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JOCIIIKEHHA TPAHC®OPMAIIII MIKPOCTPYKTYPU
OCBbOBHUX 3ATOTOBOK IIICJISI IPOKATYBAHHS

AHomauis. [lposedeHo 0ocnioxeHHs ocobausocmell CmMpyKmMypu 0CbOBUX 3A20MOBOK 31 cmasni
mapku F (AAR M-101-2017 Axles, carbon steel, heat-treated nicns nos3008xHb020 npokamysaH-
HA Ha mpybonpokamHomy azpezami T[IA 5 — 12" 3 ninizpimosuMu CmaHamu 3a MpbOMa pexuma-
mu obmucHeHb (1 pexum: W 470 — LU 380 — L 260 mm; 2 pexum: Ul 470 — LU 420 —
L 260 mm; 3 pexkum: LUl 470 — LIl 260 mm). BusHa4yeHHs ocobausocmel po3nodiny degpopmayid-
H020 npopobsieHHs ma GopMyBaHHS KIHUeBOi cmpykmypu nicis deopmyBaHHs 3a 00CAIOHUMU
pexxumamu bJI13 L1470 mm Ha kpye LLI260 mm € memoto 0ocniOxeHb. 3pasku 01 00CHIOKeHHA
cmpykmypu 8i06upanu sk 8i0 suxioHoi bJ13, mak i 20moBoi YopHOBOI OCT N0 BCbOMY nepepizy
Bu3HayeHo, wo piBHOMIpHICMb 3epeHHOi cmpyKkmypu HaliBuwa nicis 3acmocysaxHs pexxumy N°3
(W 470 — LU 260 mm).

Kntoyosi cnosa: 6esnepepsHonuma 3a20mosKa, syaneyesa cmasnb, cmasab Mapku F, 2apsaya de-
opmayis, NKBayis, 3a1I3HUYHA OCb, HOPHOBA OCb, NPOKAMKA.

BceTym. 3agaya migBUIeHHST IKOCTi MeTaJOMpOoayKIlil BeJIMKMX MepepisiB, BU-
pobsieHO1 3 6e3mepepBHOMNTOI 3aroToBky (BJI3), MOB'I3aHa 3 HM3KOIO TPYIHOIIIB.
o HUX BiTHOCUTBCSI HASIBHICTh BHYTPILIHIX HedeKTiB MaKpOCTPYKTYpU 3arOTOBKU
(0CbOBa MYXKiCTb, TIOPUCTICTB, JiKBaIlisl, KpUCTai3aliliHi TPIilMHM TOIIO). Y MOBEp-
XHEeBUX JJITHKax Mpy KpUcTasisallii GopMyeThbcsl HaliMeHINit piBeHb JikBailii [1-3].
[Ipu 1ibomy, SIK TPaBWIO, IO Tepepi3y KPyIMHOrabapuMTHOI MeTaJlonpoayKilii HeoO-
XiAHO OTpUMAaTU OJHOPIAHY CTPYKTYPY 110 BeJIMUMHI 3€pHa.

CTBOpEeHHS i OCBOEHHSI HOBMX TEXHOJIOTIN i KOHCTPYKIIili CTaHiB, ONITUMIi3allist
npoiieciB gedopmalilii BUMaraloTh 3HaHb IIPO 3MiHY CTPYKTYpU Ipu Tepenini BJI3 Ha
craHax rapsuoi medopmarrii. IIpu rmmactuaniin gedopmarii He0OXiTHO AOCATTY TeUii
MeTay IJisl JOCSTHEHHS reoMeTpii BUpoOy, CTBOPUTH pallioHaIbHY BOJIOKHUCTY OY-
IOBY i BUKJTIOUMTY BUXi[ LIeHTpaibHOI 30HM BJI3 B paiioH HaitOiIbIl HaBaHTaKEHUX

