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EXECUTIVE SUMMARY
One of the main overall objectives of S2R is to reduce noise & vibration (N&V) annoyance and
exposure. Within the different IPs and TDs special mitigation measures will be developed, for
others, the side effects of N&V exposure must be taken into account.
The task 6.3 deals with the identification of the state of the art of noise emissions of rolling-stock
of parking and stationary noise, especially for typical operating conditions at train-yards and
stations. These are assigned to the scenarios for parking- and stand still-mode as defined and
agreed in task 6.1. On this basis, the noise emission for the reference scenarios for parking- and
stand still-mode are calculated.
Since there are no international regulations or general specifications for parking noise
assessment available at that moment, a literature review of publications from recent years, which
are related to the parking noise, is carried out. Based on the review findings, calculation models
for parking- and stand still-mode scenarios, which were defined and agreed in task 6.1, are set
up. To assess the acoustical changes related to parking situations, which are resulted from TD
general improvements, a distinction was made between the scenarios "long duration stop" and
"short duration stop". Within these scenarios, a further differentiation was proposing to cover the
different operating conditions as the "Energy Saving Mode" and the "Parking Mode", the track
type differentiation is considered in the calculations also.
To assess the impact of the improved TDs on acoustical performance of constant noise sources
of the parked unit, 〈𝐿𝑝𝐴 〉unit (the mean of sound pressure level for all the virtual microphones at
the same distance from the train) and 𝐿𝑖 𝑝,𝑚𝑎𝑥 . (the maximum sound pressure level at the different
microphone positions with impulsive noise sources switched off) are introduced. 𝐿𝑖 𝑝𝐴,𝑚𝑎𝑥,𝑖𝑚𝑝 (the
maximum sound pressure level at the different microphone positions with impulsive noise sources
switched on) is introduced in order to assess the future acoustical performance of the impulse
noise sources.
Based on the defined scenarios and considering the introduced indicators, the noise emission for
the reference scenarios was calculated with the commercial software MithraSIG. The results of
the calculations have shown SPL levels in the Parking mode are expectably and significantly
higher than in the Energy Saving mode for both vehicle types. Furthermore, only in the Energy
Saving mode notable differences between track types and vehicle types are present.
Although the calculation results could not demonstrate the difference between the situations
where impulsive noise sources switched off and on, the cases can certainly occur in which the
difference would be clearly recognizable. These cases can then be simulated without much effort
with the present calculation model in order to evaluate the improvement of the TDs in detail. This
task shall be carried out at the end of the S2R project after the improved TDs are available, or at
least more information on the impact on the acoustic performance of the overall improvements is
better investigated.
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ABBREVIATIONS AND ACRONYMS
FINE1

Future Improvements of Noise and Energy

N&V

Noise and Vibration

BTG

Bombardier Transportation GmbH

SNCF

Société nationale des chemins de fer français

DB

Deutsche Bahn

S2R

Shift2Rail

IP

Innovation Programme

TD

Technical demonstrator

CCA

Cross-Cutting Activities

MAAP

Multi annual action plan

EU

European Union

ISO

International Organization for Standardization

TSI

Technical Specification for Interoperability

TSI-NOI

Technical specification for interoperability relating to the subsystem
‘rolling stock - noise’

WP

Work package

EEA

European Economic Area

VDV

Verband Deutscher Verkehsunternehmen

EUROSPEC

European Specification for Railway Vehicles

TNO

Nederlandse Organisatie voor Toegepast Natuurwetenschappelijk
Onderzoek (Netherlands Organisation for Applied Scientific Research)

UIC

International Union of Railways

HVAC

Heating, Ventilation and Air-Conditioning

EMU

Electric Multiple Unit

DMU

Diesel Multiple Unit

OTM

On Track Machine
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CNOSSOS-EU

Common Noise Assessment Methods in Europe

TSC

Traffic scenario

SPD

System Platform Demonstrator

LGV

Lignes à Grande Vitesse
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1. INTRODUCTION
One of the main overall objectives of S2R is to reduce noise & vibration (N&V) annoyance and
exposure. Within the different IPs and TDs special mitigation measures will be developed, for
others, the side effects of N&V exposure must be taken into account. The objective at the end of
the project is to monitor and evaluate the activities of S2R as a whole with respect to their noise
relevance and to demonstrate their effects on people adjacent to railways. Therefore, the baseline
and reference-situations with defined traffic-scenarios have to be built for pass-by as well of
parking and stand still mode of trains to serve as a reference for the evaluation and monitoring of
noise effects at the end of the activities of the S2R CCA Work Area 5 planned in the S2R MAAP.
The task 6.3 deals with the identification of the state of the art of noise emissions of rolling-stock
of parking and stationary noise, especially for typical operating conditions at train-yards and
stations. These will be assigned to the scenarios for parking- and stand still-mode as defined and
agreed in task 6.1. On this basis, the noise-emissions for the reference scenario for parking- and
stand still-mode will be calculated.
Since, there are no generally or internationally binding regulations or specifications for parking
noise assessment available at that moment, a literature survey will be done in chapter 2. There,
different aspects of the parking noise are reviewed: annoyance due parking to customers and
staff depending on the location of the parked train, aggregates which are relevant due parking
scenarios, measurements of parking noise and limit values in national regulations, operation
conditions depending on the unit operational mode and mitigation measures for parking noise.
Based on the literature survey, a method for parking noise calculation will be proposed. Therefore,
all needed input parameters will be introduced in chapter 3: a noise source model, sources’
positions, boundary conditions and noise indicators. Finally, a software will be introduced, which
consider all the relevant parameters and provide accurate prediction results.
In chapter 4 to 6 considered vehicle type, operational modes for parking scenarios and parking
scenarios themselves will be described. To evaluate the noise exposure for every defined
scenario, the microphone arrangement around the railway vehicle will be specified individually.
Using the input data mentioned in previous chapters, the evaluation will be carried out with the
commercial software MithraSIG. The calculation results will be summarized and presented in
tabular form in chapter 7 and will be discussed in chapter 8. In the last chapter, the content of
current deliverable will be summarized and remarks will be made regarding the future use of the
calculation models developed in the context of this task.
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2. LITERATURE SURVEY
The elements presented in this paragraph are not exhaustive. They are mainly based on the
following documents:










