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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
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Introduction

746:2010(E)

This International Standard is one of the series 1SO 3741[2] to 1SO 374761, which specify methods for
determining the sound power levels and sound energy levels of noise sources including machinery, equipment
and their sub-assemblies. Guidelines to select one of those methods are provided in ISO 3740, The
selection depends on the environment of the available test facility and on the precision of the sound power
level or sound energy level values required. It may be necessary to establish a test code for the individual
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Acoustics — Determination of sound power levels and sound
energy levels of noise sources using sound pressure — Survey
method using an enveloping measurement surface over a
reflecting plane

1.1

This |
a nois

equipment) in a test environment for which requirements are given. The sound power level (or,

noise
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noise

surface.

1.2
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1.3
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General

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

bursts or transient noise emission, the sound energy level) produced by the noise source
ghting applied is calculated using those measurements.

Differently shaped measurement surfaces can yield differing estimates of the sound power |
source and an appropriately drafted test code (see 1SQ2001) gives detailed information on the

b

Types of noise and noise sources

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

hternational Standard is applicable to all types and sizes of noise source (e.g. station
g plant, installation, machine, component or sub-assembly), provided the condif
Irements can be met.

The conditions_fofumeasurements given in this International Standard can be impracticable for
purces such as chimneys, ducts, conveyors, and multi-source industrial plants. A test code for the d
bmission of speeific/sources can provide alternative methods in such cases.

Test environment

bst”environments that are applicable for measurements made in accordance with this
prd-/can be located indoors or outdoors, with one or more sound-reflecting planes prese

nergy level of
machinery or
in the case of
vith frequency

evel of a given
selection of the

, hon-steady,

ary or slowly
ions for the

very tall or very
etermination of

International
nt on or near

which

1.4

the noise source under test is mounted.

Measurement uncertainty

Information is given on the uncertainty of the sound power levels and sound energy levels determined in
accordance with this International Standard, for measurements made with frequency A-weighting applied. The
uncertainty conforms with that of ISO 12001:1996, accuracy grade 3 (survey grade).
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2 Normative references

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

ISO 3744, Acoustics — Determination of sound power levels and sound energy levels of noise sources using
sound pressure — Engineering methods for an essentially free field over a reflecting plane

ISO 5725 (all parts), Accuracy (trueness and precision) of measurement methods and results

ISO 12001:199 i 7 , . . Ag and
presentation ¢f a noise test code

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

IEC 60942:2003, Electroacoustics — Sound calibrators

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

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

3.1
sound presslire

P
difference befween instantaneous pressure and static pressure

NOTE1  Adapted from ISO 80000-8:2007[23 8-9.2.
NOTE 2  Sound pressure is expressed in pascals.

3.2
sound presspre level
L,

ten times the(logarithm to the base 10 of the ratio of the square of the sound pressure, p, to the squaie of a
reference vallie, p,, expresséd in decibels

L,=10lg 7 dB (1)

where the reference value, p, is 20 uPa

[ISO/TR 25417:2007122], 2.2]

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

NOTE 2  This definition is technically in accordance with ISO 80000-8:2007[23], 8-22.

2 © 1SO 2010 — All rights reserved
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time-averaged sound pressure level

L

p.T

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

where

NOTE"
over a

NOTE|2
usually

NOTE(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 pres
isolatd
endin

where

Ly _
2
?J.p (t)ds
il

L, =101g dB

the reference value, p, is 20 pPa

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

Time-averaged sound pressure levels are often A-weighted, in which(case they are denoted by
abbreviated to L,a.

Adapted from ISO/TR 25417:2007[22], 2.3.

d single sound event (burst of sound or transient sound) over a stated time interval T (sta
j at ,), to a reference value, Ej, expressed-in decibels

2
j p2(1)dt

4

~

£ =101g dB

Ey

the reference/value, £, is (20 puPa)s =4 x10-10pPa2s

(2)

rily determined

L

pA,7» Which is

sure, p, of an
rting at 7, and

®)

NOTE1 This quantity can be obtained by L,r+ 10 Ig{Ti}dB, where Ty =1s.
0
NOTE 2 When used to measure sound immission, this quantity is usually called “sound exposure level’ (see
ISO/TR 25417:2007122]),
3.5

measurement time interval

T

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

NOTE

Measurement time interval is expressed in seconds.
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3.6
reflecting plane
sound-reflecting planar surface on which the noise source under test is located

3.7
frequency range of interest
frequency range of octave bands with nominal mid-band frequencies from 125 Hz to 8 000 Hz

3.8

reference box
hypothetical right parallelepiped terminating on the reflecting plane(s) on which the noise source under test is
located, that just encloses the source including all the significant sound-radiating components and any test
table on whicl the source is mounted

NOTE If nequired, the smallest possible test table can be used for compatibility with emission sound pressure
measurements|at bystander positions in accordance with, for example, the ISO 11201[18] to ISO 112041211 $eries.

3.9

characteristic source dimension

dg

distance from|the origin of the co-ordinate system to the farthest corner of the reference box
NOTE Characteristic source dimension is expressed in metres.

3.10

measurement distance

d

distance from|the reference box to a parallelepiped measurementsurface
NOTE Mepsurement distance is expressed in metres.

3.1

measuremert radius
-
radius of a hemispherical, half-hemispherical or quarter-hemispherical measurement surface

NOTE Megsurement radius is expressed in metres.

3.12
measurement surface
hypothetical gurface of area, .S;70n which the microphone positions are located at which the sound pregssure
levels are mgasured, enveloping the noise source under test and terminating on the reflecting plane(s) on
which the source is located

3.13
background hoise
noise from all|setrces other than the noise source under test

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

3.14

background noise correction

Ky

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

NOTE 1 Background noise correction is expressed in decibels.

NOTE 2  The background noise correction is frequency dependent; the correction in the case of A-weighting is denoted

4 © 1SO 2010 — All rights reserved
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3.15

environmental correction

K3

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

NOTE 1 Environmental correction is expressed in decibels.
NOTE 2 The environmental correction is frequency dependent; the correction in the case of A-weighting is denoted Kya.

NOTE 3  In general, the environmental correction depends on the area of the measurement surface and usually K,p
increases with S.

3.16
surfage time-averaged sound pressure level

Ly

mean| (energy average) of the time-averaged sound pressure levels over all the \microphong positions, or
traverges, on the measurement surface, with the background noise correctien, X4, and the environmental
corregtion, X,, applied

NOTE Surface time-averaged sound pressure level is expressed in decibels¢
3.17

surfage single event time-integrated sound pressure level

Lg

mean| (energy average) of the single event time-integrated sound pressure levels at all th¢ microphone
positigns, or traverses, on the measurement surface, with the background noise correction| K,, and the
envirgnmental correction, K, applied

NOTE Surface single event time-integrated sound\pressure level is expressed in decibels.
3.18

sound power

P

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

[1ISO §0000-8:2007123], 8-16}

NOTE Sound power.is expressed in watts.

