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Annomayus. PaccMOTPEHbI IEPCHEKTUBbI PA3BUTHS COBMELICHHBIX ITPOLIECCOB HEMPEPBIBHOTO JINThs U A€(OPMALIMH JUISl IPOU3BOJCTBA JIUCTOB U3 CTAIIH

JUIsl CBapHBIX TPyO. OmnncaHa KOHCTPYKIUS ONBITHON YCTaHOBKHM COBMEIICHHOTO IPOIIECCA HEMPEPHIBHOTO JIUThA U Ae(OpPMALUN IS TTOIy4CHUS
CTaJbHBIX NOJ0C. ONMUCaHbl TEXHOJIOIMYECKUE BO3MOXKHOCTH YCTAHOBKH COBMEIIICHHOTO MPOLIECCa HEMPEPLIBHOTO JIMThS U IeOpMalnK ¢ HO3ULUH
YIydIISHUS Ka4eCTBa JINCTOB U3 CTAJIN JUIS CBAPHBIX TPYO, YCIOBHS AKCILTyaTallid CTEHOK-00WKOB COOPHOTO KPHCTAILTH3aTOpa yCTAHOBKH COBME-
LICHHOTO poLecca JIUThs U AeGOpMALMH [P MOTYYESHHH JMCTOB U3 CTAJIN JUIs CBapHBIX TPyO. [IprBeaeHa nocTaHoBKa 3a1a4n OJJHOBPEMEHHOTO
OIIPE/ICNICHHs HAIPSDKEHHO-1E(OPMUPOBAHHOTO COCTOSIHHSL METaJlIa B OYare LUKINYECKON Ae(opMalii U HANPSHKCHHUS B 3aBUCHMOCTH OT YCH-
nmst 00KaThst B CTEHKaX-00KKax COOPHOro KpUCTANIM3aTopa yCTaHOBKH. [IpuBeIeHbI HCXOIHBIE TAHHBIE U IPAHUYHbIE YCIOBUS AJIs1 ONPEISICHUS
HapsHKEHHO-Ae(OPMUPOBAHHOTO COCTOSHUSI METaJlIa B ovYare HUKIMYecKkoil nedopmanuu ¢ ucrons3oBanneMm mnakera ANSYS. IIpencrasieHst
SMIOPbI OCEBBIX HAMPSLKEHHUI MTPU MOMYyYEeHUH JTUCTOB ceueHueM 3%x2250 mm u3 cranu 0912C. TIpoBezeHa o1eHKa CXeMbl HAMPSKEHHOTO COCTOSHUSI
MeTajlia B 04are HUKINYeCKoi e)opMaliiy ¢ O3UIUH MOJIYYCHHUs Ka4eCTBEHHBIX JIMCTOB M3 CTAJIU JUIsl CBApHBIX TPYO. M3n0xkeHa MeToiiKa onpe-
JIeJTICHUsI OCEBBIX HANPSKCHUH B 3aBUCUMOCTH OT YCHJIMH OOXKATUsI PU TOJTyYEHNH JINCTOB U3 CTAIIM IS CBAPHBIX TPYO Ha YCTAHOBKE HENpPEPbIB-
HOTro JINThS U aedopmaryu. [IpuBeieHa pacueTHast cxema M XapaKkTep Harpy>KeHUsI CTCHKU-00¥Ka. PacueT HanpsHkKeHHOTO COCTOSTHUS CTEHKH-001Ka
BBITIOJIHEH B IISTU CEYEHMUSIX, PE3YJIbTAThI TPEICTABICHBI JUISl XapaKTEePHbIX JIMHUH. OnpenesneHbl BeIMUYHHBI U 3aKOHOMEPHOCTH paCIpeeeHust
OCEBBIX HANPSHKCHUH B MMPUKOHTAKTHOM CJIO€ U 110 BBICOTE M HIMPUHE CTEHKU-00IKa B 3aBHCHMOCTH OT yCHIMi oOxatus. [IpuBeneHb! BeTM4nHEI
HanOOIBIINX CKMMAIOLIMX U PACTATMBAIOLINX HANPSDKEHUH B 3aBUCUMOCTH OT YCHJIMI 0OXaTHs U X pacrpesielieHue B CTeHKax-00ikax npu moiy-

