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YNCNEHHOE MOOEJINPOBAHUE HENPEPLIBHOW NMPOKATKN TPYB
HA CTAHE FQM B NPOrPAMME DEFORM-3D

B.A. Tonopos’, I1.A. U6pazumos?, O.A. MaHaceHko',

A.O. Xanesoé®, [].LLl. Hyxog®

"MAO «Cesepckull mpybHbIl 3a800», 2. [Nonesckol, Poccus,
2[TAO «Tpy6Has Memannypauyeckas KomnaHus», 2. Mockea, Poccus,
3 Ypanbckuti pedepanbHbill yHUSepcumem umeHu nepgozo peaudeHma Poccuu

b.H. EnbyuHa, 2. EkamepuHbype, Poccus

CoBpeMennrle HenpepbiBHBIE cTaHbl THa PQF (Premium quality finishing) u FQM (Fine
Quality Mill) sBnsIOTCS BRICOKOTIPOM3BOJUTEIBHBIME arperaraMu, 00eCIeYnBaOIIIMHU BBICOKOE Ka-
YeCTBO OECIIOBHBIX TPYO pa3MuHOro coprameHTa. Ha maHHOM 000pyAOBaHMH MCHOJIB3YETCs JAIHH-
Hasl yAep>KMBaeMasl ONpaBKa, KOTOpas MMEET OIpPEACICHHYI0 CKOPOCTh IEPEMEICHHsI B ovare Jie-
¢dopmaryn. [l M3BJICUCHHS ONPABKM B KOHIIE TEXHOJOTHYECKOTO LHMKJIA MpPOKATa NMPHUMEHSETCS
TPEXKJIETHEBON CTaH-WU3BJIEKATEIb. BBUIY CKOPOCTHBIX M J1e(pOPMAMOHHBIX YCIOBHH Takoro Ipo-
ecca BO3MOXKHO 00pa3oBaHue MOBEPXHOCTHBIX NeeKTOB Ha uepHOBOW Tpybe. B pabore 6but mo-
CTaBJICHBI M PELICHBI 3a/1a4l YHCJICHHOTO MOEIHPOBAHHUS Ipolecca HEIMPEPhIBHON NMPOKATKU TPYyO
Ha ctraHe FQM. Pemienne 3aa4 nmo3BOIMIIO OLIEHUTH XapaKTep BIMSHUSA OTKIOHEHHUS OCeH MPOKATKH
HETIPEPHIBHOTO CTaHa M CTaHA-M3BJIEKATENs BCIEACTBHE IIJIOXOTO yAep>KaHHs ONpPaBKH rabHeTaMu
MEXAy KJIeTIMH Ha KauecTBO 4epHOBOH TpyObl. Ilo pe3ympTaTaM UYHCICHHOTO MOJAEITHPOBAHUSI
nporiecca HeNpepbIBHOW MPOKATKH OBUIO YCTaHOBIIEHO, YTO TOYHOCTh Pa3MEpOB TPYO CHIDKAETCS C
pOCTOM OTKJIOHEHHS OT OCH HpOKaTku. IIpn BenmunHe OTKIOHEHUS B 3 MM OTKJIOHEHHS IO JTHa-
METPY M TONIIUHE CTCHKH OT HOMHHANBHBIX 3HAYCHUH CcOCTaBISIOT (AD/Dy,,)-100=7,19 %, a
(AS/S40:) 100 = 19,45 %, 9TO BBEIBOAWT Tr€OMETPHUUCCKHE pa3Mephl TpyO 3a HOpMAaTHBHBIE 3HAUCHHMS
moboro crangapra. HaOmonaroTcst yBean4eHHe BPEMEHHU CHSTHS ONPAaBKH C TPYOBI M ITUKOBBIC HA-
T'PY3KH Ha OIPaBKY, YTO MOKET TOBOPUTH O HECTAOMIEHOM IIPOTEKAHWHU IIPOIECCA CHATHS OIPaBKH
U €€ CHJIPHOM BO3JICHCTBUM Ha BHYTPEHHIOIO MOBEPXHOCTh TPYOBI, MPUBOASIIIEM K IOSIBIICHHIO BH-
numMoro Jedekra. Pe3ynbpraTel pelieHuns 3a1a4 MO3BOJIMIN CHOPMYITHPOBATH TEXHUIECKUE PEKOMEH-
JIalliY, HAIpaBJICHHbIE HA CHU)KEHHE BEPOSTHOCTH 00pa30BaHUs IMOBEPXHOCTHBIX JAC(HEKTOB MPH

MIPOU3BOJCTBE TPyO Ha craHe FQM.

