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THE PROCESS OF FORMATION OF RAILWAY WHEEL DAMAGES
AND TIRES IN OPERATION

Purpose. The dependence analysis of structural changes in the metal of railway wheels and tires from indicated
influences in operation, for the further development of strategy of service reliability growth. Methodology. Test
materials are the details selected from railway wheels which were taken out of operation beforehand because
of various damages. Micro-structural researches were made with the use of light microscope Epiquant and electron
microscope. The sizing of structural elements was done by using the methods of quantitative metallography.
Findings. Over the past few decades the rapid development of industry was supported by the steady growth of in-
tensity of using railway transport. In this case simultaneous increase of load at wheel set axle, with the increase of
speed was accompanied by natural increase of the amount of cases of premature wheels and tires’ withdrawing out
of operation. Railway wheel, except the formation of metal layer at rolling surface with the high defects concentra-
tion of crystal structure and first of all dislocations, falls under thermal influence from interaction with break blocks.
The nature of joint influence (cold deformation and heating) on the metal rim of a wheel is conditioned by the ap-
pearance of sufficiently high gradients of structural changes that can be considered as the influence on the level of
internal residual stresses. In case of the rise of volume part of carbide phase at a constant ferrite grain size, it is
achieved only by the increasing of dislocation nucleation sources without changing the number of annihilation posi-
tions. In this case the accumulation of dislocations at the initial stages of plastic deformation (in metal volume in
front of delta arm crack) will lead to the formation of cementite globes around certain interlocked dislocation den-
sity. In contrast the sharp increase of deformation hardening carbon steel parameters is observed. Originality. Dur-
ing the braking of locomotive the speed rise of metal heating at rolling surface is provided with the increase of tem-
peratures that is enough for the beginning of phase transformations. Under the further cooling there is the formation
of a number of structures formed from sliding to diffusive mechanisms. As a result the chosen areas become the
centers of future metal deformations on wheels’ rolling surface and tires. Practical value. Based on the study of
patterns of damages’ formation in railway wheels and tires from the peculiarities of internal metal structure and the
working conditions «Classifier of defects» was developed and «Technical tips for determination of causes of cracks
in solid-rolled railway wheels and destruction in general», which have been implemented on Ukrzaliznytsia.
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Introduction formed which help to create a variety of defects
[2, 6, 14, 18]. Wheel impacts on splice joints can
cause the appearance of cracks on the rim.
Represented factors of operation with the metal
disadvantages on the requirements of technical
standard documentation on products can lead to
untimely operation elimination of railway wheels.

In contact with the rail a wheel is under signifi-
cant static and dynamic loads. As a result in the
areas of wheels’ touching with the rails large con-
tact stresses are appeared. During the breaking be-
tween wheels and blocks large frictional forces are
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Over the past few decades the rapid develop-
ment of industry was supported by steady growth
of operation rate of railway transport. In this case
simultaneous increase of loads on the wheel set
axis together with speed increase was accompanied
by natural increase of the number of cases of pre-
mature wheels and tires’ withdrawing out of opera-
tion [11]. For reasons given just to adjust wheels’
withdrawal it is necessary to increase their produc-
tion about 5...10% per year [13]. Taking this into
account the problem of increasing service
reliability of railway transport is the urgent one.
The problem is quite difficult and depends on the
solution of a number of questions that have defined
the impacts on the level of operation reliability of
wheels and tires.

Purpose

The analysis of structural changes in metal of
railway wheels and tires from defined impacts dur-
ing operation for the further development of in-
creasing concept their operation reliability.

Methodology

Test materials are the details selected from
railway wheels which in turn prematurely due to
various damages were taken out of operation. Mi-
cro structural researches were made with the use of
light microscope Epiquant and electron micro-
scope. The sizing valuation of structural elements
of steel in a wheel was done by using the methods
of quantitative metallography [7].

Findings

Railway wheel without reference to the tech-
nology of its production must conform such re-
quirement as accumulation on its rim the necessary
level of tangential residual compressive stresses.
These stresses break the process of appearing and
increasing cracks of different origin [19].

Wheels that are produced under the technology
of hot deformation at thermal strengthening (after
the last shape-generating operation) are subjected
to constrain differential cooling. Roll surface and
the part of flank rim surface are cooled by heavy
water flow, wheel disc and wheel hubs are cooled
in the air. Then the wheel is subjected to dropping-
out in the mode: about 500 °C, 3 hours.

For producing the railway wheel the casting
technology under pressure is used. The wheel that

is produced with the help of such technology is
different with chemical composition of steel and its
structure.

Through this the wheels that are produced with
the help of various technologies have their design
peculiarities.

During thermal rim strengthening (the technol-
ogy of thermal deformation) the temperature of
rolling surface reduces quickly and comes up about
250 °C, when the disc and the hub of a wheel are
cooling much more slowly. That’s why in the
wheel rim (at rolling surface) tangential tensile
stresses are appeared, that considerably exceed the
mark of metal fluidity. The relaxation of these
stresses is done due to plastic deformation. At that
time a wheel disc is under the action of compres-
sive stresses. The process of temperature equaliza-
tion during cooling in the air after thermo strength-
ening and tempering of steel is accompanied by the
change of sign before formed stress field. Thus in
the rim the residual stresses become the compres-
sive stresses and in the disc they are tensile.
Above-mentioned conclusions as to the level and
the sign of residual stresses that appear in different
elements of a wheel are proved by known facts
[19]. The measurement of residual stresses showed
that in the wheel which was produced by technol-
ogy of hot deformation and the further thermo
strengthening mentioned stresses approximately in
twice, exceed the value of similar characteristics in
the wheel made by casting technology. Mentioned
differences are due to various structural metal con-
ditions according to the production technology and
the difference in division of thermal fields in the
elements of a wheel during cooling. It should be
noted that the level of residual stresses in the
wheels which are manufactured by the technology
of hot deformation meets the requirements of ISO
and State Standard Specification 10 791 [9].

