Bicauk [IpunHinpoBCchKoi AepxkaBHOT akaeMii Oy iBHULTBA Ta apXiTekTypu, 2020, Ne 4 (267-268), ISSN 2312-2676

YK 669.018.294:620.19
DOI: 10.30838/J.BPSACEA.2312.010920.32.651

KOPPO3UA N3HOLLIEHHbBIX OBO/JABEB
KEJIES3HOAOPOXHBIX KOJIEC

I'VBEHKO C. ", doxm. mex. Hayk, npog.,
BECIIAJIBKO B. H.2’, KaHO. MexH. HaYK, O0Y.

I Kagenpa wmarepuanosenenus, HammonanbHas MeTaryprudeckas axanaeMus YKpausel, mp. ['arapumna, 4, 49600, [luumpo,
VYxpauna, texn. +38 (056) 374-83-57, e-mail: sigubenko@gmail.com, ORCID ID: 0000-0001-5427-1154

? Kadenpa Matepuanosenenus, HanuonansHas MeTatyprudeckas akagemus Yxpaunsl, np. [arapuna, 4, 49600, Juunpo, Ykpauua,
tei. +38 (056) 374-83-57, e-mail: sigubenko@gmail.com, ORCID ID: 0000-0003-2184-8230

Annotamusi. Ifens. HeoOXoauMmbl UCCIETOBaHHS YCIOBUH 3apOXKICHUS YCTAOCTHBIX IMOBPSKICHUHA U
0CNaOISrOIIero NSHCTBHS KOPPO3UU Ha KOPPO3UOHHO-YCTANIOCTHBIA U3HOC JKEJIC3HOAOPOXKHBIX Kojec. [lenbio paboTh
OBUTO WM3YYCHHUC BIUSHHS CTPYKTYPHI KOJICCHOHM CTalld Ha pa3BUTHE KOPPO3HOHHBIX TporieccoB. Memoouka. J1ns
HCCIICOBAaHUS OCOOEHHOCTEW Ppa3BUTHS KOPPO3HOHHBIX IOBPEXKACHUII B KOJECHOM CTall HWCHONB30BaJH METajll
n3HOMmEHHBIX Komec (1, 2; oOpa3mpl ¢ MOBEPXHOCTH KaTaHWS, W3 BHYTPEHHEH dHacTW Tena o0oma W W3 JIHUCKA).
YCcKOpeHHBIE KOPPO3HOHHBIE HCIBITAaHWS IIPOBOMIIIA TPHW KOMHATHOW TeMIlepaType B CIEIHMaJbHON Kamepe BO
BIaXHON aTMochepe (oTHOCHTenbHAs BIaxHOCTh 80...83 %), comepxameii 10 mr/m® SO,, a Take NO u NO,, aro
OMM3KO K ICWCTBUIO MPOMBINUICHHBIX atMochep. MeTtautorpadguaeckiue UCCIeIOBaHNS MPOBOAMIN Ha MHKPOCKOIIE
«HeodoT-21». Pezynvmamet. ViccnenoBanbl 0COOEHHOCTH KOPPO3UH KOJIECHOM CTalM B pa3HBIX Y4acTKaX W3HOIICHHBIX
KENE3HOJOPOKHBIX Kojec. [TokazaHO, UTO pa3Has CKOPOCTh KOPPO3UU KOJIECHOH CTall OOBSICHSACTCS €€ PasIHYHBIM
CTPYKTYPHBIM COCTOSHHEM (CTCIEHb IHUCIIEPCHOCTH TMEPIUTE, pPa3Mepbl 3epeH, XapakTep IeOpMHPOBAHHOU
CTPYKTYpBI). YCTaHOBJICHO, YTO MOBEPXHOCTh KATAaHWS M METAJUT JUCKA KOPPOIUPOBAIHM ObICTpee, YeM METaJll W3
LEeHTpalIbHOU YacTu obona. Hayunas Hoeuzna. Y CTAHOBIICHBI 0COOCHHOCTH MEXaHU3Ma U CKOPOCTU Pa3BUTHS KOPPO3UH
KOJICCHOW CTaJld B Pa3HBIX y4acTKaX HM3HOUICHHBIX JKEIC3HOJOPOXKHBIX KOJEC MPHU CKOPOCTHBIX UCIBITAHUSAX B CPEC,
Omm3KoN K mpoMBIIUIeHHOW aTtMocdepe. Iloka3zaHo, 9T0 Ha CKOPOCTH KOPPO3HH BIHAET XapaKTep MUKPOCTPYKTYPHI
KomecHoW cramm. IlokasaHo, 4To B OTpabOTaHHBIX KOJEcaX IMOBEPXHOCTh KaTaHWSA KOPPOAMPOBaia OBICTpee, deM
METauUI W3 MEHTPATbHOW dYacTH 0004a, YTO OOBACHIACTCS BIMAHUEM HANPSHKCHWH, CO3MAHHBIX IUTACTHYECKON
nedopmanyeil B TOHKOM TOBEPXHOCTHOM CJIO€. Y CTAaHOBJICHO, YTO YYAaCTKH «OEJIoTo CIOs» Ha IMOBEPXHOCTH KaTaHUS
CcocOOCTBYIOT 3aMEIUICHHIO KOPPO3WH, YTO CBSI3aHO C €ro YJIBTPaTUCIEePCHOHN cTpykTypoil. [loka3aHo, 94To MeTait
UCKa KOPPOAMpPOBal ObICTpee, 4eM MeTall M3 ILEHTpanbHOW yacTH oboma Omaromapsi Goiee rpyboit deppuro-
MIEPIUTHOW CTPYKTYype MUCKA W Hanmuuio (epputHoil momocyaroctu. Ipakmuueckas 3nauumocms. Vicronp3oBaHue
MOJYYCHHBIX PE3yJIbTATOB MO3BOJUT pa3paboTaTh MPOTUBOKOPPO3UOHHBIC MEPOIPUATHS JUIS KEIC3HOOPOKHBIX KOJIEC,
YTO MO3BOJIUT NPEAYNPEIUTH 00Pa30BAHUE PAIMYHOTO POJia NEPEKTOB MPU MX IKCILTyaTaIlHH.

