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METOAUKA ONPEAENIEHUA PAOAUYCA NOAMMBKU KPOMOK
NPU NPOU3BOACTBE TPYB BOJIbLLIOIO AMAMETPA

A.FO. 3soHapes

Poccutckut Hay4yHo-uccriedosameribcKkul uHcmumym mpy6HoU rnpoMbIwIeHHocmu
(PocHUTH), a. YenabuHck

CucreMsl TpyOOIIPOBOIHOTO TPAHCIIOPTA, BKIIOYAIOIIHE TPYOBI OOMBIIOTO JHaMeTpa KaK HEOTHEMIIEMYIO
4acTh, OTHOCSITCSI K OTIACHBIM TEXHOTEHHBIM 00BekTaM. VX aBapuu MIIM OTKa3bl B paboTe MPUBOAAT K BO3HUK-
HOBEHHIO CEphEe3HBIX YIPO3 HACEICHUIO, HH)XEHEPHBIM COOPYKEHUSAM U IPUPOIHBIM MaccuBaM. I1oaToMy kK HUM
HPEIBSBIAIOTCS BBICOKHE TPeOOBaHUA IO OOECHEYEHHIO HAJCHKHOCTH M Oe30macHOCTH. Tekylee pa3sBHTHE
MPOU3BOJICTBA AJICKTPOCBAPHBIX TPYO OONBIIOro AMaMeTpa HampsMYIO 3aBHCUT OT TpeOOBaHWil, MperbsBisie-
MBIX KOMIIAHHSMH TOIUTMBHO-?HEPT€THIECKOTO KOMIUTEKCa. [13-3a HCTOIEHNUS TPaAUIIMOHHBIX MECTOPOXKICHHI
W CTPEMIICHHS K PacHIMPEHNIO PHIHKOB CObITa KOMIAHHH TOIUTMBHO-YHEPT€THIECKOTO KOMILIEKCA BBIHYKICHBI
MEepeXOUTh K 100bIYe U TPAHCIIOPTUPOBKE YIIEBOLOPOJOB B HOBBIX YCIOBUSAX. Pa3BuTHE HOBBIX IIPOEKTOB Ta-
KuX, kak «Cuia Cubupuy, mpeAmnoiaraet NpoKiIaaKy TpyOOIpOBOJIOB B 30HAX TEKTOHWYECKOH aKTHBHOCTH, YTO
TaroKe MOBHIIIACT TPeOOBaHMSA K HaJEKHOCTH TpyO. OHUM U3 HaIpaBIeHUH Pa3BUTHUS IIPOM3BOJCTBA 3IEKTPO-
CBAapHBIX TPYO OONBIIOro JHaMeTpa SBISACTCS MOBBIMICHHE TPYNIBI IPOYHOCTH. YBEIWICHHE HAJSKHOCTH U
9KOHOMHYHOCTH JJIEKTPOCBAapHBIX TPYO OOJBIIOrO JHaMeTpa JOCTHIAeTCsl He TOJBKO IOBBIIICHHEM MEXaHH4e-
CKHMX CBOWCTB TPYOHBIX CTaJIeif NMyTeM UX JICTHPOBAHMS, HO W TOBBINICHHEM I'€OMETPUYECKUX TPEeOOBaHHH K
cBapHBIM TpyOaM. [Ipu nmpomsBoacTBe TpyO OONBIIOrO JHaMeTpa OCHOBHBIMU I€OMETPHIESCKHIMH TPEeOOBaHHMS-
MH SIBIISIIOTCS: OTKJIIOHEHHE Hapy>KHOTO AMaMeTpa TpyO, OBaJbHOCTh M OTKJIIOHEHHE OT TEOPETHUECKOH OKpPYXK-
HocTu. HapymieHne B TEXHOJIOTMH HPOW3BOJACTBA BJEYET IOsBIeHUE NedekToB Ha Tpydax. ['eomerpuueckue
nedexTsl B Tpybax 3aKiaablBaloTCs B 3aroToBKax. OJHUM U3 OCHOBHBIX I'€OMETPHYECKHX Ie(eKTOB IPH IPO-
H3BOJICTBE TPYO SBIACTCS OTKIOHEHHE OT TEOPETHUECKOW OKpYKHOCTH. VcmpapieHue maHHOTO nedexTa ocy-
IIECTBIACTCS oNepanuell KanuOpoBaHHUsS Ha MEXaHWIECKOM 3KcrmaHzaepe. OTKIOHEHHE OT TEOPEeTHIECKOH OK-
PY’KHOCTH MPOHMCXOJUT M3-32 HEIPABUIBHOTO BBIOOpA pajuyca MPUKPOMOYHOH 30HBI IIPH MOATHOKE KPOMOK Ha

