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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.
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Hrawn to the possibility that some of the elements of this document may)be the subject of
4. ISO shall not be held responsible for identifying any or all such patenbrights. Details of
ights identified during the development of the document will be in the Introduction and/or
on the ISO ligt of patent declarations received (see www.iso.org/patents).
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For an expl3

me used in this document is information given for the conveniéence of users and do
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ination of the voluntary nature of standards, the meaning of ISO specific term

S not

s and

related to conformity assessment, as well as information about ISO's adherence o the
Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.is¢.org/
.html.

expressions
World Trade
iso/foreword
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This docum
Committee
ISO/TC 43,
cooperation

ent was prepared by the European Committee for Standardization (CEN) Tecl
CEN/TC 256, Railway applications, in) collaboration with ISO Technical Comr
HAcoustics, Subcommittee SC 1, Noisé, in accordance with the Agreement on tecl
between [SO and CEN (Vienna Agréeement).

This third ed
revised.

ition cancels and replaces the second edition (ISO 3381:2005), which has been techr]ically

The main chinges compared to the.previous edition are as follows:

new stru

cture of the document to align it with the structure of ISO 3095;

— an impr¢ved selectiomprocess of the measurement positions - see Clause 5;

— new megsurement procedures for noise in driver's cab - see Clause 7;

— improvef specifications of the vehicle conditions for the different types of tests - see 6.4, 7.3, 8|4 and
9.4;

— an improved assessment of the tonality - see 6.7, 8.7 and 9.8.2.

— animproved indirect assessment of the track acoustic characteristics - see 8.3.4, 9.3 and Annex C;

precisions for measurement in specific environments (tunnels, ...) - see Annex D;

an assessment of measurement uncertainties - see Annex E.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Railway applications — Acoustics — Noise measurement
inside railbound vehicles

1 S

cope

This document specifies the measurement method and conditions to obtain reproducible noise levels

on-b

ardall kinds ofvehicles npnrnfing onrailsorother fypnc of fixed frnrlz’ hereinaftercao nventionally

called

This
monif

This (

It proj
out us

|
<

— W

— W

“unit”, except for track maintenance vehicles in working modes.

document is applicable to type testing. It does not include all the instructions
oring testing or evaluation of noise exposure of passengers or drivers over,awhole j

locument is not applicable to guided buses.

vides measurement procedures for vehicle interior noise (in general) a vehicle type t
ing only a selected subset of these tests):

rhen the vehicle is moving at constant speed;
hen the vehicle is stationary;

hen the vehicle is accelerating or decelerating;

— }}1 the driver's cab when an external warning horn is sounding (specifically required

It doe

I
QO

— a

The a

nion regulation application)

s not provide measurement procedures'for:

1dibility or intelligibility of any audible signals;
sessment of warning devices other than warning horns.

ssessment of noise exposure of train crew due to operational conditions is not in the

document.

Ther

bsults can be used)foer example:

—

b characterisethe noise inside these units;

to carry out
burney.

bst is carried

for European

scope of this

ferred grade

for noise declaration purposes as deflned in ISO 12001. If test condltlons are relaxed for example as
they are for monitoring of in-service trains, then the results are no longer of engineering grade.

The procedures specified for accelerating and decelerating tests are of survey grade (grade 3).

2 Normative references

The following referenced documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For undated references the latest edition of the
referenced document (including any amendments) applies.

[SO 1996-1:2016, Acoustics — Description, measurement and assessment of environmental noise — Part 1:

Basic

quantities and assessment procedures

© IS0 2021 - All rights reserved
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ISO 1996-2:2017, Acoustics — Description, measurement and assessment of environmental noise — Part 2:
Determination of sound pressure levels

IEC 60942, Electroacoustics — Sound calibrators
IEC 61260-1, Electroacoustics — Octave-band and fractional-octave-band filter — Part 1: Specifications
[EC 61672-1, Electroacoustics — Sound level meters — Part 1: Specifications

EN 15153-2:2020, Railway applications — external visible and audible warning devices — part 2: warning
horns for heavy rail

EN 154612(‘[\0. Al.2010 Dol M 42 A os L . yald) 4 : P £ 1 o 1
. UOTITL.ZUTU, nnuntwuy  UpPpIrcutrorts IVOTSC~ CTTITSSTUTT CTTUTUCTCTTZUtioN o)~ tre—uy namic

properties ofltrack sections for pass by noise measurements

EN 15610, Rgilway applications — Acoustics — Rail and wheel roughness measurement related to| noise
generation

3 Terms pnd definitions
For the purppses of this document, the following terms and definitions apply:
ISO and [EC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.or

— IEC Electropedia: available at https://www.electropedia.orgy

31
unit
rolling stock|which is subject to the application of this,document

Note 1 to entrjy: A unit can be composed of several powered or unpowered vehicles, or cars.

3.2

type test
<noise measjirement inside railbound units> measurement performed to prove that, or to chedk if, a
unit delivered by the manufacturer ¢omplies with the noise specifications

3.3
acoustic royghness

r(x)
variation of fhe height ofithe rail running surface associated with rolling noise excitation, expressed as
a function of|distancéx)along the rail

[SOURCE: EN 15610:2019]

3.4
track decay rate

rate of attenuation of vibration amplitude of either vertical or lateral bending wave motion in the rail as
a function of the distance along the rail

Note 1 to entry: The track decay rate is represented by a one-third octave spectrum of values expressed in
decibels per metre (dB/m) representing attenuation over distance.

[SOURCE: EN 15461:2008+A1:2010]

3.5

acoustic track characteristics

ATC

characteristics of the track that are defined in terms of acoustic rail roughness and track decay rates
(3.4)

2 © IS0 2021 - All rights reserved
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3.6
test section
specific section of track that is associated with a particular set of measurements

3.7

impulsive sound

sound characterized by one or more brief bursts of sound pressure and that is such that the duration of
a single impulsive noise is usually less than 1 s

EXAMPLE Noise from blowoff valves, relay switches.

Note 1 to entry: The quantification of impulsiveness is set out in Annex B.

[SOUJ{CE: ISO 1996-1:2016, 3.4.8, modified - "brief bursts of sound pressure" replaged with "one or
more brief bursts of sound pressure"”; former Note 1 to entry is incorporated into thé.definition as "and
that i$ such that the duration of a single impulsive noise is usually less than 1 s"; Example gnd new Note
1 to eptry added.]

3.8
intermittent source
source that operate at regular or irregular time intervals and is such that its duration is short

EXAMPLE Noise from compressors, exhaust fans, door operation, toilet.

3.9
tonallsound
sound characterized by a single frequency component ornarrow band components that emperge audibly
from fhe total sound

[SOURCE: ISO 1996-1:2016, 3.4.9]

4 Instrumentation and calibratien

4.1 |Instrumentation

The microphones, signal acquiSition units and processing algorithms used shall each comply with the
requifements of IEC 61672-1 specifications for class 1 measuring equipment.

NOTE Multichannel acquisition systems are generally used to record data.
In the case of measurements of survey grade, this requirement is relaxed to class 2 instruments.
The spund calibrsator shall meet the requirements of class 1 according to IEC 60942.

Micrdphones- with free-field or diffuse-field characteristics shall be used. A suitable| microphone
wind$ereen should be used.

Where one-third octave frequency band analysis is required, the filters shall meet the requirements of
class 1, according to [EC 61260-1.

The conformity of the calibrator with the requirements of IEC 60942 shall have been verified within
one year of the test date. The conformity of the instrumentation system with the requirements of
IEC 61672 series shall have been within two years of the test date. The date of the last verification of the
conformity with the relevant standards shall be recorded.

4.2 Calibration

Before and after each series of measurements, a sound calibrator shall be applied to the microphone(s)
for verifying the calibration of the entire measuring system at one or more frequencies over the

© IS0 2021 - All rights reserved 3
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frequency range of interest. If the difference between the two calibrations is more than 0,5 dB, all the
measurement results in between shall be rejected.

