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INFLUENCE OF NONMETALLIC INCLUSIONS ON MICROBREAKS
FORMATION IN WHEEL STEEL AND RAILWAY WHEELS

Summary: It is well known that formation of defects of nyatypes during railway
wheels service somehow or other is connected tonatallic inclusions in wheel steel.
Microbreakes connected with nonmetallic inclusibiase different origin. The first one
is “deformational”, the second is “thermal” and thed is “hydrogenous”. The objective
of this work is the study of nature of microbreakiin wheel steel relative to
nonmetallics. Mechanisms of microbreaking of afidy near different nonmetallics had
been investigated and their influence on safetestold of railway wheels had been
analyzed herein.

BJIMSIHUE HEMETAJUIMYECKHX BKJIFOUEHU HA ®OPMUPOBAHUE
MUKPOPA3PYIHEHNHM B KOJIECHBIX CTAJIAX N XKEJIE3HOJOPOXHbBIX
KOJIECAX

AHHOTaluUs. XOpOIIO HM3BECTHO, YTO OOpazoBaHHE NEPEKTOB PA3IMYHBIX THIIOB B
mporiecce OIKCIUTyaTall JKEJIEe3HOJOPOXKHBIX KOJIEC, TaK WM WHade, CBS3aHO C
HEMETAIUTMYECKUMU BKIIOYCHHUSMHU B KOJICCHOW CcTayid. MUKpOpa3pyIIeHusi, CBI3aHHBIC C
HEMETAITMYECKIMH BKIIOUCHHSMHU HMMEIOT Pa3IMYHYI0 MPUPOAY: JehOpMalMOHHbIE,
TepMudeckne W “BomopomHbie”. MccimenoBaHbl MEXaHH3MBI OOpa30BaHUS BCEX THIIOB
MUKPOpa3pyIICHUI BOJIM3H Pa3IMYHBIX HEMETALUTUICCKUX BKIIOUCHUH, a TAKIKE BIIMSHUC
HEMETAJUTMYECKUX BKITFOUCHUI HA HAJIEKHOCTH JKEIE3HOAOPOKHBIX KOJIEC.

1. MATERIALS AND PRINCIPLES OF INVESTIGATION

Standard samples of wheel steel produced at Niztepedvsky Tube-rolling plant had been
selected for examination. Samples had been sulj¢atplastic deformation with use of IMASH-5C
unit at temperature ranging from%5up to 1208C. The development of steel matrix deformation
near nonmetallics as well as mechanism of micrddsréarmation had been studied. Railway wheels
after exploitation had been investigated in orderanalyze damages occurred near inclusions.
Moreover, wheel steel samples had annealed in ggdranedium at temperatures 85Gand 1106C
with different gas pressure.
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2. INVESTIGATION RESULTS AND DISCUSSIONS

During the hot deformation of wheel steel, billeldathen wheel on process stages, varying in
deformation method and thermal forced influencesubh different deformability of inclusions and
steel matrix deformational stresses concentrateat tieem. These stresses cause three types of
microbreakes: voids or ductile cracks on interfanelusion/steel matrix, brittle cracks inside
nonmetallic inclusions, cracks in steel matrix neatusions [1-3].

In many respects, the quality of wheel steel andharical properties level is determined by
processes that are running during plastic defoomati

Steel deformation at temperature ranging fronfC2%p to 708C is accompanied with
development of intragrained sliding. At first, $tig traces occurred in ferrite and then in perlite,
plates of which is then bended. First of all, mbreaks occur on ferrite-perlite interfaces. It is
significant that signs of intragrained deformatioccur at 608C — 706C conducting widening of
boundaries. At 74T steel is in ferrite-austenite condition distimetby variability of grains. It should
be emphasized that steel being in such conditisridva plasticity. Temperature range from 80Qp
to 1200C corresponds to hot deformation modes during wheslufacturing. At such temperatures
on initial stages of deformatios~2-4% is critical) rapid growth had started as aultesf dynamic
collective recrystallization. In practice, deforioat rate should be sufficiently high in order tospa
rapidly this dangerous interval of deformation lsveMechanism of hot deformation of steel is
connected not only with development of intragrairstiding and twinning, but also with intensive
sliding along grain boundaries which is associaté&tt moving of grain -boundary dislocations as
well as with engaging of lattice dislocations byigrboundaries with its further delocalization and
moving in boundary flat. Inside of grains dynamigbstructure is developed which is related to
hardening processes during formation of cellulad dragmentary dislocation substructure and
softening in the result of dynamic return and retalfization during reconstruction of dislocation
substructure and dynamic migration of grain bouiedar

Parts of inclusions and grain boundaries promoteceotration of stresses under loading and
relaxation process of plastic yielding is a resdiltorrelative behaviour of moving defects of cayst
structure or elementary actions of plastic deforomahear stresses concentrators which are applied
and spread in metal in the form of continuous &&ailg front.

