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T HauuoHaJIbHBIH HCC/IEI0BATEILCKHUIT TeXHOIOrHYeckuii ynusepeuter « MACuC»
(119049, Poccus, Mocksa, JlennHckuii np., 4)
20AO «PoccuiicKuii HAy4HO-HCCIEI0BATEIbLCKHIA HHCTHTYT TPYOHOI npombiienHocT» (PocHUTH)
(454139, Poccus, Yenstounck, yn. Hosopoccuiickas, 30)

Annomayus. B pesynsrare aHanmsa npoueccoB (JOPMOBKH JIMCTOBOM 3arOTOBKH IPH Pa3IMYHBIX cxeMax: B Bablax (cxema RBE), Ha npeccax (cxema UOE)
u maroBoit popmoBk (cxema JOE) noka3aHo, 4To B OTEYECTBEHHOM 1 3apyOeKHOM MPAKTUKE MPOM3BO/CTBA TPYO OONBIIOr0 AMamMeTpa JUisi MPOKIIaIKH
MOPCKHX TpyOonpoBonoB npumensercs cxema JOE. BblnonHeHo MaTeMaTnieckoe MOISIHPOBaHUE IPOLECCOB INIACTHYECKOr0 (hPOPMOU3MEHEHHS JINCTO-
Boit 3arotoBkH 110 cxeme JOE Ha KpOMKOrHOOYHOM Ipecce U mpecce MaroBoi GopMoBKH 1 KannOpoBanus cBapHoi O-00pa3HOii TpyOHOI 3arOTOBKM Ha
MEXaHHYIECKOM SKCITAH/IePe C UCTIONb30BaHkHeM nporpaMmHoro komruiekca Deform 3D. [IpeacrasieHsl pe3yibrarbl MAaTEMaTHYECKOrO MOJICITMPOBAHHS Ha-
NPSHKEHHO-1e(OPMUPOBAHHOTO COCTOSIHHS METAJLIA B TPYOHBIX 3arOTOBKAX M F'OTOBBIX TPYOax 10 BCEMY TEXHOJIOTHYECKOMY MepeiesTy IPOU3BOACTBA TPYO
Gonbiroro quaMerpa. [TokasaHo, 4To IIACTHYECKOE COCTOSHUE C(HOPMOBAHHBIX J-00pa3HBIX JHCTOBBIX 3aTOTOBOK Ha IIPECCOBOM 00OPYIOBAHNH H IIPH Ka-
JMOPOBaHKK TPYO XapaKTEepHU3yeTCsi HEPABHOMEPHOCTBIO HanpshkeHHO-aehopmupoBaHHoro coctositust (H/IC) merasa. [IprBeneHsl YncieHHbIe pe3yiib-
TaThl PACHPE/ICTICHHs SKBUBATICHTHBIX HAMPSKEHUH 1 MHTEHCUBHOCTH JIe(hOpMAIIiK Ha HAPYsKHO TOBEPXHOCTH TPYOBI THIIOpasMepa D xS =720%22 Mm
kiacca npounoctu K56. TlokazaHo, 4to y4actku TpyObI ¢ Oonblield HepaBHOMepHOCThI0 HJIC XapaKkTepH3yroTCs MTOBBILICHHBIME 3HAYEHUSIMU OCTaTOY-
HBIX HAPSDKEHUH U ie(hopMaliHii, TOITOMY B ITHX OOJACTSIX OTMEUCHO YBEIMYCHHE MaMETPa U OBAILHOCTH TPYObI OTHOCHTEILHO CPEIHET0 3HAYCHHSI.
Pe3ynbrarhl MPOBEICHHBIX YKCIIEPUMEHTAIBHBIX HCCIIEIOBAHMI OCTATOYHBIX HAMPSHKEHHH MOCIIe SKCIIaHIupOBaHust TpyO, n3rorosneHHbX Ha TOCA 1020
1 TOCA 1420 yOenurenbHO NOATBEPIKIAIOT HE PaBHOMEPHBIA xapaktep pacnpenenenus HIC B nonepeunom ceuennun TH/[: B cBapHOM 1iBE G, 0cTH-
rator BenmunHbl +220 MITa (cxema JOE) u +150 MITa (cxema UOE), uto cocrasnser (0,3 — 0,4)c_ Torna kak B meramie Tpyosl 6, =+40...45 MITa.

