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FOREWORD

e©
This Pakistan Standard was adopted by Standards De %?ent Centre / Pakistan
Standards and Quality Control Authority (PSQCA), «af the draft p%td by the

Technical Committee for “Recording / Audio, V. @Osystems (ESTC had been
approved and endorsed by the National Stast ommittee for E@o cson 11-11-

2014 \ S
o
This standard is an adoonQ c@gb 6066@ -5- 2007%@& system equipment —

Part 5: Loudspeakers

‘\OON

This daid has been pre and finalized after taking into consideration the views
an gestions put . fo ed by the representative section of technologists,
manufacturers and % |z\1g gencies.

This Stan d is subject to periodical review in order to keep pace with the changing
requirements and latest development in the industry. Any suggestion for improvement
will be recorded and placed before the revising committee in due course.

This Standard covers the technical provisions and it does not purport to include all the
necessary provisions of a contract.
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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.

loudspeaker systems, which comprise one or more loudspeaker drive units provide a baffle, enclosure

NOTE 1 The term “loudspeaker” used in this standard relates to loudspeaker drive units themselves and also to
or horn and such relevant devices as built-in crossover filters, transformers and any ot% sive element.

The purpose of this standard is to give the characteristics t @ ecified and the relevant
methods of measurement for loudspeakers using smusm ecified noise V\mpulswe
signals.

NOTE 2 The methods of measurement given in this s{an(jx\aV\e@chosen fc@S(a?proprlateness to

the characteristics.
NOTE 3 If equivalent results can be obtameg@b other me&ds of G@r‘nent details of the methods
used should be presented with the results ‘ 6&
NOTE 4 The following items are upder co &deratl& 0 Q
— loudspeakers with bml& Q)Ilflers
— measurements uﬁer conditions o than free-fie¥d, half-space free-field and diffuse field;
it

- measurem{?\\

2 Normatlve refer%\fﬁ

The following re ed 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.

signals other tha@%?s\hdal or noise or impulsive signals.

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 6

This standard is to be used in conjunction with IEC 60268-1, IEC 6(@%2 and ISO 3741.

3.2 Measuring conditions \)‘Q Q\l\
3.2.1 General \(\ Q

For convenience in specifying how loudsp rs are Qet up f&:)measurement normal
measuring conditions are defined |n t anda% ob he correct conditions for
measurement, some values (kn ond|tg§ shall be taken from the
manufacturer's specification. Thegs alues seI ? t subject to measurement but
they constitute the basis for(neas ring t er c ar@e stics.

The following values a cond%ck@ e of {§ e, and shall be stated by the manufacturer:

rated |m§ nc \(\\
rated oidal voltage orﬁo@

— rated noise voltage o“&ver;

— rated frequency ;

— reference plargi,

— 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 6

The sinusoidal test signal shall not exceed the rated sinusoidal vol as defined in 17.4) at
any frequency. The voltage across the input terminals of the{ eaker under test shall be
kept constant for all frequencies unless otherwise stated. 0 Q\l\

4.3 Broadband noise signal G\(\

0(0

The crest factor of a noise source s@@%ﬂ betwee an(tS\Q) av0|d clipping of amplifiers.

NOTE This term is explained in IEC 60268-2. 6\

A true r.m.s. voltmeter Wltgda time cons&@pat lqast\gs Iong as the “slow” constant of the
sound level meter, 5( in IKC 60651 *be used to measure the amplitude of

the signal. (\
4.4 Narra@\\ﬁi noise sign %\(\\

NOTE ThIS term is explained in Il‘f &2

For measurement uﬁn rrow-band noise, constant relative bandwidth filters in accordance
with IEC 61260 e 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 s;@ /these conditions
shall be met with a reflecting plane of sufficient size so that the s essure from a point

source mounted in the surface of that plane decreases in the m pecified in 5.2.

5.4 Diffuse sound field conditions Qo QE

NOTE 1 These conditions are normally used for band noise |6\a§u\ement%ﬂy 0

If diffuse sound field conditions are used asur W|th 3,0ctave band limited noise,

as defined and specified in ISO 3746 Iower [MDiting e@ cy shall be determined as
specified in 1ISO 3741, Appendix

NOTE 2 While ISO 3741 pr deta|I ngsunng i ts it should be clearly understood that both
space averaging and tlm glng a wred in aker power determination. This may be achieved
as stated in the standard 0 ternatlv smg co s space and time averaging techniques.

NOTE 3 The kflm n of the measure depends on a number of factors including the room volume, the
room reverb @n

ime, and the degreeg sion
NOTE 4  For measurement *VN Hz, a room volume greater than 200 m® s
desirable.

