INTERNATIONAL
STANDARD

ISO
3747

Third edition
2010-12-01

Acoustics — Determination’of so
power levels and sound-energy le
of noise sources using-sound pre
Engineering/survey methods for use in
situ in a reverberant environment

nd
els
Ssure —

Acoustique — Détermination des niveaux de puissance aqoustique et
des niveaux d'énergiezacoustique émis par les sources de|bruit a partir
de la pression acoustique — Méthode d'expertise et de contrble pour

une utilisation in_situ en environnement réverbérant

e Reference number
= — ISO 3747:2010(E)

© SO 2010


https://standardsiso.com/api/?name=7d5ae38afcf71e44947d89bb5b020c5d

ISO 3747:2010(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

© 1S0O 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. +4122749 01 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © ISO 2010 — All rights reserved



https://standardsiso.com/api/?name=7d5ae38afcf71e44947d89bb5b020c5d

ISO 3747:2010(E)

Contents

Lo o o N
L 0T LU o2 o) N
1 ST oo o - S
2 Normative references.........cocciiiiiiiicin i

3 Terms and definitions ..o

4 Test enVIroNMEeNt.........coo i b

5 Instrumentation and measurement equipment ... m e e

6 Location, installation and operation of noise source under test ....L..........cccccuunnee

7 Measurement ProCedure..........cccouiiccirmmrerrninnssesssesresssssssssssmssssses fees Shasmsnnsssesssssssmmsnesssesas

8 Calculation of sound power levels and sound energy levelS...........cccccrrreeerrecccceennnns

9 Measurement uncertainty ..o G N

10 Information to be recorded..........c.ccciiiiiininn e S e ——————

1 =3 8 (= o XY o SRR
Annex A (normative) Evaluation of the excess of sound pressure level at a given distance

Anne

Anne

Anne

Anne
Bibliq

kK B (informative) Recommendations for the location of the reference sound source and the

microphones, if only one position is used for the reference sound source................

K C (normative) Sound power level and sound energy level under reference meteorol
L0 3T 11T o - e

k D (normative) Calculation of A-weighted sound power levels and A-weighted sound
energy levels from octave-band levels ...........cccoviiiniiiiinnci s

k E (informative) Guidance on the development of information on measurement unce

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=7d5ae38afcf71e44947d89bb5b020c5d

ISO 3747:2010(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 |
International §
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rights. ISO sh

ISO 3747 was

This third ed
revised.

Flectrotechnical Commission (IEC) on all matters of electrotechnical standardization.

btandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
k of technical committees is to prepare International Standards. Draft International Standards
he technical committees are circulated to the member bodies for votingyPublication jas an

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

awn to the possibility that some of the elements of this document may be the subject of patent
all not be held responsible for identifying any or all such patent rights.

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

tion cancels and replaces the second edition (ISO_3747:2000), which has been techpically
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Introduction

747:2010(E)

This International Standard is one of the series ISO 3741[2] to 1ISO 3747, which specify various methods for
determining the sound power levels and sound energy levels of noise sources including machinery, equipment
and their sub-assemblies. The selection of one of the methods from the series for use in a particular
appllca’uon depends on the purpose of the test to determine the sound power level or sound energy level and

noise
which

The

octav
A-wei
methd

equipfnent which, due to their manner of operation or installation, cann6t readily be moved.

The method specified in this International Standard permits the détermination of the sound po

the so

This |
(engin
the rq
requir
relevg
be po

ent for the purposes of the test. It is important that test codes be established for-.indiv
source, in order to give detailed requirements for mounting, loading, and operating’ cor
the sound power levels or sound energy levels are to be obtained.

ethod given in this International Standard is based on a comparison of the sound pres

frequency bands of a noise source under test with those of a calibrated reference
ghted sound power levels or sound energy levels may be calculated«from the octave-bar
d is applied where the noise source is found in situ and as such is suitable for larger piece

und energy level in octave bands from which the A-weighted value is calculated.

hternational Standard describes a method giving results of either 1ISO 12001:1996, acc
eering grade) or ISO 12001:1996, accuracy grade 3 (survey grade), depending on the e
quirements concerning the test environmentyare met. For applications where greate
ed, reference can be made to 1ISO 3741[2] ISO 374451 or an appropriate part of ISO 9614
nt criteria for the measurement environment specified in this International Standard are ng
5sible to refer to another standard from'this series, or to an appropriate part of ISO 9614[17

uidelines to assist in the selection are provided in ISO 374001, 1SO 3740(1
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Acoustics — Determination of sound power levels and sound
energy levels of noise sources using sound pressure —
Engineering/survey methods for use in situ in a reverberant
environment

1.1

This |
a nois

equipment) mounted in situ in a reverberant environment, with those from a calibrated reference

The s
produ
meas
using

1.2

The n

fluctuating, isolated bursts of sound energy,.etcy) defined in ISO 12001. The method is primarily

sourc
noise

The n
non-m

1.3

The tg
is a rg
room

backg
sourct

cope

General

nternational Standard specifies a method for determining the sound power level or sound ¢
e source by comparing measured sound pressure levels emittedy'by a noise source

pund power level (or, in the case of noise bursts or transient\noise emission, the sound
ced by the noise source, in frequency bands of widtht one octave, is calculated

the octave-band levels.

Types of noise and noise sources
nethod specified in this International Standard is suitable for all types of noise (steady

ps which emit broad-band noise. It-can, however, also be used for sources which emif
or discrete tones, although there is apossibility that the measurement reproducibility is the

pise source under test can be-a'device, machine, component or sub-assembly, especially
ovable.

Test environment

st environment\that is applicable for measurements made in accordance with this Internati
om where the{sound pressure level at the microphone positions depends mainly on reflec
surfaces¢(see 4.1). In measurements of ISO 12001:1996, accuracy grade 2 (engine
round neise in the test environment is low compared to that of the noise source or ref
P (see\d:2).

nergy level of
machinery or
sound source.
energy level)
using those

irements. The sound power level or sound energy levelwith frequency A-weighting applied is calculated

, nhon-steady,
applicable to
narrow-band

n degraded.

one which is

bnal Standard
tions from the
ering grade),
brence sound

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 octave bands and for A-weighted
frequency calculations performed on them. The uncertainty conforms with that of either ISO 12001:1996,
accuracy grade 2 (engineering grade) or ISO 12001:1996, accuracy grade 3 (survey grade), depending on the
extent to which the requirements concerning the test environment are met.
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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 5725 (all parts), Accuracy (trueness and precision) of measurement methods and results

ISO 6926, Acoustics — Requirements for the performance and calibration of reference sound sources used
for the determination of sound power levels

ISO 12001:1996—Ascoustics i 7 : : Ag and
presentation ¢f a noise test code

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of, uncertaipty in
measuremeny (GUM:1995)

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

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

3 Terms and definitions
For the purpopges of this document, the following definitions apply.

3.1
sound presslire

p
difference befween instantaneous pressure and static pressure

NOTE1  Adapted from ISO 80000-8:2007[221, 8-9.2.
NOTE 2  Sound pressure is expressed in“pascals.

3.2
sound presspre level
L

‘D
ten times the[logarithm to the 'base 10 of the ratio of the square of the sound pressure, p, to the squaie of a
reference vallie, p,, expressed in decibels:

2

P
L,=101g 2 dB (1)
PO

where the reference value, p,,, is 20 uPa
[ISO/TR 25417:2007[21], 2.2]

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. L, denotes the A-weighted sound pressure level.

NOTE 2  This definition is technically in accordance with ISO 80000-8:2007[221, 8-22.

2 © 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=7d5ae38afcf71e44947d89bb5b020c5d

ISO 3747:2010(E)

3.3

time-averaged sound pressure level

L,r

ténh 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,

Do, expressed in decibels

_ 1 ' _
2
T I p < (¢)de
4

L,r =101g| ————|dB 2)
Po

wherg the reference value, p, is 20 uPa

NOTE1 In general, the subscript “T” is omitted since time-averaged sound 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 L, 7, which is
usually abbreviated to L,a.

