TECHNICAL ISO/TS
SPECIFICATION 13475-2

First edition
2000-10-15

Acoustics — Stationary audible warnin
devices used outdoors —=

Part 2:
Precision methods for determination
of sound emission‘quantities

Acoustique — Dispositifs)d'alarme sonore fixes utilisés a I'extérieu

Partie 2: Méthodesdé’laboratoire pour le mesurage des grandeurs

d'émission acoustique

Reference number

= R— ISOITS 13475-

ISO

2:2000(E)

©1S0 2000


https://standardsiso.com/api/?name=3978dd4357594fb0033d9d90c077700e

ISO/TS 13475-2:2000(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but shall not
be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In downloading this
file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat accepts no liability in this
area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation parameters
were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In the unlikely event
that a problem relating to it is found, please inform the Central Secretariat at the address given below.

© 1SO 2000

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means, electronic
or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or ISO's member body
in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20
Tel. +412274901 11

Fax +4122 74909 47

E-mail copyright@iso.ch

Web www.iso.ch

Printed in Switzerland

ii © ISO 2000 — All rights reserved


https://standardsiso.com/api/?name=3978dd4357594fb0033d9d90c077700e

ISO/TS 13475-2:2000(E)

Contents Page
[To T €= Lo T o FR iv
T aLugo Yo [ Lo} A To] o H PP PP PPPT R PPPPPPPPN v
1 o 0] o 1 2 SR PPT U PSUPPTPPRTRY o1 ST 1
2 NOIMALIVE FEFEIEINCES ... ettt e e et e e e e e s e snnbeeeeeeeeesaannnbneee s e Sh s ee e eeeeeeenans 1
3 Terms and definitioNS ... e e e e e e e e 1
4 0374 111 o 1 A WA S 3
5 Measurement METNOAS ... e e g sade e eeenessnnen b en e e e e e 3
51 (1= aT=T - | Y SN SO 3
5.2 MiICrophoNe POSITIONS ..ooiiiiiiiiiiie e R T e e e et e e e et e e e snee e e e 3
5.3 Free-field MethOd . ........uuiiiiiiiiiiiiiiiiiieieieiiieieieieieeeieiereieeseeressssrsrsrsrsrssssssssdossdbersesnnsrsrsrnssssssssrssssssssssnsaharnrnnnnnnes 4
5.4 Measurements in a free field over a reflecting plane........cccooooeee S0 4
6 TESt CONAITIONS .. e p e, 7
6.1 Test site qUAlIfICAtIONS .....eviiiiiiieii e S e 7
6.2 Y oW N ] AT Lo o) =T o o = = LU = P P! 7
6.3 INSTIUMENTALION .. S e et e e e e e e e s anbnbbeeeeeeseesnnnnnneeeeeesssnnnnnnabereeasannnn 7
6.4 LIS O o] e X o= Te [ U1 T R SO 8
7 ACOUSTIC CRArACIEIISTICS wuviiiiiiiiiiiiiiiiieee e gttt e e ettt e e e e et e e e e e e e s s snnbrereeeeeeesesnnnnnahereeennaans 8
7.1 LCT=T T - | S PP OO UTPTPUPPPTRPUPUPPPPPPRTY REPPPTPPPIN 8
7.2 TEST SIGNAIS e e p 8
7.3 Determination of the sound emissSion QUANTTITIES ........c.eeiiiiiiiiiiiiie e e 10
7.4 DireCtionNal CHAIACTEIISTICS .uuuuuiiiiuiiitit i i ettttttttttuttett e e bataaaaaaabaeaeeeabababssssssssasssssssnsssssnsssssnsssnsnsaasnsnnnnns 13
7.5 FrequenCy CharaCleriSTiCS ... e ettt ettt e et e e e st e e e s nnbe e e e s snbeeessnnee e abneeeenas 13
7.6 Lo T ET= R L o] A IT (=1 E T e S SRS PPPRPPPPPPS! SUSPRPPPOR 14
7.7 Measurement UNCEITAINTY .......l il et e e e e e e snre e e s snnee e b e e e 14
7.8 LECE ST o L= S PP PP PP PUPPPTOPPRT FUPPTN 14
8 Information t0 De rePOIrTEA) ... e 14
Annex A (NOrmative) SUPPIY-CONAITIONS ....eiiiiiiiiiiiiii ittt e e e s e e e e e e s e r e e e e e e e s e e nnaprnneeeeens 17
Annex B (normative) Calculation of combined expanded UNCertainty.........ccccoociiieeieienniniiiieieeeeeee b, 18
Annex C (normative) <Test site qualifiCation ProCEUUIES ........ouiviiiiiiiiiieiiieeeieiereeereeeeeeereeereeeearerrrererereernreaaernrnrnne 20
(221 o] 1o T =T o] 0 A e O P PP PPPTPUUPPPTTRPPRUPPPS SORTPRPPN 22
© ISO 2000 - All rights reserved iii


https://standardsiso.com/api/?name=3978dd4357594fb0033d9d90c077700e

ISO/TS 13475-2:2000(E)

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 foberepresentedcronthatcommittee—nternationat-organizations,governmentat-and-non=governmgntal, in
liaison wjth ISO, also take part in the work. ISO collaborates closely with the International Electrotéchnical
Commisgion (IEC) on all matters of electrotechnical standardization.