ISO 3095:2013, Acoustics — Railway applications — Measurement of noise emitted by
railbound vehicles. [1]
NOI TSI 1304/2014/EU – Commission Regulation (EU) No 1304/2014 of 26 November
2014 on the technical specification for interoperability relating to the subsystem ‘rolling
stock — noise’ amending Decision 2008/232/EC and repealing Decision 2011/229/EU
Text with EEA relevance. [2]
Verband
Deutscher
Verkehsunternehmen
(VDV)
1541,
Geräusche
von
Eisenbahnfahrzeugen in der Fahrzeugabstellung einschl. Vorbereitungs- und
Abschlussdienst (Noise from railway vehicles at the depot including preparation and
switch off services). [3]
EUROSPEC, Working Group Parking Noise, Definition of parked trains. [4]
M.G. Dittrich, J.D. van der Toorn, H.W. Jansen, M.H.A. Janssens, Noise Emission
Measurement Protocol for Rolling Stock as Operated in Railway Yards. TNO Report. [5]
UIC, Managing noise from parked trains. UIC Research project (2014). [6]
Shift2Rail, FINE 1, D8.1 Characterisation and specification requirements (2017) [7]

In these documents, different aspects of the parking noise are reviewed. A brief summary is
proposed in this Deliverable.

2.1 ANNOYANCE DUE TO PARKED TRAINS
This highly depends on the location of the parked train and on the reason behind this standstill
situation. Among the different cases that can be relevant for parking noise, one can cite the
followings:
-

Unit stopped in a railway station, either at the end of the line or as a simple stop;

-

Unit stopped at a signal during its journey;

-

Unit stopped in a depot, preparing for commercial service or waiting for any other duty.

Depending on the situation, the risk of annoyance might be different. In the case of traffic signals
or halts in the station, the duration of the noise exposition is rather limited and will mostly concern
daytime situations. The main issue is then the noise exposition in stations, both for customers
(comfort) and staff (health). In the case of standstill units in depots, the duration of the noise
exposition can be longer and during night time. For the residents living around these depots, sleep
disturbance can occur. The triggers for this specific annoyance might differ from those for rolling
noise. Indeed, not only the residents are exposed to a global noise level over a certain period, but
they will also experience specific noises particularly relevant for standstill situations: intermittent
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or impulsive noise with potential tonal components. It has been proved that the annoyance is
increased for tonal or impulsive noise. Dedicated indicators must be used to appraise the
influence of these sources on the annoyance.

2.2 AGGREGATES RELEVANT FOR PARKING NOISE
In the context of parking noise, the relevant noise sources are the aggregates operating in order
to guarantee certain functions for the unit. They can be classified into different categories
depending on their characteristics. All pictures in this section were provided by SNCF

2.2.1 Fans
They supply an air flow using rotating blades. The air flow can be used for ventilation (e.g. to
supply air in a coach) or for the cooling of other aggregates. They are running only if necessary
with only a few possible rotation speeds. The noise emitted by fans is characterized by the
presence of strong tonal components in the frequency spectrum corresponding to the fan rotation
speed and its harmonics.

Figure 1: Rehostat fan (left) and HVAC unit fan (right), Alstom Régiolis, provided by
SNCF
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2.2.2 Pumps and compressors
They are both rotating devices encapsulated in a crankcase which function is to compress or
move a fluid. Most of them operate intermittently depending on the needs. Compressors and
pumps can be used in a train for many different purposes.

Compressors:


To heat or cool the ventilated air in HVAC (Heating, Ventilation and Air-Conditioning),
through the compression (and dilatation) of a heat-transfer fluid.



To supply refrigerator devices in the restaurant coaches.



To supply air tanks with compressed air for braking or other functions such as a door
closing in some cases.

Pumps:


To supply hydraulic energy if necessary.



To create the flow for liquid cooling.

In both cases, the resulting noise will have a tonal component at their rotation frequency.

Figure 2: Compressor, Alstom Régiolis, provided by SNCF
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2.2.3 Electrical converters and transformers
They adjust the collected or produced electrical current in order to supply onboard electrical
elements (including motors). They are often cooled using fans. Electrical converters and
transformers generate a constant buzz with some tonal components and which amplitude varies
depending on the current draw.