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

3.19
sound powerlevel
Ly
ten timesthelegarithm-io-the-base10-ef-theratio-of-the sound-power-of-a-sedreePio-areference value, Py,
expressed in decibels
P
Ly =10 IgP—dB (4)

0
where the reference value, Py, is 1 pW

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

NOTE 2  This definition is technically in accordance with ISO 80000-8:2007123], 8-23.

[ISO/TR 25417:2007[22], 2.9]
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3.20

sound energy

J

integral of the sound power, P, over a stated time interval of duration T (starting at 7, and ending at 1,)

)
J = j P(¢) dt (5)
1
NOTE 1 Sound energy is expressed in joules.
NOTE 2  The quantity is particularly relevant for non-stationary, intermittent sound events.
[ISO/TR 25417:2007[22], 2.10]
3.21
sound energy level
L,
ten times the [logarithm to the base 10 of the ratio of the sound energy, J, to a reference value, J,, expressed
in decibels
J
L; =10|)g—dB (6)
Jo

where the reference value, Jy, is 1 pJ
NOTE If a specific frequency weighting as specified in IEC 61672-1 and/or specific frequency bands are appli¢d, this
should be indichted by appropriate subscripts; e.g. L denotes the*A-weighted sound energy level.
[ISO/TR 25417:2007(22], 2.11]
4 Test environment
41 General
The test envifonments that are-applicable for measurements in accordance with this International Stgndard
are a room or a flat outdoor area which is adequately isolated from background noise (see 4.2) and |which
meets the qualification reqaéifements of 4.3.
Environmentgl conditiens having an adverse effect on the microphones used for the measurements (e.g.
strong electri¢ or magnetic fields, wind, impingement of air discharge from the noise source being tested, high
or low temperatures) shall be avoided. The instructions of the manufacturers of the measuring instrumentation
regarding adverse environmental conditions shall be followed

In an outdoor area, care shall be taken to minimize the effects of adverse meteorological conditions (e.g.
temperature, humidity, wind, precipitation) on the sound propagation and on the sound generation over the
frequency range of interest or on the background noise during the course of the measurements.

At altitudes above 1 500 m, sound power levels and sound energy levels shall be corrected to reference
meteorological conditions in accordance with ISO 3744.

When a reflecting surface is not a ground plane or is not an integral part of a test room surface, particular care
should be exercised to ensure that the plane does not radiate any appreciable sound due to vibrations.

© 1SO 2010 — All rights reserved
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4.2 Criterion for background noise

The A-weighted sound pressure levels due to background noise averaged over the microphone positions, or
traverses, on the measurement surface shall be at least 3 dB below the mean sound pressure level due to the
noise source under test in operation when measured in the presence of this background noise (see 8.3.2).

4.3 Criterion for acoustic adequacy of test environment

Annex A specifies procedures for determining the magnitude of the environmental correction, K,,, to account
for deviations of the test environment from the ideal condition. Measurements in accordance with this
International Standard are only valid where K,, < 7 dB.

NOTE1 If the environmental correction Ko exceeds 7 dB, ISO 374716], ISO 9614-1[14] or ISO 9614:2115] can be used.

NOTE[2 In some specific cases, the horizontal testing plane is only partially reflecting (e.g. lawnmowers| some types of
earth-moving machines). In such cases, a relevant noise test code describes in detail the natute 'of the plame on which the
sourcel is mounted and indicates the possible consequences on the measurement uncertainty:

5

nstrumentation

5.1 |General

The ipstrumentation system, including the microphones, cables and windscreen, if used, shall meet the
requirements of IEC 61672-1:2002, class 2.

Class|2 instrumentation is acceptable for steady noise but generally it is recommended t¢ use class 1
instrumentation.

5.2 |Calibration

Befor¢ and after each series of measurements, a sound calibrator meeting the requirements of
IEC 60942:2003, class 1 shall be applied to each microphone to verify the calibration of the entire measuring
systerh at one or more frequencies within the frequency range of interest. Without any a%ustment, the
differgnce between the readings\made before and after each series of measurements shall b¢ less than or
equal[to 0,5 dB. If this value is exceeded, the results of this series of measurements shall be disgarded.

The ¢alibration of the-‘seund calibrator, and the compliance of the instrumentation sysjem with the
requirements of IEC61672-1 shall be verified at intervals in a laboratory making calibrationg traceable to
appropriate standards:

Unlesp nationalregulations dictate otherwise, it is recommended that the sound calibrator should be calibrated
at intgrvalstnot exceeding 1 year and the compliance of the instrumentation system with the requirements of
IEC 6[1672-1 verified at intervals not exceeding 2 years.

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

6.1 General

The manner in which the noise source under test is installed and operated may have a significant influence on
the sound power or sound energy emitted by a noise source. This clause specifies conditions that are
intended to minimize variations in the noise emission due to the installation and operating conditions of the
noise source under test. Relevant instructions of a noise test code, if any exists for the family of machinery or
equipment to which the noise source under test belongs, shall be followed. The same installation, mounting,
and operating conditions of the noise source under test shall be used for the determination of emission sound

© 1SO 2010 — All rights reserved 7
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pressure levels and sound power levels. A noise test code for the noise source under test, if any exists,

describes the

installation, mounting, and operating conditions in detail.

Particularly for large machines, it is necessary to decide which components, sub-assemblies, auxiliary
equipment, power sources, etc., constitute integral parts of the noise source.

6.2 Auxiliary equipment

Care shall be taken to ensure that any electrical conduits, piping or air ducts connected to the noise source

under test do

not radiate significant amounts of sound energy into the test environment.

If practicable,
part of it shal

a“ au;\i“aly Uqu;plllcllt NneLessdaly fUI ti 1< UpUIdﬁUII Uf ti I IIUibC SUUICLC UIIdUI tcat ti Idt ia
be located outside the test environment. If this is impractical, care shall be taken to mi

any sound radliated into the test environment from such equipment. The noise source under test shall be|

to include all
removed or a

6.3 Noise

The noise so
normal use. T
reflecting objg

Typical instal
installed agai
radiation mayj
be based on
one exists.

