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Y Inemumym wopnoi memanypeii im. 3. 1. Hexpacosa HAH Vipainu

BIL/IUB TAPAMETPIB OBPOBKH HA CTPYKTYPY
TA BJIACTHBOCTI HU3bKOBYTJVIEIIEBOI CTAJII

AnoTanis. CopToBUii MPOKAT KPYTIIOTO AiaMeTpPy 3 HU3bKOBYTIICIIEBHUX CTAJICH MapoK
SAE BuMarae MocTiiHOTO IiJBMINEHHS HAMIMHOI cHCTEMHU 3a0e3IEeYeHHsS SIKOCTI.
[lepcrieKTUBHUMH € TIpOLIECH, MO BKJIOYAIOTh MICJS Trapsuoi HPOKaTK{
TEMICPATypHO-IIBUIKICHI ~ TapaMeTpyd  OXOJIOJKCHHS, sIKi  3a0e3MeuyroTh
(opMyBaHHS OIHOPIOHOI CTPYKTYpH Ta BIIACTUBOCTEH. 3aJle)KHO BiI YMOB
MIPOBEICHHS rapsA4oi geopmarii B cTaieBOMY MPOKATi MOXKYTh CIIOCTEpIiraTucs pi3Hi
CTPYKTYpHI CTaHH, 5Ki 3a()ikCOBaHI OXOJOMKCHHSM 1 BH3HAYAIOTh BIIACTUBOCTI
MeTajy. SIKIIo MeTal migaBaTu BUTPUMKAM IIPH TeMIeparTypi KiHi aedopmarii, To
B HBOMY MPOTIKAOTh MpOLIECH 30MpabHOI PeKpHCTali3alii, sKa MPOSBISETHCS Y
(opMyBaHHI 3apOAKiB, 3IaTHUX [0 TOJAIBIIOT0 3pOCTaHHS. Y CTAIIX i3 HEBUCOKHM
BMICTOM BYyIJIEIIO Ticisl rapsdoi gedopmanii MoApiOHEHHS ayCTEHITHOTO 3epHa
MIPU3BOANTG JI0 3MEHIICHHS PO3MIpiB MEpIIiTHUX AUITHOK. YTBOPEHHS BHACITITOK
30MpajbHOl peKpHCTanli3alii BENIMKOro ayCTEeHITHOTO 3epHa MPH3BOAUTE [0
3MEHIICHHS] KITBKOCTI CTPYKTYpHO-BiIbHOTO (eputy. HaifGinpmr BakIMBUM
mapaMeTpoM MIKPOCTPYKTYPH € PO3Mip 3epHa, SIKHI € OJHUM 13 Hale(eKTHBHIMINX
Croco0iB  YMpPaBITiHHA CTPYKTYpOlO, MO NPU3BOIUTH A0 3MIHH MeXaHIYHHX
BiacTHBOCTEH. JloCHimKyBanu COPTOBHIA MPOKAT 13 HU3BKOBYTJIELEBOI CTali MapKu
SAE 1008 micis raps4oi TNPOKAaTKH Yy YHUCTOBOMY IPOTSHOMY OJOKYy Ta
OXOJIOJPKYBAITH BOJIOIO TIEPEe PO3KIIAIKOI0 Ha BUTKHU JI0 PI3HUX TEMIIepaTyp, BULIHMX
3a A1, y TOJanbUIOMy OXOJIO/UKYBaJIM Ha IOBITPI O TeMIIEpaTyp HABKOJIUIIHBOTO
cepenoBuia. Mertanorpadiddi  JOCHIPKEHHS JO3BOJIMJIM BCTAHOBHUTH  BILUIHB
rapaMeTpiB TepMidHOI 0OPOOKH Ha CTPYKTYPY JOCIIIKEHOI CTalli, siKa sBJIsie cO00I0
(GepuT 3 HEBENMKHMH IUITHKAMH IUIACTHHYACTOTO TMEpJiTy. 3a JIOTIOMOTOI0
MPOBEICHUX PO3PaXyHKOBO-aHANITHYHHX JOCHI/PKEHh BCTAHOBIECHO, IO TICIA
BHCOKOIIBUJIKICHOI Tapsiyoi nedopmamii Ha cepemHiii yMOBHHI [IiameTp 3epHa
BIUIMBA€E TepMiuHa 00poOKa, caMme TeMIieparypa KiHIls 0X0JI0oKeHHs. J{J1s mpokary 31
craneit Tuny Mapok SAE paiioHaJbHHM € OXOJIOMKSHHS Micist Tapsiuoi aedopmartii
10 Temmeparyp nopsaky Ai + 150°C 3 HacTYITHHAM YMOBIIEHEHHM OXOJIOKEHHSIM,
npH sikoMy (OPMYEThCsl OibII PiBHOMIpHE 3epHO, 10 3a0e3MeYnTh MiHIMaIbHHUN
PO3KHI MEXaHIYHUX BIACTHBOCTEH.
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Beryn. [lns BUpPOOHHMIITBA CTaleBOro KPYIJIOrO IPOKATy IIUPOKO
BHKOPHCTOBYIOTh HU3BKOBYTJICIIEBI CTalli 31 BMICTOM BYTJICIFO MEHII HiXK
0,1 %, nmanpuknan, cram mapox tumy SAE 1008. CoproBuii mpokar i3
HU3BKOBYTJICIIEBUX CTAlEH € HalliBOPOLYKTOM, NPHUAATHUM IS HPOLECIB
XOJIOAHOTO e(OpPMyBaHHS a00 BOJIOYIHHS.

