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INTERNATIONAL STANDARD

ISO 3742-1975 (E)

Acoustics — Determination of sound power levels of noise
sources — Precision methods for discrete-frequency and
narrow-band sources in reverberation rooms

0.1 RELATED INTERNATIONAL STANDARDS

This Infernational Standard is one of a series specifying

and purposes of the test. The operating Lnd mounting con-

ditions of the machine or equipmént ‘to

be tested must be

in accordance with the general_principles|stated in the basic

various nethods for determining the sound power levels of documents.
machings and equipment. These basic documents specify
only the acoustical requirements for measurements
approprlate for different test environments as shown in . k . . o
table 1. Guidelines for making these decisions are provided in
- ISO 3740. If no sound test code is specifled for a particular
When applying these basic documents it is necessary to machine, the, mounting and operating cpnditions shal! be
decide which one is most appropriate for the conditions fully described in the test report.
TABLE 1 — International Standards describing. methods for determining the sound power levels
' of machinés and equipment
Internatjonal
ificati " ional i .
Standard Classification Test environment | Voelume of source | Character of noise Sound p?wer levels|  Opfiona I nformation
No of method obtainable available
374 Steady,
. broad-band
Reverberation .
. In one-third .
- roonTmeeting A-weighted sound
Precision \. Steady, octave or octave
specified X power level
374p requiirements discrete- bands
i Preferably less frequency or
than 1 % of test narrow-band
room volume
rmrbcraﬁv Steady,
S broad-hand, 5 .
i g Specialltest A-Weighted and Othgr weighted sound
3748 Engineering narrow-band, .
room X in octave bands power levels
discrete-
frequency
No restrictions :
" - A
3744 Engineering Outdoors or in hm!ted only by Any Directivity infor-
farge room available test N A
: A-weighted and mation and sound
environment . . :
in one-third pressure levels as a
f i f time;
Anechoic or Preferably less g:;a(;/: or octave l::ctv‘:r;‘om "c?sound
3745 Precision semi-anechoic than 0,5 % of Any other weighte
power levels
room test room volume
S
No restrictions : teady, Sound pressure levels
No special test limited only b broad-band, as a function of time;
3746 Survey ) P . Yoy narrow-band, A-weighted . ‘
environment available test discrete other weighted sound
environment power levels
frequency

* See clause 2.
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0.2 SYNOPSIS OF 1SO 3742
Applicability
Test environment

Prescribed reverberation room which is to be qualified
according to a test procedure given in clause 3 of the
main part of the standard and in annex A. Additional
test room requirements as given in 1SO 3741.

Size of noise source

Volume of tHe source preferably less than 1
room volume.

Character of nois[ radiated by the source

Steady (as dpfined in SO 2204), discrete frequency
and/or narrow-band.

Accuracy

Precision .(standardy deviation for determining sound
‘power levels |for the 1 kHz octave band is less than
1,6 dB).

Quantities to be

easured

Sound pressute levels in frequency bands on a prescribed
path or at sevéral discrete microphone positions.

. Quantities to be etermined

Sound powen levels in frequency bands, A-weighted
sound power |rve|’ (optional).

Quantities which|cannot be calculated

Directivity characteristics of the source, temporal
pattern of radjated noise for sources emitting non-steady
noise.

0.3 INTRODUGTION

This [nternatiopal Standard specifies) in detail
laboratory methpds for determining-the sound power. of
small sources using a reverberation.test room.

The procedure fpecified in SO 3741 applies to sources
which produce steady, broad-band noise. This International
Standard gives additional"precautions that must be observed
when discrete flequéncies or narrow bands of noise are
present in the spectrum of the noise radiated by the sound

two

2) the sound power radiated by the source is more
strongly influenced by the normal modes of the room
and by the position of the source within the room.

When narrow bands of noise or discrete frequencies are
emitted by a source, a determination of its sound power
level in a reverberation room requires the use of a greater
number of source locations and microphone positions {(or a
greater path length for'a moving microphone). The required
numbers of locations and positions depend upon the
desired accuracy, the spectrum of the radiated noise, and
i T usually
be reduced if one or more diffusers are rotatingsir| the test
room during the measurements. Guidelines forythe design of
suitable rotating diffusers are given in annex.B. THe use of
rotating diffusers considerably reduces ‘the effort pequired
to make measurements on sources 'that emit fiscrete-
frequency components. '

This International Standard, together with the othefs in this
series {see table 1), supersedes. 1SO/R 495, ~

1 SCOPE AND FIELD.OF APPLICATION

1.1 General

This International Standard specifies the | special
requirements that are necessary for accurate deternjinations
of the sound power when discrete frequencies ofl narrow
bands-of noise are radiated by a source.

