52 / AICTRG [T [RGTRARTAITNR

2(83), 2016

ETAJTUTYPIUA

YIK 669.017:669.15-194:669.112.227.3 Hocmynuna 11.04.2016

BINNAHWNE TEMIMEPATYPblI AYCTEHUTUSALWN HA BEJIMNHUNHY
3EPHA CTAJIN 31CrMoV9

EFFECTS OF TEMPERATURE ON AUSTENITIZING GRAIN SIZE
STEEL 31CrMoV9

B. A. JIVIIEHKO, T. H. 'OJIVEEHKO, O. B. JIVIIEHKO, Uncmumym uepnoi memaainypeuu

um. 3. U. Hexpacosa HAH Ykpaunul, . [{nenponemposck, Ykpauna, ni. Akademurxa Cmapodybosa, 1.
E-mail: lutsenko@optima.com.ua,

C. H LIIEXYPIIUH, OAO «bM3 — ynpasasiowas xomnanus xonounea « BMK»y, . JKnobun, I'omenvcras oou.,
Benapycs, yn. llpomviuinennas, 37.

V. A. LUTSENKO, T. N. GOLUBENKO, O. V. LUTSENKO, Ferrous Metal Institute named after

Z. I. NEKRASOV of the National Academy of Science of Ukraine, Dnepropetrovsk, Ukraine, 1, Starodubov ave.
E-mail: lutsenko@optima.com.ua,

S. N. SHEHURDIN, JSW «BSW — Management Company of Holding «BMC», Zhlobin city, Gomel Region,
Belarus, 37, Promyshlennaya str.

H3yueno eausnue memnepamypuvl ayCmeHumu3ayuu Ha pasmep ayCmeHUunHo20 3epHa XpOMOMOIUOOEeHOBAHAOUEBOT CIMAU.
Tlokaszano, ymo npu memnepamype aycmenumuzayuu 850—1050°C ¢ cmpyxkmype Xpomomorub0eHo08aHa0ueol Cmaiu yCio8Hbvlil
ouamemp aycmeHumuo2o sepua usmersemes om 0,063 0o 0,084 mm.

Austenitizing studied the effect of temperature on austenite grain size of the chrome-molybdenum-vanadium steel. It is shown
that at austenitizing 850—1050°S in the structure of chrome-molybdenum-vanadium steel nominal diameter of austenite grain
varies from 0,063 to 0,084 mm.

Kniouesvie cnosa. Xpomomonuboenosanaouesas cmanb, memnepamypd, CmpyKmypd, pasmep 3epHa.
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HenocrosiHcTBO 00b€MOB 3aKa30B Ha MAIIMHOCTPOUTEIHHYIO MPOIYKIIHIO B COBPEMECHHBIX YCIOBHUSIX Tpe-
OyeT BHEAPEHMsS TMOKMX TEXHOJOTMYECKHX PEIICHH JIJIsi COXpAaHEHUS! PEeHTa0eIbHOCTH TPOU3BOJICTBA, UTO
OTIpE/IEeIISIET IEPBOOUEPETHOCTD 3aJ1a4 IKOHOMUH dHEpropecypcoB. [Ipor3BOICTBO MpoKaTa U3 CTaliel, yriaepo-
nucteix kagecTBEeHHBIX ('OCT 1050-88) u merupoBanHbIX KOHCTPYKIHOHHBIX (TOCT 4543-71), ocobeHHO
BKHO JUISl MalIMHOCTpoeHusT. OTCYTCTBHE Ha BHYTPEHHEM PBIHKE HEKOTOPBIX COPTOBBIX MPOdHIIei MacCOBOTO
Ha3Ha4YeHUs BEIHYKIAeT OCHOBHBIX OTPEOHTENICH COPTOBOTO MpoKara (MAIIMHOCTPOCHUE U CTPOUTEIBHYIO OT-
paciib) UCTIOJIB30BATh AaHAJOTMYHBIEC TPOQUIN HHOCTPAHHOTO MPOU3BOICTBA MITH 3aMEHSTh UX JIPYTUMH HMEIO-
mUMUCS TpoduIsiME. BeneacTue 3Toro rotoBasi mpoayKIMsl OTEYECTBEHHOTO MAIIMHOCTPOCHUST UMEET HU3-
KYH0 KOHKYPEHTOCIIOCOOHOCTb.

