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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 commlttee International organizations, governmental and non-governmental, in
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Introduction

0.1  The sound power radiated by a source is equal in value to the integral of the scalar product of the sound
intensity vector and the associated elemental area vector over any surface totally enclosing the source. Other
International Standards which describe methods of determination of the sound power levels of noise sources,

principally 1ISO 3740 to ISO 3747 without exceptlon spemfy sound pressure level as the prlmary acoustlc quantity
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nt positions with respect to the source.
res specified in ISO 3740 to ISO 3747 are not always applicable, for the following reasons.

facilities are necessary if high precision is required. It is frequently not possible to install, an
pces of equipment in such facilities.

vestigation.

art of 1ISO 9614 specifies methods of determining the sound ‘power levels of sources, with
certainty, under test conditions which are less restricted than those required by ISO 3740 to |

ended that personnel performing sound intensity measurements according to this part of 1S
trained and experienced.

art of ISO 9614 complements 1ISO 9614-1, IS©' 9614-2 and the ISO 3740 to ISO 3747 ser
us methods for the determination of sound-power levels of machines and equipment. It differ|
ISO 3747 series principally in three aspects.

bments are made of sound intensity as well as of sound pressure.

Certainty of the sound power-level determined by the method specified in this part of IS
d according to the results-of specified ancillary tests and calculations performed in associatig
hsurements.

limitations of intensity measurement equipment which conforms to IEC 61043 restrict meag
pbne-third octave\range 50 Hz to 6,3 kHz. Octave band and band-limited A-weighted V|
ned from the Constituent one-third-octave band values.

tegral over/any surface totally enclosing the source of the scalar product of the sound inten
hciated.elemental area vector provides a measure of the sound power radiated directly into
ocated within the enclosing surface and excludes sound radiated by sources located o

surface. In
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practice, this exclusion is effective only if the source under test and other sources of €

Xtraneous

intensity on the measurement surface are stationary over time. In the presence of sound sources operating outside
the measurement surface, any system lying within the surface can absorb a proportion of energy incident upon it.
The total sound power absorbed within the measurement surface will appear as a negative contribution to source
power, and can produce an error in the sound power determination. In order to minimize the associated error, it is
therefore necessary to remove any sound-absorbing material lying within the measurement surface which is not
normally present during the operation of the source under test.

This method is based on sampling of the intensity normal to the measurement surface by moving an intensity probe
continuously along specified paths. The resulting sampling error is a function of the spatial variation of the normal
intensity component over the measurement surface, which depends on the directivity of the source, the chosen
measurement surface, the pattern and speed of the probe scanning, and the proximity of extraneous sources
outside the measurement surface.
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The accuracy of measurement of the normal component of sound intensity at a position is sensitive to the
difference between the local sound pressure level and the local normal sound intensity level. A large difference can
occur when the intensity vector at a measurement position is directed at a large angle (approaching 90°) to the
local normal to the measurement surface. Alternatively, the local sound pressure level can contain strong
contributions from sources outside the measurement surface, but can be associated with little net sound energy
flow, as in a reverberant field in an enclosure; or the field can be strongly reactive because of the presence of the
near field and/or standing waves.

The accuracy of determination of sound power level is adversely affected by a flow of sound energy into the
volume enclosed by the measurement surface through a portion of that surface, even though it is, in principle,
compensated by increased flow of the volume out through the remaining portion of the surface. This condition is

caused brmmmmmmmmmmmof ISO 9614
limits such situations by giving relevant criteria.
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Acoustics — Determination of sound power levels of noise
sources using sound intensity —

Part 3

Precision method for measurement by scanning
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5 part of ISO 9614 specifies a method for measuring the component/of sound intensity
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of ISO 9614 specifies certain ancillary procedures, described in annex C, to be followed ir
ound power determination. The'results are used to indicate the quality of the determination]
of accuracy. If the quality-efthe determination does not meet the requirements of this part

pf ISO 9614 is not-applicable to any frequency band in which the sound power of the source i

5 part of ISQ79614 is applicable to sources situated in any environment which is neither so
reduce the accuracy of the measurement of sound intensity to an unacceptable degree, nor
heasurement probe to gas flows of unacceptable speed or unsteadiness (see 5.2.2, 5.3 and 5
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In some

tases jt will be found that the test conditions are too adverse to allow the requirements o

this part of

ISO 9614 to be met. For example, extraneous noise levels can exceed the dynamic capability of the measuring
instrument or can vary to an excessive degree during the test. In such cases the method given in this part of

ISO 9614

is not suitable for the determination of the sound power level of the source.

2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of
this part of ISO 9614. For dated references, subsequent amendments to, or revisions of, any of these publications
do not apply. However, parties to agreements based on this part of ISO 9614 are encouraged to investigate the
possibility of applying the most recent editions of the normative documents indicated below. For undated
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references, the latest edition of the normative document referred to applies. Members of ISO and IEC maintain
registers of currently valid International Standards.

IEC 60651, Sound level meters
IEC 60942:1998, Electroacoustics — Sound calibrators
IEC 61260, Electroacoustics — Octave-band and fractional-octave-band filters

IEC 61043:1993, Electroacoustics — Instruments for the measurement of sound intensity — Measurements with
pairs of pressure sensing microphones

GUM:1993, [Guide to the expression of uncertainty in measurement. BIPM, IEC, IFCC, I1SO, IUPAC, IUPAP, OIML.

3 Termg and definitions

For the purppses of this part of ISO 9614, the following terms and definitions apply.

NOTE Symbols used in this part of ISO 9614 are listed in annex A. Definitions of field indicators are given in annex B.
31

sound prespgure level

Lp

ten times tHe logarithm to the base 10 of the ratio of the meanssquare sound pressure to the square of the
reference sdund pressure

NOTE 1 The reference sound pressure is 20 pPa.
NOTE 2  Spund pressure level is expressed in decibels.

3.2
instantanequs sound intensity

(1)
instantaneouys flow of sound energy per. it of area and per unit time in the direction of the local instantaneous
acoustic particle velocity

NOTE This is a vectorial quantity.which is equal to the product of the instantaneous sound pressure at a pojnt and the
associated pdrticle velocity

I(t) = pt)-u(z) (1)
where

p(?) is theCinstantaneous sound pressure at a point;

Z:(t) is the associated instantaneous particle velocity at the same point;

t istime.
3.3
sound intensity
I

time-averaged value of 7(¢) in a temporally stationary sound field

7= lim % I()Tf(t)dt 2)

T—w

2 © 1SO 2002 — All rights reserved
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where

NOTE

d

3.4

normal spund intensity

Iy

ISO 9614-3:2002(E)

is the integration period

Also

is the signed magnitude of 7 ; in this part of ISO 9614, the sign is chosen so that the energy flow going out of the

sound source through the measurement surface is measured positive;

is the unsigned magnitude of 7 .

component of sound intensity in the direction normal to a measurement surface defined by the-unit norimal vector #

I, =7

where n

3.5

normal spund intensity level

Ly

n

logarithmic measure of the unsigned value of the normal sound inténsity, |In| , given by
Ly

where I, i the reference sound intensity (=10~12W-m—2)

NOTE 1

NOTE 2

3.6 Sound powers

3.6.1

partial sqund power

P.