55 Simulated@ee-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 Ioweste&}ible level as its
presence may obscure low-level signals. 06

Data related to signals which are less than 10 dB above the (Ris&level in the fre ncy band
considered shall be discarded. Q Q

7 Positioning of loudspeaker and meaiucn\g\ml\nﬁhone OO
7.1 Measuring distance under f@@@j and ha%spac&@qad conditions

7.1.1 General

Measurements under e@gl alf- spa —f|eId conditions should ideally be carried
out in the far f|e the lo aker, er to obtain consistent results. However, in
practice, imparfesdions of the eas ing environment room and the effects of background
noise set arg%p limit to the d that can be used. Therefore, the measuring distance
should b@, or an mtegr @

distance of 1 m.

ber of m, and that result should be referred to a standard

7.1.2  Single d(i)\@&it 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.

7.1.3 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 availab the environment
shall be stated. é

It is necessary to ignore all the output of the microphone fr % time of arrival of the first
reflection onwards. Truncation errors are therefore i OQed into the tr function
measurement unless the loudspeaker response to th%mpulswe test s negligible
during this time. If present, such truncation erro \@all ot_exceed 1 & the frequency
range of measurement. 6

8 Measuring equipment 66 ‘ 0\

Measurements in free and half- sp&ce fr

pressure microphone h wn cali . For measurements under diffuse-field

conditions, a pr ure mlcrop shall ed having a directivity index less than 2 dB.
met

Both these ret\ ents shall b r all frequencies in the frequency range of interest.

The ygnaQenerator the am %upplymg the signal to the loudspeaker, and the measuring
equipment at the micro mpllfler shall have an amplitude frequency response known
and constant Wlthm + %B in the relevant frequency range, with negligible amplitude non-
linearity under te |t|ons All measuring instruments shall be of the r.m.s. type, having
a time constant | 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. } the manufacturer

specifies a special type of mounting for the loudspeaker systems, this@ be used for the
measurement; the mounting method used shall be specified with th% S

11 Standard baffle and measuring enclosures Q\)‘Q Q\l‘

11.1 Standard baffle 0

The standard baffle shall be made withﬁ@axe frg@?face t&t‘ is acoustlcally reflective.

The baffle shall have the dimensions 562'5 in Flgur 0\

NOTE The standard baffle should be %f a ma f thickne 9 equate to ensure negligible vibration. The
edge of the radiating eleme uld be bsta aIIy fl with€the front surface of the baffle. This may be
achieved by means of a c s sho, in Figure the use of a thin rigid sub-baffle, with or without
a chamfer, as shown in F| @'

11.2 Sta (@\\»iasurmg encl@(@
11.2.1 General

One of the two ty Qﬂstandard measuring enclosures specified in 11.2.3 (type A) and
11.2.4 (type B)@ | '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 encl diffraction effect at
a measuring distance of 1 m on the reference axis from free-field to half-space free-fi i own in Annex B.

NOTE 2 If a smaller or larger measuring enclosure of type B is required, Quld meet the requirement for
proportional scaling as shown in Annex B, Figure B.2 and Table B.1. th Case, the report s Id state the
outside dimensions and the net volume of the enclosure.

ae standard measu

se »Q{\rgsure as hown
\ s ef L%ful for sut@z@e esting.

Permanent changes may tgke place in &o%spe kenas a result, for example, of motion of
the diaphragm. Therefor loudspeaker sh & preconditioned before measurements by
application of a simuldte pro@e sig iif accordance with IEC 60268-1, at the rated

noise voltage f\orﬁleast 1h.

NOTE 3 A change in scale is allowed. It is recommendedw
in Figure 6 for acoustical measurements. Properly scaled en€los\r

12 Preconditioning

The peri Sf\preconditionin s)%\Qe followed by a recovery period of at least 1 h, during
which the loudspeaker s@i@e isConnected, before proceeding with the measurement.

13 Type descr'@ganQ

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. 66

14.2.2 Marking

The positive terminal shall be marked with a + symbol, 066& xrking, or in a&‘ctated by

the manufacturer.

14.2.3 Method of test \ G\(\ 6 OO

Apply a positive d.c. voltage briefly t @%minal%@ed &l’tive. Examine the change
of sound pressure at a point close @t frontgof the drig@ . Correct marking is confirmed

by an increase of sound pressuré& ;\ O Q

NOTE 1 The increase of ou@pressu Kproduce ositive excursion, i.e., the loudspeaker diaphragm
coming closer to the micropfgne. 6

NOTE 2 Any c{\ method which produces@me result as the method described above can be used.
15 Refegnce plane, refgr\ncbpoint and reference axis

NOTE 1 These are rate@Qﬂti ns 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.
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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 Thisis arated condition in accordance with 3.2.1.

The value of a pure resistance which is to be substituted for the lo @aker when defining
the available electric power of the source shall be specified by th facturer.