KioueBble ciIoBa: 0icene3HOOOPOJICHOE — KONECO,  MUKPOCMPYKMYpAd —CMAny;, KOpposus; —YCMmAi0CMHO-
KOppO3UOHHOE pa3pyuieHue
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AHortaniss. Mema. HeoOXinHi TOCTIIHPKEHHS YMOB 3apOJDKEHHS BTOMHHX IMOIIKO/DKEHb 1 Tociabmiotodoi mii
KOpO3ii Ha KOPO31iHO-BTOMHHUH 3HOC 3aTi3HHYHHUX Koxic. MeToto poOoTn Oysio BUBUEHHS BIUIMBY CTPYKTYPH KOJICHOT
CTai Ha PO3BUTOK KOPO3iWHUX TmporeciB. Memoouka. JIns AOCTIKEHHS OCOOJUBOCTEH PO3BUTKY KOPO3IHHUX
MOIIKOJIKCHb B KOJICHOI CTaJli BUKOPUCTOBYBAJIM METan 3HOIICHUX Koiic (1, 2; 3pa3ku 3 MOBEpPXHI KOB3aHHSA, 3
BHYTPIIIHBOI YacTWHH Tina obony i 3 aucky). IIpuckopeHi Kopo3iiHi BUIIPOOyBaHHS NPOBOAMIIM INPHU KiMHATHIN
TeMIepaTypi B crielianbHii kamepi y Booriii armocdepi (BigHocHa Bomoricts 80...83 %), mo mictuts 10 Mr/m® SO,, a
takok NO i NO,, mo Omu3pko a0 Aii mpommcioBux artmochep. Meramorpadiyni JOCHIIKESHHS MPOBOAMIN Ha
Mmikpockoni «Heodot-21». Pesynsmamu. JlociimxkeHO 0cOOIMBOCTI KOPO3ii KONICHOI CTali B PI3HUX IUITHKaX
3HOIICHUX 3alli3HUYHUX Kouic. Iloka3aHo, 1m0 pi3HAa MIBUAKICTH KOPO3il KOJICHOI CTalli TMOSICHIOETHCS ii pi3HUM
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CTPYKTYPHHM CTaHOM (CTymNiHb JUCIEPCHOCTI IEPJITYy, PO3MIpH 3€peH, XapakTep IepOpMOBaHOI CTPYKTYpH).
BcraHoBiIeHO, 10 MOBEPXHS KOB3aHHS 1 METaJI JUCKY KOPOIYBaU IIBU/IIE, HiXK METaNT 3 IIEHTPaIbHOT YaCTHHU 0001Ty.
Haykoea nosuszna. BcTaHOBIEHO 0COOJMBOCTI MEXaHI3My Ta IIBHUIKOCTI PO3BUTKY KOPO3ii KOJICHOI CTali B Pi3HUX
MUITHKAX 3HOUICHHUX 3aJTi3HMYHHUX KOJNIC MPH MIBUAKICHUX BUMPOOYBAHHAX Y CEPEIOBUII, OIM3EKOMY JI0 TIPOMHUCIOBOL
atMocdepu. [TokazaHo, 0 Ha MIBUAKICTH KOPO3il BIUTMBAE XapakTep MIKPOCTPYKTYpH KoJicHoi cTaii. [Tokazano, mo y
3HOIICHUX KOJIecaX MOBEPXHs KOB3aHHS KOPOJYE IIBU/IIE, HiXK METaJ 3 [IEHTPAIbHOT YaCTHHU 000y, 1110 HOSICHIOETHCS
BIUIMBOM HAIPY»XKEHb, CTBOPEHUX IUIACTUYHOIO Jedopmaliielo B TOHKOMY IOBEPXHEBOMY Imapi. BcraHOBIEeHO, 1I0
NIISTHKA  «Oi7oro  mapy» Ha TIOBEpXHI KOB3aHHS CIPHUSAIOTH YIIOBUTLHEHHIO KOpO3ii, IO TOB'S3aHO 3 HOTO
yIBTPaJUCIIEPCHOIO CTPYKTYpolo. [lokasaHo, 110 MeTan JUCKY KOpOJye LIBH/IIE, HDK METall 3 IEHTPaIbHOI YaCTUHU
000y 3aBIsKH Oinbll TPyOil (epuTo-mepiiTHI CTpyKTypi aucka i HasBHOCTI (¢epuTHOi cmyracrocti. IIpakmuuna
3nauumicms. BUKOpUCTaHHS OTPUMAHUX PE3yJbTaTIB TO3BOJIUTH PO3POOUTH NPOTUKOPO3iiiHI 3aX01 IS 3aTI3HUIHUX
KOJIIC, 1110 I03BOJIMTH MOTIEPEANTH YTBOPEHHS Pi3HOTO poay AedeKTiB mpH iX eKcruryararii.

