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Foreword

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

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 Starnjdards
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 3741 wag prepared by Technical Committee ISO/TC 43, Acoustics, Subcommittee SC 1, Noise.

This fourth edition cancels and replaces the third edition (ISO 3741:1999), which has been technically rgvised.
It also incorpqrates the Technical Corrigendum ISO 3741:1999/Cor.4:2001.
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Introduction

This International Standard is one of the series 1ISO 374012 to ISO 37478, 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
application depends on the purpose of the test to determine the sound power level or sound energy level and
on the facilities available. General guidelines to assist in the selection are provided in ISO 3740[2]. |SO 3740[2]
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The methods specifiéd)in this International Standard permit the determination of the sound po|
pbund energy“evel in one-third-octave frequency bands, from which octave band data, A-weighted
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ipment for the purposes of the test. It is important that test codes be established for indiy
source, in order to give detailed requirements for mounting, loading, and operating’ con
the sound power levels or sound energy levels are to be obtained.

hethods given in this International Standard require the source undertest to be n
eration test room having specified acoustical characteristics. The methods are then
e that the sound power or sound energy of the source under test)is directly propog
square sound pressure averaged in space and time, and otherwise ‘depends only on the §
ptric properties of the room and on the physical constants of air.

source emitting sound in narrow bands of frequency or at discrete frequencies, a precise
radiated sound power level or sound energy level in a reverberation test room requires
br a source emitting sound more evenly over a wide range-of frequencies, because:

e space- and time-averaged sound pressure along-a short microphone path, or as deter
ray of a small number of microphones, is not-always a good estimate of the space- or
ean-square pressure throughout the room;

e sound power or sound energy radiated by the source is more strongly influenced |
odes of the room and by the position-of the source within the room.

creased measurement effort in_the case of a source emitting narrow bands of sound or
ts of either the optimization-and qualification of the test room or the use of a greater nunj
ns and microphone positions (or increased path length for a moving microphone). TH
bquency absorbers or~the™ installation of rotating diffusers in the test room can help f
irement effort.

ncy datagsand total unweighted sound can be computed.
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accep

table, reference can be made to ISO 3743-1[31 1SO 3743-2[4] or ISO 3747!8l.
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INTERNATIONAL STANDARD

ISO 3741:2010(E)

Acoustics — Determination of sound power levels and sound

ene

rgy levels of noise sources using sound pressure —

Precision methods for reverberation test rooms
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In general, the frequency range of interest includes thée\one-third-octave bands with mid-ban
00 Hz to 10 000 Hz. Guidelines for the application’of the specified methods over an extendled frequency
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General

nternational Standard specifies methods for determining the sound power level or sound &
e source from sound pressure levels measured in a reverberation téstyroom. The soun
the case of noise bursts or transient noise emission, the sound energy level) produced
in frequency bands of width one-third-octave, is calculated using those measureme

ose corresponding to a reference characteristic impedance./Measurement and calculatig
ven for both a direct method and a comparison method of\determining the sound power
energy level.

in respect to lower frequencies are given in\Annex E. This International Standard is not
ncy ranges above the 10 000 Hz one-thirdsgctave band.

For higher frequencies, the methods specified in ISO 9295 can be used.

Types of noise and noise sources

ethods specified in this (nternational Standard are suitable for all types of noise (steady
ting, isolated bursts of sound energy, etc.) defined in ISO 12001.

oise source underytest can be a device, machine, component or sub-assembly. This
ard is applicable_fo noise sources with a volume not greater than 2 % of the volume of the
om. For a source with a volume greater than 2 % of the volume of the test room, it is po
ement of fesults as defined in ISO 12001:1996, accuracy grade 1 (precision grade) is not

I’ Specific cases, the source volume can be increased to a maximum of 5 % of the room v
the-relevant noise test code indicates the possible consequences on the measurement uncertainty.

nergy level of

d power level

by the noise
nts, including

tions to allow for any differences between the meteorological gonditions at the time and place of the test

n procedures
level and the
d frequencies

applicable to

, non-steady,

International
reverberation
5sible that the
easible.

plume. In such

1.3

Reverberation test room

The test rooms that are applicable for measurements made in accordance with this International Standard are
reverberation test rooms meeting specified requirements (see Clause 5).

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 specific frequency bands and for the
A-weighted sum of all frequency bands. The uncertainty conforms to ISO 12001:1996, accuracy grade 1
(precision 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 5725 (all parts), Accuracy (trueness and precision) of measurement methods and results

|SO 6926, Acpustics Paoauiramaonis forthoe -nerformanco-and calibration of roforence-solnd-soLrces. ror the
y HSHGS ROGHHEeHSFOHE-PEHOHARECOoaRa-caHoaHOR-6B+6+866-SOHRE-SOtH S

determination| of sound power levels

ISO 12001:1996, Acoustics — Noise emitted by machinery and equipment— Rules for the drafting and
presentation ¢f a noise test code

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

IEC 60942:2003, Electroacoustics — Sound calibrators
IEC 61183, Electroacoustics — Random-incidence and diffuse-field calibration of sound level meters
IEC 61260:1995, Electroacoustics — Octave-band and fractional-octaverband filters

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

3 Terms and definitions
For the purpoges of this document, the following term's and definitions apply.

3.1
sound presslire

p
difference befween instantaneous pressure and static pressure

NOTE 1  Adfpted from ISO 80000-8:2007[21] 8-9.2.
NOTE 2  Solind pressure.is€Xpressed in pascals.

3.2
sound presslre level
Ly
ten times the fogartthm to the base T0 of the ratio of the square of the sound pressure, p, o the square of a
reference value, p,, expressed in decibels

2
p
L, =10lg*=dB (1)
Po
where the reference value, pg, is 20 uPa

[ISO/TR 25417:2007(201, 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. LpA denotes the A-weighted sound pressure level.

2 © 1SO 2010 — All rights reserved
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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

~

wherg

NOTE
overa

NOTE
usually

NOTE

3.4

single event time-integrated sound pressure level

Lg
ten tin
isolatg

ending at 1,) to a reference value, £, expressed in decibels

I~

1%
2
— [ pP0ar
"

o7 =101g dB

2
Po

the reference value, p, is 20 uPa

1 In general, the subscript “T” is omitted since time-averaged sound pressure levels are necess3
certain measurement time interval.

2  Time-averaged sound pressure levels are often A-weighted, inywhich case they are denoted by
abbreviated to LPA.

3 Adapted from ISO/TR 25417:2007120], 2.3,

nes the logarithm to the base 10 of the ratio of the integral of the square of the sound pres
d single sound event (burst of sound ©r transient sound) over a stated time interval T (sta

2
[ p2(0)ar
&

Eg

()

rily determined

L

o, Which is

sure, p, of an
rting at 7, and

©)

where the reference value, Eg, is (20 pPa)2s =4 x 10-10 paZ s
NOTEU — This quantity can be obtained by 1. +1()I(1Ti dB where Ty =1s
0
NOTE2 When used to measure sound immission, this quantity is usually called “sound exposure level’

(see ISO/TR 25417:2007120]),

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.
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3.6
reverberation test room
test room meeting the requirements of this International Standard

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
reverberation time
T

n
duration requjred for the space-averaged sound energy density in an enclosure to decrease 10-7/10%(|.e. by
n dB) after thg source emission has stopped

[ISO 80000-8|2007121], 8-29]
NOTE 1 Reyerberation time is expressed in seconds.
NOTE 2  Th¢ reverberation time is frequency dependent.

NOTE 3  Foff the purposes of this International Standard, » = 60, and the symbol uséd is Tg.

3.9
sound absorption coefficient
o
at a given freqiuency and for specified conditions, the relative fraction of sound power incident upon a sprface
which is not r¢flected

NOTE For the purposes of this International Standard, sound absorption coefficients are calculated in accofdance
with ISO 354111

3.10

equivalent spund absorption area

A

product of thg area and sound absorption coefficient of a surface

NOTE Equivalent sound absorptiof aréa is expressed in square metres.

3.1

reference soluind 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.

3.12
frequency range of interest

for general purposes, the frequency range of one-third-octave bands with nominal mid-band frequencies from
100 Hz to 10 000 Hz

NOTE For special purposes, the frequency range can be extended or reduced, provided that the test environment
and instrumentation otherwise meet all requirements of this International Standard. The frequency range can be extended
downwards as far as the 50 Hz one-third-octave band (see Annex E), but cannot be extended upwards beyond the
10 000 Hz band. Any reduced or extended frequency range is clearly indicated as such in the report.

3.13
background noise
noise from all sources other than the noise source under test

4 © 1SO 2010 — All rights reserved
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NOTE Background noise includes contributions from airborne sound, noise from structure-borne vibration, and
electrical noise in the instrumentation.

3.14

background noise correction

Ky

correction applied to the measured sound pressure levels in the reverberation test room 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
denotgd K1f’ where fdenotes the relevant mid-band frequency.

3.15
sound power
P
through a surface, product of the sound pressure, p, and the component of the particle velocity, u,,, at a point
on thg surface in the direction normal to the surface, integrated over that surface

[ISO 40000-8:2007(211, 8-16]
NOTE|1 Sound power is expressed in watts.
NOTEJ|2  The quantity relates to the rate per time at which airborne.sound energy is radiated by a source

3.16
sound power level
Ly
ten times the logarithm to the base 10 of the ratio 0f the sound power of a source, P, to a reference value, Py,
expressed in decibels

1, =10lg2- dB (4)
Py

wherd 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 3re applied, this
is indidated by appropriate_subscripts; e.g. L, denotes the A-weighted sound power level.

NOTE|2 This definition is technically in accordance with ISO 80000-8:2007[211 8-23.
[ISO/MR 2544 7:2007[20], 2.9]

3.17
soundenergy
J

integral of the sound power, P, over a stated time interval of duration T (starting at 7, and ending at #,)

2
J= IP(t) dt )]

1

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(20], 2.10]

© 1SO 2010 — All rights reserved 5
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3.18

sound energy level

L,

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

in decibels

J
L; =10Ilg— dB
J 9J

0

where the reference value, Jy, is 1 pJ

(6)

NOTE If a
is indicated by

[ISO/TR 2541

4 Reference meteorological conditions

Reference mgteorological conditions for the purpose of determining the sound pewer level and sound €

level are:

a) air tempe
b) static pre
c) relative h

5 Reverberation test room

5.1 Gener

The reverberation test room shall be large)enough and have a low enough total sound absorption to p

an adequate
for the desig
accordance
diffusing vane

5.2 Volume and shape of test room

The recomms
Annex C. For

specific frequency weighting as specified in IEC 61672-1 and/or specific frequency bands are applig
bppropriate subscripts; e.g. L, denotes the A-weighted sound energy level.

7:2007120], 2.11]

rature: 23,0 °C;
ssure: 101,325 kPa;
umidity: 50 %.

