INTERNATIONAL
STANDARD

ISO
3744

Third edition
2010-10-01

Acoustics — Determination’of so
power levels and sound.-energy le
noise sources using sound press
Engineering methods for an esse
free field over a reflecting plane

Acoustique — Détermination des niveaux de puissance et
acoustiques émis pardes sources de bruit a partir de la pre
acoustique — Méthodes d'expertise pour des conditions a
celles du champ_ibre sur plan réfléchissant

nd

els of
re —
tially

d'énergie
ssion
bprochant

e Reference number
= — ISO 3744:2010(E)

© SO 2010


https://standardsiso.com/api/?name=5506c5248aad4a956ffa77dc2ba03be8

ISO 3744:2010(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.

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2010

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 + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © ISO 2010 — Al rights reserved


https://standardsiso.com/api/?name=5506c5248aad4a956ffa77dc2ba03be8

ISO 3744:2010(E)

Contents Page
o] =NV o iv
Lo Yo 11T o) v
1 T o - S S 1
2 Normative references.........ccccivminiinin e Ea 2
3 Terms and definitions ........cccccciiini sl 2
4 Test enNVIroNMENt.........oo i B e 8
5 INStrumMeNntation ... s b 11
6 Definition, location, installation, and operation of noise source under test..............}scccerverrrrnne. 12
7 Reference box and measurement SUrface.........cccocvvceriiiinnden e b 14
8 Determination of sound power levels and sound energy levels ..........ccccooiviicmninniendfevsnnnniennn, 18
9 Measurement uncertainty ........c.ccccinniim e b ———_—— 26
10 Information to be recorded...........ccconiiiini e S b ———— 29
1 =53 (= o Xo Y 1 Y S 31
Annex A (normative) Qualification procedures for the acoustic environment ..........cccconciiccbininnnnneen, 32
Annex B (normative) Microphone arrays on a hemispherical measurement surface..............}.ccccceerennee. 37
Annex C (normative) Microphone arrays on a'parallelepiped measurement surface.............}.ccccverrnnnnee. 44
Annex D (informative) Microphone arrays(on a cylindrical measurement surface.......c....c.....feeeeeeeeennnne. 55
Annex E (normative) Calculation of A-weighted sound power levels and A-weighted sound

energy levels from frequengcy band levels...........ccccirircccnccc e 59
Annex F (normative) Alternative.microphone array on a hemispherical measurement surfage for

direct measurements ‘'of A-weighted sound pressure levels.............cccooommiiiiiicciiicennferiicccienn 61
Annex G (normative) Sound power level and sound energy level under reference meteorolpgical

L2 g o 11T 4 =0T 64
Annex H (informati¢ye)”Guidelines on the development of information on measurement uncprtainty ....66
Bibliggraphy .ot s 77

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=5506c5248aad4a956ffa77dc2ba03be8

ISO 3744:2010(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 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.

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main tagk of technical committees is to prepare International Standards. Draft International Starndards
adopted by the technical committees are circulated to the member bodies for voting*Publication gs an
International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is dfawn to the possibility that some of the elements of this document may be the subject of patent
rights. 1ISO shgll not be held responsible for identifying any or all such patent rights.

ISO 3744 wag prepared by Technical Committee ISO/TC 43, Acoustics, Subcommittee SC 1, Noise.

This third edifion of ISO 3744 cancels and replaces the second edition” (ISO 3744:1994) and I1SO 4872[1978,
of which it constitutes a merger and a technical revision.
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Introduction

744:2010(E)

This International Standard is one of the series 1ISO 3741[2] to 1ISO 374716, which specify various methods for
determining the sound power levels and sound energy levels of noise sources including machinery, equipment
and their sub-assemblies. General guidelines to assist in the selection are provided in 1SO 3740l'l. The
selection depends on the environment of the available test facility and on the precision of the sound power
level or sound energy level values required. It may be necessary to establish a noise test code (see
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pquirements on test unit mounting, loading and operating conditions under which the,'soung
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nment is calculated from the mean square sound pressure that is measured over
irement surface enclosing the source, and the area of that surface. The sound ‘energy for 3
is calculated from this sound power and the time over which it existed.
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514[131-15] |f the relevant criteria for the measurement environment specified in thig
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gs or outdoors. Ideally, the test source should be mounted on a sound-reflecting plan
bpen space. For sources normally installed on the floor of machine rooms, corrections
nt for undesired reflections from nearby objects, walls and the ceiling, and for the residu
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INTERNATIONAL STANDARD

ISO 3744:2010(E)

Acoustics — Determination of sound power levels and sound

ene

rgy levels of noise sources using sound pressure —

Engineering methods for an essentially free field over a
reflecting plane

1.1

This |
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equipment) in an environment that approximates to an acoustic free_field near one or more refl
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the sufface.

1.2

fluct

This |
movin|
meas

NOTE
very tg
the de

1.3

The t

The rIethods specified in this International*Standard are suitable for all types of noise (steady
u

cope

General

nternational Standard specifies methods for determining the sound powet level or sound &
e source from sound pressure levels measured on a surface envelgping the noise source

pund power level (or, in the case of noise bursts or transient\noise emission, the sound
irements.

Differently shaped measurement surfaces can yield, differing estimates of the sound power |
ource and an appropriately drafted noise test code (see ISO 12001) gives detailed information on

Types of noise and noise sources

ting, isolated bursts of sound energy, etc.) defined in ISO 12001.
hternational Standard is _applicable to all types and sizes of noise source (e.g. station
iIrements can be met.

It is possible.that the conditions for measurements given in this International Standard are in
Il or very long sources such as chimneys, ducts, conveyors and multi-source industrial plants. A noi
ermination of-noise emission of specific sources can provide alternative methods in such cases.

Testienvironment

nergy level of
machinery or
bcting planes.
energy level)

ced by the noise source, in frequency bands or with A-weighting applied, is calculated using those

evel of a given
he selection of

, non-steady,

ary or slowly

g plant, installation, machine, component or sub-assembly), provided the condifions for the

hpracticable for
5e test code for

International

pstenvironments that are applicable for measurements made in_accordance with this

Standard can be located indoors or outdoors, with one or more sound-reflecting planes present on or near
which the noise source under test is mounted. The ideal environment is a completely open space with no
bounding or reflecting surfaces other than the reflecting plane(s) (such as that provided by a qualified hemi-
anechoic chamber), but procedures are given for applying corrections (within limits that are specified) in the
case of environments that are less than ideal.

1.4

Measurement uncertainty

Information is given on the uncertainty of the sound power levels and sound energy levels determined in
accordance with this International Standard, for measurements made in limited bands of frequency and with
frequency A-weighting applied. The uncertainty conforms to ISO 12001:1996, accuracy grade 2 (engineering
grade).
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2 Normative references

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

ISO 3382-2, Acoustics — Measurement of room acoustic parameters — Part 2: Reverberation time in ordinary

rooms

ISO 3745, Acoustics — Determination of sound power levels and sound energy levels of noise sources using
sound pressure — Precision methods for anechoic test rooms and hemi- anechoic test rooms

ISO 5725 (all

1ISO 6926, Ac
determination

ISO 12001:19
presentation (

ISO/IEC Guid
measurement

IEC 60942:20
IEC 61260:19

IEC 61672-1:

3 Terms
For the purpo

3.1
sound press

p
difference bef]

parts), Accuracy (trueness and precision) of measurement methods and results

bustics — Requirements for the performance and calibration of reference sound_sources
of sound power levels

96, Acoustics — Noise emitted by machinery and equipment — Rules, for the draftin
f a noise test code

e 98-3, Uncertainty in measurement — Part 3: Guide to the expression of uncertai
(GUM:1995)

03, Electroacoustics — Sound calibrators
95, Electroacoustics — Octave-band and fractional-octave-band filters

002, Electroacoustics — Sound level meters — Part 1: Specifications

and definitions

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

lre

ween instantaneous/pressure and static pressure

NOTE 1  Adfpted from ISO,80000-8:2007[21], 8-9.2.

ind pressure,is expressed in pascals.

Lire-level

for the

g and

nty in

NOTE 2 So
3.2

sound press
L,

ten times the logarithm to the base 10 of the ratio of the square of the sound pressure, p, to the square of a
reference value, p,, expressed in decibels

L, =10

2
Igp—2 dB
Po

where the reference value, py), is 20 uPa

[ISO/TR 2541

7:2007120], 2 2]

(1)
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NOTE 1 If specific frequency and time weightings as specified in IEC 61672-1 and/or specific frequency bands are
applied, this is indicated by appropriate subscripts; e.g. LpA denotes the A-weighted sound pressure level.

NOTE 2  This definition is technically in accordance with ISO 80000-8:2007121], 8-22.

3.3
time-averaged sound pressure level

Lp,T

ten times the logarithm to the base 10 of the ratio of the time average of the square of the sound pressure, p,
during a stated time interval of duration, T (starting at #; and ending at ,), to the square of a reference value,
Po. expressed in decibels

o ]
2
?J.p (r)dt
t
4,r =101g| ———— | dB ()
Po

wher¢ the reference value, pg, is 20 uPa

NOTE|1 In general, the subscript “T” is omitted since time-averaged_seund pressure levels are necessgrily determined
over alcertain measurement time interval.

NOTE|2 Time-averaged sound pressure levels are often A-weighted, in which case they are denoted by LPA,T, which is
usually abbreviated to L .

NOTE[3  Adapted from ISO/TR 25417:200720], 2.3.

34
single event time-integrated sound pressure level
Lg
ten times the logarithm to the base 1Q of the ratio of the integral of the square of the sound pregsure, p, of an
isolatgd single sound event (burst-@f'sound or transient sound) over a stated time interval T (stayting at #, and
ending at ,), to a reference valde, £, expressed in decibels

. i
[ p2(bar
&

Eo

1, =101g dB 3)

where The Teference valug, Eg, 1S (20 (Pa)2 s = 4 X 10 0 PaZs

NOTE 1 This quantity can be obtained by L, +101Ig {Tl} dB, where T, = 1s.
0

NOTE2 When used to measure sound immission, this quantity is usually called “sound exposure level’
(see ISO/TR 25417:2007120]),

© 1SO 2010 — All rights reserved 3
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3.5

measurement time interval

T

portion or a multiple of an operational period or operational cycle of the noise source under test for which the
time-averaged sound pressure level is determined

NOTE Me

3.6

asurement time interval is expressed in seconds.

acoustic free field

sound field in

NOTE In
disturbing obje

3.7
acoustic free
acoustic free

3.8
reflecting pl3g
sound reflecti

3.9

frequency ra
for general p\
8 000 Hz (inc

NOTE Fo
and instrument]
of interest are i

3.10

reference bo
hypothetical r
located, that

a homogeneous, isotropic medium free of boundaries

bractice, an acoustic free field is a field in which the influence of reflections at the boundaries~o
ts is negligible over the frequency range of interest.

field over a reflecting plane

ne
g planar surface on which the noise source under test is located

hge of interest
rposes, the frequency range of octave bands with nominal mid-band frequencies from 125
uding one-third octave bands with mid-band frequengies from 100 Hz to 10 000 Hz)

special purposes, the frequency range can be extended or reduced, provided that the test envirg
specifications are satisfactory for use over the modified frequency range. Changes to the frequency
hcluded in the test report.

X
ght parallelepiped terminating .on the reflecting plane(s) on which the noise source under
ust encloses the source including all the significant sound radiating components and arj

table on which the source is mounted

NOTE
measurements

3.11
characteristi
do

distance from
NOTE Ch

3.12

at bystander positions_in’accordance with, for example, 1ISO 11201181,

E source dimension

the origin of the co-ordinate system to the farthest corner of the reference box

ield in the half-space above an infinite reflecting plane in the absence of anylather obstaclés

I other

Hz to

nment
range

test is
y test

If nequired, the smallest pessible test table can be used for compatibility with emission sound pressure

racteristic source dimension is expressed in metres

measurement distance

d

distance from
NOTE Me

3.13

the reference box to a parallelepiped measurement surface

asurement distance is expressed in metres.

measurement radius

r
radius of a he

NOTE Me

mispherical, half-hemispherical or quarter-hemispherical measurement surface

asurement radius is expressed in metres.
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3.14

measurement surface

hypothetical surface of area, S, on which the microphone positions are located at which the sound pressure
levels are measured, enveloping the noise source under test and terminating on the reflecting plane(s) on
which the source is located

3.15
background noise
noise from all sources other than the noise source under test

NOTE Background noise includes contributions from airborne sound, noise from structure-borne vibration, and
electrical noise in the instrumentation.

3.16
background noise correction
K4
corregtion applied to the mean (energy average) of the time-averaged sound pressure levels over all the
microphone positions on the measurement surface, to account for the influence of background nopise

NOTE|1 Background noise correction is expressed in decibels.

NOTE|2  The background noise correction is frequency dependent; the carrection in the case of a frequency band is
denotgd K1f' where f denotes the relevant mid-band frequency, and that in the\case of A-weighting is denoted K.

3.17
envirpnmental correction
ks
corredtion applied to the mean (energy average) of the time-averaged sound pressure levels over all the
microphone positions on the measurement surface/to account for the influence of reflected or absorbed
sound

NOTE|1 Environmental correction is expressed:in decibels.

