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1. Po3po6yieHHS KOHIENIIii CTBOPEHHSI BUCOKOMIIIHMX KOJIICHUX CTaJIen

2. Development of the concept for high-strength wheel steels creating

Pedepar:
1. B pucepTauii, 3 1o3uLiil CTPYKTYpPHOi ME€XaHiKM BTOMHOTO PyIHYBaHHs C(OOPMYJIbOBaHi Ta OOIPyHTOBaHi
peKoMeHallii B rayysi MaTepiaJlo3HaBCTBa, SIKi 3a6€3M1e4UyI0Th BUPILIEeHHS BaKJIMBOI HAYKOBO-TEXHIYHOI IPO6IEMU

MigBUILIEHHS HALiMHOCTI i JOBFOBIYHOCTI BUCOKOMIIJHUX 3aJ1i3HUYHUX KOJIiC. 3aIIPOIIOHOBAHO HOBY KOHLIEIIIIIIO



CTBOPEHHS CTajlel 1151 3a0€3I1e4YEeHHS BUCOKOTO ONMOPY 3HOIIYBAHHIO i MOMKOIKYBaHOCTI IIOBEPXHi KOYEHHSI KOJIiC,
PO3p06JIEHO BUMOTH [0 KOMIUIEKCY MEXaHIYHMX XapaKTePUCTUK TaKUX CTajiell Ta O6IPYHTOBAHO XiMiUHMI CKJIaf
CTaJli AJ1s1 3aJ1i3HUYHUX KOJIiC HOBOT'O MTOKOJIiHHS, & TAKOXK PEXXUM TePMiyHOI 06POOKU iX peMOHTHUX HAIJIaBOK.
BusiByieHo, 110 HEraTMBHUI BILJIMB KOPO3UBHOTO CepeloBuIla Ha nopir BTomu 0Kth Ta LukiivyHy B'SI3KiCTb
pyiinyBaHHs oKfc cTaHAapTHUX KOJIICHUX cTaseil Mapok 2 i T He3Ha4yHMiA, a CXUJIbHICTD 10 HU3bKOTEMIIEPATYPHOTO
OKPHMXYEHHS 3POCTAE 3 MiABUILIEHHSIM BMICTY BYIJIELIIO B CTaji. BCTaHOBJIEHO, 1O 3a BIVINBY TEPMOCUJIOBUAX
YMHHUKIB B 30Hi KOHTAKTy Mif Yac raJbMyBaHHsI, KOJIU [1€PJIiTHA CTPYKTYpa TPaHCHOPMYETLCSI B MAPTEHCUTHY,
BUXIi[IHI CTUCKaJIbHI 3a/IMIIKOBI Hanpy>keHH4 Il poay 3MiHIOIOTHCS HAa PO3TArajibHI TUM CUJIBbHIIIE, 10 BULLI BMICT
BYTJIELIIO B CTaJli Ta WBUIKICTH ii 0xon01KeHHs. [Toka3aHo, 10 NOMKOAKYBaHICTb TOBEPXHi KOUEHHS MOJETIbHUX
KOJIiC [P KOHTAKTHO-LMKJII'YHOMY HaBaHTQKE€HHI I1apH KOJIECO-PEHKa 3POCTAE 3 MiJBULIEHHSIM MilIHOCTI
(TBEpHOCTI), 1110 3yMOBJIEHO BUCOKMM BMiCTOM BYIJIELIIO B KOJIiCHIN cTaji. [Ipy 1bOMy [OMKOIKEHICTh OJHO3HAYHO
KOPEJIIo€e 3 UKJIYHOIO B'SI3KICTIO PYHHYBaHHS CTajli 3a HOpMmasbHOro Binpusy (AKI fc) Ta nonepeunoro 3cysy (AKII
fc). X MO>KHa BBa)KaTy BU3HAYAJIbHUMMU 151 Ipoliecy NOIKOAKYBaHOCTI, Ha BigminHy Bif moporis BTomu AKI th i
AKII th. [Ing oniH0OBaHHS POO0OTO3ATHOCTI KOJIICHUX CTaJIel 3alIPOIIOHOBAHO BUKOPUCTOBYBATHU
BucokoremneparypHe (500-800°C) 3HaueHHS ix BiIHOCHOTO BUJOBKEHHS, K€ XapaKTepU3y€e CXUJIBHICTb 10
YTBOPEHHS NIOB3YHIB Ha [IOBEPXHi KOYEHHS, Ta Jliarpamy eKCITyaTaliiiHOI HaiHOCTI — 3aJIEXHICTh MK OIIOPOM
IIOIIKO/KEHOCTI i OIIOPOM 3HOLIYBAHHIO, 1110 KOMILJIEKCHO XapaKTePU3y€e CXUIIbHICTb CTaJIEN 1O YTBOPEHHS
BUIIEPOMH Ha IOBEPXHi KOYEHHS KoJric. bazyiounch Ha Aiarpamax KOHCTPYKLiHOI MIilIHOCTI Ta eKCIulyaTaliiHoi
HAJiMHOCTI BCTAHOBJIEHO, IO ONTUMAJIbHUM ITO€HAHHSAM XapaKTEPUCTUK MIJHOCTI Ta IMKJIIYHOI
TPIlIMHOCTINKOCTI, ONIOPY 3HOIIYBAHHIO i IOIKOKYBAaHOCTI BOJIOiIOTh KOMITJIEKCHOJIETOBAHI CTajli 3 MOEJHAHHAM
TBEPJOPO3YNHHOTrO (3a HifgBuileHoro BMicty Sii Mn) Ta gucnepciiiHoro (micss Mikposierysanss Vi N) 3MillHEHHSI.
PekoMeHI,0BaHO KOMILJIEKCHOJIETOBAHY CTajlb 3 TBEPAOPO3YMHHUM (Si ~1% i mapranuem ~1%) Ta gucrepciiHum
([VoN]o104 = 20...25%) 3MiliHeHHSIM 32 TOHMXeHOoTo BMicTy Byrielo (0,52...0,53%) 1J1s1 [ocinHO-TIpOMUCIIOBO]
[IEPEBIPKY 3 METOI0 BUTOTOBJIEHHS 3aJII3HMYHUX KOJIiC HOBOTO NOKOJIiHHS. [T0Ka3aHo, 110 MifBUILEHHS LUKIIIYHOI
TPIilIMHOCTIMKOCTi 30HU TEPMiYHOTO BIIJIMBY PEMOHTHOI HAIlJIABKU 3aJIi3HUYHUX KOJIC JOCSATaeTbCsl GOPMYBAHHSIM Y
11ii1 30Hi 3MilIAHOI CTPYKTYPH BEPXHbOTO i HUKHBOTO OEMHITY (~66%) Ta MapTeHCUTY (~34%) i BUTPUMKOIO 2...3 TOf,
nepepuBaioyy oxoJsiomKeHHs craji npu 100°C, To6To 3a TeMIiepaTypy MK Toukamu no4yatky (Ms) i kinus (Mf)

