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OTBETCTBEHHOCTh 3a HapyLICHHE aBTOPCKUX MpPaB U HECOOINIOEHUE JECUCTBYIOUIMX CTaH-
JapTOB HECYT aBTOPHI cTaThbl. OTBETCTBEHHOCTH 32 JOCTOBEPHOCTh NPUBEACHHBIX B CTaThe (PAKTOB
U JaHHBIX, 000CHOBAHHOCTH C/EJIAHHBIX BBHIBOJIOB U HAYYHBIN YPOBEHb CTaThU HECYT aBTOPHI U pe-
11eH3eHTbl. OTBETCTBEHHOCTh 3a TOYHOCTb, NMPABUIBHOCTh U KOPPEKTHOCTH IIUTUPOBAHUS CCHUIOK
U TepeBoJia Bo3jaraercs Ha aBTopa. Pemakims ocrtaBiser 3a coOOi MpaBo Ha Majoe U3MEHEHHe,
COXpaHsisi TPU STOM TIJIaBHBIE PE3YyJbTaTbl M ABTOPCKYIO CTHJIMCTHKU. Peakosierus ocTaBiser
3a co0OM PaBO OTKJIOHATH HEKAUeCTBEHHbIC MaTepuaibl 0e3 00BSICHEHUS IPUYKH.

Ha crarpro 00s13aTeIbHO TPEIOCTABUTh PeleH3HI0 JOKTOPA HAYK, MOIIMCAaHHYIO
perieH3eHTOM OOBIYHOM MK ITM(PPOBOI JIEKTPOHHOM MOAMKCHIO.
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YTOYHEHHUE METOJAUKH PACYETA TEILJIOBBIX IIOTEPb METAJLJIA
HA CTAHAX XOJIOAHOU PACKATKU

12.5  nycmasa cmpoka

Xonoauas Toproas packatka (XTP) — BeicokoahpekTuBHBIN TTpoIiecc. . ..

Panee B pabotax [1-4] Oputa paccMoTpeHa nmpoodiiema. ...

Lemnpro paGoTHI SABISIETCA. ..

[Ipu mpoctom nepopMUpOBaHUN HAKOIUICHHAs nedopMainus paBHA WHTEHCHBHOCTH JIOTa-
pudmuyeckux aedopmarmii (1):

fu =3I 2(e1 —£2)% + (62— £3) + (3 1), (1)

TIE &1, &y, &3 — TIaBHBIC JorapupmMuueckue aedopmanun.

OCHOBHBIEC TEXHOJOTUYECKHE napamMeTpbl IPHU paCKATKE. . (pI/IC 1) ..
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Puc. 1. Cxembl Bbicaaku packaTkoil OyproB (1 — maTpuma; 2 — 3aroToBka; 3 — HU3IEJIHE;
4 — BaJoK; 5 — BBITAJIKUBATEIb; 6 — ONpaBKa):
2 oM a— HAapY)KHBIX W BHYTPEHHHX; O — HAapy>KHBIX CO CBOOOIHOW TIOBEPXHOCThIO Oypra; 2 cMm
—— B — HApPYXKHBIX C MOANIOPOM OOKOBBIM POJIHKOM D E—
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YTouHeHNe MeTOIMKH PacyeTa TeIIOBBIX MOTeph METAJIJIA HA HellPePbIBHBIX CTAHAX ropsiyeil MPOKaTKH.