NOTE[2 The environmental correction .is*frequency dependent; the correction in the case of a frequency band is
denotgd K2f, where f denotes the relevantumid-band frequency, and that in the case of A-weighting is denoted K.

NOTE|3 In general, the environmental correction depends on the area of the measurement surface pnd usually X,
increages with S.

3.18
surfage time-averaged sound pressure level

Lp

mean| (energy~average) of the time-averaged sound pressure levels over all the microphong positions, or
traverses, on-the measurement surface, with the background noise correction, Ky, and the environmental
corredtion, X,, applied

NOTE Surface time-averaged sound pressure level is expressed in decibels.
3.19

surface single event time-integrated sound pressure level

Ly

mean (energy average) of the single event time-integrated sound pressure levels at all the microphone
positions, or traverses, on the measurement surface, with the background noise correction, K,, and the
environmental correction, K5, applied

NOTE Surface single event time-integrated sound pressure level is expressed in decibels.

© 1SO 2010 — All rights reserved 5


https://standardsiso.com/api/?name=5506c5248aad4a956ffa77dc2ba03be8

ISO 3744:2010(E)

3.20

sound power

P

through a surface, product of the sound pressure, p, and the component of the particle velocity, «,, at a point
on the surface in the direction normal to the surface, integrated over that surface

[ISO 80000-8:2007[211, 8-16]
NOTE 1 Sound power is expressed in watts.

NOTE 2  The quantity relates to the rate per time at which airborne sound energy is radiated by a source.

3.21
sound powey level
Ly
ten times the Jogarithm to the base 10 of the ratio of the sound power of a source, P, to a reference valye, P,
expressed in flecibels

Ly =1qig- dB ()
Po

where the reference value, Pg, is 1 pW

NOTE 1 If g specific frequency weighting as specified in IEC 61672-1 and/or specific frequency bands are appli¢d, this
is indicated by pppropriate subscripts; e.g. L, denotes the A-weighted sound\power level.

NOTE 2  This definition is technically in accordance with ISO 80000:8:2007[21], 8-23.
[ISO/TR 25417:20071201, 2.9]

3.22
sound energy

J
integral of thel sound power, P, over a stated time interval of duration T (starting at #; and ending at #,)

J = J.P(t)dt (3)

NOTE 1 Sopind energy is-expressed in joules.

NOTE 2  Th¢ quantity-is'particularly relevant for non-stationary, intermittent sound events.

[ISO/TR 2541729071201, 2.10]

3.23

sound energy level

Ly

ten times the logarithm to the base 10 of the ratio of the sound energy, J, to a reference value, J,, expressed
in decibels

L, =101g-L dB )
Jo

where the reference value, Jy, is 1 pJ

6 © 1SO 2010 — All rights reserved
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NOTE If a specific frequency weighting as specified in IEC 61672-1 and/or specific frequency bands are applied, this
is indicated by appropriate subscripts; e.g. L, denotes the A-weighted sound energy level.

[ISO/TR 25417:2007(20], 2.11]

3.24
apparent directivity index

Dy,

Ii

measure of the extent to which a noise source under test radiates sound in the direction of the ith microphone
position on a measurement surface, relative to the mean sound radiation over the measurement surface

*

1i =L pisT) _[L;a(ST) - K1] (7)

N~

wherg

LisT) is the background noise-corrected time-averaged (or single event time-intedrated) sound
pressure level for the ith microphone position on the measurement surface, with the noise
source under test (ST) in operation, in decibels;

D~

;(ST) is the mean (energy average) time-averaged (or single’event time-integrated) sqund pressure
level over all the microphone positions on the measufement surface for the noise|source under
test, in decibels;

K} is the background noise correction, in decibels,

NOTE|1 Apparent directivity index is expressed in decibels.

NOTE[2  The apparent directivity index is determined*using measured sound pressure levels from the noise source
under fest corrected for background noise, but with no.corrections for the influence of the acoustic environment.

3.25
apparent surface sound pressure level-non-uniformity index

v,
I
measyire of the variability of measured sound pressure levels over the measurement surface

Nm

* 1 2
U = B - 8
I NM 1 ;[ pi(ST) pav] ( )
where
L}is7 is the background noise-corrected time-averaged (or single event time-intedrated) sound

pressure level for the ith microphone position on the measurement surface, with the noise

pu | 4 4+ (TN o 4 + ol H N |
SUUTLT UTIUTT 1ITol (O 1) I UpPTTAluUll, T UTUIUTIS,

Lay is the arithmetic average of the background noise-corrected time-averaged (or single event
time-integrated) sound pressure levels over all the microphone positions on the measurement
surface for the noise source under test, in decibels;

Ny is the number of microphone positions.

NOTE 1 Apparent surface sound pressure level non-uniformity index is expressed in decibels.

NOTE 2 When VI* is determined over the specific measurement surface given by the measurement radius, r, or
measurement distance, d, the value is denoted V. or V', , respectively.

© 1SO 2010 — All rights reserved 7
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NOTE 3 The apparent surface sound pressure level non-uniformity index is determined using measured sound
pressure levels from the noise source under test, corrected for background noise, but with no corrections for the influence
of the acoustic environment.

4 Test environment

4.1 General

The test environments that are applicable for measurements in accordance with this International Standard
are:

a) alaboratpry room or a flat outdoor area which is adequately isolated from background noise (seg‘4:R) and

which prgvides an acoustic free field over a reflecting plane;

which
ield to

b) aroom of a flat outdoor area which is adequately isolated from background noise (see 4.2) and in
an envirgnmental correction can be applied to allow for a limited contribution from the. reverberant f

the sound pressures on the measurement surface.

Environments
(e.g. strong e
high or low
instrumentatiq

| conditions having an adverse effect on the microphones used- for the measurements
ectric or magnetic fields, wind, impingement of air discharge from the noise source being tested,
temperatures) shall be avoided. The instructions of the_ manufacturer of the measuring
n regarding adverse environmental conditions shall be followed:

litions

In an outdod
(e.g. tempera
frequency ran

When a refleg

r area, care shall be taken to minimize the effects;of adverse meteorological con
ure, humidity, wind, precipitation) on the sound propagation and on sound generation oV
ge of interest or on the background noise during thé.course of the measurements.

ting surface is not a ground plane or is not anintegral part of a test room surface, particula

er the

r care

should be exgrcised to ensure that the plane does not radjate any appreciable sound due to vibrations.

4.2 Criterip for background noise

4.2.1 Relative criteria

4211 General
The time-ave
the micropho
more than 14
source under
bands, this re

raged sound pressure’ level of the background noise measured and averaged (see 8.2.2) over
ne positions, ortraverses, on the measurement surface, shall be at least 6 dB, and preferably
dB, below the*corresponding uncorrected time-averaged sound pressure level of the|noise
test when.measured in the presence of this background noise. For measurements in frequency
nuirementshall be met in each frequency band within the frequency range of interest.

If this requirer|nent is met, the background noise criteria of this International Standard are satisfied.

NOTE 1 A similar criterion is applied 1o single event sound pressure Tevels: the measurement fime inferval for the time
average is the same as the measurement time interval associated with the single event.

NOTE 2 The noise associated with the microphone traversing mechanism, if one is used for the measurements, is
considered to be part of the background noise. In such cases, the background noise is measured with the traversing
mechanism operating.

4.21.2 Frequency band measurements

The requirements of 4.2.1.1 may not be achievable in all frequency bands, even when the background noise
levels in the test room are extremely low and well controlled. Therefore, any band within the frequency range
of interest in which the A-weighted sound power level or sound energy level of the noise source under test is

at least 15 dB below the highest A-weighted band sound power level may be excluded from the frequency
range of interest for the purposes of determining compliance with the criteria for background noise.

© 1SO 2010 — All rights reserved
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ISO 3

A-weighted measurements

744:2010(E)

If the A-weighted sound power level or sound energy level is to be determined from frequency band levels and
reported, the following steps shall be followed to determine whether this quantity meets the background noise
criteria of this International Standard:

a)

the A-weighted sound power level or sound energy level is computed in accordance with the procedures

in this International Standard using the data from every frequency band within the frequency range of
interest;

b)

the computation is repeated, but excluding those bands for which ALp < 6 dB.

If the
energ
noise

NOTE

difference between these two levels is less than 0,5 dB, the A-weighted sound power. |
y level determined from the data for all bands may be considered as conforming(to ‘th
criteria of this International Standard.

backgriound noise and the source together with the background noise is less than 6 dB,.1SQ 9614-113] or

can bg

4.2.2

If it cq
are le
meas
even

little o)
to the

In the
SOUrcs
restrig
the sg
the ap

4.2.3

If neit!

used to give results of accuracy grade 2.

Absolute criteria

ss than or equal to those given in Table 1 for all bands. within the frequency range o
irements can be taken as having met the background noise requirements of this Internatig
f the 6 dB requirement (see 4.2.1.1) is not met for all’bands. It can be assumed that the
I no measurable noise in these frequency bands, and that the data reported represent an
sound power level in these bands.

case where some of the measured (either time-averaged or single event time-integrated) |
b under test are less than or equal to_those given in Table 1, the frequency range of in
ted to a contiguous range of frequencies that includes both the lowest and highest freque
und pressure level from the noise"source exceeds the corresponding value in Table 1. |
plicable frequency range of interest'shall be reported.

Statement of non-conformity with criteria

ner the relative criteriaef 4.2.1 nor the absolute criteria in 4.2.2 are met, the report shall cle

the background noise requirements of this International Standard have not been met, and, i

freque
Furthe
with th

ncy band measurements, shall identify the particular frequency bands that do not me
rmore, the repert shall not state or imply that the measurements have been made “in fi
is International Standard.

evel or sound
b background

If it is necessary to make measurements where the difference between the.'sound pressuie levels of the

ISO 9614-2[14]

n be demonstrated that the background noise levels in theest room at the time of the measurements

f interest, the
nal Standard,
source emits
upper bound

pvels from the
rest may be

'Le
cies at which

N such cases,

arly state that
n the case of
t the criteria.
Il conformity”
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Table 1 — Maximum background noise levels in test room for absolute criteria

One-third-octave mid-band Maximum band sound
frequency pressure level
Hz dB
50 44
63 38
80 32
100 27
125 22
160 16
200 13
250 11
315 9
400 8
500 7
630 7
800 7
1 000 7
1250 7
1 600 7
2000 7
2500 8
3150 8
4 000 8
5000 8
6/300 8
8 000 12
10 000 14
12 500 11
16 000 46
20 000 46

4.3 Criterion for acoustic adequacy of test environment

4.3.1 General

A test room shall provide a measurement surface that lies inside a sound field that is essentially free of
undesired sound reflections from the room boundaries or nearby objects (apart from the floor).

As far as is practicable, the test environment shall be free from reflecting objects other than the reflecting
plane(s).

10 © 1SO 2010 — All rights reserved
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NOTE 1 An object in the proximity of the noise source under test can be considered to be sound reflecting if its width
(e.g. diameter of a pole or supporting member) exceeds one-tenth of its distance from the reference box.

The reflecting plane(s) shall extend at least 0,5 m beyond the projection of the measurement surface on the
plane(s). The sound absorption coefficient of the reflecting plane(s) shall be less than 0,1 over the frequency
range of interest.

NOTE 2  Smooth concrete or smooth sealed asphalt surface(s) are generally satisfactory.
Annex A specifies procedures for determining the magnitude of the environmental correction, K5, to account

for deviations of the test environment from the ideal condition. Measurements in accordance with this
International Standard are only valid where K,, < 4 dB (see 4.3.2, Reference [25]).

NOTE[3  If the environmental correction K,, exceeds 4 dB, ISO 3743BI4], |SO 374711, 1ISO 9614-113M e ISO 9614-2[14]
can be used for results of accuracy grade 2, or ISO 3746[°! can be used for results of accuracy grade.3:

NOTEK In some specific cases, the horizontal testing plane cannot be reflecting (e.g. /awnmowers, [some types of
earth-moving machines). In such cases, a relevant noise test code describes in detail the nature of the plape on which the
noise gource is mounted and indicates the possible consequences on the measurementuncertainty.

The environmental correction, X,, is assumed to be zero for measurements made in hemi-anechoic rooms
which|meet the requirements of ISO 3745.

For an outdoor space which consists of a hard, flat ground surface, such as asphalt or con¢rete, with no
sound-reflecting objects within a distance from the noise source\equal to 10 times the greatest [distance from
the geometric centre of the source to the lowest measurement points, it shall be assuined that the
envirgnmental correction K is less than 0,5 dB and can be neglected.

4.3.2 | Criterion for environmental correction

The epvironmental correction, K,,, shall first beCdetermined without reference to frequency band data, using
one of the procedures of Annex A. Then:

a) if|K,5 >4 dB, this International Standard is not applicable (see 4.3.1),

b) ifl Kop <4 dB, measurementsymay be made in accordance with this International Standard, either in
frequency bands or A-weighted, using measurement surfaces described in Annexes B, ¢ and D — in
Hdition, for direct measurement of A-weighted sound pressure levels, the alternative micfophone array
escribed in Annex E(may be used.

o Q

Where it is decided to.make measurements in frequency bands, the relevant environmental corrgction K, shall
be determined in~gach band over the frequency range of interest in accordance with A.2 or|{A.3.4 and all
measyirementso, determine L, or L, of a noise source shall be made in frequency bands. Ly, ¢r L, shall be
calculpted using the frequency-band levels, see Annex E.

