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IIpouecc HenpepbIBHOM Topsueil NPOKATKA XapaKTEPU3yeTCs HAIUMYUEM IPOAOIbHBIX YCUIIMH,

OKa3bIBAIOIINX CYIIECTBEHHOE BIMSHUE Ha TOJIIUHY CTEHKH TPYObI. IIpu 3TOM OueHb BakHO Ipa-
BWJILHO ONpEAENATh BEJIMYMHY PEAYLHMPOBaHUS B mpolecce nedopmanuu TpyObl Al MOTydeHHs
TOJIIL[HBI CTEHKH B JTUaIlla30He, OTOBOPEHHOM HOPMATHUBHBIMHU JOKyMeHTaMu. Llespto paboTsl ObLI1O
NIOJIyYEHUE SKCIIEPUMEHTAIBHBIX JAHHBIX O BJIMSHHUU IIPOJOJIBHOTO YCHJIUS Ha TONIUHY CTEHKH
TpyOBI ¥ CPaBHEHHE UX C PE3YJIbTATAMH pacyeTa 110 OJHOM N3 U3BECTHBIX 3aBUCUMOCTEH.

[TpoBeneno ¢u3nueckoe MOJETUPOBAaHKE Mpoliecca MPOoKaTKu TpyO Oe3 ompasku. st mpose-
JCHUs SKCIIEPUMEHTa pa3paboTaHa CXeMa U IOATOTOBJICHA TEXHOJIOTHMYECKAash OCHACTKA, M03BOJIMB-
M CO3/1aTh YCIOBHUS HETPEPBIBHOIN NMPOKATKH TPYOBI ¢ 3aIHUM HaTsKeHHEM. OpHIHHAIBHOCTB
9KCTIEPUMEHTA 3aKI0Yajlach B TOM, YTO OH IpeIyCMaTpHUBal HCIIOJIb30BAaHHUE CTYIICHYATHIX 00pas-
LIOB UCXOIHOH TPyOHOI 3arOTOBKH, MMEIONINX LIINHAPHUSCKUNA U KOHMYECKHH ydacTku. LlunuH -
pHYecKHi ydacTOK oOecreunBan CBOOOJHOE MPOXOXKAEHHE 3arOTOBKU uepe3 Ae(hOpMHUPYIOLIYIO
BTYJIKY U YCTOMYMBBII 3aXBaT IIPOKATHBIMU BaJKaMH, & KOHUYECKUN — CO3AaHUE 3aJHEr0 MIPOJOJIb-
HOT'O yCHUJIUS IIPU NpOKaTKe. BeluunHa 3a7HEro HaTSHKEHUS ONpPEAEIAIach PacueTHBIM IIyTEM Kak

yCUIIHE BOJIOUCHUS TPYOBI.

[TokazaH xapakTep W3MEHEHHS TOJIIMHBI CTEHKH TPYOBI IIPH BO3PACTaHUM BEJIMYMHBI MEXKKJIe-

TEBOI'O HATAXKCHHUA.

o pe3ynpraram (pU3NUECKOro MOJEIMPOBAHMS OBLIT CHIEJIAH BBIBOJ O IIPAaBOMOYHOCTH IIPHUMe-
HEHHUS U3BECTHOM TEOPETUYECKON 3aBUCHMOCTH VISl OTIPEEIICHNUs TOIIIMHBI CTEHKH TPYyOBI P TO-
psUeM penyLHUpoBaHUH TPYO ¢ MPHIIOKEHUEM 33/IHETO HATSHKEHHS.

[omyueHHsle pe3ynbTaThl IIAHUPYETCSI UCIIOIB30BaTh JUIS OLEHKH YCHIHsS, TpeOyeMoro uis
cTsTuBaHUs TPyOBI ¢ ompaBku. JlaHHBIN mporecc peanmsyercs Ha TIIA 159-426 ¢ HenmpepbIBHBIM
packaTHbIM cTaHOM AO «BoKCKUH TpyOHBIH 3aBOIY.

Kntouesvie cnosa: becuiognvle mpyoOvl, Henpepvi6Has NPoKaAmKa, Qusuieckoe Mooeiuposarue,
9KCNEPUMEHMANLHOE UCCIeO0068AHUE, MENICKIEMes0e HamAdICeHue, U3MEHeHUe MOJIUUHbL CIEHKU.

