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AHuomauuﬂ. B paGOTe H3JI0KCHBI PE3YJIbTAaThl UCCIICAOBAHUS BIUSHUSA HEOAHOPOAHOCTH I'PAHUYHBIX yCJIOBI/Iﬁ Ha MHTCHCUBHOCTDb OXJIQXXKJACHUA METAJI-

JIa B MpOLECCe HEeMpPEePbIBHOM PAa3IMBKU LMIMHAPUYECKUX 3arOTOBOK M3 KOPPO3MOHHOCTOMKMX Mapok craieil. [Ipeanonaraercs, 4to rpaHuuHbIe
YCJIOBHSI HEOJHOPOAHBI [0 MEPUMETpPY 3arOTOBKU. B MPOJOIBHOM HArpaBiIeHUH MHTEHCHBHOCTH OXJIAXKICHUS CYNTACTCS MOCTOSHHON B paMKax
BBIJICJICHHOTO OXJIXKIAEMOI0 CEeKTOpa 3aroToBKU. B xoze uccnenoBanuii IpMHUMANoCh HAJINYHE MEPETOKOB TEIUIOTHI MEXK/Y CEKTOPAMM OXJIaXK1e-
Hust. [IpUBOAUTCS CpaBHUTENBHBIN aHATN3 TPAJANCHTOB TEMIIEPATYP U BO3HUKAIOLINX TEPMUUCCKUX HANIPSHKCHHI B 3aTBEP/ICBAIOLICH 3arOTOBKE [IPH
PA3INYHBIX HHTEHCUBHOCTSX OXJIAXKJCHMS, PEAIH3yeMbIX B 30HE BTOPMYHOIO OXJIAXCHUS. 3HAYCHUs TePMUUYECKMX HANPSDKEHUH CPaBHUBAIOTCS
C MPEJENBHO JOMYCTUMBIMH JUTSl K&XIOH MapKu CTAIU C LEIbIO ONPEICICHUS YCIOBHI OXJIXKICHHS, IIPH KOTOPBIX TEPMHUYECKHUE HAPSHKCHUS
He Oy/lyT NpeBbILIATh JOIMYCTUMYIO BeIIMUHHY. Ha OCHOBE MOIy4eHHBIX PEe3y/IbTaTOB JENAI0TCS BHIBOBI O BAMSHUN HHTEHCUBHOCTH OXJIKIACHUS HA
BO3HHKHOBEHHE HAPY)KHBIX  BHYTPEHHHX AC(EKTOB B IONYYACMbIX LIIJINHIPUYCCKUX HEMPEPHIBHOIHUTHIX 3ar0TOBKax. Takike IeTatoTcs BHIBOIbI
0 BIMSIHUM HEOIHOPOIHOCTH IPAHUYHBIX YCIOBUH Ha (JOPMUPOBAHKE TEMIIEPATYPHBIX OJIEH B 3aTBEPAEBAIOLIEH LIMINHAPUYECKOH HEPEPbIBHOIN-
TOi1 3ar0TOBKE. Pe3ynbTaTsl NPOBEICHHBIX HCCIISOBAHUI IPEACTABISIIOTCS B rpa) HueCcKOM BH/IE M TPOBOIUTCS X JACTANIbHBIA aHanu3. s pacuera
TEMIIEpaTypHBIX MOJEH B 3aTBEPAEBAIOLICH 3ar0TOBKE MCIOJIb30BaHA CIELMATIbHO pa3pabOTaHHAs MaTeMaTH4ecKas MOJelb, B OCHOBE KOTOPOI
JIOKUT YpaBHEHHE HECTALMOHAPHO TEIIONpoBoAHOCTH. [lIsl pacuera TepMUYECKHX HAIPSHKCHUH HCIIOIb30BaHbl H3BECTHBIC METOAUKH, KOTOPBIE
MO3BOJIAIOT PACCUMTHIBAT BETMUMHBI TEPMUUECKUX HANPSDKEHUH, BOZHUKAIOIIMX MEXKIy 30HAMH OXJKACHHs B 3aTBEepAEBaroLlei 3aroroske. Pe-
3yJIBTAThl HCCIIENOBAHUI MOTYT OBITH HCIIOJIb30BAHBI IS Pa3pabOTKH PAllMOHATIBHBIX PEKUMOB OXJIAXKICHHUS, IPU KOTOPBIX He OyaeT HaOIomaThest
NPEBBILEHUS JOITyCTUMBIX TEPMHUUYECKHUX HANPSHKEHUI. DTO, KaK CIEACTBHE, MO3BOJIUT YMEHBIIUTh KOJIMYECTBO BHYTPEHHHUX M HAPY)KHBIX AedeK-