npecce. [IpemnoxeH crnocod pacuera ¥ ONpeeNeHus paJuyca IOArHOKH KPOMKH MOCTIE PaclpyKUHEHHUS.
Knroueswvie cnosa: ceapuvie mpyovl 601611020 ouamempd, noO2UOKA KPOMOK.

OnHUM M3 OCHOBHBIX TPEOOBaHUN K TIPOU3BOICT-
BY CBapHBIX TpyO sBisAeTcCsl 00eCIeYeHHEe BBICOKOTO
KauecTBa roToBOM npoaykuuu. Ilpu onenke xadecrsa
TpyOHOU 3ar0TOBKH M TPYO CYIIIECTBEHHOE BHUMaHHUE
yaensercs nedexram.

I'eomerpuueckue aedekTsl B TpyOax 3aKyiajibl-
BaloTCsl B 3aroToBkax. OHUM U3 OCHOBHBIX I'€OMET-
pryeckuxX Ae(eKTOB MPH MPOU3BOJICTBE TPYO SBIISCT-
Csl OTKJIOHGHHE OT TEOpEeTHUYEecKoil okpyxHocTH. Mc-
NIpaBJICHHE Takoro aeeKTa 3aTpyAHUTENBHO, U B
OOJIBIIMHCTBE CITydaeB TaKUe TPYOBI MEPEBOAAT B IO-
HIDKEHHOE KadecTBO. lcmpaBieHne Takux Ae(eKkToB
MIPOUCXOIUT 32 CUET KaJuOpoBaHUSA TpyO Ha MEXaHH-
YEeCKHX IKCIIaHAepax.

C menpio onpenesieHnss KaueCTBEeHHBIX IMOKa3aTe-
JIe copTaMeHTa ObUIH COOpaHbI CTATUCTUYECKHE TaH-
HBIe O TpyOaM, HMOBTOPHO MPOLICAIINM OIIEPALUIO
sKcrianaupoBanus. Ha puc. 1 mpezncraBieHa yacTh
NIPOM3BEACHHOTO aHaynu3a. CTaTUCTHYECKHE IaHHBIC
Oobutn coOpanbl B mepuox ¢ 2012 mo 2013 rom.
ITo pesynmpTaTaM aHanmu3a OBUIO BBIBICHO, YTO P
YBEJIMYESHUH TOJIIMHBI CTEHKH J0JI1 TEOMETPUIECKUX
Je(eKTOB B 00IIEM KOJMUYECTBE MPOU3BEICHHBIX TPYO
CHIDKaeTcs. Takke XapaKTepHO M CHHXKCHHE T'eOMeT-
pudecKux Ne(eKTOB NMpH yBEIHUEHHH TUAMETpa TPY-
661. OiHaKO eCTh CIy4yaH, B KOTOPBIX PE3KO yBEIHUYU-
BaeTcsl JIONIsl TEOMETPHYECKUX Je(eKTOB, K TaKUM
OTHOCSITCSl AMAMETPHI TPYO:

1) 559 mm;

2) 820 mm;

3) 1220 mm.

HaunbonpIiiee KOIMYECTBO T'€OMETPHUYECKUX Jie-
(ekTOB Ha paccMaTpHUBAaeMBIX THIIOpa3Mepax Tpyo
HaOJFOaeTCsl HA COPTAMEHTE IHaMETpoM 559 MM —
6osee 10 %.

