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YIOPYTOIJIACTUYECKHUH U3I'UB KPYTJIOTO CTAJIBHOTO BPYCA.
COOBIIEHME 1. KOO®OPULUUEHT INPYKUHEHUA

IHTunkun B.H., 0.¢p.-m.1n., npogheccop xagedper pusuxu (shinkin-korolev@yandex.ru)

HanmnonaabHbIN Hecsie10BaTeIbCKHI TexHOTOrnueckuii yansepceuretr « MUCuC»
(119049, Poccust, Mocksa, JlennHckuii np., 4)

Annomayus. Kpyriblii cTaibHOI Opyc LIMPOKO MPUMEHSETCS B METAJUTYPr UM, MALIMHOCTPOSHHHU, CTPOUTENIBCTBE U SBJISIETCS OTHUM U3 TIIABHBIX UTPOKOB

B MalIMHHOM nHxycTpun. O6nasas OTINYHBIMI AHTUKOPPO3HUITHBIMU CBOMCTBAMH, B COYCTAHHY C HENIOKUHHOI IPOYHOCTHIO, KPYIIIBIH CTAIBHON
Opyc 4acTo OKa3bIBACTCS HE3aMEHHMM IIPU MPOM3BOJICTBE BCEBO3MOKHBIX MEXaHHUECKUX MALIMH U npucrocoOnenuid. Luanuapuueckue peccopsl
IS JKEIIE3HOAOPOXKHOTO M aBTOMOOMIIBHOTO TPAaHCIIOPTA H3TOTABIMBAIOTCSA U3 KPYIIIOTo Opyca ¢ IIOMOIIBIO CHEINAIbHBIX THOOYHBIX MAIINH. 3aro-
TOBKA M3 KPYIJIOro Opyca TakKe UCIIONIb3yeTCsl B METaTypriu PH MPOU3BOACTBE OSCIIOBHBIX TPYO ulst ra30He(TSIHON NPOMBILUIEHHOCTH. Banku
IPOKATHBIX M JIHCTONPABIIBHBIX CTAHOB B METaJLTyprUM UMEIOT QOpMY CTYNEHYAToro Kpyrioro 6pyca. CranbHas CTPOHTENIbHAS apMaTypa H3ro-
TaBJIMBACTCS U3 KPyrIoro Opyca u GiM3Ka K HeMy IO reoMeTpuueckuM pazmepam. OCHOBHBIMH 3apyOeKHBIMU TIPOU3BOJUTENSIMU MAllUH HElpe-
PBIBHOTO JIUTBS 3aTOTOBOK JUIS IPOM3BOJCTBA 3arOTOBOK KPYIIIOro ceueHus sBinsttorca SMS-Demag (Iepmanns), Danieli (Mramus), SMS Concast
(IIBeuapust) u Siemens VAI (ABctpust). COBpeMEHHOE MPOM3BOACTBO KPYIJIOTO CTaJbHOIO Opyca MMEETCsl HA MHOTHX POCCHHCKHX METaJlTypruye-
CKMX 3aBojax, Hanpumep, Ha AO «UycoBckoii MeTamtyprudeckuii 3aBoay», ITAO «Hensbunckuil Metamtyprudeckuit kom6bunary, AO «Bomxkckuii
TpyOHBIH 3aBo», OAO «HukHecepruHCKuii METH3HO-METaluTy prudeckuii 3aBoiy, AO «Yeneukuii mexanudeckuii 3aBoy, [IAO «CeBepckuii TpyO-
Hbli 3aBog» U ITAO «Taranporckuil MeTaiuryprudeckuit 3aBoa». [Ipy H3roToBNeHUN U3IENIHIl U3 KPYDIOro Opyca U HX 3KCILIyaTal[H{ OHH 4acTo
MCTIBITBIBAIOT YIPYT'YIO WM YHOPYTOIUIACTHYECKYHO Ae(OopMaIiiio U3ruba min claokHywo aedopManuio KpyueHust ¢ usrubom. B mannoi pabote
HPEUIOKCH aHAIUTUYECKUH METOJ pacdyeTa OCTaTOYHON KPHBH3HEI KPYIIIOTO CTaIbHOIO Opyca IPH yIpyroluIacTHIeCKoM 13rube. Pacuersl mo3Bo-
JISIFOT OTPEACIUTh OCTATOYHYI0 KPUBHU3HY Opyca mociie u3runda u U3rudaroiine MOMEHTSHI TIONEPEeYHOTro CeueHus Opyca npu u3rude B 3aBUCHMOCTH
oT paxuyca Opyca, Moxyns IOHra, mpenena TeKy4ecTH U MOAYIS YIPOYHEHUS MeTaia Opyca. Pesymbrarsl uccieqoBaHuil MOTYT OBITh IIHPOKO
MCIOJIb30BaHbl HA MAIIMHOCTPOUTEIBHBIX M METAIUTyPIrHYECKUX 3aBO/AX.
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I[.HS{ MOJTy4YCHHUA HCO6XO}Z[I/IMI)IX CBOMCTB H 3aJaHHbIX
FeOMETPUUECKHUX Pa3MEPOB HCXOJHYIO CTaJbHYIO Hempe-
PBIBHOJIUTYIO 3arOTOBKY IPOKATHIBAIOT B IPOKATHBIX CTa-
Hax [1 —46]. B 3aBucuMoCTH OT BUIa IpOKaTa MpOKaTHbIC
CTaHbl JOCJIATCA Ha 06)KI/IMHI)I€, JIMCTOBBIC, COPTOBLIC H
CTaHbl CIIELUAJIbHOIO HazHaueHus. B cBoro ouepens, cop-
TOBBIE CTaHbI JEJATCS HA KPYMHOCOPTOBBLIE, CPEAHECOP-
TOBBIE, MEJIKOCOPTHEIC, 3arOTOBOYHEIE, PEIHCOOATOUHEIE,
IIPOBOJIOYHBIE U MITPUIICOBBIE. COPTOBOM MPOKAT AEIAT Ha
MPOGUITH TPOCTON FreoMeTprUUecKol (HopMBbI (KPYT, KBaIpaT,
HIECTUTPAHHUK, MIPSIMOYTOJIBHUK) U (hacOHHBIE (ILIBEILIEP,
peJbe, yIIIOBOM W TaBpoOBhIA mpoduiu U T. 1.). Kpyniyto
1 KBaZIpaTHYIO CTaJIb NPOKATBIBAIOT COOTBETCTBCHHO C U~
aMeTpOM HIIM CTOPOHOH KBajapara 5 — 250 MM; mecTurpan-
HYI0 — C AMaMeTpOM BIMCaHHOrO kpyra 6 — 100 mm; nono-
coByto — mupuHOon 10 — 200 MM 1 TonmuHOM 4 — 60 MM.