YcoBepieHCTBOBaHA METOJMKA pacyeTra TEIUIOBBIX MOTeph MeTajlla PU ropsyell MpoKaTKe Ha HENPEePBHIBHBIX
cranax. [IpeioskeHHass METOMKA MPUMEHNMA JUTS HEIPEPBIBHBIX CTAHOB C PA3IMYHONW KOMITOHOBKOM OCHOBHOTO TE€X-
HOJIOTHYECKOro 000pYAOBaHUS B JUana3oHe TEMIEpaTyp, MOIXOMIIINX Il MOJESIMPOBAHUS IIPOLIECCOB IropsYe Mmpo-
KaTK{, HOpManu3yromei mpokaTku u mnporecca TMCP u3 yriepoancTsIx ¥ MHKPOJIETHPOBAHHBIX Mapok craiu. llpex-
JIOKE€H MHXEHEPHBII pacdyeT HEeYUYTEHHBIX IOTEPh TEMIEpPaTyphl packaTa M3Iy4eHHEM M KOHBEKIMEH, KOTOPBIH BIep-
BbI€, Yepe3 (DaKTOp BPEMEHH, JIOMOJHUTENILHO YUUTHIBAET (haKTOPbl CKOPOCTH ABUIKEHHS TIOJIOCHI, [UIMHY POJIBIaHTa U
JUITMHY packKaTa, a TakkKe JUIMHY JyTM KOHTaKTa METajlla ¢ BalKaMH. 3aKOHOMEpHBIC CBSI3M MEX/y JaHHBIMHU (haKTopa-
MM, 3aTpayeHHBIM BPEMEHEM M BEJIMYMHOW MajeHHs] TEMITEpaTyphl paHee ObUTH HEM3BECTHBI, U3-3a YETO pacyerT I0 M3-
BECTHBIM METOJHMKAM MPUBOIMI K 3HAYMTEIBHBIM MOTPEIIHOCTSIM. BO3MOKHOCTE yueTa yKa3aHHbBIX (JaKTOPOB B pas-
JIMYHOM KOMOMHALMKM B 3aBHCHMOCTH OT cIoco0a IMPOKAaTKW packara (110cieoBaTelbHON WM OZHOBPEMEHHOW B He-
CKOJIbKHX KJIETSIX) MOBBIIIAET TOYHOCTh TEXHOJOTHYECKUX PacyeToB, 00ECIeYMBAET YHUBEPCAILHOCTD Pa3pabOTaHHOIO
METO/Ia OTHOCHTENIFHO Pa3IMYHBIX TUIIOB CTAHOB U COCTABILIET HAYYHYIO HOBU3HY paboThl. Paspaborana dopmyma s
pacueTa moTepb TeMIIepaTyphl MPH CMOTKE PYJIOHOB Ha ycraHoBke CoilBox. @opmyiia BliepBbIe YUUTHIBACT BIUSHUAC HA
TEMIIEpaTypy TAaKHUX MapaMeTPOB, KaK JUTMHA TOJIOCHI, CKOPOCTh CMOTKM M Pa3MOTKH, TOJIIMHA TTOJOCH, BHYTPEHHHUH
paaryc cCMaThIBaEMOT'O PYJIOHA, BpPeMsl HAXOX/ICHHsI packaTa B CMOTaHHOM COCTOSIHMHU. BhINosHEHa mpoBepka ycoBep-
IICHCTBOBAHHOW MOJIeNIN Ha (PaKTHYECKUX JAaHHBIX, MOoMy4YeHHBIX Ha ctane 1700 MMK «Vimenn WMnbnvay, TaHHBIX pas-
JIMYHBIX aBTOPOB, @ TAK)KE B XOJI€ COBMECTHBIX CPaBHUTEIILHBIX PACUETOB C MH)XKUHUPHHTOBBIMHA KOMITAHUSIMH, B XOZI€
MOJIrOTOBKH IPOEKTa PEKOHCTPYKIIMH CTaHa C yCTaHOBKOM obopynoBanust CoilBox.

KnioueBble c10Ba: MosieTMpoBaHye, IIJIOCKHH TIPOKAT, TeMIepaTypHbli pexxnm, CoilBox.

nycmas cmpoxa

Specification of the method for calculating the thermal loss of metal on continuous hot rolling mills.

The thesis improves the calculation methodology of metal heat loss during hot rolling procedure at continuous
mills. The proposed methodology can be implemented at continuous mills with various in-line equipment arrangement
within the temperature ranges appropriate for processes simulation of hot rolling, normalized rolling and TMCP process
of carbon and microalloying steel grades. It offers engineering analysis of unaccounted temperature losses of feed by
means of radiation and convection, which, in the first time, through the time factor, additionally accounts for strip mo-
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tion speed factors, roller table length and feed length, and also length of rolls contact arc with metal. Regular links be-
tween these factors, time spent and value of heat loss, were previously unknown. So the calculation under the available
methodologies resulted in significant measures of inaccuracy. The accountability of the above mentioned factors in the
various compositions depending on the rolling method (successive or simultaneous in several stands) increases the en-
gineering simulation accuracy, ensures the versatility of the elaborated method with respect to different types of mills
and makes the scientific novelty of the study. The formula was developed to calculate the temperature loss while coiling
at the CoilBox facility. In the first time the formula accounts for the influence on the temperature of such variables as
strip length, coiling and uncoiling speed, strip thickness, inside radius of the reeling coil, the time the feed rests being
coiled. The improved model was verified based on actual data from rolling mill 1700 of PJSC “Ilyich Iron and Steel
Works”, records of different authors and was also tested during collaborative calculations of reference with engineering
companies while preparing the mill renovation project with CoilBox facility installation.

