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Auuomauuﬂ. Pa3pa60TaHa W U3roTOBJICHA, B TOM YHUCJIC C IIOMOIIBIO aJJTUTUBHBIX TeXHOHOFHﬁ, MOZEJIb YE€TBIPEXBAJIKOBOI'O CTaHa BUHTOBOM TIPOKAaTKH.

Paboune BaJIKM yCTaHOBJIEHBI: OCHOBHBIE — I10 YAIICBUIHOM, BCIIOMOTaTEJIbHBIE — 10 TPUOOBUIHOM CXEMaM C yIJIOM PacKaTKu +7° IIpH Heperyu-
pyemom yrie nopadn 15°. OCHOBHBIC M BCIIOMOTATebHbIC BaKK UMEIOT JuiHY 00uku 70 MM. /lnamMeTp OCHOBHBIX BaJIKOB B mepexume 50 MM,
BCIIOMOTaTeNNbHBIX 36 MM. Ha BBIXOJHOM yuyacTKe B CEUEHHHM BBIXOJA TPYOBI M3 BAJIKOB MX JHAMETPhI IPAKTHYECKH OAWHAKOBBIC M COCTABIIAIOT
72 mm. Kaxaplit 13 4eThIpex BaJIKOB NPUBOAUTCS B ABMKEHHE MHIUBHIYAIBHBIM IPUBOJOM C MOTOP-peayKTopoM MomiHocTeio 100 Bt u wactoToit
BpauieHust 60 00/MUH 1O TPHOOBUIHON cxeMe U 83 00/MHH 10 YalIeBHHON. DTO MO3BOJIAET MUHUMHU3UPOBATH PACXOIKICHHE OKPYIKHBIX CKOPOC-
Tel 1o ouary JedopMauny IpHu pa3HbIX JUaMeTpax BaikoB. Ha pa3spaboTaHHON MOIENH YEThIPEXBAJIKOBOIO CTaHA MPOBEACHA PacKaTKa THIb3 U3
IUIACTHIIMHA JTUaMETPOM 25 MM C TONMUHON cTeHkH 7,5; 5,5 u 3,5 Mm. CooTHOIIEHNE TaMeTpa K TOJIIMHE CTeHKH TpyObI cocTaBisuio 3, 5 u 8.
Packarka Tpy0 ocymiecTBIsIIaCh Ha MJIaBAMOIINX onpaBkax auamerpoM 9, 13 u 17 mm. [Tocne npokaTtku npoBeieHbl H3MEPEHHUS AUaMETPa 1 TOJIIHU-
HBI CTEHK! TPYO B ISTH PaBHOYJAJICHHBIX JIPYT OT Jpyra ITONEPEYHBIX CCUCHUAX. B Kak0M IONepeyHOM CeYeHNH TMaMeTp U3MEpSUICS B IIATH, a
TOJII[MHA CTEHKH B JECATH TOYKax. KOHEUHO-37I€MEHTHBIM METOZIOM OCYIIECTBICHO MOJIEINPOBAHUE MPOLIECCA PACKATKH YKa3aHHBIX TPYO B IPOr-
pamme QForm. OrieHka aeKBaTHOCTH MOJENH TIPOBOJMIACH ITyTEM CPAaBHEHUS Pa3MEPOB TPyO M UX TOYHOCTH MOCIIC PACKATKH U TI0 pe3yibTaTaMm
KOMIBIOTEPHOTO MozienupoBanus. [1pu packarke B 4eThIPEXBAIKOBOM CTaHE PA3HOCTEHHOCTb 3HAUMTEILHO YMEHBIIACTCSL.

