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Armomauu;l. M310xkeHbI HEAOCTATKH COBpeMCHHOﬁ TEXHOJIOTMH TOJICTOJIMCTOBOM IIPOKATKHU, IMPUBOISIINC K Hp06JIeMaM IIpY NOJYYCHHUHN CBAPHBIX pr6

VYKa3aHbl MPEeUMYIIECTBA TEXHOIOTMU PA3IMBKU TOHKHX CISIO0B, IPH KOTOPOi COYETAFOTCS pa3liMBKa M 00)KaTHe 3ar0TOBKH € JKUKOH (azoit. Onu-
caHa KOHCTPYKIIHs YCTaHOBKH COBMEILIEHHOTO MPOLIEcCa HEMPEPBIBHOTO JINThs U IepOPMALIMK U IIPUBEICHA TEXHOIOT U IOy YCHHUS JIUCTA U3 CTAIIH
Juist cBapHbIX TpyO. [TocraBnena 3a1a4a no onpeieseHuIo HarpsHKEHHO-1e(hOPMUPOBAHHOTO COCTOSIHUS METalIa pu (JOPMUPOBAHUHU TTOJOCHI U3
CTaJIbHON 000JIOUKH CIIMTKA C JKHAKOH (ha3oi myTeM rHOKH y3KUX CTEHOK 000JI0YKH ¢ )KUIKOH (a3oil. B kauecTBe MeTo/1a HCCISI0BAHMS HCIIONb-
30BaH BBIYMCIUTENIBHBIN S9KCIEPUMEHT Ha 0a3e pelieHus 3a/a4 MEXaHUKH CIUIOLIHOM Cpeibl METOJIOM KOHEUHbIX dieMeHTOB. [ pacueToB Obuia
MIPUHATA CETKA KOHEYHBIX 3JIEMEHTOB JJIsl YETBEPTH MOJIEIIN U Y3KOH CTEHKH 000JI0YKHM C JUIMHOM rpanu 3nemenHTa 0,5 mM. Pemmiena ynpyro-mac-
THYECKasi KOHTAKTHAs 3aada ¢ y4eToM OOJIBIIMX TepeMelleHni n aeopMaluii U ONPEaesIeHO HAPsHKEHHO-1e(pOPMUPOBAHHOE COCTOSHUE TIPU
(hopMHpOBaHNHM MOJIOCH! B 30HE THOKH y3KHX OOKOBBIX CTEHOK OOOJIOUKH C JXKUIKOH (ha30il. PacueT BHIMONHSICS B INIOCKOM MOCTaHOBKE (IJIOCKOE
nepopMUpPOBaHHOE COCTOsIHUE). [IpUBEIeHBI HCXOIHBIC JAHHBIE IS PELICHHUs MOCTABICHHON 3a7ayM C MCIOJIb30BAHMEM COBPEMEHHOrO MakeTa
ANSYS. Onucansl TOCTaHOBKA 337a4yl ¥ TPaHUYHBIC YCJIOBUS. [IpencTaBlieHb 3aBUCHMOCTH IS pacdeTa MOAYJIS YIPYTOCTH U CONPOTHBIICHUS
IACTHYECKOI e(OopMaLU OT TeMIIepaTyphbl, CTENEHU U CKOPOCTH Aedopmaru. [IpuBeieHb! SMIOpbI HepeMeLIeHHH, HapshKeHUH 1 nedopMariunii
MeTauia B 00JIacTH Y3K0i CTEHKH 000JI04KH ¢ JKHKOH (ha3oii mpu ee rubke. OnucaHbl 3aKOHOMEPHOCTH PACTIPE/ICIICHUS PAaCcTSATHBAIOIINX HaIpsKe-
HUI 110 BHEIITHEH MOBEPXHOCTH U MO TOJIIMHE Y3KOi CTEHKH 000JI0UKH C JKUKOH (ha3oit. 31105KeHbI Iy TH CHUKEHUSI PACTATMBAIOINX HAMTPSHKCHUH