Al

everberant sound field for.all frequency bands within the frequency range of interest. Guid
n of rooms suitable.for) use in determining sound power levels and sound energy ley
vith this International’Standard are given in Annex A. Guidelines for the design of rq
s in the room are given in Annex B.

nded\minimum volume of the room is given in Table 1. All test rooms should be qualified

ed, this

nergy

rovide
elines
els in
tating

testrrooms with volumes less than the values shown in Table 1 for the frequency ra

interest, or wi

demonstrated usmg the procedure specrfled in Annex C. A room quallflcatlon procedure for the measurement
of discrete-frequency components is specified in Annex D, which also specifies a general room qualification
procedure as an alternative to qualification of individual sources (using 8.4.2 or 8.5.2). Information is given in
Annex E to assist in testing at frequencies below 100 Hz.
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The s
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room

Over the frequency range of interest, all room surfaces within one"wavelength of the noise sou

shall
absor
wave
remai
see 8
nume

N

wherg

14

S

If the
broad

NOTE
to avoi

ISO 3

Table 1 — Recommended minimum volume of the reverberation test room as
a function of the lowest frequency band of interest

741:2010(E)

Lowest one-third-octave band Minimum volume of the reverberation
frequency of interest test room
Hz m3
100 200
125 150
160 100
>200 70

Sound absorption of test room
bund absorption of the test room primarily affects the minimum distance-to be maintaineqg
quency response characteristics of the test space. For these reasons)the sound absorpt

hall be neither too large nor extremely small (see Annex A).

be designed to be reflective with an absorption coefficient less than 0,06. If low-fre
bers are required as per Annex C and/or Annex D these devices may be mounte
bength (at the lowest frequency of interest) of the noise’source under test, but not closer th

7), in seconds, in each one-third-octave band below 6.3 kHz, without the source under tg
ically greater than the ratio of V" and S:

e

> —
60 S

is the volume, expregsed in cubic metres, of the reverberation test room;
is the total surface-area, expressed in square metres, of the test room.

requirement fof.the reverberation time given by Inequality (6) is not met, the adequacy o
band measurements shall be established by the procedure specified in Annex C.

Abeve’5 kHz, much of the absorption in the room is due to air. Keeping the relative humidity ab
d excessive air absorption.

5.4

5.4.1

between the

source under test and the microphone positions. It also influences the sound radiation of the source and

on of the test

'ce under test
juency panel
d within one
An 1,5 m. The

ning surfaces shall have absorptive properties suchthat the reverberation time, Ty, (for measurement,

st in place, is

(7)

[ the room for

ove 50 % helps

Criterta for background notse

Relative criteria for background noise

5411 General

The time-averaged sound pressure level of the background noise in each frequency band within the frequency
range of interest, measured and averaged (see 9.1.3 and 9.2.3) over the microphone positions or traverses,
shall be below the corresponding time-averaged sound pressure level of the noise source under test by at

least:

a) 6 dB for one-third-octave bands of mid-band frequency 200 Hz and below and 6 300 Hz and above;
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b) 10 dB for one-third-octave bands of mid-band frequency from 250 Hz to 5 000 Hz.
If these requirements are met, the background noise criteria of this International Standard are satisfied.

NOTE 1 The same criteria are applied to single event time-integrated sound pressure levels: the measurement time
interval 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.

5.4.1.2 Relative background noise criteria for frequency band measurements

The requirempnts of 5.4.1.1 may not be achievable in all frequency bands, even when the background| noise
levels in the tpst 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 (see Annex F) of the noise gource
under test (affer correcting for background noise in accordance with 9.1.2 or 9.2.2) is at least15 dB below the
highest A-weighted band sound power or sound energy level may be excluded from théefrequency rapge of
interest for the¢ purposes of determining compliance with the above criterion for backgréuihd noise.

5.4.1.3 Rejative background noise criteria for A-weighted measurements

If the A-weigited sound power level or sound energy level is to be determihed and reported, the following
steps shall he followed to determine whether this quantity meets the“background noise criteria o¢f this
International $tandard:

a) the A-we|ghted sound power level or sound energy level is:¢omputed in accordance with the procgdures
in this Infernational Standard using the data from every frequency band within the frequency rapge of
interest;

b) the computation is repeated, but excluding those ‘hands for which AL, < 6 dB for one-third-octave pbands
of mid-band frequency 200 Hz and below apd~6 300 Hz and above, and for which AL, <10 d¢B for
one-thirdtoctave bands of mid-band frequency.from 250 Hz to 5 000 Hz.

If the difference between these two levels.is.less than 0,5 dB, the A-weighted sound power level or sound
energy level determined from the data for ‘all bands may be considered as conforming to the background
noise criteria pf this International Standard.

5.4.2 Absolute criteria for background noise

If it can be dgmonstrated that'the background noise levels in the test room at the time of the measurements
are less than or equal-to”those given in Table 2 for all bands within the frequency range of interegt, the
measurementis can be.taken as having met the background noise requirements of this International Stapdard,
even if the 6 ¢B or 4#0:dB requirements are not met for all bands. It can be assumed that the source emits little
or no measurgblé noise in these frequency bands, and that the data reported represent an upper bound|to the
sound power |evel or sound energy level in these bands.

In the case where some of the measured levels from the source under test are less than or equal to those
given in Table 2, the frequency range of interest may be restricted to a contiguous range of frequencies that
includes both the lowest and highest frequencies at which the sound pressure level from the noise source
exceeds the corresponding value in Table 2. In such cases, the applicable frequency range of interest shall be
reported.

5.4.3 Statement of non-conformity with background noise criteria

If neither the relative criteria of 5.4.1 nor the absolute criteria in 5.4.2 are met, the report shall clearly state that
the background noise requirements of this International Standard have not been met, and shall identify the
particular frequency bands that do not meet the criteria. Furthermore, the report shall not state or imply that
the measurements have been made “in full conformity” with this International Standard.

8 © 1SO 2010 — All rights reserved
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Table 2 —Absolute maximum background noise levels in test room

5.5

In the
humid

One-third-octave mid- Maximum band sound
band frequency pressure level
Hz dB
50 42
63 39
80 36
100 33
125 30
160 27
200 24
250 21
315 18
400 15
500 12
630 11
800 11
1000 10
1250 10
1600 10
2 000 10
2 500 10
3150 10
4 000 10
5000 10
6 300 10
8 000 10
10 000 10

Atmospheric temperature, humidity and pressure

region where the microphones are located, the variations of atmospheric temperaturg
ity shall be within the limits shown in Table 3.

Measlirements of atmospheric, pressure shall be made to within £1,5 kPa.

The li
specif
emiss

Table 3 — Allowable limits in the variation of atmospheric temperature and
relative humidity during measurements in the reverberation test room

mits of Table 3 are,'generally sufficient. However, other temperature and humidity cond
ed in noise test.codes for specific equipment types, especially if the operation of the equip|
on levels depend on ambient conditions. In such cases, those conditions shall be applied.

© 1SO 2010 — All rights reserved

Ranges of relative humidity

Ranges of
temperature %

6 <30 % 30 % to 50 % >50 %
°C Allowable limits for temperature and relative humidity
-5<6<10 +1°C,£3% +1°C,£5% +3°C,£10%
10 < <20 +1°C,£3% +3°C,£t5% £3°C,£10%
20 6«50 +2°C,£3% +5°C,£5% £5°C, £10%

b and relative

tions may be
ment or noise
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6 Instrumentation and measurement equipment

6.1 General

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, if employed for the comparison method (see 8.1), shall meet the requirements given
in ISO 6926.

6.2 Calibration

The microphdnes shall be calibrated for random incidence as specified in IEC 61183.

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 ong or more frequencies within the frequency range of interest. Without any further‘adjustment, the
difference befween 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 requiremegnts 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 beerified at intervals in a labqratory
making calibr@tions traceable to appropriate standards.

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

7 Definition, location, installation, and operation of noise source under test

7.1 General

It is important to decide which components, sub-assemblies, auxiliary equipment, power sources| etc.,
constitute integral parts of the noise source whose sound power level or sound energy level is |to be
determined. I is important alsoto define the manner in which the source is installed and operated for the test,
since both th¢se factors can(have a significant influence on the sound power or sound energy emitted. This
clause describes the approach to be adopted in setting up the source for testing and in defining the conditions,

obtained.

This Internati
operation, bu S > instructions-and specifications-of a-noise test codeif any exists, for
the particular type of source under test

7.2 Auxiliary equipment

Care shall be taken to ensure that any electrical conduits, piping or air ducts connected to the noise source
under test do not radiate significant amounts of sound energy into the test environment.

If practicable, all auxiliary equipment necessary for the operation of the noise source under test that is not a
part of it shall be located outside the reverberation test room. If this is impractical, care shall be taken to
minimize any sound radiated into the room from such equipment. The noise source under test shall be taken
to include all significant sources of sound emission, including auxiliary equipment which cannot either be
removed or adequately quietened.
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7.3 Noise source location

The noise source to be tested shall be installed in the reverberation test room at one or more locations relative
to the boundary surfaces, as if it were in normal use. If a particular position is not otherwise specified, the
source shall be placed on the floor at least 1,5 m from any wall of the room. If two or more source positions
are necessary in accordance with 8.4.2.4 or Annex D, the distance between different positions shall be equal
to or larger than the half wavelength of sound corresponding to the lowest mid-band frequency of
measurement. In the case of a test room having a rectangular floor, the noise source under test shall be
placed asymmetrically on the floor.

Tabletop equipment shall be placed on the floor of the reverberation test room, at least 1,5 m from any wall,

unleswwamwﬁmmm
at the centre of the tabletop, and the source and table shall be regarded as an integral

place
purpoge of the test.

7.4 |Installation and mounting conditions

In mapy cases, the sound power or sound energy emitted by a source is affected by the suppo
conditions. Whenever a typical condition of mounting exists for the noise source under test,
shall he used or simulated, if feasible.

Mounting conditions specified or recommended by the manufacturer.6f the noise source unde
used Qinless otherwise specified in any relevant noise test code. Ifa typical mounting condition @
or carjnot be utilized for the test, or if there are several alternative possibilities, care shall be ta
that tHe mounting arrangement does not induce a variability in<the sound output of the source wh
Precajitions shall be taken to reduce any sound radiated@rom the structure on which the ng
mounted.

Many |small sound sources, although themselves poeftradiators of low-frequency sound, can, as

ment shall be
whole for the

t or mounting
that condition

test shall be
oes not exist,
Ken to ensure
ich is atypical.
ise source is

a result of the

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

surfades large enough to be efficient radiators. In such cases, resilient mounting shall be
possilile, between the noise source under fest and the supporting structure, so that the t
vibratijon to the support and the reaction of the source are both minimized. In this case, the
should be rigid (i.e. have a sufficient high-mechanical impedance) to prevent it from vibrating ex
radiating sound. However, resilient.mounts shall be used only if the noise source under tes
mounted in typical field installations!

Coupl
the so
consid

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.

Noise
suspe

sources that-are hand held in normal usage shall either be held by hand for the purpg
hded inssuch a way that no structure-borne sound is transmitted via any attachment

belong to thenoise source under test. If the noise source under test requires a support for its op|
testing, the, support structure shall be small, considered to be a part of the noise source unde

1

interposed, if
nsmission of
ounting base
cessively and
t is resiliently

influence on
g, but similar

se of test, or
hat does not
eration during
r test, and as

descried in the relevant noise test code, if any exist.

Base-mounted machinery and equipment intended exclusively for mounting in front of a wall shall be installed
on an acoustically hard floor surface in front of an acoustically hard wall. Wall-mounted machinery and

equipment shall be placed on an acoustically hard wall.

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

The sound power or sound energy emitted by a source 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 af maximum operating speed under defined conditions;

e) source operating under conditions corresponding to maximum sound generation representative of normal
use;

f)  source wjth simulated loading, under defined conditions;
g) source updergoing a characteristic work cycle under defined conditions.