BeposiTHON mpUYHHOM CTOJB BBHICOKOI'O MPOIEH-
Ta JIe(EeKTOB SABISETCS HEPALMOHAIBHBIN NPOQUIL
KPOMKOTMOOYHONH MaTpUIbl Ha IIpecce HOATHOKH
KpoMoK. Ha mpakTike moarnOky KpoMOK Ha copTa-
MeHTe auameTpoM 820 MM MOKHO OCYIIECTBUTH Ha
JIBYX PAa3NUYHBIX T'MOOYHBIX MAaTpHIAX, NPHYEM B
MpaKTUKE MPOU3BOJCTBA TPYyO B HMHTEpBaJC TOJIIUH
CTeHOK OT 8 10 14 MM Ha auamerpe 820 MM mpeBau-
pyeT oluH mpodwiIb THOOYHONW MATPHUIBI, & CBBIIIE
14 MM — BTOpO# PO THOOYHON MaTPHUIIHI.

[Moarnbath KpOMKYy INIpH TIPOM3BOACTBE TPYO
nuameTpoM 820 MM Ha OJTHOM MHCTPYMEHTE MOKHO B
CIICTYIOLINX CITydasx:

1) Ipy  yMEHBIICHHH paauyca HPUKPOMOYHOMH
30HBI; TEM CaMbIM YBEIHUYHUTCS BEPOSTHOCTH 00pa3o-
BaHUS MPOTEKOB Ha OMPEICICHHOM AMana3oHe TOJI-
IIMH CTEHOK TPYOBI MpH TEXHOJOTMYECKOH CBapKe
KPOMOK 1 00pa30BaHMs BEICOKHX IITBOB;

2) Ipy yBEIHUYEHHH paanyca MPUKPOMOUYHON 30-
HBI; TEM CaMBIM YBEIHYUTCA BEPOSTHOCTH OTKIIOHE-
HUSL OT TEOPETHYCCKOW OKPYXKHOCTH, TaK Kak INpH
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copTameHT Tpyb

pacnpepeneHue cpefHero 3HaYeHus Konm4ecTea AedpekToB Ha TUnopasmepe Tpy6
MaKCUMarnbHOe 3HaYeHWe KONMUECcTBa AeHEKTOB Ha TUNopasmepe Tpy6

Puc. 1. PacnpegeneHue gedekToB B 3aBMCUMOCTU OT copTameHTa Tpy6

CBapKe BHYTPEHHETO M HApY)KHOTO IIBa T'€OMETPHUS
TpyObI m3menseres [1, 2].

[Ipu manpHEimeM NpoXoXXIeHUH TPYOHOI! 3aro-
TOBKH IIOCJIE CBAPOYHBIX OINEpaINii CBapHBIE COCHH-
HEHHSI OCTHIBAIOT W BCIIEJCTBHE TEPMUYECKHX BIIHS-
HUA W3MEHSETCS paauyCc NPUKPOMOYHOW 30HBI.
B stoM cnydae mpu OONBHOIMX 3HAYCHUSIX paanyca
IPUKPOMOYHOH 30HBI 00pa3zyercst NeeKT — OTKIOHE-
HHE OT TEOPETHYECKOH OKPYKHOCTH.

[Tpn ManpIX 3HAYCHUAX paHyca NPUKPOMOYHOMH
30HBI TaKXe MOXET HaOII0JaTbCs OTKIOHEHHE OT
TEOPETUIECKOI OKPY>KHOCTH, HO B 3TOM CIy4ae Takou
nedekr ycrpansiercs: kanuOpoBkoid Tpy6. BHyTpeHHME
CJIOM MeTalula CBAapHOTO COEIMHEHUs IUIACTUYECKU
pacTAruBalOTCA, YTO MHOTAA IPUBOIUT K HaJIphIBaM B
30HE TEPMHUYECKOTO BIUSHHUS WINM B IEHTPAIbHOU
YacTH JINCTA.

CrenoBarebHO, HEOOXOAMMO BBIOMpATH paguyc
MPUKPOMOYHOI 30HBI UCXOMS U3 BIMSHUS CBAPOYHBIX
oreparyii Ha IPUKPOMOYHYIO 30HY.

Pagmyc mpukpoMOdYHOW 30HBI TPYOHOU 3aroTOB-
K1 00ecTeqrBaeTcs 3a CYeT MOATHOKH KPOMOK.