YCHUU JIMCTOB U3 CTAIU JIs1 CBAPHBIX pr6 Ha yCTaHOBKE COBMEIICHHOTO IpOLecCa HEMPEPHIBHOI'O JIUThS U ne(bopMauI/m.
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Jl1st manpHEHIIero pa3BUTHsI METAJUTyPTrui BECbMa aK-
TyaJIbHBIM SBJISIETCSI CO3aHUE COBMEIICHHBIX MPOLIECCOB
HEMPEPHIBHOTO JINThS U Ae()OpMAITK, KOTOPBIE TO3BOJISIOT
CYLIECTBEHHO CHU3HUTb KalUTaIbHbIE U IKCILTyaTallHOHHbIE
3aTpaThl U IOBBICUTH Ka4e€CTBO JIUCTOBOW METAJIIIONPOIYK-
[UH, 0COOCHHO JTUCTOB U3 CTAJHU JIJIsl CBapHBIX TPYO [1 — 5].

PaspaboTana ycraHOBKa COBMEIIEHHOTO Tpoliecca He-
MIPEPBIBHOTO JUThS U JePOpMaLliH, KOTOpasi MOXKET OBbITH
3¢ (GEKTUBHO MCTONIB30BaHa JIJIsl TIPOM3BOACTBA JIUCTOB M3
cTaiu JUIs cBapHbIX TpyO (puc. 1) [1, 6, 7].

Ha puc. 1 npencrasnena onbITHAasE yCTAHOBKH JJISI COB-
MEIICHHOTO Tpoliecca HEMPEephIBHOTO JUThA U Aedopma-
[ JIJTS TIOTYYEHUS CTANTbHBIX MOJ0C TOIIMUHON 3 — 22 MM
mupuHOK 220 MMm.

YcTaHOBKa COCTOUT W3 BOJOOXJIAXKIAEMOTO KpPHCTAII-
nau3atopa 1 U ABYX CYIIOPTOB 2 CO CTCHKAaMH-0OKaMu.
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Kaxziplii CynmopT yCTaHOBJCH Ha JIBYX JKCIIEHTPHUKOBBIX
BaJiaX, CHHXPOHHOC BpPAICHUE KOTOPBIX OCYIIECTBIISICT-
Csl OT IPHBOJHOTO 3JICKTPOJBUIATENs 5 uepe3 peayKTop-
cunxponuzarop 4. CTeHKU-OOWKM WMEIOT CIICIHAaIbHbIC
KaHaJbl JUIsl MOABOAA BOABI JJISI TMAPOCOMBA OKAaJIMHBI.
Tsanymiee ycrpoiicTBo 3 mpeHa3HAYEHO JUTS BBITATUBAHHUS
cMTKa U3 Kpucramumsaropa 1. Bo Bpems pabounx xomoB
CTCHKU-OOWKH OMHOBPEMEHHO ¢ (POPMHPOBAHHUEM IOJOCHI
13 000JIOYKH CITUTKA C )KHUIKOH (ha30ii U oOKaTueM 3aTBep-
JICBILICTO METAJIIA BRITATHBAIOT CIUTOK U3 KPHCTAILIH3aTO-
pa ¥ MPOJIBUTAIOT TIOJIOCY 10 HAIIPABJICHHUIO JIUThS.

B ycTaHOBKE COBMEUICHHOTO MPOIIECCa HEMPEPHIBHOIO
JHThsE ¥ ie(OpMAIIiK BRICOKOE KaueCTBO JIUCTA JOCTUTACT-
Cs1 32 CUET JIUThSI TOHKOTO CJIs10a U ero 00XKaTHsI CTCHKAMHU-
Oolikamu ¢ BbIcOko# (110 90 %) cTeneHbio nedopmarmy 3a
MPOXOJ ¥ B Y3KOM TEMIIEPAaTypHOM HHTEPBAJIE, YTO TO3BO-
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Puc. 1. OnbITHAs ycTaHOBKA JUISL COBMEILEHHOTO MPOLECcca HENPEPBIBHOIO JIUThs U Ae(OpMaLUK A1 IPOM3BOACTBA JIMCTOB
U3 CTaJl UL CBapHBIX TPYO:
1 — BomoOXJIaXKAAEMBII MEIHBIM KPUCTAILUTH3ATOP; 2 — CYNIIOPT CO CTEHKOI-00#KoM; 3 — TsHyIIee yCTPOHCTBO; 4 — PEIyKTOP-CHHXPOHU3ATOD;
5 — IpHUBOHOH 3IEKTPOABUraTEIb