6.4 Mount

6.4.1 Genel
In many casq
conditions. W
be used or sir

Mounting con
used unless @
or cannot be
that the moun
Precautions 4
mounted.

significant sources of sound emission, including auxiliary equipment which cannet eith
Jequately quietened, and the reference box (see 7.1) shall be extended appropriately.

source location

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

ation conditions for some machines involve two or more.xeflecting surfaces (e.g. an app
nst a wall), or free space (e.g. a hoist), or an opening in“an otherwise reflecting plane (s
occur on both sides of the vertical plane). Detailed information on installation conditions §
the general requirements of this International Standard and on the relevant noise test c

ng of the noise source

al
s, the sound power or sound-.energy emitted by a source is affected by support or mo
hulated, if feasible.

ditions specified of\recommended by the manufacturer of the noise source under test sh
therwise specified-inh any relevant noise test code. If a typical mounting condition does not
utilized for thetest, or if there are several alternative possibilities, care shall be taken to ¢
ting arrangement does not induce a variability in the sound output of the source which is a
hall be taken to reduce any sound radiation from the structure on which the noise soy

not a
nimize
taken
er be

ere in
br any

liance
o that
thould
bde, if

unting

henever a typical mounting.condition exists for the noise source under test, that conditio shall

all be
exist,
nsure

ypical.
rce is

Many small n

DiSe sources, although themselves poor radiators of low-frequency sound, can, as a result

of the

method of mounting, radiate more low-frequency sound when their vibrational energy is transmitted to
surfaces large enough to be efficient radiators. Resilient mountings shall be interposed, if possible, between
the noise source under test and the supporting structure, so that the transmission of vibration to the support
and the reaction on the source are both minimized. In this case, the mounting base should be rigid (i.e. have a
sufficiently high mechanical impedance) to prevent it from vibrating excessively and radiating sound. However,
resilient mounts shall be used only if the noise source under test is resiliently mounted in typical field
installations.

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

the sound radiation of the noise source under test. It may be appropriate to use a flexible coupling, but similar
considerations apply to these as to resilient mounts.
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6.4.2 Hand-held machinery and equipment

Such machinery and equipment shall be suspended or guided by hand, so that no structure-borne sound is
transmitted via any attachment that does not belong to the noise source under test. If the noise source under
test requires a support for its operation during testing, the support structure shall be small, considered to be a
part of the noise source under test, and comply with the requirements of the relevant noise test code, if any
exists.

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

Such machlnery and equment shaII be placed ona reflectlng (acoustlcally hard) plane (floor or wall). Base-

placed on the floor at least 1,5 m from any wall of the room, unless a table or stand is required for operation in
accor@lance with the noise test code for the machinery or equipment under test. The table or stgnd shall be at
least 1,5 m from any absorptive surface of the test room. Such machinery or equipment’shall be placed at the
centrg of the top of a standard test table.

NOTE An example of a test table is given in ISO 11201[18].

6.5 |Operation of source during test

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

a) spurce under specified load and conditions;

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

c) sepurce under no load (idling);

d) spurce at maximum operating-Speed under defined conditions;

e) spurce operating under eonditions corresponding to maximum sound generation representative of normal
upe;

f)  spurce with simulated loading, under defined conditions;

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

The gourceshall be stabilized in the desired operating condition, with any power source on transmission

systemunning at a stable temperature, prior to the start of measurements for sound power lgvel or sound
energ / Ia\lal Ha+arM|na+|r\n Tha !Cad’ csnaad and nparahng t\r\nrhhnne ehall au{'har ha halrl r\r\nefant durlng the

Aod AR FER— LR~

test or varied through a deflned cycle in a controlled manner.

If the sound power or sound energy emission depends on secondary operating parameters, e.g. the type of
material being processed or the design of cutting tool, those parameters shall be selected, as far as is
practicable, that give the smallest variations and that are typical of normal use. If simulated loading conditions
are used, they shall be chosen such that the sound power levels or sound energy levels of the source under
test are representative of normal use.

© 1SO 2010 — All rights reserved 9
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7 Reference box and measurement surface

7.1 Reference box

In order to facilitate the selection of the shape and dimensions of the measurement surface, the reference box
shall first be delineated. The reference box is a hypothetical surface defined by the smallest right
parallelepiped that just encloses the source under test. When defining the dimensions of the reference box,
elements protruding from the source which are known not to be significant radiators of sound may be

disregarded.

The locations of the reference box the measurement surface and the mlcrophone posmons for
measuremen ' _
Figure 1. Theg pomt O is the middle point of a box con3|st|ng of the reference box and its |mages in the

adjoining reflg

parallel to thg

determine thg
and three refl

cting plane(s). The horizontal axes x and y of the co-ordinate system also lie in the ground
length and width of the reference box. The characteristic source dimension, !d;, us

plane,
ed to

dimensions of the measurement surface, is shown in Figure 1 for reference baxes on ong, two,

bcting planes.

7.2 Measurement surface

7.21 Genel

al

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

The microph
measurement
the reflecting

a hemis
Annex B;

a)

b) aright pg

d (the me

NOTE Oth
provide improv

For a noise s

bne positions, or traverses, at which the sound pressure levels are measured lie @
surface, a hypothetical surface of area S which envelops the reference box and termina
plane(s). The measurement surface shall be of ong of the following shapes:

bhere, half-hemisphere or quarter-hemisphere of radius r (the measurement radius
rallelepiped with sides parallel to those of the reference box, each side being spaced a dis

asurement distance) from the corresponding side of the reference box, see Annex C.

er microphone arrangements and measurement surfaces, as given, for example, in ISO 3744,
bd accuracy can also be used.

purce located in a suitable flat outdoor area (see Clause 4) a greater measurement dista

usually selec

d and a hemispherical measurement surface is preferred. For a noise source located in g

or space having unfavourable acoustical conditions (e.g. containing sound-reflecting objects or being s

to high level

of background noise), the selection of a small measurement distance is appropriate ar

dictates the s¢lection of a parallelepiped measurement surface.

For measurements on a series of similar sources (e.g. machines of the same type or machines from the

family of a si

n the
es on

see

stance

which

nce is

room
ubject
d this

same

ilansize), the same shape of measurement surface shall be used.

7.2.2 Microphone orientation

The microphone shall be oriented so that the reference direction of the microphone (as specified in

IEC 61672-1)

NOTE

is normal to the measurement surface.

Generally, for free-field response microphones, the reference direction is the long axis of the microphone

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

10
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c) Reference box on three reflecting planes, 4= \/112 + l% + l%

dy characteristic source dimension
/1 reference box length

I, reference box width

I3 reference box height

O origin

Figure 1 — Reference box and origin of co-ordinates for one, two and three reflecting planes
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7.2.3 Hemispherical measurement surface

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

than 1 m and

not greater than 16 m.

For small products, the measurement radius may be less than 1 m, but shall not be less than 0,5 m.

If it is necessary to use a measurement radius that is so large that the requirements for the acoustic
environment (see Clause 4) are not fulfilled, a hemispherical measurement surface should not be used and
the measurement surface should be a parallelepiped or a combination of forms.

If there is only
8.4.4) S = 2]
of area S = mj
S = nr2/2.

