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1. Executive Summary
The focus of WP6 is on exterior noise simulation, taken into account the train integration effects
(i.e. noise propagation when a source is integrated on the train).
This document will present:
•
•
•

•

Different cases identified that represents most of the situations on the train (in terms of sources
on the roof, inside the bogie, etc.)
The sources to be studied, considering the different types of noise
The criteria to validate the modelling of noise radiation and integration effects has been
obtained: differences lower than 2 dB in the overall noise; and 4 dB for the relevant third octave
bands
The train level scenarios where the uncertainty assessment will be analysed

The reference cases have been chosen in order to obtain a global view of Metro, Tramway,
Regional and High Speed noise sources radiation and integration. WP6 does not include the
rolling noise -covered in WP7. Since the rolling noise would always mask partially the other noise
sources in dynamic conditions; all the test configurations used in WP6 are defined in static
conditions.

FINE-2 – GA 881791

1 | 33

2. Abbreviations and acronyms
Abbreviation / Acronym
FINE-2
N&V
BTG
DB
CAF I+D
ALSTOM
WP
S2R
HVAC
TSI
VT
PWM
rpm
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Description
Future Improvement of Noise and Energy
Noise and Vibration
Bombardier Transportation GmbH
Deutsche Bahn
Construcciones y Auxiliar de Ferrocarriles
ALSTOM TRANSPORT SA
Work Package
Shift2Rail
Heating, Ventilation and Air Conditioning
Technical Specification for Interoperability
Virtual
Pulse width modulation
Revolutions per minute
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3. Background
The present document constitutes the Deliverable D6.1 “Specification for reference cases and
validation targets” in the framework of the W6 6, task 6.1 of CCA September 2018.

4. Objective/Aim
The global objectives of WP6 are:
▪

▪
▪

To validate methodologies and tools used to simulate the exterior noise radiated by equipment
(rolling noise not included) in terms of source strength, source directivity and integration effects
due to installation on the train;
To propose a process to for acceptance of industrial simulation tools to be used for exterior noise
simulation;
To obtain a methodology to assess the uncertainty of exterior noise simulations (pass-by
including rolling noise and standstill cases).

In particular, the objective of this deliverable D6.1 is to agree on the reference cases to be used
for the validation. These reference cases will be used to validate the tools and methodologies
used by the partners to simulate equipment noise radiation in terms of overall sound power
level and directivity. To simulate the exterior noise, source information like sound power level
and directivity is entered in a specific tool that predicts the total noise level at the side of the
vehicle, taking all sources in the model, the integration effect as well as sound propagation into
account. The validation is generally based on a comparison between the simulation of the sound
emission beside the vehicle and a measurement at the same position with the installed piece of
equipment. A specification of the minimum requirements for the acoustic simulation of the
reference cases will be defined. The inputs from FINE-2 contributors are:
▪
▪
▪
▪
▪

Reference cases proposal
Measurement requirements
Simulation requirements
Validation targets for equipment acoustic radiation, directivity and train integration
Uncertainty assessment cases

Some previous work that will be used comes from:
▪
▪
▪

ACOUTRAIN (specially WP3, WP4 and WP5)
S2R FINE-1
SILENCE (www.silence-ip.org/)
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The added value with respect the previous work done on ACOUTRAIN is to focus the effort on
the train integration. It will be done by means of measuring the same sources stand alone and
installed on the train.
The deliverable 6.1 defines the “references cases” and the “uncertainty assessment cases” (see
Figure 1). Afterwards, more detailed information about the measurement (“source alone” and
“source integrated on the train”) protocol and planning will be found in deliverable 6.2. The
deliverable 6.3 will contain the measurement and simulation results and will analyse the
correlation between them. Finally, the deliverable 6.4 will assess the uncertainty of the defined
cases in 6.1. An overview of the deliverables in work package 6 and their relationship is detailed
in Figure 1.
The reference cases, minimum simulation requirements, validation targets and reference cases
for uncertainty assessment will be also proposed to the S2R Open Call project S2R-OC-CCA-0120191. The Open Call will perform the measurements and simulations using advanced
techniques; and the analysis of the correlation will be done also including their models -see
Figure 2 for the detailed deliverables.

