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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SOUND SYSTEM EQUIPMENT -

Part 5: Loudspeakers

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with an IEC Publication.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 60268-5 has been prepared by IEC technical committee 100:
Audio, video and multimedia systems and equipment.

This consolidated version of IEC 60268-5 consists of the third edition (2003) [documents
100/648/FDIS and 100/674/RVD] and its amendment 1 (2007) [documents 100/1189/CDV and
100/1245/RVC].

The technical content is therefore identical to the base edition and its amendment(s) and has
been prepared for user convenience.

It bears the edition number 3.1.

A vertical line in the margin shows where the base publication has been modified by
amendment 1.
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This standard is to be read in conjunction with IEC 60268-1, IEC 60268-2 and ISO 3741.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of the base publication and its amendments will
remain unchanged until the maintenance result date indicated on the IEC web site under
"http://webstore.iec.ch” in the data related to the specific publication. At this date,
the publication will be

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or

* amended.

A bilingual edition of this standard may be issued at a later date.
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SOUND SYSTEM EQUIPMENT -

Part 5: Loudspeakers

1 Scope

This standard applies to sound system loudspeakers, treated entirely as passive elements.
Loudspeakers with built-in amplifiers are excluded.

NOTE 1 The term “loudspeaker” used in this standard relates to loudspeaker drive units themselves and also to
loudspeaker systems, which comprise one or more loudspeaker drive units provided with a baffle, enclosure or
horn and such relevant devices as built-in crossover filters, transformers and any other passive element.

The purpose of this standard is to give the characteristics to be specified and the relevant
methods of measurement for loudspeakers using sinusoidal or specified noise or impulsive
signals.

NOTE 2 The methods of measurement given in this standard have been chosen for their appropriateness to the
characteristics.

NOTE 3 |If equivalent results can be obtained using other methods of measurement, details of the methods used
should be presented with the results.

NOTE 4 The following items are under consideration:

—  loudspeakers with built-in amplifiers;
— measurements under conditions other than free-field, half-space free-field and diffuse field;

— measurements with signals other than sinusoidal or noise or impulsive signals.
2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 60050(151), International Electrotechnical Vocabulary (IEV) — Part 151: Electrical and
magnetic devices

IEC 60263, Scales and sizes for plotting frequency characteristics and polar diagrams
IEC 60268-1, Sound system equipment — Part 1: General

IEC 60268-2, Sound system equipment — Part 2: Explanation of general terms and calculation
methods

IEC 60268-3, Sound system equipment — Part 3: Amplifiers

IEC 60268-11, Sound system equipment — Part 11: Application of connectors for the
interconnection of sound system components

IEC 60268-12, Sound system equipment — Part 12: Application of connectors for broadcast
and similar use

IEC 60268-14, Part 14: Circular and elliptical loudspeakers; outer frame diameters and
mounting dimensions

IEC 60651, Sound level meters
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IEC 61260, Electroacoustics — Octave-band and fractional-octave-band filters

ISO 3741, Acoustics — Determination of sound power levels of noise sources using sound
pressure — Precision methods for reverberation rooms

ISO 3744, Acoustics — Determination of sound power levels of noise sources using sound
pressure — Engineering method in an essentially free field over a reflecting plane

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

3 Conditions for measurement

3.1 General conditions

This standard is to be used in conjunction with IEC 60268-1, IEC 60268-2 and I1SO 3741.

3.2 Measuring conditions
3.21 General

For convenience in specifying how loudspeakers are to be set up for measurement, normal
measuring conditions are defined in this standard. To obtain the correct conditions for
measurement, some values (known as “rated conditions”) shall be taken from the
manufacturer's specification. These values themselves are not subject to measurement but
they constitute the basis for measuring the other characteristics.

The following values and conditions are of this type, and shall be stated by the manufacturer:

— rated impedance;

— rated sinusoidal voltage or power;
— rated noise voltage or power;

— rated frequency range;

— reference plane;

— reference point;

— reference axis.

NOTE A full explanation of the term “rated” is given in IEC 60268-2. See also term 151-04-03 in IEC 60050(151).

3.2.2 Normal measuring conditions

A loudspeaker shall be understood to be working under normal measuring conditions when all
the following conditions are fulfilled:

a) the loudspeaker to be measured is mounted in accordance with Clause 10;
b) the acoustical environment is specified and is selected from those specified in Clause 5;

c) the loudspeaker is positioned with respect to the measuring microphone and the walls in
accordance with Clause 7;

d) the loudspeaker is supplied with a specified test signal, in accordance with Clause 4, of
a stated voltage U, within the rated frequency range in accordance with 19.1. If required,
the input power P can be calculated from the equation: P = U?/R, where R is the rated
impedance in accordance with 16.1;
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e) attenuators, if any, are set to their “normal” position as stated by the manufacturer. If other
positions are chosen, for example those providing a maximally flat frequency response or
maximum attenuation, these shall be specified;

f) measuring equipment suitable for determining the wanted characteristics is connected in
accordance with Clause 8.

4 Test signals

4.1 General

Acoustical measurements shall be made under one of the following measuring signal
conditions, and the choice shall be indicated with the results.

4.2 Sinusoidal signal

The sinusoidal test signal shall not exceed the rated sinusoidal voltage (as defined in 17.4) at
any frequency. The voltage across the input terminals of the loudspeaker under test shall be
kept constant for all frequencies unless otherwise stated.

4.3 Broadband noise signal
NOTE This term is explained in IEC 60268-2.

The crest factor of a noise source should fall between 3 and 4 to avoid clipping of amplifiers.

A true r.m.s. voltmeter with a time constant at least as long as the “slow” constant of the
sound level meter, specified in IEC 60651, shall be used to measure the amplitude of
the signal.

4.4 Narrow-band noise signal
NOTE This term is explained in IEC 60268-2.

For measurement using narrow-band noise, constant relative bandwidth filters in accordance
with IEC 61260 shall be used with a pink-noise generator, the relative bandwidth being
usually 1/3 octave.

4.5 Impulsive signal

A short-duration pulse shall have constant spectral power per unit bandwidth over at least the
bandwidth of interest in the measurement. Such a signal has low energy content relative to its
peak amplitude.

NOTE To minimize the influence of acoustical and electrical noise on the measurement, the peak amplitude of the
pulse should be as high as possible within the capability of the driving amplifier and consistent with linear
operation of the loudspeaker.

5 Acoustical environment

5.1 General

Acoustical measurements shall be made under one of the acoustical field conditions specified
in 5.2 to 5.6, and the choice shall be indicated with the results.
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5.2 Free-field conditions

If acoustical conditions approach those of free-field space, an environment (for example an
anechoic room) in which the sound pressure decreases with the distance (r) from a point
source according to a 1/r law, with an accuracy of £10 %, in the region that will be occupied
by the sound field between the loudspeaker system and the microphone during the
measurements shall be used. The minimum conditions shall be deemed to exist if this
requirement is met along the axis joining the measuring microphone and the reference point
on the loudspeaker.

Free-field conditions shall exist over the whole frequency range of measurement.

5.3 Half-space free-field conditions

If acoustical conditions are used in which the free-field exists in a half space, these conditions
shall be met with a reflecting plane of sufficient size so that the sound pressure from a point
source mounted in the surface of that plane decreases in the manner specified in 5.2.

5.4 Diffuse sound field conditions
NOTE 1 These conditions are normally used for band noise measurements only.

If diffuse sound field conditions are used for measurements with 1/3 octave band limited noise,
as defined and specified in ISO 3741, the lower limiting frequency shall be determined as
specified in ISO 3741, Appendix A.

NOTE 2 While ISO 3741 provides details of measuring instruments, it should be clearly understood that both
space averaging and time averaging are required in loudspeaker power determination. This may be achieved as
stated in the standard or alternatively by using continuous space and time averaging techniques.

NOTE 3 The precision of the measurement depends on a number of factors including the room volume, the room
reverberation time, and the degree of diffusion.

NOTE 4 For measurement below 125 Hz, a room volume greater than 200 m? is desirable.

5.5 Simulated free-field conditions

If acoustical conditions are used in which the simulated free-field conditions that are
equivalent to those of free space for the period of time required for a measurement, these
conditions shall be used.

The conditions shall be met in any environment (for example large, unobstructed rooms) in
which sound emitted by a loudspeaker in response to an impulsive signal reflected from any
surface or object in the environment does not reach the measuring microphone before
measurement of the direct path sound at the microphone has been completed.

Any such reflection reaching the microphone shall be excluded from the measurement by
gating or other means.

NOTE 1 These conditions are normally used only for measurements with impulsive signals.

NOTE 2 Under such conditions, successive measurements are separated by time intervals sufficient for the sound
pressure level due to reverberation within the space to decrease to a negligible value.
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5.6 Half-space simulated free-field conditions

If acoustical conditions are used in which the simulated free-field exists in a half-space, these
conditions shall be used when a reflecting plane, forming one boundary of a simulated free-
field environment, is of sufficient size that no reflections from its edge reach the measuring
microphone within the measurement time.

NOTE 1 These conditions are normally used only for measurements with impulsive signals.

NOTE 2 Under such conditions, successive measurements are separated by time intervals sufficient for the sound
pressure level due to reverberation within the space to decrease to a negligible value.

6 Unwanted acoustical and electrical noise

Unwanted acoustical and electrical noise shall be kept at the lowest possible level as its
presence may obscure low-level signals.

Data related to signals which are less than 10 dB above the noise level in the frequency band
considered shall be discarded.

7 Positioning of loudspeaker and measuring microphone

7.1  Measuring distance under free-field and half-space free-field conditions
711 General

Measurements under free-field and half-space free-field conditions should ideally be carried
out in the far field of the loudspeaker, in order to obtain consistent results. However, in
practice, imperfections of the measuring environment room and the effects of background
noise set an upper limit to the distance that can be used. Therefore, the measuring distance
should be 0,5 m or an integral number of m, and that result should be referred to a standard
distance of 1 m.

7.1.2 Single drive unit loudspeaker

For this type of loudspeaker, a measuring distance of 1 m from the reference point shall be
used unless special conditions dictate another value, which shall be stated.

71.3 Multi-unit loudspeaker systems

Loudspeaker systems in which two or more loudspeaker units reproduce the same frequency
band create problems of acoustical interference at the measuring point due to the interaction
of the sounds radiated by the units. This situation exists whether all units operate over the
entire frequency band under test or whether some units operate over parts of this band (for
example cross-over regions). In such cases, the measuring distance should be chosen so as
to minimize the errors due to this phenomenon.

7.2 Positioning of loudspeaker in diffuse field conditions

The loudspeaker position and orientation with respect to the walls shall be described by
means of a diagram appended to the measurement results.

An arrangement for the simultaneous movement of the loudspeaker and the microphone is
permitted for the evaluation of the power delivered by the loudspeaker in accordance with the
method prescribed in 22.1.2.2. The microphone system and the nearest microphone position
shall meet the requirements of ISO 3741.
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7.3 Positioning of loudspeaker and microphone
in simulated free-field conditions

The measuring distance shall be chosen with reference to 7.1 for free-field conditions.

The position of the loudspeaker and microphone within the measuring environment shall be
such so as to maximize the time available for measurement before the first unwanted
reflection reaches the microphone.

