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CopTorpokaTHOe TPOU3BOJICTBO

A.C.Hedenven

HIT «Cumenc YkpanHa»
C.I1.Hedenves
«ITpometr Ctuun EAI»

HOBBII CIIOCOB TPEXPYYBEBOTI'O ITPOJOJIBHOI'O PA3JEJIEHUS PACKATA
ITPU ITPOU3BOJCTBE COPTOBbLIX ITPO®HUJIEN
N YHUBEPCAJIBHASA KJIETD JJIAA EI'O PEAJIN3ALIUN

Annomayus. Paspaboman cnocob npoodonvHo2o pazleneHusi MHO2OHUMOYHO20 pacKkama 8
nomoke cmana. Imom cnocob AGNAemcs NepcneKmMuHbIM HAnpasieHuem pa3eumus MHO2OpYUbe-
801 NPOKAMKU-PA30eleHUsi MemoooM pa3psléa nepemviuku. Paspabomana koncmpykyus uwemulpéx-
8AIKOBOU NPOKAMHOU Klemu OJisl peanru3ayuu 3mo2o cnocooa.

Kntouegvie cnosa: muocopyuvesas npoxamka-pazoeneHue, MHOSOHUMOYHBIN pAcKam, napa
8A/IK0O8, 3a20MOBKA, PA3PbIE NEPEMBIUKU, YeMbIPEXEAIKOBAS KIlEeMb.

B nacrosiiee Bpemst Ha MeTaJuTyprudeckux 3aBogax rocyaapcts CHIT nns mpousBoicTBa ap-
MaTypHBIX TPOQHIIEH UCIOIB3YETCs KaK TPAAUIIMOHHAS TEXHOJIOTHS TPOKATKU B OHY HUTKY, TaK U
TEXHOJIOTHS CIIMTTUHT-TIPOIIECCa U TEXHOJOTHUS ABYXHUTOYHOU MPOKATKU-Pa3/IeICHHUs] KOHTPOIUPY-
€MBIM Pa3pbIBOM IEPEMBIUYKH B BaJIKax padoueit kiuetu. [Ipnuém, TeXHOIOTHsS ABYXHUTOYHOHN MPO-
KaTKU-pa3eneHus Obuta ocBoeHa Ha komOuHaTe Apcenop Mutran Kpusoit Por (AMKP, ObiBiimi
«KpupopoxkcTanb») 6osee aBaauaT JieT Ha3ad, B 1995 rony. Bee nonbITky co3aaTh TEXHOIOTHIO
TPEXHUTOUHOM MPOKATKU-PA3/IEIICHUs OKA3aIHUCh, K COXKAJICHUIO, HEYAaUYHBIMU. TPYIHOCTH 3aKIIIO-
4aeTcsl B TOM, YTO B pa3JIeISONIeM KanOpe npu aedopMannu MmepeMbrdeK mpeaBapuTesibHo cop-
MHUPOBAHHOTO TPEXHUTOYHOTO packaTa 00s13aTeIbHO 00KUMAETCsl CPEAHsISl HUTKA, 4TO BEIET K Iie-
PETEKaHUIO METAJUIa U3 CPEAHEN HUTKU B Je(OpMUPYEMbIE IEPEMBIUKH, «ITOAMUTHIBAS» UX U, TEM
CaMbIM, IIPOLECC OTACNEHUS KPAailHMX HUTOK CTAHOBUTCSI HEYCTONYHMBBIM.

Mexny Tem mpouecc TPEXHUTOUYHOW MPOKATKU-Pa3AeIeHUs] PEaIbHO MOXKET OBITh peayin3o-
BaH Ha MEJIKOCOPTHOM IPOKATHOM CTaHE, €CIu U3MEHHUTh (hopMy pabodero MHCTpYMEHTA, BaJKOB,
UX KOJIMYECTBO U METOJ UX BO3/EUCTBUS Ha pa3/iesieMblid packKar.

[Tpu ucnonb3zoBaHuu X-00pa3HO PACIIONOKEHHBIX YETHIPEX TUCKOBBIX BAaJIKaX C MOJOKEHUEM
ocell BpallleHMs JIEBOM U IIPaBOM Map BAJIKOB B BEPTUKAIBHBIX IJIOCKOCTAX, YTOJ MEXIY KOTOPBIMU

2 ,B < 180°, nnomaaka KOHTAKTa pa3JesIonInX IpeOHel BaJKOB C KpalHUMH HUTKaMHU packara

YVUIMHUATCS Jlajnee ovara gedopmaruu, Onarojaps dyemy rpeOHu OyayT BO3ACHCTBOBATH Ha OTIE-
JsieMble KpallHue HUTKH packaTa B 30HE, Iie 00)kaTHe LEHTPAIbHON HUTKH MPEKpPaTUiIoch, U OTie-
JICHUIO KPAHUX HUTOK ITOJAMUTKa» METAIJIOM IIEHTPaIbHOW HUTKU He Oyaer Memars (puc. 1).

Ha TakoM mnpuHLHIIE BO3MOXKHO CO3JAaHME HEMPUBOIHOIO AEIUTEIIBHOIO YCTPOMCTBA IS
TPEXHUTOUHOTO pa3/IeJIeHHsI COPTOBOTO MpOKaTa U NpokaTtHoi kietu. [Ipuuém, HenpuBoaHOE Neu-
TEJIbHOE YCTPOUCTBO, CO3/IaHHOE 10 TaKOH cXxeMme, OyJeT UMETh MPEUMYILECTBO Mepe]] CYIIeCTBYIO-
UMY HBIHE JBYXPOJHMKOBBIMHU Pa3JeISIIOUIMME YCTpPOCTBaMH U3BecTHBIX (upm («Morgardsham-
mer» u ap.). IlpenmymiectBo 6yaeT cOCTOATh B TOM, YTO MO3BOJIUT Pa3JeNiaTh TPEXHUTOUHBIN pac-
KaT ¢ nepeMblukamu Oosiee 1 MM, a ©3MEHEHUEM YTIJla TOBOPOTA B B TAKOM YCTPOMCTBE MOXKHO Oy-
JI€T KOMIIEHCUPOBATh N3HOC Pa3JIeNSIFOIINX TPEOHEH.

bbia u3roToBieHa AeHCTBYIOLIAs MOJIENb 110I00HOTO HEMPUBOIHOTO Pa3/AEsIOIIEro yCTpoii-
cTBa M ompoOoBaHa Ha naboparopHoMm ctaHe «100» mpokaTtHoU nmaboparopuu JoHHTY Ha cBuH-
IOBBIX TeMIuleTax. TpEXHUTOUYHBIM packaT C BBICOTOM NepeMbluek Oojiee 3 MM paslensics, He
CMOTpS Ha Ie(OpPMAITHIO [IEHTPAIbHOW HUTKK B POJIMKAX yCTpoiicTBa (pucC. 2).

ITpokaTHass KJIETh C TaKUM PACIIOJIO)KEHHEM BaJKOB M MEXAaHHU3MOM HUX PETYJIHPOBKH I03-
BOJIUT (hOPMOBATh TPEXHUTOUHBIN pacKaT U pa3eisaTh €ro B 3TOM K€ YEThIPEXBAIKOBOM KaIuope.

MonenupoBanue nporecca GpopMoBaHUS TPEXHUTOYHOTO packaTa M3 MOJIOCH B YETHIPEXBaJI-
KOBOM KaJMOpe U ero pas/ieieHus oKa3aHo Mo cedeHHsiM Ha puc. 3. B ceuenun B-B 3a30p mexnay
pa3essIoIUMU TpeOHAMU MUHUMAJIBHBIN U Jepopmanus packara — GOpMOBKa TPEX HUTOK 3aKaH-
ynBaetcs. B ceuennu I'-I" Ha kpaiiHue HUTKU EHCTBYIOT TOJILKO OOKOBbIE MOBEPXHOCTU T'PEOHEH,
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CopTorpokaTHOe TPOU3BOJICTBO

OTAENSISI MX OT LEHTpalnbHOH. Takue MIOCKHE IIECTUYroNbHbIE PAcKaThl ¢ MUHHMAIBHBIM 00-
KaTHeM M C MHHUMAJIbHOM HAarpy3KoW Ha BaJKH M Ha ABHUTATENb CICAYIOMIECH KIETH JOBOIATCS JI0
HYXXHBIX pa3MepoB B OBAIbHBIX KanuOpax. Ho, popma pa3aensieMpIx HUTOK packaTa MOXeET OBbITh U
KBaJIpaTHOM, M OJIM3KOI K KPYTy, T.€. TaKas KJIETh AeIaeT TEXHOJIOTHIO 0ojiee MPOCTON — MOJIKATOM
MOXeET OBITh mosioca u Oosiee THOKON — TMocye pa3/ieieHus NOAy4aloT HUTKH KBaJPAaTHOM, IIECTH-
YTOJIbHOM, UK OJTU3KOHN K KPYTry (hOpMBI.