Knrouesvle cnosa: ‘{eTpreXBaHKOBHﬁ paCKaTHOﬁ CTaH, pa60'me BaJIKH, IJIACTUJIMH, KOMIIBIOTEPHOEC MOJACIUPOBAHUE, OTHOIICHUE JUaMETPa K TOJIINHE

CTCHKH, MO/ZICJIb, Pa3HOCTCHHOCTH, TOYHOCThH pr6
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MakeT 4eThIpeXBaJIKOBOTO CTaHA BHHTOBOHM ITPOKATKH
(puc. 1) cocrout u3 craHuHHI 3akpeiToro Tuna / [1]. Pa-
Ooure BaJKW, YCTAaHOBJICHHBIE 110 YAIICBHIHOW cxeme 2,
YCJIOBHO 0003Ha4YEHBI KaK OCHOBHBIE, a BAJIKH, yCTAHOBJIEH-
HBIE 10 TPUOOBUIHON cXeMe 3 — BCIIOMOTaTesbHbIe. YToI
nojauu pabouyMX BAJKOB HE PETYIUPYETCSI U COCTABISICT

BI)IXO}IH&S{ CTOpOHa

4 3

15°[2]. OcHOBHBIE W BCIOMOrareibHble padodyre BaJKH
YCTaHOBJIEHBI ¢ yIIIOM packatku +7° [3 — 4]. CoBMmelieHue
YaOIeBUAHOW W TPUOOBUIHON CXEM IPOKATKH MO3BOJISET
pa3MecTUTh PUBOJ BAJIKOB HA BXOJHOW M BBIXOJHOM CTO-
poHe ctana. OCHOBHbIE U BCIIOMOTaTeIbHbIE BAJIKH UMEIOT
OJTMHAKOBYIO JUIMHY Oouku 70 MM. [lmameTp OCHOBHBIX

Bxoannas ctopona

2 5

Puc. 1. Maker YETBIPEXBAJIKOBOI'O CTaHa BUHTOBOM packaTku

Fig. 1. Model of a four-high screw rolling mill
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BaJIKOB B mepeknMe 50 MM, a BCIIOMOTaTrelbHBIX 36 MM.
Ha BBIXOZTHOM y4acTKe B CEYCHUH BBIXOA TPYOBI M3 BAJIKOB
WX JUaMETPbl MPAKTHUYECKH OJMHAKOBBIE M COCTABISIOT
72 mM. Kaxaplii U3 4yeTbIpex BaJKOB NPUBOAUTCS B JBU-
KEHUE WHIUBHULyaTbHBIM IIPUBOIOM C MOTOP-PEILYKTOPOM
MortHocThi0 100 BT 1 wactoroit Bpamenust 60 00/MuH JUIst
OCHOBHBIX BaJIKOB 4 1 83 00/MHH /7151 BCIIOMOTaTEeNbHBIX J.
3T0 N03BOJIIET MUHUMHU3UPOBATH PACXOKICHUE OKPYKHBIX
CcKopocTel 1Mo ouary Jedopmaliu, XapakTepHOe TPU COB-
MEIIEHUH YalleBUAHON 1 TpUOOBUAHOM CXeM NPOKaTKH 13-
3a pa3Nu4Ms B JMaMeTpax BaJIKoB [5 — 6].

Ha puc. 2 mpeacraBnena cxema odara neopMaIin qe-
THIPEXBAJIKOBOTO CTaHa C OCHOBHBIMU pa3MepaMH BaJKOB
1 ux KanuOposkoii [7 — 8]. JlanHass kamuOpoBKa mpeaHas-
HaueHa JJIsl UCCIICA0BaHMs NpoIlecca IPOIIUBKHU, TOITOMY
YTIIBI HAKJIOHA 00pa3yIoIIeil Bajika K OCH IIPOKATKH Ha BXOI-
HOM U BBIXOIHOM Y4aCTKaX COCTaBJIAIOT 2 U 3° COOTBETCT-
BeHHO. /[namerp kamuOpa B mepexumMe 23 MM, Hapy KHbIH
JIMaMeTp Ha BXoze 25 MM, YTO MO3BOJISIET OCYIIECTBIISTH
MpoKaTKy ¢ oOkarmem mo muamerpy 9 % [9—10]. Ot-
CYTCTBHUE IpeOHsl, KOTOPBII MPUMEHSETCS MIPH pacKaTKe, He
MIO3BOJISICT YBEIMYHUTH 00KaTHE KaK 110 JHaMETPY, TaK U MO
TOJIIIUHE CTeHKH [2 — 3].