BupoOHHITBO ~ COpPTOBOrO  NpOKaTy  Kpyrjioro  jgiamerpy i3
HU3bKOBYTJIeieBux crajeid mapok tumy SAE 1008 Bumarae mnocriiiHOro
MIBUIICHHS ~ KOHKYPEHTOCIIPOMOXHOCTI, 11O JUKTyE HEOOXiTHICTH
opraisaiii Ha MeTaJdyprifiHUX MiAIPUEMCTBAX YKpaiHU HAIIHHOI CHCTEMHU
3abe3nedeHHs sSKocTi [1].

B ymoBax nediuuTy Ta JOpOXKHEYI JIETYIOUMX METaliB Ipodiema
Ha/laHHA 3BHYAIHUM KOHCTPYKUIHHUM Marepiaiam BHUCOKHX
eKCILTyaTaIlifHX BIACTUBOCTEH, IO MOKPAIIyIOTh iX sKiCHI (MIITHICHI Ta
IUTACTUYHI) TIOKa3HUKH, € aKTyaJIbHOIO. J{JIs1 OTpUMaHHS KOMIIIEKCY BUCOKHX
MEXaHIYHMX BJIACTUBOCTEH B MAJIOBYTJICHEBHUX CTAJIIX BHKOPHUCTOBYIOTHCS
Croco0OH BIUIMBY Ha MPOLECH CTPYKTYPOYTBOPEHHS, 110 MOEAHYIOTh rapsay
IUTACTHYHY nedopMamiro 1 HacTymHy TepMmiuHy o00poOky. Illupoxo
BUKOPHCTOBYIOTHCS IPOLIECH TEPMOMEXAHIYHO KOHTPOJIBOBAHOI MPOKATKH
Yepe3 IXHIO 3/aTHICTh MOAPIGHIOBATH 3€PHUCTY CTPYKTYPY [2].

[MepcniektBHUMH € TIporiecu TepMiuHOi 00poOku (TO), siki MoeaHYIOTH
rapsuy TpOKaTKy ¥ OXOJOMKEHHs 3a OCOOJMBHMH TeMIIEpaTypHO-
LIBUIKICHUMH Tapamerpamu 1 3a0e3nedyoTb (GopMyBaHHS OIHOPITHOT
CTPYKTYpH Ta BiacTuBOCTe# [3, 4]. ManoByrienesi HU3bKOJIErOBaHi cTai B
rapsiYeKaTaHOMY CTaHi MalOTh IOCUTh HU3bKY MIIIHICTb i OTip pyHHYBaHHIO.
HoBi MOJIMBOCTI KepyBaHHS CTPYKTYpPOIO i BIIAaCTUBOCTAMH METally Ha/a€
noesHaHHs aedopmaniitnoi Ta TepmiuHoi 00poOku. Ilponecn TO MoxyTh
TIOETHYBATHCST B OJIHIM TEXHOJOTI4HIN omepalii abo MmpoBOANUTHCS B Pi3Hi
yacu [3], BaxiMBo sume, o6 (azoBi mepeTBOPEeHHs MPOXOIUIN B YMOBaX
MiABUINCHOT MIUIBHOCTI Je(eKTiB PENNTKH, CTBOPCHUX IUIACTUYHOIO
neopmartiero.  OXOJOKEHHS  MEPENIKO/DKAe  PO3BUTKY  IPOILECIB
pekpucTarizamii ayCTeHiTy, CIPUSIOUH MOPs 13 3MIITHEHHSIM 30epeKeHHS
IUIACTUYHOCTI, 1[0 XapaKTEPHO JJIs IPoIeciB 06pobKku mpokaty [4, 5].

3aJIexXHO BiJi YMOB TPOBEACHHS rapsdoi aedopmallii B CTaIEBOMY
MIPOKaTi MOXKYTH CITOCTEpIiraTHcs Pi3HiI CTPYKTYpHI CTaHH, sSKi 3adikcoBaHi
OXOJIO/KEHHSIM 1 IKi BU3HAYAIOTh BIACTUBOCTI MeTtaiy [3, 6-8]. SIkiio meran