1.2 - Field of application

This International Standard applies to sources whict radiate
discrete frequencies or narrow bands of noise.. The
spectrum of the source may or may not include brgad-band
components upon which the prominent discrete frefjluencies
or narrow bands of noise are superposed. These methods
may be found to be complex and time-consurping for
measurements on sources which primarily radiate|discrete
frequencies below 200 Hz. For such sources, measurements -
in a free field as described in 1SO 3745 may be more
appropriate.

1.3 Measurement uncertainty

Measurements made in accordance with this International
Standard tend to result in standard deviations which are
equal to or less than those given in table 2, The $tandard

source.

When a source emits narrow-band or discrete-frequency
sound, a precise determination of the radiated sound power
requires greater effort. The accuracy objectives for
characterizing broad-band sound sources (table2 of
ISO 3741) cannot be achieved with a three-meter
microphone traverse {or with only three microphones in a
fixed array) and with only one source location in the

reverberation room. The reasons are as follows :

1) the spaced-time averaged sound pressure along the
microphone -path (sub-clause 7.1 of 1SO 3741), or as
determined . with an array of three microphones, is not
always a_good estimate of the spaced-time averaged
mean-square pressure throughout the room; '

deviations—take—mto—account—thecumutativeeffects of all
causes of uncertainty.

TABLE 2 — Uncertainty in determining sound power levels of
discrete-frequency sound sources in reverberation rooms

Octave band One-third octave band Standard
centre frequencies centre frequencies deviation -
Hz Hz dB
125 ' 100t0 160 3.0
250 200tc 315 2,0
500 to 4 000 400 to 5000 1,5
8 000 6 300 to 10 000 3,0
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1.4 Principal requirements

To meet the accuracy objectives of table 2, additional
microphone positions and source locations are usually
required as determined in clause 4. First, however, a
determination may be made concerning the presence and
significance of discrete-frequency components or narrow
bands of noise in the spectrum of the sound emitted by the
source (clause 3).

Alternatwely, it may be assumed that the spectrum of the
sound em R

does contain mgmﬁcant dlscrete frequency components In
this casp either the precautions described in clause 4 should
be folipwed or the test set-up should be qualified as
describgd in annex A.

If the room qualifies according to the requirements of
annex A, additional source locations are not required.
Qualifidation of the test set-up according to annex A is
usually | possible only when a rotating diffuser and
al microphone positions are used in the room.

1.5 Other requirements

All othpr requirements for determining the sound power
emitted| by discrete-frequency and narrow-band sound
sources [are the same as for broad-band sources described in
1SO 3741.

2 REHRERENCES

ISO/R 266,
measurgments.

Preferred  frequencies  for . (@coustical

ISO/R 354, Measurement of absorption‘\coéfficients in a
reverbedation room.

ISO/R 1680, T7Test code for the“-measurement of the
airborng noise emitted by rotating.electrical machinery.

1ISO 2204, Guide to the méasurement of airborne acoustical
noise and evaluation of.its effects on man.

1SO 3740, Acoustics’— Determination of sound power

¥ noise sources — Guidelines for the use of basic

sources in reverberation rooms.

ISO 3743, Acoustics — Determination of sound power
levels of noise sources — Engineering methods for special
reverberation test rooms.2)

1ISO 3744, Acoustics — Determination of sound power
levels of noise sources — Engineering methods for free-field
conditions over a reflecting plane.2)

1) In preparation.

2) At present at the stage of draft.

ISO 3742-1975 (E)

ISO 3745, Acoustics — Determination of sound power
levels of noise sources — Precisfon methods for anechoic

and semi-anechoic rooms.?2)

ISO 3746, Acoustics — Determination
levels of noise sources — Survey method.?

IEC Publication 50 (08), /International
vocabulary — Electro-acoustics.

of sound power
)

electrotechnical

1EC Publication 179, Precision sound level meters.

band f//ters /ntended for the analys
vibrations.

3 DETERMINATION. OF THE SIG
DISCRETE-FREQUENCY COMP(
NARROW BANDS'OF NOISE

3.1 General

When .a ‘discrete-frequency component
spectrum of a source, the spatial variati

hdving an average spacing of approximatel

A and third-octave

of sound and

NIFICANCE OF
DNENTS  AND.

s present in the
pns in the sound

0,8 A where X\ is

pressure level usually exhibit maxima ser.:Frated by minima

the wavelength corresponding to the
sound.