30H i 10 TOBEPXHi eTai.
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3aBasiku medopmallii OKpiM TOCSTHEHHSI 3aJaHOi reoMeTpii BUMpOOY, MOXKHA
IOCSITHYTYU YIIIJIbHEHHSI CTPYKTYPHU, 110 CIIPUSIE «3aBapIOBaHHIO» NedeKTiB Ta MOo3u-
TUBHO BIUIMBA€ Ha 3epeHHY CTPYKTYPY, B TOMY UMCJIi i HA MOApPiOHEeHHST JeHIPUTIB,
mo GbopmMyIOThCS TpU KpucTatisalii crani. Ha xapakTep medbopmailii 0CbOBOi 30HMU
MeTajy BIUIMBAIOTh 6araTo mapaMeTpiB IMPOIleCy MPOKATKYU, MUTAHHS PO MPOHUK-
HeHHs1 Jedopmallii CTUCHEHHS B OCbOBY 30HY IPM IPOKaTyBaHHi MpPeJCTaBIsIE He
TIJIBKM T€OPeTUYHMIA, ajle i MPaKTUIHMII iHTepec. 3 iHIIOro 60Ky TeXHOJIOTis IMpoKa-
TKM MTOBMHHA OYyTU TOCUTH e(peKTUBHOIO i 3 TOUKM 30pYy OMpPaIfOBAaHHS ITOBEPXHEBUX
IIapiB MeTaay i BUKAaTKM B HbOMY IOBepxHeBUX medekTiB. Haitbinbir mpobiemu
MIPOPOOJIEHHS BUXiTHOI JIUTOI CTPYKTYpU BUHUKAIOTh Y I@HTPA/IbHili YaCTUHI 0ChO-
BOi 3arOTOBKM, SIKa € HAIOIIbII «ITPOOJIEMHOI0» YaCTUHOK 6e3repepBHOrO 3JIMTKA.
OckinbkM piBeHb JIiKBallil TYT HaMOIMbIINIA, TakKuit medeKT SIK IeHTpaJbHa ITOPUC-
TiCTh MOXKe OYTU BiJICYyTHIM, aJjie IIiJIbHICTh MeTay Ii€i 30HM IOCTYIAEThCSI METay 3
IMOBEPXHEBUX YACTMH Ii€l X camMoOl 3aroTOBKM. LIeHTp BMXiZHOI 3arOTOBKM TaKOX
HalOiIbIl 3a0pyIHEHMIT HeEMeTaJeBMMM BKIIOUEHHSIMM, 110 MOSICHIOETHCS SIK Oi/Tb-
1M piBHEM JIiKBallil, TaK i BIATUCHEHHSIM €HJIOT€HHMX BKIIOUYEeHb IIOTOKOM PiIKOTO
MeTaJsty IijJ yac KpucTasisaiiii.

IlocraHOBKa MeTM i 3aBHaHb JOCTIIKeHHA. MeTol OOCTigkeHb € BMU3HA-
YeHHsI 0COOJMBOCTEN pO3MOoAiay medopMaliifiHOro MmpopobieHHsT Ta (GOPMyBaHHS
KiHIIeBOi CTPYKTYpHU IIic/is nedopMyBaHHS 3a AOCHiTHMMMU peskuMamMu BJI3 @470 mm
Ha Kpyr D260 Mm.

Marepian i MmeToguKka mociaimkeHb. JocigskeHo ocobauBocTi TpaHchopma-
11ii MiKpOCTPYKTYpM OCbOBMX 3arOTOBOK @ 260 MM 3i cTaji Mapku F 6;1M3bKOro XiMmi-
YHOTO CKJIaAy IIiC/Is TO3J0BKHBOTO IMPOKATYBaHHS Ha IMJIICPUMOBUX CTaHAX
TIIA 5 — 12" 3a TppOMa pekMMaMyu OOTUCHEHD (2 pekuMM 3a 2 IPOX0oau Ta 1 pesxkxum
3a 1 mpoxim). MapuipyT mpokaTyBaHHSI HaBeeHO B Tabiuili 1. 3pa3ku mJis MOCTi-
IDKEHHST CTPYKTYPU Bimbupanu sK Bim BuximHoi BJI3, Tak i roToBOi 4opHOBOI OCi 10
BCbOMY Ilepepisy.

