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Foreword

The text of the International Standard from ISO/TC 43,
Acoustics, of the International Organization for
Standardization (ISO) has been taken over as a
European Standard by the Technical Committee
CEN/TC 211, Acoustics.

This European Standard shall be given the status of a
national standard, either by publication of an identical
text or by endorsement, at the latest by March 1996,
and conflicting national standards shall be withdrawn
at the latest by March 1996.

This European Standard has been prepared under a
mandate given to CEN by the European Commission
and the European Free Trade Association, and
supports essential requirements of EC Directive(s).

According to the CEN/CENELEC Internal Regulations,
the following countries are bound to implement this
European Standard: Austria, Belgium, Denmark,
Finland, France, Germany, Greece, Iceland, Ireland,
Ttaly, Luxembourg, Netherlands, Norway, Portugal,
Spain, Sweden, Switzerland and United Kingdom.
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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 1SO
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 1SO, also take part in the work. ISO
collaborates closely with the International Electrotechnical Commission
(IEC) on all matters of electrotechnical standardization.

Draft international Standards adopted by the technical committees are
circulated to the member bodies for voting. Publication as an International
Standard requires approval by at least 75 % of the member bodies casting
a vote.

International Standard 1SO 3744 was prepared by Technical Committee
ISO/TC 43, Acoustics, Sub-Committee SC 1, Noise.

This second edition cancels and replaces the first edition
(ISO 3744:1981), which has been technically revised.

Annexes A, B and C form an integral part of this International Standard.
Annexes D, E and F are for information only.

Documents

Document Sharing iHub

Full document details: BS EN ISO 3744:1995


http://www.avadocuments.com/doc/bs-en-iso-3744-1995
http://www.avadocuments.com/doc/bs-en-iso-3744-1995

EN ISO 3774:1995

Introduction

0.1 This International Standard is one of the ISO 3740 series, which
specifies various methods for determining the sound power levels of
machines, equipment and their sub-assemblies. When selecting one of
the methods of the ISO 3740 series, it is necessary to select the most
appropriate for the conditions and purposes of the noise test. General
guidelines to assist in the selection are provided in ISO 3740. The
ISO 3740 series gives only general principles regarding the operating and
mounting conditions of the machine or equipment under test. Reference
should be made to the noise test code for a specific type of machine or
equipment, if available, for specifications on mounting and operating con-
ditions.

0.2 This International Standard specifies a method for measuring the
sound pressure levels on a measurement surface enveloping the source,
and for calculating the sound power level produced by the source. The
enveloping surface method can be used for any of three grades of accu-
racy (see table0.1), and is used in this International Standard for grade 2
accuracy.

The use of this International Standard requires certain qualification criteria
to be fulfilled , as described in table 0.1. If the relevant qualification criteria
cannot be met, other basic standards with different environmental re-
quirements are suggested (table 0.1; see also 1SO 3740 and ISO 9614).

Noise test codes for specific families of machines or equipment should
be based without any contradiction on the requirements of one or more
of the ISO 3740 series or ISO 9614.

Free-field conditions are usually not encountered in typical machine rooms
where sources are normally installed. If measurements are made in such
installations, corrections may be required to account for background noise
or undesired reflections.

The methods specified in this International Standard permit the determi-
nation of sound power level both as an A-weighted value and in frequency
bands.

The A-weighted value calculated from frequency band data may differ
from that determined from measured A-weighted sound pressure levels.

0.3 In this International Standard, the computation of sound power level
from sound pressure level measurements is based on the premise that the
sound power output of the source is directly proportional to the mean-
square sound pressure averaged over time and space.
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Table 0.1 — Overview of International Standards for determination
of sound power levels of noise sources using enveloping surface
methods over a reflecting plane and giving different grades of

accuracy
1ISO 3745 ISO 3744 1SO 3746
Precision Engineering Survey
Parameter method method method
Grade 1 Grade 2 Grade 3

Test environment

Hemi-anechoic
room

Outdoors or
indoors

Outdoors or
indoors

Criterion for suitability of test en-
vironment!