YncreHHbIe pacyeThl 10 METOy KOHEYHbIX nemMeHToB (MKD) Mozeny 3Ha4eHnii 0BaIbHOCTH TPYObI OCIIE IKCIIAHAMPOBAHUS [IPU PA3INYHBIX HAYaIb-

HBIX TEOMETPUYECKHUX pazMepax c(POPMOBAHHBIX JIMCTOBBIX 3arOTOBOK MOATBEPKIAIOTCS AAHHBIMU (DM3HUECKOTO H3MEPEHHS T€OMETPHUECKHX Pa3MEpOB

Ha yCTaHOBKE aBTOMATHYeCKOro KOHTpoJtst. [To pesynbsraram MOJIEIMPOBaHUST YCTAHOBIICHO, UTO JUISL CTPOMTEIBLCTBA MOBOJHOTO Ta30MPOBOJA, COIIIACHO

HOPMAaTHBHO# IOKyMEHTALH, TpeOyemasi reoMeTprdeckas popma TpyObl 1 TOYHOCTH pa3MepoB BHyTpeHHero auamerpa Th/l gocturaercs npu sxcnaH-

JIMPOBAHUH 3arOTOBKY C BEIMYMHON OBaJIBHOCTH He Ooree 5 M. IIpu 3ToM obecriedrnBacTcs: KadeCTBEHHAS COOpKa U CBApKa KPOMOK COEUHACMBIX TPYO

B JIMHUHM TpyOorpoBosa. IIpuBeieHHbIE pe3yIbTaThl KOMIBIOTEPHOro MozieipoBanust 1o MKD mMoneny HanpshkeHHO-1e(hOpMUPOBAHHOTO COCTOSTHUS 1A~

CTHYECKOTO (hOPMOM3MEHEHHSI 3arOTOBKU-TPYOBI IIPH M3rotoBieHnH 1o cxeme JOE HeoOX0mMMMO yUUTHIBATh MPU PacyeTe TeXHOIOTHISCKUX MapaMeTpoB

(hopmOBKH TPYOHO# 3ar0TOBKH, KATHOPOBKE HHCTPYMEHTA U PEKUMOB HACTPOIMKH IIPECCOBOIO 000PY/I0BaAHHSI.

Knrouesvle cnosa: MmareMatnieckoe MOJICIIMPOBAHKE, TAPAMETPhI HANIPSHKEHHO-1e()OPMUPOBAHHOTO COCTOSIHUS MeTall1a, OPMOBKA, JTUCTOBASI 3aTOTOB-
Ka, KaImOpoBaHue TPyO, SKCIaHAEP, CBAPHBIC TPYObI OOJBIIOTO JHaMeTpa.
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CucreMsl TpyOOIIPOBOAHOTO TpaHCIOPTa, IS cOOp-
KM KOTOPBIX HCIIOJIB3YIOTCSI TPYyObl OONBIIOTO Juamerpa
(TBO), oTHOCATCS K ONTACHBIM TEXHOTCHHBIM 00bekTaM [1].
Wx aBapum wim 0TKa3bl B paboTe MPHUBOAAT K BOSHUKHO-
BEHHUIO CEpPhE3HBIX YIPO3 HACENEHHI0, WHKEHEPHBIM CO-
OPYXKEHUSM M TPUPOTHBIM MACCHUBAM, MOITOMY K HHUM
MIPEIbSIBIAIOTCS BBICOKHE TpeOOBaHUS NO 00ECHEeYeHHIO
HaJe)KHOCTHU U Oe3omacHocTH [1].

B oreuectBenHol [2 — 5] 1 3apy0OeskHO# [6 — 9] mpakTH-
ke i npoussoncTBa TH]l npuMeHsoTes pa3inyHbIe CIIO-
coOBI (HOPMOBKH JIMCTOBOM 3aroToBKH (puc. 1):

— (hOpMOBKa JIUCTOBOI 3aroTOBKM MPOKATKOM B Tpex
BaJIKaX C OKOHYATEIHHOW MOTHOKOH KPOMOK Ha JINCTOTH-
6ounoit mammHe (cxema RBE — pa3pab®otku mBeitnapckoit
rxommanuu Haeusler) [4];
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— TIPOM3BOACTBO TPyO mquameTpom 110 1020 MM u3 oxHO-
ro JIUCTa ¢ (POPMOBKOII 3aTOTOBOK 110 IEPHMETPY Ha MOIII-
HBIX mpeccax (cxema UOE, ucronb3yroT Ha YenssOnHCKOM
TPYOOIPOKAaTHOM M BBIKCYHCKOM METaJTypriuueckoM 3aBO-
J1ax).

