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

The procedures u ] ] Jed ) 3
descrfbed in the ISO/IEC Directives, Part 1. In particular the different approval criteriamn

Any t
const

rights. ISO shall not be held responsible for identifying any or all suchopatent righ

e [SO list of patent declarations received (see www.iso.org/patents):

Fade name used in this document is information given for the convenience of users
tute an endorsement.

For an explanation on the meaning of ISO specific terms~and expressions related t

asses
Barri

The c

This {
revisg

-

q

]

(=

A

=)

sment, as well as information about ISO’s adherence to the WTO principles in t
brs to Trade (TBT) see the following URL: Forewotd - Supplementary information

bmmittee responsible for this document is ISO/TC 43, Acoustics, Subcommittee SC 1,

hird edition cancels and replaces the second edition (ISO 6926:1999), which has beeg
bd with the following changes:

he clause on measurement {ncertainty has been updated with stricter 1
$0/1EC Guide 98-3 and moved backwards in the standard to be more in line with ISO

he corrections for meteoriological conditions have been brought in line with ISO 374

nnex A on the acoustic radiation impedance correction has been introduced;

h alternative method using sound intensity for low frequency calibration in hemi-an
pt fully qualifiedfor low frequencies has been introduced in a new Annex B.

htent rights identified during the development of the document will be'in the Intrody

intenance are

beded for the
nce with the

he subject of
s. Details of
ction and/or

and does not

conformity
he Technical

Voise.
n technically
eference to
3745;

L5 and a new

bchoic rooms

© ISO 2016 - All rights reserved


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/home/standards_development/resources-for-technical-work/foreword.htm
https://standardsiso.com/api/?name=b2372a8e64828bc0223bd16bcc2e94ee

ISO 6926:2016(E)

Introduction

Reference sound sources are used extensively in “comparison methods” for determining the noise

emissions of

physically stationary sound sources. A reference sound source, of known sound power

output, is used to establish the numerical relationship between the sound power level of a source, in a

given locatio

n in a given acoustic environment and the space- and time-averaged sound pressure level

at a set of microphone positions. Once that relationship is established, it is straightforward to measure
the average sound pressure level produced by an “unknown source” and to determine the sound power
level produced by that source.

This Internatj

reference so
sound powe

This Interna
group, whic
and equipm
measuremer]

Five Interna
source is use
use of all the

Note that thd
with the dis
sources are {

In addition t|
sound sourc
influence of
sources locat
sources with
this Internat

] ] ] ics of
nd sources and specifies procedures for their Cahbratlon prlmarlly to determlre the
level of other sound sources.

ional Standard supplements a group or family of International Standards;the 1SO[ 3740
h describes various methods for determining the sound power levels of madhines
ent. This group of International Standards specifies the acousticalCrequirements for
ts that are appropriate for different test environments.

Fional Standards in the ISO 3740 group include procedures infwhich a reference $ound
d: ISO 3741, I1SO 3743-1, ISO 3744, 1SO 3746 and ISO 3747.1S@,3740 gives guidelines fpr the
International Standards in the group.

sound power output of reference sound sources will vaty, in particular at low frequencies,
ance from the source to nearby reflecting planes. Sound power data of reference $ound
hus valid only for the position used during the catibration.

p being useful for determining sound poweg levels by the comparison method, refdrence
bs can be used for qualification tests onl\an acoustic environment and to estimate the
an acoustic environment on the sound_pressure levels produced by one or more $ound
ed in that environment. Examples of.International Standards referring to reference sound
these applications are ISO/TR 11690-3 and ISO 14257. Requirements other than thpse of
jonal Standard can be applicable\in these cases.

Vi
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Acoustics — Requirements for the performance and
calibration of reference sound sources used for the
determination of sound power levels

1 Scope

This
sourc

nternational Standard specifies the acoustical performance requirements for refdq
¥

témporal steadiness (stability) of the sound power output;

spectral characteristics;

d

irectivity.

pral steadiness is defined in terms of the standard deviatign* of repeatability (s
ral characteristics can be verified in either a hemi-anechoie’room or a reverberati
measurements of the frequency band sound power levels.in accordance with this
ard (see 5.4). The performance requirements on directivity index can only be verifi
oic room (see 5.5.)

Temp
spect
from
Stand
anech
This [International Standard also specifies procedures for providing level calibrati
uncerjtainty on a sound source intended for use as asteference sound source in terms of its
level yinder reference meteorological conditions as’defined in Clause 4 in octave and in one
bandg, and with frequency weighting A.

This International Standard is titled as acalibration standard even though the method is

200 Hz. At 160 Hz and below, some systematic differences can occur (see 11.2). Fo
'i_ o 8 g z CE . .,v..v..., .'v.v T z T -

VE DI d O V O1Ve

rence sound

ee 5.2). The
bn test room
nternational
cd in a hemi-

n data and
sound power
third-octave

conducted in
standards of
hot expected

oratories and

ot necessarily

ot only in a

ane, the two
nds above or
I frequencies

The sound source can either be placed directly on the floor or mounted on a stand to be used at a
certain elevation above the floor. According to this International Standard, stand-mounted sources are
calibrated in reverberation test rooms. Floor-mounted sources are either calibrated in hemi-anechoic
or in reverberation test rooms. For floor-mounted sources in hemi-anechoic rooms, this International
Standard is valid only for sources whose maximum vertical dimension is less than 0,5 m and whose
maximum horizontal dimension is less than 0,8 m. According to this International Standard, only floor-
mounted reference sound sources can be used when carrying out measurements on a measurement
surface. For reference sound sources to be used or calibrated under reverberant conditions, no such
restrictions on maximum dimensions apply.
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2 Normative references

