMBIE MapaMeTphl TEXHOJIOTHISCKOTO TPOIIecca HelPEephIBHOM
Pa3MBKH U Tpolecca AedopMaIiiiy, OpraHn30BaHHBIE B €IUHOM IpoIlecce MOIYYeHUs JIMTOH 3arotoBku. [Ipakrude-
cKasi 3HAYHMOCTB. [IpencTaBieHa MeToIMKa OIICHKH COBMECTHOI pabotel arperatoB MHJI/I3, obecneunBaromux me-
peMenieHne Xuakoro Metamura. OnpeneseHsl panroHaIbHBIC MapaMeTPhl PACIIONOKCHHS arperaToB MaIluHBL s 3¢-
(heKTUBHOM OpraHU3alKy MPOIlecca MOTYICHHUS 3arOTOBKH Ha MaIllnHE.

Knroueswvie cnosa: maimHa HEPEPHIBHOTO JINThS U Aedopmanuu 3aroroBok (MHJII/3), pa3iuBka cranu, )KUIKANA Me-
TaJul, IPOMEXYTOUHBIA KOBII, KPUCTAJUIU3aTOP, HEMPEPHIBHOIUTAS 3aTOTOBKA, MATEMAaTHIECKOE MOICTUPOBAHUE
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IMPROVEMENT OF TECHNOLOGY AND EQUIPMENT
OF CONTINUOUS CASTING AND METAL DEFORMATION MACHINES

Lerner M.M.
Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia

Abstract. Problem Statement (Relevance). The article discusses the technologies and units of the continuous casting
and deformation machine (CCDM) working with liquid metal. The development of technology and CCDM units work-
ing with liquid metal creates the conditions for effective formation of the blank before its going through the CCDM and
determines the efficiency of the deformation process and the quality of the subsequently continuously cast blank. The
analysis of the specifics of liquid steel going through from the teeming hole of the intermediate ladle into the mold
made it possible to choose the rational parameters of the location of the machine equipment. Objectives. It is required
to rationalize the technologies and units of the CCDM using the modernized mold designs and simulation results.
Methods Applied. The basic laws of the mechanics of the liquid steel motion such as a Newtonian fluid located in the
temperature range determined by the conditions of steel casting are applied. A software product based on the use of the
finite element method in fluid mechanics problems is used. Originality. For the first time, the parameters of the liquid
steel motion in CCDM units that determine the parameters of the blank before deformation in the secondary cooling
zone of the machine are considered. A mathematical model of the liquid metal motion in the process of complex casting
and deformation in CCDM has been developed. Results. The article gives recommendations for rationalizing technolo-
gies and modernizing units to ensure the technological process of deformation. The necessary parameters of the techno-
logical process of continuous casting and deformation, organized in a single process of obtaining a cast blank, are de-
termined. Practical Relevance. A method for assessing the joint operation of CCDM units that ensure the liquid metal
motion is presented. Rational parameters of the location of machine units for the effective organization of the process of
obtaining a blank on the machine are determined.

Keywords: continuous casting and deformation machine (CCDM), steel casting, liquid metal, intermediate ladle, mold,
continuously cast blank, mathematical modeling
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Omna BBITIONIHEHA Ha 0a3ze yCTAaHOBKHM Ui Jedopma-
un 4 u kpuctammusaTtopa 1. XKuakuit Mmetamt mogaercs B
Kpuctamuu3atop 1 u3 npomexyrodnoro kosmia 2 [1, 4].

Ha puc. 2 orMedeHa 0COOEHHOCTh pa3MeELIeHUs OT-
KpPBITOH CTpyn MeTaiia B Kpuctamumsarope MHIJIJ3
MEXAy LIMPOKUMH CTeHKaMu. PaccMoTpeHa cneuuduka
pa3MelleHus MOTOKa MeTajlla MEXAY IIHUPOKUMH CTEH-
Kamu Kpuctamm3aropa [5]. Onpenensroniee TpeboBaHUEe
IpU TI0Aa4e KUIKOTO MeTayia B KPUCTAIIM3AaTOP — HC-
KJIIOYEHHE BO3MOXKHOTO B3aMMHOTO CMelleHus ocu 4
MOTOKA METa/ula 2, TOCTYIAIOMET0 U3 IPOMEKYTOYHOTO
KOBIIIA, OTHOCUTEJIBHO IIEHTPAJIBHOW OCH KPHCTAJUIU3a-