Puc. 1. O6muit BUJ pacnoiaokeHus: IPOKaTHBIX BAJIIKOB
IS TPEXPYIBEBOM MPOKATKHU-PA3/ICICHUS TI0 HOBOMY CIIOCO0Y

Puc. 2. ®ororpadust CBUHIIOBOTO TEMILIETA,
MIPOKATaHHOTO U pa3/IeIEHHOTIO B HEMPUBOJAHOM JETISIIEM YCTPOICTBE
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Puc. 3. Cxema pa3zaeneHus II0CKOH NOJI0CH B KaIMOpe YeThIPEXBAIKOBOM KIIETH

Takum 00pa3zom, MpokaTHas KJIETh C TAKAM PACIOJIOKEHHEM BAaJIKOB U MEXaHU3MOM UX pery-
JMPOBKH MO3BOJIUT (POPMOBATHh TPEXHUTOUHBINA packar U pa3JiesIATh €ro B OJIHOM YEThIPEXBAIKOBOM
Kamuope.

Hcexona u3 ycnoBuil M KOHCTPYKLUHU JEHCTBYIOUIMX HENPEPBIBHBIX MEIKOCOPTHBIX CTAHOB,
noctpoeHHbIx Gupmorr SKET B 60-x romax, Obima pa3dpaboTaHa KOHCTPYKIUS YETHIPEXBAITKOBOU

KJIETH C MEXaHM3MOM DPEryJIMPOBKH 33a30pa MEXIYy pa3AeisSioUIMMU IpeOHSMHU U yriia pa3BOpoTa
nap BaJjkoB (puc. 4).

Puc. 4. YeTtpipéxBasikoBas MpOKaTHAs KJIETh JJIsl TPEXHUTOYHON MPOKATKU-pa3iesieHus
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CopTorpokaTHOe TPOU3BOJICTBO

Knetr pa3paborana st yciaoBuid MeNKOCOPTHRIX ctaHoB MC250-1, 2, 3, 4 u 5 xomOuHara

AMKRP. Tlono6HBIE HEMpPEpBHIBHBIC MPOKATHBIE CTaHbI paboTal0T Ha KomMOmHaTax «CeBepcTanb» U
3CMK. Ho naHHYIO KOHCTPYKLMIO MOXHO aallTUPOBATh U JJI MEJIKOCOPTHBIX CTAHOB C THUIIOPA3-
MepoM BasikoB 300-320, mOCTpOCHHBIX MO3/IHEE.

Takast K11€eTh MOXKET OBITh HCIIOJIb30BaHA M B Ka4€CTBE YHHUBEPCAJIHHON NpU OOBIYHON IMpo-

KaTKe, CKaKeM, JJIsl KaTMOPOBaHUS KPYIJIOro MpoQuIIs, UK sl IPOU3BOJICTBA KBAPATHOTO apMa-
TypHOTO TIpoduiIs. B 5TOM cTyuae MeXaHH3MOM PEryjlMpOBKH H06mMBaroTca uToOsl yrom [ = 90°,

umn 2 3 = 180°.
BriBoabl

1. Pazpaboran u 15abopaTopHO ONPOOOBAaH HOBBIA CIOCO0 MHOTOPYYBEBOW MPOKATKHU-
pasziesieHus: MyTeM pa3pbiBa MEPEMbIUKH.

2.  JlaHHBIN croco0 o0iagaeT BCeMU MPEUMYIIECTBAMH IIMPOKO HCIIOJIB3YyEeMbIX CIIOCOO0B MpPO-
KaTKH-pa3/IeJIeHNs METOIOM pa3pbiBa MEPEMbBIUKHU U JIMIIEH UX OCHOBHBIX HEJOCTATKOB.

3. Cnoco0 sBisieTcss NMEPCHEKTHBHBIM HAINPABICHUEM pAa3BUTHUS MHOTOPYYbEBOH INPOKATKH-
pasziesieHus METOJIOM pa3pbiBa MEPEMbIUKH.

4.  Cnoco® MHOTOPYYbEBOH MPOKATKU-PA3EICHUS MOXKET OBITh MCIOJIB30BAH TAKXKE JJIS JIBYX-
U UYETBIPEXPYUYbEBOIM MPOKATKU-PA3AETICHUS, YTO MPUIAET ITOMY CIOCO0Yy OOJbIIyH0 THO-
KOCTb.

5.  Pa3zpaborana KOHCTPYKIUS MPOKATHOM KIJIETH JJISl pealn3alii 3TOro crocooa.
Bbubanorpaguyeckuii cnucox

1. Teopus u mpakTHKa Ipolecca MHOrOpydbeBod mnpokaTku-pazaeneHus / [ .M.Ilynbrus,
O.B.[youna, B.®.I'y6aiinynun u np. CeBacromnosns: «Bebepy», 2003. 622 c.

2.  MmuoropyubeBasg mpokaTKa-pazaeneHue. HaydHble W TEXHOJIOTMYECKHE OCHOBBI /
B.M.Kimmmmenko, CILEdpumenko, B.®.I'ybaiinymnun, [I'M.Ilymerua. M.: Meramtyprus,
1987. 168 c.

3. SL.E.betirens3umep, A.C.Hedenwe, C.I1.HedenweB. Pa3Butne crocob6a MHOropydbeBOTO

IPOJIOJIHOTO Pa3ZeiieHusl packaTa IpH MPOM3BOJICTBE COPTOBBIX mpoduiieii // Meramtypru-
Yeckasi U TOpHOpY/IHas MpoMbIuieHHOCTH. Ne6. 2009. C.50-52.

. INFORMATION ABOUT THE PAPER IN ENGLISH .
A.S.Nefediev

DP «Siemens Ukrainey

S.P.Nefediev

«Promet Steel EAD»

NEW METHOD OF THREE-SLIT ROLLING IN THE PRODUCTION OF SECTIONS

AND A UNIVERSAL STAND FOR ITS IMPLEMENTATION

Abstract. The method of three-slit on-stream rolling is developed. The method is the perspec-

tive direction of the multi-slit rolling with bridge breakage development. The four-rolling stand is
developed for the three-slit rolling process realization.

Keywords: multi-slit rolling, multistrand strip, roll pairs, billet, bridge breakage,

four-rolls stand.
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JlucrompokaTHOE TPOU3BOJICTBO

M.U.Pymsnues, U.B.®@anees, P.O.Poixknn
OI'bOY BO «MarHuTOropckuii rocyaapCTBEHHBIN
TexHU4YecKui yHusepcureT um. I'.M.HocoBa»

NMEPBOE ITPUBJIMKEHUE NPEJEJIBHON TOJIIAHBI
F'OPAYEKATAHOI'O HIOAKATA JJIs1 IPOU3BOACTBA
XOJOJHOKATAHOH JIMCTOBOU CTAJIA

Aunomayus. B pazeumue panee 6binoIneHHbIX UCCIE008AHULL NOLYYEHbL 3A6UCUMOCMU, KO-
mopble N0360JIAI0M 8blOpAMb Nepeoe NPUOIUNCEHUE NPedesibHO20 NO MEeXHUUECKUM B03MONCHO-
CMAM CMAHA CYMMAPHO20 00XMCamus U COOMBEMCMEYIOWYI0 MOIWUHY NOOKAMA O/ XOLO0OHOU
npoxamxu 3a N npoxo006 noiocvl 3a0aHHbIX paA3mMepos8 Npu U38eCMHOL XApaKmepucmuke npoyHo-
CMHBIX CEOUCNE 20PAUEKAMAHO20 MEMATNA.

Knrouegvie cnosa: xonoOHokamauas aucmosas cmaiv, 20pAYeKamaHblil NoOKam, npeoebHoe
cymmapuoe obacamue, moawuHa noOOKama.

BBenenue

IIpu 3amaHHOM TONIIMHE FOTOBOM mosock! h, TommuHa noakara H, ompenensercs BbIOpaH-
HBIM CyMMapHBIM o0katueM &y : Hy =h, / (1—82). CyMmMapHOe 00KaTue SBISIETCS OJHUM M3 BaXK-

HEWIIUX PEeKUMHBIX MmapaMeTpoB. C OTHOW CTOPOHBI, €ro BeJIWYMHA OOYCIIOBIICHA CHUJIOBBIMU U
SHEPreTUYEeCKUMH BO3MOKHOCTSIMHU CTaHOB, a C APYToi, — 3aBUCUMOCTBI0 COOCTBEHHO CBOWCTB Tr'oO-
TOBOM MPOAYKIMH, a TAKXKE X CTAOMIBHOCTH OT CTETNIEHU XOJOAHOH AedopMaliy nepe TepMude-
cKoit 00paboTkoil (oTkurom). [loaTomy BennumHa CyMMapHOro O0KaTus U, CIelI0BaTelbHO, TOJ-
IIMHA TTO/IKaTa OMPEEIIIOTCS Ha3HAYeHNUEM XOJOAHOKATAaHON JTMCTOBOW CTaIM M BO3MOKHOCTSMHU
CTaHa, UCIOJIb3YEMOTr0 B TEXHOJIOTHYECKOU CXeMe ee IMPOU3BOCTBA.