Ha OOKOBBIX TIOBEPXHOCTSX OOOJIOUKH C KHAKOH (a3oil.
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s mampHEHInero pa3BUTHsI METAJLTypPTUUECKOTO TIPO-
M3BOJICTBA BECbMa aKTyallbHBIM SIBIISIETCSl CO3JITAHUE COBME-
HICHHBIX MPOIIECCOB HETIPEPHIBHOTO JHTHS U Ae(opMann,
KOTOpPBIE MO3BOJIAT CYIIECTBEHHO CHU3HUThH KAallUTAIbHbIC U
IKCIUTyaTaIlHOHHBIC 3aTPaThl, OBBICUTH Ka4eCTBO JIUCTO-
BOI METAJIONPOAYKIHH, 0COOCHHO TOJICTOIUCTOBOTO MPO-
Kata JuIsl cBapHbIX TpyO [1 — 10].

OnHako COBPEMEHHas TEXHOJOTHS TOJICTOJIMCTOBOI
MPOKaTKW, B 4acTHOCTH Ha ctaHe 5000, mpu oOxaTtuu
KPYITHBIX HENPEPBIBHOJIHUTHIX CIII00B XapaKTepH3yeTCs
3HAUUTEIHHOW HEPAaBHOMEPHOCTHIO Ne(OpPMAIMU IO BEI-
cote cnsi0a, 4TO MPUBOIUT K (DOPMHUPOBAHUIO HEOTHOPOI-
HOU CTPYKTYPHI TOJICTOMUCTOBOTO Tpokata [11 — 19]. s
TIOBBIIICHUST OTHOPOAHOCTH pacmperesieHus aeopMaiuu
HEOOXOIMMO yBEIHYIHBATh OOXKATHUS 33 TMPOXOM, UTO IIPaK-
TUYECKH HEBO3MOXKHO OCYIIECTBUTH, IMOCKOJIBKY CTEHCHb
nedopMannu 3a MPoxoJ MpH npokatke Ha ctane 5000 co-
craBisiet 10— 15 %. B pesynbrare B oceBoi 30HE clsidOa
JHTas CTPYKTypa MeTalula HEJIOCTaTOYHO IpopadaThiBa-
eTCsl, HEeMETAJIMUECKUE BKIIOYCHUS M JIMKBAaThl UMEIOT
CTPOYEYHOE PACIIOIIOKECHHE B METaIC BIOIb OCH IIPO-
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KaTKH, YTO CHIDKACT TPeOyeMBIH ypOBEHb MEXaHHUCCKUX
CBOWMCTB TOJICTOJIMCTOBOTO MPOKATa, BOSHUKAIOT POOIEMBI
TIPU TTOJYYCHUH CBapHBIX TPyO. 3a pyOeskoMm pazpaboTana
TEXHOJIOTHUS PA3IUBKUA TOHKHX CJII0O0B, MIPH KOTOPOI code-
TaeTCs pa3lUBKa M 00KaTHE 3aTOTOBKH C XHUIKOH (a3oit u
3aTBEPJICBILIETO METaJlJla HECKOJBKHUMH TapaMH POJIMKOB
muaM. 310 mm [1]. TlepBoHauanpHasi TONIIMHA 3arOTOBKH
MoCIie KpUCTATU3aropa, paBHas 60 MM, oOXuMaeTcs 1o
KoHeuHOU TommuHbl 10 — 20 MM mpu MakCUMabHOW M-
pune cisi6a 1400 MM. YCTaHOBIICHO, YTO B CIIydae pas3liuB-
KA TOHKUX CISIOOB MMEIOT MECTO 0ojiee MEIKO3EPHUCTAs
CTPYKTypa MeTaula ¥ MeHbIas 00NacTh JUKBAIMUA B OCeE-
BOII 30HE cisi0a, YeM TP Pa3lUBKE CTAHIAPTHBIX CIIIO0B
tonuHoi 200 — 250 mm.

PemuTh M3MOKCHHBIE BBIMIE MPOOIEMBI TOICTOIMCTO-
BOM TPOKAaTKU M Y4eCTb MPEUMYIIECTBA TOHKOCISOOBOM
Pa3MBKU TIO3BOJHT KOMITAKTHAS yCTAHOBKA COBMEIICH-
HOTO TIpoIiecca HEMPEPBHIBHOTO JHUTh U AePOpMaIuu JIst
TIPOM3BOJICTBA JINCTOB U3 CTAJH ISl CBAPHBIX TPYO.