The sensitivi

ty of the measurement chain actually applied in the field shall be documented.

5 Measurement positions

5.1 Division of the unit into areas

5.1.1 General

The entire u

characteristics (see 5.1.3).

5.1.2 Defi

Area types
standard cla
galley, lavato

The range of
proposed op

NOTE Fo
distinguish be

5.1.3 Defi
The acoustic
Examples fof
— partitior
draught

internal

decks of

5.1.4 Sele

The number]
discrete area

hit shall be divided into areas. Each area being defined by its type (see 5.1.2) and)ac

hition of area types

hre distinguished by their purpose, for example: passenger areas, )seating (first
5s), standing areas (including aisles), gangway, driver's cab, train fanager compart]
ries, entrance, lobbies, restaurant, quiet, sleeping or resting areds.

characteristics to be found within an area type depends upon the vehicle type ar
eration schemes.

example, for trams and metros, it can be appropriate te'define a '‘passenger area' that do|
tween seating and standing areas.

hition of area acoustics

5 characteristics of areas are distinguished by their acoustic boundaries.
acoustic boundaries are:
walls;

Screens;

doors;

double deckers.

Ction of aréas to be assessed

of discrete areas to be characterized by measurement may be reduced by ident
s that are similar in terms of their type and acoustics characteristics. See Figures 1,

3.

bustic

class,
ment,

d the

es not

fying
2 and

No area shall cross the boundaries of an acoustic space (partition, wall, doors, ...) and of a single vehicle.

For example,

in double-deckers, decks shall be considered as separate areas.

Where there is no specification of the area types to be assessed, a minimum selection may be done
assuming that the noise criteria apply only to areas of the types with permanent passenger seats.

Areas to be assessed may be selected taking into account additional criteria (e.g. contractual
requirements in a project that can focus on seating area over a bogie, seating area close to a vestibule,
...). In dividing the unit into areas, bear in mind two objectives:

a) the efficiency of identifying similar areas to reduce the measurement effort, and

b)

4

compatibility with the level of detail in the stated noise criteria.

© ISO 2021 - All rights reserved
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S —— i PR W | WP 1 B —
Do oooaf [P0 Doosfoop
T A A

%@m@% T

a Selection as a function of seating (areas A and D), multipurpose and.vestibule (areas B and C).
The same case as 3, but include differentiation between floor heights (subdivision of areas A apd D).

Figure 1 — Example of a possible choice of areas to be assessed dividing 2 vehicles gf a multiple
unit

Key
A first car
B decond car

NOTE| The gangway between the 2 cars is open and not considered as a specific area but included infarea A.

Figure 2 — Example of definition of areas (A and B) in the case of a driverless metro

© IS0 2021 - All rights reserved 5
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Key
A,BandC
D

S

areas

passenger door
passenger seats

NOTE Areas
boundaries.

5.2 MeaSJ

Measureme
example of e

If measurem

NOTE1 In
similar areas {
of the layout.)

with seats (A and CU); Vestibule areas (b). Areas A are U diiferentiated 1n terms oI their ad

Figure 3 — Example of passenger coach divided into areas

rement positions

ts shall be carried out in at least one example of each similar area identified in 5.1 (e.
hch of the areas “A”, “B” and “C” in Figure 3).

ents are carried out for multiple examples of similar areas, results shall be averaged.

that case, the symmetry of the vehicle can be used as.a‘justification to minimize the num

Key

A,BandC a
D p
S p

Each discret

Feas
hssenger door
hssenger seats

Figure4 — Example of selection of similar measurement areas

b area‘that is to be assessed shall be divided into equal segments of maximum lengt]

oustic

o. one

ber of

o be measured (see Figure 4, in which the white character areas can be omitted based on symmetry

h 5 m

along the un

t/and each segment shall contain at least one measurement position (e.g. see Figure

b)-

NOTE 2

the same height in order to provide a representative sample of an area.

Some measurement positions can be omitted.

Measurement positions shall not be located closer than 0,3 m to a wall, screen or door.

NOTE 3

by passengers.

This document leaves the freedom to choose measurement locations over a seat or between seats at

Microphone positions at this distance from boundary surfaces are representing the sound field heard

Additional measurement positions may be defined but shall be reported separately and not as part of
the characterization of an area.

© ISO 2021 - All rights reserved
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Key
S passenger seat (permanent longitudinal type) L length of a unit
D  passenger door L,  length of a segment (<5 m)

M  1peasurement position

Figure 5 — Example of definition of measurement positions for commuter upits
(measurement height H=1,2 m)

5.3 |Measurement height

5.3.1| Seating position

In ardas, other than the driver's cab, that contain permanent seats, the measurement height shall be set
to 1,2l m above the floor at the seat location. See Figure 6.

Dimengdions in metres

1,2

Fi —— tesof bt o f . R

5.3.2 Standing position

In standing areas, other than the driver's cab, measurements shall be located at a height of 1,6 m above
the floor.

5.3.3 Lying position

Atlocations where people are supposed to rest in horizontal position, the microphone positions shall be
0,2 m above the support.

© IS0 2021 - All rights reserved 7
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5.3.4 Driving position

When the cab contains more than one set of complete driving controls, the test shall be carried out at
each of these positions. This is not necessary at auxiliary driving positions where a full set of controls
is not present.

In a driver's cab area, the seated measurement position height shall be set at H=0,80 m + 0,05 m
vertically above the centroid of the unloaded seat surface and offset 0,25 m * 0,05 m laterally (see

Figure 7).

If the seat height is adjustable, this adjustment shall be set at midrange. For a suspended seat, the seated
measurement height shall be taken from a reference of mid-stroke position. The height of this nominal

position for t

In addition, g
microphone

For the warning horn test (see Figure 8 and Clause 7), the measurement shall be carried out at

evenly space
(H=0,80 m
one or more
the presencsd
a measurem
shall then bg
microphones

possible to the specified measurement height.

If not define
above the flo

he driver's seat above the floor shall be recorded.

minimum distance of 0,3 m from the nearest wall shall be kept. The precise logation
thall be recorded.

d microphone positions in a horizontal plane at the height of a seated rmieasurement po
0,05 m), at a radius of 0,25 m = 0,05 m, while the external warning horn is sounding. Y
of the required eight measurement positions is either not possible to realise beca
of structural elements, or where it is within 0,2 m of an acoustically-reflective su
bnt shall not be required at that position. The number of discrete measurement loc
reduced accordingly to N < 8. In case a headrest presents a hindrance to mountir
, it is permissible to remove the headrest or to use.a measurement height as clg

d elsewhere, the level of the driver's ear for standing operation shall be taken as
or.

of the

eight
sition
Vhere
1se of
rface,
htions
1g the
se as

1,6 m

Dimensions in metres

Key
H

height of the measurement position

Figure 7 — Example of measurement positions in driver’s cab for stationary test, constant

speed test and acceleration/deceleration test

© ISO 2021 - All rights reserved
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Dimens

ions in metres

Key
H H

6 Stationary test

6.1

The 1
envir
norm

6.2

6.2.1

The t
the sq
the tn

eight of the measurement positions

Figure 8 — Example of measurement positions indriver’s cab for warning hor

General

oise inside a stationary unit depends on its operating conditions and can be influ
bnmental conditions. The méasurements shall be carried out only if there are noise
hlly operate at standstill. The conditions of operation are specified in 6.4.

Environmental conditions

Acoustical environment

pst site for, Stationary measurement shall be in approximately free-field conditions,
und radiated by the unit to the exterior contributes to the interior noise only by re
acky and not by reflection from buildings, walls or similar large objects adjacent to th

n test

enced by the
sources that

i.e. such that
Flection from
e track.

