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BBenenue 1 MOTHUBAIIUA

B cBsa3u ¢ BBICOKOW HWHBECTHIIMOHHOW TMOTPEOHO-
CThIO CTpaH EBporsl 1 A3um HaOMIOmAeTCsT BBHICOKUI
CTPOC HA MAIMHBI JJISI U3TOTOBJICHUSI PEITbC, JKEJIe3HO-
JIOPOXKHBIX KOJIEC M OCEHl JKeTIe3HOOPOKHBIX KOJIECHBIX
nap. B HacTosiee Bpemsi KOBKa OCeHl JKeNe3HOIOPOXK-
HBIX KOJISCHBIX Tap OCYIIECTBIISIETCS 4Yallle BCETo
MOCPE/ICTBOM BBITIOHEHHUS TTOCIIEIOBATEIBHOCTH Ky3-
HEYHO-IIPECCOBBIX onepauuil. Tak, HarpuMmep, BO BpeMst
MIEPBUYHOM TIPOKATKH YCTPAHSIOTCSI BO3MOMKHBIE JIe(ek-
TBI B WCXOJHOM Marepuajie W CO3IaeTcs TOMOTCHHas
crpykrypa. [Ipu nociemyroniei KOBKe B CBSI3U C HU3KOM
CTIIOCOOHOCTBIO TIPHMEHSEMBIX MAIllH BO3JEHCTBOBATH
Ha TITyOOKue ciion Marepuaia (PaKTHIeCKH MPOU3BOANT-
Cs1 TOJIBKO OKOHTYPUBAHHE OCH.

Jannas myOnuKamus MOKa3bIBaeT, YTO MPH IPH-
MEHEHHH THPABINYECKOro IMpecca paguabHON KOB-
ku Tira SMX mpousBojctea Gupmbel SMS Meer ocu
JKEJIE3HOIOPOKHBIX KOJIECHBIX TMap MOTYT OBITh U3TO0-

TOBJICHBI C TIOMOIIBIO BCETO OJHOW OTEpPaIi KOBKH.
OTO 03HaYaeT, YTO OECIOPUCTHIE OCH KOJIECHBIX Hap C
0e3ylpeyHol CTPYKTYpPOil MOT'YT ObITh M3TOTOBJICHBI
0e3 HEeoOXOJMMOCTH TpEIBAPUTEIHHON MPOKATKH.
OTO BO3MOXHO Onarofapsi BEICOKOMY (HOpMYIOIIEeMy
MOTEHIIMATY THUAPABIMYECKOrO Mpecca paauaibHOH
KOBKH.
YcraHoBka U MaTepuas

OcH XeJIe3HOJOPOKHBIX KOJIECHBIX TIap ObUIN U3-
TOTOBJIEHBI HA THJPABIMUYECKOM IIPECCE paJuaIbHOU
koBkM Tuna SMX. XapakTepHoil 0COOEHHOCTBIO TI'-
JIPaBJIIMYECKOT0 KOHIENTa JaHHOIO Mpecca SBISETCA
nepenaya MAaKCUMAJIBHOIO YCWIIHS IIPECCOBAaHUS BO
BpeMsl BCEro IMPOXOAA KOBKHU, UYTO BEAET K IIPOKOBKE
3ar0TOBKH JIO CAMOTO SIApA.

B kauecTBe MCXOQHOro Marepuajna IPUMEHSIIACh
[IOJIy4E€HHAs] METOLOM HENPEPBIBHOM pa3/IMBKU yIIIe-
poaucras cranb kadectBa C45 ¢ UCXOAHBIM JaHaMe-
TpoM 410 mm (Tadm. 1).