Ha puc. 1 npencrasieHa cxeMa yCTaHOBKM HEIPEPbIB-
HOTO JIUThs U Jaedopmaryu [2 — 5], KOTOpas COCTOUT U3
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Puc. 1. Cxema YCTaHOBKH COBMEIIIEHHOI'O ITpOLECcCa HEMPEPBIBHOI'O JINThA W HHKHM‘IECKOﬁ J:Le(ioopmaupm

Fig 1. Scheme of the installation of integrated continuous casting and cycle deformation

HEpa3beMHOro KpucTaumsaropa 1 u IBYX CYHIIOPTOB CO
CTEeHKaMH-00HKkamMu 2 1 3 cOOpHOTO KPHCTALTU3aTOPA.

CTeHKU-00WKH MMEIOT CIICIUAbHBIC KaHAJIBl 6 IS
HOABOAA CMAa3K{ WJIM OXJaKIAaromend Boabl. Kakablid
CYIIIOPT CO CTEHKaMHU-OOWKAMU YCTAaHOBICH Ha IBYX
OKCIICHTPHUKOBBIX BasaX. CHHXPOHHOE BpAaIICHHUE DKC-
LEHTPUKOBBIX BaJOB OCYIIECTBISICTCS OT IPHBOIHOTO
AIIEKTPO/IBUTATEIIS.

COBMEIIICHHBIH MPOIECC HEMPEPHIBHOTO JIUThS U Jie-
(dbopmanmy MoXeT OBITh Pa30HT Ha YETHIPE CTAJHHU, KOTO-
pBIE OCYIIECTBISIOTCS OAHOBPEMEHHO:

— KPHCTAILTM3ALUs pacIiaBa MeTaia 8 B Hepa3hbeMHOM
kpuctaumsarope 1 ¢ obpa3zoBaHuem 3arBepieBIleil 000-
JIOYKH 7 ¢ xuakor (azoit 8 u mocnenyroiee BITATHBAHNE
€€ U3 KPUCTAJUIN3aTopa CTCHKaMHU-00iKaMu;

— (opMHpOBaHUE CTEHKAMH-OOWKaMHU TOJIOCHI U3 000-
JIOYKH C XHUIKOH (ha3oil myTem COMMIKCHHUS ee IIUPOKHX
CTEHOK M THOKH OOKOBBLIX CTEHOK;

— nuKiIndeckas aedopmaius CTeHKaMH-O0OoiKkaMu 3a-
TBEPICBIICTO METAILIA;

— KanuOpOBKa MoJ0Ckl 9 ¢ IEeNbI0 00eCIIeUeH s 3a1aH-
HOM TOYHOCTH Pa3MepOB JINCTA.

J7isl OIIGHKHM HOBOT'O MpOIIECCa W YCTAHOBKH HETpe-
PBIBHOTO JIUTHS U Ie(hOPMAITIH TIPU TOIyYCHHUH JINCTOB W3
CTaJlU Uil CBAPHBIX TPYO MOCTABIICHBI M PEIICHBI JIBE 3a-
a9y 0 OTPEICTCHUIO HANpsHKEHHO-IE(POPMUPOBAHHOTO
COCTOSTHHS MeTayia Ipu (HOPMHUPOBAHUHU IOJOCHL B 30HE
0K OOKOBBIX CTEHOK O0OJIOUKH C )KHUIKOH (ha3oit u mpu
MUKINYEeCKON aedopMaluy CTeHKaMU-OOHKaMu 3aTBep-
nesiero metamia (puc. 1).

Jist pelrieHust U3JI0KESHHBIX BBIIIE 33724 UCIOJIb30BaH
coBpemeHHbIN makeT ANSY'S, KOTOpBIH ycTenHo mpumMe-
HSICTCSl IPU PEIICHUN METOJOM KOHEUHBIX HJIEMEHTOB KOH-
TaKTHBIX 33/1a4 YIPYTO-IDIACTHYHOCTH MIPU HAJMIHH OOJTb-
mux aedopManuii u nepeMenieHui [2, 5].