The lowest value of the modulus of the impedance in t d frequency rang@lﬁll be not
less than 80 % of the rated impedance. If the |mp§£,gt t any frequenc&g\& e this range

(including d.c.) is less than this value, this shall te ed in Age specmc@

16.2 Impedance curve e@‘ 6@“ O’a,
16.2.1 Characteristics to be S{G&?ﬂ O\ 0\

The impedance curve sh e specijfied, with re tlon of the modulus of the impedance
as a function of frequéﬂ ;\.

16.2.2 Met \j\; measurement

16.2.2.1 awe Ioudspeaker skall brought under normal measuring conditions in accord-
ance with 3.2.2, condltlo , ) and d).
16.2.2.2 A con gtage or current shall be supplied, the former usually being preferred.

The value of vo ge or current chosen for the measurement shall be sufficiently small to
ensure that the Ioudspeaker 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 (Qy)

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

1 f, rg —rl2

Q, =
gt —f\ r2 -1

where

f, is the resonance frequency of the loudspeaker in accordance withs19.2;

ro is the ratio of the maximum magnitude of the impedance, %&ax, at f, to the d.c.

resistance of the loudspeaker, Ry.;

f; and f, are frequencies, located with approximate sym e(r&nout f, so that <f <fy

%) | and Z, = | Z ( re equal

at which the magnitude of impedances Z; = IQ
and have a value r; > Ryc;

ry is the ratio of the magnitude |Z(f;)| {fgz to I\ 6 0
e‘&

It can be shown that when r, :K and |@eplace 1;f f2 , the error in calculation of Q,

due to the asymmetr |mpe ance cury, mlzed (see Note 2). The expression
for Q; may then be si d to,

3 e N
0‘(\\ Q\O\Q Jro (£, —1,)

NOTE 2 Qt, which appea ﬁhe above formulae, has been derived from simple theory in which the voice-
coil inductance, which |s@ use of the asymmetry in the impedance curve, has been ignored.

NOTE 1 See Figure 1.

424‘

!

* ZLZ(f) Zmax. = NoRdc

\/r_o Rdc
|

Py
&

P
f, £ f
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, Qt, 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 th @%f the driver and any
intended application. b

— It shall contain a simple vent-hole that can be filled a flanged plug Qvertmg the
vented or reflex box into a well-sealed enclosurx\ ({i

16.4.2.2 With the vent closed, measur yste \nanceaLequency, fy, as the lowest

frequency above zero, of zero phase mput |mp anceo\

NOTE 1 This can be done by driving thSIoudspe a a serle?s Stance and applying the voltages across the
of an oscilloscope. Zero phase is indicated

resistor and the Ioudspeaker e horizontal a verti
by the elliptic pattern collap& stralgﬁ’

NOTE 2 Seethe no{‘y 16.2.2.2.

16.4.2.3 @g} the vent open ure the first three frequencies of zero phase, above zero,

in an ascending frequenc ‘ca et these be f , f_ and f (The frequency f, occurs near the
point of minimum imp and is the actual encFosure resonance frequency as modified by
the presence of voi il mductance It should be noted but not used.). The true resonance
frequency fgo (\@c would apply in the absence of voice-coil inductance, enabling the
simplified theory to be applied) shall then be calculated from the formula:

foo =  f.2 + fy = fo°

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:

f f

f.=
r0 fBO

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

BML i

AS

|
vV =V “ fo |) u

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

17.1 Rated noise voltage

NOTE Thisis arated 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.

66
17.1.2 Method of measurement 6

17.1.2.1 The following equipment or equivalent shall {egguded in the chain of
measurement: 0

— a pink noise generator; Q Q

— asuitable weighting network to obtain the noi%\gbnal in@cordan%@{g}ic 60268-1;

— a power amplifier with clipping network; @ 6& .

— the loudspeaker under test, mount g! specifie&loud @@’drive units shall be tested
without baffle, unless an enclf.@ speéf(ed by th@ facturer.

NOTE 1 If more than one_Ifudspeaker is tested si
interaction between the lou sp@ s is not@nificant.

aneNYusly, care should be taken to ensure that
*

NOTE 2 Ifa Ioudspgsker is designe@ operate in stricted frequency range and a corresponding network for
|

frequency Iimitatw not an integral part oXthat loudspeaker, an adequate network, which is to be connected
to the Ioudspe@ durfng the test shoul ‘e\;ecified by the manufacturer. This network then forms an integral
part of theQ peaker and the ra.ted@ dance should be related to the input terminals of this network, its
output beingtbaded by the loudsp Nr.

NOTE 3 The order in w ﬁve elements in the chain are connected should be as shown in Figure 7. The
loudspeaker shall be if a room of not less than 8 m® in which the climatic conditions specified in
IEC 60268-1 have be€n) ained.

