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PREFACE

Th i s Stan dard was prepared by the Stan dards Au stral i a Commit tee on Acoust ics—Noi se from
Off ice and Househo ld Equi pment .

I t is id ent ical with an d has been reprodu ced from ISO 7779 (1 988) , Acousti cs—Measurement o f
ai rbo rne no i se em i tted by compu te r and bu siness eq ui pmen t.

Fo r th e purpose of th is Austra l i an Stan dard the ISO text shou ld be modi fi ed as fo l lows:

(a) Subclau se 5. 3 .2: In l i n e 4, de le te ‘300 m 3’ and subst itu te ‘350 m3 ’ .

(b ) References. The re fe ren ces to other publ i cati ons shoul d be repl aced by re fe ren ces to
Au stra l i an Stan dard.

Reference to International Standard Austral ian Standard

ISO AS

266 Acousti cs—Prefe rred frequen cies for
measurements

2533 Acoust ics—Preferred freque ncies for
measurements

3740 Acoustics—Determination of sound power
levels of noise sources—Guidelines for
the use of basic standards and for the
preparation of noise test codes

1 21 7.1 Acou sti cs—Determi nat i on o f sou nd
power levels of noise sources, Part 1 :
Guidelines for the use of basic standards
for the preparation of noise test codes

3741 Acoustics—Determination of sound power
level s o f noi se sources—Precis ion
methods for broad-band sources in
reverberation rooms

1 21 7.2 Acousti cs—Determi nat i on o f sou nd
power levels of noise sources, Part 2:
Preci sion meth ods fo r broad -band
sources in reverberation rooms

3742 Acoustics—Determination of sound power
level s o f noi se sources—Precis ion
methods for discrete-frequency and
narrow-band sources in reverberation
room

1 21 7.3 Acousti cs—Determi nat i on o f sou nd
power levels of noise sources, Part 3:
Precision methods for discrete-frequency
a n d n a r r o w - b a n d s o u r c e s i n
reverberation room

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

1 21 7.4 Acousti cs—Determi nat i on o f sou nd
power levels of noise sources, Part 4:
Eng i neeri n g methods fo r speci a l
reverberation test rooms

3744 Acoustics—Determination of sound power
levels of noise sources—Engineering
methods for free-field conditions over a
reflecting plane

1 21 7.5 Acousti cs—Determi nat i on o f sou nd
power levels of noise sources, Part 5:
Engin eer in g meth ods for free -f iel d
conditions over a reflecting plane

3745 Acoustics—Determination of sound power
level s o f noi se sources—Precis ion
methods for anechoic and semi-anechoic
rooms

1 21 7.6 Acousti cs—Determi nat i on o f sou nd
power levels of noise sources, Part 6:
Precision methods for anechoic and
semi-anechoic rooms

9295 Acous t i cs—Measu remen t o f h i g h -
frequency noise emitted by computer and
business equipment

3756 Aco us t i cs—Measu remen t o f h i g h
frequency noise emitted by computer and
business equipment

9296 Acoustics—Declared noise em ission
values of computer and business
equipment

3757 Acousti cs—Declared noise emission
values of computer and business
equipment

IEC AS

225 Octave, half-octave and third-octave band
fi lters intended for the analysis of sounds
and vibrations

Z41 Octave, half-octave and one-third octave
band pass fi lters intended for analysis of
sound and vibrations

651 Sound level meters 1 259 Sound level meters
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AUSTRALIAN STANDARD 44

Acoustics—Measurem ent of airborne noise em itted by
com puter and business equipment

0 Introduction

This International Standard specifies methods for the
measurement of airborne noise emitted by computer and

business equipment. Hitherto, a wide variety of methods

has been applied by individual manufacturers and users

to satisfy particular equipment or application needs. These

diverse practices have, in many cases, made comparison

of noise emission difficult. This International Standard

simplifies such comparisons and is the basis for

declaration of the noise emission level of computer and
business equipment.

In order to ensure accuracy, val idity and acceptabi l i ty, this

International Standard is based on the basic International

Standards for determining the sound power level

(ISO 3741 , ISO 3742, ISO 3744 and ISO 3745) and the

sound pressure level at the operator position(s)

(ISO 6081 ). Furthermore, implementation is simplified by
conformance to these International Standards.

In many cases, free-field conditions over a reflecting plane

are obtained by semi-anechoic rooms. These rooms may

be particularly useful during product design to locate and

to improve individual contributing noise sources. Rever-

beration rooms may be more economical for production

control and for obtaining sound power levels for
declaration purposes.