5 Instrumentation

5.1 General
The instrumentation system, including the microphones, cables and windscreen, if used, shall meet the

requirements of IEC 61672-1:2002, class 1, and the filters shall meet the requirements of IEC 61260:1995,
class 1.
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5.2 Calibration

Before and after each series of measurements, a sound calibrator meeting the requirements of
IEC 60942:2003, class 1 shall be applied to each microphone to verify the calibration of the entire measuring
system at one or more frequencies within the frequency range of interest. Without any adjustment, the
difference between the readings made before and after each series of measurements shall be less than or
equal to 0,5 dB. If this value is exceeded, the results of the series of measurements shall be discarded.

The calibration of the sound calibrator, the compliance of the instrumentation system with the requirements of
IEC 61672-1, the compliance of the filter set with the requirements of IEC 61260, and, if used, the compliance
of the reference sound source with the requirements of ISO 6926, shall be verified at intervals in a laboratory
making calibrations traceable to appropriate standards

Unless nationpl regulations dictate otherwise, it is recommended that the sound calibrator should be, calibrated
at intervals ngt exceeding 1 year, the reference sound source should be calibrated at intervals nofexcgeding
2 years, the pompliance of the instrumentation system with the requirements of IEC 61672-1 should be
verified at infervals not exceeding 2 years, and the compliance of the filter set with thHe'requirements of
IEC 61260 shpuld be verified at intervals not exceeding 2 years.

6 Definiti

6.1 Gener

The manner i

the sound pdg
intended to n

noise source
equipment to

and operating
pressure leve

describes the

fon, location, installation, and operation of noise source under test

Al

n which the noise source under test is installed and operated may have a significant influer
wer or sound energy emitted by a noise source~This clause specifies conditions th
inimize variations in the noise emission due to the-installation and operating conditions
under test. Relevant instructions of a noise test;code, if any exists for the family of machin
which the noise source under test belongs,.shall be followed. The same installation, mo
conditions of the noise source under test Shall be used for the determination of emission

Is and sound power levels. A noise test code for the noise source under test, if any

installation, mounting and operating.conditions in detail.

Particularly for large machines, it is necessary to decide which components, sub-assemblies, au

equipment, pq

wer sources, etc., constitutelintegral parts of the noise source.

6.2 Auxiliary equipment

Care shall be

under test do

If practical, al
of it shall be

sound radiate

include all si
removed or a

taken to ensuredhat any electrical conduits, piping or air ducts connected to the noise 3
not radiate significant amounts of sound energy into the test environment.

auxiliary,equipment necessary for the operation of the noise source under test that is not
ocated.outside the test environment. If this is impractical, care shall be taken to minimig
d into the test environment from such equipment. The noise source under test shall be ta
prificant sources of sound emission, including auxiliary equipment which cannot eith

ce on
At are
of the
ery or
unting
sound
bXists,

xiliary

ource

a part
e any
ken to
er be

Heatuately auietened. and the reference box (see 7 1) shall he extended apnpropriately
- P2 T AY 7 Lol o Ll J

6.3 Noise

source location

The noise source to be tested shall be installed with respect to, or driven on, the reflecting plane or planes, as
if it were in normal use. The noise source shall be located at a sufficient distance from any reflecting wall or
ceiling or any reflecting object so that the requirements given in Annex A are satisfied on the measurement
surface.

Typical installation conditions for some machines involve two or more reflecting surfaces (e.g. an appliance
installed against a wall), or free space (e.g. a hoist), or an opening in an otherwise reflecting plane (so that
radiation may occur on both sides of the vertical plane). Detailed information on installation conditions should
be based on the general requirements of this International Standard and on the relevant noise test code, if
one exists.
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6.4 Mounting of the noise source

6.4.1 General

In many cases, the sound power or sound energy emitted by a source is affected by support or mounting
conditions. Whenever a typical mounting condition exists for the noise source under test, that condition shall
be used or simulated, if feasible.

Mounting conditions specified or recommended by the manufacturer of the noise source under test shall be
used unless otherwise specified in any relevant noise test code. If a typical mounting condition does not exist,

or cannot be ut|I|zed for the test, or if there are several alternat|ve pOSSIbIlItIeS care shaII be taken to ensure

which is atypical.
ise source is

mounted.
Many|small noise sources, although themselves poor radiators of low-frequency soundycan, as p result of the

possil
vibrati

should be rigid (i.e. have a sufficiently high mechanical impedance) to prevent it from vibratin

and r4

mounted in typical field installations.

Coupl
the sd
Consigq

6.4.2

Such

transn
test rg
part o
exists

6.4.3

Such
Base-
on an

placed on the floor at least 1,5 m from any wall of the room, unless a table or stand is required fq

accor
least
centrg

d of mounting, radiate more low-frequency sound when their vibrational \energy is fransmitted to

es large enough to be efficient radiators. In such cases, resilient mounting shall be
le, between the noise source under test and the supporting structure;” so that the ftr.
on to the support and the reaction of the source are both minimized:In this case, the

diating sound. However, resilient mounts shall be used only if-the noise source under tes

interposed, if
nsmission of
ounting base
g excessively
t is resiliently

ng conditions, e.g. between prime movers and driven machines, can exert a considerablé influence on

und radiation of the noise source under test. It may be>appropriate to use a flexible coupli
erations apply to these as to resilient mounts.

Hand-held machinery and equipment

machinery and equipment shall be suspended or guided by hand, so that no structure-b
nitted via any attachment that does not'belong to the noise source under test. If the noise
quires a support for its operation during testing, the support structure shall be small, cons
f the noise source under test, @and comply with the requirements of the relevant noise tes

Base-mounted, wall-mounted, and tabletop machinery and equipment

machinery and équipment shall be placed on a reflecting (acoustically hard) plane (
mounted machinery or equipment intended exclusively for mounting in front of a wall shg
acoustically.hard surface in front of an acoustically hard wall. Tabletop machinery or equip

lance with"the noise test code for the machinery or equipment under test. The table or sta
,5 m from any absorptive surface of the test room. Such machinery or equipment shall be
ofthe top of a standard test table.

ng, but similar

brne sound is
source under
dered to be a
t code, if any

loor or wall).
Il be installed
ment shall be
r operation in
nd shall be at
placed at the

NOTE

6.5

An example of a test table is given in SO 112011'8],

Installation and mounting conditions for moving noise sources

The sound power emitted by a moving noise source is determined with the source traversing a defined
segment of a straight path. The wheels, tracks or other supports on which the source runs, together with the

suspe

nsion system, shall be the same for the purpose of test as in normal use.

© 1SO 2010 — All rights reserved
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6.6 Operation of source during test

The sound power or sound energy emitted by a source, whether stationary or moving, can be affected by the
load applied, the running speed, and the conditions under which it is operating. The source shall be tested,
wherever possible, under conditions that are reproducible and representative of the noisiest operation in
typical usage. The specifications given in a noise test code, if any exists, shall be followed, but in the absence
of a noise test code one or more of the following modes of operation shall be selected for the test(s):

a) source under specified load and conditions;

b) source under full load [if different from a)];

c) source U||1der no load (idling);

d) source atf

€) source o
use;

f) sourcew

g) source updergoing a characteristic work cycle under defined conditions.

The source 9

maximum operating speed under defined conditions;

th simulated loading, under defined conditions;

perating under conditions corresponding to maximum sound generation representative of normal

hall be stabilized in the desired operating condition, with any power source or transnjission

system running at a stable temperature, prior to the start of measurements for sound power level or sound

energy level ¢
test, or varied

through a defined cycle in a controlled manner.

etermination. The load, speed and operating conditions shall either be held constant duripng the

If the sound power or sound energy emission depends on.secondary operating parameters, e.g. the type of

material bein
practicable, th
are used, the
test are repre

sentative of normal use.

7 Reference box and measurement surface

7.1 Reference box

In order to fag
shall first bg
parallelepiped
elements pro|
disregarded.

j processed or the design of cutting tool, those parameters shall be selected, as far| as is
at give the smallest variations and that are-typical of normal use. If simulated loading condglitions
y shall be chosen such that the sound-power levels or sound energy levels of the source|under

ilitate the selection of the shape and dimensions of the measurement surface, the referenge box
delineated. . <The reference box is a hypothetical surface defined by the smalles{ right
that just’éncloses the source under test. When defining the dimensions of the reference box,
frudingsfrom the source which are known not to be significant radiators of sound mjay be

The locations

of theTeference box, the measurement surface and-the microphone positions for measurements,

are defined with respect to a co-ordinate system with origin O in the ground plane, shown in Figure 1. The
point O is the middle point of a box consisting of the reference box and its images in the adjoining reflecting
plane(s). The horizontal axes x and y of the co-ordinate system also lie in the ground plane, parallel to the
length and width of the reference box. The characteristic source dimension, dg, used to determine the
dimensions of the measurement surface, is shown in Figure 1 for reference boxes on one, two and three
reflecting planes.

14
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c) Reference box on three reflecting planes, dg= \1112 + l% + 132

do characteristic source dimension
11 reference box width

I, reference box length

I3 reference box height

O origin

Figure 1 — Reference box and origin of co-ordinates for one, two and three reflecting planes
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7.2 Measurement surface

7.21

General

This International Standard gives specifications relating to the shape of the measurement surface.

The microphone positions, or traverses, at which the sound pressure levels are measured lie on the
measurement surface, a hypothetical surface of area S which envelops the reference box and terminates on
the reflecting plane(s). The measurement surface shall be of one of the following four shapes:

a)

a hemisphere, half-hemisphere or quarter-hemisphere of radius r» (the measurement radius),

see Anng
b) aright p3
d (the me

c) acylinde

d) acombin
In general, th
source, with 3
In addition, m
through the m
be preferable
long, source
measurement
the source, of
size of sourcq
an appropriat

NOTE Fo
possible to red
and shape of th

For measurer]
same family g

7.2.2 Micro

The microph
IEC 61672-1)
the microphg
IEC 61672-1)

o
XD,

rallelepiped with sides parallel to those of the reference box, each side being spaced a dig
asurement distance) from the corresponding side of the reference box, see Annex-C;

, half-cylinder or quarter-cylinder of diameter 2R and height # shown in Annex D;
ation of two segments, each being hemispherical, rectangular or cylindrieal’in form.

e type of measurement surface may be selected based on the shape and size of the
goal of having the distances from each microphone to the ngisé source be roughly equi
easured power levels tend to be the lowest and most accurate'when most sound energy p
easurement surface at normal incidence. Thus, for a relatively small source, a hemispher
for a long box-like source, a parallelepiped may be preferable; and for a tall, but not w
a cylinder may be the preferred measurement, surface. However, because di
surfaces have different requirements for the minimum distance between the microphong
her considerations, such as the amount of background or reverberant noise in the test roo
relative to the usable measurement space of\the test environment, may enter into the chq
e measurement surface.

purposes where the sound power or.sound energy levels are compared with limit values, it n
ice the uncertainty due to measurement reproducibility, if the associated noise test code specifies t
e measurement surface.

nents on a series of similar(noise sources (e.g. machines of the same type or machines frg
f a similar size), the same_shape of measurement surface shall be used.

phone orientation

bne shall be_Joriented so that the reference direction of the microphone (as specif
is normal-fo"the measurement surface. At a corner of a parallelepiped measurement su
ne shalk’be oriented so that the reference direction of the microphone (as specif
points;towards the origin of the reference box (shown by point O in Figure 1).

stance

noise
alent.
asses
e may
ide or
ferent
s and
m and
ice of

hay be
he size

m the

ed in
rface,
ed in

NOTE Geherally, for free-field response microphones. the reference direction is the long axis of the microphone-
preamplifier. For diffuse-field response microphones, the reference direction is perpendicular to the long axis of the
microphone-preamplifier body.

7.2.3 Hemispherical measurement surface

The hemisphere shall be centred on the co-ordinate origin, O, see Figure 1. For any noise source, the
measurement radius, r, shall be equal to or greater than twice the characteristic source dimension, dg, not
less than 1 m and not greater than 16 m.

For small products where measurements are made over a limited frequency range (see 3.9) the measurement
radius may be less than 1 m, but shall not be less than 0,5 m.
NOTE A radius less than 1 m can impose limits on the low frequency range of the measurements.
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If it is necessary to use a measurement radius that is so large that the requirements for the acoustic
environment (see Clause 4) are not fulfilled, a hemispherical measurement surface should not be used and
the measurement surface should be a parallelepiped, cylinder or a combination of forms.