Tak, nmpu Npou3BOACTBE CTAIM XOJIOJHOKATAHOW YTJIEPOJUCTOM W HU3KOJIETHPOBAHHOM KOH-
CTPYKLUHMOHHON MPUMEHSIOT MPEUMYIIECTBEHHO YEThIpEX- U IMIATUKIIETEBbIE HEMPEPHIBHBIC CTaHbI,
Ha KOTOPBIX JOCTHKUMBI cymmapHbie 00xkatust ot 40 1o 85%. OGxatust 6osee 75% MOTYT OBITH
MOJTyYEHBI TOJIBKO HA MATUKIIETEBBIX cTaHaX. C yBeTUYEeHHEM TOJIIUHBI U IIUPUHBI TOTOBOM MOJIO-
CHl €y yMeHbIIaercs [1-3].

Panee [4] nnst oToOpakeHHs BIMSHUE KOMIUIEKCA YKA3aHHBIX ()aKTOPOB HA BEIUYHHY CYyM-
MapHOro 00xatus ObLIa MOTydeHa arpoKCUMaIHs

es =exp(4,0136-0,2197h,+0,1065N —0,11718, ), % (1)

rame N — gucio kieTei B HeMpephIBHOM CTaHE WIIM YHCIIO MTPOXOJIOB IMPHU MPOKATKE Ha PEBEPCHUB-
HOM cTaHe; B =by / Lpo — KodbdummeHT ucnonb3oBanns 60UKU BalKa; b, — mupuHa noxkaTa Npu

MOCTYIVICHUU Ha CTaH; Lpo — OJIMHA KOHTaKTa pa60qer0 " OIIOPHOTO BAJIKOB. HenocraTtkoMm 3aBu-

cumocTH (1) siBysieTCst TO, YTO B HEW HE YYTEHO BIIMSHUE MPOYHOCTHBIX XapaKTEPUCTUK MOJIKATA.
HccnenoBanue BO3MOKHOCTEN CTAHOB X0JI0HOM MPOKATKH 110 CyMMAPHOMY 00:KaTHIO

3agaua BHIOOpA TONIIMHBI MpPOKATa JOJDKHA PElaTbes C y4eTOM KOMIUIEKCa OrpaHUYEHUi,
4acTh U3 KOTOPBIX OTOOpa)KaeT TEXHUYECKHE BO3MOKHOCTH KJIETEH U MPUBOJOB, a YaCTh — OCOOEH-
HOCTH COOCTBEHHO Iporecca NpoKaTKu [5]. UToObI MOIydyUuTh 3aBUCUMOCTb, KOTOPAast MO3BOJIUT BbI-
OupaTh cymMmapHOe o0XaTHe IpPU XOJIOAHOW IMPOKATKE C YYETOM IMPOYHOCTHBIX XapaKTEPUCTHK
TMOJIKATA, PACCMOTPENH PE3yIbTATH KOMIIBIOTEPHOTO MCCIIEIOBAHMS  C MPUMEHEHHEM MPOrpaMMbl
aBTOMATU3UPOBAHHOTO MPOEKTHUPOBAHUS [6] s omnpeneneHus MpeAesbHbIX 00XaTHil Ha Hempe-
peiBHBIX ctaHax 630, 2500 u 2000 u nByxkieTeBoM peBepcuBHOM ctaHe 1700 mpokaTku mosioc pas-
JUYHBIX Pa3MEepOB U3 CTAIM YETBIPEX IPYII MPOYHOCTU. TOJIIMHBI XOJIOIHOKATAaHBIX MOJOC MPH-

! KommeroTepHoe MoienupoBaHuie BRIMOTHEHO actiupanToM B.C. MuTacoBbM

Kamubporounoe 6ropo (www.passdesign.ru). 2017. Bermyck 10 9



JlucrompokaTHOE TPOU3BOJICTBO

HUMaJli B COOTBETCTBUU C COPTAMEHTOM KaXKJIOT'O CTaHa, a IIMPUHBI — KaK HAaUMEHBIIYI0, Hau-
OOJIBIITYIO M CPEIIHIOI TI0 TEXHHYECKOW XapaKTepucTHUKEe. B kadyecTBe MapoK-TIpeICTaBUTENICH 1O
rpymnam npoyHoctd I, II, III u IV npunsim cramu c¢ mpenenom texydectu 300, 350, 450 u
510 MlIla. Pe3ynbTarhl MOJAEIUPOBAHUS MMOATBEPIUIIA U3BECTHYIO U OTMEUYEHHYIO paHee [4] TeH-
JeH1nIo: 0oJiee TOJICThIe H O0Jiee MMPOKUE MOJIOCHI JOJDKHBI MTPOKATHIBATHCS ¢ MEHBIIUM CyMMap-
HbIM oOkatuem (puc. 1). IIpu npokartke ctanu rpynn npounocTd Il u [V MuanmanbpHas 10CTHXU-
Masi TOJIIKHA OOJIbINe, YeM IpH MpokaTke Metaimia rpymm npounoct [ u II. C yBenndyenuem mim-
PHUHBI TTOJIOCHl MAKCUMAJIBHOE JIOCTHKUMOE CyMMapHOe 00)KaTre yMEHbILAeTCsl.

Mogaeas aas Bblﬁopa TOJIIUHBI TOPAYCKATAHOI0 MOAKATAa H €€ JIeHCTBEHHOCTh

1o pe3ynbTaramMm KOMIBIOTEPHOIO MOJAEIUPOBAHMS MTOIYYHIM MacCUB U3 272 3HAUYEHUN Cpell-
Hero kodguimenTa 06xkatus, TPy KOTOPBIX BBITOIHAIOTCS OTPaHUYEHHs 110 SHEPrOCHIIOBBIM I1a-

pamerpam ([7] oy =N [Ho/h,. ), 1 MHOKECTBEHHYTO aNMPOKCUMAITHIO
_ _ _ _ )
[T]]PMW — 4,052'GH0‘095 . hKO,177 . 20,017 . b2,085 _O, 06 ’

(R?=0,874; F,=53,758; Fy; =2,405)

rIe oy — Hpejel TeKydecTH noakara; By, =hy/h, — koaddunuent popMsl monepevHoro ceyeHus
mosockr; R? — mokasaTenb JOCTOBEPHOCTH AIMPOKCHMALIHH; F, — paccunranHoe 4ucio Puiepa;
Fgs — TabnuyHoe 3HaueHue uyuciaa Puiepa npu poBepuTenbHON BepoaTHOCTH 95%. Tak kak
Fp > Fos, annpoxkcnmanus (2) sIBISCTCS CTATUCTHYCCKH HACKHBIM OTOOPAXKCHUEM HCCIIE/yeMON

3aBHUCHMOCTH.
I/I3BeCTHOMy [ﬁ]PMW IIpH 3aITaHHOM YHCJIC ITPOXOJ0B N COOTBECTCTBYCT HauOOIbIIAs TOJIIIH-

Ha 1moakKara

[HO]PMW =h, '[ﬁ]':MW : ©)

Toraa npenenbHOE AOMYCTUMOE U3 OrPaHUYCHHN HA SHEPrOCHIOBBIC MapaMeTPbl CyMMapHOE
obxatue (%)

[SZ]PMW :100'(1_]7/[1_1]EMW ) (4)

CootHorienue (4), a Takke 3aBUCUMOCTH (3) U (2) TO3BOJISAIOT BBHIOpATh MEPBOE MPUOIHIKE-
HUE MaKCHUMAaJIBHOTO CyMMapHOTO 00XAaTHsl U COOTBETCTBYIOIIECH TOMIIMHBI TIOAKATA [T XOJIOJHON
npokatki 32 N IPOXOMOB MOJOCH! 33a@HHBIX Pa3MEPOB IPH M3BECTHOH XapaKTePHCTHKE O
MIPOYHOCTHBIX CBOMCTB rOpsIY€KaTaHOTO METaIA.

[TpuMmeHuTenbHO K 3aJa4ye BHIOOpa MPelelbHOr0 CYMMapHOro 00XaTHus MOJeNb JaeT abco-
JIOTHYIO TIOTPEIIHOCTh OT -6,5 1o 9,3% mpu cpeanem 3Hauenuu 1,4%. OTHOCUTENBHAS MOTPEIII-
HOCTb HaxoauTcs B mpenenax ot -14,3 no 18,5% npu cpennem 3Hauenuu 2,5%. CranpapTHas
ommOka oneHuBanus 3,9%, cTeneHb COOTBETCTBHUS MPOTHO3UPYEMBIX U  HAOJIOaEMBIX
3Hauenuit 0,882 (puc. 2).