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

ISO 3741:2010, Acoustics — Determination of sound power levels and sound energy levels of noise sources
using sound pressure — Precision methods for reverberation test rooms

ISO 3744:2010, Acoustics — Determination of sound power levels and sound energy levels of noise sources
using sound pressure — Engineering methods for an essentially free field over a reflecting plane

ISO 3745:201
using sound g

[SO 9613-1:1
the absorptidg

ISO 9614-3, |
Part 3: Precis

[EC 60942:2
[EC 61094-1,
[EC 61094-4,
[EC 61183, E
[EC61260-1,
[EC 61672-1,
[EC 61672-3:

IEC 62585, E
sound level n

ISO/IEC Guid
measuremen

3 Terms

For the purp

3.1
reference s

)03, Electroacoustics — Sound calibrators

2, Acoustics — Determination of sound power levels and sound energy levels of noise-sq
ressure — Precision methods for anechoic rooms and hemi-anechoic rooms

D93, Acoustics — Attenuation of sound during propagation outdoors — Part 1;-Calculat
n of sound by the atmosphere

Acoustics — Determination of sound power levels of noise sources using Sound intens
ion method for measurement by scanning

Measurement microphones — Part 1: Specifications for Jaboratory standard microp

ectroacoustics — Random-incidence and diffuse-field calibration of sound level meters
Electroacoustics — Octave-band and fractional-octave-band filters — Part 1: Specific
Electroacoustics — Sound level meters —Part 1: Specifications

D013, Electroacoustics — Sound levél'meters — Part 3: Periodic tests

lectroacoustics — Methods to determine corrections to obtain the free-field respons
heter

le 98-3, Uncertainty of \measurement — Part 3: Guide to the expression of uncertai
F (GUM:1995)

and definitions

bses of this document, the following terms and definitions apply.

und'source

urces

ion of

ity —

jones

Measurement microphones — Part 4: Specifications for working standard microphones

itions

eofa

nty in

RSS

portable, generally electroacoustical or aerodynamic sound source or other noise-generating device,
and associated control circuitry giving a broadband stable output complying with the requirements of

this Internat

3.2

ional Standard

free sound field over a reflecting plane
sound field in a homogeneous, isotropic medium in the half-space above an infinite, reflecting plane in
the absence of other reflecting obstacles

3.3

hemi-anechoic room

testroom in

which a free sound field over a reflecting plane is obtained
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3.4
reverberation test room
test room meeting the requirements of ISO 3741

3.5

measurement surface

hypothetical surface of area, S, on which the microphone positions are located at which the sound
pressure levels are measured, enveloping the source under test and, in the case of a hemi-anechoic
room, terminating on the reflecting plane on which the source is located

Note 1 to entry: The measurement surface area is expressed in metres squared.

3.6 Jc
surface sound pressure level

L
p

energy-average of the time-averaged sound pressure levels at all the microphoné positions,|or traverses,
on thp measurement surface, with the background noise corrections, K1, applied at each microphone
position or traverse

Note 1 to entry: Surface sound pressure level is expressed in decibels.
Note 4 to entry: For definition and calculation of K1, see ISO 3745.

3.7
soungl power level
Lw
ten tijnes the logarithm to the base 10 of the ratio of the sound power of a source, P, to a reference value,
Py, exjpressed in decibels

o~

P
=101lg—dB
4 gPo

wher¢ the reference value, Py, is 1 pW

Note 1 to entry: If a specific frequeney\weighting as specified in IEC 61672-1, and/or specific frequgncy bands are
applied, this should be indicated by appropriate subscripts; e.g. Ly, denotes the A-weighted soundl power level.

Note 4 to entry: This definition)is technically in accordance with ISO 80000-8:2007,[1Z] 8-23.
[SOURCE: ISO/TR 2544%:2007, 2.9]

3.8
measurement radius
r
radiup ofa hemi-spherical measurement surface

3.9
directivity index

Dy

measure of the extent to which a source radiates sound in a particular direction, relative to the mean
sound radiation over the measurement surface, where for fixed microphones, the direction is from
the source to the position of the microphone, and for traverses, the direction is from the source to the
position along the microphone path at which the highest sound pressure level is recorded

Note 1 to entry: The directivity index of direction, i, is calculated from measurements in a hemi-anechoic room
by the following formula:

Dy=Lpi—-L,
where

© IS0 2016 - All rights reserved 3
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microphone position on the measurement surface, in decibels;

<for fixed microphones> is the sound pressure level for each one-third-octave band at the ith

<for microphone traverses> is the maximum sound pressure level for each one-third-octave

band that is recorded during the ith microphone traverse (see 8.2) on the measurement sur-
face, in decibels;

is the surface sound pressure level averaged over the same measurement surface, in decibels.

Note 2 to entry: With the above "operational“ definition, the directivity index is a measure of the uniformity of

sound radiati
the test envir
usually repres
apoint source
applied to sou
hemispherica

3.10
frequency r
frequency ra

Note 1 to ent]

20 000 Hz or down to as low as 50 Hz, provided the requirements of this Intérnational Standard are still m

3.11

comparison
method in w
produced by

reference soyind source of known sound power output innthe same environment

3.12

direct meth
method in rq
sound absor]

3.13
reverberati
T

time thatisr

Note 1 to entr]
or T1s, respec

Note 2 to entr]

nment. Definitions for the “theoretical” directivity index appearing in textbooks and the lite
ent the uniformity of sound radiation by comparing the source under test in its test environ
of the same sound power radiating into a full sphere in a totally free field. When such definitid
'ces located in a free field above a reflecting plane, they include a constant “+3 dB” tg-account

hnge of interest

y: The frequency range of interest in one-third-octave bands mdy be extended up to as m

method
hich the sound power level is calculated by comparing the measured sound pressure
the source under test in an environment with the sound pressure levels produced

pd
bverberation test rooms where €he sound power level is calculated using the equiy
btion area determined from measurements of the reverberation time

bn time

pquired for the sound’pressure level to decrease by 60 dB after the sound source has st

y: If the reverberation time is evaluated from the decay of the first 10 dB or 15 dB, it is denot]
fively.

y: [t is é&xpressed in seconds.