If there is only one reflecting plane, the measurement surface is a full hemisphere and its area (see 8.2.5 and
8.3.6) S = 2m2. If the source under test stands against a wall, the measurement surface is a half-hemisphere,
of area S = mr2. If the source stands in a corner, the measurement surface is a quarter-hemisphere, of area

S =nr2/2.
7.2.4 Parallelepiped measurement surface
The ppraltelepiped-shall-havethesame-orentatiorwith-respectiothe—co-ordinateorgin—O—as the reference
box. Tlhe measurement distance, d, shall be at least 0,25 m, but preferably 1 m or more.
NOTE A measurement distance less than 0,5 m can impose limits on the low frequency range of the njeasurements.
If therg is only one reflecting plane, the area S of the measurement surface is given’by Equation (9)

S|= 4(ab + bc + ca) (9)
wherg

al= 0,5/ +d

b|= 0,51, +d

cFilz+d

i which /4, I, and /5 are the length, width and height, respectively, of the reference box.
If the $ource under test stands against a walt(see Figure C.12), the measurement surface area i given by

S|= 2(2ab + bc + 2ca) (10)
wherg

al= 0,5/, + 0,54

b|= 0,51, +d

cFl3+d

il which

T iS5 the tengthof the Teference box from the waitto the frontface,
I, I3 are the width and height, respectively, of the reference box.

If the source stands in a corner (see Figure C.13), the measurement surface area is given by

S=2(2ab + bc + ca) (11)
where

a=0,5/4 +0,5d

b=0,5l, + 0,54
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c= 13 +d
in which

Iy, b

I3

are the length and width of the reference box measured from the two walls to the respective

opposite faces,

is the height of the reference box.

7.2.5 Cylindrical measurement surface

The cylinder
origin, O, se
respectively,

[q
R=-+
2

and its height
h= l3 + d

where /4, /5 &
this Internatio
microphones
based on the
be set to the
distances d,
defined, and ¢

d2 =R—

The total ared
the area of th
St =nR? and
the measuren
in a corner, th

7.2.6 Comblination measurement surface

The measure
7.2.5, but with
would be a ¢

Ehall be centred around the reference box, with the cylinder's base centred on the co-or

Figure 1. The measurement distances to the sides of the reference box are dj. a
nd that to the top of the reference box is ds, see Figure D.1. The radius, R, of the cylinder

d4

+d
> 2

h, is

B

nd /5 are the length, width, and height, respectively, of the reference box. For the purpo
nal Standard, the dimensional labels shall be assigned.so that /; > /,. Due to the fact th
are associated with unequal sub-areas (see Annex D), d, and d; may be selected arb
size of the noise source under test or other considerations. It is recommended that both of
same value, preferably 1 m, but neither shall_be less than 0,5 m. Furthermore, none
1, or d3 shall be greater than 1,5 times either,0fthe others. With d4 and d5 selected, # and
/> defaults to

Iy

2

S of the measurement surface\is equal to the sum of the area of the top circular surface,

dinate
hd dz,
S

ses of
at the
itrarily
these
of the
R are

T, and

e side vertical surface, Sg.Jf there is only one reflecting plane, the area of the top surface is

the area of the vertical.side surface is Sg = 2nRh. If the source under test stands against
nent surface is a half-ylinder and St = nR?/2 and Sg = nRh, see Figure D.3. If the source s
e measurement suface is a quarter-cylinder and St = nR%/4 and Sg = nRh/2, see Figure D.

ment surface shall be considered as having one of the three basic shapes specified in 7
segments to the side and/or top taking one of the other shapes; e.g. one possible combi
ylinder with an added hemisphere at one end, and another would be a parallelepiped w

n wall,
stands
1.

2.3 to
nation
ith an

added half-cylirder

n—t rolac £t

and/or

H a n h aoverpika—the—-orentaticon—aelaction aaalramant radi o
O CT O (OpPp— rcTaliCS goveT g T oo tatorT, SCIeCtoTrT O e casarcimert radias

distance and the determination of the total measurement surface area shall be the same as those given for
the respective basic shapes. The surface as a whole shall have no concave or re-entrant segments.

8 Determination of sound power levels and sound energy levels

8.1

8.11

Microphone positions on the measurement surface

Hemispherical measurement surface

For a noise source tested adjacent to one reflecting plane, the microphones shall be located at the 10 key
positions numbered 1 to 10, the co-ordinates of which are given in Table B.1 and are illustrated in Figure B.1.

18
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In the case of noise sources which do not emit audible discrete tones, i.e. sources which emit only broadband
sound, the microphones may optionally follow the traverse lines illustrated in Figure B.2, or be located at the
key positions 1 to 10 in Table B.2, illustrated in Figure B.2, instead.

NOTE 1 The overhead positions, numbered 1 to 10 in Table B.1 and Table B.2, may be omitted for safety reasons, if
so stated in the relevant noise test code.

When the purpose of the measurements is to determine the A-weighted sound power level directly from
measurements of A-weighted sound pressure levels on a hemisphere, the microphone array described in

Annex F may be used.

NOTE

2

The noise test code, if any exists, for the machinery family to which the source under test belongs prescribes

the mi

For a
positid
Figure

For a

key p
Figure

Additi
C) app

th
Iq

a)

o

re
p

b)

—

r-

[¢)]

NOTE
positio
numbe

th
0

c)

For c
Figure
depen

rophone array to be used from among those offered by this International Standard.

noise source tested adjacent to two reflecting planes, the microphones shall be located 3
ns numbered 2, 3, 6, 7, and 9, the coordinates of which are given in Table.B.2, and
B.3.

noise source tested adjacent to three reflecting planes, the microphonesyshall be locate
psitions numbered 1, 2, and 3, the co-ordinates of which are giveh~in Table B.3 and
B.4.

bnal microphone positions shall be used to make further measarements if at least one of ¢
lies:

e range of A-weighted sound pressure levels (i.e. the difference in decibels between th
west levels) measured in accordance with 8.2 at pesitions 1 to 10 exceeds 10 dB, in thg
ne reflecting plane, or that measured at positions'2, 3, 6, 7 and 9 exceeds 5 dB in thg
flecting planes, or that measured at positions 4;32, and 3 exceeds 3 dB in the case of tt
anes;

e noise source under test emits noise with an apparent A-weighted directivity index (see §
dB in any direction;

3  The apparent directivity index may be influenced by background noise. When L) at &
n is within 6 dB of the highest L;,,-(ST) , priority should be given to reducing background noise prior tq
r of microphone positions.

e noise from a large source is emitted only from a small portion of the source, e.g. the o
herwise enclosed-machine.

bndition a), the-additional microphone positions shall be those numbered 11 to 20 in T
B.1, or in\Table B.2 and Figure B.2, or 11, 14, 15 and 18 in Figure B.3, or 4, 5 and 6
ding upon/the type of noise source and the number of reflecting planes. Optionally,

additipnal positions on the full hemisphere may be obtained with another measurement at the kg

positid

ns_with the noise source under test rotated clockwise through —60° for the array in ac

Table

t the five key
illustrated in

d at the three
illustrated in

bnditions a) to

e highest and
case of only
b case of two
ree reflecting

4) exceeding

ny microphone
increasing the

penings of an

[able B.1 and
in Figure B.4,
the required
y microphone
cordance with

B 1, and rotated throu |gh 180° for the array naccordance with Table B 2

For conditions b) or c), extra localized measurement positions on the measurement surface in the region of
high noise radiation shall be used in order to make a detailed investigation over a restricted portion of the
measurement surface. The procedure is to locate the position of the highest sound pressure level and to
concentrate a number of extra microphone positions around it, nhumerically equal to the range of sound
pressure levels (i.e. the difference between the highest and lowest levels) found. If this procedure is followed,
the localized microphone positions are associated with unequal segment areas on the measurement surface
and proper allowance shall be made in the determination of the mean sound pressure levels (see 8.2.2.2).

The number of microphone positions can be reduced if preliminary investigations for a particular family of
noise sources show that the surface sound pressure levels determined using the reduced number deviate by
no more than 0,5 dB from those using measurements over the complete set of positions. An example is when
the pattern of sound emission is shown to be symmetrical. Alternative arrays of six microphone positions are
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described in Annex F. The selection from the arrays in Annex B or in Annex F shall be made in the relevant
noise test code for a particular type of noise source. With the array from Table B.2, the six positions shall be
those numbered 1, 11, 4, 14, 7, and 17. With the array from Table F.1, the six positions shall be those
numbered 2, 4, 6, 8, 10, and 12.

If the noise source under test emits steady broadband sound, it is permissible to make measurements using a
microphone traversing at constant velocity along a minimum of five coaxial circular measurement paths in
parallel planes, as described in B.4, instead of at individual microphone positions. If the source emits audible
discrete tones, a minimum of 10 coaxial circular paths shall be used. The coaxial paths may be implemented
by either rotating the microphones whilst keeping the noise source stationary or rotating the noise source and
keeping the microphones stationary.

8.1.2 Paralllalepiped measurement surface

The number
reference box
where they sh

and locations of the microphone positions or traverses depend upon the dimensions pf the
({4, I, and I3) and the measurement distance (d), and procedures for determining/how many and
all be are given in Annex C.

Additional miq
c) applies:

rophone positions shall be used to make further measurements if at least-one of conditiong a) to

a) the range of A-weighted sound pressure levels (i.e. the difference in décibels between the highest and

lowest leyels) measured in accordance with 8.2 exceeds the number of measurement points;

the noise
5dBina

b) source under test emits noise with an apparent A-weighted directivity index (see 8.4) excegeding

ny direction:

NOTE1  The
position is with
of microphone

e apparent directivity index may be influenced by background noise. When L ,;g) at any micrg
n 6 dB of the highest L’pi(s-r) , priority is given to reducing background noise prior to increasing the 1
bositions.

phone
umber

the noise of an

otherwiss

c) from a large source is emitted only, from a small portion of the source, e.g. the openings

enclosed machine.

For condition
Figure C.5.

For condition
high noise ra
measurement
sound pressu
to the range ¢
procedure is

a), the number of measurement positions shall be increased as shown in Figure (

5 b) or c), extra localized measurement positions on the measurement surface in the reg
diation shall be used’in order to make a detailed investigation over a restricted portion
surface (see Eigure C.3 or Figure C.6). The procedure is to locate the position of the h
re level and toyconcentrate a number of extra microphone positions around it, numerically|
f sound pressure levels (i.e. the difference between the highest and lowest levels) found.
ollowed,the’ localized microphone positions are associated with unequal segment areas

0.2 or

ion of
of the
ighest
equal
If this
bn the

measurement
levels (see 8.

surface and proper adaptation shall be made in the determination of the mean sound pressure
P 2.2).

The number of microphone positions can be reduced if preliminary investigations for a particular family of
noise sources show that the surface sound pressure levels determined using the reduced number deviate by
no more than 0,5 dB from those using measurements over the complete set of positions. An example is when
the pattern of sound emission is shown to be symmetrical.

NOTE 2  The overhead positions can be omitted for safety reasons, if so stated in the relevant noise test code.

If the noise source under test emits steady noise, it is permissible to make measurements using a microphone

traversing at constant velocity along parallel measurement paths containing the respective microphone
positions from Annex C.
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Cylindrical measurement surface
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The number and locations of the microphone paths or positions depend upon the dimensions of the
measurement surface, and procedures for determining how many and where they shall be are given in
Annex D.

8.1.4

Combination measurement surface

For each segment of a combination measurement surface, the rules governing the number and location of the
microphone positions shall be the same as those given for the respective basic shapes specified in 8.1.1 to

8.1.3.

8.2

8.21

Time-
A-wei
over 3
sound
meas

Determination of sound power levels

Measurement of sound pressure levels

jhted) shall be obtained at each microphone position or over each microphone traverse (i
typical period of operation of the source, for each mode of operation/selected (see 6.4
pressure levels at individual microphone positions vary with time, it\is important to selec|
irement time interval and the interval chosen shall be stated incthe test report. The meas

interval should be 20 s or longer, but shall be at least 10 s for all ffequency bands or for A-we

using
includ

In adg
under

a traversing microphone, the integrating time shall be an“integer number of full traver
e at least two full traverses.

ition, either immediately before or immediately afterithe sound pressure levels from the
test, L',;s), are measured, the time-averaged sound pressure level of the background

hveraged sound pressure levels from the noise source under test, L’pi(ST), (either in frequéncy bands or

=1,2 ... Ny)
5). Where the
t carefully the
urement time
ghting. When
5es and shall

noise source
noise, Lpi(B)’

shall |be obtained at each microphone position cor over each microphone traverse, over the same
measyirement time interval as that used for the noise source under test.
8.2.2 | Calculation of mean time-averaged 'sound pressure levels
8.2.2.1 Measurement surface with microphone positions or traverses uniformly distributed
For a|measurement surface having microphone positions or traverses associated with equal segment areas,
the mean time-averaged sound. pressure level from the array of microphone positions over the measurement
surfage, for the chosen mode’ of operation of the noise source under test, L’,st) , shall be calculated using
Equatjon (12):
+— 1 W orr
1’ s1) =10)g N—Zm " PiST) | dB (12)
M =1
where
L’pi(ST) is the frequency-band or A-weighted time-averaged sound pressure level measured at the ith
microphone position or ith microphone traverse with the noise source under test (ST) in
operation, in decibels;
Ny is the number of microphone positions or individual microphone traverses.