During hot deformation microbreaks can occur ngaingboundaries and parts of nonmetallics, i.e.
where max deformations are located and matrix iplgstmargin is exhausted. Near inclusions of
oxides, nitrides, sulfides, silicates at all tengperes deformation localization in matrix had ocedr
nature of which dependant from inclusions plastitétvel and temperature. Near rigid inclusions of
oxides and nitrides matrix deformation values aghér than near plastic sulfides and silicatethai,

the latter are controlling the matrix deformatioagnitude. It is significant that at temperaturesrir
900°C up to 1208C, in addition to higher deformation area of matteformation “peaks” connected
with sliding development had observed directly raeiface inclusion-matrix in all cases with rigid,
plastic and fused inclusions. Value of such defdionapeaks are increasing in proportion as
temperature, plasticity level and inclusion sizerespondingly.

Three types of microbreaks of deformable originesbsed near nonmetallics were as follows:
voids (ductile cracks) — as a result of decohealong interface inclusion-matrix, cracks in inchrsi
and matrix near inclusion.

Mechanism of microbreaks development is distingeisiby the type of inclusion, ratio of
cohesive resistance, matrix and interface inclusterl matrix and conditions of deformation (Fij. 1

Voids had been observed near rigid inclusions afhsaxides as AD; MnOAIl,O; at all
temperatures. Such silicates as MBIO, FeOSiO, at temperature ranging from ®5to 900C are
inductile and brittle cracks occur in them. At higghemperatures silicates are ductile and cracks in
them are occurred more rarely. Such sulfides as &S Mn)S are ductile at all temperatures and
cracks in them had been observed in the range-6DEE, but voids, occurring as a consequence of
difference between plasticity of inclusions andebtenatrix, had been observed at different
temperatures. It should be emphasized that sulfiddsbeen fused at temperatures 1030-XD%sMd
nature of voids had not been deformable, but athéure; at that, deformation localization of matrix
near inclusion became sharper. Each type of mieedsr occurred while reaching certain deformation
level — criticale , which value depends on temperature and connedtbdlasticity level of system
inclusion-matrix. It is significant that during t@erature raising \, value is increasing for all types of



Influence of nonmetallic inclusions on microbreaks. 79

inclusions and microbreaks, but for sulfides, wharéeemperatures higher than 183@ed brittleness
occur as a result of inclusion fusg, value is decreasing sharply.

Fig. 1. Microbreaks near nonmetallic inclusion®gfilastic deformation; x600
Puc. 1. MukpopaspyiieHus: BOJM3H HEMETATNIESCKIX BKIIFOUEHUH 1TOCIIe IIacTHYECKOM
nedopmanuu; X600

Microbreaking growth rate is defined by its natarel temperature.

Microbreaks near inclusions have three stageswdldpment: nucleation, growth and integrating
in mainline crack. Leading role of nonmetallic imgions in developing of breaking is clearly shown
from investigation of fractures surfaces (Fig. 2).
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Fig 2. Fractures of wheel steel with nonmetallidiisions; x2000
Puc. 2.310MBI KOJECHOM CTAIA ¢ HEMETAIUIMYECKUMU BKIroueHUAME, X2000

In such a way, nonmetallic inclusion and matrixresgnt the system of stressed (inclusion) and
plastic layers (matrix) shared by interface. Zooksionlinear collective strongly excited statesttha
generate different deformational defects occur gueoncentration of deformational, contact and
thermal stresses near inclusion at adjacent arkasatix. Plastic deformation near inclusions is
generated as a result of max concentrations ofsdseat these areas as a local kinetic structural
transformation and extends into grain by meansedéas movement. Elementary action of plastic
deformation considered as relaxing waving procesiaggwith local stress drop. Mechanism and
nature of deformation depend on deformation comatti Deformation localization near inclusions is
observe at all stages of its development. Inclisaetumulate defects becoming the sources of long-
distance stress fields which are connected witlalldiend of lattice due to incompatibility of
deformation. Nonmetallic inclusions in steel cowsés a set of stresses concentrators which
magnitude and way of relaxation depend on type sind of inclusion, thermal-speed and baro-
mechanic conditions of deformation and correlabetween physicochemical properties of inclusion
and matrix. Relaxation of deformational stressear iveclusions goes with localization of dissipative
structures witnessing processes of self-organizatiosystem inclusion-matrix. For deformation of
microbreaks near inclusions (as one of the wayt@fsses relaxation) it is necessary to generate
deformation waves which length is comparable wittilsion size. Influence of nonmetallics on steel
fracture development is varying along with tempan@tand deformation level, yet level of inclusion
risk for different mechanisms of steel fractureistinct.