K, < 0,5 dB

K, < 2dB

K, <74dB

Volume of sound source

Preferably less
than 0,5 % of

test room vol-
ume

No restriction;
limited only by
available test
environment

No restriction;
limited only by
available test
environment

Character of noise

Any (broad-band, narrow-band, discrete-frequency,
steady, non-steady, impulsive!

Limitation for background noise! | AL = 10 dB (if | AL = 6 dB (if AL = 3dB
possible, ex- possitle, ex-
ceeding 15 dB) | ceeding 15 dB)
K, <04 dB K, < 1,3dE K, < 3dB
Number of measurement points =10 =92 =242
Instrumentation:
— Sound level meter at least a} type 1 as a) type 1 as al type 2 as
complying with specified specified specified
in IEC 651 in IEC 651 in tEC 651
— Integrating sound level meter | b) type 1 as b) type1as b} type 2 as
at least complying with specified specified specified
in 1EC 804 ir IEC 204 in IEC 804
— Frequency band filter set at c) class 1 as c) class 1 as —
least complying with specified specified
in IEC 225 in IEC 225
Precision of method for deter- oq < 1 dB s < 1,5 dB g < 3 dB (if
mining Ly, expressed as standard K; < 5dB)
deviation of reproducibility an < 4 dB (if
5dB <K,
< 7 dB)
If discrete
tones are pre-
dominant, the
value of gy is
1 dB greater.

ber of microphone positions.

1} The values of K, and K, given shall be met in each frequency band within the fre-
quency range of interest for determining the sound power spectrum. For determining
A-weighted sound power levels, the same criteria apply to K,, and Kaa.

2) Under given circumstances (see 7.2 to 7.4), it is permissible to use a reduced num-
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Acoustics — Determination of sound power levels of
noise sources using sound pressure — Engineering
method in an essentially free field over a reflecting

plane

1 Scope

1.1 General

This International Standard specifies a method for
measuring the sound pressure levels on a measure-
ment surface enveloping a noise source, under es-
sentially free-field conditions near one or more
reflecting planes, in order to calculate the sound
power level produced by the noise source. It gives
requirements for the test environment and instru-
mentation, as well as techniques for obtaining the
surface sound pressure level from which the sound
power level of the source is calculated, leading to re-
sults which have a grade 2 accuracy.

It is important that specific noise test codes for vari-
ous types of equipment be established and used in
accordance with this International Standard. For each
type of equipment, such noise test codes will give
detailed requirements on mounting, loading and op-
erating conditions for the equipment under test as
well as a selection of the measurement surface and
the microphone array as specified in this International
Standard.

NOTE 1 The noise test code for a particular type of
equipment should give detailed information on the particular
suriace that is selected, as the use of differently shaped
measurement surfaces may vyield differing estimates of the
sound power level of a source.

1.2 Types of noise and noise sources

The method specified in this International Standard is
suitable for measurements of all types of noise.

NOTE 2 A classification of different types of noise
(steady, non-steady, quasi-steady, impulsive, etc.) is given
in ISO 2204.

Full document details: BS EN ISO 3744:1995

This International Standard is applicable to noise
sources of any type and size (e.g. device, machine,
component, sub-assembly).

NOTE 3 Measurements according to this Internationai
Standard may be impracticabie for very tall or very long
sources such as chimneys, ducts, conveyors and multi-
source industrial plants.

1.3 Test environment

The test environment that is applicable for measure-
ments made in accordance with this international
Standard is an essentially free field near one or more
reflecting planes (indoors or outdoors).

1.4 Measurement uncertainty

Determinations made in accordance with this Inter-
national Standard result, with few exceptions, in
standard deviations of reproducibility of the A-
weighted sound power level equal to or less than
1,5 dB (see table 1).

A single value of the sound power level of a noise
source determined according to the procedures given
in this International Standard is likely to differ from the
true value by an amount within the range of the
measurement uncertainty. The uncertainty in deter-
minations of the sound power level arises from sev-
eral factors which affect the results, some associated
with environmental conditions in the measurement
laboratory and others with experimental techniques.