Figure 3: Electrical converter, Siemens Avanto, provided by SNCF

Figure 4: Transformer, Alstom Régiolis, provided by SNCF
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2.2.4 Power packs and diesel engines
They are both heat engines which purpose is to convert thermic energy into mechanical
(rotational) energy. In the case of power packs, the rotational energy is converted into electrical
energy which is supplied to the whole train (including traction motors) as if it were collected from
the catenary. The rotation speed of power packs varies by step among around three different
values depending on the current draw. In the case of diesel engines, the mechanical energy is
directly used for traction. The rotation speed can then vary continuously between a minimum and
a maximum value.

Figure 5: Powerpack, Alstom Régiolis, provided by SNCF

2.2.5 Air dryers
Their function is to evacuate the water that has condensed due to air compression. The
condensate is blown off to the ambient air through a valve. The air dryers operate after each cycle
of air compression for a very short moment, they are impulsive acoustic sources.
These aggregates are located at a different spot along the train, whether at the roof or at the lower
part. For modern EMU and DMU, some fans and a compressor are located close together within
the HVAC unit.
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2.3 DOMINANT NOISE SOURCES ACCORDING TO
DELIVERABLE D8.1 OF FINE 1
In the FINE 1 Deliverable D8.1 [7], members were asked to cite the dominant noise sources for
different cases including “exterior noise at standstill”. The results are summarized in Table 1, in
terms of a number of votes per source.
Table 1: Relevant noise sources for exterior at standstill from the Deliverable D8.1 of
FINE 1. Results of a questionnaire given to the members [7].
Type of source

Urban

Regional

Locomotive

X

X

XXX

XXX

X

XX

X

X

X

X

Diesel engine
Main transformer
Main air compressor
Horns
HVAC Passenger
HVAC driver’s cabin

HST

X
XXX

XXX

X

X

XX
X

X

2.4 PARKING NOISE ASSESSMENT: MEASUREMENTS AND
LIMIT VALUES IN NATIONAL REGULATIONS
There is no consensus on the way parking noise should be taken into account as part of the global
railway noise issue. However, different legislation frames and working groups exist or are in
progress, showing that parking noise is a very important noise issue. At present, European
legislation such as the TSI (Technical Specification for Interoperability) provides limit values for
the stationary rolling stock i.e. at the source. Limit value at reception points is rather fixed by each
country itself.
In the NOI TSI [2], limit values are given for three indicators defined in ISO 3095 [1]:
-

〈𝐿𝑝𝐴𝑒𝑞,𝑇 〉unit is the energy average of the A-weighted sound pressure levels measured
around the railway unit. It is representative of the global stationary (i.e. constant) noise of
the unit.

-

𝐿𝑖 𝑝𝐴𝑒𝑞,𝑇 is the A-weighted sound pressure level measured at the position 𝑖 around the unit.
It can be representative of the noise emitted by a particular aggregate in front of the
microphone. In order to be so, only the aggregate in question should be operating, except
for those that are necessary (for some security functions of the train or for the aggregate
in question itself).
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-

𝐿𝑖 𝑝𝐴𝐹𝑚𝑎𝑥 is the maximum value of the A-weighted sound pressure level determined during
the measurement time interval 𝑇 by using time weighting 𝐹 (fast). It is representative of
impulsive noise sources.

The limit values for these three indicators are given depending on the type unit:
Table 2: Limit values for stationary noise given in the NOI TSI [2].
Category of the rolling
stock subsystem

𝑳𝒑𝑨𝒆𝒒,𝑻 [unit] [dB]

𝑳𝒊 𝒑𝑨𝒆𝒒,𝑻 [dB]

Electric locomotives and
OTMs with electric traction

70

75

Diesel locomotives and
OTMs with diesel traction

71

78

EMUs

65

68

DMUs

72

76

Coaches

64

68

Wagons

65

n.A.

𝑳𝒊 𝒑𝑨𝑭𝒎𝒂𝒙 [dB]

85

n.A.

The different indicators must be measured according to ISO 3095 [1]. For the 〈𝐿𝑝𝐴𝑒𝑞,𝑇 〉unit , a
space average is performed around the unit at a distance of 7.5 m from the centreline of the track
and at a height of 1.2 m above the upper surface of the rail. The location of the measurement
points around the unit is given using a spatial mesh of equally distributed areas, each having an
identical horizontal length of between 3 m and 5 m. Extra measurement points are located at both
ends of the unit. These locations are illustrated for one example in Figure 6.

