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ABSTRACT





The monitoring of railway noise can be labour intensive, often requiring a process whereby sites and/or vehicles are instrumented, recordings made and subsequent laboratory analysis carried out. This frequently leads to comparatively simple measurement exercises becoming costly, and limits the amount of data that can be gathered, potentially resulting in unacceptable levels of statistical uncertainty.  AEA Technology Rail have therefore developed long term remotely-operated installations that can log data without frequent physical intervention, utilising GPS and cell-phone technology.  These installations can be configured to cover a variety of applications, which include the acquisition of  rail corrugation and curve squeal data routinely over extended periods.








INTRODUCTION





It is often necessary, when statistically valid data on railway noise is required, to measure over a period of several days.  Conventionally, sites or vehicles are instrumented to carry out recordings and/or analysis with staff present.  This labour-intensive approach can be costly, even for comparatively simple exercises, which can lead to insufficient, or unrepresentative, data being gathered due to the constraints of budget.  Experience has shown that the statistical spread of data at any one site, or for any one type of vehicle (or even for a specific vehicle), can be large.  Therefore, a typical manually-controlled data gathering exercise over a period of one day, or even several, can sometimes produce results with a high degree of statistical uncertainty that will not give a reliable indication of the true spread of the data for nominally identical conditions.





Such problems may be overcome by the use of systems that are able to run without frequent human intervention, and which therefore may be left for prolonged periods to gather data.  This approach requires equipment that is robust and reliable, and that is able to acquire, process and usefully interpret large amounts of data.  Two recently developed examples of systems that are able to do this are AEA Technology Rail’s NoiseMon™ and curve squeal monitoring concepts.








RAIL CORRUGATION AND NOISEMON™ 





The phenomenon of rail corrugation, cyclic wear patterns on the rail head with typical wavelengths of 30 – 80mm and peak to peak amplitudes of 120µm and greater, is apparent on a significant proportion of track on most railway administrations.  The presence of corrugations, especially of high amplitude, and the resulting high oscillatory forces in the track, can reduce component life and lead to premature failure.  Another effect of corrugation is to increase vehicle rolling noise as a result of the higher combined wheel and rail surface roughness at the contact patch.  Severe corrugation can increase rolling noise from disc-braked vehicles, ie those with comparatively smooth running surfaces, by up to 20 dB(A) (A-weighted decibels), which is perceived as an approximate 4 times increase in loudness.  Therefore the presence of corrugations can lead to a significant deterioration in the trackside environment.





The normal strategy for removing corrugations using rail grinding can be a somewhat inexact approach in that areas of corrugation are not always identified routinely, as this relies on visual inspection or the output from a track recording vehicle.  The latter approach is usually based on accelerometers mounted on the axle box of the track recording vehicle.  This can lead to inaccuracy as a result of the mechanical decoupling of rail head profile and axle box at higher speeds and at lower rail roughness wavelengths, due to the modes of vibration of the wheelset.  Inaccuracies due to potentially infrequent passes over the network can also arise.  
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Figure 1  Under-floor rolling noise vs speed





In order to address these disadvantages, and to provide a method of rapid quantification of rail head quality from the point of view of acoustic environmental impact, the NoiseMon™ system has been developed.  This is based on an existing platform, RideMon™.  The concept comprises a microphone mounted beneath a service vehicle in the vicinity of the bogie, to measure rolling noise.  The microphone signal is appropriately filtered, depending on the particular application (identification of corrugation severity or determination of the adjustment required to railway noise prediction techniques, which normally assume “smooth” rail, to account for local rail head quality).  This filtered signal is then digitised via an on-board unit and averaged over 1/8 mile sections of track.  This unit also receives a vehicle speed signal and contains GPS equipment.  Noise, speed and location data are then fed via cell-phone connection to a base station PC, where final processing and presentation takes place.  The system has proved to be highly reliable during trials on a service train over a 7 month period. 





An essential part of this technique involves speed-correction, so that the final recorded level of noise is that which would have been obtained if the vehicle had traversed the entire route at a constant speed.  The appropriate noise-speed relationship can be determined by reference to information obtained from the initial passes of NoiseMon™.  Figure 1 indicates typical results thus obtained, showing that at any speed there is a range of noise levels, but that there is also a clearly defined lower bound, representing the noise emission from “smooth” rail.  Greater values at a particular speed are due to increased rail roughness, with the greatest increases being due to severe rail corrugation.  The slope of this lower bound can be used to define the noise-speed relationship.  This relationship may therefore be applied to the measured level at any speed to normalise it to a chosen speed value, typically 100 mph in the UK.  Over any typical route in the UK, as well as in other administrations, the normalised value of under-floor noise has been found to follow the distribution characteristic shown in Figure 2.  This indicates that the bulk of track is of a roughness that leads to a rolling noise around 5 dB greater than the level (in this example ~105 dB(A)) due to typical “smooth” track, while there are some excursions over 20 dB higher than that emitted by “smooth” track, representing severe corrugation.
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Figure 2  Typical speed-normalised distribution of under-floor rolling noise


For the purposes of corrugation location, presentation takes the form of a graphical image of the rail network using AEA Technology Rail’s IChex™ software (Figure 3).  Rail roughness can be divided up into a set of categories, each based on a defined range of measured levels.  For a specific railway application, these categories are user-defined, depending on the degree of increased roughness or corrugation at which action, normally in the form of grinding, is considered to be necessary by the infrastructure owner or maintainer.





