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PenbCoB B YUEPHOBLIX KNETAXYHMUBEPCANbHOMO PeNbco6anovyHoro cTaHa, NPoBeAeHHbIX C UCMO/b30BaHMEM NPOrpaMMHOro komnnekca DEFORM-3D,
onpefeneHbl 0CO6eHHOCTM pacnpegeneHns kputepmsa KokpodTa-/1aTama No ceYeHWIo packaTa 1S KannbpoB pasnnMyHOi (hopMbl. YCTaHOBMEH
KpaliHe HepaBHOMepHbIl xapakTep pacnpegeneHuns kputepus Kokpohta-/1aTaMa no cevyeHuto packata. Mo nonyyeHHbIM JaHHbIM B 0CEBOI 30He
3Ha4YeHUA yKa3aHHOro Kputepua MUHMUMasbHbI, a B MPUNOBEPXHOCTHbIX CNOAX Hanb6onbllee 3HaYeHne Kputepua KOKpO(bTa—flaTaMa N, COOTBETCT-
BEHHO, Hambo/bllas BEPOATHOCTL 06pa3oBaHMs Ae(eKTOB MMET MecTo BO6/MM3N BepTUKanbHOM Oocv KannmbpoB. B kanmbpax CNOXHOW (GopMbl
(«Tpaneumsa», «nexxayas Tpanewns», penbcoBble Kannbpbl) BbISBEHO HalMUMe NI0KabHbIX 30H C MaKCUMa/bHbIM 3HaYeHneM KpuTepus KokpodTa-
JN13TamMa, pacrnofiokeHHbIX B MecTax JOpMUPOBaHUS MOLOLWBLI PeIbCOBOr0 MPoduns, a ANs MPOKATKM B KanmGpe TuMa «Tpaneumns» xapakTtep-
HO Hann4yue Takol o6nacTy TakXe B MPUMOBEPXHOCTHOW 30He B6AM3N BePTUKaNbHOW OcK Kanubpa. B pamkax onpefeneHUs 3aKOHOMEPHOCTeN
(hOPMUPOBAHUS CXEMbI HaMpsHXXeHHO-Ae(hOPMUPOBAHHOTO COCTOSIHUSI MeTasnfia Ha HavyanbHOl CcTafMu NPOKaTKM pefibCoB yCTaHOBMEHa MpsiMas
B3aMMOCBA3b MeX/y HepaBHOMEPHOCTbI pacnpefeneHns TeMnepaTypbl N0 CEYEHMIO packarta M 3Ha4YeHUAMU (MaKCUManbHbIMU WU CPESHMMU MO
ceveHu0) Kputepusa Kokpodhta-/13Tama. Mpu 3TOM MoKazaHo, UTO HepPaBHOMEPHOCTbL pacrpejesieHUs TemMnepaTypbl Mo CeYEHUI0 packata nmMeeT
TEHAEHLUMIO K CHVXKEHMIO NPY YBETMYEHUN KOIPPULIMEHTOB BbITSXKEK MO NPOXOaM W1 MOBbILWEHNUN YaCTOTbl KAHTOBOK HE3aBUCUMO OT (POPMbI UC-
Nonb3yeMbIX KaM6poB. Ans KanmGpoB CNOXHON (hopMbl YyCTaHOBMEHO, YTO B AOMNOIHEHUE K NMepeync/ieHHbIM napaMmeTpam 3Hauumoe BMsSIHUE Ha
CHWXeHWe TeMnepaTypHOI HEOAHOPOAHOCTM TaKXXe 0Ka3biBaeT MoBbIeHWe NoA06Us hopMbl MOAKATa 1 UCMO/b3YeMOro Kannbpa. Ha ocHoBaHUM
pe3ynbTaToB NPOBESEHHbIX TEOPETUYECKMX UCCNef0BaHNI pa3paboTaH HOBbIN PEXMM MPOKATKM XKEeNe3HOLOPOXHbIX PefibCOB, OMbITHO-MPOMbILL-
NeHHoe onpo6oBaHMe KOTOPOro B YCNOBMAX YHUBepPCanbHOro penbcobanovyHoro ctaHa AO «EBPA3 3CMK» nokasano CHWXeHue 0T6pakoBKu
penbcoB Ha 0,78 % Mo CpaBHEHWIO C paHee UCMO/b30BABLUMMCS PEXUMOM MPOKATKMU.

KntoueBble cnioBa: HanpskeHHO-AepOPMMPOBAHHOE COCTOSIHWE METasINa, XKeNesHOAO0POXHbIE PefbCbl, YHUBEPCaNbHbIV pebcobanoyHblli cTaH, YepHo-
Bble KNeTW, MaTeMaTnyeckoe MofennpoBaHue

duHaHcupoBaHue: MccnenosaHns BbINOMHEHbI NPU GUHAHCOBOW Mogdepxke PO®U 1 KemepoBCcKoi 06nacTu B pamMmkax Hay4HOro npoekTa
Ne 20-48-420011.