3.14

led in
ature
ent to
nsare
for the

radiation. Care should be taken when comparing or using different definitions ofidirectivity index.

hge of one-third-octave bands with nominal mid-band frequencigs from 100 Hz to 10 000 Hz

lich as
et.

levels
| by a

Falent

bpped
ed T1o

repeatability comtition

condition where independent test results are obtained with the same method on identical test items in
the same laboratory by the same operator using the same equipment within short intervals of time

4 Reference meteorological conditions

Reference meteorological conditions for the purpose of calculating the sound power level, corresponding
to a reference characteristic acoustic impedance of air pc = 411,5 Nsm=3 (where p is the density of air

and cis the s

air temperature:

static pressure:

peed of sound) are the following:
23,0 °C;

1,013 25 x 105 Pa;

© ISO 2016 - All rights reserved
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relative humidity: 50 %.

5 Performance requirements

5.1 General

A manufacturer may only state that its RSS is in compliance with this International Standard if all of the
requirements laid out in this Clause are met.

5.2 Tpmpnral steadiness (cfnhilify) of sound power output

The spund power level of the reference sound source shall be stable over time such that the measured
standard deviations under repeatability conditions, o, (see 8.3.3 and 9.3.2), do] not ¢xceed those
given|in Table 1.

Table¢ 1 — Maximum value of the standard deviation of the sound power;, Ievel under repeatability
conditions for a reference sound source in accordance with this’International Standard

. Standard deviation
One-third-octave e
. under repéatability
midband frequency £
q conditions, o,
VA
dB
50 to 80 0,8
100 to 160 0,4
200 to 20 000 0,2

NOTE[1  For special purposes, a reference sound.source may have a more limited frequency range.

A reference sound source meeting thesrequirements of this International Standard ghall include
information on the range of variation \of the source of electrical or mechanical power [(e.g. the line
voltage) within which the sound power level in any one-third-octave band within the frequency range
of interest shall not vary by more:than +0,3 dB.

NOTE[2  Thesound powerlevelofareference sound source depends on the static pressure and the aif temperature.
For the RSS to be used at different temperatures or altitudes, it is expected that information concerning appropriate
corredtions, and their uncertainties, for the influence of air temperature and static pressure onf sound power
emittdd by the RSS, is ineluded. For an aerodynamic fan RSS, the rotational speed and variations dfie to changing
meteqrological conditions during the qualification test are found according to 8.4 and 9.4.

5.3 [Total broadband sound power level

Therg are _no specific requirements placed on the total broadband sound power level produced by
the RSSCHowever, if the total broadband sound power level is reported, either as an upweighted or
frequency-weighted quantity, the corresponding frequency range shall also be reported.

5.4 Spectral characteristics

The RSS shall produce broadband steady sound over the frequency range in which it is intended for
use, but at least for one-third-octave midband frequencies between 100 Hz and 10 000 Hz. Over this
frequency range, all of the one-third-octave-band sound power levels, when measured in conformity
with the requirements of Clause 8 and Clause 9, as applicable, shall be within a range of 12 dB. Under
these same measuring conditions, and over this same frequency range, the sound power level in each
one-third-octave band shall not deviate by more than 3 dB from the sound power level in the adjacent
higher or lower one-third-octave bands (the higher band only in the case of the 100 Hz band, and the
lower band only in the case of the 10 000 Hz band). If the frequency range is extended beyond 100 Hz to
10 000 Hz, then the requirements for the extended range are 16 dB and 4 dB, respectively.

© IS0 2016 - All rights reserved 5
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It may be desirable for special sound sources to meet these criteria over a more limited frequency
range or for a different spectrum shape. However, if a RSS does not comply with the requirements of
this International Standard over at least the frequency range from 100 Hz to 10 000 Hz, it shall not be
labelled or declared as being in compliance with the frequency range of this International Standard.

5.5 Directivity

The highest value of the directivity index of the source in any one-third-octave band with midband
frequency between 100 Hz and 10 000 Hz shall not exceed +6 dB when measured in a hemi-anechoic
room complying with Clause 8.

If the RSS igto—beused—exctusivety T reverberatiomtestToonTs tomptying with 1SO—3741these
requirements do not apply but in that case, the RSS shall be labelled “For use as a referencé>$ound
source in reyerberation test rooms complying with [SO 3741”.

5.6 Recalibration

5.6.1 Whepever any mechanical damage has been inflicted on the reference sound source, it shall be
recalibrated.|For aerodynamic sound sources, measure the rotational speed,(RPM) of the fanwhleel. If
the present RPM after a few minutes stabilization deviates less than 1% frormthat found during the last
calibration, then the RSS is not electrically damaged.

5.6.2 The yser manual for the reference sound source should, provide the recommended maxjimum
time interva] between successive calibrations such that changes in the sound power levels ¢f the
specified mofel of the reference sound source is not expecteddto-exceed 2,83 times the values in Table 1
(presumably|from qualified historical tracking by the manufacturer). If this time interval is provided, it
shall be consjdered a requirement of this International Standard. If it is not provided in the user manual,
the maximur time interval shall be two years.

