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Annomayus. B HacTosimee BpeMs C KaXIbIM TOJIOM IPOMCXOIHUT 3HAYUTEIBHBIN POCT TpeOOBaHUIMA
K TOYHOCTH T'€OMETPHYECKHX IapameTpoB TpyO. OJHMM U3 BaXKHBIX ITOKa3aTelel SABISETCS OBaJIbHOCTH
KOHIIOB TpyO, 11 obecnieuennst kotopoit B TIIL-3 AO «BT3» umeercs obopynoBanue ist KAITHOpOBaHUSI.
ORHUMH U3 CaMBIX CIOXKHBIX IO MCIIOJHEHMIO SIBISIOTCS CIIEIM(HUKANNK HAa MarucTpaibHble TPYOB! U3 yT-
JIEPOAUCTOI cTaiu. B yka3zaHHBIX crielU(pHUKAIUIX POMKUCAHBI CaMble BaKHbIE TPEOOBaHMS K BHYTPECHHEMY
JIaMeTpy, OBAJIbHOCTH KOHIIOB TPYO, JIOKaJIbHOW OBaJIBHOCTH, TONIINHE CTeHKU. JJaHHBIE TPYOHI C yXKecTo-
YeHHEM K BHYTPEHHEMY OBaJly JOCTaTOYHO BocTpeOoBaHbl Ha bmmxaem Bocroke m CeBepnoil Adpuke,
OJTHAKO M3-32 HEBO3MOXKHOCTH BBIIIOJIHUTH MPEIbsBIsSEMbIe TPEOOBAHUS 3aKa3UHKa MIPUXOIUIOCH OTKA3bI-
BaTbCS OT OOJIBIIOTO KOJMYECTBA 3aKA30B.

[TosTOoMy B aHHOH CTaThe PACCMOTPEHBI YCIOBHS PaOOTHI KaJHMOPOBAaHUS KOHLIOB TPYO C IMOMOIIBIO
Hapy»KHOTO M BHYTPEHHEro (hopMousMeHeHus. BblelieHbl OCHOBHBIE MPOOJIEMBI, IIPU KOTOPHIX HE yAaBa-
JIOCh JOCTUYb TPEOYEMBIX ITapaMeTpOB (TIOBBIIICHHOH OBaJILHOCTH Ha KOHIAX TPYO).

C nomompio nporpammuoro npoaykra QForm 2D/3D mpoBeneHO KOMIBIOTEPHOE MOJICITUPOBAHHE
C BapbHPOBAHUEM IIpoIlecca KaTHOPOBAaHUS C pa3IMYHBIMU KaTHOPOBKaMU MHCTpyMeHTa. M3 moydeHHbIX
Pe3yIbTaTOB MOACTHPOBAHNUS BBIICICHBI TAPAMETPHI, IT0 BEJIMYUHE KOTOPHIX MOYKHO CYIUTh O CKIIOHHOCTH
MHCTPYMEHTA K Pa3pylICHUIO U HAJIUIIAHUIO Ha METAJUI: YCWINS, ACHCTBYIONINE Ha Pabovyr0 IIOBEPXHOCTD
KOJIEI] B Ipoliecce KaTuOpOBaHUS; IUIOIIAAb THA KOHTAKTa (M3HOC HHCTPYMEHTOB).

Ha ocHoBe pe3ynbTaToB pa3zpaboTaHa HOBas KadrOpPOBKa KOJEI] KaK Ui HApY)KHOTO, TaK M JUId BHYT-
peHHero KanuOpoBaHUs. BBUTH MpOBeseHBI MPaKTUYECKUE MCHBITAHUS KOJEI C Pa3INYHON KaJInOpPOBKOM,
a IMEHHO Pa3IMYHBIMU YIJIaMH BXOJIHOTO/BBIXOIHOTO KOHYCOB.

Knrouesuvie cnosa: xanubpoBaHue KOHIIOB TPYO, IPOU3BOACTBO TPYO, KOMIBIOTEPHOE MOAETHPOBAHUE,
TEXHOJIOTHSI ITPOM3BOACTBA, OECIIOBHBIC TPYOBI, Ae(eKThl TpyD, KauecTBO MOBEPXHOCTH, Hape3Ka pe3bObl,
OBAJIBHOCTH TPYO, 3amac IPOYHOCTH

