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ISO (the Intemational Organization for Standardization) is a worldwide -

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. Intemnational organizations, governmental )
and non-governmental, in liaison with ISO, also take part in the work. ISO-
collaborates closely with the International Electrotechnical Commission

2
- .

{IEC) on all matters of electrotechnical standardization. . - T

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.
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federation of national standards bodies (ISO member bodies). The work s
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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 1SO 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 1SO 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. o

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 (tabie 0.1; see also ISO 3740 and 1ISO 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 1SO 3740 series or 1ISO 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 épecified 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.




Table 0.1 — Overview of International Standards for determination
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methods over a reflecting plane and giving different grades of

Character of noise

Any (broad-band,

steady, non-steady, im_pulsive)

narrow-band, discrete-frequency,

tones are pre-
dominant, the
value of oy is
1 dB greater.

accuracy
. ;o . R O _* IS0 3745 1SO 3744 1SO 3746
- : O Y F*"" A - . - wi oy L
T il - fefe -* ’ - * Precision Engineering  Survey
s = s cefe T ;;€f~ - Plrlrnotgr_» . method mothod method
* S e b e = i Grade 1 Grade 2 Grade 3
- w (%4 13+ - o . .
B i Test environment Hemi-anechoic | Outdoors or Outdoors or )
room -1 indoors indoors
Criterion for suitability of testen- | X; < 0.5 dB K;<2dB K, <7dB
vironment? -
Volume of sound source Preferably less | No restriction; No restriction; :
than 0,5 % of limited only by | limited only by
test room vol- available test available test
ume environment environment

- Limitation for background noise¥ | AL >10dB (i | AL > 6 dB (if AL »3dB
- possible; ex- possible, ex-
ceeding 15 dB) | ceeding 15 dB)
K, <04dB K, <13dB K, <3dB
Number of measurement points | > 10 >92 >42
Instrumentation:
— Sound level meter at ieast a) typelas a) type 1as a) typelas
complying with specified ~ specified specified
in {EC €651 in |EC 651 in IEC 651
— Integrating sound level meter | b) type tles b) type 1as b} type 2as
at least complying with specified specified specified
in [EC 804 in IEC 804 in IEC 804
— Frequency band filter set at ¢) class 1as c) class 1as —
t least complying with specified specified N
‘ ) in IEC 225 in IEC 225
i Precision of method for deter- ox < 1dB o < 1,5dB on < 3 dB (if
| mining Ly, expressed as standard . K, < 5dB)
i deviation of reproducibility oq < 4 dB (f
i 5dB < K,
< 7 dB)
If discrete

1) The values of X, 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 K.

2} Under given circumstances {see 7.2 10 7.4), it is permissible to use a reduced num-
ber of microphone positions.

R e amtd
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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.

NOTE1 The noise test code for a particular type of
equipment should give detailed information on the particular
surface that is selected, as the use of differently shaped
measurement surfaces may vieid differing estimates of the
sound power level of a source.

1.2 Types of noise and noise sources

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

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

NOTE3 Measurements according to this International -

Standard may be impracticable 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 resuits, some associated
with environmental conditions in the measurement
laboratory and others with experimental technigues.

If a particular noise source were to be transported to
each of a number of different iaboratories, and if, at
each laboratory, the sound power level of that source
were 1o be determined in accordance with this Inter-

NOTE 2 A classification of differém 'types of noise
(steady, non-steady, quasi-steady, impulsive, etc.) is given
in 1SO 2204. X

national Standard, the Tesults 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

“"the geometry O -the test room or outdoorenvironment;-the

standard deviations of reproducibility, o, as defined
in 1SO 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 table1
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 oy of the measured value and a 95 %
confidence that it lies within the range + 1,96 op of
the measured value. For further examples, reference

should be made to the 1SO 7574 series and 1SO 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
oa
Hz Hz dB
63 50 to 80 51
125 100 to 160 3
250 200 to 315 2
500 10 4 000 400 to 5 000 1.5
8 000 6 300 to 10 000 2,5
A-weighted 1.52
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 10 000 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
|aboratories, changes in atmospheric conditions if outdoors,

jocation of microphone positions, sound source location, in-
tegration times, and determination of environmental cor-

those listed in table 1. The values given in table T are —-rections,if-any.-Thestandard_deviations_are_aiso 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).

§ If several laboratories use similar facilities and instru-
mentation, the results of sound power determinations on 2
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
tamily or type involves the use of random sampling tech-
niques 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 1SO 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
I1SO 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

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

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 1EC and ISO maintain registers of cur-

size and shape of the measurement surface, number and

rently valid International Stanaaras.




SO 354:1985, Acoustics — Measurement of sound
shsorption in @ reverberation room.

SO 2204:1979, Acoustics — Guide to_Intemational
Standards on the measuré‘“m“éﬁt“"o‘f”‘airbomie'?wustical
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32 sound pressure level, L;: Ten times the ld"g-
arithm to the base 10 of the ratio of the square of the
sound pressure 1o the square of the reference sound

pressure. Sound pressure levels are expressed in

(Y4

PN
o &r

noise and evaluation of its effects on human beings.

léO 3745:1977, Acoustics — Determination of sé:u}.:d :

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. SR

ISO 4871:1984, Acousgic# — Noise labelling of me-
chinery and equipment. : -

- 1SO 6926:1890, Acoustics — Determination of sound

. power levels of noise sources — Requirements for

' the performance and calibration of reference sound
sources. .

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

1SO 7574-4:1985, Acoustics — Statistical methods for
determining and verifying stated noise emission vaF
ves 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.

NOTE 9 The magnitude of the sound pressure can be
"é’i@’?és§“‘éd“irT’sweral~ways.—-such‘as—%nstantaneeus-seund

—decibels:

L

The frequency

sk

bIOTE 10 For example, the A-weighted sound pressure

jevel with time weighting S is Las.

sE2

gt

321 time-averagea sound pressure level, L,,,u-

- 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
2 Lgqr=10 Ig[_“fj 100140 dt] dB
: o -

. 2,
_ '1."’ P10
...10!9[——-1.‘0-—-—. 7 dt] ds

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

.M

NOTES

11 Time-averaged sound pressure levels are usually A-
weighted and denoted by Luasar which is usually abbrevi-
ated 10 La-

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

.2 :
1 p ()
[7.153.-.10 ig [—T—O'J:-——z—dt] dB

Po

=L,pr+101g (—TT:) dB e @

32.3 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

pressure, maximum sound pressure, of as the square root
of the mean-square sound pressure over designated time
and space (i.e. over the measurement surface).

weighting or the width of the fre-
. guency band used, and the time weighting (S, F orl, -
.~ see IEC 651) shall be indicated. The reference sound
_pressure is 20 3Pa (2 x 10”5 Pa). e -

LG

-
[N 2.2

z: 887
R T 1"
e AT

of area S, enveloping the Source, yrwhich the-meas=
urement points are located. The measurement sur-
face terminates on one oOf more reflecting planes.
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3.4 surface sound pressure level, L_;: The energy-
average -of the time-averaged sound pressure levels

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

e Gt-@l-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 is expressed in watts. ’

3.6 sound power level, Ly: 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" 2 W),

NOTE 13 For example, the A-weighted sound power
level is Ly,.