If the measurement space is an anechoic chamber, attention shall be paid to reflections from
wedge tips, personnel floor, and supports for the loudspeaker and microphone. Errors from
these sources shall not exceed 0,5 dB over the frequency range of measurement.

The microphone distance and the maximum signal capture time available in the environment
shall be stated.

It is necessary to ignore all the output of the microphone from the time of arrival of the first
reflection onwards. Truncation errors are therefore introduced into the transfer function
measurement unless the loudspeaker response to the impulsive test signal is negligible
during this time. If present, such truncation errors shall not exceed 1 dB over the frequency
range of measurement.

8 Measuring equipment

Measurements in free-field and half-space free-field conditions shall be made using a
pressure microphone having a known calibration. For measurements under diffuse-field
conditions, a pressure microphone shall be used having a directivity index less than 2 dB.
Both these requirements shall be met for all frequencies in the frequency range of interest.

The signal generator, the amplifier supplying the signal to the loudspeaker, and the measuring
equipment at the microphone amplifier shall have an amplitude frequency response known
and constant within £0,5 dB in the relevant frequency range, with negligible amplitude non-
linearity under test conditions. All measuring instruments shall be of the r.m.s. type, having
a time constant long enough to ensure an error not greater than 1 dB.

NOTE It is recommended that the frequency response be measured by an automatic method giving a continuous
curve. Errors due to the chosen writing speeds (along both level and frequency axes) of the level recorder should
not exceed 0,5 dB. The writing speeds along both axes should be stated.

9 Accuracy of the acoustical measurement

The frequency range over which the total errors do not exceed £2 dB shall be stated.

NOTE The probable error sources in both the instrumentation and the measuring environment should be identified
and quantified and their contribution specified. This information should be included with the test report.

10 Mounting of loudspeakers

10.1 Mounting and acoustic loading of drive units

The performance of a drive unit is determined by the properties of the unit itself and its
acoustic loading. The acoustic loading depends upon the mounting arrangement, which shall
be clearly described in the presentation of results.
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One of the following three types of mounting shall be used:

a) a standard baffle, standard measuring enclosure (type A or type B), or specified
enclosure;

b) in free air without a baffle or enclosure;

c) in half-space free-field, flush with the reflecting plane.

NOTE Mounting condition a) approaches that of a half-space free-field down to a lower limiting frequency, the
value of which depends on the chosen measuring distance. Measurements made at frequencies below this limiting
value may be used for comparative purposes only.

10.2 Mounting and acoustic loading of a loudspeaker system

Loudspeaker systems are usually measured without any additional baffle. If the manufacturer
specifies a special type of mounting for the loudspeaker systems, this shall be used for the
measurement; the mounting method used shall be specified with the results.

11 Standard baffle and measuring enclosures

11.1 Standard baffle

The standard baffle shall be made with a plane front surface that is acoustically reflective.
The baffle shall have the dimensions shown in Figure 2.

NOTE The standard baffle should be of a material of thickness adequate to ensure negligible vibration. The edge
of the radiating element should be substantially flush with the front surface of the baffle. This may be achieved by
means of a chamfer as shown in Figure 3 or by the use of a thin rigid sub-baffle, with or without a chamfer, as
shown in Figure 4.

11.2 Standard measuring enclosures
11.2.1 General

One of the two types of standard measuring enclosures specified in 11.2.3 (type A) and
11.2.4 (type B) shall be used. The type choosen for testing shall be stated by the
manufacturer.

11.2.2 Conditions

The enclosure shall have plane or curved surfaces which have an acoustically reflective
characteristic.

NOTE 1 The material shall be appropriately thick so that the effect of vibrations can be disregarded for
measurement. If necessary, braces should be used for reinforcement between facing surfaces at and around their
centres so as to avoid panel vibrations.

NOTE 2 The enclosure should be airtight.

NOTE 3 The edge of the loudspeaker should be set on the same plane as that of the front part of the baffle.
NOTE 4 To remove standing waves that may otherwise occur in the enclosure, an appropriate sound absorbing
material shall be used. Handles or joints may be installed if their effect on acoustical reflections and undesired

vibrations can be ignored.

NOTE 5 When the loudspeaker is mounted in the enclosure, care should be taken to avoid air leakage from the
inside of the enclosure.
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11.2.3 Standard measuring enclosure type A

The standard measuring enclosure type A shall be as shown in Figure 5.

NOTE 1 The characteristic of the correction curves for the standard measuring enclosure diffraction effect at
a measuring distance of 1m on the reference axis from free-field to half-space free-field is shown in Annex A.

NOTE 2 All the surfaces of this type of enclosure are plane and the joints of the surfaces are made at right angles.
No change in size is allowed. This causes the diffraction characteristic to be repeatable. Therefore, type A is useful
when analysing, studying or comparing the characteristics of loudspeakers in detail.

11.2.4 Standard measuring enclosure type B

The standard measuring enclosure type B shall be as shown in Figure 6.

NOTE 1 The characteristic of the correction curves for the standard measuring enclosure diffraction effect at
a measuring distance of 1 m on the reference axis from free-field to half-space free-field is shown in Annex B.

NOTE 2 If a smaller or larger measuring enclosure of type B is required, it should meet the requirement for
proportional scaling as shown in Annex B, Figure B.2 and Table B.1. In this case, the report should state the
outside dimensions and the net volume of the enclosure.

NOTE 3 A change in scale is allowed. It is recommended to use the standard measuring enclosure as shown
in Figure 6 for acoustical measurements. Properly scaled enclosures are useful for subjective testing.

12 Preconditioning

Permanent changes may take place in a loudspeaker as a result, for example, of motion of
the diaphragm. Therefore, the loudspeaker should be preconditioned before measurements by
application of a simulated programme signal, in accordance with IEC 60268-1, at the rated
noise voltage for at least 1 h.

The period of preconditioning shall be followed by a recovery period of at least 1 h, during
which the loudspeaker shall be disconnected, before proceeding with the measurement.

13 Type description

13.1 General

The type description shall be given by the manufacturer, as specified in 13.2 to 13.3.

NOTE See Table 1 and Annex C.

13.2 Loudspeaker drive units
13.2.1 Principle of the transducer

The principle of the transducer shall be specified, for example, whether it is electrodynamic,
electrostatic, or piezoelectric.

13.2.2 Type

The type of the loudspeaker drive unit shall be specified, for example, direct radiating or horn,
single or multi-unit.

13.3 Loudspeaker system

The number and type of drive units and acoustic loading principle shall be specified, for
example, enclosure, horn, bass reflex, column or line.
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14 Marking of terminals and controls

14.1 General

The terminals and controls shall be marked in accordance with IEC 60268-1 and IEC 60268-2
by the following principles.

14.2 Positive terminal
14.2.1 Characteristic to be specified
The terminal of a drive unit (see Note 1 in Clause 1), to which the application of a positive

voltage with respect to the other terminal results in an increase of sound pressure at the front
of the drive unit shall be specified as the positive terminal.

14.2.2 Marking

The positive terminal shall be marked with a + symbol, or a red marking, or in a way stated by
the manufacturer.

14.2.3 Method of test

Apply a positive d.c. voltage briefly to the terminal marked as positive. Examine the change
of sound pressure at a point close to the front of the drive unit. Correct marking is confirmed
by an increase of sound pressure.

NOTE 1 The increase of sound pressure is produced by a positive excursion, i.e., the loudspeaker diaphragm
coming closer to the microphone.

NOTE 2 Any other method which produces the same result as the method described above can be used.

15 Reference plane, reference point and reference axis

NOTE 1 These are rated conditions in accordance with 3.2.1.
NOTE 2 Strictly speaking, these terms should include the word “rated” (for example rated reference plane),

because they are specified by the manufacturer and cannot be measured. Nevertheless, confusion is unlikely if the
shorter terms are used.

15.1 Reference plane — characteristic to be specified

The reference plane with respect to some physical feature of the loudspeaker drive unit or
enclosure shall be specified by the manufacturer.

The reference plane shall be used to define the position of the reference point and the
direction of the reference axis.

NOTE For symmetrical structures, the reference plane is usually parallel to the radiating surface or to a plane
defining the front of the loudspeaker drive unit or system. For asymmetrical structures, the reference plane is
better indicated by means of a diagram.

15.2 Reference point — characteristic to be specified

A point on the reference plane shall be specified by the manufacturer.

NOTE For symmetrical structures, the reference point is usually a point of geometric symmetry; for asymmetrical
structures, the reference point is better indicated by means of a diagram.

Customer: Hervé Lissek - No. of User(s): 1 - Company: EPFL
Order No.: WS-2008-005318 - IMPORTANT: This file is copyright of IEC, Geneva, Switzerland. All rights reserved.
This file is subject to a licence agreement. Enquiries to Email: custserv@iec.ch - Tel.: +41 22 919 02 11



- 16 - 60268-5 © IEC:2003+A1:2007(E)

15.3 Reference axis — characteristic to be specified

The line that passes through the reference plane at the reference point and its direction shall
be specified by the manufacturer. The reference axis shall be used as the zero reference axis
for directional and frequency response measurements.

NOTE For symmetrical structures, the reference axis is usually perpendicular to the radiating surface or to
the reference plane.

16 Impedance and derivative characteristics

16.1 Rated impedance - characteristic to be specified
NOTE This is a rated condition in accordance with 3.2.1.

The value of a pure resistance which is to be substituted for the loudspeaker when defining
the available electric power of the source shall be specified by the manufacturer.

The lowest value of the modulus of the impedance in the rated frequency range shall be not
less than 80 % of the rated impedance. If the impedance at any frequency outside this range
(including d.c.) is less than this value, this shall be stated in the specifications.

16.2 Impedance curve
16.2.1 Characteristics to be specified

The impedance curve shall be specified, with representation of the modulus of the impedance
as a function of frequency.

16.2.2 Method of measurement

16.2.2.1 The loudspeaker shall be brought under normal measuring conditions in accord-
ance with 3.2.2, conditions a), b) and d).

16.2.2.2 A constant voltage or current shall be supplied, the former usually being preferred.
The value of voltage or current chosen for the measurement shall be sufficiently small to
ensure that the loudspeaker operates in a linear region.

NOTE Measurements of impedance may be strongly influenced by the drive level. If the level is either too low or
too high, inaccurate results may be obtained. The data should be examined for consistency at several drive levels
in order to establish the best conditions.

16.2.2.3 The modulus of the impedance shall be measured at least over the frequency range
20 Hz to 20 000 Hz.

16.2.2.4 The results shall be presented graphically as a function of frequency. The value of
the voltage or the current shall be stated with the results.

16.3 Total Q-factor (Q,)
16.3.1 Characteristic to be specified

The ratio of the inertial (or elastic) part of the acoustic or mechanical impedance at the
resonance frequency, in accordance with 19.2, to the resistive part of this impedance shall
be specified.

NOTE 1 For the purpose of this standard, the total Q-factor is defined for loudspeaker drive units and closed box
loudspeakers, both of electrodynamic type only.
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NOTE 2 The Q-factor Q: together with the equivalent volume Vas in accordance with 16.4, of the loudspeaker unit
and the resonance frequency f;in accordance with 19.2 adequately define the low-frequency performance of the
loudspeaker.

