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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for i Irther maintenance are
descrfbed in the ISO/IEC Directives, Part 1. In particular the different approval criteriang¢eded for the
differjent types of ISO documents should be noted. This document was drafted in aceordgnce with the

Attenltion is drawn to the possibility that some of the elements of this document'may be the subject of
patenft rights. ISO shall not be held responsible for identifying any or all suchpatent rights. Details of
any pptent rights identified during the development of the document will be'in the Introdyction and/or
on the ISO list of patent declarations received. www.iso.org/patents

Any tfade name used in this document is information given for the convenience of users pnd does not
constjtute an endorsement.

The cpmmittee responsible for this document is the European Committee for Standardizafion (CEN) in
collahoration with Technical Committee ISO/TC 43, Acoustics, Subcommittee SC 1, Noise, inh accordance
with the Agreement on technical cooperation betweendSO and CEN (Vienna Agreement).

This [third edition cancels and replaces the second edition (ISO 3095:2005), whi¢ch has been
techriically revised.
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Introduction

Railway exterior noise is encountered both along open track and in and around depots, stops, stations
and other holding locations. It includes a number of different physical sources such as rolling noise,
impact noise, traction noise, aerodynamic noise, curving noise, braking noise, horn noise and noise from
auxiliary equipment and other components. The noise for any given train type strongly depends on the
rolling stock design, operating conditions and the track type and condition.

Rolling noise is one of the main sources which contain a significant and sometimes dominant noise
contribution from the track. This International Standard is intended to characterize the noise emission
from the unit, minimizing the influence of the track

vi © ISO 2013 - All rights reserved
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Acoustics — Railway applications — Measurement of noise
emitted by railbound vehicles

1 Scope

This International Standard specifies measurement methods and conditions to obtain reproducible and
comparable exterior noise emissionlevelsand spe orallkindsofvehiclesoperatingonrails or other
type ‘unit”.

This International Standard is applicable to type testing of units. It does not includé all thejinstructions
to chpracterize the noise emission of the other infrastructure related sources)(bridggs, crossings,
switching, impact noise, curving noise, etc.).

This 1nternational Standard is not applicable to:

the noise emission of track maintenance units while working;
— epvironmental impact assessment;
— npise immission assessment;

— guided buses;

|
<

arning signal noise.

The rgsults may be used, for example:

— to characterize the exterior noise emitted by units;

— to compare the noise emission of Zarious units on a particular track section;
— t¢ collect basic source data for\inits.

NOTE|1  Thetypetesting procedures specified in this International Standard are of engineering grade (grade 2),
that if the preferred one forinodise declaration purposes, as defined in ISO 12001. If test conditions (e.g. vehicle
and/of track conditions, médsuring conditions) are relaxed (e.g. as done for trackside monitoring of in-service
trains), then the results'are no longer of engineering grade.

NOTE|2  The procédures specified for accelerating and decelerating tests are of survey grade, sep 1SO 12001.

NOTE|3  Additional guidance is provided in Annex D for measurements in the specific case of light rail vehicles.

2 Normative references

The following referenced documents, in whole or in part, are normatively referenced in this document
and are indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

IEC 60942:2003, Electroacoustics — Sound calibrators
IEC 61260:1995, Electroacoustics — Octave-band and fractional-octave-band filters

[EC 61260:1995/Amd. 1:2001, Electroacoustics — Octave-band and fractional-octave-band filters —
Amendment 1

IEC 61672-1:2002, Electroacoustics — Sound level meters — Part 1: Specifications

IEC 61672-2:2003, Electroacoustics — Sound level meters — Part 2: Pattern evaluation tests

© IS0 2013 - All rights reserved 1
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EN 15461:2011, Railway applications — Noise emission — Characterization of the dynamic properties of
track sections for pass by noise measurements (includes Amdendment 1:2010)

EN 15610:2009, Railway applications — Noise emission — Rail roughness measurement related to rolling
noise generation

ISO/IEC 17025:2005, General requirements for the competence of testing and calibration laboratories

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

31
train
single vehicl¢ or a number of coupled vehicles/units operating on a guided ground transport’systém

Note 1 to entrfy: See Table 1.

Table 1 — Definitions of rolling stock formations

Articulated Non-articulated
Vehicle - see ynit. Vehicle - any single car)on its running gear.
Unit - minimym operational formation of articulated |Unit - minimum operational formation comprising of
cars. one or more vehicles coupled together.

Train - refers|to any formation which may operate in | Train - refersto any formation which may operatg
service, it maly comprise of one or more units coupled |in-service)may be either a single unit or one or mpre
together. units ceupled together.

[SOURCE: EN 13452-1:2003]

3.2
car
single non-agticulated element of a railbound'vehicle or unit

3.3
type test for noise emission of railbeund units
one or more Ejests performed to provethataproductis capable of conforming to all relevant requirements
of a specification

[SOURCE: ISQ 12576-1:2001, 3.27, modified — for noise emission of railbound units has been add€d.]

3.4
environmental impact assessment test
measuremenft performed for collectingdatatobeusedinaprediction method for environmental assesgment

3.5
acoustic rail roughness

r(x)

variation of the height of the rail running surface associated with rolling noise excitation, expressed as
a function of distance x along the rail

Note 1 to entry: Acoustic rail roughness is expressed in pm.

[SOURCE: EN 15610:2009]
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3.6
acoustic roughness spectrum
r(4)

amplitude of the acoustic roughness expressed as a function of the wavelength A

Note 1 to entry: Acoustic roughness spectrum is expressed in pm and usually presented in terms of acoustic
roughnesslevel L. indBre 1 pm.

[SOURCE: EN 15610:2009]

3.7

track decay rate
rate df attenuation of vibration amplitude of either vertical or lateral bending wave motion|in the rail as
a fungtion of the distance along the rail

Note 1 to entry: Itis represented by a one-third octave spectrum of values expressed in décibels perfmetre (dB/m)
repregenting attenuation over distance.

[SOURCE: EN 15461:2011 and Amd. 1:2010]

3.8
test section
specific section of track associated with a particular set of measurements

[SOURCE: EN 15610:2009]

39
referpnce track section
porti¢n of track on which the track decay rates andthe acoustic roughness levels are contyolled

3.10
soungl pressure

p

difference between instantaneous total pressure and static pressure
Note 1 to entry: The quantity refers.also to the rms value.

[SOURCE: ISO 80000-8:2007}

3.11
soundl pressure level

Lp
2
Ll =101 | dB
bo

wheré p4s the sound pressure and the reference value in airborne acoustics is pg = 20 yPa

Note 1 to entry: Because of practical limitations of the measuring instruments, p? is always understood to denote
the square of a frequency-weighted, frequency-band-limited or time weighted sound pressure or both. If specific
frequency and time weightings, as specified in IEC 61672-1:2002, or specific frequency bands or both are applied,
this should be indicated by appropriate subscripts.

[SOURCE: ISO 80000-8:2007, modified — year added to IEC 61672-1 in Note 1 to entry]

3.12
AF-weighted sound pressure level history

Lpar(t)
D.
A-weighted sound pressure level as a function of time with time weighting F (fast)

© IS0 2013 - All rights reserved 3
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3.13

AF-weighted maximum sound pressure level

LpAFmax

maximum value of the A-weighted sound pressure level determined during the measurement time

interval T by

using time weighting F (fast)

[SOURCE: IEC 61672-1:2002]

3.14

A-weighted equivalent continuous sound pressure level

LpAeq,T
A-weighted

ound pressure level given by the following Formula:

L

where
Lpaeq,T
T
pa(®)
po

Note 1 to entr]

3.15

impulsive s¢pund

noise charac
single impuls

Note 1 to entr]
Note 2 to entr]
Note 3 to entr]

3.16

intermitten
noise that o
occurrence i

Note 1 to entr]

pAeq,T T

T 2
L 101g 1—ij—2(t)dt dB
T 0 Po

is the A-weighted equivalent continuous sound pressure level in@B;
is the measurement time interval in s;
is the A-weighted instantaneous sound pressure at running time ¢t in Pa;

is the reference sound pressure; pg = 20 pPa.

y: Adapted from ISO 1996-1:2003.

terized by one or more brief bursts of sound pressure and is such that the duratio
ive noise is usually less than 1 s

y: Adapted from ISO 1996-1:2003.
y: This definition does notapply to a whole pass-by event.

y: Examples of impulsive’noise sources: Blowoff valves, relay switches.

t sound
Ccurs at regular or irregular time intervals and is such that the duration of each
5 more than about 5 s

y: Adapted from ISO 1996-1:2003.

n of a

such

Note 2 to entry: This definition does not apply to a whole pass-by event.

Note 3 to entry: Intermittence should be assessed relatively to the duration of the event.

Note 4 to entry: Examples: compressor, cooling fans.

