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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 Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The : mal Standards
adopted by the technical committees are circulated to the member bodies for voting. Rubljcation as an
Internptional Standard requires approval by at least 75 % of the member bodies casting a,vote.

Attenfjon is drawn to the possibility that some of the elements of this document maybe' the subject of patent
rights| ISO shall not be held responsible for identifying any or all such patent rights.

ISO 345 was prepared by Technical Committee ISO/TC 43, Acoustics, Subgommittee SC 1, Nagise.

This tlnird edition cancels and replaces the second edition (ISO 3745:2003);ywhich has been techrically revised.

© 1SO 2012 — All rights reserved \%


https://standardsiso.com/api/?name=7305441c5219ee5ca409a26721db73e2

ISO 3745:2012(E)

Introduction

This International Standard is one of the series 1ISO 374131 to ISO 3747181, 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 appli

cation

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 1ISO 3740[2]. ISO 37413! to
ISO 374718 give only general principles regarding the operating and mounting conditions of the machinery
or equipment for the purposes of the test. It is important that test codes be established for individual kinds of

noise source, in order to give detailed reqmrements on mountlng loading and operatlng condltlons under
the sound pow
surface and

icrophone array from among those speC|f|ed in th|s Internatlonal Standard

The methods| given in this International Standard require the source to be mounted in eitherar’ ang
room or a hemi-anechoic room having specified acoustical characteristics. The methods are /then bag
the premise that the sound power or sound energy of the source is directly proportional tg the mean
sound pressure over a hypothetical measurement surface enclosing the source and otherwise depends
physical constants of air.

The methods [specified in this International Standard permit the determination of the sound power level a
sound energy| level in frequency bands and/or with frequency A-weighting applied:

The methods|give a precision grade of accuracy (grade 1) as defined in 1ISQ 12001. The resulting sound

levels and sopnd energy levels include corrections to allow for any differences that might exist betwee

meteorological conditions under which the tests are conducted and reference meteorological condition
applications where there are large uncertainties due to operating.€onditions or where reduced accur
acceptable, r¢ference can be made to the more practical methads of ISO 374461 or ISO 3746171, Guidar
evaluation of measurement uncertainty is given in Annex I.

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

1 Scope

1.1

This |

surfad
The s

produ

applig
the m

chara

In ger
100 H

limits,

1.2

The
fluct

The n
noise

used as the enveloping measurement surface.

y

General

hternational Standard specifies methods for measuring the sound pressure levels)on a

ound power level (or, in the case of impulsive or transient noise emissionj the sound
ced by the noise source, in frequency bands of width one-third octave or with frequenc
d, is calculated using those measurements, including corrections to allow/for any differe

Cteristic acoustic impedance.

eral, the frequency range of interest includes the one-third-octave'bands with mid-band fre
z to 10 000 Hz. In practice, the range is extended or restricted to frequencies beyond o
to those between which the test room is qualified for the purposes of the measurements.

Types of noise and noise sources

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

Dbise source under test can be a device; machine, component or sub-assembly. The maxim
source depends on specified requirements regarding the radius of the hypothetical sphere ¢

measurement

e enveloping a noise source (machinery or equipment) in an anechoic room or<@-hemi-amnechoic room.

energy level)
y weighting A
hces between

eteorological conditions at the time and place of the test and those’/corresponding t¢ a reference

huencies from
Ir within these

, hon-steady,

um size of the
r hemisphere

1.3 [Test room

The tgst rooms that are applicable for measurements made in accordance with this International Sﬂandard are an
anechoic room or hemi-anechoic room, also called, respectively, a free-field test room or hemi-free-field test room.
1.4 |Measurement uncertainty

Inforn

accort

freque

ation is-given on the uncertainty of the sound power levels and sound energy levels
Jance\with this International Standard, for measurements made in limited bands of frequ
ncy,weighting A applied. The uncertainty conforms to ISO 12001:1996, accuracy grade 1 (pre

Hetermined in
ency and with
bcision grade).

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 5

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

ISO 9613-1:1993, Acoustics — Attenuation of sound during propagation outdoors — Part 1: Calculation of the
absorption of sound by the atmosphere

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

© 1SO 2012 — All rights reserved
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ISO/IEC Guide 98-3, Uncertainty in measurement — Part 3: Guide to the expression of uncertainty in
measurement (GUM:1995)

IEC 60942:2003, Electroacoustics — Sound calibrators

|IEC 61183, Electroacoustics — Random-incidence and diffuse-field calibration of sound level meters

IEC 61260:19

95 + AM1:2001, Electroacoustics — Octave-band and fractional-octave-band filters

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

3 Terms and-definitions

For the purpo)
31

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

sound pressjure

p
difference be

NOTE1 Ad
NOTE2 So
3.2

ween instantaneous pressure and static pressure
hpted from ISO 80000-8:20071221, 8-9.2.

ind pressure is expressed in pascals.

sound pressjre level

Ly
ten times the

reference vallie, pg, expressed in decibels

L,=10lg

where the ref
[ISO/TR 2541

NOTE 1 If s
applied, this sh
NOTE2 Th

3.3

2
p—2 dB
I

brence value, po, is 20 yPa

7:2007120], 2.2]

ould be indicated by appropriate subscripts; e.g. L,A denotes the A-weighted sound pressure level.

s definition is techritally in accordance with ISO 80000-8:2007[221, 8-22.

time-averaged sound pressure level

Ly,r

ten times the
during a state

logarithm to the base 10 of the ratio of the time average of the square of the sound press
d-time interval of duration, T (starting at 1 and ending at #2), to the square of a reference

pecific frequency and time ‘weightings as specified in IEC 61672-1 and/or specific frequency ban

logarithm to the base 10 of the ratio of the square of the sound pressure, p, to the squafe of a

(™

ds are

ure, p,

value,

P0, expressed

in decibels

12
2
. j p2(r)dt
4

5 dB
Po

where the reference value, po, is 20 pPa

NOTE 1

over a certain measurement time interval.

2)

In general, the subscript “T” is omitted since time-averaged sound pressure levels are necessarily determined

© 1SO 2012 — All rights reserved
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NOTE 2 Time-averaged sound pressure levels are often A-weighted, in which case they are denoted by L,a, 1, which is
usually abbreviated to Z,A.

NOTE 3  Adapted from ISO/TR 25417:2007(20], 2.3.

3.4

single event time-integrated sound pressure level

Lg

ten times the logarithm to the base 10 of the ratio of the integral of the square of the sound pressure, p, of an
isolated single sound event (burst of sound or transient sound) over a stated time interval T (starting at 71 and
ending at #2) to a reference value, Eg, expressed in decibels

- ]
| pP(0)ar
L} =10Ig| &

4 |dB 3
1 E, ©)

wherd the reference valu_e, Ep, is (20 yPa)2s =4 x 1010 PaZ s
[ISO 3741:201013], 3.4]
NOTE(1 This quantity can be obtained by L, 7+ 10lg(7/To) dB, where Fg's/ s.

NOTE[2  When used to measure sound immission (see 1ISO 11690-119]), this quantity is usually called “gound exposure
level” (see ISO/TR 25417:20071201, 2.7).

3.5
measpurement time interval
T
portioh or a multiple of an operational period or ©perational cycle of the noise source under tes{ for which the
time-gveraged sound pressure level is determiined

NOTE Measurement time interval is expressed in seconds.
[1ISO 3741:201003], 3.5]

3.6
free sound field
sound field in a homogeneous, isotropic medium free of boundaries

NOTE In practice) a.free sound field is a field in which the influence of reflections at the boundaries or ¢pther disturbing
objects is negligible~over the frequency range of interest.

[ISO/TR 25447:2007[20], 2.17]

3.7
anecheieroom

anechoic test room

free-field test room

test room in which a free sound field is obtained

3.8
free sound field over a reflecting plane
free sound field in the half-space above an infinite reflecting plane in the absence of any other obstacles

3.9
reflecting plane
sound reflecting planar surface on which the noise source under test is located

© 1S0O 2012 — All rights reserved 3
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3.10

hemi-anechoic room

hemi-anechoic test room

hemi-free-field test room

test room in which a free sound field over a reflecting plane is obtained

3N

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 may be extended or reduced, provided that the test environment and

instrument spe
should be mad
predominantly

312
measuremer
-

radius of a sp|

NOTE Me

313
measuremer
hypothetical s

clear in the test report. For sources in which the A-weighted sound power levels are determined by st
igh or low frequencies, the frequency range of interest should be extended to include these frequencie

}ifications are satisfactory for use over the modified frequency range. Changes to the frequency range of i

t radius

herical or hemispherical measurement surface

asurement radius is expressed in metres.

t surface
urface of area, S, on which the microphone positions arerlocated at which the sound pre

levels are m

terminating o
NOTE Th

3.14

asured, enveloping the noise source under test and, in the case of a hemi-anechoic
the reflecting plane on which the source is located

p measurement surface area is expressed in metresssquared.

characteristic source dimension

do

distance from
reference box
all the signifig

the origin of the co-ordinate system to the farthest corner of the reference box, whe
is defined as a hypothetical rectangular parallelepiped that just encloses the source ing
ant sound radiating componénts and any test table on which the source may be mounted;

case of a hemi-anechoic room the reference box terminates on the reflecting plane

Bracteristic source dimension is expressed in metres.

illustration see Rigure 1.

noise
sourées other than the noise source under test

hterest
und at

B.

pSsure
room,

re the
luding
in the

ckground noise _includes contributions from airborne sound. noise from structure-borne vibratio

n, and

electrical noise in the instrumentation.

NOTE 1 Ch
NOTE 2 Fo
3.15
background
noise from all
NOTE Ba
3.16
background
K1

noise correction

correction applied to each of the measured sound pressure levels on the measurement surface to account for
the influence of background noise

NOTE 1

NOTE 2

Background noise correction is expressed in decibels.

The background noise correction is frequency dependent; the correction in the case of a frequency band is

denoted K15 where fdenotes the relevant mid-band frequency; in the case of A-weighting, the quantity is denoted K1a.

© 1SO 2012 — All rights reserved
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347
surface time-averaged sound pressure level

Lp

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

Nm
2 100’1Lpi(ST)

L =10lg| =t |dB 4
» g N “)

L ]

LbiisTy is the background noise corrected time-averaged sound pressure leyel for the ith microphone
position or traverse on the measurement surface, with the noise source under tes} in operation,

whers

in decibels;
Mv is the number of microphone positions or traverses.
NOTE Surface time-averaged sound pressure level is expressed in decibels.
318
slrfa Ce single event time-integrated sound pressure level
Lg

mean|(energy average) of the single event time-integratedisound pressure levels at all the microphone positions
on thg measurement surface, with the background noise correction, K4, applied at each microphone position

Nm
2 1 00'1LEi(ST)

Ll =101/ = |dB 5
V. g NM ( )
wherg

LgisT) is the backgrdund noise corrected single event time-integrated sound pressure lgvel for the ith
microphone-position on the measurement surface, with the noise source under test in operation,

in decibels;
Mwm is theshumber of microphone positions.
NOTE Surface single event time-integrated sound pressure level is expressed in decibels.
3.19
sound-power
P

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

[ISO 80000-8:2007[22], 8-16 reproduced in ISO/TR 25417:20071201 2 8]
NOTE 1 Sound power is expressed in watts.