Figure 1: Relationship between the different WP6 FINE-2 deliverables
1

Also called TRANSIT.
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Figure 2: Relationship between the different WP6 FINE-2 deliverables (green) and the OC deliverables (red).
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5. Reference cases definition
The validation of exterior noise simulations can be done only for cases where all the relevant
inputs are known, i.e. source strength, directivity, train integration, ground absorption, etc.
Therefore, a list of several reference cases with all the parameters under control are agreed
between FINE-2 participants from the beginning of WP6.
A reference case is defined as a source type (for example HVAC, auxiliary converter, and main
compressor) integrated in a certain train position (roof, underframe) with or without sound
barriers (skirts or roof fairings).
As a follow-up of the work done in ACOUTRAIN, where validation procedures for simulations
tools were defined for sources representing rolling noise, FINE-2 will extend the validation of
simulation tools to cover other sources different than rolling noise. To cover all different types of
equipment and integration, a matrix including all different cases was agreed between FINE-2
partners.
For each of the selected reference cases, the train source will be measured both as stand-alone
(i.e. demounted in free field over a totally reflective ground) and when integrated on the train. It
is important that the equipment operating point is identical during both tests. For example:
▪

▪

For a fan, the impedance during the measurement stand alone and integrated on the
train must be the same -the enclosure that is used once the fan is integrated on the train
has to be present also during the tests stand alone.
For electrical components, parameters like the load or the input electrical signal have to
be the same during the measurements of the source stand alone and integrated on the
train.

As explained in section 4, WP6 does not include the rolling noise -covered in WP7. Since the
rolling noise would always mask partially the other noise sources in dynamic conditions; all the
test configurations used in WP6 are defined in static conditions.
The criteria for the selection of reference cases was made as a trade-off between the need of a
representative study cases of the train (i.e. type of noises, train integration, train architecture…);
a limited budget; and the feasibility to measure them at standstill.
The particular case of aero-acoustic noise (i.e. pantograph or bogie cavities in High Speed trains)
can be represented by monopoles and dipoles in terms of source radiation-see references [24]
and [25]. Therefore, these two aero-acoustic noise radiations would be equivalent to a source
installed on the roof (pantograph) or a source in the bogie area.
In the same way, the locomotives can be considered as a particular case of fan air inlets/outlets
and sources in the bogie area.

FINE-2 – GA 881791
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The cases with and without barriers are considered separately since the train integration that
will be validated has different complexity. When the integration contains some skirts or roof
fairings, an effect of diffraction is expected.
With the same aim, the cases with small/large equipment are separated since the space
propagation is expected to be different (only for cases where the source length L is small with
respect the distance D to the microphone position, the sound propagation will be close to 1/r2).
The case of modelling the noise radiation of sources inside the bogie area (i.e. traction motor or
gearbox) will be done by using equivalent omnidirectional sources with a loudspeaker.
Performing noise emission measurements with real sources operating (motor and gearbox)
without the influence of other noise sources (rolling noise) is a very complicated task with
important safety (traction drive has to be decoupled from the bogie axles) and technical issues
(traction drive has to be controlled without the load of the axle). Therefore, it has been agreed
between partners to perform the measurements with an equivalent source. In fact, the final
objective is not to simulate the radiation of the motor or gearbox standalone. The objective is to
be able to validate the modelling of integration effect of a noise source inside a bogie. If the
source is a real motor or an omnidirectional loudspeaker will not change the conclusions on the
capability of the models to simulate a noise source inside a bogie.
For the final selection of reference cases the types of sources and the type of integration on the
vehicle matrix was developed, in which the sources were categorized, Figure 3 shows different
types of integration that are typical for modern construction of multiple units.