PaccmarpuBaeTcs mporecc Mojay4eHus JIMCTa U3 CTalln
09I"2C ceuennem 8%2250 mm. TonmuHy 000JIOYKH CITUTKA
C KUJKOU (pa30ii MpH BRIXOJIE U3 HEPA3bEMHOIO KPUCTAIUIU-
3aTtopa IpUHUMaeM paBHOM 13 MM, a B 00JIaCTH CMBIKaHUS
HIMPOKUX CTEHOK 000JI0UKH clIuTKa 15 MM, BbIcOTa 0005104~
ku 100 MM, mupuHa 06010uku 2200 MM, pajinyc compsike-
HUS IIUPOKOM M Y3KOM CTEHOK 00osouku 50 MM, BbICOTa
pacmiiaBa MeTajjia OT MEHUCKA 10 HM3a KpUCTaJuIM3aTopa
625 MM (puc. 1), Temneparypa BHYTpeHHEH MOBEPXHOCTH
obonouku 1450 °C, Hapy»XHOH MOBEPXHOCTH B 30HE KOH-
TakTa co cTeHkor-0oiikoMm — 1200 °C. Tlo Tomumue nojio-
CBl TEMIIepaTypa MEHSETCS JIMHEWHO. BennurnHa 3KCIEeHT-
pUCHUTETa SKCLEHTPUKOBOIO Bajia COCTABIISET 5 MM, Yroj
HaKJIOHa paboueil TOBEpXHOCTH CTeHKU-00iKa 12,5°. Vron
MOBOPOTa HKCLIEHTPUKOBOIO Baja, HA KOTOPOM MTPOUCXOTUT
oO)kaThe 3aroTOBKH, MPHUHAT paBHbIM 90°. Benmuwnna mo-
Ja4uu 3aroToBkH 22,7 MM. CKOPOCTb BBITATUBAHHS 000104~
KU CIIUTKA M3 HEPA3bEMHOTO KPHUCTAJUTH3aTopa 2,5 M/MUH.
CKOpPOCTb BpallleHHs SKCLEHTPUKOBBIX BasioB 110 Mun ",

B xauecTBe MeToa MCCIe10BaHUS HCIIOIb30BaH BbIUKC-
JUTETHHBIN SKCIIEPUMEHT Ha 0ase pelieHus 3aa4 MeXaHu-
KU CIUIOIIHOM Cpelbl METOJOM KOHEYHBIX 3JIEMEHTOB, a
UMEHHO:

— peliajach YIporo-rlacTuueckas KOHTaKTHas 3ajada
C y4eToM OONbIINX NepeMelieHuil u aedopmanuii;

— OTIPENeNsIOCh HaNpsHKEHHO-1e(hOPMUPOBAHHOE CO-
crosiaue (HJIC) npu ¢popMupoBaHUM MOJIOCH! B 30HE THOKH
Y3KHX OOKOBBIX CTCHOK O0OJIOUKH C KHUJIKOU (a3oid, pacueT
BBIMOJIHSAJICS B IJIOCKOM MOCTAaHOBKE (II0ocKoe aedopmu-
POBaHHOE COCTOSIHHE).

Ha puc. 2 B cucreme koopauHar XOY mpexacraBieHa
YeTBepTas 9acTh 00O0JIOUKH, IPUHSTAs IS pacueTa. 31ech
JKe TIPUBECHO MOJIOKEHUE CTEHKU-001iKa, KOTOpas mokasa-
Ha ynpolueHHo. Ha pucyHke Taxkyke npuBeieHbl KHHEMaTH-
YEeCKUE IPAaHUYHBIEC YCIOBHS.
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Meoicoy 6otikom u 060104KOU 300aH KOHMAKM
¢ koapPuyuenmom mpenus 0,5

Jlunusa cummempuu 000104KY, 20e
3a0ano Hyneeoe nepemeuyerue no ocu X
Jlunus cummempuu 6otika, 20e
3a0ano Hynesoe nepemeuyenue no ocu X

boex

Obonouka

R =50 um
X Jlunuu, 20e 3a0ano
geppocmamuueckoe dasnenue

Jlunusi cummempuu 0b6onuxu, 20e
3a0ano Hyiegoe nepemeujerue no ocu Y

Yemeepmo obonouxu u 60iika, npunsmas 05 paciema
2UOKU Y3KUX epaHell

Puc. 2. YerBepras yacth 000J7104KH, IPUHSTAsS JUIsl pacdyera. TonmuHa
obomnouku 13 MM, ceuenne kpuctammsaropa 100x2200 mm

Fig. 2. A quarter of a coat, accepted for calculation. A coat thickness is
13 mm, section of the mold is 1002200 mm

st pacueToB Obla MPUHATA CETKA KOHEUHBIX IEMEH-
TOB ISl YETBEPTH MOJICITU U Y3KOU CTCHKH 00O0JI0UKH C JIJTU-
HOU rpanu 1emenTa 0,5 MM.

