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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
ical standardization.
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Introduction

For many users of machinery, equipment and products, the control of noise is a major issue which
requires effective exchange of acoustical information. In this context, the main flow of information goes
from the manufacturer to the purchaser, installer or user of the machines and products to describe the
generated sound. In particular, information on source airborne noise emission is desired. Therefore,
the sound power level, as the major parameter characterising airborne noise emission of sound sources,
needs to be determined by measurement.

However, such measurements are only useful if the conditions under which they are carried out are
specified; they vield defined acoustical quantities, and they are taken with standardized instruments.

power levels are used for
eclaration of the noise emitted under defined conditions,

— verification of declared values,

— cpmparison of the noise emitted by machinery of various types andcsizes,
— cpmparison with limits specified in a purchasing contract or a regulation,

— ehgineering work to control the noise emission of machinery,

— prediction of noise exposure of workers in indoor or outdoor work shops,

— prediction of noise in the environment.

Interpational Standards describing basic methods for determining sound power level are
— [$0 3741 to ISO 3747 (sound power level detérmination using sound pressure level mepsurements),
— 1$0 9614-1 to ISO 9614-3 (sound powerlevel determination using sound intensity measurements),
— 1$0/TS7849-1andISO/TS 7849-2 (sound power level determination using vibration mepsurements).

Thes¢ standards specify different-methods for determination of sound power level and the achievable
accurpcy, characterized by the Standard deviation of reproducibility of the method. Operating and
mounting conditions, and(the uncertainty associated with these conditions, are dealt wlith only in a
very general manner. Spetific and detailed requirements on the machinery or equipment under test
are gjven in noise teSt)codes prepared by machinery specific standards committees. They not only
provifle the necessary detailed information on the operating, installation and mounting cpnditions but
also iflentify basie;measurement standards that can be used and how a noise emission de¢laration and
verifiration is‘made.

The standards mentioned above differ in their range of applications and their requirement$ with regard
to thetest environment. In practice, procedures that do not require special laboratory envijonments and
additionally meet class Z accuracy are particularly advantageous, especially to meet legal requirements.
These include the procedures in standards ISO 3744, ISO 3747 and methods in ISO 9614-2.

To help technical committees in drafting noise test codes or to assist manufacturers of machines and
equipment in determining the sound power level if a noise test code is not currently available, ISO 3740
introduces the set of twelve International Standards describing various methods for determining sound
power levels of machinery, equipment and products taking into account the broad variety of practical
situations for the sources under test (types of machinery, equipment and products), test environments,
measurement instruments and the accuracy desired.

Some machinery, equipment and products emit high-frequency noise, which can be broad-band noise,
narrow-band noise or discrete tones. ISO 9295 specifies four methods for the determination of sound
power levels emitted by machinery, equipment and products in the frequency range covered by the
16 kHz octave band. In 5.6, [SO 9295 is briefly described.

© IS0 2019 - All rights reserved v
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More detailed definitions than those specified in this document can be found in ISO 3741, ISO 3743-1,
ISO 3743-2, 1SO 3744, 1SO 3745, 1SO 3746 and ISO 3747, in ISO 9614-1 to ISO 9614-3, ISO/TS 7849-1, ISO/
TS 7849-2, and in noise test codes for specific types of machinery, equipment and products.
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INTERNATIONAL STANDARD ISO 3740:2019(E)

Acoustics — Determination of sound power levels of noise
sources — Guidelines for the use of basic standards

1 Scope

This document glves guldance for the use of a set of twelve basic International Standards (see Tables 1,
2 and-3)-de 5 aricus-methods . = S s of machlnery,

detailed requirements on mounting and operating conditions for a particular family fo which the
machjne under test belongs, in accordance with general principles given‘inthe basic standprds.

Thisrliocument is not intended to replace any of the details of, or,add any additional reqyiirements to,
individual test methods in the basic International Standardsteferenced.

NOTE|1  Two quantities which complement each other can be used‘to describe the noise emissior of machinery,
equipment and products. One is the emission sound pressuredevel at a specified position and the other is the
sound| power level. The International Standards which describe the basic methods for determiping emission
sound| pressure levels at work stations and at other specifi€d positions are ISO 11200 to ISO 112(5 (References
[20] t¢ [25]).
NOTE[2  The sound energy level mentioned in ISO\3741 to ISO 3747 is not addressed in this dogument as it is

not mentioned in any legal requirement. Its appli¢ation is limited to very special cases of a single burst of sound
energy or transient sound defined in ISO 12001,

2 Normative references

Therg are no normative references in this document.

3 Terms and definitions
For the purposes ofithis document, the following terms and definitions apply.
ISO apd IEC maintain terminological databases for use in standardization at the following pddresses:

— I$0 Online browsing platform: available at https://www.iso.org/obp

— [EE Ela
A" = e~

3.1

emission

<acoustics> airborne sound radiated by a well-defined noise source (e.g. the machine under test) under
specified operating and mounting conditions

Note 1 to entry: Emission values may be incorporated into a product noise declaration, product label and/or
product specification. The basic noise emission quantities are the sound power level of the source itself and the
emission sound pressure levels at the work station and/or at other specified positions (if any) in the vicinity of
the source.

[SOURCE: ISO 12001:1996, 3.3, modified — Note 1 to entry "product noise declaration" added.]

© IS0 2019 - All rights reserved 1


https://www.iso.org/obp/ui
http://www.electropedia.org/
https://standardsiso.com/api/?name=c60723080c36bb7062ca4ec924453775

ISO 3740:2

3.2

019(E)

sound power

P

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

Note 1 to entr

Note 2 to entr

y: Sound power is expressed in watts.

y: The quantity relates to the rate at which airborne sound energy is radiated by a source.

[SOURCE: ISO 80000-8:2007, 8-16, modified — Notes 1 and 2 to entry added.]

3.3
sound pow
Lw

ten times th¢ logarithm to the base 10 of the ratio of the sound power, P (3.2), of a source-to‘a refe

value, Py, ex

where the re|

Note 1 to entr]
applied, this i

Note 2 to entr
Note 3 to entr
[SOURCE: IS
3.4

level

ressed in decibels

lgidB
Py

ference value, Py, is 1 pW

y: If a specific frequency weighting as specified in IEC 61672-1 and/or specific frequency ban
indicated by appropriate subscripts; e.g. Lya denotes the A<weighted sound power level.

y: This definition is technically in accordance with ISO 80000-8:2007, 8-23.
y:lg () =1g10 () in all relevant parts of the standard.

/TR 25417:2007, 2.9, modified — Note 3 te entry added.]

structure v
airborne so

Note 1 to enty
vibratory veld

[SOURCE: IS
clarification

3.5

sound pressjure level

Lp
ten times thg
of areferenc

ration generated sound
d caused by structural vibrationin the audible frequency range

y: In the ISO/TS 7849 series;structure vibration generated sound is determined either frg
city or from the vibratory-aceeleration of the surface of the solid structure.

D/TS 7849-1:20094-3.1, modified — Expression "In the ISO/TS 7849 series" use
instead of "For the'purpose of this part of ISO/TS 7849".]

logatithm to the base 10 of the ratio of the square of the sound pressure, p, to the s
e value, po, expressed in decibels

rence

ds are

m the

d for

quare

L, =10lg

where the re

p?

2
bo

ference value, pg, is 20 pPa

dB

[SOURCE: ISO/TR 25417:2007, 2.2, modified — Notes 1 and 2 deleted.]
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3.6

time-averaged sound pressure level

Lyt

ten times the logarithm to the base 10 of the ratio of the time average of the square of the sound
pressure, p, during a stated time interval of duration, T (starting at t; and ending at t3), to the square of
areference value, pg, expressed in decibels

t
% *p? (t)de
Ly =101g| ——1— dB
Po

wher¢ the reference value, pg, is 20 pPa

Note 1 to entry: In general, the subscript “T” is omitted since time-averaged sound pressure levels are necessarily
detertnined over a certain measurement time interval.

Note 2 to entry: Time-averaged sound pressure levels are often A-weighted, in wHich case they are denoted by
Lpa, 1, Which is usually abbreviated to Lpa.

Note 3 to entry: Adapted from ISO/TR 25417:2007, 2.3.
[SOURCE: I1SO 3744:2010, 3.3]

3.7
single event time-integrated sound pressure level
L
ten times the logarithm to the base 10 of the ratio ofithe integral of the square of the soynd pressure,
p, of an isolated single sound event (burst of sound*or transient sound) over a stated time interval T
(startling at t1 and ending at t), to a reference value, Ey, expressed in decibels

h
T
Il
—_
(@]
aq
~
-
[N
v}

wher¢ the reference value, Egis{20 pPa)2 s = 4 x 10-10 PaZ s
Note 1 to entry: This quantity can be obtained by

T
+10lg| —{dB
4 g[To}

o~

wherd Tp = 1.s.

Note 2 to’entry: When used to measure sound immission, this quantity is usually called “sound ekposure level”
(see I§O/TR 25417:2007).

[SOURCE: ISO 3744:2010, 3.4]

3.8
sound intensity

I
I=p-u

where
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p

u

is the sound pressure, in Pa;

is the sound particle velocity, in m/s.