The method for measuring the sound pressure level at the

operator or bystander positions (see ISO 6081 ) is

specified in a separate clause, as this level is not

considered to be primary declaration information. The

measurements can, however, be carried out at the same

time as those for sound power determination in a free field
over a reflecting plane.

For comparison of similar equipment it is essential that the

instal lation conditions and mode of operation be the same.

In annex C these parameters are standardized for many

categories of equipment. I t is intended to extend annex C

to other categories in a future revision.

1 Scope and field of application

1 .1 Scope

This International Standard specifies procedures for

measuring and reporting the noise emitted by computer

and business equipment. I t is based on the measurement

procedures specified in ISO 3740, ISO 3741 , ISO 3742,
ISO 3744 and ISO 3745. The basic emission quantity is

the A-weighted sound power level which may be used for

comparing equipment of the same type, but from different

manufacturers, or for comparing different equipment.

The A-weighted sound power level is supplemented by the

A-weighted sound pressure level measuredat the operator

position(s) or the bystander positions. This sound pressure

level is not a measurement of total occupational noise

exposure of workers (noise immission).

Two methods for determining the sound power levels are
specified in this International Standard in order to avoid

undue restriction on existing faci l i ties and experience. The

first method is based on reverberant room measurements

(see ISO 3741 and ISO 3742); the second is based on

measurements in an essential ly free field over a reflecting

plane (see ISO 3744 and ISO 3745). Either method may

be used in accordance with this International Standard.

They are comparable in accuracy and yield the same
A-weighted sound power level within the tolerance range

of the methods specified in this International Standard.

1 .2 Field of application

This International Standard is suitable for type tests and

provides methods for manufacturers and testing labora-

tories to obtain comparable results.

The method specified in clause 5 provides a comparison

procedure for determining sound power levels in a

reverberation room. The method specified in clause 6

provides a direct procedure for determining sound power

levels using essential ly free-field conditions over a

reflecting plane. The method specified in clause 7

provides a procedure for measuring noise at the operator

or bystander positions. The proceduresin this International
Standard may be applied to equipment which radiates

broad-band noise, narrow-band noise, noise which

contains discrete-frequency components or impulsive

noise.

The methods specified in this International Standard allow

the determination of noise emission levels for a unit tested

individually.

The sound power levels and sound pressure levels are

used for noise emission declaration and comparison

purposes. They are not to be considered as instal lation

noise levels, however they may be used for instal lation

planning.

I f sound power levels obtained are determined for several
units of the same production series, the result can be

used to determine a statistical value for that production

series.
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2 Conformance

Measurements are in conformance with this International
Standard if they meet the fol lowing requirements:

a) The measurement procedure, the instal lation
and the operating conditions specified by this
International Standard are ful ly taken into account.

b) For the determination of sound power levels,
the method specified in clause 5 or the method
specified in clause 6 is used.

c) For the measurement of sound pressure level
at the operator or bystander positions, the method
specified in clause 7 is used.

3 References

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

ISO 3740, Acoustics—Determination of sound power
levels of noise sources—Guidel ines for the use of basic
standards and for the preparation of noise test codes.

ISO 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 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.

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 6081 , Acoustics—Noise emitted by machinery and
equipment—Guidel ines for the preparation of test codes
of engineering grade requiring noise measurements at the
operator’s or bystander’s position.

ISO 6926, Acoustics—Determination of sound power
levels of noise sources—Characterization and calibration
of reference sound sources.1 )

ISO 9295, Acoustics—Measurement of high frequency
noise emitted by computer and business equipment.

ISO 9296, Acoustics—Declared noise emission values of
computer and business equipment.

IEC Publication 225, Octave, half-octave and third-octave
band fi l ters intended for the analysis of sounds and
vibrations.

IEC Publication 651 , Sound level meters.

IEC Publication 804, Integrating-averaging sound level
meters.

4 Definitions

For the purposes of this International Standard, the
fol lowing definitions apply.

4.1 level of background noise: The sound pressure
level at specified locations when the equipment being
tested is neither operating nor idl ing.

4.2 bystander: An individual who is not the operator of
the equipment, but whose position l ies within the sound
field produced by the equipment, either occasionally or
continuously.

4.3 bystander position: A measurement position at a
typical location occupied by a bystander.

4.4 computerand business equipment: Equipment and
components thereof which are primari ly used in offices or
office-l ike environments and in computer instal lations.