Figure 6: Parking noise – Repartition of the measurement points around the unit
according to ISO 3095 [1].
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Where evaluated relevant, a microphone position at a height of 3.5 m can be used. This would
be the case for aggregates located at the roof of the unit.
Requirements are also given in ISO 3095 [1] concerning the operational state of the aggregates
for the measurements. This will be discussed later in the document.
When it comes to national regulations, at least the TSI must be respected in Europe. In some
European countries, specific legislations exist based on other indicators and limit values than
those of the TSI. For example, Germany assesses the tonal components of the noise using DIN
45681 (90 Hz) [8] or ISO 1996-2 (31,5-80 Hz) [9]. Limit values are also set for the loudest
measurement point around the unit for both intermittent and impulsive sources. In Switzerland,
both tonal and impulsive characteristics are taken into account using penalty coefficients in dB
added to the equivalent noise level at reception (up to 6 dB depending on the audibility of the
source). In addition, limit values are given for the operating duration of certain aggregates: 8 %
of the time for air compressors, 20 % for the restaurant compressor, 1.5 % for the security checks.
These specific national regulations are often applicable only for new situations and concern the
reception and not the emission (as it is already assessed by the TSI). At the reception, long-term
indicators such as the 𝐿day , 𝐿night and 𝐿den are mainly used. In Sweden, the 𝐿max is used as a
short-term indicator at the reception.
When they are calculated, the indicators at reception often suppose free field conditions. The
façade of the buildings is taken into account by some countries with a correction of 3 dB.
The limit values given below were evaluated in UIC [6] as a compilation of values collected among
the UIC partners. A distinction is made between the countries which consider parking noise as
rail traffic noise or as industrial noise in their legislation.

Table 3: Average noise reception limits for residential areas deduced from the
compilation of national noise legislations and guidelines in the EU [6]
Noise type
Rail traffic noise
Industrial noise
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𝑳𝒅𝒂𝒚 [dB]

𝑳𝒏𝒊𝒈𝒉𝒕 [dB]

𝑳𝒅𝒆𝒏 [dB]

61
(55 - 70)
57
(50 - 70)

52
(40 - 65)
48
(40 - 70)

62
(55 - 73)
60
(46 - 76)
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2.5 OPERATION CONDITION OF THE AGGREGATES DEPENDING
ON THE “FUNCTIONING MODE” OF THE UNIT
In the NOI TSI [2], there is no definition of what is a “parked train”. For the 〈𝐿𝑝𝐴𝑒𝑞,𝑇 〉unit indicator,
it is mentioned that the measurements should be performed under normal vehicle conditions. If
the noise of a compressor is estimated using 𝐿𝑖 𝑝𝐴𝑒𝑞,𝑇 the unit should be under the conditions
solely necessary for the operation of the main air compressor at the lowest rpm.
In the EUROSPEC for parking noise [4], a definition is given for the “parking mode” which is a
specific situation of standstill: the parking mode is the mode with maximum noise level which
occurs when the train is in stationary mode. This definition is not self-sufficient as it requires the
definition of the stationary mode which is given as an operational mode of the train between the
standstill and the sleeping mode. Again, other definitions should be given for standstill and
sleeping mode. The EUROSPEC comes finally with the definition of two modes: the standby mode
and the energy saving mode.
In EUROSPEC Standby mode, the train is ready for commercial service (or is getting ready for
it). HVAC units are working at maximum speed and diesel engines are turned on if necessary.
Security checks might be performed by the driver, generating impulsive noise (braking or air
compressor tests).
In EUROSPEC Energy saving mode, only the aggregates necessary for security are turned on.
Generally, this means that HVAC and diesel engines are turned off and that the electrical chain
is working only to supply the minimum current necessary for security. Some trains might have a
specific energy saving mode with optimized operational conditions allowing for some aggregates
to be turned on (HVAC for example). An optimized operating for the air compressor is possible
with a reduced required pressure level (and therefore reducing the rate of use of the compressor).
In the VDV [3], four different modes are defined: technical protection, Energy (and noise) saving,
Pre-conditioning and Safety test.
The VDV Energy saving mode is closed to the EUROSPEC one except that in the VDV, the
vehicle availability is maintained. The operation of the components is said to be minimized. The
equivalent mode in Switzerland is the “slumber mode”.
The VDV Technical protection mode is the mode at which a unit operates after a journey, and
before potentially going to the energy saving mode. It is characterized by a rapid cooling of certain
aggregates.
In the VDV Pre-conditioning mode, the train is preparing to be operational. This includes for
example HVAC operating to heat/cool the air from the economy mode temperature to the
operational temperature.
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The VDV Safety test mode includes preliminary tests performed on security devices such as
braking functions, horns or door signals.
Table 4 gives an overview of the sound power levels of the different aggregates depending on
the operational mode of the unit. These values have been obtained by SBB using a questionnaire
distributed to railway operators. The duration of activity refers to the approximate time of activity
for night time parking of the train given in percent and assuming 8 hours parking duration.

Table 4: Range of sound power levels 𝑳WA in dB(A) deduced from 𝑳pA,eq measured at 1m
from the aggregate (ref 8 hours parking duration) [6]
Standstill

Parked

Sleeping

Preparation

Duration of
activity [%]

Air compressor

80-93

69-93

69-78

-

5-10

Converter

91

74

72

-

100

Transformer

-

-

70-76

-

100

Exhaust valve
(no silencer)

-

109

-

-

2

HVAC

74-88

62-88

52-73

81

100

Cooling system
fans

72-79

61-79

60-72

78

100

Brake test

-

-

-

77-109

2

Cooling system
pumps

-

76-81

66-75

-

100

Air conditioning
passenger area

-

67-78

65-76

-

90

In Table 4, the UIC Standstill mode corresponds to the standby mode of the EUROSPEC. This is
basically the situation of a train at standstill in a station (except when rapid cooling of some
aggregates occurs) or at a signal. The UIC Parked mode is a compromise between maintaining
operation ability and energy saving. It should be used for long standstill situations between
commercial journeys. The UIC sleeping mode is the equivalent of both EUROSPEC and VDV
Energy saving modes. The UIC preparation mode is the equivalent of the VDV pre-conditioning
mode.
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2.6 MITIGATION MEASURES FOR PARKING NOISE
To evaluate the acoustic effect of the different Shift2Rail activities it is necessary to take the wellknown state-of-the-art mitigation measures into account as a reference. The following
technologies should be considered within the calculations:


Components improvement, in terms of noise radiation (new design, new technology, …)



Component shielding



Optimization of components localization



Optimization of operational strategy

3. METHOD FOR CALCULATION OF PARKING NOISE
In this chapter, a method for parking noise calculation is proposed. Therefore, all needed input
parameters, based on the literature survey, are introduced: a noise source model, sources’
positions, boundary conditions and noise indicators. Finally, a software is introduced, which
consider all the relevant parameters and provide accurate prediction results.

3.1 NOISE SOURCE MODEL
Each railway unit is described by a certain number of acoustic sources in a plan at the centre of
the track.
Each acoustic source is described by:


A position in the plan at the centre of the track (and perpendicular to the running surface).



An acoustic power spectrum is given in dB(A) per 1/3rd-octave band.



A 3-D directivity given as attenuation values in dB depending on the direction in space.
The directivity given by CNOSSOS [10] for the traction noise sources was considered.
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Figure 7: Geometrical definition of directivity [10]



Horizontal directivity is given by 0.01+0.99sin²f



Vertical directivity is omnidirectional

The vertical position of the sources with respect to the rail upper surface is chosen to comply with
the CNOSSOSS model (see Figure 8): 0.5 m (for sources at the bottom) or 4 m (for sources
around the roof).

Figure 8: Equivalent noise sources position taken from CNOSSOS [10]
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According to the survey presented in the previous section, the sources that will be taken into
account are:
-

Any fan whether it is used for the cooling of other aggregates or for supplying ventilation.

-

Any compressor whether it is used for air compression or for air conditioning.

-

Any electrical device used for conversion or transformation.

-

The Diesel engines in the case of thermic units.

-

The exhausts of the diesel engines.

As the sources are transferred into a single plan at the centre of the track, some of them originally
on both sides of the train could end with the same location in the source model.
Examples of typical source localization are given in Figure 9 for a DMU and Figure 10 for an EMU.

Figure 9: Example of source localization for a DMU

Figure 10: Example of source localization for an EMU
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3.2 NOISE SOURCES POSITIONS
In this section, the positions of the noise sources are described, which were used for the noise
exposure calculations. In Figure 11 positions of all noise sources can be seen. After the positions
were specified, the sources were switched on and off according to the defined parking scenarios
and the corresponded noise exposure was calculated

Figure 11: Noise sources’ positions

3.3 BOUNDARY CONDITIONS
Ground:
The ground (except for the ballast and embankment) is considered as flat, and as a hard surface
(type “G” according to the CNOSSOS description) with an absorption coefficient of 0.
The ballast is also a hard surface (type “G” according to the CNOSSOS description). The
dimensions of the ballast bed are shown in Figure 12.
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3.2 m
0.45 m
4.6 m
Figure 12: Dimensions of the ballast bed and the train

The embankment is considered as a compacted dense ground (type “F”) with an absorption
coefficient of 0.3. The dimensions of the embankment are shown in Figure 13.

6m

3.75 m

11 m
Figure 13: Embankment dimensions
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Train:
The train is modelled by a parallelepiped which dimensions are:




H = 4m
l = 3m
L = 81m

The roof is a type “H” (very hard and dense surface). Walls are reflecting.

Building:
The building is modelled by a parallelepiped (𝐿𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔 >> 𝐿𝑡𝑟𝑎𝑖𝑛 & 𝐼𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔 >> 𝐼𝑡𝑟𝑎𝑖𝑛 ). The height
is 15m.
The roof is a type “E” (compacted field and gravel) and the façade is reflecting.

Weather:




Homogeneous conditions;
Temperature T = 15°C;
Relative humidity RH = 70%.

3.4 INDICATORS
For each position given in the previous section, the sound pressure levels were calculated.
Using the repartition of the measurement points of ISO 3095 given in Figure 6:


〈𝐿𝑝𝐴𝑒𝑞,𝑇 〉unit and 𝐿𝑖 𝑝𝐴𝑒𝑞,𝑇 were calculated for the Energy Saving mode and the Parking
mode (without impulsive noise sources).



Additionally, 𝐿𝑖 𝑝𝐴𝐹𝑚𝑎𝑥 was calculated for impulsive noise sources.

The calculations are taking into account the noise propagation in the frequency domain.


To evaluate an equivalent to 〈𝐿𝑝𝐴𝑒𝑞,𝑇 〉unit indicator: the mean of 〈𝑝2 〉 for all the virtual
microphones at the same distance from the train is calculated, called 〈𝐿𝑝𝐴 〉unit. For this
configuration, the impulsive noise sources are not taken into account.



