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Abstract

In the Netherlands strict rules apply regarding noise nuisance for the surroundings. In order to be able to
continue to optimally utilize existing infrastructure within the norms that have been laid down for noise,
and to be able to accommodate the expected growth in transport traffic, noise reduction is necessary.
Making freight trains quieter plays an important role here. A number of pilots are being carried out in order
to test a number of noise reducing measures. In these pilots the effect of measures like composite brake
blocks (K and LL-blocks) and wheel absorbers are being tested with regard to their effect on noise
reduction. In order to be able to apply these measures in practice it is necessary to demonstrate their safe
and cost effective application. For this reason a life test has been organised, in which a large number of
freight wagons will be intensively monitored for a number of years. This will include inspecting the safety
relevant aspects and measuring wear. In this way the influence of abovementioned measures on the life
cycle costs of freight wagons can be determined and safe deployment of the wagons can be assured.

Introduction

Noise reduction has become an important issue on the political agenda in the last decennia. Both
nationally and internationally there has been a lot of attention on fighting noise nuisance caused by road
and rail. In the Netherlands this attention, amongst other things, has resulted in the Innovation Program
Noise (IPG")

The Innovation Program Noise is a collaborative effort between the Dutch Ministries of Environment and
of Transport and the rail infrastructure provider ProRail. The objective of the program is on the one hand
the testing of new measures on vehicles, road and rail, and on the other the accelerated application of
such innovations. Implementing the new measures must result in a clear noise reduction and in halving
the total existing costs.

With a total budget of approx. € 90 million various road and rail related projects are being funded. All
these projects have as their objective the reduction of noise. The IPG projects attempt to fight noise at its
source, as placing new and higher sound barriers along railway lines and roads is undesirable
(‘landscape pollution’). One of the possibilities is the reduction of noise via the infrastructure. Consider
modern types of asphalt and vibration dampers that could be mounted on the rails. The source of noise
can also be reduced on vehicles. The Dutch government is of the belief that as far as the railways is
concerned the application of noise reduction measures on the vehicles will in the long term prove cheaper
and more effective than making the infrastructure quieter.

Before such measures can be implemented on a large-scale, railway operators and fleet-owners will first
need to be convinced of the practical applicability. Two issues play a role here, namely: life cycle costs
and railway safety. Railway operators will only equip their rolling stock with noise reducing components
when the competitive position with respect to other methods of transport will not be negatively affected
and railway safety is ensured under all circumstances. In order to make operators and vehicle owners
familiar with noise reducing measures, NedTrain Consulting was invited to start a number of sound pilots
within the framework of the Innovation Programme Noise whereby noise reducing measures are tested
on freight trains.
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The cause of the noise issue

The main cause of noise nuisance for trains is the roughness of the wheel and the rail. Due to the
combined roughness of the wheel tread and the rail surface, vibrations occur in the wheel and rail when
the wheel rolls over the rail (See figure 1). These vibrations cause both the rail and the wheel to emit
noise to the surroundings. The wheel treads becomes especially rough on freight trains using cast iron
brake blocks.

The most effective way to make railway traffic quieter is to deal with noise emission at the source. This
can be done by ensuring that the wheel treads and rail surface have ‘low roughness’. Due to fast recent
developments in the area of brake blocks made of synthetic and sinter materials, which ensure a low
wheel roughness, more possibilities have become available. Noise reduction can also be achieved by

grinding the rail head, or using wheel or rail absorbers to ensure that vibrations are damped as much as
possible.
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Noise pilot Dolomite Shuttle

One of the pilot projects where the noise of a freight wagon is reduced is the so called Noise Pilot
Dolomite Shuttle [5]. In this pilot sound reducing measures are applied to an existing freight train
consisting of 29 self unloading wagons (See Figure 2). The train, called the “Dolomite Shuttle”, is
operated by Railion Nederland and runs 3 times a week up and down between Liege (Belgium) to
Veendam in the north of the Netherlands.

The main objective in this project is achieving a noise reduction of 7 dB(A). In doing so a further effort is
made for a total reduction of 10 dB(A). The objectives of the project are however not only related to noise
reduction. The objective is also to collect information about the Life Cycle Costs (LCC) of the measures
tested. Since these wagons travel about 90,000 km per annum, they are very suitable for determining the
LCC-values.