The source ghall be stabilized in the desired operating condition, with any power source or transmjission
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 duripg 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 or the design of cutting tool, those parameters shall be selected, as far| as is
practicable, that give the smallest variations and that are-typical of normal use. If simulated loading conditions
are used, they shall be chosen such that the sound-power levels or sound energy levels of the source|under
test are repregentative of normal use.

The noise enission levels for certain equipment, e.g. electronic equipment with speed-controlled cooling fans
or air-conditigning equipment containing {compressors, may be greatly affected by the ambient temperafure in
the test room| If not otherwise specified,’such as in an applicable test code, it is recommended that fof such
equipment th¢ ambient temperaturé in‘the test room be set at a value typical of its operation, maintaiped to
within + 2 °C, |and reported.

8 Measurements-in‘the reverberation test room

8.1 Genera

Procedures are described for two alternative methods of determining sound power levels and sound energy
levels:

a) the method using the equivalent sound absorption area of the reverberation test room, referred to as the
direct method;

b) the method using a reference sound source of known sound power level, referred to as the comparison
method.

Both methods are applicable over the range of one-third-octave bands with nominal mid-band frequencies
from 100 Hz to 10 000 Hz, but for special purposes the range may be extended downwards in frequency as
far as the one-third-octave of mid-band frequency 50 Hz (see 3.12), by following the guidelines given in
Annex E.
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8.2 Initial location of the noise source under test

For the direct method, the noise source under test shall be located in the reverberation test room at an initial
position, selected in accordance with 7.3.

8.3 Microphone positions

For both the direct method and the comparison method, the numerical value of the minimum distance, d,;,, in
metres, between the noise source under test and the nearest microphone position, for each frequency band of
interest, shall be not less than:

min = D1\/L (8)

Tq0

S

wherg
0, =0,08;

14 is the volume, in cubic metres, of the reverberation test room;

~

Lo is the reverberation time, in seconds.

In order to minimize the near-field bias error and ensure that\the measurement points are located in the
reverljerant part of the sound field, it is strongly recommended that the value of D, be 0,16 fqr frequencies

below|5 000 Hz.

When| using the comparison method, the minimumddistance between the noise source undef test and the
nearegt microphone position may also be calculated from Equation (9), in which case either Equation (8) or
Equatjon (9) may be used to determine the minitaum distance.

0,05(Lyyr—L )

9)

S

min = D210
whereg
D, =04,

L}y, is the known.sound power level of the reference sound source, in decibels;

is the time-averaged sound pressure level when the reference sound source is operated in the
reverberation test room, in decibels.

In order-to. minimize the near-field bias error and ensure that the measurement points are located in the

reverherant part of the sound field, it is strongly recommended that the value of D, be 0.8 far frequencies
below 5 000 Hz.

If the room and test set-up have been qualified in accordance with Annex D, the same number of microphones
and the same microphone positions or continuous microphone traverse used for the qualification shall be used
for the sound pressure measurements.

If the reverberation test room has not been qualified in accordance with Annex D, six discrete microphone
positions shall be selected from which the standard deviations of sound pressure levels are to be estimated
(see 8.4.2). The six microphones shall be more than 1,0 m distant from any of the surfaces of the room and
more than d,,,;, from the source. The minimum distance between the microphone positions shall correspond to
half the wavelength of the lowest mid-band frequency of interest. For measurements other than those for
estimating the standard deviations, a continuous microphone traverse may be used.
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If a continuous microphone traverse is used, it shall meet the following requirements:

a)
b)
c)
d)

e)

no point on the traverse shall be any closer than d,,;,

from the source;

no point on the traverse shall be any closer than 1,0 m to any surface of the test room;
no point on the traverse shall, at any time, be closer than 0,5 m to any surface of a diffuser;

the microphone traverse should not lie in any plane within 10° of a room surface;

+

vl

the microphone traversing path may be a straight line, or a circular arc, or a circle — the length of the

path, /, s
of sound

In order to e
smaller room
(or more) tra
wavelength a

This is the m
Annex D.

8.4 Measurement of sound pressure levels

8.4.1 Gener

TN ] $ 1 2.7 402 oo bbb oy o | m-alar—rdkbar 1 itk wwaralarnatib—ia—aa
iAot atrTCasStT T =970 0T I = TU,J T, WiInCHNC VoI TS STTACT, " WiITCTC 77U TS TS WaveToTTguT, 1T i1

at the lowest mid-band frequency of interest.

nsure that the measurement points are located in the reverberant part of the, sound fi
b, it is strongly recommended that the length of traverse be achieved by dividing it betweé
verses, provided the minimum distance between their paths is more than 1 m or h3
the lowest mid-band frequency of interest, whichever is smaller.

inimum length of the traverse; a greater length may be requiredeither from 8.4.2.3 o

al

For both the

source under ftest for each one-third-octave band in the frequency range of interest, L’ sy, shall be ob

at each micr

time interval, for each mode of operation selected (see<¥Z.5). If the test room has been qualified in accor

with Annex
microphone t
room has not
as described
see 8.4.2.

Where the so
may be nece
test report. Fd
30 s. For freq

the rotating vane diffuser.isiused, the measurement time interval shall be an integral multiple of, or mor

10 times, the
include at lea

In addition, e

irect method and the comparison method, time-averaged sound pressure levels from the
hone position, i, or over each microphone traverse (i = 1, 2 ... n), over a suitable measur

, the same number of microphones~and the same microphone positions or conti
averse used for the qualification shalkbe used for the sound pressure measurements. If th
been qualified in accordance with*Annex D, six discrete microphone positions shall be se
in 8.3 and these shall be regarded as initial positions for the purpose of further evall

5sary to increase the-measurement time interval and the interval chosen shall be stated
r frequency bands-centred on or below 160 Hz, the measurement time interval shall be a
Llency bands céntred on or above 200 Hz, the measurement time interval shall be at least 1

period of rotation. When using a traversing microphone, the measurement time interva
5t two fulltraverses.

ther immediately before or immediately after the sound pressure levels from the noise §

etres,

eld, in
en two
lf the

r from

noise
tained
ement
dance
nuous
e test
lected
ation,

urce, or background, sound pressure levels at individual microphone positions vary with time, it

in the

I least

Os.If
e than
shall

ource

under test a

€ Imegsured; the—time=averaged sournd—pressure tevels—of the—backgroundToise—for

each

one-third-octave band in the frequency range of interest, L) shall be obtained at each microphone position
or over each microphone traverse, over the same measurement time interval as that used for the noise source
under test.

8.4.2 Further evaluation in a test room that is not qualified for the measurement of
discrete-frequency components (see Annex D)

8.4.21 General

For test rooms that have been qualified for the measurement of sources containing discrete frequency
components in accordance with Annex D, the procedures specified in 8.4.2.2 to 8.4.2.5 are not required.
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8.4.2.2 Determination of standard deviations from preliminary measurements

The standard deviation, sy, of the sound pressure levels measured at six initial microphone positions in
accordance with 8.4.1, for each one-third-octave band shall be determined from Equation (10):

2

N, ’ ’
e | Lipre) = Lpmepre) |
DS (10)
N -1
i=1 M(pre)
where
l;ﬁ(pre) is the one-third-octave band time-averaged sound pressure level measured-at the ith initial
microphone position, with the noise source under test in operation, in decibels;
l;m(pre) is the arithmetic mean value of the one-third-octave band time-averaged sound pressure
levels measured at the six initial microphone positions, with the noise source|under test in
operation, in decibels;
Mvpre) = 6, the initial number of microphone positions.

8.4.2.3 Number of microphone positions to be used

If the standard deviation of the sound pressure levels, s, obtained from Equation (10) exceeds {,5 dB for one
or mqgre one-third-octave bands, the noise source under test emits sound containing signifjcant discrete
frequgncy components. In this case, either the room and the test set-up shall be modified so [that it can be
qualified in accordance with Annex D or the number of microphone positions, N,,, required for dgtermining the
mean|sound pressure level in accordance with 9.1.3;%and subsequently for determining the |sound power
levels| shall be determined from Table 4.

Alternptively, when using a traversing microphone, the minimum length of the microphone traversing path
shall he the smaller of:

A
I==N

> Vm (11)
1=10,3

wherg

~

is the length\in metres, of the microphone traversing path;
Al is thewavelength, in metres, of sound at the mid-band frequency of measurement;

My-is.the number of microphone positions determined from Table 4.

When a large number of microphone positions is required, the use of a microphone traverse is recommended.

In order to ensure that the measurement points are located in the reverberant part of the sound field, in
smaller rooms, it is strongly recommended that the length of traverse be achieved by dividing it between two
(or more) traverses, provided the minimum distance between their paths is more than 1 m or half the
wavelength at the lowest mid-band frequency of interest, whichever is smaller.
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Table 4 —Minimum number of microphone positions for the measurement of sound pressure levels

Standard deviation, sy
One-third-octave mid-band frequency dB
Hz sm< 1,5 1,5<sy<3 sm>3
Minimum value of Ny
100, 125, 160 6 6
200, 250, 315 5 6 12
400, 500, 630 12 24
> 800 15 30
8.4.2.4 Evaluation of need for additional noise source positions
If the standand deviation of the sound pressure levels, sy, determined in 8.4.2.2 exceeds 1,5 dB for ¢ne or
more one-thifd-octave bands, the noise source under test emits sound containing significant discrete
frequency cofnponents. In this case, either the room and the test set-up shall bg ‘madified so that it gan be
qualified in gccordance with Annex D or the number of source positions, Ng;'shall be determineq from
Equation (12)]and Table 5:
Teo )(1000)° 1
NS > KS + (12)
4 f Ny
where
Kg is optained from Table 5 for the appropriate freguency band,
Teo s the numerical value of the reverberation’time, in seconds, of the test room for the particular one-
third-octave band;
vV is the numerical value of the volume, in cubic metres, of the reverberation test room;
f is the numerical value of the mid-band frequency, in hertz, of the one-third-octave band;
Ny s the number of microphone positions for the measurement of sound pressure level, obtained from
Talle 4 for the appropriate frequency band.
The use of a :I‘otating diffuser may reduce the need for additional source positions (see Annex B). The nged for
additional solirce pasitions can also be reduced by limiting the reverberation time to increase the modal
overlap. For pnexthird-octave bands with mid-band frequencies below 1 000 Hz, it is recommended tHat the
reverberation|time, Ty, in seconds satisfies the following inequality
2
S
Teo <V |——
€0 (1 000
where
V' is the numerical value of the volume, in cubic metres, of the reverberation test room;
f is the numerical value of the mid-band frequency, in hertz, of the particular one-third-octave band.

16
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8.4.2.5 Measurements to be used for determining sound power levels

If fixed microphone positions are used, and the results of the evaluations in 8.4.2.3 and 8.4.2.4 show that no
additional microphone positions or source positions are needed, then the measurements from 8.4.1 using the
initial six discrete positions can be taken as final. If the evaluations of 8.4.2.3 show that additional microphone
positions or traverses are needed, repeated sets of measurements shall be taken using the number of
microphone positions or lengths of microphone traverse determined. If additional source positions are needed
in accordance with 8.4.2.4, the same number of microphone positions or the same traverse lengths shall be
used for each, i.e. the evaluation of 8.4.2.3 does not need to be repeated for each source position.