Addit

omal measurements can he rnqnncfnr‘] within fllY\Y\ﬂ]C’ annfc’ stations and on ele

ated routes;

these specific environments are considered separately in Annex D. The results will be site-dependent
and shall not be considered applicable to other environments.

No-one shall be present inside the tested area of the vehicle and the adjacent area to it, except for
essential testing and operating personnel.

6.2.2

Meteorological conditions

The standard condition for measurements shall be: no falling rain, hail or snow. Any noise-relevant
weather information (e.g. temperature, humidity, falling rain, hail, snow or high wind) outside the
tested vehicle shall be reported before and after each series of measurements as a minimum.

NOTE
6.2.3.

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

© IS0 2021 - All rights reserved
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6.2.3 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 external wind) does not influence the measurements significantly.

Itisrecommended to switch-off the unit under test in order to achieve an uncontaminated measurement
of the background noise.

The maximum value of L., 7 with T'= 20 s of background noise over each measurement position shall
be at least 10 dB below the final result at each position obtained when measuring the noise inside 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.

6.3 Track

The standard superstructure for the stationary test is a track with ballast bed and sleepgrs withot

type of rail o

There should

conditions

r track shielding.

be no acoustic covering or lying snow on the track bed.

In the case o

out on this specific track.

NOTE
on that track

6.4 Vehicl

6.4.1 Geng
The unit sha

The vehicle
conditions a
Specifically,

lining or panlling which is not present in normal operation.

Air managen
the measure
units, the mdg
highest noisg

4

dq

NOTE If

In the case of dualfmode units (diesel and electric), the measurements shall be performed unde;

modes.

Mdasurement results obtained on other track designs are only cemparable with measurements

Fnormal vehicle operation on another track only or predominantly, the test may be c:

esign and therefore not compliant to the standard track conditions requirements.
e conditions

eral
| be stationary.

shall be configured and operated during the test to represent the normal ope
[ stationary (including software e.g.: for traction, auxiliaries, and HVAC configurg
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6.4.2 Normal operating conditions

The measurements shall be carried out in normal operating conditions defined as follows (see also
Annex A).

All equipment that operates continuously when the unit is stationary shall be operating at normal load.
Normal load in this subclause means the performance at an external equivalent temperature of 20 °C
except for HVAC systems. For the following systems this requires that:

— the cooling equipment of traction and auxiliary equipment shall be operated in the minimum
necessary condition in stable thermal condition;

— the air compressor shall not operate where possible;
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— for units with internal combustion engines, the engine shall be at idle with a load corresponding to
the necessary power to operate the auxiliaries as defined in this paragraph;

— for heating, ventilating and air conditioning (HVAC) systems conditioning passenger areas and
working places as well as for systems supplying energy for this function, normal load is defined as
50 % of the cooling power that is necessary under the maximum thermal load where the vehicle is
regularly operated. In the case of discrete operating points, HVAC shall be operated at the lowest
operation mode equal to or above 50 %. Atleast one compressor per HVAC unit shall be setto operate
continuously. Operational parameters shall be defined and documented in the report, see Annex A
for guidance.

Occasi ' ' ' elay, sanding
equipment, alarms, toilet flushing, passenger Information, doors signals and other warning signals

etc.). Dperational parameters shall be defined and documented in the report, see AnnexA for guidance.

6.4.3| Additional operating conditions

It is germissible to measure at other vehicle conditions, if required, for instance, to asseps other load
condifions or intermittent operation. In this case, these conditions shalle-reported.

NOTE In the case of regular changes to furniture in commercial operation (e.g. in sleeping cars or for
seasomal changes in passenger rolling stock), it can be useful to measuréach configuration.

6.5 [Measured quantities

The thain measurement acoustic quantity is the A-weighted equivalent continuous soynd pressure

level,|L,peqp With T 2 20 s.

Where an assessment of impulsiveness is required, the A-weighted maximum sound piessure level,
L aprjax> shall be used. It can also be used for the assessment of intermittent sources.

Wherg frequency analysis is required, oné-third octave band sound pressure level shall pe measured
over 4 one-third octave band centre frequency range of 25 Hz to 10 kHz.

6.6 |Test procedure

The measurement time interval T shall be at least 20 s, acquired as a single record. If, however, it is
exceptionally not possible'te maintain the source of noise at its normal load for 20 s, the heasurement
time Interval T may be réduced to a minimum of 5 s. This reduction shall be specified and justified in
the tgst report. A sirigle’'measurement of T = 20 s is sufficient in all the cases.

The measurement-at the different positions shall be carried out either simultaneously or|sequentially.
The nequired\vehicle conditions need to be established only in the vehicles currently pffecting the
measjirements.

The validity of the measurements shall be assessed against the background sound pressure level, see
6.2.3.

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.

6.7 Data processing

6.7.1 Standard processing

The standard processing shall only include the results from the measurement positions used to
characterize an area.
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For each set of measurements corresponding to one area (one sample at each position), the A-weighted
equivalent continuous sound pressure levels Li paeqr Measured at all positions i shall be energy averaged
as given in Formula (1) to derive a single noise 1n31cator representative of the area:

10
<LpAeq,T> =10logy, 210 pacqr/ (1)
1 1
where
L' peq,r is the A-weighted equivalent continuous sound pressure level measured at the meas-

urement position i;

n is the number of measurement positions;

<LpAeq’ >are shall be rounded to the nearest integer as the main result of the test. In addition, the full

set of the L1}, ., r measured at all measurement positions corresponding to an area shall be shown to
one dec1malpplace in the report.

6.7.2 Additional processing

If an assessthent at additional measurement positions is required, L
these specifif positions shall be determined.

shed, T with T = 20 s measured at

In the case of intermittent sources, the L,,.q r should be calculatéd over the duration of the operating

cycle. Additipnally, the maximum noise level may be determine@using the L,pmax-

For those locptions and conditions where an assessment of impulsiveness is required, the measur¢ment
quantity L,alemax shall be used. For investigation purpese, an additional evaluation is provided in
Annex B.

For those lodations and conditions where an assessment of tonality is required:

— for type ftesting purposes, the simplified method specified in ISO 1996-2:2017, Annex K, basefl on a
one-thirfl octave band spectral analysis of the whole measurement time shall be used. Wherle this
method [dentifies a one-third octave band containing a tone, it shall be reported. It shall also be
reported whether the difference.in A-weighted level between this one-third octave band and the
overall njoise level, L, 5.  is-less than 6 dB. In this case, it indicates that this one-third octave band
is promiphent and affp cts theA-weighted overall level of the noise.

— for invegtigation purposes, a method based on a narrow band spectral analysis is recommegnded.
[SO 1996-2:2017, Afinex ], or DIN 45681 are then preferred.

When spectifa are fequired, they shall be supplied in one-third octave bands in the range of af least
25 Hz to 10 JO0HzZ

7 Testing in cabs when sounding an external warning horn
7.1 Environmental conditions

7.1.1 Acoustical environment

Unless otherwise defined for the test, the default conditions for the test site are approximately free-
field conditions; except for the ground, there shall not be any acoustically reflective (hard) surfaces
comprising such materials as steel or concrete, including other trains and fixed structures, within 10 m
of the external surfaces of the sides of the cab within which tests are being undertaken. Similarly, there
shall not be any acoustically reflective surfaces within 25 m of the external surface of the front end of
the cab.
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No-one shall be present inside the driver's cab, except for essential testing and operating personnel.

No-one shall occupy the driver’s seat during these stationary tests.

7.1.2 Meteorological conditions

The following weather parameters shall be recorded outside the tested vehicle at representative
times during the noise measurement: temperature, humidity, barometric pressure. Any noise-relevant
weather information (e.g. temperature, humidity, falling rain, hail, snow or high wind) outside the
tested vehicle shall be reported before and after each series of measurements as a minimum.