7.2.4 Parall

The parallele
box. The me3g

If there is onl
by Equation (

S=4(ab -
where

a= 0,5

b=0,5,

c=lz+d

in which

one reflecting plane, the measurement surface is a full hemisphere and its area (see 8:3
2. If the source under test stands against a wall, the measurement surface is a half-hemis

elepiped measurement surface

surement distance, d, shall be at least 0,15 m, but preferably 1 m orf’more.

one reflecting plane (see Figures C.2 to C.6), the area S ofythe measurement surface is

7);

- be + ca)

1, Io, and I3 are the length; width, and height, respectively, of the reference box.

If the source yinder test stands against a wall (see Figure C.7), the measurement surface area is given b

S =2(2ah
where

a= 0,511

+ bc + 2ca)

+ 0,54

b = 0,512

2. If the source stands in a corner, the measurement surface is a quarter-hemisphere, g

biped shall have the same orientation with respect to the co-ordinate origin, O, as the refq

5 and
bhere,
f area

rence

given

(7)

8)

C = 13 + d
in which
4

Iy, I3

is the length of the reference box from the wall to the front face,

are the width and height, respectively, of the reference box.

If the source stands in a corner (see Figure C.8), the measurement surface area is given by

S =2(2ab

12

+ bc + ca)

9)

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=c91d620bff7902d2769f877f266ce09c

ISO 3746:2010(E)

where
a=0,5/,+ 0,54
b=0,5l,+0,5d
c=Il3+d
in which

Iy, I, are the length and width of the reference box measured from the two walls to the respective
Opposite Taces,

I3 is the height of the reference box.

8 Determination of sound power levels and sound energy levels

8.1 [Determination of environmental correction

The epnvironmental correction, K,,, shall first be determined using Apnex A.

8.2 |Microphone positions on the measurement surface

8.2.1 | Hemispherical measurement surface

For a|noise source tested adjacent to one reflecting plane, the microphones shall be locatgd at the four
positigns numbered 4, 5, 6, and 10, the co-ordinates of which are given in Table B.1 and| illustrated in
Figurgs B.1 and B.2.

For a|noise source tested adjacent to fwo reflecting planes, the microphones shall be located at the three
positigns numbered 14, 15, and 18, the co-ordinates of which are given in Table B.2 and| illustrated in
Figurg B.3.

For a|noise source tested adjaeent to three reflecting planes, the microphones shall be locatef at the three
positigns numbered 14, 24\.and 22, the co-ordinates of which are given in Table B.2 and| illustrated in
Figurg B.4.

Additipnal microphone” positions shall be used to make further measurements if the range ¢f A-weighted
sound pressure-levels (i.e. the difference in decibels between the highest and lowest levels) measured in
accorglance with.8.3.1 exceeds twice the number of measurement positions.

The afditional microphone positions shall be those numbered 14, 15, 16, and 20 in Table B.1 and Figure B.2.
Optionally, the required additional positions on the full hemisphere may be aobtained lwith another

measurement at the original microphone positions with the noise source under test rotated through 60°.

If the source under test radiates noise predominantly in one direction or if the noise from a large source is
emitted only from a small portion of the source, the usage of extra localized microphone positions on the
measurement surface in the region of high radiation should be considered. In this case, follow the procedures
specified in ISO 3744.

8.2.2 Parallelepiped measurement surface
The number and locations of the microphone positions or traverses depend upon the dimensions of the

measurement surface and the measurement distance, and procedures for determining how many and where
they shall be are given in Annex C.
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Additional microphone positions shall be used to make further measurements if the range of A-weighted
sound pressure levels (i.e. the difference in decibels between the highest and lowest levels) measured in
accordance with 8.3.1 exceeds twice the number of measurement positions.

The number of measurement positions shall be increased as shown in Figure C.1, by increasing the number
of equally sized rectangular partial areas.

If the source under test radiates noise predominantly in one direction or if the noise from a large source is
emitted only from a small portion of the source, the usage of extra localized microphone positions on the
measurement surface in the region of high radiation should be considered. In this case follow the procedures
of ISO 3744.

8.2.3 Redug¢tion in the number of microphone positions
The number pf microphone positions can be reduced if preliminary investigations for a particular farpily of
noise sourceq show that by using the reduced number of microphone positions, the determined-surface sound
pressure levgls do not deviate by more than 1 dB from those determined from measurements over the
complete set [of microphone positions in accordance with 8.2.1 and 8.2.2. An example.is-when the radiation
pattern is shon to be symmetrical.

NOTE Thé¢ overhead position(s) can be omitted for safety reasons, if so stated in the (felevant noise test code.
8.3 Determination of sound power levels

8.3.1 Measurement of sound pressure levels

A-weighted tine-averaged sound pressure levels from the noise source under test, L', 5;sT), Shall be obtained
at each micrgphone position (i=1, 2 ... n) over a typical period of operation of the source, for each mpde of
operation sel¢cted (see 6.5). Where the sound pressure-levels at individual microphone positions vary with
time, it is impgrtant to select carefully the measurement fimme interval and the interval chosen shall be stated in
the test reporf. The measurement time interval shalhbe at least 10 s unless otherwise stated in the noige test
code for the specific family of noise sources.

In addition, elther immediately before or immediately after the sound pressure levels from the noise gource
under test, L' 5;sT), are measured, the A-weighted time-averaged sound pressure level of the backgfound,
L,pig). shall e obtained at each micrgphione position over the same measurement time interval as thaf used
for the noise gource under test.

8.3.2 Calcujation of mean time-averaged sound pressure levels

The mean vplues of the.measured sound pressure levels from the noise source under test ard the
background nppise shall.be' determined as described below.

Refer to 4.2 for the ¢riterion for background noise and for determining whether or not the measurementg meet
the requiremgnts of this International Standard.

For a measurement surface having microphone positions associated with equal segment areas, the mean
A-weighted time-averaged sound pressure level from the array of microphone positions over the
measurement surface, for the chosen mode of operation of the noise source under test, L (sT), shall be
calculated using Equation (10):

- 1 QM o
L'asT) =101g N—Zm TIPAIST) 4B (10)
M =1
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where

L',psT)  is the A-weighted time-averaged sound pressure level of the noise source under test (ST) from
the ith microphone position or traverse, in decibels;

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

The mean A-weighted time-averaged sound pressure level of the background noise, LpA(B), shall be
calculated using Equation (11):

O1LnA1(B)—I (11)

u

(D

I,n@) IS the A-weighted time-averaged background (B) noise level from the_ith microphope position or
ith microphone traverse, in decibels;

Mu is the number of microphone positions.

If extrp localized microphone positions on the measurement surfagé\are added in accordance| with 8.2.1 or
8.2.2,[follow the surface-averaging procedure in ISO 3744.