Comparative analysis of internal structure of
the investigated wheels showed the existence of
differences and also a significant similarity. Indeed
if the rim of a wheel which is under accelerated
cooling has in general more fine-grained structure
and for these reasons higher strength properties
than in the condition of hot deformation for a cast
wheel the situation is different. Low cooling rates
lead to the formation of such primary structure in
different elements of a wheel (Fig. 1, a) which
with slight differences in dispersion is similar to
that which is observed after hot deformation.

doi 10.15802/STP2015/38252

© N. A. Grischenko, 2015

101



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxa ta nporpec Tpancnopty. Bicauk /[HinponeTpoBchkoro

HAI[IOHAJIBHOTO YHIBEPCHUTETY 3alIi3HUYHOTrO Tpancmopty, 2015, Ne 1 (55)

MATEPIAJIO3HABCTBO

a

Fig. 1. The structure of spray wheel
(a — macrostructure, b — no solid).
Magnification: b — 100 times

Taking into consideration that the layer of metal
thermo hardening with high strengthening proper-
ties on the average is to 8% of rim volume, men-
tioned differences may be compensated for the ac-
count of dispersion increase of pearlite component
or the increase of its volume part. Indeed the in-
crease of the pearlite quantity in cast wheel for ac-
count of steel using with a high content of carbon
allowed exceeding the requirements as to the
strengthening properties of a wheel (State Standard
Specification 10 791) on average at 3% from higher
and at 25% from lower interval boundary as to
hardness on average at 18%. However plastic prop-
erties were lower due to the presence of coarse-
dispersion on pearlite structure and excessively high
carbon content of steel as a result an excessive
quantity of pearlite component is formed. Besides,
as addition researches of internal structure of metal
showed that the steel of cast wheel especially near
the surfaces has the slight adhesion (Fig. 1, b) and a
number of non-metallic inclusions in the form of
sulfides (total number below 0,5).

Recently the developments as to the proposals
in the direction of increasing the load on the rolling
stock elements are not left without attention the
wheel pair. On the basis of this the estimation of
the current level of stresses in the most loaded
places of wheels was conducted depending on their
structural features (Fig. 2) and the diagrams of op-
erational forces. It is established that the highest
stress concentration that occurs and operates in the
places of transition from the hub to the disc (appli-
cation area 1) and from the disc to the rim (applica-
tion area 2), as it is shown in Fig. 2.

a b

[\

Fig. 2. The places of stress determination on the wheels
produced according to the technology of hot
deformation (a) and casting ()

The level of stresses was defined by the meth-
ods described in the work [15], adapted to the form
of cast wheel which differs from the wheel shape
which was made according to the technology of
hot deformation. To determine the stress level the
form of a wheel was modeled by separate elements
of tetrahedral form, the total number of which rose
from 55 to 85 thousand. For the solution of the cu-
bic polynomials their coefficients were determined
by using parametric functions as given in [12]. On
the basis of this it is considered that the stress of

arbitrary point moving U (P) is the line of combi-
nation of tetrahedron moving;:
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()= 31,1

Where [,(P) — linear function of coordinates,
which is equals to 1 at the top of (V]) and 0 in an-

other places of element; l—](VJ) — elastic moving

of the top V; of the element.

With the help of given methods the values of
stresses were identified that appear in the transition
areas between the elements of the wheel (applica-
tion areas 1 and 2) in Fig. 2. So for the wheel that
has the form shown in Fig. 2, and equivalent
stresses in application area 1 added the meaning

120 H/MMZ, and in application area 2 -

110 H/ mm” . The increase of radius of curvature in

two times for application area 1 resulted into re-
duction of the level of working stresses approxi-

mately at 20% (100 H/ mmM”), and in application

area 2 they went down to 38 H/mm? . Thus taking

into consideration the given facts it is possible to
suppose that the increase of curvature in transition
areas between the elements of the wheel reduces
the equivalent stresses that occur in it during the
operation.

The magnitude of railway wheel skidding from
interaction in the places of contact with the rail
connected with durable properties significantly, as
metal on the rolling surface and on the working
surface of the rail [20]. On the basis of a suffi-
ciently large number of studies on modeling the
process of wear, as well as field testing it is de-
termined that the minimal values of the railway
wheels’ wear and rails are achieved by the condi-
tions of approximately the same values of their
hardness [11, 20]. On the other hand it is known
the same level of durable properties in steels can
be achieved by various structural condition — after
thermal hardening treatment —improvement, when
the carbide phase has globular form or after accel-
erated cooling (at speeds below the critical value)
laminar form [19].