16.3.2 Method of measurement of total Q-factor (Q,)

The total Q-factor Q; can be derived from the electrical impedance curve of the loudspeaker in
accordance with 16.2 using the expression:

Q=t_t
rofo—f
where
f. is the resonance frequency of the loudspeaker in accordance with 19.2;
o is the ratio of the maximum magnitude of the impedance, |Z(f)|,4x at f; to the d.c.

resistance of the loudspeaker, R;

fy and f, are frequencies, located with approximate symmetry about f so that f{ < f < f, at
which the magnitude of impedances Z, = | Z (f;) | and Z, = | Z (f,) | are equal and
have a value ry x Ry;

rq is the ratio of the magnitude |Z(f;)| at f;, f; to Ry..
NOTE 1 See Figure 1.

It can be shown that when r, =\/Eand f. is replaced by ,/ff, , the error in calculation of Q;

due to the asymmetry of the impedance curve is minimized (see Note 2). The expression
for Q; may then be simplified to:
o -V

Jr (- f)

NOTE 2 Q4 which appears in the above formulae, has been derived from simple theory in which the voice-coil
inductance, which is the cause of the asymmetry in the impedance curve, has been ignored.

121 b

|

+ | Z(f) | max. = foRdc

/
[}
[}
Rdc i
[}
[}

IEC 1263/03

Figure 1 — Impedance curve of loudspeaker
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16.4 Equivalent air volume of a loudspeaker drive unit compliance (V)
16.4.1 Characteristic to be specified

The volume of air shall be specified, the acoustic compliance of which is equal to that of
the loudspeaker unit.

NOTE The equivalent volume Vas, together with the total Q-factor, Q, in accordance with 16.3, and the resonance
frequency, f;, in accordance with 19.2, adequately define the low frequency performance of the loudspeaker and
are useful in the low frequency design of enclosure and bass reflex loudspeaker systems.

16.4.2 Method of measurement

16.4.2.1 Mount the loudspeaker drive unit in an unlined rigid test enclosure of the following
characteristics:

— the enclosure shall be of size and shape appropriate to the size of the driver and any
intended application.

— It shall contain a simple vent-hole that can be filled by a flanged plug thus converting the
vented or reflex box into a well-sealed enclosure.

16.4.2.2 With the vent closed, measure the system resonance frequency, f,, as the lowest
frequency above zero, of zero phase of the input impedance.

NOTE 1 This can be done by driving the loudspeaker via a series resistance and applying the voltages across the
resistor and the loudspeaker to the horizontal and vertical plates of an oscilloscope. Zero phase is indicated by
the elliptic pattern collapsing to a straight line.

NOTE 2 See the note to 16.2.2.2.

16.4.2.3 With the vent open, measure the first three frequencies of zero phase, above zero,
in an ascending frequency scale. Let these be fL, f. and fH. (The frequency fB occurs near the
point of minimum impedance and is the actual encPosure resonance frequency as modified by
the presence of voice-coil inductance. It should be noted but not used.). The true resonance
frequency fzo (which would apply in the absence of voice-coil inductance, enabling the
simplified theory to be applied) shall then be calculated from the formula:

fBOZ \ f|_2+ fHZ_ f02

16.4.2.4 The true driver resonance frequency that would apply to the driver mounted on an
infinite baffle in free air shall be given by:

fi fy

fn=

16.4.2.5 The value of the equivalent air volume of the loudspeaker compliance shall be
given by:

£ 2
Vas =VB (%) -1
2

where Vg is the net internal volume of tested enclosure.
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17 Input voltage

17.1 Rated noise voltage

NOTE This is a rated condition in accordance with 3.2.1.

17.1.1 Characteristic to be specified

The voltage of a noise signal, simulating normal program, which the loudspeaker can handle
without any thermal or mechanical damage shall be specified by the manufacturer.

NOTE This value depends upon the way the loudspeaker is mounted, for example unmounted or mounted in
a specified enclosure.

17.1.2 Method of measurement

17.1.2.1 The following equipment or equivalent shall be included in the chain of
measurement:

— a pink noise generator;
— a suitable weighting network to obtain the noise signal in accordance with IEC 60268-1;
— a power amplifier with clipping network;

— the loudspeaker under test, mounted as specified; loudspeaker drive units shall be tested
without baffle, unless an enclosure is specified by the manufacturer.

NOTE 1 If more than one loudspeaker is tested simultaneously, care should be taken to ensure that interaction
between the loudspeakers is not significant.

NOTE 2 If a loudspeaker is designed to operate in a restricted frequency range and a corresponding network for
frequency limitation is not an integral part of that loudspeaker, an adequate network, which is to be connected to
the loudspeaker during the test should be specified by the manufacturer. This network then forms an integral part
of the loudspeaker and the rated impedance should be related to the input terminals of this network, its output
being loaded by the loudspeaker.

NOTE 3 The order in which the elements in the chain are connected should be as shown in Figure 7. The
loudspeaker shall be placed in a room of not less than 8 m® in which the climatic conditions specified in
IEC 60268-1 have been obtained.

17.1.2.2 The frequency response of the power amplifier, when measured at the input
terminals of the loudspeaker under test, shall be constant to within +0,5 dB in the frequency
range 20 Hz to 20 000 Hz. The clipped noise at the terminals of the loudspeaker under test
shall have a frequency distribution as specified in IEC 60268-1, and a peak-to-r.m.s. ratio
between 1,8 and 2,2.

17.1.2.3 The power amplifier shall have an output impedance not greater than one third of
the rated impedance of the loudspeaker system in accordance with 16.1. The amplifier shall
be capable of supplying the loudspeaker with a peak voltage of sinusoidal signal without
clipping. That peak voltage is at least twice that of the test noise voltage.

17.1.2.4 The loudspeaker shall be tested under each specified climatic condition for a
continuous period of 100 h at a rated voltage corresponding to that which the loudspeaker is
required to handle.

17.1.2.5 Immediately after the test, the loudspeaker shall be stored under climatic conditions
such as normally exist in ordinary rooms or laboratories. Unless otherwise specified, the
recovery period shall be 24 h.
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17.1.2.6 A loudspeaker should be deemed to have fulfilled the requirements of this test if, at
the end of the storage period, there is no significant change in the electrical, mechanical and
acoustical characteristics of the loudspeaker itself compared with those stated in the data
sheet for the loudspeaker type, other than a change in the resonance frequency.

NOTE The acceptability of this change is subject to negotiation; it should therefore be stated.

17.1.3 Listening test for normal operation

A listening test for normal operation may be conducted according to Annex D.

17.2 Short-term maximum input voltage
17.2.1 Characteristic to be specified

17.2.1.1 The maximum voltage which the loudspeaker drive-unit or system can handle,
without causing permanent damage, for a period of 1 s when the signal is a noise signal
simulating normal programme material (in accordance with IEC 60268-1) shall be specified.

17.2.1.2 The test shall be repeated 60 times with intervals of 1 min.

17.2.2 Method of measurement

The method of measurement for rated noise voltage specified in 17.1.2 shall be used except
that the test signal shall be produced by a gated source of weighted noise signal that
simulates normal program material (in accordance with IEC 60268-1).

NOTE The r.m.s. value of the voltage applied to the loudspeaker during the on-period may be conveniently
measured by removing the gating action and measuring the r.m.s voltage of the continuous noise signal, the
loudspeaker being replaced by a resistor equal in value to the rated impedance of the loudspeaker.

17.2.3 Protective devices

17.2.3.1 If the loudspeaker is fitted with a protective device, the short-term maximum input
voltage shall be taken as the input voltage applied for the specified period of time that causes
the protective device itself to operate.

17.2.3.2 If the operation of a protective device causes the load impedance presented by
the loudspeaker to the amplifier to decrease to less than 80 % of the rated impedance at any
frequency, the minimum value of the loudspeaker input impedance shall be stated by
the manufacturer.

17.3 Long-term maximum input voltage
17.3.1 Characteristic to be specified

17.3.1.1 The maximum voltage which the loudspeaker drive unit or system can handle,
without causing permanent damage, for a period of 1 min when the signal is a noise signal
simulating normal programme material (in accordance with IEC 60268-1) shall be specified.

17.3.1.2 The test shall be repeated 10 times with intervals of 2 min.
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17.3.2 Method of measurement

The method of measurement for rated noise voltage as described in 17.1.2 shall be used
except that the test signal shall be produced by a gated source of weighted noise signal that
simulates normal program material (in accordance with IEC 60268-1).

NOTE The r.m.s. value of the voltage applied to the loudspeaker during the on-period may be conveniently
measured by removing the gating action and measuring the r.m.s voltage of continuous noise signal, the
loudspeaker being replaced by a resistor equal in value to the rated impedance of the loudspeaker.

17.3.3 Protective devices

17.3.3.1 If the loudspeaker is fitted with a protective device, the long-term maximum input
voltage shall be taken as the input voltage applied for the specified period of time which
causes the protective device itself to operate.

17.3.3.2 If the operation of a protective device causes the load impedance presented by
the loudspeaker to the amplifier to decrease to less than 80 % of the rated impedance at any
frequency, the minimum value of the loudspeaker input impedance shall be stated by the
manufacturer.

17.4 Rated sinusoidal voltage

NOTE This is a rated condition in accordance with 3.2.1.

17.4.1 Characteristic to be specified

The voltage of a continuous sinusoidal signal within the rated frequency range, which the
loudspeaker can handle continuously without any thermal or mechanical damage shall be
specified by the manufacturer.

NOTE 1 This value can vary as a function of frequency, in which case different values may be given in specified
frequency ranges.

NOTE 2 These values depend on the way the loudspeaker is mounted in accordance with Clause 10.

17.4.2 Method of measurement
The method of measurement for rated noise voltage in 17.1.2 shall be used except that the
test signal source shall be a sinusoidal signal. The method shall be valid for determining the

upper input voltage limit for measurement during a specified period of time. If no period of
time is specified, a maximum of 1 h shall be used.

17.4.3 Listening test for mechanical noise (rattles)

A listening test for mechanical noise (rattles) may be conducted according to Annex D.

18 Input electrical power

18.1 Rated noise power — characteristic to be specified
NOTE 1 This is a rated condition in accordance with 3.2.1.

The electrical power calculated from the formula U,?/R shall be specified, where U, is the
rated noise voltage and R is the rated impedance.

NOTE 2 The rated noise power may also be called “power handling capacity”.
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18.2 Short-term maximum power — characteristic to be specified

The electrical power corresponding to the short-term maximum input voltage, defined as
Ustz/R, shall be specified where Ug; is the short-term maximum input voltage and R is
the rated impedance.

18.3 Long-term maximum power — characteristic to be specified

The electrical power corresponding to the long-term maximum input voltage, defined as U|t2/R
shall be specified where U is the long-term maximum input voltage and R is the rated
impedance.

18.4 Rated sinusoidal power - characteristic to be specified
NOTE This is a rated condition in accordance with 3.2.1.

The electrical power calculated from the formula: Ug*/R shall be specified, where Uy is the
rated sinusoidal voltage and R is the rated impedance.

19 Frequency characteristics

19.1 Rated frequency range — characteristic to be specified
NOTE 1 This is a rated condition in accordance with 3.2.1.

The range of frequencies at which the loudspeaker is intended to be used shall be specified.