Hna yumuposanun: KoMiekcHOE HCCIIeIOBaHHE IIPOliecca KaTMOpoBaHHs KOHIIOB TPYO ¢ MpHMeEHe-
HreM QForm / I.A. Axmepos, /[.YO. 3Bonapes, C.10. Motskos, A.I'. Yibsaos // Bectauk FOYpI'Y. Cepus
«Metamtyprus». 2023. T. 23, Ne 3. C. 50-58. DOI: 10.14529/met230305
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Abstract. Currently, every year there is a significant increase in requirements for the accuracy of

geometric parameters of pipes. One of the important indicators is the ovality of the pipe ends, to ensure
which TPP-3 of VTZ JSC has calibration equipment. One of the most difficult specifications to fulfill are
the specifications for main pipes made of carbon steel. The specified specifications spell out the most
important requirements for the internal diameter, ovality of pipe ends, local ovality, and wall thickness.
These pipes with tightening to the inner oval are quite in demand in the Middle East and North Africa,
however, due to the inability to meet the customer’s requirements, we had to refuse a large number of
orders.

Therefore, this article discusses the operating conditions for calibrating pipe ends using external and
internal forming. The main problems were identified in which it was not possible to achieve the required
parameters (increased ovality at the ends of the pipes).

Using the Q-Form 2D/3D software product, computer simulation was carried out varying the cali-
bration process with different tool calibrations. From the obtained modeling results, parameters were
identified, by the value of which one can judge the tendency of the tool to destruction and sticking to
the metal: forces acting on the working surface of the rings during the calibration process; contact patch

area (tool wear).

Based on the results, a new ring calibration has been developed for both external and internal cali-
bration. Practical tests were carried out on rings with different calibrations, namely different angles of

the inlet/outlet cones.

Keywords: pipe end calibration, pipe production, computer modeling, production technology, seamless
pipes, pipe defects, surface quality, thread cutting, pipe out-of-roundness, safety factor

For citation: Akhmerov D.A., Zvonarev D.Yu., Motyakov S.Yu., Ulyanov A.G. Comprehensive study
of the process of pipe end calibration using QForm. Bulletin of the South Ural State University. Ser. Metal-
lurgy. 2023;23(3):50-58. (In Russ.) DOI: 10.14529/met230305

eas padoThl

B nocnenHee BpeMsi 3HAUMTENIBHO YBEJIH-
YHICA W TMPOJOJDKAET pacTd CIpoc Ha Tpydy ¢
pPe3b0OBBIM  COEIUHEHHEM MPEMHUYM, KOTOpas
MMeeT MOBBIIICHHbIE IKCIUTyaTallMOHHbIE Xapak-
tepuctukd [ 1-3]. [lomydenue Takoro pesr00Boro
COCAMHEHHS NPEAIoaracTcsi Npyu YCIOBHHU IIO-
JY4EeHUS] TOUYHOW 3arOTOBKH, B OCOOCHHOCTH Ha
koHmax muHoH 10 300 mwm [4]. s moBbImeHus
TOYHOCTH KOHIIBI TPYO TOABEPTAIOTCS ONepamun
kanuOpoBanud. [loaToMy ycnenrHoe npoBeaeHne
MEPOTIPHUITUH TI0 OTPAOOTKE PEKUMOB KauOpo-
BaHMs KOHLIOB TPYO MOJ Hape3Ky pe3bObl mproo-
peTaeT BaxXHOE 3HaueHue [5].

1. KoMmnboTepHoe MoeInpoOBanne

B pamkax meporpuatuii mo otpaboTKe pe-
KUMOB KaJTHOPOBAaHUS KOHIIOB TpyO pelIeHo
NPOBECTH KOMITBIOTEPHOE MOJICIUPOBAHHE ITPO-
necca KaIMOpPOBaHUS KOHIIOB JIMHEWHBIX TPYO
273,1 x21 mm. Ha nepBom 3Tame MoaenupoBa-
HUsI Belach OTpabOTKa TEXHOJIOTUH U HM3YyYeHHE
€e AacleKTOB IpH KaauOpOBaHWM BHYTPEHHHUM
kosblioM (puc. 1). Ilpu ucnonp3oBaHWM AAHHOTO
BUJIa WHCTPYMEHTa Ha TOJCTOCTEHHOM COpTa-
MeHTe 00pa3yercsi OBaJILHOCTh, MPEBBIIIAIONIAS
0,5 % oT BHyTpeHHETO AUaMeTpa TpyoO.

[locne co3maHust TpexXMEpHBIX Mojenel
TpyOBl U pabodero WMHCTPYMEHTa B PEIAKTOpPE
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Puc. 1. 3D-moaenb onepauum kanubpoBaHUA KOHLIOB TPYy6
Fig. 1. 3D model of the pipe end calibration operation

3D-reomerpun QShape Obu1a nmpousBeneHa Mmoj-
FOTOBKa KOMIIBIOTEPHON MOJENN K pacuery.
OcyIecTBIEHO 3alaHue MCXOIHBIX MapaMeETPOB
npouecca. B mapamerpax pacuera s Oojee BbI-
COKOH TOYHOCTM HAa Yy4YacTKe KaJlMOpOBaHUS
(= 250 mm) 3aroToBKa 3a7aHa ¢ ONTUMH3UPOBAH-
HOM CeTKOM 351eMeHTOB [6].