The analysis of normative and technical docu-
mentation [1, 9] shows that in the conditions of
Ukraine the railway wheels mainly made of carbon
steel at 0,55...0,65% carbon while for the rail
higher carbon steel is used at 0,7...0,8% C. In hot-
rolled condition or after annealing the steel struc-

ture for railway wheels with stoichiometry can
have about 25% of structurally free ferrite. It is in
the form of layers separating the pearlite colonies
or at a sufficiently low cooling speeds in the form

Fig. 3. The structure of metal rim of railway wheel after
thermal hardening (), pearlite colony after 30% of
plastic deformation (b), (magnification 1 000 — a,

16 500 — b)

The increase in the rate of cooling such as dur-
ing thermal strengthening of wheels’ rim is ac-
companied by a simultaneous dispersion of pearlite
and partial reduction of the volume fraction of
structural free ferrite due to the formation of
pseudo-eutectoid. However even the usage of
highest possible cooling rates (limitation by the
geometrical sizes of wheels’ rim) does not elimi-
nate the presence of structurally free ferrite com-
pletely. According to normative and technical
documentation [19] it is allowed the presence of
structurally free ferrite in the form of irregular grid
on the limits of austenitic grains. At the same time
the cooling rate is sufficient to austenitic grains
after the removal of structurally free ferrite turned
into a finally differentiated sorbitol for pearlites
mechanism (Fig. 3, b).
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Thus the metal structure of railway wheels in
the volumes near the surface of the rolling surface
is the sorbitol pearlite with layers of structurally
free ferrite which provides the required level of
resistance to the processes of fatigue and wear dur-
ing operation.

In comparison with the laminar form of carbide
phase which is as a part of pearlite colonies is ca-
pable to plastic deformation, globular carbides for
example after the improvement on the contrary
even after deformation which leads to the complete
destruction of the product practically remain un-
changed [4]. In this case on the processes of de-
formation strengthening at metal loading it is very
important the location of carbide globules in the
matrix [17]. In case when globular particles are
mainly located along the boundaries of ferrite
grains (Fig. 4, a) the increasing of plastic proper-
ties is observed and particularly the resistance of
metal nucleation and propagation of cracks at low
temperatures.

The explanation of given example is based on
the fact that interfacial ferrite-carbide surface per-
forms the function of both source and the place of
annihilation of dislocations [1]. Based on this it
becomes clear that the increase of volume fraction
without changing the dispersion of carbides, is ac-
companied not only by the increase of durable
properties and that is the most important that the
resistance to nucleation and growth of cracks at
low temperatures of loading is increased.

In cases when the grain size of ferrite signifi-
cantly exceed inter carbide distance (Fig. 4, b) the
picture changes significantly. Taking into consid-
eration that interfacial surface of the ferrite globule
carbide has the ability to absorb the dislocations
only in the case when the fraction is located in the
slide area of dislocations; it becomes clear the role
of multiannual boundaries of ferrite in the devel-
opment of annihilation processes of dislocations
during plastic deformation. The result will be that
the increase of volume fraction of the carbide
phase at a constant grain size of ferrite will be ac-
companied by the increase of the number of
sources of dislocations while the number of places
of their annihilation remains unchanged. In this
case the excessive balance of dislocations will be
on the initial stages of plastic flow of the metal and
facilitate the formation of globular carbide layer
particles from mutually blocked dislocations. In
turn the formation of given volumes around the

carbides can be considered as future centers with
high probability of nucleation of submicrocracks.

& = o

Fig. 4. The structure of carbon steel after cold plastic
deformation and heating up to 700 °C, when the grain
size of ferrite (d ) is equal to the distance between
carbides (1) (a),and at d > A (b), (magnification
2000 —a, 4 000 — b)

On the basis of the analysis of the development
of the processes of deformation strengthening in
carbon steels with different morphology of carbide
component it becomes possible to determine the
optimal structural state of metal, taking into ac-
count the operating conditions of the product.

Thus the railway wheel except the formation of
metal layer on the surface of the rolling element
with a high concentration of crystalline defects and
first of all dislocations is open to thermal influence
from the interaction with brake blocks. The nature
of joint influence (cold deformation and heating)
on the metal rim of the wheel specified the appear-
ance of sufficiently high gradients of structural
changes which in turn can be considered as the
influence on the final level of internal residual
stresses. But the effect largely depends on numer-
ous factors the main of which are the degree of
metal work hardening of the wheel rolling surface
and the intensity of heating (energy density brak-
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ing, frequency and duration of interaction with
braking blocks). Taking into consideration the ex-
istence of temperature gradient from the surface of
the rolling element the intensity of the heating will
be accompanied by the development of the proc-
esses of structural transformations in metal.

In this case the character of given structural
changes will largely be connected with the distance
of the layers of metal from the surface of heating.
Thus in the surface metal layers due to the very high
temperatures up to 700...800 C, the fine-grained
ferrite structure with cementite particles of different
morphology is formed. Moreover the metal volumes
with a high degree of accumulated deformation
(higher libel) will correspond more fine-grained
ferrite structure with a high number of globular ce-
mentite with different ratios of mid-axles. In the
metal layer, through the development of the proc-
esses of coalescence and dynamic recrystallization,
the residual stresses from libel will be reduced sig-
nificantly and as a result there will be the increase of
the metal ability to deformation strengthening and
resistance to crack nucleation [10].