Various noise reducing measures are tested on the wagons. The most important are the replacement of
the cast iron brake blocks with K-blocks and the application of wheel absorbers. Compared to other
measures, a relatively large noise reduction can be achieved with these measures for a relatively low



cost. On two prototype wagons various types of brake blocks and wheel absorbers were tested for noise
reduction and safety. Then a choice was made for applying K-blocks of the type Cosid 810 and wheel
absorbers from Schrey & Veit.

The brake system of each wagon of the shuttle was adapted to apply the K-blocks. In order to
compensate for the different coefficient of friction of the blocks, both the triple valve and the brake
cylinders were replaced. The standard solid wheels had to be adapted in order to mount the wheel
absorbers (see Figure 3). A new bilateral homologation was applied for in Belgium and the Netherlands
for the use of the wagons with these wheel sets.
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Figure 3 Wheels with wheel absorbers

Noise reduction achieved

In order to determine the noise reducing effect of the applied composite brake blocks and wheel
absorbers, measurements were carried out. This was done prior to the train being adapted and after it
was fully fitted with noise reducing components. Before doing this, the wheels were run for at least 30,000
kilometres. The measurements were made with the train loaded and empty.

During the measurements the noise level was determined. The vibrations in the rail as well as the
roughness of the rail and wheels were measured. This made it possible to convert the measured sound
levels to the sound level for traffic on a rail with the Dutch average roughness. An average noise emission
(Laeq) Of 93 dB(A) was measured at a distance of 7.5 metres at a speed of 100 km/h [2] prior to converting
the wagons. After the wagons were converted and run in, an average noise emission of 84 dB(A) was
measured [3]. Due to the application of composite brake blocks and wheel absorbers a noise reduction of
9 dB(A) was achieved.

The noise reduction of 9 dB(A) was achieved mainly due to the composite brake blocks. It turned out that
the roughness of the wheel was considerably reduced. Figure 4 shows the roughness spectrum of cast
iron braked wheel treads, in figure 5 the spectrum of composite block-braked wheels is shown.
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Figure 4 Wheel roughness of cast iron braked wheels ([2]) Figure 5 Wheel roughness of composite braked wheels ([3])
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In order to determine the contribution of the wheel absorbers on the total noise reduction various tests
were taken on a wagon with wheel absorbers and a wagon on which the wheel absorbers had been
removed. It was found that the wagon without wheel absorbers produced 2.5 dB(A) more noise than the
wagon fitted with wheel absorbers [4]. Using a so-called VTN analysis (Vibro-Acoustic Track Noise) the
individual contributions of wheel and rail to the total sound spectrum was determined. In figure 6 the
resulting spectrum of the wagon without wheel absorbers can be seen. In figure 7 the result of the wagon
with wheel absorbers can be seen. Comparison of both graphs shows that, in the area where the wheel
dominates as sound source in relation to the rail (2kHz-10kHz), the wheel absorbers provide significant
noise reduction.
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LCC

One of the main objectives of the project is to determine the influence of various noise reducing measures
on the LCC of the wagons. In order to do so, the thickness of the brake blocks and the wheel profiles of
the Dolomite Shuttle are measured every three months. The measured wear can then be translated to the
lifespan of wheels and brake blocks. By comparing the determined lifespan of brake blocks and wheels
for the composite and cast-iron brake situation, the differences in LCC can be determined.
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It was found that the type of brake blocks used (Cosid 810) in this application have a wear of 17 mm per
100,000 kilometres. This measured rate of wear corresponds to that determined by the UIC? [1]. In
relation to the wear of cast iron, which is 52 mm per 100.000 km, the wear of the K-blocks is 3 times as
slow. Unfortunately this does not result in a 3 times longer lifespan of the composite brake-block for this
application. In practice it has been shown that the brake block is rejected after half its theoretical useful
life. In figure 8 the wear of the brake block is shown in both the practical and theoretical situation. It is
theoretically possible to allow the brake block to wear down to an average thickness of 20 mm. However
due to asymmetrical wear occurring in this application (See Figure 9) the brake block is already rejected
when it reaches half its theoretical lifespan. Instead of a theoretically achievable lifespan of 230,000 km
the brake blocks only achieve a lifespan of about 130,000 kilometres.

Application of the composite brake blocks causes increased wear of the wheel tread. This type of wagon
had a diameter reduction due to wear of 1 mm per 100,000 kilometres with cast iron brake blocks. Using
K-blocks the wear was more than 3 times as much, namely 3.6 mm per 100,000 km.