Note 1 to entry: u and I are vectorial quantities.

39

vibratory velocity

\%

root-mean square (RMS) value of the component of the velocity of a vibrating surface in the direction
normal to the surface

Note 1 to entr]

y: In [SO/TS 7849-1, the vibratory velocity is applied with an A-weighting, denoted va.

[SOURCE: ISP 7849-1:2009, 3.3, modified — Former Note 1 to entry deleted, expression "In
TS 7849-1" uped for clarification instead of "In this part of ISO/TS 7849" in former Note'2;’now N
3.10

vibratory vedlocity level

Ly

ten times th
velocity, v, to

e logarithm to the base 10 of the ratio of the square of the RMS value of the vibr
the square of a reference value, vq, expressed in decibels:

2
L, =10lg~dB
2
Vo
where
v s th[ RMS value of the vibratory velocity, in metres per second;
vo is the reference value for the velocity andis equal to 5 x 10-8 m/s.

Note 1 to entr]
property that
m2 and to a ch

Note 2 to enty

y: For airborne and structure vibratiéon generated sound, the reference value, vgp = 50 nm/s i
it leads, together with pg = 2 x 10-5 Pa, to the reference value of the intensity level Ip = 1 x 10
aracteristic impedance of air-0fpo/vo = 400 Pa-s/m.

y: In ISO/TS 7849-1, the vibratory velocity level is applied as A-weighted vibratory velocity

Lya, by substifuting v2 for the A-weighted RMS va2 in ISO/TS 7849-1:2009, Formula (6).

Note 3 to enffry: In ISO 1683;two reference values for the velocity level are mentioned: vop = 109 m
5 x 10-8 m/s. The latter is intehded for cases of airborne and structure vibration generated sound and is the
used in ISO/TP 7849-1 and;ISO/TS 7849-2. A choice of v = 10-9 m/s results in a vibratory velocity level w
34 dB higher than the lével used in both parts of I[SO/TS 7849. Therefore, if vo = 10-9 m/s is used, subtract
from the rightrhand sides of the first formula in 3.10.

3.11

IS0/
te 1.]

atory

as the
12 W/

level,

s and
refore
hich is
34 dB

radiation factor

&

factor expressing the efficiency of airborne sound power (3.2) radiation from the vibrating surface

Note 1 to entry: See ISO/TS 7849-1:2009, 4.4.1 to 4.4.4.

3.12

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

Note 1 to entry: Background noise includes contributions from airborne sound, noise from structure-borne

vibration, and

electrical noise in the instrumentation.

[SOURCE: ISO 3744:2010, 3.15]
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background noise level
sound pressure level (3.5) measured when the source under test is not operating

Note 1 to entry: It is expressed in decibels.

3.14

extraneous vibratory velocity level
vibratory velocity level (3.10) caused by all sources other than the source under test

Note 1 to entry: Extraneous vibratory velocity levels originate, for example, from coupled assemblies.

[SOURCETTSO/ TS 7849-172009, 391

3.15

background noise correction

K1

corre
all th
noise

Note 1

Note 2
denot

[SOURCE: ISO 3744:2010, 3.16]

3.16
envirn
K>

corre
all m
absor

Note 1
Note 2
band

denot

Note ]

[SOU
3.17

usualIr K> increases with S.

ction applied to the mean (energy average) of the time-averaged sound,pressure lev

bls (3.6) over

e microphone positions on the measurement surface, to account forthé influence of background

(3.12)

to entry: Background noise correction is expressed in decibels.

to entry: The background noise correction is frequency dependent; the correction of a frequency band is

ed K15 where fdenotes the relevant center frequency, and that'in the case of A-weighting is d

onmental correction

ction applied to the mean (energy average) of the time-averaged sound pressure lev
crophone positions on the measurement surface, to account for the influence of]
bed sound

to entry: Environmental corregtion is expressed in decibels.

to entry: The environmentalcorrection is frequency dependent; the correction in the case

bnoted K1a.

bls (3.6) over
reflected or

bf a frequency

s denoted K5 where f-dermotes the relevant mid-band frequency, and that in the case of A-weighting is

bd Koa.

to entry: In general, the environmental correction depends on the area of the measureme

CE: 1S08744:2010, 3.17]

syste

matic deviation

t surface and

Asy

deviation to account for a systematic difference between sound power levels (3.3) obtained using basic

stand

ards based on different physical rules

Note 1 to entry: Agy is not covered in the basic standards. See 4.4 and Annex C.

Note 2 to entry: Agy,y describes specifically the systematic deviation between the sound power level yielded
by the intensity method, Lw;;, compared with the result from free field sound pressure measurements, Ly;p:
Asy,p1 = Lw,p - Lw1; otherwise Agy,py is also designated as near field error.

Note 3 to entry: Systematic deviations can also appear when environmental correction, K», is determined
according to different procedures from the basic standards.
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3.18
background
ALy

noise index

index denoting the difference, in decibels, between the sound pressure levels (3.5) from the noise source
under test in operation and the sound pressure levels of the background noise (3.12), both measured
using an array of microphone positions over the measurement surface

3.19

dynamic capability index

Lq

index given by

Ld :6[910

where

is
Note 1 to entr]

Note 2 to ent
suppress unwj
selected to be

3.20
standard de

ORO
uncertainty
the instabilit

Note 1 to ent
uncertainty c

3.21
standard de|

Oomc
uncertainty
source under

3.22
total standa

Otot
square root

-K

the pressure-residual intensity index, in decibels;

the bias error, in decibels.

y: The dynamic capability index is expressed in decibels.

y: The dynamic capability index describes the quality of the intensity measurement sys

anted background noise. It is used to check the attainment dfthe desired accuracy level, whe
10 dB for grade 1 and 2 measurements and 7 dB for gradé.3’measurements.

viation of reproducibility of the method

ssociated with a sound power (3.2) measurement method excluding the uncertainty
y of the sound power of the source under test

ry: oro is determined from round r¢bin tests on an extreme stable source. It does not i
mponents like oomc and Asy and consequently does not represent the total uncertainty.

viation due to operatingand mounting conditions of the sound source

hssociated with theinstability of the operating and mounting conditions for the part
test

rd deviation

bf the'sum of the squares of the standard deviation of reproducibility of the method

and the standard deviation due to operating and mounting conditions (3.21)

tem to
re Kis

Hue to

hclude

icular

3.20)

_ / 2 2
Otot =VORO + O omc

3.23

accuracy grade
grade characterising three different classes of uncertainty in determining sound power levels (3.3)

based on the

standard deviations of reproducibility of the method, ogg (3.20)

Note 1 to entry: The grade classification provides an indication of the required measurement effort.

Note 2 to entry: It is described by typical upper bound values.

Note 3 to entry: ogo does not include uncertainty components like oomc and Asy and consequently does not

represent the

6

total uncertainty.
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3.24

expanded measurement uncertainty

U

characteristic value identifying a range around the measurement result or calculation within which an
estimate of values is expected to lie

4 Sound power level

4.1 Basicinformation

The source into
the epvironment for a given mounting and operating condition and represents an intripsic acoustic
characteristic of the source that is independent of the environment in which it is install¢d. It is often
denoted as an A-weighted sound power level, Ly, in dB.

4.2 |Reasons for the determination of sound power levels

Examlple situations where the A-weighted sound power level of a machine, equipment and product can
be of Interest are:

— manufacturer noise emission declarations in the instructiofi$/and the sales literature|according to
regulations for machinery safety;

|
O

istomer need for input to sound exposure prediction’mrodels which can supportlegal fequirements
for carrying out a noise exposure risk assessment;

|
O

istomer need for comparison with the state ofithe art of noise emission, for comparing the data of
bmpeting machinery, equipment and products to support the “Buy Quiet” objective;

(@)

|
(@)

hecking the noise emission level of machinery, equipment and products in specificatiofs regardless
f the environment in which they opérate.

=)

4.3 |Basic procedures for determining sound power levels

Soundl pressure, sound intensity“and vibratory velocity level measurements form the basils of different
procedures to determine sound power level. These procedures include

epaluation of the spatial mean-squared sound pressure built up in highly reflective environments
(1SO 3741, 1S0 3743-1, ISO 3743-2);

|
Q

bmparison @fthe sound pressure levels in octave frequency bands of a noise source urjder test with
hose of.acalibrated reference sound source (ISO 3747);

=

— epaluation of the flow of sound energy by a direct measurement of the sound intensity (1ISO 9614-1,
[$0-9614-2, 1SO 9614-3) near the source or the free field approximation of the intensity through
measurement of the squared sound pressure (ISO 3744, [SO 3745, ISO 3746) emitted by the source,
both measurements carried out on an enveloping surface;

— evaluation of the partial flow of airborne sound energy emitted by vibrating solid structures of the
machine, using measurements of the vibratory velocity over the surface of vibrating solid structures
(ISO/TS 7849-1, ISO/TS 7849-2).