1

time-aver

S;

P =508,

Ini

s the unit normal vector directed out of the volume enclosed by the medasurement surface

| 101/
110ig"" dB

0

It is expressed in decibels.

When [ is negative, the levelis expressed as (—) XX dB, except when used in the evaluation of 517,0 (sd

!

e 3.10).

(©)

(4)

hged flewaOf sound energy per unit of time through a partial surface of a measurement surfacg, given by

(5)

is the signed magnitude of the partial surface average normal sound intensity measured on the partial

surface i of the measurement surface;

is the area of the partial surface i.

© I1SO 2002 — Al rights reserved
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NOTE 1

is calculated from the equation.

In; =1g

NOTE 2

1OXX/10

I,,; is calculated from the equation.

Tn: = 1105110

3.6.2

sound poer

P
total sound j

=1

ower generated by a source, as determined using the method given in this part of 1ISO 9614,

where N is the total number of partial surfaces of the measurement surface

When the averaged normal sound intensity level Z,n for a partial surface i is expressed as XX dB, the value of I_m

(6)

When the averaged normal sound intensity level L_In for a partial surface i is expressed as (—) XX dB, the value of

(7)

given by

(8)

logarithmic measure of the sound power generated by a source, as‘determined using this part of ISO 9614, given

)Igﬂ dB
Py

he reference sound power (= 10~12 W)

is expressed in decibels.

hen P is negative, the level is expressed as (—) XX dB for record purposes only.

sound power level

r level under(the reference meteorological condition (temperature @, =23 °C, barometrio

B 296,15

b Pa), given by
]ds

5|
€ 9{101325X273,15+9

is the air temperature, in degrees Celsius, during the actual measurement;
is the barometric pressure, in pascals, during the actual measurement.

See annex H.

3.6.3
sound power level
Ly
by

LW = 1
where P is
NOTE 1 It
NOTE 2 W
3.6.4
normalized
Ly
sound pows
By =101 324

LWO = A
where

o

B
NOTE
4

(9)

pressure

(10)

© 1SO 2002 — All rights reserved
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3.7 Surfaces

3.71

measurement surface

hypothetical surface on which intensity measurements are made, and which either completely encloses the sound
source under test or, in conjunction with an acoustically rigid continuous surface, encloses the sound source under
tests

NOTE In cases where the hypothetical surface is penetrated by bodies possessing solid surfaces, the measurement
surface terminates at the lines of intersection between the bodies and the surface.

3.7.2 J

partial surface
one of a det of smaller surfaces into which a measurement surface is divided and over which a¢partial $ound power
is obtainep

See Figure 1.
3.7.3

segment
one of a set of smaller surfaces into which a partial surface is divided

See Figure 2.
NOTE The idea of “segment” is introduced so that the scanning path and time are determined on a partial surface.
3.8

extraneous intensity
contributign to the sound intensity which arises from the @peration of sources external to the measurement surface
(source mechanisms operating outside the volume enclosed by the measurement surface)

3.9
probe
that part gf the intensity measurement system.which incorporates the sensors

3.10
pressuretresidual intensity index

&,

difference between the indicated L, and indicated L;; when the intensity probe is placed and oriented in a sound
field such|that the sound intensity is zero

Spro|=Ly—Lis (11)

plo

where L, is thelevel of residual intensity /;given by

L;s =101 MdB 12
15 g (12)
I

NOTE 1 It is expressed in decibels.

NOTE 2  Details for determining 5p]0 are given in IEC 61043.

3.1

dynamic capability index
Ly

index given by

© 1SO 2002 — Al rights reserved 5


https://standardsiso.com/api/?name=ea5402d3b6035b17e5455c2213a41964

ISO 9614-3:2002(E)

Ly=0p —K (13)

NOTE 1 It is expressed in decibels.

NOTE 2  The value of the bias error factor K is 10 dB for the measurement according to this part of 1ISO 9614. @710 is the
relevant value of the microphone separation used in the actual measurement.

3.12

stationary signal
signal whose time-averaged properties during a measurement on one partial surface of the measurement surface
are equal to those obtained on the same partial surface when the averaging period is extended over the total time
taken to medsure on all partial surfaces

3.13 Scanning

3.131
scan
continuous movement of an intensity probe along a specified path on a partial surface of '@ measurement gurface

3.13.2
scan-line dénsity
inverse of the average separation of adjacent scanning lines

3.13.3
scanning time

Ts

time spent f¢r one scan of a path defined on a partial surface

3.14 Instrumentation and data acquisition

3.141
instantanequs mode
real-time mqde of a measuring instrument that.continuously measures time-series of intensity and squafed sound
pressure angl stores one-third-octave bandintensity and squared sound pressure components

3.14.2
measurement interval
At
time interval|of a continuous serjes of short-time averaged intensity and pressure measurements

NOTE The time interval'is limited by the speed of the data processing and storage.

3.14.3
time-series [of intensity Ing and squared pressure pg

sequence ot-short-time n\/nrngnd infnncify and squared pressure values, sampled at discrete times dAf, where

g=1,2,3,..0

See Figure 3.

3.14.4

time-averaged sound intensity Em and squared pressure p,%

averaged sound intensity and squared pressure over the period [(m — 1)T, mT], m =1, 2, 3,... M, which are given,
respectively, by

6 © 1SO 2002 — All rights reserved
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N 1 mQ
Iny = 5 Inq (14)
q=(m-1)0+1
and
— 1 mQ )
Pm="> Py (15)
Q@m0+
ot pia b e oF ol oo o an 2 gyt foll vgithin tho noric
where Q ig-the-rumber-ef-vatues-ofHr —and—p—thatfal-within-the-perledfm—HFHmH
See Figure 3.
NOTE When evaluating Fr, the averaging intervals with period 7' may be separated from each other:

4 General requirements

4.1 Size of sound source under test

The size pf the sound source under test is unrestricted provided that<all‘Criteria specified in annex C @re satisfied.
The extert of the source is defined by the choice of the measurement.surface.

4.2 Character of sound radiated by the source

The signdl shall be stationary over time, as defined in 3#2. Actions should be taken to avoid measur¢ment during
times of pperation of non-stationary extraneous noise sources of which the occurrences are predictable (see
Table C.1)).