8.3.3 | Corrections for background noise

The bpckground noise corrections, K4, shall be calculated using Equation (12):

~01AL ,p

=
N

'A=—10Ig(1—10 )dB (12)

where

>

L pA =LpasT) =L pA@)

r which

L;A(ST) is-the A-weighted time-averaged sound pressure level from the array gf microphone
positions over the measurement surface, with the noise source under test in operation, in
decibels,

L 5a(B) is the mean A-weighted time-averaged sound pressure level of the background noise
from the array of microphone positions over the measurement surface, in decibels.

If AL,5 > 10 dB, Ky, is assumed equal to zero.

For3dB < AL, < 10 dB, corrections shall be calculated in accordance with Equation (12).

If AL pA < 3 dB, the accuracy of the result(s) is reduced and the value of K, 5 to be applied in this case is 3 dB
(the value for AL PA = =3 dB). In this case, it shall be clearly stated in the text of the report, as well as in graphs
and tables of results that the data from the test represent an upper boundary to the sound power level of the
noise source under test.
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8.3.4 Calculation of surface time-averaged sound pressure level

The surface time-averaged sound pressure level, L, ,, shall be calculated by correcting the mean

time-

averaged sound pressure level, L', 5Ty, for background noise (K15, see 8.3.3) and the test environment [Kyp,

see Equation (A.1)] respectively, using Equation (13):

L,n =LyaisT) — Kia — Kop

8.3.5 Calculation of sound power levels

The sound power level, Ly, for the meteorological conditions at the time and place of the test sh

(13)

all be

calculated using Equation (14):

—1 S
Lya=L|s+10Ig— dB
wA =LA QSO

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

Sy =1m2.

8.4 Determination of sound energy levels

8.4.1 Measurement of single event time-integrated sound pressure levels

A-weighted s|ngle event time-integrated sound pressure lévels from the noise source under test, L'y
shall be obtained at each microphone position (i = 1, 2_«3 N),) either for one single sound emission eve
time (in which case the process shall be repeated N, times, where N, is at least five) or from s
successive () sound emission events (where again N, is at least five). The single event time-inte
sound pressyre levels shall be measured simultaneously at all microphone positions through a time
that encompalsses the full burst. In this case,.it'is not permitted to use a traversing microphone.

NOTE If the sound emission event has_sufficient repeatability, it can be possible to relax the requirem
simultaneous measurement at all microphone’positions.

(14)

Ni(ST)
Nt at a
everal
jrated
beriod

ent for

In addition, ejther immediately befere 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
background noise, L,5;g), $hall be obtained at each microphone position over the same integration timg
for the meas remen{jotg the-noise source under test.

8.4.2 Correftionsfor background noise

of the
used

The backgrourd-hei

uation (15}
o)

fal
SoretroTt

K4p=—10 Ig(1—10_0‘1ALEA ) dB

where

ALgpp = LgaisT) — LpA@)

(15)
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in which
L};A(ST) is A-weighted single event time-integrated sound pressure level from the array of
microphone positions over the measurement surface, with the noise source under test in
operation, in decibels;
L,a@®) is the A-weighted time-averaged sound pressure level of the background noise from the

array of microphone positions over the measurement surface, in decibels.

The integration time, 7, shall be the same for the measurement of the noise source under test and of the

backg

round noise.

If ALy
For 3

If AL,
(the v
and tg
noise

8.4.3

If Ng
micro
shall k

~

wher¢g

I~

N

If ac

L > 10 dB, K 5 is assumed equal to zero.
0B < AL, < 10 dB, corrections shall be calculated according to Equation (15).

h < 3 dB, the accuracy of the result(s) is reduced and the value of K5 to be @pplied in thig
blue for AL, = 3 dB). In this case, it shall be clearly stated in the text of the report, as we
bles of results, that the data from the test represent an upper boundary-to.the sound ener:
source under test.

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

5 case is 3dB
| as in graphs
jy level of the

single event time-integrated sound pressure levels have been measured one at a fi
bhone position, the mean single event time-integrated ‘sound pressure level at that posi
e calculated using Equation (16):

]dB

1 Ne 0,1L;
EAisT)=1019 N_Zm T HEALGST)

e g=1

EAiq(sT) s the A-weighted single event time-integrated sound pressure level at the it
position for the gth'sound emission event (¢ =1, 2 ... N,) of the noise source
operation, in decibels;

A is the number of measurements of single sound emission events.

bntinuous measurement at the ith microphone position encompasses N, sound emissig

e at the ith

;Ii';”a LEai(sT)

(16)

N microphone
under test in

n events, the

mean| single eventdime-integrated sound pressure level for one event at that position, LzafsT), shall be
calculpted using Equation (17):
Bepisty=LEni N, (sT)—101gN dB (17)
where
Lping(sT) s the A-weighted time-integrated sound pressure level at the ith microphone position,
encompassing N, successive sound emission events of the noise source under test in
operation, in decibels;
Ng is the number of sound emission events encompassed by one measurement of the single

event time-integrated sound pressure level.

The mean single event time-integrated sound pressure level over the measurement surface, Liyast) shall be
calculated using the mean single event time-integrated sound pressure levels at the individual microphone
positions, Lia;sT). in the same way as for the time-averaged sound pressure levels specified in 8.3.2.

© 1SO 2010 — All rights reserved
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The surface single event time-integrated sound pressure level, E, shall then be calculated by correcting the
mean single event time-integrated sound pressure level over the measurement surface, LipasT), for
background noise (K,,, see 8.3.3) and the test environment [K,,, see Equation (A.1)] respectively, using
Equation (18):

Lga = LgasT) — K1a — Kop (18)

8.4.4 Calculation of sound energy levels

The sound energy level, L5, for the meteorological conditions at the time and place of the test shall be
calculated using Equation (19):

Lya=Lgh +10 |gSi dB (19)
0

where

Lya b the A-weighted surface single event time-integrated sound pressure level, in decibels;

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

So 1 m2.

9 Measulement uncertainty

9.1 Methofology

The uncertainties of sound power levels, u(Ly), in;‘decibels, and sound energy levels, u(L)), in degibels,
determined in accordance with this International~Standard are estimated by the total standard deviation, c;,
in decibels:

u(Ly ) =|u(Ly) = oot (20)

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

In this contex, this standard deviation is expressed by the standard deviation of reproducibility of the method,

opo in decibgls, and the standard deviation, o, in decibels, describing the uncertainty due to the insfability

of the operating and.mounting conditions of the source under test in accordance with:

2 2
Otot = \/; RO—+S0omT (21)

Equation (21) shows that variations of operating and mounting conditions expressed by o, should be taken
into account before a measurement procedure with a certain grade of accuracy (characterized by o) is
selected for a specific machine family (see 9.5 and D.3).

NOTE If different measurement procedures offered by the ISO 3741[2] to 1ISO 3747[6] series are used, systematic
numerical deviations (biases) can additionally occur.