The mean time-averaged sound pressure level of the background noise, L, shall be calculated using
Equation (13):

L

Ny
L3 100t

p(B) = 10 |g NM
i=1

R
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where

L,i®) is the time-averaged sound pressure level of the background noise (B) measured at the ith
microphone position, or ith microphone traverse, in decibels;

Ny is the number of microphone positions or individual microphone traverses.

8.2.2.2 Measurement surface with segments having unequal areas

For a measurement surface having microphone positions or traverses associated with unequal segment areas,
the mean time-averaged sound pressure level from the array of microphone positions over the measurement
surface, for trﬁe chosen mode of operation of the noise source under test, L’,sr) , shall be calculated| using

Equation (14)

e 1 01z’

Liysty ={101g E;:Six1o TpiST) | dB (14)

1=

where
L’pi(ST) s the frequency-band or A-weighted time-averaged sound préssure level measured at the ith

microphone position or ith microphone traverse with the noise source under test in operatjon, in

fdecibels;

S s the partial area, in square metres, of the meastrement surface associated with the ith
icrophone position or ith microphone traverse;

S s the total area, in square metres, of the measurement surface

Nu s the number of microphone-positions or individual microphone traverses.

The mean tirhe-averaged sound pressure level of the background noise, L,By: shall be calculated|using
Equation (15)

1 0L,
L@ =101lg [E;S"MO ’ MB)] dB (15)
where

L,i®) is the time-averaged sound pressure level of the background noise measured at the ith
microphone position, or ith microphone traverse, in decibels;

S; is the partial area, in square metres, of the measurement surface associated with the ith
microphone position or ith microphone traverse;

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

Ny is the number of microphone positions or individual microphone traverses.
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Corrections for background noise

The background noise correction, K, shall be calculated using Equation (16):

K

where

dB

. =-101g (1-10“”“#)

AL, = LiysT) = L (@)

N

IfAL,

If 6 dH
be ap

If ALp
value
be clé
repreg

NOTE

backgriound noise requirements of this Intefnational Standard.

8.24

The
time-g

test environment (Ks,'see A.2 and A.3) using Equation (17):

I~

8.2.5

which

L;U(ST) is the mean frequency-band or A-weighted time-averaged sound pressure |
array of microphone positions over the measurement surface, with.the noise
test in operation, in decibels,

L,®) is the mean frequency-band or A-weighted time-averaged-sound pressure

decibels.

< AL, < 15 dB, corrections shall be calculated in accordance with Equation (16) and co
blied.

< 6 dB for one or more one-third-octave bands;-the accuracy of the result(s) may be red
of K4 to be applied in the case of these bandsis 1,3 dB (the value for AL, = 6 dB). In this
arly stated in the text of the report, as wellas in graphs or tables of results, that the data
ent upper bounds to the sound power lgvel of the noise source under test.

Refer to 4.2 for the criteria for background noise and for determining whether the measurer

Calculation of surface/time-averaged sound pressure levels

burface  time-averagedsound pressure level, L, , shall be calculated by correctir
veraged sound pfessure level, L;(ST) , for background noise (K}, see 8.2.3) and for the in

p = Lpgty—Ki-K;

Calculation of sound power levels

> 15 dB, K is assumed to be zero, and no correction for background noise shall be applied.

(16)

evel from the
source under

level of the

background noise from the array of microphone positions over the measuremeént surface, in

rections shall

uced and the
case, it shall
n such bands

hents meet the

g the mean
fluence of the

(17)

The sound power level, Ly, for the meteorological conditions at the time and place of the test shall be
calculated using Equation (18):

Ly =E+10|gi dB

So
where
S is the area, in square metres, of the measurement surface;
Sy =1m2

© 1SO 2010 — All rights reserved

(18)

23


https://standardsiso.com/api/?name=5506c5248aad4a956ffa77dc2ba03be8

ISO 3744:2010(E)

Reduced atmospheric pressure or a temperature below 10 °C creates a bias in the sound power level. At
altitudes greater than 500 m above sea level or temperatures below 10 °C the sound power levels, Lyt atms
corresponding to the reference static pressure 101,325 kPa and reference atmospheric temperature 23,0 °C

shall be calculated in accordance with Annex G.

8.3 Determination of sound energy levels

8.3.1

Measurement of single event time-integrated sound pressure levels

Single event time- mtegrated sound pressure levels from the noise source under test, L'py sT) (either in

frequency ba
single sound
least five) or
event time-in
through a ti
microphone.

NOTE If 1
simultaneous

Either immed
noise source
shall be obta
the noise sou

mission event at a tlme (in which case the process shall be repeated N t|mes where M,
from several successive (N,) sound emission events (where again N, is at least five):\The
egrated sound pressure levels shall be measured simultaneously at all microphone po
e period that encompasses the full burst. In this case, it is not permitted totuse a travi

e sound emission event has sufficient repeatability, it can be possible to_.relax the requirem
easurement at all microphone positions.

ately before or immediately after the single event time-integrateddsound pressure levels frg
inder test are measured, the time-averaged sound pressureAdevel of the background noise| L
ned at each microphone position over the same integration‘time used for the measuren
rce under test.

or one

is at
smgle
sitions
ersing

ent for

m the

ert of

8.3.2 Calcujation of mean single event time-integrated sound pressure levels at each microphone
position
If N, single ¢vent time-integrated sound pressure levels have been measured one at a time at the ith
microphone ppsition, the mean single event time-integrated sound pressure level at that position, L’ sty shall
be calculated|using Equation (19):
s $101g 2100% 4(ST) 158 (19)
e q= =1
where
L'g; sy | is the frequeney-band or A-weighted single event time-integrated sound pressure level [at the
ith microphone position, for the gth event (4 =1,2 ... N,) of the noise source under fest in
operation,jin decibels;
Ng is the’number of measurements of single sound emission events.

If one single event time-integrated sound pressure level has been measured at the ith microphone position
encompassing N, sound emission events, the mean single event time-integrated sound pressure level at that
position for one event, L’Ei(ST), shall be calculated using Equation (20):

Lgi(sT) = LEingsT) — 1019 N dB (20)
where
L,Ei,Ne (sT) Is the frequency-band or A-weighted single event time-integrated sound pressure level at
the ith microphone position, encompassing N, successive sound emission events of the
noise source under test in operation, in decibels;
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Ng is the number of sound emission events encompassed by one measurement of the single
event time-integrated sound pressure level.

8.3.3 Calculation of mean single event time-integrated sound pressure levels over the measurement
surface

The mean single event time-integrated sound pressure level over the measurement surface, Ly sy , shall be

calculated using the mean single event time-integrated sound pressure levels at the individual microphone
positions, L’ sT), in the same way as for the time-averaged sound pressure levels described in 8.2.2.

8.3.4 Correction for background noise

The background noise correction, K4;, shall be calculated using Equation (21):

Ky =-101g (1—10—0‘“5 ) dB (21)
where
ALp = LgsT) = Ly@)

r which

L}E(ST) is the mean frequency-band or A-weightéd-single event time-integrated sqund pressure
level from the array of microphone positions over the measurement surface, with the noise
source under test in operation, in decibels),

L,@®) is the mean frequency-band or “A-weighted time-averaged sound pressur¢ level of the
background noise from the array of microphone positions over the measurement surface,
in decibels (see 8.2.2).

The integration time T = 1, — #; and other measurement parameters shall be the same for the mgasurement of
the single event time-integrated sound pressure level L’; g1y and of the background noise level 1 ;).

8.3.5 | Calculation of surface(single event time-integrated sound pressure levels

The gurface single event-time-integrated sound pressure level, E shall be calculated by ¢orrecting the
respegtive mean single event time-integrated sound pressure level over the measurement surface, L;E(ST) ,
for bapkground noise<(K 4, see 8.3.4) and for the influence of the test environment (K5, see A.2 gnd A.3) using
Equatjon (22):

I~

£ =LEsT)—K1-K> (22)

8.3.6 Calculation of sound energy levels

The sound energy level, L, for the meteorological conditions at the time and place of the test shall be
calculated using Equation (23):

L, =Ly +10lg--dB (23)
So

1) This quantity is based on the measurement either of one single sound emission event at a time, or from several
successive sound emission events (see 8.3.1).
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where

Ly; s the surface single event time-integrated sound pressure level, in decibels;

S is the area, in square metres, of the measurement surface;
Sy =1m2

Reduced atmospheric pressure or a temperature below 10 °C creates a bias in the sound energy level. At
altitudes greater than 500 m above sea level or temperatures below 10 °C the sound energy level, L gt aim
correspondin i i 3,0°C
shall be calcujated in accordance with Annex G.

8.4 Calculation of apparent directivity indices

To validate the number of measurement positions [see 8.1.1 b) or 8.1.2 b)], the apparent\directivity indices
(3.24) on the actual measurement surface shall be calculated.

8.5 Calculgtion of apparent surface sound pressure level non-uniformity index

If required, thé apparent surface sound pressure level non-uniformity index (3.25) shall be calculated.

8.6 A-weighted sound power level and sound energy level

Calculation of Ly or L, of the noise source under test from measurements made in frequency bands shall
be performed|using the procedure given in Annex E.

For sources hich emit sound at predominantly high or Tow frequencies, outside of the nominal frequency

range of interest (see 3.9), the frequency range of intérest shall be extended to include these frequencgies in
the calculatio of Ly, or L;,, and this shall be made-Clear in the test report.

9 Measurement uncertainty

9.1 Methogology
The uncertainties of sound power levels, u(Ly,), in decibels, and sound energy levels, u(L; , in degibels,

determined il accordance with/this International Standard are estimated by the total standard deviation, &y,
in decibels:

u(Ly ) 5 u(Ly)s oo (24)

This total standard deviation is obtained using the modelling approach described in ISO/IEC Guide 98-3. This
requires a mathematical model which in case of lack of knowledge can be replaced by results from
measurements, including results from round robin tests.

In this context this standard deviation is expressed by the standard deviation of reproducibility of the method,
O o in decibels, and the standard deviation, o, in decibels, describing the uncertainty due to the instability
of the operating and mounting conditions of the source under test in accordance with:

Ciot =020 + Tome (25)

Equation (25) shows that variations of operating and mounting conditions expressed by o, should be taken
into account before a measurement procedure with a certain grade of accuracy (characterized by o) is
selected for a specific machine family (see 9.5 and H.3).
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numeri

ISO 3744:2010(E)

If different measurement procedures offered by the ISO 3741 to ISO 3747 series are us
cal deviations (biases) may additionally occur.

ed, systematic

Derived from oy, the expanded measurement uncertainty U, in decibels, shall be calculated from

U=ko_t0t

(26)

The expanded measurement uncertainty depends on the degree of confidence that is desired. For a normal
distribution of measured values, there is 95 % confidence that the true value lies within the range (L — U) to

Ly +

If the
appro

9.2

The {
instab
accou
meas
meas

V), [or (L;— U) to (L; + U)]. This corresponds to a coverage factor of £ = 2.

riate to apply the coverage factor for a one-sided normal distribution. In that case, the\cqg
corresponds to a 95 % confidence level.

Determination of o,

if can be more

verage factor

tandard deviation o, [see Equation (H.1)] which describes the uncertainty associated with the

lity of the operating and mounting conditions for the particular source under test shall
nt when determining the measurement uncertainty. It can be determined separately f|
irements carried out on the same source at the same location/bythe same persons, us

are

measfyirements made with microphone arrays, repeated measurements of the corresponding su
quantities [ L),;sT) Or Lg;(sT) ] are required. The results of, the preceding measurements are

iring instruments and the same measurement position(s). Toddetermine o,
ade at the microphone position associated with the highest value of L',y [or

be taken into
rom repeated
ing the same

repeated measurements

L,Ei(ST) ] For
rface average
corrected for

background noise. For each of these repeated measuremeénts, the mounting of the machine and its operating

condi
possil
concel
that a

NOTE
value

materi
cases
machi

9.3

9.3.1

The s
Intern
differe

s
r[es and presses operating under’load) a value of 4 dB can result.

ons shall be readjusted. For the individual sound\source under test, o, is designated
le that a noise test code provides a value..6f) o, Which is representative for the m
rned. This value should take into account all*possible variations of operating and mount
e within the scope of the noise test code.

If the sound power has only a smalkvariation with time and the measurement procedure is defi
f 0,5 dB for o, can apply. In other cases, e.g. a large influence of the material flow into and out of]
| flow that varies in an unpredictable manner, it is possible that a value of 2 dB is appropriate. Howg

uch as strongly varying nojse“generated by the processed material (stone-breaking machine

Determination of o),

General

tandard\deviation oy includes all uncertainty due to conditions and situations all
htional,Standard (different radiation characteristics of the source under test, different ins
nt.implementations of the measurement procedure) except that due to instability of the sq

BS Oome - It is
achine family
ng conditions

ned properly, a
the machine or
ver, in extreme
, metal-cutting

bwed by this
strumentation,
und power of

the so

urce under test. The latter is considered separately by o

The values of o,y given in Table 2 reflect current knowledge. They are typical upper bounds taking into
consideration the great variety of machines and equipment covered by this International Standard.
Machinery-specific values may be derived from round robin tests (see 9.3.2) or by using the mathematical
modelling approach (see 9.3.3). They should be given in noise test codes specific to machinery families
(see 9.2 and Annex H).

