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Foreword

ISO (the Internatignal Organization for Standardization) is a worldwide federation of
national standards|bodies (ISO member bodies). The work of preparing International
Standards is normally carried out through ISO technical committees. Each member
body interested in [ subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, govern-
mental and non-g¢vernmental, in liaison with I1SO, also take part in the work.

Draft InternationalStandards adopted by the technical committees are circulated to

the member bodie

the ISO Council.

for approval before their acceptance as International Standards by
[hey are approved in accordance with ISO procedures requiring at

least 75 % approvil by the member bodies voting.

International Stanfard 1SO 3741 was prepared by Technical Committee ISO/TC 43,

Acoustics.

This second editioh cancels and replaces the first edition (ISO 3741 : 1978), of which it
constitutes a mingr revision.

Users should note that all International Standards undergo revision from time to time
and that any refefence made herein to any other International Standard implies its
latest edition, unlg¢ss otherwise stated.

© International

Organization for Standardization, 1988 @

Printed in Switzerland
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d International Standards

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

g these basic documents, it is necessary to

one is most appropriate for the conditions and
e test. The operating and mounting conditions of
pr equipment to be tested are given as general
ed in each of the basic documents. Guidelines for
decisions are provided in 1ISO 3740. If no noise
pecified for a particular machine, the mounting

conditions shall be fully described in the test

bsis of ISO 3741
ability

environment

room with specified volume and absorption or
cordance with a test procédure given in annex A.

the design of reverheration rooms are given in
e minimum test room“volume depends on the
hcy band of interést)(V,, = 200 m3 corresponds
the lowest allowable one-third octave band).

of noisé-source

source preferably less than 1 % of volume of the

0.2.3 Quantities to be measured

Sound pressure levels in frequency bands'on a specified path or

at several discrete microphone positions.

[+]

o
3

o

Py Py N |
aeéterminea

Sound pressure levels in frequency bands; A-w
power levels (optional).

eVels \OpLo

0.2.5 Quantities¢(which cannot be obtained

Directivity characteristics of the source; temp
radiated, noeise for sources emitting non-steady

0.3

This International Standard specifies in detail

methods for determining the sound power radia
machine, component, or sub-assembly as a f
quency, using a reverberation test room h3
acoustical characteristics. While other methods
to measure the noise emitted by machinery and

methods specified in this International Standard

Introduction

eighted sound

bral pattern of
noise.

wo laboratory
d by a device,
nction of fre-
ving specified
could be used
bquipment, the
lare particularly

advantageous for rating the sound output of sources which

produce steady noise and for which directivity|
not required. If the source emits non-steady nq
tivity information is desired, one of the other me
in 1ISO 3740 shall be selected.

Among the reasons for obtaining data as describ}
national Standard are the following:

a) rating apparatus according to its sound
b) establishing sound control measures;

c) predicting the sound pressure levels

information is
ise or if direc-
hods specified

ed in this Inter-

power output;

roduced by a

test room.

0.2.1.3 Character of noise radiated by the source

Steady (as defined in ISO 2204), broad-band.

0.2.2 Precision

aevic ven enclosure or e

wironment.

In this International Standard, the computation of sound power
from sound pressure measurements is based on the premise
that the mean-square sound pressure averaged in space and

time, p2, is

a) directly proportional to the sound power output of the

source,

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).

b) inversely proportional to the equivalent absorption area
of the room, and

c) otherwise depends only on the physical constants of air
density and velocity of sound.
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1 Scope

and field of application

1.1 General

ISO 3741 : 1988 (E)

different specimens of the same type of stable sources of steady broad-
band, it would be possible to calculate overall standard deviations that
would correspond to the random selection of a noise source and the
random selection of a laboratory. It is these standard deviations which
have been estimated and given in table 2.

This International Standard specifies a direct method and a
comparison method for determining the sound power level pro-
duced by a source. It specifies test room requirements, source
location and operating conditions, instrumentation and tech-
niques for obtaining an estimate of mean-square sound
pressure from which the sound power level of the source in oc-

2 If two laboratories use similar facilities and instrumentation, the
results of sound power level determinations on a given source in these
laboratories may be in better agreement than would be inferred from

the standard deviations in table 2.

tave or one-t

hird octave bands is calculated.