622



"@ynoamenmanvri ma npurkiaoui npoonemu wopnoi memanypeii”. 2024. Bunyck 38
"Fundamental and applied problems of ferrous metallurgy". 2024. Issue 38
ISSN 2522-9117 (print), ISSN 2786-6149 (online)

miiJaBaTH BUTPUMKaM TIpU TEMIIepaTypi KiHOS nedopmaiii, To B HbOMY
NPOTIKAIOTh IPOIECH 30MpaNbHOT peKpUcTaNizalii, siKa IMpPOSBISAETHCI Y
(hopMyBaHHI 3apOJIKiB, 3aTHUX O MOJAIBIIOr0 3poctanus [4, 6, 7]. Ilicus
rapsiyoi gedopmarii NmoapiOHEHHS ayCTEHITHOTO 3€pHa IPU3BOJIUTH JI0
3MEHIIIEHHS PO3MIpiB MEPIITHAX MUISHOK Yy CTANSX i3 HEBUCOKHM BMICTOM
Byruemio [4]. 30upanbHa peKpHCTaNizalis BEIHKOTO AYCTEHITHOTO 3epHa
TIPU3BOUTE IO 3MEHIIIEHHS KIIBKOCTI CTPYKTYpHO-BiIbHOTO (eputy [3, 8].
ToMy akTyaJlbHUM € MOJENIOBaHHS BIUIUBY Ha CTPYKTYpYy Ta BJIACTHBOCTI
TeMIepaTypHUX PEKUMIB mpH BHKopucTanHi TO copToBOro mpokaty i3
HU3BbKOBYTJIEIeBOI cTaji Mapku SAE.

Martepian i MeTomn nociainxeHHs. J[oCiipKyBaaId COPTOBHIA MPOKAT i3
Hu3bKoByTIenieBoi crani Mmapku SAE 1008 [9] kpyrioro niamerpy 18,0 mm,
IO B TPOMHCIOBHX YMOBaX Ma€ IICJs YHCTOBOIO JAPOTSHOTO OJIOKY
TeMIIepaTypy raps4oi IpokaTky BuILy 3a As. [Ipokat 00po0Iisiiin 3a cXeMoro:
peryJbpoBaHe JBOCTAJiHHE OXOJO/KEHHs: BOJOK Iepe] PO3KIaJKOK Ha
BUTKH 10 pi3HuX Temnepartyp (Tey - TEMOepaTypa BUTKOYTBOPEHHS), BUIIIX
3a A1, y TOJANBIIOMY OXOJOKYBAJIH 31 cepeTHpOI0 mBHAKICTIO ~3,0 °C/c.

BusHaueHHS ~ MEXaHIYHHMX  BJIACTHBOCTEH  TNPOBOIAWIM  IICIA
BUIPOOYBaHHSA Ha PO3TATYBAHHS 3a CTAHJAPTHUMH METOAMKAMH. AHai3
CTPYKTYPH HPOBOJMIN 3a JIOIOMOTOI0 ONTHYHOTO MiKpocKomy Axiovert
200M micias TpaBIEeHHS CHHPTOBUM PO3YMHOM a30THOI KHCIIOTH.
ChiBBIIHOIIEHHS CTPYKTYPHHX CKJIAJIOBHX 1 PO3MIp 3€pHa BH3HA4Yalld 3a
CTaHAaPTHUMHU METOANKAMH.

PesyabraTu pocaigxkennsi. Bimomo, 1o Benwka pi3HO3EPHUCTICTD
NIPU3BOJUTH 10 HEPIBHOMIpHOT iedopMartii MeTaiy IiJi 4ac BUTSATYBaHHSI, IO
MOXe OyTH TPHYIMHOK yTBOpeHHs po3puBiB i Tpimuu [10]. Takox
pIBHOMIpHa CTPYKTypa € TOJIOBHOIO MEpEelyMOBOIO JIOCSTHEHHS BHCOKOT
3MATHOCTI CcTajieid [0 TJIMOOKOrO0 BWTATYBAaHHS ICJS  TEPMIYHOTO
00po0OIIeHHS, MO 0cOONMMBO HEOOXigHE B TapsYeKaTaHOMY MeTall, KN €
ITiIKaTOM JUIsl CTAHIB XOJIOJTHOTO IIPOKATyBaHHS.

OcHoBy ctpykTrypu npokary ctaii SAE 1008 micist 00poOku CTaHOBUTH
(depuT Ta mepuIiT.

[Ticas Tepmiunoi 06poOku mpu Temnepatypax Tyy= A1 + (150...250)°C
oxonomxenns ctani SAE 1008 3a6e3neuye GpopMyBaHHS CTPYKTypH (heputy
3 HEBEIWKMMH MiISHKAMH IUIACTHHYACTOTO mepiiTy. CriBBiTHOIICHHS
CTPYKTYPHHX CKJIAJOBUX IPH pI3HUX TeMIeparypax BHUTKOYTBOPEHHS
cTanoBuTh: npu Tyy = A1 + 150°C — 91,6% deputy i 8,4% mnepaity, a npu
Tyy = A1+ 250°C — 93,3 % depury i 6,7 % nepairy. Crpykrypa craii
SAE 1008, mio nmifiana pizHUM pexxuMaMu o0poOku, HaBeieHa Ha puc. 1.

