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ONPEAEJIEHUE BENNYUHDI KOHLEEBOW OBPE3U TPYB,
®OPMUPYIOLLENCA B YCITOBUAX TIA
C HEMNPEPbIBHbIMA CTAHAMU TUIA PQF, FQM

U.H. YepHbix, 4.0. CmpyuH, E.A. LLIkypamoe

IIpoBeneHO TeopeTHYecKoe HccieoBaHie (OPMUPOBAHHS KOHLIEBOH 00pe3H packata Ha TPYOOIPOKAaTHBIX
arperaTax ¢ HEIpepbIBHBIMU CTaHAMHU. BBISBICHO, 4TO OOJBIIMHCTBO U3 UMEIOMIMXCS (GOPMyYI aJalTHPOBAHEI
JUISL pacueTa KOHIIEBOi 00pe3u NpH packaTke 4YepHOBoU TpyOs! B tnHuU TIIA ¢ HcHob30BaHHEM HEPEPBIBHBIX
CTaHOB JIBYXBAJKOBOI'O THIIA C yIEPKMBAacMO# JnOO IUTaBaromiell omnpaBkoi. OmpeneseHo, 4TO OCHOBHBIMHU
TEXHOJIOTMYECKUMH (DaKTOpaMH, BIHSAIONIMMH Ha GOPMUPOBaHHE KOHIIEBOH 00pe3u Ha yd4acTKe ropsdero nepe-
Jiena, SBISIOTCS HaJIMYUe CHCTEMbI TMAPOYTOHEHHS HEPEPHIBHOTO CTaHa, KO3(M(UIMEHT BBITSHKKA MO Topsye-
My Hepezely, OTHOIICHHE Hapy)KHOTO JaMeTpa K TOJNIIMHE CTEHKH packara (D/S), ToHHax (IpoKaTHas KOM-
NaHWs1), UCTIOIb30BaHKUE PA3IMYHBIX CHCTEM KatnopoB ctaHa PQF.

U3 aHani3a 3aMepoB TOJIIMHBI CTCHKH 32 W3BJICKATEJIbHO-KaTMOPOBOYHBIM CTAHOM BHJTHO, YTO CHCTEMa TH-
POYTOHEHHUs TPYO BBIPAaBHHBAET TOJIIMHY CTEHKH IO Ty packaTa, HO IPU 3TOM BeJHMYMHA abCOIOTHOW pa3HO-
TOJIIIMHHOCTH CTEHKHU Ha 3aJ{HEM KOHIIE 3HAYUTENIHHO MPEBOCXOUT PA3HOTOJIIMHHOCTD CTEHKY Ha TIEPEIHEM.

Ha ocHOBaHMM aHaJIM3a MPOMBILIICHHBIX JaHHBIX MOJy4eHA CTCHICHHAs! 3aBUCHMOCTh BEJIMYMHBI KOHILIEBOI
obpe3n oT Ge3pazMepHOro K0d(hGHUIKMEHTa, KOTOPHI BKIIOYACT B ceOs TaKue MapaMeTphl Kak: K03 OUIIHMEHTH
BBITSDKKU U HAPY)KHBIC AUAMETPBI TPYO IOCIIE HEMPEPHIBHOTO ONPABOYHOT0, H3BICKATEIbHO-KATHOPOBOYHOTO 1
PEOYKIMOHHO-PACTsDKHOTO cTaHOB. C MCIOJNB30BaHHEM IaHHOI 3aBHCHMOCTH, MOYKHO PErJIaMeHTHPOBATh Be-
JUYMHY KOHLIEBOIT 00pe3u TpyO ¢ ucrosb3oBaHueM kannopa crana PQF 190 mm 1 290 mm.

[MTony4yennas GpopMyIia UMEET BEICOKYIO CXOJMMOCTB PE3yJIbTaTOB C MPAKTUYECKUMH JaHHBIMH, a TAKXKe HEe
MPOTHBOPEYHT PEKOMEHIALUSIM, IPUBOANMBIX B JINTEPATYPHBIX HCTOUHHKAX.

Kniouegvie cnosa. nenpepwighulii cmat, Konyesas obpesb, becuiognas mpyoa.