3 For a particular family of noise sources, of similar size and with
similar sound spectra, the standard deviations of sound power level
determinations _in_different laboratories may be significantly smaller

1.2 Field

bf application

of machinery may state standard deviations smatler.thhan those given in

than the values given in table 2. Thus, a test code f(jt a particular type
table 2 if the results of inter-laboratory tests(are-avajlable to substan-

1.2.1 Type$ of noise

This Internatfonal Standard applies primarily to sources which
produce steafly broad-band noise as defined in ISO 2204.

NOTE — If dis¢rete frequencies or narrow bands of noise are present in
the spectrum df a source, the mean-square sound pressure tends to be
highly depend¢nt on the positions of the source and the microphone
within the roon. The average value over a limited microphone path or
array may diffgr significantly from the value averaged over all points in
the room. Progedures for determining the sound power radiated by a
source when discrete tones are present in the spectrum are described
in ISO 3742.

1.2.2 Size ¢f source
This Internatijonal Standard applies only to small noise sources,

i.e. sources With volumes which are preferably not greater thap
1 % of the vplume of the reverberation room used for the test:

1.3 Meastirement uncertainty

Measurements made in conformity with this International Stan-
dard tend to fesult in standard deviations which are equal to or
less than thoge given in table 2. The standard deviations given
in table 2 takg into account the cumulative effects of all causes
of measurement uncertainty.

Table 2 — Uncertainty in determining sound power levels
of broad-band noise sources in reverberation rooms

tiate the smaller values.

4 The largest sources of uncertainty,/other than p

bssible deviations

from the theoretical model (directimethod) and errorg in the calibration
of the reference sound source, (Comparison method), in the test

methods specified in this International Standard ar
inadequate sampling of. the=sound field and with
acoustic coupling from the. noise source to the sound

b associated with
variations in the
field (for different

test rooms and for different positions within a tj;t room). In any

laboratory, it may“be possible to reduce measurem
one or more of the following procedures:

a) use 'of multiple source locations;

nt uncertainty by

b)~improvement of spatial sampling of the sound field;

¢) addition of low-frequency sound absorbers
overlap;

d) use of moving diffuser elements.

0 improve modal

In addition, a large reverberation room may be used| to reduce uncer-

tainties at low frequencies although the precision

f high-frequency

sound power level determinations may be degradgd. Conversely, a

small room may lead to reduced high-frequency un

tertainties but in-

creased low-frequency uncertainties. Thus, if improved precision is

needed, and if two reverberation rooms are ava

lable, it may be

desirable to carry out the low-frequency sound powdr level determina-

tions in the larger room and high-frequency dete
smaller room.

2 References

fminations in the

5 for measure-

absorption in a

NOTES

ISO 266, Acoustics — Preferred frequencie.
One-third ments.
Octafve-t and. octave-band (S’tapd?rd
centre freqencles i .ontre frequencies eviation ISO 354, Acoustics — Measurement of sound
Hz Hz dB reverberation room.
125 100to 160 3 ISO 2204, Acoustics — Guide to International Standards on
250 200t0 315 2 the measurement of airborne acoustical noise and evaluation of
500 to 4 000 400 to 5 000 15 its effects on human beings.
8 000 6 300 to 10 000 3

1SO 3740, Acoustics — Determination of sound power levels of
noise sources — Guidelines for the use of basic standards and

1 The standard deviations given in table 2 are measures of the uncer-
tainties associated with the test methods defined in this International
Standard. If a stable source of steady broad-band noise were
transported to each of a large number of laboratories, and if, at each
laboratory, the sound power level of that source were measured in
accordance with the provisions of this International Standard, the stan-
dard deviation, as a function of frequency, of these many sound power
level calculations could be calculated. If a similar inter-laboratory series
of measurements were carried out on each of a large number of

for the preparation of noise test codes.

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

narrow-band sources in reverberation rooms.

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

test rooms.


https://standardsiso.com/api/?name=f27c072f88fcacf17714b76de88b8617

1SO 3741 : 1988 (E)

I1SO 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.

ISO 3747, Acoustics — Determination of sound power levels of
noise sources — Survey method using a reference sound
source.

3.5 sound power level, Ly, in decibels: Ten times the
logarithm to the base 10 of the ratio of a given sound power to
the reference sound power. The width of a restricted frequency
band shall be indicated; for example, octave-band power level,
one-third octave-band power level, etc. The reference sound
power is 1 pW (=10-12W).

3.6 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 or the one-third
octave bands with centre frequencies between 100 Hz and
10 000 Hz. Any band may be excluded in which the level is

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

IEC Publication H0(08), /nternational Electrotechnical Vocabu-
lary — Electro-acpustics.