8.5 Measurement of single event time-integrated sound pressure levels

8.5.1 | General

For both the direct method and the comparison method, single event time-integrated.sound pfessure levels

from f
shall

single
or se
select
micro
press
micro
the pu
SOUrcs

he noise source under test for each one-third-octave band in the frequency range of inte
be obtained, at each microphone position, i (i=1, 2 ... Ny). Measurements shall inclu
sound event at a time (in which case the process shall be repeated N, times, where N, i
eral successive (N,) sound events (where again Ne is a minimum ofive) for each mod
cd (see 7.5). If the test room has been qualified in accordance withr Annex D, the san
pbhones and the same microphone positions used for the qualification shall be used f
ire measurements. If the test room has not been qualified innaccordance with Annex O
pbhone positions shall be selected as described in 8.3 and thése’shall be regarded as initig
rpose of further evaluation, see 8.5.2. A moving microphene shall not be used for measu
e emitting non-repetitive impulsive noise.

Table 5 —Minimum number of source locations and value, Kg,
for the measurement©f sound pressure levels

rest, L’El'(ST)’
de either one
5 at least five)
b of operation
he number of
or the sound
, Six discrete
| positions for
rements on a

Standard deviation, sy,
Dne-third-octave mid-band frequency dB
Hz sm< 1,5 1,5 <spm <3 sml> 3
Ks
100, 125, 160 2,5 5
200, 250, 315 5 10
400, 500,630 B 10 20
>800 12,5 25
Minipnum value of Ng 1 by Equation (12)

The n

easurement time interval for the noise source under test shall be long enough to contain

bl that part of

the na

ise—of the event(s)including-the-decaywhich-makea-significantcontributionto the-sing

e event time-

integrated sound pressure level.

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
one-third-octave band in the frequency range of interest, L) shall be obtained at each microphone position,
over a representative measurement time interval.
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8.5.2 Further evaluation in a test room that is not qualified for the measurement of
discrete-frequency components (see Annex D)

8.5.2.1

General

The need for additional microphone and noise source positions shall be evaluated following similar
procedures to those of 8.4.2, using single event time-integrated sound pressure levels instead of
time-averaged sound pressure levels.

8.5.2.2 Me
If the results
needed, then
the evaluati
measuremen
positions are
each.

8.6 Meas
comparison

8.6.1 Locat
The position ¢
1,5 m from th
during the m
reference sou
(see next pa
positions are

The preferred
source under

8.6.2 Sound pressure levels from the reference sound source

The time-ave
from the refd
traverses as
shall be mads
under test wit

NOTE Re
conducted for t

asurements to be used for determining sound energy levels

p
the measurements from 8 5.1 using the initial six microphone positions can be taken jas-f
ns of 8.5.2.1 show that additional microphone positions are needed, repeated s
s shall be taken using the number of microphone positions determined. If additional
eeded in accordance with 8.5.2.1, the same number of microphone positions \shall be ug

rement of sound pressure levels from the reference sound source for the
method

on of the reference sound source

f the reference sound source shall be on the floor of the\reverberation test room, and mor
e walls of the room. The noise source under test shall be located in the reverberation
basurements of the reference sound source. If thesource under test is not easily move
nd source shall be installed as close as practicalbut at least 1,5 m from the source und
Fragraph). This single position for the reference sound source suffices, even when m
required for the noise source under test in accordance with 8.4.2 or 8.5.2.

location of the reference sound source corresponds to the location to be used for the
test (or one of the locations, if multiple' locations are required for the source under test).

aged sound pressure levels in each one-third-octave band over the frequency range of in
rence sound source‘shall be measured using the same discrete microphone positig
n 8.4.1 or 8.5.1 fer\the noise source under test. Measurement of the reference sound
at the same temperature, pressure, and humidity used for the measurement of the noise ¢
nin the limits specified in 5.5.

uirements\for the reference sound source are described in 6.2 and the evaluations of 8.4.2 need
he reference sound source.

hs are
nal. If
bts  of

source

ed for

e than

room
d, the
br test
ultiple

noise

terest
ns or

source

ource

not be

8.7 Measurementofreverberationtime— —— |

The reverberation times of the test room, T, shall be measured in accordance with ISO 3382-2, except that
only the first 10 dB or 15 dB decay, denoted respectively Tyq, and Ty5, shall be used (ISO 80000-821)).
Reverberation times shall be measured with the noise source under test in the test room fif it is likely to affect
the reverberation time significantly. For one-third-octave bands with mid-band frequencies from 6 300 Hz to
10 kHz, the same number of measurements of decays shall be used as for the band with a mid-band
frequency of 5 000 Hz.

18
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8.8 Measurement of meteorological conditions

The meteorological conditions (air temperature, static pressure, and relative humidity) around the noise
source at the time of the test shall be measured. The accuracy and precision of the equipment shall be
sufficient to allow determination of conformity with the requirements of 5.5.

9 Determination of sound power levels and sound energy levels
9.1 Determination of sound power levels
9.1.1 | Calculation of measured time-averaged sound pressure levels for multiple source ﬂ)ositions

If morg than one position of the noise source under test has been used (8.4.2.4), the measured t
sound pressure level in each one-third-octave band over the frequency range of interest and fo
microphone positions or microphone traverses, for the chosen mode of operation of'\the source (
averaged over j source positions, L’pi(ST)’ shall be calculated using Equation (13):

wherg

9.1.2 | Corrections for background noise

The bpackground noise correction, Kq;nat the ith microphone position or for the ith microphone trg
one-third-octave band shall be calculated using Equation (14):

wherg

I~

1 1
STy = 10Ig{ 210 p(ST)J}dB

Sj1

[L;,i(ST)] ~is the measured (uncorrected) one-third-octave band time-averaged sound pre
7 the ith microphone position or for the*ith microphone traverse, and for t
position, with the noise source undertest in operation (ST), in decibels;

Mg is the number of source positions.

Ky =-101g(1-10"%45) 9B

AL pi = LigsT) — Lpie)

me-averaged
each of the i
nder test and

(13)

ssure level at
ne jth source

verse in each

(14)

in which

L'isT) is the measured (uncorrected) one-third-octave band time-averaged sound pressure level
at the ith microphone position or for the ith microphone traverse, with the noise source
under test in operation, in decibels,

L,iB) is the one-third-octave band time-averaged sound pressure level of the background
noise (B) measured at the ith microphone position or for the ith microphone traverse, in
decibels.

If AL, > 15 dB, Kj; is assumed to be zero, and no correction for background noise shall be applied.

If 6dB < AL, . < 15 dB, for one-third-octave bands of mid-band frequency 200 Hz and below,
and above, 1?11 shall be calculated in accordance with Equation (14).
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If 10 dB < AL,; < 15 dB, for one-third-octave bands of mid-band frequency 250 Hz to 5 000 Hz, K4, shall be
calculated in accordance with Equation (14).

If AL, < 6 dB for one or more one-third-octave bands of mid-band frequency 200 Hz and below and 6 300 Hz
and above, Kj; shall be set to 1,26 dB (the value for AL, =6dB). If AL, <10dB for one or more
one-third-octave bands of mid-band frequency 250 Hz to 5 000 Hz, K;; shall be set to 0,46 dB (the value for
AL ;=10 dB). In either case, it shall be clearly stated in the text of the report, as well as in graphs and tables
of results, that the data in such bands represent upper bounds to the sound power level of the noise source
under test.

If the modelling approach of Annex G is used for the measurement uncertainty due to background noise, it

shall be eval

ated with full correction in accordance with Equation (15). without restricting the level diff

rence

between sour|

The measure

Cce under test and background noise.

i time-averaged sound pressure levels shall each be corrected for the presence of) backd

round

noise. The cofrected one-third-octave band time-averaged sound pressure level at the ith microphone pgsition
or for the ith microphone traverse, with the noise source under test in operation, Lpl.(ST), in decibels, is| given
by
L sty T Lpist) = Kui (15)
where
L. is the measured (uncorrected) one-third-octave band-time-averaged sound pressure lgvel at
pi(ST) AR o o . .
the ith microphone position or for the ith microphene traverse, with the noise source [under
test in operation, in decibels;
Ky; is the background noise correction, in decibels.

9.1.3 Calcujation of mean time-averaged sound-pressure levels in the test room

The mean ba
room with the

ckground noise corrected one-third-octave band time-averaged sound pressure level in th
noise source under test in operation, LP(ST) , shall be calculated using Equation (16):

e test

1 QY oz
L ,sT) =[101g N—Zm "EPiED) 1 dB (16)
M =1
where
L,isT) |is the Cofrected one-third-octave band time-averaged sound pressure level at tTe ith
microphone position or for the ith microphone traverse, with the noise source under fest in
operation, in decibels;
Ny is the number of microphone positions or individual microphone traverses.

The mean background noise corrected one-third-octave band time-averaged sound pressure level of the
reference sound source (RSS) in the test room, LP(RSS) , shall be calculated using Equation (17):

P 1
L ,rss) =10lg| —
p( ) NM

20

Ny
Z 10 0.1L i(RSS)
i=1

]ds

(17)
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where

To determine whether the background noise criteria of 5.4 have been met, the quantities given
(18) apd (19) are also required.

The

wherg

The

decibgls, is given by

wherg

Lyirss) = Lyirss) — KiiRrss)

in which

L;,,-(RSS) is the measured (uncorrected) one-third-octave band time-averaged sound pressure
level of the reference sound source at the ith microphone position or for the ith

microphone traverse, in decibels,

Kyrss)y is the background noise correction for the reference sound source at the ith

+ b HH £ o +lo H . + + <l H N |
MMucropnuonc Ppuoituulnm Ul TUl Uic iut Trnoeropronc turavol o, 1T UTUIVUTITS,  Ld

Equation (14) with the substitution of L’ rss) for L’;sty;

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

D~

N ’
" on =10l —— 3 10%17T | 4B
p(ST) 9 N

i=1

. is the measured (uncorrected) ‘one-third-octave band time-averaged sound pre
pi(ST) : - . : ;

the ith microphone position or\fer the ith microphone traverse, with the noise sou

in operation, in decibels;

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

ean one-third-octave band)time-averaged sound pressure level of the background noise

D~

~101g| 25 NM10°’”M‘<B> dB
p®) =171 NMZ
i=1

culated using

by Equations

npean uncorrected one-third-octave band time-averaged sound pressure level in the test rpom, with the
noise [source under test in operation, L;(ST) , in decibels, is given by

(18)

ssure level at
rce under test

B), Lp(B) ,in

(19)

1e . i f

ground noise

measured at the ith microphone position or for the ith microphone traverse, in decibels;

Nu is the number of microphone positions or individual microphone traverses.
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9.1.4 Calculation of sound power levels using the equivalent absorption area of the room (direct

method)

The sound power level of the noise source under test in each one-third-octave band, Ly, under reference
meteorological conditions, shall be calculated using Equation (20):

—_— A A
Ly =L +<10lg—dB + 4,34—dB + 10Ig| 1+
w = Lp(sT) { ng S 9( Y

where

LpysT)

22

Sc

fde + C1 + C2 - 6dB}

(20)

is the mean corrected one-third-octave band time-averaged sound pressure level in(th
room with the noise source under test in operation, in decibels;

is the equivalent absorption area, in square metres, of the room

4= 55,26 V
C T60

in which Ty, is the reverberation time, in seconds, of the reverberation test room at th
band frequency of the measurement(s);