Bennuuna KoHIIeBOW 00pe3u OeCIIOBHBIX Tops-
4yeneopMUpPOBaHHBIX TPYO 3aBUCHT OT MHOTUX (hak-
TOPOB, B YaCTHOCTH OT TEXHOJOTMM IPOU3BOJICTBA,
TpeOoBaHNIT HOPMATHBHOW JOKYMEHTALUH, KyJIbTypHI
IIPOM3BOJICTBA, TOYHOCTH BBICTABJICHHS OCH ITPOKATKH,
TUIa 000PYIOBaHMS.

K HacTosimeMy BpeMeHHM HAKOIUIEHO OoJbIoe
KOJIMYEeCTBO (POPMYJT U METOAUK ONPENIEIICHHS JUTHHBI
OTpEe3aeMbIX «yTONILEHHBIX» KOHLOB [1-3]. IIpu sTOM
BenunHa 00pe3n (Lo;) MOXKET OBITh MEHbIIE AJIMHBI
YTOMUEHHBIX KOHUOB (Ly). IlosToMy cnenyer pasnu-
YaTh MOHATHUS BEJIWYHHBI YTOJIIEHHBIX KOHIIOB M Be-
JUYUHBI KOHIIEBOI o0pesu (puc. 1). B koneuHom uro-
re AJIMHA KOHIIEBOW 00pe3H oIperessieTcs MojIeM JI0-
IIycKa, TO €cTh TPeOOBaHMAMHU HOPMATHUBHON MOKY-
MEHTaluy 1100 TpeOOBaHUIMH, YKa3aHHBIMH B 3aKa3e
Ha TpyOHYIO IIPOAYKIIHIO.

[IpakTHyeckn BO BCceX HMMEIOMUXCS (opMyax
IIpeAToaraercs, 4YTo yTONMEHHBIE KOHIBI 00pa3yroT-

Teno mpyoel (' Cmadu/ieHas” momyuHa Cmenky) Ly

¢4 B Ipoliecce peaynupoBaHus. st 3Toro npu pacué-
T€ HCIIONB3YETCS BEMMYMHA PACCTOSHHUSA MEXIY Kie-
TAMH B PEIyKIMOHHOM CTaHe, a Takxke Ko3dduiment
HATSKEHHUS.

Heo0xoanMo y4nTHIBaTh, YTO NPAKTHYECKH BCE
(hopMyIIBI SBJISIOTCS SMITUPHUYECKH BBIBEACHHBIMH IS
ornpezenéHHoro TpyborpokaTHoro arperata. Bemnan-
Ha o0pe3u JuIs KOHKPETHOTO arperaTta BapbHpyeTcs B
OIPENENEHHOM JHAaNa3oHe U B LIEJIOM 3aBUCHUT OT CIie-
IUGHUKN TPOU3BOACTBA. B wacTHOCTH, GOIBIIMHCTBO
U3 UMeroIuXxcs (opMyIl aIanTHPOBAHBI Ui pacyeTa
KOHIIEBOI 00pe3u Ipu packaTKe YEpHOBOU TPYObI B
nuann TIIA ¢ ucnonp30BaHUEM HEMIPEPHIBHBIX CTAHOB
2-BaJIKOBOTO THUIIA C yAEP>KUBAEMOH OO IIaBaromei
ONpPaBKOM.

B Hacrosmee Bpems IIMPOKOE pacIpOCTPAHEHHE
MOJIyYUIH HENPEPBIBHBIE CTAHBI 3-BaJIKOBOTO THIA C
yaepxkuBaeMoi onpaskoii, Takue kak PQF (Premium
Quality Finishing) u FQM (Fine Quality Mill).

L

%7

GONYcKa Ha CmeHKY

/lumug nmwcobozo k)/

"YmomyeHHsIL” KaHEL mpLob! /

Puc. 1. K onpegeneHuto Benu4nHbl YTONWEHHbIX KOHLOB
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B coctaB oCHOBHOTO 00OpYNOBaHMS HaHHBIX CTAaHOB
BXOJIUT HarpeBaTelbHas KOJbLEBas 11€4b, IIPOIINBHOMN
ctaH, HenpeprlBHEIN cTaH (PQF nmmu FQM), u3Bneka-
TenapHO-KanubpoBouHslid ctan (MKC), neus ¢ marato-
MU OaKkamMu, peayKIMOHHO-pacTshkHON ctaH (PPC)
60 KaTuOPOBOYHBIN CTaH.

Texnomnorus mpousBojcTBa Tpyd Ha ctanax PQF
u FQM mist TpyOHOM MPOMBINUIEHHOCTH OTHOCHUTEINb-
HO HOBasl ¥ K HACTOSIIIIEMYy BPEMEHH BEIMYHHA KOHIIE-
BOW 0o0pe3u TpyO Ha TopsiueM Ieperesie CTpOro He
periiaMeHTHpOBaHa.