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

© 1S0O 2012 — All rights reserved 5


https://standardsiso.com/api/?name=7305441c5219ee5ca409a26721db73e2

ISO 3745:2012(E)

3.20

sound power level

Ly

ten times the logarithm to the base 10 of the ratio of the sound power of a source, P, to a reference value, P,

expressed in

P
Ly, =10lg—dB
W QP

decibels

0

where the reference value, Po, is 1 pW

NOTE 1 Ifa

(6)

specific frequency weighting as specified in IEC 61672-1 and/or specific frequency bands are applied, this

should be indig
NOTE2 Th
[ISO/TR 2541

3.21

sound energy

J
integral of the

2
szmt
21

NOTE1  So

NOTE2 Th
[ISO/TR 2541

3.22

sound ener
Ly

ten times t
expressed in

L, =10lg]

where the ref

NOTE If &
should be indig

]

ated by appropriate subscripts; e.g. LA denotes the A-weighted sound power level.
s definition is technically in accordance with ISO 80000-8:2007[221, 8-23.

7:200720], 2.9

sound power, P, over a stated time interval of duration T (starting dt’t1 and ending at 2)

ds

ind energy is expressed in joules.
b quantity is particularly relevant for non-stationary, iftermittent sound events.

7:2007[201, 2.10]

level

logarithm to the base 10%of*the ratio of the sound energy, J, to a reference valdl
decibels

4B
/o
prence valueido;’is 1 pJ

specific frequency weighting as specified in IEC 61672-1 and/or specific frequency bands are appli¢
ated by,appropriate subscripts; e.g. La denotes the A-weighted sound energy level.

[ISO/TR 2541

(7)

e, Jo,

bd, this

7:2007[20], 2.11]
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https://standardsiso.com/api/?name=7305441c5219ee5ca409a26721db73e2

3.23

ISO 3745:2012(E)

directivity index

Dy;

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

D,

where

iszi_Lp

Ly; is the background noise corrected sound pressure level (either time-averaged or single

Integrated) for the ;th microphone position on the measurement suriace, with the noise
test in operation, in decibels;

©)

event time-
source under

d), in

le event time-
noise source

(either time-

Zp is the surface sound pressure level (either time-averaged or single event time-intégrate
decibels.
3.24
surfage sound pressure level non-uniformity index
4
measyire of the variability of measured sound pressure levels over themeasurement surface
N
1 o 2
o F i
(NM - 1) i=1

where

L} is the background noise corrected sound.pressure level (either time-averaged or sing
integrated) for the ith microphone pasition on the measurement surface with the
under test in operation, in decibels;

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

Mv is the number of microphone positions.

NOTE When V) is detertmined at a particular measurement radius, the quantity is denoted 7.
4 Reference meteorological conditions

Refer¢gnce meteeorological conditions for the purpose of calculating the sound power level and
level, porre§ponding to a reference characteristic acoustic impedance of air pc = 411,5 N s/m3 (

densi

of air and c is the speed of sound) are:

sound energy
vhere p is the

a) airtemperature: 23,0 °C;

b) static pressure: 101,325 kPa;

c) relative humidity: 50 %.
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5 Testrooms

5.1 Acoustic criterion for adequacy of the test room

Anechoic or hemi-anechoic rooms that are applicable for measurements in accordance with this International
Standard either satisfy:

a) Annex A over the frequency range of interest, for use in general purpose measurements; or
b) Annex B over the frequency range of interest, for determination of sound power levels of a specific noise source.

Annex A and Annex B specify procedures for determining the extent of deviations of the test room from the
ideal free-fiel condition or the ideal hemi-free-field condition, and criteria are given to assess the adejquacy
of the test rogm. Qualification procedures for the test room shall be in accordance with Annex A orAnngx B.

For sources in which the A-weighted sound levels are determined by sound at predominafitly "high pr low
frequencies, gutside the nominal frequency range of interest (see 3.11), the frequency range‘of'interest shall be
extended to ipclude these frequencies, and this shall be clearly stated in the test report.

NOTE If ifis necessary to make measurements in test rooms or spaces within test roomis"Where the requiremgnts of
Annex A or Anfex B are exceeded, see 1ISO 3744[6] 1SO 3746[7], 1SO 9614-1[15] or ISO 96442161,

5.2 Criteria for background noise

5.2.1 Relatiye criteria

5.2.1.1 Gengral

The differenge between the level of the background noise and that of the noise source under test (when
measured in the presence of this background noise) .averaged (see 9.4.3) over all microphone positipns or
traverses, shgll be at least 6 dB for all frequency bands, and for one-third-octave bands of mid-band frequency
from 250 Hz tp 5 000 Hz shall be at least 10 dB. Ifthis requirement is met, the background noise criteria of this
International $tandard are satisfied.

NOTE 1 The same criteria are applied to single event levels, where the measurement time interval used to measlire the
background nojse is the same as the measurement time interval associated with the measurement of the single event.

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

5.2.1.2 Frequency band measurements

The requirements, 0£.5.2.1.1 may not be achievable in all frequency bands, even when the background|noise
levels in the est room are extremely Iow and weII controlled. Therefore, for the purposes of deterinining
compliance
range of interest if the A- welghted sound power Ievel (see Annex C) of that band (after correcting for background
noise) is at least 15 dB below the highest A-weighted sound power level in any frequency band.

5.2.1.3 A-weighted measurements

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

a) the A-weighted sound power level or sound energy level is computed in accordance with the procedures in
this International Standard using the data from every frequency band within the frequency range of interest;

8 © 1S0 2012 — All rights reserved
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the computation is repeated, but excluding those bands for which AL, < 6 dB for one-third-octave bands of

mid-band frequency 200 Hz and below and 6 300 Hz and above, and for which AL, < 10 dB for one-third-
octave 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 shall be considered as conforming to the background noise
criteria of this International Standard.

5.2.2

Absolute criteria

If it can be demonstrated that the background noise levels in the test room at the time of the measurements

are |

ss than or eaual to those aiven in Table 1 for all bands within the freauencvy ranae o
-1 ~J bt J ~J

interest, the

meas
even
sourc

upper

If leve
equal
freque
noise
intere

NOTE
thresh

5.2.3

If the
noise
meas
report
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I

irements can be taken as having met the background noise requirements of this Internatig
f the 6 dB and 10 dB requirements (see 5.2.1.1) are not met for all bands. It can be\ass
b emits little or no measurable noise in these frequency bands, and that the data reported
bound to the sound power level or sound energy level in these bands.

Is of noise measured at the smallest possible distance from the source (see/Clause 8) ar|

ncies that includes both the lowest and highest frequencies at which'the sound pressure
source exceeds the corresponding value in Table 1. In such cases)'the applicable frequ
5t shall be reported.

The absolute background criteria are intended for general ‘Sound power measurements; th
bld of audibility and may not be suitable for all uses.

Statement of non-conformity with criteria

above background noise criteria are not satisfied, the report shall clearly state that th
requirements of this International Standard~have not been met, and, in the case of fre
irements, shall identify the particular freguency bands that do not meet the criteria. Fur|
shall not state or imply that the measurements have been made “in full conformity” with 13

Criterion for air temperature
r temperature in the test room shall be within the range 15 °C to 30 °C.

The equations in Clause 9 used for the calculation of the sound power level and the sound ener
plication factor whichhis-an approximation to cover a variety of possible sound-generating mechanis

tee a deviatiop"smaller than 0,2 dB in the result.

strumentation

6.1

6.1.1

Instruments for acoustical measurements

nal Standard,
imed that the
represent an

e less than or

to those given in Table 1, the frequency range of interest may be restricted to a contiglious range of

level from the
bency range of

ey exceed the

b background
quency band
thermore, the
6O 3745.

gy level include
ms (monopole,

quadrupole, etc.)-which pertain to different kinds of noise source; the range of air temperature is linjited in order to

General

Theinstruments for measuring sound pressure levels, including microphone(s) as well as cable(s), windscreen(s),
recording devices and other accessories, if used, shall meet the requirements of IEC 61672-1:2002, class 1.
Filters shall meet the requirements of IEC 61260:1995, class 1.

The microphone shall be oriented so that the reference direction of the microphone (as specified in
IEC 61672-1) is normal to the measurement surface.

6.1.2 Calibration

At the beginning and the end of every measurement session and at least at the beginning and the end of
each measurement day, the entire sound pressure level measuring system shall be checked at one or more
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frequencies by means of a sound calibrator meeting the requirements of IEC 60942:2003, class 1. Without any
further adjustment, the difference between the readings of two consecutive checks shall be less or equal to
0,3 dB. If this value is exceeded, the results of measurements obtained after the previous satisfactory check
shall be discarded.

Table 1 — Maximum background noise levels in test room for absolute criteria

One-third-octave mid- Maximum band sound
band frequency pressure level
Hz dB
50 44
63 38
80 32
100 27
125 22
160 16
200 13
250 11
315 9
400 8
500 7
630 7
800 7
1000 7
1250 7
1600 7
2000 7
2500 8
3150 8
4-000 8
5000 8
6 300 8
8 000 12
10 000 14
12 500 11
16 000 46
20 000 46

6.1.3 Verification

Compliance of the sound pressure level measuring instrument, the filters and the sound calibrator with the
relevant requirements shall be verified by the existence of a valid certificate of compliance. If applicable, random
incidence response of the microphone shall be verified by a procedure from IEC 61183. All compliance testing
shall be conducted by a laboratory being accredited or otherwise nationally authorized to perform the relevant
tests and calibrations and ensuring metrological traceability to the appropriate measurement standards.

Unless national regulations dictate otherwise, it is recommended that the sound calibrator should be calibrated
at intervals not exceeding 1 year, the compliance of the instrumentation system with the requirements of
IEC 61672-1 should be verified at intervals not exceeding 2 years, and the compliance of the filter set with the
requirements of IEC 61260 should be verified at intervals not exceeding 2 years.
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6.2.1

ISO 3

Instruments for meteorological measurements

General

The maximum permissible error for instruments used for meteorological measurements shall be

745:2012(E)

a) +1 Kfor temperature measuring devices;

b) 10 % for relative humidity measuring devices;

c) +2 kPa for static pressure measuring devices.

NOT hsured value is

6.2.2

Forin
within

If any
of the

ensur

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

71

The n
the sd
to min
under
which

condifions of the noise source undértest shall be used for the determination of emission sound p

and s

Partic

equipment, power sources; etc., belong to the noise source under test.

El T 1S not necessary fo specity values for these uncertamties It their Influence on the final me

deternjined to be within acceptable limits using ISO/IEC Guide 98-3.

Verification

struments used for monitoring meteorological conditions, e.g. to ensure thabany of these
a specified interval, manufacturer’s specifications are deemed sufficient(to, verify these re

of the meteorological parameters has a direct influence on the mieasurement result, th

ng metrological traceability to the appropriate measurement.standards.