Kniouesvie cnosa: nenpepuignviii cman FQM, npouzsoocmeo becuioguvix mpyb, KoMnvlomepHoe
ModenupogaHue, nogepxnocmusie degpexmel, kpumeputi paspyutenua Kokpogpma — Jlamama, wucau-
MebHbIl IKCHEPUMEHM, (POpMOUMEHeHUe U BEPOAMHOCTb PA3DYUEHUSL.

Beenenne

TpyOomnpokaTHble arperarsl ¢ HeNpPephIBHBIM
CTaHOM TOJYYWJIM IIUPOKOE MPUMEHEHUE IIpH
MPOM3BOJICTBE OECHIOBHBIX TPYO MIMPOKOTO COp-
tamenTa [1, 2]. Ha npeanpusitun [TIAO «Ceep-
ckuil TpyOHbIit 3aBoa» (r. [lonesckoii) B 2014 T.
ObUla 3amylieHa TEXHOJOTWYecKas JIMHHUS TI0
Mpou3BOJACTBY OecmoBHBIX TpyO Ha TIIA c He-
npepeiBEHBIM cTaHoM FQM (Fine Quality Mill)
¢upmer Danieli. [3]. IIpu npousBoacTee Tpyd Ha
crane FQF mpumeHnsercs TEXHOJOTHUS HEIpe-
PBIBHOW NPOKAaTKU B TPEXBAJIKOBBIX KJIETAX, KO-
TOpasi, IO CPaBHEHHUIO C ABYXBAJIKOBOW IpPOKAaT-
KOM, MMeeT LeNbld psin npeumytnectB [4]. He-
npepbiBHBIH cTaH FQF oTimugaeTcss BBICOKHMHU
MOKa3aTeIsIMd  POU3BOAUTEIBHOCTH, YPOBHS
aBTOMATH3allMM, a TaKkXe KayecTBa TOTOBBIX

Tpy6. Ha arperare ucnonesyercst JyinHHast yaep-
KUBaeMasi onpaska. [IpumeHeHue B JIUHUHM Me-
XaHHW3Ma yJIEpXKaHUS ONPaBKU IO3BOJIET CHH-
3UTh CKOJIEBKEHUE METallla B ouare aedopManuu
U TIOJIy4aTh TOHKOCTEHHBIE TPYOBI C BBICOKOI
TOYHOCTHIO pa3mepoB [5]. Ho B To e BpeMms B
nporecce CHATUS TPYyObl C ONpPaBKH CTaHOM-
U3BJIEKAaTENIeM BO3MOXXHO O0Opa30oBaHHE MOBEPX-
HOCTHBIX JIepeKTOB TpYyObl, B TOM 4Hcie NedeKTa
TUNA «puUCKa» [5, 6]. B kauecTBe mpUYMH BO3-
HUKHOBEHHS Je(EeKTOB CleyeT OTMETHTh pac-
CHHXPOHH3ALHUIO CKOPOCTEH HENPEpPBIBHOIO CTa-
Ha FQM u crana-uspnekarens [7], HeoqocTaToy-
HOE BpEMsl YAEpXKaHUs ONpPAaBKU B KpaillHEHl ee
MO3UIMK (BO3BPAT OMpPaBKM 10 CHATHUS C Hee
TpyOHOM 3arOTOBKH), a TaKKe OTKJIOHEHHE Oceit
NPOKATKH HENPEPHIBHOTO CTAaHA M CTaHAa-H3BIC-
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KaTessl BCIEACTBUE IMIIOXOr0 YIAEp)KaHUsS OIpaB-
Ki TabueramMu (OMOPHBIMH POJMKAMH) MEXITY
kietsimu [8—10].