3.2 Qualitative procedure

Th e presence of a significant discrete-freg
can often be detected by a simple listen
component is audible, the measurements
may be omitted. In this case, either the
bottom row of table 3 shall be applied or
test set-up shall be qualified as described i

Discrete-frequency components may b

requency of the

uency component
ng test. If such a
described in 3.3
provisions of the
alternatively, the
h annex A,

P present in the

spectrum even when these components gdre not audible. A

conclusion that no discrete-frequency
present can only be reached by per
described in 3.3.

3.3 Estimate of standard deviation

components are
orming the test

levels produced by the source under te
obtained as follows :

the sound pressure

st in the room is

3.3.1 Select an array of six fixed microphones (or six
microphone positions) spaced at least A/2 apart, where X is
the wavelength of the sound corresponding to the lowest
frequency of the frequency band of interest. Locate the
source at a single position in the test room.
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Obtain the time-averaged sound pressure level L; at each
microphone position according. to the techniques described
in 1SO 3741. Instead of a fixed array, a single microphone
- may be sequentially positioned at six points equally spaced
along a path the length of which is calculated from
equation (2) with N, = 6. ‘

The time-averaged sound pressure level is determined at
each point.

3.3.2 For each one-third octave or ocfave band within the

microphone positions {or path length) and the number -of
source locations required to achieve the estimated accuracy.
Detailed knowledge of the spectrum of the source is not
necessary for carrying out the measurements. Irregularities
in the sound field are taken into account in so far as they
influence the estimate of the standard deviation s.

4.2 Coniputational procedures

The value of s calculated according to 3.3.2 is_used with
tables 3 and 4 to determine the recommended microphone

frequency range ¢f interest, calculate the standard deviation
from the followir|g equation : ~

n 1/2
s=inH1172 Y - L)? L)
i=1

where

s is the stapdard deviation of space/time-averaged
sound pressurg levels in the room, L;, in decibels;

L,, is the arithmetic mean value of the sound pressure
levels L; to L§, in decibels;

n =86.
The magnitude pf s depends upon the properties of the
sound field in| the test room. These properties are
influenced by thg characteristics of the room as well as the
characteristics of the source (i.e. directivity and spectrum
of emitted soumd). In theory, a standard deviation of
5,56 dB corresppnds to a spectral component of zero
bandwidth, i.e. aldiscrete tone.

4 NUMBER QF MICROPHONE POSITIONS ° AND
SOURCE LOCATIONS :

4.1 General

Because equatioh (1) gives only an:estimate of the true
standard deviatipn, this International) Standard uses three
broad ranges of |values for s to-determine the number of

TABLH 3 — Procedures to be followed in the measurement of discrete-frequency components or. narrow bands of noise

number of microphone positions is determingd from

path length and the number of source IocatiIs. The
ed, the

table 4. If a continuous microphone traverse)is
length of the traverse should be at least

=N, (\/2) . L (2)

where A is as defined in 3.3¢1,;and N, is the nUmber of
microphone positions. i

The required number of source locations dependd on the
reverberation time and' volume of the room, and on the
frequency. For discrete-frequency tones, the reconfmended
number of source locations, N, should be computed from

B , |
NS>K|:0,79(—T><1 00°> +—1—l .. .(3)
v f N

T is the reverberation time of the room, in secopds;

whiere

V is the volume of the room, in cubic metres;

f is the frequency, in hertz, of the discrete torje or the
centre frequency of the band in wpich a
discrete-frequency or narrow-band noise compprient is
found;

K is a constant given in table 4;

N,, ‘is the number of microphone positions|for' the
narrow-band or discrete-frequency tone (see tablp 4).

Standard deviatjon,
§ Procedure Number o-f microphone positions, N, Number of source locatipns,
{or microphona path length i) i N
dB
s<15 Broad-band procedure Ny =3or Ng=1
adequate ! computed from equation (2)
for a continuous path
15<s<3 Assume that a narrow N, determined from table 4 or Use half the number of source
band of noise is present ! computed from equation (2) for a locations computed from .
continuous path equation (3)
s>3 Assume that a discrete N, determined from table 4 or Compute N, from equation (3)
tone is present / computed from equation (2) for a
continuous path
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The value of N shall be rounded to the nearest higher
integer.