4.3 Mepsurement uncertainty

The valud of the sound power level of @.sound source determined by a single application of the procedures of this
part of ISQ 9614 is likely to differ from_the true value. The actual difference cannot be evaluated accurately, but the
confidence that the value of sound‘power level determined lies within a certain range around the true yalue can be
stated, on the assumption that\the values determined by numerous applications of the procedure gre normally
distributed about the true value. Where repeated applications are made to a source located at a giyven test site
under nopninally identical~test conditions, using the same test procedures and instrumentation, the values so
determingd constitute thevdata set which statistically describes the repeatability of the determinatior). Where the
values ar¢ determined~from tests conforming to this part of ISO 9614 made on the given source at different test
sites using physically different instruments, the data set so obtained statistically describes the reprodugibility of the
determingtion. Reproducibility is affected by variations in experimental technique and in environmental conditions at
the test sites’"\The standard deviations do not account for variations of sound power output caused by changes in
operating|conditions of a source (e.g. rotational speed, line voltage) or mounting conditions.

Estimated upper values of the standard deviations of reproducibility of sound power levels determined in
accordance with this part of 1ISO 9614 are given in Table 1. The figures take into account random deviations
associated with the measurement procedure as well as tolerances in the instrument performance specified in
IEC 61043 but exclude the effects of variation in source installation, mounting and operating conditions. Unless
more specific knowledge of relevant sources of uncertainty is available, the expanded measurement uncertainty for
a coverage probability of 95 % as defined in the GUM shall be stated to be two times the standard deviation of
reproducibility given in Table 1.

The uncertainty in determination of the sound power level of a sound source is related to the nature of the sound
field of the source, the nature of the extraneous sound field, the absorption of the source under test, and the form of
the intensity field sampling and measurement procedure employed. For this reason this part of ISO 9614 specifies
initial procedures for the evaluation of indicators of the nature of the sound field which exists in the region of the

© 1SO 2002 — Al rights reserved 7
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proposed measurement surface (see annex B). The results of this initial test are used to select an appropriate
course of action according to Table C.1.

Below 50 Hz there are insufficient data on which to base uncertainty values. For the purposes of this part of
ISO 9614, the normal range for A-weighted data is covered by the one-third-octave bands from 50 Hz to 6,3 kHz.
The A-weighted value which is computed from one-third-octave band levels in the range 50 Hz to 6,3 kHz is correct
if there are no significantly high levels in the bands 31 Hz to 40 Hz and 8 kHz to 10 kHz. For the purposes of this
assessment, significant levels are band levels which after A-weighting are no more than 6 dB below the A-weighted
value computed. If A-weighted measurements and associated sound power level determinations are made in a
more restricted frequency range, this range shall be stated in accordance with 10 b). If only an A-weighted
determination is required, any single A-weighted band level of 10 dB or more below the highest A-weighted band
level may bemregtected—twoormoreband—evets—appear-insignificantthey may benegtected-ifthetevel of the
sum of the A-weighted sound powers in these bands is 10 dB or more below the highest A-weighted-band level. If
only an A-wegighted overall sound power level is required, the uncertainty of determination of the sound ppwer level
in any band jn which it is 10 dB or more below the overall weighted level, is irrelevant.

Table 1 + Estimated upper values of the standard deviations of reproducibility of sound power|levels
determined in accordance with this part of ISO 9614

One-third-octave band Upper values of standard deviation of
centre frequencies reproducibility
Hz dB
50 to 160 2,0
200 to 315 1,5
400 to 5 000 1,0
6 300 2,0
A-weighted 2 1,0b
P Calculated from one-third-gCtave bands from 50 Hz to 6,3 kHz.
P Applicable to a sourcelwhich emits sound with a relatively “flat” spectrum in the frequency range 50 Hz to
5,3 kHz in the one-third-oetave band.

NOTE 1 flcertain operatives use similar facilities and instrumentation, the results of sound power determinationsfon a given
source at a gipen site are likely to exhibit smaller standard deviations than those indicated in Table 1.

NOTE 2 Fpr alparticular family of sound sources of similar size with similar sound power spectra operating in similar

environmenta] ¢enditions, and measured according to a specific test code, the standard deviations of reproducibility fre likely to
be less than mm—smmmmmmmmme-dt T i - TSt izati i scribed in

ISO 7574-4.

NOTE 3  The procedures of this part of 1ISO 9614 and the standard deviations stated in Table 1 are applicable to
measurements on a given source. Characterization of the sound power levels of a batch of sources of the same family or type
involves the use of random sampling techniques in which confidence intervals are specified, and the results are expressed in
terms of statistical upper limits. In applying these techniques, the total standard deviation is either known or estimated, including
the standard deviation of production, which is a measure of the variation in sound power output between individual machines
within the batch, as defined in ISO 7574-1.

8 © 1SO 2002 — All rights reserved
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5 Acoustic environment

5.1 Criteria for adequacy of the test environment
The test environment shall be such that the principle upon which sound intensity measured by the particular

instrument employed, as given in IEC 61043, is validated. In addition, it shall satisfy the requirements stated in 5.2
to 5.5.

5.2 Extraneous intensity

5.2.1 Ldvel of extraneous intensity

The levell of extraneous intensity shall be minimized so that it does not unacceptably reduce njeasurement
accuracy [see C.1.4).

NOTE If substantial quantities of absorbing material are part of the source under test, high levels of extrangous intensity
can lead tq an underestimate of the sound power. Annex E gives indications of how to evaluate the resulting error in the special
case wherg¢ the source under test can be switched off.

5.2.2 Variability of extraneous intensity
The variapility of the extraneous intensity during the measurement period ‘shall be avoided by appropriate actions
prior to the test (e.g. disabling automatically switched sources of éxtraneous noise which are not|essential to

source operation; making plant operators aware of the problem) and by the selection of appropriate periods of
measurement.

5.3 Wind and gas flows
A probe Windscreen may be used in cases where fluid-flow is present on the measurement surface. [Do not make
measurements when wind or gas flow conditions<in’ the vicinity of the intensity probe contravene the limits for
satisfactofy performance of the measurement system, as specified by the manufacturer. If there is a wind flow, the
maximum| speed relative to the probe shall net:‘éxceed 1 m/s.

Annex D glescribes the adverse effects.of\flow and turbulence on sound intensity measurement.

5.4 Temperature

The probe shall not be placed.closer than 20 mm to bodies having a temperature different from that of| the ambient
air.

NOTE The exposureTof the probe to temperature gradients along the probe axis can produce time-dependgnt, differential
modificatiops to the responses of the two microphones which introduce bias errors into the intensity estimates.

5.5 Configuration of the surroundings

The configuration of the test surroundings shall remain unchanged during the performance of a test with the
exception of the location of the person holding the probe; this is particularly important if the source emits sound of a
tonal nature. Cases where variation in the test surroundings during a test is unavoidable shall be reported. Ensure,
as far as possible, that the operator does not stand in a position on, or close to, the axis of the probe during the
period of measurement on any surface. If practicable, any extraneous objects shall be removed from the vicinity of
the source.