7.1.3[ Background sound pressure level

The Ljpeqr With T = 20 s of background noise in the driver's cab shall be at least 10.dB"bglow the final
result obtained when measuring the noise inside the unit in the presence of background noise.

For friequency analysis, this difference shall be at least 10 dB in each frequeney.band of interest.

7.2 |Track conditions

The sfandard superstructure for the stationary testis a track withrbalast bed and sleeperg without any
type ¢f rail or track shielding.

Therg should be no acoustic covering or lying snow on the track bed.

In thq case of normal vehicle operation on another trackionly or predominantly, the test mpy be carried
out on this specific track.

NOTE Measurement results obtained on other track designs are only comparable with measufements made
on that track design and therefore not compliant to the standard track conditions requirements.

7.3 |Vehicle conditions
The vehicle shall be stationary.

Durirg the measurements, the doors and windows of the vehicle shall be kept closed. The cpb shall be in
the candition that will apply when in service.

The hiorns shall be in its.iormal operating condition.

The spund source that is to be measured, the external warning horn, is inherently of high sound level,
and therefore typical internal background noise levels in the cab when stationary ar¢ unlikely to
interflere with‘the measured results. Nevertheless, it is advisable to run only those systenis on the unit
that 4re essential to allow the external warning horn to sound, and to avoid positioning the vehicle at
locatipns‘where other high noise level sources are present.

7.4 Measured quantities

The basic measured acoustic quantity is the A-weighted equivalent continuous sound pressure levels,

Lppeqp With T=3s.

7.5 Test procedure

Measurement conditions shall comply with EN 15153-2:2020, Clause 6, for the measurement of horn
performances. If the value of L., r measured under these conditions is outside the range specified for
this test within the applicable limit (e.g. EN 15153-2 in Europe), or if these measured levels before and
after the stationary cab noise measurements differ by more than 3 dB, the cab noise results are invalid.

The stationary measurements require the noise level in the vicinity of the driver’s ears to be quantified
when the external warning horn is sounded.

© IS0 2021 - All rights reserved 13


https://standardsiso.com/api/?name=615583a4c6c36df913567069094575eb

ISO 3381:2021(E)

When the external warning horn has more than one type of operating control, the test shall be carried
out using each of these types of controls.

NOTE1 Thisis only needed if different valves or supply types are used for the different operating controls.

Sound pressure levels shall be measured at an energy level, which is in the range of the normal
operational conditions, e.g. air supply or electric supply, available on the vehicle. Operational parameters
shall be documented in the report.

When there are two or more warning horns, they shall be activated as designed for operational service.
(see EN 15153-2). When the acoustic warning has an option for a loud or quiet setting, at least the loud
setting shall be assessed.

For each co|nfiguration (defined as a combination of a sounding and a type of control),|three

measuremer
include ther

The measurd

ts shall be made for separate actuations of the horn. The measurement time)sha
sing and fall time of the noise signal.

ments at the eight positions shall either be acquired simultaneously orrsequentially.

11 not

sly in
g.

NOTE 2 It s advantageous that the maximum possible number of channels be a¢guired simultaneo
order to miniipnise the number of horn soundings and hence reduce the environmentalimpact during testi

!

If all driver's|cabs are similar acoustic areas, only one driver's cab shall be‘tested.

7.6 Data processing

7.6.1 Standard processing

crete
d the
ber as

(:[jfiguration, the arithmetic mean of the values of L., thus acquired at the di
t positions shall be calculated. This process shall be repeated three times, an
ean of the three resulting values shall:be'calculated and rounded to the nearest inte
the test.

For each ¢
measuremer
arithmetic m
the result of

7.6.2 Additional processing

When spectrfa are required, they should be supplied:

either in

one-third octave bagds in the range of at least 25 Hz to 10 000 Hz,

orin ter

ms of power spectrum with an appropriate frequency resolution.

8 Constant speed tést

8.1 Generifal

Constant speed testing is carried out for acoustic characterization of the interior of railway vehicles
operating at an invariant speed. The speeds chosen are dependent on the purpose of the testing. The
test speeds are specified in 8.6.2.

8.2 Environmental conditions

8.2.1 Acoustical environment

The test site for constant speed measurement shall be in approximately free-field conditions, i.e. such
that the sound radiated by the train to the exterior contributes to the interior noise only by reflection
from the track, and not by reflection from buildings, walls or similar large objects adjacent to the track.

Measurements can be requested within tunnels, stations, on elevated routes and in curves; these
specific environments are considered separately in Annex D.
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Meteorological conditions

The standard condition for measurements shall be: no falling rain, hail or snow. Any noise-relevant
weather information (e.g. temperature, humidity, falling rain, hail, snow or high wind) outside the
tested vehicle shall be reported before and after each series of measurements as a minimum.

NOTE Heavy rain, or strong wind conditions (cross-wind or wind gusts) can affect the measurement result.
8.2.3 Background sound pressure level

As the sound emitted by auxiliary equipment that normally runs continuously forms part of the constant
speed- i it i i imi i i ion. However,
care ghall be taken to ensure that the noise from other sources (e.g. other vehicles or indystrial plants
and due to wind) does not influence the measurements significantly.

8.3 |Track conditions

8.3.1| General

Therdg should be no acoustic covering or lying snow on the track bed.

The rplling noise element of interior sound level contains contributions from the rolling 4tock and the
track| Therefore, sound pressure levels are only comparable between sites where the track parameters
are cgntrolled to make them equivalent in terms of acoustic.performance.

For cpnventional railway units with steel wheels running on steel rails, the track patameters, i.e.
the apoustic roughness of the rail surface and the“vertical and lateral track decay rpate, shall be
contrplled according to 8.3.5. To ensure the comparability of the acoustic performange, the track
characteristics shall comply with each of the criteria set in 8.3.5. The specifications in 8.3.5 ensure that
the nleasurement procedure is of engineering)grade and that the influence of the track on the vehicle
type test result due to rail roughness or track decay rate is minimized. The results of test§ under these
conditions are deemed to be comparable\from one compliant track to another.

In thq case that comparability is net required, other track criteria may be used.

NOTE Where the track conditions deviate from the requirements given in 8.3.5, this can lpad to results
that afe influenced by the characteristics of the test section. However, such results can be of injterest e.g. for
measyrement on specific types of network or for monitoring purposes.

For systems other thaf conventional railway units (e.g.: people mover on pneumatic rubbgr tyres), the
noise[measurements+shall apply on the track type where the unit is usually operated. In [that case, no
measpirements ofthe track conditions are required and no status of comparability with poise results
obtaiped on_other tracks is conferred.

8.3.2| cTIrack design

The radius of curvature R of the test section shall be:

a) R=1000m fortests at train speed V<70 km/h;

b) R=3000m for tests at train speed 70 < V<120 km/h;

c) R=5000m for tests at train speeds V> 120 km/h.

Where vehicles under test are fitted with traction equipment (e.g. engines, transformers, inverters), the

gradi

ent of the test section shall be no greater than 5 %o.

For electrified vehicles, the power supply shall be continuous during this test. The test section
shall avoid the gap of the 3 rail or dead section of the catenary both for the powering section and
regenerative brake section.
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8.3.3 Track superstructure

The standard superstructure for the constant speed test is a plain track with ballast bed and sleepers
without any type of rail or track shielding (use of rail dampers is accepted to comply with track decay
rate limits, see 8.3.5). Where measurements are taken on track where a third rail is present, there shall
not be any protective shielding boards in place.

The ballast shall be normally compacted without track sections containing slurried, choked or glued
ballast by debris, ice or snow.

In the case of normal vehicle operation on another track only or predominantly, the test may be carried
out on this specific track.

NOTE M%asurement results obtained on other track designs are only comparable with measurem@énty made
on that track dlesign and therefore not compliant to the standard track conditions requirements.

