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Annomayusa. CKopoCTb OXJNaXK/EHHUs ABJIACTCS OJHUM U3 BaKHEHLIMX NMapaMeTpoB Mpolecca TepMudeckoit 00paborku. C eNblo YCTaHOBJICHHUS 3aK0-
HOMepHOCTeH (OpPMUPOBAHKSA MUKPOCTPYKTYPBI B TOIOBKE JKEIE3HOTOPOKHBIX PENIbCOB HA OIBITHOH YCTAHOBKE IIPOBEICHBI SKCIEPHMEHTHI 110
g depeHInpoBaHHOM TepMUYeCcKoil 00paboTKe BO3LYXOM HKeJIe3HOIOPOKHBIX penbcoB THIa P65. B nporecce repmudeckoit 00paboTku B TOUKaXx,
XapaKTepU3yIONINX KadeCTBO 3aKaJIKU PEIbCOB IPU MPUEMOCHATOUHBIX UCIBITAHUAX, Ha IIyOoune 10 1 22 MM OT IOBEPXHOCTH KaTaHHS TOJIOBKH 110
LEHTPAJILHOMN JIMHUM OCU CUMMETPHUHM pelibca H3MEpeHa TeMIIepaTypa M pacCuuTaHa CKOPOCTh OXJIXKACHUs MeTallla B UHTEpBaJe TeMIeparyp nep-
JIMTHOTO IPEBPAIICHUs. YCTaHOBICHA 3aBHCUMOCTh H3MCHEHUS CKOPOCTH OXJIAXKIEHHS PEIbCOBOTO METajlla OT JaBIeHUs Bo3ayxa. [lomydenHble
B XOJ1€ IKCIIEPUMEHTA 3aBUCHUMOCTH 00JIaat0T BHICOKMM KOI(D(HULHEHTOM T0CTOBEPHOCTH, YTO MO3BOJISIET NPUMEHSTh UX JUIS IIPOrHO3UPOBAHUS
CKOPOCTH OXJIaKJCHUSI IIPH TIOBBIICHHH JABICHUS IIOCPEACTBOM 3KCTPATIONAIHHL.
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CKOpOCTh OXJIXKICHHS PEIbCOBOW CTAlld SIBISCTCSI
OHUM W3 BaXHEWIIHNX MapaMeTpoOB TEPMHUYECKOH oOpa-
0OTKH, KOTOpasi, HApsIIy C XUMHUYECKHM COCTaBOM, He-
MOCPEJICTBEHHBIM 00pa3oM BIUsET Ha (QopMHpoBaHHE
CTPYKTYpPbl H, COOTBETCTBEHHO, Ha CBOICTBa MeTallIa.
Hambonee pacmpocTpaHEHHBI 10 HEJaBHETO BPEMEHH
BUJ TEPMHYCCKON 00pabOTKU PeIbCOB MyTeM 00bEMHOM
3aKaJIK{ B Macyie JOCTATOYHO XOPOIIIO H3yUeH ¥ TOAPOOHO
ocBelleH B nuteparype [1 — 5], B TOM YuCIIe HCCIeJOBaHbI
CKOPOCTH OXJIAXKJICHUS TI0 CEYCHUIO TOJIOBKH W MOOIIBBI
penbcoB B mpolecce 3akaiku [4]. OpHako K HacToslle-
My BPEMEHH MIpoIecc 00beMHOU 3aKalKH HE TMO3BOJSET
JOCTHYbh HEOOXOAMMOTO YPOBHSI CBOMCTB, HpPEHbsBIsC-
MBIX K COBPEMEHHBIM penbcaMm [6 — 8], m He oTBedaeT
BO3pOCIIMM TPeOOBaHUSM IO dHEprocOepexenuto [7, 8].
[TosTOMy TIpH TPOM3BONICTBE COBPEMEHHBIX PEIIECOB MPH-
MEHSIOT OoJiee coBeplIeHHBIC BUAbI auddepeHInpoBaH-
HOU TepMHUYECKOi 00pabOTKK ¢ IPUMEHEHHEM B KaueCTBE
OXJIQXKJTIAIOIINX CPEll PACTBOPOB IOJIMMEPa HIU BO3AyXa
[9 — 12]. HecmoTps Ha TO, UTO BO3IyX UMEET JOCTATOTHO
HU3KYIO OXJIAKAIONIY10 criocoOHOCTH [ 13], ero npumene-
HUE UMEET PSA MIPEHMYIIECTB IKOHOMHYECKOTO, SKOJIOTH-
YECKOTO U TEXHOJIOTMYECKOTO XapaKTepa 0 CPAaBHEHHIO C
pacTBOpaMu IOIUMEPA.

