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UcciaenoBanue kpucrajiorpapuieckon
TEKCTYPbI KOJIECHOU CTAJIH METOIOM

AM(ppPaKUUU HEUTPOHOB

IlenpHOKaTaHbIC U IIEILHOKOBAHBIE KOJIECa JUIS JKEIIe3-
HOZOPOXKHOTO TTOJIBIPKHOTO COCTaBa BBIITYyCKAIOT B HACTOS-
1iee BpeMsl OKOJIO MSATHA/AATH MPOMBIIIIEHHBIX TPEANpH-
STHH, PaCIONIOKEHHBIX B Pa3HbIX cTpaHax mupa (benbrus,
P®, Vkpamna, ®pannmsa, Yexus u ap.). Ilo manHeIM
Komurera no xene3HonopokHbIM KojiecaM EBponeiickoit
accolMalny MPOU3BOAUTENEH KEIEe3HOMOPOKHON TEXHH-
KU, MUPOBasi MOTPEOHOCTb B KOJIECAX COCTABIAET OKOJIO
4,8 MIJIH OITYK B T'OJ1. Prraok MacCaXUPCKOTo IMOABUIKHOTO
cocraBa B EBporme exerogno Bospactaer Ha 3 % (10 uH-
(dopmarn  MeXIyHapoIHOTO C€OI03a HKEJIE3HBIX JIOpOor).
JU71st M3roToBIeHUs OJHOTO Kojeca Tpedyercs okono 500 kr
ctanu. Ctoumocts cranu B nepuox ¢ 2004 mo 2010 r. BeI-
pocna Ha 100—-120 %. Poct cromMocTH cTanu MPpUBOANT K
pocty ctoumoctu koinec. [1o3ToMy [UIs SKCIITyaTUPYIOIUX

KOMIIaHUH BaXKHOM 3a/1a4eil CTAHOBUTCS YBEJIIMUEHHUE CPOKa
JKCILIyaTaluy KoJieC, a JUIs MPeANpUsSTHH-TIPOU3BOIUTE-
JIel KOJIeC — MCIIOIb30BaHNE MAKCUMAIbHO 3 (PEKTHBHBIX
Croco0OB MPOU3BOJICTBA BHICOKOKAYECTBEHHOTO METAJLIA.
Bort nouemy n3y4eHue Bonpoca KadyecTBa KOJIECHOM CTalln
SIBJISIETCSI OY€Hb aKTyaJbHBIM KaK B HAyYHOM, TaK U B [IPaK-
THYECKOM HAIPaBIICHUH.

OmHUAM U3 ITyTeH MOBHIIICHHUS Ka9eCTBA KOJICC SBIISCT-
cs1 MoaudunpoBanue paciiasa craiu. [Ipu monuduimpo-
BaHMWU B pacIUIaB BBOAAT HEOOJBIIOE KOJMYECTBO JOIOJI-
HUTEJIBHBIX XUMUYECKUX DJIEMEHTOB C II€JIbI0 COBEPIICH-
CTBOBaHUsI CBOMCTB CIUIaBa IIyTEM U3MCHEHUS €r0 CTPYKTY-
psI (pa3mepa, GopMbI 3epHA), a TAKIKE PEUMYIICCTBEHHBIX
OPHEHTHPOBOK KPUCTAJUIMTOB, T.€. TEKCTyphl. BBenenue
MOAM(DUKATOPOB MPUBOAUT K JpoOieHuio 3epHa. Kpome
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Wheel Steel Crystallographic Texture
Investigation by Neutron Diffraction

Solid-rolled wheels for railway rolling stock are cur-
rently produced by about fifteen industrial enterprises in
different countries (Belgium, the Czech Republic, France,
Russia, Ukraine, etc.). According to the Railway Wheels
and Wheelsets Committee (ERWA), the global demand for
wheels is about 4.8 million units per year. The passenger
rolling stock market in Europe increases annually by 3%
(according to the International Union of Railways). It takes
about 500 kg of steel to produce one rail wheel. The price
of steel has increased by 100—120% from 2004 to 2010. The
increase in the steel prices leads to the increase in the prices
of wheels. Therefore, prolonging the service life of wheels
becomes an important task for railway companies, and us-
ing the most efficient methods of high-quality metal pro-
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duction — for producers of wheels. That is why the study
of rail wheel steel quality is urgent from both scientific and
practical points of view.