9.3.2 Round robin test

The round robin test for determining o shall be carried out in accordance with ISO 5725, where the sound
power level of the source under test is determined under reproducibility conditions, i.e. different persons
carrying out measurements at different testing locations with different measuring instruments. Such a test
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provides the total standard deviation, o, relevant for the individual sound source which has been used for
the round robin test. Participating laboratories in round robin tests should cover all possible practical situations.

This total standard deviation o, in decibels, of all results obtained with a round robin test includes the
standard deviation (. and allows c%q to be determined by using

,r 2

’2
O'tot

~ Oomc

oo = (27)
If o%o values obtained from many different pieces of machinery belonging to the same family deviate within a
small range only, their mean value can be regarded as typical for the application of this International Standard
to this particular family and used as o,o. Whenever available, such a value should be given in the noise test

code specific bse of
declaring noig

If no round ro
family of mac

For certain ag
different locat
noise correcti
is rechecked
designation s

Values for oy

The determin
Equation (27)
exceed Oyt /

9.3.3 Mode

Generally oy

the different measurement parameters suchhas uncertainties of instruments, environmental correction

microphone [
modelling app

to the machine family concerned (together with o,,,,;) and used in particular for the purp
e emission values.

bin test has been carried out, the existing knowledge about the noise emission front a par
nines may be used to estimate realistic values of op.

plications, the effort involved in a round robin test can be reduced by omittihg measureme
ons, e.g. if machines under test are usually installed under conditions with a small backg

at the same location. Results of such delimited tests should e denoted by o p|, an
nould also be used for tests on large machines not movable in‘space.

h, pL can be expected lower than those given in Table 2.

ption of o, using Equation (27) is imprecise if ois only slightly higher than o, .. In thi
provides a small value of o g, but with a low aceuracy. To limit this inaccuracy, o, shot

V2 .

ling approach for o,

. u;, associate

[ A

, in decibels, is dependent upon ‘several partial uncertainty components, ¢

ositions. If these contributions are assumed to be uncorrelated, o,y can be described
roach presented in ISO/IEG Guide 98-3, as follows:

O-RO:\/

In Equation (4
included. Thsg
O o in accord

NOTE If 1

2 2 2
c1u1) +(02u2) +oh. . +(cnun)
8), the uncertainty components due to the instability of the sound emission of the source g
se components are covered by o, Annex H discusses each component of the unce

ance with*existing knowledge.

he_-uncertainty components in the modelling approach are correlated, Equation (28) does not

ticular

nhts for
round

bn K4, and a small or similar environmental correction K5, or if the fpise emission of a machine

d this

5 case
Id not

d with
5, and
Dy the

(28)

re not
rtainty

apply.

nnnnnnnnn ta-datarmaina t mdividual tarma tn 1ot (2Q
tO-CCtCrm M e CmarviGoa

H= P 0
o= quatoOnt—zZ9o).

Furthermore, tr

Amad H hrocuienc lknawdada
oGt TMgapPProatTCaumrc s Gt 1 rOwWicGge

By contrast, the estimation of o, based on a round robin test does not require assumptions about possible
correlations between the individual terms of Equation (28). A round robin test is currently more realistic than
determining possible correlations between the single terms of Equation (28) and their dependencies on all
other influencing parameters using the modelling approach. However, round robin tests are not always
possible and are often replaced by experience from earlier measurements.

9.4 Typical upper bound values of o

Table 2 shows typical upper bound values of the standard deviation o g for accuracy grade 2 that may cover
most of the applications of this International Standard (References [25][26]). In special cases or if certain
requirements of this International Standard are not met for a machine family or if it is anticipated that actual
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values of o, for a given family of machines are smaller than those given in Table 2, a round robin test is
recommended to obtain machine-specific values of opg.

9.5

The

Table 2 —Typical upper bound values of the standard deviation of reproducibi
of the method, o, for sound power levels and sound energy levels
determined in accordance with this International Standard

lity

One-third-octave mid-band Standard deviation of
Frequency bandwidth frequency reproducibility, opg
Hz dB
100 to 160 3,0
. 200 to 315 2,0
One-third-octave

400 to 5 000 1,5
6 300 to 10 000 2,5
A-weighted per Annex E 1,59

@  Applicable to noise sources which emit sound with a relatively “flat” spectrum in the frequency

range from 100 Hz to 10 000 Hz.

Total standard deviation oy,; and expanded measurement uncertainty U

Equatjon (25) and Equation (26), respectively.

EXAMPLE Accuracy grade 2; o

deternjinations of o,, have not been undertaken thus the value is taken from Table 2 (o, =

Equat

ipns (26) and (25) it follows

[ =2x+15%2+22 dB = 5dB

Additignal examples of calculated values,for.o,; are given in H.3.

NOTE

The expanded measurement uncertainty as described in this International Standard does

standgrd deviation of production which is used in 1ISO 4871171 for the purpose of making a noise declaratio
machines.

10 Information'te’be recorded

10.1

The in

made

10.2

General

fotal standard deviation and the expanded measurement uncertainty shall be detefmined using

omc = 2,0 dB; coverage factor k=2; determined L,, =82 dB. Machine-specific

1,5 dB). Using

hot include the
h for batches of

formation listed in 10.2 to 10.5, when applicable, shall be compiled and recorded for all measurements

In accordance with this International Standard.

Noise source under test

The following information shall be recorded:

a) a description of the noise source under test (including the manufacturer, type, technical data, dimensions,
serial number and year of manufacture);

b) a

description of any treatment of auxiliary equipment for the purpose of the test;

c) the mode(s) of operation used for the test(s) and the relevant measurement time interval(s);
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d) the mounting conditions;

e) the location(s) of the noise source in the test environment.

10.3 Test environment

The following

information shall be recorded:

a) a description of the test environment:

1) if it is indoors, the description shall include the nature of the building, the construction and any lining

of th

any
2) if it

surrd

3) whether indoors or outdoors, the description shall also include any wall(s) against which the

sour
b) adescrip

c) the air te
the time

10.4 Instrumentation

The following

a) the equip
b) the date,
instrume

c) the charg

10.5 Acoustical data

The following

a) the dime
measure

b) the micrg

E-walts; ftooramd—ceiting;,and-asketchshowingthetocatiomof theoise—source urder te;

pther contents of the room,

s outdoors, the description shall include the nature of the reflecting floor surface ar
unding terrain, with a sketch showing the location of the noise source under test,

Ce under test stands;

tion of the acoustical qualification of the test environment in accordance with Annex A,

mperature, in degrees Celsius, and the static pressure, in kilopascals, near the noise sol
f test.

information shall be recorded:
ment used for the measurements, including’the name, type, serial number and manufactur

place, and methods used to calibrate’ the sound calibrator and to verify the calibration

cteristics of the microphong windscreen, if any.

information shallbe recorded:

ment radius, r, or distance, d;

phone' positions or path(s) used for the measurements (with a sketch if necessary) includir

ntation system and, if used, to calibrate the reference sound source, in accordance with 5.2;

5t and

d the

noise

rce at

er;

of the

’

nsions of the-reference box, /4, I, and I3, the shape of the measurement surface and the

g any

regions W

here the positions are associated with unequal areas of the measurement surface;

For each mode of operation under which the noise source was tested:

c) all measured sound pressure levels, whether time-averaged, L, or single event, L, in the test
environment from the noise source under test;

d) the correction(s), K4, in decibels, to account for background noise;

e) the correction(s), K, in decibels, to account for the test environment, and the method from Annex A used
to determine it (them);

f) the surface time-averaged sound pressure levels, L

pressure

30

»» or surface single event time-integrated

levels, L, in decibels;

sound
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g) the sound power levels, Ly, or Ly, or sound energy levels, L, or L, in decibels, in frequency bands or
A-weighted, as appropriate, rounded to the nearest 0,1 dB; a graphical representation may optionally be
recorded in addition;

h) the expanded measurement uncertainty of the results, in decibels, together with the associated coverage
factor and coverage probability;

i) if required, the maximum apparent directivity index, Df; and the direction in which it applies;

j) if required, the apparent surface sound pressure level non-uniformity index at the applicable
measurement radius, V. or measurement distance ¥, ;

k) the date and time when the measurements were performed.

11 Tlest report

Only those recorded data (see Clause 10) which are required for the purpose-of the measurements shall be
reported. The report shall also contain any statements required to be reported by certain clausg¢s in the main
body pf this International Standard. If the reported sound power levels ©r\Sound energy levgls have been
obtained in full conformity with the requirements of this International Standard, the report shall state this fact. If
the leyels have not been obtained in full conformity, the report shall.ngt state or imply that they|have been. If
one of a small number of identifiable discrepancies exist between«the/reported levels and the requirements of
this I:{ternational Standard, then the report may state that the ‘measurements have been ¢onducted “in

conformity with the requirements of this International Standard) except for...” and the discrepgncies clearly

identified. In this case, the term “full conformity” shall not be(stated or implied.
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Annex A
(normative)

Qualification procedures for the acoustic environment

A.1 General

Environments
the magnitud
undesired en
noise source

The first qual
(RSS) and ca
particularly if
the test site.

The second @
equivalent al
approximately
methods are
(see A.3.2), 1
measurement
from the meg
dimensions a

NOTE In
be distorted. In
methods may H

A.2 Absol

A.2.1 Gene

For noise soy
meeting the

position as th
determined in
initially assum

I influences shall be evaluated by selecting one of two alternative procedures used to detg
e of the environmental correction, K,. These procedures shall be used to determine
vironmental influences are present and to qualify a given measurement surface(for’an
inder test in accordance with this International Standard.

fication test (absolute comparison test, see A.2) is carried out with a reference sound §
h be used outdoors and indoors. This is the preferred procedure for qualifying a test enviro

ualification test (method based on room absorption, see A.3).requires the determination
sorption area, 4, of the test room, and is based on.the assumption that the roor
a cubic shape, is substantially empty, and that sound is.absorbed at the room boundaries
described in which 4 can be calculated either from: measurements of reverberatior
om measurements of sound pressure levels from the noise source under test using a secq
surface (see A.3.3), from measurements on a reference sound source (see A.3.4), or esti
n absorption coefficient (see A.3.5). If the noise*source under test cannot be moved an
e large, one of these is the preferred method.

some industrial buildings which are of low height and have reflecting surfaces, the sound propagati
these conditions, the second qualification’ method is not applicable; detailed guidelines and alte
e given in noise test codes for specific.types of machinery.

Iite comparison test

ral

rces under teSt.where a hemispherical measurement surface is used, a reference sound {
equirements~of 1SO 6926 shall be mounted in the test environment, in essentially the
At of thewnoise source under test. The sound power level of the reference sound source sk
accordance with the procedure of Clause 8 without the environmental correction, X, (i.e
ed’equal to zero). The same measurement surface shall be used as that for the measure|

of the noise s

rmine
if any
actual

ource
hment,

data in frequency bands are required, and if the noise source under-test can be removed from

of the
n has
. Four

time
ndary
mated
d if its

bn can
rnative

ource
same
all be

K, is
ments

burce under test.

The environm

ental correction, K5, is given by:

Ky =Ly - LyRrss)

where

*

Ly

Ly rss)

32

(A1)

is the environmentally uncorrected sound power level of the reference sound source,

determined in accordance with Clause 8 when using the value 0 for K5, in decibels;

is the sound power level of the calibrated reference sound source under the meteorological

conditions of the test, in decibels.
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This method is applicable to both directly measured A-weighted levels and frequency band
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levels. If the

spectrum of the noise source under test is very different from that of the reference sound source, K5, shall be

determined from frequency band levels.

A.2.2 Locations of reference sound source in test environment

If the noise source under test can be removed from the test site, the reference sound source shall be located

on the reflecting plane, independent of the height of the noise source under test, except for speci
as hand-held machine tools.

NOTE
source
used i
freque

hcies.

A sing
those
four
rectan
Ly, th
of the
avera

le location is sufficient for small- and medium-sized sources (/4, Iy, I3 < 2 m). Foplarger sq
with ratios of length to width greater than 2, the reference sound source shallbe operated
oints. Assuming that the projection of the noise source under test on ‘the floor is
gular in shape, the four points are located at the middle points of the sides of the rectan
B surface sound pressure level, L,, shall be calculated with the reference sound source Ig
four points on the floor. At each point on the measurement surface, the sound pressure
ped for the four source locations on a mean-square basis, i.e. usiig Equation (12).

If the [noise source under test cannot be removed from the test 'site, the reference sound sd
placed at one or more positions in the same environment, different from the position of the noise

test, But equivalent with respect to room reflections. Positions of the reference sound source
noise source under test or adjacent to it, in accordance with'[SO 374761, may be used.

With regard to a sufficient number of microphone pesitions, care should be taken to fulfil the re
8.1.1,18.1.2 or 8.1.3, as appropriate.