=1m?
is the total surface area, in square metres, of the\reverberation test room;

is the speed, in metres per second, of sound at the temperature, 6, in degrees Celsius,
air in the reverberation test room at the time of test,

c=20,05,273 + &

is the volume, in cubic metres; of the reverberation test room;

is the mid-band frequengy, in hertz, of the measurement(s);

is the reference @Quantity correction, in decibels, to account for the different reference qua
used to calculate decibel sound pressure level and decibel sound power level, and is a fu
of the charactéristic impedance of the air under the meteorological conditions at the tim
place ofithe measurements:

e test

B mid-

of the

ntities
nction
e and

273,15 + H}dB

0

€, =-101g-2s dB +5 Ig(
De’f\

is the radiation impedance correction, in decibels, to change the actual sound power re

levant

for the meteorological conditions at the time and place of the measurement into the sound
power under reference meteorological conditions, the value shall be obtained from the

appropriate noise test code, but in the absence of a noise test code, the following equa

tion is

valid for a monopole source, and is a mean value for other sources (see References [23][31]):

C,=-101g-25 dB +15|g[

273,15 + ede
Ps,0

1
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in which
Ds is the static pressure, in kilopascals, in the test room at the time of test,
Ps, 0 is the reference static pressure, 101,325 kPa,
o is the air temperature, in degrees Celsius, in the test room at the time of test,
6 =314 K,
6, =296 K.
NOTE The value given for ¢, leads to a characteristic impedance of air of 400 Ns/m?3 at the referénce|static pressure

101,335 kPa (References [22][23]). This value is not related to any real environmental condition, it is'a_con§equence of the
decibe] reference values used for sound pressure and for sound power.

2

331,45 m/sx 1,292 9 kg/m®> x1 pW
) = 273,15 Kx | 22> TS X gm 7 P | - 313,51K = 314 K

(20uPa)® x1 m?2

D

9.1.5 | Calculation of sound power levels using the reference sound source (comparison method)

The spund power level of the noise source under test in each one-third-octave band, Ly, under reference
meteqgrological conditions, shall be calculated using Equation {2%):

Ly :LW(RSS)+(Lp(ST)_Lp(RSS))+C2 (21)
wherg

Ly rss) s the one-third-octave band;sound power level of the reference sound source, determined in
accordance with 1ISO 6926 and corrected to the meteorological conditions at the time of test,
in decibels;

1 »(ST) is the mean corrected one-third-octave band time-averaged sound pressure leyvel in the test
room, from the noise source under test, in decibels;

1 »(RSS) is thesmean background noise corrected one-third-octave band time-avgraged sound

pressure level in the test room, from the reference sound source, in decibels;

b L _101g-Ls- dB+15Ig{—273’15+e} dB
Ps,0 ‘91

9.2 Determination of sound energy fevels

9.2.1 Calculation of the mean of the measured single event time-integrated sound pressure levels for
multiple sound emission events and for multiple source positions

If N, single event time-integrated sound pressure levels have been measured one at a time at the ith
microphone position and for the jth source position, the mean measured single event time-integrated sound
pressure level at that position, [L’Ei(ST)] _ shall be calculated using Equation (22):

J

Ne  04[Ly ,
[Lim ], = 1016] 7= 2,10 renl | g (22)

e 4=1
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where

|:L;Ei,q(ST) ]j

N,

e

is the measured (uncorrected) one-third-octave band single event time-integrated
event (g =1, 2 ... N,) of the noise source under test in operation, in decibels;

is the number of measurements of single sound emission events.

sound

pressure level at the ith microphone position, for the jth source position and for the gth

If one single event time-integrated sound pressure level has been measured at the ith microphone position
and for the jth source position encompassing N, sound emission events, the mean measured single event

time-integrated sound pressure level at that position for one event,

I:L}ii(ST):Ii shall be calculated

using

Equation (23)
[L}si(ST)
where

|:L;Ei, Nef(S

If more than

event time-int
for each of th
averaged ove

LEi(sT) 7

where

|:L;Ei(ST)

Ng

9.2.2 Corre

;T [LEi,Ne(ST)L— 10IgNe dB

is the measured (uncorrected) one-third-octave band single evénttime-integrated

T)L

encompassing N, successive sound emission events of the noise source under
operation, in decibels;

is the number of sound emission events encompassed by one measurement of
sound emission events.

bne position of the noise source under test has beenh used (8.4.2.4) the mean measured
egrated sound pressure level in each one-third-octave band over the frequency range of in

e i microphone positions, for the chosen modeof operation of the noise source under te
f j source positions, L7;sT), shall be calculated using Equation (24):

Ns of[ry .
L 101g Lzm [LE(ST)L dB
Ns =

is the mean measured (uncorrected) one-third-octave band single event time-inte
sound pressur@ level at the ith microphone position and for the jth source position, w
noise source-under test in operation, in decibels;

is the.number of source positions.

ctions for background noise

(23)

sound

pressure level at the ith microphone position, for the. jth source positiop and

test in

single

single
erest,
5t and

(24)

jrated
th the

The background noise correction, Ky;, in each one-third-octave band and for each fixed microphone position
shall be calculated in a similar manner to that of 9.1.2, using instead the difference between the mean
measured single event time-integrated sound pressure level and the background noise level:

Ky =-1

where

Olg(1-10""4Li) 4B

AL = Lpysty — Lyup)

24

(25)
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in which
ngi(ST) is the mean measured (uncorrected) one-third-octave band single event time-integrated
sound pressure level at the ith microphone position, with the noise source under test in
operation, in decibels,
L,iB) is the one-third-octave band time-averaged sound pressure level of the background noise

measured at the ith microphone position, in decibels.

The integration time T = ¢, — ¢, and other measurement parameters shall be the same for the measurement of
the single event time-integrated sound pressure level, L’Ei(ST) , and background noise level, L ,;g).

The n
micro
prese

yi

wherg

K

9.2.3

The n
with th

D~

wherg

I~

N

To de
(28) a

nean measured one-third-octave band single event time-integrated sound pressure(le
bhone position, with the noise source under test in operation, in decibels, shall be cor

hce of background noise as follows:
Ei(sT) = Lrist) ~ K4i
;Ei(ST) is the mean measured (uncorrected) one-third-octave band single event time-intg
pressure level at the ith microphone position, with the\noise source under test ir
decibels;
b is the background noise correction, in decibels:
Calculation of mean single event time-integrated sound pressure levels in the test

ean corrected one-third-octave band single event time-integrated sound pressure level in
€ noise source under test in operation, LE(ST) , shall be calculated using Equation (27):

— 1 W o1
E(ST) = 10|g N_Z10 "R Ei(ST) dB
M =1
1

£i(sT) Iis the mean-corrected one-third-octave band single event time-integrated sound

at the jth microphone position, with the noise source under test in operation, in de
I\ is the*number of microphone positions.
fermine whether the background noise criteria of 5.4 have been met, the quantities given

Nd.(29) are also required.

vel at the ith
'ected for the

(26)

bgrated sound
operation, in

foom

the test room

(27)

bressure level
Cibels;

by Equations

The mean uncorrected one-third-octave band single event time-integrated sound pressure level in the test

room,

with the noise source under test in operation, LE(ST) , in decibels, is given by

Ny ,
1 210011LE1'(ST)

Lyst) =10 '9[NM ] dB (28)
i=1
where
ngi(ST) is the mean measured (uncorrected) one-third-octave band single event time-integrated sound

pressure level at the ith microphone position, with the noise source under test in operation, in

decibels;
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Nu

is the number of microphone positions.

The mean one-third-octave band time-averaged sound pressure level of the background noise, L,B: in
decibels, is given by

—_— 1 W oy
_ 1 pi(B)
Lpe) =1019) — > 10 dB
M =1
where
L,@) [§ the one-third-octave band Ume-averaged sound pressure level of the background

Nu

9.2.4 Calcujation of sound energy levels using the equivalent absorption area of the room
(direct methqd)

The sound e
meteorologica

Ly =L

where LE(ST)
in the test roo

The explanati

9.2.5 Calcu

The sound energy level of the noise souree under test in each one-third-octave band, L, under refg

meteorologica
where

Ly (rss)

lation of sound energy levels using the reference sound source (comparison methog

easured at the ith microphone position, in decibels;

s the number of microphone positions.

ergy level of the noise source under test in each one-third-octayeband, L, under refg
| conditions, shall be calculated (References [25][26]) using Equation (30) (see 9.1.4):

Sc

[1+
8V f

A 4B+ 4,34§dB +101g

ST) +110 |g AO

de+C1+C2—6 dB

Im with the noise source under test in operationyin decibels.

bns for all other variables are the same as.for Equation (20).

| conditions, shall be calculated using Equation (31):

Rss) + (LE(ST) - Lp(RSS))+C2

is the ‘One-third-octave band sound power level of the reference sound source, determi
accordance with 1ISO 6926 under the same meteorological conditions as those at the t
test, in decibels;

(29)

noise

rence

(30)

is the mean corrected one-third-octave band single event time-integrated sound pressur¢ level

)

rence

(31)

ned in
me of

LT

L ,rss)

G

26

is the mean corrected one-third-octave band single event time-integrated sound pressure level

in the test room, from the noise source under test, in decibels;

is the mean background noise corrected one-third-octave band time-averaged sound pressure

level in the test room, from the reference sound source, in decibels;

is the radiation impedance correction, in decibels, to change the actual sound power relevant
for the meteorological conditions at the time and place of the measurement into the sound
power under reference meteorological conditions, the value shall be obtained from the
appropriate noise test code, 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 References [23][31]):
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C,=-101g-25 dB + 15 |g(

273,15+9] 4B
ps,O

1

9.3 A-weighted sound power level and sound energy level

Where required, the A-weighted sound power level or sound energy level of the noise source under test shall
be calculated using the procedure given in Annex F.

10 Measurement uncertainty

10.1 [Methodology

The Uncertainties of sound power levels, u(Ly), in decibels, and sound energy levels, u(L;), in decibels,
determined in accordance with this International Standard are estimated by the.total standard deviation, in
decibgls:

U(Ly ) =u(Ly) = Ot (32)

This tptal standard deviation is obtained using the modelling approach described in ISO/IEC Gujde 98-3. This
requires a mathematical model which in case of lack of knowlédge 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 gf the method,
Opg, 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 in accordance with:

| 2 2
tot = VORO + Oomc (33)

Equatjon (33) shows that variations of operating and mounting conditions expressed by o, should be taken
into apcount before a measurement procedure with a certain grade of accuracy (characterized by o) is
selected for a specific machine family.(see 10.5 and G.3).

Q

NOTE If different measurement procedures offered by the I1SO 3740 to ISO 3747 series are uged, systematic
numer|cal deviations (biases).may additionally occur.

Derived from ¢, the.eXxpanded measurement uncertainty, U, in decibels, shall be calculated from
= k O-tOt (34)

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

L +7r\r LI LN\ 4 LI I N1 T dat £ 4 £ ] 0
W v, I \LzJ U)j o \LzJ U] TTHo CUITTOPUINTUS TU a LUVETAYT TAdLlUl UT'A = 4.

If the purpose of determining the sound power level is to compare the result with a limit value, it can 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.