TOB, BOBHHKAIOLINX B 3aTBepI[eBaIOLH6ﬁ HCHpepLIBHOHHTOﬁ 3aroToOBKE.
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[Ipu popMupoBaHUHM LMIMHIPUYECKONH HEIPEPHIBHO-
JUTOW 3arOTOBKM €€ 3aTBepAeBaHUE oOecreunBacTCsl 3a
CYeT TOAaYM OXJIAXKJAIONIeH BOJOBO3AYIIHOM cMecH Ha
MIOBEPXHOCTH 3arOTOBKH. VI3BECTHO, UTO OAHUM U3 IJIaB-
HBIX OIpeaeNsomux (akTopoB CKOPOCTH 3aTBepleBa-
HUSI 3aTOTOBKH SIBJISIETCSI MHTEHCUBHOCTD €€ OXJIJKICHUSL.
OnpenensouyM MapaMeTpoM Tpu ATOM SIBISIETCS BeH-
grHa KOd(GHUINCHTA TEIUIOOTIAYH MEXITy HOBEPXHOCTHIO
3aroTOBKH M OXJIQXKJAIOIEH Cpeloi: yeM BbIllle HHTEHCUB-
HOCTB OXJIQKACHUS 3aTOTOBKH, TEM BEIIIIE CKOPOCTH €€ 3a-
TBepueBanus [ 1, 2].

OnHako 3aTBEpICBAHME 3arOTOBKH HEBO3MOXKHO pac-
cMarpuBarh 0€3 ydera KayecTBa MOJIy4aeMoro JUTOro Me-
tamna. [loMuMo ckopocTH 3aTBepeBaHusl, KpalHE Ba)KHO
YUYUTHIBATh TEPMUYECKHE HANpPsDKEHUS,, BO3HHUKAIOIINE
B OXJIaXK/1aeMo#l 3arotoBke. [Ipu mpeBbIIEHUH JOMyCTH-
MBIX HAlPSDKCHUH G MOTYT BO3HHKATh HAPY)KHBIC U BHY-

TPEHHUE TPEIIUHBI, YTO ¢ OOJIBIION BEPOSTHOCTHIO TIPUBE-
JIET K OpaKy ImoJrydaeMoi 3ar0TOBKH [3, 4].

Ha mpaktuke TerioBoe COCTOSHUE 3aTBEpJIeBarOIICH
HETIPEPBIBHOJIMTON 3aTOTOBKH OTIPENIEISIETCS HE TOIBKO WH-
TEHCHUBHOCTBIO €€ OXJIKJICHUS (YTO YUUTHIBAETCS TPAaHNY-
HBIMH YCIIOBHSIMH TIPH TTOCTAHOBKE 3aJ[a9¥ OXJIKICHUSA),
HO W CTENEHBIO HEOAHOPOIHOCTH TPAHUYHBIX YCIOBUU TIO
MIEPUMETPY 3arOTOBKH. YKa3aHHAash HEOJIHOPOTHOCTh BO3-
HUKAET MMPU HEMPABWIBHON HACTPOWKE CHUCTEMBI OXJIAXK]IC-
HUS 3arOTOBKH, BOSHUKHOBCHHH BO3MYIIICHUH, CBSI3aHHBIX
C W3MEHEHUEM pAaCXOJI0OB BOJOBO3JYIIIHONH CMECH, IOja-
BaeMOl Ha oxJjaxjaeHue. HeomHOpomHOCTh TpaHUYHBIX
YCJIOBUM MOXET BBI3bIBATh TEPMUUYECKHUE HAMPSHKECHUS HE
TOJIBKO B paJliallbHOM HAlpaBJICHUHM, HO U B OCEBOM, T. €.
T10 JITMHE 3ar0TOBKH [5, 6].