One of the ways to improve the quality of wheels is
the modification of molten steel. The modification involves
the introduction of small amounts of additives to modify
the properties of the alloy by changing its microstructure
(grains size, grains shape) and preferred orientations, i.e.,
texture. The introduction of modifiers results in grain re-
finement. Besides, the additional atoms incorporated into
the crystal lattice cause its distortion. This process could
result in the blocking of dislocations and, consequently, in
alloy hardening. The final operational properties of wheels
depend on several factors, namely, the chemical composi-
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TOTO, aTOMBI JIOTOJHUTEIBHBIX XMUMHUYECKUX 3IIEMEHTOB
UCKaXAIOT KPUCTAIMYECKYIO PEIIeTKY, YTO MPUBOIUT K
OIOKMPOBKE JHCIOKANWI M CBSI3aHHOMY C 3THM YIIPOY-
HEeHMIO crutaBa. KOHEUHBIE 3KCIUTyaTalllOHHBIE CBOMCTBA
KOJIEC 3aBHCAT OT psija (PakTOpoB: XMMHUYECKOTO COCTaBa,
MaKpo- ¥ MUKPOCTPYKTYpBI, a TaKKe OT Kpucrauiorpadu-
YECKOM TEKCTYpPBI CTaIu. TEXHOJIOTUS IPOU3BOICTBA KOJIEC
BKJIIOYAaeT TAaKWe ONeEpaluy, KaKk KOBKa, IITAaMIIOBKa, ITPO-
KaTKa, KOTOpbIe MOTYT IPUBOIUTH K (POPMHPOBAHHUIO TEK-
ctypsl. [locneayrorias TemneparypHasi 00paboTKa (OTHKHT,
3aKajika 1 OTIYCK [UIsi 000Z0B) MOXET BIMATH HA U3MEHE-
HHUE TeKkcTypbl. Kpucramiorpadudeckas TeKCTypa MOXET
MIPUBOAUTH K XPYIKOMY PACTPECKUBAHHUIO CTAIBHBIX H3J1e-
nmi [1-3], T. e. IBIATHCS OMHOM U3 MPUYMH UX Pa3pyIICHHS.

Lemnpto HacTOSMIEH PaOOTHI SBISAETCS HCCIEIOBAHHE
BIMSHUS MOTU(UIIMPOBAHUS W TEPMOMEXaHMYECKOH 00-
paboTKku KonecHOH cramu Mapku R7 Ha kpucramuiorpadu-
YECKYI0 TEKCTYpY KOJIEC, M3rOTOBJICHHBIX M3 JTOM CTajH.
Taxum 06pazom, B paboTe MBI IPOBEPSIIH, MOTYT JIM MOIH-
(UnMpoBaHUE U TEXHOJIOTHYECKHE ONepaluyl IPUBOANTD K
(OpPMHUPOBAHHIO HEXKENIATEIEHON TEKCTYpBI B XKEJIE3HO0-
POXHBIX KOJlecax.

B pabote mccnemoBamick 00pasIibl, BEIPE3aHHBIE U3
KOJIEC, U3TOTOBJICHHBIX KaK W3 CEPUIHOMN, TaK W M3 OIIBIT-
HOW (MommbuuupoBanHoit) cranu mapku R7. Konecnas
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craiib Mapku R7 sBisieTcsi MHOTOKOMITOHEHTHOW U CoJiep-
JKUT B CBOEM COCTaBe psiJ] KapOu1000pa3yronyux dJIeMeH-
toB (Mn, Cr, Ti, V, Mo), aBe Bpennsie npumecu (S, P) u
MHKpOJIeTHpYyIomue KoMrmoHeHTs! (Si, Ni, Cu, Al). B ombit-
HYIO CTaJlb JOTOJHHUTENILHO BBOAMIN B KauecTBe MO pu-
katopa snemeHTsl cuctemMbl Al-Mg—Si—Fe-C—Ca-Ti—Ce.
Pazpaboranublii MoaudUKaTOp UMEET UCKPETHYIO CTPYK-
TYpY, BBICOKYIO PACTBOPUMOCTH B PAcIlJIaB€ U WHTEHCHB-
HO€ MHOTO(YHKIIMOHAIEHOE B3aMMOACHCTBUE CO CIIJIABOM.
Beenenne momudukaropa MpUBOAWT K YIYUIICHUIO psiza
cBoiicTB ctanu R7 [4, 5]. Hanpumep, yMeHbIlIeHHE KOJInYe-
CTBa HEMETAJUINYECKUX BKIIOUECHUH 1 M3MEHEeHne ux Qop-
MBI C TIPOZOJTOBATONW Ha IIOOYJISPHYIO YMEHBIIACT PUCK
pacTpecKUBaHUsL.