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

U=k Otot (22)
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The expanded measurement uncertainty depends on the degree of confidence that is desired. For a normal
distribution of measured values, there is 95 % confidence that the true value lies within the range (L, - U) to
(Ly+ U), [or (L;- U) to (L, + U)]. This corresponds to a coverage factor of k = 2.

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

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

9.2 Determination of o,

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

t when determining the measurement uncertainty. It can be determined separately.fi
measyirements carried out on the same source at the same location by the same persons, ‘us
measyiring instruments and the same measurement position(s). To determine o,,., repeated sq
levels| are measured either at the microphone position associated with the  highest so
level, L', (sT), or measured and averaged over the entire measurement surfacesL',st). Meag
then dorrected for background noise. For each of these repeated measurements,, the mounting g
and it operating conditions shall be readjusted. The symbol o, is modified 10~ for the ing
sourcg¢ under test. It is possible that a noise test code provides a value ofcoy, representative o
family| concerned. This value should take into account all possible,variations of operating
conditions that are within the scope of the noise test code.

NOTE If the sound power has only a small variation with time and:the measurement procedure is def
value ¢f 0,5 dB for o, Can apply. In other cases, e.g. a large influence of the material flow into and out of
materigl flow that varies in an unforeseeable manner, a value of-2 dB is appropriate. However, in extre
strongly varying noise generated by the processed material \(stone-breaking machines, metal-cutting
presses operating under load), a value of 4 dB results.

9.3 |Determination of oy

9.3.1 | General
The s
Intern
differe
the so

tandard deviation oy includes. all uncertainty due to conditions and situations all
htional Standard (different radiation characteristics of the source under test, different in
nt implementations of the-measurement procedure) except that due to instability of the sq
urce under test. The latter-is considered separately by o,
The v
bound
Stand
mathe
familig

blues of oy given-iniTable 1 reflect knowledge current at the time of publication. They arg
s taking into consideration the great variety of machines and equipment covered by this
ard. Machinery-Specific values may be derived from round robin tests (see 9.3.2) or
matical madelling approach (see 9.3.3). They should be given in noise test codes specifig
s (see 9:2.and Annex D).

9.3.2 | Round robin test

be taken into
rom repeated
ing the same
und pressure
ind pressure
urements are
f the machine
ividual sound
f the machine
hnd mounting

ned properly, a
the machine or
me cases, e.g.
machines, and

bwed by this
strumentation,
und power of

typical upper
International
by using the
to machinery

The round robin test for determining oy 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 oy relevant for the individual sound source which has been used for
the round robin test. Participating laboratories in round robin tests should cover all possible practical situations.

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

’ r !2
ORO = \VOtot Oomc (23)
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If o9 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 opy. Whenever available, such a value should be given in the noise test
code specific to the machine family concerned (together with o) and used in particular for the purpose of
declaring noise emission values.

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

For certain applications, the effort involved in a round robin test can be reduced by omitting measurements for
different locations, e.g. if machines under test are usually installed under conditions with a small background
noise correctier— n of a
machine is re |, and
this designati

and o coall Ar cimilar Innal anviranmantal corractinn K- orif tho naoica _amiccio
1o oSt o oo a1 o Car— ey o e o CorTr e oo or—1r—tHe—oroC—erhoSto

checked at the same location. Results of such delimited tests should be denoted by gy b
bn should also be used for tests on large machines being not movable in space.

Values for opg b can be expected to be lower than those given in Table 1.

The determingtion of oy, using Equation (23) is imprecise if g, is only slightly higher than o,,.. In this
Equation (23)[ provides a small value of oy, but with a low accuracy. To limit this inaecuracy, shoy
exceed oy /2.

case,
Id not

Oomc

9.3.3 Modelling approach for o,

d with
5, and
by the

Generally oy, in decibels, is dependent upon several partial uncertainty components, c; u,, associate
the different mmeasurement parameters such as uncertainties of instruments, environmental correction
microphone fositions. If these contributions are assumed to be.uncorrelated, oy can be described

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

URO“\/

c1u1)2 +(czu2)2 + +(cnun)2 (24)

In Equation (2
included. Theg
o pg in accord

NOTE If 1
Furthermore, th

By contrast, {
correlations b
more realistic
dependency ¢
not always pg

4), the uncertainty components due-to-the instability of the sound emission of the source &
se components are covered by &y,.. Annex D discusses each component of the unce
ance with knowledge existing at the time of publication.

he uncertainty components™in~the modelling approach are correlated, Equation (24) does not

he estimation of gy based on a round robin test does not require assumptions about pqg
etween the individual terms of Equation (24). At the time of publication, a round robin
than determining possible correlations between the individual terms of Equation (24) an
n all other-influencing parameters using the modelling approach. However, round robin tes
ssible andvare often replaced by experience from earlier measurements.

9.4 Typica

e modelling approach requires detailed knowledge to determine the individual terms in Equation (24).

re not
rtainty

apply.

ssible
test is
d their
ts are

lupper bound values of o5

Table 1 shows typical upper bound values of the standard deviation o, for accuracy grade 3 that may cover
most of the applications of this International Standard (References [27][28]). In special cases or if certain
requirements of this International Standard are not met for a machine family or if it is anticipated that actual
values of oy for a given family of machines are smaller than those given in Table 1, a round robin test is
recommended to obtain machine-specific values of .
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Table 1 — Typical upper bound values of the standard deviation of reproducibility of the method, o,
for A-weighted sound power levels and sound energy levels determined in accordance with this

International Standard

Application Standard deviation of
reproducibility, o g
dB
For a noise source which emits sound without 3
significant tones
For a noise source which emits sound that 4

contains-predominant discrete tones
Lad

9.5

The 1

Total standard deviation g;; and expanded measurement uncertainty-{/

otal standard deviation and the expanded measurement uncertainty ‘shall be dete

Equatjon (21) and Equation (22), respectively. For the purpose of this Intérnational Standg

distrib
of 95
meas

EXAM

determ
and (2

Additi

NOTE
stand4g

ution is assumed. Thus a coverage factor of k£ = 2 shall be used corresponding to a covers

The expanded measurement unceértainty as described in this International Standard does
rd deviation of production which is uséd;in 1ISO 4871[7] for the purpose of making a noise declaratio

machines.

10 Information to be recorded

10.1

The in
made

General

in accordance with this International Standard.

10.2

Noise source under test

rmined using
rd, a normal
ge probability

achine-specific
Equations (22)

%. The coverage factor and coverage probability shall be reported together with the expanded
irement uncertainty.