Microphones used to measure the sound pressure level at specific positions around the source under
test measure the sum of the direct sound from the source and the contributions from other sound
sources in the measurement room plus the sound which is reflected by walls, floor, ceiling and obstacles.
Therefore, corrections to cope with these influences are required in practice. These are the background
noise correction, K1, and the environmental correction, K. Please refer to Annex D for examples of
practical applications of ISO 3744 and ISO 3746.

© IS0 2019 - All rights reserved 7
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In contrast to sound pressure measurements, sound intensity measurements used for determining the
sound power level are less sensitive to steady state background noise and the environment, provided
that the capacity of the measurement instrument is not exceeded. Background noise that fluctuates
cyclically needs an adequately longer integration time at each measurement position. In principle, this
measurement approach provides a measure of the sound power radiated directly into the air by all
sources located within the enclosing surface, and excludes sound radiated by sources, including mirror
sources resulting from sound reflections, located outside the enveloping surface.

Owing to differences in meteorological conditions, sound power level measurements at different test
facilities can yield considerably different results. For example, measurements of sound power level at
high altitude cause an underestlmate of the sound power level when compared to measurements at
4-1 and
bgical
849-1
tions.

ISO 9614-2 include correctlons to allow for any dlfferences that can exist between the meteorol
conditions upder which the tests are conducted and reference meteorological conditions. ISO/TS 7,
and ISO/TS 71849-2 yield by definition the sound power level under reference meteorological.condi

4.4 Quality of determined sound power levels

matic
bment

Sound powett levels determined according to different methods include differenfrandom and syste
deviations. Random deviations are clearly dealt with in the present sound power measursg
standards byt systematic ones are not addressed.

Assuming a i pad of

results can b

epeated application of the same measurement standards.a randomly distributed spr
e expected. These deviations are caused

— by an ipadequate approximation in practice of the relévant physical relations on which the

measurgdment method is based, represented by org, and

— by inaccpracies when adjusting the machine, equipmeént, product to the predefined operatin
mountinlg conditions, e.g. those specified in the relevant noise test code, represented by ogmc.

g and

For the set of basic International Standards, three/different classes of accuracy grades (see 3.24) dlefine

the quality of the determined sound power level'value. These are:

— accuracy grade 1, called precision grade,

— accuracy grade 2, called engineéring grade, and

— accuracy grade 3 ,called survey grade.

These correspond to diffenent measurement efforts and conditions, e.g. characteristics qf the
measuremerlt environméntor background noise.

For legal reagons or_contractual ones between a manufacturer and a customer, minimum requirements
on the accurjcy ofithe measured sound power level can be stated in the instructions, in sales catalpgues
containing performance data or in sales contracts. For most uses, the application of methods proyiding

engineering

hrade (n'v")r]a ')) racn]fa 1S nvnnnfnr‘ to ]‘\o cqf\chrfnrn
pTocte otre SA-=2 teer—0 ToHe

[t is common to include information about the uncertainty of the determined quantity when providing
measurement results. In practice, this is done through the expanded measurement uncertainty, U.
Annex C provides detailed information on measurement uncertainty for sound power level determined
according to one of the methods described in this document.

4.5 Noise emission declaration

The sound power level determined according to one of the methods described in this International
Standard and the related uncertainty are two quantities that are used by manufacturers of machinery,
equipment and products when preparing noise emission declarations according to noise test codes.
Formats for noise emission declarations and procedures for declaration and verification are presented
in ISO 4871.
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5 Selection of the most appropriate method in the set of standards

5.1

Methods and quantities to be measured and determined

Tables 1, 2 and 3 give a rather detailed overview of the available basic International Standards
describing methods for the determination of the airborne sound power level, either A-weighted or in
frequency bands. The tables distinguish between those methods which are based on sound pressure
level measurements (ISO 3741 to ISO 3747), sound intensity measurements (ISO 9614-1 to ISO 9614-3)
and vibratory velocity measurements (ISO/TS 7849-1 and ISO/TS 7849-2). The ISO/TS 7849 methods
only consider that part of the airborne sound power level which is caused by vibrating solid structures
of the source under test and therefore exclude aerodynamically generated noise. Therefore, they will

norm
devel

The s
time-

for dgtermining sound power levels of machines, equipment and products;

5.2

Therg
soung
envir

blly only be used in practice when other methods cannot reliably be applied or(
bpment purposes.

bund power levels determined may be time-averaged, frequency-weighted,dn ffeque
iwveighted. The most commonly used frequency weighting is A-weighting,

k A provides an overview of the main facts and requirements of the basic Internation

Considerations affecting the selection of a measurement method

are many factors influencing a proper selection of basic'International Standards for
power level. Figure 1 provides a guide based on the‘selection via the different par
bnment to be considered.

r machinery

ncy bands or

al Standards

determining
ameters and
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Shall
only the part
of the sound power
level which is caused by
structural vibrations
be determined?

yes

ISO/TS 7849-1, -2;
rade 2 or 3

or structurally

generated noise only

lno

Isit
possible to
move the sound
source to an acoustical
laboratory test room
and operate it
there?

no

Is the
background
noise in situ too high to
allow sound pressure
measure-
ments?

Is the
environment
in situ approximately
hemi>
anechoic?

ISO 3747, grades 2 or 3

yes

Is the
test environment
reverberant
rather than
anechoic?

ISO 3745, grade 1

1SO 3744, grade 2

1SO 9614-1, all grades
-2,grade 2, 3
-3, grade 1

ISO 9614+1, all grades
-2; grade 2, 3

ISO 3744, grade 2

ISO 3746, grade 3

ISO 9614-1, all grades
-2,grade 2,3
-3,grade 1

yes

IS0 3741,
grade 1

IS0 3743:1)-2;
grade 2’both

150 9614-1, all grades
-2,grade 2,3
-3,grade 1

Figure 1 — Flowchart guiding the selection of appropriate International Standards for the

determination of sound power levels

Some important parameters to consider because they influence the selection of a suitable method are:

— the existence of a relevant noise test code or procedure making reference to one or more basic

standards;

10

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=c60723080c36bb7062ca4ec924453775

In contrast to Tables 1 and 2, Table A.1 gives a more restri¢ted overview on the set
concentrating on aspects like the grade of accuracy of the method, the required test envi
volunpe of the source, the character of the noise and the obtainable sound power levels.

NOTE[1  The preferred grade of accuracy for the purpese of preparing a noise emission
engingering (grade 2).

NOTE|2  All standards within a specific grade.imply the same level of accuracy apart fro
deviafions existing between results of different measurement methods.

ISO 3740:2019(E)

the kind of sound power level desired, i.e. the total radiated airborne sound power leve
portion caused by radiated structural vibrations;

1 or only that

the type of sound power level desired (frequency-weighted or in frequency bands, frequency range

of interest);

the grade of accuracy desired;

the measurement environment to be used for the test (in situ, essential free field, laboratory

rooms or special test rooms such as free field or reverberant rooms), together with
transportability of the source under test that determine the practicability of settingup a
the source in an acoustical test laboratory;

the background noise level;

the character of the noise produced by the source (e.g. broad-band, narrow-band; discret
steady, non-steady, impulsive);

(=

he acousticalinstrumentation available (sound pressure level meters, seund intensity 1
ystems);

wn

fiirther acoustical information desired (e.g. directivity of source, time history of the gene

the size and
nd operating
e-frequency;
neasurement
rated sound).
pf standards
ronment, the

Heclaration is

m systematic

© IS0 2019 - All rights reserved

11


https://standardsiso.com/api/?name=c60723080c36bb7062ca4ec924453775

:2019(E)