8.3.4 Tradk quality

The track at the test section shall be laid without rail joints and be free of visible Susface defects siich as
corrugationg, rail burns or pits and spikes. No audible impact noise due to welds;loose sleepers o1 third
rail shall be present.

8.3.5 Railroughness and track dynamic properties

A necessary fondition to minimize the track contribution to the interior noise is that the acoustic|track
characterist1;:s (ATC), which comprise the acoustic rail roughness'and track decay rates, shall fulfil the
default specifications of Annex C.

Annex C proyides a description of the assessment of the ATC of the test section based on
— either difect measurement on the whole test section,

— or direct measurement only on part of thétést section, then an extension of the ATC asses$ment
to the r¢maining part of the test section_on the basis of rolling noise or axle box vibration{ This
provideqd an estimation of the appropriateness of this remaining part for vehicle internal|noise
measurgments. For the purposes of-this document, this approach is called “indirect assessment”.

8.3.6 Spedial conditions

For non-conyentional units tésted on dedicated tracks, the track structure shall be described in tHe test
report.

8.4 Vehicle conditions

8.4.1 Gene¢ral

The vehicle shall be configured and operated during the test to represent the normal operating
conditions at constant speed (including software e.g.: for traction, auxiliaries and HVAC configuration).
Specifically, the acoustic properties of all surfaces shall not be affected by any kind of e.g. covering,
lining or panelling which is not present in normal operation.

During the measurements, all doors and all windows of the unit shall be kept closed, unless they are
designed to remain open under normal operating conditions.

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

For cab noise measurements, windscreen wipers shall not be in operation.

16 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=615583a4c6c36df913567069094575eb

ISO 3381:2021(E)

In the case of multi-voltage units, the measurements shall be performed under the voltage system
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 units (diesel and electric) the measurements shall be performed under both
modes.

8.4.2

Normal operating conditions

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

All e
atno

Fort

— t
n

— t
fi

r
O
C

8.4.3
The v|
If the]
minin
applig
two-t

Wher
the r

uipment that operates continuously when the unit is running at constant speed shall
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pst report shall describe the state of the traction equipment during the test and, i
atives, either the hauled load or the tractive effort applied.

8.4.4 Wheel tread conditioning

The unit shall have run under representative operating conditions (traction and speed) for at least
1 000 km (or 500 km for trams and metros) in order to condition the wheels.

Wear of the wheel tread can tend to reduce the roughness of freshly reprofiled or new wheels. Care
should be taken to present units for test with in-service conditioned wheels.

The wheel treads shall be as free as possible from noise-generating irregularities such as flats. For
units with tread brakes or scrubber (tread cleaning brakes), the block/tread pair shall be in a run-
in condition where block and tread have bedded in sufficiently. Before starting the measurements
(typically immediately before, but not more than 24 h before, their commencement), such units shall
be braked to a standstill at least twice. Braking shall start at 80 km/h or at the maximum unit speed in
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the case where it is lower than 80 km/h. The unit shall be braked to a complete stop with a deceleration

which is typical of normal operation, but which ensures that no wheel flats are generated.

If the wheel is reprofiled more than once between setting the new wheel and the noise test, the wheel

diameter shall be listed on the report.

8.4.5 Additional conditions

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.

NOTE In

seasonal chanjges in passenger rolling stock), it can be useful to measure each configuration.

8.5 Measuyred quantities

The main mgasurement quantities for trains running at constant speed are the A-weighted equiy

continuous spund pressure level, LpAeq‘T and train speed, V.

Where frequency analysis is required, one-third octave band sound pressure\evel shall be mea

over a one-thlird octave band centre frequency range of 25 Hz to 10 kHz.

8.6 Test procedure

8.6.1 Geng¢ral

Noise data shall be recorded at each test speed, over a sufficient length of time from which to sele

samples to bg processed according to 8.7.

8.6.2 Test|speeds

Tests shall b¢ performed at the maximum operational speed of the unit under test.

Additional t¢sts, if required, should be_performed at one or more of the suggested speeds giy

Table 1.

Table 1 — Additional tests

or for

Falent

sured

ct the

ren in

Locomoftives and Metros Trams and light rail
heavy railpassengers vehicles vehicles
km/h km/h km/h
80 60 40
120 80 60
200
250
300

Over the test section, the unit under test shall be run at the chosen speeds stabilized to within 5 %.
The speed shall be measured by a device with a maximum permissible measurement error of 3 %. The

speedometer of the train may be used if it meets this criterion.

8.6.3 Measurement time intervals

Measurement of trains running at constant speed shall be performed at each measurement position

with a measurement time interval of T > 20 s.
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Itis permissible to assemble a sample of at least 20 s from a set of shorter samples of atleast 5 s duration.

Recording shall be carried out over a time period that enables the collection of a minimum of 20 s of
data on track that is compliant with the ATC requirements given in Annex C.

The collection of 20 s of valid data may use non-contiguous 5 s record segments. This might also be
necessary when the test track includes sections that are in tunnels or deep cuttings, or when internal or
external acoustic warnings are sounded.

8.7 Data processing

8.7.1[ Standard processing

The vilue of LipAeq'T measured over at least T = 20 s shall be calculated for all measurenient positions, i,
used to characterize an area.

For each set of measurements corresponding to one area (one sample at eachyposition), the A-weighted
equivilent continuous sound pressure levels LipAeq,T measured at all positipns 7shall be enepgy averaged
as givlen by Formula (2) to derive a single noise indicator representativefofthe area:

no
1 L peq1/10
<“pAeq,T >area :1010g10 ;210 . (2)
i=1
wherg
Ltpaeq,r is the A-weighted equivalent continuQus sound pressure level measured af the meas-

urement position i;

n is the number of measurement positions;

In adflition, the full set of L' .,
reporjt and shall comprise:

r measured at all measurement positions shall be predented in the

— the value of L' .o 7
described in 8.6.3;

(T = 20 shrounded to the nearest integer; T can be composed df samples as

— the L' peq 7 (T 25 s) values of each sample (rounded to one decimal place);

— the c_orr_espo_ndlng values of Lextend,pAeq,Ss - Ldirect,pA_eq,T or Lextend,aAeq,Ss - Ldirect,aAeq,"’ for the ATC
onitoring signal)(See Annex C), rounded to one decimal place.

The measurement-data collected at that track section with directly-measured ATC shall be identified.
The ATC assessment as described in Annex C shall be used to identify the measurement samples for the

ange defined

8.7.2 Additional processing

If an assessment at additional measurement positions is required, L (T = 20 s) measured at these

o " ) pAeq,T
specific positions shall be determined.

In the case of intermittent sources, the L
cycle.

pheqr Should be calculated over the duration of the operating

For those locations and conditions where an assessment of impulsiveness is required, the measurement
quantity L shall be used. For investigation purpose, an additional evaluation is provided in

pAFmax
Annex B.
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For those locations and conditions where an assessment of tonality is required:

— for type testing purposes, the simplified method specified in ISO 1996-2:2017, Annex K, based on a
one-third octave band spectral analysis of the whole measurement time shall be used. Where this
method identifies a one-third octave band containing a tone it shall be reported. It shall also be
reported whether the difference in A-weighted level between this one-third octave band and the
overall noise level, L s, r, is less than 6 dB. In this case it indicates that this one-third octave band

q
is prominent and afflécts the A-weighted overall level of the noise;

— for investigation purposes, a method based on a narrow band spectral analysis is recommended.
The ISO 1996-2:2017, Annex |, or DIN 45681 are then preferred.

When spectia are required, they should be supplied in one-third octave bands in the range of.at least
25 Hz to 10 QOO0 Hz.

9 Acceleration from stand-still test and deceleration to stand-still test

9.1 Geneifal

The purposd of the acceleration test is an assessment of the traction noise during an accelerfation.
Therefore, tHis test shall not be applied where traction noise is not presefit (e.g. a trailer car).