NOTE If the difference between two consecutive'dalibrations is less than 2,83 times the standard devjation,
there is, e.g. dee 1SO 5725-2 [Z], a probability of 95:% that the temporal stability of the RSS complies with the
values given ip Table 1.

5.6.3 In onder to determine whether or not recalibration of a reference sound source is necgssary
before the nfaximum time interval has expired, one-third-octave-band sound pressure levels shiall be
measured regularly at one or more fixed reference points with the source operating at a specific lo¢ation
in a specified test environment as a check of its temporal stability. The user manual for the refdrence
sound sourcg¢ should specify-thé time interval between such regular measurements. If this time infterval
is provided, ik shall be conSidered a requirement of this International Standard. If it is not provided fin the
user manualf the time interval shall be a maximum of six months. If, after using manufacturer-spdcified
procedures to adjust.the measured sound pressure levels to constant environmental conditions [when
necessary, changes-in any one-third-octave-band sound pressure level between successive checks exceed
2,83 times the values in Table 1, the reference sound source shall be recalibrated.

NOTE If the above check indicates the need for recalibration, confidence may be diminished in any data that
may have been taken with the reference sound source during the intervening time interval. In view of this, the
laboratory may decide on a much shorter time interval, or select a variable time interval based on the number of
tests it performs.

5.6.4 For laboratories using a reference sound source in a generally fixed location, in a controlled
environment without transporting it, calibration intervals may be extended beyond the maximum time
interval in 5.6.2 if changes in the surface time average band sound pressure levels measured at a maximum
of one-year intervals over positions 1 to 10 of ISO 3744:2010, Table B.1, using a fixed measurement radius
of atleast 1 m, in an environment that has been qualified for broadband sound power level determination
in accordance with ISO 3745:2012, Annex A do not exceed 2,83 times the values in Table 1. Alternatively,
an equivalent test may be carried out with the RSS in one specified location in a reverberation room
following the procedures specified for measurements of sound pressure levels from a RSS in ISO 3741.
For this measurement, the reference sound source shall each time be measured at the same temperature,

6 © IS0 2016 - All rights reserved
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pressure, and humidity within the tolerances specified in ISO 3741. The change in sound pressure levels
is hereby defined as the difference between the latest measurement and a reference measurement using
exactly the same test procedure that was carried out in connection with the arrival of the reference sound
source directly after the latest accredited calibration in full compliance with this International Standard.
Each check shall be documented.

However, the maximum permissible extension using this procedure is 10 years. After this period,
the reference sound source shall be subject to a new calibration by an authorized laboratory in full
compliance with this International Standard.

nstrumentation

6 1

6.1 |General

easurements conducted with a sound level meter, the instrument for measuring solind pressure
including microphone(s) as well as cable(s), windscreen(s), recerding devices and other

For nj
leveld

acces

For m
syste
perio
speci
repre

Propc
meet

6.2

Usee
axis g
the cd
grazi
the cd
the ré
data 4
field
valida
level

6.3

Micrqg

Gories, if used, shall meet the requirements of IEC 61672-1 for a class/tsound level m

easurements conducted using computerized data acquisition systems the complete 1

lic test requirements of IEC 61672-3. The validation shall‘be conducted for the q
ied in IEC 61672-3:2013, Clauses 8, 9, 10, 11, 14, 15, 16,77, 18, and 20 at condit
sentative of those present in the environment where the.measurements are conductg

rtional octave band filters for sound level meters 0y computerized data acquisition {
the requirements of [EC 61260-1, class 1.

Microphone in a hemi-anechoic room

pter.

neasurement

m, including hardware and software components, shall be validated in accordapce with the

equirements
ons that are
d.

ystems shall

hted with the

ther a microphone with a nominally flat frequency response at normal incidence mou
f the microphone (that runs perpendicular through the plane of the diaphragm) poi

g incidence mounted with the axis of the microphone perpendicular to the line poi
ntre of the measurementheniisphere. Microphones used as part of a sound level met
quirements of IEC 6167241 for a class 1 sound level meter. Microphones used with d
icquisition systems shall be of type LS or WS and shall have free field (F), pressure (
(D) response as defined by IEC 61094-1 and IEC 61094-4 respectively. Microphda
ited in accordaneewith the periodic testing requirements of IEC 61672- 3:2013 for a
meter and be-individually frequency-corrected according to 6.4.

Microphone in a reverberation test room

ing towards
ntre of the measurement hemisphére, or a microphone with a nominally flat frequency response at

ing towards
er shall meet
omputerized
P), or diffuse
nes shall be
rlass 1 sound

phones used as a part of a sound level meter shall be of random incidence type (or corrected
to ra inci ' ' ' Il meet the

requirements of IEC 61672-1 for a class 1 sound level meter. Microphones used with computerized
data acquisition systems shall be of type WS and shall have diffuse field (D) response as defined by
[EC 61094-4. Microphones shall be validated in accordance with the periodic testing requirements of
IEC 61672-3 for a class 1 sound level meter and be individually frequency-corrected according to 6.4.

6.4 Microphone frequency response correction

Microphones for use in hemi-anechoic rooms shall be provided with frequency response corrections
obtained in accordance with [EC 62585. Microphones for use in reverberation rooms shall be provided
with frequency response corrections obtained in accordance with IEC 61183.

The microphone response shall be corrected (usually using one-third-octave-band corrections obtained
from an accredited microphone calibration performed in an accredited or otherwise nationally
authorized laboratory) with a precision of 0,1 dB to give a nominally flat frequency response, in a
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hemi-anechoic room at normal incidence or grazing incidence and in a reverberation room at random
incidence over the frequency range of interest.