1. YucsieHHoe MoJe/IMPOBAaHME MIpoLecca

HeNnpepbIBHON MPOKATKH TPYD

B pabote ¢ menpio M3ydeHHs OICHKU BIIHS-
HUSI BEJIMYMHBI OTKJIOHEHHWS] OCEH MpPOKATKH |
OTIPaBKH Ha xapakTep (popMOU3MEHEHHS U Orac-
HOCTH pa3pyLICHUs] MeTasia ObLIM MOCTaBJICHBI U
peLIeHbl 33Ja4d KOMIBIOTEPHOTO MOJEIHpPOBa-
HUSI Ipoliecca HEMpephIBHOW NMPOKAaTKU TPyO Ha
crane FQM. Pemenne 3aia4 ocymiecTBiIsuioch B
nporpamMme KoHeuHo-aneMmeHntHoro (K3) mone-
mupoBanusi DEFORM-3D. B kauectBe 6a30BOi
ObuTa pa3paboTaHa MOJIENb S-KJIETEBOTO 3-BaJKO-
BOI0 CTaHa C 3-KJIETEBBIM 3-BaJIKOBBIM CTAHOM-
u3BiekareneM (puc. 1). KamuOpoBka BajkoB u
ONpPaBKH, a TaKKe TEXHOJIOTMYECKHE PEKHUMBI
NPOKATKH COOTBETCTBOBAIM TEXHUYECKUM YCIO-
BusM (CT3 004-024-2019) [11], npuHATEIM A7
npou3BoACcTBa TpyO pasmepom J245x8 MM B
nexe Ne 1 ITAO «Cesepckuil TpyOHBIH 3aBOIY.

y

[Ipu mocraHoBKe 3amaun OBLTH BBEICHBI
CJEeAyIOLIUE AOMYIICHHUS:

e MaTepuan 3aroTOBKM — CIUIOLIHOM, H30-
TPOTHBINA, HEC)KUMAEMBIH, BRIOpaHa CTalb MapKu
AISI 1045 (ananor cranu 45);

e qiuuHa 3arotoBku — 2000 MM, paccrosiHue
MEXIy TMocienHeld 9ucToBod kieTeio FQM m
craHoM-u3Bjiekarenem — 800 mm;

® Ha TOBEPXHOCTAX KOHTAaKTa 3arOTOBKHU C
WHCTPYMEHTOM 3aJlaH 3aKOH TpeHHs Mo 3uberto,
MOKa3aTellb TPEHUSI Ha KOHTAKTHOW MOBEPXHOCTU
¢ BaJKaMH NpuHAT paBHbM 0,8, a ¢ ompaBKoif —
0,4112,13].

Jlns mccnemoBaHus XapakTepa BIUSHUS Ka-
YecTBa yNep)KaHHs ONPaBKU rabueTaMu B JIMHUH
crana FQM B pabore MomenMpoBalld HECOOC-
HOCTb ONPABKHU C OCBIO MIPOKATKU C MOMEHTA BbI-
X0/J1a 3aJJHETO KOHIIa TPYObl U3 YETBEPTOH KIETH
crana FQM (puc. 2a). lllar otkioHeHust A ObLI
MPUHAT paBHBIM 1 MM, ¢ BapbpupoBanueM oT 0 10
4 MM (puc. 206). Monenb 0e3 OTKJIOHEHHUS IPH-
HUMaJIach 3a 0a30BYIO, U PE3YJIbTAaThl CpAaBHUBA-
JUCH ¢ Hel (CM. Tabnuiy).

Puc. 1. TBepaoTenbHas mogenb HenpepbiBHOro craHa FQM co ctaHoOM-U3Bnekarenem:
1 — 3aroToBKa; 2 — onpaBka; 3 — Banku ctaHa FQM; 4 — Banku ctaHa-usBnekarens

4 kemv 5 xnemn

Onpaska Yeprosan mpyba

/

/

a)

/ Ocb npoxamxu
/ /Ocb onpasku
/

6)

Puc. 2. UcxoaHble ycroBusi MOAENMPOBaHUA: MOMEHT BbIXoAa 3aAHero KoHua Tpyobi
13 yeTBepToM kneTtu ctaHa FQM (a) nh HeCOOCHOCTbL ONpaBKK C OCbIO NpoKaTku (6)
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MaTpuua akcnepumeHTa

Monens / Huametp Tonmuna crenku | Temmneparypa Juametp OTKIIOHEHHE OT OCH
[TapameTtp THITIB3BI d;, MM THIIB3HI S;, MM riib3el O, °C | ompaBk# dy;, MM MPOKATKU A, MM
1 — 6azoBas 328 20,5 1100 273,7 0
2 328 20,5 1100 273,7 1
3 328 20,5 1100 273,7 2
4 328 20,5 1100 273,7 3
5 328 20,5 1100 273,7 4