3.7 free field: A sound field in a homogeneous,
isotropic 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.

NOTE 14  For special purposes, it is permissible to extend
or reduce the freguency 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 predominantly high (or
jow} frequency sound, it is permissible to extend or reduce
the frequency range of interest, in order to optimize the test
facility and orocedures.

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

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, d: The distance from

'NOTE 15
. from airborne sound, structure-borne vibration, and elec-

Background noise may include contributions

trical noise in instrumentation.

. 315 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 X,.

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 Kpa. '

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.) Itis ‘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 requirements
of 4.2 and annex A;

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

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

4.2 Criterion for adequacy of the test
environment

————tRhg reference box to @ box-shaped measurement sur-
face.

3.13 measurement radius, r: The radius of a

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

hemispherical measurement suriace.

a reflecting plane:




annex A describes procedures for determining the
nagnitude of the environmental correction K, to ac-
~ount for deviations of the test environment from the
deal_condition. For_this International Standard, the

ISO 3744:1994(E) -~

5.3 Microphone windbreak

If measurements are to be made outdoors, a
windbreak is recommended. Ensure that - the .

snvironmental correction Ky, (see table 0.1 and 8.4)
shall be numerically less than or equal to 2 dB. For.
spectral quantities determined according to this Inter-

national Standard, K, for each frequency band of i~ -~ .-

terest shall not exceed 2dB. = :

QOTE 17 it is necessary to make measurements in
spaces in which K, exceeds 2 dB, see table 0.1 and 8.4 or
150.3746 or 1SO 9614. : :

43 Criterion for background noise

Averaged over the microphone positions, the level of
background noise shall be at least 6 dB and preferably
more than 15 dB below the sound pressure level to
be measured (see table0.1 and 8.3). .

NOTE 18 If the difference between the sound pressure
levels of the background noise and the source noise is less
than 6 dB, see table0.1 and 8.3 or ISO 3746. The effects
of wind which may increase the background noise should
be minimized.

5 Instrumentation

5.1 General

The instrumentation system, including the micro-
phones and cables, shall meet the requirements for
a type 1 instrument specified in IEC 651 or, in the
case of integrating-averaging sound level meters, the
requirements for a type 1 instrument specified in
IEC 804. The filters used shall meet the requirements
of IEC 225.

5.2 Calibration

During each series of measurements, a sound
calibrator with an accuracy of + 0,3 dB (class 1 as
specified in IEC 942) shall be applied to the micro-
phone to verify the calibration of the entire measuring
system at one Or more frequencies over the fre-
quency range of interest.

The compliance of the calibrator shall be verified with
the requirements of IEC 942 once a year and the
compliance of the instrumentation system with the
requirements of IEC 651 (and IEC 804 in the case of
integrating systems) at least every 2 years in a lab-
oratory making calibrations traceable to appropriate

. &
N

windbreak does not afféct the accuracy 'ff'(me“instru:“w-"~~.”'-:eéw e
. mentation. . oM
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6., Installation and operation of source *_,;é_;

under test - weanie

6.1.- General

T i
AN

hetal bt

-D sl

The manner in which the source under test is installed =
and operated may have a significant influence on the RS

" sound power emitted by the source. This clause .

source under test is cancemed. .

specifies conditions that minimize variations in the L
sound power output due to the installation and oper- " _. .°
ating conditions of the source under test. The in-
stfuctions of a noise test code, if any exists, shall be .
followed in so far as installation and operation of the Ceus

Particularly for large sources, it is important that a -
noise test code specify which components, sub-
assemblies, auxiliary equipment, power sources, etc. Tt
are to be included in the reference box. T

6.2 Source location

The source to be tested shall be installed with respect -
to the reflecting plane or planes ‘in one or more lo- ’
cations as if it were being instalied for normal usage.

If several possibilities exist, or if typical installation
conditions .are unknown, special arrangements shall

be made and described in the test report. In locating

the source within the test environment, it is important

to allow sufficient space so that the measurement

surface can envelop the source under test.in. accord-

ance with the requirements of 7.1.

The source under test shall be located at a sufficient
distance from any reflecting wall or ceiling or any re-
flecting object so that the requirements given in an-
nex A are satisfied on the measurement surface.

The typical installation conditions for some sources
involve two or more reflecting surfaces (see figures
C.7 and C.8; for example, an appliance installed
against a wall) or free space {e.g. a hoist) or an open-
ing in an otherwise refiecting plane (so that radiation
may occur on both sides of the vertical plane). De- -
tailed information on installation conditions and the
configuration of the microphone array should be
based on the general requirements of this Inter-
national Standard and specific noise test codes for
such sources.

standards.

The date of the last verification of the compliance with
the relevant IEC standards shall be recorded.

The source shall only be installed near two or more
reflecting surfaces when this is truly representative
of normal use.

YRR |
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6.3 Source mounting

6.4 Auxiliary equipment

In many cases, the sound power emitted will depend
upon the support or mounting conditions of the
source under test. Whenever a typical condition of
mounting exists for the equipment under test, that
condition shall be used or simulated, if feasible.

if a typical condition of mounting does not exist or
cannot be utilized for the test, care shall be taken to
avoid changes in the sound output of the source
caused by the mounting system employed for the
test. Steps shall be taken to reduce any sound radi-
ation from the structure on which the equipment may
be mounted. .

NOTES

19 Many small sound sources, although themselves poor
radiators of low-frequency sound, may, as a result of the
method of mounting, radiate more low-frequency sound
when their vibrational energy is transmitted to surfaces

large enough to be efficient radiators. In such cases, if .

practicable, resilient mounting should be interposed be-
tween the device to be measured and the supporting sur-
faces so that the transmission of vibration to the support
and the reaction on the source are both minimized. in this
case, the mounting base should have a sufficiently high
mechanical impedance to prevent it from vibrating and ra-
diating sound excessively. Such resilient mounts should not
be used if the device under test is not resiliently mounted
in typical field installations.

20 Coupling conditions, e.g. between prime movers and
driven machines, may exert considerable influence on the
sound radiation of the source under test.

6.3.1 Hand-held machinery and equipment

Such machinery and equipment shall be suspended
or guided by hand, so that no structure-borne sound
is transmitted via any attachment that does not be-
long to the machine under test. If the source under
test requires a support for its operation, the support
structure shall be small, considered to be a part of the
source under test, and described in the machine test
code.