If the frequency range is extended above the 10 000 Hz one-third-octave band, there may be a
small difference in frequency response accuracy between the two microphone types. The data on
measurement uncertainty given in Table 2 are based on measurements using microphones with a
nominally flat frequency response at grazing incidence.

6.5 Verification

Compliance of the sound pressure level measuring instrument, the filters, microphone and the sound

calibrator wittrtheTequiTementsspecifiedhereirstrattbeverifred by theexistence of avatidcertificate

of compliance with the measurement parameters specified in the test method.

All certificatps of compliance shall state that compliance testing was conducted by a laberatory [being
accredited or otherwise nationally authorized to perform the relevant tests and calibrations and
ensuring megrological traceability to the appropriate measurement standards.

Unless national regulations dictate otherwise, it is recommended that

— the sound calibrator should be calibrated at intervals not exceeding one-year,

— the compliance of the instrumentation system with the requirements stated in 6.1 should be verified
at intervjals not exceeding two years, and

— the compliance of an analog filter set should be verified with the requirements of IEC 6[1260-
1 at intgrvals not exceeding two years. Digital filter sets\should be verified with a certificate of
compliamce with the requirements of IEC 61260-1 and should be updated any time the algorjthms
associated with the filters are changed.

Periodic calibration shall be conducted by a labofatory being accredited or otherwise natipnally
authorized tp perform the relevant tests and calibrations and ensuring metrological traceability fo the
appropriate measurement standards.

6.6 Microphone calibration check

At the begifgning and at the end 'of) every measurement session, the entire sound pressure| level
measuring system shall be checkéd)at one or more frequencies by means of a sound calibrator mg¢eting
the requirentents for a class 1 ealibrator as specified in IEC 60942. Without any further adjustment, the
difference befween the readings of two consecutive checks shall not exceed 0,2 dB. If this value is excgeded,
the results off all measuremients obtained after the previous satisfactory check shall be discarded.

7 Installationand operation of the reference sound source during calibratioh

7.1 Genenal

The RSS under test shall be operated in accordance with the manufacturer’s instructions. The essential
characteristics of the source of mechanical or electrical power (e.g. line voltage and frequency) and the
relevant operating parameters of the reference sound source (e.g. rotational speed of an aerodynamic
source) shall be recorded.

NOTE It might be necessary to use auxiliary equipment to measure the relevant operating parameters (e.g. a
stroboscope to determine rotational speed).

The RSS shall be in a stable operating condition before any measurements (either of acoustic properties
or of operating parameters) are made.
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7.2 Requirements in hemi-anechoic rooms

In a hemi-anechoic room, place the RSS to be calibrated on the reflecting plane, oriented as in normal
usage and at least 1,0 m from the nearest wall.

Reference sound sources in positions more than 0,5 m from the reflecting plane cannot be calibrated in
hemi-anechoic rooms.

7.3 Requirements in reverberation rooms

In a reverberation test room, place the RSS on the floor unsymmetrically in relation to the walls and at

| RPN SO CTONE 5 NP £aazall 11 forie oo ala o dbiomc ot 1o o D oo Lo ool ol o Als >
leaSt 7o O T oTIr e Irearcstvvar, osStTouT Sutir pOSTCIOTTIS ac ICasSt z 1T 11 O Catir ot 7rret natlvely, the

RSS cpn be calibrated in specified positions above the floor and close to the walls.

8 (alibration procedure in hemi-anechoic rooms

8.1 |Test environment

The tg¢st environment shall be a hemi-anechoic room meeting the broadband qualification flequirements
of IS 3745:2012, Annex A, over the frequency range of interest.

8.2 [Microphone positions

8.2.1| General

Use alhemispherical measurement surface with a radius of 2 m. Centre it over the geometrical centre
of the projection of the top surface of the RSS on:the reflecting plane. Use one of the sets of microphone
positions given in 8.2.2, 8.2.3, 8.2.4 or 8.2.5./Take care that the mechanical arrangement for fixing or
traversing the microphone does not affect the measurements.

8.2.2| Meridional paths

Folloyv the procedures of 1ISO 3745:2012, 9.3.5 and Annex G. For sources with rotationgl symmetry,
use three traverses at 120° imcrements around the vertical axis of the measurement surfdce. For other
sources, use at least eight traverses.

NOTE[1  When using-comnistant vertical speed, the angular velocity becomes infinite on the top of the
hemisphere. In practiceythis problem is solved by stopping the averaging a little before the top is reached.

NOTE|2  Other speed arrangements than those given in ISO 3745:2012, 9.3.5, may be used proyided that the
requifements efISO 3745:2012, 9.4.3.3 are met.

8.2.3| ~Spiral path

Follow the procedures of ISO 3745:2012, 9.3.6 and Annex H. Use three traverses of the procedure chosen
at 120° increments around the vertical axis of the measurement surface.

8.2.4 Fixed point array

For a hemispherical measurement surface, select positions according to ISO 3745:2012, 9.3.3, and
Annex E. For sources with rotational symmetry in the horizontal plane, use the 20 fixed microphone
positions numbered 1 to 20. For other sources, add the 20 positions numbered 21 to 40.