5.6 Atmospheric conditions

Air pressure and temperature affect air density and speed of sound. Effects of these quantities on instrument
calibration shall be ascertained and appropriate corrections shall be made to indicated intensities (see IEC 61043).

© 1SO 2002 — Al rights reserved 9
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6 Instrumentation

6.1 General

A class 1 sound intensity measurement instrument and probe that meet the requirements of the IEC 61043:1993
shall be used. Adjust the intensity measurement instrument to allow for ambient air pressure and temperature in
accordance with IEC 61043. Record the pressure-residual intensity index of the instrument used for
measurements, as defined by IEC 61043, for each frequency band of measurement.

The instrument shall have the capability of capturing time-series of intensity and squared pressure and

time-averag

d intensity and squared pressure (see 3.14, 6.3 and Figure 3)

6.2 Calib

6.2.1

Verify the G
laboratory n
calibrator is

To check t
field-check
and 6.2.3 to

ration and field check

Compplete instrumentation

pmpliance of the instrument including the probe with IEC 61043 either @t least once a
Lised before each sound power determination. Report the results in accerdance with 10 d).

ne instrumentation for proper operation prior to each series’ of“measurements, either
rocedure specified by the manufacturer, or, if no field check is specified, apply the procedu

6.2.2 Sound pressure level

Determine t
calibrator in

6.2.3 Inter

Place the in
where the o

ne pressure sensitivity of each microphone of the ‘intensity probe using a class 0 or 1 or|
pccordance with IEC 60942:1998.

sity

ensity probe on the measurement surface, with the axis oriented normal to the surface, at
erall linear intensity is higher than the surface average. Measure the normal sound intensity

frequency bands in which the determinatienis to be made. Rotate the intensity probe through 180° abg

normal to th
Measure the
probe. For t

b measurement axis and place'it with its acoustic centre in the same position as the first mea
intensity again. Mount the’intensity probe on a stand to retain the same position upon rota

signs and the difference between’ the two sound intensity levels shall be less than 1,0 dB in all ban

measuring €

6.3 Time

The instruni
continuously

quipment to be acCeptable.

series of.sound intensity and sound pressure

ent,shall be able to capture time-series of sound intensity and squared sound pres
at least for more than the required scanning time 7T and the required time period in order to

the tempora

year in a

aking calibrations in accordance with appropriate standards, or at least gvery 2 years if an intensity

apply the
ein 6.2.2

indicate anomalies within the measuring system that may have occurred during transportation, etc.

OL or 1L

a position
evel in all
ut an axis
surement.
lion of the

he maximum band level measured in one-third-octave bands, the two values of I, shall haveg opposite

s for the

sure data
Hetermine

\/nrinhilify indicator F’I ar\r\nrding t0 83 2 The measurement interval A+ shall be nqn:\l ifaWal:

less than

0,5s. If an FFT type analyser is used as an instrument, it shall be able to capture the data with the Hanning

window and

7 Install

7.1 Gene

with at least 30 % overlap (see Figure 3 and annex G).

ation and operation of the source

ral

Mount the source, or place it as stated in a noise test code for the particular type of machinery or equipment or, if
no such noise test code exists, in a proper way representative of normal use. Ensure that possible sources of

variability in

10

the source/extraneous source/test environment are identified.
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7.2 Operating conditions of the source under test

Use the operating conditions specified in the appropriate noise test code. If there is no such code, select the
appropriate conditions from the following:

a) device under specified load and operating conditions;

b) device under full load (if different from above);

¢) device under no load (idling);

d) device under operating conditions corresponding to maximum sound representative of normal use
e) device with simulated load operating under carefully defined conditions;

f)  device operating condition with characteristic work cycle.

8 Measurement of normal sound intensity component levels

8.1 Determination of measurement surface

The meapurement surface shall be defined around the source under’test. When the scanning i

manually,

rectangular (see Figure 1). The minimum distance between the partial surface and the surface of the s
test shall pe greater than or equal to 0,25 m unless that surfaceZs on a component which can be show
radiate ap insignificant proportion of the sound power of’the source under test. The chosen

incorpora]
concrete

the areas
to equatio

the measurement surface should preferably be a parallelepiped and each partial surfa

e areas which are non-absorbent (diffuse-field-§ound absorption coefficient less than 0,06
loor or masonry wall, where convenient. Intensity measurements shall not be made on such
of such non-absorbent surfaces shall not be included in the evaluation of source sound pow
n (5) (see 3.6.1).

| e

5 performed
ce shall be
ource under
n, by test, to
surface may
, such as a
surfaces and
er according

~

Key

1-5 Partial surface number

Figure 1 — Example of measurement surface (parallelepiped) and partial surfaces (rectangular)

8.2 Determination of scanning paths and segments

The basic element of a scanning path is a single straight line. The scanning path shall be such that it provides
uniform coverage of each partial surface at a uniform speed. Carry out the scan either manually or by means of a
mechanized traversing system. The extraneous intensity generated by this mechanism as measured by the probe

©1S0 2002
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shall be demonstrably at least 20 dB lower than that emitted by the source under test on the measurement surface.
Move the intensity probe continuously along specified paths on each partial surface. Perform the scanning
operation in such a manner that the axis of the probe is maintained perpendicular to the measurement surface at
all times, and that the speed of movement of the probe is uniform. Certain areas such as cracks or openings can
be highly significant in terms of the sound radiated, and shall be treated with special care in selecting the partial
measurement surfaces to be used.

Ax

Key
1,2 Scann|ng paths
3 Segmgnts

NOTE In this case, the number of segments N is 20!

Figure 2 — Examples of two orthogonal scanning paths on a rectangular partial surface

This part of [SO 9614 employs a methad that uses one of two orthogonal scanning paths on each partial surface.
Before deteqmining a scanning path; divide the partial surface into segments such as shown in Figure 2] The ratio
of Ax and Ay} shall satisfy 0,83 <‘x/Ay < 1,2. The larger one of the two sides of the segment shall be lesg than half
of the minimum distance between the partial surface and the surface of the source under test. For fthe entire
measurement surface, the.area ratio of the largest segment to the smallest one shall be smaller than dr equal to
1,5. The starting and finishing points of the scanning path are shown by numbers 1 and 2, respectively (1 and 2
may be revdrsed). Atdhe corners of the scanning pattern, the lines may be curved slightly in order to mgke it easy
to keep the $canning-speed as constant as possible.

8.3 Measurements

8.3.1 General procedure

The procedure for achieving the desired grade of accuracy is presented in annex C and the summary of this
procedure is shown in Figure C.1. One of the two orthogonal paths shown in Figure 2 for each partial surface is
used in this part of ISO 9614. For a chosen scanning path on a partial surface, the scan is performed twice. Two
normal intensity levels averaged over the scanning time T, for each partial surface are compared and if the
difference is within a tolerance (criterion 1), those two intensity levels are temporarily adopted as the average
normal intensity level for that partial surface. After finishing measurements for all partial surfaces, criteria 2 to 5 are
checked for the measurement surface and, if they are satisfied, intensity levels obtained for each partial surface are
used to determine the sound power of the source.
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In the case of the determination of A-weighted sound power level, it is not necessary for criteria 1 to 5 to be

satisfied if the level of the sum of the A-weighted sound powers in those bands is 10 dB or more below the highest
A-weighted band level [see 4.3 and 10f) 2)].