Fig. 1. Experimental installation for combined continuous casting and deformation process for production of steel sheets for welded pipes:
1 — water-cooled copper mold; 2 — rest with a backup-wall; 3 — pulling device; 4 — reducer-synchronizer; 5 — drive motor

JSIET CYIIECTBEHHO MPOPadOTaTh JUTYIO CTPYKTYpPY CTall
Y TIOJIYYUTh KATMOPOBAHHBIN JIUCT C OJJHOPOIHON U MEJIKO-
3epPHUCTOH CTPYKTYypod Meramia 0e3 0CeBOW JHKBALIUH W
MIPOJIOJIBLHON pazHOTONIMHHOCTH [1, 6, 7].

OCHOBHO# MpoOIEeMON, BO3HHKAIOMICH MPH 00XKATHH
HETIPEPBIBHOIUTHIX CISIO0B, SIBISIETCSl oOecrieueHue Oia-
TONIPHUATHON CXEMBI HaNPsHKEHHO-IE(POPMUPOBAHHOTO CO-
CTOSIHUSI METaJUIa B o4are Ae(opManny ¢ MO3UIUH ToTyye-
HUS JINCTOB BBICOKOTO KayecTBa.

CteHkn-00MKM COOPHOTO KPUCTAJIU3aTOPa YCTAHOBKH
COBMEIIICHHOTO TIPOIecca HEMPEPHIBHOTO JIUTh U edop-
Malluu MU 00XKATHM JINCTOB U3 CTAIU JUII CBAPHBIX TPYO
paboTarOT B TSDKEIBIX YCIOBHSX, TIPH KOTOPBIX ITHKITHIEC-
KW BOCIIPUHUMAIOT YCHJIHS Ne(OPMHUPOBAHHS U OXHOBpE-
MEHHO TeMIlepaTypHylo Harpysky. Ilostomy Ha mepBom
JTare pacyera HeOOXOAUMO ONPEICIUTh HATPYKEHHOCTh U
3aKOHOMEPHOCTHU paclpesieeHusl HanpsHKeHUH B CTEHKaX-
00iKax B 3aBUCHUMOCTH OT yCUJIHSI OOXKaTUs U BIUSHUA HA
HUX TEXHOJIOTMYECKHX MapaMeTPOB COBMEIIEHHOIO Mpo-
[ecca HeMPePhIBHOTO JINThS U Ae(hOpMAIIH. DTO MO3BOIHUT

pa3paboTaTh peKOMEHIANH ISl CHIDKCHUST YPOBHS HATIPSI-
JKeHHH B CTEHKax-0oikax cOOpHOro KpucTaumM3aropa U
TEM CaMbIM MOBBICUTh X CTOMKOCTb. HamnpsikeHue B cTeH-
Kax-0o0iKax omnpeenseTcs OMHOBPEMEHHO MPH UCCIIEI0Ba-
HUH HaIlPSHKCHHO-1e(hOPMHUPOBAHHOTO COCTOSHISI METaIIa
B ovarax jaedopmanuy mpu MOTy4YEHHH JINCTOB U3 CTald
JUTSL CBapHBIX TpyoO [1, 7].

Jus  ompeneneHusi HarpyeHHOCTH CTEHOK-OOMKOB
YCTaHOBKM COBMEIIEHHOIO IpOLEecca HEeNpephIBHOIO JIU-
ThS U JIe(popMalii PACCMOTPHUM ITOTYyUCHUE JTUCTA CEUCHHU-
eM 3%2250 mm n3 cramu 0912C. TosmmHa moiIoCkl ITOCie
CMBIKaHUS IIUPOKUX CTEHOK OOOJOYKH C KHUIKOU (ha3oid
cocrapisier 30 mm. Temneparypa ToHkoro cisiba 1200 °C.
BennunHa SKCHEHTPUCHTETa 3KCIEHTPUKOBOTO Baja —
5 MM, yToJX HaKJIOHa pabouei TOBEpXHOCTH CTEHKU-OOMKa
12,5°. CKOpOCTb BBITSATHMBAaHUS CIUTKAa U3 HEPa3bEMHOIO
KpHUCTAIH3aTopa cocTaBisieT 2,5 M/MuH. CKOpPOCTH Bpa-
IEHHS SKCIIEHTPUKOBBIX BasoB 110 mMuH .