4.5 floor-standing equipment: A functional unit that has
its own stand and is intended to be instal led on the floor.

4.6 frequency range of interest: This range normally
extends from the 1 00 Hz one-third octave band to the
1 0 000 Hz one-third octave band. The 1 6 kHz octave
band shall be included if a preliminary investigation
indicates that it may affect the A-weighted sound pressure
or sound power levels. The range and centre frequencies
of the octave bands are specified in ISO 266.

NOTES

1 If the 1 6 kHz octave band is included in the measurements,
the procedures of this International Standard may yield
measurement uncertainties greater than those stated.

2 For equipment which emits sound only in the 1 6 kHz octave
band, the procedures specified in ISO 9295 should be used.

4.7 functional unit: An entity of physical equipment,
which has been allocated an identification number,
capable of accomplishing a specified task. A functional
unit may be supported by a frame or frames and may be
self-enclosed or designed to be attached to another
device.

4.8 idling mode: A condition in which the equipment
being tested, after any necessary warm-up period, is
energized but is not operating.

4.9 measurement surface: A hypothetical surface of
area S enveloping the equipment being tested on which
the measuring points are located.

4.1 0 operating mode: A condition in which the
equipment being tested is performing its intended
function(s).

4.1 1 operator: An individual who operates a piece of
equipment from a position in the immediate vicinity of the
equipment.

1 ) At present at the stage of draft.
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4.1 2 operator position: Measurement position at the
assigned work-station of the operator.

4.1 3 rack-mounted equipment: One or more sub-
assemblies instal led in an end-use enclosure.

4.1 4 reference box: A hypothetical reference surface
which is the smallest rectangular paral lelepiped that just
encloses the equipment being tested and terminates on
the reflecting plane.

4.1 5 reference sound source: A device which is
intended for use as a stable source of sound which has a
known, cal ibrated broad-band sound power spectrum over
the frequency range of interest and which conforms to
ISO 6926.

4.1 6 sound power level, LW, in decibels: Ten times the
logarithm to the base 1 0 of the ratio of a given sound
power to the reference sound power. The weighting
network (A-weighting) or the width of the frequency band
used shall be indicated. The reference sound power is
1 pW.

NOTE—For the purposes of this International Standard, the
sound power is the time-averagevalue of the sound power during
the measurement duration.

4.1 7 sound pressure level, Lp, in decibels: Ten times the
logarithm to the base 1 0 of the time-mean-square sound
pressure to the square of the reference sound pressure.
The weighting network (A-weighting) or the width of the
frequency band used shall be indicated. The reference
sound pressure is 20 μPa.

NOTE—For the purposes of this International Standard, the
sound pressure is the square root of the time average of the
squared sound pressure during the measurement duration.

4.1 8 standard test table: A rigid table having a top
surface of at least 0,5 m 2 (length of the top plane
≥ 700 mm). A suitable design for the standard test table
is shown in annex A.

4.1 9 sub-assembly: A functional unit intended to be
instal led in another unit or assembled with other units in
a single enclosure. The unit may or may not have its own
enclosure and identification number.

4.20 surface-average sound pressure level, , in
decibels: Space/time-average sound pressure level
averaged over a measurement surface, corrected for the
environment.

4.21 table-top equipment: A functional unit that has a
complete enclosure and is intended to be instal led or used
on a table, desk or separate stand.

4.22 time-average sound pressure level , LpT, in
decibels; equivalent continuous sound pressure level
during time T, in decibels: Ten times the logarithm to the
base 1 0 of the ratio of a time-mean-square value of
instantaneous band-l imited sound pressure, during a
stated time interval, to the square of the standard
reference sound pressure.

4.23 wall-mounted equipment: A functional unit which
is normally mounted against or in a wall and does not
have a stand of its own.

5 Method for determining sound power levels of
equipment in reverberation rooms

5.1 General

The method specified in this clause provides a comparison
procedure for determining the sound power levels
produced by computer and business equipment using a
reverberation room. I t applies to equipment which radiates
broad-band noise, narrow-band noise, or noise which
contains discrete-frequency components or impulsive
noise.

The measurements shall be carried out in a qualified
reverberation room. The volume of the equipment being
tested should preferably be not greater than 1 % of the
volume of the reverberation room.

NOTE—Measurements on equipment which has a volume of less
than 1 m3 and emits broad-band noise may be carried out in a
special reverberation test room (see ISO 3743).