General

anner in which the noise source under test.is installed and operated may have a significarn
und power or sound energy emitted by‘a-noise source. This clause specifies conditions tha
imize variations in the noise emissjon due to the installation and operating conditions of thq
test. Relevant instructions of a noise test code, if any exists for the family of machinery o
the noise source under test belongs, shall be followed. The same installation, mounting

bund power levels.

ularly for large machines, it is necessary to decide which components, sub-assemb

parameters is
quirements.

e compliance

measuring instrument with the relevant requirement has to be verified by a valid calibrafjon certificate
from @ laboratory being accredited or otherwise nationally authorized to perform the relevant ¢

alibration and

t influence on
t are intended
noise source
equipment to
hnd operating
ressure levels

lies, auxiliary

7.2 JAuxiliary. equipment
Care ghall bextaken 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 possible, 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 test room. If this is impractical, care shall be taken to minimize any sound
radiated into the test environment 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.

7.3 Noise source location

In locating the source within the test room, it is important to allow sufficient space around the source so that the
measurement surface can envelop it in accordance with the requirements of Clause 8.

Detailed information on installation conditions shall be based upon the general requirements of this International
Standard and particular requirements of the relevant noise test code, if one exists.
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7.4 Mount

7.41

ing of the noise source

General

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

Mounting conditions specified or recommended by the manufacturer of the noise source under test shall be used
unless otherwise specified in any relevant noise test code. If a typical mounting condition does not exist, cannot
be utilized for the test or if there are several alternative possibilities, care shall be taken to ensure that the mounting

arrangement

doaa bt ~F th

s shall

be taken to re|

Many small n
method of mo
large enough
source to be
reaction of the
high mechan
mounts shall

Coupling con
the sound rag

7.4.2 HandA

Such machin
transmitted vi

requires a support for its operation during testing, the support structure shall be small, considered to be

of the noise s

7.4.3 Base-

Such machin
Base-mounte
an acoustical
placed on the
accordance W

least 1,5 m frgm any absorptive surface of the test room. Such machinery or equipment shall be placed

centre of the
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FOCSTTOTITIOTCC O variaoTty 1 oo SUTUT O OuUtp ot O tiC—SOTTCCwinCr S aty proar—T rcCautrom

duce any sound radiation from the structure on which the noise source is mounted.

hise sources, although themselves poor radiators of low-frequency sound, can, as.a|result
unting, radiate more low-frequency sound when their vibrational energy is transmitted to su
to be efficient radiators. Resilient mounting shall be interposed, if possible,”hetween the
ested and the supporting surfaces, so that the transmission of vibration.to the support a
source are both minimized. In this case, the mounting base should be rigid-(i.e. have a suffi
cal impedance) to prevent it from vibrating excessively and radiating“sound. However, re
be used only if the noise source under test is resiliently mounted in@ypical field installation

Jitions, e.g. between prime movers and driven machines, can‘exert a considerable influer
iation of the noise source under test.

held machinery and equipment

bry and equipment shall be suspended or guided*by hand, so that no structure-borne so|
h any attachment that does not belong to the noise source under test. If the noise source und

burce under test, and comply with the reguirements of the relevant noise test code, if any e

mounted, wall-mounted and table-top machinery and equipment

ery and equipment shall be“placed on a reflecting (acoustically hard) plane (floor or
d machinery or equipmentintended exclusively for mounting in front of a wall shall be instal
y hard surface in front-ef.an acoustically hard wall. Table-top machinery or equipment sk

ith the noise test©ade for the machinery or equipment under test. The table or stand shal

op of a standard test table.

example-of+a test table is given in 1ISO 1120118l

7.5 Operaf
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hd the
Ciently
silient
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und is
er test
a part
ists.

wall).
ed on
all be

floor at least 1,5 m frem any wall of the room, unless a table or stand is required for operation in

be at
at the

ion of source during test

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

a)
b)
c)

d)

12

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

source at maximum operating speed under defined conditions;
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€) source operating under conditions corresponding to maximum sound generation representative of normal use;
f)  source with simulated loading, under defined conditions;
g) source undergoing a characteristic work cycle under defined conditions.

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

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

mater| ; ; selected, as

far as|is practicable, that give the smallest variations and that are typical of normal use. If similated loading

condifions are used, they shall be chosen such that the sound power levels or sound.énergy levels of the

source under test are representative of normal use.

8 Measurement surface

8.1 [Spherical measurement surface for use in an anechoic room

The spherical measurement surface shall be centred on the acoustic ‘centre of the noise sourge under test,

either|the actual acoustic centre if known or an assumed acoustic«Centre such as the geometrig centre of the

source. The measurement radius, r, shall satisfy all of the followifng conditions:

a) 7P 2dg, where dy is the characteristic dimension of thenoise source under test (see 3.14 and Figure 1);

b) rp A/4, where 1 is the wavelength of sound at the-lowest frequency of interest;

c) rp1m.

The measurement surface shall be wholly centained within the region of the anechoic room whigh is qualified

for mgasurements in accordance with Annex A or Annex B.

For small, low-noise sources to be measured over a limited range of frequencies, the measuremgnt radius may

be legs than 1 m, but not less than 0,5 m. However, conditions a) and b) are relevant and a radius|less than 1 m

could [itself impose limits on the frequency range over which tests are performed.

The afea of a spherical méasurement surface, S1 = 412 (see 9.4.4.1 and 9.5.3.1).

8.2 |HemisphericalVmeasurement surface for use in a hemi-anechoic room

The hemisphefical measurement surface shall be centred on a point on the floor of the test rpom vertically

benedth the.assumed acoustic centre of the noise source under test, either the actual acoustic cgntre if known

or thel gedmetric centre if the acoustic centre is unknown. The measurement radius, r, shall sTisfy all of the

follow|ng_conditions:

a) r > 2dg or r > 3hg, whichever is the larger, where dg is the characteristic dimension of the noise source
under test (see 3.14 and Figure 1), and /g is the distance from the acoustic centre of the source to the floor;

b) r> 1/4, where 1 is the wavelength of sound at the lowest frequency of interest;

c) r=21m.

The measurement surface shall be wholly contained within the region of the hemi-anechoic room which is

qualifi

ed for measurements in accordance with Annex A or Annex B.

For small, low-noise sources to be measured over a limited range of frequencies, the measurement radius may
be less than 1 m, but not less than 0,5 m. However, conditions a) and b) are relevant and a radius less than 1 m

could

itself impose limits on the frequency range over which tests are performed.

© 1SO 2012 — All rights reserved
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The area of a hemispherical measurement surface, S = 22 (see 9.4.4.2 and 9.5.3.2).

2 2
= =

[ 2
a) Anechoic room, do=(/1/2)"+(12/2)"+(I372)

b) Hemi-anechoic room, dj= \/(11 /2)2 + (15 /2)2 +12

Figure 1 — Reference box, centre for the measurement surface
(when using the geometric centre'of the source) and characteristic source
dimensions for application in an anechoic and a hemi-anechoic room

9 Determjnation of sound power levels and sound energy levels

9.1 Measurements in the testroom

N both
e with

br low
ended
ort.

9.2 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.

9.3 Microphone positions

9.3.1 General

Environmental conditions can have an adverse effect on microphones used for the measurements. The effect
of such conditions (e.g. strong electric or magnetic fields, wind impingement of air discharge, if any, from
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the noise source under test) shall be avoided by proper selection or placement of the microphones. The
attenuation of the air at frequencies above 10 000 Hz (if measurements are made at these frequencies) shall
be compensated in accordance with ISO 9613-1.

To obtain the sound pressure levels on the spherical or hemispherical measurement surface, one of the
following four arrangements or a user-defined arrangement that meets the requirements of 9.3.7 shall be used:

a)
9

N

OTE It is possible either to move a single microphone from one position to the next sequenti

number of fixed microphones and to sample their outputs sequentially or simultaneously.

an array of fixed microphone positions, the positions being distributed over the measurement surface, see
3.2 and 9.3.3;

ally or to use a

3o

c)

n Q

d)

9.3.2

The &
the ny
sound
micro
is not
from 2
areas

If the
on the
of the
neces
intere
the m

9.3.3
room

The &
the ny
sound
micro
is not

single microphone moved along multiple circular paths regularly spaced on the measuremen
icrophone held fixed while the noise source under test is rotated through 360° or multiples\ther

single microphone moved along multiple meridional arcs regularly spaced”on the
irface, see 9.3.5;

single microphone moved along a spiral path around the vertical axis of the.measurement surf

Fixed positions for measurements on a spherical measurement surface in an anech

rray of 20 microphone positions shown in Annex D numbered from 1 to 20 shall be use
mber of microphone positions is sufficient if the difference, in decibels, between the highg
pressure levels measured in all frequency bands of interest is numerically less than half
bhone positions. Frequency bands excluded in 5.2.1 arg;exempt from this requirement. If thi
satisfied using points 1 to 20 from Annex D, an additional 20 point array shown in Anne)
1 to 40 shall be used. The 20 positions and the 40:positions on the two arrays are associa
on the surface of the sphere of Annex D.

requirement on the sufficiency of the number of microphone positions is not satisfied by th
two arrays, a detailed investigation is*necessary of the sound pressure levels over a r
sphere where “beaming” from achighly directional source is observed. This detailed in
sary to determine the highest and Towest values of the sound pressure level in the freqy
5t. If this procedure is followed,\the microphone positions are not usually associated with ¢
basurement surface and preper allowance shall be made (see 9.4.3.2).

rray of 20 mierophone positions shown in Annex E numbered from 1 to 20 shall be use
mber of microphone positions is sufficient if the difference in decibels between the highe
pressure.fevels measured in all frequency bands of interest is numerically less than half
bhone positions. Frequency bands excluded in 5.2.1 are exempt from this requirement. If thi
satisfied using points 1 to 20 from Annex E, an additional 20 point array shown in Anne

t surface (or a
eof) see 9.3.4;

measurement

hce, see 9.3.6.

oic room

d. In general,
st and lowest
he number of
S requirement
D numbered
ed with equal

b 40 positions
bstricted area
vestigation is
ency band of
qual areas on

Fixed positions for-measurements on a hemispherical measurement surface in a hémi-anechoic

d. In general,
st and lowest
he number of
S requirement
E numbered

from 2
areas
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on the surface of the hemisphere of Annex E.

ed with equal

If the requirement on the sufficiency of the number of microphone positions is not satisfied by the 40 positions
on the two arrays, a detailed investigation is necessary of the sound pressure levels over a restricted area of
the hemisphere where “beaming” from a highly directional source is observed. This detailed investigation is
necessary to determine the highest and lowest values of the sound pressure level in the frequency band of
interest. If this procedure is followed, the microphone positions are not usually associated with equal areas on
the measurement surface and proper allowance shall be made (see 9.4.3.2).
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9.3.4 Coaxial circular paths in parallel planes on a sphere or hemisphere (for measurements in a
hemi-anechoic room)

The sound pressure level shall be averaged in space and time by moving microphones along at least 10 circular
paths as shown in Annex F, with heights corresponding to those specified for the upper half-space in Table D.1.
For noise sources which emit sound at discrete frequencies, and preferably for other noise sources as well,
the sound pressure level shall be averaged by moving the microphones along at least 20 circular paths with
heights specified in Table E.1.