TexHonornyeckass cxemMa MPOHM3BOJICTBA COPTOBOTO MPOKAaTa MPECTABISIET KOMIUIEKC U3 TPEX OCHOBHBIX
OTIepaIUii, ONIPECISIONINX COCTAB M KOMIIOHOBKY 00OPY/IOBaHMS: HAPEBa NCXOIHOW 3ar0TOBKH; TopsTdeil Tpo-
KaTKH HEOOXOIUMOTO CEUCHUSI MeTala; OXJIaXICHHS W OTACIKH TpOoKaTa JUisl MPUIaHUsl eMy HEOOXOAMMBIX
CBOMCTB (MEXaHMYECKUX, TEXHOIOTHYECKUX) U (DOPMBI.

MaxkcuMaiibHasi TBEpIOCTb MOCIIE 3aKaIKH, ONPEICIISIoNnIas €e KOHCTPYKTHBHYIO TIPOYHOCTb, 00yCIIOBIICHA
XUMUYECKHM COCTaBOM cTalii. OIHAKO MOBBINICHHOE COJepKaHUE YIIIEpo/ia M JIETUPYIOIIMX dJIECMEHTOB B CTa-
JIM TIPUBOJIUT K BBICOKOH TBEPIOCTHU, KOTOpAs BBI3BIBACT 3HAYMTENIBHBIH U3HOC W 3aTPYIHICT MEXaHUYCCKYIO
00paboTKYy.

Tepmuueckast 00padoOTKa CTaJbHOTO MPOKATa B MAITMHOCTPOCHUH IIPECIIEYyeT OCHOBHYIO IIEJb: CO3/1aTh
CTPYKTYpY TpoKara, 00ecleunBarOIIyl0 BHICOKOIIPOM3BOAUTEIHHYIO 00pa0OTKY pe3aHHeM, XOJIOTHON BBICAI-
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KOW WJIM IITaMIOBKOM. DTOro B 3aBUCUMOCTH OT MapKH CTajH, JOOMBAOTCS MPUMEHEHUEM CIIEIYIOIIUX MPO-

[[ECCOB: HOPMaJIM3alllH, OTXKHra, U30TEPMUUECKOTO OTKUTa WK yaydineHus [1].

B MOoCICAHES BPEM YBCIMYMBACTCS KOJMYECTBO HOBLIX MAPOK CTaJIM IJISI MAallIMHOCTPOCHMUS. OcHOBHOE
BHUMaHUEC IPpU pa3pa60TKe HOBBIX MAapoOK CTaJin COCPECAOTOUCHO HAa MOBLIICHNUU TPOYHOCTH U YITYULICHUHU ILJIa-
CTUYHOCTH. Bianusinue BaHaJiusA B Ka4C€CTBC JICTUPYIOIIETO 2JICMCHTA BO MHOI'UX OTHOIICHUAX aHAJIOTMYHO BJIUSA-
Huto xpoma [2]. Ho mo cpaBHEHHIO C XpOMOM BaHa/uii OoJiee PE3KO OrPaHUYMBACT AyCTCHUTHYIO OOJIACTb,
a Tarke obnamaeT OONMBIIMM KapOuI000pa3ylomuM AeicTBreM. BaHaauii oOpa3yet, KpoMe [eMEHTHTa, CTa-
OounbHbIM Kapoun Banagus VC umu V,Cy [3].

Vike Tipu HeOONIBIIOM COJIep )KaHUH BaHAIUS U HEOOJBILIONW CKOPOCTH OXJIAKICHHUS MIPEBPAIICHIE B TIEPIIUT-
HOM 00J1aCTH JIETUPOBAaHHOH CTaJIM OKa3bIBAETCs MOaBICHHBIM, €CIIM IPH HArpeBe Bce KapOH/Ibl BaHAIMs ObLTH
pacTBOpeHbl. B TO e BpeMsi Hauasio npeBpalleHus: B IPOMEXKYTOUHOW 00JIaCTH O] BIMSHUEM BaHAIUS TOUTH
He cMmernaercs. [lepnutHas U npomexyTouHas o0acTi npeBpaineHust pasuenstorcs npu ~500 °C o6naacThio
3HAYUTENILHON YCTOMYMBOCTU aycTeHuTa. [Ipy BBEeACHUM BaHAUsl TOYKA MAPTEHCUTHOTO IIPEBPALLEHUS IIPAK-
TUYECKU He M3MeHsieTcsi. BenencTBue 3Toro, a TakkKe U B CBS3H CO CHHYKCHUEM KPUTHUYECKOH CKOPOCTH OXJIAXK-
JIeHUs] B TICPIIMTHOM 00NacTH Ha JUarpaMmax U30TePMHUYECKOTO MPEeBpaIlEeHHs BAaHAHEBbIX CTalell 0COOCHHO
OTYETJINBO BBISABISIETCS TIPOMEXKYTOYHAss oOnacTb. Banaauii criocoOCTBYyeT O4Ye€Hb TOHKOMY PaclpeaeieHUI0
KapOHMIOB B IIEPIIUTE, KOTOPOE MOITyYaeTCs AaKe MPU HEOOIbIIONH CKOPOCTH OXJIAXKICHHS HITU IIPH CPABHUTEIb-
HO BBICOKOH TeMIlepaType H30TepMHUUYECKOTro peBpaleHus [3].