The wear of the wheel profile for this application is shown in figure 10. As can be seen, there is an
increase in the thickness of the flange. In order to ensure that the wheel flanges are not prematurely
rejected, a wheel profile with a reduced thickness of the flange was applied.

Not only the wear of the tread is important for the lifespan of the wheel, but also the amount of material
that must be removed during reprofiling. Using cast iron brake blocks the average time till reprofiling for
these wagons was 360,000 kilometres, whereby 13 millimetres of the diameter was removed. 30% of the
wheels had to be machined due to wheel defects and 15% of the wheel sets due to cracks. The rest of
the reprofiling was caused by wear of the profile.

After having travelled more than 200,000 kilometres not one of the wheels using K- blocks has yet
needed to be reprofiled. It is therefore not yet possible to make a substantiated statement about the effect
of composite brake blocks on the lifespan of the tread. It is however notable that using the composite
brake blocks these wagons have statistically proven less problems with tread defects. The expectancy is
also that the occurrence of rolling contact fatigue and flange wear will be less. The wheels have however
shown signs of serious rollover. In weighing up everything, the expectancy is that, though the tread wears
faster, the period to reprofiling and the amount of material to be machined will remain about the same.
Until now, the lifespan of the solid wheel is not expected to decrease. An additional advantage is that
tread defects occur less frequently, making maintenance needs easier to forecast.

2 UIC: International Union of Railways
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Figure 10 Wear pattern wheel tread after 180,000 km

In order to determine the LCC, the measured lifespan of the wheels and brake blocks were converted to
costs. Figure 11 shows the maintenance costs for brake blocks and wheelsets for a fleet of 30 wagons.
The costs using cast iron brake blocks are compared to those using composite brake blocks. The
theoretical lifespan of the brake blocks, as well as the lifespan measured in practice are shown in figure
11. It can be seen, that in theory the use of composite brake blocks should be cheaper. However, in the
practice it turns out that it isn't necessarily entirely cost-effective. It is therefore of great importance to
solve the problem of asymmetrical wear on the brake blocks.

The wheel absorbers used in this project have a lifespan that is expected to be equivalent to the lifespan
of the solid wheel. They will increase the price for a wheel by a factor 2.
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Figure 11 Cumulative costs

The future

Considering the necessary modifications to the brake system and the extra costs this represents, the
expectancy is that not many freight wagons will be adapted from cast iron to K-block braking systems. In
order to still achieve the required noise reduction the development of the LL-blocks has been speeded up.



These LL-blocks are expected to have the same noise reducing properties as K-blocks, but they have a
coefficient of friction comparable to cast iron. There result thereof is that the cast iron brake blocks of
existing freight wagons could easily be replaced by LL-blocks. The LL-blocks will reduce the roughness of
the wheel treads over time® leading to a reduction in noise production.

Because the development of LL-blocks is still very recent, the UIC* has decided to homologate two types
of brake blocks, for a trial period of two years. This means that, if UIC regulations are observed, freight
wagons may be fitted with LL-blocks during this period. Practical experience with these new brake blocks
will be gained in new pilot projects by fitting existing wagons with LL-blocks and then letting them operate
for two years in normal service. A lot of information needs to be collected in the near future in the area of
noise reduction and in the area of costs due to wear.

Various projects have been started within the Innovation Programme Noise in the Netherlands with LL-
blocks. There are currently two pilots and another 4 are being set up. These pilots will be carried out with
various operators on various types of wagons. The wagon types used are 2, 4 and 6 axle container
wagons, 4 axle tank wagons and 3 axle car carrier wagons. Almost 200 wagons will be converted to LL-
blocks in various pilots, after which they will be monitored until the end of 2007 to gather data about
achieved noise reduction and data for the LLC model. It is assumed that the provisional admission by the
UIC will be extended to at least January 2008.

The six pilots will have comparable project life cycle: the six pilots will be set up, various plans compiled
and the tests prepared in the period February to April 2006. During the months April, May and June the
so-called ‘uncoupling’ or dynamic braking tests will be carried out for admission of the wagons with LL-
blocks. Partially overlapping with the uncoupling tests, the wagons will be converted from May to October.
The largest number of wagons will be fitted with LL-blocks mainly in the months May, June and July.
From the moment that the converted wagons are deployed in normal service they will be carefully
monitored. Regular inspections will be carried out both in the area of safety as that of noise reduction and
LCC. At the end of 2007 the results will be collected and reports compiled for submission to the principals
of the projects.
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® It is not yet known how long this will take but it will be studied in various pilots.
* UIC: International Union of Railways



