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Foreword

International Standard

1ISO9614-2:1996 Acoustics — Determination of sound power levels of noise sources using sound intensity - Measurement
by scanning,

which was prepared by ISO/TC 43 ‘Acoustics’ of the International Organization for Standardization, has been adopted by
Techniceﬁmittee CEN/TC 211 ‘Acoustics’ as a European Standard.

This EurePeangStandard shall be given the status of a national standard, either by publication of an identical text or by
endorsemept, d‘conflicting national standards withdrawn, by February 1997 at the latest.

In accordan Mh the CEN/CENELEC Internal Regulations, the following countries are bound to implement this European

Standard: @
Austria, Belgium;*Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy, Luxembourg, Netherlands, Norway,
Portugal, Spain, Sw, witzerland, and the United Kingdom.

Endorsement not@

The text of the Internation@l Standard I1SO 9614-2:1996 was approved by CEN as a European Standard without any modifi-
cation.



Introduction

0.1 The sound power radiated by a source is equal in value to the inte-
gral of the scalar product of the sound intensity vector and the associated
elerfiental area vector over any surface totally enclosing the source. Pre-
viou ernational Standards which describe methods of determination
of so f'ower levels of noise sources, principally ISO 3740 to ISO 3747,
witho eption specify sound pressure level as the primary acoustic
quantity 10 be measured. The relationship between sound intensity level
and sound re level at any point depends on the characteristics of
the source, { aracteristics of the measurement environment, and the
disposition of easurement positions with respect to the source.
Therefore 1SO 3740%p ISO 3747 necessarily specify the source charac-
teristics, the test efVironment characteristics and gualification procedures,
together with meas nt methods which are expected to restrict the
uncertainty of the sou wer level determination to within acceptable

limits. ®
The procedures specified 15@4 to ISO 3747 are not always appropri-

ate, for the following reasons? .

a) Costly facilities are necessaryyif high precision is required. It is fre-
quently not possible to install operate large pieces of equipment
in such facilities. é

b) They cannot be used in the presery@ high levels of extraneous
noise generated by sources other than )ﬁunder investigation.

o

0.2 This part of ISO 9614 specifies methods o%amining the sound
power levels of sources, within specific ranges of ainty, under test
conditions which are less restricted than those requi by I1ISO 3740 to
ISO 3747. The sound power level is the in situ sound r level as de-
termined by the procedure of this part of ISO 9614; 9t is physically a

function of the environment, and may in some cases differ f he sound
power level of the same source determined under other ¢ IORS.

It is recommended that personnel performing sound intensi@weas-
urements according to this part of ISO 9614 are appropriately trai d

experienced. /\
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0.3 This part of 1SO 9614 complements ISO 9614-1 and the series/@

ISO 3740 to I1SO 3747 which specify various methods for the determi-
nation of sound power levels of machines and equipment. It differs from
the 1ISO 3740 to ISO 3747 series principally in three aspects:

g

%

6\
o



Page 4
EN ISO 9614-2:1996

a) measurements are made of sound intensity as well as of sound
pressure;

b) the uncertainty of the sound power level determined by the method

specifigd in this part of ISO 9614 is classified according to the results
of spegftfied ancillary tests and calculations performed in association
with’th st measurements;

¢) current M tions of intensity measurement equipment which con-
forms to 1043 restricts measurements to the one-third-octave
range 50 Hz kHz; band-limited A-weighted values are deter-
mined from @ionstltuent one-octave or one-third-octave band
values and no ect A-weighted measurement.

0.4 The integral over surface totally enclosing the source of the
scalar product of the sou nsity vector and the associated elemental
area vector provides a mea f the sound power radiated directly into
the air by all sources located in the enclosing surface and excludes
sound radiated by sources locate®’ qutside this surface. In practice, this
exclusion is effective only if the @e under test and other sources of
extraneous intensity on the measu t surface are stationary in time.
In the presence of sound sources Operating outside the measurement
surface, any system lying within the s @ may absorb a proportion of
energy incident upon it. The total sound power absorbed within the
measurement surface will appear as a ne@e contribution to source
power, and may produce an error in the soUfAd power determination. In
order to minimize the associated error, it is ther necessary to remove
any sound-absorbing material lying within the me ent surface which
is not normally present during the operation of the s@e under test.

This method is based on sampling of the intensity fi ormal to the
measurement surface by moving an intensity probe c ously along
one or more specified paths. The resulting sampling error nction of
the spatial variation of the normal intensity component ov% meas-
urement surface, which depends upon the directivity of

the chosen sampling surface, the pattern and speed of the pro

ning, and the proximity of extraneous sources outside the mea

surface.

source,

The accuracy of measurement of the normal component of sound inte ?@

sity at a position is sensitive to the difference between the local soun
pressure level and the local normal sound intensity level. A large difference
may 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 may contain strong
contributions from sources outside the measurement surface, but may be
associated with little net sound energy flow, as in a reverberant field in
an enclosure; or the field may be strongly reactive because of the pres-
ence 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 out of the volume through the remaining
portion of the surface. This condition is caused by the presence of a strong
extraneous source close to, but outside, the measurement surface.



1 Scope

1.1 This part of 1SO 9614 specifies a method for
measuring the component of sound intensity normal
to a measurement surface which is chosen so as to
enclos€’the noise sourcel(s) of which the sound power
level is e Sietermined.