Jis aHanmu3a BIMSHHUS HEOAHOPOIHOCTH T'PAaHHYHBIX
YCIIOBHI Ha OXJIaXJICHUE 3aroToBKM Obuia pazpaboraHa
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Maremarrueckass Mozeib [7, 8]. B ocHOBe Mojeiu JIeKHT
muddepeHaabHOe YpaBHEHHE HECTAlMOHAPHOW TerIo-
MIPOBOJJHOCTH B IIMIMHIPUYCCKUX KoopauHarax [9— 11].
YpaBHEHHE penanock 1Mo HesIBHOM pa3HocTHOU cxeme Kpan-
ka—HuKoncoHa B IMIMHAPHYECKUX KoopauHatax [12 — 14].
HeomHOpOMHOCTS TpaHWYHBIX YCIOBUH (HOPMHPOBAJIACH
pacnpeneneHreM K03 GHUIINEeHTa KOHBEKTHBHOM TEIIO0TA-
YU MO0 MEPUMETPY 3aroToBKU. B xone nccnenoBaHuil onpe-
JIENSUTACH TEMITEPATYPHBIE MOJIA 110 JJIMHE 3arOTOBKHU B IIPO-
LlecCce HeNPEPBhIBHON Pa3IMBKU CTAJIH. 3aTE€M 10 U3BECTHBIM
MeroankaM [15, 16] paccunTeIBaIUCh TEPMUUECKHUE HAMPSI-
JKEHHUS B KaXKIOM CEYEHHH, BO3HMKAIOLIME B 3aTBEpEBalO-
meM MeTallie. TepMI/I‘IeCKI/Ie HarpsKEHUST ONpeaACisIiCh C
YUETOM BO3HMKAIOLIUX IIEPETOKOB TEIJIOTHI MEKAY CEKLUs-
MH C pa3quHoi/'1 HHTCHCUBHOCTBIO OXJIAXKJICHUA.

B xozae nccnegoBanuil nmpeanoaaraiock, YT0 HECUMMET-
PUYHOCTD OXJIAXKACHUS 3arOTOBKH HAOJIOAETCs TOIBKO MO
€€ OKpPYKHOCTH. B Ipo/10JIbHOM HanpaBiI€HUU MHTEHCHUB-
HOCTh OXJIQXKJCHUSI COXPAHSETCS] MOCTOSHHOM B paMKax
BBIJIEJICHHBIX CEKTOPOB OXJIaXJEHUs 1o nepumerpy. Ilpu
pacyeTe YyUUTbLIBAJIOCH BJIIUSIHUC Ka)l(I[Oﬁ 30HBI OXJIAXJICHUS
JIpyr Ha Apyra. JJTMHBI OKPYKHOCTEH CEKTOPOB OXJIaxie-
HUSI PaBHBI MEXTy c000i1. PaccmarpuBaroTcest TepMuueckue
HaIPsDKEHUs, BOSHUKAIOIINE MEKAY OONacTIMH B COCEI-
HHUX 30HaX OXJIAXACHUS B KaXKAOM CCUCHUU.

HecummeTpruyHOCTh TEMI00TBOAA, IPEACTAaBICHHAs Ha
puc. 1,2, MOXET BO3HUKHYTb M3-3a IIOCTEIIEHHOIO YXY.I-
mIeHus. paboThl BOJOBO3IYIIHEIX (POPCYHOK IO TPHUUHE
BBIXOJ]A U3 CTPOS OXJAKAAIOMIUX YCTPOICTB WIM H3-32a
OIMMOOK B OPTaHU3AINH IIPOIIECCa OXITAXKICHHS 3aTOTOBOK.
BCJ'[C)Z[CTBI/IC OTUX NPUYHH B PA3HBIX CCKTOPAX OXJIAKACHUA
WHTEHCHBHOCTb TEIJIOOTBOA MOXKET OTJIMYaThCsi B He-
CKOJIBKO pas. ,Z[HH U3YUCHUSA BIUAHUA HECUMMETPUIHOCTU
Harpesa I10 JJTHHE OKPYXHOCTH OBIITH IPOBEICHBI COOTBET-
CTBYIOIIMC HUCCJICAOBAHUSA MNPU PA3JINIHBIX WHTCHCHUBHO-
CTSIX TEIJIOO0TBO/IA 10 IEPUMETPY 3arOTOBKH.