6.3.2 Base-mounted and wall-mounted
machinery and equipment

Such machinery and equipment shall be placed on a
reflecting (acoustically hard) plane {floor, wall}. Base-
mounted machines intended exclusively for mounting
in front of a wall shall be installed on an acoustically
hard floor surface in front of an acoustically hard wall.

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

" under test do not radiate significant amounts of sound

energy into the test environment.

If practicable, all auxiliary equipment necessary for the
operation of the source under test and which is not a
part of the source (see 6.1) shall be located outside
the test environment. ,

If impracticable, the auxiliary equipment shall be in-
cluded in the reference box and its operating condi-
tions described in the test report.

6.5 Operation of source during test

During the measurements, the operating conditions
specified in the relevant test code, if one exists for
the particular type of machinery or equipment under
test, shall be used. If there is no test code, the source
shall be operatéd, if possible, in a manner which is
typical of normal use. In such cases, one or more of
the following operating conditions shall be selected:

— device under specified load and operating condi-
tions;

— device under full load (if different from above);
— device under no load {idling};

— device under operating conditions corresponding
to maximum sound generation representative of
normal use;

— device with simulated load operating under care-
fully defined conditions;

— device.under operating conditions with character-
istic work cycle.

The sound power level of the source may be deter-
mined for any desired set of operating conditions (i.e.
loading, device speed, temperature, etc.). These test
conditions shall be selected beforehand and shall be
held constant during the test. The source shall be in
the desired operating condition before any noise
measurements are made.

If the noise emission depends on secondary operating
parameters, such as the type of material being proc-
essed or the type of tool being used, as far as is
practicable, those parameters shall be selected that
give rise to the smallest variations and that are typical
of the operation. The noise test code for a specific

s
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least 1,5 m from any wall of the room, unless a table
or stand is required for operation according to the test
code for the equipment under test. Such equipment

shall'be piaced in the centre of the top of the test ta=—

ble.

terial for the test.

For special purposes it is appropriate to define one or

noise emission of machines of the same family is

RS R - (] |

——more—operating—conditions—in—such—a-way-that-the —
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highly reproducible and that the operating conditions

which are most common and typical for the family of
machines are covered. These operating conditions

§ITa’ﬂ be defiried in-specific-test-codes:

if simulated operating conditions are used, they shall
be chosen to give sound power levels representative
of normal usage of the source under test.

A

i appropriate, the results for several separate operat-
ing conditions, each lasting for defined periods of
time, shall be combined by energy-averaging to vield
the result for a composite overall operating procedure.

The operating conditions of the source during the
acoustical measurements shall be fully described in
the test report.

7 Measurement of sound pressure levels

7.1 Selection of the measurement surface

To facilitate the location of the microphone positions
on the measurement surface, a hypothetical refer-
ence box shall be defined. When defining the dimen-
sions of this reference box, elements protruding from
the source which are not significant radiators of sound
energy may be disregarded. These protruding ele-
ments should be identified in specific noise test codes
for different types of equipment. The microphone
positions lie on the measurement surface, a hy-
pothetical surface of area § which envelops the
source as well as the reference box and terminates
on the reflecting plane(s).

The location of the source under test, the measure-
ment surface and the microphone positions are de-
fined by a coordinate system with the horizontal axes
x and y in the ground plane parallel to the length and
width of the reference box. The characteristic source
dimension, dj, is shown in figure 1.

One of the following two shapes shall be used for the
measurement surface:

a) a hernispherical surface or partial hemispherical
surface of radius r;

b) a rectangular paralielepiped whose sides are par-
allel to those of the reference box; in this case, the
measurement distance, d. is the distance between
the measurement surface and the reference box.

For sources usually mounted and/or to be measured
in rooms or spaces under unfavourable acoustical
conditions (for example, many reflecting objects and
high levels of background noise), the selection of a
small measurement distance is appropriate and usu-
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gnd/or to be measured in large open areas under sat-
isfactory acoustical conditions, a large measurement
distance is usually selected and in this case the

directivity measurements, a hemispherical or partial
hemispherical measurement surface is required.
ms :

- For' measurements on a series of similar sources (far

example, machines of the same type or. machines
from the same family), the use of the same shape of
measurement surface is required.

NOTE 21
particular source under investigation should be consulted for

detailed information.

The construction of the reference box, the size and
shape of the measurement surface, as well as the
measurement distance, d, or the radius of the hemt-
sphere, r, shall be described in.the test.report.. -

7.2 Hemispherical r.n"e'asurement surface

The hemisphere shall be centred in the middie of the
box consisting of the reference box and its images in
adjoining reflecting planes (point @ in figure1). The
radius, r, of the hemispherical measurement surface
shall be equal to or greater than twice the character-
istic source dimension, d,, and not less than 1 m.

NOTE 22 The radius of the hemisphere should be one
of the following values (in metres): 1, 2, 4, 6, 8, 10, 12, 14
or 16. Some of these radii may be so large that the envi-
ronmental requirements given in annex A cannot be satis-
fied; such large values of the radii may not be used.

72.1 Area and key microphone positions on the
hemispherical measurement surface

If there is only one reflecting plane, the microphone-:
positions lie on the hypothetical iemisphericat surface -

of area S = 2xr%, enveloping the source and terminat-
ing on the reflecting plane. If the source under test is
in front of a wall, S=xr’ If it is in the corner,
§=0,5rr%. The key microphone positions of the
hemispherical surface are shown in figures B.1 and
B.2 in annex B. FigureB.1 specifies the locations of
10 key microphone positions, each associated with

equal areas, on the surface of the hemisphere of ra-

dius r. The hemispherical array of figures B.1 and B.2
has been selected to minimize the errors: which can
be caused by interference between the sound wave
reaching the microphone directly and the wave re-
flected by the reflecting plane.

If a source is installed adjacent to more than one re-
flecting plane, reference shall be made to
figure B.3a) and figure B.3b) in annex B to define a

a'l'ly""dictates*fh-e-*select-ion~»of~a—-paralleIepi»ped~mease..#__suitableﬁmea_s_umment_ surface and the microphone

urement surface. For sources usually mounted

The specific noise test code pertinent to the .

a,
-

- -hemispherical-measurement surface is_preferred. For__ .. . ... .

positions.
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Figure 1 — Examples illustrating reference boxes and characteristic source dimensions, d,, with respect

emvrg v L -

a) Reference box.on one reflecting plane

dom N2 + (127 +

b) Reference box on two reflecting planes

dy=\ (2P +E+5

¢) Reference box on three reflecting planes

dy =

B+B+E

to-the-origin-of the-coordinate-system; Q




In special cases (i_.e. for families of machines, such as
construction equipment or earthmoving machinery,
which are to be measured in a moving state or in a

dfiving~mede)—a~d~iﬁerent»numbepandanangement—oimmmentdistanceLfromb&box.w

“ microphone positions can be used. However, this is

only possible if preliminary investigation has shown

*that the resulting sound power level value is equal to
*or larger by less than 1 dB than that determined with
the array specified in this International Standard.