IEC Publication 25, Octave, half-octave and third-octave band
filters intended fqr the analysis of sound and vibrations.

|EC Publication 661, Sound level meters.

3 Definitiorns

For the purposeq of this International Standard, the following
definitions apply

3.1 reverberation room: A test room meeting the re-
quirements of this International Standard.

3.2 reverberamt sound field: That portion of the (sound
field in the test foom over which the influence of sound re-
ceived directly frpm the source is negligible.

3.3 mean-squpre sound pressure, p2:The sound pressure
averaged in spade and time on a meanssquare basis. In prac-
tice, space/timejaveraging over a finite\path length or a fixed
number of microphone positions as'well as deviations from the
ideally reverberant sound field lead*only to an estimate of P2,
called p2, in this|International Standard.

3.4 sound pr¢gssure\level, p, in decibels: Ten times the
logarithm to the base 10 of the ratio of the mean-square sound
pressure of a st
pressure. The W|dth of a restncted frequency band shaII be in-
dicated: for example, octave-band pressure level, one-third
octave-band pressure level, etc. The reference sound pressure
is 20 pPa.

1) At present at the stage of draft.

more tham46-dBbetow-the-highest-band-pressureevel.

For special purposes, other frequency ranges(©of,intefest may be
defined depending upon the characteristics of the ngise source,
provided that the test room is satisfactory-for use gver the ap-
propriate frequency range.

3.7 direct method: That method in which the sgund power
level is calculated from themeasured sound pressur¢ levels pro-
duced by the source, in(3 ‘reverberation room and from the
volume and reverberation time of the room.

3.8 comparison method: That method in which the sound
power leveliis’calculated by comparing the measlired sound
pressure.levels produced by the source in a reverbefation room
with the'sound pressure levels produced in the samg room by a
reference sound source (RSS) of known sound poyver output.

4 Acoustical environment

4.1 General

Guidelines for the design of reverberation rooms to|be used for
determining sound power in accordance with this Ipternational
Standard are given in annex D.

The test room shall be large enough and have low gnough total
sound absorption to provide an adequate reverbgrant sound
field for all frequency bands within the frequeng¢y range of
interest (see annex D).

4.2 Volume of test room

aatiatlaatilae 2 specified in
table 3. If frequencues above 3 000 Hz are lncluded in the fre-
quency range of interest, the volume of the test room shall not
exceed 300 m3. The ratio of the maximum dimension of the test
room to its minimum dimension shall not exceed 3:1.
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Table 3 — Minimum volume of the test room as a
function of the lowest frequency band of interest

Lowest f band Minimum volume
owes r'equency an of the test room
of interest 3
m
125 Hz octave or 200
100 Hz one-third octave
125 Hz one-third octave 150
160 Hz one-third octave 100
250 Hz octave or 70
200 Hz one-third octave and higher

ISO 3741 : 1988 (E)

4.4 Criterion for adequacy of test room

If the test room does not have an absorption as required by 4.3,
the adequacy of the room shall be established by the procedure
described in annex A.

4.5 Criterion for background noise level

The background noise level including any noise due to motion
of the microphone shall be at least 6 dB, and preferably more
than 12 dB, below the sound pressure level to be measured in
each frequency band within the frequency range of interest.

4.3 Criterion for absorption of test room

4.3.1 General

The equivaleft absorption area of the test room primarily af-
fects the mipimum distance to be maintained between the
noise source jand the microphone positions. It also influences
the sound ragliation of the source. For these reasons, the ab-
sorption arealshall be neither too large nor extremely small (see
annex D).

The reverbergtion time, in seconds, shall be greater than
VIS
where
V is the room volume, in cubic metres;
S is the|total surface area of the test room, in square

metres.

4.3.2 Minimum distance

The minimurp distance between the noisé source and the
nearest micrdphone position, d;,, shall notjbe less than

doin = CWVIT

where

C1 = 0, ;
V is theroom volume, in cubic metres;
T is the reverberation time, in seconds.