ISO 3742-1975 (E)

TABLE 4 — Number of microphone positions required and
constant K for determining number of source locations

. : Octave band Number of Number of | Constant K for
The minimum distance between any two source positions {and one-third | microphone microphone determining
shall be rnin = A/2, where A is as defined in 3.3.1. The octave band) positions positions number of
source positions should not be symmetric with respect to centre (V) if V) if source
the axes of the test room. frequencies 15<s<3dB s>3dB locations
125
3 6 5
After the minimum number of microphone positions (or (100, 125, 160)
appropripte microphone path fength) and the recommended 250 a 12 10
number [ of source locations -have. been selected, the (200, 250, 315)
procedutes of 7.2 of 1SO 3741 shall be followed to obtain 560
values o Lp, the mean band pressure levels in the room in ' 12 24 20
the one-third octave or octave bands of interest. {400, 500, 630}
1 000 (800,
. . 1000, 1 250) 15 30 25
The soupd power emitted by the source is then‘calculated and up

using thg procedures of clause 8 of 1SO 3741.
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ANNEX A

ALTERNATIVE QUALIFICATION PROCEDURE FOR THE MEASUREMENT
" OF DISCRETE-FREQUENCY COMPONENTS

A.1 INTRODUCTION

The procedure described in this annex may be used to
estimate the uncertainty of measuring discrete-frequency

A4 ROOM TEST

Place the loudspeaker at the location(s) where the
equipment is to be tested (see 1SO 3741). The microphone

sounds in a g@iven reverberation room using a given
microphone array or path. If the standard deviations do not

exceed the valups given in table 6 over the frequency range.

of interest, the test facility {(consisting of the room, the
instrumentation, and the microphone array or path) is
considered to We satisfactory for testing a source whose
spectrum contgins significant discrete-frequency compo-
nents. No addit|onal evaluations {such as clause 4) are then
necessary for anly particular sound source.

The qualificatidn procedure described below makes use of
the fact that irfegularities in the frequency response of a
reverberation foom for a given source position and
microphone artjy or path are indicative of the uncertainties
in the coupling pf the source to the reverberant field as well
as uncertainties [in the space/time-averaging procedure.

A.2 INSTRUMENTATION

path specified i

1SO 3741, the following items are requiréd

In addition to tjr‘e instrumentation and microphone array or

for the qualific

A.2.1 a high ¢
less with an airt

ion test :

uality loudspeaker of 200 mm diameter or
ght back enclosure;

A.2.2 an oscillhtor, a frequency counter, an amplifier, and
a voltmeter.

A.3 LOUDSPHAKER TEST

Locate the loudspeaker on the floor of a semi-anechoic
room. Place thd microphone at a distance of 10 to 20 mm

shall be traversing or the array should be samplpd in the
same manner as it is for sound pressure level\readings (see
1SO 3741). If a revolving or oscillating sound diffuser is

used, the diffuser shall be in operation. ' ’

Record the space/time-averaged sound pressure level at the
frequencies listed in table 5. The,loudspeaker inplit voltage
shall be the same as for the,loudspeaker test [see A.3.
above).

NOTE — If an array of-fixed microphone positions is used, the array
may either be scanned/and the mean:square sound pressure level
obtained automatically (see 1SO 3741} or the mean-sqliare values
for the individual microphone positions may be obtained by
computation.

Frequeney variations shall not exceed + 0,1. Hz dyring each
set of-measurements.

A.5 COMPUTATIONAL PROCEDURE

A.5.1 Correct the room levels taken under clayse A.4 to
remove the influence of the loudspeaker characferistic by
subtracting, at each frequency, the loudspeaker l¢vel taken
under clause A.3.

A.b.2 For each one-third octave band, calcplate the
arithmetic mean of the room levels corrected ag in A.5.1
and compute the standard deviation of the difference
between the corrected room levels and the mean lgvel :

J1/2

in front of the speaker face. Using the indicating device and
frequency analyser (see 1SO 3741), record the sound
pressure fevel at constant loudspeaker input voltage over
the frequency range for which qualification is desired. In
each one-third octave band, take measurements to the
nearest half decibel at the frequencies shown in table 5.

NOTES

1 The loudspeaker is suitable only if measurements at adjacent
frequencies do not differ by more than 1 dB.

2 The loudspeaker input voltage for this test should be low enough
to prevent distortion (i.e. excessive voice coil and diaphragm
excursions, particularly at low frequencies), but high enough to
prevent interference from background noise (both acoustical and
electrical) during this test, as well as during the following test.

6

Cn
s=(n—1)'1/2[2 (L,'—Lm)ZJ‘
i=1

where
s is the standard deviation, in decibels;

L; is the room sound pressure levels corrected
according to A.5.1, in decibels;

Ly is the arithmetic mean of room sound pressure
levels corrected according to A.5.1, in decibels;

n is the number of measurements in the one-third
octave band (table 5).
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