Kuro4oBi ciioBa: saniznuune xoneco, Mikpocmpykmypa cmani; Kopo3sis,; 6moMHO-KOPO3IiiHe PYUHYBAHHS
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Abstract. Purpose. It is necessary to study the conditions for the initiation of fatigue damages and the weakening
effect of corrosion on the corrosion-fatigue wear of railway wheels. The aim of the work was to study the effect of the
structure of wheel steel on the development of corrosion processes. Methods. To study the features of the development
of corrosion damages in wheel steel the metal of worn wheels (1, 2; samples from the rolling surface, from the inner
part of the rim body and from the disk) was used. Accelerated corrosion tests were carried out at room temperature in a
special chamber in a humid atmosphere (relative humidity 80...83 %) containing 10 mg/m® SO,, as well as NO and
NO,, which is close to the effect of industrial atmospheres. Metallographic studies were carried out using a Neophot-21
microscope. Results. The features of wheel steel corrosion in different areas of worn out railway wheels are
investigated. It is shown that the different corrosion rate of wheel steel is explained by its different structural state
(degree of dispersion of pearlite, grain size, nature of the deformed structure). It was found that the rolling surface and
the metal of the disc corroded faster than the metal from the center of the rim. Scientific novelty. The features of the
mechanism and the rate of development of corrosion of wheel steel in different areas of worn out railway wheels during
high-speed tests in an environment close to an industrial atmosphere are established. It is shown that the nature of the
microstructure of wheel steel affects the corrosion rate. It is shown that in used wheels the rolling surface corroded
faster than the metal from the central part of the rim, which is explained by the effect of stresses created by plastic
deformation in a thin surface layer. It was found that the areas of the "white layer" on the rolling surface contribute to
the slowdown of corrosion, which is associated with its ultradispersed structure. It was shown that the metal of the disk
corroded faster than the metal from the central part of the rim due to the coarser ferrite-pearlite structure of the disk and
the presence of ferritic banding. Practical significance. The use of the results obtained will allow developing anti-
corrosion measures for railway wheels, which will prevent the formation of various types of defects during their
operation.