NOTE 2 The rated frequency range may differ from the effective frequency range particularly in the case of
loudspeakers used only as tweeters or woofers, or only for speech.

19.2 Resonance frequency

19.2.1 Resonance frequency of a loudspeaker drive unit —
characteristic to be specified

The frequency at which the modulus of the electrical impedance has its first principal
maximum on an ascending frequency scale shall be specified. The acoustical environment
(either free-field or half-space free-field), and the mounting conditions, including the
characteristics of the measuring enclosure when used, shall be given with the value of
this frequency.

NOTE Loudspeaker drive units may be mounted in accordance with 10.1.

19.2.2 Resonance frequency of a closed box loudspeaker system —
characteristic to be specified

The frequency at which the impedance curve has its first principal maximum in an ascending
frequency scale, including any crossover networks shall be specified.

19.3 Tuning frequency of a bass reflex or passive radiator loudspeaker system —
characteristic to be specified

The frequency at which the modulus of the impedance has its first principal minimum,
following its first principal maximum in an ascending frequency scale including any cross-over
networks shall be specified.
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20 Sound pressure under free-field and half-space free-field conditions

20.1 Sound pressure in a stated frequency band
20.1.1 Characteristic to be specified

The sound pressure produced at a stated distance from the reference point on the reference
axis when the loudspeaker is supplied with a pink noise signal in a stated frequency band at
a specified voltage shall be specified.

20.1.2 Method of measurement

20.1.2.1 The loudspeaker shall be brought under normal measuring conditions in a free-field
or half-space free-field environment. Half-space free-field shall apply only to driver units
mounted flush with the reflecting surface.

20.1.2.2 The following equipment shall be included in the chain of measurement:

— the loudspeaker under test;
— a pink noise generator;

— a band-pass filter having slopes of at least 24 dB/octave which limits the bandwidth of
the signal to that over which the loudspeaker is to be measured.

20.1.2.3 A pink noise signal of a stated voltage Up and bandwidth shall be supplied to the
loudspeaker.

20.1.2.4 The sound pressure shall be measured at a stated distance. In those cases where
a filter having a bandwidth equal to the stated frequency band is not available, an
approximation may be made by dividing this frequency band into n sets of 1/3 octave bands
in accordance with IEC 61260, the 1/3 octave filters being fed with the pink noise signal. Then
the voltage fed to the loudspeaker under test in each 1/3 octave frequency band shall be
equal to Up/JF. This sound pressure is given by the formula:

i=n y2
pr= [z (pi )2‘|

where p; is the sound pressure in a given 1/3 octave band.
20.1.2.5 The conditions shall be stated with the results.

20.2 Sound pressure level in a stated frequency band — characteristic to be specified

Twenty times the logarithm of the ratio of the sound pressure, measured in accordance with
20.1.1, to the standard reference sound pressure (20 uPa), shall be specified, expressed in dB.

20.3 Characteristic sensitivity in a stated frequency band
20.3.1 Characteristic to be specified

The sound pressure output shall be specified in a stated frequency in accordance with 20.1.1,
referred to an input power of 1 W and to a distance of 1 m on the reference axis.
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20.3.2 Method of measurement

Measurements shall be made in accordance with 20.1.2, and they shall be referred to voltage

Up corresponding to a power of 1 W, where Up is numerically equal to the JR value and
where R is the rated impedance.

20.4 Characteristic sensitivity level in a stated frequency band -
characteristic to be specified

Twenty times the logarithm of the ratio of the characteristic sensitivity in accordance with
20.3.1 to the standard reference sound pressure (20 uPa) shall be specified expressed in dB.

20.5 Mean sound pressure in a stated frequency band
20.5.1 Characteristic to be specified

The square root of the arithmetic mean of the squares of the sound pressures from all the 1/3
octave frequency bands in a frequency band shall be specified.

20.5.2 Method of measurement

Measurements shall be made in accordance with 20.1.2, except that the voltage fed to the
loudspeaker under test in each 1/3 octave frequency band shall be equal to U,. The mean
sound pressure in a stated frequency band shall be determined by the formula:

pr

pm:\/ﬁ

NOTE See 20.1.2.4 for the formula to use in determining the value of p..

20.6 Mean sound pressure level in a stated frequency band —
characteristic to be specified

Twenty times the logarithm of the ratio of p,,, in accordance with 20.5.2, to the standard
reference sound pressure (20 uPa) shall be specified expressed in dB.

21 Response under free-field and half-space free-field conditions

21.1 Frequency response
21.1.1 Characteristic to be specified

The sound pressure level shall be specified as a function of frequency, measured under free-
field or half-space free-field conditions at a stated position with respect to the reference axis
and a point at a specified constant voltage, either with sinusoidal or with band noise signals.

21.1.2 Method of measurement

21.1.2.1 The loudspeaker shall be brought under normal measuring conditions in a free-field
or half-space free-field environment.

21.1.2.2 A band noise or a sinusoidal signal of constant voltage shall be supplied to the
loudspeaker.

21.1.2.3 Measurements shall be made over at least the effective frequency range in accord-
ance with 21.2.
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Measurements with band-filtered noise shall be performed either:

a) by supplying the loudspeaker with a pink noise (limited to the effective frequency range of
the loudspeaker) and analysing the microphone output signal by means of 1/3 octave
filters; or,

b) by supplying the loudspeaker with a narrow band noise signal in accordance with 4.3.

NOTE If method b) is adopted, filters are not necessary in the microphone chain, but there should be no
restriction against their use.

21.1.2.4 The results shall be presented as a graph as a function of frequency. The space
condition and the band-filtered noise measurement chosen shall be stated.

21.1.3 Measurement correction at low frequencies

If the low-frequency absorption characteristic of an anechoic room causes a deviation from
free-field conditions such that accurate measurement of free-field response down to the lower
limit of the effective frequency range in accordance with 21.2 is not possible, the low-
frequency measurement results shall be corrected as follows.

21.1.3.1 The loudspeaker under test shall be removed from the room and replaced by a
calibrated reference loudspeaker located so that its reference point and reference axis take
the positions previously occupied by those of the loudspeaker under test.

The reference loudspeaker shall have substantially the same directional characteristics as the
loudspeaker under test over the frequency range where correction is required, and its
calibrated free-field frequency response shall extend to the lowest frequency of interest.

NOTE 1 It is necessary to determine the frequency response of the reference loudspeaker accurately. For
reference loudspeakers with limited low-frequency response (main resonance above 150 Hz), measurements in a
very large anechoic room (for example 8 m x 10 m x 12 m) can be sufficiently accurate. For loudspeakers with
extended low-frequency response, measurements on a tower (typically 10 m or more above ground level) in the
open air can become necessary.

NOTE 2 For measurement of the low-frequency response of a multi-unit loudspeaker system, the reference point
is ideally the reference point of the bass unit.

21.1.3.2 The frequency response of the reference loudspeaker shall be measured using the
same equipment and technique as for the loudspeaker under test in accordance with 21.1.2.

21.1.3.3 Over the low-frequency range where the frequency response thus measured for the
reference loudspeaker deviates from its known calibrated free-field response, the difference
between the calibrated and measured responses shall be used to correct the measured
response of the loudspeaker under test.

21.2 Effective frequency range
21.2.1 Characteristic to be specified

The range of frequencies, bounded by stated upper and lower limits, for which the frequency
response of the loudspeaker in accordance with 21.1.2, measured on the reference axis with
a sinusoidal signal is not more than 10 dB below the sound pressure level averaged over a
bandwidth of one octave in the region of maximum sensitivity or a broader bandwidth stated
by the manufacturer, shall be specified. Sharp troughs in the response curve, narrower than
1/9 octave (one-third of 1/3 octave) at —10 dB level shall be neglected in determining the
frequency limits.
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21.2.2 Method of measurement

The effective frequency range may be obtained from the frequency response described in
21.1.1, measured with sinusoidal signals only.

21.3 Transfer function
21.3.1 Characteristic to be specified

The sound pressure amplitude level and phase versus frequency shall be specified, measured
under free-field or simulated free-field conditions, at a stated position with respect to the
reference axis and point, for a specified constant voltage at the loudspeaker terminals. Unless
otherwise stated, this voltage shall be 1 V.

The signal level used shall ensure that the measurement result is unaffected by non-linearity.

The sound pressure amplitude level is normally expressed as the equivalent sound pressure
level. In presenting the phase as a function of frequency, phase shift related to propagation
delay between loudspeaker and microphone shall be removed.

21.3.2 Method of measurement

21.3.2.1 The loudspeaker shall be brought under normal measuring conditions in a simu-
lated free-field environment.

21.3.2.2 An impulsive test signal with a spectral bandwidth at least as great as the
frequency range of interest shall be supplied to the loudspeaker.

NOTE To achieve an adequate signal-to-noise ratio the test signal may be repeated, allowing sufficient time
between repetitions for the sound pressure level due to reverberation to decrease to a negligible value, and the
results averaged. In order to minimize the measurement time required, spectral shaping (pre-emphasis) may be
applied to the test signal and complementary correction (de-emphasis) to the measured sound pressure.

21.3.2.3 The sound pressure shall be measured under the conditions of 21.3.2.1 and 21.3.2.2,
and the results expressed as a function of frequency. This is normally obtained by sampling
and digitizing the sound pressure signal and performing a Fourier transform in a digital
Fourier analyser or computer. The method of transforming the measured signal into the
frequency domain shall not introduce errors exceeding 0,1 dB in the calculated sound
pressure level result over the frequency range.

21.3.2.4 The voltage applied to the loudspeaker terminals shall be measured, via a
calibrated frequency-independent attenuator and the microphone signal measuring chain, with
any pre-emphasis and de-emphasis elements included, and the results expressed as a
function of frequency as in 21.3.2.3.

21.3.2.5 The loudspeaker transfer function shall be the measurement result of the procedure
specified in 21.3.2.3, divided by the measurement result of the procedure specified in 21.3.2.4,
the microphone sensitivity and attenuator calibration having been taken into account. This
function shall be presented as a plot of magnitude and phase as a function of frequency, with
the magnitude expressed as the equivalent sound pressure level for an input power of 1 W.
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22 Output power (acoustic power)

22.1 Acoustic power in a frequency band
22.1.1 Characteristic to be specified

The total sound power radiated by a loudspeaker in a given frequency band with centre
frequency f for a defined input signal shall be specified.

22.1.2 Method of measurement
22.1.2.1 General

22.1.2.1.1 The loudspeaker shall be brought under normal measuring conditions in a free-
field, a half-space free-field or a diffuse field environment. Dependent on the environment
chosen, the measurement shall be carried out by one of the methods given in 22.1.2.2
and 22.1.2.3.

22.1.2.1.2 The results shall be presented graphically as a function of frequency.

22.1.2.2 Measurement of acoustic power under free-field
or half-space free-field conditions

22.1.2.2.1 The square of the r.m.s. sound pressure shall be averaged over a large sphere in
the case of free-field conditions, and over a large hemisphere in accordance with ISO 3744 or
ISO 3745, in the case of half-space free-field conditions, at a large number of points evenly
distributed around the system under measurement.