Paccmotpenu Takke aeiicTBeHHOCTh mMonenu. [1oa neicTBEHHOCThIO TTOHMMAeM OIEHKY [7]

1l «—j=1
E= _ern Pj , TIIE Pj =100 ACj / N j — TPOLEHT COBIMAJEHHS MPOTHO3MPYEMBIX 3HAYCHHH
m

J -I'0O IIOKa3aTciisd KadycCTBa (J = 1, m) AHAIIM3UPYCMOTr'0 mpouecca € pe3yjibTaTaMu NPSAMBIX HUC-
HBITaHPIfI, AC i~ KOJMYCCTBO NPOTHO3UPYCMBIX 3Ha4YCHHI J -I'0 MOKa3aTeCJIsd IMPHU BBIITIOJIHCHUN N j

VICTIBITAHUH, TAKUX, 9TO MOIYJb UX OTKJIOHEHHE OT JACHCTBUTENLHBIX HE IPEBBILAET 3aJaHHYI0 OT-
HOCUTENBHYIO OMKOKY oneHuBanus. [Ipu ommoOke oneHuBanus He Gonee 10% IeHCTBEHHOCTh MO-
nenn E =859 %, a mpu monmycrumoit ommboke 15% E =96,9 %.
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Puc. 1. MakcumanbHbie 00XaTHs1, JOCTHKUMBIE TTPH MPOKATKE XOJIOIHOM MPOKATKE MOJIOC
U3 CTAIH PA3IMYHBIX TPYIII MIPOYHOCTH (110 JAHHBIM KOMITBIOTEPHOTO MOJIETUPOBAHNUS):

a — HempepbIBHBIN nsiTHKIIeTeBor 630; 0, B, T, 1 — peBepcuBHBINA 1700 (mpokartka 3a 4 mpoxo/a);
e, K, 3, 1 — HEMPePbIBHBIN deTbIipexkiereBoit 2500; K, 1, M — HeNpepbIBHBIN TiaTHKIeTeBOM 2000;
0, e, K — rpymnmna npouHoctu [; B, i, 1 — rpynmna npounoctu II; r, 3, M — rpynmna npounoctu I1I;
I, ¥, H — rpynmna npoysHoctu IV
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Puc. 2. JlnarpaMma COOTBETCTBHS IPOTHO3UPYEMBIX M HAOJIOIAEMBIX 3HAYEHUH [e5 [oyny

3akjao4eHue

B Pa3BUTHUEC PAaHCC BBIITOJIHCHHBIX I/ICCJICI[OBaHI/Iﬁ IMOJIYYCHBI 3aBUCUMOCTH, KOTOPBIC IMO3BO-
JIAOT BBI6paTB IIepBOC HpI/I6J'II/I)KeHI/Ie MNpEeaACIIbHOIO MO0 TEXHUYCCKHUM BO3MOXKHOCTAM CTaHa CyM-

MapHoOro 00XKaTH [EZ]PMW 1 COOTBCTCTBYIOIIYIO TOJIIUHY ITOAKATA HO JUISL XOJIOAHOM IIPpOKAaTKHU

3a N 1poxon0B MOJIOCH! 3aJaHHBIX pazMepoB h, xD, Ipu n3BeCTHOH XapaKTEpHCTHKE MPOYHOCT-

HBIX CBOICTB rops4Y€KaTaHoro Meramjia O H -

bubéamnorpadguyecknii cnucoxk
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JlucrompokaTHOE TPOU3BOJICTBO

7.  TloBblmeHHe NEHCTBEHHOCTH CHCTEMBI YIIPaBJIEHUS KAYeCTBOM TPYOHOI'O JIMCTOBOTO MPOKAaTa
Ha 0a3e CTAaTUCTUYECKOTO IMPOTrHO3UpoBaHus cBoucTB / Pymsuner M.U., YUepkacor K.E.,
SAxywes E.B., Kopuunos B.JI., ®enocees C.A., Jlorunos A.B. Marauroropck, 2013.

. INFORMATION ABOUT THE PAPER IN ENGLISH o

M.l.Rumyantsev, 1.V.Fadeyev, R.O.Ryzhkin
Nosov Magnitogorsk State Technical University

FIRST APPROXIMATION OF ULTIMATE THICKNESS OF SEMI-FINISHED
HOT-ROLLED PRODUCTS FOR COLD-SHEET STEEL PRODUCTION

Abstract. While developing the previous research the dependences have been obtained which
allow choosing the first approximation of ultimate by its technical capacity summarized reduction
mill. In addition, the corresponding thickness of the semi-finished roll products for cold rolling for
the N passes of the sheet of the reference dimensions at the known characteristics of the strengthen-
ing properties of the hot-rolled metal has been chosen.

Keywords: cold-rolled sheet steel, semi-finished hot-rolled products, ultimate summarized re-
duction, thickness of the semi-finished rolled products.

Kamubporounoe 6ropo (www.passdesign.ru). 2017. Bermyck 10 13



[Tpon3BoaCTBO CHieIMAIBHBIX BUIOB ITPOKaTa

B.1O.PyouosB
AO «EBPA3 HmwxHeTarnibCKHii METaJUTyprudeckuii KOMOMHATY

METO/JUKA PACUETA YCWINHI IIPA IIONEPEYHO-BUHTOBOM IMPOKATKE
HNEPUOUYECKUX MPOPUJIEN MMOJTYINIAINCOUTHON ®OPMBI
HA ITPUMEPE IUWJIBIIEBCOB

Annomayus. J{ns pacuwupenus 03MOMCHOCMeEU aHATUMUYECKO20 Memood pacyema npu no-
NepeyHO-6UHMOBON NPOKAMKe NEPUOOUdecKux npoguiet, paspabomana Memoouka paciema ycu-
autl o1 gueyp noaysaauncoudonou gopmel. Ha npumepe yunvnedcos ¢ paziuyHou aiuncouoHo-
CMbIO NPOU3BEOEH pacyem YCUIULL U COeNaHbl 8b1600bl NO PAYUOHATLHOCIU 8b100PA NAPAMEMPOS.

Kntouesvie cnosa: nonepeuno-eunmosas npoxkamka, NOIYILIUNCOUOHAS (opma, yuibneoc,
nI0WAadb KOHMAKMHOU NOBEPXHOCMU, KOHMAKMHOE HANPANCeHUe, NOIHOe YCUIUue NPOKAMKU, NPo-

Puno.

BBenenue

B Hacrosmee Bpems B KaueCTBE MEIIOIIMX TEJl B TOPHOPYIHOM, YrOJbHOM, XUMHUYECKOU U
JIpyrux 00JacTAX MPOMBIIUIEHHOCTH HCHOJb3YIOTCS IIApbl, CTEPXKHU U LUibIeOCH. Llunpnedcs
UCIOJIb3YIOTCS HAa TOCIEAHMX CTaAusAX H3MEIbUYEHHUS B TOPHOJIOOBIBAIOLIEH M LEMEHTHOW Mpo-
MBILIIEHHOCTH. VX MperMyIecTBOM OTHOCUTENILHO MEIOIIUX IApOB SIBJIETCS OO0JIbIIas IUIOIMAb
MOBEPXHOCTU IIPU OJIMHAKOBOM Macce, UTO COKpalaeT BpeMs uctupanus. L{unpnedcsl u3roraBiu-
BalOT KaK JMTbeM B KOKWIb [l], Tak M METOOOM IONEPEYHO-BUHTOBON IPOKATKU IIO
TY 1172-004-49547075-2013. KanubpoBka BajKoOB JJIsl MPOM3BOICTBA LUJIBIIEOCOB MPOU3BOJUTCS
10 U3BECTHBIM METOJUKaM [2-4], aHaJOrMYHO KaJuOpOBKe BAJIKOB Ui IPOU3BO/ICTBA MIAPOB. Y CH-
JIM€ TPOKATKU B JAHHBIX YCIOBUSX IIPOBEPSAETCS TOIBKO IKCIEPUMEHTAILHBIM ITyTEM.

[{uibnedchbl B OTIIMYKME OT IIAPOB MOTYT UMETh HE TOJIBKO c(hepHyecKyro, HO TakkKe MOJydJI-
JUTICOMAHYIO0 (hOPMY, TTOITOMY aKTYyaJIbHOM 3a/Jauei sBJseTCs pa3padoTKa METOAUKU pacuera yCcu-
JUMH IpU ONIEPEYHO-BUHTOBOM MPOKAaTKe MPOouIIei MoILy3JUIUIICOUTHON (GOPMBI.

MeTtoauka pacuera

ITo popmyne A.N.IlennkoBa obiee ycuine, JeiCTByOIIEE Ha BaJIOK:

Po6u4 = qu + PK’ (1)

rae qu — yenine popMHUpYIOLIEro ydacTka; P, — ycuiie kaanbpyromero y4acrka.

