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Investigation of the Stress-Strain State of a Wheel Flange of the
Locomotive by the Method of Finite Element Modeling
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1. Introduction

The wheel bench is one of the most critical ele-
ments of the locomotive, since their condition directly af-
fects the safety of locomotive [1-3]. Wheelset transferring
the load from the weight of the locomotive on the rails that
guide the movement of the locomotive along the rail track
and with the application of torques from the engines ensure
the realization of traction force [4-6]. In addition to these
loads, wheelsets perceive additional dynamic forces associ-
ated with the vibrations of the locomotive and the bumps
when driving on the track with irregularities, and the pres-
ence of irregularities on the surface of the wheels; the brak-
ing Shoe working surface of the wheel engages with the
brake shoe.

Dynamic forces of interaction between wheels and
rails is significantly dependent on undersprung mass of the
locomotive, most of which were mass wheelset. To reduce
these forces, it is advisable to reduce the weight of the
wheelset [7-9].

The forces of interaction of wheels and rails,
providing a direction of movement of the locomotive is de-
pendent upon the configuration of the profile of the tire,
which should be chosen to ensure the driving safety and the
conditions of stability from the wheels’ derailment [10-12].

Mutual slippage of the wheels associated with the
difference in their diameters, reduce the thrust force [1, 13,
14]. It is therefore advisable to choose a wheel profile to
wears the tread surface in the process of exploitation was
minimal.

With the aim of reducing the wear rate of the con-
tact spots to acceptable values held a series of technical and
organizational nature: lubricate, better design of road and
rolling stock, improvement of the profile geometry of the
surface of the CP and the rails. However, these measures do
not solve adequately the problem.

Thus, the purpose of this article is to analyze the
negative aspects of the interaction of wheel and rail, which
lead to intensive wear of the wheel flange.

2. Methods

In the Republic of Kazakhstan, the locomotives of
the series TE33A (production on technology of the USA)
were put into operation. Currently operated a fleet of loco-
motives is:

- electric locomotives VL80C — 368 units;
- the locomotives of the series TE33A — 285 units.

Locomotive VL80C—mainline electric freight lo-
comotive, AC, was built by Novocherkassk electric locomo-
tive plant (NELP) project developed VEIRI in the period
from 1961 to 1995.

Locomotive TE33A (Evolution ES44ACi) is a
freight locomotive with asynchronous traction drive devel-
oped by GeneralElectric company (USA) and manufactured
by locomotive plant "locomotive KurastyruZauyty" in
Astana.

During the dynamic and travel testing, and other
technical documentation, the basic settings of locomotives
are distinguished needed for the calculation of the path of
strength. The estimated parameters are given in Table 1
[15].

Increased wear of the ridges wheelset mainline
freight locomotive TE33A necessitated the determination of
the optimal ways to reduce the intensive wear of the ridge.
To accomplish the purpose of the work was used the pro-
gram complex finite-element mechanical-mathematical
modeling "ANSYS". This program allows to calculate the
stress-strain state of the contact zone of wheel and rail.

The value of static and dynamic contact stresses ef-
fect on the wear of the surfaces of interaction of rails and
wheels, the friction coefficient between them and represents
the type of the deformation. The contact stress is affected
by:

- level static load on the wheel and its diameter;

- the state of the profiles of wheel and rail;

- the spectral composition of the short continuous
roughness on rails and wheels;

- parameters of the chassis and the traction drive roll-
ing stock and track;
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- mode and speed in both straight and curve track sec-
tions.

Table 1
The estimated parameters of locomotives
Locomotive

Parameter VL80C TE33A
Axial characteristics 2(20-20) Co-Co
Design speed, km/h 110 120
Static load from the wheel on the rail, kN 235 113
Wheel diameter, m 1,25 1,05
Public static deflection, mm 71,8 145,5
Weight neobressorennyh parts of the crew assigned to 1 wheel, KN 27 379
Wheelbase (in m) 48 1,85-1,85

Quantitative evaluation was performed for the new
profile rail type R65 and wheels of the locomotive TE33A
profile Dmeti thickness of the ridge from 23 to 27 mm. in
addition, for comparison, also the calculated profiles "Re-
search and Design Technological Institute of Rolling Stock"
(hereinafter RDTIRS) and new wheel electric locomotive
VL80C. Model of wheel and rail was created according to
the GOST in the software complex three-dimensional simu-
lation "SolidWorks" in Fig. 1.

A three dimensional model of wheel and rail cre-
ated in "SolidWorks" in the further, were imported into the
software "ANSYS" (Fig. 2).