IIpouecc HenpepbIBHOW IPOJOJIBHOM IPO-
KaTK{ IIHPOKO UCTONB3YETCs MPH U3rOTOBICHUH
OECIIOBHBIX TPYO Ha Pa3JIMYHBIX dTalax TEXHO-
JIOTHH: pacKaTKa CTCHKH, CHATHE TPYOBI C OIPaBKH,
KaJTMOPOBKA WITH peaylpoBaHue TpyOs [ 1-6].

i1 TOBBILIEHUST YCTOHYMBOCTH TPYyOHOTO
packara B ouare aedopManny Ipouecc, Kak mpa-
BUJIO, OCYIICCTBIISIIOT C HATsDKEHHEM B MEXKKIIe-
TEBOM IIPOMEXKYTKE, YTO OKA3bIBAET CYIICCTBEH-
HOE BJIMSHUE Ha T€OMETPUIO MOIEPEYHOro ceve-
HUSL TPyOBI — B TIEPBYIO OYepe/lb HA U3MEHEHUE
TOJNIIUHEI CTeHKHU [7, 8]. 3HaHWE 3aKOHOMEpPHO-
CTH W3MEHEHHS TOJILMHBI CTEHKHM B YCJIOBHUSX
W3MEHCHUS] BEIMYHMHBI 32JIHETO HATSHKEHUS, CO3-
JIaBaeMoro MpeJbIAyIIei 0 X0y POKATKH Kiie-

THIO WM ONPABKOW NMPH CTATHBAHUM C HEe TPY-
Obl, TO3BOJISIET NMPABWIBHO YIPABISATH KHHEMa-
TUKOW Tpoliecca MpOKaTkKH, obecrneduBas TeM
CaMbIM MHUHHMMAJIbHBIE OTKIIOHEHUS TOJIIHHBI
CTEHKHU 10 JJIMHE TPYOHI [9].

Jiii KOMMYECTBEHHOT'O ONpENEIeHUsl TOJ-
IIVHBI CTEHKH TPYObI MOXET OBITh MCITOJIb30BaHa
3aBucumocth B.JI. Konmoropoga [10], corimacHo
KOTOPOH TOJIIMHY CTEHKH TPYOHI (S;j) pu Oe3or1-
PaBOYHOM MIPOKATKE OMPEEISIOT 1Mo GopmyIie

iy )’

S =8 4| -, 1)

di
rae d; u di; — HapyXHBIH AMaMETP TPYOBI COOT-
BETCTBEHHO B i-i1 U i—1-1 KJIeTsX; Si_1 — TOJIIMHA
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CTeHKH TpyOs! mocine i—1-if kinetu; A — ko3ddu-
IIUCHT, OTIPEACIIACMBIN KaK

A=051-—1 |, )
Ja-3n

rae 1 = o/ 65 — mIacTHYecKuii KOdPPHUIUEHT Ha-
TSDKeHUS. 37ecb G U Gs — COOTBETCTBEHHO Ha-
NPsOKEHNE 33IHEr0 HATSHKEHUSI U CONPOTUBIICHHUE
MeTajula IJIaCTUIECKON aedopManuu.

Jnist mpoBepKH 3aBHCUMOCTH TOJIMHBI CTEH-
KU OT BEJIMYMHBI 33IHETO HATSLKEHUSI B TIpoLiecce
TOpSIYET0 PEAyLUPOBaHUs TPYOBl B JBYXBAaJIKO-
BOM KanuOpe MpOBEIeHO O3KCIEPUMEHTAIbHOE
UCCIIeIOBaHWE Ha J1a0OpaTOPHOH yCTaHOBKE
OVY-IIIIIT (puc. 1a) [11]. Ha cranunHe KieTu co
CTOPOHBI 33/1a4M 3arOTOBKM B BAJIKU yCTaHABIIH-
BaM TPOBOAKY C JeQOPMHUPYIOIIEH BTYIKOM
(puc. 106), BBHIOTHEHHOW B BHJE MOHOJUTHOW
BOJIOKH. 3aroToBKY B BHIe TpyOsl u3 cramu 20,
HMEIOLIEH JIBAa y4yacTKa — LWJIWHIPUYECKUH U
KOHMYECKHH, — U3TOTaBJIMBAJIH C HCIIOIb30BAHU-
eM MeTaopexxymux omepamuid (puc. 2). Toin-
IIMHA CTEHKH LMJIMHAPUYECKOTO Y4acTKa TPYOBI