8.3.2 Test of the temporal variability of the sound field and the determination of the scanning time

Choose an appropriate measurement position with a high intensity level on the measurement surface for
assessment of whether the sound field is stationary or not. Set the measuring instrumentation to “instantaneous
mode” and_record the time-series of sound intensity 7, for more than 100 s. Calculate time-averaged sound
intensities 7,,,, m=1, 2, 3, .... M over the period T (see Igigure 3). The value of T shall be equal to or greater than
1,0 s and_M will normally take a value of 10. The averaging periods may be separated from each other. Then,

calculate [the temporal variability indicator for various values of 7' with an increment of 0,5s orysmaller using
equation (B.1), and find the averaging time Tr. <06 that satisfies F < 0,6 for each one-third-octaye\bard.
7, 7 P P,
e e0000e 000000 |
/n1 /n2 /nm /nM
A A
At
Tttt <t 1711 Time
P P, P, Pa
1, 1o Ing Ing
T T
a)-- Direct method
re 2 2 2z
1 P P Pm
— ~ ° eeeooee XXX X1 B
It In2 Inm Inm
A A
At
| | | | | 1 | | | | | Time
,021 P22 qu P2Q
{4 In2 Ing Ing
T T

b) FFT method

Figure 3 — Calculation of time-averaged sound intensity Em and squared sound pressure p,% ,m=1,2,3,
... M with the averaging period 7 from the measurement of time-series of sound intensity Iho and squared

sound pressure pé
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The scanning time T for each scan shall be equal to or greater than the maximum value among those of N TF 06
for individual one- thlrd octave bands, where N is the number of segments on a partial surface. If T determlned as
above is not practicable as the minimum value for the scanning time, then take action as given in Table C.1.

The scanning speed shall not exceed 0,5 m/s for a manual scanning (see 5.3). For an automated scanning by a
traversing system, the scanning speed may be arbitrary provided that the requirements for the scanning time and
the noise level generated by the traversing system are satisfied.

8.3.3 Measurement of intensities and pressures on a partial surface and check of repeatability of the scan

Make two separate scans on the same scanning path with scanning time 7 and record time-series of intensities

and squared sound pressures twice. The actual scanning time 7" shall be within =20 % of the desired scanning
time Ts. If ngt, discard the data and make another measurement. For each scan, obtain intensity levels”; () and
Ly (2) averaged over the scanning time 7'. Evaluate |L; (1) —L; (2)| for all frequency bands of measurgment and
introduce vajues into criterion 1 given in C.1.2.

If this criterign is satisfied for the two scans, record the averaged normal intensity levels for-all frequency bands of
measurement:

I :1)Ig{ (10L’n“>”°+1oL’n<2>”°ﬂ dB (16)
Also, if critefion 1 is satisfied, obtain time-averaged intensities and sqdared sound pressures that corrgspond to
each segmgnt on the partial surface. At first, obtain time-averaged intensities and squared sound pregsures for
each segmgnt and for each scan following the procedure described in annex G. Then take averageg for each
segment for [the two scans. These data will be used for the calculation of the field non-uniformity indicator |Fs.

In cases where criterion 1 is not satisfied, attempt to identify:'the causes of the difference and suppresg them by
taking actior] as given in Table C.1.

8.3.4 Evalpation of the instrument capability

Evaluate thg signed pressure-intensity indicator”#',; - for the whole measurement surface for all frequency bands
of measurement according to equation (B.6)\and introduce the value into criterion 2 given in C.1.4. If this ¢riterion is
not satisfied| take action as given in Table)C.1.

8.3.5 Evalpation of the presence of strong extraneous noise

Evaluate the¢ unsigned pressure-intensity indicator Fpr| for the whole measurement surface for all frequency
bands of mgasurement dccording to equation (B.3) and introduce the value together with Fpy, into criterion 3 as
given in C.1J5. If this criterion is not satisfied, take action as given in Table C.1.

8.3.6 Evalpation of the effect of field non-uniformity

Evaluate field non-uniformity indicator Fg over the whole measurement surface for all frequency bands of
measurement according to equation (B.8) and introduce into criterion 4 as given in C.1.6.1. If this criterion is not
satisfied, take action as given in Table C.1.

8.4 Further actions

If criteria 1 to 4 are satisfied in each frequency band for the measurement surface, the initial sound power
determination is qualified as a final result according to the following section. Otherwise, take appropriate actions
according to C.2 and measure the normal sound intensity component levels and associated sound pressure levels
using the modified measurement configuration. Recalculate indicators F, F Fpr. and Fg and assess
according to C.1. Take actions according to C.2. Repeat this procedure until t e cr|ter|a according to C.1 are
fulfilled.
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There are cases where criteria 1 to 3 are satisfied but criterion 4 is not. In these cases, the scanning density should
be increased by a factor of 2 or more. If the ratio of the field non-uniformity indicators of the previous measurement
to the present measurement satisfies criterion 5 (see C.1.6.2), it is considered that the present scanning density is
adequate and the measured average intensity levels for each partial surface may be used to calculate the radiated

power.

If the ratio of the field non-uniformity indicators of the previous measurement Fg(y) to the present measurement
Fg(2) does not satisfy criterion 5, the scanning density should be increased more.

In cases where repeated actions including the increase of scanning density fail to satisfy the specified criteria,
record a null test result and state the associated reasons, or use ISO 9614-2 and obtain radiated power with the

grade of €

naineering or survey
~7J ~J 7

9 Dete

9.1 Calculation of partial sound powers for each partial surface of the measurement s

Calculate
equation

9.2 Calculation of normalized sound power level

Calculate
equations

If the sou
to that ba

irmination of sound power level

a partial sound power in each frequency band for each partial surface(of, the measuremer
5).

the sound power level of the sound source under test;\dy, in each frequency band
(8) and (9). Then calculate the normalized sound power level according to equation (10).

nd power P is negative in any frequency band, the method given in this part of ISO 9614 is n
nd.

the value
The weig

10 Info

Where thI A-weighted sound power level is to be determined, the averaged normal sound intensity le

The follo

according
a) Test
1) ¢
b) Soun
1) t
2)

urface

t surface by

bccording to
bt applicable

els L; are

of the measured one-third-octave band levels with applied frequency weighting according t¢ IEC 60651.

ting factors of IEC 60651 shall be appliéd at normal centre frequencies according to IEC 612

rmation to be recorded

to this part of ISO 9614.

ate and location oftest.

d source-under test

yPe;

cchinical data;

GO0.