MapTE€HCUTHOTI'O IIEPETBOPEHHS.

2. In the thesis, from the standpoint of structural mechanics of fatigue fracture, recommendations in the field of
materials science are formulated and substantiated, which provide a solution to the important scientific and
technical problem of increasing the reliability and durability of high-strength railway wheels. A new concept of
steels creating is proposed that provides high resistance to wear and damage of the tread surface of the wheels.
Requirements for the complex of the mechanical characteristics of such steels and the reasonably chemical
composition of a steel for railway wheels of the new generation, as well as the heat treatment mode for their
repaired surface have been developed. It was revealed that the negative effect of the corrosive environment on the
fatigue threshold oKth and the cyclic fracture toughness oKfc of standard wheel steels grade 2 and grade T is
insignificant, and the tendency to low-temperature embrittlement increases with increasing carbon content in the
steel. It has been established that under the influence of thermo-force factors in the contact zone during braking,
when the pearlite structure is transformed into martensitic, the output compressive residual stresses of the II type
change to tensile strength the stronger, the higher the carbon content in steel and its cooling rate. It is shown that
the damageability of the rolling surface of model wheels during contact-cyclic loading of a wheel-rail pair
increases with increasing strength (hardness), which is effected by high carbon content in the wheel steel. At the
same time, the damage is definitely correlated with the cyclic fracture toughness of the steel with Mode I fracture
(AKI fc) and Mode II fracture (AKII fc). They can be considered decisive for the process of damage, in contrast to
the fatigue thresholds AKI th and AKII th. To assess of serviceability of wheel steels, it was proposed to use high-
temperature (500-800°C) values of their relative elongation, which characterizes the tendency to form slides on
the tread surface, and the operational reliability diagram - the relationship between damage resistance and wear
resistance, which comprehensively characterize the tendency of steel to spall formation on wheels tread surface.



Based on the structural strength and operational reliability diagrams, it was found that the optimal combination of
strength characteristics and cyclic crack resistance, resistance to wear and damage is provided by complex alloyed
steels with a combination of solid-solution (with increased Si i Mn content) and precipitation (after micro-alloying
Vi N) hardening. Recommended complex-alloyed steel with solid solution (~ 1% Si and ~ 1% Mn) and precipitation
([VoN]ol04 = 20...25%) hardening for low carbon content (0.52 ... 0.53%) for experienced industrial inspection in
order to manufacture railroad wheels of a new generation. It is shown that the increase in cyclic crack resistance
of the heat affected zone of repair tread surface of railway wheels is achieved by the formation in this zone of a
mixed structure of upper and lower bainite (~ 66%) and martensite (~ 34%) and holding time of 2-3 h, interrupting
the cooling of steel at 100°C, that is, at a temperature between the points of onset (Ms) and the end (Mf) of the
martensitic transformation.
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