Iy

7.2.2 Additional microphone positions on the
hemispherical measurement surface

Sound pressure level measurements are required at
additional microphone positions on the hemispherical
measurement surface if '

a) the range of sound pressure level values meas-
ured at the key microphone positions (i.e. the dif-
ference in decibels between the highest and
lowest sound pressure levels} exceeds the num-
ber of key measurement points, or

b) the source radiates noise with a high_directivity,
or

¢) the noise from a large source is radiated only from
a small portion of the source, for example, the
openings of an otherwise enclosed machine.

If condition a) exists, additional microphone positions
shall be used. For the microphone array on the hemi-
sphere, an additional 10-point array is defined by ro-
tating the original array of figureB.1 through 180°
about the z-axis (see table B.1 and figure B.2). Note
that the top point on the z-axis of the new array is
coincident with the top point of the original array. The
total number of microphone positions is increased
from 10 to 19.

If conditions b) or ¢} exist, additional measurement
positions on the measurement surface in the region
of high noise radiation shall be used (see 7.4.1).

7.3 Parallelepiped measurement surface

The measurement distance, d, is the perpendicular
distance between the reference box and the meas-
urement surface. The preferred value of dis 1 m and
it shall be at least 0,25 m.

NOTE 23 The value of d should be one of the following
values (in metres): 0,25, 0,5, 1, 2, 4 or 8. Measurement
distances larger than 1m may be selected for large
sources. The environmental requirements given in annex A
should be satisfied for the value of d selected.
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surface, a hypothetical surface of area S enveloping
the source whose sides are parallel to the sides of the
reference box and spaced out 3 distance 4 (measure-

-9

-

The microphone positions on the parallelepipéd

fneasurement surface are shown in figures C.110 C.8  =izh

‘in'annex C. The area § of the measurement surface

where

ca= 0,5l +d

p=05h+d )

L7 emb+d | -

I, I, and I are the length, width and height of the
reference box. -

If a source is installed adjacent to more than one re-
flecting plane, reference shall be made to figures C.7-
and C.8 in annex C to define a suitable measurement
surface. The calculation of the area S of the meas-
urement surfaces under these conditions is given in

the respective figures. The microphone positions shall . -

be located according to figures C.1 to C.6.

7.3.2 Additional microphoné positions on the
parallelepiped measurement surface

Sound pressure level measurements are required at
additional microphone positions on the parallelepiped
measurement surface if

a) the range of sound pressure level values meas-
ured at the key microphone positions (i.e. the dif-
ference in decibels between the highest and the
lowest sound pressure levels) exceeds the num-
ber of measurement points, or

b) the source radiates noise with a high directivity,
or

¢} the noise from a large source is radiated only from
a small portion of the source, for example, the
openings of an otherwise enclosed machine.

If condition a) exists, additional microphone positions
shall be used. For the microphone array on the
parallelepiped, the number of measurement points is
increased as shown in figureC.1, annex C , by in-
creasing the number of equally-sized rectangular par-
tial areas.

“according to figures C.2 to C.6 is given by the formula . .;.:;zavni

Pooema,

= 7S = A(ab+bc +ca) .3

7.3.1 Area and microphone po.éition’s on the
parallelepiped measurement surface

The microphone positions lie on the measurement

If conditions b) or ¢) exist, additional measurement
positions on the measurement surface in the region
of high noise radiation shall be used (see 7.4.1).
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7.4 Additional procedures for selection of
microphone positions -

7.5.2 Measuring instruments

7.4.1 Additional localized microphone positions
on the measurement surface

If additional localized microphone positions are re-

quired, in accordance with 7.2.2 or 7.3.2, a detailed
investigation is necessary of the sound pressure lev-
els over a restricted portion of the measurement sur-
face. The purpose of this detailed investigation is to
determine the highest and lowest values of the sound
pressure levels in the frequency bands of interest.
The additional microphone positions will usually not
be associated with equal areas on the measurement
surface. In this case, the calculation procedure of
ISO 3745:1877, 8.1.2 (unequal areas) for the determi-
nation of Ly shall be used.

7.4.2 Reduction in the number of microphone
positions

The number of microphone positions can be reduced
if preliminary investigations for a particular family of
machines show that by using the reduced number of
microphone positions the determined surface sound
pressure levels do not deviate by more than 0,5 dB
from those determined from measurements over the
complete set of microphone positions in accordance
with 7.2 and 7.3. An example is ‘when the radiation
pattern is shown to be symmetrical.

NOTE 24 The overhead position{s) may be deleted for
safety reasons, if so stated in the relevant noise test code.

7.4.3 Measurement paths for a traversing
microphone »

If the source under test emits steady noise, it is per-
missible 1o measure the surface sound pressure level
by traversing a microphone at constant velocity along
measurement paths;, as described in annex B and
annex C, instead of at the individual microphone
positions. The maximum traversing speed along a
path and microphone orientation shall be reported.

7.5 Measurement
7.5.1 Environmental conditions

Environmental conditions having an adverse effect on
the microphone used for the measurements (for ex-
ample, strong electric or magnetic fields, wind,
impingement of air discharge from the equipment
being tested, high or low temperatures) shall be
avoided by proper selection or positioning of the

In addition to the specifications given in clause 5, the
following apply. '

" The time-averaged sound pressure level (3.2.1) shall

be measured using an integrating sound level meter
complying with IEC 804, unless it is shown that the
sound pressure fluctustions measured with time-
weighting characteristic S are less than + 1 dB; in this
case it is also permissible to use a sound level meter
complying with |EC 651. In the latter case, express
the time-averaged sound pressure level as the aver-
age of the maximum and minimum levels during the
period of measurement,

7.5.3 Procedure

Observe the time-averaged sound pressure level over
a typical period of operation of the source. Take
readings of the time-averaged sound pressure level
at each microphone position within the frequency
range of interest. -

Determine the following:

a) the A—weighted sound pressure levels or the band
pressure levels L', during operation of the source
under test;

b) the A-weighted sound pressure levels or the band
pressure levels L”, produced by the background
noise. :

For frequency bands centred on or below 160 Hz, the
period of observation shall be at least 30 s. For the
frequency bands centred on or above 200 Hz, the
period of observation shall be at least 10 s.

When using a traversing microphone, the iniegrating
time shall include at least two full traverses.

For the measurement of isolated single sound events,
determine the single-event sound pressure level L,y
(see 3.2.2).