NOTE — In orfder-to minimize the near-field bias error, it is strongly

4.6 Criteria for temperature and-humjdity

The air absorption in the reverberation rodm varies with
temperature and humidity, particularly at frequencies above
1000 Hz. The temperature 6,0in degrees Cg¢lsius, and the
relative humidity (r.h.), expressed as a percehtage, shall be
controlled during the sound pressure level meagurements. The
product

r.h. x (6 + 5°C)

shall not différ’by more than + 10 % from the !alue of the pro-
duct whichprevailed during the measurements of clause 7.

b “Instrumentation

5.1 General

Instrumentation shall be designed to deternfine the mean-
square value of the sound pressure in octave :Ld/or one-third
octave bands averaged over time and space.
Several alternative procedures for space-averagjing are given in
clause 7; those involving automatic sampﬂhg require in-
strumentation with longer integration (averagirlg) times.

There are two alternative approaches to timg-averaging the
output voltage of the octave (or one-third octaye) band filters:

a) Integration of the squared voltage over a fixed time
interval, tp, by analogue or digital means.

b) Continuous analogue averaging of the squared voltage,
using an RC-smoothing network with a time constant 7.

recommended that the value of C, be 0,16.

4.3.3 Surface treatment

The surfaces of the test room closest to the source shall be
designed to be reflective with an absorption coefficient less
than 0,06. Except for these surfaces, none of the other surfaces
shall have absorptive properties significantly deviating from
each other. These other surfaces shall be designed so that for
each one-third octave band within the frequency range of
interest, the mean value of the absorption coefficient of each
surface is between 0,5 and 1,5 times the mean value of the ab-
sorption coefficients of all surfaces.

observation time (see 7.2.2).

5.2 Indicating device

5.2.1 General

An estimate of p2 is obtained by determining the mean-square
pressure corresponding to the mean-square value of the
voltage at the output of the filter set, e,(¢). This mean-square
pressure is denoted by pgv, and is determined for a given
microphone path traverse (or array) and time (see 7.2.1).
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5.2.2 Integration over a fixed time interval

If this method is used (see 5.1), the normalized variance of the
estimates of the level of the mean-square voltage shall be less
than 0,25 dB for a steady sine-wave input over the frequency
range of interest; the average value of a series of ten estimates
of the level of the mean-square voltage shall not differ from the
value obtained by continuous integration by more than
+ 0,25 dB.

The integration time, 7p [see 5.1 a)], shall be identical to the
observation period used (for minimum values of observation
periods, see 7.2.2; for relation between integrating time and

Table 4 — Relative tolerances for the
instrumentation system
(adapted from IEC Publication 651)

microphone tra
see 7.1.1).

5.2.3 Continu

The time consta
long enough to

versing or scanning period, It applicable,

bus averaging

nt, T4 [see 5.1 b)], shall be at least 0,7 s and
meet the criterion of 7.1.1.

5.3 Microphene and its associated cable

A condenser mid
ility and frequen
shall have a fla
sound over the f

NOTES

1 This requiremer
level meter fulfilling
accordance with

measurements onl

2 If several micro
each microphone 1

The microphone
their sensitivity ¢

the microphone

rophone, or the equivalent in accuracy, stab-
cy response, shall be used. The microphone
frequency response for randomly incident
requency range of interest.

t is met by a microphone of a standardized sound
at least the requirements for a type 1 instrument in
EC Publication 651 and calibrated for free-field
if it has a linear random response.

bhones are used, it is desirable to avoid the axis of
eing oriented in the same direction in_space.

and its asociated cable shall be thosen so that
oes not change by moré than 0,5 dB in the

s moved, care shall_be exercised to avoid in-

temperature ranIe encountered during-the measurements. If

troducing acous
cables, or slidin
measurements.

5.4 Frequend

cal or electrical noise (e.g. from gears, flexing
g contacts) that could interfere with the

y-response of the instrumentation

system

The frequency response of the instrumentation for randomly
incident sound shall be determined in accordance with the
procedure in IEC Publication 651 with the tolerances given in

table 4.

5.5 Filter characteristics

An octave-band or one-third octave-band filter set meeting the
requirements of IEC Publication 225 shall be used. The centre
frequencies of the bands shall correspond to those of ISO 266.

Frequency Tolerance limits
Hz dB
50 +1,5
63 +1,5
80 +1,5
100 +1
125 +1
160 +1
200. + 1
250 +1
315 =]
400 + 1
500 +1
630 +1
800 +1
1000 +1
1250 +1
1 600 +1
2 000 +1
2 500 +1
3150 +1
4000 +1
+1,5
5 000 !
-2
+1,5
6 300 !
-2
+15
8 000 !
-3
+2
10 000
-4
+3
12 500
-6
16 000 +3
— ©
20 000 +3
— o0
5.6 Calibration
During each series of measurements, a sound calibrptor with an
accuracy of = 0,2 dB shall be applied to the midqrophone to
check the calibration of the complete instrumentatign system at
ONe or more frequencies within the frequency range of interest.