ISO 3740

Adeanooe
JO sse[) :uon
1 sse[) 1 sse[) T SseD 1 sse[) 1 SSe[) 1 SSe[) 1 sse[D -RJURWINIISU]
apeTsy | gpesly ap SOy apeTs Ly apzs Ly ap 1S Ly aps'0s Ly .
punouagsoeq
ap 9z 1v ap € 2 91V ap 01 2 v ap 9z v ap ¥ 2 97v ap 9 2 97v ap 01 2 97v 10J UOLRWIT
ZH 0008
ZH 000 8 03 ZH S¢T 21 000 0T
017 vA 017 vA 017 vA 01z
1ZH S21 wouy 211 000 0T OTZH 00T WO H 0008 03ZH SZT H000801ZH SZT H 000 0T 03 ZH 00T
wo.Jy saruanb | sarousnbadf | 01 zZH QQT WOy S910 salauanba.y wo.iy wo.j wo.1j Sa1d 1S9
-91J J191Uad YUM | I93Uad YU |-usnbauj 193usd yirm RERIERRIRI AN sarouanba.y 193uad sarouanbaly 1o3uad | -usnbauy 193usd yiIm | -193ul jo a8ued
Spueq a2Aeld() |Spueqoaaeljp| spueqoaaeido-¢/T | spueqaatido-£/T | UYIIm spueq aAeldQ [1IIM Spueq 9AB1d(Q spueq 2Ae3120-¢/T Aduanbauy
Aouanbauy 93910
-SIp 10 pueq-mol Aousnbauy 93010 92.1n0s a3
-Ieu ‘pueq sisangq sisanq -SIp 10 pueq-mo.lIeu wo.Jj punos
-peo.q ‘Apesis Auy Auy Auy paje[ostiouing ‘Auy | paje[osiouing‘Auy | ‘pueq-peo.q ‘Apesis Jo 1930e1BYD
JudWUO0IIAYD
JUSWUOIIAUD  |1S9) 9[qe[ieqe SnIpe.t yusaw JUSWUOIIA
WIN[OA WO00J11S3] JO || awnjoa woo13sa) jo
1S91 9[qe[reae Aq A(uo -9InsSeaw ay3 j[ey | -Ud 1S9} d[qe[leae Juinjoa 159
Aq ATuo paytwil] | payuwalf ‘suoil | ueyl ssaf uoisuawilp | Aq A[uo paju| wo0.1131$27J0 % T % T % 7 Japun 92.anos
{SUOTIOLIISAI ON | -DLIIS3I ON RJAN RERRIA 1 o) {SUOTIDIIISAI ON | ueylsso[A[qelajold | ueylssofA[qelajald || ueys ssof A[qerajaid Jo awnjop
0Z'0 s ‘Jo02 uond.aosqy
W )f< dWN[OA
sjuaw payirenb ‘awnjoa payienb JUdWUO.I
-aambau uonyes A[reoyoads Juswuo. cW Q¢ x04 90ua.19Ja.1 Uey 9 03 UOIBISCI9AT -IAUD 1S3] UO
-ijienb 01109(lqns| gp £ S VY | -1auUS JuswaInSEI ap ¥ s Vey S ownjoA S ¢l O/ < satun,of sawnjop pue awn[oA wooy | syuswaainbay
nyIs ut auerd auerd Sur
prey uetaqIaaal | Surldofjal WO00.13S93 210U | -}09[Jo1 B I9A0 P[oY wo0.1S3) woo. Jusw
A[renyuassy JOA0 NS U[ |-Ue-[WSY 10 JI0YdaUuy | -99.1j A[[e13IUaSSy | uoneraqlasal [epads |  wood pajjem-pdeH 1591 UOIBIDGI2AY -UOJIIAUD }S9],
Aaaans Aoeu
10 SuresuISug AdAIng uoIsIaId Surreauiduy durteauiduy durieauiduy uoIsaId _no3e Jo apeIn
LYLE OSI 97LE 0OSI S¥LE OSI YYLE OSI Z-€¥LE OSI T-€¥LE OSI TYLE OSI JIajaure.aed

SIUAUIA.INSEIW [IAJ] 9.InSs3.Id punos uo paseq SpoyId\

a.anssaad punos
guisn sjonpoad pue yuswdinba ‘sauryoeu Jo S[9A3] Jomod punos Jo UOIIBUIULIIIIP 3] 10] SPIepuelS [EUOIIBULIIIU] JO MIIAIIAQ — T d[qeL

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=c60723080c36bb7062ca4ec924453775

:2019(E)

ISO 3740

S[eAd] pueq-24e)
-00 Wo.1j
pale[nored pa
y3dem-y ‘spueq
9AB1D0 Ul S[9AJ]
JIamod punog

Spueq-2Ae300
wo.1j paje[nofed
S[eA9] paIySom-y

S[oAd]
Jomod pung
pa1ySrom-y

S
.

spueq X3uanba.j ur
Jo/pue pagysom-y

‘s[aaa Jamod punos

spueq Ao
-uanbauij ur 1o/pue
paIyS1em-y ‘s[aad]
Jomod punog

10 spueq
9AB}D0 :poyIowW
uostiedwon

paiySrom-y
‘poyrawr 30311

T
:S[aa9] Jamod punos

a[qeoridde j1 sanea
pueq wo.lj paje[noed
paIydrom-y ‘spueq
9AE}I0 P.IY3}-2uo Ul
S[eAd[ 1amod punosg

a[qeoridde j1 sanfea
pueq wo.j paje[nored
paiydrem-y ‘spueq
9AB}J30 PJIIY]-2uo Ul
S[eas] Jamod punog

pauruLIalap aq
ued Jey) S[9Ad]
Jamod punog

suonisod

auoydo.oru paty
-10ads je spueq
9AB100 Ul ‘pajead
-93UI-9UWIT) JUDAD
d[3uls 10 pagdera
-AB-9WI) ‘S[9AJ]
aanssaad punog

syed pay
-10ads 3uo]
10 SUOI}SO
auoydo.ory
pax1j payj
-10ads je
‘pareiday
-ur-awn
JU2A9 33Ut
Jo pagela
-AB-9WII}
‘S[9A3] 21N
-saad puno
pa1ySrom-y

— = (O

syjed parjroads
3uore 10 suonyisod
auoydoJorw paxiy
payyoads e ‘spueq
Aduanbauj aae100
-pI1Y3-9uO UI S[9Ad]

aanssaad punog

syed payydads
3uoye 1o suorjisod
auoydo.orw paxtj
pay1oads je ‘spueq
Aduanbauj ur 10
/pue payy3rem-y
‘pareadajur-awn
Ju2A 9[3uls 10 pagde
-~I9AB-9WI] ‘S[9AJ]
a1nssaad punosg

parndde

sem poylau
uostredwod ayj Ji
san[ea pueq ay3
wo.1j paje[noed
Sauo pajy3om-y
pue spueq
9AB1IO0 UI S[9AJ]
aanssaid punog

syzed uo

J0 suonisod paxy
e pajeadeiul
-} 1UaA8 a[3uls
10 ppdeiane

QWY S[IAd]
a1nssaid punog

syyed parjioads
duore 10 suonisod
auoydoJorur paxiy
payoads e ‘spueq
Aouanbauy ur 10/pue
paIySom-y ‘pareisdan
-Ul-awWI} JUaAd 9[3UIs
10 pagdelaAe-awn
‘s[oA9] aanssaad punog

*92.IN0S PUNOS
9oua.I9ja.1 e uisn
poylaw uosriedwod
9Y3 .10 poy3au 303.11p
9Y3 Joy3a Suisn sapew
9 UBD SIUSUWIAINSEI
'syyed paijioads uofe

10 suonyisod auoyd
-0Jo1W pax1y payrads
Je spueq £ouanb
-9.1J-9AB100-PII(3-9U0
u1 ‘pareidajur-owiny
JU2Ad 9[3uIs 1o pagde
-I9AB-9WI] ‘S[9AJ]
aanssaad punog

paJanseaw aq
03 sannuen)

J0jeDd1puUl oy
punos e uo 3ur
-puadap gp ¥ ‘s|@
-A9[ Jamod punos
paIy8rom-y 10}
ap ST s 0o

S9UO03 JUE)
-1J1usIs Ing
-J3IM puno
loygp g 5 04

0

S[eAa[ 1amod
punos pajysem-y
105 gp 50 5 040

S[eAa[ 1amod
punos pajysem-y
105 gp §°7 5 0do

S[eaa] Jamod

punos pajysrom-y

10J gp 7 5 0¥0

s[aAd[ Jamod
ptinos,pajysrom-y
I0Jgp ST S 040

S[eAd[ 1omod
punos pajySem-y
10J gp 50 5 040

Aqonp
-oadau jo uonje
-1A9D pJepuels

Spueq aAe120
wo.Jj pajysrem-y

pa1ySrom-y

y

Spueq 9Ae120
10 9AB}00-PIIY3-oUO0
ul pue payysam-y

Spueq 2Ae120 .10
9AB1D0-PIIY3}-2U0
ul pue payySom-y

Spueq 24300

ul pue payydem-y

spueq aa€¥)o
ul pue paiy3emsy

Spueq 9Ae120
J0 9AB}D0-PIIY3-oU0
ul pue payySom-y

S[oA9]
Jamod punos
d[qeureiqo

LYLE OSI

9¥LE OSI

S¥LE OSI

Y¥LE OSI

C-EVLE OSI

T-E¥LE OSI

I¥LE OSI

J9jouie.ared

(panunuos) T 31qeL

13

© IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=c60723080c36bb7062ca4ec924453775

:2019(E)

ISO 3740

Spueq 9Ae300
J0 9AB}0-PIIYI-3UO Ul pue paiSiom-y

Spueq 9Ae100
J0 9A¥120=p.I13-9U0 Ul pue pajy3drom-y

Spueq 9Ae120
J0 9AB}D0-PIIY3-3U0 Ul pue pajydrom-y

S[eA9] Jamod punos a[qeureiqQ

jusWINI}SUI A}ISULIUT pUNos 1 Ssep)

Aoeanooe
Jo ¢ apeug 10} z.8se[d ‘z ape.ld pue T ape.as
J0J T SSE[D :JUaWLI}SUL A}ISUIUL PUNOS

Adeanooe jo
¢ ape.gd 10j 7 SSe[d ‘z ape.ld pue T ape.ad
J0J T SSE[D :JUSWNIISUL A}ISUIUL pUNOS

Adoeanooe JO sse[) :uonejuswn.risuj

}oayod Ajiqeseadau
Jo0j juawaainbaua payyroads :Lafiqeriep

AJBINIOE JUSWINSEIW 9DNPI.l
A1qeadasoeun jou sa0p 3118y gS paziw
-IUIW 9 03 A}ISUIIUT SNOJUE.IINI ([9A]