Internatiojnal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part’3.
The main task of technical committees is to prepare International Standards. Draft International Standards adopted
by the tg¢chnical committees are circulated to the member bodies for voting. Publication as an International

Standard|requires approval by at least 75 % of the member bodies casting a vote.

In other ¢ircumstances, particularly when there is an urgent market requirement\for such documents, a technical
committep may decide to publish other types of normative document:

— an 1$0 Publicly Available Specification (ISO/PAS) represents an agreement between technical experts in an
ISO Working group and is accepted for publication if it is approved-\by more than 50 % of the memberg of the
parent committee casting a vote;

— an 180 Technical Specification (ISO/TS) represents ancagreement between the members of a tegchnical
comimittee and is accepted for publication if it is approved by 2/3 of the members of the committee cgsting a
vote,

An ISO/PAS or ISO/TS is reviewed every three years with a view to deciding whether it can be transformed finto an
International Standard.

Attention|is drawn to the possibility that some' of the elements of this part of ISO 13475 may be the subject of
patent rights. 1ISO shall not be held responsible for identifying any or all such patent rights.

ISO 13475 consists of the following {parts, under the general title Acoustics — Stationary audible warning devices
used outdoors:

— Part[L: Field measuremeants for determination of sound emission quantities

— Part R: Precision methods for determination of sound emission quantities

iv © ISO 2000 — All rights reserved
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ISO 13475-1 describes field measurements. The test methods are intended to produce field test values of the
sound emission level of the siren as it is installed in an outdoor situation. These field test values may, within the
uncertainties, be used to control the specifications of delivered sirens, or to compare the performance of different

sirens

ISO/TS
specifi

In this

a) frg

(1 ") (H H bl H 1
TUTT UTE SAllic CUTTUTLIUTTIS TNy T Sallic Siygridis.

b 13475-2 describes precision measurements. This method is intended to produce, gener
cation of sirens for type tests, acceptance test or for use in the design of outdoor warning systems,

part of ISO 13475, two types of precision measurements are discussed. They are:

pe-field measurements, which are applicable to measurements in an anechoic”chamber or oy

large height;

b) m
arn

Pasurements in a free field over a reflecting plane, which are applicable to measurements
echoic rooms or outdoors using a flat plate with perpendicular sound incidence (free field with one

plane).

In addi
of and
tests).

Measu

tion to the tests described in this part of ISO 13475, further tests'may be relevant (e.g. tests for the
Test methods for phenomena other than acoustic performance are not included in this part of ISO 1

rements made under optimal conditions in conformity with ISO 13475 should result in the

uncertginties given in Table 1.

hlly  valid
ptC.

tdoors at

in semi-
reflecting

influence

resistance to cold, heat, humidity, electromagnetic fields; shock and vibration and long-term pefformance

3475.

bxpanded

able 1 — Uncertainty in the determination of immission-relevant C-weighted sound power leyels
for stationary audible warning devices
Reference Measurement method Expected ex_panded
uncertainty
Part 1: Field measurements Flat plate 2dB
Horizontal 4 dB
Part 2: Precision-measurements — 1dB

The e
causes

of measurement uncertainty, can be found in annex B.

panded wancertainty for actual measurement conditions, taking into account the cumulative effect of all
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Acoustics — Stationary audible warning devices used outdoors —

Part 2:
Precision methods for determination of sound emission quantities

1 Sg¢ope

This part of ISO 13475 specifies the test conditions under which the acoustic emission™evels of stationafy audible
warning devices may be obtained. It is applicable to sirens for use in outdoor publieywarning systems and sound
signalling devices for use outdoors.

The pyrpose of this test code is to be able to produce reliable sound emission level measurements for gtationary
sirens [o be used outdoors.

This part of ISO 13475 does not cover spoken messages and contains no recommendations for specifi¢ warning
signalg.