C 1enpIo HCCIeTOBaHMsI MTPOIIecca pacKaTKH TpyoO B de-
THIPEXBAJIKOBOM CTaHE BHHTOBOW MPOKATKU OCYIECTBIIC-
Ha nedopMarys THiIb3 U3 IUTACTHINHA AUAMETPOM 25 MM
¢ TonuMHoOM crenku 7,5; 5,5 u 3,5 mm. B Buay ocoben-
HOCTEH PEOJIOTMYECKHUX CBOMCTB IUIACTWIIMHA, TAKUX KaK
Oosblasi BSI3KOCTh, CKIIOHHOCTh K HAJMIAHUIO HA BaJIKH,
HU3Kas MEXaHUYecKas MPOYHOCTH, BHIOpAaHBI IMTOHM)KEH-
HbIC 3HAYCHUSI COOTHOILEHUS TUaMeTpa K TOJIIUHE CTEH-
ki TpyOwl (D /S ), paBHble 3, 5 u 8. Packarka Tpy6 ocy-
LIECTBIIUIACH Ha IIaBAIOIIUX OllpaBKax AuaMeTpoM 9, 13 u
17 MM [11 — 12]. OnpaBku n3roraBnuBanuck Ha 3D nipuH-

WF Unb3a

Onpagka

Hanpaenenue
npoKamxu

Puc. 2. Cxema ouara nedopmannu

Fig. 2. Scheme of the deformation region

Tepe U3 muactuka tuna ABS. J[nrHa MCXOIHBIX THIIB3 CO-
ctarisiia 60 MM. OOxaTHe 10 TONIUHE CTEHKU B TIpoIiecce
packatku 0,5 M.

[IpoBeneHsI U3MEPEHUS TUAMETPA M TONIIMHBI CTEHKH
B IIATU PaBHOYJAJICHHBIX APYT OT ApYyra MONnepeIHbIX CCUC-
Husix [13]. B kak10M IOTIEpEYHOM CEUEHUH TUaMEeTp U3Me-
psUICA B IISATH, a TOJIIMHA CTEHKH B IECATH TOYKax (puc. 3).

s ahdexkTuBHOrO aHaNM3a reOMETPUYECKUX Mapa-
METpPOB TpyO, MOITYYEHHBIX B TPOLECCE YECTHIPEXBATIKO-
BOHM packarku, ¢ moMomibio rporpammsl QForm [13 — 17]
OCYIIECTBIICHO KOHeuHo-dneMeHTHoe [14, 16, 18] mone-
JUPOBAaHHUE TIpOIlECCa PacKaTKH TPyO TeX e pa3MepoB
B yCJIOBUSX, HpI/IGHI/I)KeHHI)IX K YCJIOBUAM IPOKATKH B 4€-
TBIPEXBAJKOBOM CTaHe. Peoyormueckne CBOHCTBA ILIac-
TWINHA, HEOOXOAUMBIE IS pacueTra (POPMOU3MEHEHHS
3arOTOBKH, 3a/IaBalICh B COOTBETCTBUH C JaHHBIMH pado-
ToI [15].

s ocymiecTBIeHHST KOHEYHO-IIEMEHTHOTO MOZICTIH-
poBanus, B nporpamme SolidWorks paspaborana cOopka,
COCTOSIIAs M3 BAJIKOB, 3aTOTOBKU U OMpaBKU. C TIOMOIIBIO
penakropa reomerpun QShape Ha KaX10M 00bEKTE COOPKHU
TeHepUpPOBaJach CETKAa KOHEUHBIX AJIEMEHTOB. Mopenupo-
BaHUE OCYIICCTBISIOCH 03 CMa3Kh C OTCYTCTBHUEM IPO-
CKaJIb3bIBaHMsI Ha KOHTAKTHOH ITOBEPXHOCTH 3arOTOBKU
1 BaJIKa.