ving information, if applicable, shall be compiled and reported for all measurements that are made

3) dimensions;

4) manufacturer;

5) machine serial number;

6) year of manufacture;

7) description of the source under test (including its major dimensions and surface texture);

8) qualitative description of the character of the source under test, including tonal or cyclic character and
variability;

9) mounting conditions;

10) operating conditions.
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c)

d)

16

Acoustic environment

1)

2)
3)
4)

5)

Instrumentation

1) eqdipment used for measurements, including names, types, serial numbers/and manufacturers
corjfiguration;
2) method(s) used for checking calibration and field performance;

3) pla

4) form of windscreen used;

5) the

Measunement procedure

1) dedcription of the mounting, or support system, of the scanning mechanism, and of the intensity

2) deqcription of the scan including geometry and speed;

description of the test environment:

if indoors, a description of the geometry and nature of the enclosure surfaces,

if outdoors, a sketch showing the surrounding terrain, including physical description o
environment;

air temperature in degrees Celsius, barometric pressure in pascals, and relative humidity;

f the test

H | <l U H ' | 1 4
rnedir wilnu oyt TuU ariud UircUuult, WliciT TTITVdII,

minimize the effect of extraneous intensity and/or excessive reverberation;

ualitative description of any gas/air flows and unsteadiness.

ces and dates of calibration and verification of test equipment;

pressure-residual intensity index in accordance with IEC 61043.

Bny source of variability in the test environment; description of any devices/procedures taken to

and probe

brobe;

3) qugntitative description of the~measurement surface, partial surfaces and their segment nymbers; a

dra
4) scqg
5) deqd
Acoust
1) tab

det]

wing of the scanning pathis shall be presented;

nning time on each partial surface;

cription of any stgps found necessary to improve measurement accuracy.

cal data

ilation~of the field indicators Fq, Fplral Fpra» and Fg in each frequency band of sou

ermination, calculated from each set of measurements on each partial surface used;

nd power

2) tabular presentation of the calculated value of normalized sound power level of the sound source under
test in all frequency bands used; where an A-weighted sound power level determination is to be made, the
contribution of frequency bands in which criteria 1 to 4 or criteria 1 to 3 and 5 are not satisfied shall be
omitted from the determination and a statement to this effect shall be made, unless their contributions may

be

3) pre

neglected according to 4.3;

sentation of the results of the probe-reversal field checks specified in 6.2.3, if appropriate;

4) measurement uncertainty.
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List of symbols used in this part of ISO 9614

Symbol Term Unit Cited in
p(r)  |instantaneous sound pressure Pa 3.2
u(t) [instantaneous particle velocity m/s 3.2

Yol density of the air kg/m3 Annex H
c speed of sound m/s Annex H
pc characteristic impedance of air Pa-s/m Annex H
0 air temperature °C 3.6.4, annex H
B barometric pressure Pa 3.6.4, annex H

t time S 3.2

At measurement interval S 3.14.2
T scanning time s 3.13.3,6.3
P unit normal vector directed out of the volume enclosed by the measurement . 34

surface

S; area of the partial surface i m?2 3.6.1
Ny number of segments on a partial surface — 8.3.2

N total number of segments on the. measurement surface — B.2.2
p§ time-series of squared pressure, where g =1, 2, 3,...0 Pa? 3.14.3
E time-averaged squared pressure, where m=1, 2, 3,..M Pa2 3.14.4
p_JZ- time-averageddquared pressure measured on each segment Pa? B.2.2
Py reference€ sound pressure (= 20 yPa) Pa B.2.2
I(r) [instantaneous sound intensity W/m?2 3.2

I sound-intensity WHM 3.3

I signed magnitude of 1 W/m?2 3.3

7 |unsigned magnitude of 7 W/m?2 3.3

I, normal sound intensity W/m?2 3.4

Iy |reference sound intensity (=10-12\W-m-2) W/m?2 3.5
E signed magnitude of_ the partial‘ surface average normal sound intensity W/im?2 361

i measured on the partial surface i of the measurement surface
I,  |time-series of intensity, where ¢ =1, 2, 3,...0 W/m?2 3.14.3

© I1SO 2002 — Al rights reserved

17


https://standardsiso.com/api/?name=ea5402d3b6035b17e5455c2213a41964

ISO 9614-3:2002(E)

Symbol Term Unit Cited in
am time-averaged sound intensity, where m=1, 2, 3,..M W/m?2 3.14.4
‘a‘] tsirengen-qaeﬁraged unsigned normal sound intensity measured on each W/m?2 B22
I_nj time-averaged signed normal sound intensity measured on each segment W/m?2 B.2.3

L, |sound pressure level dB 3.1
L, |aferaged sound pressure level dB B.p.2
L, |ngrmal sound intensity level dB 35
Z[n averaged signed normal sound intensity level dB 3.6.1]B.2.3
L;s |leyel of residual intensity / dB 3j10
P; pdrtial sound power w 3.5.1
P sdund power w 3.6.2
Py | reference sound power (=10-12W) W 36.3
Ly |sdund power level dB 3.6.3
Lyo | ngrmalized sound power level dB 3.p4
O p1y | pressure-residual intensity index dB 3110
Ly dynamic capability index dB 311
K bi@s error factor dB 311
Fy temporal variability indicator - B.p.1
Fp\ln\ urjsigned pressure-intensity indicator dB B.p.2
Fyr, | signed pressure-intensity indicator dB B.p.3
Fg figld non-uniformitydndicator - B.p.4
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Annex B
(normative)

Calculation of field indicators

B.1 General

Evaluate
the meas
of sound
instrumen

B.2 Definition of field indicators

B.2.1 Te

Evaluate
the meas
over the (

Fr o

where K

il

By varyin
determing
number g
conseculti

NOTE

Irement surface according to equations (B.1) to (B.9) in each frequency band used for'the
power level. These indicators are obtained from time-series of data by setting’ the
t in the instantaneous mode (see 3.14.1).

mporal variability indicator, Fy

b value of the temporal variability indicator, Fy, of the sound-field at an appropriate position
pirement surface. Record the time-series of intensity data’/,, and obtain time-averaged intg

eriod T (see 8.3). Then, calculate F from equation (B):

11 ¥ - —,
— —>Upn, -1n)

[n \/M -1 ’; nm n

is the average value of Em ,m=(1,2, 3, ... M calculated from equation (B.2):

1 i—

Inm

M m=1
h the averaging period 7, a time that satisfies Fr < 0,6 is obtained. This value, Tr <6, Wi

the minimum?*value of the scanning time T (7 = Ng'Tr, < 0,6) for a partial surface, whe
f segmentsof the partial surface. M will normally take a value of 10. For the evaluatio

Ve intervals/with period 7 for /,,, and K(mﬂ) shall have no overlap and may be separated.