NOTE[3  Adapted from ISO/TR 25417:2007121], 2.3,

3.4
single event time-integrated sound pressure level
Lg
ten times the logarithm to the base 10 of the ratio of the integral of the square of the sound pregsure, p, of an
isolated single sound event (burst of sound or transient sound) over a stated time interval T (stayting at ¢, and
ending at #,) to a reference value, E, expressed(n decibels

o _
ij(t)dt
&

~

»=101g dB 3)

Eqg

wherg the reference value, £, is (20 pPa)? s =4 x 10710 Pa? s
NOTE|1 This quantity can be obtained by L,r+ 10 19(T/T,) dB, where Ty = 1 s.

NOTE[2 _When used to measure sound immission, this quantity is usually called “sound exposlre level’ (see
ISO/TR 25447:20071211),

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 Measurement time interval is expressed in seconds.

3.6

comparison method

method by which the sound power level or sound energy level of a noise source under test is determined from
a comparison of the sound pressure levels produced by the source under test with those of a reference sound
source of known sound power output, when both sources are operated in the same environment

© 1SO 2010 — All rights reserved 3
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3.7

reverberant sound field

that portion of the sound field in the test room over which the influence of sound received directly from the
source is negligible

3.8
reference sound source
sound source meeting specified requirements

NOTE For the purposes of this International Standard, the requirements are those specified in 1ISO 6926:1999,
Clause 5.

3.9
calibration ppsition
position, well{defined relative to reflecting surfaces, in which the reference sound source has been ealibrated

3.10
excess of sound pressure level at a given distance

AL
dif{erence, at|a given distance, between the sound pressure level of a sound souree’in a given room apd the
sound pressufe level that would be expected in a free sound field, expressed in decibels

NOTE This term and its definition differ from that given in 1ISO 14257:2001[20*3.6, which relates to an ajerage
difference over|a given distance range.

3.1
frequency range of interest
for general pyrposes, the frequency range of octave bands with neminal mid-band frequencies from 125 Hz to
8 000 Hz

NOTE For special purposes, the frequency range can beextended or reduced, provided that the test environment,
reference sourld source, and instrument specifications are satisfactory for use over the modified frequency range. Any
change to the|frequency range of interest is clearly-indicated in the test report. Measurements are not valid if the
A-weighted levels are predominantly determined by highor low frequencies outside the frequency range of interest.

3.12
reference bokx
hypothetical right parallelepiped terminating on the floor of the test environment on which the noise gource
under test is [located, that just encloses the source including all the significant sound-radiating compagnents
and any test table on which the source is mounted

3.13

measurement distance

6(iilggtance from|the nearest point of the reference box to a microphone position
NOTE Mepstrement distance is expressed in metres.

3.14

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.

4 © 1SO 2010 — All rights reserved
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3.15

background noise correction

K

correction applied to the measured octave-band sound pressure levels at each microphone position to
account for the influence of background noise

NOTE 1 Background noise correction is expressed in decibels.

NOTE 2  The background noise correction is frequency dependent; the correction in the case of a frequency band is
denoted K4, where f'denotes the relevant mid-band frequency.

3.16

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

[ISO §0000-8:2007(22], 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

3.17
sound power level
Ly
ten times the logarithm to the base 10 of the ratio of the sond power of a source, P, to a reference value, Py,
expressed in decibels

~

P
»=101g 2 dB (4)
Py

wherg the reference value, Py, is 1 pW

NOTE|1 If a specific frequency weighting as specified in IEC 61672-1 and/or specific frequency bands gre applied, this
should| be indicated by appropriate sybscripts; e.g. Ly denotes the A-weighted sound power level.

NOTE[2  This definition is technically in accordance with ISO 80000-8:2007122], 8-23.
[ISO/TR 25417:2007121122:9]

3.18
sound energy
J
integral of’the sound power, P, over a stated time interval of duration T (starting at ¢4 and ending at ,)

2
J:IPMdt (5)

|
NOTE 1 Sound energy is expressed in joules.
NOTE 2  The quantity is particularly relevant for non-stationary, intermittent sound events.

[ISO/TR 25417:2007!21], 2.10]

© 1SO 2010 — All rights reserved 5
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3.19

sound energy level

L

in decibels

J
lg—dB
gJO

where the reference value, Jy, is 1 pJ

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

(6)

NOTE If
should be indic|

[ISO/TR 2541

4 Testen

4.1 Criteri

SPECITNC Trequency weldntng as speciied In 1L 0167 Z-1 and/or SPecCINC requency Dands are appll
bted by appropriate subscripts; e.g. L5 denotes the A-weighted sound energy level.

7:2007121], 2.11]

vironment

pn for acoustic adequacy of test environment

The test envijlonment is where the noise source under test is found in situqive! either where the source

or where it ng
reverberant s
of the source
7.5 and 7.6.

accordance W
reverberant
measurement

4.2 Criteri

At each micr
least 6 dB an
source under

NOTE If i
background no

5

5.1 Gener

rmally operates. The method of test specified in this International Standard is for applicatig
bund field. The test environment shall therefore be sufficiently reverberant to cause the dire
under test to have an insignificant influence on the sound pressure levels measured accorg
The indicator, excess of sound pressure level at a‘given distance, AL, shall be determi
ith Annex A, and shall have a magnitude of at least 7 dB in regions where the requiremern
ound field is fulfilled. This indicator serves’ as the parameter by which to asseg
uncertainty, see Clause 9.

pn for background noise

bphone position, the octave-band sound pressure levels due to background noise shall
d preferably more than 15.dB.'below the octave-band sound pressure levels from the
test and from the reference'sound source.

is necessary to make ‘measurements where the difference between the sound pressure levels
se and the sources,is\ess than 6 dB, 1ISO 37467, 1ISO 9614-1['7] or ISO 9614-2!"8] can be used.

Instrumentation, and measurement equipment

Al

d, this

s built
nina
ctivity
ing to
hed in
t for a
s the

be at
noise

of the

The instrumentation system, including the microphones and cables, shall meet the requirements of
IEC 61672-1:2002, class 1, and the filters shall meet the requirements of IEC 61260:1995, class 1. The
reference sound source shall meet the requirements given in ISO 6926.

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
measurement system at one or more frequencies within the frequency range of interest. Without any
adjustment, the difference between the readings 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.
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The calibration of the sound calibrator, the compliance of the instrumentation system with the requirements of
IEC 61672-1, and the compliance of the reference sound source with the requirements of ISO 6926, shall be

verifie

d at intervals in a laboratory making calibrations traceable to appropriate standards.

Unless national regulations dictate otherwise, it is recommended that the sound calibrator should be calibrated
at intervals not exceeding 1 year, the reference sound source should be calibrated at intervals not exceeding
2 years, and the compliance of the instrumentation system with the requirements of IEC 61672-1 should be

verifie

d at intervals not exceeding 2 years.

6 Location, installation and operation of noise source under test

6.1

Since
have

can b
reflect

Many
methd
surfagd
interp
vibrati

and rd

mounied in typical usage.

Coupl
the sa
consig

6.2

If prad
not ar
the sd
to mir

shall he taken to include all-significant sources of sound emission, including auxiliary equipment

either

6.3

The s
and t

Source location and installation

the test procedure is designed for use in situ, the installation and location of the noise sou
0 be those where the source is found. However, the sound power or sound energy emitte
b affected by the manner of installation and its location, for instance, relative, to nearby
ing surfaces.

small sound sources, although themselves poor radiators of low-frequency sound, can, as
d of mounting, radiate more low-frequency sound when their vibrational energy is

es large enough to be efficient radiators. In such cases, resilient mountings should if
psed between the noise source under test and the supparting structure, so that the tr.

diating sound. Such resilient mounts should not be used if the noise source under test is

ng conditions, e.g. between prime movers and driven machines, can exert considerable
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.