For more in-depth from the surface of the roll-
ing of metal layers for which the temperature does
not exceed 500...550 °C, the picture is different. It
is known that at temperatures of metal heating until
the beginning of recrystallization in curing cycle
polygonizational processes begin their develop-
ment. Their development is accompanied by the
redistribution of dislocations which are accumu-
lated during libel and eventually the configurations
in the form of polygonal sub structural distribution
surfaces. It should be taken into consideration that
the more complete the processes of polygonization
the less integrity of the development of recrystalli-
zation. Thus at a certain depth from the rolling sur-
face, a metal layer with fully or partially completed
processes of forming structures of polygonization
occurs. According to the different estimates [1] it
can be up to 70% of the accumulated density of
dislocations which almost all are in the bound
state. Numerous successive stages of braking ex-
cept heating will be accompanied by metal wear
from the rolling surface. The metal layer with po-
lygonal structure will be closer to the rolling sur-
face and in succession (in proportion to the defor-
mation gradient) will be opened to libel. New dis-
locations interacting with a polygonal structure
will be blocked which in turn will lead to the com-
plication of the development of the process of re-

crystallization and the required level of libel reduc-
tion will not be achieved. In this case the slow-
down of the development of relaxation of internal
stresses must reduce the metal ability to the defor-
mation hardening and as a result of such position
to reduce the resistance of wheel steel and emer-
gence of submicrocracks.

Thus at a certain depth from the rolling surface
of the railway wheel the metal layers with a high
level of fragility are formed. Experimentally ob-
serving the lack of appearing in the given metal
layer (except the examples of locations outside the
normative oxides restrictions, slag inclusions and
etc.) cracks can be obliged to the existence of the
broken grid of structurally free ferrite. The avail-
ability of such component in the structure of wheel
steel additionally promotes the development of
relaxation processes at achieving the maximum
possible concentration of crystalline defects in the
ferrite pearlite. One explanation is the very rapid
development of recrystallization of structurally
free ferrite in comparison with paralytic colony at
heating during the braking of rolling stock.

In modern conditions the increase of the mass
of rolling stock, with a simultaneous increase of
the intensity of movement, accompanied by the
increase of loading on railway wheels and rails.
Taking into consideration that under the conditions
of high traction and breaking powers the motion
process is on the verge of clutch, the question of
optimal structural condition of railway wheel, tires
and rails becomes relevant. Apart from this for
higher speed movement the temperature influence
is significantly increased especially in the area of
contact of the wheel (tire) -rail. The given impact
significantly connected not only with the structural
state of the metal, but also with the peculiarities of
the braking process. The comparative analysis of
the influence on metal on the rolling surface, using
disc brakes and block scheme, showed the exis-
tence of having much in common and also their
features. Taking into account the specific character
of loading, operating conditions, there is a certain
different and optimal structural state of the metal
of railway wheels and rails. Thus for the railway
wheels the thermal strengthening processes are
used especially for the amounts of metal rim which
help to form small differential laminar structures of
sorbitol with intermittent grid of structurally free
ferrite, which is located on the former multi angu-
lar austenitic boundaries. The rails, on the contrary
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are strengthening by thermal treatments, which
lead to the structures of improvement — the struc-
tural transformations by sliding mechanism with
the further steel tempering [16]. In this case the
structural metal state is the finely divided globules
of carbide phase evenly located in ferrite matrix.
Based on the analyses of the internal structure of
metal rim of railway wheel it is determined that af-
ter thermal hardening treatment the structure is a
ferrite-pearlite mixture of various degrees of disper-
sion and morphology, depending on the distance
from the surface of forced cooling [5]. During op-
eration the railway wheel is open to a variety of in-
fluences. Thus, the emerging metal libel on the roll-
ing surface having a certain gradient of values in the
depth of the rim at the same time with the tempera-
ture gradient on the rim thickness from the interac-
tion with a rail is determined the nature of structural
changes in metal. However the nature of structural
changes in metal of railway wheel during operation
may vary depending on the used braking scheme.
For braking schemes with the use of braking
pads it is determined that the compression of rail-
way wheels on the rolling surface helps with suffi-
ciently high speed to increase the temperature in
subsurface metal layers. In this case the tempera-
ture of heating according to various estimates [1]
in the metal layer up to 1 mm may be sufficient for
the beginning of phase transformations (up to
800 C). Thus, for the metal volumes which are
being heated up to 600...650 °C with the previous
cold hardening, adequate 40-50% of plastic de-
formation, in the places of pearlites colonies par-
tially formation is observed (depending on the de-
gree of plastic deformation and the heating tem-
perature) spheroidized carbide particles (Fig. 5).
The layers of structurally free ferrite after given
influence can turn into chains which consist of
small grains of different morphology. The reduc-
tion of the distance from the rolling surface at the
same time increases the cold hardening degree of
metal rim and the temperature of heating. As it was
determined by the research, the heating of carbon
steel from 0,6% C up to the temperatures of
700...720 °C after the previous plastic deformation
60...70% is accompanied by the development of
the processes of recrystallization, the grain size of
ferrite is inversely proportional to the heating rate
and the cold hardening amount.
Taking into consideration that the contact spot
of the railway wheel-rail has sufficiently small size

for one rotation of the wheel on the rolling surface,
a narrow strip with sufficient slander degree is
formed, while adjacent areas on the rolling surface
remain unchanged. So, only due to the interaction
of a wheel and a rail during free rolling, quite het-
erogeneous metal cold hardening on the working
surface of the rim occurs.

Fig. 5. The structure of pearlite colony of carbon steel
after deformation 30% of heating up to 65 °C.
(Magnification 2 000)

In the process of braking, during the interaction of
braking pads with the wheel, relatively equable metal
heating over the total contact surface is accompanied
by the development of the processes of structural
changes with simultaneous volume alignment and the
reduction of accumulated defects in the crystal metal
structure. Except this, the braking pads function as a
kind of tool that removes the surface metal layer in-
cluding the areas with little surface damages.