10.2 Determination of o

The standard deviation o, [see Equation (G.1)] which describes the uncertainty associated with the
instability of the operating and mounting conditions for the particular source under test shall be taken into
account when determining the measurement uncertainty. It can be determined separately from repeated
measurements carried out on the same source at the same location by the same persons, using the same
measuring instruments and the same measurement position(s). To determine o, repeated sound pressure
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levels are measured either at the microphone position associated with the highest sound pressure
level, L;m.(ST), or measured and averaged over all measured positions, L;,(ST) . Measurements are then
corrected for background noise. For each of these repeated measurements, the mounting of the machine and
its operating conditions shall be readjusted. For the individual sound source under test, o, is designated as
Oome - It is possible that a noise test code provides a value of o, Which is representative for the machine
family concerned. This value should take into account all possible variations of operating and mounting
conditions that are within the scope of the noise test code.

NOTE 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, can apply. In other cases, e.g. a large influence of the material flow into and out of the machine or
material flow that varies in an unpredictable manner, a value of 2 dB is appropriate. However, in extreme cases such as
strongly varying noise _generated by the processed material (stone-breaking machines, metal-cutting machines and

presses operat|ng under load) a value of 4 dB results.

10.3 Determination of oy,

10.3.1 General

The standarqd deviation oy includes all uncertainty due to conditions and situations allowed b
International Btandard (different radiation characteristics of the source under test, different instrumen
different imple¢mentations of the measurement procedure), except that due to instability of the sound po
the source under test. The latter is considered separately by

y this
fation,
wer of

O-OI”nC'

The values df opy given in Table 6 reflect current knowledge. They~are typical upper bounds taking into

consideration
Machinery-sp
modelling ap
(see 10.2 and

10.3.2 Roun

The round ro
power level ¢

the great variety of machines and equipment cévered by this International Sta
ecific values may be derived from round robin tests (8ee 10.3.2) or by using the mathen
broach (see 10.3.3). They should be given in noise test codes specific to machinery f3
Annex G).

il robin test

bin test for determining oy shall be.cafried out in accordance with ISO 5725, where the
f the source under test is determihed under reproducibility conditions, i.e. different pe

carrying out measurements at different testing locations with different measuring instruments. Such

provides the
the round rob

This total sta|
standard devi

ORO =\/

If %o values
small range o

otal standard deviation oygrelevant for the individual sound source which has been us|
n test. Participating laboratories in round robin tests should cover all possible practical situ

hdard deviation o t7)in decibels, of all results obtained with a round robin test includ
ation o,y and dllows o%g to be determined by using

r 2

’
2
O tot

~ Oomc

obtained from many different pieces of machinery belonging to the same family deviate w

hdard.
natical
milies

sound
brsons
a test
ed for
ations.

bs the

(39)

ithin a
ndard

hly,their mean value can be regarded as typical for the application of this International Stg

to this partic

arfamibr and Lcad ac
di dairmy arnfu uotu ao U

\Alhanaever-availabl areb-—a vl ahbharld b Abvan—in—th Bnat t t
- VVIITTICTVET avalndaulc, suvllh a valuc olffuuitu vo yiverlt nmr uic IIUI\.e eS

code specific to the machine family concerned (together with ¢,,,.) 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 .

For certain applications, the effort involved in a round robin test can be reduced by omitting measurements for
different locations, e.g. if machines under test are usually installed under conditions with a small background
noise correction K or if the noise emission of a machine is rechecked at the same location. Results of such
delimited tests should be denoted by o,y p., and this designation should also be used for tests on large
machines being not movable in space. ’
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Values for oy, p| can be expected to be lower than those given in Table 6.

The determination of oy using Equation (35) is imprecise if oy is only slightly higher than o,
Equation (35) gives a small value of opq, but with a low accuracy. To limit this inaccuracy,
exceed Ot /42 .

In this case,

Oymc Should not

10.3.3 Modelling approach for o,

Generally o, in decibels, is dependent upon several partial uncertainty components, c; u;, associated with
the different measurement parameters such as uncertainties of instruments, environmental corrections, and
microphone positions. If these contributions are assumed to be uncorrelated. o,q can be described by the

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

dro z\/(c1u1)2 +(cous )2 +..... +(cnun)2 (36)

In Eqyation (36) the uncertainty components due to the instability of the sound emission of the gource are not
included. These components are covered by o,,,.. Annex G discusses each_component of the uncertainty
O o i accordance with existing knowledge.

NOTE If the uncertainty components in the modelling approach are <correlated, Equation (36) dpes not apply.
Furthefmore, the modelling approach requires detailed knowledge to determine the individual terms in Equgtion (36).

By coptrast, the estimation of o, based on a round robin test\does not require assumptions gbout possible
correlgtions between the individual terms of Equation (36). A round robin test is currently morg realistic than
determining possible correlations between the single terms” of Equation (36) and their dependencies on all
other |influencing parameters using the modelling approach. However, round robin tests ane not always
possilile and are often replaced by experience from. garlier measurements.

10.4 [Typical upper bound values of oy,

Table|6 shows typical upper bound values;of the standard deviation o for accuracy grade 1 that may cover
most pf the applications of this International Standard (References [27][28]). In special case$ or if certain
requirements of this International Standard are not met for a machine family or if it is anticipated that actual
valueg of o, for a given familylof machines are smaller than those given in Table 6, a round robin test is
reconmmended to obtain machine-specific values of op.

Table 6 —Typical upper bound values of the standard deviation of reproducibility
of the method, o5, for A-weighted sound power levels and sound energy
levels determined in accordance with this International Standard

One-third-octave Standard deviation of
Frequency bandwidth mid-band frequency reproducibility, o
Hz dB
1002 to 160 3,0
200 to 315 2,0
One-third-octave
400 to 5 000 1,5
6 300 to 10 000 3,0
A-weighted per Annex F 0,5
@  Guidelines for frequencies below 100 Hz are given in Annex E.
b Applicable to noise sources which emit sound with a relatively “flat” spectrum in the
frequency range from 100 Hz to 10 000 Hz.
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10.5 Total standard deviation o,y; and expanded measurement uncertainty, U

The total standard deviation and the expanded measurement uncertainty shall be determined using
Equation (33) and Equation (34), respectively.

EXAMPLE Accuracy grade 1; oy, =2,0dB; coverage factor k=2; measured Ly, =82dB. Machine-specific

determinations of oy, have not been undertaken thus the value is taken from Table 6 (opg = 0,5 dB). Using Equations (34)
and (33) it follows

U = 2x+/0,52 + 22 dB = 4,1dB

Additional examples of calculated values for gy are given in G.3.

NOTE Th¢ expanded measurement uncertainty as described in this International Standard does not_include the
standard deviafion of production which is used in 1ISO 4871 for the purpose of making a noise declaration, for bat¢hes of
machines.

11 Information to be recorded

11.1 General

The informatipn listed in 11.2 to 11.5, when applicable, shall be compiled and recorded for all measurements
made in accofdance with this International Standard.

11.2 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 nuinber and year of manufacture);

b) a description of any treatment of auxiliary equipment for the purpose of the test;

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

e) the locatipn(s) of noise source in the test room;

f)  the locatipn(s) of the reference sound source in the test room.

11.3 Test environment

The following information shall be recorded:

a) a description of the test room, including the dimensions in metres, the surface treatment of the walls,
ceiling and floor, and a sketch showing the location of the noise source under test and the room contents;

b) the air temperature in degrees Celsius, the relative humidity expressed as a percentage, and the static
pressure, in kilopascals, in the room at the time of test.
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11.4 Instrumentation

The following information shall be recorded:

a) the equipment used for the measurements, including the name, type, serial number and manufacturer;

b) the date and place of calibration; the methods used to calibrate the sound calibrator, verify the calibration

of the instrumentation system and, if used, to calibrate the reference sound source, in accordance with
6.2.

11.5 Acoustical data

The fgllowing information shall be recorded:

a) the method (direct or comparison) used for the determination of sound power levels or found energy
Igvels;

b) the microphone positions or traverse used for the measurements (with/a, sketch if necgssary) and a
description of how the microphone is traversed;

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

c) a|l sound pressure levels, whether time averaged or single’ €vent time-integrated, measured in the
reverberation test room from the noise source under test anid\for the background noise;

d) the mean time-averaged or single event time-integrated sound pressure levels in the revgrberation test
r¢gom from the noise source under test and the mean‘background noise levels;

e) the corrections, in decibels, to account for background noise, in each one-third-octave band and at each
nmjicrophone position or over each microphone traverse;

f) the sound power levels or sound energy levels, in decibels, in one-third-octave bands and] if applicable,
Arweighted, rounded to the nearest 0,1 dB; a graphical representation may optionally bge recorded in
afldition;

NOTE ISO 9296l19] requires that/the declared A-weighted sound power levels, L4, of computers and business
equipment are expressed in bels, using the identity 1 B = 10 dB.

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

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

12 Tlest report

Only those recorded data (see Clause 11) 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 clauses in the main
body of this International Standard. If the reported sound power levels or sound energy levels have been
obtained in full conformity with the requirements of this International Standard, the report shall state this fact. If
the levels have not been obtained in full conformity, the report shall not state or imply that they have been. If
one or a small number of identifiable discrepancies exist between the reported levels and the requirements of
this International Standard, then the report may state that the measurements have been conducted
“in conformity with the requirements of this International Standard, except for...” and the discrepancies shall
be clearly identified. In this case, the term “full conformity” shall not be stated or implied.

For example, if the volume of the source under test exceeds 2 % of the volume of the test room (see 1.2), the

report shall clearly state that this requirement has not been met. Furthermore, the report shall not state or
imply that the measurements have been made “in full conformity” with ISO 3741.
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Annex A
(informative)

Guidelines for the design of reverberation test rooms

A.1 General

For accurate
or sub-assem

a) adequatg volume;

b) suitable shape and/or diffusing elements;

c) suitably gmall sound absorption over the frequency range of interest;
d) sufficiently low background noise levels.

A.2 Volume of reverberation test room

The requirem

As shown in ]
octave band (|

NOTE In
reduction in th

above 50 % redluces air absorption.

A.3 Shape

If the room i

proportions should be selectéd)so that the ratio of any two dimensions does not equal or closely appro

an integer.

The proportig
satisfactory fg

Hetermination of the sound power level or sound energy level of a device, machine, comf
bly, the reverberation test room should have:

bnts for reverberation test room volume are given in5.2.

[able 1, a volume of 200 m3 is required for general purpose measurements in which the 1
pr 100 Hz one-third-octave band) is the lowest band in the frequency range of interest.

arge rooms (i.e. those with volumes.gfeater than 200 m3) air absorption can cause an undé
b uniformity of the reverberant sound field at frequencies above 3 000 Hz. Keeping the relative h

of reverberation testroom

not a right cubeidyhone of its surfaces should be parallel. If the room is a right cubg

ns 1:21/3:413 are frequently used. Other room dimension ratios that have been found
r roofis-having a volume near 200 m3 are given in Table A.1.

onent

25 Hz

sirable
imidity

id, its
imate

to be

32

Table A.1 — Recommended room dimension ratios for right cuboid rooms

Ll LI,
0,83 0,47
0,83 0,65
0,79 0,63
0,68 0,42
0,70 0,59
NOTE The symbols /,, /, and /. represent the room dimensions.
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A.4 Absorption of reverberation test room

The sound absorption coefficient of the surfaces of the reverberation test room should be small enough to
ensure an adequate reverberant sound field.

