Dependence of damage to the running surface of the
railway rail on the vibroacoustic signal of a passing
passenger train
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Abstract. The article presents an extended summary regarding the impact of rail damage on
vibration waveforms and vibroacoustic spectrum images of vibrations. The analyzed example is
based on the passage of the train depot — passenger train on a selected railway line. A short
summary of the analyzed research problem is also presented.
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1. Introduction

There are two basic types of structural vibration: steady-state vibration caused by continually
running machines such as engines, and transient vibration caused by a short-duration disturbance
such as train passing over an expansion joint in a rail. The major source of railway rolling vibration
is the structural vibration of the wheel and rail which is generated by the combination of
small-scale undulations on the wheel and rail contact surfaces.

Fig. 1. Schematic diagram of how rolling noise is generated by the wheel/rail interaction
and radiated by the wheel, the rail and the sleepers [9]

In the case of this research phenomenon, two measuring points were analyzed and located in
Silesia region. Weather conditions prevailing on a given day were —5 degrees Celsius. Sampling
with a single-axis sensor mounted was 42000 Hz. A characteristic feature of the selected
measurement points was the finding of damage on the rail as shown in the below photograph
(Fig. 2), differences in the waveform and vibration spectra in comparison to a healthy rail section
— in this case the second sensor was located 5.4 m from the damage.

The maximum permissible wear of the rail head type UIC60, S49 and other types of rails
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weighing over 49 kg/m in main tracks is:
- main and primary lines — 12 mm,
- secondary lines — 14 mm,
- local meaning line — 16 mm,
- in side tracks of all line categories — 16 mm.
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Fig. 2. Area of Rail damage - damage to the running surface and sensor assembly

2. Research and results

The result of observation and registration of vibration acceleration. The vibrating signal is the
carrier of information about the state, changes or process to which the considered physical system
or technical system is subject. The vibroacoustic signals have the largest information capacity and
allow observation of changes in a wide frequency band. Many measurement problems can be
considered at the general level of the signal, treating the signal as a whole during observation.
They can be considered in the areas of amplitude, time and frequency. In the case of vibrational
phenomena of a random nature, the recorded signals will be non-stationary, which requires
observation of the signal distribution simultaneously in the time and frequency domains. The
subject of the analysis are railway depots moving on the route during the scheduled journey.
However, rail damage resulting from the wear process will affect the final vibroacoustic image
obtained. In sum, the measurements from two sensors were presented — the first named Ai3 located
at the damaged part of the track and the second one located 5.4 meters from the damage (Ai2).

In the analyzed example, ELF 2 (34WEa) is an elaborated version of the electric traction unit
type ELF, the need for the manufactured rail vehicles to meet the technical specifications for
interoperability caused that from 2016 Pesa ceased to sell ELF type stores to ELF II different from
the predecessor, among others compliance with these requirements. The arrangement of the
Bo'2'Bo' axles and the possible maximum speed of 160 km/h. Another axle layout possible to meet
on Polish tracks in the case of ELF/ELF 2 is Bo'2"2'Bo'; B0"2'2'2'Bo'; Bo'2'Bo'2'2'; Bo'2'2'2'Bo";
Bo0"2'Bo'2'Bo"2'Bo' and B0"2"2'Bo' + 2'2'2'Bo. The braking system used in this composition is
Knor-Bremse, the driving trolley of PESA production is 27MNd and there is no intermediate
trolley with 2.7 m spacing. The intermediate PESA construction trolley is 40 and with a 3 m
wheelbase. Axial gear GCM type 275 SO/549.

Fig. 3. A comparison of two waveforms for the sensor Ai2 (blue color) and Ai3 (purple color)
is presented. Differences in amplitude for the two signals can be seen. In contrast, Fig. 4 and Fig. 5
show FFT Spectrum Estimate and for the signal from the sensor Ai2 a gain for frequencies from
50 Hz can be observed, decreasing until reaching 500 Hz. In the case of the signal from the Ai3
sensor the situation is different, and the amplification of the signal takes place around the
frequency of 4000 Hz.
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Fig. 3. Vibration waveforms — blue color sensor Ai3, violet color sensor Ai2
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Fig. 4. Spectral analysis of signals — signal from sensor Ai2

104 FFT Spectrum Estimate

1l

0 1000 2000 3000 4000 5000 6000 7000

Frequency
Fig. 5. Spectral analysis of signals — signal from sensor Ai3
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3. Conclusions

The article is only a summary of the extended analysis of the impact of rail damage on the
vibroacoustic image. The ultimate goal of the study is to determine the propagation properties of
vibrations occurring in the railway track for further analysis and concept of the train support
system as well as identification of railway compositions based on vibroacoustic images.

The results, despite the slight damage to the rail, indicate a large difference in signal
waveforms as well as in the image of the signal spectrum. It notices the amplification of the signal
from the Ai3 sensor located near damaged place where the frequency oscillated around 4000 Hz,
while the spectral analysis of the signal for the Ai2 sensor located 5.4 m away to the damage
indicates oscillating values in the range from 50 to 500 Hz.
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