Jani mpo MexaHiuHI BIACTHBOCTI Ta CTPYKTYpHI XapaKTepUCTHKH
npokary crani mapku SAE 1008, minnanoi pisanm pexxumam TO, HaBeneHi B
Tabmui 1 (mpUBeIeHi JaHi: y YUCENbHUKY — MiHIMallbHE Ta MaKCHMaJbHE
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3HAYCHHS, Y 3HAMCHHHUKY — CCPCIHE 3HAYCHHS Ta CEPEIHHOKBAIPATUYHE
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a, B— Tuy= A1 + 150°C; 6, — Ty = A1 + 250°C

Pucynok 1 — XapakrepHa cTpykTypa Hi3bKoBYyTJIeneBoi crami SAE 1008
(a, 6 — moBepXxHS; B, I' — EHTP), MiAAAHOT Pi3Hii Temnepatypi Tey

Tabmuis 1 — MexaHiuHi BITaCTHBOCTI Ta CTPYKTYPHI XapaKTepUCTUKH COPTOBOTO
npokaty craii mapku SAE 1008

[poriec 06poOKH i3 TemmepaTyporo Tay A1 + 150°C A1 + 250°C
Tumyacowii omip, H/mMm? 412 - 456 405-440
> 430,6 +£5,18 420,16 £9,61
BinnocHe noxosxenus, % 5340 8347
' 36,3+2,11 37,6 3,6
BinnocHe 3ByxeHHSA, % 18-77 73-78
' 752 £1,7 75,8 £2,11
Po3mip 3epHa, HOMEp 8-7 7-8
Cuissigaomenns depur/mepaiir, % 916/8,4 93,3/6,7

3arajoM mapaMeTpH MEXaHIYHHX BIIACTHBOCTEH, TakKi, SK BIJHOCHE
TTOJTOBXKEHHS 1 3BY)KEHHS, MAIOTh CXOXI IMOKa3HUKH JUIA PEKUMIB 00pOOKH
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TO. CepenHe 3HaueHHS THMYAcOBOTO ONOpY Ui cTaii, oOpoOieHol npu
Temrepatypi Ar + 150°C, Tpoxu BuIe HIX Ui IPOKATy, 00OpOOIEHOrO MpH
temrepatypi Az + 250°C.

OnmHak OTpUMaHi JaHl TOKa3yloTh, 1IN0 CEpPeIHbOKBAIpAaTHYHE
BiIXMJICHHS BCiX IMOKa3HUKIB OiNbIIE y CTajl, 00poOIIeHil 3a peKUMOM TpH
30impmeHiH Temmeparypi. lLle cBimumTh mpo MeHHmy cTabiIbHICTH
BJIACTUBOCTEH cTanmi micisa pexuMmy o0podbkn TO 3  TtemmepaTyporo
BHUTKOyTBOpioBada A1 + 250°C.

Bimomo, mo Ha OCTaTOYHYy CTPYKTYpy CTalli Ta MEXaHIYHI BIACTHBOCTI
CYTTEBO BIUIMBAIOTH TEMIIEPATYPH HarpiBaHHs MpH 00poOIi, SKi 1TOB’s13aHi 3
po3MipoM 3epHa B CTajii. Big BeIMYMHM 3epHA CTali 3aJIC)KHUTh KOMILICKC
MEXaHIYHUX BJIACTHBOCTEH, 10 B KIHI[CBOMY IiJICYMKY MaTHME BIUIUB Ha
NpoLecH BOJIOYiHHA. TOMy IpHM BHM3HAuUCHHI PEXUMY OOpPOOKH ClIif
NPUALIATH yBary po3mipy 3epHa, sike QopmyeTbcs B cTaii. HasBHicTb
PI3HO3EPHUCTOCTI 3HMKYE KOHCTPYKTUBHY MILIHICTH CTali, a 30iNblICHHS
po3Mipy 3epeH 30UIbIIye CXWIBHICTH CTaji JO TapTiBHAX TPIWH 1
nedopmarnii. Po3mip 3epHa € omHEM i3 HaileQeKTHBHIHUX CHOCOOIB
YOpaBIiHHA CTPYKTYpOIO, IO MPHU3BOJUTHE OO 3MIHM MEXaHIYHHX
BaactuBocreii [10].

BuBuanu BIumB 0OpoOKM Ha po3Mip 3epHa HHU3BKOBYTJIEIEBOI CTai
mapkn  SAE 1008. Cramp micnta TO  mpm  TemmepaTypax
Tyy = A1 + (150...250)°C Mae 3HaYeHHS CEpEHHOTO YMOBHOTO JliaMeTpy B
iarepBaii 0,0133...0,0316 mm.

3 MiJBULICHHSIM TEMIIEPaTypH KiHLS BOJSHOTO OXOJIODKEHHS PO3MIp
3epHa MmiABUIIYEThCs. Ha moBepxHi 3pa3kiB JOCTITHOT CTal BEIMYMHA 3epHA
Ma€ MEHII 3HaueHHs HiX y ueHTpi. [IpoBelneHMi CTaTHCTHYHMN aHami3
YacTOT MOMNaJaHb JJsi CepelHbOr0 yYMOBHOIO JiaMeTpa 3epHa IOoKa3aB
BIZIMIHHICTh BHOIpOK: copToBHH mpokar npu Tey= A1+ 150°C (puc. 2, a)
XapaKTepU3y€EThCS  OUNBIIOI0 CXOXKICTIO TOKAa3HWKIB, TOHI SK IS
Tey= A1+ 250°C BrmactuBa Benwka HeoAHopimHicTe (puc. 2, ©0). Ile
ITOB’sI3aHO 3 ITOYATKOM PEKPUCTANI3AIIMHNX MPOIIECIB y CTaIi.