Thiessymbol F; is used for F1in ISO 9614-1 (see annex |).

he field indicator F at a point on the measurement surface and the indicators Fp\fn\’ Fyi/jand Fg over

termination
easurement

selected on
nsities I,

(B.1)

(B.2)

| be used to
re Ng is the
n of Fq, two

B.2.2 Unsigned pressure-intensity indicator, Fp‘ln‘

Calculate the unsigned pressure-intensity indicator, Fp\ln\ , for the measurement surface from equation (B.3):

FP‘In

‘:Zp —Z‘]

|

where Z,, is the averaged sound pressure level, in decibels, calculated from equation (B.4):
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I,=10ig %ip_f/pg dB (B.4)
j=1
where
p_j is the time-averaged squared pressure measured on each segment;
Po is the reference sound pressure (= 20 yPa);
N is the total number of segments on the measurement surface.

Z\In\ is the gverage unsigned normal sound intensity level, in decibels, calculated from equatiom(B'5):
_ A
Ly, =101 NZ‘In‘j /I, | dB (B.5)
j=1

where ‘K‘ is the time-averaged unsigned normal sound intensity measured.on each segment.

J

NOTE 1 The unsigned pressure-intensity indicator, Fp‘ln‘ , is called the surface pressure-intensity indicator, F,, in SO 9614-1
(see annex )

NOTE 2  Although areas of segments for each partial surface can differ by at most 50 % (see 8.2), the effect of thi§ difference
is neglected in applying equations (B.3), (B.4) and (B.5). The sameidea is also applied in B.2.3 and B.2.4.

NOTE 3 | applying equations (B.3), (B.4) and (B.5), the(total number of segments is considered to be 2N because of the
repetition of span on each partial surface.

B.2.3 Signed pressure-intensity indicator, Fpr,

Calculate the signed pressure-intensity indicator, £, . for the measurement surface from equation (B.6):

Fo =lL,—Li, (B.6)
where
Zp is the averaged sound pressure level, in decibels, calculated from equation (B.4);

Z,n is’the averaged signed normal sound intensity level, in decibels, calculated from equation (B/7):

_ 1Y, —
L; =10lg WZI,,]. /1,| dB (B.7)
j=1

where Ej is the time-averaged signed normal sound intensity measured on each segment.

NOTE 1 The signed pressure-intensity indicator ', is called the negative partial power indicator F3 in ISO 9614-1. This
indicator is equivalent to the sound field pressure-intensity indicator F, specified in ISO 9614-2 in the special case of uniform
segment area.
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NOTE 2 For, —Fp‘ln‘ is equivalent to the negative partial power indicator F,,_ specified in ISO 9614-2 in the special case
of uniform segment area.

B.2.4 Field non-uniformity indicator, Fg

Calculate the field non-uniformity indicator, Fg, for the measurement surface from equation (B.8):

Fg=— Li(ﬁ- ~1p)? (B.8)
I, N—1].:1 /
where
— 1 &—
I, = sz_;lnj (B.9)

NOTE The symbol F, is used for Fg in ISO 9614-1.
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C.1 Quali

Annex C
(normative)

Procedure for achieving the desired accuracy

fication requirements

C.1.1 Gen

In the appli
measureme

levels determined, it is necessary to check the adequacy of the instrumentation and of the chosen mez

parameters
particular to

The general

C.1.2 Che

An averagin
value of T
Table C.1.

C.1.3 Che

The scan is
each freque

Criterign 1

L1(1)

where L In(1

bral

cation of this part of ISO 9614, the sound field conditions at measurement positions on
t surface can vary widely. In order to guarantee upper limits for uncertaintie$,.0f the sol

(e.g. measurement surface, distance, path) in relation to the sound field/environmental
the specific measurement.

procedure is summarized in Figure C.1.

ck for the adequacy of the averaging time

hall be equal to or greater than Ng-Tr g . If this cendition is not practicable, take action &

Ck for the repeatability of the scan on a‘partial surface

repeated on each partial surface using-the same scanning path and the averaged intensit
ncy band of measurement shall be/within the allowed tolerance:

S
_Lln(z) SE

and Z[n(Z) are)the normal intensity levels obtained by two scans, and s is the uncertaint

the initial
nd power
surement
conditions

p time T that satisfies /'t < 0,6 (expressed as Tr, < o) is\used to determine the scanning time 7. The

s given in

levels in

(C.1)

y given in

ator, Fp -

Table 1. If this criterion is'not satisfied, take action as given in Table C.1 (see Figure C.1).
C.1.4 Check for the adequacy of the measurement equipment
The dynamig “Capability index L, of the measurement instrumentation shall be greater than the indig
determined in accordance with annex B in each frequency band of measurement:
Criterion 2
Lyg=Fpp,

(C.2)

If a chosen measurement surface does not satisfy criterion 2, take action as given in Table C.1 (see Figure C.1).
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C.1.5 Check for the presence of strong extraneous noise

(C.3)

Compare Fp‘ln‘ and F,; , and check if the following condition is satisfied for each frequency band of
measurement:

Criterion 3

FPIn _FP‘I n‘ <3

If this criterion is not satisfied, take action as given in Table C.1 to reduce the effect of the extraneous noise (see

Figure C.

)-

C.1.6 Check for the field non-uniformity

C.1.6.1

Calculate

Initial check for the field non-uniformity

satisfied in each frequency band of measurement:

Criterion 4
Fs g2
If all prev|ous criteria are satisfied and if this criterion is not satisfied, take action as given in Table Q
the effect|of the field non-uniformity (see Figure C.1).
C.1.6.2 |Check for the adequacy of the scan-line density
If the scan density is increased by a factor of 2 or-more on the same partial surface, compare the
previous fjeld indicators and check if the following‘condition is satisfied in each frequency band of meas
Criterion 5
0,83 Fg(1)/ Fg2) <12

If criterion

5 is satisfied, the resuitis qualified as the final result even if Fig(5) > 2.

C.2 Acflion to beitaken to increase the grade of accuracy of determination

In case w
accuracy

here criteria 1 to 5 are not satisfied, take actions as given in Table C.1 for each condition to
bf determination of sound power level under test (see Figure C.1).

the field non-uniformity indicator Fg for the measurement surface, and check if the following

condition is

(C.4)

.1 to reduce

present and
urement:

increase the
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Table C.1 — Actions to be taken to increase accuracy of determination of sound power level

Condition Action code Action
If T, is not practicable A Increase the scanning time, and/or reduce the temporal variability of
extraneous intensity, or measure during periods of less variability.
Criterion 1 B Modify the scanning speed, time, and/or path.
If Z]n(1)—z1n(2) >s/2
and/or
Modify partial surfaces and/or measurement surface.
Criterion 2 D In the presence of significant extraneous noisé \andfor strong
f L. <F reverberation, reduce the average distance of.the mepsurement
d pln surface from the source to a minimum average value of 0,25 m. In the
absence of significant extraneous noise and/or. strong reverberation,
increase the average distance to a maximUm of 1 m.
or
Shield the measurement surface from extraneous noise [source or
E take action to reduce soundeflections to the source.
Criterion 3 D
If Fpln _Fp‘l n‘ >3
or Same actions as’for criterion 2).
E
Criterion 4 F Inctease the average distance of the partial surface from the source.
IfFg>2
or
G Increase the scanning density.
Criterion 5
If Fgiqy/ Fgol) <0,83
S8 G Increase the scanning density.
or FS(1)/FS(.) > 1,2
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Evaluate the temporal variability
indicator and determine