,Z[EIBJ'ICHI/IG MCTaJlJIa Ha BAJIOK Ha KaXJI0M Y4aCTKE Kanu6pa ONPECACIIICTCA BBIPAXKCHUCM:

P=p,F. @

e pcp — CpCAHEC KOHTAKTHOC MABJICHUC MCTAJUIa HA BAJIOK; F — TOpHU30OHTAJIbHAA IMPOCKIUA

mjiaom@aan COMpUKOCHOBCHUA METAJLJIa C BAJIKOM.
HOBerHOCTB CONMPHUKOCHOBCHUA MCTAJIJIA C BAJIKOM Ha Y4aCTKE o0xxarus IEPEMBIYKHU

F,=b,l, ®)

rac bu — T'OPU3OHTAJIbHAA MPOCKIHA IMHPUHBI KOHTaKTHOM IMOBEPXHOCTH, I — JJIMHAa NEPEMBIYUKU,

onpeacirsicMasn KaJ'II/I6pOBKOI7I BaJIKOB.
HJ'IOHIa,HI) KOHTAaKTa MCTa/lla C BAJIKOM Ha YYAaCTKEC INECPEMBIUKU ONPEACTIACTCA aHAJIOTM4YHO,
KaK U1 TOBECPXHOCTH IIapa:

: (4)
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[Tpon3BoaCTBO CHieIMAIBHBIX BUIOB ITPOKaTa

rae R — panuyc Banka no Bepumne peGopasl; I — paauyc 3arotoBky; Z, — BeIM4MHA OOKaTHsA HA

MOJIOBHHY 000pOTa BaJKa.
Jlist ompenenenus JIMHUKA KOHTaKTa HeoOxomuMma cxema oOxkarus. CocraBiisieM cxeMy o0xka-
TS IS HUIbITe0ca Ipou3BoIbHOM Gopmel (puc. 1).

H H
LY 5
d ¥,<i r | ;_'Sj _417 b _
Pt '/\ I NG| B E N
o S o’ - {
< A e B
) =1 | €
. e I
X X
/[dﬁ /:d /Cab é /_;75?

Puc. 1. Cxema o0xarus muisnedca

JIvununs DldcabBl — n3o0paxaeT MpouiIb 3aroTOBKM B MpeAbLAYIIEM 000poTe Bajka, JH-

mns D,dcabB, — npodums B mocnenyromem o6opore Banka. T.K. 06KaTHe Ha BaJIKH ONpE/IENseT-
2 2 —up Y P p

csl Ha OJ-000pOTa, TO B JallbHEHIIEM, IPU pacyeTe KaauOpOBKH, OyJeM COCTABIATh 3aBUCUMOCTH
U3MEHEHHs IapaMeTPOB Ha KaXk/Ible M0I-000poTa.

O0G:xaTne B JIFOOOM CEYEHUM 3arOTOBKU Z, Ha PaccTOsHMM X OT Hayajla KOOPAMHAT, PABHO
Pa3HOCTH paJlycoOB 3arOTOBKU 10 00aTus u nocie Hero. [To xapakrepy aedopmanuu pazdbuBaem
paccmarpuBaeMble YYacTKU Ha: ab , cd - YYaCTKH, TJ€ U3 UWIMHIPUYECKOTO y4acTKa JJIMHON S
dbopmupyetcst mpoduiib, y9acTKU bBl, le, rae u3 cepuueckoro mpoduias OONBIIETO TUaMeTpa

dbopMmupyercs npoduiib MEHBIIETO TUAMETPA.
Onpenenum U3MeHEHHE ydacTka (POpMUPOBaHMS MPOPUIIS Yepe3 MUHUMAIBHYIO OCEBYIO T0-

z[atly 3aroTOBKHAU S .
Sap = AB, — ABy: ©
Sed =C2D, =CDy; (6)
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AoB, = \/rOabxz - (r(;abx - h2)2 ? ()
AlBl = \/rOabx2 - (r(;abx - h1)2 : (8)
CZ D2 = \/rOcdx2 B (r(;cdx B h2)2 : )

C1D1 = \/rOcdx2 o (r(;cdx o hl)2 J (10)

rae h2 — BbICOTa pebOp/bl B pacCMATPUBAEMBbI MOMEHT IPOKATKH, hl — BBICOTa PebOpPIBI 110

CMEIIEHUS 3arOTOBKU HA PaCUETHBIA MHTEPBAJ.
[ToacraBnsiem ypaBHeHHS 7-9, B ypaBHEHHS 5-6 U moTydaeM:

Sab = \/rOabx2 - (r(;abx - I‘]2ab)2 B \/rOabx2 B (r(;abx B hlab)2 : (11)

2 (. 2 (.
Scd = \/rOCdX - (rOcdx - hZCd )2 - \/rOcdx - (rOCdX - h1<:d )2 : (12)
Ha yuacrtkax ab, cd - paanyc u o0kaTtue B JIIOOOM CEYEHUU PaBHBI:

/ 2 2

H_II/IpI/IHy COIIPUKOCHOBCHUA METAJLJIa C BAJIKOM OIIPCACIIACM KaK:

b, =&\/2r,z, + zx2 : (15)

Panuyc He BnuseT Ha U3MeHeHue 00XkKaTus Mo JUIMHE TPOQUIIs, TOATOMY MOJICTABUB BBIpaXe-
Hus 13 u 14 B BelpakeHue 15 nomyuum:

2
bx = 5\/20‘0 _\/r0x2 - XZ )\/rOXZ - X2 + [rO - rOx2 - XZJ . (16)

IInomank KOHTAaKTHOM TIOBCPXHOCTHU paBHA:

S
F = [bydx. (17)
0

Ha yuacrtkax ab u cd mromanps KoHTAKTHOI MMOBEPXHOCTHU OyJIEeT paBHa:

Su 2
2, 2 2, 2 2, 2
Fabcd = | 5\/2(r0—\/r0xcd — Xeq )\/rom — Xeq +(r0— foxcd — Xed ) dxeg +
0

Sab 2
2 2 2 2 / 2 2
+ _[ 5\/2("0 - \/rOxab - Xab j\/rOxab - Xab + (ro - rOxab - Xab j anb .
0

Ha nanHbIX ywyacTkax, IpH W3MEHEHHUU Npoduis B KoopauHaTe X, paauychl OyAyT u3Me-
HATHCS IPONIOPLIUOHAIBHO.

(18)
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JlaHHasi MUIOIIAAb MOBEPXHOCTH cooTBeTcTByeT ydyacTkaM ab u CA mpm MmuHmMambHO-
JOTYCTHMOM momade S . Ha mocaeayromux yyacTkax S J0mycKaeTcs 3aMeHsTh X .

Ha yuacTtkax kamubpa bBl, le, paanyc 3aroTOBKH OIpenessieTcs Takxke no gopmyne 13, a
o0xaTue B TI000M CEYeHHH 3arOTOBKH PaBHO:

Z, :\/ro2 —(x—s) —\/rOX2 —x? (19)

[ToacraBuB BeipaskeHus 13, 19 B BelpakeHue 15 moyqnm:

b, :63\/2\/"0x2_XZ(\/roz—(X—S)2 —\/r()xz—xszr

5 (20)
+(\/r02 —(x—sy —\/rOX2 —xzj .
[1momaas CONpUKOCHOBEHHUSI METaJIa C BAJIKOM paBHa:
H
F= j b, dx; (1)
HCD]_
2 2 2 2 2 2
Fog,,dp, = I 5\/2\/r0xco —Xep [\/ro —(Xp =S4 ) — \/r0ch —Xep j+
Scd
5 2
+ (\/ro —Xep — \/rOXCD — XD ) chD +
(22)
+ _[ f\/z\/r0xaB — XaB (\/ro —\XaB — \/r0xaB — XaB j"‘
2
2
+ (\/"o —(XaB — \/r0xaB — X3 j anB
OO01mast KOHTaKTHAs! TOBEPXHOCTh HA ydacTKe 00aTHs B OJJHOM KanuOpe Oy/eT paBHa:
FC - Fab + ch + FbBl + Fle == Fab,cd + FbBl,le' (23)

PaCCManI/IBaSI mnmponecc HOHGpGQHOﬁ MMPOKATKU KaK PpE3yJIbTaT J3JICMCHTAPHBIX IIPOLECCOB
CKaTus NUIMHAPHUYICCKOIO TCJIa MCXKAY JABYMS MapalJICJIbHBIMHA IJIMTAMU ITPH ITOBOPOTE €ro HA Ma-
JIBIA yroJ, onpeacisieM CpeaAHEC KOHTAKTHOC HAIIPSXKCHUC T10 (bopMyne:

- 2k(1,25|n 2152 —o,zsj | (24)
b 2r

rae K — comporusnenue miactiaeckoil nedopMaii IPH YHCTOM CIBHUTE.
Jlanee pacdeT mpOM3BOIUTCS 110 W3BeCTHOM MeToauke [2, 5]. TTocie pacuera Bcex HEOOX0Iu-
MBIX TTapaMEeTPOB TMOJICTABIsIEM UX B 00IIee ypaBHEHUE:

n
P06u4 = qu + PK = ;Pnofiu; ' (25)
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rae N — gucio pebop, OTHOBPEMEHHO YYacTBYIOIIHUX B (POPMUPOBKE 3ar0TOBKH, Pn by ~ oO1iee
JABJICHUE HA OJIUH KaIuOp BaJka:
P06u¢ = pFH + pr (26)

TT0ACTABIIAEM BCE H3BECTHBIC TAPAMETPEI B YPABHEHHE 25 1 TIONydaeM:
Posiy = 3PF,, + Pan(0)Fan(o) + Pog, (0) Fos,(0) + Ped (0)Fed (0) + Pap, (0) Fap,(0) +
+ Pab(ry Fab) + Pos, ) Fos,@) + Ped (1) Fea @) + Pap, 0y Fap,@) +7 + (27)
* Pap(n) Fan(n) + Pos,(n) FoB, (n) + Ped (n) Fed (n) + Pap, (n) Fap,(n) -

Yarme BCcero BUHTOBBIE KAIMOPHI ISl TPOKATKU MUIIBIIEOCOB UMEIOT 2-2,5 obopota, N Oyner
COCTaBJIATH JJIsl HUX | W 2, OATOMY JJIsl pacdeTa MOJHOTO YCHIINS IIPOKATKH HEOOXOIMMO OyneT
BBIJICTATH 8-12 y4acTKOB M HAaXOIUTh HA KaKJAOM M3 HUX KOHTAKTHYIO IUIOIIA]b M CPEIHEE KOH-
TaKTHOE HAINPSDKEHHUE, BKIFOYAs BCE BXOJAIINE B HUX MTapaMeTphl.