3aBUCHMOCTb MOJAYJsSl YIPYTOCTH ¥ CONPOTHBICHUS
TUTACTHYECKON JTe(OpMalii OT TEMIIEPaTyphl, CTCTICHH H
ckopocTH nedopmaluy NpyuBeaeHa Ha puc. 3.

3HaueHUe MOIYIISl YIPYTOCTH B COIPOTHBICHNE Iedop-
MalUy cTand B auana3zone Temmeparyp 1200 — 1400 °C
OTIPEIETSICTCSl TI0 3aBHCHMOCTSIM, TPHBEICHHBIM B pa-
6otax [2, 20]. BenunuuHa ¢eppocTaTHuecKoro AaBiIeHUs
npunaTa pasHou 0,066 MIla. J{ist cTeHKH-00MKa MOJIYIIh
ynpyroctd npuHsaT paBHbiM 210 ['Tla, a koadduumeHt
ITyaccona 0,3.

Pesynbrarel JaHBl B YETHIPEX CEUYCHHSIX OOOIOYKHU.
[Tocne BTOpPOTO, YETBEPTOrO M MIECTOrO OOXKaTHil 000-
JIOYKHU CTEHKAMU-0OMKaMK COMMKEHUE MIUPOKUX CTCHOK
coorBercTBeHHO paBHO 20, 40 m 60 MM. YcroBHO Ha30-
BEM OTH ceueHUs «2», «4» u «6». [locne mocnemnero
o0Oxatust 000JIOUKH C )KHUAKOH (ha30ii cTeHKaMHU-O0HKaMu
MIPOUCXOJIHT MOJIHOE COMMKEHIE BHYTPECHHUX TTOBEPXHO-
CTel MHUPOKHUX CTEHOK Ha 74 MM. YCIOBHO Ha30BEM €TO
cedeHueM «8y.

AHanM3 pe3yapraToB pacdyera (puc. 4) OKa3bIBaCT, YTO
HA HApY)KHOH IOBEPXHOCTH Y3KOW CTEHKH OOOJIOYKH C
JKUJIKOM (ha30ii HAITPSDKEHHUSI TIO OCH Y (G ) pacTATHBarOIIue
¥ BO3pacraroiue mno mepe rudku ot 35,6 mo 143,5 MIla,
a 1o ocu X (6,) — or 10,81 no 94,19 MIla. Ha BHyTpen-
HEll MOBEPXHOCTH Y3KOH CTEHKH OOOJIOYKH HATPSHKCHHS
CHKMMAIOILE, TIPHYEM MApaMeTp G, U3MEHACTCS OT -37,1
no —183 Mlla , a 3Ha4YeHUE G_TIPU CONMKEHUHU IIMPOKHMX
CTEHOK 000J04KH paBHO — 57,71 MIla (puc. 4).

Hwxke npuBeqeHbl MaKCUMalbHbIC 3HAUCHHS IEpeMe-
IIEHUH, U _, PACTATMBAIOIIMX HANPSHKEHUH o, H nedopma-
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Jepopmayus

Puc. 3. 3aBUCHMMOCTb MOJYJIsl YIPYTOCTHU (@) U CONPOTUBIICHUS TIIACTH-
yeckoit gedopmarmu (6) s cramu 09T2C

Fig. 3. Dependence of modulus of elasticity () and plastic deformation
resistance (6) for 09G2S steel

Wit € , BOSHUKAIOLINX HA BHEIIHEH I0BEPXHOCTH 0001104~
KH C JXKUKOH (a3oit:

Ceuenne U, MM 0, MlIla €,
2 7,08 35,6 0,04
4 13,34 75,9 0,117
6 19,28 119,0 0,247
8 23,46 143.,5 0,346

Ananu3 smiop aedopmauuii (cM. puc. 4,6 1 BbIlIe-
NIPUBENICHHBIC JTaHHBIC) MOKA3hIBACT, YTO Ha HApyKHOU
MIOBEPXHOCTH Y3KOH CTEHKH 000JOYKH Aedopmanuu pac-
TATHBAOIIUE U 110 Mepe THOKH JeopMaIiy mo ocu ¥ (sy)
Bospactatot ¢ 0,04 1o 0,346.