2 Nprmative references

The following normative documents contain provisions-which, through reference in this text, constitute provisions of
this pajt of ISO 13475. For dated references, subsequent amendments to, or revisions of, any of these puplications
do not|apply. However, parties to agreements, based on this part of ISO 13475 are encouraged to investigate the
possibllity of applying the most recent editions of the normative documents indicated below. For| undated
refererces, the latest edition of the normative document referred to applies. Members of ISO and IEC| maintain
registers of currently valid International Standards.

ISO 3745, Acoustics — Determjnation of sound power levels of noise sources using sound pressure — [Precision
methodls for anechoic and semi-anechoic rooms.

IEC 60942:1997, Electroacoustics — Sound calibrators.
IEC 61260:1995, Electroacoustics — Octave-band and fractional-octave-band filters.

IEC 61|672-1:—3) Electroacoustics — Sound level meters — Part 1: Specifications.

3 Termrsanddefinitions
For the purposes of this part of ISO 13475, the following terms and definitions apply.
3.1

siren
audible warning device for use outdoors

1) To be published. (Revision of IEC 60651 and IEC 60804)

© I1SO 2000 — All rights reserved 1
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3.2

electronic siren

siren that produces tonal sounds by amplifying the output of an electronic signal generator and broadcasting the
amplified signal from one or more electrodynamic loudspeakers

NOTE Such sirens may also be used for giving voice messages.
3.3

electromechanical siren
siren that produces tonal sounds by flow interruptions generated in a rotating wheel

NOTE Electromechanical sirens are mechanical sirens driven by an electric motor.

3.4
pneumatjic siren
siren that|produces sound by periodically interrupting or modulating a flow of compressed air

NOTE The air compressor may be integrated with or separate from the flow interrupter.

35
horizontally omnidirectional siren
siren that| radiates sound approximately uniformly (within a specified tolerance)\in’ all horizontal directions frpm the
siren at the specified frequency of the sound

3.6
directionjal siren
siren that/radiates most of its sound in one or more specific directiohs

3.7
rotating pr oscillating siren
directiongl siren that contains a mechanism which slowlyotates its beam of sound about a vertical axis

3.8
immissign-relevant sound power level
sound pawer level from a monopole source-that would give the same sound pressure level in the far field|as the
actual sofirce

NOTE 1 It is expressed in decibels (réf.\I' pW).

NOTE 2 | No information concerning the total radiated power can be drawn from Ly imm.

3.9
near field
that part pf the soundfield with significant interaction between different parts of the siren source

NOTE The sound pressure decay with distance does not follow the inverse square law in the acoustic near field.
3.10

far field
that part of the sound field with insignificant interaction between parts of the siren

NOTE The sound pressure decay with distance follows the inverse square under acoustic free-field conditions.

2 © 1SO 2000 — Al rights reserved
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4 Symbols

Lpc

C-weighted sound pressure level (ref. 20 uPa), in decibels

sound pressure level, in decibels

Lpceq,T equivalent C-weighted sound pressure level, in decibels, over a time period T

Lpcmax,F  maximum C-weighted sound pressure level, in decibels, measured with time weighting F

Lw,imm immission-relevant sound power level (ref. 1 pW), in decibels

5 Measurement methods

5.1 General

Two methods for the performance of measurements are described: the free-field method and the flat-platg
Both njethods may be used indoors or outdoors. In all cases the measuringydistance shall be chosen in aq

with 5.

Measurements of the sound pressure levels produced from outdoor'sirens in far-field areas, i.e. at distan

than 2

to vanyfing ground cover, localized and regional thermal effects ‘and gradients, phase coherence of the s

conditi

planning of a warning system, the large variations due te\the above-mentioned effects shall be taken into ¢

5.2 Microphone positions

Microphone positions shall be chosen on thelqualified measurement line, in accordance with the procedur

annex
influen

d

where

c

:2000(E)

h C-weighted immission-relevant sound power level (ref. 1 pW), in decibels

D

DO m, similar to that defined in this part of ISO 13475, vary widely instant by instant. These variation

bns, ground surface effects, etc. If applying the s«tesults gained from this precision method to

C. Windshields shall be used for all outdoor measurements. When choosing the measuring distan

> (12 f)lc

is the largestvertical dimension of the sound opening (according to 7.3.2.2 and Figure 6);

is the_highest frequency of interest;

is the speed of sound.

e method.
cordance

tes larger
s are due
ren, wind
AN actual
ccount.

P given in
ce, d, the

Ce of the near-field effects shall. be taken into account. A measuring position outside the near field is
preferred. This can be fulfilled throughsrelationship (1):

1)

If the microphone cannot be located outside of the near field, the location shall fulfil the requirement of
relationship (2):

d>(12f)45c¢

Corrections to the signal output shall then be applied according to 7.3.2.2.

The maximum distance between the siren and the microphone shall not exceed 50 m.

