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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SOUND SYSTEM EQUIPMENT -

Part 5: Loudspeakers

FOREWORD

1) 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.

2) 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.

3) 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.

4) 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.

5) 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.

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

7) 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.

8) 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.

9) 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.

This consolidated version of the official IEC Standard and its amendment has
been prepared for user convenience.

IEC 60268-5 edition 3.1 contains the third edition (2003) [documents 100/648/FDIS
and 100/674/RVD] and its amendment 1 (2007) [documents 100/1189/CDV and
100/1245/

A vertical line in the margin shows where the base publication has been
modified by amendment 1.
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International Standard |IEC 60268-5 has been prepared by IEC technical committee 100:
Audio, video and multimedia systems and equipment.

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

e amended.
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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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