3.17
tonal sound

sound characterized by a single frequency component or narrow-band components that emerge audibly
from the total sound

[SOURCE: ISO 1996-1:2003]
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4 Instrumentation and calibration

4.1

Instrumentation

Each component of the instrumentation system shall meet the requirements for a class 1 instrument
specified in IEC 61672-1:2002.

In the case of measurements of survey grade this requirement is relaxed to class 2 instruments.

The sound calibrator shall meet the requirements of class 1 according to IEC 60942:2003.

Micr

phnnnc with free field characteristics shall be used. A suitable mir‘rnphnnp wind

screen shall

alway

Whern
class

The
once

and I
comp

4.2

Befor
verify
range
meas

5 Stationary test

5.1

Then
to the
with 1

NOTE
gener

5.2

5.2.1

s be used.

e one-third octave frequency band analysis is required, the filters shall meetthe’req
1, according to IEC 61260:1995.

i year. The compliance of the instrumentation system with the requirements of IEC §

iance with the relevant standards shall be recorded.

Calibration

of interest. If the difference between two conséecutive calibrations is more than 0,5
irement results in between shall be rejected.

General

pise emitted by a stationaryunit depends upon its operating conditions. These will dif]
situation. The measurements shall be carried out only if noise sources are present
he operating conditiens Specified in 5.4.

For freight wagons, stationary tests are relevant only when auxiliary devices sud
htors, or coolingSystems are present. This is mostly applicable, e.g. on refrigerated wagons.

Environmental conditions

Acoustical environment

uirements of

ompliance of the calibrator with the requirements of IEC 60942:2003"shall be verijified at least

1672-1:2002

EC 61672-2:2003 shall be verified at least every 2 years. The date-of the last verification of the

e and after each series of measurements, a sound calibrator shall be applied to the micrpphone(s) for
ing the calibration of the entire measuring systenrat one or more frequencies over the frequency

dB, all of the

fer according
at standstill

h as engines,

In the triangular area between the track and the microphone extending along the track to a distance
twice the microphone distance to either side, the test site shall be such that free sound propagation
exists. To achieve this result:

— The level of the ground surface over this area shall be within 0 m to -2 m, relative to the top of rail;

N

OTE The level of the ground and the nature of the ground surface can affect the spectral

measured sound.

content of the

— This area shall be free of sound absorbing matter such as lying snow, tall vegetation, and free of
reflective covering such as water, ice, tarmac or concrete. No absorptive material shall be added to
the propagation path for the purpose of the test;

— No person shall be presentin this area, and the observer shall be in a position that does not influence
the measured sound pressure level significantly;

© IS0 2013 - All rights reserved
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— The presence of other tracks is permissible in this area as long as the ballast bed height does not
exceed the height of the rail surface of the test track.

Additionally, an area around the microphones having a radius which is at least three times the
measurement distance shall be free of large reflecting objects like barriers, hills, rocks, bridges,
buildings or other vehicles.

5.2.2 Meteorological conditions

The following weather parameters shall be recorded at representative times during the noise
measurement exercise: wind speed and direction at the level of the highest microphone, temperature,

humidity, ba

NOTE He

5.2.3 BacKground sound pressure level

Care shall be
and due to w

The maxim
least 10 dB
according to
noise. For freg

5.3 Track

The measurd
5.4 Vehicl

5.4.1 Gene

Air managenpent systems, including grilles; filters and fans, shall be clear of any obstruction.

During the ny

In the case of multi-voltage veliicles or units, the measurements shall be performed under the v

system whic

4
d

NOTE If

In the case @

under both nmpodes:

e

a3 A 1 | addtadl Laolll rad
UILIIC LI IC lJl CoourvtT. nu_y UuUustlI veu lJl CLIIJILC[LIUII oIIdIl UUT TIULCTU.

hvy rain or wind speed higher than 5 m/s can affect the background noise, see 5.2.3.

taken to ensure that the noise from other sources (e.g. other vehicles, or industrial j
ind) does not influence the measurements significantly.

value of Lpaeq,r T = 20 s of background noise over all microphone positions shall

5.8.1) obtained when measuring the noise from the unit\in the presence of backg
quency analysis, this difference shall be at least 10 dB«in each frequency band of inte

conditions

ments shall be performed on ballasted track;
e conditions

ral

easurements, the doors.and windows of the unit shall be kept closed.

h is expected to.produce the highest noise level.
unit is designed for AC and DC supply then the AC mode is usually the noisier one.

f dual-mode vehicles or units (diesel and electric) the measurements shall be perfq

blants

be at

ow the final result (energy-mean of all the measuring pdsitions, see 5.5.1.1, calcilated

round
rest.

bltage

rmed

5.4.2 Normal operating conditions

The measurements shall be carried out in normal operating conditions defined as follows:

— All equipment that operates continuously when the unit is stationary shall be operating at normal
load, which is the performance at an external temperature of 20°C. For heating, ventilating and air
conditioning (HVAC) systems conditioning passenger areas and working places as well as system
supplying energy for this function, climate influence parameters shall be set at: wind speed at 3 m/s,
relative humidity at 50 %, 700 W/m2 energy from sun radiation, one person per seat.

NOTE 1

These settings are derived from EN 14750-1,[14] EN 14813-1,[15] and EN 13129-1[[11]] which apply
to middle Europe (zone II).

minimum condition. For units with internal combustion engines, the engine shall be idle.

Traction equipment shall be in a stationary thermal condition with cooling equipment working at

© ISO 2013 - All rights reserved
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in the report.

NOTE 2  These parameters can be provided by the manufacturer.

5.4.3 Additional operating conditions

Operational parameters in order to simulate these normal operating conditions shall be documented

It is permissible to measure at other vehicle conditions, if required. For instance, to assess other load
conditions or intermittent operation. In this case, these conditions shall be reported.

5.5

5.5.1

5.5.1

Redu
(and y

The

shall

Measurement positions

Standard measurement positions

1 Measurement mesh

car (a multiple unit comprises a number of cars) shall be divided into equally distr
having an identical horizontal length, I of between 3 m and 5 m.-The length of t
ce between couplers or buffers or between structure ends in thecase of a structure th

ides of the car. Extra measurement positions shall be taken'at the front and rear en
icrophones located at 30° from the centreline of the track, on a half circle having
idpoint of the unit end (including couplers or buffers)and a radius equal to 7,5 m, §

ed with a cab.

measurement position shall be located at a diStance of 7,5 m from the centreline of
of 1,2 m above the upper surface of the rail:

icrophone axis shall be horizontal and‘directed perpendicularly to the contour of th

2 Reduction of the number of measurement positions

1dant measurements may b&eomitted, considering that some measurement positionsa
vill lead to similar noise-evels), in the following cases:

If both sides of the unit are acoustically identical (i.e. with a symmetrical distribu|

burces), then it ispermissible to omit the measurement positions on one side of the u

(%)

Yt

f several cars ofthe same type are present within a multiple unit or a fixed formati

ermissible to-measure each type of car once.

pduction of the number of measurement positions shall be justified in the report. Omit
be listed and their assumed equivalent location identified.

r

buted areas,
he car is the
at surrounds
vant area on
d of the unit:
its centre in
s illustrated

re 1. In the case of a trailer unit, these extra positiohs shall be measured only at ends which are

he track at a

P unit.

re equivalent

tion of noise

nit;

bn train, it is

ted positions
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Figure 1 — [Example of a mesh of measurement positions for the stationary noise measurement
of a multiple unit

5.5.2 Additional measurement positions

If important|sound sources are present in the upper partof the unit under test (e.g. with power|units
or low floor|rolling-stock), a second mesh of measurement positions at a distance of 7,5 m from the
centreline of|the track at a height of 3,5 m above the top of rails is recommended.

If an assessment of single noise sources (e.g. cofwerters, air compressor, doors) is required, addifional
measuremerjt positions may also be located(directly opposite the individual noise sources considered
to be relevart, at a distance of 7,5 m fromsthe centreline of the track and at a height of 1,2 m or 3,3 m.

This informdtion is not to be included in'the averaging process described in 5.8.1.

5.6 Measyred quantities

The basic mgasured acoustic)quantity is Lyaeq,7, with T = 20 s. If required other acoustic quantitie$ such
as frequency|spectrum,LgaFmax, tonality, impulsiveness may be determined.

5.7 Test procedure

The unit shall be stationary.

Atleastthree valid measurement samples at each position are required, taken either sequentially at each
position or sequentially from position to position. The validity of the measurements shall be assessed
against the background sound pressure level, see 5.2.3, and the acceptable spread of the measurement
samples, see 9.3.

The measurement time interval T shall be at least 20 s. If, however, as an exception it is not possible
to maintain the source of noise at its nominal load for 20 s, the measurement time interval T may be
reduced to a minimum of 5 s. This reduction shall be specified and justified in the test report.

Where additional measurements are required for equipment that works intermittently, the measurement
shall be carried out during an operating cycle including the start-up, the steady state and the shut down.
The duration of the operation shall then be registered.