B mporecce TPOMBINIIIEHHOTO HCCIIEAOBAHUS
TEXHOJIOTHH Tpou3BojacTBa Tpyd B mmHMU TIIA co
ctanoM PQF Ob110 ompeseneHo, 4T0 OCHOBHBIMH TEX-
HOJIOTHUECKHMU (aKTOpaMH, BIHUSIOIUME Ha HOpMH-
poBaHHE KOHIIEBOM 00pe3n Ha ydacTKe TopsAdero Ie-
penena, SIBISIOTCS HAJHMYUE CHCTEMbI THAPOYTOHEHUS
HETIPEPhIBHOTO CTaHa, KO3(P(UIIMEHT BBITSKKH I10
ropsiaeMy IepejieNy, OTHOIICHHE Hapy)KHOTO AHaMeT-
pa k tommuHe cTeHKH packara (D/S), TomHax (Impo-
KaTHasi KOMIIaHUS), MCHOJIb30BaHUE Pa3IUYHBIX CHC-
TeM KanmuopoB ctana PQF.

Ha crane PQF Opuin mpoBeieHBI 3aMephl packaTa

9,6 MepeaHui
KOHeL|,

CpenHsAsA TONWMUHA CTEHKU

9 T

3a UKC B xonuuecTBe 4eThIPEX IUTYK. TUIMYHAS Kap-
THHA PacHpesieNICHNs] TONIIHUHBI CTEHKH 110 CEYCHHAM
packara 3a UKC mis xamubpa 190 MM npuBesieHa Ha
puc. 2.

CuctemMa THIPOYTOHEHHUS Ha HEIPEPHIBHOM OII-
paBounoMm ctane PQF mpemHazHaueHa sl pacKaTKH
3aJIHEr0 KOHIA TWJIB3bI C OOJIBIIUM KOI(hPHUIUEHTOM
BBITSDKKU. BImsHHE CHCTEMBI TMIPOYTOHEHHs IOKa-
3aHO Ha puc. 2. Cucrema ruipoyTOHEHUs BBIPaBHHUBA-
€T TOJIIMHY CTEHKH MO Ty pacKara, HHUBEIHPYS
YTOJIIIEHHBIH 3alHUH KOHEIl, OIHAaKO BEeJIMYHHa abco-
JIFOTHOW pa3HOTONIIIMHHOCTH CTCHKH Ha 33JHEM KOHIIE
3HAUUTEJIBHO MPEBOCXOIUT Pa3HOTOJIIUHHOCTh CTEH-
KU Ha TiepeHeM (puc. 3).

XoT4 cucteMa TUAPOYTOHEHHS OKa3bIBA€T IOJIO-
KHUTEIbHOE BIMSHUE HAa CPENHIOI0 TOJIIHMHY CTEHKU
packata, OTHOCHUTENIbHAsI Pa3HOTOJIIMHHOCTh CTEHKH
Ha 3aJJHEM KOHIIE packaTa XyXKe, YeM Ha IepelHeM
(cm. puc. 3).

AHanu3 3aMepoB TOTOBBIX TPYO IOKA3bIBAET, YTO
MaKCHMaJIbHbIC 3HaYCHMS TOJIIMHBI CTEHKH pacroia-
TaloTCs 0 Ty TPYObl, 1100 COMOCTABUMEI 110 TEIy U
o xoH1aM (puc. 4). Takoe pacrpenenaeHue TONMINHBI

3agHuin
KOHeL|
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Hymepauus ceyeHuin no anuHe TpyobI

Puc. 2. Kpuas pacnpepgeneHus cpefHen TONWUHbI CTEHKM NO ANTMHE pacKaTa
3a UKC kanu6pa craHa PQF 190 mm ¢ ncnonb3oBaHWeM CUCTEMbI rMAPOYTOHEHUSA
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OTHOCUTENbHas PasHOTONNHHOCTL
CTeHKM, %
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PacctosiHue MeXxay nonepevyHbiMU ce4eHMAMU NO AfIMHe pacKaTta, M

Puc. 3. Pa3HOTONWMHHOCTbL CTEHKM NO AnuHe packarta 3a UKC
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Hymepauus ceyenmit no anvHe Tpy6Gbi

Puc. 4. PacnpegeneHne MakCuMarbHbIX 3Ha4€HUN TOSLWMWHBI CTEHKU MO AJIMHE TOTOBOWN TPYObI
B kKanu6pe 190 MM nocne y4yacTka nun NOCrioMHOWN pe3Ku

CTEHKU TOBOPHUT O TOM, YTO MOTECHIMAIHHO KOHIEBas
00pe3b MOXKeT OBITh COKpallieHa.

