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INTERNATIONAL STANDARD

1ISO 3744-1981 (E)

Acoustics — Determination of sound power levels of

noise sources — Enginee

ions-overareflecting plane——— ———————————

condit

0.1 Relatdgd International Standards

This Internati
methods for

and equipmg
acoustical req
ferent test en

nt.

bnal Standard is one of a series specifying various
Hetermining the sound power levels of machines
These basic documents specify only the
uirements for measurements appropriate for dif-
vironments as shown in table 1.

ring methods for free-field

decide which oné is most appropriate for the gonditions and
purposes of the test. The operating and mounting conditions of

the machiné or equipment to be tested must be in accordance
with the general principles stated in these basid documents.

Guidelines for operating and mounting conditioms are provided

in 1ISO 3740. If no sound test code is specified for a particular
machine, the mounting and operating conditior|s shall be fully

When applyihg these basic documents, it is necessary to described in the test report.
Table|1 — International Standards specifying various methods for determining the sound power lejels of
machines and equipment
Inter- .
national Classification Test Volume Character Sou'r::“;gwer in(f)oprtrlr?ant?tl)n
Stﬁr‘;derd of method environment of source of noise obtainable available
Steady
3741 . 4
Reverberation broad-band . .
Precision room meeting In one-third \-weighted
Y Steady, octave or spund power
(grade 1) specified >
3742 requirements discrete- octave bands level
a Preferably less frequency or
than 1 % of test narrow-band
room volume Steady,
( . Special broad-band . .
3743 E?glngerlzr;g reverberation narrow-band, A—wetlghtetc)i a?jd Otr;jer welghlted‘
grade test room or discrete. in octave bands sourld power levels
frequency
. . Outdoors or Greatgst Directivity
3744 Engineering in large dimension An information;
(grade 2) roor?w less than ¥ A-weighted sound pressure
15m and in one-third ovel ve
tave or : c
. Preferably less oc function of time;
3745 Precision ss:\(ia-(;?\gfhgzc than 0,5 % of Any octave bands other weighted
(grade 1) room test room sound power levels
volume
No restrictions : Soll:ar;(;:raesssaure
Survey No special test limited only by . ) >
3746 (grade 3) environment available test Any A-weighted fursﬁnon of ;'tmg'
environment otner weighte
sound power levels
®  See clause 2.

**  See ISO 2204.
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0.2 Synopsis of ISO 3744
Applicability
Test environment
Free field over a reflecting plane (indoors or outdoors).
Type of source

Device, machine, component, subassembly.

Data obtained in accordance with this International Standard
may be used for the following purposes amongst others :

a) comparison of machines which are similar in size and
kind;

b} comparison of machines which are different in size and
kind;

c) rating of apparatus in terms of its sound power output;

d} prediction of the sound pressure levels praduced by a

Size of noise soufce
Greatest lineaf dimension less than 15 m.
Character of noise radiated by the source

All types (as|defined in 1SO 2204 : steady, non-steady,
broad-band, discrete-frequency, narrow-band).

Accuracy

Engineering of grade 2 (as defined in ISO 2204)(standard
deviation for determining sound power levels for 1 kHz oc-
tave band is apbout 1,5 dB).

Quantities to b¢ measured

Sound pressufe levels {weighted and in frequency bands) at
prescribed mi¢rophone positions.

Quantities to bé determined

Weighted sodnd power levels (A-weighting is required;
other weightings are optional); sound power levéls“in
frequency bamds; directivity characteristics of the source
{optional).

0.3 Introducfion

This International Standard specifies engineering methods for
measuring the sound pressure levels'of a given surface which
envelops the nojse source under\jnvestigation. The sound
power level of thq source is calgulated from the results of these
measurements. The methgd\may be applied in laboratory
rooms which pravide a free.field over a reflecting plane or in
field installations [whose acoustical characteristics meet the re-
quirements of thi$ Internatlonal Standard If the test room does
not meet the rdg
measurements made in accordance with ISO 3746 mlght never-
theless be possible.

Free-field conditions are usually not encountered in typical
machine rooms where sources are normally installed. If
measurements are made of such installations, corrections may
be required to account for background noise or undesired
reflections. These corrections reduce the accuracy of the sound
power determination. -~

The methods described in this International Standard conform
to the general recommendations included in 1SO 2204.{ The
methods specified in this International Standard permit the
determination of sound power level both in frequency bands
and directly as an A-weighted value.

device or machine at a given point in a givenper{closure or
environment.

In this International Standard the computation of sotind power
from sound pressure level measurements is bas¢d on the
premise that the mean-square sound ‘pressure avefaged over
the enveloping measuring surfagesand over time is

a) directly proportional to"the sound power output of the
source;

b} inversely proportional to the area S of the mepsurement
surface;

c) otherwise dependent only on the physical cgnstants of
air density and sound velocity.

This-International Standard, together with the othprs in this
series (see table 1), supersedes ISO/R 495.

1 Scope and field of application

1.1 General

This International Standard specifies engineering methods for
measuring the sound pressure levels on a measuremgnt surface
enveloping the source and for calculating the soyind power
level produced by the source. It gives requirements for the test
environment and instrumentation as well as techniques for ob-
taining the surface sound pressure level from which the
A-weighted sound power level of the source and octave or one-
third octave band sound power levels are calculated.

This International Standard is concerned with specjfication of
the basic acoustlc reqmrements for the measureme ht of noise
t is impor-
tant that spemfnc test codes for various types of equipment be
established and used as the basis for measurements according
to this International Standard. Such test codes will, for each
type of equipment, give detailed requirements on mounting,
loading and operating conditions for the equipment under test
as well as descriptions of the measurement surface, the
number of microphone positions, and the measurement
distance to be used.

The use of different measurement surfaces may yield differing
estimates of the sound power level of a source. Measurements
on a given family of equipment should all be based on the same
shape of measurement surface. The test code for a particular
type of equipment should give detailed information on the par-
ticular measurement surface that is selected.
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1.2 Field

1.2.1

of application

Types of noise

This International Standard applies to sources which radiate
broad-band noise, narrow-band noise, discrete tones and com-

binations of

such components. The procedures given are ap-

plicable to steady noise. These procedures may also be applied
to non-steady noise as defined in ISO 2204, with the exception
of an isolated burst of sound energy or a burst train with a
repetition rate less than 10 per second.