The circular paths may be achieved by uniformly rotating either the microphone or the noise source slowly
through 360°. If a turntable is used to rotate the noise source, its surface shall be at a height of not more
than 10 % of the height of the noise source from the reflecting plane and shall preferably be flush with the
reflecting plane. The coaxial circular paths may be measured simultaneously or successively using, dne or
more microphones.

9.3.5 Meridlonal arc traverses on a sphere or hemisphere

htre of
city of
rontal.
irface
tronic

A single micrgphone shall be traversed along a semi-circular arc about a horizontal axis_through the ce
the noise soufce, see Figure G.1. The vertical velocity (dz/d¢) shall be held constant, ji-e--the angular velo
the microphome support is accelerated to be proportional to 1/cos y, where yis the angle above the horiz
The microphgne output is squared and averaged by electronic means, giving stitable weight to the s
area of the sphere or hemisphere. Alternatively, a constant angular velocity-fnay be used, but with eleg
weighting in gccordance with cos y (see Figure G.1).

such microphone traverses at equal increments of azimutfr angle around the noise sourc¢ shall

may be accomplished by rotating the noise source.

At least eight
be used. This]

9.3.6 Spiral|path on a sphere or hemisphere

rough
of the
under
along
3.5.

A single micrpphone shall be traversed along one meridional path as in 9.3.5, and simultaneously th
an integral nymber of at least five circular paths, thus“forming a spiral path around the vertical axis
measuremen{ surface. Alternatively, the spiral path.shall be generated by slowly rotating the noise source
test at a congtant rotational speed through at le@st*five complete turns while traversing the microphone
a meridional path. An example of a spiral path‘is shown in Annex H. Angular weighting is described in 9.

9.3.7 Other|microphone arrangements

nation
t shall
-third-

one arrangements ahd-measurement surfaces which provide improved accuracy in determi
er levels or sound-energy levels are not excluded by the above requirements. However, i
ted that the deviation between the sound power level or sound energy level in each one

Other microp
of sound pow
be demonstrg

octave band ¢
arrangementg

f frequency.thtoughout the frequency range of interest and that determined with one of the
does not'exceed +£0,5 dB.

NOTE
positions or ot

An

alternative arrangement is defined to improve accuracy and not simply to reduce the number of micrd
erwise compromise one of the specified arrays in 9.3.2 to 9.3.6. An example of an alternative cyli

above

phone
hdrical

!

9.4 Determination of sound power levels of a noise source which emits steady or
non-steady noise

measurement surface and mirrnphnnp arrangpmpn’r can be found in Reference [7’2]

9.4.1 Measurement of sound pressure levels

Time-averaged sound pressure levels from the noise source under test, L);sT) (either in one-third-octave
frequency bands or A-weighted), shall be obtained at each microphone position or over each microphone
traverse, i (i =1, 2 ... Nm) over a typical period of operation of the source for each mode of operation selected
(see 7.5). Where the sound pressure levels at individual microphone positions vary with time, it is important
to select carefully the measurement time interval and the interval chosen shall be stated in the test report.
For frequency bands centred on or below 160 Hz, the measurement time interval shall be at least 30 s. For
frequency bands centred on or above 200 Hz, the measurement time interval shall be at least 10 s. When using

16 © 1S0 2012 — All rights reserved


https://standardsiso.com/api/?name=7305441c5219ee5ca409a26721db73e2

ISO 3745:2012(E)

a traversing microphone, the integrating time shall be an integral number of full traverses and shall include at
least two full traverses.

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, L,;g), shall be
obtained at each microphone position or with the traversing microphone, over the same measurement time
interval as that used for the noise source under test.

9.4.2 Corrections for background noise

The background noise correction, Ky;, at the ith microphone position or for the ith microphone traverse in each

one-third=octave band shall be calculated using-Equation(11):
J h \ 7

~01AL,;

Kb =-10Ig(1-10 ) dB (1)

wherg

Abpi = Lipi(sT) = Lpi(8)

rl which

LyisT)is the time-averaged one-third-octave-band sqund’ pressure level measurgd at the ith
microphone position or for the ith microphone traverse, with the noise source upder test (ST)
in operation, in decibels;

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

If AL,{> 15 dB, K4, is assumed to be zero.

If 6 dB < AL,; < 15 dB, for one-third-octave bands of mid-band frequency 200 Hz and below, and|6 300 Hz and
abovd, K1; shall be calculated in accordance-with Equation (11).

If 10 ¢B < AL,; < 15 dB, for one-third-octave bands of mid-band frequency 250 Hz to 5 000 Hg, K4; shall be
calculpted in accordance with Equation (11).

If AL,j< 6 dB for one or more.one-third-octave bands of mid-band frequency 200 Hz and below fand 6 300 Hz
and above, Kj; shall be sett04,26 dB (the value for AL,; =6 dB). If AL,; < 10 dB for one or more ong-third-octave
bandg of mid-band frequency 250 Hz to 5 000 Hz, Kj; shall be set to 0,46 dB (the value for AL}; = 10 dB). In
either|case, it shall b€ ¢learly stated in the test 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.

9.4.3 | Calculation of surface time-averaged sound pressure levels

9.4.3.1 "‘Measurement surface with segments having equal areas

For a measurement surface having fixed microphone positions or circular microphone traverses associated
with equal segment areas, the surface time-averaged sound pressure level, for the chosen mode of operation

of the noise source under test, Z, shall be calculated using Equation (12):

— 1 W, o,
L, =10lg| —Y 107" | dB (12)
NwiS
where
Lpi = LpisT) = K1;;

Ny is the number of microphone positions.
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9.4.3.2 Measurement surface with segments having unequal areas

For a measurement surface having fixed microphone positions or circular microphone traverses associated
with unequal segment areas, the surface time-averaged sound pressure level, for the chosen mode of operation

of the noise source under test, L_p, shall be calculated using Equation (13):

— 1 0L
L, =10lg EZS,.MO e | dB
i=1
where
Lyi = LypsTr—Km
S; is the partial area of the measurement surface associated with the ith microphone position, or
travgrse;
S is the total area of the measurement surface where
M
s=D.s;
i=1
Ny is the number of microphone positions.

(13)

9.4.3.3 Surface time-averaged sound pressure levels from measurements using meridional arc frav-

erses or a sg

When the mid
time-average
and giving su

9.4.4 Calcu

9.441 Sou

In a free field
under referen

where

~

-—10Ig[

is the surface time-averaged sound pressure level for the noise source under test, in decibels;

iral path

rophone moves along a meridional arc traverse or-a‘spiral path (see 9.3.5 and 9.3.6) the s
] sound pressure level, L,, is obtained by squaring and averaging the output of the micro

table weight to the surface areas of the sphete.
ation of sound power levels

hd power level in an anechoic room

ce meteorological conditiens shall be calculated using Equation (14):

ﬁ
S

]dB+C1+C2+C3
0

S1 is t

So =1

Cq

e area of the spherical measurement surface, in square metres;

m2;

irface
bhone

, the sound power level inleach frequency band of interest or A-weighted, as appropriafe, Ly,

(14)

is the reference quantity correction, in decibels, to account for the different reference quantities

used to calculate decibel sound pressure level and decibel sound power level, and is a function of
the characteristic acoustic impedance of the air under the meteorological conditions at the time and
place of the measurements:

18
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2
c1=10@{poso}d5

pchy
273+ 0
= -10lg-2s_dB + 5Ig (273+9) | 4g
Ps,0 90

C2 isthe acoustic 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 (References [25][27]):

27340
C2=—1mglé—dB+1&gF—7;—l}dB

Ps,0 1
in which
po is the reference sound pressure,

pc is the characteristic acoustic impedance at theltime and place of the tgst, in newton
seconds per cubic metre,

Po is the reference sound power,

ps is the static pressure at the time and.place of the test, in kilopascals,

ps,0 Is the reference static pressure, 101,325 kPa,

0 is the air temperature at the-time and place of the test, in degrees Celsius,

t = 314 K, is the temperature, when static pressure is equal to ps o, at which spund intensity
and sound pressurg-have identical decibel values when measured in a plarje wave,

& =296 K;

(s is the correction for dirabsorption, in decibels, at specific frequencies (Reference [28]):
16
C3=40(1005 30,001 24;) " dB

in whichdg-s equal to the numerical value of a(f)r, where

a(f) is the attenuation coefficient for specific temperature, humidity and static pressure as a
function of frequency according to Equations (3) to (5) of ISO 9613-1:1993 expressed in
decibels per metre,

r Is the measurement radius, expressed in metres.
NOTE 1 At the reference static pressure of 101,325 kPa, the value given for 6 is the temperature where sound intensity
and sound pressure have identical decibel values when measured in a plane wave. This temperature is a consequence of
the historical choice of decibel reference quantity for sound pressure.

NOTE 2  Above 1 kHz, the value for a(f) is roughly proportional to frequency; typically 0,004 dB/m to 0,02 dB/m at
1 000 Hz and rising to 0,1 dB/m to 0,3 dB/m at 10 000 Hz.

NOTE 3  Humidity can also affect sound generation, e.g. a printer printing on paper. In such a case, the allowable
humidity range is normally specified in a noise test code.
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9.4.4.2 Sound power level in a hemi-anechoic room

In a hemi-free field, the sound power level in each frequency band of interest or A-weighted, as appropriate,
L, under reference meteorological conditions shall be calculated using Equation (15):

— S
Ly=L, +10|g(S—2]dB+c1+c2+ Cq (15)
0
where
I is the surface time-averaged sound pressure level for the noise source under test, in
P decibels:
S2 is the area of the hemispherical measurement surface, in square metres;

So, C1, Cp, C3 see Equation (14).

9.4.4.3 Soupd power level under different meteorological conditions

The sound power level that is emitted by the same noise source under different tn€teorological conditions,
Lwmet, is calqulated using the relevant noise test code. In the absence of a noise test code, Lymet May be
calculated frgm Ly using Equation (16), which is valid for a monopole sourc€,and is a mean value for other
sources (Refgrences [25][27]):

Liymet = by + 10ig7%met dB—15lg{(273+—emet):| dB (16)
Ps0 1
where
Psmet i the static pressure, in kilopascals;
Omet i the air temperature, in degrees Celsius, at which the sound power level is to be calculatgd.

9.5 Determination of sound energy levels for a noise source which emits impulsive noise

9.5.1 Measuyrement of single event time-integrated sound pressure levels

For a noise spurce which emits bursts of noise, measurements shall be made at fixed microphone positions
and the measprement surface shaltbe a sphere or a hemisphere. Single event time-integrated sound pregssure
levels from th¢ noise source under test, L'g;sT), (either in one-third-octave frequency bands or A-weighted) shall
be obtained gt each microphene position, i (i = 1, 2 ... Ny) either for a single sound emission event at g time
(in which casg¢ the process shall be repeated N times, where Ng is at least 5) or from several successive (Ne)
sound emissipn events (Where again Ng is @ minimum of 5). The single event time-integrated sound pressure
levels shall b¢ measured simultaneously at all microphone positions through a time period that encompasses
the full burst.

NOTE If the emitted single burst of sound energy has sufficient repeatability, it can be possible to relax the requirement
for simultaneous measurement at all microphone positions.

