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INTERNATIONAL STANDARD.

1SO 3742 : 1988 (E)

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

rooms

0.1 Reldted International Standards

This International Standard is one of a series specifying various
methods fof determining the sound power levels of machines
and equipment. These basic documents specify only the
acoustical requirements for measurements appropriate for dif-
ferent test gnvironments as shown in table 1.

When applying these basic documents, it is necessary to
decide whidh one is most appropriate for the conditions and
purposes of|the test. The operating and mounting conditions of
the maching¢ or equipment to be tested are given as general
principles stpated in each of the basic documents. Guidelines for
making theje decisions are provided in ISO 3740. If no noise
test code ig specified for a particular machine, the mounting
and operatihg conditions shall be fully described in the test
report.

0.2 Synppsis of ISO 3742
0.2.1 Appjicability

0.2.1.1 Tept environment
Specified r¢verberation room whichyis to be qualified in ac-
cordance wjth a test procedure given in clause 3 of the main

part of this |nternational Standard and in the annex; additional
test room r¢quirements aré given in ISO 3741.

0.2.1.2 Size of noise“source

Volume of the_source preferably less than 1 % of volume of the

0.2.3 Quantities to be measured

Sound pressure levels in frequency/bands on a
at several discrete microphone pasitions.

0.2.4 AQuantities to be determined

Sound pressure levels in frequency bands; A
power levels (optiohal).

specified path or

weighted sound

0.2.5 Quantities which cannot be obtained

Directivity characteristics of the source; tem
radiated noise for sources emitting non-stead

0.3 Introduction

poral pattern of
V noise.

This International Standard specifies in detajl two laboratory

methods for determining the sound power
using a reverberation test room.

bf small sources

produce steady, broad-band noise. This Inter

ational Standard

The procedure specified in 1ISO 3741 applies i) sources which

gives additional precautions that have to be o
frequencies or narrow bands of noise are pre
trum of the noise radiated by the sound sour:

If a source emits narrow-band or discrete-fre
precise determination of the radiated sound
greater effort. The accuracy objectives fd
broad-band sound sources (table 2 of ISO
achieved with a microphone traverse of 3 m (d

erved if discrete
sent in the spec-
Ce.

juency sound, a

power requires
r characterizing
B741) cannot be
r with only three

microphones in a fixed array) and with only on

e source location

a) the space/time-averaged sound pregsure along the

in the reverberation room. The reasons are 31 follows:

test room.

0.2.1.3 Character of noise radiated by the source

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

0.2.2 Precision

Measurements made in conformity with this International Stan-
dard will, with very few exceptions, result in standard devia-
tions equal to or less than 1,5 dB from 400 to 5 000 Hz, 2 dB
from 200 to 315 Hz, increasing to 3 dB below 200 Hz and above
5 000 Hz (see 1.3 and table 2).

microphone path (see 7.T in 1SOU 374T), or as determined
with an array of three microphones, is not always a good
estimate of the space/time-averaged mean-square pressure

throughout the room;

b) the sound power radiated by the
strongly influenced by the normal modes

source is more
of the room and

by the position of the source within the room.

If 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 on the desired accuracy, the
spectrum of the radiated noise, and the properties of the test
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room. These numbers can usually be reduced if one or more
diffusers are rotating in the test room during the
measurements. Guidelines for the design of suitable rotating
diffusers are given in annex E in 1ISO 3741. The use of rotating
diffusers considerably reduces the effort required to make
measurements on sources that emit discrete-frequency com-
ponents.

1 Scope and field of application

ISO 3742 : 1988 (E)

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 spec-
trum of the sound emitted by the source (see clause 3).

Alternatively, it may be assumed that the spectrum of the
sound emitted by the machine or equipment under test does

1.1 GenJraI

This Interndtional Standard specifies the special requirements
that are negessary for accurate determinations of the sound
power when discrete frequencies or narrow bands of noise are
radiated by jp source.

1.2 Field|of application

This Interngtional Standard applies to sources which radiate
discrete frequencies or narrow bands of noise. The spectrum of
the source fan include broad-band components upon which
the promingnt discrete frequencies or narrow bands of noise
are superimposed. These methods are often complex and time-
consuming |for measurements on sources which primarily
radiate discfete frequencies below 200 Hz. For such sources,
measurements in a free field as described in 1ISO 3745 are likely
to be more pppropriate.

1.3 Measurement uncertainty

Measuremehts made in conformity with this International Stan-
dard tend tq result in standard deviations which are equal to or
less than thpse given in table 2. The standard:deviations given
in table 2 take into account the cumulative ‘effects of all causes
of measurefnent uncertainty.