2. AHa/1u3 pe3yJbTaTOB

YHMCJIEHHOI0 IKCIIePUMEHTAa

Pesynbratel pemenue 3agad KO-monenupo-
BaHUS TO3BOJIIM OLIEHUTh TOYHOCTH pa3MepoB
YepHOBOHW TPYOBI TOCIIE MPOKaTKH HA cTane FQM
C TIOCJICAYIOIINM U3BJICYCHUEM TPYOBI C ONPaBKU
Ha CTaHe-u3BJieKaeTe. bbUIO YCTaHOBIEHO, YTO
TOYHOCTHh Pa3MEpPOB TPYO CHMIKAETCS C POCTOM
OTKJIOHEHMsI OT ocu mpokatku. Ha puc. 3 moka-
3aHbBI PE3yJbTaThl 3aMEPOB FEOMETPHUYECKUX Xa-
PaKTEepUCTUK TPYO C yBETMUYEHHUEM OTKIOHEHHUS
OT OCH NIPOKATKH.

[Ipu BenmunHe OTKIIOHEHHS B 3 MM HaOrOIa-
IOTCSI Cephe3HbIe BEIMYMHBI OTKJIOHEHUS 10 Jua-
METPY U TOJIIMHE CTEHKH OT HOMWHAIBHBIX 3Ha-
yeHUt: (AD/Dyoy) 100=7,19 %, a (AS/Sion)100 =
=19,45 %, 4TO OmpeneNeHHO BHIBOJUT T€OMET-
pudeckue pa3Mepsl TpyO 3a HOpPMAaTHUBHBIE 3Ha-
4yeHus Jodoro cragaapra. [Ipu aTom oTkioHeHue
B 1 MM BHOCHUT 3HAUUTENbHBIN BKIAI B OTKJIOHE-
HUE TEOMETPUYECKUX ITapaMeTpoB TPyO OT UX HO-
MUHAJIBHBIX 3HAYEHUH, HO 3TO OTKJIOHEHHE Haxo-
IUTCSl B Mpeaenax NECHCTBYIOIIUX HOPMAaTHBHBIX
nokymeHToB [TAO «CeBepckuil TpyOHBIN 3aBOI.

B pabote Obuta mpoBejieHa OIIEHKA BEPOSIT-
HOCTH MOBPEXIECHHOCTH MeTajula B COOTBETCT-

OueHKa ToOYHOCTH AnameTpa

(AD/DHOM)*100 YepHoBOM TPyObI

8,00

7,00

6,00

5,00

4,00

3,00

2,00

1,00 ' '
0,00

0 1 2 3 4 A, mm

W AD/DHOom*100 1,18 1,61 5,53 7,19 7,66

a)

BUHU C MaTpHIIEH BEIYUCIUTEIHHOTO SKCIIEPUMEH-
ta. Kputepuem paspyiieHus, NpUMEHAEMBIM B
paOore, sBisuica kpurepuil Kokpodra — Jlatama
(Cockroft — Latham). Kputepuii ocHOBaH Ha BBbI-
YHUCIICHUW NOTEHIWAIBHON 3HEPIHH IIacTHYe-
CKOM nedopmanuu, T. €. IIoWaan (QUrypsl, Or-
pPaHWYEHHOW KPUBOW «JIeopMaiisi — HampshKe-
Hue» [13, 14]. OueHka BEpOATHOCTH MOBPEXK-
JIEHHOCTH METa/Ia TaKKe JEMOHCTPHUPYET Hera-
TUBHOE BJIMSHHE HEOOCHOCTH IpoIiecca MpOoKaT-
KM, 2 UIMEHHO: HaOJI0/1aeTCs POCT MOBPEKIAECHHO-
CTH B TOYKAaX, COOTBETCTBYIOIIMX BBIMYCKaM H
JIHY KaJnOpoB.

Jns oueHKM XapakTepa CHJIOBOTO BO3JEHCT-
BUS Ha OMPaBKy B MOMEHT CHATHS €€ C UepPHOBOM
TpyOBI OBUT MIPOM3BEACH PACUET YCHIHS MIPOKATKU
Ha OMpaBKy MPHU CHATUH ¢ Hee MeTama. Ha puc. 4
MIPUBEJIEHBI PE3yJIbTaThl MOJEIUPOBAHNUS, U3 KO-
TOPBIX MOXHO 3aMETHTh 3HAUYUTEIILHOE yBEINYE-
HUE YCWJINS HNPOKATKH C POCTOM BEJIWYUHBI OT-
kioHeHus (ycunue npesbimaet 1000 xH).