Auxiliary equipment

ticable, all auxiliary equipmentinecessary for the operation of the noise source under tes
integral part of the source_ifself, including any electrical conduits, piping, air ducts, etc.,
urce under test, shall be\located outside the test environment. If this is impractical, care
imize any sound radiated into the test environment from such equipment. The noise sou

be removed or adequately quietened, and the reference box (see 7.2) shall be extended a

Operation\of source during test

condi

ne- conditions under which it is operating. The source shall be tested, wherever pd

rce under test
d by a source
walls or other

a result of the
ansmitted to

X
ﬂ)racticable be

hnsmission of

on to the support and the reaction on the source are both_minimized. In this case, the mounting base
should be rigid (i.e. have a sufficiently high mechanical impedance) to prevent it from vibratin

g excessively
not resiliently

influence on
ng, but similar

, but which is
connected to
shall be taken
'ce under test
which cannot
bpropriately.

bund pewer or sound energy emitted by a source can be affected by the load applied, the funning speed,

ssible, under

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)
b)
c)
d)

e)

source under specified load and conditions;
source under full load [if different from a)];
source under no load (idling);

source at maximum operating speed under defined conditions;

use;

© 1SO 2010 — All rights reserved
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f)  source with simulated loading, under defined conditions;

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

The source shall be stabilized in the desired operating condition, with any power source or transmission
system running at a stable temperature, prior to the start of measurements for sound power level or sound
energy level determination. The load, speed, and operating conditions shall either be held constant during the
test, or varied through a defined cycle in a controlled manner.

If the sound power or sound energy emission depends on secondary operating parameters, e.g. the type of
material being processed, the design of cutting tool, or the humidity, those parameters shall be selected, as

far as is pracﬂﬂﬂﬂMﬁﬂhﬁﬂﬁM@iﬂ&W&W&JﬁWading
conditions ar¢ used, they shall be chosen such that the sound power levels or sound energy levels, of the

source under test are representative of normal use.

7 Measurement procedure

7.1 General

tion of either the sound power level of a noise source emitting, stationary noise or the sound
energy level gf a source which emits bursts of noise, two sets of measurements of sound pressure levels shall
be made in the test environment, first with the noise source under test operating and then with the reference
sound sourcg operating; in some circumstances (see 7.3.1) the measurements with the reference sound
source have o be repeated for different locations of the source. The Specifications given in a noise test|code,
if any exists, [shall be followed, but in the absence of a noise test{code the procedures described hefeafter
shall be followed for the test(s).

7.2 Charac¢terization of noise source under test

A preliminary| aural examination of the noise emitted-by the source under test shall be made to determine
whether sounfd emitted from one component predominates. If so, the geometric centre of that component shall
be assumed {o be the acoustic centre of the soufce for the purpose of the test (see 7.3.2), and a refgrence
box shall be delineated which just encloses'that component and terminates on the floor on which the gource
under test is mounted. If no component(appears to emit sound more than any other, any component|which
clearly emits po sound shall be excluded from consideration, the acoustic centre of the source shall be|taken
to be the geometric centre of the remainder, and the reference box shall be delineated accordingly.

Preliminary mpeasurements shal) be used to determine whether the sound emitted by the source [is too
directional for|the method ofithis International Standard to be applied. The source directivity shall be evajuated
by measuring sound pressure levels of the source (at intervals of 2 m or less along a given side for g large
source) at a distance of 1'm from the reference box and a height normally of 1,5 m. If the source emits sound
predominantly in an*upward direction, the height at which the sound pressure levels are measured shall be
sufficient to gnsuteYthat the microphone positions are in a direct line of sight to the acoustic centre [of the
source. If thel A<weighted range of sound pressure levels so measured varies by no more than +2 dB, the
source shall be considered o be omnidirectional; If the variations exceed this amount, the source shall be
considered to be directional. If the range of these directivity measurements exceeds +7 dB, the engineering
grade limits on source directivity are exceeded and the reported grade of accuracy shall not exceed that of
ISO 12001:1996, accuracy grade 3 (survey grade) (see Clause 9).

7.3 Locations of the reference sound source

7.3.1 General

Normally, one location for the reference sound source is sufficient. For noise sources under test which are
large or which have two or more clearly distinguishable sound sources far apart from one another, two or
more locations may need to be used (see 7.3.3).

8 © 1SO 2010 — All rights reserved
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7.3.2 One location

If one location is sufficient, the reference sound source shall be positioned as close as possible to the acoustic
centre of the noise source under test. For a directional source, the reference sound source should be located
to simulate the emission pattern of the noise source under test or, if this is impractical, a position for the
reference sound source on top of the source under test shall be chosen. If this is not possible, a location shall
be selected alongside the source under test, at a height and position which best simulate the emission pattern
of the source under test. In the latter case, positions closer than 0,5 m to the surface of the reference box
should be avoided. For an omnidirectional source under test, care shall be taken to ensure that the reference
sound source can emit sound equally in all directions.

NOTE 1 The more reverberant the test environment is, in other words, the larger AL, is, the less critical is the selection
of the [ocation for the reference sound source. However, if a position is selected for the reference sound spurce for which
it is npt calibrated, the reproducibility of the sound power level or sound energy level determined is'|degraded, see
Clausg 9.

NOTE|2  Each reflecting surface within 4/2 (half a wavelength) of the reference sound source can incfease its sound
power resulting in a possible underestimate of the noise source sound power level of up to’3, dB. Conversely, placing the
referenjce sound source less than 0,5 m from the edge or edges of the reflecting floor plane can reduce ifs sound power
output|below 400 Hz, resulting in a possible overestimate of the noise source sound pewer level of up to 3 ¢B.

NOTE|3  Further guidance on selection of the location for the reference sound source is given in Annex B.

7.3.3 | More than one location

The number of locations required for the reference sound source depends on the ratio a/d,,, Where a is the
largeqt dimension of the reference box and d,,, is the measurement distance, see 7.4.1. The number of
locatigns to be used is specified in a) to c).

a) Ifla/d, >1 and if the source under test is omnidirgctional, several locations shall be used for|the reference

spund source along the sides of the source under test, separated by a distance equal to d,.

b) Ifla/d,, >1 and if the source under test has-clearly definable sound emission areas, one lpcation of the
rg¢ference sound source shall be used:for each emission area.

c) Ifla/d,, <1 and if the source under test is omnidirectional, but it is impossible to use a locgtion on top of
the source under test, four locations for the reference sound source shall be used, one adjacent to each
vertical side of the reference'box.

7.4 [Microphone positions

7.4.1 | General

The a|jm is to position the microphones around the sides of the noise source under test so that each position is
situate¢d similarly’in relation to the sound-emitting areas of the source, i.e. for a particular microphone position,
either|there\is a line of sight to each sound-emitting area or each area is screened. Positions fo be avoided
are thpse-to which only a few parts of the source are emitting sound.

In total, three or four microphone positions are to be used (see 7.4.3), distributed as evenly as possible
around the noise source under test. The same positions and microphone orientations are to be used for
measurements made on the noise source under test, the reference sound source, and the background noise.
The measurement distance, d,;,, from the respective microphone positions to the nearest point of the reference
box is to be selected so that, if possible, the microphone positions are in a part of the test environment where
the sound field is reverberant, i.e. a region in which AL;> 7 dB (see Table 2).

No microphone position shall be closer than 0,5 m to any boundary surface of the test environment. If the
environment is sufficiently spacious, and if the noise source under test is located away from all boundary
surfaces, the microphones shall be positioned round all four vertical sides of the reference box. The
microphone positions shall be spaced at least 2 m from each other. If the ceiling is high and sound absorbing,
and frequencies greater than 2 000 Hz are important, if possible, at least two of the microphone positions shall
be above the source.
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7.4.2 Zoning

The test environment shall be divided into zones in which differences can be denoted in the sound-radiating
patterns in the horizontal plane around the noise source under test (ST) and the reference sound source
(RSS) in its various locations. The zones are used in choosing locations for the reference sound source and
the microphone positions. The different zones are identified and given notations in Table 1.

Table 1 — Zones of the test environment

Direct line of sight to sound-emitting Distances from the .
areas microphone position Effect on the sound Notation of the
power estimation zone

of ST of RSS dp @

Yes No — Strong overestimate ++
No Yes — Strong underestimate -
Yes Yes dm(sT) < dm(RsS) Overestimate +
Yes Yes dm(sT) > dm(RsS) Underestimate -

dm(ST) = dm(RSS) Negllglble

Yes Yes (within 10 %) over- or underegtimate +-

No No . Either-strong e
over- orzunderestimate

@  (ST)indicates source under test; (RSS) indicates reference sound source.