1SO 3744-1981 (E)

Table 2 — Uncertainty in determining sound power levels

for engineering measurements indoors or outdoors

Octave band One-third octave Standard
centre frequencies band deviation

centre frequencies | of mean value

Hz Hz dB

125 100t0 160 30

250t0 500 200to 630 2.0

1 000 to 4 000 800 to 5 000 1,5

8 000 6 300 to 10 000 2,5

1.2.2 Size

This Interna

of source

ional Standard is not applicable to noise sources

with any lingar dimension (length, width or height) which ex-

ceed 15 m.

1.3 Meagd

Measuremer
dard shoutd
less than thd
pend not o

urement uncertainty

ts made in conformity with this International Stan-
result in standard deviations which are equal to or
se given in table 2. The uncertainties in table 2 de-
ly on the accuracies with which sound pressure

levels and measurement surface areas are determined but also

on the ‘“‘nea
ment distan
250 Hz). Thy

field error’”” which increases for smaller measure-
ces and lower frequencies (i.e. those below
contribution to the uncertainty of the error caused

by small megasurement distances may be checked by repeating
the measurefments at a larger measurement distance and com-
paring the resulting sound power levels. The near field error

always leads
determined

NOTES

1 If the met
compare the

to sound power levels which are higher than those
Wwith larger measurement distances.

ods specified in this International Standard are used to
sound power levels of similarf"machines that are

omnidirectiondl and radiate broad-band noise{ the“uncertainty in this
comparison tgnds to result in standard deviations which are less than
that given in thble 2, provided that the measurements are performed in
the same envionment with the same shape of measurement surface.

2 The standgrd deviations given’in table 2 reflect the cumulative ef-

fects of all cay
the sound po
ample, by ch
source. The rg
considerably I
tainties given

3 For a soure

the 100 to 10

ises of measurement dncertainty, excluding variations in
ver level from test'to test which may be caused, for ex-
Bnges in the mounting or operating conditions of the
producibility and repeatability of the test results may be
better, (L€ smaller standard deviations) than the uncer-
n table 2 would indicate.

i "

000 Hz frequency range, the A-weighted sound power

level is determined with a standard deviation of approximately 2 dB.

For outdoor m

easurements, the standard deviations in the octave band

centered on 63 Hz will be approximately 5 dB.

1) At present at the stage of draft.

2 References

I1SO 266,
measurements.

Acoustics —

Preferred  fréquencies

for

ISO/R 354, Measurement of absorption cqefficients in a

reverberation room.

ISO 2204, Acoustics — Guide to International Standards on
the measurement of airborne acoustical noise anpd evaluation of
its effeetsJon human beings.

1S0. 3740, Acoustics — Determination of soundg
noise sources — Guidefines for the use of basi(

for the preparation of noise test codes.

power levels of
standards and

IS0 3741, Acoustics — Determination of sound power levels of
noise sources — Precision methods for broad-band sources in

reverberation rooms.

ISO 3742, Acoustics — Determination of sound power levels of
noise sources — Precision methods for discretg-frequency and

narrow-band sources in reverberation rooms.

1SO 3743, Acoustics — Determination of sound power levels of
noise sources — Engineering methods for specfal reverberation

test rooms.

ISO 3745, Acoustics — Determination of sound power levels of
noise sources — Precision methods for anedhoic and semi-

anechoic rooms.

ISO 3746, Acoustics — Determination of sound power flevels of
noise sources — Survey method.

ISO 6926, Acoustics — Determination of sound power levels of
noise sources — Characterization and calibration of reference

sound sources. 1)
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IEC  Publication

50(08), International electrotechnical

vocabulary — Electro-acoustics.

IEC Publication 225, Octave, half-octave and third-octave band
filters intended for the analysis of sound and vibrations.

IEC Publication 6

61, Sound level meters.

3 Definitions

For the purposes

of this International Standard, the following

octave bands with centre frequencies between 100 and
10 000 Hz. Any band may be excluded in which the level is
more than 50 dB below the highest band pressure level. For
special purposes, the frequency range of interest may be ex-
tended at either end, provided the test environment and instru-
ment accuracy are satisfactory for use over the extended fre-
quency range. For sources which radiate predominantly high
(or low) frequency sound, the frequency range of interest may
be limited in order to optimize the test facility and procedures.

3.9 measurement surface : A hypothetical surface of area

definitions apply [t

3.1 free field
medium free of b
effects of the b
range of interest

3.2 free field q
presence of one T

3.3 anechoic
essentially all thd
range of interest
the measurement

3.4 semi-anec
ting floor whose
dent sound ene
thereby affording

A sound field in a homogeneous, isotropic
bundaries. In practice, it is a field in which the
bundaries are negligible over the frequency

ver a reflecting plane : A sound field in the
pflecting plane on which the source is located.

room : A test room whose surfaces absorb
incident sound energy over the frequency
thereby affording free-field conditions over
surface.

hoic room : A test room with a hard reflec-
other surfaces absorb essentially all the inci-
gy over the frequency range of interest,
free-field conditions above a reflecting plane.

3.5 surface sound pressure : The sound pressure averagéed

in time on a meg
ment surface usi
and corrected fo
fluence of reflect

n-square basis, averaged over the measure-
hg the averaging procedures specified, in 8.1
the effects of background noisetand the in-
bd sound at the measurement surface.

3.6 surface sqund pressure level, in decibels, L, : Ten

times the logarith
the surface sour
sound pressure. |

m to the base 10 of the ratio of the square of
d pressure to the.square of the reference
[he weighting n€twork or the width of the fre-

guency band use

shall be indicated : for example, A-weighted

sound pressure l¢vel, octave band sound pressure level, one-

third octave ban

sound pressure level, etc. The reference

sound pressure i 20 yPa.

S—emvetopig—tte sSource O winch the Tmeasuring] points are

located.

3.10 reference box: A hypothetical reference surface
which is the smallest rectangular, paralielepiped that just
encloses the source and terminates, on the reflectirlg plane.

3.11 measurement distanece : The minimum didtance from
the reference box to the measurement surface.

4 Acousticenvironment

4.1 General

The test environments that are suitable for measurgments ac-
cording to this International Standard include :

a) a laboratory room which provides a free fljeld 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 feverberant
field to the sound pressures on the measurement surface
are small compared with those of the direct field of the
source.