Noayd Aypigereadal
J10j juawa.inbau paijiaads :Lyjiqeriep

(dp 01 2 7V :A[1ed1dA7)

UOIIBIUWNIISUT S
Jo Ayiqeded orweudp ayy £q U9AIS/:[9Ad]

T4 103e2IpUI P31}
J0j juawa.ainbaua payyroads :Ly[iqeriep

(dp 01 2 7V :A[eo1d A1)

uoneUIWNIISUL 9} JO
Aiqeded otweuAp a9yl Aq USAIS ([9A97]

A300[9A A103R1Q1A
10 A31SUdIUI SNodUEIIXd A[9A130adsal
9s10u puno.gxoeq 10j UOIIBIIWI]

ZHY £‘9 03 ZH (0§ Wo.j saganb
-9.1J 193Udd YIIM SpuUeq 9ABIDP-£/T

ZHY €9 03 ZH (G WO.1J S31D
-uanba.j 193uad YIm Spueq 9Ae1I0-¢/ ¥

ZHY €9 01 ZH (G WO.1J S31D
-uanba.uj 193uad YIMm Spue(q 9A100-€/T

1saJ93ul Jo a3uel Aouanbauy

awi ul A1euorjels ng Aousmpbauy
9319.J0SIp 10 pue(g-MO.LIeU ‘pued-peolg

awn ul A1euonels inqg Aouanbauy
919.10SIp 10 pueq-MO.LIeU ‘pueq-peolg

awn ul A1euonels ing Aouanba.y
91IDSIp J0 pueq-mo.Lleu ‘pueq-peolyg

92.110S 3} WO.IJ PUNoS Jo I}oeIey)

SUOI}JLI}Sad ON

SUOI}JLI}Sad ON

SUOI}JLI}Sad ON

1S9} Japun 93.anos Jo saN[OA

1593 e jo souew.ioghiad
a3 Surinp pagueypun
urewsa.l 03 sgulpuno.Lins }say —

ainjeladuwa) ‘mofj sesd ‘pyim  —

oSIoU snoauel1Xxo —

:uo syuawaainbau ppiyoads

1931 e jo
douew10j19d ay3 Surinp pagueyoun
urews.l 03 SSUIPUNOLINS 1S9} —

ainjeladwa) ‘mo[j sed ‘purm  —

9SIoUu snoaueIl}xe —

:uo syuswaainbau parjoads

1593 € jo souew.Iof1ad
9 Surinp pagdueyoun
urewa.f03 S3UIpUNO.LINS 1S9} —

aanjeraduway Moyj sesd ‘puim  —

oSIou snopueIIXeo —

:uo syuawaainbal paryoads

JUSWIUOITAUD 1S9] U0 Sjuswa.Iinbay

pasn uoIeIUaWINIISUL
9Y3 03 UOI}E[a. Ul SyuswaIInbpa payy
-10ads Sur4Js1ies JUSWUOIIAUD }S3) AUy

pasn uoreIUaWNIISUL
9Y3 03 UOIIE[a. Ul SyusWaIInbal payyt
-2ads Surfjsiies JUsWIUOIIAUD 3593 AUy

pasn uoreIUSWNIISUL
9Y3 01 UONIE[a. Ul SyUsWaIINbaI/paL
-dads Surfjsiies JUSWUOIIAUD 3593 AU,

JUSWUOIIAUD 1S9,

s3s931 Axe[[oue 51591 AJej[ioue pasijerdads $1591 AJe[ioue pasijernads uo Suipuad «
. - JBINIIE JO dpeIn
pasiferdads uo Surpuadap ‘UoIs1daLg uo uipuadap Aaaans pue urieauiduy | -ap £oAans pue FuLIaUISUD ‘UOISIIBI]
€-7196 0OSI 27196 0OSI T-¥196 0OSI J9joureaed

sjudwa.Inseaw Ajisuajui punos suidjdde
sjonpo.ad pue yuaudinba ‘sauryoeut Jo S[9A9] Jomod punos Jo UOIIBUIULISIIP 3] 10] SP.Iepuels [BUOIIBILIIU] JO MIIAIIAQ — Z d][]eL

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=c60723080c36bb7062ca4ec924453775

:2019(E)

ISO 3740

S[eAS] paySam 10 pa
“JIwI[-pueq Se 10 spueq £ouanh
-00-p.1Y3-3U0 Ul S[3A3] Iamod

9.1) 9A€)
punos

S[9A3[ paIYSIom 10 payuI[-pueq 10 spueq
Aouanba.ay 9AB100-pIIY3-aUO 10 9ABIIO Ul
SJ103BJIpUl P[alJ puk S[9A9[ Jamod punog

S[eAs]paySrom
10 payuII[-pueg.ro-spueq Aouanba.y
9AB1D0-PIIY3-9U0 ‘Sed0 9ABID0 UI S.10}
-e2IpUI P31} pue s[pAajdamod punos

pauIuLIa}ap 9q UeD Jel[} Sal}
-nnuenb Jay30 pue s[pad] Jamod punog

92.n0s a3 uIsoPud

9JBLINS JUaWa.INSEIW B UO S[949] 2.INS

-sa.ad punos pue s{aas] A31sualy

1punog

92.1n0s a3 SuIsoud
90BJ.INS JUIWA.INSEIU B UO S[9AJ] 21NS
-sa.d punos pue s[oAs] A}1Suajul punos

92.n0s a3 SuISoPud
90BJINS JUSWAINSEIW B UO ${JAJ[ 9.1NS
-sa1d punos pue s[aas] A}susaiulpunos

paJanseawt aq 03 SaNIIUEND

S[eAa[ 1amod
punos pajysem-y .10y gp T

E 040

S[eAa[ JTamod
punos paiysem-y 10j gp §‘1 s 0do

S[eAa[ 1amod
punos pajygam-y 10y gp g0 s 040

Ayqiqonpoadal jJo uonelAap pIepuels

€-¥196 0SI

VT96 08T

L"V170 Udl

J9joure.aed

(panunuos) z a1qeL

15

© IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=c60723080c36bb7062ca4ec924453775

:2019(E)

ISO 3740

S[eAd[ pueq Aduanba.uay wo
pa1ydem-y pue spueq Aouanh

1] pare[ndea (oaa] Jomod punos

9.1J Ul S[PAdfteMmod punos A[Lrewrrid

S[oad] Jamod punos payySom-y

paurw
-1939p 2q ued Jey) senuenb
JaY30 pue s[eAd[ Jamod punos

1S
saulyoeW 93 10J 3 1030€J Ud

b] Jopun

1JeIpe.I 913 JO elep dY12ads jo as

[9A9] 1omod
punos paururalap ay3 1oj ywi| 1oddn ue Surpaif ‘Aous
Jojuapuadapul (T = 3) A31un se uayey sI.10}0.J UOIIeIY

hba.y
ed

J1010€j UOLIBIpEY

spueq

Kouanbauj ur

Sjuawa.dnseawl mﬁ:Q 9JBJLINS 9] 0] [ell.IOU UOI}JaJIp 9] Ul gdelins

ureaqra a3 uo paInseaw s

bAS] A1100[9A A103eIqIA pPaIySlam-y

90BJINS 93 0] [EULIOU UOIIAIIP 33 Ul dJkJIns Sune
-1A 91} UO Pa.Inseawl S[9Ad] A3100[aA A103e1qia pajysia

1q
M-y

painseaw ag 03 sanIuENy)

sy[nsaJ payy3em-y 10y gp ST
J0} gp € 5 0¥0 wo.j sarouanba

s 040 ‘ZH 000 8 10J gP S0 01 ZH 00F
J 1M J9)U3D SPUB( 9ABIIO UI UBALY)

S[eA9] Jamod punos pajy3rem-y
10j gp € s 0¥0 £31[1qIonpo.ada. Jo UOIIBIASD plepuels

\

Anpiqonp
-01dau jJo uoelAdp plepuels

papnp
-weuApo.aae pajeauad asiou *
Aq patws spueq Aouanbal

130U S1 A|[ed1
9.1N30N.13S PI[OS JO SadejIns Julyerqia
ul S[eAs[ Jamod punos AJLiewrid

papnpourjou
S1 A{[eolweu/Apo.Joe pajeIauad asIou ‘Sa.1n3on.a3s pIjos J
-oejans.dunielqia Aq pajiwa s[eas] Jamod punos pajysi

0 sa
M-y

S[eA9] Jamod punos a[qeureiqQ

SJI901]
-10B831U0J-U0U pue S.Jadnpsue.n

psue.y 3ul
uoneIqIA Uo syusuwaambaul orjoads

sIaonpsue) Suroejuod-uou
pUE SI90NPSUE.I) UoIIeIqIA Uo Ssyuswalinbal o1j1oad

Aoeanooe
JO SSB[) :UOIBIUdWNIISU]

ap ST <1V
-eJado u1 3593 I9pun 92.1n0s asI

UeawW 9} pue [943] £31100[2A
padetane a1} Usam1aq 90U

A1qeJajaad ‘uon

DU 93 03 anp [949] £3100[24 A103eIqIA
£.103€.1q1A SNOdUEIIXS PAIYSIoM-y
PI9JJIP 941 10J P € < TV ISE9[IV

uonerado ur1sa

Jopun 92.1N0S 3SI0WAY3 03 aNP [9A3] A1J0[0A Al103eIqIA YIEaW

93 pue [943] £3100[94/410)RIqIA SNOJURIIXS PaIYSTIoN
poSetaae a1} U9IMIIPOUIIDYJIP 93 10] gP € < TV