Takxke B X0J€ MOJEIHMPOBAaHUS yCTaHOBIIE-
HO, YTO NpH cKauke Harpy3ku Beime 1150 kH
HaOIrOIAaeTCsl eIMHUYHOE HECUCTEeMHOe 00pa3o-
BaHue nedekra «pucka» (cM. puc. 4). Kpome To-
ro, HaOJIIOAAIOTCS YBEITUUEHHE BPEMEHH CHATHUS

OueHKa TOYHOCTM TONWMHbBI CTEHKK

YepPHOBOW TPYOBLI
(AS/SHom)*100 P Py

40,00
35,00
30,00
25,00
20,00
15,00
10,00
5,00 l l
0,00
0 1 2 3 4 Awmm

W AS/SHom*100 6,41 8,65 13,6419,4535,22

6)

Puc. 3. BnusiHne oTKNOHEeHUA OT OCY NPOKATKU Ha reoMeTpU4eCcKue XxapakTepucTuku Tpy6:
OTKJIOHEeHUs No AnameTpy (a) U TonwmMHe CTeHKM (6) OT HOMUHaNbHbIX 3HAYEHUN

BecTtHuk KOYplY. Cepus «<Metannyprus».
2020. T. 20, Ne 1. C. 27-33

29



OGpaboTka meTannoB AaBfIeHNEM...

Paspywenme
Voo

OTKNOHEHNE 2 MM

PxH
1920 ] BasoBas mogens
Bsof T~ PxH

1 D] 1920
o F.}“ﬂ,‘w\‘ |"L 7,,‘.‘ - 1540 ==
YU e

[ VLWL | el | 1150
L L |
J e ‘ ' | 768
S AL . . te
540 556 572 588 6.04 620 384 .
| |
0 My \‘J’;"-‘“s-ﬁ.' NI t
540 552 564 576 588 6,00

¢

OTKINOHEeHNe 3 MM

PxH

1540
1 OTKnoHeHne 1 mm

PxH
1920

1540

1150+

1150
768 | 11

b afland A0
LT A U RV \""'y“'J i1
A URLLL "I
0 s YL dte
540554 568 382 506 610

Puc. 4. PocT cunoBoro Bo3aeicTBvs Ha onpaBKy Npu yBenn4eHUm HeCOOCHOCTU
npouecca NpPoKaTKu u U3Bre4YeHUN onpaBKN CTaHOM-U3BIieKaTenem

OMpaBKH ¢ TPYOBI U MUKOBBIE HATPY3KH Ha OI-
paBKy, 4TO MOXXET TOBOPHUTh O HECTAOWIHLHOM
NPOTEKAHUHM TIPOILIECCA CHATHSI OMpPaBKH H €¢
CHUJILHOM BO3JICHCTBHM Ha BHYTPEHHEIO MOBEPX-
HOCTH TPYOBI, IPUBOAIIEM K TIOSBIICHUIO BUIH-
Moro aedekra.

BriBoabI

[lo pesynbTaraM YHUCICHHOTO MOJCIHPOBA-
HUSI TIPOLIECCa HENPEPHIBHON MPOKATKH OBLIO yC-
TAHOBJICHO, YTO TOYHOCTh Pa3MEpOB TpyO CHMXKa-
€TCS C POCTOM OTKIIOHEHUsI OT ocH npokaTku. [Ipn
BEJIMYMHE OTKJIOHEHHS B 3 MM OTKJIOHEHHMS IIO
JUaMeTpy M TOJIIIMHE CTCHKM OT HOMHHAJIbHBIX
3HaYeHUH COCTABISIOT (AD/Dyoy) 100 =7,19 %, a
(AS/Syon) 100 = 19,45 %, YTO BBIBOAUT TIEOMET-
pudeckne pa3Mepsl TpyO 3a HOpPMAaTHUBHBIC 3Ha-
YeHMs JII000T0 CTaHIapTa.