FpaHI/IeHTI)I TEMIICPATYPhI B KAKAOM CEYCHUU 3arOoTOB-
KH OTpeIeIsUINCh 110 ypaBHEHUIO [15]
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Puc. 1. PacnpeniesnieHre MHTEHCUBHOCTH OXJIQXKICHUS JUIS
JIBYX CEKTOPOB IIEPUMETPA 3aTOTOBKU

Fig. 1. Intensity distribution for two sectors of billet perimeter
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rne T wyrp — TEMIIEpATypa MeTala Ha IPAHHIE pasiena
KUIKON 1 TBepnoi (aswl, °C; T, — Temmeparypa Ha IMmo-
BEPXHOCTHU 3aroToBkH, °C; L — TONIUHA KOPOUKHU 3aTBEP-
JIEBIIETO METaJula, MM.

TepMmuyeckre HarnpsHKEHUs, BO3HUKAIOIIUE B 3aTBEP/IC-
BaloUlel LWIMHAPUYECKOW 3aroTOBKE, ONpPENessIUCh IO

METO/IMKaM, MpeJICTaBIeHHBIM B padoTax [16]:

2
—(%) , M,
rae B — ko> GUIMERT MMHERHOro yanuHenus cramm, °C;
E — mopyns ynpyrocty, Ila; p — orHomenue Ilyaccona
(mnst cranmu pasHo 0,3); g — MIIOTHOCTH TETIOBOTO TIOTOKA
Ha MOBEPXHOCTH 3aroToBKH, B1/M?%; S — XapakTepHblii pas-
Mep 3arOTOBKH, M; A — KO((HUIUCHT TEIUIONPOBOIHOCTH
ctany, Br/(M-K); » — Texymuil paguyc 3arotoBku, M; R —
pamuyc 3aroTOBKH, M.

KOMIIOHEHTBI TEPMUYECKUX HANPSLKEHUM OIpeneis-
JIUCH TIO CIEeMYIONINM 3aBucuMocTsm [17, 18]:
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IJ€ G_, G, U G, — OCEBbIE, TAHICHIUAJILHBIE ¥ PAINAJIbHBIE
HampsbKeHUs cooTBeTcTBeHHO, MIla.

Heo0xomuMo OTMETHTh, YTO TPU MPOTHO3HMPOBAHWUHU
pa3pylIeHUs CTalld OT TEPMHUUECKUX HAIPSDKEHHU He00X0-
JIUMO HCIIOJIb30BaTh BPEMEHHOE CONPOTHBICHHE G, B Ka-
4eCTBE JOIMYCTUMOTO G, . Coracno nannbm [19, 20], 0
npuHUMaroT paBHbiM 0,96 . 711 KOPPO3HOHHOCTONKKX Ma-
poK ctaneit 6, npumepHo pasusercs 1010 Mlla [16]. Cre-
JOBATEIBHO O, = 0,9-1010 MIIa = 909 MlIIa.

PesynbraThl pacueToB NpeACTaBiIeHbl Ha puc. 3 — 6.