Thus, in the process of braking the equable
cutting of heterogeneous cold-worked with possi-
ble surface damages in metal layer takes place,
which can be considered as a kind of improving
quality process of the rolling surface. The surface
heating contributes to the relaxation of internal
stresses from the remains of work-hardened metal.

Further, during the railway wheel operation the
structural changes on the rolling surface will have
their development. After the end of braking stage,
without train stopping, the heated wheel with par-
tially removed damaged metal layer further is ac-
cessible to the plastic deformation with high tem-
perature heat. When the heating degree is enough,
the processes of relaxation of internal stresses on
the places are taken place. With the gradual reduc-
tion of temperature, the consistent development of
the processes of recombination of defects in the
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crystal structure up to about 400 °C, dynamic aging
strain up to 350...200 °C can lead to the increase
of durable properties at constant stock of plasticity
and in some cases to increase the plasticity and
brittle destruction resistance [4].

The nature of structural changes, during the rail-
way wheel operation, when using the disc braking
system, is different from the observed ones when
using the pads. At first, it should be noted the lack of
equable metal heating on the rolling surface. The
emerging of metal cold hardening from the interac-
tion with a rail as it is above mentioned has a very
high heterogeneity in the rolling surface. The energy
transmission at braking from the braking discs
through the axis of wheels’ pair on the place of con-
tact with a rail is limited by sufficiently little area.
Based on this it can be assumed that sufficiently large
voltages from a high energy density are appeared.
This is due to the relatively low heating temperatures
of subsurface metal layers of a wheel. In this case the
lack of development of relaxation processes (insuffi-
ciently high temperature), the accumulation of de-
fects in the crystal structure to the maximum possible
boundary and at diverse beginning of brake elements
operation to a failure of conditions of in adhesion, all
this will help to appearing of defects on the rolling
surface and the wheels removal out of service. Tak-
ing onto account the experimental data [8], which
showed that lately on the train, the cases of using the
disc braking system become more frequent, prema-
ture wheels’ withdrawal at a failure of the geometry
conditions. The rolling surface of railway wheel from
the form of like circle, relatively quickly turns into a
polygon. Given information can be considered as one
of the evidences of probability of structural changes
in the metal of wheel rim when using the different
braking systems.

Steels that are used for the manufacture of
wheels and tires, after hot plastic deformation as it
is showed above, have the structure that consists of
pearlite colonies and the areas of structurally free
ferrite. The increasing of cooling rate, for example
as at thermal strengthening treatments of railway
wheels simultaneously with the dispersion of pear-
lite colonies it is observed the decrease of volume
fraction of structurally free ferrite due to the for-
mation of pseudo eutectoid [7]. However even in
the case of achieving the highest cooling rates, it is
impossible to eliminate the allocation of layers of
unbound ferrite on multiangular boundaries of aus-
tenite grains (Fig. 6, @).

So, the optimal structure that can be formed in the
process of accelerated cooling of the rim of railway
wheel is laminar sorbitol with intermittent grid of
structurally free ferrite. Taking into consideration
sufficiently complex form of railway wheel and the
size variation of its elements, fully train wheel and its
individual elements can be under strengthening ther-
mal treatment. Such approach for the solving the
problem of increasing the reliability of railway wheel
service are depending on the loading conditions. One
of the possible characteristics can be the occurring
stresses that appear in wheel’s elements from inter-
ferences. Taking into account the structural peculiari-
ties of the wheel disc, the form of the diagram
stresses gave the opportunity to develop the process
of thermal strengthening treatment which allows
through the formation of structural state of a wheel
disc influences on the level of internal stresses of the
rim. So, during the using of forced accelerated disc
cooling, especially in the places of transition to the
rim and hub, due to the formation of bainitic struc-
tures at a certain depth from the cooling surface and
further self-tempering (adequate individual heating
up to temperatures of 600...650 °C) globular struc-
tures of carbide phase are achieved.

In comparison of the laminar form of cementite,
which is a part of pearlite colony is able to bear
large plastic deformation [7], globular carbides on
the contrary even after the degrees of deformation
when the metal is destroyed, remain practically un-
changed. In this case, the development of the proc-
esses of dispersive hardening largely determines the
metal behavior under loading. So in the case when
cementite globulars are located on the multiangular
boundaries of ferrite grains (Fig. 6, b), it is experi-
mentally observed the increase of metal resistance
nucleation and the growth of cracks, especially for
the relatively low temperatures [4].

The shown position by the ratio between the
number of nucleation sites and annihilation of dis-
locations during the metal slander is conditioned.
In the case of location of cementations globulars
on the multiangular ferrite boundaries, interfacial
surface of ferrite- cementite performs the functions
of both the source and the places of annihilation of
dislocations after they perform the deformation act
[4, 7]. Based on this it becomes evident that the
increase of volume fraction of cementite, even
without taking into consideration the dispersion,
increases the resistance to nucleation of cracks due
to the low level of deformational strengthening [4].
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Fig. 6. The structure of wheel steel from 0,6% C after hot plastic deformation (a), after quenching from the normal

temperature tempering at 650 °C, deformations 50..

.60%, annealing at 650 °C (b), after quenching from

the normal temperature tempering at 650 °C, deformations of 15%, annealing at 650 °C (¢).
Magnification 800 (a), 2 000 (b), 4 000 (c)

In a case when the grain size of ferrite greatly
exaggerates inter carbide distance (Fig. 6, c), the
picture is largely changed.