5.2 Measurement uncertainty

Measurements carried out in accordance with this method
yield standard deviations which are equal to, or less than,
those given in table 1 .

Table 1—Uncertainty in determining sound power
levels in a reverberation room

Octave-band centre
frequency

One-th ird octave-
band centre
frequency

Standard
devi at ion

Hz Hz dB

1 25
250

500 to 4 000
8 000

1 00 to 1 60
200 to 31 5
400 to 5 000

6 300 to 1 0 000

3
2
1 , 5
3

NOTES

1 For most computer and businessequipment, the A-weighted
sound power level is determined by the sound power levels in the
250 to 4 000 Hz octave bands. The A-weighted sound power
level is determined with a standard deviation of approximately
1 ,5 db. A larger standard deviation may result when the sound
power levels in other bands determine the A-weighted level.

2 The standard deviations given in table 1 reflect the
cumulative effects of all causes of measurement uncertainty,
including variations from laboratory to laboratory, but excluding
variations in the sound power level from equipment to equipment
or from test to test which may be caused, for example, by
changes in the instal lation or operating conditions of the
equipment. The reproducibi l i ty and repeatabi l i ty of the test results
for the same piece of equipment and the same measurement
conditions may be considerably better (i .e. smaller standard
deviations) than the uncertainties given in table 1 would indicate.

3 I f the method specified in this clause is used to compare the
sound power levels of simi lar equipment that are omnidirectional
and radiate broad-band noise, the uncertainty in this comparison
yields a standard deviation which is less than that given in
table 1 , provided that the measurements are carried out in the
same environment.

5.3 Test environment

5.3.1 General

Guidel ines specified in ISO 3741 and ISO 3742 for the
design of the reverberation room shall be used. Criteria for
room absorption and the procedure for room qualifications
given in these same International Standards shall be used.
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5.3.2 Test room volume

The minimum test room volume shall be as stated in
table 2. I f frequencies above 3 000 Hz are included in the
frequency range of interest, the volume of the test room
shall not exceed 300 m 3 . The ratio of the maximum
dimension of the test room to its minimum dimension shall
not exceed 3:1 .

Table 2—Minimum room volume as a function
of the lowest frequency band of interest

Lowest frequ ency band
of in terest

Mi ni mu m room
volu me

Hz m 3

1 25 (octave) or
1 00 (one-t hi rd octave)

200

1 25 (one-t hi rd octave) 1 50

1 60 (one-t hi rd octave) 1 00

250 (octave) or
200 (one-t hi rd octave) or h ig her

70

5.3.3 Level of background noise

The level of the background noise, including any noise
due to motion of the microphone and/or rotating diffusers,
shall be at least 6 dB, and preferably more than 1 0 dB,
below the sound pressure level to be measured in each
frequency band within the frequency range of interest.

5.3.4 Temperature and relative humidity

The air absorption in the reverberation room varies with
temperature and humidity, particularly at frequencies
above 1 000 Hz. The temperature θ, in degrees Celsius,
and the relative humidity (r.h. ) , expressed as a
percentage, shall be control led during the sound pressure
level measurements. The product

r.h. × (θ + 5)

shall not vary by more than ± 1 0 % during the measure-
ments specified in 5.6, 5.7 and 5.8. For equipment the
sound pressure level of which varies with temperature, the
test temperature shall be 23 ± 2°C.

The fol lowing conditions are recommended:

— barometric pressure: 86 to 1 06 kPa

— temperature: 1 5 to 30°C

— relative humidity: 40 % to 70 %

5.4 Instrumentation

5.4.1 General

The instrumentation shall be designed to measure the
space/time average sound pressure level in octave and/or
one-third octave bands; the space/time-average sound
pressure level is the level of the squared sound pressure
averaged over time and space. Alternatively, the space/
time-average may be calculated in accordance with 5.9.

The instruments used may perform the required averaging
in one of two different ways:

a) By integrating the square of the signal over a
fixed time interval and dividing by the time interval.
This integration may be performed by either digital or
analogue means; digital integration is the preferred
method (see IEC Publication 804).

b) By continuous averaging of the square of the
signal using RC-smoothing with a time constant of at
least 1 s (“slow” meter characteristic) . Such con-
tinuous averaging provides only an approximation of
the true average and it places restrictions on the
settl ing time and observation time (see note to 5.7.2).

5.4.2 Microphone and its associated cable

The microphone used shall comply with the requirements
regarding accuracy, stabi l i ty and frequency response for
a type 1 instrument specified either in IEC Publication 651
or in IEC Publication 804 and shall have been calibrated
for its random incidence response.