PLE Accuracy grade 3; o, =2,0dB; coverage factor k=2; determined Lya=82dB. M

inations of o5, have not been undertaken, thus the value is taken-from Table 1 (o =3 dB). Using

1) it follows

=2x+/32+22 dB=7,2dB

bnal examples of calculated values for o, @re given in D.3.

hot include the
h for batches of

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

The following information shall be recorded:

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

b) a

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

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

d) the mounting conditions;

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

© 1SO 2010 — All rights reserved
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10.3 Test environment

The following information shall be recorded:
a) a description of the test environment:

1) ifitis indoors, the description shall include the nature of the building, the construction and any lining
of the walls, floor and ceiling, and a sketch showing the location of the noise source under test and
any other contents of the room,

2) if it is outdoors, the description shall include the nature of the reflecting floor surface and the
surrounding terrain, with a sketch showing the location of the noise source under test,

3) whether indoors or outdoors, the description shall also include any wall(s) against whichythe| noise
sourfe under test stands;

b) a description of the acoustical qualification of the test environment in accordance with Annex A.

10.4 Instrumentation

The following|information shall be recorded:
a) the equipment used for the measurements, including the name, type, seridl number, and manufacturer;

b) the date,|place, and methods used to calibrate the sound calibratdr_ and to verify the compliance |of the
instrumentation system, in accordance with 5.2;

c) the chargcteristics of the microphone windscreen, if any.

10.5 Acoustical data

The following|information shall be recorded:

a) the dimefsions of the reference box, the shape of the measurement surface and the measurement fadius
or distange;

b) the micrgphone 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 underwhich the noise source was tested:

c) all measpred sound pressure levels, in decibels, whether time-averaged or single event, in the test
environment from the-foise source under test;

d) the corregtion(s);-ihdecibels, to account for background noise;

e) the correftion(s), in decibels, to account for the test environment, and the method from Annex A uged to
determine-ittherm):

f) the A-weighted surface time-averaged sound pressure levels or A-weighted surface single event time-
integrated sound pressure levels, in decibels;

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

NOTE ISO 9296!13] requires that the declared A-weighted sound power levels, Lyag, of computers and business
equipment are expressed in bels, using the identity 1 B =10 dB.

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

i) the date and time when the measurements were performed.
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11 Test report

Only those recorded data (see Clause 10) which are required for the purpose of the measurements shall be
reported. The report shall also contain any statements required to be reported by certain clauses in the main
body of this International Standard. If the reported sound power levels or sound energy levels have been
obtained in full conformity with the requirements of this International Standard, the report shall state this fact. If
the levels have not been obtained in full conformity, the report shall not state or imply that they have been. If
one or a small number of identifiable discrepancies exist between the reported levels and the requirements of
this International Standard, then the report may state that the measurements have been conducted “in
conformity with the requirements of this International Standard, except for...” and the discrepancies clearly
identified. In this case, the term “full conformity” shall not be stated or implied.

© 1S0O 2010 — All rights reserved 23


https://standardsiso.com/api/?name=c91d620bff7902d2769f877f266ce09c

ISO 3746:2010(E)

Annex A
(normative)

Determination of the environmental correction

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

NOTE The value of the environmental correction can also be determined in accordance with the procedures of

ISO 3744.

The environmental correction, K,,, shall be calculated from Equation (A.1):

Kyp =10 Ig{1+4%}d8

where

A is the equivalent sound absorption area, in square metres, of the roon;

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

(A1)

In order to gscertain the acoustic characteristics of the test envisonment, K,, shall be determineq from

Equation (A.1|) using the value of 4 given by Equation (A.2):

A=O!SV

where

a is the¢ mean sound absorption coefficient, given for A-weighted quantities in Table A.1;

(A.2)

Sy is the total area, in square metres;\of the boundary surfaces of the test room (walls, ceiling, and|floor).

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

Mean sounE absorption
coefficient, o

Description of room

0105 Nearly empty room with smooth hard walls made of concrete, brick, plaster or tile
0110 Partly empty room; room with smooth walls
0116 Right cuboid room with furniture; right cuboid machinery room or industrial room
0.20 Irregularly shaped room with furniture; irregularly shaped machinery room or industrial
room
025 Room_ with upholstergc_i furniture; machinery or industrial room with sound-absorbing
’ material on part of ceiling or walls
0,30 Room with sound-absorbing ceiling, but no sound absorbing materials on walls
0,35 Room with sound-absorbing materials on both ceiling and walls
0,50 Room with large amounts of sound-absorbing materials on ceiling and walls

24
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Microphone arrays on a hemispherical measurement surface

B.1 Key microphone positions and additional microphone positions

Four key microphone positions associated with equal areas of the measurement surface are numbered 4, 5, 6
and 1D in Figures B.1 and B.2, and their co-ordinates according to the co-ordinate system.defined in 7.1 are
listed [in Table B.1. Four additional microphone positions are numbered 14, 15, 16 and(20-in Higure B.2 and

their do-ordinates are also listed in Table B.1.

Table B.1 — Microphone positions for a noise source over asreflecting plane
(key microphone positions: 4,5,6,10; additional microphone positions: 14,15,16,20;
r is the radius of the measurement hemisphere)

Position number xIr ylr zIr

4 -0,45 0,77 0,45

5 -0,45 -0,77 0,45

6 0,89 0 0,45

10 0 0 1

14 0,45 -0,77 0,45

15 0,45 0,77 0,45

16 -0,89 0 0,45

20 0 0 1
NOTE The overhead positions 10 and.20 coincide and it is permissible to omit these if so indicated in the relevant ndise test code.
NOTE The microphonepositions are a subset of those used in ISO 3744 for a broadband noise soprce; the same

position numbers are used-inboth this International Standard and in ISO 3744.

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

For a hoise 'source to be tested adjacent to two reflecting planes, reference shall be made to Figlire B.3 for the
purpo:es of deflnlng a suitable measurement surface and mlcrophone posmons In thls case, the radius, r, of

the me

Figure B.3 and are numbered 14, 15 and 18 in Table B.2.

s are shown in

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

For a noise source to be tested adjacent to three reflecting planes, reference shall be made to Figure B.4 for
the purposes of defining a suitable measurement surface and microphone positions. In this case, the radius, r,
of the measurement surface shall be at least 3 m. The co-ordinates of the microphone positions are shown in
Figure B.4 and numbered 14, 21 and 22 in Table B.2.