The deceleraftion test shall be applied to all units including trailer cars.
NOTE In most cases, where traction or braking noise is significant, the ATC does not influence the test.

For the assegsment of the acceleration test from stand-stillvand deceleration test to stand-stil], two
alternative npethods are specified:

— one proyides an assessment in terms of Lpsg,ay at measurement positions; it shall be uged to
charactdrize the maximum interior noise duringthe event;

— the othe[, in terms of L, 7 at measurément positions, it shall be used to characterize thg total
acousticlenergy during the event.

These are called the “maximum level rhethod”, see 9.7, and the “averaged level method”, see 9.8.

9.2 Envir¢gnmental conditions

9.2.1 Acoystical envirenment

The test site for accelération/deceleration measurement shall be in approximately free-field conditions,
i.e. such thaf the s6und radiated by the train to the exterior contributes to the interior noise only by
reflection from thé track, and not by reflection from buildings, walls or similar large objects adjacent to
the track.

Measurements can be requested within tunnels, depots, stations and on elevated routes, these specific
environments are considered separately in Annex D.

No-one shall be present inside the tested area of the vehicle, except for essential testing and operating
personnel.

9.2.2 Meteorological conditions

The standard condition for measurements shall be: no falling rain, hail or snow. Any noise-relevant
weather information (e.g. temperature, humidity, falling rain, hail, snow or high wind) outside the
tested vehicle shall be reported before and after each series of measurements as a minimum.

NOTE Heavy rain or external wind speed higher than 5 m/s can affect the interior background noise, see
9.2.3.
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Background sound pressure level

Care shall be taken to ensure that the noise from other sources (e.g. other vehicles or industrial plants

and d

NOTE

ue to wind) does not influence the measurements significantly.

It is usually necessary to switch-off the unit under test in order to achieve an uncontaminated
measurement of the background noise inside the unit.

The maximum value of the L ,., + with T > 20 s of background noise over all microphone positions shall

be at least 10 dB below the LpAi;maX (or L

pAeq,T

) obtained when measuring the noise from the unit at

stand-still in the presence of background noise. For frequency analysis, this difference shall be at least
10 dB in each frequency band of interest.

9.3
Therg

The t
such {
like r

The g

For e
shall
regen

Addit

Track conditions

should be no acoustic covering or lying snow on the track bed.

\s corrugations, rail burns, pits and spikes. The rail running surface shall be free of c¢

radient of the track shall not be greater than 5 %so.

ectrified vehicles, the power supply shall be continucus“during this test. l.e. the
avoid the gap of the 3rd rail or dead section of the catenary both for the powering
erative brake section.

jonal ATC measurement can be used to confirm.that the traction noise state is not

affectled by rolling noise (see Annex C).

NOTE
9.4

9.4.1

The
condi
tracti
not b

Tract
have

Durin
desig

Vehicle conditions

General

ehicle shall be configiured and operated during the tests to represent the norm
Eons when accelerating from stand-still or deceleration to stand-still (including soft

n, auxiliaries and HVAC configuration). Specifically, the acoustic properties of all s
e affected by any Kind of e.g. covering, lining or panelling which is not present in norm

on equipmert shall be in stationary thermal condition before the test. For example,
been warmed up and there shall be no high level of cooling operation from previous |

g the\imeasurements, all doors and all windows of the unit shall be kept closed, un
hédyto remain open under normal operating conditions.

st and dirt. No audible impact noise due to welds or loose sleepersshould be present.

ack at the measuring section shall be laid without rail joints and be fréeof visible surface defects

ntamination

test section
section and

significantly

If the rail is wet, this can lead to wheelslip and modify the acoustic behaviour of the velicle.

al operating
ware e.g.: for
urfaces shall
al operation.

engines shall
raking.

[ess they are

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

For cab noise measurements, windscreen wipers shall not be in operation.

In the case of multi-voltage units, the measurements shall be performed under the voltage system
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 units (diesel and electric), the measurements shall be performed under both
modes.
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Occasional sources of noise shall be excluded from the measurement (e.g. door operation, main switch,
sanding equipment, alarms, ...). Any part of a measurement that is excluded shall be identified in an

Lpr(8) plot.

9.4.2 Normal operating conditions
The measurements shall be carried out in normal operating conditions defined as follows (see Annex A).

All equipment that operates continuously when the unitis accelerating or decelerating shall be operating
at normal load, which is the performance at an external temperature of 20 °C, except for HVAC systems.

For the following systems this implies that:

the cool
necessal

the air c

for heat
working
50 % of
regularl
operatio
continud
for guidz

9.4.3 Occu

The principle shall be to achieve an acceleration or deeeleration event representative of n

operation av

The unit sha

9.4.3.1 Ac

For locomoti
the speed d¢g
shall be appl
combination

To avoid the

For all units
controlled at
controlled ay
be as high as

Ih mode equal or above 50 %. At least one compressor per HVAC unit shall be set to of

ves, the hauled load shall be-defined and shall be sufficient to ensure that at least 9

ng equipment of traction and auxiliary equipment shall be operated in the min
y condition in stable thermal condition;

bmpressor shall not operate where possible;

ng, ventilating and air conditioning (HVAC) systems conditioning passénger area
places as well as for systems supplying energy for this function, nofmal load is defij

’ operated. In the case of discrete operating points, HVAC shall-be operated at the 1

usly. Operational parameters shall be defined and documented in the report, see An
nce.

pancy and load
biding wheel spin and without macro slip.
1 be unoccupied except for essential train crew and testing personnel.

Celeration

pendent maximum tractive effort is maintained throughout the measurement. Th

of both. The locometive shall be at the head of the train.

the powertslever shall in general be shifted to the maximum position. Where ther
tomaticlacceleration procedure, it shall be used. In the exceptional case where therg
[tomatic acceleration, a fixed power lever position shall be used and the acceleration
poSsible but limited to 1,1 m/s2.

Imum

s and
1ed as

the cooling power that is necessary under the maximum thermaldoad where the vehjicle is

bwest
erate
nex A

brmal

0% of
b Joad

ed either by a braking locomotive or by a number of wagons with a sufficient mass dr by a

hoise producedby’the automatic couplers, it may be necessary to limit the tractive efffort.

eisa
is no
shall

9.4.3.2 De

celeration

The test condition of the unit shall correspond to normal service braking, not to emergency braking
or automatic safety braking. Where applicable, the brake blending (proportions of dynamic brake and
pneumatic brake) shall be noted.

9.4.4 Wheel tread conditions

The wheel treads shall be as free as possible from noise-generating irregularities such as flats. No other

requirement

22

s regarding the roughness of the wheel treads are specified.
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9.5 Test procedure for the acceleration test

Three valid measurement samples at each position are required. The validity assessment of the
measurements against the background noise level, see 9.2.3, and against the acceptable spread of
the measurement samples, see 10.3, shall be performed using the measurement quantity determined
according to 9.7.2 or 9.8.2.

The unit shall accelerate continuously from standstill without wheel slip. The measurement time
interval T shall begin when the unit under test starts to move and shall end when the unit reaches
a speed of 40 km/h for all units except for units with a top speed less than 90 km/h for which the
measurement interval ends when the unit reaches 30 km/h.

The dfriver should not reduce traction effort until the measurement interval has ended.

9.6 |Test procedure for the deceleration test

Thre¢ valid measurement samples at each position are required. The validity assesgment of the
measfirements against the background noise level, see 9.2.3, and against the acceptaljle spread of
the measurement samples, see 10.3, shall be performed using the measurement quantity determined
accorfling to 9.7.2 or 9.8.2.

A fullfservice braking shall be performed, beginning at a constant speed of 30 km/h, ending at stand-
still.

NOTE The full-service braking is given in EN 13452-1.

The rIeasurement time interval T shall begin when the driver initiates the braking and shall end when
the unit stops.