22.1.2.2.2 If the system has axial symmetry of revolution, measurements in a plane
containing this axis may be considered sufficient, provided that the measurements are
suitably weighted in the averaging process.

22.1.2.2.3 The acoustic power under free-field conditions shall be determined by the formula:

B 4nr?

o p?(f)=0031r2p?(f)

Py (f)

where:

P,(f) is the acoustic power, in W;

r is the sphere radius, in m;

p(f) is the sound pressure averaged over a large sphere, in Pa;

Po and ¢ are the density and the sound velocity of the air.

The acoustic power under half-space free-field conditions shall be determined by the formula:

2
P, (F)= 2" p2() = 0016r2p2(f)
PoC

22.1.2.3 Measurement of acoustic power under diffuse field conditions

22.1.2.3.1 The sound pressure in the frequency band of mid-band frequency f shall be
determined in accordance with 20.1.2.
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22.1.2.3.2 The acoustic power of the loudspeaker P,(f) shall be given approximately by
the relation:

V. _4
P, (f)=——=p“(f)10
2(1)= 2P0
where:
P,(f) is the acoustic power, in W;
"4 is the reverberation room volume, in m3;

T(f) is the reverberation time of the room in the frequency band considered, in seconds;
p(f) is the sound pressure, in Pa.

NOTE 1 The filtering may take place either in the loudspeaker chain or in both the loudspeaker and the
microphone chains.

NOTE 2 An alternative method for measuring the sound power of loudspeakers, using a sound power source,
is described in ISO 3743-1 and in ISO 3743-2.

22.2 Mean acoustic power in a frequency band
22.2.1 Characteristic to be specified

The arithmetic mean of the acoustic power in all 1/3 octave frequency bands in the frequency
band considered shall be specified.

22.2.2 Method of measurement

22.2.2.1 The measurement shall be made in accordance with 22.1.2.

22.2.2.2 The mean acoustic power shall be calculated as the arithmetic mean of the acoustic
power measured individually for all the 1/3 octave frequency bands included in the frequency
range considered.

22.3 Efficiency in a frequency band
22.3.1 Characteristic to be specified

The ratio f of the acoustic power radiated by a loudspeaker to the electrical power supplied in
a frequency band of mid frequency shall be specified.

22.3.2 Method of measurement
Efficiency in a frequency band shall be measured by the following method:

a) the measurement shall be made in accordance with 22.1.2;
b) the electrical power shall be determined in accordance with 3.2.2;

c) the efficiency in a frequency band shall be given as the ratio of the acoustic power to the
electrical power.

22.4 Mean efficiency in a frequency band
22.4.1 Characteristic to be specified

The arithmetic mean of the efficiency in all the 1/3 octave frequency bands in the frequency
band concerned shall be specified.
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22.4.2 Method of measurement

22.4.2.1 The efficiency in the frequency band shall be determined in accordance with 22.3.2.

22.4.2.2 The mean efficiency shall be calculated as the arithmetic mean of the efficiencies
measured in each of the 1/3 octave bands covering the frequency range required.

23 Directional characteristics

23.1 Directional response pattern
23.1.1 Characteristic to be specified

The sound pressure level shall be specified as a function of the angle between the measuring
axis and the reference axis, and of frequency of the radiated sound, measured under free-
field conditions in a specified plane shall be specified. The measuring axis shall be the line
joining the microphone to the reference point.

23.1.2 Method of measurement

23.1.2.1 The loudspeaker shall be brought under normal measuring conditions in a free-field
environment.

23.1.2.2 The measuring microphone shall be positioned in a specific plane, containing the
reference axis, at a specified distance from the reference point.

23.1.2.3 Either a sinusoidal or a band noise signal shall be used. It shall be applied to
the loudspeaker. The input voltage shall be adjusted for each frequency or band so that the
sound pressure at a specified point on the reference axis is kept constant.

23.1.2.4 One of the following ways may be chosen for displaying the directional response
pattern:

a) a family of polar response curves at stated frequencies or frequency bands shall be
displayed;

NOTE 1 Preferably 1/3 octave or one octave, over the rated frequency range. However for at least the
following frequencies: 500 Hz, 1000 Hz, 2000 Hz, 4 000 Hz and 8 000 Hz; a device should be used that
provides a continuous change in angular deviation.

b) a family of frequency response curves at various angles from the reference axis shall be
displayed.
NOTE 2 Angles at 15° intervals should be used.

NOTE 3 See AES information document AES-5id-1997.

23.1.2.5 Results of the measurement for 23.1.2.4 a) shall be plotted as polar curves in
accordance with IEC 60268-1 and IEC 60263.

NOTE 1 Great care is needed to ensure that significant lobes are adequately explored. In presenting the results,
the orientation of the measuring axis with respect to the reference axis shall be stated. If a point-by-point method is
used, the graph shall clearly show the angles used.

NOTE 2 For very small loudspeakers such as tweeters, it may be necessary to use higher frequencies outside
those mentioned above. These frequencies should conform to those given in IEC 60268-1.

NOTE 3 Care should be taken that the level on the reference axis of the loudspeaker corresponds to the zero
level of the polar diagram.
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23.2 Radiation angle
23.2.1 Characteristic to be specified

The angle, measured with respect to the reference axis in a plane containing this axis shall be
specified such that the sound pressure level within the angle at the measuring distance
decreases by less than 10 dB with respect to the sound pressure level on the reference axis.
The frequency range over which this specification is met shall be stated.

23.2.2 Method of measurement

23.2.2.1 The radiation angle shall be deduced from the directional response pattern in the
rated frequency range, measured in accordance with 23.1.2.4 a).

23.2.2.2 |If the directional response pattern of the loudspeaker has no cylindrical symmetry,
the value shall be given in two perpendicular planes.

NOTE The radiation angle may be plotted as a graph with frequency as abscissa and the angles on the ordinate,
symmetrical with respect to 0°.

23.3 Directivity index
23.3.1 Characteristic to be specified
The ratio of the following two sound pressure values, expressed in dB, shall be specified:

— the sound pressure measured at a chosen point on the reference axis;

— the sound pressure that a point source radiating the same acoustic power as the
loudspeaker under test would produce at the same measuring position under free-field
conditions.

23.3.2 Method of measurement

The directivity index D; shall be determined in accordance with either 23.3.2.1 or 23.3.2.2.

23.3.21

a) The sound pressure level (L,,) shall be measured in accordance with 20.1.2 in a free-field
environment and at a distance of 1 m.

b) The sound pressure level shall be measured under diffuse field conditions (Lp).

c) In both measurements, the loudspeaker shall be supplied with the same stated voltage of
filtered pink noise.
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d) The directivity index (D;) shall be determined from the formula:

T Vv
D=L, —Lp+10|g[T—]—10|g[v—J+25dB

o o

where:

L is the sound pressure level under free-field conditions, measured on the reference

axis and referred to a distance of 1 m;

ax

LID is the sound pressure level measured under diffuse field conditions;

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

T, s areference reverberation time of 1 s;

"4 is the reverberation room volume, in m3;

V, is a reference volume of 1 m*

25 is an approximate value related to constant factors in the Sl system of units
23.3.2.2

a) The squares of the sound pressure taken from the polar curves in accordance with
23.1.2.4 a) shall be integrated over a sphere, to give a mean value s,, by using one of
the methods given in 22.1.2.2 and 22.1.2.3.

b) The square of the sound pressure on the axis shall be determined, s.
c) The directivity index D, shall be specified as ten times the logarithm of the ratio of s, to s,.

23.4 Coverage angle or angles
23.4.1 Characteristic to be specified

The angle between the two directions on either side of the main lobe of the directional
response pattern, at which the sound pressure level is 6 dB less than that at the direction of
maximum level, shall be specified.

The angle shall be measured in a plane containing the reference axis.

The directional response pattern shall be measured with octave band noise centred on a
specified frequency in accordance with 23.1.

For loudspeakers which are designed to have different coverage angles in different planes
through the reference axis, coverage angles shall be specified in at least two orthogonal
planes in accordance with 23.2.2.2.

23.4.2 Method of measurement

The coverage angle or angles shall be deduced from the directional response pattern or
patterns measured with an octave band centred on 4000 Hz, if the effective frequency
range of the loudspeaker includes both 2800 Hz and 5700 Hz (1/2 octave above and
below 4 000 Hz).

If the effective frequency range does not include the octave band centred on 4 000 Hz, the
coverage angle or angles shall be deduced from measurements in an octave band of specified
centre frequency, near the upper limit of the effective frequency range.

The coverage angle or angles may, in addition, be specified for other centre frequencies of
octave bands.
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The centre frequency or frequencies used for the measurements shall be presented with the
measured data.

NOTE An approximate relation between the coverage angles and the directivity index in the same octave band
may be specified by:

180
arcsin{sin (A/2)sin(B/2)}

D, =10 g

where A and B are the coverage angles in degrees in two orthogonal planes.
24 Amplitude non-linearity

NOTE A general explanation on amplitude non-linearity can be found in IEC 60268-2. The characteristics to be
specified and the methods of measurement of various types of amplitude non-linearity, which can be of importance
for loudspeakers, are prescribed in subclauses 24.1 to 24.6.

24.1 Total harmonic distortion
24.1.1 Characteristic to be specified

The total harmonic distortion shall be specified, expressed in terms of total sound pressure p;.

24.1.2 Method of measurement for input voltages up to the rated sinusoidal voltage

24.1.2.1 The loudspeaker shall be brought under free-field conditions for loudspeaker
systems and in half-space free-field conditions for loudspeaker drive units. A series of
sinusoidal input voltages with increasing frequencies up to 5000 Hz, shall be supplied to the
loudspeaker. The input voltages chosen shall not exceed the rated sinusoidal voltage in
accordance with 17.4. The range of frequencies shall be covered by means of gliding tones,
because a step-by-step method may cause important information to be missed.

24.1.2.2 A measuring microphone shall be situated 1 m from the reference point, unless
otherwise specified.

24.1.2.3 A selective voltmeter, such as a wave analyser, preceded, if necessary, by a high-
pass filter which suppresses the fundamental, shall be connected to the measuring
microphone.

24.1.2.4 The sound pressure of the separate harmonics p,; shall be measured.

24.1.2.5 The total sound pressure p;, including the fundamental, shall be measured by a
wide band meter connected to the microphone. The meter shall indicate the true r.m.s. value
of the harmonic.

24.1.2.6 The total harmonic distortion shall be determined by the formula:

in %: x 100 %

d = \/P2f2 + P3f2 +.+ pnf2
\ =
Py

. d
in dB: L, =20lg—
¢ = “79700
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24.1.2.7 The results of the measurement shall be presented graphically as a function of
the fundamental frequency. The distortion values shall be expressed in dB when a gliding
tone method is used. When applying a step-by-step method, the expression as a percentage
shall be used.

Together with the results, the following information shall be given:

— the input voltage and the sound pressure level referred to 1 m;
— whether a gliding tone or a step-by-step method has been used;

— any discrete frequencies used; the distance of the measuring microphone from the
reference point if this differs from 1 m and the conditions of measurement (free-field or
half-space free-field).