Keywords: railway wheel; steel microstructure; corrosion; fatigue-corrosion failure

BBenenne. Bo03MOXHOCTH oOOecriedeHUs  HCCIEOBaTENeH, KOTOpbIE OTMEYAIOT
BBICOKOTO YpPOBHSI IPOYHOCTH, JIOJTOBEYHOCTH  BaXHOCTh 3TOM NpPOOJIEMBI C TOYKH 3pEHHUS
n E)KCH.IIyaTaI_II/IOHHOﬁ HaJCXKHOCTHU BIIMAHUA KOPPO3HOHHBIX IMponeccoB Ha

KEJIE3HOJAOPOKHBIX KOJIEC ONPENEIseTCss HE  HAASKHOCTh W JOJIOBEYHOCTh  KEJIE3HO-
TOJIBKO XMMUYECKUM COCTaBOM U CTPYKTYpPOH  JIOpPOXKHBIX KOJIeC MpH dKcIuryaTanuu [11; 12].
KOJIECHOM CTaju, a TaKXe CTPYKTypHbIMH U B pabote [13] ONPEICIICHBI 30HBI
¢$a30BBIMH  M3MEHEHUSIMH B TIpollecce HMX  MaKCHUMAaJbHBIX KOPPO3HOHHBIX IMOBPEXKICHHIH,
AKCIUTyaTaluu [1-10]. [IpoGnema  mpuBEAEHBI PE3yJabTAaThl AKCIEPUMEHTOB Ha
KOPPO3UOHHOTO paspyieHus KEJe3HO-  00pasiax KoJIeCHOH ctamu R7 B KOpPO3MOHHBIX
JNOPOKHBIX ~ KOJIeC IMpHUBJIEKAaJa BHUMaHUE  cpenax. [3ydanum  yciioBuA — 3apOXKIACHHS
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YCTAJIOCTHBIX MOBPEXKICHUI M ociadisioniee
JeCTBHE KOPPO3UH HA YPOBEHb MEXaHUYECKHIX
CBOMCTB KOJIECHOM CTAJIH.

Ienbo padoThl — WH3Y4YEHHE BIIHSHUSA
CTPYKTYpbl KOJIECHOM CTalmu Ha pa3BUTHE
KOPPO3UOHHBIX MPOLIECCOB.

Marepuajbl 1 MeTOAbI HCCJIEI0BAHUIA.
s uccnemoBaHuss OCOOCHHOCTEH pa3BUTHUS
KOPPO3UOHHBIX TOBPEXKIACHUN B KOJECHOU
CTalld HWCMOJB30BalM METaUl HM3HOIIECHHBIX
kojec (1, 2; oOpa3ibl ¢ MOBEPXHOCTH KaTaHWUS,
W3 BHYTpEHHEH yacTu Tena 000/1a U U3 TMCKa).
YCKOpeHHbIE ~ KOPpPO3UOHHBIE  HCIBITAaHUS
MPOBOAMIA TIpU KOMHATHOH TeMIieparype B
CHeIMaJbHON KaMepe BO BJIAKHOW aTMocdepe
(otHOocuTenbHas  BaaxHocTh  80...83 %),
conepxarnieit 10 Mr/m° SO,, a Takxke NO u
NO,, uTo 6JIM3KO K ACHCTBUIO TPOMBIIIICHHBIX
atMocdep. Meramnorpaduyueckne HCClIeI0Ba-
HUS POBOAMIHN Ha MUKpockore «HeodoT-21».