\-V

A3100[94A A103R1qIA 10 A)ISUdIUL
snoaue.3xa A[9A130adsal asiou
puno.gdoeq 10j uoreIIWI|

Jajawo.1a[a22¢e paijdde a3

JO SOT)STI910BIRYD QYY) Aq pajTwI]

Jalawo.a[a00e parjdde a3 jo.sa13sLIa10eIRYD 93 Aq Pa]

T

1saJayul jo adued £ouanbaayg

punos pajetauagd A[jeorure

1Apo.Jae a[qI31[dau Y3im Ingq Auy

punos pajetauad A[[edlweuApode’ a1qididau yrm nq

Auy

92.In0S
93 WO.1j punos jo Iajoeley)

suor

JLI3SaI ON

SUOI101I13Sa.1 ON

1S9) J9pun 9d.anos JOo snjoA

"A1BSS929U 9 UED Sal[qiuasse pajdnod jo ea3oads uony

-eaqla Jo uostredwod a8y 1o ]
pue paynuapi aq p[noys £3100

Uouwia.anseau Uoje[a.l.r0d Jo asn ayl
9A %LOHNLQT’ Snoaue.r}xa Jo S93.anos

"A1eSS909U 9q
ued sa1jquiasse pajdnod jo e1joads uorje.qr4 Jo uostied
9Y3 10 SJUSWA.INSEIW UOIIB[3.110D JO 3sn ) pue pal
-uapl aq p[noys A3100[aA A10)eIqIA SNOIUBIIXD JO SPI.I

wod
n
hos

Juaw
-UOITAUS 1S9) UO sjuawa.Iimbay

NJIS Ul JUPWUOIIAUD AUy NJIS Ul JUSWUOIIAUD AUy JUSWUOIIAUD 3S3],
Surreourduy Aaaang Ade1ndde jo apelan
2-6¥8L SL/0SI 1-6¥8L S.L/0SI Ijwered

JUdWIA.INSBIW UOne.IqIA
guisn sjonpoad pue yuswdinba ‘sauryoeu Jo S[9A3] Jomod punos Jo UOIIBUIULIIIIP 3] 10] SPIepuUelS [BUOIIBULIIIU] JO MIIAIIAQ — € d[qeL

© ISO 2019 - All rights reserved

16


https://standardsiso.com/api/?name=c60723080c36bb7062ca4ec924453775

ISO 3740:2019(E)

5.3 Test environment
Annex B describes the test environments considered in the different measurement standards.

A general distinction is made between methods requiring acoustical laboratory rooms, or at least
special test rooms, and those that are applicable in situ e.g., industrial production shops. For the latter,
ISO 3744, 1SO 3746, 1SO 3747 and ISO 9614-2 are recommended. ISO/TS 7849-1 and ISO/TS 7849-2 are
only applicable if the sound power level from sources without aerodynamic noise is to be determined.

When preparing a noise test code or in the case where the sound power level of an individual sound
source is to be determined, a first step consists of choosing the place where the machine, equipment
or product can be measured under practical operating and mounting conditions. If the machine,
equiplr_nent or product can be transported to a special test site or acoustical laboratory roam, the sound
power level can be determined with a good accuracy to measurement effort ratio. Otherwise, only in
situ measurements are practical.

5.4 |Selection of basic standards appropriate for measurements in laboratory rooms
and special test rooms

5.4.1| General

The determination of the airborne sound power level of a sourid)source requires the measurement of
acoudtical field quantities and the application of fundamentaléacoustic formulas. Hence measurement
conditions such as well controlled and defined acoustic environments are beneficial. [Laboratories
provifle such favourable environments. Optimal acoustic,ehvironments are:

— té¢stsites providing reverberant sound fields using ISO 3741, ISO 3743-1 or ISO 3743-2

— test sites providing an undisturbed propagation of sound within the space between the source
Inder test and the measurement positions. The environments described by ISO 3745 and ISO 3744
hich are designated as free field or free field over a reflective plane allow the determination of the
bund power level under anechoic eriemi-anechoic conditions.

= o

NOTE The sound intensity measurement technique described in ISO 9614-1, ISO 9614-2, ISO 9614-3 has the
advantage of suppressing undesiredienvironmental influences such as room reflections and background noise,
thus gtproximating free field laboratory conditions.

5.4.2] Acoustical requirements on the sound field in laboratories and special test ropms

Guiddlines for the design of acoustic laboratories and special test rooms together with normative
procedures for testing the required quality of these test sites are given in

]

$0 3741:2010, Annexes A, C and D for reverberation test rooms;

et

$0-3%43-1:2010, 4.3 for hard-walled rooms, ISO 3743-2:2018, Annex B for special reverberation
pStEr'ooms:

(g

— IS0 3744:2010, Annex A for hemi-anechoic test rooms, (especially those with Kz less than 4 dB);

— IS0 3745:2012, Annexes A and B for anechoic and hemi-anechoic test rooms.

5.4.3 Background noise limitation

The existence of background noise at the measuring location is an important factor influencing the
applicability of the different measurement methods. This not only applies to those methods requiring
the measurement of sound pressure levels to determine the sound power level but also, to a much lesser
degree, to the sound intensity measurement methods. In both cases, a stationary background noise
during the whole measurement time is essential. However, considering the sound power determination
in acoustic laboratories and special test rooms, background noise is normally less problematic
compared to measurements in situ. There are sound sources, e.g. hydraulic pumps or compressors,
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where the determination of the sound power level can be seriously disturbed by the sound radiated
from attached pipes, which in fact is background noise.

In ISO 3741 and ISO 3745, the requirement is that the difference between the level of the background
noise and that of the source under test be at least

— 6 dB for one-third-octave bands of center frequency 200 Hz and below, and 6 300 Hz and above, and
— 10 dB for one-third-octave bands of center frequency from 250 Hz to 5 000 Hz.

In ISO 3743-1, the requirement is that this difference in octave bands be at least 6 dB and preferably
more than 15 dB.

In ISO 3743-2, the requirement is that this difference in frequency bands or with A-weighting bé-at least
4 dB and preferably more than 10 dB.

ISO 9614 (all parts) is dependent on the dynamic capability index of the sound intensity-theasur¢ment
system whigdh must satisfy the requirements of the actual sound field conditions, For statipnary
background fnoise, it can be possible to obtain reliable measurement results even if the backgfound
noise levels gxceed the noise levels produced by the source under test.

5.5 Selection of basic standards appropriate for in-situ measurements

5.5.1 General

Sound power levels of machines, equipment and products can also be determined by measurements in
the environnpent where the sources are usually installed andiéperated. Unlike laboratory or specigl test
room measufements, such in situ measurements are characterised by unknown properties of the test
environmeny. Consequently, procedures for applying corrections and the observation of specific |imits
are specified. Facts relating to in situ measurements are:

— a highey] measurement effort is required [due to the necessity of determining environnpental
correctipns to achieve a good approximation of hemi-anechoic sound field conditions when e.g.

— IS0 3744 or I1SO 3746 can yield highersound power levels compared to those obtained using a $ound

— if a calibrated reference sound source is available, measurements of sound pressure levels in
a sufficiently reverberafitysound field can be made using ISO 3747 resulting in typically less

— the use pf the sound intensity measurement method, ISO 9614 (all parts), requires a statipnary

according to ISO/TS 7849 (all parts) only yi

A flowchart guiding the selection of adequate standards describing methods for the sound power level
under in situ conditions is given in Figure 2.

NOTE1 Grade 1 (precision grade) measurement methods are not explicitly mentioned in the flowchart as it
is unlikely that they will be applicable under in situ conditions. However, in special cases, e.g. for the purpose of
verifying noise emission declarations, the application of ISO 3745 or ISO 9614-3 can be possible depending on the
magnitude of the environmental and background noise corrections.

18 © IS0 2019 - All rights reserved
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Start of in situ
measurements

of the sound power
level which is caused by
structural vibrations

Is Is

only the part Isa

the in situ
environment
approximately hemi-
anechoic?

background
noise too high to
allow sound pressure
measure-

reference
sound source
available?

1

be determined?

S0 9614-1, -2

ments?

IFO/TS 7849-1, -2 1S0 9614-1, -2

150 3744,

1SO 3746 1S0 3747

Figure 2 — Flowchart guiding the selection of International Standards for,the deter

Meas

sound pressure levels and — to a limited extent — those of measured-sound intensity leve
in order to minimize the effect of background noise, corrections ate required. However, th
of corrections restricts the application of the standards in practice.

This

radiafed by the source under test and the other caused bynoise from all other sources. T

uncerftainty due to greater background noise correctiens’affects the total measurement uncertainty.