OCOoOEeHHOCTD TEXHOJIOTUU MIPOU3BOJACTBA TPYO MO CXe-
Me JCO 3axmodaercs B TOM, 4TO (pOopMOBKa Ha Ipeccax
OCYIIECTBISIETCS BEPTHKAIBHBIM W TOCIEIOBATEIbHBIM
nepeMenieHueM HHCTPYMEHTA MpU THOKe KPOMOK IO BCEH
MIMPUHE JIUCTa U MOIIaroBoi (JOPMOBKOIT — IepeMeIeHH-
€M MHCTPYMEHTa BHa4aJjie OJHOW CTOPOHBI JIUCTA, a 3aTeM
Jipyroi Ha npeccax [3, 6, 10].

HanexxHocTs 1 6€3011acHOCTh IKCILTyaTallid COBPEMEH-
HBIX MAaruCTPaJbHBIX TPYOONPOBOJOB OOECIeunBaeTCs HeE
TOJILKO BBICOKMMHM MPOYHOCTHBIMH (G, > 600 MIla) u Bas-
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Puc. 1. TexHonoruueckue onepanuu npu rnmpou3BOACTBE MPSAMOIIOBHBIX CBAPHBIX pr6 0OJIBIIIOTO JAraMeTpa 110 pas3jIun4HbIM CXeMaM (bOpMOBKI/I

Fig. 1. Technological operations at production of longitudinal welded large-diameter pipes under various forming schemes

KOCTHBIMH CBOWCTBaMHU TPyO OOJBIIOTO AMAMETpa, HO U UX
FeOMETPUYECKUMHU pPa3MEpPaMU: OTKJIOHEHHUEM Hapy:KHOIO
JIaMeTpa U OBAJIbBHOCTH KOHIIOB TPYO OT Kpymioi (hopMmsl,
OTKJIOHEHHEM OT TEOPETUYECKOH OKPYKHOCTH B 30HE CBap-
HOTO I11Ba, KpUBH3HOU TpyO 1 aApyrumu [10], koTopsle onpe-
JIETAIOTCS  HAaNPsDKEHHO-Ae()OPMHUPOBAHHBIM  COCTOSTHHEM
(HAC) meranna B npouecce nzroropnenus (puc. 1) [9—11].

ABTOpPBI Pa0bOTHI [4] CUMTAIOT, UTO PABHOMEPHYIO I'eO-
METPHUIO TPYOHOH 3arOTOBKHM BO3MOXHO IOJYYHUThH C IIO-
MOIIIBIO ()OPMOBKH JINCTOBOH 3aTOTOBKH B BaJIbLIaX, OHAKO
y Takux TOCA cymiecTByer y3kuil pasMepHbIN JHUana3oH
MPOU3BOIUMBIX TpyO 1Mo muametpy (D <900 mm) u ToJI-

max —

IMHE CTEHKH (S <25 MM) U3-3a OTPaHUYEHHS M0 MAK-
CUMAJIBHO JIONMYCTHUMOMY JaBJI€HHUIO B THUAPOLMIMHIPAX
U TpEJeIbHOMY yCHIHIO THOKH. Takue ke OrpaHuueHUS
OTHOCSTCSI U K Tpou3BoAcTBy TpyO mo cxeme UOE Ha
TOCA1020, mosTOMY TpYOBI, U3TOTOBJIEHHBIE T10 TUM TeX-
HOJIOTHSIM, TPUMEHSIOTCS ISl CTPOUTENLCTBA CYXOIYTHBIX
TpyOONIPOBOAOB.

