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METAJIJIOTPA®OUHECKOE UCCIIEAOBAHMUE MNMPOLIECCA
TPELUMHOOBPA3OBAHUA B YYTYHE TOPMO3HbIX
JTIOKOMOTUBHbIX KOJTOAOK

M3noxeHo BUOEHUE CYLLHOCTM npolecca TpelimHoobpa3oBaHus B MaTepuarne TOPMO3HbIX
TNIOKOMOTUBHBIX KOModoK. TpelwunHoobpa3oBaHue NpUBOAWT K paspyLUeHUIO YyryHa KONofoK Ha OT-
OenbHble 3MeMEeHTbI, KOTOPble MOTYT BblKanblBaTbCsl B NpoLEecce TPeHUsl U NPUBOAUTL K TpaBMUPO-
BaHMWIO KOnec, nonagasi Ha NOBEPXHOCTb roNOBKM penbca. MUKpOCTPYKTypa YyryHa TOPMO3HbIX JTOKO-
MOTUMBHbIX KONOAOK, OnpeAeNieHHasi CTaH4apToOM, He SIBNsSieTCs ONTMMarnbHOW U3-3a CnuvLiKoM 6onb-
LLIOro pasnuuust B TBEPAOCTU U TENNONPOBOAHOCTU €€ COCTaBnsALLMX. TBEPAOCTb KOMOAKM 3aBUCUT
OT COOTHOLLEHUS1 B MUKPOCTPYKTYpe rpacuta U LUeMeHTUTa. YBEeNnYeHne CoaepxaHus LemMeHTuTa
aBTOMATMYECKM MPUBOANT K CHIDKEHUIO KONMMYECTBa rpaduTHOM ¢hasbl, KoTopas dopmupyeT B nNpo-
Lecce TPeHWUsi TOHKYI pasgenuTernbHylo MAEHKY Mexay TpyLMMucs noBepxHocTsamu. Kpome Toro,
B npouecce n3Hoca 6oree nnacTUYHOW MEpPrIMTHOW COCTaBnsiOWER TBepable LeMeHTUTHbie Groku
BbICTYMaloT, nepepacnpefenss Harpy3km B 30He TpeHusi. Ha BbicTynax peanusyiotcst 6onblive
yAenbHble AaBMNEHUS, YTO NPUBOAUT K MOBbLILLEHWIO TEMNEPATypbl HA HUX. B KOHEYHOM uTOre TEPMO-
LMKnnyeckas Harpyska cnoco6CcTByeT pacTpecKMBaH/O MaTepuana v BbiKpalluvMBaHWO ero Hambonee
TBepgow yactu. B paHHon paboTe ycTaHOBMEHO, YTO pacTpeckuBaHWe MPOUCXOAUT Ha rpaHuuax
TBepAon (LEMEHTUTHOW) U MArkon (nepnutHon) das no nnacTuHam rpaduTa, KOTopble 13-3a OTCYT-
CTBUSI NPOYHOCTU M hOpMbl (NNAcTUHYATOW) ABMNSATCA KOHLUEHTpaTopamu HanpshkeHus. Mo mepe
pas3BMTUSA TEPMOLIMKITMYHON Harpy>KeHHOCTM B MpoLecce TpeHUs NnacTuHbl rpacduTa crnueatoTcs, 06-
pasysi MUKPOTPELLUHBI, KOTOPbIE MO MEpe U3HOCa MPEBPALLATCH B TPELMHbl. Takoe MNoHMMaHue
npouecca TpewunHoobpa3oBaHUsi 0ObSACHSAET CeT4aTOCTb CTPYKTYpbl TPeLiMHooBGpa3oBaHust Ha Mno-
BEPXHOCTW U3HOLLEHHbIX KOMOAOK U MOATBEPXKAAET IKCNEPUMEHTANbHO YCTAHOBMEHHbIE BbIBOAbI, YTO
yBernumyeHme TBEPAOCTM KONOJOoK (yBEenMYeHne Konnyectesa TBepabIX LEMEHTUTHBIX BKIOYEHWI) Npu-
BOAMT K YBENUYEHUIO B pa3bl TPELNMHOOOpa30oBaHuUs.