Ha pucyHKy 1 roka3aHO pOo3M00iJ pO3MipiB MepBUHHOI IeHAPUTHOI CTPYKTYypU
(3arajbHMIT pO3Mip CyMiXKHOI JIiKBaIliifHOI CMyTHM i CMyTH 6e3 JIikBallii) 3a repepizom
YOpPHOBOI OcCi. SIKIIIO TOPiBHIOBATY CepeaHi pO3Mipu CJifiB JeHAPUTHOI CTPYKTypHU
micas gedopMallii 3a JOCHIIHMMM peskuMamMu, MU 6a4MMo, 1[0 HaiiMeHII pallioHa-
JIbHUM BUSIBJISIETHCS pexkum N2 1.
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Tabanig 1

Omnuc pexkrMiB MTO3I0BKHbOTO ITPOKATyBaHHS Ha misbrepcrani TITA 5 - 12"
B ymoBax TIII N°4 ITAT «IHTEPITAII HT3»

Pexxum medopmaritii, N2 3/1 Mapuipyt rapsiuoi gedopmaririi
1 Mapuipyt: @ 470 — @ 380 — @ 260 mm
2 MapuipyT: @ 470 —» @ 420 — @ 260 mm
3 Mapuipyt: @ 470 -0 260 mm
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Pucynok 1 -

NMoBepxHA —» LleHTp 3aroToBKK

Posmnopis po3mipiB JiKBaLiMHUX OUISTHOK

3a repepizomM YOPHOBUX OCeii

[Tpn pexkxumi N2 2 monpu ysIBHY 3arajibHy OJHOPIAHICTh CTPYKTYPH, JIiKBaLliliHi

IiITHKY € JOCUTb BeIUKUMMU, 110 3ab6e3meuye HeOQHOPITHICTb CTPYKTYPHU Y MiKpo-

Macuraobi.

Hajibinbilia HepiBHOMipHICTb JiKBaIliifHOTO QOHY, SIKa CIIOCTEPIraeTbCs Y 0ChO-

Bili 3aroToBIli, BUTOTOBJIEHII i3 3aCTOCyBaHHSIM pexkumy N2 1, MpOSBISETHCS 1 Mif

yac OOCJIIKEHHS MIKPOCTPYKTYPU 3a/i3HMYHUX OCel, OTPUMaHMUX 3a BKa3aHUMMU

pexxumamMu. B 1iomMy cepefHiii po3mip AilfiCHOTO 3epHa ByrJielieBoi cTasi mapku F

3pasKiB BCiX AOCTiIKeHMX 3arOTOBOK ITiC/ISI IBOX HOpMali3allili i Bigmycky He 1epe-
Buiye 28,0 MKM, 110 CTAaHOBUTH He binbie 7,0 Homepa 3a ASTM E 112 — 13. OgHak

PiBHOMIpHICTbh 3€peHHOI CTPYKTYpM BUINA i3 3aCTOCYyBaHHSIM pexxumy N92 (puc. 2),
HiX IIpM BUITPOOYBaHHi peskumiB 11 3.
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MoBepxHA — LleHTp 3aroToBKu

BiAHOI.IJEHHﬂ MaKCMMmanbHOIo Ta

cepegHbOro 3epHa

PucyHOK 2 — PIBHOMIpHICTb 3€peHHOI CTPYKTYPU 3a/Ii3HUUYHUX OCE,

BUTOTOBJIEHMX 3a Pi3HUMMU peskuMam

Taka HeOJHOPIAHICTh CTPYKTYpU MOXKe HEeraTMBHO BIUIMHYTM Ha eKCIUlyaTa-
LUiJiHI BJACTMBOCTI 3ai3SHUMYHUX OCei, 30KpemMa Ha T[OKa3HUKM BTOMHOI
MIilIHOCTI [4-6].