Js CTpOUTENBCTBA MOABOMHBIX TPYOOIIPOBOIOB IIPH-
MEHSIIOTCSI MPSMOIIOBHBIC TpPyOBI OOJNBIIOrO AMAMETPA
(DT = 1220 — 1420 MM) co cTeHKaM¥u TONIIUHOHN /10 50 MM
kiaccoB npoyHoctu X90, X100 n X120, usrotosiaeHHbIE
mo cxeme JCO u oOTBedarmue MEXKIYHApOIHBIM CTaH-
napram ISO 3183 u cranmapry SL AMepukanckoro Hed-
TIHOTO WMHCTUTYTa [3, 6]. TexHomoruu WX MPOU3BO/ICTBA
MOJTy4nny HauOojblee pacHpocTpaHeHHe B lepmanunwy,
Kurae, Unnuu, a Takxke MCIONB3YIOTCS POCCUIUCKUMU 3a-
BogaMu: OAO «BBIKCYHCKHI METAJUTypTUUECKUi 3aBOAY,
3A0 «Mxopckuid TpyOHBIH 3aBoa», OAO «YensOuHCKUiA
TPyOONIPOKATHBII 3aBOI.

Ornenka HepaBHomepHocTr HJIC meranna npu ruractu-
94ecKoM (POPMOU3MEHEHUH JIMCTOBOW 3arOTOBKM MO CXEMeE
JCO B rotoByto TpyOy Ha BCEX CTAAMUAX TEXHOIOTHIECKOTO
nepezena: npu (popMoBKe, cBapKe 1 KalInOpoBaHuu (puc. 1)

MPOBECHA aBTOPAMHU C HUCIOJIb30BAHUEM MOAEIMPOBAHMUS
METOJIOM KOHEYHBIX ArieMeHToB (MKD), KoTOpsIii morydn
0O0JBIIIOE pacnpOCTpaHeHHe B IMpoleccax 00paboTKU Me-
TaJToB naBiaeHueM [12 — 15].

Ha mepBoMm »3Tame OCYyLIECTBICH aHAIN3 HaNpsLKCH-
HO-71e()OPMUPYEMOTO COCTOSTHUSI (POPMYEMBIX KPOMOK Ha
KPOMKOTHOOYHOM TPECCE C MOMOIIBIO IMPOrPaMMHOTO MPO-
nykta DEFORM-3D. Mogens Bkitouana 35 800 anemen-
TOB KOHEYHO-3JIEMEHTHOM CETKHU, BPEMsI pacueTa Olepariuu
MOJATHOKU KPOMOK cocTaBmiio 3 4. [10]. AHayiu3 mosydeH-
HBIX PE3YJIbTAaTOB MOKA3aJl HEPAaBHOMEPHBII XapakTep pac-
MIPEe/ICIICHIsI SKBUBAICHTHBIX (OCTaTOYHBIX) HATPSHKEHHN
0 IIUPUHE KPOMKH (pHC. 2), BEIUYHMHA KOTOPBIX COCTABH-
na 0,70 - 0,75¢_. ITpu 5T0M Ha Tpybax ¢ TONIMHON CTEHKH
70 12 MM BBISIBIIEH MAaKCUMAJIbHBIA MPOTHO OMOP HUXKHETO
WHCTPYMEHTA, KOTOPBIA COCTaBUI 1,5 MM.

ITo pesynsraTam aHanu3a SMIOpP SKBUBAJIEHTHBIX (OCTa-
TOYHBIX) HaNpsHDKEHUH YCTaHOBJIEHO, YTO HE C(POpPMOBaH-
Hasl ITOJIOBMHA JIMCTA 1O BCEH JUIMHE 3arOTOBKH n3rudaercs
Oonpiie (nedopmanus MeTaula MPOUCXOAUT B YIPYTOM
obmacth), ueM copmoBaHHas (1edopmariys MeTaa mpo-
HCXOIUT B YIPYTOIUIACTUYECKOH 00IacTH) M pa3HHIA BO3-
pacTaet ¢ KaxIbIM IOCIIETYIONIUM [IIATOM Ha IIPECcce MI1aro-
BOU (hopMOBKH.

Ha BTOpOM 3Tame mccnenoBaHuil MPOBEAECHO KOMIIBIO-
TEepHOE MOJEIHPOBAHNE HATPSHKEHHO-IC(POPMHUPYESMOTO
COCTOSIHUSI MeTajula B 21 Touke MO IEepUMETPY JIMCTOBOU
3aroTOBKM NMpH (HOPMOBAHUM MpaBOd YacTu J-00pa3HOro
npoduist Ha npecce marosoit popmosku (ITILLID) mns mo-
Jydenust TpyObl Tumopasmepa D_xS = 720x22 MM u3 cTa-
mm knacca npoynoct K52 (puc. 3).