OcHoBHOe oTIH4Ke U PepeHIIMPOBAHHON 3aKaIKH OT
00BEMHOM 3aKITIOYaeTCsl B 00CCIICYEHUH Pa3IMYHON CKO-
POCTH OXJIaXICHUS DIIEMEHTOB NpoQuis penbca. Tak, npu
T PepeHITMPOBAHHON TEPMIUECKON 00paboTKe Hanbomee
WHTEHCHUBHO OXJIXIAeTCS TOJOBKa PEIbCOB, B TO BpeMs
Kak ITOJI0IIBA U IIeiKa ITOBEPraloTCcss MUHIMAIBHOMY pe-
TYJIUPYEMOMY OXJIQKJICHHIO C LIEJIbI0 00ecrieueHus] MUHU-
MaJIbHOH MCKPUBICHHOCTH PEIbCOBBIX PACKATOB M HU3KUX
BHYTPEHHHUX OCTaTOYHBIX HANpsOHKCHUN Mepel MpaBKOH.
[oBbImIeHne yIpaBasieMOCTH TPOILIECCOM 3aKaJIKH OTKPHI-
BaeT IIMPOKUE MEPCHEKTHBBI AJS TOIYy4YEeHHUsI TpeOyeMoro
YPOBHSI CBOMCTB M TIOBBIIIICHHS IKCIUTyaTallMOHHOW CTOM-
KOCTH penbcos [14, 15].

B cBsi31 ¢ M310OKEHHBIM LGB0 HACTOSIICH paboTHI sIB-
JISIeTCSL OTIPEJIETICHUE CKOPOCTH OXJAXKAEHHS M0 CEUEHHIO
TOJIOBKH YKEJIE3HOJOPOKHBIX PEIHCOB B 3aBHCHMOCTH OT
napaMeTpoB TEPMHUUECKONH 00PaOOTKH BO3ILyXOM.

[Ipn mpreMOoCHaTOYHBIX WCTBITAHUSIX U OIpeaese-
HUS KaueCTBa PeJIbCOBOr0 MeTaa OOJBIIMHCTBO CBOMCTB
(MexaHMYEeCKHe CBOWCTBA TPH PACTSHKEHHUH, YIAPHYIO BSI3-
KOCTb, TBEPJIOCTb) ONPEAETAIOT, KaK MpaBuIlo, Ha TIIyOuHe
10 10 MM, a Ka9eCTBO 3aKaJIKU KOHTPOIHPYIOT 11O TBEPAOC-
Tu Ha Tiry6uHe 22 mM. IlosToMy 1 ompeaenaeHus: ckopoc-
TH OXJIQXICHHS OBUIM BBIOPAHBI TOYKH, PACTIONOKCHHBIC
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Ha ICHTPAIbHOW OCH CUMMETPHM pelibca Ha PacCTOSHUU
10 1 22 MM OT IOBEPXHOCTH KaTaHUSI.

Ilepen nmpoBeaeHHEM HKCIIEPUMEHTOB B 00pasIie peib-
ca tura P65 amuHoi 400 MM OBUTH CIeTIaHBI OTBEPCTHUS HA
mryoune 10 u 22 mm. Harpes npo0b! oCyIeCTBISITH B Ta30-
Bo# meun 110 temmeparyp 850 — 900 °C. Temneparypy mo-
BEPXHOCTU MPOOBI B TMPOLECCE MPOBEACHUS SKCIEPHMEH-
TOB (PUKCHPOBAIN PYYHBIM HH(PAKPACHBIM ITHPOMETPOM
tuna Raynger MX. Ilociie Harpesa TemIuieTa 1o 3aJaHHOM
TeMIepaTypbl U BBLACPIKKH NPEIBAPUTEIBHO HOAOIPETHII
KOHEIl TepMOIapbl COBMEINANN C OTBEPCTHEM B Mpode u
MIPOBOJWIIM YCKOPEHHOE OXJIAXKAECHUE 10 pa3jIMYHbIM pe-
KMMaM Ha ONBITHOM YCTaHOBKE, MOAPOOHO OIMHCAHHOHN B
pabore [16]. [laBnenne Bo3IyXa B MPOIECCE OXIIAXKICHUS
BapbupoBanu B mpenenax or 10* mo (1,5 +2,2)-10* Ia.
CpenHIO CKOpOCTh OXJIaKICHHUS PacCUUTBHIBAJIM I UH-
TepBaja nepautHoro npesparenus 700 — 600 °C.