If a particular noise source were to be transported to
each of a number of different laboratories, and if, at
each laboratory, the sound power level of that source
were to be determined in accordance with this Inter-
national Standard, the results would show a scatter.
The standard deviation of the measured levels could
be calculated (see examples in ISO 7574-4:1985, an-
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nex B) and would vary with frequency. With few ex-
ceptions, these standard deviations would not exceed
those listed in table 1. The values given in table 1 are
standard deviations of reproducibility, ¢g, as defined
in ISO 7574-1. The values of table 1 take into account
the cumulative effects of measurement uncertainty in
applying the procedures of this International Standard,
but exclude variations in the sound power output
caused by changes in operating conditions (e.g. rota-
tional speed, line voltage) or mounting conditions.

The measurement uncertainty depends on the stan-
dard deviation of reproducibility tabulated in table 1
and on the degree of confidence that is desired. As
examples, for a normal distribution of sound power
levels, there is 90 % confidence that the true value
of the sound power level of a source lies within the
range + 1,645 g of the measured value and a 95 %
confidence that it lies within the range + 1,96 oy of
the measured value. For further examples, reference
should be made to the ISO 7574 series and ISO 9296.

Table 1 — Estimated values of the standard
deviations of reproducibility of sound power
levels determined in accordance with this
International Standard

Octave-band One-third-octave Standard
centre band centre deviation of
frequencies frequencies reproducibility
IR
Hz Hz dB
63 50 to 80 50
125 100 to 160 3
250 200 to 315 2
500 to 4 000 400 to 5 000 1,5
8 000 6 300 to 10 000 2,5
A-weighted 152

1) Normally for outdoor measurements; many rooms
are not qualified for this frequency band.

2) Applicable to a source which emits noise with a
relatively “flat” spectrum in the frequency range
100 Hz to 10 GO0 Hz.

NOTES

4 The standard deviations listed in table 1 are associated
with the test conditions and procedures defined in this
International Standard and not with the noise source itself.
They arise in part from variations between measurement
laboratories, changes in atmospheric conditions if outdoors,
the geometry of the test room or outdoor environment, the
acoustical properties of the reflecting plane, absorption at
the test room boundaries if indoors, background noise, and
the type and calibration of instrumentation. They are also
due to variations in expenmental technigues, including the
size and shape of the measurement surface, number and

location of microphone positions, sound source location, in-
tegration times, and determination of environmental cor-
rections, if any. The standard deviations are also affected
by errors associated with measurements taken in the near
field of the source; such errors depend upon the nature of
the sound source, but generally increase for smaller meas-
urement distances and lower frequencies (below 250 Hz).

5 |If several laboratories use similar facilities and instru-
mentation, the results of sound power determinations on a
given source in those laboratories may be in better agree-
ment than would be implied by the standard deviations of
table 1.

6 For a particular family of sound sources, of similar size
with similar sound power spectra and similar operating
conditions, the standard deviations of reproducibility may
be smaller than the values given in table 1. Hence, a noise
test code for a particular type of machinery or equipment
making reference to this international Standard may state
standard deviations smaller than those listed in table1, if
substantiation is available from the results of suitable inter-
laboratory tests.

7 The standard deviations of reproducibility, as tabulated
in table 1, include the uncertainty associated with repeated
measurements on the same noise source under the same
conditions (for standard deviation of repeatability, see
ISO 7574-1). This uncertainty is usually much smaller than
the uncertainty associated with interlaboratory variability.
However, if it is difficult to maintain stable operating or
mounting conditions for a particular source, the standard
deviation of repeatability may not be small compared with
the values given in table 1. In such cases, the fact that it
was difficult to obtain repeatable sound power level data on
the source should be recorded and stated in the test report.