© 1SO 2000 — All rights reserved
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5.3 Free-field method

5.3.1 General

The free-field method may be performed either in an anechoic chamber or outdoors under conditions giving
practically no influence from reflecting surfaces (see Figure 1 and annex C).

5.3.2 Anechoic chamber

The test reem-shs ge-enotgh-tecomp -t

5.3.3 Fiee-field measurement at large height

A typical pet-up for a free-field test at large height is shown in Figure 1.

Key

1 Siren
Measlirement line

3 MicroIhone

D s the distance from the reflecting,surface
d is the measurement distance

Figure 1 — Outdoor test site

For an oytdoor test site to qualify for measurements conforming to this part of ISO 13475, the relevant megsuring
line shall |be in accordance with the requirements given in 5.2.

NOTE Distance D > 5 d to the nearest reflecting surface is usually sufficient.

5.4 Measurements in a free field over a reflecting plane

5.4.1 General

The flat-plate method may be performed either in a semi-anechoic room or outdoors as shown in Figure 2. The
absorption coefficient of the hard surface shall be less than 0,06 over the frequency range of interest.

4 © 1SO 2000 — Al rights reserved
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Key

1 Sirgn

2 Mepsurement line

3 Migrophone

4  Fla} plate or hard surface in semi-anechoic room

Figure 2 — Flat-plate method
The microphone shall be placed on a hard surface as shown in Figures’3, 4 and 5.

A metdl plate of 2,5 mm thickness fulfils the requirement for anjabsorption coefficient of less than 0,06.| Although
this plgte is shown in Figures 3 to 5, it is optional if the surface ,beneath fulfils the requirements.

Since [this measurement method doubles the sound- pressures relative to free-field measurements due to
reflectipns from the flat plate, it is necessary to subtract 6 dB from the sound pressure level measured (L meas) 0N
the flat plate (see 7.3.2.1).

Dimension in millimetres

12 3 &4

1h

Key

1 Microphone

2  Steel wire of 3-mm diameter, e.g. 3 pieces
3 Windshield

4 Hard plate

Figure 3 — Inverted microphone (in accordance with reference [3])

© I1SO 2000 — All rights reserved 5
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L \ |

Key

2 Winddhield

1 Microphone
3 Hard{late

Figure 4 — Microphone on its side

Dimension in metres

A/3

Key

1 Microphone location
2 Hard plate

3 Warning device

Figure 5— Microphone location: Plan view of plate to be used outdoors

© 1SO 2000 — All rights reserved
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5.4.2 Measurements in a semi-anechoic room

The quality of the semi-anechoic room shall fulfil the requirements of annex C with the microphone placed on the
hard surface (see Figure 2).

5.4.3 Flat-plate measurements outdoors
A typical set-up for a flat plate with perpendicular incidence is shown in Figure 2.

The ground surface beneath the siren shall be acoustically hard (concrete or asphalt), flat and horizontal up to a
distange of 5 m from the microphone, or the test site shall conform to the requirements given in 5.2.

The digtance from the microphone to any reflecting objects shall be larger than 5 d.

6 Teést conditions

6.1 Test site qualifications

The adequacy of the test site for measurements according to this part of 1ISO13475 shall be established |using the
procedures of annex C for relevant measurement distances and frequencies.

6.2 Mounting of apparatus
The sifen shall be mounted on the test site so that the acoustic.requirement of the measuring line acgording to
annex [C can be fulfilled. Any devices necessary for fixing the siren shall be present during the qualification
procedure.

Power|supply conditions shall be in accordance with.annex A.
6.3 Instrumentation

6.3.1 |Equipment for determination of{the sound pressure level
The sgund level meter or the equivalent measuring system, including the windshield as recommendgd by the
manufacturer, shall fulfil the requirements of a class 1 sound level meter according to IEC 61672-1. The|diameter
of the microphone shall be smaller than or equal to 13 mm, when using the plate method specified in 5.4.1.

Very hjgh sound pressurelevels might be encountered in these tests. Ensure that the high pressure limitation of
the migrophone capsule\is'not exceeded.

6.3.2 |Equipmentifor determination of octave and one-third-octave band spectra

In add|tion; te"the requirements given for class 1 sound level meters, the filters shall meet the requirgments of
IEC 61J260, class 1; parallel filters are preferred.

The equivalent continuous sound pressure levels shall be determined simultaneously in octave or one-third-octave
bands with centre frequencies from 50 Hz to 4 000 Hz.

6.3.3 Calibration of the complete sound measuring system

The calibration of the complete sound measuring system, including any recording, data logging, or r.m.s.
computing systems, shall be checked immediately before and after the measurement session at one or more
frequencies using an acoustical calibrator on the microphone. The calibrator shall fulfil the requirements of
IEC 60942, class 1, and shall be used within the specified environmental conditions.