Ha puc. 6 mpuBeneHb! pe3ynbTaTsl pacieTOB TEPMHUEC-
KHUX HAMPsDKEHUH MEXIy COCEIHUMH CEKTOpaMH OXJIax-

Puc. 2. PacnipenieneHre MHTEHCUBHOCTH OXJIQXKACHHS JUISl TPEX CEKTO-
POB IepHMeTpa 3arOTOBKH

Fig. 2. Intensity distribution for three sectors of billet perimeter
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Puc. 3. 3menenne nepenana TeMepaTyp MeXIy HEHTPOM U IMOBEPX-
HOCTBIO 3aTBEP/ICBAIOIICH 3arOTOBKH 110 JUIMHE 3arOTOBKU BO BPEMECHH
IpH 0
1-30; 2—-100; 3 -200; 4—300; 5 —400; 6 — 500

Fig. 3. Change in the temperature difference between center and surface
of the solidifying billet in time along the length of it at a:
1-30;2—-100; 3 —200; 4—300; 5 —400; 6 — 500
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Puc. 4. smeHeHnE TpauCHTOB TEMIICPATYyp 110 JJIUHE 3arOTOBKH BO

BPEMEHH NIPU Pa3IMYHON HHTEHCHBHOCTH TEIUIOOTBOJIA TIPH 0L
1-30;2-100; 3—-200; 4—300; 5 —400; 6 — 500

Fig. 4. Change in the temperature gradients along the length of the billet
in time at different heat transfer intensities at a:
1-30;2-100; 3—200; 4—300; 5—400; 6 — 500

JIEHUs] 3arOTOBKM B KaXJIOM cedeHuu c marom 0,25 m.
B xax70M U3 3THX CEKTOPOB MHTCHCUBHOCTH OXJIAXKICHHS
XapaKTepU3yeTcs Pa3InYHbIMU 3HAYCHUSIMU KO3 PHLIIEH-
TOB TeryiooTnaun. [IpsMol MmokazaHa TpaHUIA JOIMYCTH-
MBIX TEPMHUYECKUX HaNpsHKeHUH, paBHBIX 909 MITa.

W3 ananmsa naHHBIX, MpeNCTaBIECHHBIX Ha puc. 3 — 6,
MOYKHO CZENaTh BBIBOJ O KOPPEISILUU MEXTY BETUUMHAMU
TEPMHUUCCKUX HAMPSHKCHUH W HM3MEHEHHEM TeMIlepaTyp-
HBIX TIos1e. [Tpu yBenn4eHnu pa3HOCTH TEMIIEPaTyp MEXk-
Iy IEHTPOM U MOBEPXHOCTHIO COOTBETCTBCHHO YBEIIMYH-
BAIOTCS M 3HAYCHUS] TEPMHUUECKUX HANPSIKSHUH.

U3 puc. 5, 6 BuAHO, YTO BETUYMHBI PAJHAIBHBIX TEp-
MUYECKUX HaNpsHKEHUH MOCTENEHHO pacTyT A0 OIpele-
JICHHBIX 3HAYCHUH, a 3aTeM HAYWHAIOT YMEHBIIATHCS IPH
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Puc. 5. I3menenne TepMUUeCKUX HAMPSHKECHUN TIPU pa3IMIHON MHTEH-
CHBHOCTH TEIJIOOTBO/IA 0€3 yueTa IePeTOKOB TEeIIOThI MEXKIy CEKTOpa-
MH OXJIKIACHHUS IIPH Ol
1-30;2-100; 3—-200; 4—300; 5 —400; 6 — 500

Fig. 5. Change in thermal stresses at different heat transfer intensities
without taking into account the heat transfer between the cooling
sectors at o
1-30; 2—-100; 3 —-200; 4—300; 5 —400; 6 — 500
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Puc. 6. I3MeHeHne TEPMUUECKUX HANPSDKEHUH MTPU PA3IMYHON HHTEH-
CHBHOCTH OXJIAXJIEHHs 3aTOTOBOK M Y4€Te NEPETOKa TEILUIOThI MEXIY
CEKTOpaMM OXJIaXJICHUS TPH O
1-30/500; 2 —30/400; 3 —30/250; 4 —250/400; 5 — 400/500

Fig. 6. Change in thermal stresses at different intensities of billet cooling
taking into account heat transfer between the cooling sectors at a:
1-30/500; 2 —30/400; 3 —30/250; 4 — 250/400; 5 — 400/500