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 6

17.2.1.1 The maximum voltage which the loudspeaker drive-u Cg System can handle,
without causing permanent damage, for a period of 1 s Wheng signal is a noise signal
68-

simulating normal programme material (in accordance with 1) shall be Wg:'f'ed
17.2.1.2 The test shall be repeated 60 times with rvg of 1 min. 0 Q

17.2.2 Method of measurement e@S G ,ax 6 . (J

The method of measurement for raﬁ%mse \Qltage speu@&n 17._1.2 shall pe usg—:-d except
that the test signal shall be p%od ;9 gated& e of weighted noise signal that

simulates normal program @terl (|n ac ance it C 60268-1).

NOTE The r.m.s. value (&the vol Q3p|IEd t oudspeaker during the on-period may be conveniently

measured by re the gating a measuUting the r.m.s voltage of the continuous noise signal, the
loudspeaker bc&ep ced by a reS|stor e \1 value to the rated impedance of the loudspeaker.

17.2.3 Protectlve deV|c

17.2.3.1 If the lou ir is fitted with a protective device, the short-term maximum input
voltage shall be t the input voltage applied for the specified period of time that causes
the protective device |tself 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. 66

17.3.3.2 If the operation of a protective device causes the | pedance presented by

the loudspeaker to the amplifier to decrease to less than 80 9%0 he rated impedapce at any
frequency, the minimum value of the loudspeaker inp dance shall be by the

manufacturer. G\(\ \ 0((\
e B e

- o’ &
17.4.1 Characteristic to %e sp |f|ed ’\ Q

The voltage of a con IQIS sm@) al si th|n the rated frequency range, which the
loudspeaker can and cont| Iy with any thermal or mechanical damage shall be
specified by tﬁi nufacturer.

17.4 Rated sinusoidal voltage

NOTE Thisis arated condition in accordance v@

NOTE 1 Qs value can vary SV. &tlon of frequency, in which case different values may be given in
specified frequency ranges. (

NOTE 2 These values @ An 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 Thisis arated 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

Us’/R, shall be specified where U, 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, ’IR
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 arated condition in accordance with 3.2.1. 66
The electrical power calculated from the formula: US/R shall b ified, where Ug is the
rated sinusoidal voltage and R is the rated impedance. Q

Qo‘ N

19 Frequency characteristics G\(\

S, O
19.1 Rated frequency range — charact&@i to bé@dfied,aﬂ
NOTE 1 Thisis arated condition in accorda@%[h 3.2.]‘ QO

The range of frequencies a hic‘r$the Im&:\i@s ?%nded to be used shall be specified.

*
NOTE 2 The rated frequ%cpange m& iffer fro
tWeeters o@q

\ X
19.2 Re K}\cefrequency‘ \(\
O \ O

19.2.1 Resonance fre &cy of a loudspeaker drive unit —

characteri%’rQo e specified

The frequency g)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.

ffective frequency range particularly in the case of

loudspeakers used 0% as rs, or o r speech.

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 o@ to driver units
mounted flush with the reflecting surface. 6

20.1.2.2 The following equipment shall be included in the ch*’n@measurement'

— the loudspeaker under test; Q Q
— a pink noise generator; 0
— a band-pass filter having slopes of at 9 E;@mave WhICh cﬂms the bandwidth of

the signal to that over which the Io%@ erist easd
20.1.2.3 A pink noise signal of‘{q state v@e 0] @%bandmdth shall be supplied to the

loudspeaker.
o)

20.1.2.4 The sou d p%essure be meaytred at a stated distance. In those cases where
a filter haV| % andwidth eq \J' the stated frequency band is not available, an
approxim ay be made by g this frequency band into n sets of 1/3 octave bands
in accord e with IEC 6126 /3 octave filters being fed with the pink noise signal. Then
the voltage fed to the | aker under test in each 1/3 octave frequency band shall be

equal to Uy /+/n . 6@ d pressure is given by the formula:

SN
Z pi )|
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 U, is numerically equal to the VR 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

The square root of the arithmetic mean of the squares of the sou@@ressures from all the 1/3
octave frequency bands in a frequency band shall be specifj Q\E

20.5.1 Characteristic to be specified

20.5.2 Method of measurement \(\ Q
Measurements shall be made in accordanga‘ it 20&\ @cept th&he voltage fed to the

loudspeaker under test in each 1/3 oct eque ﬂ equal to Up. The mean
sound pressure in a stated frequean@ sha term y the formula:

\ X oY, Q
r
o' &
NOTE See 20.1.2. ﬂr the formula t&\e in determl g the value of p;.