Such a service train based approach allows a strategy for track asset management or environmental management purposes to be established that routinely targets those sections of track which are at, or approaching, a level of corrugation requiring grinding.  It also ensures that sections of track that have a particularly high rate of corrugation growth are identified, and are monitored closely and frequently, so that they are not able to reach the unacceptable levels of corrugation that might arise through less frequent monitoring by visual means or by track recording vehicles.  The data obtained also allows standard railway noise prediction techniques which tend, unrealistically, to assume “smooth” rail, to be enhanced with accurate correction factors at given locations to account for the real local rail head roughness. 
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Figure 3  Example of IChex™ Display for NoiseMon™








CURVE SQUEAL MONITORING





The phenomenon of squeal is common on railway curves of smaller radius.  This is caused either by flange contact, or by stick-slip excitation at the contact patch due to lateral creep.  Both of these mechanisms lead to undamped vibration of wheel modes potentially causing high frequency tonal emission of sound, sometimes at very high levels.  Even when the sound level is not particularly high, its tonal quality can lead to it having a disproportionate environmental impact in terms of the annoyance it causes.  Experience in recent years has shown that modern bogies which are stiff in yaw to provide high speed stability are more prone to this problem than older designs.  In addition to the resulting environmental problems, the phenomenon leads to increased noise for passengers, and is often accompanied by increased rates of wear of wheel and rail.





At one particular site in the UK, with a curve radius of 300m, complaints about squeal arose from local residents soon after older stock was replaced with vehicles of higher speed capability.  However, the phenomenon was reported to be very intermittent in occurrence, being more likely to occur in dry weather in the Summer, and during the Autumn when Sandite was applied to the rails to improve adhesion.  It therefore proved difficult to acquire useful data over several visits to the site.  Rail lubricators were installed but were not proving particularly effective.  Railtrack therefore required the development of a system that would enable a complete picture to be obtained of the circumstances under which squeal occurred, as an essential step towards devising a solution.  The remote squeal monitoring concept was therefore formulated on their behalf.





The information that was required comprised the level and character of the noise emitted by each vehicle, a unique identification of that vehicle and a record of its speed, an indication of air and rail temperature and air humidity.  To this end the curve was instrumented with three robust weather-proof microphones in the ‘6 foot’ between tracks, two closed circuit TV cameras to capture the vehicle identification number, two wheel detectors to trigger the system and for speed measurements, two temperature sensors and a humidity sensor.  All these transducers were connected to a PC-based data logger and processor installed at the trackside.  This logger was connected by a cell-phone link to a base station PC.  This base station was used to contact the trackside logger regularly to access information from all the transducers for every train pass.  The system performed reliably, despite a wide range of weather conditions, allowing over 6000 train pass-by events to be examined over the Spring and Summer of 2000.  When required, it was possible to acquire not only a numerical indication of the pass-by noise level, but also a digitised waveform (‘wav’) file enabling the character of the noise to be assessed and analysed.





As a result of this it was established that, over the period in question, the problem occurred for the entire fleet of trains.  Its occurrence was not found to have a simple relationship with temperature or humidity but to be predominantly a function of the dryness of the rail.  When rain was present the noise levels reduced considerably.  The typical distribution of level measured by the microphones is shown in Figure 4.  It can be seen that there are a number of events of a very high level, up to 120 dB, which are examples of full squeal and an undoubted cause for concern in environmental terms.  However, it can also be seen that a significant number of the events occur at a slightly lower level of around 110 dB, which have also been reported as being greatly disturbing to the residents.  Playing back ‘wav’ files of these lower level events shows that the quality of the squeal in this case is not the fully resonant, long duration, high frequency phenomenon that was associated with the very high sound levels.  Instead, this pre-squeal condition arises as the excitation mechanism starts to come into play without leading to extreme noise.





The exercise has therefore provided a very large body of data that will feed into the development of solutions, with little need for the presence of personnel on site.  These solutions are currently under discussion and will be applied following analysis of their likely effectiveness and practicability.  The range of solutions claimed to eliminate curve squeal is broad (eg water sprays, additional vehicle-based and track-based lubrication, modification to track geometry and rail profile, wheel dampers), although none has a proven level of success in all situations.  The data gathered by the system has ensured that all possible solutions can be considered from an informed standpoint, maximising the environmental benefit in a cost-effective manner.  
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Figure 4  Distribution of sound level measured close to the curve over 6 weeks in early Summer 2000





CONCLUSIONS





It has been shown that it is possible to utilise cell-phone technology and GPS, together with the processing power that is now readily available using PCs, to devise remote monitoring systems that can gather and process large quantities of acoustic data.  AEA Technology Rail’s systems for rail corrugation detection using service trains, and for curve squeal monitoring at the trackside, have demonstrated the benefits of this approach.  They have also added greatly to the understanding of these well-known phenomena by quantifying them to an extent that was previously impracticable.  The corrugation detection system enables large sections of the network to be routinely and frequently monitored, while the squeal monitoring device provides the facility to analyse that phenomenon in great detail, with neither system requiring the local presence of operators.  Remote examination of the data can be carried out periodically, at times convenient to the operators, allowing statistically robust analysis to be provided conveniently and cost-effectively.  The techniques described here are sufficiently versatile to be equally applicable, with little modification, to a wide range of associated phenomena such as high speed pass-by noise, ground vibration and internal vehicle noise.


�











