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ABSTRACT

Studies show that the stress state in the contact
area is achieved by pressure in the contact area,
which influences the stress. Thus, considering the
Hertz contact of a spherical indenter with elastic
halfspace, Huber [1] determined stresses in the
cartesian reference system by a set of expressions
[2]. It is easy to see that the state of stress for each
point is determined by the average pressure and
physical characteristics of contacting materials and
coordinates of the pointin question. The objective of
the authors was to investigate influence of increasing
axial load on the wheel-rail interaction, stress state
in the area of contact and wear rate of contacting
surfaces, using mathematical tools and engineering
methods.

As the result of detailed calculations the authors
note that there is an increase of principal stresses
and pure shear stress is outside the contact area. As
wear is proportional to the applied force, the wear

rate of wheel and rail surfaces increases. The authors
emphasize the need to study the effect of increasing
the load on other elements of the rolling stock, track
superstructure, roadbed. It is known that productivity
of railways can be improved by increasing crossing
capacity and carrying capacity. In turn, carrying
capacity at constant geometrical parameters of
rolling stock units can be increased with increasing
axial load. And that again entails changing the state
of stress in the contact area of wheel and rail. The
article deals with some of the problems arising in the
elements of the rolling stock and track superstructure,
but does not consider the effect of increasing the
load on the roadbed, artificial structures, longitudinal
forcesin the train, its stability, etc. Hence the authors
declare a need for a thorough and comprehensive
study to present all the inevitable interdependences
in the complex.
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Background. It is known that productivity of
railways can be improved by increasing crossing
capacity and carrying capacity. In turn, carrying ca-
pacity at constant geometrical parameters of rolling
stock units can be increased with increasing axial load.
And that again entails changing the state of stress in
the contact area of wheel and rail.

Studies show that the stress state in the contact
area is achieved by pressure in the contact area,
which influences the stress. Thus, considering the
Hertz contact of a spherical indenter with elastic half-
space, Huber [1] determined stresses in the cartesian
reference system by following expressions [2]:

S, =q, (1, 2);
0, =gV, (1, 2); (1)
T, =4V, (1, 2).

It is easy to see that the state of stress for each
pointis determined by the average pressure q,, where
q,=F/S. (2)

Inour case, Pis the force of pressure of the wheel
ontherail, Sisarea of contact. The second factor on
the right side of formula (1) depends on physical
characteristics of contacting materials and coordi-
nates of the point in question. If we turn to the formu-
las given in [3], which deals with the state of stress in
the contact area of wheel and rail, then it can be seen
that the stress at a particular point depends on the
pressure, which is equal to

where q,is pressure in the center of the contact patch,
a, b are axle shafts of the ellipse of contact.

Objective. The objective of the authors is to in-
vestigate influence of increasing axial load on the
wheel-rail interaction, stress state in the area of
contact and wear rate of contacting surfaces.

Methods. The authors use analysis, mathemati-
cal tools and engineering methods.

Results. Increasing the axial load will increase
stresses on the contact surface and in the area adja-
cent to the contact patch and an increase in stresses
proportionally to the axial load.

If we now use formulas for calculating maximum
stress [4], taking into account the statutory param-
eters of a car’s wheel and a rail, then we obtain the
following calculated values of pressure and stresses
in the rail:

fPE2
A= M,j| e =114,3 MPa. (4)

Coordinate of the most dangerous point lies on
the axis perpendicular to the contact patch, and
passes through the center of the contact area. The
value of the maximum difference between principal
stresses at this point is
6,=0,63q,=72,0 MPa, (5)
and the value of the greatest difference between the
contact area is located at the end of the large axle

g0 = 23_”, (3)  shaftandis
wab 6,=0,25q,=28,6 MPa. (6)
Table 1
Permissible stresses of wheel and rail steel
Brand of steel MPa
[c,] [c,] [o] [o] [o,]
Cc2 80 100 65 50 120
M76B 90 120 75 65 145
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Currently under static load of 125 kN and a conical
profile of wheel tread bearing stress in the contact area
is 114,3 MPa.

The increase in the axial load for 20% will result in an
increase in the corresponding variables, the values of
which will be:
q,=121,5MPa, ,= 78,6 MPa, 5 = 30,4 MPa. (7)

Permissible stress values of the wheel steel (C2) and
the rail steel (M76B) are shown in Table 1.

Comparing the values of (7) with permissible values,
we see that the stress on the surface ofthe contact patch
of wheel exceeds the allowable bearing stress, and cal-
culated stress on the vertical axis through the center of
the contact patch is almost equal to permissible tension
stress (78,6<80).