Pac4yer 3HaueHuii Ha npuMepe npoduJieil UNJIbLNIEOCOB

[To TY 1172-004-49547075-2013 mapameTpbl U3rOTaBIMBAEMbIX IMIIbIIEOCOB MPEICTABICHbI
B Tabum. 1.

Tabmuua 1
OcHoBHblIe THIIOpa3Mepbl U rpynisl TBepaocty CKI]
OcHoBHble TUIIOpa3Mepbl, MM | IlpenenbHble OTKIOHEHHS [0 JUaMeTpy, MM | I'pynnsl TBeprocTu
20x30
22x35 +1
25x38 1,2,3,4
30x50 +2
50x120 +3

CornacHo JaHHBIM ITapamMeTpaM, BEIMYMHA JJITUICOUTHOCTH HE PETIAMEHTUPYETCS, TOATOMY
3a/IaBIIKCh MMPOM3BOJIBHBIMU Tapamerpamu (puc. 2), IPOU3BOJUM pacueT [Uisl IHIbIIEOCOB THITO-
pa3zmepa 50X120 ¢ yuerom KaauOpOBKU B OJJHO3aXOAHBIX BaJIKax MMOCTOSIHHOTO IlIara, yriioM cBeze-
HUS BajkoB 3° W yrjoMm moawsema pebopabl 15° Ha 1,5 obopora kanmubpa. Pe3ynbTaTel pacueros
MPEJICTaBJICHBI B Ta0. 2.

Puc. 2. lunbneOcs! ¢ pa3sHoi syumncouanoctero: 1 — 2/1; 2 — 1/1; 3 - 1/2
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Tabmnuma 2
Pacuernslie 3Hauenus g CKIL 50x120
ITapamerp i DJLIUIICOUTHOCTD -
Fab,cd (0) - 10°m 96 262
Fog, db,(0)» 10°m 168 404
Pab, cd (0) » MIla 149 120
Pbe,,db, (0) » MITa 161 136
Fab,cd 1) 10°m 138 -
Fog,dp,(1), 10°m 298 922
Pab, cd (1) MITa 132 117
Pog,,dp, (1), MIla 155 135
Fab,cd (2), 10°m 184 394
Fog,,dD,(2) 10y 0 0
Pab,cd (2) MIla 139 124
PbB,,dp, (2)» MI1a 0 0
F, 26 -
P 111 108
P, xH 140 306

st [unpriebca ¢ HOPMATBHBIM ITAPAMETPOM SJUTHIICOMTHOCTH 1/1 pacyer ycunuit momycka-
€TCsl TPOU3BOJAUTH MO U3BECTHON METOJIMKE KaK JIJIsl 1Iapa.

BriBoabl

Kak moxkazanu pacyeThbl, BEIIMYNHA Fab,cd 3HAYUTCIIPHO MCHBIIC BCINMYNHBI FbBl,le , I1O-

CKOJIBKY OCeBas I10/1a4ya 3HAYUTEJIbHO MEHbIIIE JUaMeTpa 3aroTOBKH, 3TO JOKa3bIBaeT, YTO Ha
KaXJIOM y4yacTKe (pOpMUPOBaHUE MOBEPXHOCTH HAYMHAETCS YK€ C HE3HAUMTEIbHOI'O Bpe3a
BaJKa.

[TonHOE ycunme MpOKaTKU YMEHbBINIAETCS MPU MPOU3BOACTBE IIMJIbIIEOCOB C MEHBIIEH AIIUII-
COUJIHOCTBIO, HO MPH 3TOM KOHTAKTHOE HANpsKEHUE HA YYacCTKH BAJKOB PACTeT, YTO MPHUBO-
JIUT K YMEHBIIEHUIO UX CTOMKOCTH U 00Jjiee OBICTPOMY H3HOCY peOopI.

PazpaGoranHas MeToAMKa pacueTa, B OTIMYME OT CYLIECTBYIOIIEH MpeIoKeHHON
A.N.1IenuKoBBIM JUIs pacyeTa MIINHAPHIECKUX, KOHMUECKUX U c(hepruecKuX MOBEpXHOCTEH,
pacupsieT BO3SMOXHOCTH U MO3BOJISIET ONPEAETUTh YCUIINE MPOKATKU MPH MPOU3BOCTBE Ie-
proauYecKUX Mpoduieil Momy3JIIUICOUIHON (POPMBI PU MOTNEPEUHO-BUHTOBON MIPOKATKE.
JlanHas MeToaMKa MpeUIoKeHa [l pacueTa YCUIMH MPOKaTKH MpU MPOU3BOACTBE LUJIbIIE0-
COB, HO TaK)k€ MOKET ObITh MCIOJb30BaHa MPH pacyeTe YCWIHM MpOKaTKU AJs JPYTUX Ie-
pHOAMYECKUX Tpoduied, UMEIOIMHUX B CBOEH T'€OMETPUHU MOIYIUTUICOUAHYIO (OpMY, UTO
pacupsieT BO3MOXKHOCTh aHAJIUTUYECKOTO METO/Ia pacyeTa MpH UCIOIb30BaHUH TOIEPEYHO-
BUHTOBOW ITPOKATKH.
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. INFORMATION ABOUT THE PAPER IN ENGLISH J

V.Y .Rubtsov
EVRAZ Nizhny Tagil Metallurgical Plant

METHOD FOR CALCULATING THE FORCES
FOR THE TRANSVERSE SCREW ROLLING OF PERIODIC PROFILES
OF THE SEMI-ELLIPSOID SHAPE USING THE EXAMPLE OF CYLPEBS

Abstract. To expand the possibilities of the analytical calculation method for transverse screw
rolling of periodic profiles, a method for calculating the forces for figures of the semi-ellipsoid form
was developed. On the example of cylpebs with different ellipsoids, the effort was calculated and
conclusions were drawn on the rationality of the choice of parameters.

Keywords: cross-helical rolling, semi-ellipsoid form, cylpebs, contact surface area, specific
pressure, total rolling force, profile.

Kamubporounoe 6ropo (www.passdesign.ru). 2017. Bermyck 10 20


http://elibrary.ru/item.asp?id=25922301
http://elibrary.ru/contents.asp?issueid=1573534
http://elibrary.ru/contents.asp?issueid=1573534
http://elibrary.ru/contents.asp?issueid=1573534&selid=25922301

[TponsBoacTBO Tpyd

JA.HoBOKIIOHOB
AO «BBIKCYHCKHMI METAJITypruueCcKUi 3aBO1»

0.CoxoJi0Ba

OI'bOY BO «MOCKOBCKHI rOCYIapCTBEHHbIA TEXHUYECKUM yHUBepcuTeT umenu H.D. baymana
(HaLMOHAJIBHBIN HCCIIE10BATENbCKUI YHUBEPCUTET)»

A.JlenectoB

3A0 «CuCodt»

OBECHEYEHHUE YCTOMYUBOCTHU KPOMOK TPYBHOM 3ATOTOBKH
IIPY HEITPEPBIBHOM BAJIKOBOM ®OPMOBKE

Annomayus. Paccmompensl uccie0o8anus, NOC6AUEHHblE COBPEMEHHBIM NPobiemMam evio0pa
cxemuvl popmMoobPA306aHUsL HA CYUIECMBYIOUUX MPYOOIIEKMPOCEAPOUHBIX a2pe2amax npu NoMowU
MOOenupo8aHus npoyeccd, NpUeder aHalu3 npooiem, C8A3aAHHbIU C 8blO0POM NPABUILHO2O NOJLO-
JHCEHUSl BANKOBO2O UHCMPYMEHMA 6 (hOPMOBOUHOM CmaHe OJid NOJYYeHUs CMabuilbHO20 npoyecca
@opmoobpazosanusi npu nepexooe Ha HOBble MUNOPA3MEPLL U HA HOBbIU MAPOUHbIU COPMAMEHM
nPOOYKYUU.