Onnaxo Bosb ocu X eopManui (€,) CKUMAKOIIME U
Bo3pacratoT ot —0,042 no —0,33. Ha BHyTpeHHEH MOBepX-
HOCTH 000JI0UKH JedopMarivu BIOIL OCH Y (€ ) CKUMAKO-
e u Bo3pacrator ot —0,08 mo —1,11. Onnako nedopma-
UK BIOJIb OcU X (€ ) pacTATMBAIONIME W BO3PACTAIOT OT
+0,055 mo +0,72.

CrieyeT OTMETHTH CIIOKHBIM XapakTep HampsKeHHO-
Ie(OPMUPOBAHHOTO COCTOSIHUS, BOSHUKAFOIIETO MPU THOKE
Y3KOH CTCHKH 00OJIOYKH, & HIMEHHO:

— Ha BHCIIHEW MOBEPXHOCTH Y3KOW CTCHKH OOOJOYKH
BOJMIM3M €€ CepPEIMHBI BO3HUKAIOT PACTATHUBAIONINC HAIps-
KEHUSA G, G, M 1e)OPMALIHH € , IEPEXOMSIIINC B CKIMAIO-
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Tonwuna obonouxu — 13 mm

X

Onropvl Hanpadcenuil
6 nanpasgnenuu ocu OX.
3uauenus nanpsocenuil Oanvl 6 Mlla

158,88

Tomyuna obonouxu — 13 mm

Dniopwi dechopmayuii
6 nanpasnenuu ocu OX

05 Tomyuna obonouxu — 13 mm
0,5
A\ 541
YL
X
) -183.,6
Dniopwr Hanpsicenul O ®

6 nanpasgnenuu ocu OY.
3uauenus nanpscenuil Oanvt 6 Mlla

0,04

| Tonwuna obonouku — 13 mm

Dniopwer dechopmayuii
6 nanpasnenuu ocu OY

Puc. 4. Dmiopsl Hanpspkennit, MIa, (a) u nedopmannii (6) B HanpaBieHun oceil X u Y mocie noiHoro ooxarust 13-Mm o6onouku Goitkamu (cOmmke-
HHUE NIMPOKUX rpaHelt 74 Mm). Pe3ynbraThl qaHbl TOJIBKO IS y3KO# rpanu. Marepuan obosouku crans 091 2C

Fig. 4. Epures of strains, MPa (a) and deformations (6) in the direction of X and Y axes after full reduction of a 13 mm coat by swages (flat edges
approach of 74 mm). Results are given for a facet only. Coat material is 09G2S steel

e B 00JIaCTH Mepexoia Y3KOi CTeHKH 000JI0YKH B IIHPO-
Kyto (puc. 4, a, 0);

— aHaJN3 PacClpeICICHNs HATIPSUKCHUH G, 1 G 110 TOII-
IMHE 00O0JIOYKH MMOKa3bIBACT, YTO PACTATMBAIOLINE HAIIPSI-
KEHHsl B TIOBEPXHOCTHOM CJIO€ Y3KOW CTEHKH OOOJIOYKH
MEPEXOMAT B CXKUMAIOIINE BO BHYTPEHHHX CIIOSIX 000I0YKH
(puc. 4, a). Takast 3aKOHOMEPHOCTH PACTIPEAEIIECHHS HAPs-
KCHUU IO TOJIIIMHE OOOJIOUKM HE OyJeT CriocoOCTBOBAThH
pa3pbIBY 00OJIOUKH € )KUIKOH (a3oi.