MHorouucieHHbIe ccieoBanus (TpoBeeHHbIe B [ ep-
mannu, CIIA, fAnonnn n Poccum) cpaBHUTENBHBIX aHa-
JIN30B KAYECTBCHHBLIX IIOKa3aTeaeH HEPEPBIBHOJUTBIX
3aroTOBOK M3 YIVIEPOAUCTBIX W JIETHMPOBAaHHBIX CTaleil
KBaJpaTHOI0, MPsIMOYIOJIBHOTO U KPYyIJIOTO CEUYEHUH Iy
MIPOHM3BOJICTBA PECCOPHBIX MPOQIICH KPYIJIOro CEUCHHS
IIOKa3bIBAXOT, YTO HCIIOJIB30BaHUEC HerCpLIBHOJIHTOﬁ 3a-

194

TOTOBKH KPYIJIOTO CEUECHHUS N0 CPABHEHUIO C 3aTOTOBKaMHU
KBaJPAaTHOTO M MPSMOYTOJIHHOTO CEUCHHI UMEET Psi TIpe-
umymectB. Kpyrmas ¢opma cedeHust crnocoOCTByeT pac-
CPEAOTOUCHHUIO BO3HUKAIONIEH B OCEBOM 30HE HEUTpaib-
HOU TMOPHCTOCTH U JIMKBAIMM (HEOIHOPOIHOCTH CILIaBa
10 XUMHYECKOMY COCTaBY, CTPYKTYPE ¥ HEMETAILTHICCKIM
BKJIFOYCHUAM, BO3HUKAIOUINE TPU KPUCTAJUIM3AIUU HETIPEC-
PBIBHOJUTOM 3aTOTOBKH, CIWTKA WM OTIHMBKH), a TOBEPX-
HOCTb 3aT'OTOBKHU KPYIVIOTO ceueHHs 0ojIee KaueCTBEHHA U3-
3a OTCYTCTBUS MPOIOIBHBIX U YITIOBBIX TPEIINH.

W3rub kpymioro crajpHOro Opyca Mmpu HU3TOTOBICHUU
CTAJIBHBIX peccop Mmoka3aH Ha puc. 1. M3rub kpyrioro 6py-
ca Ha TPEXBAJIKOBBIX BaNblaX MIOKa3aH Ha PUC. 2.