Ana umTnpoBaHus: YmaHckuii A A., lOpbes A.B., flopodees B.B., Aymosa J1.B. ViccnegoBaHnsa HanpsXXeHHO-AehOPMMPOBAHHOIO COCTOAHUS Me-
Tanna Ha Ha4abHOW CTagumn NPOKaTKM XenesHoA40POXHbIX penbcoB // N3secTus Bysos. YepHas meTtannyprus. 2021. T. 64. Ne 8. C. 550-560.
https://doi.org/10.17073/0368-0797-2021-8-550-560
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g Stress-strain state of metal

at the initial stage of railway rails rolling
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Russian Federation)

Abstract. Based on the studies of stress-strain metal formation during railway rails rolling in roughing stands of a universal rail-and-beam mill, carried
out using the DEFORM-3D software package, the authors have determined the features of distribution of the Cockcroft-Latham criterion over the
cross-section of the rolled stock of various shapes. An extremely uneven distribution of the Cockcroft-Latham criterion over the roll section has
been established. According to the data obtained, values of the specified criterion are minimal in the axial zone, and in the near-surface layers the
greatest value of the Cockcroft-Latham criterion and, accordingly, the highest probability of defects formation occur near the gauge vertical axis. In
gauges of complex shape (“trapezium”, “recumbent trapezium”, rail gauges), the authors have revealed the presence of local zones with maximum
Cockceroft-Latham criterion, located in the places where the foot of the rail profile is formed. And rolling in gauge of the “trapezium” type is marked
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by the presence of such a zone in the near-surface area near the gauge vertical axis. Within the framework of determining formation regularities of the
diagram of metal stress-strain state at the initial stage of rail rolling, direct relationship was established between the uneven temperature distribution
over the section of rolling and the values (maximum and average over the section) of the Cockcroft-Latham criterion. At the same time, it was shown
that uneven temperature distribution over the cross-section of the roll tends to decrease with an increase in the coefficients of extracts along the passes
and increase in tilting frequency, regardless of the shape of the used gauges. For gauges of complex shape, in addition to the listed parameters, an
increase in similarity of shape of the roll and gauge used also has a significant effect on reducing temperature inhomogeneity. Based on the results of
theoretical studies, a new mode of railway rails rolling has been developed. Its pilot testing in the conditions of a universal rail-and-beam mill ofJSC
“EVRAZ ZSMK?” has shown a decrease in rail rejection by 0.78 % compared to the previously used rolling mode.

Keywords: stress-strain state of metal, railway rails, universal rail-and-beam mill, roughing stand, mathematical modeling
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Beepnernue

KayecTBO roToBOro npokata B 3Ha4MTENbHOWM cTene-
HWN onpefensieTca CXemol Harnps>keHHO-AehopMUpPOBaH-
Horo coctoaHusa (HAC) meTansa Ha pasfiMyHbIX CTaguax
ero npokaTtku [1 - 3]. Vicnonb3oBaHWe PeXKMMOB MpoOKart-
KU1, MO3BOMSAOWMNX CPOPMMUPOBATL GNArornpuAaTHYHO CXe-
My HAC packarta, 06ycnaBnMBaeT He TOMIbKO CHWXKEHME
BEPOATHOCTM 06pa30BaHNSA NMOBEPXHOCTHbIX Y BHYTPEHHUX
[eheKToB B npouecce fehopmaun, HO U CO34aET YC0BUSA
NS BbIKATbIBAEMOCTU AedeKTOoB, YXXe MMEIOLWNXCA B UC-
XOAHbIX 3aroToBkax [4, 5]. Mpyn NpoOeKTUpPOBaHUN Pexu-
MOB NMPOKATKW CnefyeT yYnTblBaTb, YTO Ha (hOPMUPOBAHUE
H/AC B 06beMe packarta 0KasblBaeT BIMSAAHWE 3HAUNTE/IbHOE
KO/INYEeCTBO OAHOBPEMEHHO AEMCTBYIOLMX MapameTpos,
B TOM YMC/e TreOMETPUYECKME M TEMMNEPATYPHO-CKOPOCT-
Hble ycnosus gedopmanmu (popma 1 pasmepbl Kanmbépos
N UCXOAHOr0 MofKara, TeMreparypa, CKOPOCTb W CTEMeHb
fedopmaumn), 0COBEHHOCTM CTPYKTYpbl U CBOWCTB Ae-
thopmumpyemoro metanna [6 - 10]. MMoaTomy nposefeHue
nccnenosaHuii npoueccos opmuposaHus HAC meTtanna
B NPOLECCe MPOKaTKM C yYeTOM MX B3aMMOCBA3WN C Mapa-
mMeTpamun fechopMaunm SBASETCA akTyanbHOM 3agadeld, B
0CO6EHHOCTN MPUMEHMTENBHO K MPOKATHOW MpOAyKLMM
CrneLmanbHOro HasHayeHUs C MoBblLLEHHbBIMUY TPe60BaHUA-
MW K XapaKTEPUCTMKAM KayecTBa, B YaCTHOCTU K XKENe3HO-
[LOPOXHbIM penbcam.

Ha cerogHawHmiA geHb 6onee 80 % penbcos B P® npo-
M3BOAMUTCH Ha YHWMBEPCA/IbHbIX PenbCobaIOUHbIX CTaHax
(AO «EBPA3 3CMKb», MAO «Meuen»), UMEOLWUX B CBO-
€M COCTaBe YepHOBble PEBEPCUBHbIE K/IETU U HEMPepbIB-
HYI0 rpynny yHUBepca/bHbIX KeTeil («TaHfem»). Cxema
MPOKAaTKM B YepHOBbLIX PEBEPCUBHbLIX K/ETAX TaKUX CTa-
HOB BK/IHOYaeT B Ceba nocnefosaTteflbHy0 AedopmMaunio
B ALWMYHbIX Kanmbpax (nepsble NPOXoAbl), Kambpax Tmna
«Tpaneuma», 6nM3KNX No opMe K AWMYHBbIM Kanmbpaw,
N penbcoBbIX Kanubpax (nocnegHwe npoxogbl) [11 - 14].
Mony4yeHHbI Mocne YepHOBBLIX KeTei mogkar, no gop-
Me MOMepeyHoro ceyveHMs 6AM3KMIA K TOTOBbIM Penbcam,
MOCTYMaeT B KMETW FPynnbl «TaHAEM» A/ HENPEPbLIBHOMA
YMCTOBOWM MpPOKaTKW. lMprMeHeHMe Takoil CXeMbl MPOKaT-
KN 00ycnaenuBaeT TOT (paKT, UYTO Hambonblune 06XKaTus