BuCHOBOK. PO3I/ITHYTO BIUIMB TEXHOJIOTii BUPOOHMIITBA HA OCOOIMBOCTI CTPY-
KTYpM BCbOTO Tlepepi3y UOPHOBUX OCeii 3 Byr/eleBoi cTajai Mapku F (mouaTkoBa inTa
3arotoBka ¥470Mm), BUTOTOBJIEHNX BiAMOBiAHO 0 BUMOr cTaHmapty AAR M - 101.
BcraHoBieHo, 1m0 peskum N22 (@ 470 — @ 420 — @ 260 Mmm) 3a6e31ieuye HaioOiIbIIY
PIBHOMIpHICTb 3€peHHOI CTPYKTYpPU OCeil, a mpu 3aCTOCyBaHHI pexxumy N23 (@ 470
—@ 260 MM) criocTepiraeTbcs 6isblia PiBHOMIPHICTh 3a JKBAIiiHUMU IiITHKAMU
3a mepepizoM YOPHOBUX OCEIA.
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Analysis of the transformation of the microstructure
of axial billets after rolling

The task of improving the quality of metal products of large cross-sections produced
from continuous cast billets (CBS) is associated with a number of difficulties. These in-
clude the presence of internal defects in the macrostructure of the workpiece (axial loose-
ness, porosity, liquation, crystallization cracks, etc.). Processing from the point of view of
deformation of cast workpieces is necessary first of all to eliminate cast defects. An in-
crease in working out contributes not only to the welding of existing microdiscontinuities
and, in this connection, to an increase in the density of the metal, but also to the extrac-
tion, crushing and reduction of the cross-section of the existing non-metallic inclusions.
However, the dimensions of the elements of the primary structure, which are presented on
the graphs, are also of the greatest importance. The smallest level of liquation is formed
in the surface areas during crystallization. At the same time, as a rule, it is necessary to
obtain a homogeneous structure in terms of grain size on the cross-section of large-sized
metal products. A study of the features of the structure of axle blanks made of steel grade
F (AAR M-101-2017 Axles, carbon steel, heat-treated) after longitudinal rolling on a
TPA 5-12" pipe rolling unit with pilgrim mills in three crimping modes (1 mode: @ 470 —
@ 380 — @ 260 mm; 2nd mode: @ 470 — @ 420 — @ 260 mm; 3rd mode: @ 470 —@ 260
mm). Determination of the features of the distribution of deformation work and the for-
mation of the final structure after deformation according to the experimental modes of
BLZ @470 mm per circle @260 mm is the purpose of the research. Samples for the struc-
ture study were taken both from the original BLZ and the finished draft axle along the
entire cross-section. The greatest unevenness of the liquation background, which is ob-
served in the axial blank manufactured using mode No. 1, is also manifested during the
study of the microstructure of railway of the axes obtained by the indicated modes. It was
determined that the uniformity of the grain structure is the highest after using mode
No. 3 (@470 —@ 260 mm).

Key words: continuous billet, carbon steel, F-grade steel, hot deformation, liquida-
tion, railway axle, rough axle, rolling.
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BbanaxaHoBa TetsiHa BanepiiBHa - KaH/. TexH. HAyK, CTapLInii HAYKOBUI1 CITiBPO-
6iTHUK IHCTUTYTY YopHOi MeTanyprii iMm. 3.1. HekpacoBa HAH Ykpainu.

KoHnoHeHKo 'aHHa AHApiiBHA - OKT. TeXH.HAyK, CTapIInii JOCAiTHUK, BUEHUI ce-
Kkpetap IHcTUTYTY YopHOI MeTanyprii im. 3.1. HekpacoBa HAH Ykpainn.

CadponoBa OsieHa AHaTOJIiiBHA - MOJIOJIINIT HAYKOBUIA CITiIBPOOITHUK [HCTUTYTY
yopHoi meTtanyprii im. 3.1. HekpacoBa HAH Ykpainu.

CadpouoB Onekcanap JIeoHimoOBMY - MOJIOJIINIT HAYKOBUIA CIiBpOOGITHUK IHCTHU-
TYTy 4opHOI MeTanyprii im. 3.1. Hekpacosa HAH Ykpainn.

Knuuosa Oabra IIuammiBHA - NpoOBigHUI iHXKeHep [HCTUTYTy YOpPHOI MeTamyprii

im. 3.1. HekpacoBa HAH Ykpainu.
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