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1. Introduction
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The wheel-rail system is subject to various wear mechanisms through permanent sliding and rolling
movements. The resulting change in the wheel running surface profile poses not only a risk of
material failure for the wheelset and adjacent components such as the wheel bearing and running
gear, but also an acoustic source of disturbance for passengers and the environment. The profile
contour of each wheelset profile is to be reprofiled at regular intervals by a machining production
process. However, this repair procedure reduces the service life of the rail vehicle wheels due to
material removal. Deep and finish rolling of the wheel running surfaces, on the other hand, is one
way of reducing wheel profile wear and thus extending the repair intervals and thus the service life
of a rail vehicle wheel. Together with the Institute for Rail Vehicles and Transport Systems (IFS), the
deep and finish rolling of the wheel running surfaces of rail vehicles was systematically investigated
by means of computer simulations and test bench trials. Final field tests on the routes of a German
light rail operator are to be carried out to assess the wear behaviour of rolled wheels and thus
demonstrate the potential of rolling processing.
2. Rolling process and machining

The deep and finish rolling of the surface is a purely mechanical forming of the component edge
layer. Rolling bodies are guided over the surface of the component under defined contact pressure.
The direct component contact area is plastically deformed. Depending on the contact conditions,
only the surface is smoothed, small notches are flattened and the material is specifically hardened
in the plastically deformed volume. The forming process removes harmful residual stresses from
the pre-machining and introduces strength-promoting residual compressive stress into the
boundary area. Along with the increase of the boundary layer hardening, this can achieve a
reduction of wheel running surface wear and thus an increase in the mileage of the rail vehicle
wheels. The formation and progression of cracks is impeded significantly.
The rolling machining follows on from the reprofiling of the wheel running surfaces. A rolling unit
developed by HEGENSCHEIDT-MFD (see Fig. 2) is suitable for both underfloor wheelset lathes
(shown in Fig. 1) and overfloor wheel lathes and can roll the entire wheel profile or parts of it deep
and smooth.
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Fig. 1: Underfloor wheelset lathe

Fig. 2: Rolling unit

By means of several rolling tests on an underfloor wheelset lathe from HEGENSCHEIDT-MFD the
influence of the rolling process on hardening, smoothing and hardness dispersion over the
circumference was determined. Depending on the material properties, an increase in surface
hardness of up to 36 % is achieved. The process is accompanied by a smoothing of the surfaces
(waviness and roughness) and a homogenisation of the hardness dispersion over the wheel
circumference.
With the help of the rolling tests, a correlation matrix was created with which a statement can be
made about the desired final hardness after rolling, taking into account the wheel material used
(see Figs. 3 and 4).
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Fig.3: Effects of the rolling process

Fig. 4: Diagram of a correlation matrix between the final and initial hardness of different materials using
different rolling forces

3. Roller test bench trials and modelling

The wheel-rail contact can be simulated with the help of the IFS roller test bench tests. With
increasing rollover, the hardness in the contact area increases up to a saturation value. This applies
to both the unrolled and the rolled wheel. It can be seen that the hardness increase during the
overrolling process is significantly higher for the previously rolled wheel than for the reference
wheel. Here, an increase of approx. 60 HV (extrapolated) compared to 35 HV can be expected
(see Fig. 5).
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Fig.5: Hardness measurement on and beside the running track - Unrolled reference wheel
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Fig.6: Rolled wheel

Furthermore, the inspection could establish that the residual stresses in the boundary layer up to a
depth of 300 µm are positively influenced by deep rolling. Figure 7 shows the difference between
the unrolled and rolled wheel in the running track area from the test bench test.

Fig.7: Residual stress measurement - unrolled to rolled after the test bench run on the running track

The rolled wheel shows no tensile stresses, but residual compressive stresses at the edge. As a
result, stress cracks cannot migrate from the surface into the interior of the component, which
suggests that the mileage is extended.
In order to estimate the resulting hardness development of the wheel tyres on the vehicle and the
resulting material removal, these were calculated for the first 170 km of the mileage of the vehicles
used by the cooperating light rail operator with the aid of a multi-body simulation model in the
SIMPACK software. For this purpose, the correlations between hardness development and the
number of overrolls determined in the test bench tests were implemented in the model. It was
found that a lower scattering of the initial hardness along the wheel surface led to more uniform
wear. In addition, wear is reduced in accordance with current laws by an increased surface
hardness.
4. Field tests
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Field tests will be carried out to determine whether deep and finish rolling has a positive effect on
the wheel's properties. In these tests, a rail vehicle is observed over a certain period of time on a
representative route of the light rail operator. Figure 8 shows the averaged hardness development
on the wheel running surface over the mileage.

•

Initial hardening (+10%) caused by the rolling
process levels off after a short mileage

Fig.8: Field test hardness development

•

From a mileage of approx. 10,000 km, the
surface hardness of the rolled wheels tends to
fall below that of the reference wheel

Besides the hardness development, the calculated wear masses are shown in figure 9.
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•

The wear mass was determined from the results of
the wheel profile measurement

•

The wear of the end trolleys is slightly
higher than that of the middle trolleys

Fig.9: Calculated wear mass

5. Summary

In addition to hardening, rolling also causes a homogenisation of the hardness dispersion. The wear
model also shows more uniform wear behaviour with homogeneous hardness distribution. A
correlation between hardness and wear could be shown both in the wear model and in the field
test. The hardness curve in the field test does not correspond to that from the test bench test. So
far, no significant differences in the hardness development between the rolled wheels and the
reference wheels could be detected in the field test. Similarly high wear mass of unrolled and rolled
wheels. The execution of the field tests in passenger operation has not yet been completed.
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