XapakTepHbl 419 4YepHOBbIX KneTei [15- 18], a B yHU-
BepCa/IbHbIX KeTsX, OCHOBHOWM 3ajayeil NPOKaTKU B KO-
TOpbIX ABNSETCA (HOPMUPOBAHWE TpebyemMoro npoduna
PenbCoB C HEOOXOAUMOIM TOYHOCTbIO pasmepos [19 - 23],
UMeeT MEeCTO TOMbKO He3HauuTenbHas Mo Be/IMYUHe [e-
thopmauma meTtasina. B COOTBETCTBUM C BbllleCKa3aHHbIM
MPUMEHUTENBHO K MNPOW3BOACTBY PefibCOB B YC/OBUAX
YHUBEPCa/IbHbIX Pefibco6anovHbIX CTaHOB HaMbOMbLUNIA
Hay4HO-MPaKTUYECKNIA NHTepec NpeacTaBnseT uccneaosa-
HVe 3aKOHOMePHOCTel (hopmmposaHna HAOC meTanna npu
MPOKAaTKe B YEPHOBbIX K/IETSX.

MeTtoanka nposegeHunsa nccnegosaHui

OO6BEKT MCCNe0BaHA - PEXMM NPOKATKM, NPUHATBIN Ha
MOMEHT MpoBefeHns paboTbl Ha YHMBEPCASIbHOM PesibCo-
6anouHom ctaHe AO «EBPA3 3CMK» gna npounssoacTsa
penscoB P65 (puc. 1, Tabn. 1).

VccnepoBaHns nNpoBoguan MeTOLOM MaTeMaTUyecKoro
MOZenMpoBaHNs B nporpaMMHomM komniekce DEFORM-3D.
B ocHoBy paboTbl paccMaTpuBaeMoro NporpaMMHOro Kom-
nseKca 3a/10KeH MeTo[, KOHeUHbIX 3nemeHToB (MK?3) [24].
CywHocts MK3 3akntoyaeTca B MpefcTaB/ieHUM uUccne-
JyeMoro o6bekTa unv 0651acTM B BUAE COBOKYMHOCTU
[LMCKPETHBIX (KOHEYHbIX) 3/1eMeHTOB (mogobnacTteit), ans
KaXXJ0ro 13 KOTOpbIX BblbMpaeTcs BUL arnnpoKCUMUPYHO-
Wwein QyHKUMWM, NPEenMyLLEeCTBEHHO B BWAe MOIMHOMA
nepeoii cteneHn [25, 26]. Mpy ucnonb3osaHum MKQI pe-
LaeTcs 3afaya Nnomcka 3HavyeHWn yHKUMIA Ha rpaHMLax
KOHEYHbIX 3/1eMEHTOB (B Y3/1ax), UCXOAA W3 MOSOXEHWS,
YTO BHe CBOEro 3/1eMeHTa arnpoKCUMMUPYIOWAasa (YHK-
uuAa pasHa Hymwo. Cnesyet oTMeTuUTh, Uto MK3 fBnser-
CA Ha CEerofHAWHWA feHb Hambonee pacrnpocTpaHeHHbIM
MeTOJOM MaTeMaTUYeCKOro MOZENMPOBaHUSA MPOLLECCOB
naacTnyeckol gedopmaymmn. 3TOT (PaKT 06bACHAETCA ero
YHVBEPCa/IbHOCTLHI, TO €CTb HAIMYMEM MUHUMASIBHBIX Or -
paHu4eHUn No 061acT NpYMeHeHWs. B yacTHocTu, npu
ncrnonb3osaHMM MKQS cyulecTByeT BO3MOXHOCTb MOSy-
YeHWA TOYHbIX JaHHbIX He TOMbKO A1 MMIOCKUX, HO 1 AnA
06bEMHBIX 334a4y, B TOM Yuncie Ana npotuneli co CAOXKHOM
(hOpMOW MOMEPEYHOro CeYeHus, pelleHns 3ajady MoryT
6bITb NOMYYeHbI He TO/IbKO NPUMEHUTENBHO K OAHOPOAHO
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Puc. 1. PeXnM NpoKaTKu XXenesHo40pOXKHbIX PefibCoB, UCMO/b30BaHHbIM NpW NPOBefeHMN MaTemMaThyeckoro mogenuposaHus HAC metanna

Fig. 1. Rolling mode of railway rails used in mathematical modeling of the metal stress-strain state
Tab6bnwuuya 1

PexXunm npokaTku 3arotoBok 300x360 MM XX€eNne3HOAOPOXHbIX Pe/1bCOB B YEPHOBbIX KNeTAX,
MCNONb30BAHHbIN NPU NPOBELEHUN MOLENMNpPOBaHNA

Table 1. Mode of railway rails billets (300x360 mm) rolling in roughing stands, used in modeling

UepHoBas Homep CedeHne packaTa, MM CKopocThb
dopma Kanubpa O6xaTne, Mm
KneTb npoxopa BbICOTA WwupnHa npokaTku, m/c