MIPH WU3TOTOBJIEHWH 00pa3roB coctaBisuia 2,0 u
3,0 MM. OcoOEHHOCTBIO OMUCHIBAEMOTO (QH3HUe-
CKOTO MOJEIHPOBaHHS OBbLJIO TO, YTO IpH 00pa-
OOTKE MONyYEHHBIX PE3yJIbTATOB B KA4eCTBE OT-
KJIMKa TIPOIIecca WCIMOIB30BAIM U3MEHEHHE TOJI-
IIMHBI CTEHKH TPYOBI, a BEIMYUHY 3aTHETO Ha-
TSOKEHHS ONPEICISUTH aHATUTHIECKUM METOIOM —
KaK YCHJIME BOJIOYEHHS KPYTIIOTO MPOQUIIs.

3aroToBKa mepeq TuIaCTHYECKOH aedopma-
IHed HarpeBajlach B JIaDOpaTOPHON KaMepHOM
meun 1o Temreparypsl 1000 °C, mocne yero 3a-
JlaBajaCh B BaJKU JABYXBaJKOBOH KIETH «250»
Yyepe3 yCTAaHOBJICHHYIO Mepea HEeH OCHACTKY A
CO3JIaHMA 33[JHETO HATSHKECHUSL.

IIpu mpokaTke nepeaHUil LUIMHIPUYECKUN
Y4acTOK 3aroToBku auamerpom 33,0 MM 3axBa-
TBIBAJICA BaJIKaMW W IIPOKATBIBAJICA B KPYIJIOM
kanubpe nuamerpom D = 31,0 MM Ge3 HaTsKe-
HUA OO TOro MOMCHTA, IMOKa JUaMETP KOHHUYEC-
CKoro ydacTka 3arotoBku (D.,) He mocTuran 3Ha-
YeHWsI JWaMeTpa OTBEpPCTHS AePOpMUPYOIIEH
Brynku (Dy). Jlamee mpu mpomonbpHOM Tiepeme-
meHnn oOpaslia ero KOHHYECKHUH y4JacTOK ITOJ-

a)

6)

Puc. 1. SkcnepumeHTanbHasa yctaHoBka JY-MMMT: a — o6wun BuA; 6 — BUA CO CTOPOHbI 3a4a4M 3aroToBKU
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425
Puc. 2. 3aroToBka Ans aKCnepMMeHTanbHOro uccrnegoBaHUs
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Beprajcsi TOpsueMy BOJOYEHHIO B jaedopmmu-
pyloliel BTyJIKe C MEpPEeMEHHBIM OOXKaThem, B
pe3yibTaTe 4Yero IIaBHO MU3MEHSJIAch BEIUYHHA
MPOAOJILHOTO YCUIIHS, AEUCTBYIOIIErO Ha 3aIHUMI
KOHEI[ MPOKaThiBaeMoOi 3aroToBku. CTemeHp ne-
(hopMaruu B Tiporiecce WCCIICOBAHNS COCTABIIS-
na puMepHo 4 %, 9TO ABISIETCS TPaIUIIIOHHON
BEJIMYMHOW, IPUMEHSIEMOM Ha PEAYKLIMOHHO-pac-
TSDKHBIX CTaHax ropstaeit mpokarku Tpyo [12, 13].

Jliis u3MepeHust TONIIUHBI CTeHKH (S) oT y4a-
CTKOB 00pasioB TpyO, MOMBEPTHYBIIUXCS ILIa-
CTHUYECKON AedopMmanny ¢ HATSHKEHHEM, H3TO-
TaBIMBaIM TEMIUIETHl MYyTEM IONEPEUHON PE3KU
pokaranHoro oopasima c marom 5,0 mm (puc. 3).

CKaHBbI TTOTIepeYHbIX cedeHuit 8—13 (cm. puc. 3)
MPOKATaHHBIX 00pa3IoB TPYO IMPEICTaBICHBI Ha
puc. 4.

3Has pacCcTOsIHUE OT TUIOCKOCTH BBIXOJ]a Me-
Tayuia U3 neOpMHUPYIOLIEH BTYJIKH /O BEPTH-
KaJIBHOM IIJIOCKOCTH BAJIKOB IIPOKATHOW KIIETU U
KOA((UITUCHT BBITSHKKU TIPH MPOKATKE, OTpeJie-
JSUTH CedeHHe KOHMYECKOTO yYacTKa 3arOTOBKH,
COOTBETCTBYIOILIETO TEKYIIEMY CEYCHHUIO IUINH-
JPUYECKOTO y4acTKa TPYObl.