24.1.3 Method of measurement for input voltages
higher than the rated sinusoidal voltage

24.1.3.1 The loudspeaker shall be brought under free-field conditions for loudspeaker
systems and in half-space free-field conditions for loudspeaker drive units. A series of tone
burst input voltages with increasing frequencies shall be supplied to the loudspeaker. Each
tone burst shall be long enough for the steady-state response to be achieved. Its amplitude
shall be chosen to be not larger than the short-term maximum input voltage in accordance
with 17.2.

NOTE The frequencies should be produced by a step-by-step method.

24.1.3.2 A measuring microphone shall be situated at 1 m distance from the reference point,
unless otherwise specified.

24.1.3.3 A sampling-processing system shall be used to sample the tone burst response
received by the measuring microphone. The sampling frequency shall be high enough to
enable the highest harmonic of interest. To eliminate zero-crossing errors, either the sampling
instants shall be coincident with the zero-crossings of the tone burst signal, or the microphone
signals shall be windowed (a Hanning window is usually suitable). The system shall calculate
the spectrum from the data of one or more cycles in order to obtain total sound pressure
including fundamental p; and the separate harmonics p,.

24.1.3.4 The total harmonic distortion at input voltages higher than the rated sinusoidal
voltage shall then be determined by the formula given in 24.1.2.6.

24.1.3.5 The harmonic distortion components of the second and third orders at input
voltages higher than the rated sinusoidal input voltage shall be determined by the formulas
given in 24.2.2.6.

24.1.3.6 The following data shall be given with the results of the measurement:

— the input voltage and the sound pressure level referred to 1 m;

— discrete frequencies at which measurements were made;

— distance of the measuring microphone to the reference point if this differs from 1 m;
— conditions of measurement (free-field or half-space free-field).

24.2 Harmonic distortion of the n'" order (where n =2 or n = 3)
24.2.1 Characteristic to be specified
The harmonic distortion of the n™ order shall be specified, expressed in terms of total sound

pressure py.
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24.2.2 Method of measurement for input voltages up to the rated sinusoidal voltage

24.2.2.1 The loudspeaker shall be brought under free-field conditions for loudspeaker
systems and in half-space free-field conditions for loudspeaker drive units.

A series of sinusoidal input voltages with increasing frequencies, to 5000 Hz, shall be
supplied to the loudspeaker. The input voltages chosen shall be the most relevant for the
intended use and should include but not exceed the rated sinusoidal voltage in accordance
with 17.4.

NOTE The range of frequencies should be covered by means of gliding tones, because a step-by-step method
may cause important information to be missed.

24.2.2.2 A measuring microphone shall be situated 1 m from the reference point, unless
otherwise specified.

24.2.2.3 A selective voltmeter, such as a wave analyser, preceded, if necessary, by a high-
pass filter that suppresses the fundamental, shall be connected to the measuring microphone.

24.2.2.4 The sound pressure of the separate harmonics p,; shall be measured.

24.2.2.5 The total sound pressure, including the fundamental p; shall be measured by a wide
band meter connected to the microphone.

24.2.2.6 The harmonic distortion of the second order shall be determined by the formula:

in %: dy =225 100 %
Pt
d
in dB: Ly =201g| —=
d2 g(looj

The harmonic distortion of the third order shall be determined by the formula:

in %: dy = 230 5100 %
Pt
d
in dB : Ly =201g| —=
d3 g[lOOj

24.2.2.7 The results of the measurement shall be presented graphically as a function of the
fundamental frequency. The distortion values shall be expressed in dB when a gliding tone
method is used. When applying a step-by-step method the expression as a percentage shall
be used.

Together with the results, the following information shall be given:

— the input voltage and the sound pressure level referred to 1 m;
— whether a gliding tone or a step-by-step method has been used;

— any discrete frequencies used; the distance of the measuring microphone from the
reference point if this differs from 1 m and the conditions of measurement (free-field or
half-space free-field).
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24.3 Characteristic harmonic distortion
24.3.1 Characteristic to be specified

The characteristic harmonic distortion shall be specified expressed in terms of the mean
sound pressure in a stated frequency band.

24.3.2 Method of measurement

The measurement shall be in accordance with 24.1.2 except that the total sound pressure p,
shall be replaced by the mean sound pressure p,, determined in accordance with 20.5.2. The
mean sound pressure shall apply to the loudspeaker a 1/3 octave band filtered pink-noise
signal, wherein the signal power in each 1/3 octave shall be equal to the measuring signal
power being used for measurement of harmonic total distortion as in 24.1.2

24.4 Modulation distortion of the n'" order (where n =2 or n=3)
24.4.1 Characteristic to be specified

The modulation distortion of the n™ order shall be specified as the ratio of the arithmetic
sum of the r.m.s. values of the sound pressures due to distortion components at frequencies
fy £ (n—-1) f;, to the r.m.s. value of the sound pressure Py, due to the signal f,.

f; and f, are the frequencies of two input signals, whose ratio of the amplitudes shall be
specified with f; being lower in frequency than f,.

24.4.2 Method of measurement

24.4.2.1 The loudspeaker shall be brought under free-field or half-space free-field conditions.
Two sources of sinusoidal signals with an amplitude ratio of 4:1 and with frequencies f; and f,
(fy < f, /8) shall be connected to the input of an amplifier, and the output signal, being a linear
superposition of f; and f,, connected to the loudspeaker.

NOTE The method of measurement for the two signals to the amplifier should be applied in accordance
with IEC 60268-3.

24.4.2.2 A measuring microphone shall be situated 1 m from the reference point, unless
otherwise specified.

24.4.2.3 A wave analyser shall be connected to the measuring microphone. Distortion
components measured can be due both to modulation distortion and to Doppler effect; in
order to separate the two kinds of distortion, phase measurements shall be required.
Modulation components of frequencies f, + f; and f, £ 2f; only shall be considered.

NOTE Measurements of higher order components have generally not been found valuable.

24.4.2.4 The modulation distortion of the second order shall be determined by the formula:

_ +
in %: dy = PU2=1) TPU2H) 460 9
Pf2
d
in dB: Ly =201g| —2
d2 9(100]
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The modulation distortion of the third order shall be determined by the formula:

o +
in %: dy = PU2-20) FPU2e21) 00,
Pf2
d
in dB: Ly =201g] —=
d3 Q[looj

24.4.2.5 The results of the measurement shall be presented graphically, as a function
of a reference voltage which is the r.m.s. value of a sinusoidal voltage having the same peak-
to-peak value as the test signal applied to the loudspeaker terminals. The conditions of
measurement (free-field or half-space free-field), the frequencies f; and f, and their amplitude
ratio shall be stated with the results.

24.5 Characteristic modulation distortion of the n"" order (where n = 2 or n = 3)
24.5.1 Characteristic to be specified

The modulation distortion of the n" order shall be specified, expressed in terms of the sound
pressure in a stated frequency band, excluding frequency f;.

24.5.2 Method of measurement

The measurement shall be made in accordance with 24.4.2 except that the total sound
pressure ps, shall be replaced by the sound pressure in a stated frequency band, excluding
frequency f; in accordance with 20.1.

24.6 Difference frequency distortion (of the second order only)
24.6.1 Characteristic to be specified

The ratio of sound pressure, radiated by the loudspeaker under test at frequency (f, — f;), and
the total sound pressure radiated by the loudspeaker shall be specified. The frequencies f,
and f, are two sinusoidal input signals of equal amplitudes, expressed in terms of r.m.s. value.

24.6.2 Method of measurement

24.6.2.1 The loudspeaker shall be brought under free-field or half-space free-field conditions.
Two sources of sinusoidal signals with equal amplitudes and with frequencies f; and f,
(usually f, — f; = 80 Hz) shall be connected to the input of an amplifier and the output signal,
being a linear superposition of f; and f,, connected to the loudspeaker.

NOTE A recommended minimum value for f; is twice the value of the difference frequency between f; and fa,
provided that this is within the rated frequency range of the loudspeaker.

24.6.2.2 A measuring microphone shall be situated at 1 m from the reference point, unless
otherwise specified.

24.6.2.3 A narrow band-pass filter adjusted for frequency (f, — f;) shall be connected to the
measuring microphone, and the r.m.s. value of the component with frequency (f, — f;) shall be
measured.
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24.6.2.4 The second order difference frequency distortion shall be determined by the
formula:

P
in %: d=—2" +100%
where P; is the sound pressure at frequency f;
. d
in dB: Ly=20Ig| —
d g[lOOj

24.6.2.5 The results of the measurement shall be presented graphically, as a function of
a measuring voltage and frequency:

fi +1,
2

The conditions of measurement (free-field or half-space free-field) shall be stated with
the results.

25 Rated ambient conditions

25.1 Temperature ranges
25.1.1 Performance limited temperature range — characteristic to be specified

The temperature range over which the variation of the characteristics of the loudspeaker will
not exceed the specified tolerances shall be specified.

25.1.2 Damage limited temperature range — characteristic to be specified

The range of environmental temperature during operation or storage shall be specified that, if
exceeded, may result in permanent changes in the operating characteristics.

25.2 Humidity ranges
25.2.1 Relative humidity range — characteristic to be specified

The relative humidity range over which the variation of the characteristics of the loudspeaker
will not exceed the specified tolerances shall be specified.

25.2.2 Damage limited humidity range — characteristic to be specified

The range of environmental relative humidity during operation or storage shall be specified
that, if exceeded, may result in permanent changes in the operating characteristics.

26 Stray magnetic fields

NOTE It is sometimes necessary to know the value of the magnetic field generated by the loudspeaker in order to
prevent interference with other nearby components, such as television and video components, computer devices,
aircraft on-board instrumentation, etc.

Customer: Hervé Lissek - No. of User(s): 1 - Company: EPFL
Order No.: WS-2008-005318 - IMPORTANT: This file is copyright of IEC, Geneva, Switzerland. All rights reserved.
This file is subject to a licence agreement. Enquiries to Email: custserv@iec.ch - Tel.: +41 22 919 02 11



-38- 60268-5 © IEC:2003+A1:2007(E)

26.1 Static components
26.1.1 Characteristic to be specified

The maximum value of the static magnetic field strength, in A/m, produced by the magnet
system of the loudspeaker at 30 mm from any part (or associated parts) of its rear side, or
from any part of its enclosure, when no audio signal is applied shall be specified.

If the static component (H) is measured as the magnetic induction; the measured value shall
be converted into ampere per metre using the following relations:

HoB

Ho
where

Mo (=41 x 10~7 H/m) is the magnetic permeability of vacuum/air;
B is the magnetic flux density, in T.

26.1.2 Method of measurement

26.1.2.1 The static magnetic flux shall be measured using a Hall (or other suitable type)
probe flux meter. A non-magnetic holder (for example wood or plastic) shall be fitted on
to the probe to control the measuring distance from the loudspeaker under test, as shown
in Figure 8.

26.1.2.2 Before starting the measurement, the instrument shall be set to zero in accordance
with the manufacturer's instructions in order to remove the influence of the Earth's magnetic
field. To do this, the Hall probe fixture shown in Figure 8 shall be oriented and fixed to null the
indication due to the Earth's magnetic field. Care shall be taken to exclude any magnetic
material from the measuring area which exhibit a low and uniform ambient magnetic field.