9.7 |Maximum level method

9.7.1| Measured quantities
The main measurement acoustic quantity is L,,(t) to derive the L, sppmax.

Wherje frequency analysis is required, one-third octave band sound pressure level shall pe measured
over g one-third octave band centre frequency range of 25 Hz to 10 kHz.

9.7.2| Data processing

The vialue of L sggx shall be calculated for each measurement (for each starting or braking event and
each measurement position 7, used to characterize an area).

For each sér-of measurements corresponding to one area (one sample at each position), the maximum
noise|leyels L measured at all positions i shall be energy averaged as given by Fqrmula (3) to

pAFmax
deriV‘ A ingla pmaten T Al b e bt A A Do
- Jlllsl\— TITUIOC TITUICALVUTL 1 M}Jl CcoLlIlIItdatllIve Ul tiicv darcd.,.

1 @ i} /10
<LpAFmax >area =10log, ;210 pAFmax "
i=1
where

L is the sound pressure level measured at the measurement position i;

IpAFmax
n is the number of measurement positions;

A <LpAFmaX >area shall then be produced for each of the three sets of measurements.
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The test result shall be the arithmetic mean of the <LpAFmaX >ar€a values, rounded to the nearest integer
decibel.

The individual <LpAFmax >area as well as the mean shall be presented in the report. In addition, the full

set of L spmay values measured at all measurement positions rounded at one-decimal place shall be
presented in the report.

For those locations where an assessment of tonality is required, the methods specified in 9.8.2 shall be

used, using the L., r averaged over the whole event record.

9.8 Averaped level method

9.8.1 Meapured quantity

The main measurement acoustic quantity is the A-weighted equivalent continuous+sound pressure
LpAeq,T'

Where frequency analysis is required, one-third octave band sound pressureé.evel shall be measured
over a one-thlird octave band centre frequency range of 25 Hz to 10 kHz.

9.8.2 Datq processing

The value of L,jeqr shall be calculated for each measurement.(for each starting event and each
measuremerlt position i used to characterize an area).

For each set pf measurements corresponding to one area (ene sample at each position), the A-weighted

equivalent cgntinuous sound pressure levels L/ , .. rmeastred at all positions i shall be energy-averaged

as given by Hormula (4) to derive a single noise indicator representative of the area:

n
1 L /10
_ - pAeq,T
(Lpeq,T |, eq = 1010810 ; Y10 (4)
i=1
where
Ll peqr | isthe A-weighted €quivalent continuous sound pressure level measured at the megsure-

ment position i;
n is the number/of measurement positions;

A <L A T> shall then be produced for each of the three sets of measurements.
pAeq, ! /e

The test resylt shall'be the arithmetic mean of the <LpAeq T> . values, rounded to the nearest integer

are
decibel.

The individual <LpAeq’T >area as well as the mean shall be presented in the report. In addition, the full

rvalues measured at all measurement positions shall be presented in the report.

set of L' peq,

For those locations and conditions where an assessment of tonality is required:

— for type testing purposes when there is no requirement to assess the time variation of tones, the
simplified method specified in ISO 1996-2:2017, Annex K, based on a one-third octave band spectral
analysis of the whole measurement time shall be used. Where this method identifies a one-third
octave band containing a tone it shall be reported. It shall also be reported whether the difference
in A-weighted level between this one-third octave band and the overall noise level, L ., 1 is less
than 6 dB. In this case it indicates that this one-third octave band is prominent an a?fects the
A-weighted overall level of the noise;
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— for investigation purposes when there is no requirement to assess the time variation of tones, a
method based on a narrow band spectral analysis is recommended. The ISO 1996-2:2017, Annex ],
or DIN 45681:2005 are then preferred.

10 Quality of the measurements

10.1

Deviations from the requirements

The conditions specified for the tests given in Clauses 5 to 9 shall be met as closely as possible. Slight
deviations from the specified test conditions for type tests can be unavoidable. In this case, they shall

be de
to thd

10.2

All pd
requi

10.3

Wher
be fu
be m43

10.4

The mpeasurement uncertainty shall be evaluated:

Itisr

NOTE

11 7
The t

a) r

ECTTDed T the teStTepoTt and, 1T generat, witt WoTSerT the Teproducibiiity. T s appiies
background noise level requirement.

Positional tolerances

sitional distances mentioned in this document shall be considered with-a tolerance
Fement is specified with a lower bound of 0,05 m.

Measurement spread

e a series of three measurement samples are required, a,spread of less than or equal
filled for the measurement to be considered as valid..Qtherwise, additional measur
de.

Measurement uncertainties

bcommended to state the measurementwincertainty in the report.

Annex E provides a model to evaluate the uncertainty of the result according to ISO/IEQ

est report
st report shall includeéyall relevant details concerning the following:

eference to this international standard, including its year of publication;

b) n

c) description of the test site:

1]

pture of the~tests, date, location, name and address of the organization per
easuremerts;

particularly

of 3 % if no

to 3 dB shall
ements shall

Guide 98-3.

forming the

location:

2) environmental conditions:

i) acoustical environment (major reflectors outside the vehicle, etc.);
ii) meteorological conditions;

iii) background sound pressure level.

d) track conditions of the test sections:

1) track design and location (track cross section and position along the track);

2) track superstructure (including sleeper type, fastening system and rail type, presence of under

sleeper pads);
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e)
of the ty
1) ope
2) auxi
3) loadj
f) declarat
g) measurs
areas). A
h) measure
i) presencg
j) quality ¢
k) all other
NOTE1 Th

have their ow

NOTE2 Us
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3) result of the acoustic track characteristics evaluation when required; this should include:

i) results of the directly measurement track section (tabulated numerical values and graphs
of the acoustic rail roughness and track decay rates);

ii) graph showing the result of the indirect measurement over the whole test section of track;

iii) astatement of the status of conformity of the acoustic track characteristics with the default
specification of Annex C;

description of the unit (type and serial number(s)), the traction system and the speed during the
test, the different type of friction brakes (e.g. composite tread brake, disc brake) and their location

e, nominal wheel diameters of unit and diameter of the reprofiled wheels;

ating condition of the unit as specified in 6.4, 7.3, 8.4 and 9.4 (see also Annex A);
iary equipment and its operating conditions;

ng of the unit (e.g. hauled load, configuration of the brake unit, etcd;

on that the instrumentation fulfils the requirements of 4.1 of this document;

ment positions and areas defined (including the specificdation of areas types and similar
graphical representation of all the measurement positious shall be provided;

ment results;
of impulsive sound or tonal sound, when required;

f the measurement according to 10.1, 10.2 and 10.3;

useful information.

e acoustic rail roughness (EN 15610).and track decay rates (EN 15461:2008+A1:2010) starjdards
h reporting requirements.

bful general requirements oftest reports are presented in ISO/IEC 17025.
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Annex A
(informative)

Guidance on the definition and reporting of vehicle conditions

This annex provides information on how to ensure a sufficient representation of vehicle conditions in
line with the requested environmental thermal condition.

The 1
ident
in the

For 4
parar
mode

Durin
the i
envir

The (
const|
noise

This

condifioning systems operating over an exterioritemperature range from 10 °C to 40 °C.

For m

equired conditions are defined in the main text of this document. This Annex'is
fy all information that is needed to ensure the vehicle conditions comply with the def
document. Additionally, a method for reporting all information is suggested.