[Ipu MonenupoBaHuU CTENEHb SKCIAHAUPO-
BaHUS H3MEHAJAcCh B CIEAYIOLIEM JHara3oHe:
0,45-1,05 %. A 3aroToBka npu MOAETUPOBAHUU
3aJaBajlach C HAYaJIbHOW OBAIBHOCTBIO 2 MM H C
Pa3HOTONIIMHHOCTHIO, 00eCIeunBaeMON BEIUYH-
HOW SKCLEHTPUCUTETA, paBHOU 1,5 MM.

HauOonee nmokasarenbHbIM U yIOOHBIM CIIO-
co00M 00pabOTKH KOMITBIOTEPHBIX MOJETICH SIB-
nseTcs ucnonb3zoBanue «lIporpamMmer s pacue-
Ta TEOMETPUYECKUX MMapaMeTPoB TPyO mpu Moze-
mupoBanuu B cpenae Qform» [7]. Jlannas mpo-
rpaMMa TO3BOJISIET TPOW3BOAUTH H3MEPEHHUS
TOJILIMHBI CTEHKU TPYOBI M TUaMeTpa MOCie MO-
JenupoBaHus. B nanHOM ciydyae ObUIO 3a7aHO
200 ceuenuil yepe3 Kaxxaple 5 MM, 4TO Jajio BO3-
MOYHOCTh IOJYYUTh MAaKCHMAJIbHO TOYHBIE pe-

W3meHeHMe guameTpa nocrne nepeow onepauuu
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OkcnaHavposarue: 0.45, % OkcnaHavposatue: 0.85, %

3KcnaHgupoBaHue: 0.651%

BkcnaHguposaHwe: 1 .051%

a)

3yJIBTaThl U HUCKIIIOYUTH YEIOBEUECKHH (haKTop
MpU PyYHOM HU3MEPEHHU.

s nonmyyeHus: HaWTydIIeld CXOIUMOCTH U3-
HayaJbHO OblIa MpomopenupoBaHa (CM. puc. 1)
IITaTHAasE TEXHOJOTUSl KamMOpOBaHHS KOHIIOB
TpyO (BHYTpeHH:S pazjava ¢ IMOCIeIyIOIUM Ha-
PYXHBIM 00KaTHEM).

Ha puc. 2 npezcraBiieHbl pe3yabTaThl U3Me-
HEHHs JUaMeTpa ¥ OBaJbHOCTU TPYO TOCie Ha-
pyxHoro (omeparus 1) u BHyTpeHHero (omepa-
s 2) KanuOpoBaHUs KOHIIOB TPYO.

U3 puc. 2 BUIHO, YTO NPU HAPYKHOM KaJHO-
POBaHMHU YIIy4IICHHE OBAIBHOCTH KOHLIOB TpPYyO
Habmonaercs npu 3kcnanaupoBanun 0,45-0,65 %.
Onnako B OCTEAYIONICH ornepaliu (BHyTpEeHHEE
KauOpoBaHKE), KOTOpas BIMSET HA KOHEYHYIO
OBaJILHOCTh KaNHOpPOBAaHHBIX TPYO, HAMITYUILIHHA
pe3ybTaT HaONIoJaeTCsl TPH IKCIAHIAUPOBAHUI
0,85 %.

Crenyrommm 3TanoM paboThl cTaja OLIEHKA
ko3 duumenTa 3anaca MPOYHOCTH UHCTPYMEHTA
(cM. Tabmuity, puc. 3).

B nporpamme SolidWorks Simulation 3ana-

- W3meHeHHe gnameTpa nocne BTOpoW onepaunu
2725 }'
272

Av]

OuameTp, Mm

OBanbHOCTb, MM

3kcnaHaupoBaHu1e: 0.452% JKcnaHgupoBaHue: 0.852%

3kcnaHaupoBaHue: 0.652%

OkcnaHgupoBanue: 1 .052%

b)

Puc. 2. PesynbTaTbl 3aMepoB Mo AnamMeTpy M OBanbHOCTU NOciie KanuépoBaHUA KOHLOB TPY6 HapyXHbIM KONbLOM
(onepaums 1) (a) » BHyTpeHHUM KonbLoMm (onepauus 2) (b)
Fig. 2. The results of measurements by diameter and ovality after calibrating the ends of the pipes with the outer ring
(operation 1) (a) and the inner ring (operation 2) (b)
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MakcumanbHoe ycunue Ha UHCTPYMEHT
Maximum force on the tool
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Puc. 3. OueHka ycunui npm kanuépoBaHuu Tpy6
Fig. 3. Evaluation of forces in pipe sizing

BaJloCh ycuiue [8], paBHOE MaKCHUMAaIbLHOMY
yCHIIMIO, ToJydeHHoMy B mporpamme QForm
2D/3D (cwm. Tabauy).