KaHTOBKa Ha 90°

1 AW NYHbI T 305,0 310,0 55,0 3,0

2 AW NYHbI T 257,0 320,0 48,0 3,5
KaHTOBKa Ha 90°

3 AW NYHbI T 260,0 267,0 60,0 4,0

1 4 AW MYHBIN 215,0 277,0 45,0 3,8
KaHTOBKa Ha 90°

5 AWMNYHbIN 257,0 220,0 20,0 4,0

6 AW MYHBIN 232,0 225,0 25,0 4,0
KaHToBKa Ha 90°

7 «nexavas Tpaneymnar» 210,0 246,0 15,0 5,0

KaHToBKa Ha 90°

1 «Tpaneuns» 200,5 250,0 45,5 4.7

2 «Tpanewns» 194,5 250,0 6,0 4,0
2 KaHTOBKa Ha 90°

3 penbcoBbIiA 80,0 215,3 90,0 3,5

4 penbcoBbIiA 55,0 2229 25,0 4,0

5 penbcoBbIiA 43,0 234,0 12,0 5,0
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Cpeage, Ho 1 B CPefe C He/IMHENHbIMU 3(h(eKTaMU B OTAE/Tb-
HbIX a5iemeHTax. OCHOBHOW HegocTaToK MKQ, 3ak/tovato-
WWIACA B CNOXHOCTU MPUMEHSEMOr0 MaTeMaTMyecKoro
annapata W TPyLOEMKOCTM BbIYMCNEHWIA, B HacTosLlee
BPEMS SABNAETCH HECYLLECTBEHHBLIM B CBA3WN C PasBUTUEM
3BM. B0O3MOXHOCTW COBPEMEHHbIX KOMMbIOTEPHbIX TEX-
HOMOrWiA, peann3oBaHHbIE B BbllleyKa3aHHOM MpOrpamm-
HOM KOMI/IEKCE, NO3BOMAKT MPOBOAUTL MOAENMPOBaHME
MPOLIECCOB MNACTUYECKON fedopmaum npu pasdreHun
fechopmmpyemoro Tena Ha 103, 104 (1 6o5ee) KOHEYHbIX
anemeHTOB. Mpw 3TOM aHaM3 AUHAMUKW MapaMeTpos, Xa-
pakTepusyoLwmnx npotiecc fetopmauum, BOIMOXHO NMPOBO-
OWUTb C BPEMEHHbIMU MHTEPBASiaMK, He MpeBbILaoWuMm
foneii cekyHz,.

MogennposaHve NPoBOAWN /1A CT/IN MapKu 376X,
npyv 3TOM MCNOJIb30BA/IN 3aBUCUMOCTU COMPOTUBNEHNA
NnacTMYeckon petopMaumm paccMaTpuBaeMoi CTanm OT
TEPMOMEXaHUYECKMX NapaMeTpoB Aedopmauumn (Temne-
paTypa, CKOPOCTb 1 CTeneHb AethopmaLm), NosyYeHHbIe B
X0fe 3KCrepuMeHTaNbHbIX 1ccnegoBaHnin [27, 28]. Takke
Mpuv NpoBefeHM MOAE/IMPOBaHMA NMPOLLECCOB AedopmaLmu
MeTa/1a B Kanmbpax UCMonb30Ba/iv 3aKOHOMEPHOCTU U3-
MEeHeHWs COMpPOTMBEHNA NacTUYecKol getopmaunm no
CEYEHMIO MCXOLHbIX HENPEPbIBHOMUTLIX 3arotoBok [29].
B kauecTBe AONYLWEHWA NPUHAANW, YTO MaTepuan BasiKoB
ABNSAETCA HECXKMMAEMbIM, & MPOLLECC NPOKATKU - CUMMET-
pPUYHBbIM. KO3(MULMEHT TPEHNA NPUHANY U3MEHSAIOLLNMCS
no copmyne enei:

b= 1,05 - 0,0005? - 0,056 K (1)

rge t- Temnepartypa npokatku, °C; V- CKOpPOCTb MpoKar-
KK, m/c.

TemnepaTypy 3arOoTOBOK TMepef HayaioM MNPOKaTKu
B Nepeoit knetn npuHaam 1200 °C. Mpu NocTpoeHUN Ko-
HEYHO-3/1EMEHTHON CETKM KOMMYECTBO 3/IEMEHTOB COCTa-
Buio 180 845, y3nos - 40 089.

B KauecTBe napameTpa, XapaKTepu3yLLEro HarnpsKeH-
HO-AedopMMpoBaHHOE COCTOSIHME MeTasina Mpu Mpokar-
Ke, 1Ucrnonb3oBain Kputepmii Kokpodta-/1atama, paccum-
TbIBAEMbI MO Cnegytoulein hopmyre:

D =\7dz 2

rr

roe b - HakonneHHas nnactuyeckas fdedopmaums; o* -
MaKCHMMa/IbHOE TN1aBHOEe PacTArmBatoLLee HanpsKeHWe; CT -
WHTEHCVBHOCTb HampsbkeHW; ds - npuvpalieHve Hakomn-
NeHHO aethopmaumn.

PesynbtaTtel mccnegosaHuii N NX obecy>xxgeHue

Mony4yeHHble pe3ynbTatbl (PUC. 2) CBUAETENLCTBY-
0T O KpaliHe HepaBHOMEPHOM XapakTepe pacnpesene-
Hus kputepus Kokpodrta-/1aTama no cevyeHUo packaTa.
B o0ceBOW 30He packaTOB HE3aBMCUMO OT (HOPMbl Kanb-

POB 3HAYeHWs YKasaHHOro KpuTepus MUHMMasbHbI, YTO
0OBACHAETCA HerosiHbIM MPOHNKHOBEHMEM AedopMaumnm
B rny6b packata. MakcuMasibHble 3HayeHUs KpuTepus
KokpoTa-/1aTaMa Ans AWUYHbBIX KaIMO6POB MMEKT MeCTo
B MPUNOBEPXHOCTHBIX CNOSX BOAM3N BepTUKaNIbHOW OCK
Kannoépos (puc. 2, a, 6), 4TO cornacyerca ¢ pesynbTara-
MW paHee NpoBefeHHbIX mccnegoeaHuii [30] n obycnos-
NIeHO OTCYTCTBMEM TOPM30HTa/IbHbLIX MEPeMeLLeHniA Me-
Tanna B YKa3aHHOWM 30He packaTa (MMelT MecTO TOMbKO
BepTUKa/bHble gechopmaumm). Mpu NpokaTke B Kaimbpax
CMOXKHOM (hopMbl  («Tpanmeuns», «aexadass Tpanewms»,
penbCcoBble Kammbpbl) WUMEKT MECTO JIOKa/IbHbIE 30HbI
C MakCUMasibHbIM 3HaveHuem KpuTepusa Kokpodta-/13Ts-
Ma, pacrosioKeHHble B MecTax (hOpMMPOBAHMA MOLOLLBbI
npodunsa (puc. 2, r - e), NPy 3TOM 19 NMPOKaTKN B Kanumo-
pe Tuna «Tpaneums» XapakTepHO HaMyne TakoW 30HbI
TaKXXe B MPUMOBEPXHOCTHOM 30HE B6/IM3N BEPTMKAbHOW
ocu kanmbpa (puc. 2, 1).