For noise that varies with time, it is important to
specify carefully the period of observation, and this
will usually depend on the purpose of the measure-
ments. For a machine with modes of operation having
different noise levels, select an appropriate measuring
period for each mode and state this in the test report.

8 Calculation of surface sound pressure
level and sound power level

8.1 Calculation of sound pressure level

. ———_microphone.-The. instructions.of the manufacturers of

the measurement instruments regarding adverse en-
vironmental conditions shall be foliowed. The micro-
phone shall always be oriented in such a way that the

averaged over the measurement surface

For the A-weighted sound pressure level or the level

ang.l&of..uincidence_of»_me_..sound...wayes__is-ihaI_...for_ﬁé,__inﬁ_eacb_tr_e,QLLeLCy_band of interest, calculate an aver-

which the microphone is calibrated.

age sound pressure level over the measurement sur-

| IR - 11~ T T
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face, L', from the measured sound pressure levels

L'y @nd L_’f from the background noise levels L”y; Table 2 — A-weighting values, 4; -

- using the following equations: Octave-band | One-third-octave| A-weighting .
S . : N ] . _centre’ band centre Cvalues | -
5 e 0.iL’ "1 frequencies - | - frequencies O e +
% Lp= 10 ig "ﬁzw "} dB : @ e T q - cp s i feid macosn
-::‘ iwml .. € A Hz .~ .".-» Hz Gio daB - o .
-;.._‘ ecm— N » LT ‘. T ": ° Lo Sy 50 o 30,2,,-_.- o Jme r." & a
% an =10 lg %_2100.11' | dB . . (5) 83 2T 63 T _26'2~-.U.r- i X
' i= . 80 -

b 100 =191 e
,\ghere - . 125 125 - «16,1 - LIS Il
T, s the sound pressure level averaged over - 160 AT S P
- the measurement surface, in. decibels, - 200 7_-._109’ - sy s oD
: with the source under test in operation; s 250 1 . 280 586 o fopar T er
L7, is the sound pressure level of the back- ’ 315 -66 - e
ground noise averaged over the measure- 400 48 -: e
ment surface, in decibels; ' . 500 500 =32 .
L,; is the sound pressure level measured at ‘ : 830 =18, .
the i microphone position, in decibels; - - _goo . -08
L, s the sound pressure level of the back- - 100 - } ggg . ' 005 LA
- th s A . e
ground noise measured at the i micro- N . : e e
phone position, in decibels: - 1600 1.0
. . " 2 000 2 000 i 1,2
N is the number of microphone positions. 2 500 1.3 E
NOTE 25 The averaging procedure in equations (4) and ' 3150 1.2 H
(5) is based on a uniform distribution of the microphone 4 000 4 000 1,0
positions on the measurement surface. 5 000 0.5
6 300 =01
8 000 8 000 -11
10 000 -25

8.2 Calculation of A-weighted sound 8.3 Corrections for background noise

pressure levels from frequency band data Calculate the correction K, (A-weighted or in fre-
guency bands) by using the following equation:
K,=—-101g (1-10"%1%") dB )
If A-weighted sound pressure levels are calculated where '
from frequency band pressure levels, use the foliow- AL=T -7
=&pTLp

ing equation:
. i AL > 15 dB, no correction is made. If AL > 6 dB
0.1(L,; ) . f)
La=101g [210 L"M’] dg O the measurement is valid according to this Inter-
J national Standard (see table 0.1).

where For values of AL between 6 dB and 15 dB, make cor-
. : . rections. according to equation (7). Even if the meas-

Ly ?e;&eel;reigu;anncgfband pressure level, in ~ urement is invalid for a single frequency band, it can

‘ ! still be valid for the A-weighted value, provided that

AL, is greater than 6 dB, where AL, is the difference

is the A-weighting value at the centre fre-
between the values of L’,s and L”pa.

quency of band j, as given in table 2.

A

NOTE26 | the noise source em!fs_stﬁfg_diﬁmte_frF‘“ """""""" If_the..ﬁﬁjB_c-[iterion is_not satiSﬁ?d' the accura.cy of
Quency components‘ itis recommended that the calcUlaﬁon the resplt(s) IS redUCEd. The maxln?um correction to .
be applied to these measurements IS 1.3dB. The re-

be performed using one-third-octave band A-weighting val- 7
ves. sult may, however, be reported and may be useful for

-1
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determining an upper boundary to the sound power

- —  favel-of the—source—under-test—f -such-data-are-re-—
ported, it shall be clearly stated in the text of the re-
port, as well as in graphs and tables of results, that

the background noise requirements of this Inter-
national Standard have not been fulfilled.

8.4 Corrections for the test environment

The environmental correction K, (A-weighted or in
frequency bands) is determined by one of the proce-
dures described in annex A.

Measurements according to this International Stan-
dard are valid for A-weighting if K, < 2dB and for
the j™ frequency band if Ky; < 2 dB (see table 0.1).
NOTE 27 | K, is greater than 2 dB, the criterion is not
satisfied and the accuracy of the result(s) is reduced. The
measurement method given in this International Standard
may, however, be used, but when reporting the results ei-
ther a maximum correction of 2 dB can be applied and ref-
erence can be made to ISO 3744 if it is stated that the
sound power level is equal to or less than that so deter-
mined, or the full correction can be applied, but in this case
reference should be made to 1SO 3746.

8.5 Calculation of surface sound pressure
level

Determine the surface sound pressure level [;; by
correcting the value of L', for background noise and
for reflected sound by using the following equation
with corrections K, and Kj:

L._‘;;=_L_l;"K1“Kz ...(8)

8.6 Calculation of sound power level

The sound power level, Ly, shall be calculated as fol-

lows:
- (S
Lw=l.P,+10Ig(—§;) dB .9
where
L-’; is the A-weighted or frequency band sur-
face sound pressure level according to
equation (8);
S is the area of the measurement surface, in
square metres;
S, =1m’

a) Information on impulsive noise, in accordance with.
_ one.of the methods of annex D; andjfor the pres-

- ence of discrete tones determined by listening.

.b) The sound pressure spectrum at a single micro-
......phone position on the measurement surface or
~ averaged over the measurement surface.
é)’__The directivity index as specified in annex E.

d) The variation of the A-weighted sound pressure
jevel with time at a defined microphone position
and between the microphone positions on the
measurement surface. :

@) The sound pressure level with different time
andjor frequency weighting at. individual micro-
phone position(s) on the measurement surface.

9 Information to be recorded

The inforfnatio}i listed in 9.1 to 9.5, when applicable,
shall be compiled and recorded for all measurements
made in accordance with this International Standard.

9.1 Source under test

a) Description of the source under test, including its

— type.