[Tnactuyeckuit kod(hHUIMEHT HATSHKSHHS 1)
OIpe/IeNsIeTCs KaK OTHOIICHHE 6/ GCs, MPH 3TOM
BEIIMYMHA G MPU BOJIOYCHUH COCTaBIseT [14]

o =nog Inp(l+ fetga), 3
rze | — KO3QQUIHUEHT BBITSHKKU TPU BOJIOYCHUH;

rifs e e s

f — koaddunment tpeHus (B yCIOBHIX Topsucit
nedopmamuu 6e3 cmasku npunumanu f = 0,6
[15]); o — momyyron kaHajia BOJOKHM (B HalleM
ciydae o = 22,5°); n — ko3 PUIHEHT HEpaBHO-
meprocTH aedopmammn. 3meck p = (D,/ DY)
rae D,, Dy — COOTBETCTBEHHO MHaMETPhI KOHH-
YECKOT0 y4acTKa 3arOTOBKH (TEKYIIHi) U KaHala
BosiokH (D, = 34,8 Mm).

Ha puc. 5 mokazaHo pacnpeneneHue BeEU-
YUHBI TUIACTHYECKOTO KOd((DHUIMEeHTa HATSKCHUS
1) IO AJTMHE TTPOKATAaHHOTO 00pasiia, U3 KOTOPOTro
BHHO, YTO TOTIepevYHoe cedueHne 1 obpasma Tpy-
OBl COOTBETCTBYET NpOKAaTKe 0e3 3aJHero Hats-
JKeHUs, a ceueHuss 12—16 COOTBETCTBYIOT MpoO-
KaTKe C OJMHAKOBOW BEJIMUMHOW 3aJHErO HATS-
JKeHUs (MWIMHIPUYECKAH y4YacTOK Ha 3aJHEM
KOHIIE 3arOTOBKH).

PesynbraTel M3MEpPEeHUI BEJIMUYMHBI HAPYXK-
HOIro JuaMeTpa U TOJIIHWHBI CTCHKH IPOKAaTaHHO-
ro oOpasia B KaXXJI0M TOMEPEYHOM CEYCHUU yC-
penssuch. V3MepeHus] Hapy»XHOTO JhaMeTpa
OCYIIECTBISUIACH B 4 TNIOCKOCTSAX B Ka)IOM TIO-
MEPEUYHOM CCUYCHUH, TOJIIHNHBI CTCHKHN — B BOCh-
MH TOYKax.

Ha puc. 6 mpencraBieHbl TeOpeTUYECKUE U
(I)aKTI/I‘ICCKI/IC 3HAUYCHHUA TOJJIIHUHBI CTCHKU IJIs0
TpyO ¢ TommmHOoM crenku 2,0 u 3,0 MMm.

W3 puc. 6 BUAHO, YTO pa3HULA MEXKIY pac-
YETHBIMU U Q)aKTH‘IeCKI/IMI/I 3HA4YCHUAMU TOJIIIU-

3

Jor:

fEFUDRRE
§ =5

[

&

Puc. 3. Cxema 3amepoB npokaTaHHbIx Tpy6: MK, 3K — cooTBeTCTBEHHO NepeAHUI U 3aQHUA KOHLbl 3aroTOBKU

Ceuenue 8 Ceuenne 9 Ceuenue 10

Ceuenue 8 Ceuenne 9 Ceuenue 10

a)

Ceuenne 11 Ceuenne 12 Ceuenue 13

Ceuenue 13

Ceuenne 11 Ceuenne 12

Puc. 4. CkaHbl nonepe4YHbIX ce4eHU NpoKaTaHHbIX 06pa3LoB TPYO C TONWMHOW CTEHKU: @ — 2,0 MM; 6 — 3,0 Mm
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Puc. 5. PacnpeneneHue koacddumumerTa 1| no annHe obpasua
C TONWWUHOWN CTeHkuU 3,0 MM

s 2120 s 3150
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2000 2020 2040 2060 2080 2,100 2120 3,000 3,050 3,100 3,150
Tommpna cTeHEH TPVORL pacdeTHad, MM To/mmina cTeHKH TPYObl PACIETHAA, MM
a) 6)
Puc. 6. N'pacmkm cpakTnyecknx n pacyeTHbIX 3Ha4Y€HUN TONLMUHbI CTEHKU: @ — 2,0 MM; 6 — 3,0 Mm
Pe3ynbTaTbl cTaTUCTU4ECKON 06PabOTKN AaHHbIX O TOMLMHE CTEHKU TPYOblI
TommuHa CTEHKH S, MM
CramnaptHoe | Hucnepcust | CtanmapTHas
D/S MaKCH- MHUHH- Cymma
CpenHst OTKJIOHEHHE BLIGOpKI/I omuoKa
MaJibHas MaJibHas