g pemeHys NocTaBiIeHHOM 3aJjadll MCIOJIb30BaH Ia-
keT nporpaMM ANSYS, KoTOpbIil ycnemHo npumeHsercs
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MIPH PEIIEHUN METOJIOM KOHEUHBIX 3JIEMEHTOB 3aJia4 yIIpy-
TO-IUTACTHYHOCTH TPH HAJIWYUXA OONBIIHNX JedopMaItiii
Y niepemelteHuii [6, 12 — 16].

Pacuer HanpspKeHHO-IE(POPMUPOBAHHOTO COCTOSHUS
MeTajjia B o4are LUKIMYecKod aedopmMaiuu BBIMOIHEH
B TUTOCKOH TIOCTAHOBKE C YUETOM BBITSATUBAHUS CIHUTKA W3
HEpa3beMHOIro KpucTajumzatopa. Ha puc. 2 mpuBeneHbI
pe3yIBTaThl pacyeTa HapsDKEHHH Ha OCH CHMMETPHH Ova-
ra JfiehopMaImu.

[lomy4eHHbIe pe3ynbTaThl CBHICTENBCTBYIOT O Onaro-
MIPHUSITHOM C MO3UIMH TIOJTYYECHHU S KA4eCTBEHHBIX JTUCTOB U3
CTaJIH JIIsl CBAPHBIX TPYO CXEMBI HAIIPSHKEHHOTO COCTOSHHUS
B odare HUKIUYECKOi edopManuu ¢ mpeodiajaHiueM Bbl-
cokux (110 —323 MIla) coxumaromux HanpsHKCHUH.

s ompeneneHus HampsHKEHUH B CTEHKax-0oiikax 0e3
KaHAJIOB YCTAaHOBKH COBMEIICHHOTO ITpoIiecca HerpephIB-
HOTO JIUThS U JiehopMallii MCIOJIb30BaHbl 3aBUCHMOCTH
U aJTOPUTM pEIICHHS KPAeBBIX 3a1ad TCOPHUH YIPYTOCTH
METOZIOM KOHEYHBIX DJIEMEHTOB B OOBEMHOI IMOCTaHOB-
ke [17 —20].

Mogenb 1 pacyeTa CTEHKH-00lKa 0e3 KaHaJoB MpH-
BEJCHa Ha pHUC. 3, a. Marepuan CTeHKH-OOWKa — cTajb
45XHM; TonmmHa CTEHKU-0OWKa MO BEPXHEH TIIOCKOCTH
70 MM, JuiMHA cTeHKU-Ookka 570 MM. B pacuere B cuty
CUMMETPHUH MIPUHATA TIOJIOBUHA CTEHKU-00MKa.

Jnst cTtenkn GOMKa MOBEPXHOCTH S| | M S| , KOHTaKTH-
PYIOT C METaIJIOM B o4are JedopMaluu npu 00kKaTuu 3a-
TOTOBKH.

Xapaktep HarpyKeHus CTEHKH-OOWKa MpelcTaBlIeH Ha
puc. 3, 6, ipu 3TOM To4Ka «O» Ha rpaiKe COOTBETCTBYET
nuanm Y =81 MM Ha Monenu ans pacueta. HaumOombiee
VIETBHOE JaBICHHE UMEET MECTO Ha IeperoMe MpOQHILs
CTEHKH-00MKa.

Yacmo nunuu
Ha ocu cummempuu
ouaza degpopmayuu

X

Puc. 2. Xapakrep HanpspkeHuit mo ocu OX Ha 0OCH CUMMETPUH

Fig. 2. The nature of stresses along OX axis on the axis of symmetry
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PesynbraThl pacyera HampsHKEHHOTO COCTOSHHSI CTCH-
KH-OOMKa BBINOJHEHBEI B IISITH CEYEHHSX, IMOKA3aHHBIX
Ha puc. 4. B KaXIOM CCYCHHUU HANPSDKCHUS MPHBEICHBI
JUTSL XapaKTepHbIX JTUHUU. [TojokeHue JIMHUI B ceueHuu 3
M0Ka3aHo Ha puc. 5.