FINE-2 – GA 881791
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Type of noise
TRAIN INTEGRATION/
NOISE TYPE

COOLING NOISE

ELECTRO-MAGNETIC
NOISE

MECHANICAL
NOISE

Loudspeaker
test

Train integration

Equipment inside
the bogie

Large equipment
installed on the
roof

HVAC passenger,
auxiliary
converter,
traction
converter,
transformer
cooler, Powerpack
cooler

Auxiliary
converter,
traction
converter,
transformer,
Powerpack cooler

Diesel
Powerpack

Small equipment
installed on the
roof

HVAC cabin,
Braking resistors

Braking resistors

Main air
compressor

Auxiliary
converter,
traction
converter,
transformer,
Powerpack
cooler, Braking
resistors

Diesel
Powerpack,
Main air
compressor

Braking resistors

Main air
compressor

Auxiliary
converter,
traction converter

Main air
compressor

Small/large
equipment installed
on the roof with
roof fairings

Equipment installed
underframe (small)
Equipment installed
underframe
(large/small) with
skirts

OTHER

HVAC passenger,
auxiliary
converter,
traction
converter,
transformer
cooler, Powerpack
cooler, HVAC
cabin, Braking
resistors
HVAC passenger,
Braking resistors
HVAC passenger,
auxiliary
converter,
traction inverter

Table 1: Matrix with the types of noise found on a train versus possible train integration.
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Figure 3: Different examples of train integration.

5.1 Case 1: HVAC Box
5.1.1 Noise source description
The first reference case is the HVAC box of the DB made up of two parts; a compressor and a
condenser, which are mounted on the wagon underframe. A picture of the HVAC is shown in
Figure 4.
The expected noise from the HVAC box is broad band with strong directivity in the direction of
the condenser fan axle.
Besides the HVAC, the converter for the power supply required to run the unit emits some noise.

Figure 4: HVAC the condenser fans and compressor (Photo: DB Systemtechnik GmbH).
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5.1.2 Train integration
The HVAC-unit is integrated on the vehicle in the underframe. There is a skirt covering the
equipment at train level that may influence the noise. If there is time enough, the measurements
will be done with and without the skirt.

5.1.3 Measurement description
One of the HVAC-units of this type that will be used for the measurements in FINE-2 is mounted
in the test vehicle. The other one of the same type will be measured when deinstalled. It will be
able to operate on a test bench at the DB maintenance workshop in Neumünster.
The measurement will be performed outside or in a workshop with essential free sound
propagation. The free field conditions and background noise will be as close as possible to the
requirements of the standard ISO 3744 for determining the sound power level of noise sources
using sound pressure [5]. Additional absorption panels may be required.
All measurements will be performed by the open call project TRANSIT and are planned for the
summer of 2021. The measurement methods are described by TRANSIT WP1 in the deliverable
D1.1.

5.2 Case 2: Source in bogie area
5.2.1 Noise source description
In order to simulate the emission of the motor inside the bogie area, a loudspeaker will be
placed inside the trailer bogie of the same DB vehicle as in the reference case 1 (see Section
Error! Reference source not found.). The objective is to characterize the complex integration
effects in the bogie area with reflections in the cavity between the wheels, vehicle and track.
A similar test set up for measuring transmission paths with a loudspeaker in the bogie area were
reported in the ACOUTRAIN project deliverable D3.3 [17].
The used spectrum of the omni-directional loudspeaker will be:
•
•

Broad band type to reproduce a self-ventilated motor at high speeds (> 50 km/h)
Tonal type to reproduce the acceleration (< 50 km/h)

More details will be included in the Deliverable D6.2.

5.2.2 Train integration
The loudspeaker will be installed inside the trailer bogie cavity at the position indicated in Figure
5 below.

FINE-2 – GA 881791
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Figure 5: Loudspeaker placed in the trailer bogie.

5.2.3 Measurement description
All measurements will be performed by the open call project TRANSIT. The measurement
methods are described by TRANSIT WP1 in the deliverable D1.1

5.3 Case 3: auxiliary converter
5.3.1 Noise source description
The train auxiliary converter is proposed as a reference case in WP6.1 in order to cover the case
of electrical noise sources. Due to the functionality of the auxiliary converter, it contains several
subcomponents as transformer, etc., operating at single frequencies. Therefore, the expected
noise includes tonality up to high frequencies.
The auxiliary converter will be measured in an EMU RER NG regional train.

Figure 6: Auxiliary converter expected frequency spectrum.

FINE-2 – GA 881791
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5.3.2 Train integration
The auxiliary converter is integrated on the train underframe, without skirts (see Figure 7).
In order to isolate the noise of the auxiliary converter from the rest of the train equipment, the
HVAC and transformer of the same car will be switched off.