Jlst M3MepeHnsi TEKCTYpbl ObUTH OTOOpaHbl YETHIpE
oOpa3ia u3 00o0/a Kojieca U 4eThlpe oOpasia U3 mnepexo-
HOM 30HBI Kojieca (OT CTYMHIBI K IUCKY). FIMEHHO B 3TOH
MEepexXoAHON 30He HHOTrAa 00pa3yloTCs TPEIIMHBI MHpU
YCTAJIOCTHBIX IUKIMYECKUX HcTbITaHuax. O6pasms! 1 n 3
OBUTH BBIpE3aHbl U3 KOJIeCa, U3TOTOBJIEHHOTO U3 Moaudu-
IHPOBAHHOTO MeTaiia, 00pasubl 2 U 4 — M3 CepHIHOTO.
O6pa3sip! 3 U 4 — noce AepopMaIiu, COOTBETCTBYIOMICH
TEXHOJIOTHYECKUM OTEPALUSIM IIPH U3TOTOBICHUHU KOJIEca,
a 1 u 2 — moce mocieayromnei TepMUICCKoil 00padoTKH.

tion, the macro- and microstructure and also the crystallo-
graphic texture of the steel. The production technology of
rail wheels includes such operations as forging, press form-
ing and rolling that can lead to texture formation. The sub-
sequent temperature treatment (annealing, quenching and
tempering for rims) can also induce changes in texture. The
crystallographic texture can cause brittle cracking in steel
products [1-3], so it can be one of the reasons for rail wheel
damage.

The aim of this work is to study the impact of the modi-
fication and thermo-mechanical treatment on the crystallo-
graphic texture of wheels made from steel R7. So we tested
whether the modification and technological operations lead
to the formation of undesirable texture in rail wheels.

The samples under study were cut from the rail wheels
produced from steel R7. The samples were cut from both
conventional (non-modified) and experimental (modified)
R7 steel. The Al-Mg-Si-Fe-C—-Ca-Ti—Ce system was
added to steel for modification. The developed modifier
has a discrete structure, high solubility in the melt and the
intensive multi-functional interaction with the steel. R7
grade steel is multicomponent and contains a set of carbide-
forming elements (Mn, Cr, Ti, V, Mo), two harmful impuri-

19

ties (S, P) and micro-alloying components (Si, Ni, Cu, Al).
It was found that the modification of steel R7 improves a
number of its properties [4, 5]. For example, the reduction
of non-metallic inclusions and change of their shape from
oblong to globular decrease the risk of cracking.

For texture investigations, four samples from the wheel
rim and four samples from the transition zone (between the
wheel hub and disk) were selected. It is in this transition
zone that cracks sometimes appear under fatigue cycling
tests. Samples 1 and 3 were cut from a modified steel wheel,
whereas samples 2 and 4 were cut from a conventional steel
wheel. Samples 3 and 4 underwent deformation accord-
ing to the technological operations of rail wheel produc-
tion, and samples | and 2 were subjected to the temperature
treatment following the deformation.

The texture measurements were carried out using the
neutron diffraction time-of-flight technique on the SKAT
diffractometer [6] at the IBR-2 reactor (Dubna, JINR). The
sample volume was about 10 cm’. Three complete pole fig-
ures (PFs) (110), (200), (211) for o—Fe phase in 5° x 5°grid
were extracted from the set of 1368 measured spectra for
each sample. The local peak fitting procedure was used for
the PFs extraction [7, 8].
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W3mepeHune TeKCTYphbl MPOBENCHO Ha Jaudpakromerpe
CKAT [6], pacnonoxxenHoMm Ha peaktope MBP-2 (OUSN,
JlyOHa) ¢ mpUMEHCHHEM METoda BPEMSIPOJICTHOW HEil-
TpoHHOU audpakiuu. O0beM 00pa3OB COCTABIISI MPH-
OmmsurensHo 10 cM?. Tpu IpsAMBIE TIONHEIE TOTIOCHEIE (H-
rypst (IT®) (110), (200), (211) mna o—Fe nHa cetke 5° % 5°
ObUTH W3BIIeUeHB! U3 Habopa 1368 nudpakMOHHBIX CIiek-
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TPOB VI KaXIoro obOpasma. J[as moCTpOCHHS MOTFOCHBIX
(uryp OblIa NCTIONB30BaHA MTPOIIETyPa JIOKAIEHON ITOTOH-
KU TTUKOB [7, 8].