PaccmoTpuM mipsiMOli cTalibHOW Opyc ¢ KPYIVIBIM TIO-
IIEPEYHBbIM CEYEHHEM paauyca R. bynem cuurars, 4yTo IpU
MIPOJIOJILHOM PACTSHKEHUH MaTepuai Opyca B 001acTH Tuiac-
THYECKUX Aedopmaruil nmeer TUHEHHOE YIPOUHEHHE.

[TycTh 6 1 € — HOpMaTBFHOE HAIPSKEHUE H OTHOCHTEIb-
HOE yAJIMHEHHe Opyca Ipu pacTsbkeHun; E, P u G, —MOJyJIb
IOHTa, MOIYNTh YIPOYHEHHS U TIPEET TEKYIeCTH MaTepra-
na Opyca COOTBETCTBEHHO.

[Ipu pactsbxkeHun Opyca B 00JIaCTH YIIPYTHX JAepopma-
HHﬁ HOpMaJIbHBIC HAIIPSPKECHUA NOAYUHAIOTCSA 3aKOHY FyKa
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Puc. 1. M3ru6 xpymioro cranbHOro 6pyca npu U3roTOBICHUH PECCOP

Fig. 1. Bending of round steel beam at springs’ manufacture

o =Esg,

a B 00JacTH yNPOYHEHUS 3aBUCUMOCTh HOPMAJILHOTO Ha-
MPSDKEHUSI G OT OTHOCUTENIBHOTO Y/UIMHEHUS € UMEET Tpsi-
MoJIuHEHHbIN BUa [15 — 19]:

c=0,+Ple—-¢), ¢, = Tz

[Tpu n3rube Opyca MakcUMabHBIC HOPMAabHbBIE HATIPSI-
JKCHUS HAOIIOAf0TCs Ha €ro MOBEPXHOCTH B TOYKAX ITOTIE-
PEUHOTO CEUCHMS, MAKCUMAJIBHO YIAJCHHBIX OT HEHTpallb-
HOM MIocKoCTH Opyca.

Dnropa HOpMaJbHBIX HAMPSHKEHUH B IIOMIEPEYHOM Cede-
HUH KPYIIIOro Opyca paauyca R IpH yIpyromiacTHIeCKOM
n3rube nokazaHa Ha puc. 3.

[Tonepeunoe ceuenue Opyca npu U3ruOeE ACIUTCS HA JIBE
30HBI — YNPYTYIO W IIACTHYECKyI0. Benuauna y , ompene-
JISIFOINAS TPAHMILY ATUX 30H, HAXOJHUTCS U3 YPaBHEHUI
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T7Ie p — paJyc KpUBH3HBI OCH Opyca.
[lpn yBenmueHHH W3rHOAIONIETO MOMEHTA M KPHUBH3-
HBI yrpyras 30Ha Opyca yMEHbIIAaeTCs, OJHAKO Jaxe IpH
OYCHB OOJBIION KPUBU3HE HEUTPATIHHOM OCH HE UCUE3aCT.
Panmyc KpHBH3HBI IPOJOIBHON OCH KpyIyIoro Opyca c
paxrycoM IONEPEYHOro CeUeHHs R, IPH KOTOPOM BIIEPBEIC
JIOCTHTAeTCs Ha ero TOBEPXHOCTH HOPMAJIbHOE HarpsiKe-
HHE, PABHOE NPEICITY TeKYYCCTH G , PaBeH
o -p R, o gk, O
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Puc. 2. M3ru6 kpyrmioro cranbHOro Opyca Ha BajibLax

Fig. 2. Bending of round steel beam on rollers
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Puc. 3. Dropa HOpMabHbBIX HAMPSDKCHHUI B OMIEPEYHOM CEUCHHU
Kpymioro Opyca npu usruoe

Fig. 3. Epure of normal stresses in the cross section of round beam under
bending
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Puc. 4. 3aBrcHMOCTb N3rHOAIOIIEI0 MOMEHTA OT KPUBHU3HBI Opyca

Fig. 4. Dependence of bending moment from beam’s curvature
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Torga Ge3pazmepHblil n3rudaromuii MoMmeHT @ Kpymiio-
ro Opyca nmpu U3rude MOXKHO 3arucaTh B BUJE (QyHKIHH O/
HOU TIepeMeHHo# — Kpurepus Shi:
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2 E Shi) 4FE