If we take into account the dynamics coefficient [5]
k=1,4, then these indicators indicated in expressions(7)
will increase their value to
q,= 1359 MPa, 6,= 87,9 MPa, 5, = 34,0 MPa.

For wheels design stresses are significantly higher
than permissible, and for rails they are slightly less.

Contact interaction to which belongs the inter-
action between wheel and rail, is accompanied by
destruction of the contacting bodies. It is noted [6]
that, main shear stresses contribute to the destruc-
tion (8):

Ty~ V12 = (01' 62) /2, T "V T (61' 03) /2, Ty "l =
(c,- o
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Pic. 3. Change in maximum shear stresses axial plane.

The inclusion of a spherical indenter into an elastic
half —space shows [3] that, under the contact area in it,
main stresses are compressive and are similar in magni-
tude. Within the area the particulates of material are under
hydrostatic compression, which eliminates the occur-
rence of surface failure under static compression (Pic.
1). At the same time, radial contact stresses outside the
contact area become expanding ones, tangential
stresses remain compressible, vertical stresses become
zero. Thus, outside the contact patch, stress state is a
pure shear, which contributes to the destruction of the
contacting bodies.

Pic. 2 shows the lines of equal largest semidiffer-
ences of principal stresses, which are formed at a certain
depth from the contact area.

The maximum shear stress occurs at a depth of z =
0,49 r (Pic. 3) when including a spherical indenter (r is a
radius of the contact patch) in an elastic half-space. When
wheel and rail contact each other in a static position ellipse
of the contact patch has an eccentricity of 0,95, and ac-
cording to [4], the maximum shear stressist_= 74,3 MPa
anditis observedatadepthofz=1,65mm. Wth increas-
ing pressure due to the dynamics the principal stresses
at a depth of the contact area and outside the contact
patch increase, and if for some reason in these areas
microcracks arise, the large stresses contribute to the
development of cracks in the main cracks, and ulti-
mately — to the destruction of material.
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Pic.4. Diagram of Dang Van for cyclic fatigue under
multiaxial loading.

The emergence of large shear stresses across the
axis ofthe track and the finite size of the wheel explain the
occurrence of flowed metal on the tread surface towards
the outer side of the wheel and the formation of a false
crest. And ifthe number of turning of wheel sets therefore
was 4,7% at some moment, then with increasing axial
load this percentage increase.

It should be noted that we have only examined the
impact of vertical forces. Atmovement of a wheel setand
its transverse displacement one of wheels slips [6], tan-
gential forces occur in the contact area of wheel and rail
resulting in, shear stresses within the contact area and at
the marked depth from the surface of the contact area.

Given the tangential stress criterion, based on the
criteriaof Dang Van [7, 8], fatigue failure may occur at low
shear stresses (Pic. 4), if principal stresses are high.

Analyzing the diagram, it is necessary to remember
that fatigue failures can occur at small values of the prin-
cipal stresses, ifthe shear stresses are such that the point
falls in the zone of destruction.

Fatigue failure occurs after a specific number of cy-
cles of loading and unloading, and therefore at one rota-
tion of the wheel deep particles pass one cycle, and
surface particles along the track pass two cycles. This is
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because in the shear area ride patches are formed at the
front and at the rear.

The increase in axial load will increase the wear rate
of the rolling surface of the contacting bodies, because
the wear rate [8] is directly proportional to the normal
pressure:

y :klzanIZ’ (9)
where vy is wear rate of contacting bodies;

k2 jsaggregate coefficient of material wear of friction
surfaces (k2 =k’ + k2, where k' is wear coefficient of the
first body, k? is wear coefficient of the second body);

p, is normal contact pressure;

v'2is relative sliding speed of bodies relative to each
other.

The increase in the axial load by the 20% wiill increase
the wear rate also by 20%.

Without analyzing in detail the effect of increasing
axial load on the strength of the car body, we note only a
proportional increase in the static deflection of the spring
kit with consequent degradation of the vertical and hori-
zontal dynamics.

Asdiscussedin [6], in connection with the transverse
displacement of wheel sets one wheel starts to slip. As a
result, there are forces of resistance to movement in the
form of friction forces, which are proportional to the axial
load. Therefore, the increase in axial load will increase
the motion resistance forces in straight and curved sec-
tions of track.

Conclusion. The article deals with some of the
problems arising in the elements of the rolling stock and
track superstructure, but does not consider the effect of
increasing the load on the roadbed, artificial structures,
longitudinal forces in the train, its stability, etc. Hence
there is a need for a thorough and comprehensive study
to present all the inevitable interdependences in the
complex. Without such an approach the scientific analy-
sis turns into a naked theorization and may be a simple
abstraction.
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