BBenenue

B crarbe paccMOTpeHBI BONPOCH OpraHM3ally JIBU-
JKEHUsI IOTOKOB cTanu B cucteme arperaros MHJIJI3 [1]:
npomexyrounbii koBi (K) — otkpsitast ctpys (C) — kpu-
cramzarop (KP). OTMedeHbl 0COOCHHOCTH YIpaBICHHS
MIOTOKAMH KUAKOM CTalM, MOJaBacMOU U3 NPOMEKYTOY-
HOro KoBIIa B kpucramtuzatop MHJIJ3 [2], mpu stom
MPOXOX/JCHUE TIOTOKOB MeTala MEXIy UIMPOKUMHU
CTEHKaMM KpPUCTAJUIM3aTOpa MAIlUHbI TpeOyeT MHHU-
MaJbHOTO CMEIIEHHs CTPYH MEeTajula, OCTYHAIOIIEero u3
Pa3IMBOYHOTO CTaKaHa MPOMEXYTOYHOTO KOBIIA B KPH-

CTaJITU3aTOpP.

Hanbr ocodennoctn MHJIJI3, koTtopsle oOecreyu-
BAaIOT PAaLMOHAILHOE pa3MElIeHHe MeTaula, MOCTYIaro-
IIeT0 U3 TPOMEKYTOYHOTO KOBINA IS (POPMHPOBAHUS
KOPOYKM MeTajljla B KpUCTANIM3aTOPE B COOTBETCTBUU C
TpeOOBaHUSAMU  yCTpOHCcTBA i JIehOPMUPOBAHHS
MHJIA3[1, 3].

Marepuajbl 1 MeTOABI UCCJIEJOBAHMUS

KommnonoBka arperatoB MHJIJI3 npezncraBieHa Ha
puc. 1.

www.vestnik.magtu.ru

Topa 3.

Jlnst BBISIBJICHHST XapakTepa MPOXOKACHHS TIOTOKOB
MeTalla B CHCTeMe MPOMEXYTOUYHBIH KOBII — OTKPBITAst
CTPYsl — KPHUCTAUIA3ATOP, & TAKKE BBISIBICHHS BO3MOXK-
HOTO JHara3oHa OTKJIOHCHHH B3aWMHOTO MOJIOKEHHS
ocelf MOTOKa MeTaula W3 MPOMEKYTOYHOTO KOBIIA H
LEHTPAJIBHOM OCH KPUCTAUIM3aTOpa MPOBEACHO MOJIEIH-
pOBaHKE JBHKCHHS MOTOKOB B PacCMaTpUBaeMOil cucre-
Me arperatos [6].
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Puc. 1. Komnonoska MHJI/I3: 1 — kpuctammuzaTop;
2 — IPOMEKYTOYHBIN KOBII; 3 — CTallepa3INBOY-
HBIN KOBIII; 4 — yCTAaHOBKA IS AehopMaIluu;
5 — mpuBOA; 6 — MCKTPOIBUTATEITH

Fig. 1. CCDM layout: 1 is a mold; 2 is a intermediate
ladle; 3 is a steel-teeming ladle; 4 is a defor-
mation unit; 5 is a drive; 6 is a electric motor

Puc. 2. Pa3MenieHus OTKpbITOH CTpyH MeTalia B KpH-
craimzarope MHJI/I3: 1 — mmmpoxast ctenka
KpHUCTATU3aTopa; 2 — TIOTOK METaJla;

3 — HeHTpabHas OCh KPUCTAIIM3AaTOPa; 4 — OCh
MOTOKA METaJjljla U3 KOBIIA; Xj — OTKIIOHECHHS Ocel
ITOTOKA W KPHCTAIIN3aTOpa MEXKIY co00it

Fig. 2. Placement of an open metal jet in the mold of the
CCDM: 1 is a wide wall of the mold; 2 is metal
flow; 3 is central axis of the mold; 4 is axis of
metal flow from the ladle; X; is deviations of the
axes of the flow and the mold between each other
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Ilosy4eHHBIe pe3yIbTAThI U HX 00Cy:KAeHHE

Mopenb OCHOBHBIX 3JIEMEHTOB — Pa3IMBOYHOI'O OT-
BEpCTHUS NMPOMEKYTOYHOTO KOBIIA U KPUCTAJUIM3aTOpa —
npencraBieHa Ha puc. 3. MoznenupoBaHue JBHKCHUS
MeTaJula M3 KOBIIA B KPUCTAJUIM3AaTOp U JalbHelniee ero
pa3MelneHrne TaM BBHITIOJIHEHO Ha 0asze pemreHus audde-
PCHIMANBHBIX ypaBHEHHH, ONpPEAENIAIONIMX IBHKCHUE
MOTOKOB CTalId C y4YeTOM YypaBHEHHH Hepa3pbIBHOCTH
notoka. I[IpuHATH HavajbHBIE YCIOBHUS: TeMIleparypa,
CKOPOCTH IBIKCHHS TIOTOKOB, BSI3KOCTh CTanu [4, 6].