Conditions described under ¢} above are usually met in very

large rooms as well as in smaller rooms with sufficlent sound-
absorptive materials on their walls and ceilings.

4.2 Criteria for adequacy of the test envjronment

ldeally, the test environment should be free from reflecting ob-

3.7 sound power level, in decibels, L, : Ten times the

logarithm to the base 10 of the ratio of a given sound power to
the reference sound power. The weighting network or the
width of the frequency band used shall be indicated; for exam-
ple, A-weighted sound power level, octave band sound power
level, one-third octave band sound power level, etc. The
reference sound power is 1 pW (= 10-12W).

NOTE — The mean sound pressure level at some reference radius is
numerically different from the sound power level and its use in lieu of
the sound power level is not recommended.

3.8 frequency range of interest : For general purposes,
the frequency range of interest includes the octave bands with
centre frequencies between 125 and 8 000 Hz and the one-third

Jects other than a reflecting plane so that the source radiates
into a free-field over a reflecting plane. Annex A describes pro-
cedures for determining the magnitude of the environmental
correction (if any) to account for departures of the test environ-
ment from the ideal condition. Test environments which are
suitable for engineering measurements permit the sound power
level to be determined with an uncertainty that does not exceed
the values given in table 2.

NOTE — If it is necessary to make measurements in spaces which do
not meet the criteria of annex A, standard deviations of the test results
may be greater than those given in table 2. In those cases, ISO 3746
describes applicable test procedures. In spite of this limitation, the
sound power level determined according to this International Standard
may be useful for obtaining a valid upper limit for the sound power level
of a source.
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4.3 Criterion for background noise

At the microphone positions, the sound pressure levels of the
background noise shall be at least 6 dB and preferably more
than 10 dB below the sound pressure level to be measured in
each frequency band within the frequency range of interest.

NOTE — Levels of background noise less than 6 dB below the sound
pressure levels to be measured are too high for the purposes of this
International Standard. Under such circumstances, the survey method
of 1SO 3746 should be used.

Care shail bé
increase the| apparent background noise. The appropriate in-
structions pfovided by the microphone manufacturer shall be
followed.

b Instrumentation

5.1 Gengral

The instrumentation shall be designed to measure the mean-
square valug of the weighted sound pressure level and the oc-
tave or onetthird octave band levels, averaged over time and
over the measurement surface. Surface averaging is usually
carried out [by measuring the time-averaged sound pressure
levels with b prescribed time constant for a fixed number of
microphone| positions (7.1} and computing the average value
according t¢ 8.1.

The instrumhentation used can perform the required time-
averaging ir two different ways :

a) By ¢ontinuous averaging of the squared signal-using
RC-smogthing with a time-constant 5. Such continuous
averaging provides only an approximation of the true time-
average,|and it places restrictions on the ‘‘Settling’’ time and
observatjon time (see 7.4.3).

NOTE — An example of an instrument.employing such averaging is
a sound level meter fulfilling at least’the requirements for a type 1
instrumer]t in accordance with (IEC *Publication 651 with the time
weighting characteristic “'S%. JFor noise which is impulsive in
character| refer to annex F,

b) By integrating\the squared signal over a fixed time-
interval [rp. Thislintegration may be performed by either
digital o analogue means.

1ISO 3744-1981 (E)

The microphone and its associated cable shall be chosen so
that their sensitivity does not change over the temperature
range encountered during the measurement. If the microphone
is moved, care shall be exercised to avoid introducing
acoustical noise (for example, wind noise) or electrical noise
(for example, from gears, flexing cables, or sliding contacts)
that could interfere with the measurements.

5.3 Frequency response of the instrumentation
system

6 StF ation system for the
angle of incidence specified by the manufactprer shall be flat
over the frequency range of interest within(the tolerances given
for a type 1 instrument in IEC Publication 651

5.4 Weighting network,frequency apalyser

An A-weighting network fulfilling at least the fequirements for
a type 1instrument in accordance with IEC Publication 651 and
an octave band or one-third octave band filter| set fulfilling the
requirements of AEC-Publication 225 shall be ysed. The centre
frequencies of the frequency bands shall corrgspond to those
of 1SO 226.

NOTE “<Jif other weighting networks are usjd in addition to
A-weighting, the characteristics of such networks ghall be reported.

5.5 Calibration

During each series of measurements, an aco
with an accuracy of + 0,5dB shall be
microphone for checking the calibration of the
system at one or more frequencies over the fré
interest. The calibrator shall be checked at leas
to verify that its output has not changed.
acoustical and an electrical calibration of the
system over the entire frequency range of inte
ried out at least every 2 years.

6 Installation and operation of s¢

6.1 General

In many cases, the sound power emitted by a
upon its support or mounting conditions as wg

Examples of suitable instrumentation systems are given in
annex E.

5.2 The microphone and its associated cable

A condenser microphone, or the equivalent in accuracy, sta-
bility and frequency response, shall be used. The microphone
shall have a flat frequency response, over the frequency range
of interest, for the angle of incidence specified by the manufac-
turer.

NOTE — This requirement is met by a microphone of a standardized
sound level meter fulfilling at least the requirements for a type 1 instru-
ment in accordance with IEC Publication 651 and calibrated for free
field measurements.

istical calibrator
applied to the
ENntire measuring
quency range of
once every year
In addition, an
instrumentation
rest shall be car-

urce

source depends
Il as the manner

im—which—the—source—ts—operated—This—clause gives general
recommendations concerning the installation and operation of
sources. Reference should be made to specific test codes for
more detailed information concerning installation and operation
of specific classes of sources (for example, rotating electrical
machines).

Particularly for large machines, it is necessary to make a de-

cision as to which components, subassemblies, auxiliary equip-
ment, power sources, etc., belong to the source under test.

6.2 Source location

The source to be tested shall be installed and mounted with
respect to the reflecting plane in one or more positions that are
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typical of normal usage, if practicable. If several possibilities
exist, or if typical installation and mounting conditions are
unknown, special arrangements are to be made and described
in the test report. In locating the source within the test environ-
ment, it is important that sufficient space be allowed so that the
measurement surface can envelop the machine according to
the requirements of 7.1.

The source shall be located at a sufficient distance from any
reflecting wall or ceiling or any reflecting object so that the re-
quirements given in annex A are satisfied on the measurement

The sound power levels of sources may be determined for any
desired set of operating conditions (i.e. temperature, humidity,
device speed, etc.). These test conditions shall be selected
beforehand and shall be heid constant during the test. The
source shall be in a stable operating condition before any noise
measurements are made.