Either immediately before or immediately after the single event time-integrated sound pressure levels from the
noise source under test are measured, the time-averaged sound pressure level of the background noise, L;(B),
shall be obtained at each microphone position, over a representative time interval.

20 © 1S0 2012 — All rights reserved


https://standardsiso.com/api/?name=7305441c5219ee5ca409a26721db73e2

ISO 3745:2012(E)

9.5.2 Calculation of surface single event time-integrated sound pressure levels

If Ne single event time-integrated sound pressure levels have been measured one at a time at the ith microphone
position, the mean single event time-integrated sound pressure level at that position, L'g;(sT), shall be calculated
using Equation (17):

1 &, o1
LiysTy=101g| — Y 10~ "E4(ST) | 4B 17
Ei(ST) g N, Z (17)
q=1
where
L re-frequency-band-or-A-weighted-singleeventt i e-evel at the ith
microphone position, for the gth event (g = 1, 2 ... Ng) of the noise source under test in operation,
in decibels;
Me is the number of measurements of single sound emission events.

If a single event time-integrated sound pressure level has been measured at the ith microphone position
encompassing Ne sound emission events, the mean single event time-integrated sound pressure level at that
positign for one event, L'g;sT) shall be calculated using Equation (18):

LtisT)=LEi N, (sT)— 10lgN dB (18)

The cprrections for background noise and the surface single event time-integrated sound pressufe levels, E ,

shall ge calculated using the mean single event time-integrated sound pressure levels at the individupl microphone
positipns, in the same way as for the surface time-averaged-sound pressure levels described in 9.4.3.

9.5.3 | Calculation of sound energy levels

9.5.3.1 Sound energy level in an anechoigc room

In a flee field, the sound energy level it each frequency band of interest or A-weighted, as appropriate, L,
under|reference meteorological conditions shall be calculated using Equation (19):

L,:L_E+10|g[§—;JdB + Cy¥ Cy+ Cq (19)
wherg
z; is the sufface single event time-integrated sound pressure level for the noise source|under test, in
decibels;
S is-the area of the spherical measurement surface, in square metres;
Sh“D=1m?;

C1 s the reference quantity correction, see 9.4.4 1:

273 + 6
Cy =-10Ig-2s-dB + 5Ig{g} dB
Ps,0 90

C2 is the acoustic radiation impedance correction, see 9.4.4.1:

273+ 6
Cy =-101g-25dB + 15|g{¥} dB
Ps,0 91

in which
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ps is the static pressure at the time and place of the test, in kilopascals,

ps,0 is the reference static pressure, 101,325 kPa,

0 is the air temperature at the time and place of the test, in degrees Celsius,
6 =314K,

61 =296K;

is the correction for air absorption, in decibels, at specific frequencies (Reference [28]):

16

C3
C3
in v
NOTE 1 At

and sound preg
the historical cl

NOTE2 Ab
1000 Hz and 1]

NOTE3 Hu
humidity range

9.5.3.2 Sou

In a hemi-freg field, the sound energy level in each frequency band of interest or A-weighted, as appro

Lj, under refe

where

Lg

S2

=Ap (1005 5 -0,001 245 )" db

hich 4g is equal to the numerical value of «(f) r, where

a(f) is the attenuation coefficient for specific temperature, humidity and static pressur
function of frequency in accordance with ISO 9613-1:1993, Equation§*(3) to (5) expn

in decibels per metre

r is the measurement radius, expressed in metres.

he reference static pressure of 101,325 kPa the value given for 6 is thetemperature where sound in
sure have identical decibel values when measured in a plane wave’) This temperature is a consequg
hoice of decibel reference quantity for sound pressure.

bve 1 kHz, the value for «a(f) is roughly proportional to freguency; typically 0,004 dB/m to 0,02 d
sing to 0,1 dB/m to 0,3 dB/m at 10 000 Hz.

Midity can also affect sound generation, e.g. a printer printing on paper. In such a case, the all
is normally specified in a noise test code.

hd energy level in a hemi-anechoic room

rence meteorological conditions shall be calculated using Equation (20):

10Ig[

S
S

JdB+C1+ C2+ C3
0

is the-surface single event time-integrated sound pressure level for the noise source
test,)in decibels;

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

P as a
essed

tensity
nce of

B/m at

bwable

briate,

(20)

under

SO! C1= Ci

auation (10\
_—GS—SQG—E, gHatHoh \wa-yC

9.6 Calculation of directivity indices

The directivity index in the direction of the ith microphone position, D);, shall be calculated using Equation (21):

Dy =L,

where

_Lp

Lpi is the sound pressure level at the ith microphone position, corrected for background noise, in
decibels;

Ly

22

is the surface time-averaged sound pressure level, in decibels.

(21)
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Calculation of surface sound pressure level non-uniformity index

If required, the non-uniformity index over the measurement surface, V},, at a particular measurement radius, r,
shall be calculated using Equation (22):

Nm

1 2

Vlr =\/NM_1;(Lpi_Lpav) (22)
where

L,; is the time-averaged sound pressure level at the ith microphone position, corrected for background

Llay is the arithmetic average of the time-averaged sound pressure levels on the measurement surface,

in decibels;

Mwv is the number of microphone positions.

9.8 [Frequency-weighted sound power level and sound energy level

Calcu

perfoimed using the procedure specified in Annex C.

For sq
sound

range

be m4g

10 M

10.1

The measurement uncertainties associated with sound power levels and sound energy levels

accor
Anne

The uncertainties of sound power levels, u(Ly), in decibels, and sound energy levels, u(L ), in decibe
in acc

u

This t

This r|
meas

ation of Ly or L a of the noise source under test from measuremenis'made in frequency b

urces in which the A-weighted sound power or sound energy levels are predominantly g
at high or low frequencies outside the nominal frequengy range of interest (see 3.11),
of interest shall be extended to include these frequencies in the calculation of Lyya or Lja,
de clear in the test report.

easurement uncertainty

[Methodology

I. If knowledge is insuffigient to apply Annex I, the following procedure may be used.

prdance with this Jnternational Standard are estimated by the total standard deviation, oot,
Ly ) = u(L; )3t

ptal standard deviation is obtained using the modelling approach described in ISO/IEQ
bquires a mathematical model which in case of lack of knowledge can be substituted wit
Irements, including results from round robin tests.

ands, shall be

etermined by
he frequency
and this shall

determined in

jance with this International-Stahdard should be evaluated in accordance with the proceduire outlined in

s, determined
n decibels:

(23)

Guide 98-3.
h results from

In this context, this standard deviation is expressed by the standard deviation of reproducibility of the method,
oRo, in decibels, and the standard deviation, oomc, in decibels, describing the uncertainty due to the instability
of the operating and mounting conditions of the source under test in accordance with Equation (24):

_ [ 2 2
Otot =4O RO T Oomc

Equation (24) shows that variations of operating and mounting conditions expressed by oomc should be taken
into account before a measurement procedure with a certain grade of accuracy (characterized by oro) is
selected for a specific machine family (see 10.5 and Annex 1.3).

NOTE
numer

(24)

If different measurement procedures offered by the 1ISO 3741[3] to 1ISO 3747(8] series are used, systematic

ical deviations (biases) can additionally occur.
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Derived from oyot, the expanded measurement uncertainty U, in decibels, shall be calculated from

U=ko (25)
tot

The expanded measurement uncertainty depends on the degree of confidence that is desired. For a normal
distribution of measured values, there is a 95 % confidence that the true value lies within the range (Ly-— U) to
(Lw + U), [or (Ly— U) to (Ly+ U)]. This corresponds to a coverage factor of k = 2.

If the purpose of determining the sound power level is to compare the result with a limit value, it might be more
appropriate to apply the coverage factor for a one-sided normal distribution. In that case, the coverage factor
k=1,6 corresponds to a 95 % confidence.

10.2 Determination of oomc

The standard|deviation oomc [see Equation (1.1)] which describes the uncertainty associated with the ins{ability
of the operating and mounting conditions for the particular source under test shall be takensintoaccountwhen
determining the measurement uncertainty. It can be determined separately from repeated measurements
carried out the same source at the same location by the same persons, using the same measuring
instruments gnd the same measurement position(s). To determine comc, repeated-sound pressure levgls are
measured either at the microphone position associated with the highest sound, pressure level, L,;(sT) or

measured and averaged over the entire measurement surface, L,st). Measurements are corrected for

background noise. For each of these repeated measurements, the mounting-of the machine and its opgrating
conditions ar¢ to be readjusted. For the individual noise source under\est, oomc is designated as o'onfc. It is
possible that|a noise test code provides a value of oomc Which is(répresentative for the machine [family
concerned. This value should take into account all possible variations of operating and mounting condgitions
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 prpperly,
a value of 0,5 4B for oomc can apply. In other cases, e.g. a large influence of the material flow into and out of the machine
or material floy that varies in an unforeseeable manner, it ‘is-possible that a value of 2 dB is appropriate. Howgver, in
extreme cases| such as strongly varying noise generated by the processed material (stone-breaking machines, |metal-
cutting machings and presses operating under load) a value of 4 dB can result.

10.3 Determination of org

10.3.1 Geneinal

The standard[deviation org includes uncertainty due to all conditions and situations allowed by this International
Standard (different radiation, ¢haracteristics of the source under test, different instrumentation, different
implementatigns of the meastrement procedure) except that due to instability of the sound power of the gource
under test. The latter is'considered separately by comc.

The values of] opgrgiven in Tables 2 and 3 reflect knowledge at the time of publication. They are typical upper
bounds taking |nto con3|derat|on the great varlety of machlnes and equment covered by this Intern
Standard. Ma y - ;
mathematical modelllng approach (see 10.3.3). They should be given in noise test codes speC|f|c to machinery
families (see 10.2 and Annex ).

10.3.2 Round robin test

The round robin test for determining oro shall be carried out in accordance with ISO 5725, where the sound
power level of the source under test is determined under reproducibility conditions i.e. different persons carrying
out measurements at different testing locations with different measuring instruments. Such a test provides the
total standard deviation, o1y, relevant for the individual sound source which has been used for the round robin

test. Participating laboratories in round robin tests should cover all possible practical situations.
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This total standard deviation, o}y, in decibels, of all results obtained with a round robin test includes the
standard deviation o'omc and allows o’gg to be determined by using

’ , 2 ’ 2
OR0O=4O0tot ~—Oomc (26)

If o'ro values obtained from many different pieces of machinery belonging to the same family deviate within a
small range only, their mean value can be regarded as typical for the application of this International Standard
to this particular family and used as ozg. Whenever available, such value should be given in the noise test
code specific to the machine family concerned (together with oomc) and used in particular for the purpose of

declaring noise emission values.

ound robin test has been carried out, existing knowledge about the noise emission fr0|ln a particular

If no

family| of machines may be used to estimate realistic values of opp.

For certain applications the effort for the round robin test can be reduced by omitting meagurements for
differgnt locations, e.g. if machines under test usually are installed under conditioris With a smgll background
noise [correction K4 or if the noise emission of a machine is rechecked at the same location. Results of such
delimited tests should be denoted by oro pL-

Valuep for oro,pL can be expected to be lower than those given in Tables 2 or 3.