These models were subsequently split into scaled
elements (Fig. 3), where, as it approaches the zone of inter-
action between wheel-rail, a finite element mesh is con-
densed, thus to reduce the error in the calculation of contact

a
Fig. 2 Three-dimensional model of wheel and rail: a— TE33A, b — VL80, c — RDTIRS
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stresses, the sizes of the elements in the contact zone up to
1 mm.
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Fig. 1 Wheel Profile of the locomotive TE33A thick flange
27mm

c

a
Fig. 3 Three-dimensional finite element model of wheel and rail: a — TE33A, b — VL80, c — RDTIRS

For the solution of the contact problem in the soft-
ware "ANSYS" there are a number of contact elements,
which may be formed the contact surfaces: "surface-to-sur-
face, node-to-surface and node-to-node”. To quantify the
stress-strain state (hereinafter, SSS) in the contact zone of

the contact surface was formed using the contact elements
of the "surface-surface™.

Contact elements use a "target surface" and "sur-
face contact". The target surface for three-dimensional mod-
els is modeled with TARGE170, the contact surface is mod-
eled by elements CONTAL73, CONTAL74 (Fig. 4).



Fig. 4 The model of the contact "wheel-rail" surface that the
authors created

These contact elements, in comparison with other
contact elements that allow us to calculate the nonlinear
contact problem in the presence of large deformations in
contact and sliding friction, to carry out a more accurate cal-
culation of normal and tangential stresses, and have no re-
strictions on the shape of the target surface.

3. Data, analysis and results

Norms of permissible speeds are established based
on indicators of dynamics, strength of metal structures, the
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impact on the path of outstanding acceleration in curves, sta-
bility against derailment of the wheels with the rails.

The permissible speed in curves of different radii
and can’t under the terms of outstanding not to
exceed the permissible acceleration is determined by the
formula:

Y
a,+—

%)

1

V= 13R[ 1)

where: V is the speed of the carriage, km/h; S; is the distance
between the axes of rails for track with width of 1520 mm,
$:=1600 mm; g is the acceleration of gravity, g=9,81 m/s?;
R is the radius of the curve, m; h is vertical setting of rail,
mm.; aw IS horizontal unbalanced acceleration,
aua=0,7 m/s?,

Table 2 shows the limits of speed for locomotives
of the series KZ4AC, KZ8A, TE33A for typical path con-
struction [15].

Table 2
Permissible speed of the locomotives series KZ4AC, KZ8A, TE33A for typical path construction
The permissible speed, km/h
Series of locomotive Straight line The curve radius, m
1000 800 700 600 500 400 350 300
VL80OC 110 110 110 110 100 95 85 75 70
TE33A 120 120 120 120 115 105 95 85 80

The calculation of nonlinear contact problems was
carried out by iteration method of Newton-Raphson, involv-
ing an approximate split load on several successive incre-
ments and convergence of the nonlinear problem to a linear
one. Thus, the accuracy of the solution is determined by the
number of increments and time steps and equilibrium itera-
tions. The boundary conditions for wheel and rail was asked
in the following order: soles and at the ends of the rail were
not allowed to move in all three directions of Cartesian co-
ordinates, the vertical wheel load was set in the center of the
hub equal to 120 kN, a lateral force on the wheel flange is

90 kN, which corresponds to the passage of the locomotive
curve of radius 290 m, the can’t 54 mm, at a speed of 70
km/h.

Mechanical properties of materials for the wheel
and rail are presented in Table 3, which shows that the yield
strength of metals for rail is lower than the wheels.

The curve of the nonlinear plastic deformation of
materials of the wheels and rails of the voltage presented in
Fig. 5. As can be seen from the figure, the yield strength for
the wheel material occurs at 650 MPa, the volumetric tem-
pered rails 460 MPa.

Table 3

The mechanical properties of the materials of wheel and rail

Element Young's modulus, E, Pa Poisson ratio, v

Density p, kg/m? Conventional yield strength ot, MPa

Rail P65 2,1-10% 0,3

7850 460

Wheel 2,1-10% 0,3

7850 650

s, 800

MPa

640 £

480

320

/
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Fig. 5 Nonlinear dependence of elastic-plastic stress-strain
of A-rail, B-wheel: ¢ (%) - deformation of the metals
of the wheel and rail, S (MPa) - stress-strain state of
the metal wheel and rail in the area of their mutual
contact

It is known that the materials of wheel and rail in
terms of three-dimensional stress state near the center of the
elliptic contact area are experiencing the full compression
which they can withstand a fairly high voltage. According
to the strength theory of Mor in the volumetric stress state
of the contacting materials dangerous are not the greatest
normal stress in the considered point, and the highest shear
stresses in them, equal to half-difference between the largest
and smallest principal stresses.