KnioueBble crnoBa: NOKOMOTVBHbIE TOPMO3HbIE KOMOAKM, COCTaB, MMUKPOCTPYKTypa uyryHa,
TBEPAOCTb, U3HOC, rpacuT, eppuT, LEMEHTUT, MUKPOTPELLMHLI, TPELLMHOOOpa3oBaHue.
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METALLURGICAL STUDY OF FRACTURE PROCESS
IN CAST IRON BRAKE LOCOMOTIVE PADS

In the work of the vision of the entity process the material fracture brake locomotive pads. Crack
growth leads to the destruction of cast iron blocks into separate elements that can sliver in the process
of friction and cause injury to the wheel, hitting the surface of the rail head. Microstructure of cast iron
locomotive brake pads, a certain standard is not optimal due to the too big differences in hardness and
thermal conductivity of its constituents and leads to termociclic cracks. Hardness pad depends on the
ratio of the microstructure of graphite and cementite. Increased content of cementite automatically leads
to a decrease in the number of graphite phase that forms in the process of rubbing the thin separation
film between friction surfaces. Furthermore in the process of wear more plastic solid blocks cementitnye
component pearlitic, redistributing the loads in the friction zone. The ledges are implemented large unit
of pressure, resulting in higher temperatures on them. Eventually termociklicheskaja the load leads to
cracking of the material and vykrashivaniju his most solid parts. In the work found that cracking occurs
at the boundaries of the firm (cementity) and soft (pearlitiy) phases on graphite plates, which due to lack
of strength and form (plate) are voltage concentrators. With the development of termociclic loading in
the process of friction of graphite plates fused together, forming cracks that wear as turn into crack.
Such an understanding of the process of crack growth alignment of fracture structure explains on the
surface worn pads and confirms the findings of the work, where it has been established experimentally
that increasing hardness brake pads (increase in the number of particulate inclusions cementity) leads
to increase in times of cracking.

Keywords: locomotive brake pads, composition, microstructure, hardness, wear of cast iron,
graphite, ferrite, and cementite, cracks, crack growth.

TopMmo3HbIE TOKOMOTHBHBIE KOsIoku B cootBeTcTBUM ¢ ['OCT 30249-97
«Komonku TOpMO3HBIE YYTYHHBIE Ui JIOKOMOTHUBOB. TeXHHUYECKHE yCIIO-
BHSI» HMEIOT CITOXKHOE CTpOCHHUE: NEPINT + TpaduT + IMEeMEHTHT + TpoHHas
¢dochuanas 3srekTuka. [Ipy 3TOM TBEpIOCTh HEMEHTUTHON COCTABJISIOIIEH
B JIBA pa3a MPEBBIIIAET TBEPAOCTH MEPIINTA, & OCPEAHEHHAs TBEPAOCTh KO-
JIOJIKU 3aBUCHUT OT COOTHOIICHUS B MUKPOCTPYKTYype TpaduTa U HEMEHTHUTA,
T.€. YBEJIMYEHHUE COJEPIKAHUS IEMEHTUTAa aBTOMATUYECKU MPUBOAUT K CHU-
KEHHI0 KosndyecTBa rpaguTHOM (aszbl, kKoTopas (opMupyer B mpolecce
TPEHMSI TOHKYIO Pa3[EeNIUTEIbHYIO IUIEHKY MEXIY TPYIIMMHUCSA IOBEPXHO-
ctamu. Kpome Toro, B npouecce u3Hoca 60s1ee IacCTUYHON MEPIUTHOM co-
CTaBJISIIOIIEH TBEp/ble LIEMEHTUTHBIE OJIOKM BBICTYIAIOT, epepacrpeacss

2TOCT 30249-97. KoJOAKH TOPMO3HBIE YyTYHHEIE I JIOKOMOTHBOB. TEXHHUECKHE yCIIO-
Bust. — M.: Cranpaptundopm, 2005. — 11 c.
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Harpy3k B 30He TpeHus. Ha BbIcTymax peanusyrorcsi OOJbIIue yJelbHbIe
JIaBJICHMSI, YTO MPUBOJIUT K MOBBILICHUIO TEMIEPAaTyphbl Ha HUX. DTOT IpO-
L[eCC yCyryOisieTcsi Majloil TeIIONPOBOJHOCTHIO LIEMEHTUTAa. B KoHeuHOM
UTOre TEPMOLIMKINYECKAsh Harpys3ka MPUBOAMT K PACTPECKUBAHUIO MaTe-
pHaa U BRIKpAIIMBaHHIO ero Haubosee TBepaoii yactu (puc. 1).

o

Puc. 1. DneMeHTBI TOPMO3HBIX KOJIOAOK, BBIKPOIIUBIIUXCS
B pe3yJbTaTe TPEIMHOOOpa30BaHus