The calibrator shall be checked annually to check that its output
has not changed. In addition, an electrical calibration of the
instrumentation system over the entire frequency range of
interest shall be carried out periodically.

6 Installation and operation of source

6.1 General

If the source is mounted near one or more reflecting planes, the
radiation impedance can differ appreciably from that of free
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space, and the sound power radiated by the source may
depend strongly on its position and orientation. It is possible to
measure the radiated sound power either for a particular source
position and orientation, or as the average value for several
positions and orientations.

6.2 Source location

The source to be tested shall be placed in the reverberation
room in one or more locations that are typical of normal usage.
If a particular position is not specified, the source shall be
placed at leasyH5m fromrany-watt-of-theroom-

6.3 Sourcqg mounting

In many case$, the sound power emitted will depend on the
support or mgunting conditions of the source, which shall be
carefully desciiibed in the test report. Whenever a typical condi-
tion of moun'ml'ng or use exists for the equipment under test,
that condition| shall be used for the test, if feasible.

No major surfaces of the source shall be oriented parallel to a
nearby surfacg of the reverberation room unless it is so oriented
in its typical nhounting condition.

Sources normally mounted through a window, wall or ceiling
shall be mounted through a wall or the ceiling of the reverbera-
tion room and|located at least 1,5 m from any other wall or sur-
face, except that sources normally mounted near a corner shall
be located at the normal distance from such a corner.

Equipment ndrmally installed on a table or stand shallbe so
mounted duripg the test.

6.4 Auxiliary equipment

Care shall bd taken to ensure that-any electrical conduits,
piping or air ducts connected to the 'equipment do not radiate
significant anpounts of sound<enérgy into the test room. If
possible, all apixiliary equipnient-necessary for the operation of
the equipmemt to be tested shall be located outside the
reverberation froom.

6.5 Operation of source during measurements

ISO 3741 : 1988 (E)

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

7 Measurement of mean-square sound
pressure

7.1 Microphone positions

7.1.1 General

The microphone shall be traversedat“constant speed over a
path at least 3 m in length while-the signal is beirjg averaged on
a mean-square basis. The path. may be a line, an grc as obtained
by swinging the microphope}.a’circle or some other geometrical
configuration.

Alternatively, an afray of at least three fixed njicrophones or
microphone positions spaced at least a distande of 4/2 from
each other, where A is the wavelength of the sound wave cor-
responding-to the lowest frequency of the freqhiency band of
interest, may be used. The output of the microghones shall be
scanpéd automatically and/or averaged on g mean-square
basis.

7.1.2 Repetition rate

The repetition rate of the microphone traverse (gr the scanning
rate for an array of fixed microphones) shall mest the following
criteria:

a) there shall be a whole number of microphone traverses
or array scans during the observation period (see 7.2.2);

b) if integration over a fixed time intervgl, 7p, is used
[see 5.1 a)], there shall be a whole number pf microphone
traverses or array scans during the integratihg time of the
indicating device;

¢) if continuous averaging is used [see 5.1 H}], the traverse
or scanning period shall be less than twice th¢ time constant
of the indicating device.

7.1.3 Microphone traverse or array

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 normal load;
b) device under full load [if different from a)l;
c) device under no load (idling);

d) device under the operating condition corresponding to
maximum sound generation.

The microphone traverse or array shall not lie in any plane
within 10° of a room surface. No point on the traverse or array
shall be closer than A/2 or 1 m, whichever is the smaller, to any
room surface of the reverberation room, where A is the
wavelength of sound corresponding to the centre frequency of
the lowest frequency band of interest. All microphones shall be
at least 1/4 or 0,5 m, whichever is the smaller, from the nearest
surface of the rotating diffuser (if any).

The location of the microphone traverse or array shall be within
that portion of the test room where the reverberant sound field
dominates. The criterion to ensure that the microphone
traverse or array is within the reverberant field is given in 4.3.2.
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discharge (if any) or sound beaming from the equipment being
tested.