J1J1s1 BBICOKOTIPOUHBIX TPYOHBIX CTaJlel, HCTIOIb3YEeMbIX
IIPU IIPOUBBOJICTBE TPYO OOJIBIIOTrO AUaMeTpa JJisi MarucT-
P
PAIBHBIX Ta30HEPTEIIPOBOJIOB, z =0,044.
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B ocHOBe ompeneneHus 0CTaTOuHBIX Ae(opMaIuii moc-
Jie YOpyTOIUIaCTHYECKUX MeOopMalmii JeXKHT TeopeMa
o pasrpyske I'enku [15—19, 32 — 35]: «ocTarounslie Hanps-
JKCHUS PaBHBI PA3HOCTU MEXKIY UCTUHHBIMU HAIMPSDKCHUS-
MU B YIIPYTOIUIACTHYCCKOM TeJe M TEMH HAIPSDKCHHSIMHU,
KOTOpBIC CO3/IaBAIMCH OBl B HEM IPH MPEIIOIOKEHUN 00
UJEaIbHOU YIIPYTOCTH MaTepuaay.
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CTAJBHOM 3arOTOBKH IpU M3THOE SIBISICTCST (PyHKIUCH Of-
HOU mepeMeHHON — Kputepus Shi.
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Puc. 5. 3aBucuMocTs ko3¢ punueHTa IpyKUHEHU 0T KPUBH3HEI Opyca

Fig. 5. Dependence of springback coefficient from beam’s curvature
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Opyca MpsSIMOYTOJIBHOTO TONEPEYHOr0 CEYEHHUs TOJIIIH-
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Buigoow. TlomydeHsl aHaMMTHYECKHE BBIPAXKEHUS UL
M3THOAIOIIETO MOMEHTA M K03((HUIIEeHTa IPY>KUHEHHS KPYyT-
JIOTO CTATBHOTO Opyca MpH yIPYTOIIIacTHYECKOM M3rHoe.

Pesynbratsl uccienoBaHU MOTYT OBITH IPUMEHEHBI B
METaITypru4ecKoil W MAaIIMHOCTPOUTEIBHON MPOMBIII-
JICHHOCTH IIPU IIPOU3BOICTBE CTATBHBIX TPYO M N3ACTHNH U3
KpymJIoro craibHoro Opyca [1 — 46].
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ELASTOPLASTIC BEND OF ROUND STEEL BEAM. REPORT 1. SPRINGBACK COEFFICIENT

V.N. Shinkin

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

Abstract. The round steel beam is widely used in metallurgy, mechanical
engineering, construction and is one of the major players in the engine
industry. Having the excellent anti-corrosion properties, combined
with a remarkable strength, the round steel beam is often indispensable
in the production of the various mechanical machines and devices. The
cylindrical springs for the railway and motor transport are made from
the round beam with the help of the special bending machines. Billets
from the round beam are also used in the metallurgy at the manufac-
ture of seamless pipes for the oil and gas industry. The rollers of the
sheet-straightening machines and rolling mills in metallurgy have the
form of stepped round beam. The steel construction armature is made
from the round beam and is close to it by geometric dimensions. The
main foreign producers of continuous-casting-billets machines for
production of round-cross-section blanks are SMS-Demag (Germany),
Danieli (Italy), SMS Concast (Switzerland) and Siemens VAI (Aust-
ria). The modern production of round steel beam has place on many
Russian metallurgical plants, for example, on JSC “Chusovskoy metal-
lurgical plant”, PJSC “Chelyabinsk metallurgical plant”, JSC “Volzhs-
ky pipe plant”, OJSC “Nizhneserginsky metizno-metallurgical plant”,
JSC “Chepetsky mechanical plant”, PJSC “Seversky pipe plant” and
PJSC “Taganrog metallurgical plant”. In manufacture of articles from
round beam and under their exploitation, they often have an elastic or
elastoplastic deformation of bending or have a complex deformation of
torsion with bending. The analytical method for determining residual
curvature of round steel beam under elastoplastic bend is proposed in
this paper. The calculations allow us to determine residual curvature of
round beam after bending and the bending moments of beam’s cross
section at bending depending on the beam’ radius, elastic modulus,
yield stress and hardening modulus of beam’s metal. The research re-
sults can be widely used at engineering and metallurgical plants.

Keywords: round steel beam, curvature of beam, bending moment of

beam’s cross section, residual deformation, normal stress, relative
elongation, elastic modulus, hardening modulus, elastoplastic con-
tinuous medium with linear hardening.
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