B Ttabn. 1 mpencraBieHsl UCXOAHBIE TEOMETPUUECKUE
napameTpel Tuib3 D XS u monyuennsix Tpy6 D xS . Cpas-
HEHHE PEe3yNlbTaTOB TeOMETPHUCCKUX MapaMeTpoB Tpyo,
MOJYYCHHBIX Ha YCTBIPEXBAJIKOBOM CTaHE, C UX KOMIIbIO-
TEPHBIM MOACTHPOBAHUEM TOKA3aJI0, UYTO PAa3HOCTEHHOCTD
TpyO C COOTHOILICHHEM JUAMETpa K TOJIIHUHE CTCHKH 3 U 5
cocrasisier 4 —4,1 %, a no pe3yabraTaM KOMIbIOTEPHO-
ro momenupoBanus 3,2 —4,9 %. Pacxoxnenue pesysbra-
ToB — He Oomee 20 %. HamMeHbIee OTKIOHEHHE DKCITe-
PUMCHTAJIBHBIX NJAHHBIX OT KOMIIBIOTEPHBIX IMOJYYCHBI Ha
Tpybax ¢ D /S =8, a Haubobliee pacxoxkICHHE MEXKITY
OKCHCPUMCHTAJIbHBIMU U KOMIIBIOTEPHBIMU NJaHHBIMU H36-
JFOIAETCSI TIPH OIIEHKE TOYHOCTH IO JHAMETPY, UYTO 0OBSIC-
HsieTCsl OONBIION MOTPEIIHOCTHIO U3MEPEHHSI TuameTpa Ha
TUTACTHIMHOBEIX 00pa3iax.

g uccnenoBanus M3MEHEHHS PA3HOCTEHHOCTH B MPO-
I[ecce packaTKH Ha YETHIPEXBAIKOBOM CTaHE OCYIIECTBIIC-

Ta6numnma 1

I'eomeTpuueckue pa3Mepbl rijib3 U TPYO

Table 1. Geometric dimensions of sleeves and tubes

OTKIIOHEHHE TI0 PasHocreH-
D xS | D xS, D IS nuameTpy, % HOCTB, %
MM MM B 9KCIe- | MOJEIHU- | JKCIIC- | MOICIIH-
PUMEHT | pOBaHUE | PUMEHT | POBaHHUE
25%7,5 | 23%x7 3 0,6 0,1 4,1 49
25%5,5| 23x5 5 0,7 0,2 4,0 32
25%3.5| 23x3 8 0,7 0,7 10,2 10,2
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Hanpasnenue npoxamxu

3 2 1

Puc. 3. Cxema u3mepenus o6pasnos:
a — mojenupoBanue B Qform; 6 — skcriepuMeHT

Fig. 3. Measurement scheme of the samples:
a — Qform simulation; 6 — experiment

Ha aedopmanus napTuu rwib3 ¢ D/S = 4 muamerpom 29 MM
¢ MUHHUMAJbHONM M MaKCUMAaJILHOW TOJIIIMHON CTEHKU 6
1 8 MM, YTO COOTBETCTBYET HCXOJHOH pPa3HOCTEHHOCTU
26 %. Packarka ocylliecTBiIsIach Ha OIPaBKE AUAMETPOM
13 MmM. B pesynbrare packaTku moiydeHa TpyOa cpeaHuM
JuaMeTpoM 23 MM U CpeAHEel TOJILIMHON CTeHKU 5 MM. 3a-
30p ME¥XAy BHYTPEHHEH MOBEPXHOCTbIO I'MIIb3bl U ONpPaB-
kol paBeH 1 MMm. Pe3synbprarbl m3MepeHuil npeacraBieHbI
B TabII. 2.

[locne packaTku pa3sHOCTEHHOCTh IEHTPAIBFHON YacTh
TpyOBl, COOTBETCTBYIOILAs] YCTAaHOBUBIIEMYCS MPOLECCY,
yMeHbIIIIAch 10 4 %, B pe3ylbTare 4ero TOYHOCTh TPYO
noBbicwiiack Ha 80 %. CyliecTBeHHOE CHMXKEHHE pas3-
HOCTEHHOCTH OOBSICHSICTCS YBEIMYEHHEM 4YHCIa ITMKIOB
neopManuu 0 CPAaBHEHUIO C PacKaTKod TpyO B JABYX-
Y TpeXBalKOBbIX craHax [18 — 20]. Yucno mukinos nedop-
Malu MOJKHO OTIPEAENNTb 110 GopmMyrre

e AD — cymmapHOe o0OXKaTue 1o JuameTpy, MM; S — mmar
noja4u 3a 1/¢ — 060poTa 3arOTOBKH, MM; ¢ — YHCIIO pab0dnX
BaJIKOB; () — YTOJI HAKJIOHA 00pa3yolel Ballka K OCH IPo-
KaTKH; [y — CyMMapHbIA KOO(QQUIMEHT BBITKKH.