7 Sound pressure levels on measurement
surface

surface.

NOTE — The typic|
two reflecting surfa
wall) or free space {
reflecting plane (so
tical plane). Detaild
configuration of mi
quirements of this |
codes for such sou

bl installation conditions for some sources involve
ces {for example an appliance installed against a
for example, a hoist) or an opening in an otherwise
that radiation may occur on both sides of the ver-
bd information on installation conditions and the
rophone arrays should be based on the general re-
hternational Standard and specified in specific test
ces.

6.3 Source mounting

Many small soun
cent lamps, ele
radiators of low
method of moun
their vibrational ¢
to be efficient r3
posed if possible
supporting surfad
support and the

this case, the m
mechanical imp¢
radiating sound

shall not be use
mounted in typic

6.4 Auxiliary

If practicable, all
tion of the devic
(see 6.1) shall be

d sources (for example, ballasts for fluores-
ctrical clocks), although themselves poor
frequency sound, may, as a result of the
ing, radiate more low-frequency sound when
nergy is transmitted to surfaces large enough
diators. Resilient mounting should be inter-
between the device to be measured and the
es so that the transmission of vibration to the
eaction on the source are both minimized. In
bunting base should have a sufficiently-high
pdance to prevent it from vibrating_and
bexcessively. However, such resilient mounts
d if the device under test is not resiliently
Al field installations.

equipment

auxiliary equipment/necessary for the opera-
b under test that is not a part of the source
located outside the test environment.

6.5 OperatioT of‘'source during test

7.1 Measurement surface

7.1.1 Reference surface and measurement sufface

To facilitate the location of thé ‘microphone pésitions, a
hypothetical reference surface (s 'defined. This ref¢rence sur-
face is the smallest possible tectangular box, i.e., fectangular
parallelepiped, that just encloses the source and terminates on
the reflecting plane. When defining the dimensigns of this
reference box, elements protruding from the sourcqd which are
not significant radiators of sound energy may be d{sregarded.
These protruding elements should be identified in sFecific test
codes for different types of equipment. The microghone pos-
itions lie op, the measurement surface, a hypothetical| surface of
area S.which envelops the source as well as the reference box
and terminates on the reflecting plane.

7.1.2 Co-ordinate system and definition of distance d,

The location of the source under test, the measurement surface
and the microphone positions are defined by a do-ordinate
system with the horizontal axes x and y in the grqund plane
parallel to the length and width of the reference bok and with
the vertical axis z passing through the geometric centre of the
box. The characteristic distance d, is the distancg from the
origin of the co-ordinate system to one of the upper|corners of
the reference box :

dy, = [10,5 ;)2 + (0,5 L)2 + [2]1/2

where [y, /, and /3 are the length, width and height of the
reference box.

During the acoustical measurements, the source shall be
operated in a specified manner typical of normal use. One or
more of the following operational conditions may be ap-
propriate :
a) device under specified load and operating conditions;
b} device under full load [if different from a}l;

¢) device under no load (idling);

d) device under operating condition corresponding to
maximum sound generation representative of normal use;

e) device with simulated load operating under carefully
defined conditions.

7.1.3 Shape of measurement surface

Any one of the following three shapes may be used for the
measurement surface :

1) a hemispherical surface of radius r;

2) a rectangular parallelepiped whose sides are paraliel to
those of the reference box; in this case, the measurement
distance, d, is the distance between the measurement sur-
face and the reference box;

3) a conformal surface which is the same as the rec-
tangular parallelepiped except that the corners are rounded,
the corners being formed by portions of cylinders and
spheres. The measurement distance, d, is the distance from
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the measurement surface to the reference box. Each point
on the conformal surface is the same distance, d, from the
closest point on the reference box.

For measurements on a series of similar sources {for example,
machines of the same type), the use of the same shape of
measurement surface is recommended. The specific test code
pertinent to the 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

ISO 3744-1981 (E)

ple many reflecting objects and high levels of background
noise), the selection of a small measurement distance is ap-
propriate and usually dictates the selection of a parallelepiped
or conformal measurement surface. For machines usually
mounted and/or to be measured in large open areas under
satisfactory acoustical conditions, a large measurement
distance is usually selected and in this case the hemispherical
measurement surface is preferred.

If the dimensions of the reference box, /4, I, and /3, are all less
than 1,0 m, the hemispherical surface is preferred. If one or

hemisphere, h rt.
7.1.4 Seleftion of measurement surface
7.1.4.1 Geperal

When envifonmental conditions permit, use of the hemi-

spherical m
measuremer
adverse env
rectangular

pasurement surface is usually preferred. When
ts are to be made close to the source because of
ronmental conditions or other constraints, either a
barallelepiped or a conformal surface may be used

for the measurement surface. In general, the conformal surface

is expected
level than th
mal surface

o yield a more accurate value of the sound power
e rectangular parallelepiped, but use of the confor-
requires more effort to position the microphones.

The microphone positions on the conformal surface are at a

uniform dist
vantage und

hnce from the reference box which may be an ad-
ler some environmental conditions.

7.1.4.2 Hemispherical measurement surface

The hemisp)
reflecting pl
The radius,

be equal to g
or four time

here shall be centred on the projection on:the
ne of the geometric centre of the reference box.
+, of the hemispherical measurement surface shall
r greater than twice the characteristic distance, d,,
5 the average distance of the geametric centre of

the source Iom the reflecting plane, whichever is the larger,

and not le
preferably in
16 m. Some

s than 1 m. The radius-of-the hemisphere is
the series1 — 2 — 4 6.8 — 10 — 12 — 14 or
of these radii may be-$g large that the environmen-

tal requiremInts given in annex-Aof this International Standard

cannot be s
used.

tisfied; such largewalues of the radii may not be

7.1.4.3 Panalielepipéd and conformal measurement surfaces

If a hemisph

brical measurement surface is not selected, either a

reference box is ‘“‘approximately cubical!

hemisphere is still preferred. '*Approximately
that the largest dimension is less than twite the
sion. If any dimension of the reference.box ex
the reference box is not approximately cubicg
the parallelepiped (or confenmal) measuren
preferred.