7.4.3 Selection of microphone positions

If the noise sQurce under test is omnidirectional and the-reference sound source is located on top of it, @ll the
zones fall intg one or other of the notations + or +/< @nd one microphone position shall be selected on each
free side of the source under test, in compliance with the requirements of 7.4.1.

In all other cgdses, microphone positions shall be sought in a +/- zone. If this is not possible, one microphone
position shall pe selected in a + zone, one.jn-a +/— zone and one or two positions in — zones.

Unless the tegt environment is highly.reverberant (no acoustic treatment of walls or ceiling, no large absprbing
obstacles) no|microphone positions should be located in a ++/— zone.

NOTE It dan prove impossible-to have all microphone positions in direct line of sight of the reference sound gource
(see B.2 and BJ|4).

7.5 MeaSl.Eement of sound pressure levels for a noise source which emits steady
or non-steagdy noise

Time-averageu' sound—pressuretevets from—thenoise—source—under—test,—foreach—octaveband—within the
frequency range of interest, L' sty shall be obtained, at each microphone position, i (i=1, 2 ... n), and from
the reference sound source, L', rgs). A suitable averaging time for the reference sound source is 30 s. If the
sound output from the noise source under test is as stable as that of the reference sound source, then a
similar averaging time is satisfactory, but if it is less stable or undergoes periodic cycles, a longer averaging
time is required.

In addition, either immediately before or immediately after the sound pressure levels from the noise source
under test are measured, the time-averaged sound pressure levels of the background noise for each octave
band, L), shall be obtained at each microphone position, over the same measurement time interval as that
used for the noise source under test.
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7.6 Measurement of sound pressure levels for a noise source which emits impulsive noise

Single event sound pressure levels from the noise source under test for each octave band within the
frequency range of interest, L'r; g1y, shall be obtained, at each microphone position, i (i = 1, 2 ... n), either for
one single sound event at a time (in which case the process shall be repeated N times, where N > 5), or from
several successive, N, sound events (where again N> 5). The measurement time interval shall be long
enough to contain all that part of the noise of the event(s), including the decay, which make a significant
contribution to the single event sound pressure level. The time-averaged sound pressure levels from the
reference sound source, L', rss), shall also be measured, with an averaging time of 30 s.

In addition, either immediately before or immediately after the sound pressure levels from the noise source
under _test are measured, the time-averaged octave-band sound pressure levels of the background noise,

L) shall be obtained once at each microphone position, over a representative time interval:

8 (Qalculation of sound power levels and sound energy levels

8.1 |[Corrections for background noise

The Rackground noise correction, K,;, at the ith microphone position and in each octave band, shall be
calculpted using Equation (7):

= —101g(1-10 %™y 4B 7)

=

where
AL i = Lipi(sT) = L pi)

rl which

L' isT) is the measured (uncorrected) octave-band time-averaged sound pressure lgvel at the ith
microphone position, with the noise source under test (ST) in operation, in decibels,

L) is the octave-band time-averaged sound pressure level of the backgrodind noise (B)
measured at the ith microphone position, in decibels.

If, at gll microphone positions, AL, > 6 dB, the measurement is valid according to this Internatignal Standard.
If, at any microphone position, AL ;> 15 dB, K, is assumed equal to zero at that position. For yalues of AL,
between 6 dB and 15.dB, corrections shall be calculated according to Equation (7).

If, at any microphone position, AL . < 6 dB, the accuracy of the result(s) is reduced. The maximum correction
to be pppliedto these measurements is 1,3 dB. The result may, however, be reported and may be useful for
determinirig¥an upper boundary to the sound power level of the noise source under test. If such data are

reported. it shall be clearly stated in the text of the report, as well as in graphs and tables of results, that the
backSEUUWMW@WWMWMW ' i i tted:
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8.2 Mean time-averaged sound pressure levels for a noise source which emits steady
or non-steady noise

The mean corrected time-averaged sound pressure level for the noise source under test in each octave band,
L sy for the chosen mode of operation, shall be calculated using Equation (8):

n
L sty =10 Ig[%ZMO’MM(ST) ]dB (8)
i=1

where

L sty F LyisT) — K4i
in which

L’k1y s the measured (uncorrected) octave-band time-averaged sound pressure level at fhe ith
microphone position, with the noise source under test in operation, in-decibels,
Ky is the octave-band background noise correction at the ith microphone position, in decibels.

1

The mean cofrected time-averaged sound pressure level for the reference sound source in each octave pand,

L ,rss) » shall be calculated using Equation (9):
—_— 1< 0‘1Lpi(RSS)
L,rss) [F 101g 2210 dB (9)
i=1
where

L ,irss)|= Lyirss) — K1iRss)
in which

L' ,iRss) is the octave-band time-averaged sound pressure level of the reference sound spurce,
measured at the ith- microphone position, corrected for speed, temperature and| static
pressure according.to the manufacturer's specifications, but without correctign for
background noise;-in decibels;

Ki;Hss) is the octave<band background noise correction at the ith microphone position fpr the
measurément of the reference sound source, in decibels.

For several locations_of\the reference sound source, the mean corrected time-averaged sound pressure Jevel
of the referente sound source at each location j (j =1 ... m) in each octave band, L, rss), shall be calcylated
using Equation £10):

D — L s
L ,iRrss) =10 Ig[%ZmO'“m(RSS) ]dB (10)
i=1

where
Lirss) = Lyjirss) — K1irss)

in which L', ;rsg) is the uncorrected octave-band time-averaged sound pressure level of the reference sound
source located at the jth position, measured at the ith microphone position, in decibels.
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8.3 Sound power levels

8.3.1 One location of reference sound source

The sound power level of the noise source under test in each octave band, Ly, for the meteorological
conditions at the time and place of the test, shall be calculated using Equation (11):

Ly = Lyrss) = Lprss) + LpsT) (11)

where Ly rss) is the sound power level of the calibrated reference sound source in the respective octave
band, in decibels.

The sound power level, Ly, . ., corresponding to the reference static pressure of 1,043 25x 10% Pa and
reference atmospheric temperature 23,0 °C shall be calculated, if required, according to Annex G.

8.3.2 | Several locations of reference sound source

The spund power level of the noise source under test in each octave band, frfam m locations of|the reference
sound source, Ly, for the meteorological conditions at the time and place‘of'the test, shall be calculated from
the following Equation (12):

=

j=1

1<, 0Ly, 1<, 01L —
= 10Ig[;210 WRSS)] - 10I9{ZZ10 w<RSS>] + L,styndB (12)
j=1

where Ly;rss) is the sound power level of the calibrated reference sound source in the resgective octave
band,|in decibels, in a calibration position similar to the-one used for the test.

The sound power level, Ly, . ., corresponding)to the reference static pressure of 1,013 25x 105 Pa and
referehce atmospheric temperature 23,0 °C shall be calculated, if required, according to Annex G.

8.4 |Mean single event sound pressure level for a noise source which emits impylsive noise

If N sihgle event sound pressure(levels have been measured one at a time at a given microphone position i,
they shall each be corrected for background noise using Equation (13):

g gsT) = LEig(sT)y < K1i (13)
wherg
Ll; 4sT)<IS'the corrected octave-band single event sound pressure level at the ith microphone position

for the ¢th event (¢ = 1, 2 ... N), with the noise source under test in operation, in defibels;

Ll msryis—the—measured{uncorrected)—octave-band—single—eventsound—pressure—level at the ith
’ microphone position for the gth event (¢g=1, 2 ... N), with the noise source under test in
operation, in decibels;
Ky; is the background noise correction, in decibels.

The background noise correction, K4;, in each octave band and for each fixed microphone position shall be
calculated in a similar manner to that of 8.1, using instead the difference between the measured single event
sound pressure level and the background noise level:

Ky =-101g(1-10 %" %) B (14)
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where

in which L ;g
the ith microp

Eig(ST) ~L piB)

is the octave-band time-averaged sound pressure level of the background noise measu
one position, in decibels.

h

red at

The integration time, T =, —t;, and other measurement parameters shall be the same for the measurement
of the single event sound pressure level, L%; ,sT), and background noise level, L ;g.