Sk BuzHO 13 puc. 3, nist pexxumy Tgy = Az + 150°C BubipkoBuii po3noin
Maibke HopManbHUH, a g Tyy = A1 + 250°C Ma€e TIOMITHY aCHMETPHYHICTb.
OTtxe temmepaTypHuil pexxuM Tpy= Az + 150°C OUIbII CHIPUSATINBHA IS
OTpUMaHHSI PIBHOMIPHOTO 3€pHAa i, BIAMOBIIHO, CTAOUIBHUX MeEXaHIYHHX
BIIACTUBOCTEM.

Junsa mocmimkenas BIumBy pexkumiB TO Ha cepenHiit yMOBHUI JiamMeTp
3epHa Hu3bKOByTIIeneBoi ctami SAE 1008 BHKOpHCTOBYBanM BYTJIELEBUIT
exBiBaseHT (Ce):

di a1+150=0,0051 + 0,071 C. R? =0,824 1)

di ar+250 = 0,015 + 0,03 C R?=0,453 2
625
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Pucynok 2 — Yactora
Biay4ass (N) cepeaHboro
YMOBHOTO JliamMeTpa
3epHa (dL) y HU3BKO-
BYTJIELIEBIH cTasi

SAE 1008 micnst
TeMIepaTypu
BUTKOYTBOPEHHSI:

A1+ 150°C (a) Ta

A1+ 250°C (6)
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Pucynok 3 — Cepenni noka3Huky 9acToT Biydans (N) mmst
CepeHbLOr0 YMOBHOTO Hiamerpa 3epra (dL) y mpokari miciast TO

Otpumasni piBHsHHA (1) Ta (2) HOKa3yl0Th YMOBHUI 3B'I30K BYTJIELIEBOTO
exBiBanenty (Ce) 3 cepeaniM ymoBHUM miamerpom 3epha (di) micis TO.
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BcranoBneHo, mo 3i 30UIBIIEHHSM BYTJICIIEBOTO €KBIBAIEGHTY 1 MpH
oXoJo/mKeHHl 1o Temmeparypu Tey= A1+ 150°C po3mip 3epHa
36inbImyeThes (koediienT kopensuii R? = 0,824), Tozi K IpU 0X0JI0HKEHH]
no Temneparypu Tyy= A1+ 250°C koedimienT kopensuii R? = 0,453, mo
CBIUUTH TPO OiMBII TiCHWH 3B'S30K NpH HIDKYiM TemmepaTypi. bimpmmit
po30ir cepemHROTO YMOBHOTO JiaMeTpa 3€pHa, IO (QOPMYETBCA NpH
Tey= A1+250°C, M™MoOXHa TIOSICHUTH TPOXOMKCHHAM  IIPOIECIB
MeTaIiHAMITHOI Ta YaCTKOBOI 36ipHOT pekpucramizamii [11].

IcHye kinbpka MeXaHi3MiB, SKi IpH Tapsgiil gedopMariii craixi IpUBOIATH
J0  PpO3M’SIKIICHHS: JWHAMIYHA  pEKpUCTalizalisi, MeTaJuHaMiYHa
peKpHcTaizallis Ta CTaTUYHA peKpHucTamizamis. [Ipomecu pexpucramizamnii
JneopMOBaHOrO ayCTEHITHOTO 3€pHA BIAINPAIOTh pPOJIb TIPH  rapsyiit
nedopmanii craneit i 3gaTHI BeCTH A0 TMOJPIOHEHHS 3epHa 3a PaxXyHOK
YTBOPEHHS Ha Miclli 1e(hOPMOBAHOTO 3epHA BEIMKOT KIJIBKOCTI TI100YISIPHIX
3epeH MeHIoro po3mipy [12]. 3i 36iiblIeHHSIM TEeMIEPAaTypH MPOIECH
pekpucTamizamii 1 TOBepHEHHS iqyTh IOBUAMIE. Pekpucramzamia i
NepEeTBOPEHHS (PEePUTY MOB'A3aHi 13 3aPOHKEHHSM 1 3pOCTAHHSIM HOBHX 3¢pEH
y cTaysax mpu aedopMariii ayCTeHITy IiJ 4ac TePMOMEXaHIYHUX MPOIIECiB.
JpibHe 3epHO NPU3BOOUTH OO 3MIIHCHHSA, a 3a paxXyHOK aHITUIAMil
OJIOKOBaHUX IHCIIOKALil BiIOyBaeThcs mpouec po3m’skuieHHsd. CTaTHyHa
pekpucTanizaiis BigOyBaeThCSA MICIA TOTO, SK 3epHA ayCTEHITY HaOyiH
HampyXeHb. Y BHIQIKy AWHAMIYHOI peKpucTaiizauii BinOyBaeThCs
HAKOMMYEHHS HalpyXeHHs Mij yac aeopmallii ayCTeHITY, a He K OKpeMHUi
MpoIIeC micyst IbOro. 11i MexaHi3Mu OM'SKIIICHHS BiI0OYBAIOTHCS OKpEMO 200
nocminosHo [13]. B mocmimkenni [14] roBoputhes, MO MiKPOCTPYKTYpa,
oTpHMaHa B pPe3yJIbTaTi JMHAMIYHOI pekpucTaiizalii, 3abe3nedye Kparii
MEXaHiYHI ~ XapakTepUCTHKH, HDK CTPYKTYpH IHIIMX  MEXaHI3MiB
PO3M’AKIIICHHS, 3aBASKH pa(iHOBAaHOMY PO3MIPY 3€peH ayCTEHITY.