Figure 7: Auxiliary converter placed on the train underframe.

5.3.3 Measurement description
The measurements with the equipment installed on the vehicle will be done in free field with
low background noise in France during 2021.
The measurements of the auxiliary converter stand alone will be done indoors. Several panels
with absorbing material will be added to minimize the effect of the reflections.
All measurements will be performed by the open call project TRANSIT. The measurement
methods are described by TRANSIT WP1 in the deliverable D1.1

5.4 Case 4: HVAC driver’s cabin
5.4.1 Noise source description
The fourth reference case is an HVAC cabin with the condenser fan air inlet in one of the box
sides, see Figure 8. The expected noise is broad band with strong directivity pattern due to the
condenser fan location.

5.4.2 Train integration
The HVAC Cab is integrated in the driver’s cab roof and covered with a plate. The HVAC will be
measured at full load.
The measurements of the HVAC stand alone will be done in different configurations. One of the
configurations aim will be to isolate the unit bottom noise emission from the rest; since it is
more representative of the source emission once mounted on the train, see Figure 8. When
mounted on the train, less or no noise will be emitted from the bottom of the HVAC.

FINE-2 – GA 881791
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HVAC condenser fan

Figure 8. HVAC Cabin train integration.

5.4.3 Measurement description
The measurements will be done in free field at the premises of the Alstom factory in La Rochelle,
see Figure 9.
In order to minimize the background noise, the tests will be performed during the night.
The tests will be done with the source stand alone and integrated on the train by Alstom staff
during the second half of 2020.
The source stand alone will be measured according to ISO 9614 [19] and ISO 3744 [5].
The source integrated on the train will be measured at 7.5 m in different positions to cover the
different angles between both sides of the cabin.
The measurement methods will be described on deliverable D6.2.

Figure 9: Testing area at Alstom factory in La Rochelle.

FINE-2 – GA 881791
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5.5 Case 5: main transformer
5.5.1 Noise source description
The 5th reference case is a transformer of an EMU operating as a regional train. The noise
emitted by the transformer can be divided into two main types of noise:
•
•

noise from the cooling fans and
electro-magnetic noise.

The cooling fans are running at two levels: high speed and low speed. The intended
measurement scenario will be measurements with the train at standstill condition. Under this
operation condition the electro-magnetic noise of the transformer will be dominant due to low
fan speed of the cooling. The frequency range of interest is between 200 Hz – 6300 Hz wherein
the 3rd octave bands between 1250 Hz – 3150 Hz containing the highest levels as indicated in
Figure 10.

LAeq dB

Noise spectrum

31.5 63 125 250 500 100020004000
f Hz
Figure 10: Example of noise spectrum of transformer

It can be assumed, that the transformer has a certain directivity, especially for the electromagnetic noise part.
As an addition to the measurements under standstill conditions, stand-alone measurements are
performed with cooling fans switched off and also with fans at high speed.

5.5.2 Train integration
The transformer in this case is mounted through six connection points to the roof of the train.
The train is not equipped with roof fairings. The train layout and the mounting position of the
transformer on the roof of the train is shown in Figure 11. Adjacent to the transformer in
direction of travel, other equipment is mounted in a distance of approximately 350 mm or 900
mm.

FINE-2 – GA 881791
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Figure 11: The transformer mounted on the roof of the train

5.5.3 Measurement description
The stand-alone measurements were already performed and the measurement report is
available.
The measurements were done in a test lab based on ISO 3744 [5] . The test lab area does not
fulfil free field conditions for the entire frequency range of interest. Hence, the environment
correction coefficient K2 was determined.
The sound pressure measurements were done in 1/3-octave bands from 31.5 to 6.3 kHz at 18
measurement points around the test object according to Figure 12.
The measurement methods will be described on deliverable D6.2.

Figure 12: Measurement positions for the characterization of the transformer

FINE-2 – GA 881791
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The background noise level was recorded, and it was more than 10 dB below the measured
sound pressure level with the transformer running. Since the measurement was done by a handheld device, the high voltage area could not be measured for safety reasons. This affects three
measurement points labelled “NA” in Figure 12. The noise measurements were performed with
PWM supply to ensure comparability to the measurements on the train.
The measurements on train level will probably take place in Q1 2021 and will be performed by
BT on a test track under free field conditions.