[TosTOMY IpeAcTaBIsAI0 HHTEPEC U3YUUTh BIUSHHUE MTPEABAPUTENbHON TEPMUUECKOH 00pabOTKH Ha CTPYK-
TypooOpa3oBaHHEe XPOMOMOJIUOACHOBaHAANEBON CTAJIH.

HcxomupiM MaTepraioM ISl UCCIISIOBAHMIA CIYXHJIM 00pa3Iibl MpokaTta guaMeTpoM 140 MM HelpephIBHO-
JMTON BaKyyMHpOBaHHOW XpomMoMonnbaeHoBaHaaueBoi cranu Mapku 31CrMoV9 npoussoactea OAO «BM3 —
yrpasisitoinas komrnanus xoiauara «bMK» crnenyromero xumuueckoro cocrara: 0,337% C; 0,253% Si;
0,648% Mn; 2,587% Cr; 0,229% Mo; 0,011% P; 0,025% S.

Harpes o06pasnoB npoBoannu a0 temieparyp B uarepsaie 850—-1050 °C, Boiaepikka — 30 MUH B OXJIaXKe-
Hue B Bozie. [locre 3akanku o0pasibl moaBepraiu oTmycky mnpu 250 °C B TedeHue 1 4 ¢ MOCIEAYIONIMM OXJTaXkK-
JICHUEM Ha BO3ZyXeE.

HUccnenoBanue cTpyKTypbl POBOAWIHU C ToMoIbi0 MuKpockornoB «NEOPHOT 2» u «Axiovert 200M MAT».
Crpykrypy onenuanu no I'OCT 8233-56, onpenenenue pazmepa 3epHa aycrenuta — no 'OCT 5639-82 meto-
JIOM TPaBJICHHS TPAHUL] 3EPEH.

N3BecTHO [3], 4TO B HOPMAJIM30BAaHHOM COCTOSIHUM TBEPJOCTh BaHAJMEBBIX CTaJel HMXKE, YeM YIIIepOJIu-
CTBIX, TaK KaK KapOWJ BaHaJHs IMEET 3ePHUCTYIO, a KapOuJ kene3a — macTuH4aryto Gopmy. s mpou3Boa-
CTBa CYJOBBIX JieTajlel, pacrbluinTeneld pOpCyHOK, TUTYHKEPHBIX Map, THIb3 U IPYyTUX OTBETCTBEHHBIX JIETaJeH,
KOTOPBIC OOJI’KHBI O6J'IaI[aTI) W3HOCOCTOMKOCTBIO B YCIIOBUAX BBICOKUX ILaBHeHI/Iﬁ, MMPUMCHSCTCA XpOMOMOHI/I6-
JieHoBaHaaueBas ctayib Mapku 31CrMoV9 (ananor 30X3M®) (tabu. 1).

Ta6nuna 1. TpeGoBaHusi K XHMHIECKOMY COCTABY HCCIeAyeMOil XpOMOMOJINOIEHOBAHAIHEBOH cTAIH

ConepiaHue XUMHYECKUX dJIEMEHTOB, %o

Mapka cranu Cranyapt
C Si Mn Cr Mo \% P S

31CrMoV9 EN 10085 0,27-0,34 <0,4 0,40-0,70 | 2,30-2,70 | 0,15-0,25 | 0,10-0,20 <0,025 <0,035
30X3M® | I'OCT 4543-71| 0,27-0,34 | 0,17-0,37 | 0,30-0,60 | 2,30-2,70 | 0,20-0,30 | 0,06-0,12 <0,035 <0,035

Tepmudeckass 00paboTka HEoOXoaMMa I OOCCITCUCHHS BBIMOTHCHHS TPEeOOBAHHH 1O MEXaHHMYCCKUM
CBOMCTBaM, IPEIBSIBISICMBIM K IPOKATy U3 dTUX cTajeH (Tadm. 2).