A.3 Determination of the environmental correction based on room absorpt

A.3.1| General

The environmental correction, X, shall be calculated from Equation (A.2):

-]

i
([, =101g | 1+4-+~ |dB
2 9{ A}

wherg

A| Cis the equivalent sound absorption area, in square metres, of the room;

al cases such

Normally the reference sound source is calibrated for use in positions away from walls with the reference

ound source is

ay occur at low

urces and for
pn the floor at
bpproximately
hle. To obtain
cated at each
level shall be

urce shall be
source under
on top of the

quirements of

on

(A.2)

S is the area, in square metres, of the measurement surface.

A.3.2 Reverberation method

This test method shall be used only in rooms of length and width each less than three times the ceiling height.

The equivalent sound absorption area, 4, in square metres, of the test room shall be calculated by the Sabine

reverberation time equation. At room temperatures between 15 °C and 30 °C:

4=016"
T

n
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where
V  is the volume, in cubic metres, of the test room;

T, is the measured reverberation time (see ISO 3382-2), in seconds, for A-weighting or in frequency

bands.

For the purpose of determining K,, directly from A-weighted measured values, the use of the reverberation
time measured in the frequency band with a mid-band frequency of 1 kHz is recommended.

This method is not suitable for use in a laboratory-quality hemi-anechoic room or for outdoor measurements.

A.3.3 Two-surface method

This test method shall be used only in rooms where K, < 2 dB.

Two surfaces| that surround the noise source shall be selected. The first surface shall be, the measurement
surface, in agcordance with 7.2, for the determination of the sound power level. The area of the first shrface
shall be designated S,. The second surface with area S, shall be geometrically similan to the first surfage and
located furthgr away and symmetrical with respect to the noise source under test. On both surfacegs, the
background npise criteria specified in 4.2 shall be fulfilled.

The microphdne locations on the second surface shall correspond to those’on the first surface. The ratig S,/S
shall not be lg¢ss than 2 and preferably should be greater than 4. The ratio S/4 in Equation (A.2) is calculated

from:
A _ 4(M —1) (A.4)
Sy 1AM (S41/85)
where
v =10 (Lp1-Lp2)
in which
L, is the mean time-averaged sound pressure level on S;, see Equation (12), corrected for
background noise but not for the influence of the environment (see 8.2.4), in decibels,
E is the medn-time-averaged sound pressure level on S,, see Equation (12), corrected for
background noise but not for the influence of the environment (see 8.2.4), in decibels;
Ay is the area; in square metres, of the first measurement surface;
SZ is the area, in sguare mnfrne, of the second measurement surface

The environmental correction K, for A-weighting or in frequency bands is obtained from Equation (A.2), with
the S/4 ratio calculated from Equation (A.4).

A.3.4 Determination of the equivalent absorption area 4 with a reference sound source
(direct method)

A reference sound source meeting the requirements of ISO 6926 shall be mounted in the test environment
near the noise source under test. The radius of the hemispherical measurement surface should be preferably
2 m, but in no case smaller than 1 m and not smaller than two times the largest diameter of the reference
sound source. The distance from the source to other reflecting surfaces shall be greater than the diameter of
the measurement hemisphere.
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NOTE Normally the reference sound source is calibrated for use in positions away from walls with the reference
source either directly on the floor or on a stand at a specified elevation above the floor. If the reference sound source is
used in other positions, unless it has been calibrated specifically in these positions, systematic errors can occur at low
frequencies.

The microphone positions shall be on the fixed point array with the co-ordinates given in Table B.2.

The mean background noise-corrected time-averaged sound pressure level from the reference sound source
on the hemispherical measurement surface, L iy, ity » Shall then be determined in accordance with 8.2.2 and
8.2.4.

The egivatent-abserptiorarea-istheneatetiated-using-Equation{A-5):
45
4= (A.5)
0| L ,(in situ)—L
(S/SO)X 10 |: p(in situ) W(RSS)} 1

where

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

SH=1m?;

L insituy is the mean time-averaged sound pressure level of the reference sound soyirce mounted

near to the noise source under test, corrected for background noise but not for the influence
of the environment (see 8.2.4), in decibels;

h

(RSS) is the sound power level of the calibrated reference sound source under the meteorological
conditions of the test, in decibels.

If the tatic pressure or other atmospheric eonditions differ significantly from the reference conflitions for the
determination of the calibrated sound power level of the reference sound source, Lyrss). calgulation of the
sound power level of the reference sound source under in situ conditions, Ly rss in situ) 1S recgmmended, in
accorglance with the manufacturer's.instructions.

If Ly krss) is not known, or_if\it is not possible to calculate Ly rss insitu) ffom Ly rss) regetition of the
measlirements described above with the reference sound source in an acoustic free field ovIr a reflecting
plane|outdoors to obtain-a-reference mean time-averaged sound pressure level, L s, is recommended.
From these measurements the equivalent absorption area in the environment where the noise|source under
test is|mounted is caleulated using Equation (A.6):

A= 45 (A.6)

100,1 |:Lp(in situ)_Lp(l'ef)} 1

A.3.5 Approximate method for measurements made with A-weighting
This test method shall be used only in rooms of length and width each less than three times the ceiling height.

In order to ascertain the acoustic characteristics of the test environment, K,, shall be determined from
Equation (A.2) using a value of 4 given by Equation (A.7):

A= aSy (A.7)
where

o is the mean sound absorption coefficient, given for A-weighted quantities in Table A.1;
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Sy is the total area, in square metres, of the boundary surfaces of the test room (walls, ceiling and floor).

Table A.1 — Approximate values of the mean sound absorption coefficient,

Mean sound absorption

.. Description of room
coefficient, o

0,05 Nearly empty room with smooth hard walls made of concrete, brick, plaster or tile

0,10 Partly empty room; room with smooth walls

0,15 Right cuboid room with furniture; right cuboid machinery room or industrial room

o0 IFregutarty shaped room with TUrnitare; rregularly shaped machinery room or mndustrial
room

ol25 Room' with upholstergd furniture; machinery or industrial room with solnd-absprbing
material on part of ceiling or walls

0,30 Room with sound-absorbing ceiling, but no sound-absorbing materials on walls

0,35 Room with sound-absorbing materials on both ceiling and walls

0,50 Room with large amounts of sound-absorbing materials on ceiling and walls
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Annex B
(normative)

Microphone arrays on a hemispherical measurement surface

B.1 Microphone positions and additional microphone positions

The preferred locations of microphone positions, suitable for all noise sources including thes

e which emit

discrefe tones, are shown in Table B.1 and Figure B.1. Optionally, for noise sources which.emit no audible

discrete tones, the locations shown in Table B.2 and Figure B.2 may be used instead. In‘the cas

e of a source

which|emits tones, strong interference effects are liable to occur and the locations, ffem Table B.1 shall be

used.

In Tables B.1 and B.2, the co-ordinates (x, y, z) of the positions are given, each)associated wit

N equal areas

on thg surface of a hemisphere of radius » and origin at the point O, see Figuré’1.

Table B.1 — Preferred microphone positions for.all noise sources
Position number xIr w/r zlr
1 0,16 — 0,96 0,22
2 0,78 -0,60 0,20
3 0,78 0,55 0,31
4 0,16 0,90 0,41
5 -0,83 0,32 0,45
6 ~0;83 -0,40 0,38
7 -0,26 -0,65 0,71
8 0,74 -0,07 0,67
9 -0,26 0,50 0,83
10 0,10 -0,10 0,99
11 0,91 -0,34 0,22
12 0,91 0,38 0,20
13 -0,09 0,95 0,31
14 -0,70 0,59 0,41
15 -0,69 - 0,56 0,45
16 -0,07 -0,92 0,38
17 0,43 -0,55 0,71
18 0,43 0,61 0,67
19 -0,56 0,02 0,83
20 0,14 0,04 0,99
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Table B.2 — Microphone positions for a broadband noise source

Position number xIr yir zlr
1 -0,99 0 0,15
2 0,50 -0,86 0,15
3 0,50 0,86 0,15
4 -0,45 0,77 0,45
5 -0,45 -0,77 0,45
6 0,89 0 0,45
7 0,33 0,57 0,75
8 -0,66 0 0,75
9 0,33 -0,57 0,75
10 0 0 1,00
11 0,99 0 0,15
12 -0,50 0,86 0,15
13 -0,50 -0,86 0,15
14 0,45 -0,77 0,45
15 0,45 0,77 0,45
16 -0,89 0 0,45
17 -0,33 -0,57 0,75
18 0,66 0 0,75
19 -0,33 0,57 0,75
20 0 0 1,00

B.2 Microphone positions for sources adjacent to two reflecting planes

For a noise squrce to be tested adjacent to two feflecting planes, reference shall be made to Figure B.3
purposes of defining a suitable measurement surface and microphone positions. In this case, the radiug
the measurement surface shall be at least*3 m. The coordinates of the microphone positions shg
Figure B.3 ar¢ as given for the respective. position numbers in Table B.2.

B.3 Microphone positions-for sources adjacent to three reflecting planes

or the
b, 7, of
wn in

For a noise spurce to be tested adjacent to three reflecting planes, reference shall be made to Figure B.4 for

the purposes pf defining a' suitable measurement surface and microphone positions. In this case, the rag
of the measurement:surface shall be at least 3 m. The co-ordinates of the microphone positions shq
Figure B.4 ar¢ as.given for the respective position numbers in Table B.3.

ius, r,
wn in

Table B.3 — Microphone positions for a source adjacent to three reflecting planes

Position number xIr yir zlr
1 0,86 -0,50 0,15
2 0,45 -0,77 0,45
3 0,47 -0,47 0,75
4 0,50 -0,86 0,15
5 0,77 -0,45 0,45
6 0,47 - 0,47 0,75

38
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Coaxial circular paths are selected, see Figure B.5, so that the annular areas of the hemisphere associated

with each are equal.

160
130

oL

e

Key

measurement surface

W > O o

reference box

key microphone positions (1, 2, 3,4, 5,6, 7, 8, 9, 10)
additional microphone positions (11, 12, 13, 14, 15, 16, 17, 18, 19, 20)

Figure B.1 — Preferred microphone positions on the hemispherical measurement surface
for all noise sources (The co-ordinates of the positions are given in Table B.1)
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r

0,75 Ir

0,45 r

015 r

y

Key

key microphone positions (1, 2, 3,4, 5,6, 7, 8,9, 10)

additional microphone positions (11, 12, 13, 14, 15, 16, 17, 18, 19, 20)
measurement surface

reference box

radius of the measurement surface

¥ W >0 0

Figure B.2 — Microphone positions on the hemispherical measurement surface
for a broadband noise source (The co-ordinates of the positions are given in Table B.2)
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s 0,99 r

089 r

0,66 r

075 r

0,45 r

o
>
0,15 r

Key
key microphone positions (2, 3, 6, 7, 9)
additional microphone positions (11, 14, 15, 18)

measurement surface

W > 0 o

reference box
radius of the measurement surface

~

Figure B.3 — Microphone positions on a half-hemispherical measurement surface
adjacent to two reflecting planes (The co-ordinates of the positions are given in Table B.2)
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key microphone positions (1, 2, 3)
additional icrophene positions (4, 5, 6)
measurempnt.surface

W > 0 o

reference pox

radius of the measurement surface

N

Figure B.4 — Microphone positions on a quarter-hemispherical measurement surface
adjacent to three reflecting planes (The co-ordinates of the positions are given in Table B.3)
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B reference box
elgvation of microphone traverses
h  height of corresponding areas of hemisphere
r  raglius of the measurement surface
z  axs of rotation of microphone traversing mechanism

NOTE The paths are selected so that the annular area of the\iemisphere associated with each path is the same.

Figure B.5 — Coaxial circular paths for a moving microphone
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Annex C
(normative)

Microphone arrays on a parallelepiped measurement surface

C.1 Microphone positions for sources mounted on one reflecting plane

Each of the flve planes of the measurement surface shall be considered on its own and so subdivide
each plane cpntains partial areas of equal size with a maximum length of side equal to 3d, where.d
measuremen{ distance (3.12) (see Figure C.1 which illustrates rectangular partial areas or Figare-C.4
illustrates triangular partial areas). The minimum number of microphone positions is thus 9\for recta

partial areas

In Figure C.1
partial area (g
Figures C.7 t
paths as shoV

Additional mig
a) if using 1
Figure C
b) if using tn
in Figure
If a localized

examples for

NOTE1  Thg

associated with each microphone position. For.the averaging procedure for the mean sound pressure level o

measurement

should be used.