8 © IS0 2013 - All rights reserved
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5.8 Data processing

5.8.1 Standard processing

The standard processing shall only include the results from the standard measurement positions
(height of 1,2 m).

For each set of measurements (one sample at each position), the noise levels Liyaeq,r measured at all
positionsishall be energy averaged as follows to derive a single noise indicator representative of the unit:

n .
_1mn(v li 1nLIPAeq.T/10\ (1)
g —1

i=1 "tot

()
PACAL [ ynit

wher¢

o~

pAeq,T 1S the sound pressure level measured at the measurement position-
n is the number of measurement positions;

[; is the length associated with the measurement position 4. For the additional measuring
positions at the front, this length is equal to (1/2) x 7,5'm.

liht Zzli (2)

i=1

The 1 measurement positions used in the summation shall correspond to the whole mesh defined in
5.5.1.]1, before any possible reduction, see 5.5.12: Where appropriate, the noise levels [of measured
equivplent positions shall be assigned to omitted positions.

A <LpAeq’T >umt shall then be produced for each of the three sets of measurements.

The test result shall be the arithmetic mean of the <LpAeq,T> _values, rounded to| the nearest

unit
integer decibel.

The inpdividual <LpAeq T> )as well as the mean shall be presented in the report. In additign, the full set
’ untr

of Lippeq,r measured atall measurement positions shall be presented in the report.
5.8.2| Additional processing

hould also be

wn

If imgortant'sources are present in the upper part of the unit under test, a <LpAeq T> "
’ unit

determined for the secondary measurement mesh position at a height of 3,5 m.

If required, the noise emission level of a single car within a unit shall be calculated by energy averaging
the Lipaeq, 7 corresponding to that car only according to Formula (3):

K L yoa /10
(Lpneq >car =101g| > —L—107P"ar (3)

j=1 "totcar

where ncar is the number of measurement positions for the car.
If an assessment of single noise sources is required, the arithmetic mean of the three samples of Lypeq,7
measured at specific positions should be determined. Moreover, in the case of intermittent sources, the

Lpaeq,r should be calculated over the duration of the operating cycle. Additionally, the maximum noise
level may be determined using the LyaFmax-

© IS0 2013 - All rights reserved 9
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When spectra are required, they should be supplied in one-third octave bands in the range of at least
31,5 Hz to 8 000 Hz.

If an assessment of tonality is required, the tonal difference (AL) shall be calculated.

NOTE AL can be calculated according to 1SO 1996-2:2007,[3] Annex C or DIN 45681:2005,[10] the latter
standard providing more detailed guidance on application especially for non stationary sounds.

If an assessment of the impulsive character of the sound is required, it shall be calculated according
to Annex A.

6 Constantspeed-test
6.1 Envirgnmental conditions

6.1.1 Acoustical environment

In the triangular area between the track and the microphone extending along-the track to a digtance
twice the mjcrophone distance to either side, the test site shall be such that\free sound propagation
exists. To acljieve this result:

— The leve] of the ground surface over this area shall be within 0 mt0.72 m, relative to the top df rail;

NOTE The level of the ground and the nature of the ground surface can affect the spectral contenf of the
measured sound.

— Thisareashall be free of other tracks, of sound absorbing matter such as lying snow or tall vegetiation,
and freefof reflective covering such as water, ice, tarmac or concrete. No absorptive material shall be
added td the propagation path for the purpose of the'test;

— Nopersdn shall be presentin this area, and the observer shall be in a position that does not inflpence
the meagured sound pressure level significantly.

Additionally,anareaaround the microphones havingaradiuswhichisatleastthreetimesthe measur¢gment
distance shall be free of large reflecting.dbjects like barriers, hills, rocks, bridges or buildings.

6.1.2 Metdorological conditions

The following weather paramieters shall be recorded at representative times during the [noise
measuremerjt exercise: wifid)speed and direction at the level of the highest microphone, temperpture,
humidity, bafometric pressure. Any observed precipitation shall be noted.

NOTE Hepvy rain-or*wind speed higher than 5 m/s can affect the background noise, see 6.1.3.

6.1.3 Background sound pressure level

Care shall be taken to ensure that the noise from other sources (e.g. other vehicles or industrial plants
and due to wind) does not influence the measurements significantly.

The maximum value of the Lppeq,7 T = 20 s of background noise over all microphone positions shall be atleast
10 dB below the Lyaeq,7p obtained when measuring the noise from the unit in the presence of background
noise. For frequency analysis this difference shall be atleast 10 dB in each frequency band of interest.
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6.2 Track conditions

6.2.1 General

The noise emission contains contributions from the rolling stock and the track. Therefore noise emission
values are only comparable between sites where the track parameters are controlled to make them
equivalent in terms of acoustic performance.

Default specifications for these parameters, i.e. the acoustic roughness of the rail surface and the vertical
and lateral dynamic responses of the track, are supplied hereafter. They ensure that the measurement
procedure is of engineering grade and that the influence of the track from roughness or dynamic
respoTse oI thre vehicte type test Tesutt s Tmimimmized:

NOTE|1  All the track specifications contained within Clause 6 apply specifically to the situation ywhere the unit
has stgel wheels running on steel rails.

NOTE[2 Annex E presents a procedure to assess whether two test situations cafn“be consideied to provide
compgdrable test conditions in terms of acoustic roughness.

NOTE|3  Where other track specifications are used for noise emission measurements of railwjay units, they
can lepd to test site dependent results. However, they can be of interest e.g. for measurement on splecific types of
netwdrk or monitoring purposes. In such cases itis advisable to measurethe-track parameters and fo supply them
togetHer with the noise measurements.

The tgeference track shall have a consistent superstructure over a minimum length pf twice the
micrdphone distance to either side. This includes geométry of the line, track quality, Jacoustic rail
roughness and track decay rates as described hereafter.,

NOTE|4 Insome situationsinconsistency of the tracksuperstructure such as gauge variations or ¢urves further
up thg reference track section can increase the noise efdission at the measuring position.

6.2.2| Geometry of the line

The radius of curvature r of the track(shall be:

a) rfz1000m for tests at trainspeed v <70 km/h;

b) rfz3 000 m for tests at train speed 70 < v < 120 km/h;
c) r|z5000m for tests-at train speeds v > 120 km/h.

Wherge powered unitsiare tested, the level gradient at the track shall be 5:1 000 at the most.

6.2.3| Track'superstructure

The standard superstructure for the constant speed test is a track with ballast bed and wooden or
reinfqreéd concrete sleepers without any type of rail or track shielding (use of rail damperys is accepted
to comply with track decay rate limits, see 6.2.6). Where measurements are taken on track where a third
rail is present, there shall not be any protective shielding boards in place.

NOTE1  Ifothertrack designs are used under normal operating conditions for the unit they can be used for the test.

NOTE 2 Measurement results made on other track designs are only comparable with measurements made on
that track design.

The ballast shall be loose i.e. not bound together by ice or glue and not blocked by debris, snow or ice.

6.2.4 Track quality

The track at the measuring section shall be laid without rail joints and be free of visible surface defects
such as corrugations, rail burns or pits and spikes. No audible impact noise due to welds or loose sleepers
shall be present.
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6.2.5 Acoustic rail roughness of the test track

The acoustic rail roughness of the test section shall be assessed according to EN 15610:2009. For type
test measurements, the default upper limit provided in Figure 2 shall apply, taking into account, if
necessary, the flexibility process described in Annex C.

For train speeds up to 190 km/h, the wavelength bandwidth shall be at least 0,003 m to 0,10 m. For
higher speeds, at least 0,003 m to 0,25 m.
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Figure 2 — Default upper limit curve for the acoustic rail roughness level

6.2.6 Dynamic properties of the test track

The dynamic properties ofthetrackshallbeassessed nrrnrdingfn EN15461:2011 Fortypetestmeasurements
the default lower limits of the vertical and lateral track decay rates provided in Figure 3 shall apply.
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Figure 3 — Default lower limitcurves for the track decay rates

6.2.7| Special conditions

For n¢pn-conventional units tested on dedicated tracks, the track structure shall be described in the test
reportt.

6.3 |Vehicle conditions

6.3.1| General

=

Air mpnagement systems, including grilles, filters and fans shall be clear of any obstructio
During the meéasurements, the doors and windows of the unit shall be kept closed.

In the caSe‘of multi-voltage vehicles or units, the measurements shall be performed under the voltage
systemn-which is expected to produce the highest noise level.

NOTE If a unit is designed for AC and DC supply then the AC mode is usually the noisier one.

In the case of dual-mode vehicles or units (diesel and electric) the measurements shall be performed
under both modes.

6.3.2 Loading and operating conditions
The measurements shall be carried out in normal operating conditions, defined as follows.