8.2.5 Coaxial circular paths

Follow the procedures of [ISO 3745:2012, 9.3.4, but use the set of 20 circular traverses for a hemispherical
measurement surface. The period of circular scan rotation shall be at least 60 s. If a turntable is used to
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rotate the RSS, its surface shall be flush with the reflecting plane to within 15 mm. As an alternative to
the equal-area traverses at equidistant heights specified in ISO 3745:2012 equal angle traverses may be
used provided the number of heights is the same and that corrections for the unequal areas associated
with each traverse are made following the procedure of ISO 3745:2012, 9.4.3.2

8.3 Measurements

8.3.1 General

At each microphone position or along each microphone traverse, measure the one-third-octave-band
sound pressure levels in accordance with ISO 3745. For fixed microphone positions, the measurement
time intervdl shall be at least 30 s at each microphone position. For traversing microphonep, the
measuremer]t time interval shall be at least 200 s for each quarter circle traverse of the meridionaljpaths
and at least 600 s for each traverse of the spiral paths. For the coaxial circular paths, the theasur¢ment
time interval shall correspond to an integral number of microphone or source rotations-afid shall pot be
less than 60

UT

Measure the
Average and|
measured lin

hents.
y and

RSS rotational speed and line voltage before, and at the end of the sound measuren
record the result along with the observed variations. State thé-mains frequenc
e voltage applied during this test.

8.3.2 Diregtivity index
cated
gular
ed to

This measur]
for use in rey
recalibration
have change

ement is mandatory when a new RSS is calibrated forthe first time unless it is ded
rerberation test rooms complying with ISO 3741 only. Otherwise, it is optional for re
s unless the RSS has suffered mechanical damage, or, for other reasons, is suspec
1 its directional properties.

In order to d
the following
shall be cont
value shall b
time-averagg
traverse and
the directivi

etermine the directivity index (see 3.9).when traversing microphones are used, either of
additional measurements shall be takemn: The sound pressure level using time-weighlting S
nuously measured during the traverse, for each one-third-octave band, and the maxjmum
e recorded and used to computé the directivity index for that traverse. Alternatively, the
d sound pressure level shall be sampled at least 20 times at regular intervals during each
for each one-third-octavehand and the maximum value recorded and used to compute
Ly index for that traverse.The actual position along the traverse at which the maxjmum

value occurs
rotating and

NOTE Oc
mean-square

8.3.3 Tem

This measur

need not be monitored or'recorded. The corresponding procedure can be used if the
the microphone is fixed.

fave-band and A=we€ighted sound pressure levels can be measured directly or calculated
sound pressurebasis, from the one-third-octave-band data.

poral steadiness

bment is optional unless the purpose of the test is to test the RSS for type approval.

RSS is

on a

i

In order to check the temporal steadiness (stability) of the sound power output (see 5.2), one of the
following methods shall be used:

a) threerepeated measurements of the sound power level of the reference sound source in conformance
with the hemi-anechoic room method of this International Standard shall be taken in succession;
b) five repeated measurements of the time-averaged sound pressure level of the reference sound

source shall be taken at one fixed microphone or over one of the traverses in conformance with the
hemi-anechoic room method of this International Standard with a pause of at least 5 min between
measurements.

The standard deviations shall be computed according to Formula (1) and compared with the limits in

Table 1.

10
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The standard deviation under repeatability conditions, o, is obtained from Formula (1):

O, =

r

where

N

N

ﬁZ(LXJ ‘5)2

j=1

X

8.4 |Calculations

Calcujate one-third-octave-band sound power levels, Ly, under reference’meteorological
accorflance with ISO 3745 using Formula (2):

wher¢

L

S

is the energy-averaged sound power level or the energy-averaged sound pressur
lated for all N repetitions.

S
dB + C, +C, + C4

0

is the surface time-averaged sound pressure level for the noise source under t
bels;

is the area of the measurement surface, in square metres;

is the reference quantity correction, in decibels, to account for the different ref]
tities used to calculate sound pressure level and sound power level, and is a fy
characteristic acou'stic impedance of the air under the meteorological conditio
and place of the/measurements:

Ps dB

0

dB +5Ig

€, =~10lg
ps70

is the reference sound pressure, 2 x 10-5 Pa;

€8]

is the number of repeated measurements (N = 3 for sound power levels and N =5 for sound
pressure levels);

_is the sound power level or the sound pressure level determined for the jth repetition of the
"7 prescribed test,

e level calcu-

ronditions in

(2)

est, in deci-

erence quan-
nction of the
s at the time

is the reference sound power, 10-12 W;

Ds
Ds,0

6o

is the static pressure at the time and place of the test, in pascals;
is the reference static pressure, 1,013 25 x 105 Pa;
is the air temperature at the time and place of the test, in degrees Kelvin;

=314 K, is the temperature (when static pressure is equal to ps o) where soun

d intensity

and sound pressure have identical decibel values when measured in a plane wave;
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Co is the acoustic radiation impedance correction, in decibels, to change the actual sound
power relevant for the meteorological conditions at the time and place of the measure-
ment into the sound power under reference meteorological conditions, the value shall be
obtained from the manufacturer, but in the absence of such information, follow the guid-
ance given in Annex A.

To minimize the error, the formula for C; used by the calibration laboratory to calculate
Ly for the reference meteorological conditions should be the same as the one used by the
user to calculate Ly for the actual meteorological conditions.

C3 is the correction for air absorption, in decibels, at specific frequencies:

C3 = 4y(1,0053-0,001 2-45) " dB

n which
flo  isthe numerical value of a(f) - r, expressed in decibels;

1(f) is the attenuation coefficient for specific temperature, humidity and static presgure
as a function of frequency in accordance with ISO 9613-1:1993, Formulae (3) to|(5),
expressed in decibels per metre;

is the measurement radius, expressed in metres.

9 Calibrgtion procedure in reverberation test rooms

9.1 Testenvironment

The test enyironment shall meet the broadband requirements of ISO 3741 with the addifional
requirement|that the smallest dimension of theteverberation test room shall be greater than 4,0 m.