The sound absorption coefficient should be large enough to minimise the effect of the room modes on the
sound power produced by the source below a frequency, £, in hertz, given by:

2 000
r=a
V1/3

wherd V' is the numerical value of the room volume, expressed in cubic metres.

For frequencies below f, the average sound absorption coefficient, &, of all the surfaces)of the|reverberation
test rpom should not exceed 0,16. For frequencies above f or equal to f, the average sound absorption
coeffigient should not exceed 0,06.
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Annex B
(informative)

Guidelines for the design of rotating diffusing vanes

Rotating diffusers in a reverberation test room are useful for the following two reasons:

a) the diffuser reduces the spatial variance of the mean-square sound pressure in the room, which improves
the accurfacy of estimates of the space-averaged sound pressure Iever

b) the diffuger distributes the sound power flow from the source throughout the room, which usually makes
the sounf power of the source less dependent on the room dimensions and on source. position |in the
reverbergtion test room.

The effectiveess of rotating diffusers depends primarily on their size. The diffuser should, therefore, |be as
large as the rpom dimensions permit. The diffuser panels should not be of lightweight)construction. A sprface
density of at|least 5 kg/m?2 is recommended. The speed of rotation should be ‘high enough so that sound
pressures can be averaged over at least 10 complete revolutions of the diffuser{o meet the requiremgnts of
8.4.1.

The practicall design problems associated with large, heavy panelsirotating at high speed can bgst be
overcome by|designing the diffuser as a disk, cone or cylinder, and*talancing the surface areas so that the
centre of grgvity is on the diffuser axis. A double conical diffuser 5 m in diameter has been opgrated
successfully at 2,6 rad/s. Diffuser surfaces which are not parallel to any room surface appear to givgé best
results.
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Annex C
(normative)

Reverberation test room qualification procedure for
the measurement of broad-band sound

ntroduction

oo troTt

foom volume is less than that specified in 5.2 or if the absorption of the test room is more
the procedure described in this annex shall be used to determine whether broad-band s

betwelen the sound source and the reverberant sound field as well as that in the.Space- and ti
proceflure. The reproducibility of the broad-band sound measurements for each’ one-third-o
expressed in terms of the standard deviation of the measurements.

C.2

testin
havin

nstrumentation and equipment

of a noise source. The test procedure given in this annex requires the use of a reference
the characteristics specified in ISO 6926.

The i§strumentation and microphone traverse or array shall be\the same as those used dur

The irffstrumentation shall conform to the requirements-laid down in Clause 6.

The njicrophone traverse or array shall conform to the requirements specified in 8.3.

C3

Six or
sound

lest procedure

pressure levels in the raom, each with the reference sound source placed at a different |

the ropm, under the following gonditions.

a)

The source location~shall be selected within a floor area not closer than 1,5 m to a wall ang
the microphoneythan permitted by 8.3. The distance between any two source locations sh
than A/4, where 4 is the wavelength at the centre frequency of the lowest frequency band
rgom is tobe ‘qualified. No source location shall lie on a room centreline. The source locatig
the general vicinity of the location intended for the noise source being evaluated.

With'the reference sound source at each of the above locations, measurements of the one-{

han specified
punds can be

ired with the reproducibility specified in Table 6. It provides a measure of the variability ip the coupling

me-averaging
ctave band is

ng the actual
sound source

more reverberant sound figldymeasurements shall be taken of the one-third-octave band time-averaged

pocation within

not closer to
all be greater
for which the
ns shall be in

hird-octave or

octave band time-averaged sound pressure levels shall be recorded to at least the nearest

,1dB.

The microphone traverse or array, sound diffusers (if any), instrumentation, and observation time shall be
identical to those used for carrying out actual tests with equipment in the source area being qualified.
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C.4 Calculation

For each frequency band for which the test room is to be qualified, the standard deviation, sg, shall be
calculated using Equation (C.1):

N

i=1

ave
is th

Ng st

C.5 Qualif

For each freq
the calculated

S(L =L

pi

m)
Ng —1

(C.1)

cation

e number of source positions.

Table C.1 — Maximum allowable standard deviation of Lpi

e arithmetic mean of the band time-averaged sound pressure levels, in decibels;

L . is the band sound time-averaged pressure level obtained in accordance with the time- and\gpace-
raging technique described in 9.1, in decibels;

Liency band, the reverberation test room is qualified for the measurement of broad-band sqund if
standard deviation does not exceed the limits given in Table C.1.

One-third-octave mid-band

Maximum allowable standard

frequency deviation, sg
Hz dB
100 to 160 1,5
200 to 630 1,0
800 to 2.500 0,5
3 150 fo ;10 000 1,0
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Annex D
(normative)

Reverberation test room qualification procedure for
the measurement of discrete-frequency components

ntroduction

741:2010(E)

When
proble
of the|
frequg
8.4.2.
meet

not pd

desigm optimizations, this annex provides an experimental qualification procedure for de

combi

At low
any gi
(see 4
bandy
be me

At hig
array

be ne
traver

oo troTt

the sound of equipment being tested contains significant discrete-frequency components,
ms arise because the spatial variance of the sound field and the space and frequency dom
coupling of a sound source to the modes of a reverberation test room are much large
ncy sound than for broad-band sound. Ways to deal with these problems when needed a
An alternative to these procedures is to optimize the initial design of the reom and the
he measurement reproducibility objectives of Clause 10 for any and all-spectral compositig
ssible to predict quantitatively the acoustical performance of many of\the design features|

ned effectiveness of all features of the test facility.

frequencies, the major problem tends to be the small number of room modes which can
ven frequency. This deficiency can be improved by using.a‘larger room, optimizing the roo|
\.3) and by introducing additional damping into the room to broaden the frequency res
idth) of each mode (see A.4). It is possible, howexer, that the qualification criteria (see T

h frequencies, the limiting factor is the number of microphone positions used. It is poss
bf discrete microphone positions provided‘an effective rotating diffuser is employed, but fre
cessary to use a continuous spatial averaging scheme employing a long microphone trav
5es provide more length in a givensspace than linear ones and are easier to automate.

Table D.1 —Maximum allowable sample standard deviations, Sf

One-third-octave mid-band Maximum allowable standard
frequency deviation, s,
Hz dB
100 to 160 3,0
200 to 315 2,0
400 to 630 1,5
800 to 2 500 1,0

t at low frequencies only by using a large rotating.diffuser of the type described in Annex B

measurement
ain variances
r for discrete-
'e specified in
test set-up to
ns. Since it is
used in such
ermining the

be excited at
m proportions
bonse (modal
able D.1) can

ble to use an
guently it may
erse. Circular

D.2 General

The procedure specified in this annex provides an upper limit estimate of the uncertainty of measuring
discrete frequency sounds in a given reverberation test room using a particular source location, or set of
locations, and a given microphone array or path. If the standard deviations do not exceed the values given in
Table D.1 over the frequency range of interest, the test facility [consisting of the room, the source location(s),
the instrumentation, the diffuser (if any), and the microphone array or path] is satisfactory for testing any noise
source whose spectrum contains significant discrete-frequency components. Thus, no additional evaluations

(such

as in 8.4.2) are then necessary for any particular noise source to be tested.
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The qualification procedure makes use of the fact that a pure tone signal represents the worst case so that the
standard deviations obtained with this procedure are greater than or equal to the standard deviations of
reproducibility encountered in testing any realistic noise source.

D.3 Instrumentation and measurement equipment

In addition to the instrumentation and equipment specified in Clause 6, the following items are required for the
room qualification test:

a) aloudspeaker of 200 mm diameter or less with an airtight back enclosure;

b) a signal generator, frequency synthesizer, or oscillator; a frequency counter or an analyser that gan be
used to determine frequency; an amplifier, and a voltmeter.

It may be negessary to try several models of loudspeaker in order to find one having a sufficiently smooth
frequency response to meet the criteria of D.4.

The signal nerator, frequency synthesizer or oscillator shall be capable of generating one or| more
sinusoidal sighals at the frequencies and tolerances given in Table D.2, and shall be"stable to within £ 0,1 Hz
over the freqyency range of interest, and shall have less than 0,1 % total harmonic distortion.

The frequency counter or frequency analyser shall be accurate to within £,0,05 Hz over the frequency rapge of
interest.

The power amplifier used to drive the loudspeaker shall have an output impedance that is compatible wjth the
electrical impgdance of the loudspeaker and shall have sufficient;jpower handling capability (see D.4).

The voltmetdr shall have sufficient precision to enable. monitoring the voltage across the loudspeaker
terminals to within + 1,0 %, at all test frequencies shown in-Table D.2.

D.4 Loudslpeaker test

Locate the loyidspeaker at any convenient.place on the hard, reflecting floor of a hemi-anechoic facility| or on
a reflecting slirface located in a suitable(quiet location outdoors that meets the requirements of ISO 3y44[5],
with the loudgpeaker cone facing upwards. Place a microphone, which shall be of the same manufacturger and
model as thg microphones used _in_the reverberation test room facility, with its diaphragm horizontgl at a
distance of 10 mm to 20 mm coaxially above the plane of the rim of the loudspeaker. Using the|same
indicating deyice and frequency’analyser as used in sound power determinations (see 6.1), measure and
record the solind pressure Jevels at the test frequencies shown in Table D.2 to the nearest 0,5 dB.

It should be noted that{the loudspeaker test uses a near-field measurement to obtain the frequency response
of the loudspeaker,_This is based on the fact that the near-field sound pressure level of a small monopolg-type
source is relafedAo the sound power level in a manner which is essentially independent of frequency because
the real part df the acoustic admittance seen by such a source is essentially independent of frequency.

The loudspeaker is suitable only if the sound pressure levels at adjacent frequencies do not differ by more
than 1 dB.

D.5 Room test

Place the loudspeaker, with the cone facing away from the nearest room surface (including the floor), at the
location(s) and height(s) corresponding to the source position(s) to be qualified. At least six discrete
microphone positions meeting the location requirements of 8.3, or a continuous microphone traverse with a
length of at least / > 34, where 1 is the wavelength of sound at the lowest mid-band frequency of interest,
shall be selected for the measurements. If a revolving or oscillating sound diffuser is used, the diffuser shall be
in operation.
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Determine the space- and time-averaged sound pressure level at the test frequencies listed in Table D.2. The
loudspeaker input voltage shall be the same as for the loudspeaker test (see D.4).

NOTE

If an array of fixed microphone positions is used, the array can either be scanned and the

average sound

pressure level obtained automatically (see 8.3) or the levels at the individual microphone positions can be determined and
the average level obtained by computation.

Frequency variations shall not exceed = 0,1 Hz during each set of measurements.