CornacHo JaHHoM (hopMyIie YUCITO UKIIOB e opManuu
JUTSI TIpOIIecca pacKaTKH JTaHHBIX 00paslloB B YETHIPEXBAII-
KOBOM cTaHe cocTamisier 15. Ecnu packarky nmpou3BoIuTh
B TPEXBAJIKOBOM CTaHE, TO YHCIO IHKIOB YMCHBIIACTCS
no 11, aB aByxBankoBoM — jo 7,5 [18]. YUucno mukioB
nedopMalry B YETHIPEXBAIIKOBOM CTaHE IO CPaBHEHHUIO C
JIByXBaJIKOBBIM YBEJTUYHMBACTCS B J[BA pa3a, a C TPEXBAJIKO-
BEIM — B 1,3 paza. YBenn4eHue ynciia MUKIOB JaedopMarim
3a cueT A00aBJICHHS BAJIKOB JIENaeT PAaBHOMEPHBIM OOXKa-
THE TOJIIMHBI CTCHKH pacKara I0 ero MepuMeTpy, a Tak
K€ CIocoOCTBYeT Jydlieil mpopabOTKU TOJIIMHBI CTEHKH
packara, 9To PUBOJUT K CYIIECTBEHHOMY CHIDKEHHIO pa3-
HOCTEHHOCTH.

Buotsoowt. IIpoBe/ieH aHATN3 pacKaTK 00pa3IloB U3 Tiia-
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N = AD CTUJIMHA U CPABHEHUE PE3YIBTATOB T€OMETPUYECKUX I1apa-
Sta(o)| 1+ s MeTpoB Tpy6 ¢ D /S, paBHBIM 3; 5 ¥ 8, NOTy4EHHBIX Ha
. YETBIPEXBAIIKOBOM CTaHE, C UX KOMIIBIOTEPHBIM MOJIEIUPO-
Tabnuma 2
HN3mepeHust TOJMMHBI CTEHKH U Pa3HOCTEHHOCTH TPYO
Table 2. Measurements of wall thickness, mm and wall variation,% of pipes
Ilepennuit koHer YceTaHOBUBILIMICS pexXUM 3aaHui KOHeI|
Ob6paser pa3HOCTEH- pa3sHOCTEH- pa3HOCTEH-
MaKc., MM | MUH, MM MaKc., MM | MHH, MM Makc., MM | MHH, MM
HOCTB, % HOCTB, % HOCTB, %
1 5,1 4,8 6,1 5,0 4,8 4,1 5,1 4,7 8,2
2 5,1 4,9 4,0 5,1 4,9 4,0 5,1 4,8 6,1
5,2 4,7 10,1 5,1 4,9 4,0 5,1 4,8 6,1
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BanueM. Pasnocrennocts Tpy6 ¢ D /S , paBHbiM 3 1 5, mo-
JydeHHBIX Ha cTane, coctasiseT 4,0 — 4,1 %, a ¢ momotsio
KOMITBIOTEPHOTO MojenupoBaHus paBHa 3,2 —4,9 %. Pac-
XOXKICHUE Pe3ybTaToB cocTanisieT He Oomee 20 %.

UccnenoBanne n3MeHeHUs: pa3HOCTEHHOCTH B MPOIIEC-
C€ YeThIPEXBAJKOBOM pacKaTky IOKa3ajo, YTO TOYHOCTb
TpyO MpH packarke yBeIW4HBaeTcs. B mpoBeneHHOM 3Kc-
MEPUMEHTE Pa3sHOCTEHHOCTh TPyO yMeHbIImiachk ¢ 26 %
y TIIb3 J10 4 % y TpyO B YCTaHOBUBIIEMCSI PEXKHME MPO-
KaTKu. B 11e1oM MO)KHO OTMETHTb, YTO MPOLECC PACKaTKH
TpyO B UETHIPEXBAJIKOBOM CTaHe, Oarojaps 0COOEHHOCTIM
TeOMETpHUH ovara nedopManuu u GopMou3MEeHEHHIO, OJia-
TONPHUATHO BO3JICHCTBYET HAa KOHEYHBIE T€OMETPUYECKHE
rapaMeTpsbl MOJIy4yaeMbIX TPYO.
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SCREW ROLLING OF PIPES IN A FOUR-HIGH ROLLING MILL