[To pesynbraTaM pacuera SKBHBAJICHTHBIX (OCTaTOY-
HBIX) HaMpsDKCHUI M HAKOIUIEHHOW CTETeHU Je(opMariun
npu (OPMOBAHUH TPaBOi YacTh J-00pa3HOro Mpoduiis Ha
npecce maroBoi (opMoBku (puc. 3, 6, ) CAENaH BBIBOJ O
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Puc. 2. Xapaxkrep pacnpeneneHus HalpsHKEHUH HA TOBEPXHOCTH JIMCTA MOCIIE MEPBOTO 11ara ruOKM Ha rpecce maroBoit GopMoBkH (a)
U IPOru0 KPOMKH JIUCTOBOI 3aTOTOBKH (0)

Fig. 2. Pattern of stress distribution (a) on the sheet surface after the first step of bending process on JCO-press and deflection (6)
of the edge of sheet billet
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Puc. 3. CxeMbl pacueTHBIX TOUYEK (@) U pacIpesielIeHue HapspKeHHuiT (0) u nedopmarii (6) Ha Hapy>KHOU OBEPXHOCTH TPYOHOH 3ar0TOBKY IIPH
(hopmoBaHUM TIpaBoil YacTH J-00pa3HOro nMpod s Ha pecce MaroBoii GopMoBKH

Fig. 3. Schemes of setting out points (a) and distribution of stresses (6) and strains () on the outer surface of the pipe billet when
forming the right side of the J-shaped profile at the JCO-press

HepaBHOMepHOcTH pactipenenenust HJIC na mepBom, BTO-
pom u TpetbeM marax [III®D. B 3Tux ceyeHusIx NpoucxXoauT
MPOTHO JIMCTOBOK 3aroTOBKW (BeMMUWHA JeOpMaId MH-
nuMainbHa € . = 0,30...0,05), 4T0 IPMBOAMT K HE IVIOTHOMY
MIPUJICTAHNIO €€ KPAeBBIX YYAaCTKOB M TOCIEAYIOICH HeKa-
YECTBEHHOM CBapKe TEXHOJIIOTHYecKoro 1iBa. M3sectro [10],
YTO TIPH IIaroBoi (popMOBKE — mepexosie C MPEIbIIYIIEro
Irara Ha IOCJICYIOIINE B METAILIe IO ICHCTBUEM OCTaTOU-
HBIX HAIIPSDKSHHUN TPOUCXOINT MPYKUHEHHUE 3aTOTOBKH. DTO
MIPUBOJUT K U3MEHEHHIO TEOMETPUUECKUX Pa3MepoB IEPBO-
Ha4YaIIbHOTO (337]aHHOT0) J-00pa3Horo mpoduis TpyOHO# 3a-
TOTOBKH, KOTOPBI coXpaHsieTcs nocie J0(pOpMOBKH B cOO-
POYHO-CBAPOYHOM CTaHe B Kpymiblid O-00pa3HbIi MPOGuITh
Y CBapKH HapYKHBIM M BHYTPEHHHUM IIBOM (pHC. 4).

s oGecriedenust TpeOOBaHUH CTaHIIAPTOB TI0 TEOMET-
puueckum pa3mepam T/l BBITOTHSIOT Onepanuio Kamopo-
BaHMS — SKCIIAHANPOBAHUS HA MEXaHWIECKOM KCIaHepe,
KOTOpAsi IIPOU3BOAUTCS B HECKOJIBKO IIATOB C TEPEKPBITH-
€M MpenbLIyero mara (puc. 5)

[epen HavanoM ornepanuy SKCIAHAUPOBAHUS BHCITHHE
ANIEMEHTHI TOJOBKHM JKCHAHJCpPa CMa3bIBAIOTCS AMYIIbCHCH
(Bozma + Macyo) /Uil YMEHBIICHHS TPEHHS MEXKTy TOJIOBKOU
¥ BHYTpPEHHEH CTeHKOH TpyOblI (puc. 5, a), a BHyTpEHHsIsS
MMOBEPXHOCTh TPYObI OYHUINACTCS CTPYSIMH BOJBL 3aTeM
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Puc. 4. Dcku3 TpyOHOIT 3arOTOBKH, MOTYYSHHOW C UCTIOIh30BAHUEM
MKD nnst kanmubGpoBaHus Ha SKCIIaHAEpe