Il air conditioning equipment and all heat exchange equipment, the~acoustic
heters need to be controlled and reported. If a vehicle or components,are-operated in
this will contradict this strategy.

g the preparation of the noise measurements, the manufacturer of the train
nformation needed to operate the relevant components<in conformity with thg
bnmental and vehicle operating conditions (standstill, acegleration, deceleration, con

perational conditions of all relevant components should be appropriately adjust
ant during the measurement. This is necessary in grder to obtain a reproducible and
measurement result.

brocedure can be applied over a wide range, of weather conditions, for the cooling

easurements with air conditioning systems in cooling mode within the low exterior

range
duri

The

, it is recommended to preheat the“interior of the car and to continue, if possible
the cooling mode measurements. This procedure avoids icing of the evaporator.

inimum noise measurement'time is 20 s. During this time, the HVAC-compressor s

provided to
inition given

nlly relevant
An automatic

determines
e predefined
stant speed).

ed and kept
| comparable

mode of air

temperature
the heating

hall be set to

operdte continuously. If it is got-possible to operate during 20 s, the measurement time interval T may

be re

uced to a minimum of\5s.
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Annex B
(informative)

Method to characterize the impulsive character of the noise

The rate of impulsiveness can be characterised by the rise speed s in dB/s in the following manner.
L, Ar(t) is measured at a sample rate of at least 8 samples/second. The rising slopes in the level history
Lyr(t) are s¢tected- T tirese stopes; tie stope; or derivative dt ;p(t)7dt, Ts contimuousty positive} Only
those slopes| are included that continuously increase by 10 dB or more. If the increase isyless, the
rise speed i not determined. For each of these slopes, j, the maximum derivative (the rise)speed) is

determined by Formula (B.1):

[dL, AR (t)
pAF
S;=max| ——— B.1
i P (B.1)

The final resplt is the highest value of these j rise speeds: s = max(s)).

re locates and rates the most startling moment of the souridypressure level time histpry.
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Figure B.1 — Blow-off of a safety valve - dashed line: detected rise slope - rise speed=65 dB/s
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Figure B.2 — Brake release - dashed line: detected rise slopes - rise speed=89 dB/s
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Figure B.3 — Starting of a diesel engine - dashed line: detected rise slope - rise speed=169 dB/s
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Annex C
(normative)

Acoustic track characteristics

C.1 General

All the tracK| specifications contained within this Annex apply specifically to the situation where the
unit has stee| wheels running on steel rails.

C.2 Defaylt specifications

C.2.1 Railfroughness of the test track

In order to njeet the default specification for acoustic rail roughness, the oné-third octave band spectra
measured acfording to EN 15610 shall not exceed the following upper limit according to the accegtance
criteria of EN 15610.

20 A

17,1 ]
U5
15 13

11
10 \'\\9 -
~ 4,9

—
> -5,6 -6,2\“\"\1
¢ 68_74 '\0\‘
-10 -8-86
) _9'2-98 —
.
-15 T T
i) N ™ N0 © ™M ©® O ! %
= 1n © N ® O 1 MmN N H H -H O O © o ¢
n o9 N N A o Q < Q9 Qe 9 9 @ 9 ¢
P Bl @& & o & S o & D S & O o & O & S O o &

p< 0,04

Key
X  wavelength, m
Y one-third octave band roughness level, dB re 1 um

Figure C.1 — Default upper limit curve for the acoustic rail roughness

The objective wavelength varies with the train speed. The roughness level shall not exceed the value
shown in Figure C.1 of the wavelengths between A; and A, where:

— A, is the shorter of 0,25 m or equivalent wave length of 25 Hz of the running speed (round down to
1/3 octave wavelength);
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— A, isthelonger of 0,003 m or equivalent wave length of 10 kHz of the running speed (round up to 1/3
octave wavelength).

For example, when the train speed is 250 km/h, A; =0,25 m and A, =0,008 m.
NOTE A4 has been limited to the longest wavelength mandated in EN 15610.

Itis nevertheless recommended to use a value of A; defined by the 25 Hz and train running speed where
possible.

C.2.2 Dynamic properties of the test track

In orfler to meet the default specification for track decay rate, the one-third octave hand spectra
measfired in accordance with EN 15461:2008+A1:2010 shall be above or equal to the limits provided in
Figurp C.2.
10 —— [ X [|1 ] 2
—=— 1°H 250 | [200 | 2,04
ol il { | 315 2,00 1,38
/ \ A 200 | [600 | 094
/ \ 500 | |600 [ 064
\ 630 | [600 | 043
— 800 | [219 | 029
N \ 1000 | [0,80 | 0,20
A \ 1250 | [0,80 | 020
Y [1 = \ 1600 | 0,80 0,32
s 2000 | [0,80 | 050
A 2500 | [0,80 | 050
- A A A A A 3150 | [0.80 0,50
7 4000 | [0,80 | 050
N v 5000 | [0,80 | 0550
0j1
S O 1N O O O 1N Ol O O O O O O o o o o
W O N OV ©O 1IN «# OO M O O n O O O 1n o O
— = <4 N N O, . F 1N O 0O O N OV O 1IN +H O O
- = = N N NN <F
X
Key
X  filequency, Hz 1 TDRlimitin the vertical direction
Y tijack decay rate, dB/m 2 TDRlimit in the lateral direction
Figure C.2 — Default lower limit curves for the track decay rates
C.3 |Evaluation of the acoustic track characteristics

C.3.1 General

The internal noise measurements require test sections with homogeneous ATC over the required
measurement distance which is dependent on the train speed. In some cases, it cannot be practical to
carry out direct measurements of ATC over the entire test section. Then an extension of the test section
beyond the track section where the ATC has been directly measured is needed. The extension shall be
based on measurements of sound or vibration at the bogie of at least 5 s duration.

C.3.2 Direct measurement
Where the ATC of the test section is directly measured:

— the acoustic rail roughness of the test section shall be measured in accordance with EN 15610; and
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— the track decay rates of the test section shall be measured in accordance with EN 15461:2008+A1:
2010.

NOTE For long track sections, the sampling techniques presented in these two standards remain applicable.

C.3.3 Extension of the test section based on indirect assessment
The extension of the test section is based on:
— the direct measurement of ATC on a part of the test section;

— the measurement of sound pressure or acceleration at a trailer bogie, which are both directly related
to rolling noise,

— the comparison of this sound pressure or acceleration between the directly-measured-section and
the remgining part of the test section.

The measur¢ments can be carried out synchronously with the interior noise measurements or during
other runs of the same unit or on another unit. Any measurement from another rpun than that ong used
for collectio1] of interior noise samples is called non-synchronous.

Measurement positions: the measurements are obtained from sensors mounted at a trailer bogi¢. The
sensors shal] measure the sound pressure at trailer bogie or the acceletation at axle box in vdrtical
direction. In|case of using a bogie, which is not part of the unit to be measured, the running surfaces of
the wheels iffluencing the measurement shall be free of any noise generating features like corrugation
or flats.

C.4 Test procedure

The measurpments shall take place along the directly-measured test section and the proposed
extension.

The measurgd quantities on the directly-meastred track section shall be Lgj.ect paeq,7 OF Lairect,anbq,r (T
represents the time to pass the complete directly-measured track section with a minimum of 5 s.).

The measureq quantities on the re;maining part .of the test section are Lextend,paeq;s s OF Lexten‘d' heq;5s-
They are acquired as series of contiguous (i.e.: adjacent without gaps) 5 s samples of sound or vibrfation.

Any part of the remaining test.section is a valid extension of the directly-measured track section|if the
following criterion is met: the)difference Lextend,paeq;ss = Ldirect paeq, OF Lextend,aneq,ss = Ldirect,aneqT 1S

less than or ¢qual to + 1,0-dB. &

As a conseq
used for ass

lence, any 0Of the samples of interior noise acquired on the extended test section niay be
mbling-asvalid 20 s measurement.

In the case where there is a non-continuous valid extended test section (see Figures C.3 and C.4
shall be taken ; hattheseleeted-sample fSe-treastreteftare

of travel over such valid sections. For synchronous measurements this means to consider the time delay
between bogie and interior sensors and for non-synchronous measurements this means to consider
the time delay between interior sensors and the result of position detection of the unit as well as the
positioning of the train along the track section.

), care
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