9.2 Microphone positions

Normally, uge a minimum of six fixed microphone positions or one or more traversing microphone
paths in accdrdance with ISO 3744.1f the frequency range is extended beyond the 10 000 Hz one-third-
octave band,|use only fixed mierophone positions with random orientation in the room.

9.3 Measurements

9.3.1 Geng¢ral

Apply the difectmethod in accordance with ISO 3741.

For each of the four source positions specified in 7.3 measures the one-third-octave-band time-averaged
sound pressure levels with a measurement time interval of at least 64 s for each fixed microphone
position or microphone traverse. In accordance with ISO 3741, the measurement time interval shall
include at least two full traverses.

Measure the reverberation time, T, by using at least three loudspeaker source positions and six
microphone positions or, alternatively, a traversing microphone with a path length of at least 10 m.
For each loudspeaker position, measure at least five decays at each microphone or 30 decays with the
traversing microphone. Depending on the equipment available, use 10 dB or 15 dB decay and calculate
T19 or T15 from averaging of T or from ensemble averaging.

Measure the RSS rotational speed and voltage before and at the end of the sound measurements. Average
and record the result along with the observed variations. State the mains frequency and measured line
voltage applied during this test.
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Temporal steadiness

This measurement is optional unless the purpose of the test is to test the RSS for type approval.

In order to check the temporal steadiness (stability) of the sound power output (see 5.2), one of the
following methods shall be used:

a)

three repeated measurements of the sound power level of the reference sound source in

conformance with the reverberation test room method of this International Standard shall be
taken in succession;

b)

five repeated measurements of the time-averaged sound pressure level of the reference sound

S
(0]

The s
and c

9.4

Calcu
but u

For e
press
positi

Octav

data in accordance with ISO 3741:2010, Annex F,

10 Alternative calibration procedure at low frequencies

Calibi
test 4
the q
of int|
other]
the 6
alterr

11 Measurement uncertainty

111

hurce shall be taken at one fixed microphone in conformance with the reverberation
f this International Standard with a pause of at least 5 min between measurements:

fandard deviations under repeatability conditions, o, shall be computed according tq
bmpared with the limits in Table 1.

Calculations

Jate one-third-octave-band sound power levels in accordance with the direct metho
ing the value of 7 as specified in 8.4 and Annex A.

ach one-third-octave band, calculate the sound powefdevel from the energy-ave
ure level from the four source positions, in accordance with the procedure for my
ons in [SO 3741.

e-band and A-weighted sound power levels shall be calculated from the one-third

ation of the RSS in conformance with the provisions of Clause 8 and Clause 9 reqy
nvironment shall be a hemi-anechoic room or reverberation test room meeting
halification requirements, of:ISO 3745 or ISO 3741, respectively, over the entire freg
erest. For an extension-dewnwards of the frequency range of interest, laboratorie
wise be able to perfoerimn the required calibration, but are not qualified for meas
B Hz octave band (or-50 Hz, 63 Hz, and 80 Hz one-third-octave frequency bands),
ative procedure/of'Annex B.

General

test method

Formula (1)

1 of SO 3741

raged sound
Itiple source

octave-band

ires that the
br exceeding
[uency range
s that would
urements in
may use the

A sin

gle value oI the sound power level OI a reierence sound source determined acco

rding to the

procedures of this International Standard is likely to differ from the true value by an amount within
the measurement uncertainty. The uncertainty in determination of the sound power level arises from
several factors which affect the results, some associated with environmental conditions in the testing
laboratory and others with experimental techniques.

ISO/IEC Guide 98-3 shall be used to determine the measurement uncertainty. For general information
on a modelling approach for the estimation of measurement uncertainty see ISO 3745:2012, Clause 10
and Annex [ or ISO 3741:2010, Clause 10 and Annex G. A hybrid approach that consists in using jointly the
modelling approach and the interlaboratory approach may also be used. In this case, the interlaboratory
approach is used for components of the uncertainty budget which contribution cannot be quantified
using the mathematical model of the modelling approach because of lack of technical knowledge. In
these cases, the laboratory shall at least attempt to identify all the components of uncertainty and make
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areasonable estimation, and shall ensure that the form of reporting of the result does not give a wrong
impression of the uncertainty.

11.2 Typical values of the reproducibility standard deviation

If a particular source were to be transported to each of a number of different laboratories, and if, at
each laboratory, the sound power level of that source were to be determined in accordance with the
provisions of this International Standard using the same measurement method, the results would
show a scatter. The standard deviations of the measured values could be calculated (for examples,
see ISO 7574-4:1985, Annex B) and would vary with frequency. These standard deviations would
probably not exceed those listed in Table 2.

ven in Table 2 are standard deviations of reproducibility, og, as defined in ISO 5725-&. The
le 2 take into account the cumulative effects of measurement uncertainty in applying the
f this International Standard, but exclude variations in the sound power output cauged by
perating conditions (e.g. rotational speed, line voltage) or mounting conditions.

The values g
values of Tah
procedures ¢
changes in o]

Unless suffig
given in Tab
multiplied by
of confidencq
that the true
measuremern

ient knowledge is available to fully apply ISO/IEC Guide 98-3, reproducibility data as
le 2 might be used to estimate the measurement uncertainty. Thé-given data need|to be
f a coverage factor to derive the expanded measurement uncertainty for a desired degree
. As an example, for a normal distribution of sound power level$,there is a 95 % confidence
value of the sound power level of a source lies within thesrange £1,96 op (= the expanded
t uncertainty) of the measured value..

NOTE1 Th sound

source of the s

e calibration of a particular reference sound source does‘not apply to another reference
ame design and manufacture.