© I1SO 2000 — All rights reserved 7
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If a difference of 0,5dB or more appears between subsequent calibration sessions, the instruments shall be
checked and the measurements shall be rejected.

6.3.4 Traceability of calibration of the equipment

All equipment for sound measurements shall be checked regularly and shall be calibrated with traceability to
national standards. Calibration intervals for sound level calibrators shall not exceed 12 months, and for other
equipment, 24 months.

6.3.5 Ambientconditions

The verti¢al wind speed gradient on the line of measurement shall not exceed 0,5 m/s per meter.

The maxjmum wind speed at the height of the centre of the siren shall be less than 3 m/s, The temperature,
humidity,|barometric pressure and wind speed shall be recorded according to clause 8.

Backgroynd noise shall be at least 20 dB lower than the signal level, with the C-weighting.applied, measur¢d over
a period gimilar to the signal duration.

6.4 Test procedure
During the measurement, any specification from the manufacturer concerningthe duty cycle (the ratio betwgen the
signal on| time and the signal off time) and/or cool down time or temperature (of any system components) after
signalling shall be observed. If any limitations exist, they shall be stated in’the test report.

Any nois¢ events unrelated to the characteristics of the generatéd.sound level from the warning device under test
shall not pe taken into account.

Supply conditions and power consumption shall be recordéd during sound power measurements.

Significarjt variations in Lyceq,m With the supply conditions shall be recorded.

During mleasurements of frequency characteristics and directional characteristics, a power supply other than the
supply infegrated in the siren unit may be used:

7 Acdustic characteristics

7.1 General
To comply with this partof1SO 13475, a number of mandatory parameters shall be tested as given in Table 2.

In additign a numiber of optional parameters are mentioned which supplement the mandatory informatjon. All
parametdrs and.how they are obtained are described in the following clauses.

7.2 Test signals

7.2.1 General

The tests shall be performed with signals appropriate for the use in the warning system. These signals may differ
from the signals provided by the built-in signal source.

If the signal and/or the output of the siren can be influenced by external controls, the settings of these shall be

chosen such that the test shall be representative for the use in the warning system; the settings shall be recorded
carefully.

8 © 1SO 2000 — Al rights reserved
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Measured parameter Result Priority @
Temporal signal pattern of input signal | Graphical or verbal M
Freguency variation of input signal description of signals M
Equivalent sound pressure level on Lw ceq,imm M
axis I-pCeq,:%Om M
Maximum sound pressure level on axis | L cmaxtrimm M

I-pCmax,F,SOm M
One-third-octave spectrum (Lgg) On Lw eq,imm, 1/3 oct M
axis I-Weq,imm,?,Om M
Horizontal directional characteristics Lp 1/3 oct M
LpC oct M
Vertical directional characteristics Lp 1/3 oct (0]
LpCmax,peak 0
Narrow-band analysis Spectrum Lppangwidth (@]
Frequency response Frequency. o
charactetistics
Noise from sirens Noise.mmission 0]
Power consumption Electrical power
& M = mandatory, O = optional

It should be noted that the properties of signals used in the test will have a significant influence on the tgst results
and shjpuld therefore be chosen so that they @re representative of the intended use.

Some [sirens may be supplied with signals from an external signal source. If this is done (e.g. for measuring
frequency characteristics or testingtthe sirens with signals not included in the system), the test signalg shall be
descriljed carefully.

The ddiration of the measurement of the sound emission quantities of the siren shall be representative of the
charader of the test signal-and shall be at least 10 s long. If the signal emitted by the siren is periodi¢al with a
period [longer than 10s,\the measurement duration shall be as long as the signal period.

Furthefmore, a_loRg integration time is desirable because it minimizes uncertainty caused by inaccyrate time
weight|ngs, starttransients of the signals, and the influence of internal heating in the sound source during the time
of the gignalt

A desrriptinn aof QignaIQ, inrlllding their frpnlnnnr‘y ;m.quQiQ and tpmpnml distribution _is mandafnry

The information supplied by the manufacturer describing the signals shall be included in the test report. If this
information is not available or if verification is needed, the signals may be measured according to 7.2.2 and 7.2.3.

7.2.2 Temporal distribution

If the on and off time of the input signal is part of an automatically generated signal characteristic and this temporal
distribution of the signal shall be measured. A graphical presentation of the sound pressure level (with linear
frequency weighting) versus time is recommended.

NOTE It may be necessary to use shorter time constants than F for the recording.

© I1SO 2000 — All rights reserved 9
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If the signal duration is set automatically, the total duration of the signal shall be measured.