........ ar arrav ch "

The llllblupllullc traverse oOf afray snal

7.2 Required data and conditions of measurement

level alone source alone
dB dB
nraccura laval raadinac - - P
pressure level readings B i3
7 1
Determinations of the mean-square sound pressure along the g 82
microphone path (or at the individual microphone positions) 1n na

Corrections for background sound

Table 5 — o
pressure levels

Correction to be subtracted
from sound pressure ievei
measured with noise source
operating to obtain sound
pressure level due to noise

Difference between sound
pressure level measured with
noise source operating and

background sound pressure

shall be made Ior each frequency band within the frequency
range of interest, as follows:

a) the banfl pressure levels produced by background noise
[including npise from the support equipment the motion of
U SEpUpRNY N R AL imne (1€ e imtnvmal alantei~al

the lnluupl one and diffuser {if ar |‘y/, and internal electrical
noise in thelmeasuring instrumentation];

b) the banld pressure ieveis during operation of the source
being tested;

c) if applidable, the band pressure levels during operation
of the refer¢gnce sound source (see 8.3.2).

The microphong traverse or array shall be the same for each set
of readings and shall comply with the requirements of 7.1. The
sound diffuser(s) (if any) shall be operated identically for each
set of readingsl No observers or operators shall be present in
the test room ¢luring the measurements, unless necessary for
operating the device under test.

7.2.2 Period |of observation

The readings ghall be averaged over the following periods of
observation:

a) for the|frequency bands centred on or below 160 Hz,
the period ¢f observation shall be)at least 30 s;

b) for the|frequency bands centred on or above 200 Hz,
the period ¢f observation(shall be at least 10 s.

NOTE — If the {nstrumentation uses continuous time-averaging (RC-
smoothing), no Jbservatlon should be made after any mrcrophone or
filter swﬁchmg (i e
until a “settling” time of flve times the time constant of the instrumen-
tation has elapsed. The observation time should have at least the same
duration as the “’settling time"’.

7.2.3 Correction for background sound pressure levels

The measured band pressure levels shall be corrected for the
influence of background noise according to table 5. If the
background noise level is less than 6 dB below the sound
pressure level with either the reference sound source or the
equipment operating, the accuracy of the measurements will be
reduced and no data shall be reported.

7.2.4 Calculation of mean band pressure’leyels

If a continuous path or automatic, microphong scanning is
used, the measured levels (after corfections fof background
noise in accordance with 7.2.3) inyeach rrequency band of in-
terest constitute the desired “estimate of pav. If individual
microphone positions are Used, the sound pressyre levels, L,
(after corrections for Background noise in accprdance with
7.2.3), in decibels (reference: 20 uPa), for each fr¢quency band
of interest shall be averaged by using the following equation:

N
1 .
= 10)g [7\,— E : (1001 L,)]
i=

where

L;” is the band pressure level resulting

measurement, in decibels (reference: 20 nPal);

rom the ith

’

N is the total number of measurements in the band.

8 Calculation of sound power level

8.1 General

In this International Standard, two methods are|described for
determining the sound power level of a source: both methods
require a determination of p§v in octave or ong-third octave
bands.

8.2 Direct method (Method 1)

8.2.1 Additional data required

In addition to the data required by 7.2.1, the revefberation time
of the room, 7, with the source present shall be determined in
G band : : within the fre-
quency range of interest using the procedures described in
1ISO 354. However, for determination of sound power level at
frequencies of 250 Hz and below, it is recommended that the
reverberation time be determined by the early decay (over the
first 10 dB of the recorded reverberation time) rather than from
the slope between —5 dB and —35 dB.

NOTES

1 Use of the reverberation time as determined from the early decay
will result in better agreement between free-field and reverberant-field
determinations of sound power level.

2 The loudspeaker system used for the measurement of the
reverberation time should be considered to be a part of the test room.
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8.2.2 Calculation

The sound power level produced by the source, L, in decibels
(reference: 1 pW), in each octave band or one-third octave
band within the frequency range of interest shall be calculated
from the following equation:

T v
Ly=L,- 10Ig?0+ 10|970+

SA B
+101g |1 + —| —101g|— | - 14
1Y% 1000

1ISO 3741 : 1988 (E)

8.3.4 Calculation

The sound power level produced by the source, Ly, in decibels
(reference: 1 pW), in each octave band or one-third octave
band within the frequency range of interest is obtained as
follows:

a) subtract the band pressure level produced by the
reference sound source, L, (after corrections for
background noise in accordance with 7.2.3), from the
known sound power level produced by the reference sound
source L y;

where

L, is the mean band pressure level (after corrections for

backgrouhd noise) determined according to 7.2.1 and 7.2.3,
in decibelp (reference: 20 .uPa);

T is the|reverberation time of the room, in seconds;
To=1s
V is the|volume of the room, in cubic metres;
Vo =1n;

A is the wavelength at the centre frequency of the octave
or one-third octave band, in metres;

S is the [total surface area of the room, in square metres;

B is the|barometric pressure, in millibars.