Tabnuunal. Xumuyeckuii cocTaB HCX0AHOro MaTepuaja C45

0,47 0,68 0,27 0,015 0,02

0,14 0,03 1,4 ppm 0,0031 0,016

Puc. 1. CZ[BOQHHS.S[ OCBh: TCOMETPUA C AHATIU3UPYEMBIMHU MO3UIIUAMU U OTKOBaHHAs CABOCHHAA OCh



[Tepen mpokKoOBKOW MCXOMHBIM Marepuall ObUI UC-
CIIeZIOBaH Ha HajIu4ue Ne(eKTOB B BHUJIE MYCTOT C MO-
MOUIBIO YIBTPa3BYKOBOTO aHaIN3a. B IeHTpe KaKaoro
uccuenyeMoro Oyioka ObUTM OOHApY)KEHBI ITYCTOTBI
nuamerpoM oT 3 10 4,5 MM, pactpesielieHHbIE B aKCH-
AJbHOM HaIPaBJICHUH .

CnBoeHHBIC OCH H Pe3yJIbTaThl aHAJIHM3A

Ha rugpasnnueckoM mpecce paguaibHONH KOBKH
U3 UCXOAHOTO MaTepHaa, MojlydYeHHOTO METOIOM He-
NPEPHIBHON Pa3iMBKH, 32 OJUH HarpeB OBbLIM MPOKO-
BaHbI cABOeHHbIe ocu. Kak moka3zaHo Ha puc. 1, pedb
UAET O JIBYX HMICHTUYHBIX OCAX JKEJIE3HOTOPOKHBIX
KOJIECHBIX T1ap, KOTOpbIC ObUTM BBIKOBAHBI U3 OJHOIO
0JI0Ka MCXOIHOTO MaTepuaia u 3aTeM paszieneHbl. Ta-
KOH METOJ MPOM3BOACTBA CHUKAET 3aTpaThl BPEMEHH,
TaK Kak, HallpuMep, OTHaal0T BpEMEHHbIE IT0TEpU Ha
JBOWHYIO 3aIPY3Ky U BBITPY3KY.

Ha puc. 2 nokazaHbl MHKPOCTPYKTYpBI 00JIacTH
BHEILHEro Ijieya ¢ auamerpom 223 mm. U3 pucyHka
BUAHO, YTO HamMeHee aedopMHupoBaHHAs O0ONACTbH
MMeeT TOMOTeHHYI0, HACATIbHYIO CTPYKTYPY 110 BCEMY
panuycy.

Wccnenosanne pazmepa 3epHa o metony ASTM
E 112-96 mnoka3biBaeT MapruHaibHOE YMEHBILICHUE
pasMepa 3epHa B pauajIbHOM HalpaBlIeHUH, KOTOPOE,
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TeM He MEHee, B CPEJHEM HMeeT WJIealbHbBIN pa3Mep
8,5 (Tabm. 2).

st nonydeHust HHGOpMaIuy 0 BO3MOXKHBIX BHY-
TPEHHUX Jie(eKTax OCH ObUIM MOABEPTHYTHI YABTpa-
3BYKOBOMY HCCII€IOBAaHHIO B COOTBETCTBUU C IpUMe-
HSEMBIMH U1 MCCIIEOBAaHUS OCel KeIe3HOJOPOXK-
HBIX KoJiecHBIX map Hopmamu EN 10228-3 kmacca 3.
Tak kak ocu He OBUIM MOABEPTHYTHI 3aKIFOUUTEIBHOM
00paboTKe, a NCCIIEIOBATIMCH TOJIBKO B COCTOSTHUH TI0-
Clle NECKOCTPYHHOM OYMCTKH, TO PE3YIABTAT MOMKET
JIaTh TOJBKO OONMI 0030p KayecTBa OTKOBaHHBIX
ocell. [Ipu BbIIIEyTIOMSHYTOM YJIBTPa3ByKOBOM HCCIIE-
JIOBaHHWHM TIPU T'PaHUIIE BOCIPUATHS JePEKTOB pa3Me-
poM oT 3 MM He ObUTIO OOHAPYKEHO HH OJTHOTO JAc(eK-
Ta JuaMeTpoM Ooliee 3 M.