Ha puc. 1 u 2 nokazano u3MeHEHHE TEMIIEpaTyphbl Me-
Taniga Ha royouHe 10 u 22 MM OT MOBEPXHOCTH KaTaHHS
roioBku (IIKI') B mporiecce oxJaxaeHus MPU Pa3InIHOM
JIABJICHUM BO3/yXa BO BpEMEHH (T).
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Puc. 1. 3menenne remneparypsl Metaia Ha nryoune 10 mm ot IIKT
B NPOLIECCE OXJIAXKIEHUS P AaBieHuu Bo3ayxa 1,0-10% Ia (a),
1,5-10% I1a (6) u 2,2-104 Ia (6)

Fig. 1. Metal temperature variations at the depth of 10 mm on the
head roll surface (HRS) in the cooling process at the air pressure of
1,0-10* Pa (a), 1,5-10* Pa (6) and 2,2-10* Pa (6)
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[Ipu naBneHum BoO31yXa 10* [Ta HaOmomaeTcss MUHU-
MaJlbHasi CKOPOCTh OXJIKACHUS B MHTEpBaJie TEMIIEPaTyp
nepautHoro npespamienust 700 — 600 °C, cocrapmustomas
npumepro 1,83 °C/c. C yBennuenuem nasnenus 1o 1,5-10%
u 2,2-10* [Ta cpeansisi CKOPOCTh OXJIAXKIEHHS yBEINUHUBA-
ercst 10 2,09 u 2,52 °C/c cOOTBETCTBEHHO.

C yBenMYEeHHUEM PACCTOSHHUS OT MOBEPXHOCTH KaTaHUs
J10 22 MM CKOPOCTb OXJIQXKJIEHUs B MHTEpBaJie TeMIIeparyp
MEPJINTHOTO TIPEBPAICHUS YMEHbIIaeTcs (pHuc.2) u co-
crasnser 1,1, 1,31 u 1,63 °C/c npu gasnenun Bosmyxa 104,
1,5:10* n 2,2-10* ITa cOOTBETCTBEHHO.

Ha puc. 3 nmoka3zaHo U3MEHEHHE CKOPOCTU OXJIAXKIEHUS
MeTajula TOJIOBKU penbCcoB Ha rrydune 10 u 22 MM oT mo-
BEPXHOCTH KaTaHMs B MHTEPBaJie MEPJIMTHOIO IpeBpalle-
Hus 700 — 600 °C B 3aBUCHUMOCTH OT JIaBJIEHUSI BO3]yXa.
C yBeJIMYEeHUEM JIaBICHUSI CKOPOCTh OXJIAKICHHS V_  yBe-
JTUYMBAETCS 110 3aKOHY:

OXJT

—Ha Tiry6oune 10 mm:

Voo = 8-1019(P, )2 +3-105P_+1,4279;

oxi10
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Puc. 2. I3menenue Temneparypsl MeTania Ha nryoune 22 mum ot TIKI
B POLIECCE OXJIAXKICHUSA TIpH JaBieHuu Bosayxa 1,0-10% Ia (a),
1,5-10* I1a (6) u 2,2-10* Ia (8)

Fig. 2. Metal temperature variations at the depth of 22 mm on HRS in
the cooling process at the air pressure of 1,0-10* Pa (a), 1,5:10* Pa (6)
and 2,2-10* Pa (s)
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Puc. 3. FI3MeHeHne CKOPOCTH OXJIAKACHUS MeTallla pelbca Ha I1yOuHe
10 MM (=——) 1 22 MM (===) ot IIKI" B mpormecce oxmaaxaeHNs B 3aBU-
CHUMOCTH OT JIaBJICHUsI BO3yXa

Fig. 3. Variations of cooling rate of the rail metal at the depth of
10 mm ( ) and 22 mm (== =) on HRS in the cooling process in
dependence on the air pressure

— Ha IIyOuHe 22 MM:

v, =310710(P, )2 +3-10°P_+0,7264,

oxn22
TIE V10 UV, 5y — CKOPOCTb OXJIQXK/IECHHUS HA PACCTOSHUM
10 m 22 MM OT TIOBEpXHOCTH KaTaHUSI TOJOBKU PEIbCa;
P — naBieHne OXJIaxIaroIel Cpebl.