To evaluate an equivalent to 𝐿𝑖 𝑝𝐴𝑒𝑞,𝑇 indicator: the maximum of the different 𝐿𝑖 𝑝,𝑚𝑖𝑐 is
calculated, called 𝐿𝑖 𝑝𝐴,𝑚𝑎𝑥 . For this configuration, the impulsive noise sources are not
taken into account.
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To evaluate an equivalent to 𝐿𝑖 𝑝𝐴𝐹𝑚𝑎𝑥 indicator: the maximum of the different 𝐿𝑖 𝑝,𝑚𝑖𝑐 is
calculated, called 𝐿𝑖 𝑝𝐴,𝑚𝑎𝑥,𝑖𝑚𝑝 . For this configuration, the impulsive noise sources are
taken into account.

3.5 CALCULATION SOFTWARE
This evaluation could be calculated by:


using a 3D numerical tool, which can integrate landscape and buildings (the commercial
software MithraSIG)



The simulations of the propagation of the acoustic waves of MithraSIG are performed
using powerful algorithms based on asymptotic methods, such as ray propagation and
adaptive beam propagation.



These algorithms are equally suitable for prediction in an enclosed environment like a city
centre with a high construction density, or in an open environment with vast spaces
between buildings, and also in non-flat areas where the terrain topography affects
propagation.



The physical simulation engine computes noise propagation according to the
requirements of current regulations, including European Directive 2002/49/CE, which
takes into account the effect of meteorological conditions.



Calculation methods: CNOSSOS-EU, NMPB2008 (octave and 1/3 octave), ISO9613,
NMPB96 (XP S31-133), Harmonoise (octave and 1/3 octave).
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4. CONSIDERED VEHICLE TYPES
As defined in Deliverable D6.1 the first traffic scenario TSC 1 – parking and standstill is focused
on regional electric trains (corresponding to SPD 2 in Table 5). Primarily, the electric regional
trains are considered but regional trains with a diesel engine can be taken into account, if relevant
for TDs within Shift2Rail. The main model characteristics were derived from Table 6.
Table 5: Overview of the proposed generic SPD use cases [11]
SPD 1:
High speed

SPD 2:
Regional

SPD 3:
Urban

SPD 4:
Freight

FINE1 service
profile

High-speed 300
Max 300 km/h

Regional 160
Max 160 km/h

Metro
Max 80 km/h

Freight mainline
Max 120km/h

Generic reference
track based on

LGV Paris – Tours
– Poitiers

Metro Bilbao
Línea 1 and 2

Malmö – Mjölby –
Hallsberg

Train concept

Single-deck,
distributed traction

Metro

Electrical loco,
four axles

Network operator

SNCF

DB

Metro Bilbao

Trafikverket

Country of the
study area

France

Germany

Spain

Sweden

Magdeburg –
Potsdam – Berlin –
Frankfurt/Oder
Single-deck,
distributed
traction

Table 6: considered rolling stock for the vehicle scenarios [11]
category

typical max
speed (km/h)

example train
length (m)

characteristics

high speed

320

200

high velocities and dominating aerodynamic noise

intercity

200

200

long distance passenger train, different car designs
with locomotive

regional

160

80

high variety of auxiliaries and drive systems

urban

80

80

high traffic density, often underground

freight

100

830

noisy (as its cost sensitive which leads to less noise
mitigation measures e.g. less K-block brakes)
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5. OPERATIONAL MODES FOR PARKING SCENARIOS
As proposed in Deliverable D6.1 [11] two operational modes for the railway unit were considered:
Energy Saving mode and Parking mode. The Energy Saving mode is intended to be the less
noisy standstill situation. At the opposite, the Parking mode is the noisiest standstill situation.
Each of these modes is characterized by the different aggregates that are used and by their speed
and can be seen in Table 7.

Table 7: Operational modes for parking scenarios [11]
Energy Saving

Parking

Aggregate
DMU

EMU

DMU

EMU

On
(half of power packs)

Off

On
(two power packs)
Minimum speed

Off

Transformers

Off

On

Off

On

Transformers fans

Off

On – Minimum
speed

Off

On –
Maximum
speed

Converters

Off

Off

Off

Off

Converters fans

Off

Off

Off

Off

Powerpack

HVAC fans

Off

On – Maximum speed

HVAC compressors

Off

On

Air compressors

Off

On/Off

Constant noise sources
Impulsive noise source
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6. DEFINED PARKING SCENARIOS
Two typical parking scenarios are investigated in this Deliverable: “short duration stop” and “long
duration stop”. In the following, the specified microphones’ positions for both parking scenarios
will be described.

6.1 “SHORT DURATION STOP”
For this situation, the train is stopped in the “parking mode” for a short duration of 15 minutes.
This situation intends to represent a train stopped in front of a traffic light with all its functions
available, close to a building's façade. Two types of track are considered, a flat landscape (Figure
14 and Figure 15) and a landscape with embankment (Figure 16 and Figure 17).
The position of the receivers is given as follows: at 25 m from the track centre line and at different
heights on the façade of a potentially infinite wall. Three heights with respect to the ground level
are considered in order to represent the ground floor, 2nd floor and 4th floor. On the other side of
the unique track, free field conditions are applied. The numerical tool used for the simulation
should take into account at least one reflexion on the façade plus one reflexion on the train body.
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Figure 14: Microphones’ positions for the configuration “Close to a building's façade, flat
landscape”.