The mean single event sound pressure level at that microphone position, Lg;st), shall then be calculated

using Equati

L gisT)

If one single ¢
N sound emig
L nsT)> usin

L n(sT

and the mear]
be calculated

LgisT) 7

The mean co

for the chosen mode of operation, shall then be calculated using Equation (18):

Lgst) =

The mean co
location, Lp(f
G=1...m), 1

8.5 Sound

5y

N
i Z 10 0‘1LEi,q(ST)

101 dB

bvent sound pressure level has been measured at a given microphone_position i encomp
sion events, it shall be corrected for background noise to give the corrected level for N €
j Equation (16):

q=1

=L n(sT) — K1

single event sound pressure level at that microphone Resition for one event, Ly;sy), sha
using Equation (17):

LEi,N(ST) -10I1gNdB

rrected octave-band single event sound pféssure level for the noise source under test, L

n
1 Z 10O L Ei(sT)
n

i=1

10|g[ }ds

rected octave-band time-averaged sound pressure level for the reference sound source

Pi(RSS) shall.again be calculated from Equations (9) and (10).

energy levels

8.5.1 One ITcation of reference sound source

(15)

hSsing
vents,

(16)

| then

(17)

E£(ST)»

(18)

At one

ss) and, in the ease of several locations of the reference sound source, at each location j

The sound energy level of the noise source under test in each octave band, L, for the meteorological
conditions at the time and place of the test, shall be calculated using the Equation (19):

Ly = Lyrss) — Lprss) + LesT)

(19)

The sound energy level, L, . ., corresponding to the reference static pressure of 1,013 25 x 105 Pa and
reference atmospheric temperature 23,0 °C shall be calculated, if required, according to Annex C.

14
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8.5.2 Several locations of reference sound source

The sound energy level of the noise source under test in each octave band from m locations of the reference
sound source, L, for the meteorological conditions at the time and place of the test, shall be calculated from
Equation (20):

m m —
L,=101g {12100’1%@33)] ~101g {12100’1 LRﬂRSS)} + Lyt dB (20)
m m

J=1 J=1

where Ly, rss) is the sound power level of the calibrated reference sound source in the respective octave
band,|in decibels, in a calibration position similar to the one used for the test.

The sound energy level, L, . ., corresponding to the reference static pressure of 1,013 25|x 105 Pa and
reference atmospheric temperature 23,0 °C shall be calculated, if required, according,to,Annex G.

8.6 |A-weighted sound power level and A-weighted sound energy level

Calculation of the A-weighted sound power level, Ly, or the A-weighted sound energy level, L ), of the noise
sourcg¢ under test from the measurements made in octave bands shall_’be performed using the procedure
given jin Annex D.

9 Measurement uncertainty

9.1 |Methodology

The Yncertainties of sound power levels, u(Ly), ih decibels, and sound energy levels, u(L;), in decibels,
deterrpined in accordance with this International’'Standard are estimated by the total standarg deviation, in
decibgls:

U(Ly ) = u(Ly) = oo (21)

This tptal standard deviation is,ebtained using the modelling approach described in ISO/IEC Gujde 98-3. This
requires a mathematical maodel which in case of lack of knowledge can be replaced by| results from
measyirements, including results from round robin tests.

In thig context this standard deviation is expressed by the standard deviation of reproducibility qf the method,
ogo» i 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 according to:

2 2
tot’S VO R0 + Oome (22)

Equation (22) 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 op) is
selected for a specific machine family (see 9.5 and E.3).

Q

NOTE If different measurement procedures offered by the 1SO 374112l to 1SO 3747 series are used, systematic
numerical deviations (biases) may additionally occur.

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

U=k Gtot (23)
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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+ U), [or (L, - U) to (L, + U)]. This corresponds to a coverage factor of k= 2.

If the purpose of determining the sound power level is to compare the result with a limit value, it might be more
appropriate to apply the coverage factor for a one-sided normal distribution. In that case, the coverage factor

k = 1,6 corresponds to a 95 % confidence level.

9.2 Determination of g,

The standard deviation o, [see Equation (E.1)], which describes the uncertainty associated with the

instability of

a—_onarat o for thao nartis rootron tndar tnct ohall ha talen
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n into

account whe
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corrected for
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n determining the measurement uncertainty. It can be determined separately from, req
s carried out on the same source at the same location by the same persons, usingthe

13 TR ARi=

easured either at the microphone position associated with the highest tsound pr
or measured and averaged over all measured positions, L', g1). Measurements are
background noise. For each of these repeated measurements, the mounting ‘of the machir
conditions are to be readjusted. o, is designated as oy, for theCindividual sound s
noise test code may provide a value of oy, representative for thekmachine family conc
buld take into account all possible variations of operating and mounting conditions that are
he noise test code.

truments and the same measurement position(s). To determine o, repeated sound prI
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same
ssure
ssure

then
e and
ource
brned.
within

If the sound power has only a small variation with time and the measurement procedure is defined properly, a

value of 0,5 dB|for o,mc Mmay be applicable. In other cases, for example, a lafge’influence of the material flow in and out of
the machine or|material flow that may vary in an unforeseeable manner, acvalue of 2 dB may be appropriate. Howegver, in
extreme cases| such as strongly varying noise generated by the proe€ssed material (stone breaking machines| metal
cutting machings and presses operating under load) a value of 4 dB may result.

9.3 Determination of oy

9.3.1 General

The standard deviation opy includes uncertainty due to all conditions and situations allowed by this
International Btandard (different radiation_‘characteristics of the source under test, different instrumentation,
different realizations of the measurement\procedure) except the influence due to instability of the sound power
of the source under test. The latter is.considered separately by oy,c.

The values df ory given in Table’2 reflect the current knowledge. They are typical upper bounds ftaking
into considerption the great~variety of machines and equipment covered by this international stapdard.
Machinery-spgcific values«nay 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 Annek E).

9.3.2 Round robin test

The round robin test for determining o, shall be carried out according to 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 provides the
total standard deviation oy 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 oty , in decibels, of all results obtained with a round robin test includes the
standard deviation o, and allows o to be determined by using

2 (24)

’ ’ 2 ’
ORO =VOtot ~Oomc
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If o’yo 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 op. Whenever available, such a value should be given in the noise test
code specific to the machine family concerned (together with o) and used in particular for the purpose of
declaring noise emission values.

If no round robin test has been carried out, the existing knowledge about the noise emission from a particular
family of machines may be used to estimate realistic values of op.

For certain applications, the effort for the round robin test can be reduced by omitting measurements for
different locations, e.g. if machines under test usually are installed under conditions with a small background
noise gerrectionkrand-a-small-er-similar-influence-efreverberation-inthe-envirenment-erif-the-noise emission
of a machine is rechecked at the same location. Results of such delimited tests should be denofed by oy o,
and tHis designation should also be used for tests on large machines being not movable in@spacs.

Valuep for op p. can be expected lower than those given in Table 2.

The determination of oy using Equation (24) is imprecise if oy is only slightly"higher than o, t. In this case
Equatjon (24) provides a small value of o but with a low accuracy. To limit-this inaccuracy ogmc should not
exceed oy / V2.

9.3.3 | Modelling approach for oy

Genetally oy, in decibels, is dependent upon several partial uncertainty components, ¢, u;, assogiated with the
differgnt measurement parameters such as uncertainties-of instruments, environmental cofrections, and
microphone positions. If these contributions are assumed-to be uncorrelated, oy can be dedcribed by the

modelling approach presented in ISO/IEC Guide 98-3, as follows:

dro = (c1u1)? + (e ug)? ot (cy ) (25)

In Eqdiation (25) the uncertainty components-due to the instability of the sound emission of the gource are not
included. These components are covered-by o,,,.- Annex E discusses each component of the upcertainty oy
in accprdance with existing knowledge.

NOTE If the uncertainty components in the modelling approach are correlated, Equation (25) dpes not apply.
Furthefmore, the modelling approach requires detailed knowledge for determining the individual terms in Equation (25).

By coptrast, the estimation of o9 based on a round robin test does not require assumptions gbout possible
correlations betweentthe individual terms of Equation (25). A round robin test is currently more realistic than
determining possible correlations between the single terms of Equation (25) and their dependencies on all
other |influencing,parameters using the modelling approach. However, round robin tests are not always
possilhle and-are’often replaced by experience from earlier measurements.