All auxiliary equipment that operates continuously when the unit is running at constant speed shall
be operating at normal load, which is the performance at an external temperature of 20 °C. For HVAC
systems conditioning passenger areas and working places as well as system supplying energy for this
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function, climate influence parameters shall be set at: wind speed at 3 m/s, relative humidity at 50 %,
700 W/m?2 energy from sun radiation, one person per seat.

NOTE1 These settings are derived from EN 14750-1,[14] EN 14813-1,[15] and EN 13129-1[11] which apply to
middle Europe (zone II).

Adjustments for forcing the operation in order to simulate this 20 °C condition shall be documented
in the report.

NOTE 2  Adjustments should be provided by the manufacturer.

Additionally, for fixed units a minimum tractive effort to maintain a constant speed shall be applied
during the pgss=by otse reasurement—toensure asteady operating comdition, it might beTequired to
operate the ynit a certain time in advance in this operating condition.

If the unit bging tested is a locomotive, the hauled load shall be at least two-thirds of thezmaxjmum
permissible yalue. For the purposes of this International Standard, it is permissible to use the maxjmum
tractive effoft that can be generated at maximum speed as a proxy for maximum jpepmissible hauled
load, see Figure 4. Where appropriate meters and displays are available within the-eab of the loconotive
under test, the required testing condition may be ensured by operating the locometive with an indjcated
tractive effort of at least two-thirds of the maximum available tractive effort> This condition may be
more reliably ensured by including an instrumented brake vehicle within the-hauled set of vehicleg, thus
allowing theltractive effort to be controlled precisely during the test period by brake application.

The test repgrt shall describe the state of the traction equipment during the test.
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Figure 4 — Example)of tractive effort versus train speed for the case of a locomotive
6.3.3| Wheel tread.conditioning
The unit shallébe in its normal operating conditions and its wheels shall have run for at legst 1 000 km.
The wheel tréads shall be as free as possible from irregularities such as flats.
For units with tread brakes or scrubber (tread cleaning brakes), the block/tread pair shall be in
a runL—(i‘#rWﬁ_h_mﬂ—ﬁ—ﬂ_B_F_rh—m condition where block and tread have bedded in sulficiently. Betore starting the pass by

measurements (typically just before starting the measurements, but not more than 24 h before starting
the measurements) such units shall be braked to standstill two times. Braking shall start at 80 km/h or
at the maximum unit speed in the case where it is lower than 80 km/h. The unit shall be braked until a
complete stop with a deceleration which is typical in normal operation, but which ensures that no wheel
flats are generated.

NOTE For units with a UIC brake it is advisable to brake with a main pipe pressure of 4 bars.

6.3.4 Train composition (adjacent vehicles)

Noise from other parts of the train shall not influence the measurements of the unit(s) under test.
Therefore, for the measurement of a trailed unit, there shall be an acoustically neutral vehicle on one
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side of at least two units under test, and no vehicle or an acoustically neutral vehicle on the other side,
see Figure 5. For the measurement of locomotives, the adjacent vehicle shall be acoustically neutral.

An adjacent vehicle shall be considered to be acoustically neutral if:
— Either it is a vehicle of the same class as the unit(s) under test;

— Or, the Lpaeq,7p1 is no more than 2,0 dB greater than Lyaeq,7p where the passing times Ty and Ty are
indicated in Figure 5 (for this evaluation round values to one decimal place).

This condition shall be verified and documented at least once for each tested speed.

Directionref-travet

Condition With a test object at the end of a test train

Adljacent vehicle Unit under test Unit under test

LpA eq, Tp1

v

<
<

Lpaeq,7p

A
N

Condition With a test object in a test train

Adljacent vehicle Unit under test Unit undentest Adjacent vehicle

Lpaeq, 7p1

A
v

Lpaegp

A

Figure 5 — Passing time for assessingacoustic neutrality of adjacent vehicle(s)

6.4 Measurement positions

6.4.1 Stangdard measurement positions
The measurdment position, seeFigure 6, depends on the train speed:

— The meajsurement positions shall be located at a distance of 7,5 m from the centreline of the trpck at
a height pf 1,2 m abgve the upper surface of the rail;

— Alternatjvely,\for speeds greater than or equal to 200 km/h, the measurement position mjay be
located gtca-distance of 25 m from the centreline of the track at a height of 3,5 m above the ppper
surface é¢ftherai-

Measurement shall be carried out on both sides of the unit. If both sides of the unit are acoustically
identical (i.e. with a symmetrical distribution of noise sources) then it is permissible to omit the
measurement positions on one side of the unit.
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Figure 6 — Lateral microphone positions for measurements on units at constant speed

6.4.2| Additional measurement positions

If impgortant sound sources are present in the upper part of theinit under test (e.g. with power units or
low flpor rolling-stock), a measurement position at a distance.of 7,5 m from the centreline of the track at
a height of 3,5 m above the top of rails is recommended.

Additjonal measurements at platforms, stopping points and on bridges are described in Afjnex F.

6.5 [Measured quantities

The bpsic measured quantities are Lppeq,7p,train speed and pass-by time Tj,. If required, other quantities
such &s frequency spectrum and tonality‘may be determined.

6.6 [Test procedure

6.6.1| General

A serfes of at least three/measurements shall be made at each measurement position pnd for each
measfirement condition/(one vehicle condition at one speed).

The vplidity of the-measurements shall be assessed against the background noise level, see(6.1.3, as well
as thd acceptahle'spread of the measurement samples, see 9.3.

6.6.2| Pass-by speeds

Two cases apply:
a) type testing of units with vpax > 80 km/h: tests shall be performed at v=80 km/h and at vpax;
b) type testing of units with viax < 80 km/h: testing shall be performed at viax.

Additional tests, if required, should be performed at one or more of the following preferred speeds:
20 km/h, 40 km/h, 60 km/h, 80 km/h, 100 km/h, 120 km/h, 140 km/h, 160 km/h, 200 km/h, 250 km/h,
300 km/h, 320 km/h and 350 km/h.

Where required, periodic monitoring testing shall be performed at the preferred speeds except when
otherwise agreed by the owner of the rolling stock and the authority defining the measurement.

Over the measurement section of the track, the unit under test shall be run at the chosen speeds stabilized
within +5 %. The speed shall be measured by a device with a maximum permissible measurement error
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of 3 %. The speedometer of the train may be used, provided a calibration with a target measurement
uncertainty of 3 %.

6.6.3 Recording and measurement time intervals

Irrespective of the type of rolling stock being measured, the recording time interval Tyec shall be
chosen, so the record starts when the AF-weighted sound pressure level history Lyar(t) or the short term
LpAeq,125ms(t) is at least 10 dB lower than found when the front of the train is opposite the microphone
position. The record shall not end before the A-weighted sound pressure level is 10 dB lower than found
when the rear of the train is opposite the microphone position, see Figure 7.

90

85 Oy

80

75

70

65

-10dB -10dB

60

Key

Y A-weight¢d sound pressure level, dB

X  time

A recording time interval Tyeq

B  Tj:start ¢f the measurement time interval
C T 2:end of the measufienient time interval
D  measurement timednterval T=T

Figure 7 |—Example of selection of recording time interval T;.., for a fixed train formatipn

For multiple units or fixed train formations, the measurement time interval T shall coincide with the
pass-by time Tj, of the whole unit past the measuring position.

Locomotives or driving trailers shall always be tested at the head of a test train. The measurement time
interval T shall coincide with the pass-by time T, of the whole unit (over buffers) past the measuring
position, see Figure 8.

18 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=0e967862cde319de258396f4ceccf77a

ISO 3095:2013(E)

Key
Y Atweighted sound pressure level
X time

A upit under test

Figure 8 — Measurement time interval of locomotives or driving trailer

For tijailed unit(s) whjch form(s) part of a train, the measurement time interval T shall start when the
centrg of the firstdnit passes the measurement position (71) and shall end when the centre of the last
unit passes the ' measurement position (T7). This procedure is only applicable where at least two units
of the type under test are available. Annex B provides some guidance for special cases of tfailer units.

Wher] measuring a unit within a train, the unit shall be located using an independent devige, such as an

i ) IS o 1 14
OptIC 1t} TEaCT OT a vwWiITCTT aetector

Figure 9 shows the minimum measurement time interval Tp min required for the measurement of a
trailer unit.
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e 9 — Example of selection of measurement, time interval T for parts of a train

Lhe case of short units at high speeds the determination of T1 becomes critical because of th
ment time interval. Notall instrumentation‘allows sufficiently precise definition of this time in

6.7 Data processing

6.7.1 Stan

The value of]
arithmetic m

Where a nor
before round

If the sound
level shall bd

ard processing

Lpaeq,7p shall be calculated for each measurement position. The test result shall |
ean value of each series of measurements rounded to the nearest integer decibel.

malization of the pass-by noise to a reference speed is required, this shall be perfa
ing.

pressurelévels measured on each side of the unit are different; the higher sound pr¢
retained as final test results.

e very
rerval.

e the

rmed

ssure

6.7.2 Addi

1onal processing

When spectra are required, they should be supplied in one-third octave bands in the range of at least
31,5 Hz to 8 000 Hz.