Pre

s
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S e

Puc. 3. CeTka Moe/M IBMKCHHUS METAILIA M3 TIPOMEXKY-
TOYHOTO KOBIIA B kpuctaiumsarop MHJI3:
| — paznuBOUHOE OTBepcTHE KOBIIa; || — ceTka
MOJICJIN B KPUCTAJUIU3ATOPEC, 1- KPUCTAJIIU3ATOP,
2 — IPOMEXYTOUYHBIH KOBII; 3 — MOTOK MeTa/lIa
U3 KOBIIA B KPUCTAIUIN3ATOD; 4 — CTPYs METaJLIa,
MOCTYIAromas B KpUuCTALUIU3aTop, 5 — 6okoBEIE
LIAPOKKE CTEHKU KpUCTAILIIU3aTOpa

Fig. 3. The model grid of the metal motion from the
intermediate ladle into the mold of the CCDM:
I is ladle teeming hole; Il is model grid in the
mold; 1 is mold; 2 is intermediate ladle; 3 is metal
flow from the ladle into the mold; 4 is metal jet
entering the mold; 5 is side wide walls of the
mold

ypaBHeHI/Iﬂ peACTaBJICHBI B BUAC

M (@-v)a=F-L1vp+vvia,
ot p

rae U — BEKTOP CKOPOCTH XKHAKOCTH; F  — BexTop 00b-
EMHBIX CHJI; P — JaBIEHHE XHUAKOCTH; V[P — IpagueHT
JMABJICHUS; V — KOI(PQPHUINCHT KHHEMATHYECKOH BSI3KO-

= —
CTH, VU — namtacuan U ; p — IUIOTHOCTH CTaJIH.
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B maremarmyeckoil Mojenu OBUIM CHETAaHBI CIICHy-
folue aonymeHus [6, 7]:

1. ITnoTHOCTE MeTalJIa MOCTOSIHHAS.

2. XKuokuit MeTaiur 1 HEMETAJUIMYECKUE BKIFOUEHUS
HMMEIOT OJIHH U T€ K€ IOJIS JaBJIEHUMN.

3. JKnakocTs — cTanb SABISETCS HBTOHOBCKOM YKHUIKO-
CTBIO, IMEET BA3KOCTh M HECIKMMaEMa.

Ha pwuc. 4 npexncraieH xapakrep pa3MeIICHHS JH-
HUW TOKa B KPUCTAJUIM3ATOPE MPU PA3NUYHBIX CMEIICHU-
SIX OCH TIOTOKa MeTayljla U LEHTPaTbHOM OCH KPUCTAJLIU-
3atopa. [Ipu orcyrcTBuu cMmemieHus (X = 0) — oTkIOHe-
HUS OCCH MOTOKAa M KPHUCTAJUIM3aTOpa MEXIy CO0OH —
JIUHUY TOKAa METaJlla PABHOMEPHO PACIIOJIOKECHBI B 00B-
€Me KpUCTAJUIM3aTopa U OMBIBAIOT CTEHKH KpHUCTaIn3a-
Topa B Oe3BuxpeBoM pexume [6, 7]. Dto crocobeTByeT
(hOpMHUPOBAHUIO 33aJaHHOI TONIIMHBI KOPOYKHA MeTallia
Ha BBIXOJE 3arOTOBKH W3 KPHUCTALIN3aTOpa, a TaKXkKe
oOecrieunBacT HOMHHAIBHBIE PEXXKUMBI pabOTHI yCTaHOB-
ku s nepopmanuu. [Ipu HAMMYUK CMEIMIEHUST — OTKIIO-
HEHHS OCEH MOTOKAa M KPUCTAJUIN3aTOpa MEXITy coO0i —
JIMHUM TOKa MeTajlla B KPUCTAIM3aTOpPE CMEIIAIOTCS B
CTOPOHY IIMPOKOH CTCHKH KPHCTAJLIH3aTopa 2.