B mammHOCTpO€HMH MUHHMMANBHBIA KO-
(GUIMEHT 3amaca MPOYHOCTH MPUHAT PABHBIM
2-2.5 [9]. B meramuypriun MUHAMAIILHBIH KOA(-
(UIMEHT 3amaca NPOYHOCTU HPUHSIT PaBHBIM 5.
[Mockonbky B omepanuy KaluOpOBaHUS MPAKTHU-
YeCKH UCKIIIOYCHBI yJIapHBbIE HArPy3KH, MPUMEM
MUHHMMAJBHO JOMYCTUMBINA KO3 duLneHT 3amaca
MPOYHOCTH, pPaBHBIM 3,5. Cxema HarpyXeHus
pabouero HHCTPYMEHTA MTOKa3aHa Ha puc. 4, 5.

[lo pesynapraTam HarpyXeHusi MOIY4EHBI
PerpecCHOHHbBIE 3aBUCUMOCTH BIMSHUS CTEIIEHU
9KCIIAHAMPOBAHMUA Ha BO3HUKAIOIIWE HAIpsLKe-
Hus (puc. 6).

2. AHa/1u3 pe3yJbTaTOB
CoBMecTHO paccMmaTpuBas puc. 4—6, MOX-
HO cJle7laTh BBIBOJ, YTO IPU BHYTPEHHEM Ka-

TUOpPOBAaHUU C MPOLEHTOM DKCIIAHIUPOBAHMS,
paBHBIM 1,05 %, MOTYT BO3HHKHYTH Hampsixke-
HUS, IPU KOTOPBIX MHCTPYMEHT MOXKET paspy-
HIUTHCS.

[ockonbky OBIIO BBISIBIEHO, YTO Hawbojee
palroHaNbHBIM KaluOpOBaHUEM SIBISIETCS IPO-
necc KaauOpoBaHHA CO CTENEHBbIO 3KCIAaHAUPO-
Banus 0,65-0,85 %, TO ClEIyIOMUM 3TAarioM Obl-
JI0 WCCIE/IOBAaHNE Pa3IMYHBIX KOMOWHAIMHA CTe-
NEHH SKCTIaHANPOBAHUS.

[Tocne u3mepenus AuaMeTpa U OBAIbHOCTH
TpyOBl TONYyYEHBI CIEIYIONINE PE3yIbTaThl
(puc. 7).

Ha puc. 7 npeacraBiensl ABe KOMOMHALINAN
¢ ucnons3oBanueM 0,65 u 0,85 % skcnangupo-
BaHUSI:

1) napyxHoe kanudposanue c 0,65 %, BHyT-
pensuee ¢ 0,85 %;

2) HapyxHoe kanuopoBanue ¢ 0,85 %, BHYT-
pensee ¢ 0,65 %.
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Puc. 4. PacnpegeneHune HanpsikeHU U ko3dpcpuumneHTa 3anaca NPOYHOCTU ANS HaPYXXHOTO KonbLa
Fig. 4. Stress distribution and safety factor for the outer ring
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Puc. 5. PacnpeaeneHue HanpsikeHW u KoadpcpmumneHTa 3anaca NPOYHOCTU AN BHYTPEHHUX Konew
Fig. 5. Stress distribution and safety factor for inner rings
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Puc. 6. BnusiHue cteneHn akcnaHAMPOBAHUA Ha BO3HUKalOLME HaNpPsHKeHUA: a — HapyXXHOe KOJbLio;
b — BHyTpeHHee KonbLo
Fig. 6. Influence of expansion degree on emerging stresses: a — the outer ring;
b — inner ring
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Puc. 7. Pe3ynbTaTbl 3aMepoB Mo AnamMeTpy U OBaNbHOCTU Nocrie 2 onepauui KanuépoBaHUA KOHLIOB TPY6
Fig. 7. The results of measurements by diameter and ovality after 2 operations of calibrating the ends of the pipes

a)

b)

Puc. 8. ®oTo HapyxHo#u (a) u BHyTpeHHen (b) noBepxHOCTU TPy6 nocre kanmépoBaHUA KOHLIOB
Fig. 8. Photo of the outer (a) and inner (b) surface of the pipes after calibrating the ends
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U3 puc. 7 BUAHO, YTO NMPH HCIONb30BAaHUU
NepBOii KOMOWHAIIMA BO3MOXHO JOCTUYb Hau-
JYYIIAX Pe3yJIbTaTOB MO T€OMETPUIYECKUM Iapa-
MeTpaM TpyoO.