— technical data,

— dimensions,

— manufacturer,

— machine serial number, and
— year of manufacture.

b) Operating conditions during test (in accordance
with the specific test code for the source, if any,
or the manufacturer's instructions).

¢) Mounting conditions.

9.2 Acoustic environment
a) Description of the test environment:

— if indoors, description of physical treatment of
walls, ceiling and floor; sketch showing the lo-
cation of source and room contents;

— if outdoors, sketch showing the location of the
source with respect to surrounding terrain, in-
cluding a physical description. of the test envi-
ronment.

8.7 Determination of optional quanﬁties

b) Acoustical qualification of the test environment in
accordance with annex A.

The following optional quantities may be requiret by
noise test codes for specific types of sources.

) —Air iempera-ture--~---in—~degrees~-Gelsi‘u-sr—vbarometxic-..—.w--»--

pressure in pascals, and relative humidity.

Tl (]
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8.3 instrumentation

5) Equipment used for measurements, including

. ;__.,—na-meTwpe,_se;ialﬁnumbeLandﬁman.uiacm_reL_m__ R

§) Method used for checking the calibration of the
g microphones and other system components; the
% date, place and result of calibration shall be given.

-

¢) Characteristics of windscreen (if any).

9_.4 Acoustical data

a-): A-weighted sound power level and sound power
- levels in frequency bands, if required. '

NOTE 28 ISO 8296 requires that the declared A-
weighted sound power levels of computers and busi-
. ness equipment be expressed in beis using the identity
. 1B = 10dB. -

b) The shape of the measurement surface, the
. measurement distance of radius, and the location
and orientation of microphone positions or paths.

¢) Thearea § of the measurement surface.

d) The background noise correction Ky {A-weighted
or in frequency bands) for the surface sound
pressure levels.

e) The environmental corrections K, (A-weighted or
in frequency bands) and the method by which it
was determined in accordance with one of the
procedures of annex A.

f) Sound pressure levels L (respectively L, s )) (A-
weighted or in frequency bands} at each measur-
ing point i.

g) The surface sound pressure level L, (A-weighted
or in frequency bands), where x is the measure-
ment distance d or the measurement radius r.

& 3% with time. -
- d) Directivity index in conjunction with the direction

1SO 3744:1994(E)

h) Place, date when the measurements were per-
formed, and the name of the person responsible
for the test.

9.5. dptional data

a).. Sound power spectrum or sound pressure spec:

- ~= g trum comected for bapkground noise and environ-

mental influence.

b)- ln'formation on impulsive noise in accordancé with
- one of the methods of annex D; and/or the pres-

. - y ence of discrete tones determined by listening.

™ P -z
“¢) - Variation of the measured sound pressure levels

ISR
Bt |

of the microphone position concerned, as de-

scribed in annex E. .

.8

e)

“ frequency weighting at-a specified microphone
position on the measurernent surface.

f) Wind speed and direction.”
g) Standard deviation of reproducibility, op.

h) Any noise data required by the noise test code.

10 Information to be reported

Only those recorded data (see clause '9) are to be re-
ported which are required for the purpose. of the
measurements (see ISO 4871).

The report shall state whether or not the reported
sound power levels have been obtained in full con-
formity with the requirements of this International
Standard.

The A-weighted sound power level of the source un-
der test shall be reported to the nearest 0,5 dB.

Sound preséure level with different time arid/or~

.
o

;.abneic
05"

13
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Ahnex A

(normative)

Qualification procedures for t'he acoustic environment

A.1 General

An environment providing an approximately free field
over a reflecting plane shall be used for measure-
ments made in accordance with this Intemnational
Standard. It is permissible to use a semi-anechoic
room, an outdoor space or an ordinary room if the re-
quirements given below are satisfied.

The test room shall be large enough and, as far as is
practicable, free from reflecting objects with the ex-
ception of the reflecting plane(s).

The test room shall provide a measurement surface
that lies

a) inside a sound field that is essentially free of un-
desired sound reflections from the room bound-
aries or nearby objects, and

b} outside the near field of the sound source under
test.

For open test sites which consists of a hard, flat
ground surface, such as asphalt or concrete, and with
no sound-refiecting objects within a distance from the
source equal to three times the greatest distance
from the source centre to the lower measurement
points, it is assumed that .the environmental cor-
rection K, is less than or equal to 0,5 dB and is,
therefore, negligible.

The environmental correction X, is also assumed to
be negligible for measurements made in semi-
anechoic rooms which meet the requirements of
1ISO 3745:1977, annex A.

NOTE 29 An object in the proximity of the source may
be considered to be sound reflecting if its width (for exam-
ple, diameter of a pole or supporting member] exceeds
one-tenth of its distance from the reference box.

Evaluate environmental influences by selecting one
of two alternative procedures used to determine the
magnitude of the environmental correction K,. Use
these procedures to determine if any undesired envi-
ronmental influences are present and to qualify a
given measurement surface for an actual source un-

(RSS) and can be used outdoors and indoors. It is the
preferred procedure, particularly if data in frequency
bands are required.

The second qualification test {(method based on room
absorption, see A.4) requires the determination of the

. equivalent absorption area, A, of the test room with

the aid of reverberation time measurements, or by
estimating the mean absorption coefficient. This test
procedure is based on the assumption that the room
has approximately a cubic shape and is substantially
empty and that there are absorption effects on the
room boundaries. Under these conditions, if the
source under test cannot be moved and if its dimen-
sions are large, this is the preferred method.

The measurement surface in a given test environment
is satisfactory for measurements complying with this
International Standard only if the environmental cor-
rection K, is numerically iess, than or equal to 2 dB. If
the environmental correction K, exceeds 2 dB, repeat
the procedure using either a smaller measurement
surface or a better test environment.

NOTE 30 If this is not practicable, determination of the
sound ‘power levels of the source under test using the
methods described in SO 3746 may be more suitable.

A.2 Environmental conditions

A.2.1 Properties of reflecting plane

Measurements are permissibie in the following en-
vironments: ‘

- over a reflecting plane outdoors;

— in a test room with sound absorptive walls and
ceiling, a sound reflecting floor and up to two fur-
ther perpendicular refiecting surfaces.

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

der test in accordance with this International Stan-
dard.

The first qualification test (absolute comparison test,

A.2.1.1 Shape and size

The reflecting plane(s) shall extend at least /2 beyond

see A.3) is carried out with a reference sound source

the projection of the measurement surface on the
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plane(s) for the lowest frequency of the fiequency
range of interest. ,

i’he sound absorption coefficient (see ISO 354) of the
reflecting plane(s) should preferably be less than 0,06
over the frequency range of interest. Concrete or
<mooth sealed asphalt surface(s) should be satisfac-
tory {see also table A.1). .