AHann3 MPOMBINUIEHHBIX NAaHHBIX MOKa3all, 4yTo,
HauyMHas C COPTaMEHTa Hapy>KHBIM aAuaMmeTpoM 114 MM
U BBINIE, BEJIMIMHA OOpe3u MeTayia ¢ MEPeIHEero u
3aTHETO KOHIIOB OJMHAKOBA M MPUOIIDKEHA K BEITHIH-
He 0,3 M ¢ KaXI0ro KOHIIA; BEIIMINHA KOHIIEBOH 00pe-
3M Ha COpPTaMEHTE TPYyO C HapyXHBIM TUAMETPOM B
nuamnasone ¢ 73 mo 108 MM u vactuuHo mo 114 mm
YMCHBIIACTCS C YBEIMICHUEM BEIHYMHBI HApPYKHOTO
IUaMeTpa TpyO, UTO JIOTHYHO, TaK KaK C yBEITHYCHUEM
Hapy>XHOTO JHaMETpa YMEHBIIIAETCS YUCIIO 3aJeiCT-
BoBaHHbIX Kieteil PPC, a Takxke obmas nedopmanus
packara 1mo Hapy>XKHOMY AWAMETPy NpH PerylHpoBa-
wun. C Apyroit cTropoHsl TpyOa MoaBepraeTcs pemy-
nupoBanuto B crane MKC.

Ha ocHoBaHuy aHanmm3a MPOMBIIUICHHBIX JTaHHBIX
MOJTy4eHa CTCIICHHAS 3aBUCHMOCTD BEJIMYUHBI 00pe3H
oT Oe3pa3mepHOro K0d(h(HUIIeHTA X, IPeCTaBICHHAS

Dy
Ha puc. 5. 3xech x =

UpkcMppe — 0€3pa3MepHsIit
PPC

2,5

ko duiment; Dpop — HapyKHBIA AuameTp TpyObl

1ocJie HempepbIBHOTO ompaBoyHoro craHa PQF, mw;
Dppe — HapyXHBI AuaMeTp TpyObl IOCiE pemyK-
LIMOHHO-PACTSKHOIO CTaHa, MM; Hyc M Wppe — KOI(P-
(UIMEHTHl BBITSDKKM B HM3BJICKATENILHO-KaIHOPOBOY-
HOM CTaHE M PEIYKIHOHHO-PACTSDKHOM CTaHE COOT-
BETCTBEHHO.

JlaHHas 3aBUCHMOCTH TOJyY€HA U1 AMAMETPOB
TOTOBBIX TPYO OT 73 110 273 MM U TOJIIMH CTEHOK OT
51 25 MM U TO3BOJISIET ¢ KOI(D(HUITHSHTOM JTOCTOBEP-
HocTH R*=0,9693 paccyuTaTh JTHHY KOHIIEBOI 00pe-
301 JUIs JII000# TpyOBI U3 TAHHOTO COPTaMEHTa.

®Dopmyna mis pacuéra CyMMapHOH BETTMYNHBI KOH-
LIEBO¥ 00pe3u TPyO BBITILIINT CIEAYIOIIAM 00pa3oM:

2

DP F
Lys =0,0214) &1 ctppe | +
PPC
D
+0,0297 DPQF Hyxctppe +0,3935.
PPC

2,0

1,5

1,0

0,5

0,0

y = 0,0214x2 + 0,0297x + 0,3935
R? = 0,9693

2 3 4

X

Puc. 5. 3aBMcMMOCTb BenuyuHbI KOHLLEBOW 06pe3un y oT koadpcpuumneHTa x
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Pesynbrathl, momydeHHBIC IO JAHHOW 3aBUCHMO-
CTH, corjacyrrcs ¢ pekoMeHganusmu A.A. IlleBuen-
Ko [4]: «IIpu HEOONBIINX HATSDKECHHUIX U nehopMariu-
AX JUIMHA OTpe3aeMbIX KoHIoB paBHa 200...300 Mm».
To ecTb npu HEOONBIINX 00XKATHIX MO AUAMETPY (ITO
XapaKTepHO TPH MOJYYCHUU TPYyO OOJIBIINX AHaMeET-
POB M3 COPTAMEHTHOIO pPsiia) BEIWYHHA CyMMapHOU
o06pesu ctpemurtcs k Beauaune 400...600 M.