This equatioh accounts (approximately) for the effect of(.the
interface patfern formed near the room surfaces.

8.3 Complarison method (Method 2)

8.3.1 General

The comparigon method requires’the use of a reference sound
source with known sound poweér output which preferably is
operated in [the presence of “the device to be tested. This
method has fhe advantage(that it is not necessary to measure
the reverbergtion time‘of.the test room.

8.3.2 Loca1ion of the reference sound source

b) add the difference to the band pressiire level of the
source under test, L, (after corrections”for background
noise in accordance with 7.2.3), i.e,
Ly = Lp + Ly - Lpr)

where

L, is the mean band_pressure level of the source under
test, in decibels (reference: 20 uPa);

Ly, is the~band power level of the ré¢ference sound
source, in"decibels (reference: 1 pW);

L, ¢isthe mean band pressure level of the feference sound
source, in decibels (reference: 20 uPa).

9 Information to be recorded

The information specified in 9.1 to 9.4, when applicable, shall
be compiled and recorded for measurements that are made in
accordance with the requirements of this International
Standard.

9.1 Noise source under test

The following information shall be recorded:
a) description of the noise source under tgst;
b) operating conditions;
c) mounting conditions;

d) location of noise source in test room.

The reference sound source shall be mounted on the floor of
the reverberation room at least 1,5 m away from any other
sound-reflecting surface such as a wall or the source being
evaluated. The distance from the microphone traverse or array
shall be such that the microphone(s) is (are) in the reverberant
field as required by 7.1.3.

8.3.3 Required additional data

The sound pressure level corresponding to p§v during operation
of the reference sound shall be determined following the pro-
cedures of clause 7.

9.2 Acoustical environment

The following information shall be recorded:

a) description of test room, including dimensions, surface
treatment of the walls, ceiling and floor; sketch showing the
location of source and room contents;

b) qualification of reverberation room (see annex A);

c) air temperature, in degrees Celsius, relative humidity,
expressed as a percentage, and barometric pressure, in
millibars.
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9.3 Instrumentation

The following information shall be recorded:

a) equipment used for the measurements, including
name, type, serial number and manufacturer;

b) bandwidth of the frequency analyser;
c) frequency response of the instrumentation system;

d) method used to calibrate the microphone(s), and the
date and place of calibration;

e) calibration of reference sound source (for Method 2

NOTES

1 Calculation of the weighted sound power level is optional. If the
A-weighted sound power level is calculated, the computational pro-
cedure of annex C is to be used.

2 The preferred format for plotting sound power level data is given in
1SO 3740. One octave corresponds to 15 mm, 10 dB to 20 mm.
10 Information to be reported

The following information shall be reported:

a) the date and time when the measurements were per-

only).

9.4 Acoustical data

The following infprmation shall be recorded:

10

a) the locatigns and orientation of the microphone path or
array (a sketch should be included if necessary);

b) the corregtions, in decibels, if any, applied in each fre-
quency band for the frequency response of the microphone,
frequency repponse of the filter in the pass band,
background npise, etc.;

c) the sound power levels, in decibels (reference: 1 pW),
tabulated or glotted to the nearest one-half decibel.

formed;

b) the sound power levels for all frequen¢y bands of in-
terest, and all operating conditions of the sourde;

c) the location of the noise source'under test vith respect
to the walls, floor and ceiling of, the reverberatipn room;

d) of the additional information listed in clalrse 9, only
those items need be reperted which are requifed for the
proper application of the sound power data;

e) the statement.that the sound power levels| have been
obtained in full'accordance with the direct method or the
comparison_ method of this International Stgndard and
these sound.power levels are given in decibels [(reference:
1 pW).
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Annex A

Test room qualification procedure for the measurement
of broad-band sound

(This annex forms an integral part of the standard.)

duction

If the criterion for room absorption (4.3) cannot be satisfied,
the procedure described in this annex shall be used to deter-

b) With the reference sound source at each of the above
locations, measurements of the one-third octave or octave-
band sound pressure levels shall be recorded at least to the

nearest 0,5 dB.