Pe3yabTaThl " o0cy:KneHue.
CTpyKTypHbIE UW3MEHEHHS, IPOU3OLIECAIINE
BOJIN3H IIOBEPXHOCTHU KaTaHUsI npu
SKCIUTyaTaluu kosec 1 w2, oOycioBuwiIn

pa3IMYHOE MOBE/IEHUE CTAIbHBIX 00pa3loB MpH
KOPPO3UOHHBIX HcHbITaHUsAX. OOpa3isl  OT

Kojieca 1 KOpOAMpOBAIM C  Pa3IMYHOU
V, r/mM2-cyT

CKOPOCTBIO,  KOTOpasi  yMEHbIIanach  OT
BBIKPYKKHU I10 IIUPUHE 000/ U JHIIb y CAMOT0
Kpasi B 30HE HaIlJIbIBa BHOBb Bo3pocia (puc. 1,
kpuBast 1). ToHkue OOpBIBKM «O€I0ro CIOs»
INPOKOPOJUPOBAIM  OY€Hb OBICTPO U B
CTPYKType O0O0pa3IoB TMOCIE HWCIBITAaHHA HE
0OHApYKCHBI.

B 30HE BBIKpYXKH, TJi€ NOBEPXHOCTHBIN
cJoi cTanu nperepren JIOBOJILHO
3HAYUTENbHYIO nedopmanuio, CKOpPOCTh
KOppO3uu OblJla MAaKCUMAJIbHOM, a MEXaHU3M ee
HOCHJI O4aroBblii Xxapakrep (puc. 2 a). Ilpu
nepexojie K CpelHed 4YacTH TOBEPXHOCTH
KaTaHUsI XapakTep KOPPO3UM H3MEHSETCs Ha
MmieHouHbIH (puc. 2 6). B 30He HambiBa
CKOpOCTh ~ KOPpPO3UM  BHOBb  BO3pacTaer
(puc. 1, kpuBas 1), a ee MexaHHW3M BHOBb
CTAHOBUTCA oyaroBbiM (puc. 2 g). Takum
o0pa3oM, HepaBHOMEpHas MO IIMpHHE 00072
lacTuueckas jaedopmMarusi, NpPOXOAMBILAS B
nporecce JKCILTyaTaluu, CrocoOCTByeT
HEPaBHOMEPHOMY KOPPO3MOHHOMY pa3pylie-
HUI0O  TOBEpXHOCTH  KaTaHus.  OOpasibl
U3HOILIEHHOTO KoJjeca 2 TakKe KOPPOAUPOBAIU
C Pa3IM4HON CKOPOCTBHIO, KOTOPasi MOHOTOHHO
YMEHbINIAJIach OT 30HBI BBEIKPYXKKU 10 LITUPUHE
ob6ona (puc. 1, kpupas 2).

0.4

0.1

——#1 —e—#2

HIupuna o6oxa

BBIKpYXKKa

Puc. 1. Hzmenenue ckopocmu kopposuu V 0bpasyoe cmani, 0moopaHtsix om no8epxXHOCMU KamaHusl
no wupune 0600ves (kpusas 1) u (kpusas 2)

Koppo3us 00pa3noB, BbIpe3aHHBIX U3
cepeMHbl 0007a O0TpaboTaHHBIX Kojec | u 2,
IpOXOAMa IO  OYaroBOMY  MEXaHHU3My
(puc. 2 2, 0). Pazamepsl ouaroB KOppo3uu B 3TUX
cirydasix JIOBOJIBHO 3HAYUTEIIbHbI
(mo 1...2 mMm). CkopocTh KOpPpO3uUM MeTajia
0007b€B, HWMEWIHX (HEPPUTHO-TIEPIUTHYIO
CTPYKTYypy, y Kkoimec 1 wu 2 mnpumepHo
OJMHAKOBA M BBIIIE CKOPOCTH KOPPO3HUHU
0o0pa3loB CTalld W3 TOBEPXHOCTH KaTaHUs

(Tabm. 1).