7.1.5 Key microphone positions on the
measurement surface

The microphane positions lie on the hypothetic
surface oflarea S = 2 nr2, enveloping the

minating on the reflecting plane. The centre of
is thé/projection of the geometric centre of th
onthe reflecting plane. The key microphone

hemispherical surface are shown in figures 2 ar
Figure 3 prescribes the locations of ten key nf
itions each associated with equal areas on the
hemisphere of radius r. The hemispherical ar|

5 1,0 m, but the
in shape, the
cubical’’ means
smallest dimen-
eeds 1,0 m and
in shape, then
ent surface is

hemispherical

hl hemispherical
ource and ter-
the hemisphere
e reference box
bositions of the
d 3 in annex B.
icrophone pos-
surface of the
Fay of figures 2

and 3 has been selected to minimize the errofs which can be

caused by interference between the sound wa
microphone directly and the wave refiected H
plane.

7.1.6 Key microphone positions on the
measurement surface

The microphone positions lie on the measure
hypothetical surface of area S enveloping the
sides are parallel to the sides of the reference

ve reaching the
y the reflecting

parallelepiped

ment surface, a
source whose
box and spaced

out a distance d {(measurement distance) from the box. The key

microphone positions on the parallelepiped m
face are shown in figure 4 in annex C. The
measurement surface is given by the formula

pasurement sur-
area S of the

rectangular parallelepiped or a conformal surface may be
selected as the shape of the measurement surface. The
measurement distance, d, is the perpendicular distance bet-
ween the reference box and the measurement surface. The
preferred value of d is 1 m and it must be at least 0,25 m. The
value of d shall preferably be one of the following : 0,25 — 0,5
— 1 — 2 — 4 or 8 m. Measurement distances larger than 1 m
may be used only if the environmental requirements given in
annex A of this International Standard are satisfied.

7.1.4.4 Additional
measurement surface

considerations concerning choice of

For machines usually mounted and/or to be measured in rooms
or spaces under unfavourable acoustical conditions {for exam-

S =4{ab + bc + ca)

where
a=05h4+d
b=055L+d
c=hL+d

11, I, and /3 are the length, width and height of the reference
box.

Figure 4 prescribes the locations of nine key microphone pos-
itions.
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7.1.7 Key microphone positions on the conformal
measurement surface

The microphone positions lie on the measurement surface, a
hypothetical surface of area S enveloping the source which
consists of an enclosure formed by a rectangular parallelepiped
with rounded corners, the corners being formed by portions of
cylinders and spheres. The measurement distance d is the
distance from the perpendicular side of the measurement sur-
face to the reference box. The conformal surface is that surface
which is defined as being located everywhere a distance d from
the nearest point on the envelope of the reference box (see

z-axis of the new array is coincident with the top point of the
original array. The total number of microphone positions is in-
creased from ten to twenty.

7.2.2.2 Rectangular parallelepiped
For the rectangular parallelepiped array, the additional

microphone positions are shown in figure 4. The total number
of microphone positions is increased from nine to seventeen.

7.2.2.3 Conformal surface

figure 5 in annex|
shown in figure §

The area S of ths
by the formula

S =4(ab +

where a, b, ¢ 3
paralielepiped.

D). The eight key microphone positions are
in annex D.

measurement surface is given approximately

a+ b+ c
bc + ca) x ———m8mM—————
a+ b+ c+ 2d

nd d are the same as for the rectangular

7.2 Additional microphone positions on

measurement

7.2.1 General

in 7.1, the key n
measurement su
measurements sl
microphone posi
Sound pressure

ditional microphd

surface

icrophone positions on the three alternative
rfaces are described. Sound pressure level
hall always be obtained at all of the key
ions unless the criterion of 7.3 is satisfied.
evel measurements may be required @t ,ad-
ne positions if

a) the range of sound pressure level value§ measured at
the key micfophone positions (i.e., the )difference in
decibels between the highest and lowest 'sound pressure
levels) exceeds the number of key measurement points, or

b) if any dinension of the reférence box is larger than 2d,
or

c) if the soufce radiates\noise with a high directivity, or

d) if the noige from'a large source is radiated only from a
small portion ¢f the source, for example, the openings of an

For the conformal surface, the additional microphorle positions
are shown in figure 6. The total number of(microphone pos-
itions is increased from eight to sixteen.

7.2.3 Sufficiency of number of-microphone p¢sitions

In general, the key microphone-positions and the additional
microphone positions defined\in 7.2.2.1, 7.2.2.2 or|7.2.2.3 are
sufficient for the purposes of measurements obtaihed accor-
ding to this International Standard. The only exception is for
very large sources; ile., those for which the chlaracteristic
distance d, exceeds 5,0 m. In this case, additional rhicrophone
positions are required. They should be uniformly |distributed
over the measurement surface and preferably not mgre than 2d
apart.

7.2:4' Additional localized microphone posjtions on
measurement surface

If conditions ¢} or d) of 7.2.1 exist, a detailed investigation may
be necessary of the sound pressure levels over a resfricted por-
tion of the measurement surface. The purpose of tiis detailed
investigation is to determine the highest and lowest values of
the sound pressure level in the frequency bands of infterest. 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, sub-clause 7.7.1]2 (unequal
areas), for the determination of L shall be used.

7.3 Reduction of number of microphone positions

For sources that produce a symmetrical radiation |pattern, it
may be sufficient to distribute the measurement goints over
only a portion of the measurement surface. This is permissible
if preliminary investigation shows that the surface sound

otherwise enclosed machine.

If conditions a) or b) exist, additional microphone positions
defined in 7.2.2 shall be used. If conditions c) or d) exist, ad-
ditional measurement positions on the measurement surface in
the region of high noise radiation shall be used (see 7.2.4).

7.2.2 lLocation of additional microphone positions

7.2.2.1 Hemispherical measurement surface

For the microphone array on the hemisphere, an additional ten-
point array is defined by rotating the original array of figure 3
through 180° about the z-axis. Note that the top point on the

pressure levels so determined according 1o the calculation pro-
cedures of clause 8 do not deviate by more than 1 dB from
those determined from measurements over the entire measure-
ment surface.

7.4 Conditions of measurement

7.4.1 General

Environmental conditions may have an adverse effect on the
microphone used for the measurements. Such conditions (for
example, strong electric or magnetic fields, wind, impingement
of air discharge from the equipment being tested, high or low
temperatures) must be avoided by proper selection or
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positioning of the microphone. The microphone shall always be
oriented in such a way that the angle of incidence of the sound
waves is that for which the microphone is calibrated.