The microphone and its associated cable shall be chosen
so that their sensitivity does not change by more than
0,2 dB over the temperature range encountered during
measurement. I f the microphone is moved, care shall be
exercised to avoid introducing acoustical or electrical noise
(e.g. from gears, flexing cables or sl iding contacts) that
could interfere with the measurements.

5.4.3 Frequency response of the instrumentation
system

The frequency response of the entire instrumentation
system shall be flat over the frequency range of interest
within the tolerances given either in IEC Publication 651
or, preferably, in IEC Publication 804, for type 1
instruments.

5.4.4 Reference sound source

The reference sound source shall meet the requirements
specified in ISO 6926 over the frequency range of interest.

5.4.5 Filter characteristics

An octave band or one-third octave-band fi l ter set
complying wi th the requirements specified in
IEC Publication 225 shall be used. The centre frequencies
of the bands shall correspond to those specified in
ISO 266.

5.4.6 Calibration

During each series of measurements, an acoustical
cal ibrator with an accuracy of ± 0,5 dB shall be applied to
the microphone to check the calibration of the entire
measuring system at one or more frequencies over the
frequency range of interest. The calibrator shall be
checked at least once a year to verify that its output has
not changed. In addition, an acoustical and an electrical
cal ibration of the instrumentation system over the entire
frequency range shall be carried out at least every two
years. The reference sound source shall be checked
annually to verify that its output sound level has not
changed.
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5.5 Installation and operation of equipment —
General requirements

5.5.1 Equipment installation

The equipment shall be instal led according to its intended
use. I f the normal instal lation is unknown or if several
possibi l i ties exist, the same conditions for a group of
similar machines shall be chosen and reported. Instal lation
conditions for many different categories of equipment are
specified in annex C: these shall be fol lowed when
labell ing information is to be obtained.

a) Floor-standing equipment shall be located at
least 1 ,5 m from any wall of the room and no major
surfaces shall be paral lel to a wall of the rever-
beration room.

I f the equipment being tested consists of several
frames bolted together in an instal lation and is too
large for testing purposes, the frames may be mea-
sured separately. In such circumstances, additional
covers may be required for the frames during the
acoustical evaluation. These additional covers shall
be acoustical ly comparable with the other covers on
the equipment. I f a unit is mechanical ly or acous-
tical ly coupled to another unit so that the noise levels
of one are significantly influenced by the other, the
equipment being tested shall , where practicable,
include all units coupled together in this way.

b) Floor-standing equipment which is to be
instal led in front of a wall shal l be placed on a hard
floor in front of a hard wall (see note 2 in 6.3.1 ) . The
distance from the wall shal l be in accordance with
the manufacturer’s instructions or as specified in
annex C. I f such information is not avai lable, the
distance shall be 0,1 m.

c) Table-top equipment shall be placed on the
floor at least 1 ,5 m from any wall of the room unless
a table or stand is required for operation according to
annex C, e.g. printers which take paper from or stack
paper on the floor. Such equipment shall be placed
in the centre of the top plane of the standard test
table (see annex A).

d) Wall-mounted equipment shall be mounted on
a wall of the reverberation room at least 1 ,5 m from
any other reflecting surface, unless otherwise
specified. Alternatively, if operation permits, the
equipment may be laid on its side and instal led with
its mounting surface attached to the floor at least
1 ,5 m from any wall of the room.

e) Rack-mounted equipment shall be placed in an
enclosure which complies with the instal lation specifi-
cations for the equipment. The location of al l units
within the enclosure shall be described. The
enclosure shall be tested as floor-standing or table-
topequipment. Rack-mountedequipment which does
not include, but requires the use of, air-moving
equipment (i .e. cool ing-fan assemblies) when in
operation shall be tested with such equipment, as
supplied or recommended by the manufacturer.

f) I f the equipment is usually instal led by being
recessed into a wall or other structure, a represen-
tative structure shall be used for mounting during the
measurements.

g) Hand-held equipment shall be supported 0,1 m
above the reflecting plane by vibration-isolating
elements. The supports shall not interfere with the
propagation of airborne sound.

h) A sub-assembly shall be supported 0,25 m
above the reflecting plane by vibration-isolating
elements. The supports shall not interfere with the
propagation of airborne sound.