Table 2 — Estimated values of the standard deviationps of reproducibility of sound power levels
of reference sound sources determined according to this International Standard
Standard deviation of
reproducibility2 with source on o
] . the floor in hemi-anechoic rooms | Standard deviation of re-
Octave midpand | One-third-octave oR producibility2 with source
frequengy midband frequency dB in reverberation test rpoms
Hz Hz di - OR
Meridional or | 20 discrete posi- dB
spiral paths tions or coaxial
circular paths
63 50.te 80 2,0 2,0 2,5
125 100-to 160 0,8 0,8 1,0
250 to 2 000 200 to 3150 0,3 0,5 0,3
4000to8p0O0 4000 to 10 000 0,3 1,0 0,3
16 000 12 500 to 20 000 0,3 1,0 0,4
A-weighted 0,3b 0,5 0,2b
a  The values include variations in the source output and refer to the meteorological conditions at the time and place of
the measurements (C2 = 0 dB, see 8.4). They are substantiated by experiments.
b The A-weighted values have been calculated from one-third-octave-band data.

NOTE 2

The uncertainties in Table 2 do not include systematic differences between the sound power levels

determined in the two different test environments. These differences are insignificant above 160 Hz. However, at
160 Hz and below, these differences might be significant. For 200 m3 reverberation test rooms these differences
are typically 1,5 dB or less.[20] These differences might increase for smaller reverberation test rooms, especially
below 100 Hz.

NOTE3  The measurement uncertainty, in terms of the reproducibility, stated in this International Standard is
based on measurements in seven different reverberation test rooms with volumes in the range 197 m3 to 238 m3
using microphones of the type WS2 (so called half-inch microphones).
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12 Information to be recorded

The information to be recorded shall be as specified in ISO 3745:2012, Clause 11, or in ISO 3741:2010,
Clause 11, as applicable. Measured and calculated values shall be recorded at least to the nearest 0,1 dB.

Record the RSS rotational speed and voltage, including variation found, during test. Record the mains
frequency and measured line voltage applied during this test.

13 Information to be reported

General information to be reported shall be as specified in ISO 3745:2012, Clause 12, or in

ISO 3

Repol

a)

b)

d)

f)

g)

/41:2010, Clause 12.
t the following information:

whether or not the calibration has been carried out in full conformity with)the proce
pternational Standard. Any deviations shall be reported;

Yt

whether the calibration has been carried out in a hemi-anechoic room or in a rever
rpom. If a hemi-anechoic room has been used, the microphone arrangement shall be
elevated source positions have been used in the reverberation téest room, the stand or
shall be described in detail (dimensions, material);

(=

he volume of the reverberation test room or the lower limiting frequency of the h
bom, whichever is relevant;

—

the sound power levels in frequency bands rounded.to the nearest 0,1 dB with the state
bund power levels are in decibels (reference: 15pW) under the reference meteorologic
5 specified in Clause 4. Report the RSS rotational speed and line voltage, including var

s
a
d
be reported. It shall be clearly indicatedthat the reported sound power levels appl
s

rptational speed). A deviation cortection chart for the rotational speed of an aerodyna
b included;

the expanded measurement uncertainty for a coverage probability of 95 %;

the temperature, relativé humidity and static pressure at the time of calibration, t
the formula of the eonstant C; (see 8.4) and other adjustments, if any, to specified er
cpnditions (see Elduse 4) and the method to determine those other adjustments;

the essential-characteristics of the source of electrical or mechanical power and
operating‘parameters conditions of the reference sound source, particularly, the rotz
for anaerodynamic RSS (see 7.1). If the calibration is part of the tests necessary to
requirements specified in this International Standard, the following additional infor

dures of this

beration test
indicated. If
support used

bmi-anechoic

ment that the
al conditions
iation, found

ring test. Optionally, the sound power levels under the actual meteorological conditions may also

y only to the

ecific operating conditions of the RSS used during the tests (e.g. for an aerodynamic RSS, the

mic RSS may

he value and
vironmental

the relevant
itional speed
verify all the
mation shall

b ‘teéported: whether or not the spectral uniformity, the temporal steadiness, the

sound power

output, the spectral characteristics and the directivity index comply with Clause 5.
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Annex A
(informative)

Guidance on the determination of C2

A.1 General

The calculat
may only be
of the refere
[23]) may be

A.2 (3 for some type sources

a) For sour

f < fi where the knee frequency, f,,is given by Formula (A.1):
c |1
fk B 27 dO
where
¢ isthe speed of sound, in metres per second;
do is hdlf the characteristic source dimension of'the source (see ISO 3745), in metres;
NOTE In fhis context, the knee frequency isrdefined as the frequency at which the radiation efficien
dropped 3 dB[relative its maximum value at high frequencies.
0
¢, =—1pig|->s|dB + 151g[— dB
Pspo )
b) For strugtures vibrating @smonopoles with higher frequencies, f > f, :
Ps
C,=-1plg dB+5lg|—|dB
ps,O 1

c) Foraero

on of C7 depends on the character of the sound radiated by the source. Accuratex
obtained after extensive investigations, normally only carried out by the mdnufac
hce sound source. In the absence of such values, the following information (see’Refe
useful.

ces with monopole radiation character, e.g. for structures vibrating with low freque

ralues
turer
rence

ncies,

(A1)

cy has

(A.2)

(A.3)

yhamic sources of dipole character, f > f :

C, =

d) For sour

—101g[

0

1

Ps

dB

dB+251g[
ps,O

ces with unknown radiation:

(A4)

(A.5)

¢, =—101g|->s|dB +7,51g[i dB
Pso 0,
where
ps is the static pressure at the time and place of the test, in pascals;
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