The sound pressure level shall be observed over a typical period
of operation of the source. Readings of the sound pressure
level (corresponding to the level of the mean-square sound
pressure) shall be taken at each measurement point with
A-weighting and for each frequency band within the frequency
range of interest. The instrumentation used must comply with

the requirements of clause 5.

1ISO 3744-1981 (E)

Table 3 — Corrections for background noise

The followinl; data shall be obtained :

a) the
pressure |

b) the
pressure |

for the freque
of observatig
the frequenc
observation s

7.4.2 Meag

If the indicat
weighting 'Y
tions of the i
than = 3 dB

h-weighted sound pressure levels and band
pvels during operation of the source under test;

A\-weighted sound pressure levels and band
evels produced by the background noise.

ncy bands centred on or below 160 Hz, the period
n shall be at least 30 s. For A-weighting and for

bands centred on or above 200 Hz, the period of
hall be at least 10 s

urements with sound level meter

ng meter of a sound level meter is used, the time
" characteristic shall be used. When the fluctua-
ndicating pointer on the sound level meter are less
using the time weighting ‘‘S'* characteristic, the

noise is conidered to be steady for the purposes of this Inter-

national Sta
the maximun
vation. If the
tion are greg
steady and

annex E shal

For the deteg
with the tim
meter shall H
used.

7.4.3 Maeas
systems

dard, and the level is taken to be the average.of
h and minimum levels during the period of obser-
meter fluctuations during the period of Obseérva-
iter than + 3 dB, the noise is considered non-
ne of the instrumentation systems described in
be used.

tion of impulsive noise an additional measurement

b weighting characteristic I of the sound level
e performed. The procedure of annex F shall be

urements with RC-smoothing or integrating

If RC-smoot
enough to o
of observati

ing is\used, the time constant 75 should be long
tain an estimate of the rms level during the period
i ision of + 0.5 dB.

Difference between sound Corrections to be subtracted
pressure level measured from sound pressure level
with sound source measured with sound source
operating and background operating to obtain sound
sound pressure pressure level due to
level alone sound source alone
dB dB
< 6 measurements invalid
6 1,0
7 0
8 ND
9 0.p
10 0.p
>10 0.p

8 Calculation of surface sound pressure level,
sound power level and directivity factor

8.1 Calculation of sound pressure leyel averaged
over the measurement surface

For the A-weighted sound pressure level and the level in each
frequency band of interest, an average sound pressure level
over'the measurement surface, Ly, is calculated from the
measured sound pressure levels L, (after gorrections for
background noise are applied according to 7.4.44, if necessary)
by using the following equation :

N
Lym =101g |1 Z1o°'1Lpi L)
i=1
where
L—pm is the sound pressure level avergged over the

measurement surface, in decibels. Reference : 20 |Pa;

L, isthe A-weighted or band pressure levdl resulting from
the /th measurement, in decibels. Reference : 20 pPa;

N is the total number of measurements.

NOTE — When the range of values of L,; does nof exceed 5 dB, a
simple arithmetic average will differ by not more thar) 0,7 dB from the
value calculated using the energy average, equation [1).

If true integration is used, it is necessary that the integration

time be equa

| to the period of observation.

For time-varying noise, it is important to specify carefully the
period of observation, and this will usuaily depend on the pur-
pose of the measurements. For example, if the machine has
two particular modes of operation having different noise levels,
it may be necessary to select a period of observation for each
mode.

7.4.4 Corrections for background noise

The measured sound pressure levels shall be corrected for
background noise according to table 3.

8.2 Calculation of surface sound pressure level

The surface sound pressure level, L 4, shall be obtained by cor-
recting the value of L, for reflected sound to approximate the
average value of the sound pressure level which would be ob-
tained under free-field conditions, by using the following equa-

tion :

Lyi=Lym-K C2)
where
L—pf is the surface sound pressure level, in decibels.

Reference : 20 pPa;


https://standardsiso.com/api/?name=3cee39445de1276156b08c219c7e1b6c

1ISO 3744-1981

(E)

K is the mean value of the environmental correction over
the measurement surface, in decibels.

For the purposes

of this international Standard, the maximum

allowable range of the environmental correction, K, is —2 dB

to + 2 dB.

NOTE — The environmentai correction, K, accounts for the influence
of a non-ideal environment {for example, the presence of sound ab-
sorption or reflected sound). It typically ranges from -2 dB (for
measurements outdoors with absorbing ground) to + 10 dB (for
measurements indoors in highly reverberant rooms). The procedures

given in annex A ar
correction.

8.3 Calculatidg

The sound power
source shall be ca

9.2 Acoustic environment

a) Description of the test environment; if indoors, descrip-
tion of physical treatment of walis, ceiling and floor; sketch
showing the location of source and room contents; if out-
doors, sketch showing the location of source with respect
to surrounding terrain, including physical description of test
environment.

b) Acoustical qualification of test environment according
to annex A.

used 1o calculate the value O € environmen

n of sound power level

level characterizing the noise emitted by the
Iculated from the following equation :

Ly = Ly + 10 1g(S/S) )
where
Ly is the A-yeighted or band power level of the source,

in decibels. Re|

Lpe s the sur
ding t0 8.2, in

S is the are
metres;

SO =1 m2.

8.4 Calculatig
factor

ference : 1 pW;

face sound pressure level determined accor-
decibels. Reference : 20 uPa;

of the measurement surface, in square

n of directivity index and directivity

If required, values| of the directivity index and)directivity factor

may be calculated

9 Informatid

The following infq
and recorded for

using the procedures 'of )annex G.

n to berecorded

rmation;-when applicable, shall be compiled
bil-measurements made according to the re-

quirements of this

International Standard.

9.3 Instrumentation

9.4 Acoustical data

¢} Air temperature in degrees Celsius, barometri¢ pressure
in pascals, and relative humidity.

d) Wind speed and direction.

e) Sound power output of the reference sound|source, if
used.

a) Equipment udsed for measurements, including name,
type, serial number and manufacturer.

b) Bandwidth of frequency analyser.
c) ‘Frequency response of instrumentation systgm.

d) Method used for checking the calibration of the
microphones and other system components; the date and

place of calibration shall be given.

e) Characteristics of windscreen (if any).

a) The shape of the measurement surface, the| measure-
ment distance, the location and orientation of mjcrophone
positions or paths.

b} The area S of the measurement surface.

c) The corrections, in decibels, if any, applied i each fre-
quency band for the frequency response of the mi¢rophone,
frequency response of the filter in the passband,
background noise, etc.

