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Introduction

Railway wheels are the main source of railway noise. Espe-
cially in freight traffic where most of the wagons use block
brakes. Block braked wheels are acoustically unfavourable,
because block braking leads to a roughening of the running
surfaces and because thermal loads caused by this brake type
need acoustically unfavourable wheel contours. While disc-
braked wheels have a largely symmetrical contour, block-
braked wheels have a corrugated structure. In the new Low
Thermal Stress railway Wheel’s (LTS-Sicherheitsrad) con-
tour the wheel web does not extend below the wheel tread,
but underneath the wheel flange. This type of contour not
only leads to less tensile stress caused by block brakes in the
area of the wheel rim, but also to reduced sound radiation
compared to the standard design of wheel BA 004. Radial
modes are in general the most important modes for the run-
ning noise of a wheel. In the LTS wheel these modes only
show small axial deformations of the wheel web, leading to
a lower axial contribution to the wheel’s overall noise be-
havior. Calculations of the pass-by levels were carried out
using the calculation programs TWINS and STARDAMP
according to the standard EN 13979-1.

Geometry of the LTS Wheel

The geometry of an LTS wheel compared to a normal corro-
gated freight wheel shows figure. 1.

The most important design principle of the LTS wheel is that
the wheel web merges into the wheel rim under the wheel
flange. Under the wheel rim, the web disc is perpendicular to
the wheel axis and then forms a corrugation to the outside of
the wheel. [1]

At the inflection point between the corrugation and the
wheel rim, the gradient drops to only 7.5° and thus is almost
parallel to the wheel axis. In contrast, on most wheels, the
disc web merges into the hub centrally below the tread.
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Figure 1: Normal wheel compared with LTS-wheel. The
wheel web docks underneath the wheel tread vs the wheel
flange
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The reason for this wheel design is due to the temperature
distribution of the wheel during braking and the resulting
stress distribution after cooling down [2]. Figure 2 shows the
temperature distribution of the LTS wheel during braking
("Gotthard descent"), calculated according to DIN EN
13979-1 [3]. Figure 3 shows the resulting stress distribution
after cooling down.

The wheel web of the LTS wheel docks underneath the
wheel flange, while in conventional block-braked monobloc
wheels, the wheel web extends below the wheel tread and
thus into the wheel rim area, which is subject to the highest
temperatures and expansion.

Figure 2: Temperature of a normal wheel compared with
LTS-wheel. Docking in the ,cold® area. Calculated accord-
ing DIN EN 13979-1 [3]

The significantly lower temperatures in the wheel rim area
below the wheel flange of the LTS wheel are clearly visible
(Fig. 2). It is in this ,cold‘ area that the wheel web docks
onto the wheel rim.
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Figure 3: Residual tensile stresses after cooling down in
the wheel rim area, normal wheel vs LTS wheel. Calculated
according DIN EN 13979-1 [3]

The lower temperature in the docking contributes to signifi-
cantly lower residual tensile stresses in the wheel rim area on
the LTS safety wheel (Fig. 3). This also reduces the likeli-
hood of wheel breakage due to brake overheating.

How wheel shape influences acoustics

The acoustically best shape for a monoblock wheel would be
an almost symmetrical one, like in disc braked wheels for
highspeed vehicles, because this leads to a high decoupling
of axial and radial vibrational modes. Freight wheels can use
this kind of shape, if disc braked, as in the swiss SL project

[4].

Unfortunately, this kind of shape is not suitable for block
braking. Thermal stresses would be too high. Therefore,
corrugated wheels, such as the BA 004 wheel, are used.



Figure 4: Contours of freight wagon wheels, left BVV
wheel with stress-homogenized wheel contour as used in
the 5L project, right standard freight wheel type BA004 [4].

The corrugation of the BA 04 wheel (Fig. 4) or other block
braked wheels is only located in the outer half of the wheel,
whereas on the LTS wheel, the corrugation is located in
both, the inner and outer half (Fig. 1).

Modalanalysis

A modal analysis was carried out for the LTS wheel and the
BA 004 wheel using the Ansys program. The main focus is
on the radial modes of vibrations of the wheel since this
modes have a major influence on the level of running noise.
In the following, the radial vibration modes with two radial
nodal lines (n=2) are shown two-dimensionally as a section
through the antinode (Fig. 5 and Fig 6). For higher order
radial modes (n = 3, 4, 5, ...) similar eigenmode representa-
tions result, with the more corrugated LTS wheel having the
lowest eigenfrequency.
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Figure 5: R2 mode of LTS wheel, determined with Ansys

|

Figure 6: R2 mode of BA0OO4 wheel, determined with An-
sys
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The radial modes of the LTS wheel have only small axial
vibrational components, while the radial modes of the
BAO04 wheel have large axial components in the corruga-
tion area. This causes an overall lower axial contribution of
the LTS wheel’s overall noise behavior [5].