JIis KXo JIMHUW TPHUBEIICHBI OCEBBIC HAMPSKCHUS
SX, SY u SZ Baonb koopauHaTHBIX oceil X, Y 1 Z cooTBeTCT-
BEHHO W DKBUBAJICHTHBIC HaNpspKeHUs 1o Musecy (SEQV).

3aKOHOMEPHOCTH PACIPEACICHUS OCEBBIX HANPSLKCHUN
B IIPUKOHTAKTHOM CJIO€ CTCHKH-00WKa 0e3 KaHAJIOB B 3aBH-
CHUMOCTH OT YCHJIMsSI 00XATHsI M0 €r0 MIHPHHE MPUBEICHBI
Ha puc. 6, a, 6 u B Tabnuie. HanGosnpinee cxxumMaromiee Ha-
IpsOKEHUE B NMPUKOHTAKTHOM CJIOEC CTEHKM Oolika Habiro-
JIaeTCsl B HAmpamJIeHuW oceid X, Y U Z, mocturas B cede-
uun 3 3HaueHuil —224 + 275 MlIla. B ceuennn 4 oceBble
C)KMMAIOIINE HAMPSDKEHHS 3HAYUTEIIbHO MEHbBINE, HO OHH
pacIpeaessiFoTCes M0 MIMPUHE CTECHKH-00#Ka 0e3 KaHAJIOB
PaBHOMEPHO.

Tlogepxnocmu,
Ha Komopoie
Oeticmeyem

Hazpyska

300

250

200

150

100

Haenenue, MIla

50

0 20 40 60 80 100

Paccmosnue om nuza 6otixa, mm
6

Puc. 3. Monens nis pacuera (a) u xapakrep (0) Harpy>KeHus
CTeHKH-00iiKa

Fig. 3. Model for calculating (a) and the type (6) of backup-wall loading



METAJIJIYPTUYECKHUE TEXHOJIOTUU

P3

X

VA

Ceuenue 1

Ceuenue 2

Ceuenue 3

Ceyenue 4

Ceuenue 5

Puc. 4. IlonoxxeHne cedeHuH, U1l KOTOPHIX IIPUBEACHBI

Ppe3yabTaThl pacyeTa

Fig. 4. Position of the cross sections for which calculation

results are given

P14

P13

Puc. 5. TTonokeHue JTMHUI B cCeUECHUH 3

Fig. 5. Position of the lines in section 3

Hanpsiocenue, Mlla Hanpsiocenue, Mlla

Hanpsiocenue, Mlla

119,411 ,
96,291 1° a
73,171 |

SEQV

50,051 -
26,931 -

3811 |- .
~19,309 W

—42,429
—65,549
-88,669 -

—111,789

176,177

146,392 |-
116,607 |-
86,822 -
57,037 -
27,252
-2,633

-32,318
-62,103
-91,888

—121,673

146,090
103,895
61,697
19,499
-22,699
—64,897
—107,095
—149,293
—191,491
—233,689
—275,887

0

62,862

Hnuna, mm

125,724 188,686 251,448 314,306

Puc. 6. Xapaxrep Hanpspkenuit Brons nmunuii P13 (a), P14 (6) u P17 (s)
OT BO3JEHCTBHUS Ha 60eKk 6e3 KaHAIOB TOJIBKO yCHIINS 0OKaTHs

Fig. 6. Nature of stresses along the lines P13 (a), P14 (6) and P17 (s)
from the impact of compression force on the backup without channels

Pacnpenesienne oceBbIX HANIPSIZKEHUT OT YCHJIHIA 00KATHSI 1O TOJII[HHE MPUKOHTAKTHOIO CJI01,
INHPUHE U BbICOTE CTEHKH-00iika 0e3 KaHAJIOB

Distribution of axial stresses from compression forces along the thickness of contact layer,

width and height of backup-wall without channels

Hanpsxenue, MIla

Ceuenue, TUHHAS SX SY SZ SEQV

oC KC oC KC oC KC oC KC

2, munus P11 0 0 56 42 78 2 73 46
2, murns P12 -5 -7 40 24 0 71 67 32
4, nmunus P13 —111 —111 —-100 -88 -8 4 104 119
4, munaus P14 —121 —121 -105 -86 -9 -2 150 176
3, nmunus P15 =275 -98 -86 66 —228 66 163 168
3, muuus P16 =275 -275 224 —-185 -96 =21 160 236
nuHus P17 -2 275 -2 -233 -2 -115 2 146