With the increase of the friction forces (f =0,3),
with the passage of the locomotive of the curve in the con-
tact zone of the wheel flange to the inner edge of rail head,
combined with the normal forces, tangential forces occur,
which change the stress distribution on the surface (Fig. 6).

Subsurface stress Mises-Hencky inside and close
to the contour of the contact pad presented in Fig. 7.
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a b c

Fig. 6 Voltage on the condition of Mises-Hencky on the working surface of the flange: a — Dmeti, b —the new wheel VL80,
c—RDTIRS

a b c

As can be seen from Figs. 6 and 7, the most intense
are the Dmeti profiles with two-point contact. The red zone
of the wheel flange corresponds to tensile stresses. This flow
is mainly two processes of destruction: the volumetric plas-
tic deformation (crushing) and abrasion. Volumetric plastic
deformation is uniform along the depth from the surface,
reaches the highest values near the surface and decreases as
the distance from it. According to [16], the pressure in the
contact "wheel-rail" in real operating conditions varies from
1.7 z (z is the yield strength of wheel and rail steel) to 3z and
more. The result of plastic deformation is metal flow from
the area of the base of the ridge at the surface and at the top
of the crest. At the same time changing the location and L —
magnitude of maximum shear stresses, and the ratio be- Files iTseeseeriDes Sty S0 svalitynt
tween the surface and deep contact stress. On the surface of
the contact tangential force (Figs. 8-9) increase tensile
stresses on the front (counting in the direction of the forces)
part of the contour of the contact area and reduce strain on
the back.

In the calculation of the finite element evaluation
of the stress state, we performed the maximum normal stress
ozmax and the condition of plasticity Mises-Hencky [3] ac-
cording to the expression:

Fig. 8 Shear stresses arising from sliding the flange on the
inner edge of rail head

%J(o-l—az)z P S L )

Based on the calculation results it was found that
the maximum equivalent stress von Mises-hencky for all
variants of calculation exceed the yield strength of the ma-

=
DIEHIET LEITEES

terial of the wheel and rail. For clarity, the calculation re- BN SR e D

sults for the stress-strain state are summarized in table 4 and Fig. 9 Shear stresses occur when the creeping of the flange
a graph is constructed (Fig. 10). on the head of the rail
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The calculation results also found that the von
Mises-hencky for the wheels of an electric locomotive
VL8O turns almost at the same level with the wheels TE33A.

Table 4
The results of calculation of stress-strain state of wheels
Name
The type of rail P65
™ fwheel The thickness of the flange TE33A Profile Profile GOST
e type of whee rofile

23 mm 24 mm 25 mm 26 mm 27 mm RDTIRS

SSS, according to Mises, MPa 1930 1400 1500 1650 1690 1100 1500

2500

MPa

2000

70 80 90 100 110 120

st 23 mm =l 24 mm e 25 mm s 26 mm == 27 mm «@-~ RDTIRS VL80 E

- — the yield strength of the metal of the wheel
Fig. 10 The dependence of flange SSS of wheels on the load

As the graph shows, the maximum value of voltage
plasticity wheels TE33A with a thickness of 23 mm flange
exceed the limit of proportionality in three times, and then
the flow of metal from the area of the base of the ridge at the
surface and at the top of the crest, resulting in intensive abra-
sion of the working surface of the flange.

It is also worth noting that throughout the range of
the thickness of the ridges for the wheels TE33A voltage
plasticity turn out significant.

The most favorable form stress plasticity profile,
RDTIRS — 1100 MPa. Contours of the stress-strain state on
the condition of Mises-Hencky wheel flange is illustrated in
figures 6-7. Increased wear of the wheel flange of the loco-
motive, as shown by the results of calculations and numer-
ous studies and foreign experience, is a two-point contact of
wheel and rail (Fig. 11). This is, primarily, due to the small
contact area of the wheel flange to the inner edge of the rail,
the size of which are much smaller than the area of the con-
tact surfaces of rail and rolling wheel at the same pressure.

conformal contact

e

S =120

Fig. 11 Position of wheel pair in a track: a — the profile of the wheel GOST 9036-88, rails R65 GOST p51685-2000 (Russia),
b — the profile of the wheel AAR-1B, rail FREA 136RE (USA), ¢ - the proposed profile of wheels, rails R65
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In Fig. 11, b) and c) show the conformal profiles of
wheels and rails, which have a greater area of contact be-
tween the wheel and the rail.