Soun
signi

unde

depending on the sound power deterniination method applied. Hence, it may be determ
measfirement position i, for a subset. of-these data, or as an average over all these data.

The requirements for the basicsouhnd pressure standards are given in Table 4.

For t

must satisfy the requirements stated in 5.4.3.

sound power levels appropriate for in situ measurements

irements carried out in the presence of background noise distor the values of t

imitation is caused by the difficulty to separate the:two sound components, the

pressure methods in ISO 3744 and ISO 3746 require background noise levels Ly
icantly below the level L, measured when both the noise from the source under

gired background noise are present. The difference AL, :L'p — Lppy is define

mination of

he measured
s. Therefore,
e magnitude

bne which is
he additional

B) to remain
test and the

1 differently
ned for each

Talple 4 — Applicability of different methods taking into account the background IllOise level

cy band efiinterest of interest quantities

ALp > 6 dB in each frequen-| AL, > 6 dB in each octave band | AL, >3 dB for A-weigh|ted

150 3744 ISO 3747 ISO 3746

lhe sound intensity measurement methods, ISO 9614 (all parts), the dynamic capab

lity index Lq

NOTE 2 Lqis supplied by the manufacturer of the instrumentation as a function of frequency. Tt can be checked
using a procedure described in [EC 61043.

5.5.2 Hemi-anechoic sound field check

The sound field generated by machines in situ may approximate the ideal hemi-anechoic sound field as
mentioned in 5.4.2. This is valid especially for measurement positions close to machines (sources under
test) which are installed in large rooms or even in rooms containing a lot of objects, where the radiated

soun

d is scattered and partly absorbed.

Basic standards ISO 3744 and ISO 3746 prescribe a check of this approximation in respect to the in situ
applicability of these standards. This check includes different procedures to determine environmental
corrections K> for the chosen measurement surface around the source under test in the room and gives

© ISO

2019 - All rights reserved

19


https://standardsiso.com/api/?name=c60723080c36bb7062ca4ec924453775

ISO 3740:2

019(E)

a range of K3 values for which these standards can be applied. The upper limit of the environmental
corrections for A-weighted quantities, K24, is:

Kpa <4 dB for ISO 3744
Kpa <7 dB for ISO 3746

Intensity methods in ISO 9614 (all parts) are in principle applicable to all sound fields within the

required gra

NOTE

de of accuracy, provided that the background noise limitation is fulfilled.

frequency range of interest.

For ISO 3744, K can alternatively be determined unweighted for each frequency band over the

5.6 Deter

ISO 9295 sp
noise emitte
band centers
in ISO 9295
methods are
free field ovd
in the 16 kH
directivity.

ISO 9295 is
accordance V
16 kHz octay
pressure levi
traversing a
described in

mination of high-frequency sound power levels

bcifies four methods for the determination of the sound power levels of high-freq
d by machinery, equipment and products in the frequency range covered:by the d
bd at 16 kHz, which includes frequencies between 11,2 kHz and 22,4 kHz. The me
are complementary to the methods described in ISO 3741 and ISO(3744. The first
based on the reverberation test room technique, and the fourth tmethod makes us
r a reflecting plane. Special precautions are necessary for measuring sound power
z octave band because of the effects of increased air absofption and sources with

an engineering grade procedure, thus a grade 2 method. Measurements carried

vith ISO 9295 yield standard deviations of reproducibility for the sound power level
e band equal to or less than 3 dB. The quantities¢o-be measured are time-averaged
bls in the 16 kHz octave band. The measurement is performed by using a rotating
Circle or the sound pressure levels are measuted at specified fixed microphone positi
[SO 3741 and ISO 3744, respectively.

lency
ctave
thods
three
e of a
levels
high

put in
in the
sound
boom
bNs as
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Basic International Standards specifying methods for determining
sound power levels of machines, equipment and products — Main
facts and requirements

Table A.1 — Basic International Standards specifying various methods for determining sound
power levels of machines, equipment and products
Int¢rnational |Grade ofaccura-| Testenviron- Volume of Character of lS ound power
¢ evels obtain-
Standard cy of the method ment source noise able
IFO 3741 Grade 1 Reverberation Less than 2 % of |Steady, non- A-weighted and
(precision) testroom meet- |test room volume (Steady, fluctu- in o¢tave bands
ing specified ating, isolated or ohe-third-oc-
requirements bursts of sound |tavelbands
energy, broad-
band, discrete
frequency
ISP 3743-1 Grade 2 Hard-walled Lessthan 2,5 % |Steady, non- A-weighted and
(engineering) room of test room steady, fluctu- in o¢tave bands
volume ating, isolated
bursts of sound
energy
ISP 3743-2 Grade 2 Specialteverber- |Preferably less |Steady, non- A-weighted and
(engineering) atipntestroom |than1 % oftest |steady, fluctuat- |in o¢tave bands
room volume ing, broad-band,
narrow-band, dis-
crete frequency
150 3744 Grade 2 Hemi-anechoic |No restrictions; |Any A-weighted and
(engineeriing) testrooms, out- |limited only by in o¢tave bands
doors orinlarge |available test or ohe-third-oc-
rooms environment tavelbands
150 3745 Grade 1 Anechoic- or Characteristic di- [Any A-wepighted and
(precision) hemi-anechoic mension less than in ome-third-oc-
testroom, speci- |halfthe measure- tavelbands
fied requirements | ment radius
I50-3746 Grade 3 No special test  |No restrictions; |Any A-weighted
(survey) environment limited only by
available test
environment
ISO 3747 Grade 2 and 3 No special test ~ [Norestrictions; |Steady, non- A-weighted and
(engineering and |environment, limited only by |steady, fluctu- in octave bands
survey) but sufficiently |available test ating, isolated
reverberant; environment bursts of sound

source under test
non-movable

energy, primarily
broad-band

a  Method to determine the sound power of airborne noise caused by machinery surface vibration specifically.

b For measurements in anechoic or hemi-anechoic rooms limited by the size of the test room.

© IS0 2019 - All rights reserved
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Table A.1 (continued)

International |Grade ofaccura-| Testenviron- Volume of Character of Sound power
. levels obtain-

Standard cy of the method ment source noise able
IS0 9614-1 Grade 1,2 and 3 |No special test No restrictionsP |Any, but station- |A-weighted and
(precision, environment ary in time in octave bands
engineering and or one-third-oc-

survey) tave bands
IS0 9614-2 Grade 2 and 3 No special test  |No restrictionsb |Any, but station- |A-weighted and
(engineering and |environment ary in time in octave bands
survey) or one-third-oc-

tave bands
ISO 9614-B Grade 1 No special test  |No restrictionsb |Any, but station- |A-weighted pnd
(precision) environment ary in time in octave bajnds
orone-third-oc-

tave bands

ISO 7849-12  |Grade 3 No special test  |No restrictions |Any A-weighted

(survey) environment

ISO 7849-22  |Grade 2 No special test  |No restrictions |Any A-weighted pnd
(engineering) environment in octave bands

or one-third-oc-
tave bands

a  Method to|determine the sound power of airborne noise caused by machinery'surface vibration specifically.

b For measurements in anechoic or hemi-anechoic rooms limited by the size of the test room.
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Annex B
(informative)

Acoustical test environments

Environments provided by acoustic test laboratories

B.1.

The use of a laboratory room with defined acoustical properties yields the highest accura
laboratory facilities are costly and only machines that are transportable and small comp3
dimensions of the room can be tested. Moreover, the type of room that canybe used dej
character of the noise radiated by the machine under test. Facilities of tlie\test room sho
installing, mounting and operating the source under test in a manner thabis typical for its

B.1.2

Rever
condt
when
testr

Rever
meas
emitt

B.1.3

Speci
exper|
descr
room
for se
is obt]

B.1.4

Anechoic and hemi-anechoic test rooms as described in ISO 3745 and hemi-anechoic t

descr

General

Reverberation test rooms

beration test rooms as described in ISO 3741 are particularly suitable when it is
ct a large number of tests on machines (with volumes' less than 2 % of the room
the sound emitted is predominantly steady in character. For larger machines, the
bom needs to be substantially larger than the machine, equipment or product to be te

beration test rooms do not provide infermation on directivity and are not
irements on impulsive noise sources. These rooms should be used with caution
d by the source contains significant discrete-frequency and/or low-frequency comp

Special reverberation testrooms

h] reverberation test rooms which are constructed to meet the requirements of SO 37
sive to build than the laboratory reverberation test rooms described in ISO 3741.
jbed in ISO 3743-2 provide measurements of engineering grade. These special rever
5 are particularly suitéd for direct measurement of A-weighted sound levels; they ar
ries measurements-on small noise sources (volume less than 1 % of room volume). Ng
nined on the directivity characteristics of the sound sources under test.

Anechoic-and hemi-anechoic test rooms

ibed.in ISO 3744 are useful for measurements on small noise sources which emit diffe

cy. However,
red with the
bends on the

uld allow for

normal use.

necessary to
volume) and
everberation
sted.

suitable for
if the sound
onents.