NOTE — If the equipment is mounted near one or more reflecting
planes, the sound power radiated by the equipment may depend
strongly upon its position and orientation. I t may be of interest to
determine the radiated sound power either for one particular
equipment position and orientation or from the average value for
several positions and orientations.

Care shall be taken to ensure that any electrical conduits,
piping, air ducts or other auxi l iary equipment connected to
the equipment being tested do not radiate significant
amounts of sound energy into the test room. I f practicable,
al l auxi l iary equipment necessary for the operation of the
equipment shall be located outside the test room and the
test room shall be cleared of al l objects which may
interfere with the measurements.

5.5.2 Input voltage and frequency

The equipment shall be operated within 5 % of either

a) the rated voltage (if any is stated), or

b) the average voltage of a stated voltage range
(i .e. operating at 1 20 V for a stated range from 1 1 0
to 1 30 V), at the rated power l ine frequency.

Phase-to-phase voltage variations shall not exceed 5 %.

5.5.3 Equipment operation

During the acoustical measurements the equipment shall
be operated in a manner typical of normal use. Annex C
specifies such conditions for many different categories of
equipment.

The noise shall be measured with the equipment in both
the idl ing and the operating modes. I f several operating
modes exist, e.g. reading and punching, the noise of each
individual mode shall be determined and recorded. For
equipment which, in normal functional operation, has
several operating modes, the mode producing the highest
A-weighted sound power level shall be determined, unless
otherwise specified in annex C.

In the case of rack-mounted equipment in which the
operation of several functional units is possible, the unit
producing the highest A-weighted sound power level shall
be operated together with those other units required for its
operation. All other units shall be in the idl ing mode.

Some equipment does not operate continuously because
of its mechanical design or its mode of operation under
program control. Long periods may occur during which the
equipment is idl ing. The operating mode measurements
shall not include these idl ing periods. I f i t is not possible
to operate the equipment continuously during the acous-
tical evaluation, the time interval during which measure-
ments have to be made shall be described in the test
plan, equipment specifications or other documentation.

Some equipment has operational cycles that are too short
to al low rel iable determination of the noise emissions. In
such cases, a typical cycle shall be repeated several
times.
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I f the equipment being tested produces attention signals,
such as tones or bells, such intermittent sound shall not
be included in an operating mode. During the acoustical
evaluation in the operating mode(s), such attention signals
should be inoperative.

NOTE — For certain applications, e.g. in ergonomics, such
signals as well as the maximum response of feedback signals of
keyboards may be of interest. In such cases, special measure-
ments may be made which are not part of this International
Standard.

The equipment shall be operated for a sufficient period of
time before proceeding with the acoustical test to al low the
temperature to stabi l ize. I f this time is unknown, the
equipment shall be operated at least 30 min before the
acoustical test.

5.6 Microphone and source positions

The major cause of uncertainty in determining sound
power level in a reverberation room is the spatial
irregularity of the sound field. The extent of this irregularity
and, hence, the effort required to determine the average
sound pressure level accurately is greater for discrete-
frequency sound than for broad-band sound.

The procedure specified in 5.6.1 shall be fol lowed to
ascertain whether any significant discrete-frequency
components or narrow bands of noise are present in the
sound emitted by the source. I t is strongly recommended
that the room be qualified in accordance with ISO 3742
because the number of microphone and equipment
positions calculated in accordance with the fol lowing
procedure is usually large.

5.6.1 Identification of discrete-frequency components
and narrow bands of noise

The presence of a significant discrete-frequency com-
ponent can often be detected by a simple l istening test. I f
such a component is audible, omit the measurements
described in this clause. In this case, either the provisions
of the bottom line in table 3 shall be applied or, alter-
natively, the reverberation room shall be qualified as
described in ISO 3742, annex A.

For the purpose of this International Standard, the
character of the noise of the equipment being tested is
defined by an estimate of the standard deviation of the
sound pressure level variations in the reverberation room.
The procedure given in 5.6.1 .1 to 5.6.1 .3 shall be used.

5.6.1 .1 Select an array of six fixed microphones (or six
microphone positions) spaced at least λ/2 apart, where λ
is the wavelength of the sound corresponding to the
centre frequency of the lowest frequency band of interest.
Locate the equipment at a single position in the test room.

5.6.1 .2 Obtain the time-average sound pressure level at
each microphone position in accordance with the
techniques described in 5.7. Instead of a fixed array, a
single microphone may be sequential ly moved to six
positions equally spaced along a path the length, l, of
which is calculated from equation (2) with Nm = 6.