[poseneni mocmimkenHs mis ctani SAE 1008 mokasamm, mo mpu
TemIepaTypi BUTKOyTBoproBaua Tgy= A1+ 150°C dopmyerscss Ourbin
pIBHOMIpHE 3€pHO, MO 3a0E3MEYUTh MIHIMANBHUA PO3KHI MEXaHIYHIX
BlactuBocTei (auB. Tabu. 1).

BucHoBku

3 mpoBeAEHWX MOCHIMKEHb BCTAHOBIEHO, IO HAa CEpEeaHIM yMOBHHMA
JiaMeTp 3epHa BIUIMBAE pexuM OOpOOKH, a came: cepelHs TemIepaTrypa
KIHIISI BOJSTHOTO OXOJIO/PKEHHS TICHs rapsiaoi nedopmartii.

[Tpu BUpOOHUIITBI HU3bKOBYTJICLEBOI'O COPTOBOTO MPOKATY MAPOK THITY
SAE ciin BHKOpHCTOBYBaTH CXEMy 3 pEryJbOBaHUM JBOCTaIiHUM
OXOJIO/DKEHHSIM TpU  CEepelHid TeMmmeparypi Ha BHTKOYTBOpIOBadi
A1+ 150°C, mpm ki QopMmyeTbcs OLTbII  pIBHOMIpHE 3€pHO, MIO
3a0e3neYnTh MiHIMATBHIHA PO3KU MEXaHIYHUX BIaCTUBOCTEH. [1imBUIIIEHHS
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TEMIIEpaTypy BUTKOYTBOPEHHSI TPU3BOIUTH JI0 YTBOPEHHSI Pi3HO3EPHUCTOCTI
y MIKPOCTPYKTYpI, L0 € HeOaKaHHIM.

[epenik nocuaanb

1. Ty6omsues JI. I'., Yaiika O. JI., babauenko O. I. IlepcriekTBH PO3BHTKY
METaIyprifHOro BHPOOHHWITBA B VYKpaiHi 32 pPaxyHOK BHKOPHCTaHHS HOBHX
TeXHOJNOTiH. QyHoamenmanvhi ma npuxiaoui npobiemu woproi memanypeii. 2023.
Bun. 37. C. 4-25. https://doi.org/10.52150/2522-9117-2023-37-4-25

2. Ghosh S., Mula S., Malakar A., Somani M., Komi J. High cycle fatigue
performance, crack growth and failure mechanisms of an ultrafine-grained Nb+Ti
stabilized, low-C microalloyed steel processed by multiphase controlled rolling and
forging. Materials Science and Engineering: A. 2021. Vol. 825, 141883.
https://doi.org/10.1016/j.msea.2021.141883

3. Parusov E. V., Levchenko G. V., Lutsenko V. A., Bobyr S. V., Parusov O. V.,
Chuiko 1. M., Golubenko T. M. Scientific and technological fundamentals of the
production of highly efficient types of construction steel and wire rod. Metal and
Casting of Ukraine. 20109. No. 7-9 (314-316). P.30-38.
https://doi.org/10.15407/steelcast2019.07.060

4. Lutsenko V. A., Parusov E. V., Parusov O. V., Lutsenko O.V., Chuiko I. M.,
Golubenko T. M. Peculiarities of Formation of High-Carbon Steel Structure During
Rolling. Materials Science. 2023. Vol. 58. No. 5. P. 621-628. https://doi.org/
10.1007/s11003-023-00708-z

5. Bobyr S. V., Parusov E. V., Levchenko G. V., Borisenko A. Yu., Chuiko I. M.
Shear Transformation of Austenite in Steels Considering Stresses Effects. Progress
in Physics of Metals. 2022. Vol. 23, No. 3. P. 379-410. https://doi.org/10.15407/
ufm.23.03.379

6. Maropoulos S., Karagiannis S., Ridley N. The effect of austenitising
temperature on prior austenite grain size in a low-alloy steel. Materials Science and
Engineering. 2008. Vol. 483-484. No. 1-2. P.735-739. https://doi.org/10.1016/
j.msea.2006.11.172

7. Celada-Casero C., Sietsma J., Santofimia M.J. The role of the austenite grain
size in the martensitic transformation in low carbon steels. Materials & Design. 2019.
Vol. 167. 107625, https://doi.org/10.1016/j.matdes.2019.107625