OnHako HMMEIOTCSl IMYTH CHIKEHHS paCTATHBAOIIUX
HaIpsDKeHHH Ha OOKOBBIX IMOBEPXHOCTSAX OOOJIOUKH, TeM
CaMBIM yITydIIeHHE KadecTBa JUCTa U CHIDKCHNE OOKOBOM
00pe3u. DTo CBA3aHO C TEM, YTO KalnuOpOBKa OOKOBBIX CTe-
HOK 4 u 5 (puc. 1) pazpeMHOIl yacTH COOPHOTO KpHCTAJ-
JIM3aTopa BBINOJHACTCA TaKMM 00pa3oM, 4TO B IIpoliecce

nepeMelieHus: 000I0UKU ¢ XKHUJIKoW (a3oii u rudke ee 60-
KOBBIX CTCHOK UMEETCS UX KOHTAKT C OOKOBBIMH CTCHKAMH
cOOpHOro KpHcTamm3aTopa. Takum 00pa3oM, CO CTOPOHBI
OOKOBBIX CTEHOK KpHUCTaJIM3aropa Ha OOKOBBIX CTEHKaX
000JI0YKH JCHUCTBYIOT CKMMAIOLUE HAINpsLKEHUs, Beu-
YUHA KOTOPBIX 3aBUCUT OT KaJIMOPOBKH OOKOBBIX CTEHOK
KPUCTAJUIM3aTOPa, KOTOPhIE OJHOBPEMEHHO CO CTEHKaMH-
0olikaMn TPOABHUTAIOT 000JOUKY IO HAMPABICHHUIO JIUTHS
U MOT'YT HECKOJIBKO 00KMMaTh OOKOBBIE CTEHKH 000JI0UKH,
O0COOCHHO B MECTE HaWOOJNBIIUX PACTITUBAIOIINX Harpsi-
JKEHU.

Bo16oowsl. B pesynbrare pemieHust 3a7adul OMpeeIcHo
HaIpsKEHHO-Ie(OPMUPOBAHHOE COCTOSHHE MeTajlla MpH
(hopMUPOBAHUH TTOJIOCHI U3 CTAIBHOW O0OJIOUKH C YKUJIKOM
(ha3oil myTeM THOKH Y3KHX CTEHOK 0005109KH. OnpeIeeHbl
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3aKOHOMEPHOCTH PACIIPE/ICIICHIS U 3HAUCHHS HAIPSIKCHUI
u aedopmMaruii B 001acTH Y3KOH CTCHKH 000JIOUKH.
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CONTINUOUS CASTING AND DEFORMATION INSTALLATION FOR THE PRODUCTION
OF STEEL PLATES FOR WELDED PIPES. REPORT 1

0.S. Lekhov, A.V. Mikhalev

Russian State Professional Pedagogical University, Ekaterinburg,
Russia

Abstract. The shortcomings of modern technology of thick-plate rolling,
leading to the problems in production of welded pipes, are described.
Advantages of thin slab casting technology are indicated, in which
casting and reduction of a billet with a liquid phase are combined.
The design of the combined continuous casting and deformation ins-
tallation is described and the technology of steel plate production for
welded pipes is provided. The main task of the article was to determine
the stress-strain state of metal during formation of a strip from the in-
got steel coat with a liquid phase by the coat with a liquid phase nar-
row walls bending. Computational experiment based on the solution
of continuum mechanics task by means of the finite element method
was used as a method of investigation. For calculations, a grid of finite
elements was taken for a quarter of the model and a coat narrow wall
with a facet length of 0.5 mm. The elastic-plastic contact task is solved
considering large displacements and deformations, and a stress-strain
state during formation of a strip in a zone of bending of a coat with lig-
uid phase narrow walls is determined. The calculation was carried out
in a flat setting (flat deformed state). The initial data for the solution of
the task using advanced ANSY S software are presented. The task state-
ment and the boundary conditions are described. Dependences for cal-
culation of the modulus of elasticity and plastic deformation resistance
on temperature, strain degree and strain rate are presented. Epures of
displacements, stresses and deformations of metal in the bending zone
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of a coat with a liquid phase narrow wall are presented. The regulari-
ties of distribution of tensile stresses along the outer surface and along
the thickness of a coat narrow wall with a liquid phase are described
as well as the ways of reducing tensile stresses on the side surfaces of
a coat with a liquid phase.

Keywords: installation, continuous casting, deformation, steel, strain, coat

with a liquid phase, epure.
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