20.6 Me@g\ound pressure'le\%?ﬁa stated frequency band -
if

characteristic to b@w
Twenty times the | of the ratio of p,,, in accordance with 20.5.2, to the standard
reference sound @ ure (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 66

If the low-frequency absorption characteristic of an anechoic r uses a deviation from

free-field conditions such that accurate measurement of free- ?@esponse down t he lower
1

limit of the effective frequency range in accordance
frequency measurement results shall be corrected as foIIQs

is not possﬁ the low-

21.1.3.1 The loudspeaker under test sha ece!move fem the r Qand replaced by a
calibrated reference loudspeaker Iocate at it nce pyint and reference axis take

the positions previously occupied by ﬂg fthe lo pea 6g9 r test.

loudspeaker under test r the ,&5 cy r here correction is required, and its
calibrated free-field fr cy re e sha d to the lowest frequency of interest.

The reference loudspeaker ihallﬁave su&tglally th?%e directional characteristics as the

NOTE 1 It is kgary to determln Xfrequency response of the reference loudspeaker accurately.
For referen peakers with I|m|ted quency response (main resonance above 150 Hz), measurements
in a very e anechoic room ( ple 8 m > 10 m > 12 m) can be sufficiently accurate. For
loudspeakers with extended lo ncy response, measurements on a tower (typically 10 m or more above
ground level) in the open a a% come necessary.

NOTE 2 For meatle n of the low-frequency response of a multi-unit loudspeaker system, the reference
point is ideally the r nce 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 unaff%% by non-linearity.

The sound pressure amplitude level is normally expressed as tthlealent sound pressure
level. In presenting the phase as a function of frequency, gg se\shift related to Nppagatlon
delay between loudspeaker and microphone shall be rem@

21.3.2 Method of measurement O\(\ OO((\

21.3.2.1 The loudspeaker shall be bro@@hnderg@nal n{i rMng conditions in a simu-

lated free-field environment.
i Vi 66 ‘ 60\

21.3.2.2 An impulsive teiI S|gnal wnﬁ\a spectral\Pandwidth at least as great as the
frequency range of intg\ all bé\pplled to udspeaker.

NOTE To achigyve séadequate sig Ito nagise ratio the test signal may be repeated, allowing sufficient time
between repeti X the sound press&g{ﬁyel due to reverberation to decrease to a negligible value, and
the results ed In order to mi he measurement time required, spectral shaping (pre-emphasis)
may be ap to the test signal and{o mentary correction (de-emphasis) to the measured sound pressure.

21.3.2.3 The sountg% re shall be measured under the conditions of 21.3.2.1 and 21.3.2.2,
and the results d 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 signhal 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 afrequency 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 ¢ itions in a free-
field, a half-space free-field or a diffuse field environment. Depen neo the environment
chosen, the measurement shall be carried out by one of the r@ ds given in 22.1.2.2

and 22.1.2.3. Q
\}

22.1.2.1.2 The results shall be presented graphically as@functlon of freq &yQ

22.1.2.2 Measurement of acoustic power §n(g’r free\{e%

or half-space free-field cond

22.1.2.2.1 The square of the r. m nd pr sure sh eraged over a large sphere in
the case of free-field condmons ov e he re in accordance with 1ISO 3744 or

ISO 3745, in the case of hglf- space fre eId COo, s, at a large number of points evenly
distributed around theiy(@ und easure

22.1.2.2.2 Eﬁsystem has a symmetry of revolution, measurements in a plane
a (glbe

containin Qs IS may be ¢ ed sufficient, provided that the measurements are
suitably ed in the avera&n%rocess

22.1.2.2.3 The aco@}\)wer under free-field conditions shall be determined by the formula:

G

Pa(f)= 4 > p2(f)=0031r2p2(f)
PoC
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:

2nr 2
PoC

P.(f)= p?(f)=0,016r2p2(f)

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:

Pall)= 107

where:

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

\Y, is the reverberation room volume, in m®;

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 h@\egloudspeaker and
the microphone chains. O

NOTE 2 An alternative method for measuring the sound power of IWe@rs, using a soundmver

source, is described in ISO 3743-1 and in ISO 3743-2.

22.2 Mean acoustic power in a frequency bare\(\ e 00((\
22.2.1 Characteristic to be specified e@ ’a.

The arithmetic mean of the acousti er in_afl 1/3 oct%@&uency bands in the frequency
band considered shall be specifieﬁ. ;\ O Q

.