Figure 15: Top view (from MithraSIG) of the train (red rectangle in the middle) with the
microphones’ position (black dots) – the yellow block represents the building
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Figure 16: Microphones’ positions for the configuration “Close to a building's façade,
embankment”.

Figure 17: Top view (from MithraSIG) of the train (red rectangle in the middle), in case of
the embankment (purple zone), with the microphones’ position (black dots) – the yellow
block represents the building
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6.2 “LONG DURATION STOP”
For this situation, the train is stopped in the energy saving mode for a long duration. This situation
intends to represent a train parked at night with minimum functions available. Two types of track
in the free field are considered, a flat landscape (Figure 18 and Figure 19) and a landscape with
embankment (Figure 20 and Figure 21).
The position of the receivers follows the recommendations of DIN EN ISO 3095:2014. The
propagation from the sources to the receiver is performed under the assumption of free field
conditions. Indeed, for this situation, it is likely that the buildings are far enough from the tracks to
avoid any influence on the propagation and on the acoustic pressure levels.

Figure 18: Microphones’ positions for the configuration “Free field, flat landscape”.

Figure 19: Top view (from MithraSIG) of the train (red rectangle in the middle), in case of
the embankment (purple zone), with the microphones’ position (black dots)
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Figure 20: Microphones’ positions for the configuration “Free field, embankment”.

Figure 21: Top view (from MithraSIG) of the train (red rectangle in the middle), in case of
the embankment (purple zone), with the microphones’ position (black dots)
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7. CALCULATION RESULTS
By applying the input parameters and by considering the boundary conditions, the achieved
calculation results are presented in this chapter. Table 8 shows the noise exposure levels for
parking scenarios defined in chapter 6.
Table 8: Calculated sound pressure levels for defined parking scenarios
Type of
vehicle

Operational
Mode

Nb. of
trains

Duration

Track
type

Flat
Parking

15

15 min
@ day
Embankment

Receiver
position

〈𝐿𝑝𝐴 〉unit

𝐿𝑖 𝑝𝐴,𝑚𝑎𝑥

𝐿𝑖 𝑝𝐴,𝑚𝑎𝑥,𝑖𝑚𝑝

dB(A)

dB(A)

dB(A)

h 1.8 m @ 25 m

66.0

66.7

66.7

h 7.8 m @ 25 m

65.2

65.9

65.9

h 13.8 m @ 25 m

64.3

64.9

65.0

h 1.8 m @ 25 m

66.4

67.1

67.2

h 7.8 m @ 25 m

65.7

66.4

66.4

h 13.8 m @ 25 m

64.9

65.5

65.6

h 1.2 m @ 7.5 m

47.8

51.5

-

h 3.5 m @ 7.5 m

51.7

56.2

-

h 3.5 m @ 25 m

46.3

47.6

-

h 1.2 m @ 7.5 m

46.8

50.5

-

h 3.5 m @ 7.5 m

53.6

59.6

-

h 3.5 m @ 25 m

45.7

47.0

-

h 1.8 m @ 25 m

65.4

66.4

66.4

h 7.8 m @ 25 m

64.6

65.5

65.5

h 13.8 m @ 25 m

63.7

64.5

64.5

h 1.8 m @ 25 m

65.8

66.8

66.9

h 7.8 m @ 25 m

65.1

66.0

66.1

h 13.8 m @ 25 m

64.3

65.1

65.2

h 1.2 m @ 7.5 m

53.4

59.9

-

h 3.5 m @ 7.5 m

53.1

59.5

-

h 3.5 m @ 25 m

47.4

50.6

-

h 1.2 m @ 7.5 m

44.8

50.5

-

h 3.5 m @ 7.5 m

51.4

60.2

-

h 3.5 m @ 25 m

44.0

47.3

-

EMU
Flat
Energy
saving

5

1h
@ night
Embankment

Flat
Parking

15

15 min
@ day
Embankment

DMU
Flat
Energy
saving

5

1h
@ night
Embankment
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8. DISCUSSION ON CALCULATION RESULTS
In this section, the calculation results will be discussed, and they will be considered under various
aspects, for that Table 8 is considered. The first thing to be noticed is that SPL levels in the
Parking mode are significantly higher than in the Energy Saving mode for both vehicle types. This
difference is expectable and can be explained by the fact that the main noise sources in the case
of a long duration stop are switched off: in both types of vehicle the HVAC is switched off, in the
case of a DMU, half of the power packs are off and in the case of an EMU, transformer fans are
off.
Furthermore, it can be noticed that there is no difference between 𝐿𝑖 𝑝𝐴,𝑚𝑎𝑥 (impulsive sources off)
and 𝐿𝑖 𝑝𝐴,𝑚𝑎𝑥,𝑖𝑚𝑝 (impulsive sources on) in these reference cases. This difference usually depends
on the sound power level of the impulsive noise source as well as on the ratio between the sound
power level of the impulsive noise sources to the sound power level of the other constant sources.
In these concrete cases, the air compressor was not strong enough to drown out the constant
sources, but during the Shift2Rail project, there may definitely be configurations where
𝐿𝑖 𝑝𝐴,𝑚𝑎𝑥,𝑖𝑚𝑝 will play a role.
Also, on the basis of the calculation results included in Table 8, various effects can be examined.
Exemplary, the effect of an embankment on the exposure level is examined. In addition, the
calculated sound pressure level of DMU is compared with EMU in different parking scenarios.
The results of the evaluation are presented in Table 9 below.