If an assessment of tonality is required, then the tonal difference (AL) shall be calculated.

NOTE

standard providing more detailed guidance on application, especially for non-stationary sounds.

20

AL can be calculated according to I1SO 1996-2:2007,[3]1 Annex C or DIN 45681:2005,[10] the latter
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7 Acceleration test from standstill

7.1

General

For the assessment of the acceleration test from standstill two different methods are specified:

be used to characterize the maximum noise emitted by the train during the event;

during the event.

one provides an assessment in terms of LypAFmax at 7,5 m from the centreline of the track and should

the other, in terms of Lypeq,r at 25 m, quantifies the total acoustic energy emitted by the train

Thesg are called the “maximum level method”, see 7.5, and the “averaged level method”,se¢ 7.6.

7.2 |Environmental conditions

7.2.1| Acoustical environment

In th¢ triangular area between the track and the microphone extending’along the track fo a distance

twicel the microphone distance to either side, the test site shall be such that free sound|propagation

existy. To achieve this result:

— Thelevel of the ground surface over this area shall be within/0‘'m to -2 m, relative to the top of the rail;
NOTE The level of the ground and the nature of the ground surface can affect the spectral|content of the
njeasured sound

— This area shall be free of sound absorbing matter such as lying snow or tall vegetation, and free of
reflective covering such as water, ice, tarmagier concrete. No absorptive material shall be added to
the propagation path for the purpose of the test;

the measured sound pressure level significantly;

o person shall be present in this area,;and the observer shall be in a position that does

not influence

— The presence of other tracks.is.permissible in this area as long as the ballast bed hejght does not
ekceed the height of the rail surface of the test track.

Additjonally, an area arofind the microphones, having a radius which is at least thr¢e times the

measpirement distanceQtboth sides, shall be free of large reflecting objects like barriery, hills, rocks,

bridges or buildings,

7.2.2| Meteorological conditions

The following weather parameters shall be recorded at representative times during the noise

meas

irement exercise: Wind speed and direction at the level of the highest microphone,

femperature,

humi

ity, barometric pressure. Any observed precipitation shall be noted

NOTE

7.2.3

Heavy rain or wind speed higher than 5 m/s can affect the background noise, see 7.2.3.

Background sound pressure level

Care shall be taken to ensure that the noise from other sources (e.g. other vehicles or industrial plants
and due to wind) does not influence the measurements significantly.

The maximum value of the Lyaeq,r T = 20 s of background noise over all microphone positions shall be
at least 10 dB below the LpaFmax (Or Lpaeq,7) obtained when measuring the noise from the unit in the
presence of background noise. For frequency analysis, this difference shall be at least 10 dB in each
frequency band of interest.
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conditions

The track at the measuring section shall be laid without rail joints and be free of visible surface defects
such as corrugations, rail burns, pits and spikes. No audible impact noise due to welds or loose sleepers
should be present.

NOTE Ift

he rail is wet, this can lead to wheel slip and modify the acoustic behaviour of the vehicle.

7.4 Vehicle conditions

7.4.1 General

Air managenpent systems, including grilles, filters and fans shall be clear of any obstruction.

During the

The measurdments shall be carried out in normal operating conditions defined as follow's:

All equipment that operates continuously when the unit is starting shall be operating at norma
which is the performance at an external temperature of 20 °C. For HVAC systems.conditioning pass

areas and

parameters ghall be set at: wind speed at 3 m/s, relative humidity at 50.94, 700 W/m2 energy fro

radiation, on

NOTE1 Th|
middle Europ

Adjustments

in the report.

NOTE2  Th|

Ifthe noise o
it shall not b¢
identified in

In the case df multi-voltage vehicles-orunits the measurements shall be performed under the v

system whic
NOTE 3 If

In the case @

under both modes.

7.4.2 Load

easurements the doors and windows of the unit shall be kept closed.

orking places as well as system supplying energy for this function, climate infl

person per seat.

bse settings are derived from EN 14750-1,[14] EN 14813:1,135] and EN 13129-1[11] which ap
b (zone II).

for forcing the operation in order to simulate this 20 °C condition shall be docum

pse parameters can be provided by the manufacturer.

Fan item of auxiliary equipment canfributes significantly to the result and is not repeg
 considered part of this measurement. Any part of a measurement that is excluded sh
hn Lparp(t) plot.

h is expected to produce the highest noise level.
h unit is designed for AC and DC supply then the AC mode is usually the noisier one.

f dual-mode-véhicles or units (diesel and electric) the measurements shall be perfq

ing or-operating conditions

load,
enger
Lience
m sun

ply to

ented

table,
all be

bltage

rmed

Tests shall b

If the train under test does not comprise a fixed formation, the hauled load has to be defined and shall be
sufficient to ensure that the maximum tractive effort will be developed during the measurement.

When applicable the traction unit shall be at the head of the train.
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7.5 Maximum level method
7.5.1 Measurement positions

7.5.1.1 Standard measurement positions

For standard acceleration tests the measurement positions shall be located at 7,5 m from the centreline
of the track at 1,2 m height.

One measurement position shall be located at the front measurement cross section, which is defined as
being 10 m ahead of the front of the unit.

Furthler measurement positions shall be located along the unitdepending on the unitlength, [)$ee Figure 10:
— Fpr units less than or equal to 50 m in length, no further measurement positions.are ngeded;

— Fpr units longer than 50 m, at least one position at 10 m ahead of the centre of the [unit shall be
dicated. If the distance between the two measurement positions is greater than 50 m, additional
easurement positions are required. The distance, D, between adjaeent measurement positions

—

shall be constant and no greater than 50 m.
WAISISEN [P 1] (IR Y 42m
10 m
A 54 m
O q
| 10m i 17m 10m
87 m
K &
| 10m | 335m 10m
{ I RN CRIS e EalEEEs CaleeEN e Cal e CEli R 2 108 m
® ® d
| 10m | 27Tm | 17m 10 m

Figuge 10 ~— Examples for different configurations of measurement positions for acceleration test

Measurement shall be carried out on both sides of the unit and for both driving directions. It is
permissible to omit some of the measuring configurations when the relevant sound sources are arranged
symmetrically, see Figure 11.
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re 11 — Measurement positions for different cases of unit layout symmetries

ubdivisions of the unit: where the labelis the same, the subdivisions are deemed to be acousti¢ally

igure 11, only two,positions are needed. Either those at the same side or those at the|same
tion. One of those marked with a star can be omitted, see Figure 11.

souhd Sources are present in the upper part of the unit under test (e.g. with power|units
rolling-stock ) a second mesh of measurement positions at a distance of 7,5 m from the

centreline of

7.5.2 Measured quantities

the track at a height ot 5,5 m above the top of rails 1s recommended.

The basic measured acoustic quantity is Lpar(t). If required other acoustic quantities such as frequency

spectrum, tonality, or impulsiveness may be determined.

7.5.3 Test

procedure

Three valid measurement samples at each position are required. The validity assessment of the
measurements against the background noise level, see 7.2.3, and against the acceptable spread of the
measurement samples, see 9.3, shall be performed using the Lyarmax determined according to 7.5.4.
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The train shall accelerate continuously from standstill up to a target speed of 40 km/h and then reduce
traction effort to maintain speed.

NOTE The speed of 40 km/h can not be reached by all units (e.g. locomotives).

The measurement time interval T shall begin when the unit under test starts to move and shall end
when it is 10 m past the front measurement cross section.

7.5.4 Data processing

Determine the LyArmax for each measurement (for each starting event and each measurement position).

Calcujate the arithmetic average of the three valid measurements at each measuremlent position,
rounded to the nearest integer decibel.

The final result is the maximum of these averaged values.

Wher] spectra are required, they should be supplied in one-third octave bands’in the ranige of at least
31,5 Hiz to 8 000 Hz.

If an 3ssessment of tonality is required, then the tonal difference (AL)shall be calculated.

NOTE AL can be calculated according to ISO 1996-2:2007,[3]1 Anhéx C or DIN 45681:2005J(10] the latter
standard providing more detailed guidance on application, especially; for non stationary sounds.

If an pssessment of the impulsive character of the sound is;vequired, it shall be calculatpd according
to Anpex A.

7.6 |Averaged level method

7.6.1| Measurement positions

One npicrophone position at a distance of25 m from the centreline of the track at a height of 3,5 m above
the tqp of the rails shall be located at.the front measurement cross section, which is defined as being
10 m phead the front of the unit.

Measpirement shall be carried~out on both sides of the unit and for both driving dirpctions. It is
permjssible to omit some ofthe measuring configurations when the relevant sound sources pre arranged
symnpetrically, see Figuré-I1.