B.A. Romantsev, E.A. Kharitonov, A.S. Budnikov,
Le Van Chong, Chan Ba Khyui

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

Abstract. A model of four-high screw rolling mill was developed and
manufactured with the help of additive technologies. The work rolls
are installed: the main ones — by cup-shaped scheme and auxiliary — by
mushroom scheme with an angle of rolling of £7 degrees, with an un-
regulated feed angle of 15 degrees. The main and auxiliary rolls have
a barrel length of 70 mm. Diameter of the main rolls in pinching is
50 mm, of auxiliary rolls — 36 mm. At the exit in cross section of the
tube outlet from the rolls, their diameters are almost the same and are

72 mm. Each of the four rolls is driven by an individual drive with
a 100 W motor-reducer and a rotational speed of 60 rpm by a mush-
room scheme and of 83 rpm by a cup-shaped one, which minimizes
the divergence of peripheral speeds in the deformation zone at diffe-
rent roll diameters. On the developed model of four-high rolling mill,
rolling of liners from plasticine with a diameter of 25 mm with a wall
thickness of 7.5 was carried out; 5.5 and 3.5 mm, corresponding to the
ratio of diameter to wall thickness 3; 5 and 8. Pipe rolling was carried
out on floating mandrels with diameters of 9, 13 and 17 mm. After
rolling, measurements of the diameter and wall thickness of the pipes
were carried out in 5 cross sections that were equally spaced from each
other. In each cross section, the diameter was measured at 5, and the
wall thickness at 10 points. The finite element method has been used to
simulate the process of rolling these pipes in the QForm program. As-
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sessment of the model adequacy was carried out by comparing the size
of pipes and their accuracy after rolling with the results of computer
simulation. When rolling at a four-high rolling mill, the wall thickness
is significantly reduced.

Keywords: four-roll rolling mill, work rolls, plasticine, computer simula-

tion, diameter-to-wall thickness ratio, model, difference, pipe accu-
racy.

DOI: 10.17073/0368-0797-2019-9-686-690

10.

11.

REFERENCES

Romantsev. B.A., Gamin. Y.V., Goncharuk A.V., Aleshchenko. A.S.
Innovative equipment for producing cost-effective hollow billets for
mechanical-engineering parts of small diameter. Metallurgist. 2017,
vol. 61, no. 3-4, pp. 217-222.

Nikulin A.N. Vintovaya prokatka. Napryazheniya i deformatsii
[Screw rolling. Stresses and strains]. Moscow: Metallurgizdat,
2015, 380 p. (In Russ.).

Romantsev B.A., Skripalenko M.M., Chan Ba Khyui. Sposob pro-
shivki v stane vintovoi prokatki [The method of piercing in a screw

rolling mill]. Patent RF no 2635685 MPK B21B 19/04. Bulleten’

izobretenii. 2017, no 32. (In Russ.).

Chiluveru S. Computational Modeling of Crack Initiation in Cross-
roll Piercing: PhD thesis. Massachusetts Institute of Technology,
Massachusetts, 2007, 89 p.

Bartnicki J., Pater Z. Numerical simulation of three-rolls cross-
wedge rolling of hollowed shaft. Journal of Materials Processing
Technology. May 2005, vols. 164-165, pp. 1154—1159.

Romanenko V.P., Stepanov P.P., Goncharuk A.V., Kriskovich S.M.,
Illarionov G.P., Nikulin A.N., Filippov G.A. Perspective technology
of hollow car axle production from hollow billet. Problemy chernoi
metallurgii i materialovedeniya. 2016, no. 2, pp. 27-34. (In Russ.).
Bretshnaider E., Myuller G., Frikke Yu. Planetary mill with conical
rollers. Chernye metally. 1973, no. 22, pp. 29-35. (In Russ.).
Man-soo Joun, Jangho Lee, Jae-min Cho, Seung-won Jeong,
Ho-keun Moon. Quantitative study on Mannesmann effect in roll
piercing of hollow shaft. Procedia Engineering. 2014, no. 81,
pp. 197-202.