BriBoabI

W3 3aroroBku yriepoaUCTON CTaju, MOTy4eHHOU
METOJIOM HENpPEepBIBHONW pa3jiuBKH, B KOTOPOH ObLTH
BBISIBJICHBI paciipeieJieHHbIC B aKCHAJIbHOM HalpasJie-
HUM TYCTOTBI, Ha THJPABIMYECKOM IIpecce paaualib-
HOW KOBKHM 32 OZIMH HarpeB OblIa OTKOBaHA CIIBOCHHAS
OCh KEJIE3HOJOPOKHOHN KoJiecHOH mapsl. [IpoBeneH-
HBIC BIIOCIICICTBUN aHAJIM3bl MUKPOCTPYKTYPHI, pas-
Mepa 3epHa U HaJM4YUs MyCTOT MOKa3ajld OYeHb XOPO-
mme pesyasrarsl. O0macTh, moaBepruasics HauMeHb-

Puc. 2. MHKpOCprKTypa KOBaHOM CZ[BOGHHOﬁ OCH U1 pa3JIMYHBIX paualibHO paCIpeACIICHHBIX aHAJIU3UPYEMbBIX 1'[03PIL[I/II>1

Tabnuma 2. Pacnpeaesienue pa3mMepa 3epHa Mo pajanycy
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nie aeopmanuu, UIMeeT PaBHOMEPHO pacipesesicH-
HYIO 10 PaJuyCcy TOMOTCHHYIO CTPYKTypy. Pacmpe-
JeJieHHEe pa3Mepa 3epHa TaKKe paBHOMEPHO T10 BCEMY
paauycy u coctasiseT 8,5 (ASTM). YasrpasBykoBoe
UCCIIeIOBaHUE OTKOBAaHHBIX OCEH IoKa3alo OTCyT-
cTBHE Mop pazmepamu Oosee 3 MM. Tak Kak MoaydeH-

HbIE PE3YIbTAThl SBISIOTCS MHOTOOOCHIAIOIINMH,
B MOCJIEAYIOIIUX YKCIIEPUMEHTaxX Oy/leT ONTHMHU3HPO-
BaHO BpeMsI KOBKH, & OTKOBaHHBIE OCH OyIyT MOJBep-
THYTBI 3aKJIIOUYUTENLHONH 00paboTKe JUIi OKOHYATEIb-
HOTO aHaJi3a B COOTBETCTBUU C JKEJIE3HOJOPOKHBIMHU
CTaHJapTaMu.
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Introduction and motivation

Due to the high level of investment needed in
countries such as e.g. Europe and Asia, there is an in-
creasing demand for machines for the manufacture of
rails, railway wheels and railway axles. At the mo-
ment railway axles are in most cases forged in a series
of different forming processes. In an initial rolling
process for example possible defects in the starting
material are closed in order to get a homogenous
microstructure. In a subsequent forging process, due
to the low depth penetration capacity of the plants
used, only the contouring of the axle is carried out.

This publication shows that using the SMX hy-
draulic radial forging machine from SMS Meer it is
possible to produce railway axles in a single forming
process. This means that pore-free railway axles with
an excellent microstructure can be produced from
conventional continuous cast material without any up-

stream rolling process being required. The high form-
ing potential of the hydraulic radial forging machine
makes this possible.

Plant and material

The railway axles were forged on the hydraulic ra-
dial forging machine, type SMX. Characteristic of the
hydraulic plant concept is the application of the maxi-
mum forging force over the entire stroke, which re-
sults in excellent forging right through to the core
zone of the workpiece.

Continuous cast grade C45 carbon steel with an
initial diameter of 410 mm as per Table 1 was used as
starting material.

Prior to forging, an ultrasonic analysis of the start-
ing material was carried out in order to detect defects
such as pores. In all of the ingots, axially distributed
pores with a diameter of between 3 and 4.5 mm were
discovered in the centre of the ingot.

Table 1. Chemical composition of the C45 starting material

0,47 0,68 0,27 0,015 0,02

0,14 0,03 1,4 ppm 0,0031 0,016

Fig. 1. Twin axle: Geometry with analysis positions and forged twin axle