OfHMM 13 OCHOBHbIX NapameTpos [3, 7, 9], okasblBato-
WMX 3Ha4YMMOe BNUsSHME Ha dopmmposaHue cxembl HAOC
MeTa/la B MPOLECCe MPOKaTKX, SBNAETCA HepaBHOMep-
HOCTb pacnpeseneHns TeMnepaTypbl N0 CEYEHUIO pacKara.
C uenblo NOATBEPXKAEHMS YKa3aHHOM B3aMMOCBA3W A/
YC/IOBMIA NPOKATKN B YEPHOBBIX K/IETAX PebcobasiovHOro
CTaHa NpOoBefeHbl [OMOSIHUTENbHbIE WUCCNE0BaHUA Tem-
nepaTypHbIX MO C MCMOo/b30BaHWEM MOAENMPOBaHUSA
B nporpamMmmHomM Komnsekce DEFORM-3D. McxoaHble yc-
JIOBUA AN MPOBefEeHUs MOAENNPOBaHUA MPUHANN aHao-
FMYHBIMMW BbILIENPUBEAEHHbIM YC/IOBUSAM MOAENMPOBaHUA
HAC meTanna.

[ns npoBepKu afieKBaTHOCTU MOMYYEHHbIX MPU Moje-
JIMPOBaHNN Pe3y/bTaToB MPOBOAW/IM pacyeT TeMnepaTypbl
packara aHa/IMTUYeCKMUM MeTOLOM C UCNO/b30BaHWEM Me-
TOAVIKW, NpeacTaBfieHHOM B paboTe [3] m Mo3sonstoLeit
onpeaenuTb NageHne Temnepatypbl N0 NPOXO4aM:

1000
AL ®)

0,025 -T.- . 1000
S, v/o; + Org +273

rge M. - nepyMMmeTp NOMEpPeYHOro CeYeHUst Nnocne MpPoxo-
[a; T - BPeMsa oX/iaxaeHUs packara npy nepeMeLeHnmn ot
paccmaTpuBaeMoro kanmbpa K cregytowemy Kanmopy; ta -
Temnepartypa nepes BX040M B pacCcMaTpyBaeMblin Kanmop;
A = 0,1830InX - noBblleHMEe TemnepaTypbl packata
B paccmMaTpMBaeMOM Kanmbpe; 0 - CONPOTUBMEHME MeTas-
na nnactuyeckoii gedopmauymm, MMa; X - KoahhrumeHT
BbITSDKKMN.

Takke 1Crosib30BaIN JaHHble NPSAMbIX 3aMepoB TeMrie-
paTypbl NOBEPXHOCTU packKara.

ConocTtasneHne pesynbTaToB MOLEIMPOBAHNA CpeaHel
TemnepaTypbl packaTta Mo npoxofam, MosyyYeHHbIX C Uc-
nosib3oBaHMeM nporpammHoro komnnekca DEFORM-3D,
C [JaHHbLIMW, NONYYEHHbIMW aH/IMTUYECKUM METOLOM MO
ypaBHEHMIO (3), CBUAETENLCTBYET O AOCTAaTOMHO BbICOKOM
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Puc. 2. PacnpegeneHune TemnepaTypHbIX No/ieil B MONepPeYHOM CEUYEHUN packaTa Ha HavaibHOM CTaAuy NPOKaTKU PeNibCcoB:
a, 6 N B - BTOPOW, LWECTOM 1 ceabMOI NPOXOAbl B YHEPHOBOW KNETW 1; T, 4 1 e - NepBblil, TPETUI U NATLIA NPOXOAbl B YEPHOBOW Knetn 2

Fig. 2. Distribution of temperature fields in cross-section of the rolled stock at the initial stage of rail rolling:
a, 6 and B - the second, sixth and seventh passes in the roughing stand 1; r, g and e - the first, third and fifth passes in the roughing stand 2

CXOAMMOCTU: OTK/IOHeHUA He npesbiwaoT 10 °C. Heno-
CpefCTBEHHbIe 3amepbl TemrepaTypbl MOBEPXHOCTW pac-
KaTa TakKXe NOKas3ain XOpOLWYH CXOAMMOCTb C pesysbTa-
Tamu MOLE/MPOBaHMA: OTKNOHEHWSA He npeBbiwatoT 14 °C.
Takum 06pa3om, MOXHO cfenaTb BbIBOA 00 afeKBaTHOCTM
METOAMKM MOAENNPOBaHNSA TeMMepaTypHbIX noner B nNpo-

554

rpaMmmHoMm kommnsiekce DEFORM-3D 1 BO3MOXHOCTU ee
NPUMEHEHUA AN MPOrHO3NPOBaHWA pacrpefenieHns Tem-
nepaTypHbIX MOMei Mo CeYEHMIO packKaTa.