NOTE — A rhore detailed description 6f'the meaning of the standard
deviations in|table 2 is given in 1.3({n-ISO 3741.

Table 2 }- Uncertainty in determining sound power
levgls of discrete-frequency noise sources
in\reverberation rooms

contain-sighificant discrete-frequency components. In this case
either the precautions described in clause 4(should be followed
or the test set-up should be qualified as descrijed in the annex.

If the room qualifies according t0) the requfrements of the
annex, additional source locations*are not required. Qualifica-
tion of the test set-up according,to the annex i usually possible
only if a rotating diffuser and additional micrgphone positions
are used in the room.

1.5 Other requirements

All other requirements for determining the solind power emit-
ted by discrete-frequency and narrow-band sdund sources are
the same.as for broad-band sources describeq in 1ISO 3741.

2 References

ISO 266, Acoustics — Preferred frequencigs for measure-
ments.

ISO 354, Acoustics — Measurement of sound absorption in a
reverberation room.

ISO 1680, Acoustics — Test code for the megsurement of air-
borne noise emitted by rotating electrical machinery —
Part 1: Engineering method for free-field donditions over a
reflecting plane.

Part 2: Survey method.

ISO 2204, Acoustics — Guide to Internationpl Standards on
the measurement of airborne acoustical noise 4nd evaluation of
its effects on human beings.

ISO 3740, Acoustics — Determination of soun{d power levels of
noise sources — Guidelines for the use of basjc standards and
for the preparation of noise test codes.

Octave{band ngs:_r;;: d Standard
centre frequencies centre frequencies deviation
Hz Hz dB
125 100to 160 3
250 200to 315 2
500 to 4 000 400 to 5 000 1,5
8 000 6 300 to 10 000 3

ISO 3741, Acoustics — Determination of sound power levels of
noise sources — Precision methods for broad-band sources in
reverberation rooms.1)

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

1) Cross-references to specific clauses, sub-clauses, etc. in ISO 3741 apply to the second edition published in 1988.
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ISO 3744, Acoustics — Determination of sound power levels of
noise sources — Engineering methods for free-field conditions
over a reflecting plane.

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

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

1SO 3747, Acoq
noise sources
source.

— Survey method using a reference sound

IEC Publicatior} 50(08), /nternational Electrotechnical Vocabu-
lary — Electro{acoustics.

|IEC Publicatior] 225, Octave, half-octave and third-octave band

3.2 AQualitative procedure

The presence of a significant discrete-frequency component
can often be detected by a simple listening test or by narrow-
band analysis (e.g. by means of a fast Fourier transform
analyser). If such a component is audible or if narrow-band
analysis clearly indicates the presence of a discrete-frequency
component, the measurements described in 3.3 may be omit-
ted. In this case, either the provisions of the bottom row of
table 3 shall be applied or, alternatively, the test set-up shall be
qualified as described in the annex.

in the spec-
trum even if these components are not audible|or if narrow-

frequency components are present canonly be r
forming the test described in 3.3.

3.3 Estimate of standard deviation

filters intended

IEC Publicatior]

for the analysis of sound and vibrations.

651, Sound level meters.

3 Determination of the significance

of discrete
narrow bar

3.1 General

frequency components and
ds of noise

If a discrete-frequency component is present in the spectrum,of

a source, the
usually exhibit
spacing of app
responding to

spatial variations in the sound pressure\level
maxima separated by minima having an‘average
roximately 0,8 A, where A is the wavelength cor-
the frequency of the sound.

3.3.1 Obtain an estimate of the standard den
sound pressure levels produced by the source un
room by following the procedure described in 3.

3.3.2 Select an array of six fixed microph
microphone positions) spaced at least /2 apart,

wavelendth of the sound corresponding to th|
quency of the frequency band of interest. Locate]
a-single position in the test room in accordance w

microphone position according to the technique
1ISO 3741. Instead of a fixed array, a single micro
sequentially positioned at six points equally sp
path the length of which is calculated from equ
N, = 6.

Obtain the time-averaged sound pressure leve}

Determine the time-averaged sound pressure level

liation of the
Her test in the
8.2 and 3.3.3.

pnes (or six
Where A is the
e lowest fre-
the source at
ith 1ISO 3741.