9.1 Sound source under test

a) Description of the sound source under test (including

its dimensions
b) Operating

¢) Mounting

and the dimensions of the reference box).
conditions.

conditions.

d) Location of sound source in test environment.

e} If the test

object has multiple noise sources, a descrip-

tion of the source(s) in operation during the measurements.

10

d) The environmental correction K calculated according to
one of the procedures of annex A. ’

e) The surface sound pressure level L, in decibels, ex-
pressed in terms of a weighted level (with A, or other
weighting) and in terms of a level in each frequency band of
interest; reference : 20 yPa.

f)  The sound power level Ly, in decibels, calculated from
the surface sound pressure level for A {or other) weighting
and for all frequency bands used; reference 1 pW.

g) Remarks on subjective impression of noise (audible
discrete tones, impulsive character, spectral content, tem-
poral characteristics, etc.).
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h) If measured, the difference between time weighting “I”’
and time weighting ‘S"" readings of the sound pressure
level at the selected microphone positions (see annex F).

jl The date and time when the measurements were per-
formed.

ISO 3744-1981 (E)

10 Information to be reported

The report shall contain the statement that the sound power
levels have been obtained in full conformance with the pro-
cedures of this International Standard. The report shall state
that these sound power levels are given in decibels re 1 pW.

Only those data recorded according to the requirements of
clause 9 shall be reported which are required for the purposes
of the measurements.

1
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A.1 Genera

Annex A

Qualification procedures for the acoustic environment

An environment providing a free field over a reflecting plane shall be used for measurements made according to this International
Standard. This environment may be a semi-anechoic room, an outdoor space or an ordinary room if the requirements given below are

satisfied.

The test room sh

room shall provid

a) inside as

b)

outside tH

e a measurement surface that lies
und field that is free of undesired sound reflections from the room boundaries;

e near field of the sound source under test.

il be large enough and, if possible, free from reflecting objects with the exception of the reflecting, plan

e. The test

For open test sitgs which consist of a hard, flat ground surface such as asphalt or concrete anét with no sound-reflecting obstacles

within a distance

it may be assumg

NOTE — An obstad
ting member) exces

The environment3

meeting the requ

The evaluation o

magnitude of the

present and to guyalify a given measurement surface for an actual'source under test according to this International Stan

The first qualifig
second qualificati
sions are large. T|

The free-field qud
the room to the 4

tions. For ratios
annex. In this ca
greater uncertain

face, a better eny

should satisfy th
sidered.

A.2 Environ

A.2.1 Proper

d that the environmental correction K is less than or equal to 0,5 dB andiis, therefore, negligible.

le in the proximity of the source may be considered to be sound reflecting.if.its'width {for example, diameter of a pol
ds one-tenth of its distance from the reference box.

| correction K, may also be assumed to be negligible for indger’environments which are laboratory anec
rements of annex A of 1ISO 3745.

environmental correction, K. These procedures are used to determine if any undesired environmental inf

ation test (Absolute comparison test,” sée clause A.3) is carried out with a reference sound s
on test (Reverberation test, see clause A74) may be used if the source under test cannot be moved and i
his test requires measurements of reverberation time.

lification on a given measurement surface is satisfied by a given test room if the ratio of the sound absg
rea S of the measurementsurface is sufficiently large. In general, ratios 4/S> 10 require no environme|
4/S between 10 and 6_an environmental correction K can be determined according the procedures g
ke, K is usually smaller-than 2 dB. For ratios 4/S5<6, the room correction factor X may exceed 2 dB
by for the sound power level determinations than those given in table 2. In such cases, a smaller measu
ironment or a measurement according to the survey method (see ISO 3746} should be chosen. The refle

| it

from the source equal to three times the greatest distance from the source centre to the lower measuren

ent points,

le or suppor-

hoic rooms

f environmental influences is performed by selecting one of two alternative procedures used to determine the

uences are
dard.

urce. The
f its dimen-

rption A4 of
htal correc-
iven in this
and cause
ement sur-
cting plane

b requirements’given in A.2.1. For outdoor measurements, additional precautions given in A.2.2 sholild be con-

ties of reflecting plane

Measurements may be made in one of the following environments : over a reflecting plane outdoors, in a test room with one reflec-
ting surface, or in a test room with sound absorptive surfaces in which a reflecting plane is present.

NOTE — Particularly when the reflecting surface is not a ground plane or is not an integral part of a test room surface, care should be exercised to en-

sure that the plane

A.2.1.1 Shape

does not radiate any appreciable sound due to vibrations.

and size

The reflecting plane should extend at least 1/2 beyond the projection of the measurement surface on the plane for the lowest fre-
quency of the frequency range of interest.

12
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A.2.1.2 Absorption coefficient

The reference plane should have acoustical characteristics approximating those of a perfect acoustical reflector over the frequency
range of interest. For indoor measurements, a concrete floor is usually satisfactory. For outdoor measurements, a concrete or a
smooth sealed asphalt surface should be satisfactory.

A.2.2 Precautions for outdoor measurements
Care should be taken to minimize the effects of adverse meteorological conditions (for example, temperature, humidity, wind,

precipitation) on the sound propagation over the frequency range of interest or on the background noise during the course of the
measurements.

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

A.3 Absolute comparison test

A.3.1 Procedure

A referencq sound source with characteristics that meet the requirements of 1SO 6926 shall be mounted in the tegt environment in
essentially Ive same position as that of the source under test. The sound power level 6f the reference sound source |s determined ac-

cording to the procedures of clauses 7 and 8 without the environmental correctionnK)(i.e., K is initially assumed equal to zero). The
same measlirement surface is used as during the measurements of the source under test. The environmental correction K is given by

K = Lp] -— LWr
where

Ly is the calculated A-weighted or band power level of the.reference sound source using procedures of clauges 7 and 8 [with
K = 0iph equation (2)], in decibels. Reference : 1 pW;

Ly, is|the name plate A-weighted or band powerevel of the reference sound source, in decibels. Reference|. 1 pW.
A.3.2 Lgcations of reference sound source in test environment

A.3.2.1 Source can be removed from test site

The refererjce sound source is to be located on the reflecting plane, independent of the height of the machine. Ong single location is
sufficient, éven when very large.machines are to be tested, provided the ratio of the length of the machine under {est to its width is
not greater[than 2. If the ratiois greater than 2, the reference sound source shall be operated on the floor at four points. Assuming the
projection of the machine under test on the floor to be approximately rectangular in shape, the four points are locgted at the middle
points of the sides of the-rectangle. To obtain Ly, the surface sound pressure level, L shall be calculated with the reference sound
source locdted at each of the four points on the floor. At each point on the measurement surface, the sound presgure level shall be
averaged for the foursource locations on a mean-square basis, i.e., using equation (1) in 8.1.