B kayecTBe peKOMEHIALMN IO CHUXXEHHUIO
BEPOSATHOCTU 00pa3oBaHUs JAe(eKTa «PUCKa» Ha
BHYTPEHHEW MOBEPXHOCTH YEPHOBOW TPYOHI Iie-
necooOpasHbl CIEAYIONINEe MEPhl: OTPaHUYUTH
YCUIIUS TIPU YICPXKaHUH ONMpaBKH (B MOMEHT U3-
BJICUCHUS) HENPEPHIBHOTO CTaHAa BEIIMYMHOMN
1150 xH; pa3paboraTs cucTeMy OMOBEUICHUS Ha
MyJbTE YIIPABICHUS, CUTHATM3UPYIOIIYIO O TIpe-
BBIIICHUN YCWINSA U HEOOXOJUMOCTHA W3MEHEHUS
peKHMa yIepKaHHs, TI0CIe CpabaThIBAHUS KOTO-
poii omepaTop MyJjbTa JOJDKEH IPOBECTH IPO-
BepKy (ukcanmuu rabueTamMy OIpaBKH Hempe-

PBIBHOTO CTaHa, a TakKXe OTKOPPEKTUPOBATH
BpeMsl yAep>KaHUs ONPaBKU B KpailHEH MO3UIUHU
Hepes €€ CHATUEM.

HccnenoBanue BbINOJIHEHO B paMKax 0a30Boi
yacTu rocyaapcrseHnoro 3aganusa Ne FEUZ-2020-
0020.

PaGora BbINOJHeHa npHM (uHAHCOBOI moOI-
Aepakke nocraHopaeHust Ne 211 IlpaButenscrBa Poc-
cuiickoii @enepanuu, KOHTpPaKT Ne 02.A03.21.0006.
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Modern continuous mills such as PQF (Premium quality finishing) and FQM (Fine Quality
Mill) are high-performance units that ensure high quality of seamless pipes of various grades. This
equipment uses a long-held mandrel, which has a certain speed of movement in the center of defor-
mation. A three-mill extractor is used to extract the mandrel at the end of the technological cycle
of rolled products. It is possible to form surface defects on the draft pipe due to the high-speed and
deformation conditions of this process. We set and solved the problems of numerical simulation of
the continuous rolling process of pipes on the FQM mill in this paper. The solution of the problems
allowed us to assess the nature of the influence of the deviation of the rolling axes of the continuous
mill and it is extraction due to poor retention of the mandrel by gabions between the stands on
the quality of the draft pipe. It was found that the accuracy of pipe sizes decreases with increasing
deviation from the rolling axis, based on the results of numerical simulation of the continuous rolling
process. When the deviation is 3 mm, the deviations in diameter and wall thickness from the nominal
values are (AD/Dy)-100 = 7,19 %, and (AS/Sy)-100 = 19,45 %, which makes the geometric dimen-
sions of the pipes beyond the normative values of any standard. There is an increase in the time of
removing the mandrel from the pipe and peak loads on the mandrel, which may indicate that the pro-
cess of removing the mandrel is not stable and its strong impact on the inner surface of the pipe.
It leading to the appearance of a visible defect. The results of solving the problems allowed us to
formulate technical recommendations aimed at reducing the probability of surface defects in the pro-
duction of pipes at the FQM mill.

Keywords: continuous FOM mill, production of seamless pipes, computer modeling, surface defects,
Cockcroft-Latham fracture criterion, numerical experiment, shape change and probability of failure.

The study was made within the base part of state job in the field of scientific activity
Ne FEUZ-2020-0020.

The work was supported by Act 211 Government of the Russian Federation, contract
Ne 02.A03.21.0006.

References

1. Osadchy V.Ya., Vavilin A.S., Zimovets V.G., Kolikov A.P. Tekhnologiya i oborudovaniye
trubnogo proizvodstva [Technology and equipment of pipe production]. Moscow, Intermet Engineering
Publ., 2007. 560 p.

2. Osadchy V.Ya., Kolikov A.P. Proizvodstvo i kachestvo stal ’nykh trub [Production and quality of
steel pipes]. Moscow, MGUPI Publ., 2012. 370 p.

3. Toporov V.A., Pyatkov V.L., Pyankov B.G. [The development of injection molding machines
with a continuous mill FQM at the Seversky Pipe Plant]. Proceedings of the XXII International Scien-
tific and Practical Conference, 2016, pp. 16—19. (in Russ.)