7.6.2| Measurement quantity

The blasic meaSured acoustic quantity is Lpaeq,1- If required, other acoustic quantities suchfas frequency
spectfum, LAFmax, tonality, or impulsiveness may be determined.

7.6.3|__Test procedure

Three valid measurement samples at each position are required. The validity assessment of the
measurements against the background noise level, see 7.2.3, and against the acceptable spread of the
measurement samples, see 9.3, shall be performed using the Lpaeq, 7 determined according to 7.6.4.

The train shall accelerate continuously from standstill up to a target speed of 40 km/h and then reduce
traction effort to maintain speed.

NOTE The speed of 40 km/h can not be reached by all units (e.g. locomotives).

The measurementtimeinterval Tshall begin when the frontofthe unitundertest passesthe measurement
cross section and shall end when the tail of the unit passes it.
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7.6.4 Data processing

The value of Lypeq,r shall be calculated for each measurement position. The test result shall be the
arithmetic mean value of each series of measurements, rounded to the nearest integer decibel.

If the sound pressure levels measured on each side of the unit are different, the higher sound pressure
level shall be retained as the final test results.

When spectra are required, they should be supplied in one-third octave bands in the range of at least
31,5 Hz to 8 000 Hz.

If an assessment of tonality is required the tonal difference (AL) shall be calculated.

NOTE AL|can be calculated using 1SO 1996-2:2007,[3]1 Annex C or DIN 45681:2005,[10] the latter standard
providing mofe detailed guidance on application especially for non-stationary sounds.

If an assessn]ent of the impulsive character of the sound is required, then it shall be calculatéd accqrding
to Annex A.

8 Braking test
8.1 Environmental conditions

8.1.1 Acoustical environment

In the triangular area between the track and the microphone\extending along the track to a digtance
twice the mjicrophone distance to either side, the test site\shall be such that free sound propagation
exists. To acljieve this result, then:

— Theleve] of the ground surface over this area shall be within 0 m to -2 m, relative to the top of the rail;

NOTE The level of the ground and the nature.of the ground surface can affect the spectral contenf of the
measured sound.

— This arep shall be free of sound abserbing matter such as lying snow or tall vegetation, and fiee of
reflective covering such as water, ‘ice, tarmac or concrete. No absorptive material shall be added to
the proppgation path for the purpose of the test;

— No persdn shall be presentinthis area, and the observer shall be in a position that does not inflpence
the meajured sound pressure level significantly;

— The pregence of other tracks is permissible in this area as long as the ballast bed height dog¢s not
exceed the height.of the rail surface of the test track.

Additionally| an{afea around the microphones having a radius which is at least three timds the
measuremerjt‘distance on both sides shall be free of large reflecting objects like barriers, hills, rocks,
bridges or buildings.

8.1.2 Meteorological conditions

The following weather parameters shall be recorded at representative times during the noise
measurement exercise: Wind speed and direction at the level of the highest microphone, temperature,
humidity, barometric pressure. Any observed precipitation shall be noted.

NOTE Heavy rain or wind speed higher than 5 m/s can affect the background noise, see 8.1.3.

8.1.3 Background sound pressure level

Care shall be taken to ensure that the noise from other sources (e.g. other vehicles or industrial plants
and due to wind) does not influence significantly the measurements.
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The maximum value of the Lypeq,7 T = 20 s of background noise over all microphone positions shall be atleast
10 dB below the LyaFmax obtained when measuring the noise from the unit in the presence of background
noise. For frequency analysis, this difference shall be atleast 10 dB in each frequency band of interest.

8.2 Track conditions

The track at the measuring section shall be laid without rail joints and be free of visible surface defects
such as corrugations, rail burns, pits and spikes; no audible impact noise due to welds or loose sleepers
should be present.

NOTE If the rail is wet, this can lead to wheel slip and modify the acoustic behaviour of the vehicle.

8.3

8.3.1
Air m|

Durin

The measurements shall be carried out in normal operating conditions defined as follows:
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Vehicle conditions

General
anagement systems, including grilles, filters and fans shall be clear of any obstructio

g the measurements, the doors and windows of the unit shall be kept closed.

uipment that operates continuously when the unit is braking shall be operating at
is the performance at an external temperature of 20 °G.For HVAC systems conditioni
and working places as well as system supplying*energy for this function, clim{
heters shall be set at: wind speed at 3 m/s, relativéhumidity at 50 %, 700 W/m2 ene
ion, one person per seat.

1  These settings are derived from EN 14750-1,[14] EN 14813-1,[15] and EN 13129-1[11] ¢
e Europe (zone II).

tments for forcing the operation in-order to simulate this 20 °C-condition shall be
report.

2 These parameters can be.provided by the manufacturer.

noise of an item of auxiliary equipment contributes significantly to the result and is n
| not be considered pant of this measurement. Any part of a measurement that is excl
fied in an Lyar(t) plot.

case of multi*voltage vehicles or units the measurements shall be performed unde

m which isexXpected to produce the highest noise level.
3 Ifa-uritis designed for AC and DC supply the AC mode is usually the noisier one.

ease of dual-mode vehicles or units (diesel and electric) the measurements shall b

=

normal load,
ng passenger
ite influence
rgy from sun

hich apply to

documented

bt repeatable
ided shall be

r the voltage

e performed

8.3.2

T TIToor o

Loading or operating conditions

The test condition of the train shall correspond to normal service braking, not emergency braking or
forced braking. Where applicable, the brake blending (proportions of dynamic brake and mechanic
brake) shall be noted.

When applicable, the traction unit shall be at the head of the train.

8.4

Measurement positions

For standard brake tests the measurement positions shall be located at 7,5 m distance from the centre
of the track at 1,2 m height either side of the unit.

© IS0 2013 - All rights reserved

27


https://standardsiso.com/api/?name=0e967862cde319de258396f4ceccf77a

IS0 3095:2013(E)

The measurement positions shall be located at the measurement cross section, which is defined as being
opposite the centre of the first car of the unit when it stops. Because of the difficulty in predicting the
precise braking distance, a tolerance of + 10 m is allowed, see Figure 12.

Additional measurement positions shall be defined where more than one type of pneumatic brake
actuator (e.g. axle or wheel mounted disc brake, tread brake) is present on the unit. The additional
positions shall be located opposite the centre of one of the cars equipped with each of the alternative
brake systems when the train stops.

1 OO DﬁDDQDB

S S S SN S S S

Figure 12 — Vehicle position at standstill after the break-procedure

Theruled arda demonstrates the possible spread oflocation of the measureément position at standstill. The
thick line at fhe vehicle centre indicates the target position of the measurement position, see Figurp 12.

8.5 Measyrement quantity

The basic m¢asured acoustic quantity is Lpap(t). If required other acoustic quantities such as Lppeq,7;
frequency spectrum, tonality, impulsiveness may be\determined. For each test run a subjective
assessment ¢f whether or not brake squeal occurs shall be recorded.

8.6 Test procedure

Three valid theasurement samples at each'position are required. The validity of the measurements shall
be assessed 4gainst the background noise level, see 8.1.3, and the acceptable spread of the measur¢ment
samples, seel9.3.

A full servicg braking shall be performed, beginning at a speed of 30 km/h, ending at standstill.
NOTE The full service braking is defined in EN 13452-1.[13]

The measurgment tinie\interval T shall begin when the rolling stock under test passes a point 20 n{ from
the measurement pesition and shall stop when the train stops.

8.7 Data processing

The LpaFmax shall be determined for each measurement (for each braking event and each
measurement position).

The arithmetic average of the three valid measurements at each measurement position shall be rounded
to the nearest integer decibel.

NOTE1 When brake squeal occurs a greater spread of results than that required under 9.3 can arise. In this
case, all individual results can be reported but the average can not be calculated.

The final result is the maximum of these averaged values.

When spectra are required, they should be supplied in one-third octave bands in the range of at least
31,5 Hz to 8 000 Hz.
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If an assessment of tonality is required, then the tonal difference (AL ) shall be calculated.

NOTE 2

providing more detailed guidance on application especially for non-stationary sounds.

AL can be calculated using 1SO 1996-2:2007,[3]1 Annex C or DIN 45681:2005,[10] the latter standard

If an assessment of the impulsive character of the sound is required, it shall be calculated according to
the Annex A.

9

9.1

Quality of the measurements

Deviations from the requirements

The cpnditions prescribed for the tests described in Clauses 5 to 8 shall be complied-with
possible. Slight deviations from the specified test conditions for type tests may be tinavoi
case, they shall be described in the test report and, in general, will deteriorate theveprodycibility.

9.2

Measurement tolerances

as closely as
dable. In this

Allm¢asurement distances mentioned in this International Standard shallbe considered with a tolerance

of +

9.3

0}2 m if no requirement is specified.