It shall be stated whether the duration, timing and any delay between activation and sound output are in

accordan

ce with the relevant specifications.

7.2.3 Temporal variation of the frequencies

For input

Various

signals whose fundamental frequency varies with time, the variation shall be measured.

nethods exist, as follows.

a) A sgries of successive FFT frequency analyses may be performed. Information on the variation

fund

b) Equi

hmental frequency may be extracted or the results may be displayed as a waterfall diagram.

pment for tracking frequency analysis often contains a d.c.-output voltage which is‘proportional

freqyency or the logarithm of the frequency. This d.c. voltage may be measured to infer frequency variat

c) Freq

Liency to voltage converters may be used.

CAUTION — For methods b) and c), a check shall be made as to whether any ‘sweep rate limitations
converter and/or content of higher harmonics and/or amplitude variations in the-Signals will give rise to sig
measureinent errors.

7.3 De

731 R
During th

a) Lpce

termination of the sound emission quantities

padings to be taken
b time period required according to 7.2 the following.guantities shall be recorded.

) T.dmeas the C-weighted equivalent contiftious sound pressure level and one-third-octav
equivalent continuous sound pressure levels over a time interval T at distance d;

b) Lpcmax,F.dmeas the C-weighted and one-third-octave-band maximum sound pressure levels, determin

time weighting F at distance d.

The distahce d is the distance betweenthe measuring microphone and the acoustical centre of the siren.

It is recommmended that the measurements be performed in one-third-octave bands.

When the frequency spectfuun of the total signal is known, it is possible to calculate the influence of a freq
dependet sound propagation. The influence of any frequency weighting (e.g. A-weighting or frequency-dep
sound ingulation of building elements or hearing protectors) may also be calculated.

NOTE
calculated

732 C

7.3.2.1

One-third-0ctave-band analysis is preferred rather than octave-band analysis because octave bands
from ope-third-octave bands.

of the

to the
ons.

in the
nificant

e-band

ed with

uency-
endent

can be

oTTections to readings

Method using a free field over a reflecting plane

Correct the recorded sound pressure levels, obtained on a reflecting plane, according to equations (3) and (4) to
compensate for the pressure doubling caused by the reflection, thus obtaining the free field sound pressure level.

Lpeq.T.d = Lpeq,T.d,plate — 6 dB

meax,F,d = meax,F,d,pIate -6dB

10

®)
4
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NOTE No information concerning the total radiated acoustic power can be drawn from the calculated immission-relevant
sound power level.

7.3.2.2 Correction for near-field errors

When using a measurement distance in the near field of the sound source under test, the measurement distance d
shall be within the limits:

2 2
I f<d<| f

U \%3

where | is the largest vertical dimension of the sound opening including all sound-emitting parts.

Examgles of these distances are given in Figure 6.

) Single directional horn b) Stacked directional horn c) Stacked omnidirectionfl horn

Figure 6 — Examples of the largest vertical dimension of the sound opening

The corrections for neat-field errors may be applied to the one-third-octave bands according to Figlire 7 and
equations (5) and (6):

sin(ki¢) E
K f +k2
Near-field error = 201g L dB (5)
(1+k2)(1+k38)
where
|2
- 6
a3 (6)
ki = 0,44
ko= 0,44
ks = 0,025
E= 1,19
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NOTE Taken from bibliographic reference [4].
The correct C-weighted value is obtained by summation of the one-third-octave bands:
4000
(L g+ wci)/10
Lpc =10 Ig{ Y 100 ]dB
i=125

where

Lpi [is the sound pressure level in the i th one-third-octave band between 125 Hz and 4 000 Hz;
wg;i [is the corresponding C-weighting.

0

~

-1 ~

Deviation from inverse square law, dB

Figure 7 — Corrections for near-field errors
7.3.3 Processing of recorded data

Convert the corrected sound pressure level values from the actual measuring distance d to a reference distance of
30 m accprding to equations (7) and (8):

Lpeq,fr,30m =Lpeq,1,d + 20 19(d/30) dB (7

Lpmak,F3om = Lpmax,F,d + 20 1g(d/30) dB (8)

Calculate the immission-relevant equivalent sound power level Lyyeq,imm according to equation (9):

I—Weq,imm,plate = I—peq,T,30m,pIate +40dB %9
Calculate the immission-relevant maximum sound power level Lyymax imm according to equation (10):

Lwmax,imm = Lpmax,F,30m + 40 dB (10)

NOTE No information concerning the total radiated acoustic power can be drawn from the calculated immission-relevant
sound power level.
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7.4 Directional characteristics

The directional characteristics in the horizontal plane under normal conditions shall be measured.

Measurement of the directional characteristics in the vertical plane relative to normal mounting conditions is
optional.