8. Prawoto Y., Jasmawati N., Sumeru K. Effect of Prior Austenite Grain Size on
the Morphology and Mechanical Properties of Martensite in Medium Carbon Steel.
Journal of Materials Science & Technology. 2012. Vol. 28. No. 5. P.461-466.
https://doi.org/10.1016/S1005-0302(12)60083-8

9. ASTM A510/A510M-18 Standard Specifi cation for General Requirements for
Wire Rods and Coarse Round Wire, Carbon Steel, and Alloy Steel

10. Dhua S. K., Sarkar P. P. Development of ultrafine grains in C—Mn steel plates
through hot-rolling and air-cooling. Materials Science and Engineering: A. 2013. Vol.
575. P. 177-188. https://doi.org/10.1016/j.msea.2013.03.052

11. Prawoto Y., Jasmawati N., Sumeru K. Effect of Prior Austenite Grain Size on
the Morphology and Mechanical Properties of Martensite in Medium Carbon Steel.
Journal of Materials Science & Technology. 2012. Vol. 28, No. 5. P. 461-466.
https://doi.org/10.1016/S1005-0302(12)60083-8

628



"@ynoamenmanvri ma npurkiaoui npoonemu wopnoi memanypeii”. 2024. Bunyck 38
"Fundamental and applied problems of ferrous metallurgy". 2024. Issue 38
ISSN 2522-9117 (print), ISSN 2786-6149 (online)

12. Kasepuncekuii B. B., Cyxenko 3. I1., barmrok I'. A. MojenroBaHHS KIHETHKH
IIpOLeCiB peKpHCTatizalii, MOBEpHEHHS 1 BHAUIEHHS KapOOHITPHUIHUX YAaCTHHOK Y
MIKpOJICTOBaHi# cTai miciist rapsyoi aedopmanii aycteHity. Miowgysiecokuil 30ipHuUK
"Hayroei nomamxu". 2019. Bur. 66. C. 141-150.

13. Chen S. C, Huang C. Y., Wang Y. T., Yen H. W. Coopetitive micro-
mechanisms between recrystallization and transformation during/after dynamic
strain-induced transformation in aluminum-containing low-carbon steel. Materials &
Design. 2017. Vol. 134. P. 434-445. https://doi.org/10.1016/j.matdes.2017.08.074

14. Dong L., Zhong Y., Ma Q., Yuan C., Ma L. Dynamic Recrystallization and
Grain Growth Behavior of 20SiMn Low Carbon Alloy Steel. Tsinghua Science &
Technology. 2008. Vol. 13, Iss. 5. P.609-613. https://doi.org/10.1016/S1007-
0214(08)70097-X

References

1. Tuboltsev L. G., Chaika O. L., & Babachenko O. I. (2023). Prospects of
technological development of metallurgical production in Ukraine due to the use of
new technologies. Fundamental and applied problems of ferrous metallurgy, 37, 4-
25. https://doi.org/10.52150/2522-9117-2023-37-4-25

2. Ghosh, S., Mula, S., Malakar, A., Somani, M., & Komi, J. (2021). High cycle
fatigue performance, crack growth and failure mechanisms of an ultrafine-grained
Nb+Ti stabilized, low-C microalloyed steel processed by multiphase controlled
rolling and forging. Materials Science and Engineering: A, 825, 141883.
https://doi.org/10.1016/j.msea.2021.141883

3. Parusov, E. V., Levchenko, G. V., Lutsenko, V. A., Bobyr, S. V., Parusov, O.
V., Chuiko, I. M., Golubenko, T. M. (2019). Scientific and technological
fundamentals of the production of highly efficient types of construction steel and wire
rod. Metal and Casting of Ukraine, 7-9 (314-316), 30-38. https://doi.org/10.15407/
steelcast2019.07.060

4. Lutsenko, V. A., Parusov, E. V., Parusov, O. V., Lutsenko, O. V., Chuiko, I.
M., & Golubenko, T. M. (2023). Peculiarities of Formation of High-Carbon Steel
Structure During Rolling. Materials Science, 58 (5), 621-628. https://doi.org/
10.1007/s11003-023-00708-z

5. Bobyr, S. V., Parusov, E. V., Levchenko, G. V., Borisenko, A. Yu., Chuiko, I.
M. (2022). Shear Transformation of Austenite in Steels Considering Stresses Effects.
Progress in Physics of Metals, 23 (3), 379-410. https://doi.org/10.15407/
ufm.23.03.379

6. Maropoulos, S., Karagiannis, S., & Ridley, N. (2008). The effect of
austenitising temperature on prior austenite grain size in a low-alloy steel. Materials
Science and Engineering, 483-484 (1-2), 735-739. https://doi.org/10.1016/
j.msea.2006.11.172

7. Celada-Casero, C., Sietsma, J., & Santofimia, M. J. (2019). The role of the
austenite grain size in the martensitic transformation in low carbon steels. Materials
& Design, 167, 107625. https://doi.org/10.1016/j.matdes.2019.107625.