5.6 Case 6: diesel engine cooler
5.6.1 Noise source description
The sixth reference case is the diesel engine cooler of the French regional train AGC 4-car train
(bi-mode EMU/DMU). Both measurements with the source integrated on the train as well as
stand-alone have already been performed (the results are available for the work in WP6).
The acoustic radiation has a large frequency band spectrum with some tonal emergences.
(between 100 Hz and 8000 Hz).
The measurements available for the cases of the source stand alone and integrated on the train
are at 950 and 1300 rpm.

5.6.2 Train integration
Two engine coolers are located on the roof – one on the first and another on the last train
vehicle (identified in orange Figure 13 below):

Figure 13: Engine cooler location in orange.

FINE-2 – GA 881791
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5.6.3 Measurement description
The measurements integrated on the train were performed in July 2018 in France.
The sound pressure measurements were done in 1/3-octave bands from 50 to 16 kHz at 18
measurement points around the test object according to Figure 14 and Figure 15 below:

Figure 14: Measured positions with the source installed on the train seen from the front

Figure 15: Measured positions with the source installed on the train seen from the top.

FINE-2 – GA 881791
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The test campaign was done outside, in free field conditions. For each speed, the background
noise was measured, to ensure that the background noise level was more than 10 dB below the
measured level with cooler running.
The stand-alone measurements were already performed, and the measurement report is
available (SILENCE project) [18]
This data includes third octave band sound power level, for several rpm (500-2100rpm in steps of
100), at 11 measurement positions around the source (measurement setup shown below in).

Figure 16: Measured positions with the source stand alone.

Figure 17: Source stand-alone during the measurements.

FINE-2 – GA 881791
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6. Measurement requirements
In this section, the measurements requirements are listed. More detailed information about the
measurement protocol will be written in WP6 deliverable 6.2.
Based on ACOUTRAIN project, the parameters with high influence on the train equipment
emission are:
▪
▪
▪

Source directivity
Ground impedance
Source strength

Therefore, the parameters to be measured with the sources stand alone are:
▪
▪

Source sound power level
Source directivity

The parameters to be measured or detailed with the source integrated on the train are,
according to [6]:
▪
▪
▪
▪

Sound pressure level in the positions close to the source
Source position
Environmental conditions
Ground impedance2, not mandatory

More detailed information will be included in deliverable D6.2.

6.1 Frequency range
As required by ISO 3095:2013 [1], the measured range shall be at least from 31.5 Hz to 8 kHz.
The simulations and validation will be done in third octave bands by the FINE-2 partners. In
addition, the S2R Open Call will perform some validation in narrow band3.

6.2 Source directivity
The source directivity has to be characterized. For the reference cases measured by the S2R
Open Call, the directivity will be defined in terms of:
▪
▪
▪

ISO 9614-2 [19] per faces
Sound power level of sub-sources (see [20] and [21] for deeper information)
Equivalent point sources SWL (see [22] for deeper information)

It will be done only for the cases measured by TRANSIT.
For accurate narrow band analysis, the full equivalent monopole model is required. For the WP6 application,
the simplificated methodology will be applied (the transmission path is randomizing the phase information
when the average is done).
2
3

FINE-2 – GA 881791
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For the reference cases measured by FINE-2 participants, the directivity will be defined in terms
of:
▪

ISO 9614-2 [19] per faces;

Otherwise
▪

ISO 3744 [5]

6.3 Measured scenarios
In order to analyse the effect of the train integration, sources of the same type will be measured
stand alone and integrated on the train. It will not be the exactly the same source that is
deinstalled.