Keywords: simulation, flat products, temperature conditions, CoilBox.
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YTouHEeHHSI METOAMKH PO3PAXyHKY TEeNJIOBHX BTPAT MeTATy Ha Oe3lepepBHUX CTAHAX rapsiuoi MPOKaTKH.

VY ocKOHaIeHa METOIMKa PO3PaXxyHKy TEIUIOBUX BTPAT MeTaly IIPH rapsdiil pokaTLi Ha Oe3nepepBHUX CTa-
Hax. 3alpoIOHOBaHAa METOAMKA 3aCTOCOBYETHCS I Oe3NEepepBHUX CTAaHIB 3 PiI3HOMAHITHUM KOMIIOHYBaHHSIM OCHOB-
HOT'O TE€XHOJIOTTYHOro OOJIaHAHHS B Jliala3oHi TeMIeparyp, NPUIATHUX 3a JJIsl MOZEIIOBaHHs IPOLECIB raps4ol mpo-
KaTK{, HOpMaJli30BaHOi MpOKaTKy, Ta mporecy TMCP 3 ByrieneBux Ta MiKpOJErOBaHWX MapoK CTami. [HmxeHepHHI
PO3paxyHOK HEBpaXOBaHUX BTpAT TeMIIEpaTypd PO3KATy BHUIIPOMIHIOBaHHSM Ta KOHBEKIIEIO, SIKMH 3alpOIOHOBAHO
BIepiie, dyepes3 (HakTop 4acy, JOJATKOBO BPAXOBYE (haKTOPH LIBHIKOCTI PyXy IHOJIOCH, HOBXKHHY POJBIaHTY, a TaKOX
JOBXXHHY Jyrd KOHTAKTy MeTaja 3 BaJKaMHd. 3aKOHOMIpHI 3B’SI3KM MDK 3a3HaUYCHUMHU (HaKTOpPaMH, BUTPAYCHHM 4acoM
Ta piBHEM 3HIKCHHS TEMIIEpaTypH paHilie OyJin HeBiJOMi, uepe3 Iie pO3paxyHOK 10 BIJIOMUM METOAMKAM IPHUBOAUB K
3HAYHUM ITOXHOKaM. MOXKIIHBICTh BpaxyBaHHS BKa3aHUX (haKTOPiB B pi3HOMaHITHIH KOMOIHALIi B 3aJIE)KHOCTI BiJ CITO-
co0y IpOKaTKH po3Kary (MOCHiJOBHOTO ab0 OJHOYACHOTO B JIEKUIBKOX KIITSX) IiJIBUILYE TOUHICTh TEXHOJIOTTYHHUX PO-
3paxyHKiB, 3a0e3euye yHIiBEpCAIbHICTh pO3pOOICHOTO METOLY BiTHOCHO Pi3HOMAaHITHHUX THITIB CTaHIB Ta CKJIagac Hay-
KOBY HOBHM3HY poOotu. Po3pobiena ¢popmyina i po3paxyHKy BTpaT TeMIlepaTypH IpH 3MOTYBaHHI PYJIOHIB Ha ycTa-
uHoBi CoilBox. ®opmyia ymepie BpaxoBye BIUIMB Ha TEMIIEpATypy TaKWX IapaMeTpiB, SK JOBXKHHA IMOJIOCH, IIBU-
KICTh 3MOTYBaHHS Ta PO3MOTYBaHHs, TOBIIUHA [TOJIOCH, BHYTPIIIHIN pauiyc pyJIOHY, sIKHil 3MOTY€EThCA, Yac nepedyBaH-
Hs pO3KaTy B 3MOTaHOMY CTaHi. BukoHaHa nepeBipka BIOCKOHaIEHOT Mo/ielli Ha (DaKTMYHUX JAaHUX, ki Oy oTpUMaHi
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