X;= 0mm

X;=Smm

Puc. 4. JIunuu Toka B KPUCTAIIIIU3AaTOPE MPU CMCIICHUAX
nmoTtoka meramia. 1 — moTok CTalu, 2— IMHUPOKUC
CTCHKHU KpHUCTAJUIN3aTOpa

Fig. 4. Current lines in the mold at metal flow displace-
ments: 1 is steel flow; 2 is wide walls of the mold

IIpu 3TOM BO3HHMKAIOT BUXPEBBIE JBMKEHUS B BEPXHEH
4yacTu KpucTauimzaropa. Hamuuue cmenieHuit npuBOAUT K
OIHOCTOPOHHEMY YMEHBUIEHUIO TOJIIMHBI CTEHKU HEIpe-
PBIBHOJIITOM 3aTrOTOBKH C OJTHOM CTOPOHBIL. DTO MPUBOINT K
HEpaBHOMEPHOMY (DOPMHUPOBAHMIO KOPOYKH 3arOTOBKH Ha
BbIxoJe U3 kpuctayumzaropa MHJIJI3 [8, 9] u uckimovaer
palMoHANBEHOE TeYeHHe mporiecca AeopMariy 3aroTOBKH,
YTO MOJKET TaKXKe IPUBECTH K MPOPHIBY 000JIOUKH 3ar0TOB-
KU U aBapuiHO# curtyanuu [10, 11].

3akaouenue

Takum 00pazoM, BHEpBbIE M3YUEH XapakTep JIBHIKe-
HUS IOTOKOB METaJlja B CUCTEME NMPOMEXKYTOUHBIA KOBII
— OTKpbITas CTpys — kpuctammsatop MHIJIA3, uto mo3-
BOJIMJIO OTMETHTH CIIEIYIOIIEE:

1. BblnonHeHHOE MOJIEIMPOBAHUE JBMKEHHS I10-
TOKOB METaJula B CHCTEME INPOMEKYTOYHBIA KOBII — OT-
KpBITasi CTpyd — KPHCTAJUIM3aTOp IIOKA3al0 HalM4dHue
BUXPEBOTO TEUYEHHS JKUAKOTO METa/UIa B 30HAX, OJNM3KUX
K ITUPOKHUM CTEHKAaM KPHCTAJIIIN3aTOPa MAIIHHBI.

2. PaccMmoTpeHBI OCOOCHHOCTH TEXHOJIOTHH M pa-
0oTa arperaToB MaIllIMHBI HEMIPEPBIBHOTO JIUTHA U eop-
Maluy 3arOTOBKH B TIEPHO]| MOJAYM KUIKOTO METaja,
palnMoHaIbHOE B3aUMHOE DPa3MEIEHHUE arperaToB IpH
OTCYTCTBUHM CMEIIEHHH Ocell MOTOKa MeTalla M LeH-
TpanbHOH ocu kpuctaunzatopa MHJIJ[3 co3npatot ycio-
BUSL JUIsl OE3BUXPEBOTO MTPOJIBMIKEHHSI IOTOKOB MeTala B
KPHCTAJUTU3aTOPE B 30HE PA3IMBOYHOTO OTBEPCTHS IPO-
MEXYTOYHOTO KOBILA MAIIMHBI. DTO HCKJIIOYAET 3aTsTHU-
BaHNME HEMETAIIIMIECKUX BKIIOUCHUI B METAII U Pa3MBIB
KOPOYKH, YTO 00€CIIeInBacT 3a1aHHyI0 (JOpMy 3aroTOBKH
nepen nedopmManyeil u moigydeHHe KaueCTBEHHOM 3aro-
TOBKH Ha BBIXOJIC U3 YCTAHOBKH AT Ae(hOPMALIHH.

3. B mpomecce MOHTaXa 3IEMEHTOB IIPOMEXKYTOU-
HOTO KOBIIIa — YCTAaHOBKH T'HE37I0BOTO OJIOKa C pa3inBOY-
HBIM OTBEPCTUEM — HEOOXOJUMO HCIOJIb30BaTh CTEH]
JUIsl 33/IaHHOM OpPHEHTAIMM LICHTPAJIbHOM OCH pa3jinBOY-
HOTO OTBEPCTHS.

4. Tlpu noaroroke MHJI/I3 k pabore HeoOX0mu-
MO 00ecreuuTh paluoHaIbHOE B3aMMHOE pa3MelICHHEe
OCH pa3InBOYHOTO OTBEPCTHS IIPOMEKYTOTHOTO KOBIIA 1
LEHTPAIBFHON OCH KPUCTAIIIH3ATOPA.
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