9.4 |[Typical upper bound values of op

Table 2 shows typical upper bound values of the standard deviation, oy, for accuracy grades 2 and 3 that
may cover most of the applications of this International Standard. 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 values of oy for a
given family of machines are smaller than those given in Table 2, a round robin test is recommended in order
to obtain machine-specific values of op.
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Table 2 — Typical upper bound values of the standard deviation of reproducibility of the method, oy,
for A-weighted sound power levels and sound energy levels determined in accordance

with this International Standard

Standard deviation
Indicator values of reproducibility?
Grade of accuracy
OR0O
dB dB
Enai . de 2 ALy > 7 at all microphone positions 15
ngineering (grade L ,
9 9(g ) and source directivity range < +7 dB
s dels ALy <7 or not determined 40
urvey (grade L ,
y(9 ) and source directivity range < 7 dB
ALfA > 7 at all microphone positions
Survey (grade|3) L 40
and source directivity range > +7 dB
@  These valufs are applicable to noise sources which emit sound with a relatively “flat” spectrum in the_frequency range 100 Hz to
10 000 Hz, i.e. when the octave bands with centre frequencies from 250 Hz to 4 000 Hz have most influénce on the A-weighted|sound
power level or gound energy level. However, if sound at frequencies below 500 Hz is predominant, the reproducibility of sound|power
level or sound gnergy level determinations is poorer than that indicated. If there is substantial sound emission at frequencies greater
than 2 000 Hz, fhe noise source can be highly directional. If, in such cases, there are strongly‘absorbing surfaces (e.g. an abgorbing
ceiling) close to fhe noise source under test, again the reproducibility of results can be poorer:
9.5 Total standard deviation, oiot, and expanded uncertainty, U
The total stapdard deviation and the expanded uncertainty.shall be determined using Equation (22) and
Equation (23)| respectively. For the purpose of this International Standard, a normal distribution is asspumed.
Thus a coverage factor of k£ =2 shall be used corresponding to a coverage probability of 95 %. The coyerage
factor and coyerage probability shall be reported together with the expanded uncertainty.
EXAMPLE Accuracy grade 2; ogmc = 2,0 dB; (Caverage factor k=2; measured Lya=82dB. Machine-gpecific
determinations|of oz have not been undertaken thus the value is taken from Table 2 (oo = 1,5 dB). Using Equatiohs (23)
and (22) it follops
- 2 2 -
U=2x41,5°+2° dB=5dB
Additional examples of calculated values for oot are given in E.3.
NOTE The expanded dncertainty as described in this International Standard does not include the standard dgviation

of production W

hich is uséd in ISO 487118! for the purpose of making a noise declaration for batches of machines.

10 Information to be recorded

10.1 General

The information listed in 10.2 to 10.5, when applicable, shall be compiled and recorded for all measurements
made in accordance with this International Standard.

18

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=7d5ae38afcf71e44947d89bb5b020c5d

ISO 3747:2010(E)

10.2 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), the relevant measurement time interval(s), and description
of relevant secondary operating parameters (see 6.3);

d) the mounting conditions;

—

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

10.3 [Test environment
The fqllowing information shall be recorded:
description of the test environment, showing the nature of the‘building, the construgtion and any

reatment of the walls, floor and ceiling, and a sketch showing the‘location of the noise soufce under test
hd any other contents of the environment;

D
N
O = QO

O
~
Q

description of the suitability of the environment for the purpose of the test in accordance with 4.1 (giving
blue(s) for ALf), as appropriate;

<

c) the air temperature, in degrees Celsius, and the-static pressure, in pascals, near the noise|source at the
time of test.

10.4 (Instrumentation
The fgllowing information shall be recorded:
a) the equipment used for the mieasurements, including the name, type, serial number, and manufacturer;

b) the date, place, and methods used to calibrate the sound calibrator and the reference sound source, and
tq verify the performahnce of the instrumentation system, in accordance with 5.2;

o

c) the sound powerevels of the calibrated reference sound source in the various positions us€d.

10.5 |Acoustic.data

The fqllowing information shall be recorded:

a) the dimensions of the reference box and the measurement distance;

b) the microphone positions used for the measurements (with a sketch if necessary);

c) the locations used for the reference sound source.

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

d) remarks on the subjective impression of the noise emitted by the source under test from aural

examinations (directivity, discrete tones or components in narrow bands of frequency, temporal
characteristics, etc.);
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the sound pressure levels of the background noise;

the time-averaged or single event sound pressure levels measured at each microphone position, in

the sound power levels or sound energy levels, in decibels, in octave bands and A-weighted (if

appropriate) rounded to the nearest 0,1 dB — a graphical representation may optionally be recorded in

ISO 9296 requires that the declared A-weighted sound power levels, L, ,, of computers and business
equipment are expressed in bels, using the identity 1 B =10 dB.

hded uncertainty of the results, in decibels, together with the associated coverage faetq
probability;

and time when the measurements were performed.

e)
octave bands;

f)

9)
addition;
NOTE

h) the expa
coverags

i) the date

11 Test report

Only those re
reported. The
body of this In

As this Intern
uncertainty d
grade 3 (surv

If the reporte]
requirements
in full confor
identifiable d
Standard, the
requirements
the term “full

corded data (see Clause 10) which are required for the purpose of the measurements sl
report shall also contain any statements required to be reported’by certain clauses in thq
ternational Standard.

ational Standard includes two grades of accuracy, testresults shall always state explici
btermined by the grade of accuracy achieved [accuracy grade 2 (engineering) or ac
by)]. Additionally information may be given on the basis of Annex E.

d sound power levels or sound energy levelschave been obtained in full conformity w
of this International Standard, the report shall"state this fact. If the levels have not been ob
mity, the report shall not state or imply\that they have been. If one or a small num

r and

all be
main

ly the
curacy

th the
tained
ber of

screpancies exist between the reported levels and the requirements of this International

n the report may state that the measurements have been conducted “in conformity w
of this International Standard, except for...” and the discrepancies clearly identified. In this
onformity” shall not be stated.orimplied.

th the
case,
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Annex A
(normative)

Evaluation of the excess of sound pressure level at a given distance

For a suitable location of the reference sound source (see 7.3.2 and 7.3.3), the sound pressure level due to
the reference sound source, L,rgs) . shall be measured along a straight path with a direct line of sight, at
varying distances, r. The excess of sound pressure level at any given distance shall be determined from

Equatjon (A-T):

o
where
Liyrss) Is the sound power level of the reference sound source calibrated in a position
used for the measurement, in decibels;
Lirss),» Is the sound pressure level measured at a distance,#, in metres, from the ref

T

If initial measurements show the frequency specirum of sound emitted by the noise source unde]

band,

measiired directly and the subscript “A” shotild be added to the relevant quantities in Equatio
spectra are not similar, the measurements shall be made in octave bands of frequency.

r
ALf (l") = Lp(RSS), F LW(RSS) +11dB + 20 |g —dB

source, in decibels;
is the distance from the microphone to the reference sound source, in metres;

is the reference distance, 1 m.

and is similar to that from the reference’sound source, A-weighted sound pressure

(A1)

similar to that

Brence sound

I test is broad
evels can be
n (A.1). If the
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Reco

Annex B
(informative)

mmendations for the location of the reference sound source

and the microphones, if only one position is used for the reference

sound source

B.1 Gener

Favourable Ig
test depend
radiates soun
making meas
floor and 1 m
pressure leve
sound emissi

If the variation of the measured sound pressure levels is greater than or equal to +2 dB, horizontal direc

where the sol

B.2 Recon

It is preferabl

presence of the noise source under test, is similar to that-of the latter.