(43-2 are less
he methods
beration test
e also useful
information

bst rooms as
rent types of

noise

Stch rooms are particularly appropriate for measurements on sources which radia

ite impulsive

noise or noise which contains discrete tones. The directivity characteristics of a source are preferably
measured in such rooms.

Measurements which are carried out according to the requirements of ISO 3745 are of precision
grade; hemi-anechoic rooms can also be used for measurements of engineering grade, according to the
requirements of ISO 3744. In this case, measurements are also possible on considerably larger noise

sourc

€s.
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B.2 Environments in situ

B.2.1 Precision method (accuracy grade 1)

The methods described in ISO 9614-1 and ISO 9614-3 can provide, according to the results of specified
ancillary tests and calculations performed in association with the measurements, results of precision
grade of accuracy in ordinary rooms and under limited conditions outdoors. These methods are
particularly suitable in the presence of stationary high background noise generated by sources other
than that under test and sound reflections by the environment.

B.2.2 Engi

neering methods (accuracy grade 2)

Essentially f]
outdoors or
method is al
indoors. The

Hard-walled
acoustical ty
suitable for s

An essentiall
ISO 3747. Th

broad-band noise.

Methods des|
ordinary rod

Annex B). These methods are particularly suitable in thetpresence of high background noise a

high sound 1
elimination ¢

B.2.3 Sury

Conditions a
reflecting pl
survey meth
particular er

[SO 3747 yie
fulfilled.

These metho
applicable to

Methods des

ree-field conditions over a reflecting plane are to be found when the source is-1g
n a large room. The engineering method of measurement is described in 1SO\3744
50 applicable for many types of machines in their normal environments whien ope
acoustical environment is qualified by following the procedures describedin ISO 374

test rooms are described in [SO 3743-1. Most ordinary, unfurnished rooms without s
eatment comply with the requirements of this standard. ThisGmethod is partic
mall, movable sources.

y reverberant field can be found in situ. An engineering comparison method is descril
s method applies to non-movable sound sources in situ, preferentially those which r

cribed in ISO 9614-1 and ISO 9614-2 can provide results of engineering grade accur
ms and outdoors provided the sound intensity<equipment is adequate (ISO 9614-1

cated
. This
rating
14.

becial

ularly

bed in
ndiate

HCy in
1993,

eflections by the environment. These methods avoid overestimated results by aut
f systematic deviations.

ey methods (accuracy grade 3)

bproximating a free-field over a.reflecting plane, i.e. a measuring region with one or
hnes present, are to be found when the source is located outdoors or in a large ro
bd of measurement is described in ISO 3746, where procedures are indicated to quali
vironment.

lds grade 3 results,"in those cases where specified criteria for grade 2 accuracy aj

many types of machines in their normal environments when operating indoors.

cribed in ISO 9614-1 and ISO 9614-2 can provide results of survey grade of accur

d/or
matic

more
pm. A

ffy the

'e not

ds place notestriction on the type or size of machines that are operated outdoors and are

iy in

ordinary rod

nis’and outdoors provided the sound intensity equipment is adequate (ISO 9614-1

1993,

Annex B).
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Annex C
(informative)

Measurement uncertainty

C.1 General aspects

The dlauses on measurement uncertainty in 1SO 3741, I1SO 3743-1, ISO 3743-2, 1S0,374
ISO 346 and ISO 3747 are based on ISO/IEC Guide 98-3, which establishes general riles fi
and ekpressing uncertainty in measurement.

Based on this guide, this set of standards clearly distinguishes between the two main

ine such data.

operating and mounting conditions;

4, 1SO 3745,
br evaluating

components

asurement uncertainty, i.e. the uncertainty associated with the method, expressed in terms of

the possible
brms of ogmc.

nethod;

specific to a

informative
nnex lists all
| uncertainty
thodology to

inery family
est codes to

listed in 4.3

dard several
bed by oomc
aused by the

deviation aused bv an inadequa mea ement praoced 3 in
implementation of the procedure; these deviations are described by the standard

the practical
deviation of

reproducibility of the method, which is specific to each basic standard. These deviations cover the
greatvariety ofradiation patternsand frequency spectra of sound sources. For awell-defined specific

machinery family, the range of variation of parameter values of the method can be
smaller. Therefore, for measurements on a specific machine family, the value of ogg i
smaller than that specified in the basic standard.
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For a certain family of machines, ogg can be calculated from the total standard deviation, otot, as
provided by an interlaboratory test carried out according to ISO 5725 on one or more machines that are
typical for the sound emission of the relevant machine family, considering oom¢, as per Formula (C.1):

2 2
OR0O =VOtot ~Comc (C1)

When preparing a noise test code, such tests and determinations are strongly recommended to establish
the appropriate value of arg.

Measure several times the sound pressure level, L' ;, or sound intensity level,
L'...orvibratory velocity level, L',.. at one or more positions on the
measurement surface or on the vibrating surfaces selected from those
prescribed for the sound power level determination, with the machine under
test in the actual environment, without any corrections, however, assuming
stationary characteristics of the environment during measurement.

!

Calculate the standard deviation of the values measured to obtain g, :

Oome = 1/_1 ﬁl: (L'xi-Lx)?dB
omc N-1 P

with the subscript X representing p, I, v respectively:

!

Compare the value of ¢, . to the value of oy, given by the relevant basic standard.

!

If 0, is significantly higher than 0,5 dB or«ven higher than 1,5 dB, the
effort and use of grade 1 respectivelyigrade 1 and grade 2 basic

standard is nettworthwhile.

Figure C.1 < Flowchart to assist determining oom¢, together with a guideline for the selectjon of
the appropriate grade of accuracy

Different m¢asurement methods cap produce different results due to systematic deviationg, Asy,
of the determined sound power (leyels. The differences are related to the nearfield error and fo the
environmental correction, K. Thése systematic differences are typically unique to each measur¢ment
situation and cannot be generally corrected.

Concerning g.g. ISO 3744.,to 1SO 3746:

— The nearfield errer depends both on the measurement distance and the frequencies of the $sound
(impedaphce<error), and on the shape of the measurement surface (angle error).

— The seconderrorisretatedtothe clppli\,atiuu of theenvironmentatcorrection, K-which s artly
based on an assumed law of sound propagation which departs in many cases from the sound
propagation in situ.

By repeating the determination of sound power levels for the same machine in the same environment
several times, following the sound pressure and sound intensity standards, the relevant systematic
deviation, Agy, is given by the difference of the resulting levels.

Meteorological or elevation differences can additionally create systematic differences because the
meteorological correction is based on the assumption of a monopole sound radiation characteristic of
the source under test, which is only an approximation of the variety of possible sound radiation patterns
of practical sound sources. These deviations can be quantified by determination of sound power levels
for the same machine under appropriate extreme environmental conditions.
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Environmental conditions can affect the machinery, or the processed material (i.e, printer paper)
sufficiently to change the associated acoustical characteristics and the operating conditions.

If the machine under test can be regarded as typical for a certain family of machines for what regards
noise, it is strongly recommended to publish Agy in a relevant noise test code following the general
requirements of ISO/IEC Guide 98-3.

Sound power levels obtained from vibratory velocity measurements (ISO/TS 7849-1 and ISO/TS 7849-
2) differ from those determined by using ISO 3741 to ISO 3747 and ISO 9614-1 to ISO 9614-3. These
differences are systematic in nature because they represent only that portion of the sound power level
that is caused by the vibrating surfaces of the source. Thus, any sound power caused by aerodynamic
sourcesis excluded from the measurement result

C.2 |Determination of the expanded measurement uncertainty

The d¢xpanded measurement uncertainty, denoted by U, is calculated fromithe combirled standard
uncetiftainty, otot, and the coverage factor, k, according to Formula (C.2):

U=k-0 (C.2)

Otot i determined from the standard deviation of reproducibility of the method, org, and the standard
deviafion due to the operating and mounting conditions, oomc¢byapplying Formula (C.3):

2 2
Oltot =y O%omc TORO (C.3)

Assuining a normal distribution of the determined sound power level values frgm repeated
measfirements on a machine with a specific confidénce level, the coverage factor, k, can bq derived. k is
then dependent on one or two sided statistical-tests; see Table C.1. Two-sided tests indicate|a result with
an expanded uncertainty. One-sided tests_are for instance used in cases of checking the measurement
resulf against a limit value or any other:rtéquirement.

Tabl¢ C.1 — Coverage factor for different confidence levels during one-sided and twq-sided tests

Coverage factor/k Confidence level for two-sid- Confidence level for
ed tests one-sided tests
1,6 90 % 95 %
2,0 95 % 97,5 %
NOTE Theséalues are based on an assumed normal distribution of the determined sound power l¢vels.

For an A-weighted sound power level, the indication of the result assuming a specific confidence level,
e.g. 9% %, looks like Formula (C.4):

L{yx*=(83,7+3,0)dB (k=2) (C.4)

For the purpose of comparing a measured noise emission value to a limit value, it is good practice to
take k equal to 1,6 with a confidence level of 95 %. Then the result can be as given in Formula (C.5):

Ly =(83,7+2,4)dB (k=1,6) (C.5)
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