5.6.1 .3 For each one-third octave or octave band within
the frequency range of interest, calculate the standard
deviation, s, from the fol lowing equation:

. . . (1 )

where

Li is the time-average sound pressure level at the ith
microphone position, in decibels;

Lm is the arithmetic mean value of the sound
pressure levels L1 to L6 , in decibels;

n = 6

The value of s calculated according to equation (1 ) is used
with tables 3 and 4 to determine the number of micro-
phone positions and the number of source locations.

5.6.2 Number of microphone positions

For broad-band noise, the minimum number of micro-
phone positions is Nm = 3 (see table 3, first l ine). For
narrow-band noise and discrete-frequency noise, the
number of microphone positions is determined from
table 4. I f a continuous microphone traverse is used, the
length of the traverse, l, should be at least

l = Nm . . . (2)

where Nm is the number of microphone positions.

Table 3 — Procedures to be followed for measuring discrete-frequency components or narrow bands of noise

Standard deviation, s
dB

Procedure
Number of microphone

positions, Nm

(or microphone path length, l)

Number of equipment
locations, Ns

s ≤ 1 ,5 Broad-band procedure
adequate

Nm = 3 or
l computed from equation (2)
for a continuous path

Ns = 1

1 ,5 < s ≤ 3 Assume that a narrow
band of noise is present

Nm determined from table 4 or
l computed from equation (2)
for a continuous path

Use half the number of equipment
locations computed from
equation (4)

s > 3 Assume that a discrete
tone is present

Nm determined from table 4 or
l computed from equation (2)
for a continuous path

Compute Ns from
equation (4)
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Table 4 — Number of microphone positions required and constant k for
determining the number of equipment locations

Octave-band
(and one-third octave-band)

centre frequency

Number of
microphone
positions
(Nm), if

1 ,5 < s ≤ 3 dB

Number of
microphone
positions
(Nm), if
s > 3 dB

Constant k for
determining

the number of
equipment
locations

1 25 (1 00, 1 25, 1 60)
250 (200, 250, 31 5)
500 (400, 500, 630)

1 000 (800, 1 000, 1 250)
and above

3
6
1 2
1 5

6
1 2
24
30

5
1 0
20
25

5.6.3 Microphone arrangement

The microphone traverse or array shall not l ie in any plane
within 1 0° of a major room surface. No position on the
traverse or array shall be closer than λ/2 or 1 m,
whichever is smaller, to any major room surface. No point
on the traverse or array shall be closer than λ/4 or 0,5 m,
whichever is smaller, to the path of a moving diffuser.

The minimum distance, d, in metres, between the nearest
microphone position and the equipment being tested shall
be

. . . (3)

where

LWr is the calibrated sound power level, in decibels,
of the reference source;

Lpr, is the space/time-average sound pressure level,
in decibels, produced in the room by the reference
sound source.

NOTES

1 It is highly desirable that, whenever possible, al l microphone
positions be more than the minimum distance, d, from the equip-
ment so as to minimize contributions from the direct sound field.

2 The microphone traverse or array should avoid areas of air
discharge (if any) or sound beaming from the equipment being
tested.

The repetition rate of the microphone traverse (or the
scanning rate for an array of fixed microphones) shall
satisfy the fol lowing requirements:

a) there shall be a whole number of microphone
traverses or array scans during the observation
period (see 5.7.2);

b) if integration over a fixed time interval is used,
there shall be a whole number of complete micro-
phone traverses or array scans during the integrating
time of the indicating device;

c) if continuous averaging is used, the traverse or
scanning period shall be less than twice the time
constant of the indicating device.

5.6.4 Number of equipment locations

The required number of locations at which the equipment
being tested shall be placed successively depends on the
room absorption and on the frequency. I f discrete-
frequency tones are present, the required number of
equipment locations, Ns, shal l be computed from the
fol lowing formula:

. . . (4)

where

Lpr is the space/time-average sound pressure level,
in decibels, produced in the room by the reference
sound source;

LWr is the calibrated sound power level, in decibels,
of the reference source;

f is the frequency, in hertz, of the discrete tone or
the centre frequency of the band in which a discrete-
frequency or narrow-band noise component is found;

k is a constant given in table 4;

Nm is the number of microphone positions for the
narrow-band or discrete-frequency tone (see table 4).

The value of Ns shall be rounded to the nearest higher
integer.

The minimum distance between any two equipment loca-
tions shall be rmin = λ/2. The source positions should not
be symmetrical with respect to the axes of the test room.