© 1SO 2010 — All rights reserved
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Key

26

Table B.2 — Microphone positions for a source adjacent to two or three reflecting planes

key microp|
measurem
reference |
reference I
reference |
reference |
radius of

Position number x/r yr z/r
14 0,45 -0,77 0,45
15 0,45 0,77 0,45
18 0,66 0 0,75
21 0,77 -0,45 0,45
22 0,47 -0,47 0,75

bnt surface

0X

ox length

ox width

ox height
easurement surface

hone positions (4, 5, 6, 10)

Fig

ure b.7T — Key microphone positions on the hemispherical measurement surface
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1r

key microphone positions (4, 5, 6, 10)
additional microphone positions (14, 15, 16, 20)
measurement surface

reference box

radius of measurement surface

Figure B.2 — Microphone positions on the hemispherical measurement surface
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A
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A X
B
y
X

Key
microphone positions (14, 15, 18)
measurement surface

o > e

reference box
radius of measurement surface

~

Figure B.3 — Microphone positions on a half-hemispherical measurement surface adjacent to two
reflecting planes
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® microphone positions (14, 21, 22)
A measurement surface

B reference box

~
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/
A
14 21, .
7z R
B
7 az
j& ] B
'4
/'%) 22 21 \A
X /
0\
L y

radlius of measurement-surface

ure B.4 — Microphone positions on a quarter-hemispherical measurement surface adjacent to

Fi
three reflecting planes

d
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Annex C
(normative)

Microphone arrays on a parallelepiped measurement surface

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

Each plane of the measurement surface shall be considered on its own and so subdivided that the resul{ is the
smallest posgible number of equal-sized rectangular partial areas with a maximum length of side equal|to 34,
where d is th¢ measurement distance (3.10) (see Figure C.1). The microphone positions are in‘the centre of
each partial afea. In this way the microphone positions for Figures C.2 to C.6 are obtained.

C.2 Microphone positions for sources adjacent to two or three reflecting planes

For a source fo be tested adjacent to more than one reflecting plane, reference Shall be made to Figures C.7
and C.8.

Top view Side view
=3d
3d <3d <3d
o
m e ® [ ]
Vi
o o
E ® rn e P\n e ° ® [ J ® ®
vi
/ /. g
a) b) c) d)

Key
® microphong positions
d measurement distance

Figure C.1 —< Microphone positions on a parallelepiped measurement surface

30 © IS0 2010 — Al rights reserved


https://standardsiso.com/api/?name=c91d620bff7902d2769f877f266ce09c

ISO 3746:2010(E)

Key

P1, P2

microphone positions
reflecting plane

reference box

measurement surface length
measurement surface width
measurement surface height
measurement distance
reference box length
reference box width
reference box height

path 1, path 2

Figure C.2 — Example of a measurement surface and microphone positions and paths for a small

machine (with dimensions /; < d, I, < d, I3 < 2d)
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X
Key
° rpicrophone positions
A reflecting plane
B reference box
2a measurement surface length
2b measurement surface width
c measurement surface height
d measurement distance
14 reference box length
15 reference box'\width
I3 reference box height
P1, P2, P3  pfath 4,'path 2, path 3

Figure C.3—Exampleof ameasurement surfaceanmd microphone positions—anmd pathsforatall

machine with a small base area (with dimensions /; < d, I, < d, 2d < I3 < 5d)
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C=/3+d

Key

) microphone positions

A reflecting plane

B reference box

2a measurement surface length

2b measurement surface width

c measurement surface height
measurement distance

I reference box length

2 reference box width

I3 reference box height

P1,PZ path 1, path 2

Figure C.4 — Example of\a measurement surface and microphone positions and paths

746:2010(E)

machine (with dimensions 4d < [, < 7d, I, < d, I3 < 2d)

for a long
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Key

P1, P2, P3

34

P2

P3

P1

)
y
r
n
)
)
)
T
r
r
A

3

hicrophone positions
eflecting plane

eference box

neasurement surface length
heasurement surface width
heasurement surfacge.height
heasurement disfance
eference boxilength
bference Hox width
Eference box height

ath 1y path 2, path 3

T
x| VA‘ i
&
23 = b 4 24

Figure C.5 — Example of a measurement surface and microphone positions and paths for
a medium-sized machine (with dimensions d <!y < 4d, d < I, < 4d, 2d < I3 < 5d)
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Figure C.6 — Example of a measurement surface and microphone positions and paths for a large

4d, 2d < I3 < 5d)

7d,d<l, <

<

machine (with dimensions 4d < /;
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Key
) micrg
B referg
2a meag
2b meag
c meas
d meas
14 referg
Iy referg
I3 refers
N meas
Figure C.7 -
36

phone positions (1, 2, 3, 4)
ence box
urement surface length
urement surface width
urement surface height
urement distance
bnce box length
ence box width
bnce box height
urement surface

= 2(2ab+bc+2ca)

— Parallelepiped measurement surface with four microphone positions for floor-standing
noisessources adjacent to two reflecting planes
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X
Key
) microphone positions (1, 2, 3)
B reference box
2a measurement surface length
2b measurement surface width
c measurement surface height
measurement distance
14 reference box length
Iy reference box width
I3 reference box height
S measurement surface

S =2(2ab+bc+ca)

Figufe C.8 — Parallelepiped measurement surface with three microphone positions for flpor-standing
noise-sources adjacent to three reflecting planes
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Annex D
(informative)

Guidelines on the development of information on measurement

D.1 Gener,

The accepted
that given in
the various sq
can be obtain

To determine
two different ¢

a)
b) those thg

Based on c¢
ISO/IEC Guid

This annex cd

D.2 Consi

The measurs
measurement
with o bein

This total sta
are significan

Both quantiti¢

The machine
measurement

those thgt are intrinsic to the measurement procedure;

uncertainty

al

SO/IEC Guide 98-3. This format incorporates a budget of uncertainty components,in wh
urces of uncertainty are identified and from which the combined total measurement unce
ed.

the noise emission of machines and equipment, it is advisable to split up.its total uncertain
roups of uncertainty components:

t result from the instability of the sound emission of the maghine.

irrent  knowledge, this annex provides additional explanations and information by
e 98-3 could be applied in practice for this International Standard.

mplements Clause 9.

erations on the total standard deviation o

bment uncertainty used in this International Standard is determined by the exp
uncertainty U, which is derived directly from the total standard deviation oy [see Equatio
) the approximation of theretevant u(L ;) as defined in ISO/IEC Guide 98-3.

ndard deviation oy esults from the two components o g and o, [see Equation (21)],
ly different in nature:

s are assumeéd to be statistically independent and are determined separately.

y specific. standard deviation o, cannot be calculated and has to be determined by req
s ag described in D.3. Information on the standard deviation o is given in D.4.

NOTE Th

format for the expression of uncertainties generally associated with methods of measurenent is

ich all
rtainty

ty into

which

anded
h (22)],

which

eated

dad + Haoint A tbad i _thio Lot tH L CSitondard A $ ionl
CAPanGCUTCaSuUrcrieTit artiotrianity aS— UCSChoCU—IT tS— e atorar otartdarG— GOTS— ot ior

e the

standard deviation of production which is used in ISO 4871171 for the purpose of making a noise declaration for batches of

machines.

D.3 Considerations on o,

The standard

Oomc = \/

38

deviation o, described in 9.2, is calculated from

1

~ (Lp’j—Lpav)z dB

M=

J

Il
-

(D.1)
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