6.3.1 Measurements equipment stand alone
The expected outputs from the measurements performed by the Open Call project TRANSIT
(S2R-OC-CCA-01-2019) and FINE-2 partners are:
▪
▪
▪

Sound power level of the source stand-alone (total value and third octave bands)
Sound directivity information according to section 6.2
Background noise in third octave bands found during the measurements

6.3.2 Measurements with the source integrated on the train
The expected outputs from the measurements performed by the Open Call Transit (S2R-OC-CCA01-2019) are:
▪
▪
▪
▪
▪
▪
▪

M1: at 3m from the floor and 1 m from the source
M2: at 3.5 m from the floor and 1 m from the source
M3: at 4.5 m from the floor and 1 m from the source
M4: at 1.2 m from the floor and 3 m from the source
M5: at 3.5 m from the floor and 3 m from the source
M6 (TSI position): at 1.2 m from the floor and 7.5 m from the track center
M7: at 3.5 m from the floor and 7.5 m from the track center

Other positions will be used for source located in the underframe or bogie. The detailed
information will be included on Deliverable 6.2. In addition, the five monopoles methodology
contains other positions relevant for the transmission path.

FINE-2 – GA 881791
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Figure 18: Measured positions at train level, YZ view (with added proposal from DB in blue).

Figure 19: Measured positions at train level, XY view.
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7. Simulation requirements
According to the results obtained on ACOUTRAIN, the sound propagation model is especially
sensible to the ground absorption, the source directivity, the source position relative to the
ground, and the ground properties discontinuity. Therefore, all these parameters shall be
included on the simulation to properly predict the real exterior noise level of a train.
Thus, the software exterior noise shall be calculate the noise in the reception positions according
to the measurements methods defined in ISO 3095 [1]. In particular, the noise propagation shall
be calculated taking into account the recommendations made in [13].
The simulation will be done by both FINE-2 partners and S2R Open Call to compare with the
measurement results on the different reference cases. The simulation of FINE-2 participants will
be done using the following tools:
FINE-2 partner

Tool used for simulation of source
integrated on the train

CAF I+D

TraiNoiS

Alstom

Sitare

BTG

BRAINS

DB

No simulation

SNCF

Train noise expert
ACOUTRAIN tool

TRV

KTH simulation

Table 2: Tool used for the simulations at train level according to FINE-2 partners.

More information will be detailed on deliverable D6.3.

7.1 Frequency range
As proposed in [6], the simulated range shall be at least from 100 Hz to 5 kHz.

7.2 Ground characteristics
The minimum input data that the simulation should take into account is:
▪
▪

Floor impedance
Ground geometry
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8. Validation targets
The validation target is the criteria that will be used to evaluate the acceptance of the
simulations as a representative of the “reality”, i.e., if it is accurate enough to be used for a VT
certification.
It will be defined as the absolute difference (in one-third octave bands and total level) between
the measurement and the simulation.
The acceptance criteria for all the sources will apply only to the M6 reception position (see
section 3.4.2). TSI Noise [23] or ISO 3095 positions at 7.5 m from the track center and 1.2 m
height above the top of the rail.
The acceptance criteria that will apply on the simulation of each of the reference cases (source
installed on the train) will be:
▪

For the main contributing frequencies (one-third octave band at 6 dB or less from the total noise
level, see Figure 20):
▫ Magnitude of third octave band differences (deltas) are lower than 4 dB
▫ Difference between overall lower than 2 dB

▪

For the non-contributing frequencies, no requirement will apply

Figure 20: Acceptance criteria on third octave bands.
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9. Uncertainty assessment
In the context of a future virtual certification procedure for the vehicle approval, the calculation
uncertainty becomes relevant since the simulation result shall be compared to a limit value. It is
crucial that the calculated noise corresponds to the actual noise.
Within a prediction tool based on analytical and deterministic equations, the result can be
written in terms of the used inputs. However, each of the inputs are not known with exactitude
so it will be desirable to define a Probability Density Function (PDF) when possible, or at least a
range of possible input values.
A good understanding on the uncertainty dependency will allow defining where to put the
efforts to improve the prediction accuracy.
The model uncertainties can be divided into:
▪

▪

Input uncertainties, describing the variability in the prediction due to the choice of specific single
values among the PDF of the inputs. These uncertainties can stem from e.g. measurement
method uncertainties or variations in sound emission between different pieces of the same
source type but also from modelling uncertainties as for instance if the source is modelled at the
correct position or if all sources that contribute to the noise have been considered in the model.
Systematic uncertainties, describing the range of deviation between predictions and the real case
due to the model assumptions and simplifications