8 The procedures of this International Standard and the
standard deviations given in table 1 are applicable to meas-
urements on an individual machine. Characterization of the
sound power levels of batches of machines of the same
family or type involves the use of random sampling tech-
nigues 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 must
be known or estimated, including the standard deviation of
production, as defined in ISO 7574-1, which is a measure
of the variation in sound power output between individual
machines within the batch. Statistical methods for the
characterization of batches of machines are described in
ISO 7574-4.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this International Standard. At the time of publi-
cation, the editions indicated were valid. All standards
are subject to revision, and parties to agreements
based on this International Standard are encouraged
to investigate the possibility of applying the most re-
cent editions of the standards indicated below.
Members of IEC and ISO maintain registers of cur-
rently valid International Standards.
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ISO 354:1985, Acoustics — Measurement of sound
absorption in a reverberation room.

ISO 2204:1979, Acoustics — Guide to International
Standards on the measurement of airborne acoustical
noise and evaluation of its effects on human beings.

ISO 3745:1977, Acoustics — Determination of sound
power levels of noise sources — Precision methods
for anechoic and semi-anechoic rooms.

ISO 3747:1987, Acoustics — Determination of sound
power levels of noise sources — Survey method us-
ing a reference sound source.

ISO 4871:1984, Acoustics — Noise labelling of ma-
chinery and equipment.

ISO 6926:1990, Acoustics — Determination of sound
power levels of noise sources — Requirements for
the performance and calibration of reference sound
sources.

ISO 7574-1:1985, Acoustics — Statistical methods for
determining and verifying stated noise emission val-
ues of machinery and equipment — Part 1: General
considerations and definitions.

ISO 7574-4:1985, Acoustics — Statistical methods for
determining and verifying stated noise emission val-
ues of machinery and equipment — Part 4: Methods
for stated values for batches of machines.

IEC 225:1966, Octave, half-octave and third-octave
band filters intended for the analysis of sounds and
vibrations.

IEC 651:1979, Sound level meters.

IEC 804:1985, Integrating-averaging sound level me-
ters.

IEC 942:1988, Sound calibrators.

3 Definitions

For the purposes of this International Standard, the
following definitions apply.

3.1 sound pressure, p: A fluctuating pressure
superimposed on the static pressure by the presence
of sound. It is expressed in pascals.

NOTE9 The magnitude of the sound pressure can be
expressed in several ways, such as instantaneous sound
pressure, maximum sound pressure, or as the square root
of the mean-square sound pressure over designated time
and space (i.e. over the measurement surface).

Full document details: BS EN ISO 3744:1995
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3.2 sound pressure level, L: Ten times the log-
arithm to the base 10 of the ratio of the square of the
sound pressure to the square of the reference sound
pressure. Sound pressure levels are expressed in
decibels.

The frequency weighting or the width of the fre-
quency band used, and the time weighting (S, F or |,
see |IEC 651) shall be indicated. The reference sound
pressure is 20 pPa (2 x 10™° Pa).

NOTE 10  For example, the A-weighted sound pressure
leve! with time weighting S is Lpys.

3.2.1 time-averaged sound pressure level, Lyeqt
Sound pressure level of a continuous steady sound
that, within a measurement time interval T, has the
same mean-square sound pressure as a sound under

consideration which varies with time:

T
Lyeqr=101g [%L fred dr] dB

T 2
=10|g[iT L2 dr} dB ()
0 Po

Time-averaged sound pressure levels are expressed
in decibels and shall be measured with an instrument
which complies with the requirements of IEC 804.

NOTES

11 Time-averaged sound pressure levels are usually A-
weighted and denoted by L.,y Which is usually abbrevi-
ated 10 L,

12 In general, the subscripts “eq” and "T" are omitted
since time-averaged sound pressure levels are necessarily
determined over a certain measurement time interval.

3.2.2 single-event sound pressure level, L, s
Time-integrated sound pressure level of an isolated
single sound event of specified duration T (or speci-
fied measurement time T) normalized to Ty = 1 s. It is
expressed in decibels and is given by the following
formula:

T 2
L,1s=10 |g[TL0I PP(;) dr] dB
0 Po

=L, er+101g [T%] dB (D)

3.2.3 measurement time interval: A portion or a
multiple of an operational period or operational cycle
for which the time-averaged sound pressure level is
determined.

