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Simulation of Contact between Rail and Wheel
Of Railway to Improve its Performance

Abstract

Wheel and rail wear is a fundamental problem in the railway field.
so, friction and wear of the wheel/rail system influence the running
performance of rail vehicles and the life of its components.

The present paper is focused on simulating the wheel-rail contact
model, the global model is a finite element (FE) model and is analyzed
using ABAQUS Standard Version 1,71-), the FE program requires specified
material properties and profiles for both components. Tensile testes dictate
the rail-wheel material properties, and the rail-wheel profiles are drawing
using Solid Works SP:,Y. The analysis was conducted as a dynamic
analysis using ABAQUS Explicit during which the rim wheel is rolled
along the head of the rail under the appropriate loading and the speed of the
locomotive was assumed to be constant and a value of (+,¢°-+,°) taken as
the coefficient of friction between the two components. Two kind of
wheels (Monobloc for locomotives Y'Y+ + - Tires of Locomotives YA+ +) and
rails (rail UICT+-2++A - rail R®+) were modeled and analyzed. Typical
results are the surface contact pressure, surface stress and contact patch
size. Additionally, subsurface stress distributions are calculated for both the
wheel and rail components, including directional and shear stresses and
Von Misses stress distributions on the rail-wheel surface.

The later work declares the method able to predict Syrian railway
wheel wear rates by adapt the Derby wear index approach to generate the
wear coefficient. The wear rates are then calculated for different tracks in
Syrian railway. To this end, the change of wheel profile shape is studied
experimentally and the results are used to effectively evaluate maintenance
intervals.
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First: Simulating the Wheel-Rail Contact Model:

Simulating the form change of the wheel-rail contacts help to identify the
risk of severe or catastrophic wear resulting from increased train speeds
and axle loads and can help in determining more efficient maintenance
schedules for track and rolling stock.

The analysis was conducted as a dynamic analysis using ABAQUS Explicit
during which the rim wheel is rolled along the head of the rail in two
contact cases, cases ' and Y. These two cases were analyzed in a previous
work.

Case : Contact at rail head

In case Y, the wheel is in contact with the rail head as shown in Fig. ' The
analysis is sufficiently precise for the contact area and the maximum
contact pressure is approximately similar to those achieved by FEM using
an elastic—plastic material model.

Ly

Fig. V. Contact locations for the first case (right) and second case (left)
Case Y: two-point contact (at rail head & on rail edge)

Two-point contact is the characteristic contact mode in curving wheel-rail
contact. In a two-point contact, there is contact at the rail head due to
gravity and also contact between the rail edge and the wheel flange due to
the centrifugal side forces of the curving train.

V. Results & Outputs:

Typical results are the surface contact pressure, surface stress and contact
patch size. Additionally, subsurface stress distributions are calculated for
both the wheel and rail components, including directional and shear
stresses, The results are presented in Table V.

The von Mises distributions in the rail head and in the wheel are shown in
Figure Y. for the Contact Wheel¥Y++ & Rail UIC%+ in the cases &Y
contact ( as example).

Y4y
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A major benefit of the contact model is the ability to show the stress
distribution through the rail head. The von Mises distributions in the rail

head and in the wheel are shown in Figure Y.
Table Y. Output parameters from analyzing cases '& Y contact

Case /: contact at rail head | Case ': Two-point contact
Contact Wheel .Rall Contact Wheel .Rall Contact
Model Misesmax | Misesmax Misesmax | Misesmax
Area Area
Stress Stress ( v) Stress Stress ( v)
(Mpa) | (Mpa) | ™™ (Mpa) | (Mpa) | ™™
Contact
Wheel ¥ « « Y. A Yoo 1A, Y TAT o
Rail UIC" »
Contact
Wheel ¥ « « Yyo VY. yYo 1v,4Y ToA,Y $0.
Rail R«
Contact
Wheel ¥ A « « §%0 A V4. AY VY VY'Y YA
Rail UIC" »
Contact
Wheel ¥ A « « V10,4 VY. yvo AY V.o, A YV,
Rail R«

e (Contact Wheel¥Y «+_Rail UIC" -

Case ): contact at rail head

Misesmax_Rail= vv+ MPa

p: contact

me =

Deformation Scale Factor: +1.000e+00

Figure (Y-Y)

b-headrail contact_w32r50. odb

1.0000E-04

Y4y

Misesmax_Wheel =YYo MPa

1.0000E-04

cale Factor: +1.000e+00

Figure (¥-Y)
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Contact Area =¢o+ mm
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Time
Figure (Y-¥)