B cBA3M C TPYAHOCTLIO MHTEpMpeTaLmn NofyyYeHHbIX
JaHHbIX NPU MX MpecTaBfieHNM B BUAE LBETOBbIX 3MOP
(puc. 3) paccumTaHbl CpefHWe 3HayYeHUs Mo YKPYrHeH-
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HbIM 06MacTAM M NPeANOXeHO MCMNOoMb30BaTh KO3PHU-
LUVEHT HEPaBHOMEPHOCTM TEMMepaTypPHbIX MOSen, onpe-
fAensiemblii no opmyne:

(4)
tI'LlJ Sy,CI'.TT
Max CpefHee
0,385 0,197
Max CpepHee
0,443 0,283
Max CpefiHee
0,461 0,254

rAe S Ynfir 3= YAeNbHble nyolaan o6nacreii npo-
(N packata ¢ MakCUMaIbHOM Y MUHMUMAaLHOM TeMnepa-

Typamu (ONpeaensoTca Kak OTHOLLEeHMe Nnollafei pac-
cMaTpmMBaeMblx 06/1acTelt K 061l NAoLWaan NonepeyHoro
CeYEHWA PACKATA); typ M thin- MaKCUMa/IbHasA U MUHUMaTb-
Has TemnepaTypbl N0 061acTAM NPOQUIA packara.

Max CpepHee
0,458 0,261
Max CpefHee
0,489 0,265
Max Cpe,que 0,0625
0,483 0,265

Puc. 3. PacnipegeneHue kputepus Kokpodra-/1aTamMa B MONEPeYHOM CeYeHMMN packaTa Ha Hada/lbHOW CTaAumn NPOKaTKN pesbCoB:
a, 6 1 B- BTOPOM, WeCTOM 1 cefbMOli NPOXOAbl B YePHOBOM KNeTn 1;r, A 1 e - NepBbliA, TPETUI 1 NATLIA NPOXOAbl B YePHOBOM KNeTn 2

Fig. 3. Distribution of the Cockcroft-Latham criterion in cross-section of the rolled stock at the initial stage of rail rolling:
a, 6 and B - the second, sixth and seventh passes in the roughing stand 1; r, g and e - the first, third and fifth passes in the roughing stand 2
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MpoBefieHHbIN aHanM3 Mokasas, YTO0 M3MEHEHWe Mak-
CUMa/IbHbIX W CPeAHMX 3HayeHWl KpuTepms Kokpod-
Ta-/13TamMa Npu NPOKaTKe BO BCEX MPOXOAax M Kanmbpax
YepHOBbLIX K/eTel MpsAMO NPONOPLMOHATBHO U3MEHEHWIO
KO3(hhULMEHTA HEPaBHOMEPHOCTU TEMMEPATYPHbIX Mo-
nei (pwuc. 4), 4To CBMAETENLCTBYET O NMPAaBOMEPHOCTM MUC-
Mo/Ib30BaHMA YKa3aHHOro Kos(h(hMLMeHTa B KayecTse Mo-
Kasatens, xapakrtepusytowero cxemy HAC metanna npu
npokaTke. MoBbIWeHNe KO3adULMeHTa HepPaBHOMEPHOCTH
TeMnepaTypHbIX Noner 06ycnasnvBeaeT (OPMUPOBaHME Me-
Hee 61aroNPUATHON C TOUKWN 3PEHNS MPOrHO3HbIX MOKasa-
Teflell KayecTea roToBOro npokara cxemsl HAC.

OnpegeneHve  Ko3(h(MLUMEHTa  HepaBHOMEPHOCTU
TeMnepaTypHbIX MOMe ¢ MCMOoNb30BaHMEM MOLEeNMpOBa-
HMA B nporpaMMHoM Komrnekce DEFORM-3D Tpeby-
eT 3HAYUTENbHbIX BPEMeHHbIX 3atpar. Mo3Tomy C Lefbio
NPaKkTUYECKOro MPUMEHEHUSA MOMyYeHHbIX 3aKOHOMep-
HOCTel C MCMOMb30BaHWEM CTaHAAPTHbLIX METOAMK CTa-
TUCTUYECKOro aHanm3a MnosyvyeHbl ypaBHeHUA perpeccuu,
YyCTaHaBNMBaKOLLMNE B3aMMOCBA3L MEXAy W3MepAeMbIMU
napametpamu geopmaumm N yKasaHHbIM KO3((puLMeH-
TOM. [NA AWWYHBIX KainbpoB YCTaHOB/IEHO 3HAYUMOe
B/IMSIHME KaHTOBOK packaTa M Ko3aduLMeHTa BbITAXKM Ha
HepaBHOMEPHOCTb pacnpefeneHns TemmnepaTypHbIX Monei.
MexaHn3m YKa3aHHOro B/IMAHNA COCTOUT B CfIefyIOLLEM.
YBenuyeHve geopmMauiv NPUBOANT K PasorpeBy MeTania
Mpuv NPOKaTKe, B 0CO6EHHOCTN MOBEPXHOCTHbLIX C/0EB, YTO
CroCO6CTBYET CHUXEHUIO HEPaBHOMEPHOCTUW pacnpejere-
HWA TeMNepaTypbl MO CeYeHMIO packarta. KaHToBKa packa-
Ta TakKXe CMOCOBGCTBYET YMeHbLUEHNIO HEPaBHOMEPHOCTU
pacripefeneHnst TeMnepatypHbIX Mofeld, NOCKOAbKy npo-
NCXoaUT 0BHOBMIEHWME CNOEB MeTanna, HernocpeAcTBEHHO
KOHTaKTUPYHOLLMX C MPOKATHLIMW BaTKaMu.

[ns npoxofos, nepes KOTOPbIMW KAHTOBKY packara He
MPOBOAUIN, MPOrHO3HbIE 3HAYEHUSA KO3PQULIMEHTA HepaB-
HOMEPHOCTW pacripeeneHns TemnepaTypbl OnpesenaroTcs
MO BbIPKEHNIO

Kw= 1,01i(-0,0597! + 1,0778); R2= 0,892,  (5)

rge n- HOMep Npoxoja OT Hayasa MPoKaTKK (C y4eToM BCex
NPOXOA0B).