C wucnonp30BaHMEM [aHHBIX apaMeTpoB
OCYILECTBWIM OIBITHO-IIPOMBILIUIEHHOE HCCIIe-
noeanue. Ha Tumopasmepe tpy6 273 x 20,62 Mm
u3 Mapku cranun 06I'®@bM ynanoch MONYYHTH
3HaYCHUs] BHYTPEHHEH OBalbHOCTH, yIOBIETBO-
pstomue TpeOOBaHUSIM 3aKa3uuKa. AHAIH3HPYS
JaHHbBIC, MOJyYeHHbIE NPU M3MEPEHUH I'€OMET-
pUHM KOHIIOB, B CpEJIHEM BHYTpPEHHSS OBallb-
HOCTh KOHIIOB COCTaBJIsIa 10 KaJlnOpOBaHUA
1,3 MM, mocne kanubpoBanus — 0,6 MM (c 10-
myckoM 3,4 mm). HapyxHblii amamerp mocie
KaauOpOBaHUsI KOHLIOB HAaXOAMTCSA B IOJIE JO-
nycka 273,5-275,0 mm. Cnen oT kanubpoBaHus
PaBHOMEPHO pacHpezesieH 1Mo BCel BHyTpEHHEH
MOBEPXHOCTH (puc. 8).

BriBoabI

B pe3ynbrate BbIMONHEHUS PaOOTHI CIeIaHbI
BBIBO/IBI.

1. Ilpu uccnenoBanuu BIUSHUS KO3Pum-
€HTa pa3nayu (SKCIAHAMPOBAHUS) yNajIOCh BbI-
SIBUTh CJICIYIOIINE (PaKThI:

— P HAPY’)KHOM KaJTMOPOBAaHUU YITYUIIICHUE

OBAJILHOCTA KOHIIOB TPyO HAOIIONaeTCcs TMpH
skcnanauposanuu 0,45-0,65 %;

— IIpA BHYTPEHHEM KaaUOpOBaHUH YiIydIle-
HHUE OBaJbHOCTH KOHIIOB TpyO HaOJt0maeTcs mpu
skcnanaupoBanuu 0,85 %.

2. Ha ocHoBe momyuyeHHBIX HaHHBIX B Qform
M0 MaKCHMaJbHBIM YCWIMSM Ha pabounii MHCT-
PYMEHT TIPOBEJIEH aHAIHW3 OIEHKH 3araca Mpod-
HOCTH MaTepuajia pabodero MHCTPYMEHTa B IIPO-
rpamme SolidWorks Simulation. [To pe3ynbraTtam
aHajIM3a MOXHO CHIeJaTh BBHIBOJ O TOM, YTO INPHU
Hapy)XHOM O3KCIaHIUPOBAaHUH HMEETCS JI0CTa-
TOYHBIM 3amac npodHocTd. [Ipm BHyTpeHHEM
skcnanaupoBanuu 1,05 % MoXeT MpoUCXOAUTH
paspylleHre HHCTPYMEHTA.

3. Ilpu ucnonb30BaHUM KOMOWHAIUK (HapyX-
Hoe kamoposanue ¢ 0,65 %, BHyTpennee ¢ 0,85 %)
ymaeTcss JOCTHYh HAWIYYIIUX PE3YJIETaTOB I10
reoMeTpHUYecKUM mapamerpam TpyO. C Hcmonb3o-
BaHWEM JIaHHBIX TAPaMETPOB IPEIJIaraeTcsi Ocy-
IIECTBUTH OTTBLITHO-TIPOMBIILICHHOE MCCIIETIOBAHUE.

4. IlpoBeieHbI OMBITHO-IPOMBIIICHHBIE pa-
0OTBI, B Pe3yJIbTaTe KOTOPBIX IMOCIEC KaIHOpoBa-
HUS Ha BHYTPEHHEW MOBEPXHOCTHU TPYO NeeKThI
OoTCyTCTBOBIH. [IpM STOM yMCHBIIIEHHE BHYT-
pEeHHEN OBaJIBHOCTHU B cpeaHeM cocTaBuiio 0,7 Mm
(c 1,3 mo 0,6 Mmm).
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