Pas3iInvHbIX PEKUMaAX OXJIAXKICHUS. OI[HaKO BCJINYNHBI
TEPMUYECKUX HANPSDKCHUI MEXIY COCEIHUMU CEKTOPAMH
AOCTUTAIOT CYHICCTBECHHO MEHBIIINX 3Ha‘16HHI71, 4Y€M B paM-
Kax OJHOTO CEeKTopa oxJaxiaeHus (0e3 ydera MepeToKOB
TeruIoBor 3Heprum). OOYCIOBICHO 3TO TEM, YTO PAa3HOCTh
TeMIIepaTyp MEXIy COCEIHHMH y4YacTKaMH 30H OXJIakK-
JACHUSA MCEHBHIC, YeM MCKAY MNOBEPXHOCTBIO U HEHTPOM.
MakcuMalibHbIe paauaibHble TEPMUYECKHE HAIPSIKCHUSI
BO3HHUKAIOT MEXKIAY Y4aCTKaMHU C HaI/I6OJ'[I)IHI/IM 1 HAUMCHb-
[IMM TEIIOOTBOIOM OT MOBEPXHOCTH, YTO OOBSCHSIETCS
HanOoNbIIe PAa3HOCTBIO TEMIEparyp B OTHX OO0JACTAX.
IIpu 3TOM BHJHO, YTO B 3TOM CJydYac BEIMYMHBI TEPMH-
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YECKUX HANPSDKCHUH CTaHOBATCS GOJIbIIE G, YTO CyILIe-
CTBEHHO YBEIMUUBACT PHCK TOSBICHUS HAPYKHBIX U BHY-
TPEHHUX JC(EKTOB.

Pesynbratel pacuera, mpUBENCHHBIE Ha PUC. 6, TTOKA3bI-
BAarOT, YTO BEJIMYIHUHBI paAuaJIbHbIX TEPMUYCCKUX HAIIPAKE-
HUH MEXIy CEKTOpaMH OXJaKACHHsS OyIyT TeM MEHbIIE,
YEM MCHBIIC pasHUla MEKAY UHTCHCUBHOCTAMU TCILIOOT-
BOJIa B CPaBHUBAEMBIX CEKTOpax oxJaxkaeHus. Kpome Toro
BUHO, YTO TCPMHUUCCKUC HANPAKCHUSA MEKIY CCKTOpaAMU
C MHTCHCUBHOCTBIO OXJIXKICHHUS, XapaKTePH3yeMbIMU KO-
s puumenramu remnootaaun 30 u 400 Br/(m?-K) menbie,
yem npu ko3 punmentax rerooraadu 30 u 500 Br/(m?-K).
Baxkno OTMCTUTD, UYTO 3HAYCHUSA TCPMUYCCKUX HAIPIKE-
HUH MEXIY 30HAMH C MHTEHCHBHOCTBIO OXJIXKICHUS TIPH
koo(unmenrax rermwiooraaun 30 u 400 Br/(m?-K) npeBbi-
[IAOT IOy CTUMBIC 3HAYCHHSI Ha HEOOIBIIOM YIacTKe 3aro-
TOBKH B TPETHEM CEKTOPEC 30HBI BTOPUYIHOTO OXJIAXKICHUA.
OTO TO3BOJNSET TOBOPHUTH O IOMYCTHMOCTH IPHUMEHCHHUS
PEKUMOB C I[aHHOﬁ HHTCHCHUBHOCTBIO OXJIAXJACHUSA B TC-
YCHUE HEMPOIOJDKUTENEHOTO BPEMEHN B Havalle Imporecca
3aTBEpACBaHUsA HCHpeprBHOHHTOﬁ 3aroTOBKH.

Bo wu3bexanue mosiBieHUS J1e(EKTOB pEKOMEHIyeT-
Csl TI0 BCEHl JUTMHE OKPY)KHOCTH OXJIXKIaeMOI 3ar0TOBKU
MOIePKUBATh OANHAKOBYIO HHTEHCHBHOCTD TEIUIOOTBO/IA.
OTO MO3BOJIUT MOLAECPKUBATH TEMIIEPATYPHBIE NOJIS IO
TOJIIMHE 3aTOTOBKH OMMHAKOBBIMH M OOCCIICUUTH PaBHO-
MEpHOE TOCTETIEHHOE 3aTBEP/ICBAHNE METaIIA.