5.7 Measurement of sound pressure levels

5.7.1 General

Measurements of the sound pressure level along the
microphone path (or at the individual microphone posi-
tions) shall be carried out for each frequency band within
the frequency range of interest. The fol lowing data shall
be obtained:

a) the band sound pressure levels for the speci-
fied modes of operation of the equipment;
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b) the band sound pressure levels of the back-
ground noise (including noise from support equip-
ment);

c) the band sound pressure levels during opera-
tion of the reference sound source (see 5.8).

The microphone traverse or array shall be the same for
each set of readings and shall meet the requirements
of 5.6. The sound diffuser(s), i f any, shall be operated in
exactly the same way for each set of readings. No
observers or operators shall be present in the test room
during the measurements unless necessary for operating
the equipment being tested. I f their presence is necessary,
they should also be present during the reference sound
source measurements.

5.7.2 Measurement duration

The measurement duration shall be adjusted to the
operation of the equipment. For al l idl ing or operating
modes the measurement duration shall be at least

— 30 s for the frequency bands centred on or below
1 60 Hz;

— 1 0 s for the frequency bands centred on or above
200 Hz.

For equipment which performs repetitive operation cycles
(e.g. enveloping machines), the measurement duration
shall include at least three operation cycles. For
equipment which performs a sequence of varying opera-
tion cycles, the measurement duration shall include the
total sequence. Annex C specifies additional requirements
for many types of equipment.

I f the measuring instruments use continuous time-
averaging (RC-smoothing), no observation shall be made
after any microphone or fi l ter switching (including transfer
of the microphone to a new position) unti l a settl ing time
of five times the time constant of the instrumentation has
elapsed. The observation time shall have at least the
same duration as the settl ing time.

5.7.3 Corrections for background noise

I f the level of the background noise is at least 1 5 dB
below the sound pressure level at each measurement
point and in each frequency band, no corrections for
background noise are required. I f the level of the
background noise is less than 1 5 dB but more than 6 dB
below the sound pressure level at each measurement
point and in each frequency band, the measured sound
pressure levels shall be corrected for the influence of
background noise using the fol lowing formula:

. . . (5)

where

B is the correction, in decibels, to be subtracted from
the sound pressure level measured with the sound
source operating to obtain the sound pressure level
due to the sound source alone;

Lc is the measured sound pressure level, in decibels,
with the sound source operating;

Lb is the level of background noise alone, in
decibels.

I f the level of the background noise is less than 6 dB
below the sound pressure level at each measurement
point and in a given frequency band, the accuracy of the
measurements is reduced and no corrections shall be
applied for that band. The results may, however, be
reported and may be useful in determining an upper l imit
to the sound power level of the equipment being tested. I f
such data are reported, it shal l be clearly stated that the
background noise requirements of this International
Standard have not been satisfied for that frequency band.

5.8 Measurement of the sound pressure level of the
reference sound source

For the purposes of calculating the sound power level of
the equipment, this International Standard uses the
comparison method of ISO 3741 . This method has the
advantage that it is not necessary to measure the
reverberation time of the test room. The comparison
method requires the use of a reference sound source with
characteristics and calibration in accordance with
ISO 6926. The reference sound source shall be operated,
as described in its cal ibration chart, in the presence of the
equipment being tested and in the presence of the
operator, i f required to operate the equipment.

The reference sound source shell 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
equipment being tested. The distance from the source to
the microphone traverse or array shall be in accordance
with 5.6.3. The number of microphone positions or the
equivalent path length shall be the same as specified for
the sound pressure level measurements on the equip-
ment. One source position for the reference sound source
wil l suffice.

The sound pressure levels in each octave band or one-
third octave band within the frequency range of interest
shall be measured in accordance with 5.7.

5.9 Calculation of space/time-average band sound
pressure levels

I f a continuous path or automatic microphone scanning is
used together with analogue or digital integration, the
sound pressure levels measured in accordance with 5.7
(corrected in accordance with 5.7.3, if applicable) in each
frequency band of interest constitute the space/time-
average band sound pressure levels. I f individual
microphone positions are used or if the sound pressure
levels fluctuate during the period of observation, the
averaging shall be performed by using the fol lowing
equation:

. . . (6)

where

Lp is the space/time-average band sound pressure
level, in decibels;

Lpi is the band sound pressure level resulting from
the ith measurement, in decibels;

N is the total number of measurements in the band.
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