NOTE 1 The vertical directional characteristic is appropriate for the following reasons:

a) data are needed for the field test using the flat-plate method, requiring a correction for not tilting the siren;

b) for
c) for

For ev
pressu

NOTE }

calculating hearing damage risks beneath the siren;
planning purposes using large mounting heights.

aluating the risks of hearing damage near and under the sirens, measurementofithe maximy
re level with time weighting peak shall be performed in relevant directions.

The information on the maximum peak level may be used to estimate the risk{of-hearing damage. A-w|

C-weigliting may be chosen according to national standards.

It is re
the mig

The sq
envelo

commended that directional characteristics be measured either by rotating the sound source or b
rophone around the sound source, so that a continuous recording ¢an be obtained.

eed of rotation during testing shall be such that it is possihle*to construct (on the recording or by
pe of any maxima on the graph arising from pulsed or swept signals.

If the

irectional characteristics are obtained by measurements at a number of fixed microphone positi

shall bg taken that all peaks and dips are registered.

The masurements may optionally be performed in@ne-third-octave bands, A-weighted or C-weighted

inhere

7.5 |

7.5.1

To fag

t sound signals.
Frequency characteristics

Instantaneous frequency spectrum

ilitate computation of the audibility of signals above the background noise, at least one instg

spectryim of the signal shall le'measured.

A narr
shall b

bw-band spectrum”of the signal is recommended. For signals whose pitch varies with time, the
P measured as‘part of the signal, or the spectrum shall be measured with a short integration timg

blurring of the harmanics.

NOTE

a) Kn

It.issrecommended to use narrow-band analysis of signals with tonal character for the following reasons.

owledge of the narrow-band spectrum is essential when the audibility of the signals in the background noi

m sound

pighting or

y rotating

eye) the

pons, care

with the

ntaneous

Spectrum
e to avoid

e is to be

co

Tputed:

b) If a one-third-octave-band spectrum is desired, it can easily be derived from the narrow-band analysis.

The time function of the signals (e.g. as printouts from a storage oscilloscope) may be given as supplement to the
spectrum.

7.5.2

Frequency response

For sound sources based on loudspeakers or horn drivers, it may be relevant to measure the frequency response.

© 1SO 2000 — All rights reserved

13


https://standardsiso.com/api/?name=3978dd4357594fb0033d9d90c077700e

ISO/TS 13475-2:2000(E)

It is recommended that the frequency response be measured on the axis of the sound source, with a sine sweep at
a level which is 10 dB lower than the normal output level for the system.

The frequency range of the device is defined as the range of frequencies in which the sound pressure level is less
than 10 dB below the mean response averaged over a bandwidth of one octave in the region of maximum overall
sound pressure level.

Sharp peaks and dips in the response curve narrower than one-eighth octave shall be neglected for both the upper
and the lower limits.

7.6 No

Any Nnois¢

The mea:
in accord

NOTE
electroaco

7.7 Me

The mea
into acco

7.8 Te

For comg
power in
specified
the rangsd
of the sy9

The freq
sweeprat

8 Information to be reported
The test fleport shall inclade the following information:

a) refergnce to thiS\part of ISO 13475;

b) namg

ise from sirens

e from the siren in an off or standby state shall be measured as A-weighted sound pressure level
s and maximum values with the time weighting F shall be given.

surements shall be performed either on axis under anechoic conditions or as sound power measureg
Ance with the measurement method chosen for the other characteristics.

The origin of the noise from sound signalling devices may be, for exampley noise from power ampl
ustic devices.

asurement uncertainty

surement uncertainty of the sound emission quantities shall-be /determined according to annex B,
Int the specific geometrical and environmental conditions of the test.

5t signals
arison tests, the siren shall be tested with a stafdard test signal. The purpose is to test the siren
by the user or the manufacturer of the eguipment. The sweeprate of the signal is recommended t
of one octave 5 s to 20 s. Care should, be taken that significant peaks and valleys in the acoustic

tem are clearly recognized.

lency range tested shall be described by its start and end frequency; the frequency steps &
b shall be reported.

and address of the organization (testing laboratory) performing the tests;

5. Both

ments,

fiers in

taking

at full

the frequency range of interest for the particular’application. The range of frequencies to be used fnay be

D be in
output

nd the

C) ident

ficationm mumber of the testTeport;

d) name and address of the organization or person who ordered the test;

e) name and address of the manufacturer and supplier of the siren tested;

f) name and/or other identification marks of the siren tested,;

g) list of

documents identifying unambiguously the siren tested;

h) date of supply of the siren tested,;

14
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i) date(s) of the test;

j) test method;

k) identification and calibration dates of the test equipment and instruments used,;
[) geometry, orientation and dimensions of the test site;

m) test conditions, viz. wind speed and direction, air temperature, barometric pressure and humidity;

n) depcription of the test signals with respect to frequency content and temporal distribution; settings-of external
coptrols, if any;

0) mandatory test results:
—{ in one-third-octave-band levels and C-weighted levels:
I-peq,T,d,meas
meax,F,d,meas
I-peq,T,?,Om
meax,F,30m
I-Weq,imm
I-Wmax,imm

p) di

ectional characteristics in the horizontal plane;
g) ogtional test results: directional characteristics in the vertical plane;
r) urcertainty of the test results;
s) bdckground noise:
Lpceq,back @nd Lpcmax,back
t) daje and signature.