mine WhetherLor not broad-band sounds can be measured with

the precision
uncertainties
reverberant f
averaging prd
measurement
expressed in
measurement

A.2 Instr

pecified in table 2. It provides a measure of the
In the coupling between the sound source and the
eld as well as uncertainties in the space/time-
cedure. The precision of the broad-band sound
5 for each octave or one-third octave band is

terms of the standard deviation of the

umentation and equipment

The instrumentation and microphone traverse or array shall be

the same as {
The test prod
reference sou
B.1.1 to B.1.5

The instrume)
down in claug

The microph
quirements la

A.3 Test

Six or more 1
the one-third
the room, eag
ferent locatio
tions:

a) The sq
not close
microphon

hose used during the actual testing of a source.

edure given in this annex requires the use of a

hd source having the characteristics specified in
(see annex B).

htation shall conform to the requirements laid
e 5.

ne traverse or array shall conform to“\the re-
d down in 7.1.

procedure

pverberant-field measuréments shall be taken of
octave or octave-band' sound pressure levels in
h with the referenice’sound source placed at a dif-
h within the.room, under the following condi-

urce location shall be selected within a floor area
than *A/2 to a wall and not closer to the
e'than permitted by 4.3.2. The distance between

c) The microphone traverse or array, sou
any), instrumentation and observation time
tical to those used for carrying out actual t¢
ment in the source area being qualified.

A.4 Calculation

For each frequency band-for which the test
qualified, the standard deviation, s, in dec
calculated using the following formula:

N
1/2
s = DS 1)-172 [2 (L; - Lm)z}

i=1
where

L; is the band pressure level measured adg
space-averaging technique described in claug
(reference: 20 puPa);

L
decibels (reference: 20 pPa);

N is the number of source positions.

A.5 Qualification

For each frequency band, the test room q
measurement of broad-band sound if the calc
deviation does not exceed the limits given in td

nd diffusers (if
shall be iden-
sts with equip-

room is to be
bels, shall be

cording to the
e 7, in decibels

m is the arithmetic mean of band pregsure levels, in

alifies for the
lated standard
ble 6.

Table 6 — Maximum allowable stahdard
deviation of L;
One-third Maximum
Octave-band octave-band llowable

centre frequencies

any two source locations shall be greater than 1/4, where 4
is the wavelength of the lowest frequency for which the
room is to be qualified. No source location shall lie on a
room centreline. The source locations shall be in the general
vicinity of the location intended for the source being

evaluated.

+ £ H
eentre—req Tetes

stantlard deviation

Hz Hz dB

125 100to 160 1,6
250 and 500 200to 630 1

1 000 and 2 000 800 to 2 500 0,5
4 000 and 8 000 3150 to 10 000 1

"
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Annex B

Characteristics and calibration of reference sound source

(This annex forms an integral part of the standard.)

B.1 Characteristics of reference sound

source

The reference

..
SU[]“d source s'la" I|ave the cllalactCHSLILa

B.1.5 The power level in each frequency band shall remain

constant, within the tolerances of table 7, during
of the source.

the useful life

specified in B.1.1 to B.1.5 over the frequency range of interest.

B.1.1 Thes

und radiated shall be broad-band in character

without discrefe-tone components, i.e. the sound pressure
level in any ong-tenth octave band shall be at least 5 dB below
the corresponding octave band level.

B.1.2 Ther
to prevent tran
rests.

erence sound source shall be suitably mounted
mission of vibration to the structure on which it

B.1.3 The directivity index of the source, in any one-third

octave band,
hemispherical
10 000 Hz.

B.1.4 The

small (maximu

12

shall not exceed 6 dB relative to uniform
adiation over the frequency range from 100 to

feference sound source should be physically
fn dimension preferably less than 0,5 m).

B.2 Calibration of reference sound

The sound power produced by the reference soun
be determined in octave and one-third*octave b
accuracy as specified in table 7. During calibratid
shall be operated on the floor.in the same mann
during its intended use.

source

d source shall
ands with an
n, the source
br as it will be

Table 7 — Calibration accuracy for reference

sound source

One-third©ctave-band Tol
centre\frequencies olerance
Hz dB
100 to 160 +1
200 to 4 000 +0,4
5 000 to 10 000 +1

NOTE — The tolerances specified in table 7 can only
more elaborate measurement procedures than those d
International Standard (see ISO 3745 and 1SO 6926).

be obtained by
escribed in this
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