A2.2 Precautions for outdoor
measurements

Take care to minimize the effects of adverse

meteorological conditions (for example, temperature,’

humidity, wind, precipitation) on the sound propa-
gation over the frequency range of interest or on the
background noise during the course of the measure-
ments.

If a device is used to shield the microphone from the
affects of wind, proper corrections of the measured
sound pressure levels shall be made.

A.3 Absolute comparison test

This procedure should preferably be used if the
source under test can be removed from the test site.

A.3.1 Procedure

Mount a reference sound source (RSS) with charac-
seristics that meet the requirements of ISO 6926 in
the test environment, in essentially the same position
as that of the source under test. Determine the sound
power level of the reference sound source in accord-
ance with the procedures of clauses 7 and 8 without
the environmental correction K, (i.e. K; is initially as-
sumed equal to zero). Use the same measurement
surface as that used for the measurements of the
source under test.

The environmental correction K, (A-weighted or in
frequency bands) is given by _

K2=L;V"L'Wr LA
where
Ly is the environr;ientally uncorrected sound
power level of the reference sound

source, determined in accordance with

ISO 3744:1994(E)

NOTE 31 This method is applicable to both directly
measured A-weighted levels and frequency band levels. i
the spectrum of the source under test is very different from

that of the RSS, it is recommended that K,, be determined

-— ——from-frequency-band-levelss———

‘A3.2 Locations of reference sound source in
test environment : :

site, locate the reference sound source on the re-
flecting place, independent of the height of the source
under test, except for special cases such as hand-held
machine tools.

NOTE 32 If the reference sound source (RSS) is located
above the reflecting plane or close to other reflecting sur-
faces, it should be calibrated in a similar location. At present
a standardized calibration method is only availabie for an
RSS located on a refiecting plane away from any other re-
flecting surfaces (see ISO 6926). _

One single location is. sufficient for small- and
medium-sized sources. (,, L, Lk <2 m). For larger
sources and for those with ratios of length to width
greater than 2, operate the reference sound source
on the floor at four points. Assuming that the pro-
jection of the source under test on the floor is ap-

proximately rectangular in shape, the four points are .

located at the middle points of the sides of the rec-
tangle. To obtain Ly, calculate the surface sound
pressure level, L, with the reference sound source
located at each of the four points on the floor. At each
point on the measurement surface, average the
sound pressure level for the four source locations on
a mean-square basis, i.e. using equation (4) in 8.1.

if the source under test cannot be removed from the
test site, the reference sound source shall be placed
at one or more positions in the same environment
different from the position of the machine under test
but equivalent with respect to room reflections. Fur-
thermore, positions of the reference sound source on
top of the source under test or adjacent to it, in
accordance with 1SO 3747, may be used, but for such
locations the relevant calibration of the reference
sound source must be known.

With regard to a sufficient number of microphone
positions, care should be taken to fulfil the require-
ments of 7.2.2 a) and 7.3.23) respectively.

A4 Determination of the environmental
correction based on room absorption

Calculate the environmental correction K from

If the source under test can be removed from the test.

b

clauses 7 and 8 when using the value 0 for K, =10 Ig [1 +4(S/A)] dB . e (A.Z)‘
K,; :
T 2 where
Ly, is the calibrated sound power level of the ) )
reference sound source [reference A is the equivalent sound absorption area of
1 pW (= 1072 W)], in decibels. ' the room, in square metres;
15
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S is the area of the measurement surface, in
_square metres. .

1SO 354) by the Sabine reverberation time eguation. -

Environmental corrections as a function of A/S calcu-
lated using equation {A.2) are illustrated in figure A.1.

A.4.1 Approximate method

In order to ascertain the acoustic characteristics of the
test environment, determine K, from equation (A.2)
using a value of A given in square metres by the for-
mula

A=aSy ...(A3)
where
o is the mean sound absorption coefficient,
given for A-weighted gquantities in
table A.1; .

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

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

Mean sound
absorption . e _
coefficient Description of room
-4
0,05 Nearly empt\} room with smooth
hard walls made of concrete,
brick, plaster or tile
- 0,1 Partly empty room; room with
smooth walls
0,15 Room with furniture; rectangular

machinery room; rectangular in-
dustrial room

0.2 irregularly shaped room with fur-
niture; irregularly shaped machin-
ery room or industrial room

Room with upholstered furniture;
rmachinery or industrial room with
a small amount of sound-
absorbing material on ceiling or
walls (for example, partially ab-
sorptive ceiling}

Room with sound absorbing ma-
terials on both ceiling and walls

0.5 Room with large amounts of
sound-absorbing materials on ceil-
ing and walls

0.25

0,35

At room temperatures between-15°C-and-30-*C:— - -

A=0,18(V/T) ... (Ad)
-where
1% is the volume of the test room, in cubic
metres; 4
T is the reverberation time, in seconds, for

A-weighting or in frequency bands.

For the purpose of determining K, directly from A-
weighted measured values, it is recommended to use
the reverberation time measured in the frequency
band with centre frequency of 1 kHz.

This method is not suitable for use in a laboratory-
quality hemi-anechoic room nor for outdoor measure-
ments.

A.43 'Iiﬁvé_-éurface methdd

Use this test method only in room whose length and
width are each less than three times the ceiling
height. Select two surfaces that surround the sound
source. The first surface shall be the measurement
surface, in accordance with 7.1, for determination of
sound power level. The area of the first surface shall
be designated S. The second surface with area S, shall
be geometrically similar to the first surface and lo-
cated further away and symmetrical with respect to
the machine under test. On both surfaces, the back-
ground noise criteria specified in 4.3 shall be fulfilied.

The microphone locations on the second surface shall
correspond to those on the first surface. The ratio
S,/S shall not be less than 2 and preferably should be
greater than 4. The quantity M is calculated from

M = 101 Es=Ta) . (AB)
where
L',y s the average sound pressure level on §

[see equation {4)] in decibels;

rz is the average sound pressure level on §,
[see equation (4]] in decibels.

For both average sound pressure levels, corrections
for background noise shall be applied in accordance
with 8.3.

The ratio A/S is calculated from
A_ AM-T)

el sy 7770 —MGE, ... (A.B)

—A:4.2—Reverberation-method

Calculate the equivalent sound absorption area of the
room from the measured reverberation time (see

The environmental correction K, for A-weighting or in
frequency bands is obtained from equation (A.2) for
the A/S ratio calculated from equation (A.6).
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Annex B
(normatsve)

Mlcrophone array on the hemlsphencal measurement surface

B.1 Key microphone positions and
additional microphone positions

Ten key microphone positions associated with equal
areas of the measurement surface are numbered 1 to
10 in figures B.1 and B.2, and their coordinates ac-
cording to the coordinate system defined in 7.1 are
listed in table B.1. Ten additional microphone positions
are numbered 11 to 20 in figure B.2 and their coordi-
nates are also listed in table B.1.