Ta6nuna 2. TpeGoBaHUS HOPMATHBOB 110 MEXAHHYECKHUM CBOiiCcTBaAM

Mapka ctanu Cranjapt G, Hvv? o,, Hhm? s, % ¥, % HB*
31CrMoV9 EN 10085 900-1100 >700 >11 - <248
30X3MD I'OCT 4543-71 >980 >835 >12 >55 <229

* TBepAOCTH MOCIIE OTHKHTA.

JlerupoBaHue 1aeT BOZMOKHOCTD 3aKaJIMBaTh H3CIHs OOJBIINX CEYCHUI IPU MEHBIINX CKOPOCTIX OXJIaXkK-
JCHUS. HpI/I 9TOM YMCHBIIACTCA U3MCHCHUC JIMHEMHBIX pasMeEpoB }IeTaHeI\/'I, a B OTACJBHBIX ClIy4dasax Mpeay-
npexaaeTcs 00pa3oBaHUe 3aKaTOYHBIX TPEIIUH.
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Puc. 1. Crpykrypa cranu mapku 31CrMoV9 nocne npokatku  Puc. 2. Bausnue BaHaaus Ha 3HAYEHHs TBEPIOCTH ropsyYeKaTa-
1 OXJaXXJeHHus Ha Bo3ayxe. X500 HBIX XPOMOMOIHOICHCOAEPKAIUX CTaNeH

Tak Kak OT BeJIMYMHBI 3epHA ayCTCHNUTA 3aBUCAT MHO-
rMe MEXaHWYeCKHe CBOWCTBa cTaimu (0COOCHHO Tpenen
TEKY4YEeCTH | ylIapHasi BA3KOCTh), OOJIbIIIOE BHUMAHUE YJIe-
JsieTCss UMEHHO pasMepy (hopMHPYeMOTo 3epHa.

Benvunna nepBoHaYaJ bHBIX 3€pPEH ayCTEHUTAa M HX
CHOCOOHOCTH K MOCIENYIONEMY POCTY BO MHOTOM OIIpe-
JIEINISIOT BEJIMYHMHY JIGHCTBUTEIILHOTO 3epHA, 00pasyrolie-
rocs B mporecce repmuyeckoid oopadorku. Mssectro [1],
YTO BENMYMHA 3epHA CTalM OKAa3bIBaeT CYIIECTBEHHOE
BJIMSIHUE HAa MEXaHWYECKHE CBOMCTBA M TBEPAOCThb. Uem
KpyITHEe 3epHO, TeM OOJIbIlIe CTallb CKJIOHHA K 3aKaJioy-
HBIM TpelmHaM H jaedopManuu, a pasHO3EPHUCTOCTH
B ; : %% CHJIbHO CHMKAeT KOHCTPYKTHBHYIO IPOYHOCTb. [Ipu oim-
Puc. 3. Crpykrypa crann mapki 31CrMoV9 mocne saxankn HAKOBOH TBEPIOCTH CTallb C KPYITHBIM 3€PHOM JIydIle 06-

¢ remrieparypsl 850 °C u oTmmycka pa6aTI>IBaeTC$I pe3anueM.

[ocre mpokaTku 1 OXJIXKICHUS HA BO3yXe CTPYKTypa
cramu mapku 31CrMoV9 cocrout u3 Getinura (10 95%) u dpeppura (puc. 1). bnarogaps OonbioMy coaepika-
HUIO XpOMa B 3TOH CTaM MEPIUTHOE MPEBPAIICHUE MPU OOBIYHBIX CKOPOCTSIX OXJAXKJEHHs (Ha CIIOKOHHOM
BO3/1yXe) moaapisiercs. [lepmuTHOE npeBpalleHue BO3MOKHO TOJIBKO MPH OYEHb MAIIBIX CKOPOCTIX OXJIaX]Ie-
Hus [2].

XpomomonubaeHnosbie cranu (42CrMo4) nocie ropsiueil TPOKaTKH M OXJIaKICHUS Ha BO3IyXe UMEIOT BbI-
COKHME 3HAYCHUS TBEPAOCTH [2], MOTOTHUTENbHOE JlerupoBanre BaHaaueM (31CrMoV9) cymecTBeHHO 3aMe-
JSIET MEPIUTHOE MpeBpalleHne, 0COOEHHO IMporiecc 00pa3oBaHus PeppUTOKAPOUTHON CMECH, OJTHAKO TIPAKTH-
YEeCKH HE BIHSIET Ha KHHETUKY IIPOMEXKYTOYHOTO NpeBpamieHus. [103ToMy MakcuMalbHble 3HAaUCHHS TBEPIOCTH
UCCcIelyeMOH XpOMOMOITMOIEHOBaHAIMEBON CTANIN TTOCIIE TOPSTYeH IPOKATKU U OXJIAXKICHHSI HA BO3ILyXE JOCTH-
rarot 3HadeHult 6osnee 380 HB (puc. 2), uto TpedyeT npoBeneHus CMArYaonied TepMHIeCKO 00paboTKH.