The determination of orp using Equation (26) is imprecise if ototis)only slightly higher than| comc. In this
case,|Equation (26) provides a small value of opo but with a Jow accuracy. To limit this ina¢curacy, comc
shoulfl not exceed o /2 .

10.3.3 Modelling approach for org

Generally oo, in decibels, is dependent upon several partial uncertainty components, c¢; u;, agsociated with

the di
micro

whers

For cq
sound
comp

NOTE

10.4

[ferent measurement parameters such asuncertainties of instruments, environmental co
bhone positions. Using the modelling approach presented in ISO/IEC Guide 98-3, ogg can be

.

u(x;, x;) is the covariance associated with the ith and jth uncertainty components.

N-1 N
2 2 2
(cquq)” +(coun)” +...+(cpu,) +22 z cicju(xl-,xj)

i=1 j=i+1

nsistency with Equation (24), in Equation (27) the uncertainty components due to the in
emission of the solirce are not included. These components are covered by comc. Know,
bnent of the un€ertainty ogg at the time of publication is summarized in Annex I.

Typical upper bound values of opg

rrections, and
described by:

(27)

stability of the
edge of each

Round.robin tests are not always possible and are often replaced by experience from earlier mpeasurements.

This |

4 4 1 Qu ] ! il 14 £ ! 4 Tl o o ol 4 H 1
ICTTIaturiar otdiiudiu Pruvilics TTCoUINS UT dLlUTldly Uirdutt 1. TdUITS 4 dllu o STTUW typitdl

values of the

standard deviation ogg that may cover most of the applications of this International Standard. In special cases
or if certain requirements of this International Standard are not met for a machine family or if it is anticipated
that actual values of opg for a given family of machines are smaller than those given in Tables 2 or 3, a round
robin test is recommended to obtain machine-specific values of opg.
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Table 2 — Typical upper bound values of the standard deviation of reproducibility of the method, oo,
for sound power levels and sound energy levels determined in a hemi-anechoic room in accordance

with this International Standard

One-third-octave mid-band Standard deviation of
Frequency bandwidth frequency reproducibility, oro

Hz dB

50 to 802 2,0

100 to 630 1,5

One-third octave 800 to 5000 1,0

6-306to+6-006 +5

12 500 to 20 000P 2,0

A-weighted 0,5

2 If the sounfl field is qualified in accordance with Clause 5.

b If the instrymentation allows and if correction is made for absorption of sound by the atmosphere.

Table 3 — Tnpical upper bound values of the standard deviation of reproducibility of the method, oz,
for the sound power levels and sound energy levels determined in an ahechoic room, in accordance
with this International Standard

One-third-octave mid-band Standard deviation of
Frequency bandwidth frequency reproducibility, oro
Hz dB
50 to 802 2,0
100 to 630 1,0
Ong-third octave 800 to<5-000 0,5
6 300,to 10 000 1,0
12 500 to 20 000P 2,0
A-weighted 0,5
a2  |f the soung field is qualified in accordance with Clause 5.
b If the instrymentation allows and if correction is made for absorption of sound by the atmosphere.
10.5 Total standard deyiation, ciot, and expanded measurement uncertainty, U
The total stanflard deviation and the expanded measurement uncertainty shall be determined using Equation (24)
and Equation|(25), réspectively.
EXAMPLE Coverage factor, k = 2; measured Lpa = 82 dB; gomc = 2,0 dB. Machine-specific determinations|of oro
have not been A—th e+ er-from } 4 DWS

U =2x+/0,5%2 +2,02 dB = 4,1dB

Additional examples of calculated values for oot are given in Clause 1.3.

NOTE

of production which is used in ISO 4871I°] for the purpose of making a noise declaration for batches of machines.

26

The expanded uncertainty, as described in this International Standard, does not include the standard deviation
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11 Information to be recorded

11.1 General

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

11.2 Noise source under test

The following information shall be recorded:

a) a[descripiion of the noise source under test (Including the manufacturer, type, technical datg, dimensions,
serial number and year of manufacture);

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

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

d) the mounting conditions;

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

11.3 [Test room

The fgllowing information shall be recorded:

a) a|description of the test room and whether it provides a free field or a hemi-free field,|including the
d|mensions in metres, the surface treatment of the walls, ceiling and floor and a sketch showing the
Igcation of source and room contents;

b) description of the acoustical qualification<ef the room and whether it was performed in ac¢ordance with

> QO

nnex A or Annex B;

c) the air temperature in degrees Celsius, the relative humidity expressed as a percentage, pnd the static
pfressure in kilopascals, in the regm at the time of test.

11.4 [Instrumentation
The fgllowing information.shall be recorded:
a) the equipmentused for the measurements, including the name, type, serial number and mgnufacturer;

b) the date, place, and methods used to calibrate the sound calibrator and to verify the calipration of the
rlstrumentation system, in accordance with 6.2.

11.5 |Acoustical data

The following information shall be recorded:

a) the microphone positions or path(s) used for the measurements (with a sketch if necessary) including any
regions where the positions are associated with unequal areas of the measurement surface;

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

b) all measured sound pressure levels, whether time-averaged or single event time-integrated, in the test
room from the noise source under test;

c) any corrections, in decibels, to account for background noise;

d) the surface time-averaged sound pressure levels or surface single event time-integrated sound pressure levels;
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e) thesound powerlevelsor sound energy levelsin decibels, in frequency bands or A-weighted, as appropriate,
rounded to the nearest 0,1 dB; a graphical representation may optionally be recorded in addition;

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

g) if required, the maximum directivity index and the direction in which it applies;

h) if required, the surface sound pressure level non-uniformity index at the applicable measurement radius;

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

12 Test report

Only those rgcorded data (see Clause 11) which are required for the purpose of the measurements sh

reported. Th

report shall also contain any statements required to be reported by certain clauses in the

body of this International Standard. If the reported sound power levels or sound energy\levels have
obtained in full conformity with the requirements of this International Standard, the report-shall state thi
If the levels have not been obtained in full conformity, the report shall not state or imply’ that they have
If one or a small number of identifiable discrepancies exist between the reporteddevels and the require
tional Standard, then the report may state that the measurements' have been conducted “in

of this Intern
conformity wi
identified. In t

th the requirements of this International Standard, except for~.2 and the discrepancies
his case, the term “full conformity” shall not be stated or implied:

all be
main
been
s fact.
been.
ments

tlearly
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Annex A
(normative)

General procedures for qualification of anechoic and hemi-anechoic rooms

NOTE It is anticipated that future revisions of this annex will make reference to 1ISO 26101211,

A.1 | General

The performance of an anechoic or a hemi-anechoic room is assessed by comparing the 'spatial decrease of
sound pressure emitted from a test sound source with the decrease of sound pressuré-with distance from the
source in accordance with the inverse square law that would occur in a true free fieldor hemi-free field.

NOTE A check of the room performance is recommended after modification of thé room absorbers gnd periodically
at intefvals not exceeding 5 years.

A.2 | Instrumentation and measuring equipment

A.2.1| General

The instrumentation system, including the microphones&and cables, shall meet the requirements of
IEC 6[1672-1:2002, class 1. The filters used shall meet the.requirements of IEC 61260:1995, clasgs 1.

A.2.2 Test sound source type

A.2.2[1 General

A sound source approximating a point source over the frequency range of interest shall be| used for the
qualification. The source shall meet the ‘performance requirements in A.2.2.2 and be:

a) cpmpact with an identifiable ¢entre (to provide a good reference for the origin of the microphone traverses
specified in A.3.3);

b) relatively omnidirectional (to have energy incident on all the room surfaces in roughly equal(proportions);

c) aple to generate-sufficient sound output over the frequency range of interest to yield sound pfessure levels
1D dB aboye, the background noise levels for all points on each microphone traverse; and

d) of highsstability so that the radiated sound power does not change during measuremepts along the

3

icrophone traverse.

The design or selection of the test source is the responsibility of the laboratory in which the qualification
is performed. One or more sources may be used to cover the overall frequency range of interest, but the
requirements given in A.2.2.1 and A.2.2.2 shall be met for each source over its applicable frequency range.

The sound power level of the test source (with the associated signal generation and amplification electronics)
should not vary by more than +0,5 dB in any one-third-octave band in the frequency range of interest during the
measurements for each microphone traverse (see next paragraph). This can be demonstrated by determining
the band sound power levels of the sound source, in accordance with the methods of this International Standard,
repeatedly over a period of time corresponding to a typical microphone traverse and noting the deviations.

Itis advisable to employ a “monitoring microphone” located at an arbitrary but fixed position in the room in order
to verify that the source output during the test complies with the foregoing.
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A.2.2.2 Test sound source directivity

The directivity of the test source shall be uniform to within the allowable deviations given in Table A.1 when
determined in accordance with the following procedure. However, a traverse line shall not be mounted in such
a way that the microphone passes through the nodes of a loudspeaker.

The test source shall be installed in its normal qualification position in the centre of the test room and operated
at an output level representative of the level to be used for the room qualification. A spherical co-ordinate
system shall be selected with the source at the centre, » = 0 m, and with the plane for angle of elevation, 6=90°
corresponding to the rigid floor for a hemi-anechoic room or to a plane parallel with the floor and ceiling in an
anechoic room (see Figure A.1). The plane with the angle of azimuth, ¢ =0° (or 90°, 180°, 270°) shall be parallel
to the walls of the room if the room is rectangular. The position » = 1,5 m, ¢ = 0° shall be selected and the one-

third-octave |
in the qualific
160°. For eac
total of 32 me
third-octave b
from the mea
conducting th
as a check on

and sound pressure levels at 6 = 80°, 60°, 40° and 20° shall be measured. For a source
htion of an anechoic room, additional measurements shall be made at 6 = 100°, 1202,14
h angle 6, measurements shall be made at ¢ = 0°, 45°, 90°, 135°, 180°, 225°, 270°, and-315
asurements in a hemi-anechoic room or 64 measurements in an anechoic room¢For eac
and, the arithmetic mean of the decibel levels and the maximum positive and fiegative devi
n shall be computed. If the deviations are within the allowable limits, the test source is suita
e qualification. A position directly above the source at 8 = 0° may be added for informatig
the stability of the sound source, but it is not required for determining the-directivity of the s

Table A1 — Allowable deviation in directivity of the-tést source

used
D° and
, fora
h one-
ations
ble for
n and
burce.

One-third-octave-band Allowable deviation in
Type of test room frequency directivity

Hz dB

<630 +1,5

Anechoic 800 to 5 00Q +2.0
(free-field) 6 300 to 0 000 +25
»107000 15,0

<630 12,0

Hemi-anechoic 800 to 5 000 +2,5
(hemi-free-field) 6 300 to 10 000 +3.0
>10 000 15,0

For the diregtivity measurements, the source may be installed and evaluated in a different anechpic or
hemi-anechoic room than theé one being qualified (e.g. one known to have good free-field properties oVer the
frequency rarjge of interest).

Sources suitable for use in qualification for anechoic and hemi-anechoic rooms are described in
References [30]=[34].

For qualification of a hemi-anechoic room, it is useful to have a small cavity in the centre of the floor. The
purpose of the cavity is to install a source whose radiating surface is in the plane of the floor. The outlet
diameter in the floor should be less than 20 mm for use with frequencies above 4 kHz; at lower frequencies, a
larger diameter outlet may be acceptable.

