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Introduction

Rail noise levels can tell you a lot about the condition of your rail
infrastructure. Corrugation, rail roughness and defects in the rail or
fastening systems are revealed through the noise of the wheel/rail
interaction. ARRoW operates on the basis of these principles. To
quickly and accurately assess the quality of your railway network,

ARRoW is the perfect solution.

ARRoW stands for 'Acoustic Rail Recording on
Wheels' and consists of a measurement system
on the train and analysis software.

ARRoW records the noise (and vibrations) from

the rolling wheels together with the train’s

speed and geographical position. The noise

levels that are measured fluctuate due to the

changing properties of the railway track. By

measuring the noise, one can chart the

changes in typical rail properties such as rail

roughness or rail defects. This information can

be used for many purposes:

1 Monitoring of track roughness for noise
mitigation measures

9 Early detection of rail corrugation

9 Noise mapping

9 Very early detection of rail squats

9 Reduction of cost-of-ownership through
direct maintenance on problematic areas
instead of global maintenance at regular
intervals

1 Identification of noisy "hotspots"” in urban
areas that can be rectified before residents
file complaints.

ARRoW is a product developed and actively
maintained by M+P. This brochure offers
detailed information on the system.

M+P (member of the Miiller-BBM group) is a
world-leading provider of road and rail-related
measurement solutions, with a special focus on
acoustics and vibration. As such we have
contributed significantly to the development
of the various measurement methods and
regularly participate in related working groups
of the International Organization for
Standardization (ISO) and European
Community (EC).

In addition to developing and manufacturing
ARRoW, we also have vast experience in using
ARRoW to create railway surveys, research and
development (R&D) on railway noise,
performing noise tests according to the
technical specifications for interoperability
(TSI), and certifying test tracks in accordance
with 1SO specifications.



Background

Rolling noise and roughness

Rolling noise is the main source of noise along
railway mainlines. This noise is produced by
surface roughness at the point of contact
between the train wheel and rail. Since the
wheel and the rail are never entirely smooth,
the wheel vibrates as it passes over the rail and
the rail vibrates as the wheel passes over it.
This vibration is subsequently emitted as noise
to the surrounding area. This noise is directly
linked to the level of unevenness or roughness.
Thus, the smoother the wheel and the rail
track, the lower the noise.

Grinding

The rails can be ground to reduce their surface
roughness and hence diminish rolling noise.
This effectively eliminates the problem at its
source. This is a measure that infrastructure
managers can take irrespective of the train
operator.

The rail is first ground at the construction stage
to remove mill scale and eliminate irregularities
from the surface of the rails. The initial grinding
is performed so that the railway meets acoustic
requirements. The rail roughness is the
criterion used to determine the acoustic
quality of the rail.

In Europe, it is common practice to grind the
rails to keep them in optimal condition.
Acoustic grinding, as it is known, is an
established method of reducing noise
emissions from the rails as trains roll over them.

Track inspection

A profilometer is used to directly and
accurately measure the rail roughness of a
track prior to and following grinding. These
results relate directly to the achievable noise
reduction. However, rail roughness can only be
measured over a short section of track.
Secondly, rail traffic must be interrupted to
perform these measurements and the
measurements themselves are rather labour
intensive.

The direct method of measuring roughness is
appropriate for assessing test sections in
accordance with ISO 3095 that requires these
specific values.
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To overcome the disadvantages of directly
measuring the surface roughness on long
sections of track, ARRoW derives the roughness
indirectly by recording the rolling noise over
time and translating these into roughness
levels. The system is calibrated using direct rail
roughness measurements.

ARRoW measures the sound levels in close
proximity to the wheels. For a given (low)
wheel roughness and track system, there is a
direct relationship between changes in rail
roughness and rolling noise levels. In fact, all
noise variations can be assumed to derive from
variations in rail roughness for a given dynamic
track behaviour and vehicle speed. Thus, when
we measure the noise fluctuations along a
certain track we also learn how the rail
roughness varies along its length.

Roughness measurement along
a test section of the high-speed
line in the Netherlands. The
Mdller-BBM mirail system was
used for the measurement.

It is important to note that this indirect method
yields only relative noise variations that cannot
be directly equated with absolute rail
roughness values. Therefore, the results of
direct surface roughness measurements are
used to calibrate the noise measurements. The
results of both measurements can be used to
calculate the absolute rail roughness along an
entire section of track.




ARRoOW system

ARRoW consists of an on-board measurement system and the
Raillnspector analysis and visualisation software. Both components
work together hand in hand to capture and analyse the rail quality.

Properties

With more than 10 years of experience in
acoustic rail monitoring, we have identified the
most important aspects of rail quality
monitoring. We designed ARRoW with the
following attributes in mind:

9 Portable: can be installed on existing vehicles
with no need for a dedicated measurement
vehicle

9 User-friendly: built with standard
components, our analysis software is intuitive
to use

9 Autonomous: no need for external power
supplies or additional sensors for measuring
vehicle position and speed

T Robust: built-in redundancy in measurement
chain makes measurement errors nearly
impossible

9 Reliable: after nearly 10 years of use in the
Netherlands and EU, ARRoW has been tried
and tested in the field

1 Wide application range: applications include
light rail, conventional rail and high-speed
rail

On-board measurement system

The on-board measurement system for ARRoW
consists of a PAK MKII multichannel data
acquisition system which simultaneously
measures sound levels, position and speed.

With four class 1 measurement microphones,
the sound levels are measured at close
proximity to the wheels as they roll over the
rails with one microphone next to each wheel
on the measurement bogie. This makes it
possible to measure the left and right sides of
the rail separately.