J1itst ipeicTaBIeHHBIX BBIIIE BRIPAKEHUH OTMEUEHA BBI-
COKasl JOCTOBEPHOCTh amMpOKCUMAIIUU, YTO TIO3BOJIET C
BBICOKOH JOCTOBEPHOCTBHIO MPOTHO3UPOBATH CKOPOCTH OX-
JaXJIEHHUsT PETCOBOTO0 MeTallla Ha YKa3aHHBIX TITyOMHax
TIpH OOJIBIITUX JTABJICHUSIX BO3IyXa.

Buoi6oowt. IIpu oxyaxIeHUU TOJNOBKH PEbCa CHKATBIM
BO3AyXoM Ha riyOmHe 10 MM OT MOBEPXHOCTH KaTaHWSI
CKOPOCTh OXJIKACHUS B HWHTEpBaJIC TeMIepaTyp Tep-
JIUTHOTO TIPEBpAIICHUS MPH W3MEHEHWH JaBIICHUS BO3-
nyxa B mpenenax (1,5+2,2)-10%la usMensieTrcss B mpe-
nmemax 1,83 —2,52°C/c m onmceIBaeTcs 3aBHCHMOCTBIO
Voo =8 10°(P, )?+0,0032P -+ 1,4279. Tlpu oxmaxne-
HUU TOJIOBKH PeIibca CKAThIM BO3yXOM Ha ITyOnHE 22 MM
OT TIOBEPXHOCTH KaTaHWsI CKOPOCTh OXJIAXKACHUSI B HHTEP-
BaJie TEMIIepaTyp TEPIUTHOTO IPEBPAIICHUS TPH H3MeE-
HEHUM JaBJIeHus Bo3myxa B mpexenax (1,5 +2,2)-10*Ia
m3MeHsiercst B mpeaenax 1,1 —1,6 °C/c u omuceiBaeTcst
3aBHCHMOCTBIO V, ., = 3-1076(P, )*+ 0,0034P_ _+0,7264.
DTH 3aBUCUMOCTH OO0JIQJIal0T BBICOKOH CTEMEHBIO JTOCTO-
BEPHOCTH U MOTYT OBITh UCIOJB30BAHBI ITyTEM IKCTPAro-
JSWW TIPA OTIPEEIICHNN CKOPOCTH OXJIAXKICHUS METaslia
10 CEYEHUIO TOJIOBKH PENIbCOB C MOBHIIICHUEM JIaBICHUSI.
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DEFINITION OF COOLING RATE ALONG A HEAD SECTION
OF RAILS AT THERMAL PROCESSING WITH AIR

E.V. Polevoi', M.V. Temlyantsev?, A.Y. Suysuykin'

1JSC “EVRAZ - Joint West Siberian Metallurgical Plant”, Novokuz-
netsk, Russia
2Siberian State Industrial University, Novokuznetsk, Russia

Abstract. Cooling rate is one of the major parameters of thermal

processing. The experiments on the differentiated thermal processing
by air of rails of R65 type are made on skilled installation to purpose
an establishment of microstructure formation rules in a rails heads.
In the course of thermal processing the temperature was measured in
points characterizing the quality of rails training at acceptance tests
at the depth of 10 mm and 22 mm from a surface of a head driving
on the central line of symmetry axis of a rail. Metal cooling rate was
calculated in the range of temperatures of pearlite transformations.
Change dependence of cooling rate of rail metal on air pressure was
established. The dependences received during the experiment possess
high factor of reliability that allows applying them in forecasting of
cooling rate at pressure increase by means of extrapolation.

Keywords: rails, heat treatment, cooling rate.

DOI: 10.17073/0368-0797-2016-8-543-546

REFERENCES

Polyakov V.V., Velikanov A.V. Osnovy tekhnologii proizvodstva
zheleznodorozhnykh rel’sov [Basics of rail production techology].
Moscow: Metallurgiya, 1990, 416 p. (In Russ.).

Kozyrev N.A., Pavlov V.V, Godik L.A., Dement’ev V.P.
Zheleznodorozhnye rel sy iz elektrostali [Rails of electric steel].
Novokuznetsk, 2006, 388 p. (In Russ.).

Zolotarevskii A.F. Termicheski uprochnennye relsy [Thermally
hardened rails]. Moscow: Transport, 1976, 264 p. (In Russ.).
Pavlov V.V., Temlyantsev M.V., Korneva L.V.; Syusyukin A.Yu.
Perspektivnye tekhnologii teplovoi i termicheskoi obrabotki v
proizvodstve rel’sov [Perspective technologies of heat and thermal
processing in rail production]. Moscow: Teplotekhnik, 2007, 280 p.
(In Russ.).

Vorozhishchev V.I. Sostav i tekhnologiya proizvodstv rel’sov
povyshennoi  rabotosposobnosti [Composition and production
engineering of rails of increased working capacity]. Novokuznetsk:
Novokuznetskii poligraficheskii kombinat, 2008, 351 p. (In Russ.).
Snitko Yu.P., Galyamov A.Kh., Nikitin S.V. Modern state of rail
production abroad. In: Materialy yubileinoi rel sovoi komissii 2002.
Sbornik dokladov [Proceedings of Jubilee Rail Commission, 2002.
Collected reports]. Novokuznetsk: izd. OAO KMK, 2002, 354 p.
(In Russ.).

Levchenko V.N., Rudyuk A.S. Development of rail
thermostrengthening technology with the use of rolling heat.
Metallurgicheskaya i gornorudnaya promyshlennost’. 2006, no. 3,
pp- 61-63. (In Russ.).

8.

10.

11.

12.

13.

14.

15.

16.

Shur E.A., Fedin V.M., Zhigalkin 1.G. etc. New method of rail
thermal treatment with the use of double-sided cooling. In:
Materialy yubileinoi rel’sovoi komissii 2002. Sbornik dokladov
[Proceedings of Jubilee Rail Commission, 2002. Collected reports].
Novokuznetsk: izd. OAO KMK, 2002, 354 p. (In Russ.).

Polevoi E.V.,, Volkov K.V., Golovatenko A.V., Atkonova O.P,
Yunusov A.M. Rail production engineering improvement at JSC
«EVRAZ Joint West Siberian Metallurgical Planty. Problemy chernoi
metallurgii i materialovedeniya. 2013, no. 4, pp. 26-28. (In Russ.).
Kapnin V.V,, Shaburov D.V. Rail production engineering
development at JSC “ChMK?”. In: Uluchshenie kachestva i uslovii
ekspluatatsii rel’sov i relsovykh skreplenii: Sbornik nauchnykh
dokladov [Improvement of the quality and service conditions of
rails and rail fastenings: Collected scientific reports]. St. Petersburg:
OAO “UIM”, 2015, 320 p. (In Russ.).

Snitko Yu.P. Chelyabinsk rails will be the best. Metally Evrazii.
2009, no. 1, pp. 42—46. (In Russ.).

Snitko Yu.P. Rails: striving for the speed. Metally Evrazii. 2008,
no. 5, pp. 1-5. (In Russ.).

Luty W. Chtodziwa hartownicze. Warszawa, 1986. (Russ.ed.:
Luty W. Zakalochnye sredy: Sprav. izd. Trans. from Polish. Chelya-
binsk: Metallurgiya, 1990, 192 p.) (In Pol.).

Borts AL, Shur E.A., Fedin V.M. Perspectives of rail production
development in Russia. In: Uluchshenie kachestva i uslovii
ekspluatatsii rel’sov i rel’sovykh skreplenii: Sbornik nauchnykh
dokladov [Improvementofthe quality and service conditions of rails
andrail fastenings: Collected scientificreports]. Ekaterinburg: OAO
“UIM”, 2011, 222 p. (In Russ.).

Borts A.I, Shur E.A., Reikhart V.A., Fedin V.M., Bazanov Yu.A.
Study of the rail properties, subjected to differentiated hardening with
rolling heat. In: Uluchshenie kachestva i uslovii ekspluatatsii relsov i
rel sovykh skreplenii: Shornik nauchnykh dokladov [Improvemento
fthe quality and service conditions of rails and rail fastenings: Collected s
cientificreports]. Ekaterinburg: OAO “UIM”, 2010, 208 p. (In Russ.).
Volkov K.V., Polevoi E.V., Temlyantsev M.V., Atkonova O.P.,
Yunusov A.M., Syusyukin A.Yu. Modeling of airspray hardening
with furnace heating of rails. Vestnik SibGIU. 2014, no. 3(9),
pp. 17-23. (In Russ.).

Information about the authors:

E.V. Polevoi, Head of the Bureau of Physical Metallurgy and Thermal
Treatment of the Technical Department of Rail Area
(Egor.Polevoj@evraz.com)

M.V. Temlyantsev, Dr. Sci. (Eng.), Professor, Vice-Rector for Research
and Innovations (uchebn_otdel@sibsiu.ru)

A.Y. Suysuykin, Chief Specialist on Thermal Units of Rail and Beam
Shop (Andrey.Syusyukin@evraz.com)

Received February 25, 2016

546