IMpumeuanue. Obo3nauenne OC u KC — 110 ocu cuMMeTpuH CTEHKH-001Ka 1 BEPTHKAITLHOMY KpParo CTEHKH-00MKa.
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Ha puc. 6, 6 mokazaHo pacnpeneneHue OCEBbIX Hampsi-
JKCHUI Ha KOHTaKTHOM MOBEPXHOCTH CTEHKH-0OMKaA TI0 ero
BbIcoTe. Hanbonpiye coxumarolmye HampsyKeHUs: OT YCH-
TSl 00YKaThsl BO3HUKAKOT B HAaNpaBIeHUU ocet X u Y U co-
cTaBysitoT —275 + —233 MIla coOoTBETCTBEHHO.

Hamnbomnpmme pacTAruBaiomune OCEBBIC HANPSDKCHUS
BO3HHUKAIOT B IIPUKOHTAKTHOM CJIO€ CTEHKH-OOiiKa B ceue-
Huu 2 (muanu P11 u P12) u gocruraror 71 MIla (cMm. Ta6-
JUILLY).

Buieoowl. [locTanena n perieHa 3aja4a OqHOBPEMEHHO-
TO OTIpEETICHUS HAIPSKEHHO-1e(hOPMUPOBAHHOTO COCTOSI-
HUSI TTOJIOCH U CTEHOK-00MKOB COOPHOTO KPUCTAJITH3aToOpa
YCTaHOBKH COBMEIIEHHOTO MPOIIecca HeMTPEPHIBHOTO JTUThs
u nedopManmy Mpu NOoTy4eHUuH juctoB u3 cramu 0912C
ceueHneM 3x2250 MM i cBapHBIX TPyO. OnpeneneHs! Be-
JMYUHBI U 3aKOHOMEPHOCTHU PacIpelesIeHUs] HalpsHKeHUI
B Ouare IMUKJINYECKOl nedopManuil U 0CEBBIX HAPSHKEHUN
OT yCHJIHA 00KaTHsI B CTCHKaX-00iKax COOpPHOTO KpUCTaJI-
JM3aTOpa YCTAHOBKH.
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LOAD AND STRAIN STATUS OF CCM BACKUPS AND STRIPE DEFORMATION
AT PRODUCTION OF STEEL SHEETS FOR WELDED PIPES. REPORT 1
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I Russian State Professional Pedagogical University, Ekaterinburg,
Russia

2JSC “Center of Thermal Imaging Diagnostics”, Ekaterinburg, Rus-
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Abstract. The prospects of development of combined continuous casting
and deformation processes in production of steel sheets for welded
pipes are considered. Design of a pilot plant for combined conti-
nuous casting and deformation process for production of steel strips
is described. Technological possibilities of installation of combined
continuous casting and deformation process are described from the
point of improving the quality of steel sheets for welded pipes as well
as operating conditions of comb mold backup-walls of combined
casting and deformation plant in production of them. Problem of
simultaneous determination of stress-strain state of metal with focus
on cyclic deformation and stress is posed, depending on compression
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force in walls of the comb molds of the installation. Initial data and
boundary conditions for determination of stress-strain state of metal
in focus of cyclic deformation are given using the ANSYS package.
Diagrams of axial stresses are presented for preparation of sheets with
section of 3x2250 mm made of 09G2S steel. Evaluation of the scheme
of stressed state of metal with focus on cyclic deformation from the
position of high-quality steel sheets production for welded pipes was
carried out. Technique of determination of axial stresses is described
depending on compression forces in steel sheets production for welded
pipes in continuous casting and deformation plant. Design scheme and
loading pattern of the backup-wall are given. Stress state of the backup-
wall is calculated in five sections, the results are presented for typi-
cal lines. The values and regularities of distribution of axial stresses in
contact layer, in height and width of the backup-wall were determined
depending on compression forces. Values of the greatest compressive
and tensile stresses are given in relation to compression forces and their
distribution in the backup-walls during production of steel sheets for
welded pipes in combined continuous casting and deformation plant.
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