26.1.2.3 When the Hall probe is fixed, the loudspeaker under test shall be moved about the
Hall probe holder to obtain the highest measured value. Measurement may also be made by
changing the position and orientation of the Hall probe instead of changing that of the
loudspeaker. If the positioning of the Hall probe is used, the measuring space shall not exhibit
any external magnetic influence that exceeds one tenth of the magnetic field strength to be
measured.

26.1.2.4 The highest measured value of magnetic field strength, expressed in A/m, shall be
recorded as the result.

NOTE The report should include the position and orientation for the maximum values with respect to the reference
plane and the reference point of the loudspeaker. This information may be shown in a diagram.

26.2 Dynamic components
26.2.1 Characteristics to be specified

Maximum values shall be specified of both static and alternating components of the magnetic
field strength, in A/m, created by the loudspeaker and associated parts at a measuring
distance of 30 mm, when the loudspeaker is driven at its rated noise voltage of simulated
programme signal in accordance with IEC 60268-1.

Both static and alternating components shall be specified. The rated noise voltage shall be
stated with the results.
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26.2.2 Method of measurement

26.2.2.1 The loudspeaker to be tested shall be electrically driven by the simulated
programme signal, in accordance with IEC 60268-1, at its rated noise voltage condition, in
accordance with 17.1, during measurements.

26.2.2.2 The static and alternating components shall be measured using a Hall probe flux
meter (or other suitable type with measuring range up to 10000 Hz), while alternating
component measurement is possible with the standard search coil, in accordance with
IEC 60268-1. A non-magnetic holder (for example wood or plastic) shall be fitted onto the
probe to control the measuring distance from the loudspeaker under test as in 26.1.2.

26.2.2.3 For a static component, the measuring procedure shall be the same as that
described in 26.1.2.2.

26.2.2.4 For an alternating component, before starting the measurement, the Hall probe
(or search coil) fixture shall be oriented so that no external influence can reach one tenth of
the alternating component to be measured, within the measuring frequency band.

NOTE Care should be taken to remove any electromagnetic influence from the measuring area that can
compromise the required measuring accuracy.

26.2.2.5 When the magnetic probe is properly oriented, the loudspeaker under test shall be
applied against the magnetic probe holder, in any possible position and orientation, until the
highest measured value is found. Measurement can also be made by changing the position
and orientation of the Hall probe instead of changing that of the loudspeaker. In this case, the
measuring area shall not exhibit any external magnetic influence that exceeds one tenth of
the magnetic field strength to be measured.

26.2.2.6 The highest measured values of the static component and of the alternating
component of the magnetic field strength, expressed in A/m, shall be recorded as the results.

NOTE The report should include the position and orientation of the maximum values with respect to the reference
plane and the reference point of the loudspeaker. This information may be shown in a diagram.

27 Physical characteristics

27.1 Dimensions
The outer frame and mounting dimensions of the loudspeaker shall be specified in

accordance with IEC 60268-14 for preferred outer frame diameters and mounting dimensions
of circular and elliptical loudspeakers.

27.2 Mass

The mass of the loudspeaker when ready for use shall be specified.

27.3 Cable assemblies

Cable connections and connectors shall be in accordance with either |IEC 60268-11 or
IEC 60268-12.

NOTE In some circumstances, the connectors which are at present standardized are unsuitable and the use of
other types is unavoidable.
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28 Design data

Further design data shall be specified as additional information such as:

— total air-gap flux;

— air-gap flux density;

— magnetic gap energy;

— d.c. resistance of the voice coil;

— number of turns of the voice coil;

— mass, material and type of magnet;
— length of the voice coil;

— height of the magnetic gap;

— maximum excursion Xp-p;
29 Indication of the characteristics to be specified

Data that shall be given by the manufacturer are indicated in Table 1 by an “X”. Data that
the manufacturer is recommended to give are indicated by the letter “R”.

A = data that shall be labelled on the loudspeaker (or on the rating plate);

B = data that shall be specified in a document available to the user before purchase of
the loudspeaker;

Values given by the manufacturer should be stated as “rated...”.
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Table 1 — Indication of the characteristics to be specified

Drive unit System
Clauses and subclauses

A B A B
13 Type description
13.2 Loudspeaker drive units
13.2.1 Principle of the transducer X
13.2.2 Type X
13.3 Loudspeaker system X
14 Marking of terminals and controls X X
15 Reference plane, reference point and reference axis
15.1 Reference plane X X
15.2 Reference point X X
15.3 Reference axis X X
16 Impedance and derivative characteristics
16.1 Rated impedance X X X X
16.2 Impedance curve X X
16.3 Total Q-factor (Qy) R
16.4 Equivalent air volume of a loudspeaker drive unit compliance (Vy5) R
17 Input voltage
17.1 Rated noise voltage X X
17.2 Short-term maximum input voltage R R
17.3 Long-term maximum input voltage X X
17.4 Rated sinusoidal voltage X X
18 Input electrical power
18.1 Rated noise power X X
18.2 Short-term maximum power R R
18.3 Long-term maximum power X X
18.4 Rated sinusoidal power X X
19 Frequency characteristics
19.1 Rated frequency range X X
19.2 Resonance frequency X R
19.3 Tuning frequency of a bass reflex or passive radiator loudspeaker system R
20 Sound pressure under free-field and half-space free-field conditions
20.6 Mean sound pressure level in a stated frequency band X X
21 Response under free-field and half-space free-field conditions
21.1 Frequency response X X
21.2 Effective frequency range X X
21.3 Transfer function R R
22 Output power (acoustic power)
22.4 Mean efficiency in a frequency band R R
23 Directional characteristics
23.1 Directional response pattern R R
23.2 Radiation angle R R
23.3 Directivity index R R
23.4 Coverage angle or angles R R
24 Amplitude non-linearity
24.1 Total harmonic distortion (the rated value of the appropriate characteristic) R
24.4 Modulation distortion of the n'" order (where n = 2 or n = 3) R R
24.6 Difference frequency distortion (of the second order only) R R
25 Rated ambient conditions
25.1 Temperature range R R
25.2 Humidity ranges R R
26 Stray magnetic fields
26.1 Static components R R
26.2 Dynamic components R R
27 Physical characteristics
27.1 Dimensions X X
27.2 Mass X X
27.3 Cable assemblies X X
28 Design data R R
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Dimensions are in millimetres

Figure 2 — Standard baffle, dimensions
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Figure 3 — Standard baffle with chamfer
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Figure 4 — Standard baffle with sub-baffle
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Dimensions are in millimetres

Figure 5 — Standard measuring enclosure type A
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Dimensions are in millimetres

Figure 6 — Standard measuring enclosure type B
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Figure 7 — Block diagram of test set-up
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Dimensions are in millimetres

Figure 8 — Measuring apparatus for stray magnetic field
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Annex A
(informative)

Standard measuring enclosure type A

An example of standard measuring enclosure type A is shown in Figure A.1.

e —

: | | ! \
! I |

| T —

IEC 1271/03

Components

1 Main body of enclosure (plywood: 21 mm thick or more, or equivalent)

Front baffle (plywood: 21 mm thick or more, or equivalent) (removable structure is allowed if necessary.)
Removable front panel (speaker fixture) (steel, 3 mm thick or more, or equivalent)

Front reinforcements

Brace reinforcements

Corner reinforcements

Rear reinforcements

© N o ua o W0 N

Sound absorbing material (use glass wool of 50 mm thick and density of 20 kg/m® so that standing waves
can be disregarded.)

NOTE Dimensions are shown in Figure 5.

Figure A.1 — An example of standard measuring enclosure type A

Customer: Hervé Lissek - No. of User(s): 1 - Company: EPFL
Order No.: WS-2008-005318 - IMPORTANT: This file is copyright of IEC, Geneva, Switzerland. All rights reserved.
This file is subject to a licence agreement. Enquiries to Email: custserv@iec.ch - Tel.: +41 22 919 02 11



60268-5 © IEC:2003+A1:2007(E) — 47 -

The correction curves for the diffraction effect of standard measuring enclosure type A, for
a measuring distance of 1 m on the reference axis from free-field to half-space free-field,

are shown in Figures A.2 and A.3.

NOTE Half-space free-field was approximated by an infinite (10,07 m x 8,15 m) board.
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Figure A.2 — The correction curve for the diffraction effect of
the standard measuring enclosure from free-field to half-space free-field
(average of results, loudspeakers’ diameter = 30 cm, 38 cm, 46 cm)
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Figure A.3 — The correction curve for the diffraction effect of
a standard measuring enclosure from free-field to half-space free-field
(average of results, loudspeakers’ diameter = 6 cm, 10 cm, 20 cm)
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Annex B
(informative)

Standard measuring enclosure type B

An example of standard measuring enclosure type B is shown in Figure B.1.

e e e 4-%

H IEC 1274/03

Components

1 Main body of enclosure (plywood: 25 mm thick or equivalent)
Removable front panel (speaker fixture: plywood or equivalent)
Front reinforcements

Brace reinforcements

(&, L w N

Sound absorbing material (use glass wool of 50 mm thick and density of 20 kg/m® so that standing waves
can be disregarded.)

NOTE Dimensions are shown in Figure 6.

Figure B.1 — An example of standard measuring enclosure type B
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Construction details and dimensions of scalable measuring enclosure type B are shown
in Figure B.2 and Table B.1.
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A /
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. — 44—+ m %
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Y
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- We - > D2e

IEC 1275/03
Key

See Table B.1.
Figure B.2 — Construction of scalable measuring enclosure type B

Table B.1 — Dimensions and ratios of scalable enclosure type B

Enclosure dimensions Symbol Ratios
Width  internal Wi 1
external We NA

Height internal Hi 1,202
external He NA

Depth 1 internal D1i 1,2742
external D1e NA

Depth 2 internal D2i 1,5962
external D2e NA

Radius R 100 mm

> 24 mm (V,° = 100)

Panel thickness
> 18 mm (V,° < 100)

Side panel bracing 1% or 2x

NOTE Symbol “i” means internal and “e” means external measurement. NA means 'not
applicable' — the dimension is controlled by other specified dimensions.

@ The average depth ratio Di = 1,435 and the back panel tilt angle a = 15 °.

b V, is the net volume in litres of the measuring enclosure
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The correction curves for the diffraction effect of standard measuring enclosure type B, for
a measuring distance of 1 m on the reference axis from free-field to half-space free-field,
are shown in Figures B.3 and B.4.

NOTE Half-space free-field was approximate by infinite (10,07 m x 8,15 m) board.
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Figure B.3 — The correction curve for the diffraction effect of the standard measuring
enclosure from free-field to half-space free-field (average of results, loudspeaker
diameter = 30 cm, 38 cm, 46 cm)
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Figure B.4 — The correction curve for the diffraction effect of the standard measuring
enclosure from free-field to half-space free-field (average of results, loudspeaker
diameter =6 cm, 10 cm, 20 cm)
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Annex C
(informative)

Definitions of terms used in Clause 13

The terms and definitions listed below relate to loudspeaker technologies. They are the most
up-to-date ones and do not conflict with those listed in the IEV (IEC 60050).