Table B.1 — Coordinates of key microphone
positions (1-10) and additional microphone
positions (11-20)

Microphone X y z
position r v T
1 -0,89 0 0,15
2 0,50 -0,86 0,15
3 0,50 0,86 0,15
4 -0,45 0,77 0.45
5 ~0,45 -0,77 0.45
6 0,89 0 0.45
7 -0,33 0,57 0,75
8 -0,66 0 - 0,75
9 0,33 -0,57 0,75
10 0 0 1.0
1 0,99 0 0,15
12 -0,50 0.86 0,15
13 -0,50 -0,86 0,15
14 0.45 =077 0.45
15 0.45 0,77 0.45
16 -0.88 0 0.45
17 -0,33 -0,57 0.75
18 0,66 0 0.75
19 -0,33 0,57 0,75
20 (£10) 0 0 1.0
NOTE — The overhead positions 10 and 20 coincide, and
it is permissible to omit these if so indicated in the rele-
vant noise test code.

B.2 Microphone positions for sources
emitting discrete tones

If the source emits discrete tones, strong interference
effects can occur if several-micorphone positions are
placed at the same height above the reflecting plane.
In such a case, the use of a microphone array with the
coordinates given in table B.2 is recommended.

Table B.2 — Coordinates of microphone
positions for sources emittmg dnscrete tones

Microphone| ~ x y z
position T g r

1 0,16 -0,96 0,22

2 0,78 ~0,60 0,20

3 0,78 . 0.55 0,31

4 0,16 0,90 0,41

5 -0,83 0,32 0,45

6 -0,83 -0,40 0,38

7 -0,26 -0,65 0,71

8 0.74 -0,07 0,67

9 -0,26 0,50 0.83

10 0,10 -0,10 0,99

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

For a source installed adjacent to two reflecting
planes, reference shall be made to figure B.3 for the
purposes of defining a suitable measurement surface
and microphone positions. The radius r of the spheri-
cal measurement surface shall be at least 3 m.

B.4 Measurement paths

Coaxial circular paths in parallel planes for microphone
traverses in a free field over a reflecting plane are
shown in figure B.4.

The paths are selected so that the annular area of the
hemisphere associated with each path is the same.




ISO 3744:1994(E) -+ - 3i

-~
“

. - .7 Z R :
- - . _'57_4 ’ . o . kLt
Measurement surface : Reterence box . -
o 10 N o eEReezzad
- e T N
8’ o y
" Q 17
. 1 I d
i - - . : . e et
I - 1.7
b oe ik n ?9, A Cieeetos
- | yd l ¢
1 5 r : | ?
Q s/ I - l
l ! H )
) g < s .
B LA, U4 s !
| 7 ;Tn v V4 /7 l
i // 77-&_\.
v 4 | }i{z// ———x

O Key microphone pesitions

Figure B.1 — Microphone array on the hemisphere — lgey microphone positions




ISO 3744:1994(E)

F 4
‘ 099 r
0.89 r f_ 0.66 r
102
8 17 _19
Measuremant - 'y
surface 1 bcs ; -
« [
wl o ©
1 2 B 2_3 i
® O
A _ 4,
Y/ 2 i
Reference box :
y
A
12 — 3
& 15,
19 I 7
1 16 8 20 18 [3 1"
’ 10. ’ x
Reference box ) ‘
‘R
Measurement H
surface
S . 3
3 . 2

O Key microphone positions
® Additional microphone paositions

NOTE — Key microphone positions are numbered 1 to 10; additional microphone positions are numbered 11 to 20.

Figure B.2 — Microphone array on the hemisphere




i
!

¥
o)
bt
ol
[
L)
I

<

A

ISO 3744:1994(E)~ - - = -

4777

UL LI LILL S

|

7 e .:\ . T o T,
it \ - TOoaasSuraner? urets
.
%. \ - L % Tl LG
- P :: AN

18 sA J1

- K op tmas B -
o TN s YO0 BLTTR%

/ ;o aoim Taens & tee retlecting WIERSS
A iee Tirwen R - -

15/' . Lo L Sl roacEtainiatee Tl U2
: . sunage b 0 Te

~
JAE

| 2 b - o
A . x L. N :

0.99r
0,89+
0.66r

ir

1% 15 6

23 11
O TS Z
wQ X

A UL LEUREANN AN RN\

O Key microphone positions
@ Additional microphone positions

0.75r

0ASr

L AL
)

‘igure B.3 — Plan view of a spherical measurement surface and microphone positions around a reference

box adjacent to two reflecting planes




ISO 3744:1994(E) : | : -

L AN ke b

v,-.:,'Nyd;L!;zfl.;a-\\-ﬂ'e-wmv.‘w- »

Axis of rotation of microphone
traversing mechanism

~

Elevations of microphone H : Height of corresponding g
traverses . . gareas of hemisphere ;
/ | \ R R N ;
~N
el : - °
) o~
/. i o
. v ! &l «
o iy i o
ol &
~ [ T \ <
ol & | N
"é‘. o f ! o
o
~N

L 047

(-]

l S
2 A

NOTE — The paths are selected so that the annular area of the hemisphére associated with each path is the same.

Figure B.4 — Coaxial circular paths in parallel planes for microphone traverses in a free field over a
reflecting plane




ISO 3744:1994(E) *" = *--

. _ . .. . _Annex c
(normative)_ T o T T
. ' =7 ety
Microphone array on the parallelepiped measurement surface

1 Microphone positions for sources © Adi:éent microphone %ositiong may be added to
. L - make measurement paths as shown in figures C.2 t
ounted on one _.re_f_l._egc_mg plane e Bl a _p in figures o
sh pl f t : h T ) gt .
plane of the measuremen surface shall be con- c2: _Mlcrophone positions for sources

ered on its own and so subdivided that the result b _
the smallest possible number of equal-sized rec- adjacent to two or three reflecting planes

~gular partial areas with a maximum length of side e :
t to more than one re-

ual to 3d (see figure C.1). The microphone positions For a source instalied adjac;ﬁ
s in the centre of each partial area and at each-cor- * - * flecting plane, reference shall be made to figures C.7
 of the partial area (excluding the comners intruding and C.8 for the purpose of defining a suitable meas-
-0 the reflecting plane(s)). In this way the " micro- - urement surface. The microphone positions shall be
ione positions for figures C2 to C.6 are obtained. =~ as shown in figures C.2 to C.6. )
<3d
_ <3d <3d
<3d =2
v ® ® @ R
] = e 2 o . e
v ® v v ) ® e

R/7777 N TS

cified microphone positions where a side of the measurement

figure C.1 — Procedure for fixing the spe
surface exceeds 3d
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