Atfrequencies below 800 Hz, sources meeting the requirements of ISO 140-3["Imay be suitable. A possible alternative
is an electro-dynamic loudspeaker in a sealed box having dimensions less than 4/10, where 1 is wavelength.

For frequencies up to 10 kHz, a source that may be suitable is an acoustically shielded compression driver
attached to a tapered cylindrical tube. The tube should have an outer diameter less than 10 mm for use with
frequencies above 4 kHz, at lower frequencies, a larger diameter tube may be acceptable. Use of a long tube
of up to 1,5 m in length moves the driver away from the outlet, which reduces shielding effects, and improves
the frequency response by increasing the modal density.
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It is advisable to use a source that meets the directivity requirements of A.2.2.2 at the start of the measurement
traverse (see A.4.2) at a radius of 0,5 m from the source. Sources tend to be more omnidirectional in the far field,
and any difference in source directivity in the near and far field makes it more difficult to qualify the test room.

Figure A.1 — Microphone positions on the spherical surface
for test sound source directivity measurements
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A3

A.3.1

Installation of test sources and microphones

Anechoic rooms

The test sound source shall be located so that the assumed position of the acoustic centre coincides as
closely as possible with a point identified as the geometric centre of the measurement sphere, preferably in
the centre of the room.

A.3.2

A.3.2.1

Hemi-anechoic rooms

General

The test soun
as possible W
centre of the

The test soun
test source i
reflecting floo
for all frequer
a cavity in thg

A.3.2.2 Siz¢ of reflecting plane

The reflecting
surface on th

A.3.2.3 Sound absorption coefficient

The sound ab

NOTE As
provided there
requirement.

A.3.3 Mic
Microphone t
the measurer
geometric ce
intersection g

[ source shall be located so that the assumed position of the acoustic centre coincides’as/q
ith a point identified as the geometric centre of the measurement hemisphere, preferably
loor of the room.

d source should be located on the plane of the reflecting floor, so that the acoustic centre
situated as close as possible to, but in any case should not be greaterithan 150 mm fro
. If possible, the acoustic centre of the test source should be within A/10from the reflectin
cies in the frequency range of interest. Therefore, it is recommended, to install the test sou
reflecting floor (see A.2.2.2, paragraph 5).

plane shall extend at least A/4 and not less than 0,75 m-beyond the projection of the measur
b plane for the lowest frequency of the frequency range of interest.

borption coefficient of the reflecting plane shall be less than 0,06 over the frequency range of in

ealed concrete construction or a sealed lightweight construction with a surface density of 20 kg/m?2 o
are no significant air mass or structural'resonances in the frequency range of interest, complies W

rophone traverse

raverses shall be made along at least five straight paths away from the geometric cer
hent sphere or hémisphere in different directions. Key microphone paths are the lines frg
ntre of the measurement sphere or hemisphere to the room corners (where corner refers
f two wallsand the ceiling or two walls and the floor), and lines normal to the wall (or g

surfaces. Th

losely
in the

of the
m, the
y floor
rce in

ement

terest.

more,
ith the

tre of
m the
to the
eiling)

key paths to the corners shall comprise three of the five required traverses, and ong path
shall lead to fhe nearest wall, ceiling or floor surface. In an anechoic room, the three selected corner:
be located in[the“working area of the room, i.e. the part of the room normally used for measurements.
there is no clgarworking area in an anechoic room, the selected corners shall lie in an imaginary plar

5 shall
\When
e that

passes through the centre of the room. In a hemi-anechoic room, paths at an angle of less than 20° above the

reflecting floo

r should be avoided.

The geometric centre of the measurement sphere shall be within 200 mm of a reference box that encloses
the test source.

The test sound source should be placed in a chosen orientation and held in that orientation for all

microphone t

raverses.

Where the acoustic centre of the test source is not clearly identifiable, a point representing the centre should
be selected appropriately and used uniformly throughout the qualification procedure. This point is used for
measurement only; the actual location of the acoustic centre is calculated in A.4.3.1.
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A.4 Test procedures

A.4.1 Generation of sound

The test source specified in A.2.2 shall be operated at discrete frequencies that cover, in sequential steps, the
entire frequency range over which the test room is being qualified. Analysis shall be made in one-third-octave
bands in sequential steps that cover the entire frequency range over which the test room is being qualified.
Below 125 Hz and above 4 000 Hz, the sequential steps shall correspond to the mid-band frequencies of
contiguous one-third-octave bands, and between 125 Hz and 4 000 Hz, the steps shall correspond to the
mid-band frequencies of contiguous octave bands (i.e. between 125 Hz and 4 000 Hz, not all one-third-octave
bands need be used).

If the machine under test radiates only broadband noise, the procedure may be carried out usingjrandom noise
instead of discrete frequencies.

Use df a mix of pure tones spaced apart by more than one frequency band can begvmuch magre rapid than
sequgntial traverses, each at a single pure tone. If random noise is used, measufement times|shall be long
enoudh to achieve stable levels.

A.4.2] Measurement of sound pressure level

The microphone shall be moved along the paths described in A.3.3 for'each test signal. The mgasurement of
sound pressure level shall be carried out starting 0,5 m from the acoustic centre of the loudspeaker and ending
at or hbeyond the measurement surface the user wishes to qualify.*"Sound pressure levels shall|be measured
along|each microphone traverse using equally spaced measurement points. For a measuremegnt surface to
be quplified in accordance with this International Standardyit shall enclose at least 10 measufement points
along|each of the five microphone traverses (a total of at.least 50 points). In addition, the spdcing between
measlirement points shall not exceed 0,1 m.

Alterngtively, the microphone shall be moved slowly and continuously along the traverse and the sound
presstire levels recorded.

Sound reflection from the microphone traverse system shall be carefully avoided.

Due t¢ the long averaging time requifed to measure random noise, a continuous traverse is only recommended
for usg with pure tone signals.

A.4.3] Determination of deviations from the inverse square law

A.4.311 Equation forestimation of sound pressure levels based on the inverse square lay

From fthe sound.pressure levels measured at positions specified in A.4.2, the estimation of sqund pressure
levels|based_onwthe inverse square law shall be determined for each direction of measurement. The sound
pressyre leyelat the ith position within the region to be qualified, L,(r;), is given by Equation (A.1):

a

[ ]
L,{7]=20 IgL JdB (A1)

]
where

a is a constant related to the sound power emitted from the test sound source:

2 < 2 <
MVO +2rl —2]"0 Zrl
i=1 i=1

a= ;

M M
zriqi_rozqi

i=1 i=1
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r; is the distance of the ith measurement position from the centre of the measurement sphere or
hemisphere;

ro is the collinear offset of the acoustic centre along the axis of the microphone traverse — it is
a measurement of the separation between the acoustic centre of the source and the origin of the
microphone traverse, whose apparent position is given by:

}’0:—

NOTE1 Fo
origin of the tn

calculated valy
source.

NOTE2 So
Equation (A.1)
by room reflect
the near field o

in whic
qi

W

M

Other method
allow calculat

If a continuou
in this Annex,
from the reco

A.4.3.2 DeVations from the inverse square law

Using the esti
levels at all m

7

i T

1

1

1

q q

e

Il
A

M uo
2=
i=1 =1 i=1
M M M

| > r.;: g, =My

i=1 1 i=1

>

I

r;q;
]

a source with a well-defined acoustic centre (such as those described in A.2.2.2 paragraphs‘$’and
pverse can be expected to coincide with the acoustic centre and rg is identically eqdal 10 zero

e of |r0| exceeds 200 mm, it is possible that there are problems with either the test rF6om or the

irce parameters a, rg, are determined near the source and extrapolated”io larger distances]
or room characterization. Determination of source parameters «, rg, using data that are strongly infly
ions can lead to inappropriate results. The use of Equation (A.1) can be problematic due to the grq
f the source when used at frequencies below 100 Hz.

h

| 40 ~005L

here L,; is the sound pressure level at the ith . measurement position, in decibels;

is the number of measurement positions along each microphone traverse within the
where the inverse square law is followed (assumes that data points near the end of a tra
may be discarded).

s may be used to estimate the sound pressure level on the inverse square law provide
on of L,(r;) as in Equation (A1)

5 traverse is used, an apalogue recording of level versus distance is obtained. To use the equ
sound pressure levels'at a large number of points, at regularly spaced intervals should be d
(ds. The selection-of.point spacing should be based on the criteria of A.4.2.

mationefsound pressure levels based on the inverse square law, deviations of the sound pre
easurement positions from the inverse square law are determined by Equation (A.2):

7), the
If the

sound

using
enced
wth of

region
verse

d they

ations
erived

ssure

AL . =L

pi —Fp

where

2

7 {
=p\'i)

ALy; is the deviation from the inverse square law, in decibels;

Lyi

is the sound pressure level at the ith measurement position, in decibels;

Ly(r;) see Equation (A.1).

A.5 Qual

ification procedure

(A.2)

The deviations of measured sound pressure levels from those estimated using the inverse square law obtained
in accordance with A.4.3.2 shall not exceed the values given in Table A.2.
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Table A.2 — Maximum allowable deviation of measured sound pressure

ISO 3745:2012(E)

levels from theoretical levels using the inverse square law

One-third-octave band .
Allowable deviation
Type of test room frequency
dB
Hz

<630 +1,5
Anechoic 800 to 5 000 1,0

(free-field) -
>6 300 +1,5
<630 +2,5

Hemi-anechoic
(hemi-free-field) 80010 5000 20
>6 300 +3,0
NOTE A test room to be qualified for pure tones is more costly both to construct and to-qualify than ong¢ to be qualified

for ong-third-octave band random noise.

The dgviations in Table A.2 determine the largest space surrounding the ngise-source under test

within which a

measyirement surface may be chosen. If the measurement surface thus determined lies outside|the near field
of the|noise source to be tested, this measurement surface is suitable for the determination of| sound power
levels|and sound energy levels in accordance with this Internationaj‘Standard.

The deviations in Table A.2 also determine the frequency rahge over which measurements

can be made

in acgordance with this International Standard. If the range‘is not at least 100 Hz to 10 klHz (see 3.11),
measyirements taken in this test room are not in full conformity with this International Standard. Ifthe test room
is qualified over a reduced frequency range, measurements may still be reported to be “in conformity” with this

Internptional Standard provided that:

a) the one-third-octave bands comprising the«reduced frequency range are contiguous;

b) the report clearly states the reduced-frequency range;

c) the words “in full conformity with.ISO 3745” are not used or implied.