[ns npoxoos, nepes KOTOPbIMU NPOBOAUTCSA KaHTOBKA
packata, Koa(h(MLIMEHT HepaBHOMEPHOCTU pacrnpeesneHns
Temrepatypbl ONpefenseTca Kak

Kir= 1,01n(-0,0351! + 1,0332); R2= 0,808.  (6)

Mo nony4eHHbIM AaHHLIM MPYIMEHUTENIBHO K MPOKATKe
B Ka/IMBpax CMIOXHOM (hopMbl, UCMOJIb3YEMbIX B YEPHOBBIX
K/ETAX Pefibco6asiouHOro cTaHa («Tpaneyus», «iexadas
Tpaneyus», PefibCoBble KannbGpbl), KOPPENAUMs Mexny
KO3(h(pMLIMEHTOM HEPABHOMEPHOCTM TEMMEPATYPHbIX MO-
neli 1 yKasaHHbIMW NapameTpaMun MPOKAaTKU BbIpaXkeHa
B 3HAUMTENIbHO MeHbLLEl CTeMeHW Mo CPaBHEHWUIO C MPo-
KaTKO/ B ALMYHBIX Kanmbpax. C yuyeToM pe3y/ibTaToB
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Puc. 4. 3aBucmumocTb cxembl HAC mMeTanna oT HepaBHOMEPHOCTU
pacnpegeneHus TemnepaTyp Mo CeYeHU0 packarta Mpu rnpokaTke B yep-
HOBbIX KNETAX YHUBEPCANbHOr0 penibcobanoyHoro craHa:

11 2- cpefiHUe N MakCUManbHble M0 CEYEHUNIO 3HAUYEeHUsi KpUTepus

Fig. 4. Dependence of the metal stress-strain state on uneven distribution
of temperatures over the section of the rolled stock during rolling in
roughing stands of a universal rail-and-beam mill:
1and 2 - average and maximum values of the criterion over the section

nccnegoBaHuii [30] aTOT PaKT MOXHO OOBACHUTL HU3KONA
cTeneHb0 Nogo6bms opMbl UCXOAHOTO MoAKaTa 1 Kanmo-
poB. [ns y4yeTta BAMAHUA Nogobus GopmMbl Nogkata v Ka-
nmbpa B HacToslel paboTe NpeasioXeHO BBECTM COOT-
BETCTBYHOLNI KOIDDULMEHT:

_Sp/Mno

b v ™

roe SOuv S1- nnowasb NOMepeyHoro cevyeHMs packara ao
1 nocne nNpokaTku B kKanmope; MOu M - nepumeTp none-
PeYHOro cevyeHUs packara 4o 1 Nocne NPoKaTkKn B Kanobpe.

YCTaHOBMEHO, YTO C YYETOM BUSHUSA KO3(h(ULUEHTa
nofobua opmMbl MofgKaTa U Kanmbpa B3aMMOCBA3b MeXay
KO3(PMULMEHTOM HepaBHOMEPHOCTW pacnpefeneHns Tem-
nepaTypHbIX MOSie MO CeYeHMI0 packara M napameTpamu
MPOKaTKM B KaIMbpax CNOXKHOM hopMbl ABASETCS 3HAUMMONA.

MonyyeHHble ANA KaMOPOB CNOXHOM (hHOpMbl ypaBHe-
HWA perpeccun NMEKT CreayoLwmii BUA;

- Ansi NpoxofoB 6e3 KaHTOBKM:

KHr= 1,01nK% (-0,0473! + 1,0145); R2= 0,886; (8)

- N5l MPOXO/OB, Nepes, KOTOPbIMU NMPOBOANTCS KaHTOB-
Ka packara:

KHr= 1,01r(-0,0412! + 1,0226): R2= 0,804. (9)

Ha ocHoBaHWM pe3ynbTaToB BbilLENPUBEAEHHbIX UCC/IE-
[lI0BaHWA MOXXHO KOHCTaTUpOBaTb, YTO OOLLMMK Hanpas-
NEHUAMW AN COBEPLUEHCTBOBAHUS PEXMMOB MPOKATKU
B YEPHOBbLIX KMETAX YHUBEPCA/IbHbIX PENbCO6GATOUHbIX
CTaHOB C UeNbio (hopMmMpoBaHUSI 6onee 61aronpusTHON
cxembl HAC meTanna B NpoLiecce NPOKaTKM M COOTBETCT-
BYIOLLEFO MOBbILEHNA KayecTBa rOTOBOFO MpoKaTa sB/si-
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Tabnuya 2

Y coBepLlWeHCTBOBAHHbIV PeXUM NPOKaTKMN 3aroToBkyn 300x360 MM Xee3HO[0POXHbIX PebCoB

YepHoBas
KneTb

npoxopaa BblCOTA

Table 2. Improved mode of railway rails billets (300x360 mm) rolling

Homep CeyeHune packata, MM

dopma kannbpa
WnpuHa

KaHToBKa Ha 90°

O6xXxaTtue, Mm

CKopocTb
npokatku, m/c

AW NYHbIA 260,0 375,0 40,0 4,0
AW NYHbIA 317,0 270,0 58,0 4,5
AWNYHBIN 266,0 280,0 51,0 5,0
KaHToBKa Ha 90°
AWNYHBIN 219,0 276,0 61,0 4.8
! KaHTOBKa Ha 90°
AWNYHBIN 222.,0 229,0 54,0 5,0
KaHTOBKa Ha 90°
«nexavas Tpaneymna» 207,0 240,0 22,0 45
KaHTOBKa Ha 90°
«Tpaneymns» 195,5 230,0 445 5,0
KaHTOBKa Ha 90°
1 penbcoBbIii 80,0 220,5 110,0 4.5
2 2 penbcoBbIit 53,0 2295 27,0 3,8
3 penscoBbIii 42,0 238,5 11,0 5,0