Thermal microbreaks (voids or ductile cracks) azaagated either during steel cooling after hot
deformation of wheel steel or wheel cooling dutihgrmal hardening. This phenomenon is associated
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with difference in thermal compression coefficidmgtween inclusion and matrix that generates
thermal stresses near nonmetallic inclusions Fay. The same factor is significant during formatio
of thermal stress fatigue and, as consequencegpbneaking of wheel in service thermal cyclic loads.

Plastic shifts near tread surface are developiminguwheel service and if inclusions are located
in this area they cause cracks and wear parts fammda hese are also microbreaks of deformational
origin. Ready to use wheels inherit inclusionsriistion from ingot. During service life wheels are
running in severe loading conditions, undertakittgraating loads, subjecting to impacts from higher
or lower and frequently cyclic changing temperaguiReliability and durability of railway wheel are
connected with its resistance for cracking incipieand development. Near inclusions, in conditions
of alternating, cyclic and constant loads and tewipees, local stresses field occurs inevitablyl it
magnitude depends on the type of loading, size famd as well as inclusions interference. For
example, under cycling loading, stresses near simhs reach the value of steel yield stress. Psoces
of accumulation of such stresses causes the imcipief cracks fatigue near inclusions (Fig. 3b).

Fig. 3. Thermal stresses near nonmetallic inclus{@) and wear parts near nonmetallic inclusionxi600
Puc. 3. TepMuuecKre HANPSHKEHHS BOIM3H HEMETAIIMYECKOTO BKIIIOYEHHS (Q) U YaCTHIBI H3HOCA
BOIM3M HeMeTamnueckux Bkiaroueruii (b); x 600

Thermal structural stresses promote generatiomerirtal voids at the boundaries of inclusions
with matrix being finished stress centers.

In view of influence on structural strength incluss are considered to be defects for which size
and form are important. Based on data @f ¥alue for different steels it is necessary toidgtish
critical size of inclusions. Relative to form theosh adverse are acute and platelike inclusionsr Nea
tread surface, running in the conditions of contsitesses, fatigue cracks are developing near
inclusions. At that, fatigue cracks are generatedd0% oxide and silicate, 21% hydrosulfide, 48%
nitride and 4% sulfide inclusions. Risk coefficianft inclusions from the point of view of fatigue
breaking for alumina, alumina-silicate, nitridesica, sulfide, calcium silicate and hydrosulfidek
cerium based inclusions is equal to 13, 10, 8, &,4 accordingly. It is significant that for difent
types of steel such coefficients are different aray be applied for comparison.

Railway wheels running in conditions of frictioneainevitably subjected for wear. During wear
wheel tread surface are undertaking plastic shiftsparts of wear are generating on the surfacehwhi
specificity is determined by type of wear. Inclusolocated near surface facilitate formation and
breaking of wear parts.

Moreover, fatigue cracks occur on inclusions dukirgar and then extend to steel matrix.

The so-called “hydrogenous” cracks are associaitdhwdrogen content in the wheel steel that
causes flake generating. In fact, inclusions araypd observed in flake zone, mostly sulfides (B)g.

During running of steel products in hydrogen cohtandia inclusions play the role of hydrogen
collectors, since interfaces inclusion-matrix hgvinicrodiscontinuities can occlude hydrogen. Series
of studies shown that inclusion as it is has nati@hship with hydrogen, thus, work as its sufiitie
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Fig. 4. "Hydrogenous” cracks near sulfides in whetekl; x 600
Puc. 4. "“Bonopoanas” tpemunHa BOIM3H Cyinb(uI0B B KojecHol crany; X 600

traps due to microhollows. According to this, hyglen, having accumulated at interface and affected
by internal pressure from reaction of its molizaticauses microbreaking near inclusions. Nature of
such microbreaks depends on size of inclusion dedl snatrix content determined level of its
plasticity and provided either brittle or ductilpeming of microcracks.

Thus, concept of no relationships between hydragahinclusion substance needs clarification,
since series of works shown ambiguity of influerafeinclusion type on hydrogenous cracking.
Analysis of flakes contained in steel had showfides accumulation in defected area and practically
had not discovered oxide and silicate inclusiossué pertaining to the sulfides influence on flake
generating is still open. All inclusions are capatd occlude hydrogen, but as was showed during the
study, microbreakes are generated only near sslfideder different temperatures and hydrogen
pressure that needs not only stresses concenttatiaiso thermal tensile stress formation.

3. CONCLUSIONS

Nonmetallic inclusions are the centers of initiatf microbreaks in wheel steel having different
nature, thus, their role in determination of religpand durability level of railway wheels dependn
critical parameters of inclusions itself and wheslvice conditions.
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