It is re¢ommended.that the test conditions and measurement results be reported according to the data sheet given
in Table 3.
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Table 3 — Example test report — Test measurement summary

Siren Model
Manufacturer Serial number
Description

Test requested by:

Test organization Date Time
Personnel Title
Megasurement location Address

Temperature, °C
Wind speed, m/s
Rdlative humidity, %

Ingtrumentation Manufacturer Serial number Calibration date
Cdlibrator
Field calibration Before test After test
BJckground noise
Siien output
Signal type
Led integration time
Mgasurement method Flat plate Harizontal
tilt:

Sound pressure level (ref. 20 pPa), C-weighted, dB

LpEmax,F At measurement Lpceq At measurement
distance ...m distance ... m
LpEmax,F At 30 m Lpceq At30m

Immission-relevant sound power level (ref. 1 pW), C-weighted, dB

Lwicmax,F Lweeq

Measurement
unfcertainty

Rgmarks on test Date of report Signature
prpcedure

Description of signal

Description of test site

Description of frequency characteristics

Description of directional characteristics
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Annex A
(normative)

Supply conditions

During testing the device shall be powered from a source giving the nominal voltage, frequency, air pressure, etc.

to with

range

If the
power

If the s
output

NOTE ]
siren. d

Voltag

It may
consur
measu
consur

Power
measu

NOTE ]
influend

bhall be used during the testing.

supply, the variations of these parameters shall be measured within the specified supply range of th

iren being tested is operated outside the limits of the nominal supply range, corfrections for the
power shall be provided by the siren manufacturer.

ther related methods may give guidelines on how to simulate the resistance between supply source and siren,

P, current or pressure may be used as the validation parameter.

© 1SO 2000 — All rights reserved

A-5-%%—ofthe-specifications—given-by-the-manufacturer—Ha-nominalrange-is-specified—the—average of that
sound pressure level, sound power level, signal frequency, or signal timing depends significanfly on the
e device.

resulting

According to this method, the nominal power supply conditions are normally checked at the supply termipals of the

be relevant to test the power consumption of the device. This test is optional. The mean of the tgtal power
nption of the sound signalling device shall be measured! at nominal power supply conditions. When
fing Leq Vvalues, the equivalent voltage measured over:the same period should be used. |Both the
hption when signals are activated and when in any standby or power-down state, shall be measured.

consumption should be calculated from the ‘supply conditions or measured directly during the
rements.
The influence of using extraordinary long_tables during the tests can be compensated for by documenting the
e and correcting the power supply.

17
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Annex B
(normative)

Calculation of combined expanded uncertainty

B.1 Estimmatiormrofcombimedexpandeduncertanmty

The combined expanded uncertainty can be estimated by the following expression:

— 2 2 2 2 2 2
U= U e obj +U ground refl +U Vert dir * U near field * Yinstr U power

where

Urefl bbj is the expanded uncertainty due to reflecting objects;

Ugrodnd refl is the expanded uncertainty due to reflection off the ground;

Uvertldir is the expanded uncertainty due to the vertical directivity;
Uneal field 1S the expanded uncertainty due to near-field effects;
Uinst is the expanded uncertainty due to instrumentation;

Upoufer

Estimations of the expanded uncertainties due to the’mentioned uncertainty sources are treated in detail bel

are assumed to approximate a 95 % confidence-ifnterval.

B.2 Reflecting objects

is the expanded uncertainty due to variation in power supply conditions.

bw and

Uncertairfties due to reflecting- abjects can be evaluated from Table B.1 giving the estimated expanded

uncertainfies, Uref opj @s a functien of the ratio of the reflected signal path to the direct signal path.

Table B.1 — Estimated expanded uncertainty

RRatio of réflected/direct > 3 4 6 8 10
path
Wréitobj, dB 3 2 1 <1 <1 ~0

B.3 Ground reflection effects

Errors due to reflection off the ground are estimated as shown:

Uground refl = 0,5 for the horizontal measurement method, and

Uground refl = O for the flat-plate method.

18
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