Ha PUCYHKE TIOKa3aHbl TPpU HU3SMCPCHHBLIC IIOJIHBIC
[I® nmns geTpipex 0Opas3IOB W3 MEPEXOTHON 30HBI KOJIe-
ca. TekcTypa B 3TOi 30HE OKa3ajach Ci1abOW BO BCEX HC-
CIIeZIOBaHHBIX OOpasnax. MoauduimpoBanne MPHUBEIO K

CreBa: criakeHHBIE dKCIIEpUMEHTaNbHBIE orocHbIe Gurypsl (110), (200), (211) ans o—Fe nuist geTsipex o0pa3oB U3 MEPEXOJHOM 30HBI
koseca. CripaBa: crIaXeHHBIE HKCIIEpUMEHTANbHbIE moirocHbie Gurypsl (110), (200), (211) ans o—Fe nns gerbipex oOpas3nos u3 odbona
Koneca. KpacHpIMH ToYkaMu 0003Ha4€HA KOMIIOHEHTA TEKCTYpBI Aedopmannn. CHHEE CTPENIKH TOKa3bIBAIOT IIOBOPOT TEKCTYPHONH KOMIIO-
HEHTHI B 00pa3Ie U3 MOTU(PHUIUPOBAHHON CTANIU 110 CPABHEHHIO C 00Pa3LOM U3 CEpUIHON cTanu
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Left: the smoothed pole figures (110), (200), (211) of a—Fe phase for four samples from the transition zone of a rail wheel. The red triangles
show the deformation texture component, whereas the blue circles indicate the recrystallization texture component. Right: the smoothed
pole figures (110), (200), (211) of o—Fe phase for four samples from the rail wheel rims. The red circles show the deformation texture
component. The blue arrows demonstrate the texture component rotation in the sample from the modified steel as compared to that in the

sample from the conventional steel

Three measured complete PFs for four samples from
the transition zone of a rail wheel are presented at the left
of the figure. The texture in the transition zone of the rail
wheel is rather weak for all the investigated samples. The
modification has resulted in the reorientation of the texture
component. This follows from the comparison of PFs for
samples 1 and 2. The modification has also led to a slight
enhancement of the texture component in PF (110) for
sample 3 as compared to that for sample 4. The annealing
has not weakened the texture. The pole density maximum
is 1.35 mrd (multiple random distribution) in PF (110) and
1.25 in PF (200) for sample 1 (after annealing), whereas it
is 1.3 mrd in PF (110) and 1.23 mrd in PF (200) for sample
3 (after deformation without annealing). For samples 3 and
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4 the deformation component (001){100 ) and for samples
1 and 2 the recrystallization component (011){100 ) have
been revealed, which is typical for body-centered cubic
materials. The deformation component is indicated by
red triangles and the recrystallization component by blue
circles in PF (211) at the left of the figure. These compo-
nents are shown only for one PF to avoid excessive details
in the figure. The position of these texture components are
in accordance with the calculations given in [9]. It should
be emphasized that our measurements have made it pos-
sible to reveal the texture components corresponding to
the technological operations even in the case of weak pole
density values. The texture component reorientation during
heat treatment (annealing) can be explained by the second-
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MePEOPUEHTAIMN TEKCTYPHOH KOMIOHEHTBI. JTO CIIEIyeT
u3 cpaBHeHust [1D st 06pasnos 1 u 2. Takke Momuduim-
pOBaHUE TPHUBEIO K HEOONBIIOMY YCHICHUIO TEKCTYpPHOI
xoMmoHeHTHI Ha [1® (110) mst obpasma 3 1o cpaBHEHHIO €
o6paznom 4. OTxur He ocyadbuil TekeTypy. MakcuMyM mo-
JIFOCHOH TUTOTHOCTH JTst 0Opasia 1 (rmociie oTKura) cCocTas-
nser 1,35 mrd (eAMHUIIBI H30TPOITHOTO pacIpeaAeIeHNs) Ha
[ (110) u 1,25 mrd =Ha I1® (200), B TO BpeMs Kak yis
obpasua 3 (mocne gedopmaruu 6e3 omxura) 1,3 mrd Ha
[d (110) u 1,23 mrd na I1d (200). dnst obpasos 3 u 4
ObLTa BRISIBJICHAa KOMIIOHEHTA TeKCTYpHI nedopmanuu (001)
(100 ), a w1 06pasoB 1 1 2 — KOMIOHEHTa TEKCTYPHI Pe-
kpuctammmanua (011)( 100 ), kKoTOpble ABIAIOTCSA Xapak-
tepabiMu st OLIK mertamnoB. CrneBa Ha pucyHke Ha [1D
(211) nedopmanoHHast KOMIOHEHTa OTMEUEHa KPACHBIMH
TPEYroJbHUKAaMH, @ KOMIOHEHTA TEKCTYypPbl PEKPHCTaILIN-
3alUM — CHHUMH TOYKaMH. DTH KOMIOHEHTHI MOKA3aHbI
TONBKO Ha ofHOM [1®, yT0OBI H30EXkKATH TIEPErPY3KH PHCYH-
Ka. [TosokeHne 3THX TEKCTYPHBIX KOMIIOHEHT COOTBETCTBY-
eT pacderam, npoBeneHHBIM B [9]. CriexyeT moa4epKHyTh,
YTO Ha OCHOBAHUH HAIINX U3MEPEHHH JaXke JUIsl OYCHB Clla-
0011 TEKCTYpBI yAAJIOCh BBISIBUTH TEKCTYPHbIE KOMIIOHEHTHI,
COOTBETCTBYIOIIUE TEXHOJIOTUYECKUM OIEpAIUsIM NPU U3-
roToBJIEHUH Kojec. llepeopreHTanuss TEKCTYpHOU KOMIIO-
HEHTBI IIPU OT)KUTE MOXKET OBITh OOBSCHEHA NPOLECCAMHU