L, at each
described in
hone may be
aced along a
ation (2) with

at each point.

cedures to be followed in the measurement of discrete-frequency components or narrow bands of noise

Table 3 — Pr(
- Number of microphone
Standa a , is . b
ndard :;w tion, s Procedure positions, N, (or microphone Nulmbetr. of oNurce
path length, /) ocations; N
sK 15 Assume broad-band N, =3or Ng =1
source [ calculated from equation (2)
for a continuous path
16<s<3 Assume that a narrow N, determined from table 4 Use half the number of source
band of noise is present or / calculated from locations calculated from
equation (2) for a continuous equation (3)
path
s> 3 Assume that a discrete N, determined from table 4 Calculate NV, from
tone is present or / calculated from equation (3)
equation (2) for a continuous
path
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in decibels, from the following equation:

—_—
-
-~

A 2D The raaiiirad niimhar nf eniirca lanatinne danande An
Fedmudm FHIT TOYUHITU 1iWivur Uil SVUUINLe idualvinie ucpeiius Uil
the reverberation time and volume of the room, and on the fre-
quency. For iscret frequency tones, the recommended
har Af antiraa Innafnnno N  ahatild ha Aaalaiidasad $on o sl o
TIUITIUTT Ul SUUILE 1ULauuiiS, 1vg, Srnivuiu ve CaiCuiateda wrom tne
following relation:
r /~\ /s Anm\ 2 P
| {4} {1 00U} 1 |
Ng; > K10,791—11 | +—| . (3)
RS V72 AU A
L \"/ Vv / mJd
TR,
wiliere

The magnitude of s depends upon the properties of the sound

field in the tpst room. These properties are influenced by the
r~harantarictide nf tha ranm ac wall as tha ~Aharantarictine nf +tha
VAT UULLIIOUIYO VI LT TUUVITT DO VYOI OO U IT Liidiauicliolivo Ui UIT
source (i.e. [directivity and spectrum of Pmiftpd sound). In
theory, a stahdard deviation of 5,56 dB corresponds to a spec-
t+ral AnrmnAandnt AF sara hanmAusiAesl A Aia~rata $Aama

wuail \.aUIllpUl L VI LTIV varniuvviutui, 1.© a Uioui LT wWiic.

A ANlissmnbhbho AF mctnavambara mAacisliama

-~ i IIUEI vl IIIIUIUPIIU 1< PUQII.IU 1o

Armd amnsimAa lamadinca

aliu suuilyc ivvaliviilo

A4 ~_ 1

<+.1 aenejal

Because equ of the\true stan-
dard deviatig cac thran hranad
MU T vViIGe U9 UNTT vivau
ranges of val r.of microphone
positions {or source iocations
ramitirad  +n irany Natailad
oYUl cu W Ulﬂ\-y. woLwaliicu
knowledge o not necessary for
carrying out s in the sound fieid
are taken intg ce the estimate of
the standard
42 Calcujation

. tion
421 Thew i

tables 3 and 4 to determine the recommended microphone path

c Patll

iength and the number of source locations. The number of

A is as defined in 3.3.2;

Np, is the number of microphone positions.

umber of microphone positionq for the narrow-
te-frequency tone (see table #).

The value.of N shall be rounded to the neares

Table q — Number of mucronhon ositibns required

Octave-band
fnmd ama thic Number of Number of Consctant K
{and one-third . o A el TUmIStEE A
octave-band) | Microphone microphone determining
PP nositions itin numhar of
centre position itio wmber of
frequencies Nl 1T source
16 <s<3dB locations
Hz
125
3 6 5
(100, 125, 160)
250
NN NEN D1E) 6 12 10
\cUU, 20U, o019}
Enn
VU
19 A AN
(400, 500, 630) i “ «~
1000
{800, 1 000, i5 30 25
1 250)
and above
€ minimum distance between any two source locations shall
L. 1/ [P N (- Y L | N AN -
be A/2, where A is as defined in 3.3.2. The source iocations
cshould not he evmmaetrical with racnant +a tha avae ~f tha taat
SHIVUIU TIVL WO Oy HTHTITU LG VYL TOOPULL LU Ui QATO VI LIT LTOL
room
4.2.3 After the minimum number of m |cropnone positions {(or
annranriata minranhana nath lanadhl amd $ha cammoae PR}
APMIUMITIALT 1THLiUpnivinG  patii icrniguiy ariua uie Aorririernuecu
number of source locations have been selected, the procedures
of 7.2 of iSO 3741 shali be foliowed to obtain values of L, the
manam bhamAd mracarira lavala e dhem cmmen T bl o Ll 1 _P.A_, _
micaii oainl pressuie 1Ievess i ui€ rooim in tne one-tnira ociave
or octave bands of interest
A2A4A The sound nower emittad hu tha cniirca ia +than
. L5 1T SULGIU pUVVST Tinniicu Uy wiC SCUrCe 1S tnen
calculated using the procedures of clause 8 of ISO 3741,

(3]
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