NOTE 2 The
corners of the
the associated
Equation (12) g

igures C.1 a) and b)] or 10 for triangular partial areas [Figures C.4 a) and b))/

the key microphone positions are in the centre of each partial area and at each corner
xcluding the corners intruding into the reflecting plane). In this way, the'microphone positid
b C.11 are obtained. Adjacent microphone positions may be connected to make measur,
bn in Figures C.7 to C.11.

rophone positions, if required by 8.1.2 a), shall be defined as{ollows:

ectangular partial areas additional microphone positions shall be selected in accordanc
2 — the minimum number of microphones thus increases from 9 to 19;

angular partial areas (see Figure C.4), additional microphone positions shall be added as
C.5 — the minimum number of microphone positions thus increases from 10 to 20.

increase in number of microphone Jositions is required in accordance with 8.1.2 b)
ndditional localized microphone pasitions are given in Figures C.3 and C.6.

e rectangular subdivisions showh, in Figures C.1 and C.2 do not represent the assumed su

burface, equal subareas foréach of the microphone positions are assumed and Equation (12) of

e microphone arrays._shown in Figures C.4 to C.6 avoid measurement positions located on edg
parallelepiped megasurement surface. Thereby a clear correlation between each microphone positi

subarea is given’ for determining the mean sound pressure level over the measurement surf
r Equation (14):

d that
is the
which
ngular

of the
ns for
ement

e with

shown

or c¢),

bareas
er the
8.2.2.1

s and
bn and
bce by
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C.2 Microphone positions for sources adjacent to two or three reflecting planes

For a noise source to be tested adjacent to more than one reflecting plane, reference shall be made to
Figures C.12 and C.13.

Top view Side view
<3d
<3d
=od ; [ ] e [
vi

o

m ® ) ® [ 4
RS vi
m ®
vi

/
a) b) c)

Key
® kel microphone positions
d measurement distance

Figure C.1 — Key microphone positions on a parallelepiped
measurement surface consisting of'rectangular partial areas

<3d
- o 1) 1)
m
vi 1) 1) 1)
o o o
o o o

Key

® kel microphone positions

O additional microphone positions when an increase in number of microphones over the whole measurement surface is
required

d measurementdistance

- 65 Additional-micron] " he-whot Heleniped

measurement surface consisting of rectangular partial areas
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@ key microphane pasitions

O additional rLicrophone positions when a localized increase in number of microphones is required

d measurem

NOTE Each
associated with
the example ab
associated with g

ent distance

rectangular partial area is nominally associated with 2 key microphone positions. Additional microphohe positi
nequal segment areas on the measurement surface and the mean sound pressure level is detefmined using 8.1
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Figure C.4 —Key microphone positions on a parallelepiped measurement

surface consisting of triangular partial areas

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=5506c5248aad4a956ffa77dc2ba03be8

ISO 3744:2010(E)

Key
® key microphone positions
O additional microphone positions when an increase in number of microphones over the whole measurement surface is

required
Figure C.5 —Additional microphone positions over the whole parallelepiped
measurement surface consisting of triangular partial areas
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O additional microphone positions when a localized increase in number of microphones is required

Figure C.6 — Example for additional localized microphone
positions on a pair of triangular partial areas

© 1SO 2010 — All rights reserved 47


https://standardsiso.com/api/?name=5506c5248aad4a956ffa77dc2ba03be8

ISO 3744:2010(E)

J
X
Key
e key microphone positions
A reflecting plane
B refeflence box
2a meapurement surface length
2b meapurement surface width
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P1to P3 path|1to path 3

Figure C.7 — Example of a measurement surface with microphone positions
and paths-for a small machine (with dimensions /; < d, I, < d, I3 < 2d)
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Figure C.8 — Example of a measurement surface with microphone positions and paths
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for a tall machine with a small base area (with dimensions /; < d, I < d, 2d < I3 < 5d)
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Figure C.9 — Example of asmeasurement surface with microphone positions

and paths for a long machine (with dimensions 4d <[, < 7d, I, < d, I3 < 2d)
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Figure C.10 — Example of a measurement surface with microphone positions and paths for a

medium-sized machine (with dimensions d </ < 4d, d <1, < 4d, 2d < I3 < 3d)
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Figure C.11 — Example of a measurement surface with microphone positions and paths

for a large machine (with dimensions 4d < I, < 7d, d <y < 4d, 2d < I3 < 5d)
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Figure C.12'< Parallelepiped measurement surface with six microphone positigns

forfloor-standing noise sources adjacent to two reflecting planes
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(informative)

744:2010(E)

Microphone arrays on a cylindrical measurement surface

Figures D.1 and D.2 illustrate two different combinations of numbers of side and top circular paths for
microphone traverses on a cylindrical measurement surface.

The nfimber of microphone paths (and segments of measurement suriace) on the side of the cylinder, ng, and
on thg top, ny, shall comply with the following requirements:
a) ng > h/0,5 where /g is the height, in metres, of the measurement surface, to achieve adequate vertical

sampling by limiting spacing to 0,5 m or less;
b) ap a minimum, ng > 4,
C) ny > I’lS/2.
The microphone paths on the side are associated with equal segment/areas and shall be positigned such that
the ith microphone is at a height, #,, above the reflecting plane of

h) = (i = 1/2)hg/ns (D.1)
The tgp microphone paths are associated with unequali'segment areas and shall be spaced eqyally along the
radiug of the top surface. The outer radius of the ith\segment area, R;, is

R} = iRIny (D.2)
The radius, r;, of each top microphone path is

"=Ri_4+(R—R;_4)I2 fori>1 (D.3)
and

r{=R4/2 (D.4)
The partial area associated with the ith segment, S; [see Equation (14)] is:

g = 2 p2 .

i = (R —R4) fori>1 (D.5)

and

S — 2

1 =T R1 (DG)

The microphone traverses may be implemented by rotating either the microphones while keeping the noise
source stationary or the noise source and keeping the microphones stationary.

The application of traversing microphones along circular paths is strongly recommended for sources emitting
steady noise. Fixed microphone positions shall be used when the source emits non-steady noise. In this case,
at least eight equally spaced angular positions shall be used to sample over the circular paths, starting from

an init

ial angular position perpendicular to one of the sides of the reference box.

© 1SO 2010 — All rights reserved

55


https://standardsiso.com/api/?name=5506c5248aad4a956ffa77dc2ba03be8

ISO 3744:2010(E)

For a noise source tested adjacent to two reflecting planes, the measurement surface shall be a half-cylinder
(see Figure D.3), and for a noise source tested adjacent to three reflecting planes it shall be a quarter-cylinder
(see Figure D.4). In these cases, only fixed microphone positions shall be used. For the half-cylinder, there
shall be at least three positions at equal angular spacing along each semi-circular path, and for the quarter-
cylinder, there shall be at least two positions at equal angular spacing along each quarter-circular path. In both
these cases, the number of semi-circular or quarter-circular paths on the side and top surfaces and their
positions shall conform to the requirements above for the full cylinder. For the half- and quarter-cylinder, the
unequal partial areas for the top surface are, S;/2 or S/4, respectively, with S; defined above. Similarly, the
equal partial areas for the side surface are 1/2 and 1/4, respectively, of the corresponding full-cylinder partial
areas.

The alignment of the cylinder with respect to the reference box is illustrated in Figure D.1 and an example of a
microphone afrray with five microphone paths around the sides of the cylinder and four on the top is shown in
Figure D.2.

Figures D.3 and D.4 show plane views of respectively a half-cylindrical and quarter-cylindrical'méasurement
surface with fixed microphone positions distributed on three top half- and quarter-circulars, tespectively, and
on a minimum of three and two angular positions, respectively.

NOTE The vertical positions of the microphone paths on the side of the half- and quarterseylinder are the sgme as
those which wduld be used on a full cylinder.
P9 P8 P7

<

+

W

[

<
Key
A reflecting plane d3 measurement distance (height) I3 reference box height
B reference box hg height of the measurement surface  P1to P6 side microphone paths
dq measurement distance (length) /1 reference box length P7 to P9 top microphone paths
do, measurement distance (width) I, reference box width 2R measurement surface

diameter

Figure D.1 — Example of cylindrical measurement surface and microphone array,
with six side microphone paths and three top microphone paths
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Figure D.2 — Example of a microphone array with five side
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Figure D.3 — Example of a microphone array on a half-cylindrical
measurement surface adjacent to two reflecting planes

/

Figure D.4 — Example of a microphone array on a quarter-cylindrical
measurement surface adjacent to three reflecting planes
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Annex E
(normative)

Calculation of A-weighted sound power levels and A-weighted sound

E.1 A-weighted sound powerlevels

The Arweighted sound power level, Ly,,, may be calculated using Equation (E.1):

I~

wherg

Ly

k| C,

b

k

nin’ “max

E.2 A-weighted sound energy levels

The A-weighted sound energy level, L ;5 may be calculated using Equation (E.2):

oy e
wa =101g Y 10%m+Ch) gp

is the sound power level in the kth one-third octave band or in the kth octave ban

are given in Table E.1 for one-third octave bands, and in Table E.2 for octave ba

T o€
sa =101g > 10%1axC g

energy levels from frequency band levels

k=kein

measurement.

(E.1)

d, in decibels;

nds;

are the values of & corresponding, respectively, to the lowest and highest frequency bands of

(E.2)

ave band, in

nds;

vl
k=kein
where
Ly is.i{he sound energy level in the kth one-third octave band or in the ith oc
decibels;
k| C, are given in Table E.1 for one-third octave bands, and in Table E.2 for octave ba
kmim kmax__a¥e the values of £ corresponding, respectively, 1o the towestand highest frequ

measurement.

E.3 Values of k and C, for use in calculations

ncy bands of

Values of £ and C, are given in Tables E.1 and E.2 for calculations with frequency band data covering the
range of mid-band frequencies 50 Hz to 10 kHz for one-third octave bands and 63 Hz to 8 kHz for octave
bands, respectively.

NOTE If the noise source emits audible discrete tones, the calculation should be performed using one-third octave
band values.
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Table E.1 — Values of t and C, for mid-band frequencies of one-third octave bands

Mid-band frequency Cr
¢ Hz dB
1 50 -30,22
2 63 -26,2°2
3 80 22,52
4 100 -19,1
5 125 -16,1
6 160 —134
7 200 -10,9
8 250 -8,6
9 315 —6,6
10 400 4.8
11 500 -3,2
12 630 -1,9
13 800 -0,8
14 1000 0,0
15 1250 0,6
16 1600 1,0
17 2000 1,2
18 2500 1,3
19 3150 1,2
20 4000 1,0
21 5000 0,5
22 6-300 -0,1
23 8 000 -1,1
24 10 000 -2,5
8  Values of [C; given for use only where thertest environment and instrumentation are satisfactory for use at the frequencies
concerned.
Table E.2 —Values of k and C, for mid-band frequencies of octave bands
Mid-band frequency C,
g Hz dB
1 63 26,22
2 125 =161
3 250 -8,6
4 500 -3,2
5 1000 0,0
6 2000 1,2
7 4000 1,0
8 8 000 -1.1
@  This value of C, given for use only where the test environment and instrumentation are satisfactory for use at the frequencies
concerned.
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Annex F
(normative)

Alternative microphone array on a hemispherical measurement surface
for direct measurements of A-weighted sound pressure levels

F.1

This
meas

F.2

The m
at lea
series

For a
micro
Figure
Anney
matte
be red
that,

from those determined over the whole 10 or 12 positions. With the array from Table B.2, these

shall [
numb

For a
at the

nnex describes alternative microphone positions (see 8.1.1) that may be used whenthe
rements is to determine the A-weighted sound power level directly from measurements

ing surface, wind speed gradients or temperature gradients.

Microphone positions on the measurement surface

easurement surface shall be a hemisphere with its origin atithe point O and a measureme
5t twice the characteristic source dimension, dg (see Figure 1) extended to the next highg
4m,6m,8m,10m,12m, 14 m, 16 m.

Stationary noise source which emits broadband-sound and is tested adjacent to one reflect
bhones shall be located either at the 10 positions numbered 1 to 10 listed in Table B.2

B.2, or at the 12 positions listed in Table 1 and shown in Figure F.1. The selection fron
B or in this annex shall be made in the relevant noise test code for a particular type of noi
whether the positions are taken froni. Table B.2 or Table F.1, the number of microphone

uced to six in the noise test code. ifjpreliminary investigations for a particular family of m
y using the reduced number, the surface sound pressure levels do not deviate by mor

e those numbered 1, 11,4144, 7, and 17. With the array from Table F.1, the six positions
bred 2, 4, 6, 8, 10, and12;

moving noise source tested in motion adjacent to one reflecting plane, the microphones sh
six positions numbered 2, 4, 6, 8, 10, and 12 in Table F.1 and shown in Figure F.1.

Table F.1 — Co-ordinates of alternative microphone positions

urpose of the
bf A-weighted
where noise
upted by one
s in the hard

nt radius, r, of
r value in the

ing plane, the
and shown in
the arrays in
5e source. No
positions may
achines show
e than 0,5 dB
six positions
shall be those

all be located

Position number x/r@ v zlr 4
1 1,00a 0 — 1,%5m
2 0,707a 0,707a — 1,5m
3 0 1,00a — 1,5m
4 -0,707a 0,707a — 1,5m
5 —1,00a 0 — 1,5m
6 —-0,707a -0,707a — 1,5m
7 0 —-1,00a — 1,5m
8 0,707a —-0,707a — 1,5m
9 0,65 0,27 0,71 —
10 -0,27 0,65 0,71 —
11 -0,65 -0,27 0,71 —
12 0,27 -0,65 0,71 —

@8  The constant « depends on the measurement radius and is taken from Table F.2.
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Table F.2 — Values of the constant, a

,
. a

4 0,927
6 0,968
8 0,982
10 0,989
12 0,992
14 0,994
16 0,996
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