The given position of different absorption ca-
pability of dislocations after the elementary act of
the plastic deformation of metal is conditioned. In
comparison with multiangular ferrite boundaries,
interphase ferrite-cementite can be the place of
annihilation of dislocations only in the case when
cementite globular is located in crystallographic
glide area of dislocations. Then with the increase
of volume fraction of carbide phase, at a constant
grain size of ferrite only the increasing of sources
of dislocations’ nucleation is achieved, without the
changing the number of annihilation places. In this
case the accumulation of dislocations at the early
stages of plastic deformation (in metal volumes in
front of the delta arm of a crack) will form around
the cementite globulars certain density of inter

blocked dislocations. Based on this there is a sharp
increase of parameters of deformation hardening of
carbon steel [3]. Taking into consideration, that for
medium and high carbon steels the increase of de-
formation strengthening is accompanied by the
decrease of plastic properties, it can be considered
that in this case the metal volumes near inter phase
surfaces allocation will be the most likely places of
submicrocracks’ origin.

Thus, when using carbon steel with the number
of carbon when there is no possibility of eliminat-
ing the structurally free ferrite, optimal structural
condition should be considered as laminar struc-
tures. Pearlite colonies together with structurally
free ferrite take part in the plastic metal deforma-
tion, which makes possible the development of
annihilation processes, which help to break the
processes of nucleation and the growth of micro-
cracks in metal of railway wheels during operation.
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On the other hand, taking into account the
emergence of quite complex stress state of metal in
the wheel disc during operation it can be consid-
ered that the use of strengthening of thermal treat-
ment of disc will contribute to the change of the
stress field in the other elements.

Originality and practical value

In the process of breaking the rolling stock the
increase of heating speed of metal on the rolling
surface is accompanied by the temperatures’
growth, which is sufficient to the beginning of
phase transformations. There are the formation of
several structures from the formed of sliding to
diffusion mechanisms at further cooling. As a re-
sult, the indicated areas become the centers of fu-
ture metal destructions on the rolling surface of
wheels and tires.

Based on the study of regularities of damages’
formation in railway wheels and tires from the pe-
culiarities of internal metal structure and the oper-
ating conditions “The classifier of defects” was
developed and «Technical tips for determination of
causes of cracks in solid-rolled railway wheels and
destruction in general» should be introduced on
Ukrzaliznytsia.

Conclusions

Based on the analysis of occurring stresses in
the transition areas between the elements of a
wheel, the direction of the change of geometrical
sizes of the elements is defined, that will reduce
the equivalent stresses.

The analysis of changes in the internal structure
of carbon steel due to the heating degree from the
rolling surface shows that the proportional to the
temperature gradient the internal stresses are ap-
peared, which lead to the formation of destruction
origination in the places with low metal resistance.

The use of materials with a low coefficient of
heat transmission for the manufacture of braking
pads in the comparative conditions of braking in-
crease the temperatures’ gradient in metal near the
rolling surface.
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INPOLOEC ®OPMYBAHHS YIIKOKEHD 3AJIIBHUYHUX KOJIIC
TA BAHJAXIB ITPU EKCIVIYATALII