Measurement spread

Wherk a series of three measurement samples are required-a’spread of less than or equal to

fulfill

9.4

Measurement uncertainties

3 dB shall be

bd for the measurement to be considered as valid. Othiérwise, additional measurements ghall be made.

The measurement uncertainty shall be ewvaluated. It is recommended to state the rheasurement
uncerjtainty in the report. Annex G provides-a model to evaluate the uncertainty of the res
to ISQ/IEC Guide 98-3:2008.[8]

10

Test report

Thet¢streportshallincludeareference to this International Standard and all relevant detail

npture ofthetests;date,location,nameand address ofthe organization performingthe m
gee also ISO/IEC 17025:2005);

escriptiomof the test site:

d
1) location;
2

environmental conditions:

it according

5 concerning:

pasurements

i) acoustical environment (presence of obstacles, ground cover, etc.);

ii) meteorological conditions: ambient temperature, humidity, barometric pressure, wind

speed and direction;
iii) background sound pressure level.
3) Track conditions:

i) geometry of the line (cross section and position along the track);

ii) track superstructure (including sleepers, rail pad, fasteners and rail geometry);
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iii) acoustic rail roughness and track decay rates, when required;

c) description of the unit (type and serial number(s)), the traction system and the speed during the test,
the different types of pneumatic brake actuators and their location along the train confirmation of
the mileage criterion and a statement that the unit is representative of the type;

d) description of the vehicle test conditions:
1) operating condition of the unit;
2) auxiliary equipment and its operating conditions;

3) loadinge

e) declaratjon that the instrumentation fulfils the requirements of 4.1 of this International-Stanflard;
f) measurgment positions;

g) measurgment quantities;

h) presence of impulsive or tonal noise, when required;

i) other usgful information.
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Annex A
(normative)

Method to characterize the impulsive character of the noise

The impulsiveness of the noise can be characterized by the rise speed s in the following manner. Lyar(t)
is measured. The rising slopes in the level history Lpar(t) are selected. Only those slopes are included

wher¢ DAF >/, the maximum
derivative (the rise speed) is determined:

sjlF max[dLpap(t)/dt] [dB/s] (A1)

The fnal result is the highest value of these j rise speeds: s = max(s)).
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Annex B
(normative)

Tests at constant speed — Special cases

B.1 General

In some speg
noise measu
a non-exhau
If none of th
general rules

In any d
specified

The mea
of the un
the pass

The me3
consecuft
test pass

NOTE Ad
at which the cg
6.6.3 describe

B.2 Units

In some conf
In such a cas
unit under te
which passe;
measuremer

ific cases, the general approach described in Clause 6 specifying how to process p4d
Fements of units which are part of a test train may not be applicable. This AnnéX, pra
Gtive list of examples of specific unit configurations and specifies how to,process
b cases listed below can be applied, then a pragmatic approach considering-the foll
shall apply:

[ in 6.3.4.

surement time interval chosen shall allow the assessment ofithe whole acoustic sign

by time (or a multiple of it) of this unit past the measurement position.

surement time interval shall begin when the centse of the longest segment betwee
ive wheelsets passes the microphone and ends after the same position of the last unit
es the microphone.

ifficulty that occurs while processing pass-by noise measurements is in identifying the exact i
ntre of the first unit passes the measurementposition. The deviation from the requirements sef

with wheelsets located.at or close to their centre

gurations, the wheelsets are located close to or directly at the centre of the unit unde
e, the minimum meagurément time interval T, min shall not begin at the centre of th
st, but at the centréefthe longest segment between two consecutive wheelsets of thi
the measurement position. It ends after the equivalent location on the last unit pass
t position, see‘examples in Figure B.1 and Figure B.2.

ss-by
vides
them.
bwing

ase, adjacent vehicle(s) shall be acoustically neutral and therefore-fulfil the condjitions

ature

it under test. Therefore the minimum measurement time-interval Ty, shall correspgnd to

n two
inder

hstant
outin

 above aims to minimize error in the pass:by noise level which can arise from the determination of T7.

I test.
b first
S unit
bs the
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Figure B.1 — Minimum measurement time interval of units with wheelsets located close to
their centre
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T

Key
A-weighteéd sound pressure level
time

first unit finder test

o o> X<

second unit under test

Figure B.2 4 Minimum measurement time interval of units with wheelsets located at their centre

B.3 Permanently coupled unit composed of two vehicles

Where the upit under test is.<composed of two permanently coupled vehicles, not necessarily identjcal, it
is permissible to measure only one unit, provided that both vehicles are point symmetric. In such a case
T1 correspords to thepassing of the centre of the first vehicle and T, corresponds to the passing pf the
centre of the|last vehiicle of the unit. See Figure B.3.

NOTE It i adwisable to test such a unit at the end of the test train.
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ure B.3 — Minimum meéasurement time interval for a unit composed of two dif
permanently coupled vehicles

Measurement of a single trailer unit

a series consists of one unit, it might occur that only one car or wagon can be pra

manulfacturer for type testing. In such a case, it is permissible to measure this single unit

itisa
descr

oustically point symmetric. This shall, however, be considered as an exception since t

ferent and

vided by the
rovided that
he procedure
ard one.

bed below leads to an increased measurement nnrprf:\infy rnmpnrpd with the stan

This procedure shall not apply to driving trailers, see 6.6.3.

The unit under test shall be positioned at the end of the train. The measurement time interval T shall
begin when the centre of the unit passes the measurement position and ends when the noise level
measured at the measurement position has decreased by atleast 10 dB compared to the maximum noise
level measured during pass-by of the unit. See Figure B.4.
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The A-weighted equivalent pass-by noise level shall then be assessed according to

T 2
_ 1 rpq(t)
~10lg TJ' = dt

Lpaeq,1p (B.1)
Py Po
where
| 1 pass-by time of half of the unitin s
Tp =—X—
2 v
| length of the unitinm
1% train speed in m/s
A
< >
/
o /- >
o3 -
[010] [0]10] 20277 [010] [0]0] [0]9]
r
-
[\
-
E)
Y Vi)
Key

Y A-weighted sound pressure level
X time
A unitunder test

Figure B.4 — Measurement time interval for the situation where only one unit is being tested at

the end of the train
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Annex C
(normative)

Method to assess acceptable small deviations from acoustic rail
roughness requirements

C.1 |Principle

The “pmall deviations” method aims at introducing some flexibility in the conformity as§essment of a
test tfack section towards an upper limit curve of acoustic rail roughness withinthe framg of constant
speed tests. Both the limit curve and the measured acoustic rail roughness spectra are agsumed to be
one-third octave band wavelength spectra.

The ethod relies on a calculation of a correction to the measured level based on the feffect of any
excee(dence of a specified spectrum of acoustic rail roughness. The difference between the corrected
pass-py noise level and the measured one is then compared to an decceéptance criterion.

If thecriterion is fulfilled, the acoustic impact of the rail roughness deviations is deemed “small” and the
measpired pass-by noise level is considered to be valid.

This method is train speed dependent.

C.2 |Data Processing

C.2.1] Generate a “just compliant” cerrected spectrum from the measured acgustic rail
roughness wavelength spectrum (step 1)

The measured acoustic rail roughness spectra shall be quadratically averaged.

A corrected spectrum shall be-derived from the measured acoustic rail roughness wavelength spectrum
and from the limit spectrum according to the following formula:

7dorrected .t Fmeasured Flimit
L Jrail (’1) = mln|: r,rail (ﬂ’)’ r,rail ()’):| (C-l)
where
j[neasured (l) is the one-third octave band wavelength spectrum of the measured acqustic rail
[rail roughness;
~rmr1£l ( l) is the one-third octave band wavelength limit spectrum;

~‘;0rrgifi€ted () is the one-third octave band wavelength spectrum of the corrected acoustic rail
’ roughness;

NOTE1 The corrected acoustic rail roughness spectrum is equivalent to the measured one except in the
wavelength bands where the measured spectrum exceeds the limits.