TFT <0,6

Define the measurement surface,
partial surfaces and scanning path

ISO 9614-3:2002(E)

Choose one partial surface |
Dgtermine the scanning time
s=Ns- TFT<0,6
/ . No
<] s Ts praticable? | Take action Al |——
Y
Perform two scans I
Yes
Criteriof 1 I Take action B
e e No
< |L/n(1)_L/n(2) <s
[ -
For all partial | Take action C |—>
surfaces
Criterio
No
< Ly=Fpon I Take action D of E |—>
Yes
Criterion 3
No
<l Fpm —Foip =3  Take action D orlE |——
Scanning Yes
< already increased? ‘
CI |tc| ;UI 1 5
0,83 < Fg/Fsp<T, Take action G ——=
Criterion 4 v
No es

ITake action For G |7

Final result

Figure C.1 — Scheme for achieving the desired accuracy
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Annex D
(informative)

Effects of airflow on measurement of sound intensity

Sound intensity probes are sometimes exposed to airflow during the process of measurement, for example in
windy outdoor conditions, or near flows generated by cooling fans. In principle, the theoretical basis of intensity

measureme

t is invalid in the presence of steady fluid flow _however, the errors are negligible in low Mac

number

flow (Ma <0
unsteady air

Turbulence

itself. The flilid momentum fluctuations inherent in turbulence are associated with fluctuating\pressures;

non-acoustig

however, registered by any pressure-sensitive transducer exposed to the flow, and the resulting signals

distinguishe
mean (time-|
than typical
exceed thos|
sound fieldg
presence Of
However, tu
fans and bilq
throttling, by
measureme
probe winds|
of windscreq
measured wi

The functior
Because of
the outer su
pressure trg
discriminatig

It should be
fluctuations
small-scale,
tends to fall
likely to be t

,05), except in highly reactive fields. More serious errors are likely to be caused by the
flow (turbulence).

may exist in the flow impinging on a probe, and it may also be caused by the presence of
and are not normally correlated to the pressure fluctuations due to any sound-field present.

I from those caused by acoustic pressures. Turbulence is convected at.a speed close to t
pverage) flow, and contains eddies (regions of correlated motion), whieh are generally mug

effects of

he probe
these are
They are,
cannot be
hat of the
h smaller

audio-frequency wavelengths, with the result that spatial pressure gradients in turbulence can greatly

e in sound waves. Hence the associated particle velocities can.considerably exceed those
. The result is that strong pseudo-intensity signals can be“generated. Turbulence causs
the intensity probe may be effectively suppressed by.the careful use of a suitable wi
bulent eddies (not caused by the probe) can exist in windflows and in the flow generated |
wers. The mean (or time averaged) flow produced by‘a fan can be effectively reduced t
t this may by no means suppress turbulent pressure fluctuation which will still be measy
nt surface near to the fan or blower which may be\extremely difficult or impossible to suppres
creen. Extreme care should be taken in making ;sound power measurement of fans and bloy
ns will be essential and careful experiments-are very desirable to ensure that sound intensit
th the intensity probe rather than pseudo=sound or turbulent pressure fluctuations.

of a probe windscreen is to divert'the flow from the immediate vicinity of the pressure tra
he low convection speed of the turbulence, the turbulent pressure and velocity fluctuations
rface of the windscreen cannot.effectively propagate to the central region of a windscreen
nsducers are situated, while sound waves are much less attenuated. This is the pr|
n effected by a windscreén;

realized, however, that there is a limit to the effectiveness of this discrimination. Very intense
Will not be complétely excluded, and low-frequency, large-scale turbulence is less well attenu
high-frequeney- turbulence. Since the frequency spectrum of wind- and fan-generated t
rapidly with-ftequency, it is the low-frequency (typically < 200 Hz) intensity measurements
ne most affected.

The scale a
is impossibl

d frequency of turbulence depend very much on the nature of the generation process, and t
to legislate specifically for every unsteady/flow situation which can be encountered d

in typical
d by the
hdscreen.
y cooling
b zero by
red on a
S using a
vers. Use
y is being

hsducers.
acting on
vhere the
nciple of

turbulent
ated than
irbulence
which are

erefore it
uring the

application of Intensity measurement In Tield siuations. Since the r.m.s. value of turbulent pressure fluctuations
increases as the square of mean flow speed, a conservative “blanket” limitation is placed on the mean flow speed.

As a general guide, it should be noted that a tendency for one-third-octave intensity and/or particle velocity levels
to remain high, or even to rise at low frequencies (< 100 Hz), is a danger sign unless there is evidence that sound
pressure levels do likewise, and that the measured source can be subjectively judged to radiate strongly in the
low-frequency range. Another qualitative indication of the contamination of sound intensity values by turbulent
pseudo-intensity is a high degree of unsteadiness in the indicated intensity and particle velocity levels.
Inter-microphone coherence is not necessarily a good indicator of contamination by turbulence, because low-
frequency, large-scale turbulent pressure fluctuations can be highly correlated over distances typical of intensity
microphone separations.
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Annex E
(informative)

Effect of sound absorption within the measurement surface

If the source shows obvious significant sound absorption (e.g. relevant material for heat insulation and/or sound
absorbers), and if the measurement of the indicator F,; yields a value of more than 3 dB, the influence of the
absorbed rsourd poweTr on the—totatsound POowWeET megsured-shoutdbechecked—This s puabibic uniy if the source
under tes] can be switched off. Then, if the remaining extraneous noise is unchanged, the absorbed. $ound power
level Ly, 4} can be directly determined from the measurements of the sound intensity on the surface gnclosing the
switched-pff source under test by applying the method given in this part of ISO 9614 and determining Ly 5, from
equation [9). If the extraneous noise cannot be maintained when switching off the source under test, a rough
estimate ¢f the absorbed sound power can be determined by help of a suitable artificial extraneous spund source
producing similar levels on the measurement surface as the original extraneous sound“source.

The effects of absorption may be neglected if the following condition is satisfied:

Ly —Lw aps = 10 dB (E.1)
where
Ly is the level of the total sound power with the sourceé/sunning [according to equations (8) and (9)];

Ly ans s the level of the absorbed sound power with the source switched off.

Otherwisg, actions should be taken in order to reduce the level of the extraneous intensity or t¢ shield the
measurement surface from the extraneous noise'seurces.
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