22.2.2 Method of m%lsoﬁmeno\
22.2.2.1 The\T%urement sr&tiz\‘?de in accordance with 22.1.2.

22.2.2.2 gne mean acoustic\o& shall be calculated as the arithmetic mean of the acoustic
power measured individ‘q&for all the 1/3 octave frequency bands included in the frequency

range considered. OQ

22.3 Efficiency% 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 b n the measuring
axis and the reference axis, and of frequency of the radiated so asured under free-
field conditions in a specified plane shall be specified. The m &ams shall be the line
joining the microphone to the reference point. 6 \l\

23.1.2.1 The loudspeaker shall be brought u&d&)nor \n@asurmg @ans in a free-field
environment.

23.1.2 Method of measurement Q

23.1.2.2 The measuring microphog aII b posmone @g’specmc plane, containing the
reference axis, at a specified dislﬂn fr efere
al ‘shall be used. It shall be applied to

23.1.2.3 Either a sin, c@& or a nd nois
the loudspeaker. The% ol aII sted for each frequency or band so that the
sound pressure aq specified pRiht o he ré¥erence axis is kept constant.

23.1.2.4 \af the following v&\may be chosen for displaying the directional response
pattern:

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

NOTE 1 Prefer Iy 1/3 octave or one octave, over the rated frequency range. However for at least the
following frequencies: 500 Hz, 1000 Hz, 2000 Hz, 4000 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 e@irical symmetry,
the value shall be given in two perpendicular planes. 06

NOTE The radiation angle may be plotted as a graph with frequency a bs@sa and the anglesv\the

ordinate, symmetrical with respect to 0°. Q Q
23.3 Directivity index \ 6 0((\

The ratio of the following two sougd sure Iues ex Qg’m dB, shall be specified:

— the sound pressure mea\ured at a cho n point on e reference axis;
— the sound press | sour, dlatlng the same acoustic power as the
loudspeaker uqd est w produce the same measuring position under free-field

condltlorz\\ g\(\\

23.3.2 Method of measur(n\nt

23.3.1 Characteristic to be specified e@

The directivity mde@@l be determined in accordance with either 23.3.2.1 or 23.3.2.2.

23.3.2.1

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 determmed from the formula

D =Ly —L, +1 ‘ g \ +25dB
Ig o BV
\ 0/

where:

L., is the sound pressure level under free-field conditions, measured on the reference
axis and referred to a distance of 1 m;

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

p
T is the reverberation time of the reverberation room, in s;
T, Iis areference reverberation time of 1 s;
\Y is the reverberation room volume, in m®; 66
V, s areference volume of 1 m® 6

25 is an approximate value related to constant factors in{h@l system of units

23.3.2.2 Q ((\Q
a) The squares of the sound pressure takSn Qﬂbm § @ar curfe Qn accordance with

23.1.2.4 a) shall be integrated over re, t a me@yalue Sy, by using one of
the methods given in 22.1.2.2 and %
Sévmlned So

b) The square of the sound pres‘ur@on e@& sha

c) The directivity index D 0wall be specifi @QU (S the logarithm of the ratio of s, to s,
23.4 Coveragqule or ang@o

23.4.1 %(\\terlstlc to be sp@m’%

The angle between th Xlrectlons on either side of the main lobe of the directional
response pattern, at e sound pressure level is 6 dB less than that at the direction of
maximum level, s 0 s ecmed

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 }
Di =101g arcsin {Sin(A/Z)Si”(B/Z)H|

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. %haracteristics to be
specified and the methods of measurement of various types of amplitude non-Iinearit% igh can be of importance

for loudspeakers, are prescribed in subclauses 24.1 to 24.6. O
24.1.1 Characteristic to be specified \(\ Q Q

24.1 Total harmonic distortion

The total harmonic distortion shall be specif@{excﬁres%\”\ir%rms ofGlaI sound pressure p,.

fb"

24.1.2 Method of measurement f@%put v(tage?u%@@’rated sinusoidal voltage
24.1.2.1 The loudspeaker, shall’ be b&qut u eQree—field conditions for loudspeaker
systems and in half- p? free-figld conditi or loudspeaker drive units. A series of
sinusoidal input voltagis ith i @ ng fr, cies up to 5000 Hz, shall be supplied to the
loudspeaker. The\input voltag chgsen shall not exceed the rated sinusoidal voltage in
accordance M 1J.4. The range quencies shall be covered by means of gliding tones,
because é-by—step methqQd use important information to be missed.

24.1.2.2 A measurin &)phone shall be situated 1 m from the reference point, unless
otherwise specified.O

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:

_ \/p2f2 + p3f2 K+ pnf2

in %: d,
Pt

>< 100 %

. d
in dB: L, =20lg- &
dt 9100
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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 06

24.1.3.1 The loudspeaker shall be brought under free—giQonnditions for dspeaker

systems and in half-space free-field conditions for lou er drive units. A? of tone

burst input voltages with increasing frequencies Il b&"supplied to thew eaker. Each
tone burst shall be long enough for the steady- respopse to be aq d. Its amplitude
tage in accordance

shall be chosen to be not larger than the%@Qrt rmé%xi m ianGI

with 17.2. o
63 S 0\()@
NOTE The frequencies should be prod(e@j a stepd%tep metho%