4. Discussion

For example, considering the original two-point
contact in the system "wheel-rail" (Kazakhstan) and used in

Speed 45km/h

Striker angle of 0.012 rad
Curve radius 300 m

The elevation of the rail 90 mm

1. Russia

The wheel GOST 9036-88
(957mm)

GOST P51685-200
Canting of rails 1/20

2. USA

Wheel of US standard
S-669 (1067 mm)
Rail 136 RE

Canting of rails 1/40

1. Russia

The wheel GOST 9036-88 (957)
of profile, RDTIRS

Rails R65

GOST P51685-200

Canting of rails 1/20

Wear factor
Fwearzk' VCk'O'

80
70
60
50
40
30
20
10

v @

the United States conformal contact of the wheel and rail,
see the following: to operate a mutual contact surface for
conformal profiles USA a more stable geometry, the break-
in period is faster, the load is distributed over a greater area
of contact, there are no regions with a higher specific pres-
sure and high sliding velocities (Fig. 12), and wear life is
increased.

T

O'max:2100 MPa

v ©®

O'max:2250 MPa

=

GOST- 9036
Russia

RDTIRS
Russia

Fig. 12 Effect profiles of the contact wheel-rail on the factor of wear and tear: translation of elements: mc — ton-force

On the basis of the calculation rationale for the use
of solid-rolled wheels with the ridge thickness of 23 mm, it
is possible to draw the following conclusions:

- domestic profiles Dmeti are at increased, it is primar-
ily associated with stresses exceeding the yield strength of

the material of the wheel is 3 times that arise in the working
area of the ridge during the passage of the locomotive curve.

- during plastic deformation begins to occur, the pro-
cesses of abrasion, which includes: a microslice, gripe, fa-
tigue crack formation which can lead to fracture of the ridge.



Contact fatigue and wear are the competing mech-
anisms of damage and when combined with certain condi-
tions alternately occur on the Railways, leading to high turn-
over of wheels and rails [4].

The intensity of wear of the ridges wheelset and
lateral wear of rails depends on the loading of the contact
zone, velocities relative slippage of the wheel determined by
the angles of nabuhanie wheelset on the rails, temperature
in the contact zone, the presence and properties of the third
body in the contact zone. From all these parameters the most
direct and controllable way is:

- introduction to the contact area of the third body with
specified characteristics;

- optimization of wheel profile shape to ensure confor-
mal contact.

Turning the wheel profile will give in the first
place:

- reduction of stress and elastoplastic deformation due
to the increased area of contact when the movement of the
locomotive in the curve;

- reduced speed of slippage of the wheel along the rail.

Therefore, as a first and most quickly implemented
measure is lubricate the side surface of the rail head and op-
timization of the wheel profile.

5. Conclusions

1. Installed:

- The wheels of the locomotive turned TE33A profile
Dmeti with a thickness of 23 mm flange to operate are not
recommended as they do not meet the requirements of traf-
fic safety of trains.

- For safe operation of the locomotive TE33A maxi-
mum allowable size of the thickness of the ridge machined
on the profile Dmeti is 24mm.

The most favorable interaction of wheel and rail
voltage plasticity and slip speed for conformal wheel pro-
file, RDTIRS.

2. Offered:

- Apply conformal contact of the wheel and rail, which
in turn will improve the dynamic behavior of the wheels in
curves and on straight sections of the road will increase the
period of time between repairs.
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INVESTIGATION OF THE STRESS-STRAIN STATE OF
A WHEEL FLANGE OF THE LOCOMOTIVE BY THE
METHOD OF FINITE ELEMENT MODELING

Summary

The rail mode of transport has become the main
transit of goods in States with no direct outlets to the world
ocean In connection with their health and the necessary
technical support key moment in the economic development
of the state. In this regard, the paper discusses the negative
aspects of the interaction between wheel and rail, leading to
intensive wear of the wheel flange on the example operated
Kazakhstan electric and diesel locomotives. To achieve this
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purpose was used the software package "ANSYS". Asare-
sult, define the levels of the stress-strain state of a wheel and
a rail of finite-element modeling. Developed a methodology
for calculating stresses in "the system wheel-rail." Recom-
mendations for maximum permissible thickness of the ridge
is machined on the profile Dmeti wheels of the locomotive
TE33A. It is also proposed to apply the conformal contact
of a wheel and rail that will reduce the risk of wear.

Keywords: conformal contact of the wheel and rail, wear of
the flanges of wheelset, deformation of the metals of the
wheel and rail, the yield strength of the metal wheel, the dy-
namic behavior of the wheel.
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