Knioueswvie cnosa: ceaprvle mpyovl, HenpepviéHas 6a1K08As (hOPMOBKA, KANUOPOBKU, cxemd
GopmousmeneHus, MOOeIUposanue NPoyeccd, Memoo KOHeUHbl J/IeMEeHNO8.

W3BeCTHO, UTO OCHOBHBIM HEJIOCTATKOM HEMPEPHIBHOW BAIKOBOW (POPMOBKHU TPYO SBISETCS
HOsBJICHHE B Imporecce (OPMOM3MEHEHUsT HCKPUBICHHBIX YYacTKOB KPOMOK TpYOHOH
3aroTOBKH — TaK Ha3bIBAEMBIX TO(PPOB, MPEACTABISIIOIINX COOON CIEICTBUE NOSBICHHUS B KPOMKaX
IIPOJOJBHBIX CKUMAIOIIMX HAINpPSHKEHUH, ONpEAesaommux ux ycronuusocTsh [1]. ITpuumHOi BO3-
HUKHOBEHHUSI TaKUX HANPSHKCHUN SBISIOTCS IUIACTHYECKHE NehOpMalMy PACTSHKCHUS U CKATHf,
KOTOpPbIE IPOMCXOJAT IIPU HENPEPHIBHOM 3HAKOIEPEMEHHOM Iube MOJIOCH B BajKax (pOpMOBOYHO-
ro crasa. 'oppooOpazoBanne 3aTpy HIET WIN JIENIaeT HEBO3MOXKHON MOCIIEIYIOIIYIO CBapKy 3aro-
TOBKH. DTOT HEJJOCTATOK HauboJee ABHO MPOSBISAETCS MIPU IPOU3BOACTBE TOHKOCTEHHBIX TPYO WIIN
XKe TpyO U3 CTalieil BRICOKHUX KJIACCOB MPOYHOCTH.

YroObl ompenesnTh KapTUHY paclpeneieHus MpoJIoJbHbIX AedopMaiuii B 3aBUCUMOCTH OT
TPaeKTOPUH LIEHTPAIBHOI'O BOJIOKHA TPYOHOM 3arOTOBKU OBLI MPOBEJIEH aHAINU3 Ipolecca GopMOB-
ku Tpyo Ha TOCA 203-530 AO «BM3». MccnenoBanue NpoBeeHO B CIIEHUATN3UPOBAHHOM IPO-
IrpaMMHOM KoMILIeKce KoHeuHo-3neMeHTHoro mojenupoBanusi COPRA FEA RF [2], ocHoBanHOM
Ha Oaze pemarens MSC Marc. B kauecTBe oObeKkTa MccieqoBaHUS BbIOpaHa TpyOa JuamMeTpoM
325 MM u TonmMHOM cTeHkH 5 MM. TpyOa usroraBnuBaercs cranei AByx mapok (20 u K56), npu-
yeM rodpoobpazoBaHue HaONIOJAeTCd TOJNBKO B CiIydae MWCIOJIb30BaHMSA CTalM Kjacca
npoyHoctu K56.

WcxonHbIMH  JaHHBIMHM JUIE  MOJIEJIMPOBAHMUS TOCIYKWJIa KOMIIOHOBKAa (DOPMOBOYHO-
CBapOYHOI'0 CTaHa HEMPEPhIBHOM BasikoBOil popmoBKkH (puc. 1), peanuzoBanHas B COPRA RF.

PesynpTaThl MosenupoBaHusi GOPMOBKHU MOKA3aIM, YTO, HE MEHSS TEKYILYI0 HACTPOMKY cTa-
Ha, CTAOMJIBHOCTH IIpollecca CBAPKU BO3MOXKHO OOECIEUUTh TOJIBKO HpPHU IPOU3BOJACTBE TPYO
&325x5 MM u3 cramm 20, Tak Kak npu (GOPMOBKE TPYOHOH 3arOTOBKH, U3TOTOBJIICHHOW M3 CTalld
KJjacca nmpoyHoctu K56, kpoMka TepseT NpoJoJIbHYI0 YCTOMUUBOCTh B MEXKJIETEBOM IPOMEKYTKE
FP1-FP2. Buenmnuii Bua usznoma nokasa Ha puc. 2.

B xozne ananusa ouara popMou3MeHeHHs ObUIM ONpeeNeHbl PUUYMHBI BOSHUKHOBEHUS TOQ-
poB. OHOM U3 MPUYKH OKA3aJI0Ch YBEIMUYEHUE PACCTOSHUS MEXKIY KPOMKaMH IMOJIOCHI U €€ BhICO-
ThI niepeA kieThio FP1 BenencTBue G6oubliero pacnpyXKHHUBaHUS TPOQUIIsS TPYOHOH 3arOTOBKU IIPU
dbopMOBKe B MpeabLAymHX KieTsx craHa (puc. 3). [lockonbky yBenumuuMBaeTcs TpaeKTOpus Mepe-
MEILEeHUs] KPOMOK, CTAHOBHUTCS OOJIbIIIE M BEJIMYMHA MPOJOIbHBIX J1eopMaluid, YTO CIOCOOCTBYET
MoTepe MPOIOJIEHON YCTOWYMBOCTH KPOMOK B MEKKIIETEBOM npoMexyTke FP1-FP2.

Taxke ycTaHOBJIEHO, YTO HEMAJOBAXXHOM MPUYMHOM rodpooOpa3oBaHus B rpyIie Kierei ¢
3aKpbITHIM NpoduieM kanndpa FP1-3 aBnsercs HecoBepIIeHCTBO cxeMbl (HPOPMOU3MEHEHUS B Kile-
TsAX craHa npensapurenbHoil popmoBku FFX (PR1-CL3), a uMeHHO HEepaBHOMEPHOCTH JieopMa-
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LMY KPOMOK IIOJIOCHI IO JUIMHE oyara cBopauuMBaHus. Kak BuAHO M3 puc. 4, eqMHOBpEMEHHAs
Oosblas BeIMYMHA ONyCKaHUA JHA TPYOHOM 3aroTOBKM B IJIOCKOCTH KieTd RVS Bener k neperu-
0aM KpOMKHU B MEXKJIETeBOM npomexyTke BD4-RVS (puc. 5) ¢ meprnogoM BOZHUKHOBEHHS OKOJIO
1200 MM, paBHBIM MOJIOBUHE MEKKJIETEBOI'O PACCTOSIHUA.
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Puc. 2. IIpogonbHast muractudeckas 1eopMarus TpyOHOH 3ar0TOBKH B MEXKKIIETEBOM IIPOMEKYTKE
FP1-FP2 npu npouzBonctee TpyOb! J325x5 MM (B cBepxy): a — ctanb 20; 6 — cranb K56
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20 53 mm 87 MM K56

HA BXOAE
B KNETb FP1

HA BXOJE
B KJIETb FP1

HA BbIXOAE HA BbIXOAE
W3 KNETWU FP1 W3 KNETWU FP1

Puc. 3. ®opma npodwiis TpyOHO!H 3aroTOBKH Ha BXOJIE M BbIXOJe U3 Kiietu FP1
IpU IPOU3BOJICTBE TPYO n3 ctanu Mapok 20 u K56

B NMJIOCKOCTWN KJ/IETU

K56

S
B

5947
124,52

5bINO
cTano

MECTO
2 - ocpasosanwa
W3NOMA

Puc. 5. Buemnuii Bua nepern60B KpOMKH B MEXKIIETEBOM npoMexyTke BD4-RVS
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Kpowme toro, npu ¢popmoBke TpyO u3 cranu K56 mpoucxonut yBeanueHHe TPACKTOPHH Tepe-
MEIIEHHUSI KPOMKH 3a CUET ee OOJIbIIero pacnpyKuHuBaHus (puc. 6) Ha Beixojae u3 ket BD4, uto
NPUBOJUT K YBEJIIMUECHUIO MPOAOIBHBIX JeOopManuii 1, KaK CIEACTBHE, CIIOCOOCTBYET (OpMHUPOBa-
HUIO U3JIOMa KPOMKH B MEKKJIETEBOM NpoMekyTke BD4-RVS no npuHummy, onucaHHOMY BBIIIIE.

Uro0bl MpeoTBpaTHTh NOTEPI0 KPUBU3HBI KPOMKH 3arOTOBKH, HEOOXOAUMO YBEITUYUTH IIIH-
pUHY MOArnbaeMoro yyactka npoguisi, CKOppeKTUPOBaB MOJI0XKeHHe BankoB ket BD4 cornacno
NPUHIUIHAIBHON cxeMe «10(pOpPMOBKIY», IPEACTABICHHOM Ha puc. 6.