The first one can be assessed as the combined standard uncertainty of the input parameter.
The second one can be divided into:
▪
▪

from uncertainties, describing the variability in the prediction due to the choice of a specific
model among those available to describe the same physical phenomenon
predictive uncertainties describing the variability of the predictions with respect to the real case
due to the model assumptions and simplifications

In the EU-funded ACOUTRAIN project, guidance was provided for the estimation of railway noise
calculation uncertainty [15]. In addition, some recommendations for assessing the uncertainty of
an exterior noise virtual testing procedure are given in [16].
More detailed information is given, for a simulated case of TSI pass-by noise at 80 km/h within
[11]. The uncertainty of the overall pass-by noise is obtained in function of the model inputs:
sound power level (SWL), directivity, installation effects and ground properties.

FINE-2 – GA 881791

24 | 33

In order to cover all the cases in TSI Noise, the calculations that need to be assessed are:
▪
▪
▪

Average of the positions at 7.5 m distance from the center of the track beside the train at
standstill according to [1], section 5.8.1.
Starting noise measured during the acceleration according to [1] section 7.
Pass-by at 80 km/h, 200 km/h and 320 km/h according to [1]

The parameters that will be taken into account for the uncertainty calculation are:
Prediction
step

model Source of uncertainty

Input SWL
Source definition
Directivity
Installation effects
Noise propagation

Variability due to manufacturing
process
SWL measurements
SWL prediction models
Directivity measurement
Source model

Diffraction model
Screening effect
Ground effect model
Propagation model
Table 3: Sources of uncertainty.

This analysis will be done for a train layout defined according to this schema4 of Figure 21:
▪
▪
▪
▪
▪
▪
▪
▪

The motor bogies are the first and last one on the train
The articulated bogies are trailer bogies
Roof fairings that covers the equipment installed on the train roof
One HVAC compartment in the roof center per car
One auxiliary converter in the underframe on the first and last vehicle
One traction inverter in the underframe on the first and last vehicle
One main compressor in the roof on the intermediate vehicle
Two motor and two gearbox per motor bogie

The uncertainty analysis of Task 6.4 will be done considering this train definition.

Figure 21: Train layout.
4

More detailed information will be shared during the task 6.4.
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10. Conclusions
This document fulfils the requirement of D6.1 and contains the list of reference cases, simulation
requirements, validation targets and uncertainty assessment cases.
The objectives of this WP6 are:
▪
▪
▪

To validate methodologies and tools used to simulate the exterior noise radiated by equipment
(rolling noise not included);
To propose a process to for acceptance of industrial simulation tools to be used for exterior noise
simulation;
To obtain a methodology to assess the uncertainty of exterior noise simulations (pass-by
including rolling noise and standstill cases).

The present report gives an answer to the first task of WP6, T6.1, with the following points:
•
•
•

•

Different cases identified that represents most of the situations on the train (in terms of sources
on the roof, inside the bogie, etc.)
The sources to be studied, considering the different types of noise
The criteria to validate the modelling of noise radiation and integration effects has been
obtained: differences lower than 2 dB in the overall noise; and 4 dB for the relevant third octave
bands
The train level scenarios where the uncertainty assessment will be analysed

The reference cases of section 5 have been chosen in order to obtain a global view of Metro,
Tramway, Regional and High Speed noise sources radiation and integration. As explained in
section 4, WP6 does not include the rolling noise -covered in WP7. Since the rolling noise would
always mask partially the other noise sources in dynamic conditions; all the test configurations
used in WP6 are defined in static conditions.
The results of previous European Research projects, such as ACOUTRAIN, ROLL2RAIL and FINE1
have been used as a starting point. The specification has been delivered to the S2R Open Call
project S2R-OC-CCA-01-2019, TRANSIT; to propose different methodologies. Based on this,
TRANSIT will propose different methodologies to measure three of the six reference cases
defined in section 5 (case 1, 2 and 4). In Addition, three FINE-2 partners will measure three
reference cases (case 3, 5 and 6).
The future Task 6.2 will compile all the reference cases to distribute within the FINE-2 and S2R
Open Call project S2R-OC-CCA-01-2019. Afterwards, the Task 6.3 will compare the simulations
with the measurements results. Finally, the Task 6.4 will assess the uncertainty of the cases
defined in section 9.
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