8. Prawoto, Y., Jasmawati, N., & Sumeru, K. (2012). Effect of Prior Austenite
Grain Size on the Morphology and Mechanical Properties of Martensite in Medium
Carbon Steel. Journal of Materials Science & Technology, 28 (5), 461-466.
https://doi.org/10.1016/S1005-0302(12)60083-8.

629



"@ynoamenmanvri ma npurkiaoui npoonemu wopnoi memanypeii”. 2024. Bunyck 38
"Fundamental and applied problems of ferrous metallurgy". 2024. Issue 38
ISSN 2522-9117 (print), ISSN 2786-6149 (online)

9. ASTM A510/A510M-18 Standard Specifi cation for General Requirements for
Wire Rods and Coarse Round Wire, Carbon Steel, and Alloy Steel

10. Dhua, S.K., & Sarkar, P.P. (2013). Development of ultrafine grains in C-Mn
steel plates through hot-rolling and air-cooling. Materials Science and Engineering:
A, 575, 177-188. https://doi.org/10.1016/j.msea.2013.03.052

11. Prawoto, Y., Jasmawati, N., & Sumeru, K. (2012). Effect of Prior Austenite
Grain Size on the Morphology and Mechanical Properties of Martensite in Medium
Carbon Steel. Journal of Materials Science & Technology, 28 (5), 461-466.
https://doi.org/10.1016/S1005-0302(12)60083-8

12. Kaverinskiy, V. V., Sukhenko, Z. P., & Bagluk, G. A. (2019). Modelyuvannya
kinetyky protsesiv rekrystalizatsiyi, povernennya i vydilennya karbonitrydnykh
chastynok u mikrolehovaniy stali pislya haryachoyi deformatsiyi austenitu [Modeling
of the kinetics of recrystallization procedures, return and precipitation of carbonitrid
particles in micro-alloyed steel after hot deformation of austenite]. Mizhvuzivs'kyy
zbirnyk "' Naukovi notatki" 66, 141-150. [In Ukrainian]

13. Chen, S. C., Huang, C. Y., Wang, Y. T., & Yen, H. W. (2017). Coopetitive
micro-mechanisms between recrystallization and transformation during/after dynamic
strain-induced transformation in aluminum-containing low-carbon steel. Materials &
Design, 134, 434-445. https://doi.org/10.1016/j.matdes.2017.08.074

14. Dong, L., Zhong, Y., Ma, Q., Yuan, C., & Ma, L. (2008). Dynamic
Recrystallization and Grain Growth Behavior of 20SiMn Low Carbon Alloy Steel.
Tsinghua Science & Technology, 13 (5), 609-613. https://doi.org/10.1016/S1007-
0214(08)70097-X

V. A. Lutsenko?, D. Sc. (Tech.), Senior Researcher, ORCID 0000-0002-4604-5592
T. M. Golubenko?, Ph. D. (Tech.), ORCID 0000-0002-3583-211X
0. V. Lutsenko?, Ph. D. (Tech.), ORCID 0000-0001-8298-5306

Ylron and Steel Institute of Z. 1. Nekrasov National Academy of Sciences of Ukraine

THE INFLUENCE OF PROCESSING PARAMETERS ON THE
STRUCTURE AND PROPERTIES OF THE LOW-CARBON STEEL

Abstract. The bar sections of the round diameter from the low-carbon steels of SAE
brands requires continuous improvement of the reliable quality assurance system. The
processes that include temperature-rate cooling parameters after hot rolling, which
ensure the formation of the homogeneity of the structure and properties, are
promising. Depending on the conditions of the hot deformation in the rolled steel
products, can be observed the different structural states, which are fixed by cooling
and determine the properties of the metal. If the metal is subjected to holding at the
temperature of the end of deformation, then it undergoes the processes of collection
recrystallization, which appears as the formation of the coherent nucleus, capable of
the further growth. In the steels with low carbon content, after hot deformation, the
austenite grain refining leads to a decrease in the size of pearlite areas. The formation
of the large austenite grains due to the collection recrystallization leads to a decrease
in the amount of structurally free ferrite. The most important microstructural
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parameter is grain size, which is one of the most effective ways to control the
structure, leading to changes in mechanical properties. Investigated the bar sections
of the low-carbon steels of SAE 1008 brands after hot rolling in the cleanliness wire
block and cooling with water before allocation into wire wraps to different
temperatures higher than A1, and then cooling in air to ambient temperatures. The
metallographic studies allowed to establish the influence of the heat treatment
parameters on the structure of the studied steel, which is ferrite with small areas of
lamellar pearlite. After high-speed hot deformation, the average conditional grain
diameter is affected by heat treatment, namely the temperature of the end of the
cooling, was established by the conducted computational and analytical studies. For
the rolled steel products of the SAE brands, it is rational to perform cooling after hot
deformation to temperatures of the order of A1+ 150°C with subsequent slow cooling,
during which a more uniform grain is formed, which will ensure minimal variation in
the mechanical properties.

Keywords: low-carbon steel, bar sections, temperature, cooling, structure, grain size,
mechanical properties.
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