4. Vydrin A.V., Chernykh LN., Struin D.O. et al. [A comparative analysis of the process of mandrel
longitudinal rolling of pipes using calibers formed by a different number of rolls]. Proceedings of
the XXI International scientific and practical conference, 2014, part 2, pp. 143—150. (in Russ.)

32 Bulletin of the South Ural State University. Ser. Metallurgy.
2020, vol. 20, no. 1, pp. 27-33



Tonopoe B.A., U6pazumoe [.A., YucneHHoe ModenuposaHue HenpepbI8HOU NPoOKamKku mpy6
lMaHaceHko O.A. u op. Ha cmaHe FQM e npozpamme DEFORM-3D

5. Shkuratov E.A., Vydrin A.V. Inprovement of the technology for hollow shell longitudinal rolling
in continuous rolling mills. Chernye Metally, 2017, no. 3, pp. 42—46.

6. Lohanov D.V., Nikitin A.V., Ananyan V.V. et al. [Improving the methodology for determining
the technological axes of continuous mills TPA 159-426]. Proizvodstvo prokata [Rolled metal produc-
tion], 2016, no. 1, pp. 34-38. (in Russ.)

7. Vavilkin N.N., Krasikov A.V. [Investigation of the deformation and kinematic parameters of pipe
rolling in a continuous mill]. Proceedings of Universities. Ferrous Metallurgy, 2009, no. 11, pp. 22-25.
(in Russ.)

8. Shkuratov E.A., Pyankov B.G., Bushin R.O. et al. [Features of determining the technological axis
of a continuous tube rolling mill with three-roll calibers]. Pipes-2016: Proceedings of the XXII Interna-
tional Scientific and Practical Conference. Chelyabinsk, 2016, part 2, pp. 206-210. (in Russ.)

9. Alyutin M.D., Shirokov V.V. Push Benches and Prospects of Their Application. Metallurgist.
2019, vol. 62, no. 9—-10, pp. 1062-1067. DOI: 10.1007/s11015-019-00754-6

10. Panasenko O.A., Shkuratov E.A., Belov O.l. et al. [Improving the axial adjustment of
the equipment of the FQM mill based on non-contact 3D measuring systems]. Metallurgist, 2019, no. 7,
pp- 26-29. (in Russ.)

11. Tekhnologicheskaya instruktsiya STZ 004-024-2019 “Prokatka besshovnykh trub v linii nepre-
ryvnogo stana FOM” [Technological instruction STZ 004-024-2019 “Rolling seamless tubes in the line
of a continuous mill FQM™]. Polevskoy, 2016, 12 p.

12. Shi J., Yu W., Dong E., Wang J. Finite element simulation for hot continuous-rolled TC4 alloy
seamless pipe. Lecture Notes in Mechanical Engineering, 2018, pp. 705-716.

13. Kolikov A.P., Romantsev B.A. Teoriya obrabotki metallov davieniyem [Theory of metal forming].
Moscow, MISiS Publ., 2015. 451 p.

14. Kolbasnikov N.G., Mishin V.V., Shishov .A., Matveev M.A., Korchagin A.M. Surface-crack
formation in the manufacture of microalloyed steel pipe. Steel in Translation, 2016, vol. 46, no. 9,
pp. 665-670. DOI: 10.3103/50967091216090035

Received 10 January 2020
OBPA3EIl HIUTUPOBAHUSI FOR CITATION
UmciieHHOE MOJCIMPOBAHUE HEMPEPHIBHOM MPOKaT- Toporov V.A., Ibragimov P.A., Panasenko O.A.,
ku Tpyd Ha crane FQM B mporpamme DEFORM-3D / Khalezov A.O., Nukhov D.Sh. Computational Simu-
B.A. Tonopos, I1.A. U6parumos, O.A. Ilanacenko u ap. // lation of Continuous Pipe Rolling on a FQM Mill in
Bectauk HOYpI'Y. Cepus «Merammyprus». — 2020. — the Deform-3D Program. Bulletin of the South Ural
T. 20, Ne 1. — C. 27-33. DOI: 10.14529/met200103 State University. Ser. Metallurgy, 2020, vol. 20, no. 1,

pp. 27-33. (in Russ.) DOI: 10.14529/met200103

BecTtHuk KOYplY. Cepus «<Metannyprus». 33
2020. T. 20, Ne 1. C. 27-33