Fig. 4. Draft of pipe billet obtained using FEM for calibration on the
expander
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Puc. 5. O6muit Bun kanubposku TBJl B sxcnanzepe:
@ — TIOJITOTOBKA TPYOBI K ONepalyy; 6 — onepanus SKCIaHUPOBAHMUS; 6 — yCTAHOBKA CBApHOTO 111BA;
1 — nepennuii KoHEN TPYOBI; 2 — FONIOBKA 3KCIAHEPA

Fig. 5. General view of the calibration of LDP on the expander:
a — pipe preparation for the operation, 6 — expansion, ¢ — welded join setting; 1 — forward end of pipe, 2 — head of expander

BHYTpb TpyOBl BBOJWTCSI TOJOBKA 3KCHAHJEpa, KOTOpas
COCTOUT W3 12 BHENIHUX CTANBHBIX JIEMEHTOB U 12 BHY-
TPCHHUX KIIMHBEB. HpI/I BBCICHUHN KJIMHLBCB BHYTPb BHCIII-
HUX CETMEHTOB ITOCIICTHHIE PACIIHPSIIOTCS (IBHXKYTCS B pa-
JUATIbHOM HANpaBJICHUH) U CONPUKACAIOTCS C BHYTPEHHEH
MTOBEPXHOCTBIO TPYOBI — IIPOUCXONUT YBEIHICHUE €€ Jna-
MeTpa (puc. 5, 6). Ilocie 3aBepiieHus Onepanuy dKCIaH-
IUPOBAHUS MTPOMCXOINUT PACIPYKHHUBAHUE CTCHKH TPYOBI
(TpyOa HECKOIBKO YMEHBIIIACTCS B TUAMETPE).

ITpu monenupoBanun MKD 8 DEFORM [16] nmponsso-
JUJIOCH MOCTPOCHUE odara Ae(opManyy MOJIOBUHBI 3aro-
TOBKH (puUcC. 6, @) COBMECTHO C IIJIOCKOCTHIO CHMMETPUH U
y3J1aMU KOHEYHO-3JIEMEHTHOM CeTKH, cocTosimeit uz 15 000
OT/ICJBHBIX JIEMEHTOB, KQXKIBIH U3 KOTOPBIX COAEPIKAIl CO-
OTBETCTBEHHO IISATh DJIEMEHTOB (pHC. 0, 0).

ITo pesympraram MKD MonmenupoBaHUSI TIONTYYECHBI
KapTUHBbI pacrpeaciCHUA OKBHUBAJICHTHBIX HaprDKeHI/II‘;I

(puc. 7, @) n uHTEHCUBHOCTH Jedopmanuu (puc. 7, 6) Ha
Hapy’>KHOW NOBEPXHOCTH TPyObl NpU 3KCIAHAUPOBAHUH
TpyOBI THTIOpasmMepa D xS = 720%22 MM Kiacca npovHOC-
™ K56 Ha mmHe 6000 mm. Taxxke (UKCHpPOBAIUCH JHa-
METp, OBaJIbHOCTh M KPUBU3HA TPYOHOH 3aroTOBKH B TIOTIE-
peunom ceuenuu Ha mare 400 M.

B pesynbrare pacuera no MKD Monenu ycraHOBIEHO,
4TO Ha HapykHOU noBepxHocTH TH]l HabronaroTCst obac-
TH C TIOBBIIICHHBIMU 3HAYCHUSMHU OCTAaTOYHBIX HarpsiKe-
HUH U 1eopMaIuii ¥ Mo3TOMY B 3THX 00JaCTsIX OTMEUYECHO
YBEJNIMYCHHUE UAMETPa M OBAIIbHOCTU TPYOBI OTHOCHUTEIb-
HO cpelnHero 3HaveHus (Tadu. 1). BenwunHa OBaJBHOCTH
TpyOBl pPAacCUMTHIBAJACh KAaK pa3HUIA MEXIY B3aUMHO
MePICHINKYSIPHBIME OTpe3kamu. B Tabm. 1 mpexacrasie-
HBI pE3yJIbTaThl BEIYUCICHHBIX 3HAYCHUH OBAJILHOCTH TPY-
OBl TIOCIIe AKCTIAHANPOBAHUS TPH PA3THIHBIX HAYaJIBHBIX
YCIIOBUSIX.