Mertamn gucka  Kojec  KOPpOIUpOBAI
ObicTpee, uYeM MeTaul U3 LeHTpa oboxa
(Tabm. 1). [Tporecc KOppO3UH

pacnpocTpaHsIics, B OCHOBHOM, IO MEPIUTHBIM
ydgactkaM (puc. 2 e), a TaKkKe 10 TpaHHUIlaM
beppur—niepnur.  MexaHU3MBl  KOPPO3UHU
MeTaJula U3 IUcKa U 00oaa pasinuuHbl. Eciu Ha
BHYTPEHHUX oO0OyacTsx 00012 OH HUMeEeT
KPYITHOOYAroBbIii XapakTep, TO B JHCKE B
MIOBEPXHOCTHOM CJIO€ BO3HHUKJIO MHOECTBO
MeNnKux odaroB. OT OKCHIOB B CTalb
pacnpocTpaHsIINCh MEXKPHUCTAI-TUTHbIE
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TPEIIMHbl [0 TMEepIUTy U  MeX(da3HbIM  KOPPO3MM JIMCKa y Kojieca 1 HECKOJIBbKO BBILIE,
rpanunaMm  ¢eppur — mnepaut. CKoOpocTh  4eM y Kouseca 2.

Puc. 2. Mukpocmpyxmypa cmanu (koneco 1) nocne KOppo3UOHHbIX UCHBIMAHULL 8 PA3HBIX YUACMKAX NO WUpUHe 06004
(a — 8, Jic), uz cepedunvl 0600ves konec 1 (2) u 2 (0) u ducka xoneca 2 (e): a—86, 0 — X200, 2, e — x400

Tabnuya 1
Pe3yabTaThl KOPPO3HOHHBIX HCIIBITAHMIA
S Mecto Muxpoctpykrypa cranu | Ilpusec, ITnomans ITokazaTtenu xoppo3uu
(=1 2
% aHajM3a r TpaHH, CM Ko | K, o ey, .
R MKM
1 Cepenuna BriTsiHy THIE 3€pHA
TIOBEPXHOCTH (dbeppura u epiuTa 0,0186 1,09 24,058 0,408 222
KaTaHWs
2 CepenunHa
TIOBEPXHOCTH «OETIBI CIIOM» 0,0266 2,0 22,9643 0,359 204
KaTaHHs
1 Lentp oboxna PaBHOOCHBIE 3epHa
(beppuTa 1 nepiuTa 0,0618 2,7 13,3 0,225 140
2 Lentp oboxna PaBHOOCHBIE 3epHa
dbepputa U nepiaura 0,0643 2,80 17,0642 0,289 125
1 Juck DeppuT U IEepPIUT 0,0830 3,45 21,7702 0,389 166
TI0JI0CYATOCTh
2 Juck ®DeppuT U IEPIIUT, HET 0,0701 3,22 22,8889 0,368 159
10JI0CYATOCTH
Tpu S — N — ObICTpee, YeM MeTalll U3 LEHTPAIbHOW 4YacTu
o obona, qT0 00BsCHSIETCSI BIUSTHUEM
BKJIIOUCHUU, OHHU CTAHOBATCS o o
o . . HAITPs’KCHUU, CO3JJaHHBIX IIJ1aCTUYCCKOU
KOHLIEHTpaTopaMu  Hanpsbkenudt [11; 12 ),
14-25] u o SHPONICHHS nedopmarmeid.  Y4acTku  «Oemoro  ciosy»

CHOCOOCTBYIOT 3aMEIJICHUIO KOPPO3UH, YTO
CBSI3aHO C €r0 YJIbTPAIUCIEPCHON CTPYKTYpPOU.
Mertamn aucka KOppOAHMpOBal ObICTpee, YeM
MeTalll U3 IeHTpalbHOM yacTu oboja
Omaromapst 6omee rpy0oil CTpyKType IuCKa U
HAIMYUIO (DepPUTHOM MOIOCYATOCTH.

KOPPO3HOHHBIX TMOBpEXAEHUH (puc. 2 o),
npUYeM 3/1eCh BEIHMKAa pOJb  MeK(pa3HBIX
TpaHUIl BKJIIOYEHHE — MaTpula CTald |
BHYTPEHHUX  TpaHUI] B  rerepodasHbIX
BKJIIOUEHUSIX [26—32].

BeiBoabl. B oTpabGoTaHHBIX  KoOjecax
MOBEPXHOCTh KaTaHus KOppOIUpoBaja
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