eTCA yBeNnyeHme KoapMuLMEHTa BbITSXKM MO NPOXomam,
TO eCTb CHWXeHVe O6LLEero Ko/M4yecTsa NPoOXoAoB 3a cyeT
MOBbILIEHWSA YACTHbIX 06XKaTWUi (C yYETOM OrpaHUYeHus no
[LOMYCTUMOMY YCUMNIO Y MOMEHTY MPOKATKN); YBeNIMYeHNe
KO/IMYeCcTBa KaHTOBOK; M3MeHeHWe (hopMbl K&/TIMBPOB CNOX-
HOI (hOpMbl B CTOPOHY YBEIMYeHWSA Nogo6ums ¢ popmoii no-
MepeyHoro ceyeHMs NCXOAHOMO MoaKara.

C y4eToM 3TMX peKOMeHAaLui paspaboTaH HOBbIV pe-
XXMM TPOKaTKX PefibCoB B YC/OBUSAX PenbCcobasiouHOro
ctaHa AO «EBPA3 3CMK>» (Tabn. 2), 0CHOBHbIMW OT/INYM-
Te/IbHbIMW OCOBEHHOCTAMM KOTOPOrO ABJIETCA CHVDKEHUE
06LLero Kofm4yecTsa MPOXoA0B 3a CYeT YBEeNIMYeHNs YacT-
HbIX 06XKaTWii 1 yBeNMYeHMe KONMYecTsa KaHTOBOK.

OnbITHO-NPOMBILWL/IEHHOE OMPO6OBaHNE HOBOIO PEXU-
Ma MPOKATKN >Kene3HOA0POXKHbIX PefbCoB MOKasano, yTo
Mpu ero UCMonb30BaHUN 0TOPAKOBKaA PebCoB Mo AedeKTam
NOBEPXHOCTW CHM3MNacb Ha 0,78 % OTHOCUTENBLHO paHee
NCMONb30BABLLErOCA pPeXmnma MnpokaTku. [loaTBepxxaeHa
a[1eKBaTHOCTb M BO3MOXXHOCTb MPUMEHEHUS Ha MPaKTuKe
MoyYeHHbIX 3aKOHOMepPHOCTel BAMAHUA NapaMeTpoB Npo-
KaTKW B YepPHOBbIX K/IETAX PefibcobasiovHbIX CTaHOB Ha Ka-
YeCcTBO rOTOBbIX PE/bCOB.

B bl BO A bl

Ha ocHoBaHuNn MOAENMMPOBaHNA NPOLECCOB MPOKATKN
B YUEPHOBbLIX KNETAX YHMBEPCA/IbHOIO pEI'IbCO6aI'IO‘-IHOFO

CTaHa, NpoBeAeHHOro C UCMosib3oBaHMeM NPOrpaMmMmHoOro
komnnekca DEFORM-3D, onpegeneHbl 3aKOHOMEpPHOCTU
thopmuposaHma HAOC meTanna Ha Ha4a/lbHOM CTagumn npo-
KaTKW XeNe3HOA0POXHbIX PesibCoB. YCTaHOBMEHO, YTO Ha
cxemy HAC meTanna npu npokatke B YepHOBbLIX KNeTAX
penbco6anovyHOro CTaHa onpefenstollee BAUSHNE OKasbl-
BaeT HepaBHOMEPHOCTL pacrpefeneHns Temneparyp no ce-
YeHWMIo packarta, KoTopasi B CBOI0 0Yepefb 3HaUMMO 3aBUCUT
OT KO3((ULMEHTOB BbITSXKKM MO MPOX04aM, YacTOTbl KaH-
TOBOK M N0of06U1s (POPMbI UCXOLHOTO NMOAKaTa U UCMOob3ye-
MbIX Kannbpos. Mokas3aHo, YTO BHe 3aBMCUMOCTM OT (hop-
Mbl MCMOJIb3YEMbIX KaSIMOPOB NOBbILWEHWE KOIP(PULIMEHTOB
BbITSDKEK (4aCTHbIX 00XaTuiA) U YBEIMYEHME YacTOTbl KaH-
TOBOK 00ycnaenvBaeT hopMupoBaHue 6osee 61aronpusaT-
Hoii cxembl HAC, o6ecneymBaroLLeli NOBbILIEHME Ka4ecTBa
rOTOBbIX PefbCoB. [PUMEHNTENBHO K Kanmbpam Cr0KHOM
(hopMbl B [OMOSIHEHWE K Mepeyvync/ieHHbIM MapaMeTpam
YCTaHOB/IEHO NOMOXUTENIbHOE BIMAHWE Ha (POPMUPOBaHME
6naronpmaTHoi cxembl HAC nosbiweHns nogobusi gop-
Mbl NoAKaTta M WCMOJb3yeMOro Kanmbpa. ALEKBaTHOCTb
N BO3MOXXHOCTb MPUMEHEHUS Ha MPaKTUKE MOYyYeHHbIX
3aKOHOMEPHOCTe MOATBEPXKAEHA pe3y/bTaTamMy OMbITHO-
MPOMbILL/IEHHOro onpo6oBaHNs pa3paboTaHHOro peXxxmnva
MPOKATKN >Kene3HOA0POXKHbIX PefbCoB Ha penbcobanoy-
HoM cTaHe AO «EBPA3 3CMKb»: 3ahMKCMpOBaHO CHIDKe-
Hue 0TOPaKOBKM penbcoB Ha 0,78 % Mo CpaBHEHMIO C paHee
NCMONb30BaBLUNMCA PEXXMMOM MPOKATKN.
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