Z 4,40002
|

6

Puc. 6. Cxema nocrpoenus ouara aedopmaiuu (a) npy KCIaHUPOBAHUH TPYOb! M pa3Mepbl OTACILHOTO JIEMEHTA CETKH,
MPHJIETAONIHE K IIOCKOCTH CHMMETPUH (0):
1 — 3aroToBka; 2 — CTJIbHBIC KIIMHbS JIONACTU dKCIAHACpa

Fig. 6. Structure of the deformation zone (&) during the expansion of the pipe and the size of the individual mesh element
adjacent to the plane of symmetry (6):
1 — billet, 2 — steel wedges of the expander blades
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Stress — Effective, MPa
- 782 I

7 4,01 Min
x e a 447,00 Max

Stress — Effective, mm/mm
0,0646 I

0,0431

0,0215

|

z 0,0000814 Min
0,0646000 Max

Puc. 7. KapTussl pacnpeeneHnss HHTCHCUBHOCTH HAINpsDKeHUI (@) u nedopManin (6) B ONEPEYHBIX CEUCHUSIX Ha HAPYIKHOU MOBEPXHOCTH MIPU
9KCIaHANPOBAHIH TPYObI

Fig. 7. Pattern of intensity distribution of stresses (&) and strains (6) in the cross sections on the outer surface during the pipe expansion

Ilo pesynbTaraM MOAEIMPOBAHUS YCTAHOBJICHO, UTO
11t TB]l OTKIIOHEHHE OT TEOPETUUECKOM OKPYKHOCTH TPY-
OBl HE JTOJDKHO MpeBbIIaTh 2 MM [17], koTopoe nocturaert-
Cs1 B pe3yJIbTaTe HKCIaHJUPOBAHUS 3aTOTOBKH C BETUUNHON
OBaJIbHOCTU 5 MM. Takoll Xapakrep paclpelesieHus aua-
METpa ¥ OBAJILHOCTHU 1O JJIMHE TPyObl NOATBEPKIAETCA U
pe3ynpTaTaMu (pU3MYECKOTO M3MEPEHUSI TeOMETPUICCKUX
pa3MepoB Ha YCTaHOBKE aBTOMATHYECKOTO KOHTpoist [16].
W3BecTHBI 3apy0eKHbIC pa3padOTKH CIICIUATIbHBIX YCTaHO-
BOK [8] JUIs IpaBKK ¥ KaTHOPOBKK KOHIIOB CTABHBIX TPYO,
4YTO 00ecIeunBaeT KaueCTBEHHYIO COOpKY M CBapKy Kpo-
MOK COCIHMHSIEMBIX TPYO B JIMHUH TPYOOIPOBOJIA.

OcobenHocTh mporecca kamuOposanus TBJl 3akro-
yaercs B TOM, YTO CBAapHOH ILIOB pacroJiaraercs B BEpTH-
KaJbHOW IIOCKOCTH TaK, YTO OH HE JOJIKEH IO/IBEPraThCs
nedopmanuy, Kak moka3zaHo Ha puc. 1, 6. Takum obpaszom,
B CBAapHOM IIIBE COXPAHSIOTCS OCTAaTOYHBIC PaCTSATHBAIO-
L€ HalpsDKEeHUs], NojJdy4deHHble npu cBapke. Ha ocranb-
HBIX y4acTKax TPyObl paCTArMBAIONINE HANPSIKEHUS +G B
pe3yibTare 3KCIaHANPOBAaHUS YBEITUUHUBAIOTCS, OJHAKO IO~
CJIE 3aBEPUICHUS OTIEPALMH KaTMOPOBAHUS BEIMYUHA +G,
TOJIBKO YMHbIIAETCs (Tadm. 2).

W3 Tpy® GomblIoro nuamerpa, U3roTOBICHHBIX 1O CXE-
Mam mipeccoBoii popmoBkn UOE u JOE wm mpomemmmx
SKCIIaHIUPOBaHHUE-KATUOpOBaHUe, ObUIM B3STHI 00PAa3IIbI,

T

TabOnuma 1

Pe3yabTarhl BHIYHCIICHUS 0BAJILHOCTH U JHAMETPA TPYObI
1ocJie IKCIAHANPOBaHHs TPYOHOI 3ar0TOBKH

Table 1. Calculation results of the out-of-roundness and
diameter of pipe after expansion of pipe billet

Ha KOTOPBIX MPOBEICHBI 3aMEPbl OCTATOUHBIX HAIIPSIKEHUH
(Tabi. 2) Mo MeTojMKe, ONMcaHHo# B padote [18].