C HCIONIBh30BaHUEM TAaHHOH 3aBUCUMOCTH MOKHO
perIaMeHTHPOBATh BEIHYMHY KOHIIEBOW 00pe3d IMpH
MpOKaTKe TPYO C HCIMOJBH30BaHHEM KalHOpOB CTaHa
PQF 190 MM 1 290 Mm.

ComnocTaBlieHHE pe3yIbTaTOB pacdera, IMOTyYeH-
HBIX 110 JAHHOH 3aBHCHMOCTH, C TPOMBIIUICHHBIMHU
JaHHBIMM IIPH IIPOKaTKe TPyO, MPOKATAHHBIX 10 TEX-
Honmorun FQM B ycnoBusix OAO «CT3», Oyzaer mpo-
BEJICHO B IleproJ mycka craHa B 2014 roxy.

BriBoabI

1. BenmnunHa cyMMapHOH KOHIIEBOI 00pe3u 3a-
BUCHUT OT TEXHOJIOTHH IIPOKATKH TPYO Ha KOHKPETHOM
arperare.

2. [TomryueHa 3aBUCUMOCTH UIA pacdéra KOHIIC-
Boit 00pe3n st TIIA co cranamu tuna PQF u FQM.

3. Hambompiree BiusiHuEe HAa (POPMHUPOBAHUE Be-

JUYUHBI KOHIIEBOH 00pe3u OKa3hIBAIOT: KOI(D(HUITUCHT
BEITSDKKU W BEJIMYWHA HAPYXKHOTO IHaMeTpa packara
10 TOpsTYeMy TIepesieny.

4. ITomyueHHasi 3aBUCUMOCTD ObLiIa MIPUHSTA IS
pacdera tabnui npokaTku ctana FQM OAO «CT3» B
IIyCKOBOH NIEPHOJL.

5. Mcxons u3 aHanusa pacupeneaeHusl TONIKHEI
CTEHKH TI0 JJIMHE TOTOBOM TPYOBI, CIIeIyeT, 9TO KOHIIE-
Bast 00pe3b B ps/ic CIIYIACB MOXKET OBITh COKpAIICHA.
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DEFINING OF END CROPS OF PIPES PRODUCED
AT PIPE ROLLING PLANT WITH CONTINUOUS PQF, FQM MILLS

I.N. Chernykh, South Ural State University; The Russian Research Institute of the Tube
and Pipe Industries, Chelyabinsk, Russian Federation, Chernyh@rosniti.ru,

D.O. Struin, The Russian Research Institute of the Tube and Pipe Industries,
Chelyabinsk, Russian Federation, StruinDO@rosniti.ru,

E.A. Shkuratov, South Ural State University; The Russian Research Institute of the Tube
and Pipe Industries, Chelyabinsk, Russian Federation, Shkuratov@rtural.ru

The theoretical study of the formation of the end crops during rolling at a tube rolling plant with continuous
mills was made. It is found that the majority of available formulas are adapted to calculate the end crops for
rough pipe rolling at a tube rolling plant with two roll continuous mills having a retained or floating mandrel.
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It is determined that the main technological factors affecting the formation of end crops during the hot process
stage are the hydrothinning system of continuous mill, the coefficient of elongation of the hot process stage,
the ratio of the outside diameter to the wall thickness of the rolling product (D/S), tonnage, the usage of different
caliber systems of the PQF mill.

The analysis of the wall thickness measurements at the extractor mill showed that the pipe hydrothinning
system adjusts the wall thickness across the body of the rolling product, but the absolute value of the wall thick-
ness variation on the rear end is considerably higher than the wall thickness variation on the front one.

Based on the data analysis the power dependence of the end crops on the dimensionless coefficient includ-
ing the coefficient of drawing, the outer diameters of the pipes after continuous, calibrating and reduction-
recliner mills were obtained. With this dependence it is possible to regulate the amount of the end crops by us-
ing 190 mm and 290 mm caliber of the PQF mill.

The formula obtained has a good agreement with practice and follows recommendations given in literature.

Keywords: continuous mill, end crops, seamless pipe.
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