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Introduction

The R&D-project “Standardization of damping technologies
for the reduction of railway noise” (STARDAMP) is in
Germany funded by the Ministry of Economics and
Technology within the framework of the DeuFraKo
Programme (Deutsch-Franzosische Kooperation / Franco-
German cooperation). The German DeuFraKo partners are
DB AG, GHH Radsatz, SuV and TU Berlin; the French
partners are SNCF, ATSA, Valdunes, Vibratec and
TataSteel. The ISVR (University of Southampton) and SBB
(Switzerland) are also involved in a consultancy capacity.

The objective of STARDAMP is to develop methodologies
for the assessment of damping technologies for rail and
wheel within the laboratory, avoiding the costs and time
implications of conducting tests in the field. Comparison
measurements of damper performance in the field and in the
laboratory are being used to substantiate the methodology.
Additionally, a software tool is being developed and
validated to predict the performance of rail and wheel
dampers in terms of noise reduction.

The R&D-project is separated into three work packages: (i)
the definition and validation of methodologies for the
assessment of damping technologies for wheel and rail in
terms of their track noise performance based on laboratory
testing procedures and models; (ii) development of a
software tool, to calculate the efficiency of rail and wheel
absorbers based on laboratory tests; and (iii) defining
procedures for field and laboratory tests of dampers.

This paper describes a proposed procedure for the indoor
testing of rail absorbers fitted to ‘short’ sections of rails (6m
length) and so-called Car Park Tests for longer lengths of
rail (8 — 32m). Some procedures given in EN 15 461 [1] to
measure and calculate track Decay Rates (DR) are also
discussed.

Motivation of testing rail absorbers at rail with
finite length

The track Decay Rate (DR) describes the energy loss of
vibrations with distance along the rail, caused by damping
effects acting on the rail e.g. rail clips, rail pads and energy
transmitted to the sleepers and ground. Measurements of
track decay rates can be used in conjunction with knowledge
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of the excitation spectra to predict the noise radiated by the
rail. In simple terms:

High DR => low rail noise =~ Low DR => high rail noise

The proposed test methods assume that the DRs of the rail
absorbers alone can be superimposed upon the undamped
track DRs to give the damped track DRs. It is also assumed
that DRs of a finite length of ‘freely’ supported undamped
rail are negligible. If these assumptions are correct, then the
DRs of free rail fitted with dampers can be added to the DRs
of the original track to predict the DRs of the damped track.
This will lead to a simple testing procedure, where a finite
length can be used to test the damping efficiency of rail
absorbers without the need for the dampers to be fitted in a
real track.

Preparation of a free rail and testing procedure

The conditions of a ‘free’ rail are achieved by using soft
supports. For a 6m rail, two supports at either end of the rail
were found to be sufficient (Pic 1). For longer rails, more
supports may be necessary to prevent ‘sagging’ of the rail.
The stiffness of the supports should be such that the
bouncing resonance of the rail on the supports is below
20Hz.

Pic 1: Laboratory set up of a 6m rail with very soft supports
(50 layers of rubber pads) at both ends.

The measurements on the damped 6m rail are carried out
using two accelerometers and an impact hammer. The
accelerometers are placed at either end of the rail and the
impact hammer is used to excite close to each accelerometer
in turn. Measurements are conducted in both the vertical and
lateral directions.
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The DRs are obtained by calculating the frequency response
functions (FRFs) between the impact hammer and vibration
sensor at the impact point (point FRF) and the frequency
response functions of impact hammer and vibration sensor at
the opposite end of the rail (transfer FRF). Then both FRFs
are transformed into 1/3™ octave spectra. Finally, the dB
difference between the point and transfer FRF in each band
is used to determine the decay rate of the rail over its length.

Due to the short length of a 6m rail the overall damping
effect of the absorbers is limited, especially at low
frequencies, reducing the accuracy to which the decay rates
can be calculated. However, at low frequencies where the
resonances of the rail are evident DRs can be obtained using
modal methods (e.g. Thompson ef al. 2007).

Measurement techniques and remarks on EN
15 461

For rails with a length more than 18m, the measurement and
calculation of the DRs is done using a method based on that
described in EN 15 461. Based on initial testing a number of
amendments to this are recommended by the lead author.

The starting point of the grid must have a distance of more
than 4m from the end of the rail to reduce the effects of
reflected vibration.

Whenever DRs are specified a precise measurement
technique is necessary. The data acquisition system needs a
dynamic range of about 20 bits and the sampling rate should
not be lower than 25 kHz. The attachment of the vibration
sensors needs to be effectively rigid over the frequency
range of interest. The driving point of the impact hammer at
the starting point of the grid must be as close as possible to
the vibration sensor and in the direction of the grid. At least
10 impacts are necessary here to define the point FRF to
improve precision as all transfer FRFs are referenced to this
first one. At least 4 impacts are recommended for the
transfer FRFs. An impact hammer with a weight of about
100 gm is generally sufficient to excite the rail over an
adequate distance when an appropriate acceleration sensor
(e.g. 50mV/g) is chosen. In addition to this equipment the
temperature of the rail and absorbers should be recorded
before and after the data acquisition. To avoid the influence
of measurement noise it is convenient to carry out the
calculations to a distance along the rail so that the drop of
the initial FRF is less than 20 dB. EN 15 461 recommends a
stop position at -10 dB, but in several tests by the author this
resulted in overestimated DRs. All the previous remarks are
not precisely described in EN 15 461 although they are
necessary to achieve a high precision of DR values.

In EN 15 461 the homogeneity of a track under inspection is
mentioned, but a more precise description of this
homogeneity is not given. The opinion of the lead author is
that DRs should be obtained in track sections where within
the measurement grid and at least 20m length on both sides
of the grid is free of welding spots or rail joints and no
change of rail or rail pads or unsupported track is
encountered.
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Preliminary results

Diagram 1 provides an insight into first results gained at the
ISVR on a rail of 32m length and the comparison of the DRs
obtained on a 32m rail and a 6m rail (diagram 2) [2].
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Diagram 1 The superposition of DRs values of a rail in track
without absorbers () and the DRs of a free rail (....) will
lead to the DRs of a rail in track with absorbers [2]
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Diagram 2 DR values of free rail with length of 6m compared to
the DRs of a free rail with a length of 32m [2]

Conclusion

An aim of the STARDAMP project is to establish simple
methodologies to measure the efficiency of rail absorbers in
laboratories without the need for expensive tests on real
tracks.

Initial tests have found that the damping effects of a rail in
track without absorbers and the damping effects of a 6 m
length free rail fitted with absorbers can be superposed to
give a result approximating to the DRs of a rail in track fitted
with absorbers.
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