D.6 Computational procedure

Corre
by su
levels

For e
correq
mean

n

wherg

D.7

ct the room levels taken under D.5 to remove the influence of the near-field loudspeaker
ptracting, at each frequency, the loudspeaker level taken in D.4 to obtain the corrected"sq
Lok
hch one-third-octave band, calculate the arithmetic mean, L ., of the room_sound press
ted and compute the standard deviation, sf of the difference %etween the-corrected room
level: ‘
2
N
_ Zf: (ka _me)
;= A ol
k=1 Ny-1
i is the time-averaged sound pressure levely(corrected for loudspeaker response) pr
test room by the loudspeaker source when excited at the ith test frequency, aver
microphone positions (and if appropriate; over all loudspeaker source locations), in d
bm  is the arithmetic mean of L, valuies, averaged over all N, test frequencies in a gi
octave band, in decibels;
R is the number of test frequencies in a given one-third-octave band.
Qualification

For e

diffuser (if any), and.microphone array or traverse] qualifies for the measurement of the sound

sound energy level produced by noise sources containing significant discrete-frequency com
complited standard deviation does not exceed the limits given in Table D.1. If the room does n
the initial ghgice for the number of microphone positions or length of microphone traverse, additi
or a gfeater length of traverse may be used and the measurements repeated in an attempt to qu

ch particular one-third-octave band, the test facility [room, source location(s), instrument

characteristic
und pressure

ure levels so
evels and the

(D.1)

bduced in the
aged over all
bcibels;

en one-third-

ption, rotating
bower level or
ponents if the
bt qualify with
pnal positions
alify the room

H 1 e HH
for a \Jlr‘lglc sUUrUU pUsItlUn.

It is not necessary to qualify the test room at frequencies above the 2 500 Hz one-third-octave band.

If a continuous microphone traverse of length / is used, the qualification needs to be carried out only at
frequencies below f; or f,, whichever is larger.

6 000
f1 :T

5000
fa =

3
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where
/ is th
vV isth

e numerical value of the length, in metres, of the microphone traverse path;

e numerical value of the volume, in cubic metres, of the test room.

D.8 Multiple source locations

If the test room does not qualify with a single source position, or if multiple source positions are in any case
used during actual testing, the qualification procedure (D.7) may be repeated using one or more additional

loudspeaker
source positi
microphone t
frequency ba

JUb;t;UIIb. ill til;b Ldo’l, ﬂIC qulld PIESsuitT icvcib b;ld” L)U dVCIdHUuI filbt UVCI tilc ;IluI \/idual
bns [in equivalence to Equation (13)], and then over the individual microphone pasitiogns or
averses [in equivalence to Equation (16)]. The resulting average sound pressure level, for each
Md, is then used in place of L, in Equation (D.1).

If the qualification is based on multiple loudspeaker locations, the same set of locations shall be used for the

noise source

source locatigns shall be averaged.

40

under test. The sound pressure levels determined for the several micraphone positions and
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Table D.2 — Test frequencies for alternative qualification of reverberation
test room for measuring sound power levels and sound energy levels
of noise sources emitting significant discrete-frequency components

Centre frequency of one-third-octave bands
Hz

100 | 125 | 160 | 200 | 250 | 315 | 400 | 500 | 630 | 800 | 1000 | 1250 [ 1600 | 2000 | 2500

— | —|1a7| — | — | =361 | — | — | — | — | — |1470| — | —
— | 113|148 | — | 226 | — |34 | — | — | — | — |1130][1480| — |2260
— [ 114 [ 149 | — [ 228 | — | 367 | — | 564 | 712 | — [1140]1490| — |2280

90 | 115 | 150 | 180 | 230 | 285 | 370 | 450 | 570 | 720 | 900 |1 150| 500 ||1 800 | 2 300
91 [ 116 | 151 | 182 | 232 | 288 | 373 | 455 | 576 | 728 | 910 (1160|4510 [(1 820 | 2 320
92 | 117 | 152 | 184 | 234 | 291 | 376 | 460 | 582 | 736 | 920 (A ¥70| 1520 |1 840 | 2 340
93 | 118 | 153 | 186 | 236 | 294 | 379 | 465 | 588 | 744 | 930 [1180| 1530 ||1 860 | 2 360
94 | 119 | 154 | 188 | 238 | 297 | 382 | 470 | 594 | 752 (~940 |1190| 1540 ||1880 | 2380
95 [ 120 | 155 | 190 | 240 | 300 | 385 | 475 | 600 | 760, 950 (1200|1550 [(1 900 | 2400
96 [ 121 | 156 | 192 | 242 | 303 | 388 | 480 | 606 \768 | 960 (1210|1560 [[1920 | 2420
97 | 122 | 157 | 194 | 244 | 306 | 391 | 485 | 612 | 776 | 970 1220|1570 ||1 940 | 2 440
98 | 123 | 158 | 196 | 246 | 309 | 394 | 490<}/618 | 784 | 980 |1230| 1580 ||1960 | 2 460
99 [ 124 | 159 | 198 | 248 | 312 | 397 [\495 | 624 | 792 | 990 (1240|1590 [(1980 | 2480

100 | 125 | 160 | 200 | 250 | 315 | 400;% 500 | 630 | 800 [1000(1250| 1600 ||2000 |2 500

101 | 126 | 161 | 202 | 252 | 318 {403 | 505 | 636 | 808 [1010(1260| 1610|2020 | 2520
102 | 127 | 162 | 204 | 254 | 3297| 406 | 510 | 642 | 816 [1020(1270| 1620 ||2 040 | 2 540
103 | 128 | 163 | 206 | 2567324 | 409 | 515 | 648 | 824 |1030(1280| 1630 [[2 060 | 2 560
104 | 129 | 164 | 208 |.258 | 327 | 412 | 520 | 654 | 832 |1040(1290| 1640 (2 080 | 2 580
105 | 130 | 165 | 210 260 | 330 | 415 | 525 | 660 | 840 [1050(1300| 1650 ||2 100 | 2600
106 | 131 | 166 ( 212 | 262 | 333 | 418 | 530 | 666 | 848 [1060(1310| 1660 [|2 120 | 2620
107 | 132 | A6Z/| 214 | 264 | 336 | 421 | 535 | 672 | 856 |1070(1320| 1670 [[2 140 | 2 640
108 | 133C168 | 216 | 266 | 339 | 424 | 540 | 678 | 864 |1080(1330| 1680 [[2 160 | 2 660
109 |/134° | 169 | 218 | 268 | 342 | 427 | 545 | 684 | 872 [1090(1340| 1690|2180 | 2680
140\ 135 | 170 | 220 | 270 | 345 | 430 | 550 | 690 | 880 [1100(1350| 1700 ||2200 |2 700
1] 136 | 171 | 222 | 272 | 348 | 433 | 555 | 696 | 888 (111013601710 ||2220 (2720

— | 137 | 172 — | 274 — | 436 | 560 | 702 — — (137011720 — [2740
— 138 73 — 276 — 439 — — — — 138071730 — 2760
:_'l‘zcre’"e"t’ 1 1 1 2 2 3 3 5 6 8 | 10 | 10 | 10 | 20 | 20
Tolerance
Pf +0,3 [ +0,3 | £0,3 | +0,5 | 0,5 +1 +1 +1,5 +2 +3 +3 15 15 15 15
increment,
Hz
Number of
test 22 26 27 22 26 22 27 23 24 23 22 26 27 22 26
frequen-
cies, Ny
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Extension of frequency range to frequencies below 100 Hz

Annex E
(informative)

E.1 Additional frequency range

Measurement
the 50 Hz, 63
method (see
requirements
calibrated sol

E.2 Suppls

Tablg E.1 — Standard deviations of reproducibility and typical total standard deviations
of sound power levels and sound energy levels below 100 Hz

For rooms o
Table E.1.)

E.3 Suppls
function of

In general, th
sound power

bment to Table 6

One-third-octave
mid-band frequency

Hz

Standard deviation of
reproducibility, oz,

dB

50 to 80

3,9

volumes grea

E.4 Supplement to Table 4 (Minimum number of microphone positions for the

er than 2001m3 are recommended.

f volume less than 200 m3, the standard deviation of reproducibility may be higher.

ement to Table 1 (Minimum volume of the reverberation test room as a
the lowest frequency band of interest)

e greater the volume of the reverberation room, the lower the variation in reproducibility
levels and sound energy levels at low frequencies. For the purpose of this annex, room

s in accordance with this International Standard may be extended down in frequency to include
Hz, and 80 Hz frequency bands. Users of this International Standard may use either the
9.1.4 and 9.2.4) or the comparison method (see 9.1.5 and 9.2.5) subject to the-add
and guidelines of this annex. If using the latter, the reference sound source, shall include
nd power levels for these bands in accordance with ISO 6926.

direct
itional

(See

of the
s with

measurement of sound pressure level) and lable 5 (Minimum number of source

locations for the measurement of sound pressure level)

The same values as given for 125 Hz are applicable.

E.5 Supplement to Table C.1

The reverberation test room may be qualified for the measurement of broad-band sound following the
procedures of Annex C using Table E.2.
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Table E.2 — Maximum allowable standard deviation of L ;

One-third-octave mid-band

Maximum allowable

frequency standard deviation, s
Hz dB
50 to 80 2,0

E.6 Supplement to Tables D.1 and D.2

ISO 3741:2010(E)

The reverberation test room may be qualified for the measurement of discrete-frequency components
follow|ng the procedures of Annex D using Table E.3 and E 4.

Table E.3 —Maximum allowable sample standard deviations; sy

One-third-octave mid-band

Maximum allowable

frequency standard deviation) s,
Hz dB
50 to 80 3,0

© 1SO 2010 — All rights reserved
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Table E.4 — Test frequencies for alternative qualification of reverberation
test room for measuring sound power levels and sound energy levels
of noise sources emitting significant discrete-frequency components

Centre frequency of one-

third-octave bands

fracguanecin

Hz

50 63 80
564 742

45,0 57,0 72,0
45,5 57,6 72,8
46,0 58,2 73,6
46,5 58,8 74,4
47,0 59,4 75,2
47,5 60,0 76,0
48,0 60,6 76,8
48,5 61,2 77,6
49,0 61,8 78,4
49,5 62,4 79,2
50,0 63,0 80,0
50,5 63,6 80,8
51,0 64,2 81,6
51,5 64,8 82,4
52,0 65,4 83,2
5275 66,0 84,0
53,0 66,6 84,8
53,5 67,2 85,6
54,0 67,8 86,4
54,5 68,4 87,2
55,0 69,0 88,0
55,5 69,6 88,8
56,0 70,2 —
Increment, Hz 0,5 0,6 0,8
Number of test 23 24 23
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Annex F
(normative)

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

from one-third-octave band levels

F.1 Sound power levels

F.1.1

The spund power level in the ith octave band, Ly, where 1 <i < 8 is an integenumber ider

bandg

~

wherg

F.1.2

The A

Octave band levels
with mid-band frequencies in the range 63 Hz to 8 000 Hz, shall be calculated from Equat

3i
wi =101g > 10%4n dB
k=3i-2

7 18 the sound power level in the kth one-third-octave band, in decibels;

is an integer number lying within the range 3i — 2 to 3i, and which identifies the th
octave bands (see Table F.1) which make up the ith octave band.

A-weighted level

-weighted sound power level, Ly, ,; shall be calculated from Equation (F.2):

fea oqusde
wa =101g > 10204 g

tifying octave
on (F.1):

(F.1)

ree one-third-

(F.2)

Vi
k=kmin
where
Ly is the sound power level in the kth one-third-octave band, in decibels;
K C are given in Table F.1;
kmins Kmax are the values of k corresponding, respectively, to the lowest and highest on
bands of measurement.
F.1.3 Unweighted level

e-third-octave

The unweighted sound power level over the whole frequency range of interest, Ly, shall be calculated from
Equation (F.3):

k
L, =101g S 1001 Lm
w =10lg > 10 dB

k=kmin
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