B nmocnennue roasl moaAruOKy KPOMOK OCYINIECT-
BIIIIOT HA TPECccax CO IITaMIIaMH, BBIIIOJHEHHBIMHU 10
9BOJIbBEHTE [3, 4].

Jna pacuera HACTPOCUHBIX MapaMETPOB TaKHUX
MPEeCcCOB HEOOXOAMMO BBIYHUCIUTE TPeOyEeMBI paauyc
TOTOBOW TpPyOBI, pajguyc 3aroTOBKH IO/ HAarpy3Koi,
MIUPUHY MOATrH0aeMOro y4acTka W Jp. TEXHOJIOTHUe-
CKHE TTapaMeTpHl.

Pacuer panuyca B MpUKpOMOYHON 30HE OIpese-
JISI€TCSI 10 ypaBHEHHUIO [5, 6]

8F
2

rae €. — ko3 ¢uuueHt rudku, %; D — HOMHUHAIb-

HBI OMaMeTp TOTOBOM TpyOBI, MM; S — TOMNIIMHA
CTEHKH JIHCTa, MM.

Paauyc 3aroToBKU 1MOJ HArpy3KO# ONpeneseTcs
10 YPaBHEHUIO

R, =aR, )
rae o — kod3¢p¢uuueHt npyxunenus. Kospduuuent
NPY>KUHEHHUS B OCHOBHOM 3aBHCHT OT 3HA4YCHHS IIpe-
niena tekydectu [7].

Hlupunaa moarnb6aeMoro y4acrka ONpenessieTcst
TI0 BBIPAXKEHHIO

2 2
(23] 2
B +bh+S,

- 2R

OKB

3)

rae b — BBICOTa HIDKHEH INPOROIBHOM (hacku, MM;
R, — HayanpHBIA paguyc BepxHeil ruOouHON MaTpu-
IBl, MM; R, . — OKBUBQJICHTHBIA PaJNyC BEPXHEH I'-

0OYHOM MaTPHIIBI, MM.

Takum o00pa3oM, W3 HPHUBEICHHBIX YpaBHEHHH
CJIE/IyeT, 4TO pajuyc MPUKPOMOYHON 30HBI B OCHOB-
HOM 3aBHCHUT OT TOJILIMHBI CTEHKH JIMCTa U 3HAYCHUS
KO3 pHIMEeHTa THOKM NPH HEU3MEHHOM 3HAYCHUHU
JTUaMeTpa TpyOBI.

B mponecce BbIOOpa 3HaueHus kodhuimeHrta
THOKM HEO0OXOIMMO PYKOBOJCTBOBATHCS JIOTIOJHH-
TeJBHBIM KpuTepueM. Tak, mpu ¢(opmoBke TpyO IO
cnocody JCO HeoO0XoauMo BBIOMpaTh pPacCTOSHHE
MEX[y IaraMu TaKuM 00pa3oM, 4TOOBI HE 00pa30OBBI-
BaJIOCh MPSIMOJIMHENHBIX y4yacTKkoB [7]. CnemoBartenb-
HO, MIMpUHA TOArMOAaeMOro ydJacTKa JOJDKHAa OBITh
OoJlpllie WJIM pPaBHA PACCTOSIHUIO OT Kpas JIMCTa JIO0
nepBoil mo3uiuu mara ¢opmoBku Ha mpecce JCO
(pecc maroBoit (OPMOBKH).
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—a— LlupuHa noaruGaemoro y4acrka nucta npu  =5% ans Tpy6 anametpom 820 mm;
—O— lWupuHa noarnbaemoro yyacTka nucta npu sr=15% ans tpy6 avametpom 820 Mm;
==O- = WupuHa nogrubaemoro yuacTka nucta npu e =25% ans 1py6 anametpom 820 Mm;

— —LlwmpuHa oT Kkpasi KPOMKM 0O NepBon no3uunn wara Ha M.

Puc. 2. 3aBUCUMOCTb LUMPUHBI MOJOrHYTON KPOMKM OT €.

Ha puc. 2 mpencraBieHsl pe3yibTaThl pacueToB
g TpyO auamerpoM 820 MM IpH Pa3TUYHBIX 3HAYe-
HUAX Koddduimenta tubku. [ns pacuera pamuyca
3arOTOBKHM 0] HAarpy3kod mpenen TEKy4ecTH Obll
B3sT paBHBIM 475 MIla.