HA BbIXOAE N3 KJ/IETA
P BD4

cLs CL2 CLL RVS - 27,

7
MECTO
X = OBPA30BAHWA

W3NOMA

Puc. 6. Cxema, neMoHCTpHpYyIOLas pa3jIuyus reOMeTpuu npoduist TpyOHOH 3aroToBKU
Ha BbIXoie u3 kiereit crana FFX npu ¢popmoBke Tpyd J325X5 MM U3 pa3IuvHBIX MapoK cTayei

Takum 00pa3oM, yCTpaHUTh HCXOJHBIE MEPErnObl KPOMKH, CIIOCOOCTBYOIIME (HOPMHUpPOBa-
HUIO TOQPOB B TPYMIEC KIETSH C 3aKPBITBIM MPOPUIeM KanuOpa, TMO3BOIUT ONTHMH3AIMS CXEMBI
(opMOU3MEHEHHSI 3arOTOBKM B KJIETSX CTaHa mpeaBaputenbHol (popmoBku FFX 3a cuer m3mene-
HUS KOOPJWHAT MOJOXKEHHUS pabodero mHCcTpyMeHTa. Cxema «BeTka (OPMOBKHY», ONTUMAIBHOTO
JUTs Ipou3BojicTBa TpyO P325x5 MM u3 cranu K56 (orpakaer reomeTputo npoduis TpyOHO# 3aro-
TOBKHU Ha Pa3IMYHBIX dTanax ee GopMOU3MEHEHHS ), IPEICTABICHA HA pUC. /.

éf/;/'
/

TEKYLLAA CXEMA |:$ NMPEANATAEMAA CXEMA

$OPMOUN3MEHEHNA $®OPMOU3MEHEHNA

Puc. 7. Cxema onTuManbHON TPa€KTOPUU NEPEMELIEHUS KPOMKH
Y BEJIMUMHBI ONTyCKAHUS THA TPYOHOM 3aroTOBKH

YcTpaHeHre OMHMCAaHHBIX MPUYHUH rodpooOpa3oBanus B rpymie kiuereit FP Heobxomumo, HO
HEJI0OCTaTOYHO I 00eCIeueHus MPO0JIbHON YCTOMYMBOCTH KPOMKHU. B Xo1e riccrnenoBanus ObLIO
YCTaHOBJIEHO, YTO IJIaBHON MPUYMHOMN MOSBICHUS U3JIOMOB SIBIISIETCSA MPOJIOJIbHOE TEUEHHE METall-
J1a PUKPOMOYHOM 00JIACTH MpH 00XKATUU TPYOHOU 3aroToBKH U3 cTaiu K56 B KIIETAX ¢ 3aKPBITHIM
npodunem kanubpa. Kak BumHO Ha puc. 8, mpu 00kaTuu 3aroToBKH U3 cranu K56 He mpoucxoaut
YTOJILEHUSI TPUKPOMOUYHOM 0651aCTH, B OTJIMUKE OT (GOPMOBKHU TpYO 13 ctaiu 20.
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N
(=]
o

505

Puc. 8. Ceuenue TpyOHOIT 3arOTOBKH HA BBIXOe U3 Kietu FP1

OOHapyXeHO, YTO BCIIEACTBUE MPUMEHEHUSI HUCIAAAIONIEH CXeMbl OIyCKaHUs JHA TpyOHOMH
3aroToBkH Ha craHe FFX kpoMka «oTctaer» oT Tena (GopMmyemMoii TpyObl, KaK IMOKa3aHo Ha puc. 9.
OT10T (haKkT U OTMEUEHHOE paHee TeYEeHUE MeTajjla MPUKPOMOYHON 00IacTH B HaIpaBieHUH (Hop-
MOBKHU CO3/AIOT €ro M30BITOK B MEXKiIeTeBOM mpomexyTtke FP1-FP2, popmupys muszmom. Ilepuon
00pa30BaHus HEIIPOBAPOB CBAPHOI'O COEMHEHUS, KaK U Neproj (popMUpoBaHUs U3IOMOB KPOMKH B
MEXXKJIETEBBIX MPOMEXYTKax rpymnmsl kiaetel FP1-3, onnHakoB u paBeH okosno 600 MM — OJIOBUHE
paccTOsIHUSA MEXy HUMHU.

11 , = 11 \

[l] ] y [ A\

Puc. 9. 'eometpusi ceTku nocie NpoxoxaeHusl TpyOHOH 3aroTOBKOM
CTaHa npeaBapuTenbHoi popmoBku FFX

s oGecrnieueHus MpPOAOIBHON YCTOWYMBOCTH KPOMKH MPEIOKEHO HMCKIIOUUTH 00KaThe
TpYOHOI1 3aTOTOBKHM 110 IEPUMETPY B MEPBBIX ABYX KieTax rpynnsl FP, npenorBpatus npooisHOE
TE€UEHHE MeTalljla MPUKPOMOYHOM 00JIacTH, 3a CUET YMEHBIICHUS IIMPUHBI UCXOJHOW 3arOTOBKU

By Ha Bemmunny A, onpenensiemyto o dopmyie:

A=By- (Hmmp FP2 — kt)’
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rne 11 xamGpFP2 — MEPUMETP kanuoOpa knetn FP2, mm; 1 — tonmumua crenku TpyOHOM 3arotos-

xu, Mm; K — KO3 PHUIMEHT yBEIMYECHUSI HAPYKHOTO TIEpUMeETpa 3aroToBKu B kieTsix FFX.
BriBoabl

1.  Coszmana mozaens dopmousmeHnenus TpyoHoi 3aroroBku Ha TOCA 203-530 AO «BM3» B

nporpammuoM komiiekce COPRA FEA RF (na 6aze MSC Marc).

2.  IIpoBeneH KOHEUHO-IJIEMEHTHBIN aHanu3 mporecca GopmoBku Tpyd I325x5 MM U3 cranm

Mapok 20 u K56, KoTopblil O3BOJIWI YCTAHOBUTH CJICAYIOIINE 3aKOHOMEPHOCTH:

— nyTeM Moa00pa B BEPTUKAIBHON IUIOCKOCTH KPUBOW MOJOXKEHHS IIEHTPAJIHHOTO BOJOKHA
TpYOHOI 3aTrOTOBKM MMEETCSI BO3MOKHOCTh C()OPMHUPOBATH TaKOH o4ar (POpMOBKH, KOTOPOMY
Obula OBl XapaKkTepHa MEHbILAs HEPABHOMEPHOCTh MPOJIOJIBHBIX Ae(opMaluii U MEHbIIas Be-
JMYKMHA UX MAaKCUMAJIbHBIX 3HAUEHUI;

- (dbopMHpoBaHue U3JI0Ma KPOMKHU (IIpU IPOM3BOJCTBE TPYO U3 CTaJCH BBICOKMX KJIACCOB IPOY-
HOCTH) MPOUCXOAUT BCIEJCTBHE MPOJOIbHOIO TEUEHHs MeTallja IMPUKPOMOYHON 00jacTu B
HarpaBIeHUU GOPMOBKH MpHU 00XKATUW 3arOTOBKH B KieTsX FP U «oTcTaBaHus KPOMKH OT
Tesa (opMyeMoil TpyObl IO NMPUYMHE NMPUMEHEHHs] HUCHAJAIoUIed CXeMbl ONMYCKaHUs JHa
TpyOHOI1 3arotoBku Ha ctane FFX;

- npyu (pOPMOBKE TOHKOCTEHHBIX 3arOTOBOK II€J1IeCO00Pa3HO coveTaTb MEPONPUATHS, MPEAoT-
Bpallarolue MosiBIeHNe TOPpOB HA KPOMKAX MEXy KJIETAMHU CTaHa MpeABapUTeabHol (op-
moBku FFX, ¢ BbIOOpOM OnTMManbHON MIMPUHBI IITPUIICA, [TO3BOJISIFOIIEH UCKIIOUUTH Upe3-
MepHoe 00KaTue 3ar0TOBKU B CTaHe OKOHUYaTesbHOU (hopmoBku FP1-3.

3. Ilomumo obecriedeHns MPOAOJIbHONW YCTOWYHMBOCTH KPOMOK, YMEHBIIICHHE ITMPUHBI HCXOJHON

3arOTOBKH I103BOJIMJIO YMEHBIIUTh PACXOAHBIA K03(ppuLneHT MeTaiia 6ojiee 4eM Ha 5 KT Ha TOHHY

TFOTOBOM ITPOJYKLIAH.

[Tony4yeHHbIE 3aKOHOMEPHOCTH MMEIOT YHUBEPCAJIbHBIM XapakTep U Ha JaHHBIH MOMEHT yc-

MEIIHO MOJITBEPKACHBI IPU POU3BOJCTBE TPYO U3 ctamu K56 (J530x6 Mm).
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ENSURING THE STABILITY OF THE EDGES
OF THE PIPE BILLET UNDER CONTINUOUS ROLL FORMING

Abstract. The research is devoted to the modern problems of the choice of the rollforming
process by FEA modeling, the analysis of the problems connected with a choice of a correct posi-
tion of the roll tool in the mill for reception of a stable process of shaping at transition to new
standard sizes and on a new material.
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