Case Y: Two-point contact

Misesmax_Rail= 1oAY MPa

0_2point .ody ABAC PLICIT Verzion 6.6-1

ime = 9.5034E-05

on 8cale Factor: +1.000et+00

Figure (¥-9)

¥. CONCLUSIONS:

Contact Area =)Y¥o mm'

0.10 |i '

000 002 004 006 008 010 [x10Y
Time
Figure (¥-¢)

Misesmax_Wheel=1V,4Y MPa

ICIT Version 6.6-1

Tin 1,0000E-04

Factor: +1.000e+00

Figure (¥-1)

The Contact model essentially provides a window to visualize the
mechanical process occurring during contact and the resulting distribution
of stress, both directional and in shear. It is also considered to be a very
accurate method for quantifying contact stress compared to other methods.
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Second: Predict wheel wear rates in the Syrian railway:

Friction and wear of the wheel/rail system influence the running
performance of rail vehicles and the life of system components. A more
realistic prevision about the wear behavior of wheels and rails require
further investigations into friction and wear behavior within the wheel-to-
rail contact. With a better understanding of the causes (friction), it will be
possible to put the right construction on the effects (wear) and effectively
counter damage to system components.

A number of different techniques have been used for studying wear rates of
railway wheel steels to generate data for use in wear modeling procedures.
Field measurements have been used in the past to study the causes of wear
as in Darden. A large amount of data has also been gathered from
simulated field experiments carried out on specially built test tracks.
Laboratory methods used range from full-scale laboratory experiments and
scaled-down tests to bench tests using a twin disc set-up. The twin disc
approach has been used more than most because it offers greater control
over experimental variables as well as the ability to test a wide range of
materials at lower cost.

V. Wear Index:

The Derby wear index used by Pearce and Sherratt [' Y] adopts an energy
approach in the analysis of the relationship between wear rate and contact
conditions. It is assumed that wear rate (ug/m rolled/mm?Y contact area) is
related to work done at the wheel-rail contact (wear rate = KTy/A ,
where 7T is tractive force and vy slip at the wheel-rail interface, K a wear
coefficient and A is the contact area). Various researchers have reported
wheel-rail wear results using twin disc test machines of varying geometries
as well as full-scale test results that support this approach.

This research is focused on wear forecasts. To this end, the wear index has
been used and the behavior of the wheel and rail material will be
determined in the Syrian Railway.

Y. Wear Predict results:

Fig. ¥ shows the wear rate against the wear index Ty/A. At low values of
Ty/A, wear rate is proportional to Ty/A (K, wear coefficient) .

V4o
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Figure (¥) wear rate_ wear index

As Ty/A was increased, however, the wear rate leveled and then increased
again quite rapidly indicating that as the severity of the contact is increased
different wear regimes are apparent (K r wear coefficient) .

As Ty/A was increased, the wear mechanism altered. The wheel material
appeared to wearing by a delimitation process (K~ wear coefficient).

In order to provide wear coefficients for use in the wheel wear modeling
procedure the wear rate data was split into three regions (see Fig. ¥). A
wear coefficient was defined for each of these regions (see Table V).

Regime T y/ A (N/mm”Y) e rateY
(ng/m/mm’)
K\ Ty/A<V,¢ < YTy/A
K¥Y Vo, 8 <Ty/A<VVY constant
KY YW,Y<Ty/A unknown

Table ¥. wear coefficients

Clearly, with the lack of data generated in the third regime there is a
possibility of less accurate wear predictions for contacts at these conditions.
It would be anticipated, however, that wheel-rail contact is in K and KY

AR
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regions most if not all of the time and only reaches KY region in the most
Severe curves.
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