D10 sIBICHUE MOATBEpXKIaeTcs B pabore [1], rie mpuBOISTCS TaHHBIC
00 MHTCHCHBHOCTH TPEIIMHOOOPA30BaHUS MaTepHaia TOPMO3HBIX KOJIOOK.
B wactHoCTH, B 1aHHOI paboTe HA OCHOBAHWU JKCILTyaTAIIMOHHBIX HCIIBITA-
HUIl OBUIO YCTAHOBJIICHO, YTO CyMMAapHasi JUIMHA TPEUINH B TPYIINE W3HOIIICH-
HBIX KOJIOJIOK, UMEIOIINX TBEPAOCTh IO BEPXHEMY MpEJeNy CTaHAapTa, Ha
176 % OGoutbIlie, YeM B IpyIIe KOJOJOK, UMEIOIIUX TBEPIOCTh 10 HUKHEMY
npeneny craHaapra. [lpuBefeHHbIE NaHHbBIE MOKA3bIBAIOT, YTO YBEIMYCHHE
TBEPJIOCTH YYT'yHa TOPMO3HBIX KOJIOJOK, CBSI3aHHOE C YBEITHUYEHHEM COep-
KaHUS IEMEHTUTHOW COCTABJISIFOIICH, TaXKe B MPeJieax CTaHaapTa MPUBOTUT
K YBEIIHUYCHHIO TPEIIMHOOOpA30BaHUS B pa3bl. UTO KacaeTcs BIMSHUS TaKOTO
CTPOCHHUSI MaTepuana TOPMO3HBIX KOJOAOK Ha M3HOC KOHTpTeNa — OaHgaxa
KoJieca JIOKOMOTHBA, TO, KaK yKa3biBaeTcs B pabote [2], oH Oosee ueM B 1Ba
pasa BBIIIIE JJIs1 TBEPABIX KOJIOJIOK.

[IpuBeeHHBIC TaHHBIC TOBOPAT O TOM, YTO MHKPOCTPYKTYpa 4yTy-
Ha CTaHAAPTHBIX TOPMO3HBIX KOJOJOK HE SABISETCS ONTHMAalIbHOH, a Ha-
yuHble [3—7] ¥ MaTeHTHbIC U3bICKAHUS 110 TOPMO3HBIM KOJIOJKAM OKa3bl-
BatoT [8—17], uTo WicCleI0BaHUs HAMIPABJICHBI B OCHOBHOM Ha YBEIHYCHHE
M3HOCOCTOMKOCTH KOJIOJIOK B OTPBIBE OT UCCIICOBAHUI H3HOCA KOHTPTEIA.
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Jns uccnenoBaHus nporecca TpeuHOo0pa3oBaHusl HAMU ObUTH TOJTY-
YEeHbl MUKPOLLIM(]BI TOCIe XUMHUYECKOTO TpaBJICHHS IMOBepXHOCTEeH S5%-M
pacTBOPOM a30THOW KHCIIOTHI B ATHJIOBOM CITUPTE C M3HOIIEHHBIX KOJIOJIOK
C HAIMYMEM TPEIIMH, KOTOPbIE TOKa3bIBAIOT MPOIECC TOSBICHUSI MUKPOTpE-
IIMH, 00pa3yIoNUX 0 MEPE PA3BUTHSI CETUATYIO CTPYKTYPY Ha MOBEPXHOCTH.
[MosiBeHNe MHUKpPOTPEIIMH MPUBOJIUT K TOCTEIICHHOMY UX Pa3BUTHIO B Tpe-
mmHbl (puc. 2). MccnenoBanne METaIMYECKOH OCHOBBI MHKPOCTPYKTYPBI
YYT'YHOB MPOU3BOIMIIOCH TSI MUKPOIIUTH(OB.

Kak Bugno Ha Qororpaduu mukpouutnda (cMm. puc. 2), rpaduTHbIC
BKIIIOUYCHHUS (B mepiiuTe) oOpa3yroT OTACIbHBINA OJOK, KOTOPBIH TPaHUYUT
C KPYIHBIM OJIOKOM TBEpIOH (a3bl C OYCHb MEITKUMHU BKIIOYCHUSMHU KPY-
nooOpa3Horo rpadura. Ha rpanuiie nieMeHTUTHON M mepauTHOU ¢a3 Iia-
CTHHBI rpauTa HAUMHAKOT CIUBATHCS, 00Pa3ysi MUKPOTPEIIMHY, a HA PUC. 3
YK€ BUJIHBI C(HOPMHUPOBABIINECS MUKPOTPEIIMHBI B HaYaJIbHOU (hase oOpa-
30BaHMS.