For a noise {
positions abo

For a noise {
source positid

al

cations of the reference sound source and the microphones relative to the noise’ séurce
d omnidirectionally or predominantly in one or more horizontal directions can ‘be determir
Lirements with a sound level meter along a path around the source under/test'at 1,2 m abo,
from the external surfaces of the source under test. If the variation-of the measured

s is less than +2 dB, the source under test can be considered as having a fairly omnidire
bn pattern.

rce under test emits sound preferentially can be identified.

nmendation 1

b to locate the reference sound source in such a position that its sound emission pattern,
ource under test that radiates sound-fairly omnidirectionally in space, reference sound ¢
e the source under test are particutarly favourable, see Figure B.1.

bource under test that emifs)sound preferentially in one horizontal direction, reference

ns on the side of the soufce under test facing in that direction are favourable, see Figure B|.

under

bn the pattern of sound emission from the source under test. Whether the,source undg¢r test

ed by
ve the
sound
ctional

lion(s)

in the

ource

sound
2.
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Ke << i
y Y

1  fgvourable position for reference sound source \§\
2 nficrophone Q:\
3 omnidirectional noise source under test "\
4 upfavourable position for reference sound source $
)
4\

Figure B.1 — Positions for th r’é%rence sound source when the noise source
under is fairly omnidirectional

C)\

Key

1 direction of dominant sound emission
2  microphone

3  favourable position for reference sound source

Figure B.2 — Positions for the reference sound source when the noise source
under test is fairly directional
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B.3 Recommendation 2

When the noise source under test has a dominant sound-emitting component, the location of which is known,
it is recommended that the reference sound source be located as near as possible to that dominant
component, and preferably above the noise source under test if the dominant component emits sound fairly
omnidirectionally, see Figure B.3. If it is impractical to locate the reference sound source above the noise
source under test, a position to the side where the dominant component is located can be used, see
Figure B.4.

1
2 Q0
— @
2
S
1  favourablg position for reference sound source QQ
2 dominant pmnidirectional component of noise source under test Q

R

Figyre B.3 — Position for the reference sound source When the dominant component
of the noise source under test is fa'r%\omnidirectional

Ny

\/

Key &?§

1 direction df inant sound emission

2  favourable position for reference sound source

Figure B.4 — Position for the reference sound source when the dominant component
of the noise source under test is fairly directional
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B.4 Recommendation 3

For a given location of the reference sound source to the side of the noise source under test, it is likely that
there is a zone where the source under test screens the reference sound source. If the source under test
emits some sound into this zone, it is recommended that a single microphone position be located here, see

Figure B.5.
n
(o]
2
Key
1 npise source under test, screening reference sound source

2 p

bsition of reference sound source

3 zone which is screened from the reference sound source but not from the noise source under t

microp

B.5

hone is to be positioned

is screened by the noise'source under test

Recommendation 4

It is r

source and the reference sound source‘be avoided when the latter is located to the side of the
under]test. It is also recommended that areas close to the dominant sound-emitting componern

commended that positioning of microphones close to the imaginary vertical plane conta

Figure B.5 — Zone where one microphone is to belocated when the reference sound

bst, where one

source

ning both the
noise source
t of the noise

source under test be avoided.
A recgmmended criterion forpositioning a microphone is given by Condition (B.1):
r
08<—<12 (B.1)
d
wherg
r| _is.the distance from the microphone to the reference sound source;
d is the distance from the microphone to the position of the dominant sound-emitting component of the

noise source under test, see Figure B.6.

© 1SO 2010 — All rights reserved

25


https://standardsiso.com/api/?name=7d5ae38afcf71e44947d89bb5b020c5d

ISO 3747:2010(E)

Key
dominant sound-emitting component of noise source under test
position of reference sound source
microphore
d  distance ffom the microphone to the position of the dominant sound-emitting com

distance ffom the microphone to the reference sound source

Figure B.6 — Plan view of the noise source unde

¥

3

r tes ;ﬁq
showing microphone posi in

X

t

an@

d reference sound source,
J
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Annex C
(normative)

Sound power level and sound energy level under reference
meteorological conditions

The sound power level under reference meteorological conditions of static pressure 1,013 25 x 10° Pa and

atmospheric temperature 23,0 °C, L, . shall be calculated using Equation (C.1) (Reference [24]):
l Wref,atm = LW + C2 (C1)
wherg

L} is the sound power level, in decibels, under the meteorological conditions which occurred at the time
and place of the test, from Equation (11);

G, is the radiation impedance correction, in decibels, a meteorological correction to account for changes
in sound power with temperature and pressure, whose value‘shall be obtained from tte appropriate
noise test code wherever possible, but in the absence of a noise test code, the following equation is
valid for a monopole source, and is a mean value for other sources (see Reference [25]):

273,15 +6
C, = -101Ig-£s dB+15lg{¥ 4B
Ps,0 ref
in which
Ds is the static pressure at'the time and place of the test, in pascals;

pso s the reference static pressure, 1,013 25 x 10° Pa;
1% is the air temperature at the time and place of the test, in degrees Celsius;
= 296K,

The a|r temperature, €, may be estimated, and the static pressure, ps, may be calculated using Eguation (C.2):

b
Hs=psgldFatly) (C.2)
wher¢g
H_ is the altitude of the test site, in metres;

a
a =2,2560x10"°m";

b =5,2553.
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The sound energy level under reference meteorological conditions of static pressure 1,013 25 x 10% Pa and
atmospheric temperature 23,0 °C, L, .., shall be calculated using Equation (C.3):

=L, +Cy (C.3)

J ref,atm

where L; is the sound energy level, in decibels, under the meteorological conditions which occurred at the
time and place of the test, from Equation (19).

If the sound power level or the sound energy level is calculated under reference meteorological conditions,
this fact shall be stated in the test report.
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Annex D
(normative)

Calculation of A-weighted sound power levels and A-weighted sound
energy levels from octave-band levels

D.1 A-weighted sound powerlevels

The A-weighted sound power level, Ly, shall be calculated from Equation (D.1):

@ ot(Lpec
Bya=101g > 10%1Em+C) gp (D.1)
k=kmin
wherg
Ly is the sound power level in the ith octave, in decibels;
k] Cy are given in Table D.1;
ktin kmax are the values of & corresponding, respectively, to the lowest and highest oclave bands of

measurement.

D.2 A-weighted sound energy levels

The A-weighted sound energy level, L, -shall be calculated from Equation (D.2):

KT
d,a=101g > 10%1a* CrldB (D.2)
k=kmin
whersg
Ll is the'sound energy level in the kth octave, in decibels;
K Cy, are given in Table D.1;
khin kmax are the values of k corresponding, respectively, to the lowest and highest oclave bands of

measurement.

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

For calculations with octave-band data, values of k and C; are given in Table D.1.
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Table D.1 — Values of k and C, for mid-band frequencies of octave-bands

‘ Octave mid-band frequency Cy
Hz dB
1 63 -26,22
2 125 16,1
3 250 -8,6
4 500 3,2
5 1000 0,0
6 2000 12
7 4 000 1.0
8 8 000 11
a Thisdvalue pf Cy, is given for use only where the test environment and instrumentation are satisfactory (for use at the frequency
concerned.
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The measurement uncertainty used in this International Standard is determined by the expande
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Annex E
(informative)

Guidance on the development of information
on measurement uncertainty

General

747:2010(E)

Ccepted format for the expression of uncertainties generally associated with methods ef'm
ven in ISO/IEC Guide 98-3. This format incorporates a budget of uncertainty compenent
rious sources of uncertainty are identified and from which the combined total measureme
e obtained.

ermine the noise emission of machines and equipment, it is advisable to split up its total u
fferent groups of uncertainty components:

ose that are intrinsic to the measurement procedure;
ose that result from the instability of the sound emission of\the machine.

on knowledge current at the time of publication, ¢his annex provides additional exp
ation by which ISO/IEC Guide 98-3 could be applied\in practice for this International Stand

nnex complements Clause 9.

Considerations on the total standard deviation, o
ich is derived directly from<the total standard deviation, o [Equation (23)], with d
ximation of the relevant u(Z 5)'as defined in ISO/IEC Guide 98-3.

ptal standard deviation; oy, results from the two components, oy and o, [See Equatig
pnificantly differentinnature.

uantities arg*assumed to be statistically independent and are determined separately.

achinery=specific standard deviation, o,,., cannot be calculated and has to be determine
irements as described in E.3. Information on the standard deviation, oy, is given in E.4.

NOTE

basurement is
5, in which all
nt uncertainty

hcertainty into

anations and
ard.

d uncertainty,
ot Deing the

n (22)], which

H by repeated

4

Th dadl roint A thad 1o thio 1ot 41 | Ot daord A 4 3 Lol o $.
T TCCAPAUT U OnoTTian ity  aS Ut SUoTU T U iiS Te T atioTar otanmuard doT S TToTr oroutctTesSia

dard deviation

of production which is used in 1ISO 4871(8! for the purpose of making a noise declaration for batches of machines.