15,5 2,080 2,031 2,050 0,017 0,000291 0,004263 32,802

10,3 3,121 3,047 3,074 0,026 0,000654 0,006393 49,192

HBl CTEHKHM HaOmogaercsi B OOJNbIICH CTENeHH
Ut TPYO co cTeHKo# 2,0 M.

MaxkcuManbHass OTHOCHTENIbHAs BEJTWYHMHA
PasHMLIBI TEOPETUUECKUX U IKCIIEPUMEHTATBHBIX
3HaYCHUH TOJIIUHBI CTEHKH TPYOBI COCTaBHIIA
JUTSE TpYO C OTHOIIEHHEM Hapy)KHOTO JAHaMeTpa K
tommune crenku (D/S): 15,5 — 6,02 %; 10,3 —
2,86 %.

Pesynbrarel cTatuctiyeckoit 00paboTKu AaH-
HBIX TI0 TEOPETUYECKHM 3HAYCHHSM TOJIIIMHBI
CTCHKHU IpEe/ICTaBIICHBI B TaOJIHILIE.

[o pesynpratam pu3nIecKOro MoJEIUpPOBa-
HUS MOXKHO CJeNlaTh BBIBOJ O MPAaBOMOYHOCTH
MIPUMEHEHUS] N3BECTHOW TEOPETUIECKON 3aBHCH-
moctd (1) s onpezaeneHUs] TOJILMHBI CTECHKH

TpyOBl TpU TOpsSYEM penyLUPOBaHHU TPyO c
MPUIOKEHUEM 3aJHEro HarTskeHus. CliesaHHbIH
BBIBOJI AaKTyaJeH TaKkKe M H3BJIEeKaTeIbHO-
KaJMOPOBOYHBIX CTAHOB, TAK KaK IPOLECC CTATHU-
BaHUsI TPyOBI C OINpPaBKH IIOCIIE HENPEPHIBHOTO
CTaHa COMpPOBOXKIAETCA HM3MEHEHHEM TOJIIIMHBI
CTEHKH TPYOBI 32 CUET CO3/IaHUS HATSKEHUSI.
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PHYSICAL MODELING OF GEOMETRIC AND FORCE PARAMETERS
OF THE CONTINUOUS LONGITUDINAL ROLLING
OF TUBES WITHOUT A MANDREL
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The process of continuous hot rolling is characterized by the presence of longitudinal forces that
have a significant effect on the thickness of the pipe wall. It is very important to correctly determine
the amount of reduction in the process of pipe deformation in order to obtain the wall thickness in
the range specified by regulatory documents. The aim of the work was to obtain experimental data
on the influence of the longitudinal force on the wall thickness of the pipe and compare them with
the calculation results for one of the known dependencies.

Conducted a physical simulation of the process of rolling tubes without mandrel. For the expe-
riment, a scheme has been developed and technological equipment has been prepared, which made it
possible to create conditions for the continuous rolling of a pipe with rear tension.

The originality of the experiment was that it provided for the use of stepwise samples of the ini-
tial tube billet having cylindrical and conical sections. The cylindrical section provided the free pas-
sage of the workpiece through the deformation sleeve and a stable grip by the rolling rolls, while
the conical section provided the creation of a rear longitudinal force during rolling. The magnitude
of the rear tension was determined by calculation as the force of drawing the pipe.

Shows the nature of the change in the thickness of the pipe wall with increasing magnitude of
interstand tension.

Based on the results of physical modeling, a conclusion was drawn on the appropriateness of
using the well-known theoretical dependence for determining the wall thickness of a pipe during hot
reduction of pipes with back tension applied.

The results obtained are planned to be used to assess the force required to pull the pipe from
the mandrel. This process is implemented on a TPA 159-426 extraction mill with a continuous rol-
ling mill of Volzhsky Pipe Plant JSC.

Keywords: seamless tubes, continuous rolling, physical modeling, experimental research, inter-
cellular tension, wall thickness change.
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