HccnenoBanusi TpaBJICHBIX MHUKpPONUTA(OB, TIIE XOPOIIO BHIHA Me-
TaJsIn4ecKasi OCHOBAa MaTepuana, MOATBEPKIAAIOT, YTO MUKPOTPEIIUHBI 00-
pa3yloTcsi Ha TpaHMIAX LEMEHTUTHOW (a3bl U MPOXOIAT MO TUIACTHHAM
rpadura (puc. 4).

[IpuBenennbie Gororpaguu MUKPOULIH(OB MOKA3BIBAIOT PA3IUIHBIC
CTETICHU Pa3BUTHS TPEIIUH U TMOATBEPIKIAIOT, YTO MUKPOTPEIIUHBI (POPMH-
PYIOTCSl Ha TpaHUIAX TBEPJOW (IIEMEHTUTHON) U MsTKO# (mepnutHOU) das.
OnpeneneHHO MOXKHO YTBEPXKAATh, YTO YBEIMYCHUE KOJIMYECTBA TBEPBIX
BKITIOYCHUH BEJIET K YBEIHMUCHHIO TPEIIMHOOOPAa30BaHUs. DTO MOATBEPIKIAA-
eTcs Takxke paboroii [1].

Takum 00pa3oM, MHUKpPOCTPYKTypa 4YyryHa TOPMO3HBIX JIOKOMOTHB-
HBIX KOJIOZOK, onpeaenenHas cranaaprom (TOCT 30249-97), He sBisercs
ONITUMAITLHOU, MOCKOJIBKY CIUIIKOM BEJHKHU PAa3JInYHs TBEPAOCTH U TETLIO-
IPOBOTHOCTH 00pa3yromux ee a3, 9To MPUBOAMT 33 CYET TEPMOIUKINIHO-
CTH IpoIecca TPEHUs K MOSBJICHUIO CETKHM MUKPOTPELIMH U B KOHEYHOM
UTOTE K pacTpecKuBaHuio. [Ipy 3TOM MHTEHCHMBHOCTH PACTPECKUBAHUS 3a-
BUCHT OT KOJIMYECTBA TBEP/BIX BKIOUEHUI. Kpome Toro, mpoBeneHHbIE HC-
CJIEZIOBaHUS TI0KA3ali, YTO TPEHIMHOOOpa30BaHWE MaTepHalia KOJOJOK Ha-
IPSIMYIO 3aBUCUT OT KOJMYECTBA CBSI3aHHOTO YTJIEPOJia U MUKPOCTPYKTYPHI.
YBenuyeHne TBEpJOCTH TOPMO3HBIX JJOKOMOTHBHBIX KOJIOJIOK 3a CUET yBe-
JIMYEHHSI CBSI3aHHOTO YTJIEpPOa He MIPUBOAUT K YBEINYCHUIO UX MPOYHOCTH,
HA00OPOT, MPH 3TOM YBEIMYHBACTCS TPEIIMHOOOpPA30BaHUE M BO3pACTaeT
paspyleHre MaTepuaa KoJ0J0K.
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Puc. 2. Hauano cnusiaus rpadUTOBBIX TUIACTUHOK MUKPOTPEIHHOM
Ha rpaHulie ¢ TBepoi (a3oii (obpaser He TpasieH, X100)

Puc. 3. Chopmupoasiuasics (BumumMast 6€3 ONTHKH) TPEIMHA U 00pa3yoirecs
OTBETBIICHUS B BHJIC MUKPOTPEILHH, NPOXOISIIHUX MO rpa@UTOBBIM ITACTHHAM
Ha TPaHMIAX C TBEPABIMH BKIIFOUCHHUsIMU (00pasiisl He TpasieHsl, X100)
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MuxkpoTpeaa GopMHUpyeTCs MO IIaCTHHAM
rpaduTa 1 CIMBAETCS C TPEIINHOM

CdopmupoBasiiasicst TpelnHa
mmpunoit 0,5-0,7mm. Ipoxoaut
yepe3 BeCh MUKPOILTH(

Puc. 4. dopmupyromascs ceTb MUKPOTPEIHH Ha OBEPXHOCTH MUKpOLuIHda
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V3MeHeHre MHUKPOCTPYKTYpBI UYyryHa Ha Oojiee yCTOHUUBYIO, (ep-
PUTO-TPaUTOBYIO 00ECIICUNBAET CYIIECTBEHHOE YBEIMYEHHUE MPOYHOCTH
qyryHa, a 3Ha4uT, Oosee 3pPEeKTUBHOE HCIIONBb30BaHUE MaTephaia KoJo-
nok. Haydnsle uccae10BaHus B 3TOM HAIPABJICHUH SBJISIFOTCS aKTyaJlbHBI-
MU | TIepCreKTUBHbIME [18-21].
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