Vaidyanathan P.V., Blazynski T. Z. Deformation and its rate as two
concepts of design of tools for the secondary tube-piercing opera-
tion. In: Proceedings of the 13th Int. Machine Tool Design and Re-
search Conf. Palgrave, London, 1973, pp. 509-514.

Jiang Y., Tang H. Method for improving transverse wall thickness
precision of seamless steel tube based on tube rotation. Journal
of Iron and Steel Research International. 2015, vol. 22, no. 10,
pp. 924-930.

Pater Z., Bartnicki J., Kazanecki J. 3d finite elements method
(fem) analysis of basic process parameters in rotary piercing mill.
Metalurgija. 2012, vol. 51, no. 4, pp. 501-504.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Buchely M., Maranon A., Silberschmidt V. Material model for mo-
deling clay at high strain rates. International Journal of Impact En-
gineering. 2016, vol. 90, pp. 1-11.

Berazategui D.A., Cavaliere M.A., Montelatici L., Dvorkin E.N. On
the modelling of complex 3D bulk metal forming processes via the
pseudo-concentrations technique. Application to the simulation of
the Mannesmann piercing process. International Journal for Nume-
rical Methods in Engineering. 2006, vol. 65, no. 7, pp. 1113-1144.
Romantsev B.A., Skripalenko M.M., Skripalenko M.N., Chan Ba
Khyui, Gladkov Yu.A., Gartvig A.A. Computer simulation of pierc-
ing in a four-high screw rolling mill. Metallurgist. 2018, vol. 61,
no. 9-10, pp. 729-735.

Ammerling W.-J., Surmund J. The KOCKS Rotation Mill (KRM):
The Ideal Planetary Cross Rolling Process for Copper Tube Pro-
duction. Germany presented 29.10.2007 at the “DANIELI ECT™
Forum” in Buttrio, Italy.

Fu-jie Wang, Yuan-hua Shuang, Jiab-hua Hu, Qing-huaWang, Jing-
chaoSun. Explorative study of tandem skew rolling process for pro-
ducing seamless steel tubes. Journal of Materials Processing Tech-
nology. 2014, vol. 214, no. 8, pp. 1597-1604.

Romanenko V.P., Zolotarev A.A., Sizov D.V. Romanenko V.P., Zo-
lotarev A.A. Screw piercing of large-diameter billet in a two-roller
mill. Steel in Translation. 2013, vol. 43, no. 5, pp. 249-253.
Romanenko V.P., Fomin A.V., Nikulin A.N. Effect of preliminary
deformation of the cast semifinished product on the service proper-
ties of wheel steel. Metallurgist. 2013, vol. 57, no. 3-4, pp. 303-309.
Akopyan T.K., Aleshchenko A.S., Belov N.A. effect of radial-shear
rolling on the formation of structure and mechanical properties of
AI-Ni and Al-Ca aluminum-matrix composite alloys of eutectic
type. Physics of metals and metallography. 2018, vol. 119, no. 3,
pp. 241-250.

Gorbatyuk S.M. Screw-rolling mill design based on kinematic ana-
lysis. Steel in Translation. 2000, vol. 30, no. 9, pp. 52-55.

Information about the authors:

B.A. Romantsev, Dr. Sci. (Eng.), Professor of the Chair “Metal Form-
ing” (boralr@yandex.ru)

E.A. Kharitonov, Cand. Sci. (Eng.), Assist. Professor of the Chair
“Metal Forming” (haritonov45@mail.ru)

A.S. Budnikov, Postgraduate of the Chair “Metal Forming”
(fiar128@yandex.ru)

Le Van Chong, Student of the Chair “Metal Forming”

Chan Ba Khyui, Postgraduate of the Chair “Metal Forming”
(tbh510@gmail.com)

Received July 17,2018
Revised July 28, 2019
Accepted August 1, 2019

690