MeTta. Y po0oTi HEOOXiTHO MPOBECTH aHAII3 3aJIe)KHOCTI CTPYKTYPHHUX HEPETBOPEHB y METali 3aJi3HUIHUX KO-
Jic Ta 0aHAaXiB BiJl BU3HAYEHHMX BIUIMBIB MPH €KCILTyaTallii, s NOAAIbIIO] PO3POOKH KOHIEMIT MiABUILEHHS 1X
eKcIuTyaTaniitnol HaxifiHocti. Metonuka. Marepian aisi OCHipKeHb — ()parMeHTH, BiniOpaHi BiA 3alli3HUYHHUX
KOJIiC, SIKi, B CBOIO 4Yepry, IONepeayacHo, 32 paXyHOK PI3HOMAaHITHUX YIIKOPKEHb, OyJIM BUIIyUYeHI 3 eKCIUTyaTalil.
MIiKpOCTPYKTYpHI JOCIIJDKEHHS TPOBOJMIM 3 BUKOPHCTAHHIM CBITJIIOBOTO Mikpockorna Epiquant. Ta elekTpoHHOTO
Mikpockona. OLiHKy po3Mipy CTPYKTYPHHX €JIEMEHTIB IPOBOAMIN, BUKOPUCTOBYIOUM METOAMKH KUIBKICHOT MeTa-
norpadii. PesyasTaT. B ocTaHHI AecATHPIYYS IPUCKOPEHUH PO3BUTOK MPOMEICIOBOCTI CYIPOBOKYBABCS HEYXH-
JBHAM 3POCTAaHHSIM IHTCHCHBHOCTI €KCIUTyaTallii 3ajli3HUYHOTO TpaHcmopTy. [Ipu mpoMy omHOYACHE ITiIBUIICHHS
HABaHTaXCHHS Ha BiCh KOJICHOI MapH, Pa3oM i3 3pOCTaHHAM MIBHAKOCTI PYXY, CYIPOBOIKYBAJIOCS 3aKOHOMipHUM
301IBIIEHHSIM KiTBKOCTI BHIIAIKIB IEPEIIacCHOTO BUIYUYCHHS KOJIic 1 GaHIaXiB i3 eKcIuTyaTamii. 3ai3HIIHE KOJIeCo,
OKpiM (OpMYBaHHS MPOIIAPKY MeTala MO MOBEPXHI KOYSHHS 3 BUCOKOK KOHLEHTpAIi€l NedeKTiB KpucraaigyHol
OyIOBH 1, B TIEpIILy Yepry, AUCIOKAIIH, MiITa€ThCSI TEMIIEPaTypHOMY BIUIUBY BiJ B3a€MOI{ 3 TaJIbMiBHUMH KOJIOI-
KaMu. XapakTep CyMICHOTO BIUIMBY (XOJIOAHE AeOpMyBaHHS i po3irpiB) Ha MeTayl 0001y Kojieca 0OyMOBIIIOE BU-
HUKHEHHS NOCTAaTHHO BHUCOKHX I'pa)liCHTiB CTPYKTYPHUX 3MiH, 110, B CBOIO UCPry, MOKE pO3TJIAAaTUCA, SIK BIIJIMB Ha
piBeHb BHYTPILIHIX OCTATOYHUX HanpyxeHb. [Ipu migBuieHHI 00’ eMHOT YacTKU KapOinHoi (asu, npu He3MIHHOMY
po3Mmipi 3epHa (epuTy, HOCATAETHCS JHIIC 30UThIICHHS JKEPEN 3apODKCHHS TUCIOKAaIild, 0e3 3MiHM KiUTBKOCTI
MICIIb aHITUIALIT. B IbOMy BUIaIKy HAKOITMYEHHS TUCIIOKAIIH BXKe HA MOYATKOBHX eTalrax IIacTUYHOI aedopmartii
(B 00’eMmax MeTay Homnepeay Tupiia TpilluHu) Ipu3Bee 10 GOpMyBaHHS HABKOJIO TTI00YIIB IEMEHTUTY BU3HAYCHOT
IIITEHOCTI B3a€MO3a0JIOKOBaHUX MUCIoKamid. Ha mimcTaBi mbOTO CHOCTEpIiraeThes pizke IMiABUINEHHS ITapaMeTpiB
nedopManifHOTO 3MilHEHHS ByTieneBoi crani. HaykoBa HoBH3HA. B mporeci rampMyBaHHS pPyXOMOTO CKIIAmy
MiABHUINEHHS IIBUIKOCTI PO3IrpiBy METaNIy Ha MOBEPXHI KOUEHHS CYIPOBOIKYETHCS 3POCTaHHAM TeMIepaTyp, HO-
CTaTHIX J0 MoYaTKy (pa3oBUX mepeTBopeHs. Ilpu momanemomMy OX0IomKeHH BiIOYBa€EThCA MOSIBA HU3KU CTPYKTYD,
c(OpMOBaHUX BiJ] 3CyBHOTO 110 AU(Y3iHHOro MexaHi3MiB. BHaACIiIOK 1[bOT0, BKa3aHi MUISHKH CTAIOTh OCEPEAKaMHU
MaiiOyTHIX pyHHYBaHb MeTalTy Ha MOBEPXHI KOueHHs Koiic i 6anmaxi. IlpakTuyna 3HayuMicTh. Ha ocHOBI Bu-
BUYCHHS 3aKOHOMIPHOCTEH (OpPMYBaHHS YIIKO/PKEHb Y 3aJII3HUYHUX KoJiecax Ta OaHakax BiJl 0COOIUBOCTEH BHYT-
piHbOT Oy0BM MeTally Ta YMOB eKciutyaratii po3pooneno «Kiacudikatop nedexriBy» Ta «MeToan4HI BKa3iBKU
3 MOPSIIKY BU3HAUESHHS IPUYUH BUHUKHEHHS TPIIIMH B CYLIJIbHOKaTaHUX KOJIECaX Ta PyWHYBaHHS B LILIIOMY», KOTpi
BIIPOBAPKCHO Ha Y Kp3aJIi3HHULI.

Kniouosi crosa: 3ani3Hn4HI Kojeca; OaHIax1; MIKPOCTPYKTYpa; MOLIKOPKEHHS; pyHHYBaHHS
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IMPOIECC ®OPMHNPOBAHUA HOBPE}KI[EHI/IIZI
KEJE3HOAOPOKHBIX KOJIEC U BAHJAAKEN
ITPU SKCILVIYATALIUA