24.1.3.2 A measuring mbrﬁphone shall%e situated, a1 m distance from the reference point,
ie

unless otherwise specf{ 0\

24.1.3.3 A sampWng-processing m shall be used to sample the tone burst response
ne. The sampling frequency shall be high enough to

received a(t\ measuring mic

enable th&-highest harmonic ('J%in est. To eliminate zero-crossing errors, either the sampling
instants shall be coincid ith the zero-crossings of the tone burst signal, or the microphone
signals shall be wind (a Hanning window is usually suitable). The system shall calculate
the spectrum frogﬂ@s ata of one or more cycles in order to obtain total sound pressure
including fundamewtal 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 (wheren=2o0rn=23)

24.2.1 Characteristic to be specified

The harmonic distortion of the n™ order shall be specified, expressed in terms of total sound
pressure p;.
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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 refe@ce point, unless
otherwise specified. 66

24.2.2.3 A selective voltmeter, such as a wave analyser, prg@ if necessary, by a high-
pass filter that suppresses the fundamental, shall be conneg he measuring phone.

24.2.2.4 The sound pressure of the separate ha@ﬁ\cs?n hall be me@&g}

24.2.2.5 The total sound pressure, inclugy e fu @nta (ahall be measured by a wide
band meter connected to the mmrop&o@ 6

24.2.2.6 The harmonic distortion of the d or erQl% be determined by the formula:
in %: * ‘\ d2 2 >< 100 %
o® d
in dB: Q L =201g| |
d2 g 100
The harmonic dis @mhe third order shall be determined by the formula:

P3f

> 100 %

pt ! \|

in dB : Lys =201g

in %: dg =

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 (wheren=2orn = 666
24.4.1 Characteristic to be specified Q

sum of the r.m.s. values of the sound pressures tortion comp at frequencies

The modulation distortion of the n™ order shall be sp%fled as the rat% arlthmetlc
f, = (n-1) f;, to the r.m.s. value of the sound ;{e 1\ to the @

f; and f, are the frequencies of t efput ygn%!; e |o of the amplitudes shall
be specified with f; being lower | ncyérﬁn f5. 6\

24.4.2 Method of mea&@%ent

24.42.1 The Iou spe er sh Qbrough der free-field or half-space free-field conditions.
Two sources soidal signals |t} n amplitude ratio of 4:1 and with frequencies f; and f,
(fp <f, /8 be connected to ut of an amplifier, and the output signal, being a linear
superposiign of f; and f,, cowe to the loudspeaker.

NOTE The method ﬁsurement for the two signals to the amplifier should be applied in
accordance with IEC @

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 %: d, P(f2 fl)p P(f2+11) < 100 %
f2

. d \
dB: L =20|J *2}
" o ’ 1005‘
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The modulation distortion of the third order shall be determined by the formula:

P(f2-2f1) ¥ P(f2+211)
Pt 2

. d \
dB: Lyz =201
n d3 g‘ 10ﬁ|

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.

in %: dy = >< 100 %

24.5 Characteristic modulation distortion of the n" order (where %-@or n=23)
24.5.1 Characteristic to be specified \ Q

The modulation distortion of the n" order shall be speci@)expressed in term@lme sound

pressure in a stated frequency band, excluding fre ncy 0

.

24.5.2 Method of measurement \ ra& e

The measurement shall be madeg cco nce With 2{3&1 except that the total sound
pressure ps, shall be replaced t soun essurbﬁbﬁ\ ted frequency band, excluding

frequency f; in accordance {Ith

24.6 Difference f eqt&ncy dlwon (of econd order only)

24.6.1 Cha@ erigtic to be specﬂ?&»

The ratlo sound pressur r\dl d by the loudspeaker under test at frequency (f, — f;), and
the total sound pres dlated by the loudspeaker shall be specified. The frequencies f;
and f, are two smu Q 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
f2, 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=_"% S 100%
P +P
i

in dB: L,=201 —I)
d 9 o0

where P; is the sound pressure at frequency f;

24.6.2.5 The results of the measurement shall be presented graphically, as a function of
a measuring voltage and frequency: e
f, +1, O

The conditions of measurement (free-field or h spa?e free-field) Q(\)e stated with

the results.
\ \
25 Rated ambient conditions 666 6@ Oa‘
(@7 o 2
25.1 Temperature ranges Q
25.1.1 Performance F@Qd ta@\ature@@characteristic to be specified

The tempera l)x nge over whlch\@ varlatlon of the characteristics of the loudspeaker will
not exce ‘é pecified toIeranc@ all be specified.