NOTE

2 Poorer reproducibility can result in the case of noise sources that emit narrow-band noise or

discrete tones.

Another cause of poor reproducibility is use of locations different from those in which the reference sound source has been
calibrated, giving rise to calibration errors. Such errors occur at low frequencies where the distances of the reference
sound source to nearby reflecting surfaces are different during calibration and determinations of sound power levels or

sound

energy levels of a noise source.
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E.3 Considerations on oy

The standard

%omec = \/ﬁ

where

LPJ

deviation, oy, described in 9.2, is calculated by

1 X 2
Z(Lp,j _LpaV) dB
j=1

fo

L

pay 1S
These measuy
level. When

Equation (E.1

In general, t
prescribed by
and describeq

Some recomr
given in the fq

The test con
practice. Ho

other conditigns varying between different phases of operation may occur. This uncertainty covers bqg

uncertainty d
emission mea

Machines tha
of mounting.
and those m4
auxiliary equi
movement of]
conditions to
sound levels
mounting con
practice.

In respect to
those on the
significantly Ig

[ the jih repetition or the prescribed operating and mounting conditions,

its arithmetic mean level calculated for all these repetitions.

(E.1)

is the sound pressure level measured at a prescribed position and corrected for background noise

rements are carried out at the microphone position associated with the highest'sound pregssure

measurements are averaged over all measurement positions, are repla

L, and L
, by and L pavs respectively.

‘pav

pJ’

he mounting and operating conditions to be used for noise emission measuremen
machinery-specific noise test codes. Otherwise, these conditiohs have to be defined prg
in the test report.

nendations for defining these conditions and consequences for the expected values of o
llowing.

itions shall represent normal usage and conform to manufacturers' and users' recomm
ver, even in normal usage, slightly different mades of operation, variations in material flo

e to variation in long-term operating conditions (e.g. from day to day) and fluctuations of
surements repeated immediately afterreadjusting mounting and operating conditions.

stand exclusively on soft springs ‘or on heavy concrete floors do not normally exhibit any|
However, there can be large discrepancies between measurements on heavy concrete
de in situ. The uncertainty/due to mounting can be highest for machinery that is conned
bment. Hand-held machines may also cause problems. This parameter should be investig
the machine or mounts‘ causes changes in noise. If there is a range of possible mo
be included in a single declaration, then o, is estimated from the standard deviation
for these mounting ‘conditions. If there is any known effect due to mounting, recomm
ditions should-be’documented in the relevant noise test code or manufacturers' recomm

the main*uncertainty quantity, o, investigations on o, have a higher priority compa
pther uncertainty components leading to oy [see Equation (22)]. This is because oy, M

ted in

s are
cisely

e are

ended
v, and
th the
noise

effect
floors
ted to
ated if
unting
of the
ended
ended

red to
ay be
le 2.

rger in practice than e.g. opy = 1,5 dB for accuracy grade 2 measurements as given in Tab

If oyme > Oro. the application of measurement procedures with a high accuracy, i.e. a low value of oz, makes
no sense economically because this is not going to result in a lower value of the total uncertainty.

The examples in Table E.1 show that it might be superfluous to extend the measuring effort to ensure a
measurement of accuracy grade 1 if the uncertainty associated with the mounting and operating conditions is
large.

Furthermore, o, > opg May create substantial misunderstandings with respect to the true relevant total
standard deviation, g, because the different grades of accuracy of this International Standard are presently
defined by the value of oy only.
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Table E.1 — Examples of calculated total standard deviations, o, for three different cases

Standard deviation of Operating and mounting conditions

reproducibility of the stable unstable very unstable
thod
metho Standard deviation, oy, dB
ORro 0,5 2 4
dB Total standard deviation, o, dB
0,5
(accuracy grade 1) 0.7 2.1 4.0
1,5
Accuracy grade 2) 16 25 413
3 3,0 3,6 5|0
Accuracy grade 3) ’ ’

E.4 Considerations on OR0

E.4.1| General

Uppetl bound values of oy are given in Table 2. Additionally 1-9.3, the investigation of values gf oy that are
relevgnt to individual machines or machine families in orderifo achieve more realistic values is recommended.
Thesq investigations shall be carried out either by measurements under reproducibility conditions as defined
in 1ISQ 5725 or by calculations using the so-called modelling approach based on Equation (25) which requires
more fetailed information.

If cerfain uncertainty components are not .relevant for specific applications or are difficult tp investigate,
delimited definitions of oy, should be given(by noise test codes both for round robin tests (see [comments on
oro.pi| IN 9.3.2) and for the modelling appreach analogously.

The RQudget approach, however, implies that both components c;, u; are statistically indeperjdent and the
existehce of equations which -allow assessment of these uncertainty components by considering either
measlirement parameters and ‘environmental conditions or a reasonably large body of practical experience.
Howeyer, relevant well-founded data for this International Standard were not available af the time of
publicgtion. Nonetheless;\the following information may give a rough impression of the relevant quantities
without being definitive:

E.4.2 Contributions to the uncertainty, op(

E.4.21 ~Géneral

Preliminary estimations show that when corrected for meteorological conditions, the sound power level,
Ly ot ot is a function of a number of parameters, indicated by Equation (E.2):

LWref’atm = Omethod + Fome + L,p(ST) —K1+Co+0, +pmic +Ogim + 56’ + (E2)

+ Lyyrss) — L'y (rss) + K1rss)

where

is the final result of the sound power level measurement including all corrections prescribed

Ly
f, . . . -
retatm by this International Standard and with all relevant uncertainties;
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method
omc

Ly rss)

L'\ (Rss)

is an input quantity to allow for any uncertainty due to the measurement method a
including the derivation of results and associated uncertainties;

pplied

is an input quantity to allow for any uncertainty due to operating and mounting conditions —

this quantity is not included in the calculation of oy, [see Equation (22)];

is the sound power level of the calibrated reference sound source in the respective octave
band, in decibels (see 8.3.1), including effects of any deviation in the operating conditions of

the reference sound source from the nominal conditions;

is the mean one-third-octave-band time-averaged sound pressure level of the reference sound

source, in decibels (see 8.2):

K4Rrss)

LiysT)

mic

o

sim

%

NOTE1 As

NOTE 2 Sin
bands and with

NOTE3 Th
state of knowle]
others.

A probability
Its expectatio
is a measure

is the background noise correction for the reference sound source, in decibels (see-8.1);

is the mean octave-band time-averaged sound pressure level of the noise source under fest, in

decibels (see 8.2);
is the background noise correction in decibels (see 8.1);

is the radiation impedance correction (see Annex C) for the sqund power level that
emitted by a noise source under different meteorological conditions, in decibels;

is an input quantity to allow for any uncertainty due to t{hé separation between noise s
and microphone;

is an input quantity to allow for any uncertainty.due to the finite number of microphon
source positions;

is an input quantity to allow for any uncertainty in the measuring instrumentation;

is an input quantity to allow for any-‘tincertainty due to fluctuations in air temperature
reverberation test room.

imilar expression to that of Equation. (E.2) applies to sound energy levels.

vill be

ource

e and

in the

hilar expressions to that of Equation (E.2) apply with respect to sound power levels determined in frequency

A-weighting applied.

e quantities included-in Equation (E.2) to allow for uncertainties are those thought to be applicabl¢g
dge at the time_of publication of this International Standard, but further research could reveal that th

Histribution”(normal, rectangular, Student-¢, etc.) is associated with each of the input qua
N (mean value) is the best estimate for the value of the input quantity and its standard de
bf-the dispersion of values, termed uncertainty.

in the
bre are

ntities.
iation

The uncertainty components relating to mounting and operating conditions are already covered by o

whereas op i

ncludes the rest of the uncertainty components.

For accuracy grade 2, Table E.2 and the following numerical example provide information about expectations

current at the time of publication for the values of the components, c;, u;, that are necessary to calculate

ORO = }Z(Ci“i)z dB.

The calculation of oy assumes that the individual uncertainty contributions are not correlated.

At the time of publication, standard uncertainties from some contributions remain to be established by

research.
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