Surface ir@tion of the intensity component normal
to the measdrement surface is approximated by sub-
dividing the ement surface into contiguous
segments, and ing the intensity probe over each
segment along a tinuous path which covers the
extent of the segmeht.JThe measurement instrument
determines the aver; normal intensity component
and averaged square pressure over the dur-
ation of each scan. The ing operation may be
performed either manually means of a mechan-
ical system.

Band-limited weighted sound level is calcu-
lated from the measured octave ‘or opé-third-octave
band values. The method is app|icalﬂ€§3 any source
for which a physically stationary measurement sur-

face can be defined, and on which the nei gener-
ated by the source under test and by othewSignificant
extraneous sources are stationary in time, a ined
in 3.13. The source is defined by the choic S-

urement surface. The method is applicable in s:tt@
in special-purpose test environments.
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dicated quality of the determination does not meet
the requirements of this part of 1SO 9614, the test
procedure is to be modified in the manner indicated.

This part of ISO 9614 does not apply in any frequency
band in which the sound power of the source is found
to be negative on measurement.

1.2 This part of ISO 9614 is applicable to sources
situated in any environment which is neither so vari-
able in time as to reduce the accuracy of the meas-
urement of sound intensity to an unacceptable
degree, nor subjects the intensity measurement
probe to gas flows of unacceptable speed or un-
steadiness (see 5.2.2, 5.3 and 5.4).

In some cases it will be found that the test conditions
are too adverse to allow the requirements of this part
of 1ISO 9614 to be met. Extraneous noise levels may
exceed the dynamic capability of the measuring in-
strument or may 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.

NOTE 1 Other methods (e.g. determination of sound

power levels from surface vibration levels as described in
ISO/TR 7849) may be more suitable.

2 Normative references

*
This part of ISO 9614 specifies certain ancillary pro-/ The following standards contain provisions which,

cedures, described in annex B, to be followed in
conjunction with the sound power determination. The
results are used to indicate the quality of the deter-
mination, and hence the grade of accuracy. If the in-

this part of ISO 9614. At the time of publication, the
itions indicated were valid. All standards are subject
to@ion, and parties to agreements based on this

%Q
VA
)

%rough reference in this text, constitute provisions



Page 6
EN ISO 9614-2:1996

part of ISO 9614 are encouraged to investigate the
possibility of applying the most recent editions of the
standards indicated below. Members of IEC and 1SO
maintain registers of currently valid International

Standards.
IEC 942:19@ und calibrators.

*
[EC 1043:199 ﬂ troacoustics — Instruments for
the measurem&?fgof sound intensity — Meas-
urements Wwith pairssof pressure sensing micro-

phones. o
Q

For the purposes of this pa
ing definitions apply.

3 Definitions

0O 9614, the follow-

3.1 Sound pressure levels ®

3.1.1 sound pressure level, L, Te@;{s the log-
arithm to the base 10 of the ratio of thefmeanssquare
sound pressure to the square of the refer sound
pressure. The reference sound pressure is mPa.

Sound pressure level is expressed in decibels. Q

3.1.2 segment-average sound pressure level

Ten times the logarithm to the base 10 of the ratioﬁ

of the spatial-average mean-square pressure on seg-
ment i to the square of the reference sound pressure.

It is expressed in decibels.

-

3.2 instantaneous sound intensity, /(¢): Instan-
taneous rate of flow of sound energy per unit of sur-
face area in the direction of the local instantaneous
acoustic particle velocity.

This is a vectorial guantity which is equal to the prod-
uct of the instantaneous sound pressure at a point
and the associated particle velocity:

—

1(6) = p(r) () NE)
where

p(f) is the instantaneous sound pressure at a
point;

u(f) is the associated instantaneous particle
' velocity at the same point;

t is the time.

3.3 sound intensity, I: Time-average value of IG) in
a temporally stationary sound field:

1 T o

T=T|m—f.-j01(t) d )

where T is the integration period.
Also

1 is the signed magnitude of 7; the sign is
an indication of directional sense, and is
dictated by the choice of positive direction
of energy flow;

|1} is the unsigned magnitude of I

3.4 normal sound intensity, I : Component of the
sound intensity in the direction normal to a meas-
urement surface defined by the unit normal vector n:

L=1+# )

where 7 is the unit normal vector directed out of the
volume enclosed by the measurement surface.

3.5 normal sound intensity level, L,: Logarithmic
measure of the unsigned value of the normal sound
intensity, |/,|, given by:

L, =101g[|1,1/I;) dB )

here I, is the
4/5?0‘12 Wm™ ).

%

1N pressed in decibels.
Whe}Z’n is negative, the level is expressed as

(=) XXchpt when used in the evaluation of §,,

reference sound intensity

(see 3. ®
3.6 Sound p@rs

3.6.1 partial s ower, P: Time-averaged rate
of flow of sound e y through an element (seg-

ment) of a measure rface, given by:

P, = S, ®O’ ®)

where

(I, is the signed magnéﬁ of the segment-

average normal sou nsity measured
on the segment i of th surement
surface;

is the area of the segment . L&p

S

1

Also |P;| is the magnitude of P;.