Table 1: Eigenfrequencies of radial Modes of vibration
with n= 2 — 8 radial nodal lines.

Variant Parameter

LTS BAO004
R2 929 Hz 1165 Hz
R3 1403 Hz 1840 Hz
R4 2147 Hz 2547 Hz
R5 3081 Hz 3281 Hz
R6 3626 Hz 4073 Hz
R7 4601 Hz 4930 Hz
R8 5624 Hz 5838 Hz

Level Calculation with STARDAMP

The acoustic levels (total sound power wheel) of the wheel
was calculated according to EN 13979-1 using the STAR-
DAMP software [6] with following STARDAMP parame-
ters:

- Freight traffic
- Train speed of 80 km/h and 120 km/h
- Track type: Ballasted
- UIC60 rail
- Concrete monobloc sleepers
- Rail pad with high stiffness and normal damping
- Roughness
o K-Block brake model for the wheel
o TSIrail for the rail

- Calculated track decay rate

Table 2: STARDAMP calculated sound power overall lev-

el
Speed Speed Sound power overall dB(A)
km/h LTS BA00O4 Delta
80 wheel 90,9 92,1 1,2
100 wheel 94,1 95,5 1,4
80 | wheel & track | 94,8 95,7 0,9
100 | wheel & track [ 97,9 98,9 0,9

For the LTS wheel there are lower levels than for the BA004
wheel.

The sound power spectrum is given in a diagram for the 1/3
octaves from 100 Hz to 5000 Hz (Fig. 7 and Fig. 8).



DAS|DAGA 2025 Copenhagen

Level LTS - BA004

o©
[=]
T

~
3
T

~
a
T

2]
[=]
T

4]
4]
T

= = Tot

= —wheel Ref :

= = Track
LTS

Sound power levels, dB re 10 "2 W
o 2]
o o

— Tt
—

— T

IS
[
T

B
(=]

A N A S N T S S S R
500 1k 2k 4k
Frequency, Hz

L T
125 250

Figure 7: Sound power Level Spectrum for the reference
wheel (BA 004) and the LTS wheel, at 80 km/h. Shown are
levels for wheel (blue), track (red) and total (black). Curves
for the reference wheel are dashed.
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Figure 8: Sound power Level Spectrum for the reference
wheel (BA 004) and the LTS wheel, at 100 km/h. Shown
are levels for wheel (blue), track (red) and total (black).
Curves for the reference wheel are dashed.

Level Calculation with TWINS

A similar calculation was additionally performed using the
software TWINS [7]. Compared to the STARDAMP calcu-
lation, the calculation is based on different track and rough-
ness parameters, resulting in a shift of absolute levels. Here
we focus on the level differences of the wheels (see table 1).

The parameters used are:

- UIC 60 Rail with 0.3 m rail profile radius and con-
crete monoblock sleeperdiscs on ballast. (STAR-
DAMP Standard Parameter)

- Rail pad with a stiffness of 1000 MN/m (dynamic)
- Track decay rate calculated

- Combined wheel and rail roughness representative
for a wheel with composite brakes
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- Train Speeds of 80 km/h and 100 km/h
- Wheelset load 25 t

The following table shows the calculated sound power levels
of the wheels at 80 and 100 kilometres per hour for the
wheel alone and for the combination of wheel and rail.

Table 3: TWINS calculated Sound power over level

Speed | Wheel Sound power / dB(A)
Wheel | Wheel | Wheel | Total
Axial | Radial | Total | Wheel
&
Track
80 BA 004 | 88.3 89.3 91.9 95.7
km/h LTS 86.3 88.8 90.8 95.2
100 | BA004 | 91.7 92.7 95.3 98.7
km/h LTS 89.6 92.1 94.1 98.2

When calculating with the TWINS software, you also get the
axial and radial components of the wheel's sound power
level. In particular, the axial level components are signifi-
cantly lower for the LTS wheel than for the BA0OO4 wheel.
This difference in the axial contribution is the main reason
for sound power difference.

Summary

The LTS wheel is a railway wheel with a web with has a big
curvation that docks under the wheel flange. The leads to
advantages in terms of temperature behaviour and tensile
stresses. A modal analysis of the LTS wheel and the refer-
ence BAOO4 wheel shows smaller axial components of the
radial wheel eigenmodes of the LTS wheel. This leads to
smaller axial components of the sound power level and thus
a lower overall level of the LTS wheel.
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