3.3 measurement surface: A hypothetical surface
of area §, enveloping the source, on which the meas-
urement points are located. The measurement sur-
face terminates on one or more reflecting planes.
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3.4 surface sound pressure level, I;: The energy-
average of the time-averaged sound pressure levels
at all the microphone positions on the measurement
surface, with the background noise correction K,
(3.15} and the environmental correction K, (3.16) ap-
plied. It is expressed in decibels.

3.5 sound power, W: The rate per unit time at
which airborne sound energy is radiated by a source.
It i1s expressed in watts,

3.6 sound power level, L,: Ten times the logarithm
to the base 10 of the ratio of the sound power radi-
ated by the sound source under test to the reference
sound power. It is expressed in decibels.

The frequency weighting or the width of the fre-
guency band used shall be indicated. The reference
sound power is 1 pW (10‘12 W).

NOTE 13
level 1S Lya.

For example, the A-weighted sound power

3.7 free field: A sound field in a homogeneous,
isotrepic medium free of boundaries. In practice, it is
a field in which reflections at the boundaries are neg-
ligible over the frequency range of interest.

3.8 free field over a reflecting plane: A sound field
in a homogeneous, isotropic medium in the half-space
above an infinite, rigid plane surface on which the
source is located.

3.9 frequency range of interest: For general pur-
poses, the frequency range of interest includes the
octave bands with centre frequencies from 125 Hz to
8 000 Hz.

NGTE 14 For special purposes, it is permissible to extend
or reduce the frequency range of interest at either end,
provided the test environment and instrument accuracy are
satisfactory for use over the extended or reduced frequency
range. For sources which radiate predominantiy high (or
low) frequency sound, it is permissible to extend or reduce
the frequency range of interest, in order to optimize the test
facility and procedures.

3.10 reference box: A hypothetica! surface which is
the smallest rectangular parallelepiped that just en-
closes the source and terminates on the reflecting
plane or planes.

3.11 characteristic source dimension, d,: Half the
length of the diagonal of the box consisting of the
reference box and its images in adjoining reflecting
planes.

3.12 measurement distance, 4: The distance from
the reference box to a box-shaped measurement sur-
face

3.13 measurement radius, r: The radius of a
hemispherical measurement surface.

3.14 background noise: The noise from all sources
other than the source under test.

NOTE 15 Background noise may include contributions
from airborne sound, structure-borne vibration, and elec-
trical noise in instrumentation.

3.15 background noise correction, K;: A correction
term to account for the influence of background noise
on the surface sound pressure level; K, is frequency
dependent and is expressed in decibels. The cor-
rection in the case of A-weighting is denoted K, 4.

3.16 environmental correction, K,: A correction
term to account for the influence of reflected or ab-
sorbed sound on the surface sound pressure level;
K, is frequency dependent and is expressed in deci-
bels. The correction in the case of A-weighting is de-
noted K.

3.17 impulsive noise index (impulsiveness): A
quantity by means of which the noise emitted by a
source can be characterized as "impulsive”. (See an-
nex D.) It is expressed in decibels.

3.18 directivity index, DI: A measure of the extent
to which a source radiates sound predominantly in
one direction. (See annex E.) It is expressed in deci-
bels.

4 Acoustic environment

4.1 General

The test environments that are applicable for meas-
urements according to this International Standard are:

a) a laboratory room which provides a free field over
a reflecting plane;

b) a flat outdoor area that meets the requiremanis
of 4.2 and annex A;

c) a room in which the contributions of the
reverberant field to the sound pressures cn the
measurement surface are small compared with
those of the direct field of the source.

NOTE 16  Conditions described under ¢ above are usually
met in very large rooms as well as in smaller rooms with
sufficient sound-absorptive materiais on their walls and
ceilings.

4.2 Criterion for adequacy of the test
environment

As far as is practicable, the test environment shall be
free from reflecting objects other than a reflecting
plane so that the source radiates into a free field over
a reflecting plane.
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