NOTE 2  The corrected acoustic rail roughness spectrum complies with the limit spectrum.
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C.2.2 Quantify the deviations in the acoustic rail roughness frequency spectrum (step 2)

Transform the one-third octave band wavelength spectra (corrected and measured acoustic rail
roughness) into the frequency domain to synthesize one-third octave band frequency spectra compliant
with [EC 61260:1995. This shall be carried out in two stages:

— Firstly, derive frequencies from wavelengths using the formula f= v/A where A is the wavelength and

fis the corresponding frequency at train speed v. This leads to a non-normalized one-third octave
frequency roughness spectrum;

Secondly, distribute the energy in each frequency band over the normalized ones according to

an algorithm based on the one supplied in EN 15610:2009, Annex C but adapted to non-constant
frequendy bandwidths.
The impact pf the deviations on the acoustic rail roughness frequency spectrum is then‘quaritified
through a correcting spectrum which is calculated as follows:
- d ted
ALy it (f)=Lcait (f)=Lpail - (f) (C.2)
where
measureg is the one-third octave frequency spectrum of the ni€asured rail acoustic rogigh-
r,rail (f) .
ness;
Liorrriel‘Cted (f) is the one-third octave frequency spectruméfthe corrected rail acoustic roygh-
e ness;
AL, ( f) is the one-third octave frequency correcting spectrum.
C.2.3 Calcplate a revised noise spectrum (step3)
Arevised noise spectrum shall be calculated firom the measured noise level and the correcting roughness

spectrum, ad

cording to the following formula:

revised measured

LpAeq,Tp f):LpAeq,Tp (f)_ALr,rail(f) (C.3)
The revised hoise spectrum is'déerived from a simplified process. This procedure cannot be considered
to be a prediftion method.
NOTE Sirjce it has beentassumed in the method of calculation that the acoustic rail roughness exce¢dence
directly applig¢s to the fotal noise, the revised noise spectrum is the minimum that could have been medsured
with the just Jompliafitroughness spectrum.
An upper bofiid,of the noise impact of the acoustic rail roughness deviations shall then be derived from
the measuretamdrevised oise spectra by

measured revised

ALpAeq.Tp = ?{LpAeq.Tp (fi )} - ('I,B{LpAeq,Tp (fz )} (C.4)

where (-B{ } stands for the energy sum of all the one-third octave band levels considered.
i

C.3 Acceptance criterion

The track shall be considered to be compliant regarding the acoustic rail roughness spectrum if the

noise impact

ALppeq,1p calculated according to C.2.3 is less than or equal to 1 dB.

This compliance shall be examined for one pass-by at each speed.
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Annex D
(informative)

Guidance for light rail vehicles measurement

General

Thes
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with
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As thg
with {
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D.4

Light
bed, 1
cover

fope of this International Standard includes all kinds of vehicles operating on rails inclu
es. Nevertheless, the standard procedures in the document focus on heavy rail vehicle
Annex gives guidance on how to address differing conditions that may arise onight ra

Rail acoustic roughness

coustic roughness spectrum, as defined in 6.2.5, for constant speed’type tests may
Ve at a possible test site. In this case, it may still be of benefit to@cquire informative ¢
he test site roughness spectrum shall be included in the testdeport.

e pass-by results are dependent on the test situation, they‘shall always be reported in
he acousticroughness spectrumand are notto be accepted as a general type testresult
data with results from another test situation maybe possible if the test situations ar
comparable when applying the method described.in Annex E.

Track decay rates

ack decay rate spectra, as defined in'6:2.6, for constant speed type tests may be diffic
bssible test site. In this case it maystill be of benefit to acquire informative data at su
te track decay rate spectra shall'be included in the test report.

pass-byresults are dependent on the test situation, they have always to be reported in|
he track decay rate spectra and are not to be accepted as a general type test result.

hbedded track test situations, lateral track decay ratesare notrelevantand do notneed to

Track design

rail vehicles operate on a large variety of track designs. These include different t)
rack bed support systems, sleepers, rail support systems, rail fasteners, rail pads, r
ing.of the track superstructure.

Hing light rail
type testing.
| networks.

e difficult to

ata at such a

combination
Comparison
e considered

11t to achieve
ch a site. The

combination

be measured.

'pes of track
hil types and

The standard track design for type testingis ballasted track with wooden or reinforced concrete sleepers.
Nevertheless measurement results for other configurations may be required, e.g. for embedded rails.
Details of the track design shall be included in the test report.

Asthe pass-by results are dependent on the test situation they have always to be reported in combination
with the test site track design description and are not to be accepted as a general type test result.

D.4.1 Propagation conditions

The propagation conditions, as defined in 5.2.1, 6.1.1, 7.2.1 and 8.1.1, may be difficult to achieve at a
possible test site. In this case it may still be of benefit to acquire informative data at such a site. The test
site acoustical environment shall be described in the test report.
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As the results are dependent on the test situation, they shall always be reported in combination with the
acoustical environment description and are not to be accepted as a general type test result.

In the case of measurements on embedded rail, it is recommended that the level of the triangular ground
surface between the near boundary of the test track structure and the microphone position extending
along the track to a distance twice the microphone distance to either side shall be within +0,2 m to
-0,2 m, relative to the top of rail.

Inthe case of measurements on embedded rail, itis also recommended, that the ground shall be of consistent
characteristics within the part of the defined triangular area that is not part of the test track. For reasons
of reproducibility it may be useful to describe the acoustic absorption properties of this surface.

D.4.2 How to handle high background noise levels?

The backgro

ind noise level requirements, as defined in 5.2.3, 6.1.3, 7.2.3 and 8.1.3, may be diffid

ult to

achieve at a possible test site. In this case it may still be of benefit to acquire informative dataat suchfa site.
As the resultls are dependent on the test situation, they have always to be reported in‘combination with
the backgroynd noise level and are not to be accepted as a general type test result.
An additiond|l procedure that may be applied in the case of stationary background noise is to ass¢ss its
impact by usfng the formula:
Lmeas ng

AL=L .1s—10lg| 10 %0—10 A) (D.1)
where

AL is the assessed level increase due to backgreund noise;

Lmeas is the measured vehicle noise level;

Lpg is the measured background noise\level.
This procedyre requires Lmeas — Lbg to e greater than 3 dB, if unacceptable uncertainty is to be avpided.

For frequendy analysis, the same procedure may be applied for each frequency band of interest.

D.5 Additional interestin curving noise

D.5.1 General

Though the bustic

behaviour of]

cope\of this International Standard focuses on vehicle type tests, the combined ac
track and vehicle in curves is a major topic of interest for light rail vehicles.

Curving noise comprises broad-band and tonal components. It is not symmetrical in terms of the inner
and outer rail of a curved track section.

On-board measurement will enable the localization of track sections where curving noise occurs. These
measurements could also be used to indicate the increase in level in comparison with the noise on
straight track.

Clause 6 of this International Standard provides advice that remains appropriate for measuring
curving noise at the trackside. However, it is possible to augment or replace such measurements with
on-board equipment. Trackside measurements will provide results which can be compared to pass-by
measurements on straight track sections.

Measurements should be carried out under dry weather conditions only.
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The track section where the measurements are performed should be defined by at least:

sections, geometry of check rail if present);

gauge deviations;
type of rail, rail supports, etc.;

friction modifiers or lubricants if present.

Precise description of the curve geometry (nominal radius, parabolic transition, cant, length of

These procedures may be used to define indicators of curving noise occurrence and severity, e.g. level,

tonal
of cut

In spe
of tes

D.5.2
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ving noise is triggered should be reported.

cific cases auxiliary devices emitting tonal noises need to be shut down to avoid misir
L results.

On-board measurements

The

The 1
betwjq
esped

The fpllowing parameters and data should be recorded:

L

“_ >

(=

V

If me
apprd

D.5.3

Thep
situat
to be
sever

i
loca:iLn is outside the vehicle close to or inside the bogie area.

he requirements of 6.7.2 apply;

icrophone position will depend on the vehicle design and practical Considerations. T|

heasurement procedure shall include straight track seetions as well as curves. If
ben straight and curved track sections is required theswvehicle conditions as given i
ially speed and traction effort shall be the same in both'cases.

bAF(L);

storage of time history to enable detailed frequency analysis. The sampling frequer
Ifficient to allow a frequency analysisfor all audible frequencies. In the case of tonality]

chicle speed, traction effort and-localization data synchronized with the sound press

hsurements shall detect-presence or absence of curve noises a measurement of sut
priate. This will relaxthe measurement equipment requirements to type 2 instrume

Trackside measurements

ass-by meastrement setup defined in 6.4 needs to be modified to take into account thg
ionatthetestsite. The distance of the microphone position to the centre ofthe trackis r¢
7,5 m.Jn'the case of an extended length of track being of interest it may be necess
hl microphone positions along the track.

en indicator

iterpretation

he preferred

comparison
6.3 and 6.6,

cy should be
assessments

ure data.

vey grade is
nts.

geometrical
rcommended
hry to define

The

P]’\l’\lqlln to lr]nnhfv npprnprlafn m1r‘vnnhnhn pncﬂ'lnnc may need 2o nrn]lmlharv u

easurement

to evaluate the curving n01se occurrence related to a specific stretch of track This task may use a
microphone placed at a distance other than 7,5 m.

Nevertheless the test result is related to the specific test situation. A general result concerning curve

noise

behaviour cannot be obtained from measurements at one test site.

The following parameters and data should be recorded:

—  Lpar(®);

— astorage of time history to enable detailed frequency analysis. The sampling frequency should be
sufficient to allow a frequency analysis for all audible frequencies. In the case of tonality assessments
the requirements of 6.7.2 apply;
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— the time at which the microphone cross-section is passed, synchronized with the sound pressure data.

Recording intervals shall be chosen so that the entire noise event is captured.
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