© 1SO 2012 — All rights reserved
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Qual

Annex B
(normative)

ification procedure for spaces within test rooms used in the

determination of sound power levels and sound energy levels of specific

noise sources

B.1 Genlral

The purpose
the determins
accordance W
test room itse

An environmd
made in acco

The test roomn
in a hemi-ane

The test room

tion of the sound power or sound energy of a specific sound source that may-be under
ith this International Standard. This procedure is not an alternative to AnnexA for qualifyi
f.

nt providing a free field or a free field over a reflecting plane shall:be used for measure
rdance with this International Standard.

shall be large enough and free from reflecting objects, with{the’exception of the reflecting
choic room.

shall provide a measurement surface that lies:

d field that is free of undesired sound reflectionsfrom the room boundaries;

a) inasoun
b) outside t
Procedures

e near field of the sound source under test.

re described in this annex to determifne-the undesired environmental influences, if any,

confirm the free-field or hemi-free-field conditions:."For measurements in hemi-anechoic rooms, the refl
plane shall sgtisfy the requirements given in B, 2:

B.2 Pro

B.2.1

In the case o
which one of

Particularly W
care shall be

erties of reflecting plane

General

f hemi-anecheic.fooms, measurements shall be made over a reflecting plane in a test rg
he surfaces-is reflecting.

hen thezreflecting surface is not a ground plane or is not an integral part of a test room su

exercised to ensure that the plane does not radiate any appreciable sound due to vibratior).

of the procedure in this annex is to provide a qualification of a space within the, test ropm for

fest in
hg the

ments

plane

and to
ecting

om in

rface,

B.2.2

Size

The reflecting plane shall extend at least /4 and not less than 0,75 m beyond the projection of the measurement
surface on the plane for the lowest frequency of the frequency range of interest.

B.2.3

Sound absorption coefficient

The sound absorption coefficient of the reflecting plane shall be less than 0,06 over the frequency range of interest.

NOTE

The requirement is complied with by a sealed concrete construction or a sealed light weight construction with

a surface density of 20 kg/m2 or more, provided there are no significant air mass or structural resonances in the frequency
range of interest.
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B.3 Procedure using two measurement spheres or hemispheres with different radii
(two-surface method)

B.3.1

Test sound source

In general, the noise source to be tested is used as the test sound source for the qualification procedures.

The measurement surface is qualified only for the test sound source or sound sources that are similar in size
and directivity.

B.3.2

Procedures

Two dpherical surfaces (for an anechoic room) or two hemi-spherical surfaces (for a hemi-an
that sprround the sound source are first selected. The first surface shall be the measireme
accorflance with Clause 8, for the determination of sound power levels or sound energy levels. T|
first stirface shall be designated as S1. The second surface, with area S2, shall be geometrically
first surface, located further away and symmetrical with respect to the sound saurce. On both
backgfround noise criteria specified in 5.3 shall be fulfilled.

The

S2/S1 $hall be not less than 2 and preferably should be greater than 4.

From
is cald

whers

&~

&~

If the

considlered to be appropriate for the purpose of this International Standard.

8= Lyt =Lz = 101973

p1

p2

icrophone locations on the second surface shall correspond to those“on the first surface

he measurements of average sound pressure levels over bothisurfaces S1 and Sa, the follg
ulated for the respective frequencies:

S—de
1

is the surface time-averaged sound pressure level on S, in decibels;

is the surface time-averaged sound pressure level on S», in decibels.

echoic room)
nt surface, in
he area of the

similar to the
surfaces, the

The quotient

wing quantity

(B.1)

values of |6| are equal to~oer less than 0,5 dB, the test room and the measurement surface S¢ are
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Annex C
(normative)

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

C.1 A-wgightedsoundpowertevets

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

/max
Lya =10lg Y, 10* %) g (1)
J=Jmin
where
Ly is the sound power level in the jth one-third octave, in decibels;
J» G are given in Table C.1;
Jmin, Jmax are the values of j corresponding, respectively, toithe lowest and highest one-third-¢ctave

bands of measurement.

C.2 A-wgighted sound energy levels

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

Jpax O,1(LJ’]+CJ)

L;a=10lg > 10 dB (C.2)
J=Jmin
where
Ly; is the sound energy level in the jth one-third octave, in decibels;
5 G are given in“fable C.1;
Jmins Jmax are the Values of j corresponding, respectively, to the lowest and highest one-third-¢ctave

bands 'of measurement.

C.3 Valuesof; and C; for use in calculations

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

One-third-octave mid-band G
j frequency
Hz dB
1 50 -30,22
2 63 —-26,22
3 80 —22,52
4 100 -19,1
[S) 125 -10,1
6 160 -13,4
7 200 -10,9
8 250 -8/6
9 315 —6;6
10 400 -4.,8
1 500 -3,2
12 630 -1,9
13 800 -0,8
14 1000 0,0
15 1250 0,6
16 1600 1,0
17 2000 1,2
18 2500 1.3
19 3150 1,2
20 4000 1,0
21 5000 0,5
22 6 300 -0,1
23 8 000 -1
24 10 000 -2,5
a8 Theése values of C; are given for use only where the test room and instrumentation are
satisfactory for use at the frequencies concerned.
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Annex D
(normative)

Array of microphone positions on a spherical
measurement surface in a free field

The co-ordinates of 40 positions associated with equal areas on the surface of a sphere of radius r, with the

origin at the g
The z-axis is

Chosen perpendicularly upward from a horizontal plane (z = 0).

e D.1.

40
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Table D.1 — Microphone positions
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Position number xIr yir zlr

1 -0,999 0 0,050
2 0,494 -0,856 0,150
3 0,484 0,839 0,250
4 -0,468 0,811 0,350
5 -0,447 -0,773 0,450
6 0,835 0 0,550
7 0,380 0,658 0,650
8 -0,661 0 0,750
9 0,263 -0,456 0,850
10 0,312 0 0,950
11 0,999 0 20,050
12 -0,494 0,856 -0,150
13 -0,484 -0,839 -0,250
14 0,468 -0,811 -0,350
15 0,447 0,773 -0,450
16 -0,835 0 -0,550
17 -0,380 ~0,658 -0,650
18 0,661 0 -0,750
19 -0,263 0,456 -0,850
20 -0,312 0 -0,950
21 0,999 0 0,050
22 -0,494 -0,856 0,150
23 —0,484 0,839 0,250
24 0,468 0,811 0,350
25 0,447 -0,773 0,450
26 -0,835 0 0,550
27 -0,380 0,658 0,650
28 0,661 0 0,750
29 -0,263 -0,456 0,850
30 -0,312 0 0,950
31 -0,999 0 -0,050
32 0,494 0,856 -0,150
33 0,484 —0,839 —0,250
34 -0,468 -0,811 -0,350
35 -0,447 0,773 -0,450
36 0,835 0 -0,550
37 0,380 -0,658 -0,650
38 -0,661 0 -0,750
39 0,263 0,456 -0,850
40 0,312 0 -0,950
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26

Key
e microphone positions on the facing side
o microphone positions on the remote side

Figure D.1 — Microphone positions on the spherical measurement surface
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Annex E
(normative)

Arrays of microphone positions on a hemispherical measurement

surface in a hemi-free field

The co-ordinates of 40 positions associated with equal areas on the surface of a hemisphere of radius r, with

the ongimatthe projectionm o the Teftecting pfane of the acoustic tentre of the TToise Source

der test, are

given|in Table E.1 (Reference [29]). The locations of Table E.1 positions 1 to 20 are illustrated|{in Figure E.1.
Table|E.2 provides alternate co-ordinates that may be used with a broadband omnidirectional source. The

locatipns of Table E.2 positions 1 to 20 are illustrated in Figure E.2.
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Table E.1 — Microphone positions (general case)

Position number xIr yir zlr
1 -1,000 0,000 0,025
2 0,499 -0,864 0,075
3 0,496 0,859 0,125
4 -0,492 0,853 0,175
5 -0,487 -0,844 0,225
6 0,961 0,000 0,275
7 0,000 0,947 0,320
8 -0,803 -0,464 0,375
9 0,784 -0,453 0,425
10 0,762 0,440 0,475
1 -0,737 0,426 0,525
12 0,000 -0,818 0,575
13 0,781 0,000 0,625
14 -0,369 0,639 0,675
15 -0,344 -0,596 0,725
16 0,316 -0,547 0,775
17 0,283 0,489 0,825
18 -0,484 0,000 0,875
19 0,000 0,380 0,925
20 0,192 0,111 0,975
21 1,000 0,000 0,025
22 -0,499 0,864 0,075
23 —-0,496 -0,859 0,125
24 0,492 -0,853 0,175
25 0,487 0,844 0,225
26 -0,961 0,000 0,275
27 0,000 -0,947 0,320
28 0,803 0,464 0,375
29 -0,784 0,453 0,425
30 -0,762 -0,440 0,475
381 0,737 -0,426 0,525
32 0,000 0,818 0,575
33 —-0,781 0,000 0,625
34 0,369 -0,639 0,675
35 0,344 0,596 0,725
36 -0,316 0,547 0,775
37 -0,283 -0,489 0,825
38 0,484 0,000 0,875
39 0,000 0,380 0,925
40 -0,192 -0,111 0,975
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Table E.2 — Microphone positions for a broadband omnidirectional source

Position number xIr ylr zlr
1 -1,000 0,000 0,025
2 0,499 -0,864 0,075
3 0,496 0,859 0,125
4 -0,492 0,853 0,175
5 -0,487 -0,844 0,225
6 0,961 0,000 0,275
7 0,474 0,820 0,325
8 -0,927 0,000 0,375
9 0,453 -0,784 0,425
10 0,880 0,000 0,475
11 -0,426 0,737 0,525
12 -0,409 -0,709 0,575
13 0,390 -0,676 0,625
14 0,369 0,639 0,675
15 -0,689 0,000 0,725
16 -0,316 -0,547 0,775
17 0,565 0,000 0,825
18 -0,242 0,419 0,875
19 -0,380 0,000 0,925
20 0,111 -0,192 0,975
21 1,000 0,000 0,025
22 -0,499 0,864 0,075
23 <0;496 -0,859 0,125
24 0,492 -0,853 0,175
25 0,487 0,844 0,225
26 -0,961 0,000 0,275
27 -0,474 -0,820 0,325
28 0,927 0,000 0,375
29 -0,453 0,784 0,425
30 -0,880 0,000 0,475
31 0,426 -0,737 0,525
32 0,409 0,709 0,575
33 -0,390 0,676 0,625
3% —U,00Y —U, 059 U, 070
35 0,689 0,000 0,725
36 0,316 0,547 0,775
37 -0,565 0,000 0,825
38 0,242 -0,419 0,875
39 0,380 0,000 0,925
40 -0,111 0,192 0,975
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Key
e microphone positions on the facing side
o microphone positions on the remote side

Figure E1 — Microphone positions on the hemispherical measurement surface (general case)
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Key
e microphone positions on the facing side
o microphone positions on the remote side

Figure E.1 — Microphone positions on the hemispherical
measurement surface for broadband omnidirectional sources
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Annex F
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Coaxial circular paths of microphones on a hemispherical measurement

surface in a hemi-free field

Paths are selected, see Figure F.1, so that the annular areas of the hemisphere associated with each path are equal.
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Figure F1 — Coaxial circular paths for a moving microphone

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=7305441c5219ee5ca409a26721db73e2

ISO 3745:2012(E)

Annex G
(normative)

Meridional paths of microphones on a hemispherical measurement
surface in a hemi-free field
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Figure G.1 — Meridional paths for a moving microphone
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Key
1 travelling nmiicrophone

2 cosine fungtion potentiometer for area weighting
3 noise sour¢e on revolving platform

Figure G.2 — Example ‘of a mechanical system to realize a meridional path
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Figure G.3 — Example of an electronic control circuit
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