ITocne narpesa no0 paznuaabix Temmepatyp (850—1050 °C), 3akaiku 1 OTITyCKa CTPYKTypa XpOMOMOJIHOIe-
HOBaHAJAMECBOU CTaJM COCTOWT W3 OTHYIIeHHOTO MapTteHcuta (puc. 3). Ilpu sToM pazmep MapTEeHCUTHBIX IIa-
CTHH (MTOJIBYATOCTh) 3aBUCUT OT BEJMYMHBI HCXOJHBIX 36PEH ayCTEHHTA: YeM KpYITHEee 3epHa ayCTEHHUTa, TeM
0oiee KPYITHOUTOIBYATHIN MapTEHCHUT [3].

W3BecTHO, 4TO BaHAIWI MPH OTPENEICHHBIX YCIOBUSIX MOBBIIACT TEMIIEPaTypy Havaja CHIIBHOTO POCTa
3epHa, OJHAKO B ciiydae MeieHHoro Harpesa (<300 °C/u) HaOmrogaeTcs aHOMAJIBbHO PE3KHI POCT 3E€pHA yiKe
mpu 800-900 °C [3].

Omnpenenenne pazmepa 3epHa ayCTEHUTA MMOKa3ajo, 9TO CTPYKTypa MCCIIeTOBAHHOM CTajIl UMEET pa3sHO3ep-
HUCTOCTH C pa3MepoM 3epHa OT 4-ro 10 7-ro HoMepa. bombinas gacts 3epen aycrennuta (90-95%) nmena 5—6-i
HOMeEp, 9TO COOTBETCTBYeT TpeboBanusMm EN 10085 (tadm. 3).

VYcnoBHBIN TMaMeTp 3epHaA C TIOBBIIIEHUEM TEMIIEpaTyphl 2y CTEHUTH3AIMY yBenunBaercs (tadm. 3). B xpo-
MOMOJIMO/ICHOBAHAIEBOM CTAllM Tak)Ke HaONIOMaeTCsl yBEJIMUCHHE PACTBOPUMOCTH KapOWIOB BaHAIUsS TPU
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Puc. 4. Ctpykrypa cranu mapku 31CrMoV9 nocie 3akanku ¢ remneparyp 950 (@) u 1050 °C (6) u oTmycka (TpaBiieHHE TPaHHILL 3ePEH)

Tab6nauna 3. BeqnmunHa U KOJUYECTBO 3ePeH ayCTEHUTA HcciaeaoBaHHOii ctaau 31CrMoV9

Temmeparypa aycTeHuTH3AMM, Komuectso 3epeH, % Yci0BHBIH iMamMeTp 3epHa, MM
< 5-it HOMep 6-ii HOMep min max
850 5 80 0,028 0,063
950 25 65 0,033 0,079
1050 30 60 0,029 0,084

BBICOKMX TeMIiepaTrypax [3], 03TOMY ¢ MOBBIIICHHEM TeMIIepaTyphl 3aKaIKH KOJHYECTBO M30BITOYHBIX KapOu-
JIOB yMeHbIaetcs (puc. 4).

BrIBOIBI

ITpu pa3zpaboTke HOBBIX JETHPOBAHHBIX MapOK CTAM OCHOBHOE BHUMAaHHE COCPEIOTOYCHO Ha YIyUIICHUH
IUTACTUYHOCTH TIPH COXPAHEHUH MPOYHOCTHBIX KOHCTPYKIMOHHBIX XapaKTepHCTHK. [Ipy 3TOM cyliecTBeHHOE
BIMSHUE Ha MEXaHHYECKHE CBOWCTBA M TBEPAOCTh OKa3bIBaeT BEJIMUYMHA 3epHa cTaiu. ONpenesaeHo, yTo ¢ mo-
BBIILICHUEM TeMIiepaTypsl ayctenutuzanuu ot 850 no 1050 °C makcumanbHbIi yCIOBHBIN AMaMETp ayCTEHUT-
HOTO 3epHa XpOMOMOJIHOAeHOBaHaIneBo cTanmn yBenuanBaercs ot 0,063 no 0,084 mm.
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