Buoi60oowbl. Peanuzanus mporiecca OXJIaXXICHUS TIPH HH-
TCHCUBHOCTH TEIUIOOTBOJA, XapaKTepu3yeMoi ko3¢ ¢u-
muentamMu Temnootaaun 500 Br/(M*K) u BbIre, MOXET
INPUBECTH K JAe(eKTaM HENpPEephIBHOIUTON 3arOTOBKH
B CIUTY TPEBBIIICHUS BEIHYHHBI TOMYCTHMBIX TEPMHUEC-
KHMX HaIpsKEHUH.

HeonHoponHble TpaHWYHBIE YCIOBHS OXJIAXKICHUS IO
MEPUMETPY LIMINHIPUUECKON 3arOTOBKH OKa3bIBAIOT BIIMSI-
HUEe Ha (HOPMHPOBAHUE TEMIICPATYypPHBIX MOIEH M MOTYT
MIPUBECTH K TOSIBICHUIO 1€(DEKTOB JINTOM 3aTrOTOBKH.

Bernencreue mEpeTOKOB TETUIOTHI MEXKIY CEKTOpaMu
MEPUMETPA C Pa3HON MHTEHCUBHOCTHIO OXJIAXKIACHUS TEM-
repaTypHBIE OISt YACTHYHO BHIPAaBHUBAIOTCS, @ BETHIHHBI
TCPMUYCCKUX HaprDKeHI/Iﬁ B CCUCHUAX CTAHOBATCSA MCHb-
muma. [locieHee 00CTOATENBCTBO TpedyeT ydera Mmpo-
Lecca NepeToka TerIoThl NMpH pa3paboTKe MareMaTHdec-
KHX MOZEJICH OXJIaXKICHHS HETIPEPHIBHONUTHIX 3aTOTOBOK.
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FORMATION OF TEMPERATURE FIELDS AND THERMAL STRESSES ARISING
DURING SOLIDIFICATION OF CYLINDRICAL CONTINUOUSLY CAST STEEL BILLETS

N.A. Krayushkin, 1.A. Pribytkov, K.S. Shatokhin

National University of Science and Technology “MISIS” (MISIS),
Moscow, Russia

Abstract. The article presents investigation results of the effect of in-
homogeneity of boundary conditions on the intensity of metal cooling
in the process of continuous casting of cylindrical billets from corrosion-
resistant steels. It is assumed that the boundary conditions are nonuni-
form along the billet perimeter. In the longitudinal direction, the cooling
intensity is assumed to be constant within the cooled sector of the billet.
During the research it was believed that there are flows of thermal ener-
gy between the cooling sectors. A comparative analysis of temperature
gradients and resulting thermal stresses in the solidified billet at different
cooling intensities realized in the secondary cooling zone was carried
out The values of thermal stresses are compared with the maximum per-
missible for each grade of steel in order to find those cooling condi-
tions in which the thermal stresses do not exceed the permissible values.
Based on the results obtained, conclusions are drawn about the effect of
cooling intensity on the occurrence of external and internal defects in
the resulting cylindrical continuous cast billets. The authors have also
made the conclusions about the effect of inhomogeneity of the boundary
conditions on the formation of temperature fields in a solidified cylind-
rical continuously cast billet. The results of the conducted studies are
presented in a graphic form and their detailed analysis is carried out.
To calculate the temperature fields in the solidifying billet, a special-
ly developed mathematical model was used, based on the equation of
nonstationary heat conductivity. For the calculation of thermal stresses,
known mathematical formulas have been used that allow calculating the
values of thermal stresses arising between cooling zones in the solidify-
ing billet during the continuous casting of steel. The obtained data are
of high practical importance, since they can be used to develop rational
cooling regimes, in which excess permissible thermal stresses will not
be observed. This, as a consequence, will reduce the number of internal
and external defects arising in the solidifying continuously cast billet.

Keywords: continuous casting, secondary cooling zone, cooling intensity,

inhomogeneity of the boundary conditions, heat transfer coefficient,
casting speed, temperature gradients, thermal stress.
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