Embankment vs. flat track
For an EMU the effect of an embankment can be seen only in the Energy Saving mode at the
position “h 3.5 m @ 7.5 m”, there is the indicator 〈𝐿𝑝𝐴 〉unit in the scenario with the embankment 2
dB higher than in the scenario with a flat track and 𝐿𝑖 𝑝𝐴,𝑚𝑎𝑥 is even 3.4 dB higher. On the other
hand, in the case of DMU, the embankment ensures a significant reduction of the noise level,
especially right next to the track at “h 1.2 m @ 7.5 m” but also further away from the track because
the nosiest sources are located below the vehicle.

DMU vs. EMU
If both vehicle types are compared, it is noticeable that the differences are present in the energy
save mode only. The DMU is noticeably louder when the ground is flat, especially next to the
track. In the scenarios with an embankment, the EMU is louder because the noise sources at the
DMU are shielded by the embankment.
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Table 9: Considered effects in the different calculation scenarios
Considered
Effect

Type of
vehicle

Operational
Mode

Parking

Track
type

-

Receivers
position

〈𝐿𝑝𝐴 〉unit
dB(A)

𝐿𝑖 𝑝𝐴,𝑚𝑎𝑥
dB(A)

𝐿𝑖 𝑝𝐴,𝑚𝑎𝑥,𝑖𝑚𝑝
dB(A)

h 1.8 m @ 25 m

0.4

0.4

0.5

h 7.8 m @ 25 m

0.5

0.5

0.5

h 13.8 m @ 25 m

0.6

0.6

0.6

h 1.2 m @ 7.5 m

-1.0

-1.0

-

h 3.5 m @ 7.5 m

1.9

3.4

-

h 3.5 m @ 25 m

-0.6

-0.6

-

h 1.8 m @ 25 m

0.4

0.4

0.5

h 7.8 m @ 25 m

0.5

0.5

0.6

h 13.8 m @ 25 m

0.6

0.6

0.7

h 1.2 m @ 7.5 m

-8.6

-9.4

-

h 3.5 m @ 7.5 m

-1.7

0.7

-

h 3.5 m @ 25 m

-3.4

-3.3

-

h 1.8 m @ 25 m

-0.6

-0.3

-0.3

h 7.8 m @ 25 m

-0.6

-0.4

-0.4

h 13.8 m @ 25 m

-0.6

-0.4

-0.5

h 1.8 m @ 25 m

-0.6

-0.3

-0.3

h 7.8 m @ 25 m

-0.6

-0.4

-0.3

h 13.8 m @ 25 m

-0.6

-0.4

-0.4

h 1.2 m @ 7.5 m

5.6

8.4

-

h 3.5 m @ 7.5 m

1.4

3.3

-

h 3.5 m @ 25 m

1.1

3.0

-

h 1.2 m @ 7.5 m

-2.0

0.0

-

h 3.5 m @ 7.5 m

-2.2

0.6

-

h 3.5 m @ 25 m

-1.7

0.3

-

EMU
Energy
saving

-

Embankment
vs. flat track
Parking

-

DMU
Energy
saving

-

Flat

Parking
Embankment
DMU vs.
EMU

-

Flat
Energy
saving
Embankment
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9. SUMMARY AND CONCLUDING REMARKS
The aim of this task was the identification of the state of the art of noise emissions of rolling-stock
of parking and stationary noise, especially for typical operating conditions at train-yards and
stations. For this purpose, a literature review of publications and standards from recent years,
which focus on parking situations, was carried out and presented in a short summary regarding
the parking scenarios.
The information mentioned in the review was then used to set up calculation models for the
scenarios for parking- and stand still-mode, which were defined and agreed in task 6.1. These
models shall be easy to update in order to recalculate the noise emission with little effort on the
one hand, but on the other hand, they shall show all possible improvements of the TDs within
S2R in terms of acoustics. After setting up the model, two reference scenarios were defined: short
duration stop of a regional train in parking mode and long duration stop of the same train in energy
saving mode. In each reference scenario, two different ground configurations were considered.
On this basis, the noise-emissions for the reference scenarios were calculated with the
commercial software MithraSIG. The results of the calculations have shown SPL levels in the
Parking mode are expectably and significantly higher than in the Energy Saving mode for both
vehicle types. Furthermore, only in the Energy Saving mode notable differences between track
types and vehicle types are present.
For this particular configuration, used as a reference, there is no difference between the indicators
𝐿𝑖 𝑝𝐴,𝑚𝑎𝑥 and 𝐿𝑖 𝑝𝐴,𝑚𝑎𝑥,𝑖𝑚𝑝 , which show the impact of impulsive noise sources. However, cases can
certainly occur in which the difference would be clearly recognizable. These cases can then be
simulated without much effort with the present calculation model in order to evaluate the
improvement of the TDs in detail. This task shall be carried out at the end of the S2R project, after
the improved TDs are available, or at least more information on the impact on the acoustic
performance of the overall improvements is better investigated.
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