Heas. B pabote HEOOXOIMMO MTPOBECTH aHAJIH3 3aBUCHMOCTH CTPYKTYPHBIX NIPEBPAICHUI B METAJIIE JKEJIC3HOIO0-
POXHBIX KoJleC U OaHTaXKeH OT ONpeNesIeHHBIX BO3ACHCTBUI MPH SKCIUTyaTallny, A AajbHEHIed pa3paboTKi KOH-
LENLMY TOBBILIEHNUS UX 3KCIUTYaTallMOHHOM HaleKHOCTH. Marepuasl 1 MeToauka uccienoBanuid. Meroauka. Mare-
pHai U1 UCCIeN0BaHMA — ()parMeHThI, OTOOPAHHBIE U3 KEJIE3HOIOPOKHBIX KOJIEC, KOTOPHIE, B CBOIO OYepeb, MPEeX-
JACBPEMCHHO, 3a CUCT PA3JIMYHBIX HOBpeﬁ(ﬂeHHﬁ, 6I>IJ'II/I H3BATHI U3 OKCIUTyaTalluu. MI/leOCprKTyprle ucciaea0BaHusA
MPOBOAMIM C KCIOJIb30BAHHEM CBETOBOTO MHKpOCKoma Epiquant. u 3JeKTpOHHOTO MHUKpockora. OUeHKy pa3smepa
CTPYKTYPHBIX 3JICMEHTOB MPOBOIIJIM, UCIOJBb3Ysl METOIUKH KOJMYECTBEHHOH MeTauiorpaduu. Pesyabrarel. B mo-
CJIeTHUE NECSTUIETUS] YCKOPEHHOE Pa3BUTHE MPOMBILUIEHHOCTH COMPOBOXATIOCH HEYKJIOHHBIM POCTOM WHTEHCUBHO-
CTH DKCIUTyaTalluy >KEeJIE3HOIOPOKHOrO TpaHcnopTta. [Ipu 3ToM 0AHOBpEMEHHOE MOBBIILIEHHE HArPy3KU HA OCh KOJec-
HOM Mapbl, BMECTE C POCTOM CKOPOCTH JBHKEHUSI, COMPOBOXKIAIOCH 3aKOHOMEPHBIM YBEJIMYEHUEM KOJIMUECTBA CITyda-
€B TIPEXKIEBPEMEHHOTO U3BITHS KOJieC M OaHmaxel W3 AKcInTyaTayu. JKeIe3HOIOpOKHOE KoJIeco, kpoMe (GopMHpo-
BaHMs MPOCIONKH MeTala MO MOBEPXHOCTH KAaTaHWS C BBICOKOH KOHIIEHTpamped Ie(eKTOB KPHUCTALTHYECKOTO
CTpOEHHS U, B TIEP-BYIO OYepellb, MUCIOKAIA, IMOJBEPTacTCsl TEMIIEPaTYPHOMY BO3JICHCTBHIO OT B3aHMMOJICHCTBUS
C TOPMO3HBIMH KOJIOJKAMH. XapaKTep COBMECTHOTO BIHAHUS (XONOTHOE AeOPMHUPOBAHME M PA30rPEB) HA METAILT
00oma xoseca o0yciIaBIMBaeT BOHUKHOBEHHE JAOCTATOYHO BBICOKMX T'PAMEHTOB CTPYKTYPHBIX W3MEHEHHH, 4TO, B
CBOIO OuepeNb, MOXKET paccCMaTpUBaThCS KaK BIMSHHE HAa YPOBEHb BHYTPEHHHX OKOHUATEIBbHBIX HanpspkeHuH. [Ipm
MOBBIIICHUN 00BEMHOM J0JIH KapOUIHOHN (ha3bl, MPU HEU3MEHHOM pa3Mepe 3epHa (peppuTa TOCTHraeTCsi TONIBKO yBe-
JIMYCHUE UCTOYHUKOB 3apOKIACHUA )mcnoxaunﬁ, 663 HU3MCHCHUS KOJIMYECTBA MECT aHHUT'MIIALIUU. B stom cJiydyac Ha-
KOIUICHHUS TUCIIOKAIMI y)Ke Ha HavalbHBIX dTalax IulacTHYecKoil aedopmanuu (B 00beMax MeTajula BIEpeIu YCThs
TPEIIMHBI) MPUBEICT K (POPMHUPOBAHHUIO BOKPYT MIOOYJBI IEMEHTHTA OINPEICICHHON IUIOTHOCTH 3a0JI0KUPOBAaHHBIX
Juciokarid. Ha oCHOBaHMHM 3TOrO HaONMIOMACTCS PE3KOE MOBBIMICHUE MapaMEeTPOB JIe(GOPMAIMOHHOTO YIIPOYHCHUS
yriaepoauctoii cranu. Hayuynas HoBu3HA. B mporiecce TOpMOKeHHMS IOABIKHOTO COCTaBa MOBBIIICHHE CKOPOCTH pa-
30TpeBa MeTallla Ha TOBEPXHOCTH KaTaHHs COMPOBOXKIACTCS POCTOM TEMITEPaTyp, TOCTATOYHBIX JJIsI Hadana (pa3oBBIX
npeBparieHuid. [Ipn nampHeRIIeM 0XIaXIeHHH POUCXOINUT MOSBICHHE Psiia CTPYKTYP, C(OOPMIPOBAHHBIX OT CIIBIIK-
HOro K Ju(py3uoHHOMY MexaHu3MaM. BcrencTBue 3Toro, yKa3aHHbIE Y4aCTKH CTAHOBSITCS odaramu OyIyLIHX pas-
PYIIEHHUI MeTayIa Ha IOBEPXHOCTH KaTaHuA Kosec u Oangaxeil. [IpakTuyeckas 3HaunMocTb. Ha ocHOBe n3ydeHus
3aKOHOMEPHOCTEH (hOPMUPOBAHUS TOBPEXKICHUI B KEJIE3HOIOPOKHBIX KoJiecax W OaHIakax OT 0COOEHHOCTEH BHYT-
PEHHETO CTPOCHUS METaJlIa M YCIIOBUH dKCILTyataiuu pa3padoransl «Kinaccudukarop aedhextory» u «MeToaudeckue
YKazaHud 1o MOpAAKY OIPCACTICHUA NPUYUH BO3HUKHOBCHUA TPCUIMH B ICJIbHOKATAHBIX KOJCCAaX W pazpylICHUA
B LIEJIOM», BHEJIPEHHBIE Ha Y Kp3aJIM3HbIIIE.

Kiouesvie cnosa: xele3HOTOPOKHBIE KoJieca; OaHIaKU; MUKPOCTPYKTYpa; MOBPEXKICHHUE; Pa3pyIICHHE
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