OnHaKo HpHU JIUTENBHON SKCIITyaTallid TPyOOIpoBo-
JIOB BO3MO)KHO paspyllieHHe Aa)ke NpU HaIPsDKEHUSX, HE
MIPEBBIIIAIONINX MAKCUMAJIBHO JIONMYCTHMBIC B pE3ylbTaTe
TEHCTBHSI BCEX HArPYy30K Ha MMOBEPXHOCTH TPYO, Cpenu Ko-
TOPBIX aBTOP PaOOTHI [2] BBIENSACT CBAPOUHBIE U OCTATOU-
Hble HaIpPsDKEHMs, BO3HUKAIOIIME B IPOIECCEe M3TOTOBIIE-
HUS TpYO.

Bw160o0wt. B pesynbrate KOMIBIOTEPHOIO MOJEIMPOBA-
HIUSI OTIpEICIICH HHTEPBAJ OBATLHOCTEH TPYOHO! 3aT0TOBKH
niepen omnepanuei skcnanauposanus ThJl. Anamorndnsie
Pe3yabTaThl MOJCIUPOBAHUS MpOLEcca HKCIAHIUPOBAHS
TpyO MOTYT OBITh UCIIOJIb30BaHbI JUIs PETNIAMEHTUPOBAHUS
TEOMETPUIECKUX MTapaMeTPOB TPYOHOH 3aTOTOBKH IO BCEH
TEXHOJIOTHYECKOH IIEMOYKE IMPOU3BOJCTBA CBAPHBIX TPYO
0O0JIBIIOTO AUAMETDA.
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EVALUATION OF STRESS-STRAIN STATE OF THE METAL ON THE BASIS
OF MATHEMATICAL MODELING IN PRODUCTION OF LARGE DIAMETER PIPES

A.A. Kolikov', D.Yu. Zvonarev*, M.R. Galimov'

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

2Russian Scientific Research Institute of the Pipe Industry, Chelya-
binsk, Russia

Abstract. The analysis of slab forming processes under different schemes:

in rolls (RBE scheme), presses (UOE scheme) and stepwise forming
(JCOE scheme) shows that domestic and foreign plants of large-diam-
eter pipe production for laying offshore pipelines use JCOE scheme.
The mathematical modeling of processes of plastic deformation of slab
in edge-bending press by JCOE scheme and on the stepwise forming
and calibration press of welded O-shaped pipe billet on a mechani-
cal expander was made using the Deform 3D software. The results of
mathematical modeling of stress-strain state of the metal in pipe billets
and finished pipes are considered for all the technological production
process of large diameter pipes. It is shown that the plastic state of the
molded J-shaped slabs on forging equipment and at pipe calibration
is characterized by uneven stress-strain state (SSS) of the metal. Nu-
merical results of the distribution of equivalent stress and strain rate on
the outer surface of the pipe of the size D, xS = 72022 mm of K56
strength class have shown that pipe sections with more uneven SSS
have high values of residual stresses and strains, so in these areas was
noted an increase of diameter and roundness of the pipe relative to the
average. The results of experimental research of residual stresses in
pipes after expanding made at TESA 1020 and TESA 1420 confirm the
unstable distribution of stress-strain state in the cross-section of large
diameter pipes. In the weld joint ores reaches a value of +220 MPa
(JOE scheme) and +150 MPa (UOE scheme), which is (0.3 - 0.4)c,,
whereas in the pipe metal 6, = +40...45 MPa. Numerical calculations

by the FEM model of out-of-roundness of pipe after expansion at vari-
ous initial geometrical dimensions of the molded slabs are confirmed
by physical measurements of geometric dimensions on the installation
of automatic control. The modeling results have established that for the
construction of underwater gas pipeline according to normative docu-
ments the optimal geometric pipe shape and dimensional accuracy of
the inner diameter of large-diameter pipes can be achieved at expand-
ing of the pipe billet with out-of-roundness of 5 mm. This ensures the
quality assembly and welding of the edges of connected pipes in the
pipeline. The results of computer simulation by the FEM model of the
stress-strain state of the plastic forming of pipe billet at manufacture by
JCOE scheme should be considered in the calculation of technological
parameters of pipe billet molding, tool calibration and press equipment
setting modes.

Keywords: mathematical modeling, parameters of stress-strained metal,

forming, slab, pipe calibration, expander, large diameter welded pipe.
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