ary recrystallization processes and phase transition in steel.
The changes in the scattering of the texture components in
the modified samples are associated with the introduction
of the modifier as well as with several differences in the
heat treatment modes that were applied to the experimental
and conventional steels.

Three measured complete PFs for four samples from
the rail wheel rims are presented at the right of the figure.
The texture in the rims is very weak in all measured sam-
ples and is hardly affected by the heat treatment. It should
be pointed out that the texture in the samples from the rail
wheel rim is weaker than that in the samples from the tran-
sition zone. The addition of the modifier and some changes
in the modes of heat treatment (annealing, quenching, tem-
pering) rotates the texture component by approximately
45°, This rotation is shown by the arrows at the right of the
figure. The tendency to the alignment of a—Fe (110), (200)
and (211) planes near the tangential direction of the rim in
the sample from the modified steel after the heat treatment
can be observed.

21

BTOPUYHON peKpUCTAILIH3aMUA U (Ha30BBIM TEPEXOIOM B
cranu. VI3MeHeHHs1 B pacCesiHUU TEKCTYPHON KOMITOHEHTBI
B MOAM(DUIIMPOBAHHBIX 00pa3laX CBS3aHbI C BBEJICHUEM
MOM(pUKATOpPa, & TAKKE C HEKOTOPHIMU OTIMYHSIMHU B pe-
KMMaxX TEPMHUUECKOH 00pabOTKH, KOTOPbIE IPUMEHSIIIHCH K
CEpUIHOM U ONBITHOM CTaJISAIM.

Tpu mosrocHble (GUTYpBI Ul 4eThIpeX 00pasloB U3
000712 KoJleca Mpe/ICTaBICHbI HA PUCYHKe cripaBa. Tekcry-
pa B 00ozie oueHb ciabast uIsi BCeX M3MEPEHHBIX 00pa3iioB
U MOYTU HE M3MEHSIETCS MOCIIC TEPMHUUCCKON 00pabOoTKH.
Cremyer OTMETHTBH, YTO TEKCTypa B oOpasiax u3 o0ona
ciabee, ueM B 00Opasiiax 13 MepexoaHOM 30HbI Kosieca. Bee-
JeHne Moan(pUKaTopa BMECTE C HEKOTOPBIMH W3MEHEHHMSI-
MH B peKHMaxX TEPMHUUECKOH 00pabOTKM (OTHKHT, 3aKaJKa,
OTITYyCK) MPHUBOAUT K MOBOPOTY TEKCTYpPHON KOMITOHEHTHI
NpUOTU3UTEIBHO Ha 45°. DTO BpallleHHE TIOKA3aHO CTPEI-
KaMHM Ha pUCyHKe crpasa. Taxoke HaOmonanach TeHICHIHS
K BeICTpanBaHuio ruiockocteit a—Fe (110), (200) u (211)
BIIOJIb HAIIPABJICHUS TI0 KacaTeJIbHOW K 0001y B 0Opasiax
U3 MOIU(UIMPOBAHHON CTaJIM MOCIE TEPMUUECKOil o0Opa-
0OTKH.
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