C.1  Principle of the transducer

c11

electrodynamic (moving-coil) loudspeaker

loudspeaker, the diaphragm of which is driven by a mechanical force that occurs when current
flows through an electric conductor placed in a magnetic field

C.1.2
electrostatic (condenser) loudspeaker
loudspeaker, the diaphragm of which is driven by an electrostatic force

C.1.3
piezoelectric (crystal) loudspeaker
loudspeaker, the diaphragm of which is driven by a force of piezoelectric effect

C.1.4

electromagnetic (moving-iron) loudspeaker

loudspeaker, the diaphragm of which is driven by a magnetic force applied to a movable part
of a ferromagnetic substance

C.2 Type

C.21
direct radiator loudspeaker
loudspeaker that directly radiates an acoustic sound from the diaphragm

C.2.2

horn loudspeaker

loudspeaker to which an end of a horn, the cross-sectional area of which changes
continuously, is attached at the front of the diaphragm, so that the other end of the horn
radiates an acoustic sound

c.2.3

compression driver

loudspeaker drive unit, of which the opening area to be connected to the horn is made smaller
than the diaphragm area

C.3 Loudspeaker system

C.3.1

baffle

septum that is used to make acoustic separation between the front and the back of the
diaphragm
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C.3.2
enclosure
box that isolates the acoustic sound radiated from the back of the diaphragm

C.3.3

bass reflex (vented) enclosure

enclosure, the frequency response of which can be extended to a lower frequency than the
resonant frequency of the loudspeaker, by installing an acoustic duct or diaphragm in the wall
of the enclosure

C.34

horn

pipe-like acoustic matching unit, the cross-sectional area of which changes continuously
from one end to the other, used for acoustic impedance matching, and also for directivity
adjustment

C.3.5
column (line) loudspeaker system
loudspeaker system in which multiple loudspeakers are arranged in line

C.3.6
coaxial loudspeaker system
loudspeaker system in which multiple loudspeakers are coaxially arranged
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Annex D
(informative)

Listening tests

D.1 Listening test for normal operation

Confirm normal operation by applying a programme signal to the loudspeaker to be tested.

a) Install the loudspeaker as described in Clause 10.

b) Apply the programme signal with maximum r.m.s. voltage equal to the rated noise voltage
of the loudspeaker.

c) Check the sound level, tone quality, noise, and presence of other defects.

NOTE 1 The programme signal is a speech or music signal of normal spectral distribution.

NOTE 2 This test is conducted mainly during the manufacturing process and reporting of the result is not required.

D.2 Listening test for mechanical noise (rattles)

This test checks for rub and buzz by listening to ascertain that the loudspeaker works
normally when applying the rated sinusoidal voltage to the loudspeaker terminals.

a) Mount the loudspeaker as specified in Clause 10.

b) Check the sound of the loudspeaker by applying the rated sinusoidal voltage to the
loudspeaker, changing the frequency of the sinusoidal signal, within the rated frequency
range. The measuring voltage may be set freely by the manufacturer if necessary.

c) The listening position should be a position where any abnormal sound is easily heard, at a
distance of more than 0,3 m from the reference point of the loudspeaker, unless otherwise
stated.

d) Check the sound level, sound quality, noise level and the existence of other abnormal
sound

e) The power amplifier should have an output impedance smaller than one-third of the rated
impedance of the loudspeaker and be able to provide a sinusoidal voltage at least twice
the rated sinusoidal voltage of the loudspeaker. The total harmonic distortion shall not
exceed 1 % at the loudspeaker terminals.

NOTE This test is conducted mainly during the manufacturing process and reporting of the result is not required.

Customer: Hervé Lissek - No. of User(s): 1 - Company: EPFL
Order No.: WS-2008-005318 - IMPORTANT: This file is copyright of IEC, Geneva, Switzerland. All rights reserved.
This file is subject to a licence agreement. Enquiries to Email: custserv@iec.ch - Tel.: +41 22 919 02 11



- 54 - 60268-5 © IEC:2003+A1:2007(E)

Bibliography

ISO 3743-1, Acoustics — Determination of sound power levels of noise sources — Engineering
methods for small, movable sources in reverberant fields — Part 1: Comparison method for
hard-walled test rooms

ISO 3743-2, Acoustics — Determination of sound power levels of noise sources using sound
pressure — Engineering methods for small, movable sources in reverberant fields — Part 2:
Methods for special reverberation test rooms

AES-5id-1997,1998: Information document for room acoustics and sound reinforcement
systems — Loudspeaker modelling and measurement — Frequency and angular resolution
for measuring, presenting and predicting loudspeaker polar data

Customer: Hervé Lissek - No. of User(s): 1 - Company: EPFL
Order No.: WS-2008-005318 - IMPORTANT: This file is copyright of IEC, Geneva, Switzerland. All rights reserved.
This file is subject to a licence agreement. Enquiries to Email: custserv@iec.ch - Tel.: +41 22 919 02 11



Customer: Hervé Lissek - No. of User(s): 1 - Company: EPFL
Order No.: WS-2008-005318 - IMPORTANT: This file is copyright of IEC, Geneva, Switzerland. All rights reserved.
This file is subject to a licence agreement. Enquiries to Email: custserv@iec.ch - Tel.: +41 22 919 02 11



INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

3, rue de Varembé
P.O. Box 131
CH-1211 Geneva 20
Switzerland

Tel: +41 22919 02 11
Fax: + 41 22 919 03 00
info@iec.ch
www.iec.ch

Customer: Hervé Lissek - No. of User(s): 1 - Company: EPFL
Order No.: WS-2008-005318 - IMPORTANT: This file is copyright of IEC, Geneva, Switzerland. All rights reserved.
This file is subject to a licence agreement. Enquiries to Email: custserv@iec.ch - Tel.: +41 22 919 02 11



	CONTENTS
	FOREWORD
	1 Scope
	2 Normative references
	3 Conditions for measurement
	3.1 General conditions
	3.2 Measuring conditions

	4 Test signals
	4.1 General
	4.2 Sinusoidal signal
	4.3 Broadband noise signal
	4.4 Narrow-band noise signal
	4.5 Impulsive signal

	5 Acoustical environment
	5.1 General
	5.2  Free-field conditions
	5.3 Half-space free-field conditions
	5.4 Diffuse sound field conditions 
	5.5 Simulated free-field conditions
	5.6  Half-space simulated free-field conditions

	6 Unwanted acoustical and electrical noise
	7 Positioning of loudspeaker and measuring microphone
	7.1 Measuring distance under free-field and half-space free-field conditions
	7.2 Positioning of loudspeaker in diffuse field conditions
	7.3 Positioning of loudspeaker and microphone in simulated free-field conditions

	8 Measuring equipment
	9 Accuracy of the acoustical measurement
	10 Mounting of loudspeakers
	10.1 Mounting and acoustic loading of drive units
	10.2 Mounting and acoustic loading of a loudspeaker system

	11 Standard baffle and measuring enclosures
	11.1 Standard baffle
	11.2 Standard measuring enclosures

	12 Preconditioning
	13 Type description
	13.1 General
	13.2 Loudspeaker drive units
	13.3 Loudspeaker system

	14 Marking of terminals and controls
	14.1 General
	14.2 Positive terminal

	15 Reference plane, reference point and reference axis
	15.1 Reference plane – characteristic to be specified
	15.2 Reference point – characteristic to be specified
	15.3 Reference axis – characteristic to be specified

	16 Impedance and derivative characteristics
	16.1 Rated impedance – characteristic to be specified
	16.2 Impedance curve
	16.3 Total Q-factor (Qt)
	16.4 Equivalent air volume of a loudspeaker drive unit compliance (Vas)

	17 Input voltage
	17.1 Rated noise voltage 
	17.2 Short-term maximum input voltage
	17.3 Long-term maximum input voltage
	17.4 Rated sinusoidal voltage

	18 Input electrical power
	18.1 Rated noise power – characteristic to be specified
	18.2 Short-term maximum power – characteristic to be specified
	18.3 Long-term maximum power – characteristic to be specified
	18.4 Rated sinusoidal power – characteristic to be specified

	19 Frequency characteristics
	19.1 Rated frequency range – characteristic to be specified
	19.2 Resonance frequency
	19.3 Tuning frequency of a bass reflex or passive radiator loudspeaker system – characteristic to be specified

	20 Sound pressure under free-field and half-space free-field conditions
	20.1 Sound pressure in a stated frequency band 
	20.2 Sound pressure level in a stated frequency band – characteristic to be specified
	20.3 Characteristic sensitivity in a stated frequency band 
	20.4 Characteristic sensitivity level in a stated frequency band – characteristic to be specified
	20.5 Mean sound pressure in a stated frequency band 
	20.6 Mean sound pressure level in a stated frequency band – characteristic to be specified

	21 Response under free-field and half-space free-field conditions
	21.1 Frequency response
	21.2 Effective frequency range
	21.3 Transfer function

	22 Output power (acoustic power)
	22.1 Acoustic power in a frequency band
	22.2 Mean acoustic power in a frequency band
	22.3 Efficiency in a frequency band
	22.4 Mean efficiency in a frequency band

	23 Directional characteristics
	23.1 Directional response pattern
	23.2 Radiation angle
	23.3 Directivity index
	23.4 Coverage angle or angles

	24 Amplitude non-linearity
	24.1 Total harmonic distortion
	24.2 Harmonic distortion of the nth order (where n = 2 or n = 3)
	24.3 Characteristic harmonic distortion
	24.4 Modulation distortion of the nth order (where n = 2 or n = 3)
	24.5 Characteristic modulation distortion of the nth order (where n = 2 or n = 3)
	24.6 Difference frequency distortion (of the second order only)

	25 Rated ambient conditions
	25.1 Temperature ranges
	25.2 Humidity ranges

	26 Stray magnetic fields
	26.1 Static components
	26.2 Dynamic components

	27 Physical characteristics
	27.1 Dimensions
	27.2 Mass
	27.3 Cable assemblies

	28 Design data
	29 Indication of the characteristics to be specified
	Annex A (informative) Standard measuring enclosure type A
	Annex B (informative) Standard measuring enclosure type B 
	Annex C (informative) Definitions of terms used in Clause 13
	Annex D (informative) Listening tests
	Bibliography
	Figures
	Figure 1 – Impedance curve of loudspeaker 
	Figure 2 – Standard baffle, dimensions
	Figure 3 – Standard baffle with chamfer 
	Figure 4 – Standard baffle with sub-baffle 
	Figure 5 – Standard measuring enclosure type A 
	Figure 6 – Standard measuring enclosure type B 
	Figure 7 – Block diagram of test set-up 
	Figure 8 – Measuring apparatus for stray magnetic field 
	Figure A.1 – An example of standard measuring enclosure type A 
	Figure A.2 – The correction curve for the diffraction effect of  the standard measuring enclosure from free-field to half-space free-field
	Figure A.3 – The correction curve for the diffraction effect of  a standard measuring enclosure from free-field to half-space free-field 
	Figure B.1 – An example of standard measuring enclosure type B 
	Figure B.2 – Construction of scalable measuring enclosure type B 
	Figure B.3 – The correction curve for the diffraction effect of the standard measuring enclosure from free-field to half-space free-field
	Figure B.4 – The correction curve for the diffraction effect of the standard measuring enclosure from free-field to half-space free-field

	Table 1 – Indication of the characteristics to be specified 
	Table B.1 – Dimensions and ratios of scalable enclosure type B