A.3.2.2 Source cannot be removed from test site

The reference sound source is to be located on the upper surface of the machine which should preferably be acoustically refiective.
This method should not be applied if the machine has highly absorptive surfaces (for example, textile machines). In this case, the pro-
cedure of clause A.4 should be followed.

A.3.3 AQualification requirements

For the measurement surface in a given test environment to be satisfactory for measurements according to the requirements of this
international Standard, the environmental correction X must be numerically less than or equal to 2 dB. If the environmental correction
K exceeds 2 dB, either a smaller measuring surface or a better test environment is required. The procedure shall be repeated. Alter-
natively, procedures using a reference sound source may be used or the guidelines given in ISO 3746 may be followed to determine
the sound power levels of the source under test.

NOTE — Measurements procedures using a reference sound source, may yield sound power levels within the limits for the measurement uncertainty
specified in 1.3 of this International Standard, even for values of K> 2.

13
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A.4 Reverberation test

A.41 Test procedure

This test procedure is applicable to rooms that are approximately cubical in shape.

The environmental correction K is obtained from the expression

K=10|g<1

4
+—
AlS

)

The value of K mJiy be obtained from figure 1 by entering the abscissa with the appropriate value of 4/S. The area S of\th

ment surface is ¢

The total sound a
bands for the ent

The value of A ig then

A = 0,16 (V/
where

V is the voly

T is the revg

A.4.2 Qualifid

For the measuren
Standard, the rat

If the above requ
have a smaller to
additional sound-g

If the requirement]
test, the particula
this International
values given in ta

blculated according to the requirements given in 7.1.

bsorption A of the test room is determined from measurements of the reverberation time of the test roo
re frequency range of interest (see ISO/R 354).

T)

me of the test room, in cubic metres;

rberation time of the test room in octave band, in seconds.

tation requirements

ent surface in a test room to be satisfactory for méasurements according to the requirements of this In|
o A to S should exceed 6, that is A/S>6.

rement cannot be satisfied, a new measurement surface shall be chosen. The new measurement surf
al area, but still lie outside the near field)(see 1.3). Alternatively, the ratio 4/S may be increased by i
bsorptive materials into the test roem and then redetermining the value of the ratio A/S under the new

5 of this clause cannot be satisfied for any measurement surface which lies outside the near field of the so|
environment chosen cannot'be used for measurements on the source under test according to the requi

ble 2.

e measure-

n in octave

ternational

hce should
htroducing
onditions.

urce under
Fements of

Standard. A new test environment must be selected or it must be assumed that the uncertainties may gxceed the

14
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Figure 1 — Environmental correction X, in decibels
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Annex B

Microphone array on the hemisphere

The locations of ten points associated with equal areas on the surface of a hemisphere of radius r are numbered from 1 to 10 in
figures 2 and 3. The Cartesian co-ordinates (x, y, z) with the origin centred on the vertical projection of the centre of the reference box
on the reflecting plane are also given in tabular form in table 5. The additional points on the hemisphere are numbered from 11 to 20 in
the same figure.

NOTES

1 The overhead position {No. 10} may be deleted for safety reasons, if it can be shown by preliminary investigation that the.excilision of the
overhead position does not influence the calculated sound power level of the source by more than 1,0 dB. If this position is deleted,(pos{tions Nos. 1
to 9 must remain.

2 If the source enfits predominant pure tones, strong interference effects may occur if several microphone positions areyplaced at the game height
above the reflecting plane. In such cases the use of a microphone array with the co-ordinates given in table 4 is recommended.

Table 4 — Co-ordinates of microphone array for pure

sounds

: 3 :
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
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figure 2 — Hemispherical measurement surface — Key measurement points
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Table 5 — Co-ordinates of key measurement points
by ¥y z
No F F 7
1 -0,99 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
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Figure 3 — Microphone array on the hemisphere
(Key microphone positions are numbered 1 through 10. Additional microphone positions are numbered 11 through 20.)
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Annex C

Microphone array on the parallelepiped measuring surface

The co-ordinates of the key measurement points given in figure 4 and table 6 are determined by

a=05/+d
b=05L+d
c=hL+4
h=Cx|c
where
14, I and 4 are the dimensions of the reference box;
d is the measurement distance, normally 1 m.
The height A|shall be chosen uniformly for a series of similar sources. The minimum height of the microphone abov

plane shall b¢

For specific k

ing values. In

C =05
C = 0,5 [/ c (the centre of the source)
h = shaf{ height for rotating machines
h=120m
NOTES
1 The overhead position (No. 9) may be deleted for'safety reasons, if it can be shown by preliminary investigation that the exclusio

position does 1]

remain.

2 The numbef of measurement points,may be reduced to five (Nos. 1, 2, 3, 4, 9 of figure 4) if the surface sound pressure level so

not deviate by

0,15 m.

nds of sound sources, the constant C or the height # may be specified in the appropriate test code as orj
the absence of specifications, C = 0,5 shall be used.

more than 1,0 dB from-that determined from measurements at the nine key measurements points of figure 4 (see

e the reflecting

e of the follow-

h of the overhead

ot influence the calculated sound power level of the source by more than 1,0 dB. If this position is deleted, positiongNos. 1 to 8 must

determined does
7.3).
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Table 6 — Co-ordinates of key measurement points

No. X y z
1 0 h
2 b h
3 —a 0 h
4 0 -b h
5 a b c
6 -a b c
7 -a ~b c
8 a -b [4
9 0 0 c

)-

Measurement surface

Reference box

2a

O Key measurement points

@ Additional measurement points

Figure 4 — Microphone array on the parallelepiped
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