[Ipu ananuse puc.2 BUIHO, YTO AJS JWAra3oHa
CTEHOK OT 8 110 16 MM palMOHaJIbHOE 3HAUYEHUE &,

paBHO 5 %. OmHAaKo W3 NPAKTUYECKOTO OIBITa U
BO3MOJKHOTO BIHUSHHUS KO3 (GUIKMEHTa TEIIOBOTO
pacupeHus py CBApOYHBIX OIEpalMsIX AJsl JaHHO-
ro JUana3oHa >KeNAaTeNbHO BBIOMPATh €. PaBHBIM

ot 20 1o 25 %.
Jlns gmanazoHa TOJIIMH CTEHOK OT 16 10 26 MM
panuoHalbHOE 3HadeHHWe €. paBHO 15 %. OmHako c

pOCTOM TOJIIMHBI CTEHKA BO3PACTacT W IIOTOHHAS
SHEpPrus Ul CBAapKH HApyXHOTO W BHYTPCHHETO
CBapHBIX IIBOB, YTO MPHUBEACT K OMOJHUTCIHHBIM
TCOMETPUYCCKUM H3MCHEHUSM OKOJIOIIOBHOH 30HEI B
MOMEHT CBapKd TpyOHOW 3arotoBku. [loatomy mis
TOJIIIIUH CTEHOK CBBINIE 22 MM Hamboyiee paruoHab-
HBIM 3HaueHueM Kod(duuuenta g, npepnaraercs

nuana3oH ot 20 1o 25 %.

AHanorn4HeIM 00pa3oM MOXKHO IOJYYHTh 3HA-
yeHns Kod(h(UIeHTa THOKH IS IPYTUX THUIOpa3Me-
poB TpyoO.

[Ipyu rcnoIb30BaHNN METOANKH TI0 OTIPEIEIICHUIO
palnMoHAIBHOTO 3HaueHus Kod(¢uuueHra rudKu
MOYKHO CHU3UTh YPOBEHb I'€OMETPUUYECKHX Ae(EKTOB
CBSI3aHHBIX C OTKJIOHEHHWEM OT TEOPETHYECKOH OK-
PYKHOCTH.
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METHOD OF DETERMINING A HEM EDGE RADIUS
IN THE PRODUCTION OF LARGE DIAMETER PIPES

D.Yu. Zvonarev, Russian Research Institute of the Tube and Pipe Industries (RosNITI), Chelyabinsk,
Russian Federation, zvonarev@rosniti.ru

Pipeline transportation systems including large diameter pipes as their integral part are considered to be
dangerous man-made objects. Their break down and failures result in serious dangers for people, engineering
and natural objects. Therefore, they must meet the demands in reliability and safety. The current develop-
ment of the production of large diameter electric welded pipes depends on the requirements of the fuel com-
panies. Due to the depletion of traditional fields and the desire to expand markets fuel companies are forced
to transfer to the production and transportation of hydrocarbons in new conditions. The development of new
projects, for example, “Power of Siberia” envisages running of pipelines in tectonic activity areas, which also
increases the demand in pipe reliability. One of the trends of the production of large diameter electric-welded
pipes is the increase of the strength group. The increase of reliability and efficiency of large diameter elec-
tric-welded pipes is achieved not only by the increase of mechanical properties of pipe steels by their doping,
but also by the increase of geometric requirements for welded pipes. In the production of large diameter
pipes basic geometric requirements are the following: the deviation of the outer pipe diameter, roundness,
and deviation from the theoretical circle. Disruption in the production technology leads to defects in pipes.
Geometric defects in pipes are formed in billets. One of the principal geometric defects in pipe production is
deviation from the theoretical circle. Correction of this defect is accomplished by calibrating on a mechanical
expander. Deviation from the theoretical circle is due to the wrong selection of the radius of the near-edge
zone during hem edge forming on the press. The method for calculating and determining the radius of hem
edge forming after back springing is offered.

Keywords: large diameter welded pipes; hem edge forming.
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