25.1.2 Damage limited %erature range — characteristic to be specified

The range of eny, taI temperature during operation or storage shall be specified that, if
exceeded, may re It 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.
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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:

HoZ2

Mo
where 66

Lo (= 4n >< 107 H/m) is the magnetic permeability of vacuum/air; 06

26.1.2.1 The static magnetic flux shall be eS;’ured \N@a Hall pother suitable type)
probe flux meter. A non-magnetic holdza ood plastic) shall be fitted on
to the probe to control the measuriéq:a nce fro the I& aker under test, as shown

B is the magnetic flux density, in T.

26.1.2 Method of measurement

in Figure 8.

26.1.2.2 Before starting ‘&meas ement, th ru?ent shall be set to zero in accordance
with the manufacture truc orde move the influence of the Earth's magnetic
field. To do this, Hall probe{\t ure sho Figure 8 shall be oriented and fixed to null the
indication d %e Earth's ma fleld Care shall be taken to exclude any magnetic
material f e measuring area% h exhibit a low and uniform ambient magnetic field.

Hall probe holder t the highest measured value. Measurement may also be made by
changing the p d orientation of the Hall probe instead of changing that of the
loudspeaker. If t posmonmg of the Hall probe is used, the measuring space shall not exhibit
any external magnetlc influence that exceeds one tenth of the magnetic field strength to be
measured.

26.1.2.3 When the H% &)e is fixed, the loudspeaker under test shall be moved about the

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.



PS: IEC 60268-5/2014

— 37 -

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. 6
26.2.2.4 For an alternating component, before starting the me ment the Hall probe
(or search coil) fixture shall be oriented so that no external i e can reach one tenth of

the alternating component to be measured, within the meas% f guency band.

NOTE Care should be taken to remove any electrom tic fluence from t (&}ﬁsuring area that
can compromise the required measuring accuracy. O

26.2.2.5 When the magnetic probe |§eperly oneﬁ)e%the peaker under test shall be
eas

applied against the magnetic prob er mﬁtn possi |t|on and orientation, until the

highest measured value is foun can be made by changing the position
and orientation of the Ha obe instead chan t of the loudspeaker. In this case, the
measuring area shall |b|t external net|c influence that exceeds one tenth of
the magnetic field stre th to sureds

26.2.2.6 éi? ighest measure ’%’es of the static component and of the alternating
compone he magnetic flé@ ngth expressed in A/m, shall be recorded as the results.

NOTE The report should % the position and orientation of the maximum values with respect to the reference
plane and the referené’ he 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.



PS: IEC 60268-5/2014

— 38 -

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;

S
‘56

29 Indication of the characteristics to be specified Q\)‘ Q\l*

— maximum excursion Xp-p;

Data that shall be given by the manufacturer a@ﬁlc N Table n “X”. Data that
the manufacturer is recommended to give apa dlcated@ th Ietter

A = data that shall be labelled on th%&hspe er (or oné ing plate)

= data that shall be s&e@fled in a dXWVngle to the user before purchase of

the loudspeaker; 5\

Values given b{ﬂ manufacturer |d be stated as “rated...”.
o™ & \O
O
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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 Pas X X
16 Impedance and derivative characteristics @ D
16.1 Rated impedance ‘5 X X X
16.2 Impedance curve O X X
16.3 Total Q-factor (Qy) \ Q R
16.4 Equivalent air volume of a loudspeaker drive unit complian ) R N\
17 Input voltage ﬁ\l Q
17.1 Rated noise voltage <(\< X
17.2 Short-term maximum input voltage \ G \ e <:)0 R R
17.3 Long-term maximum input voltage X X
17.4 Rated sinusoidal voltage e@ 6@ O@“ X X
18 Input electrical power 6 Q
18.1 Rated noise power X X
18.2 Short-term maximum pgwer R R
18.3 Long-term maxi un@ r \ N X X
18.4 Rated sinusoidar&ower 0 X X
19 Frequency ﬂracteristics
19.1 Rat ncy range X X
19.2 nce frequency % R
19.3 mg frequency of a bas or passive radiator loudspeaker system R
20 Sound pressure und field and half-space free-field conditions
20.6 Mean sound p e*evel in a stated frequency band X X
21 Response u e |eld and half-space free-field conditions
21.1 Frequency¥ésponse 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 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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(;X\ . O
K O\ ‘ \ ’\ 0 Q IEC 1264/03
0 Dimensions are in millimetres

* Figuggi&c'andard baffle, dimensions
" o o)

O
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Figure 4 — Standard baffle with sub-baffle
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(Net volume is about 450 I)
Dimensions are in millimetres

Figure 6 — Standard measuring enclosure type B
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Figure 7 —Block diagram of test set-up 66

Loudspeaker under test

Hall effect probe Q
o

Flux meter

IEC 1270/03

Dimensions are in millimetres

6@98 — 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.
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Q\3 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)

A W N

Front reinforcements
5 Brace reinforcements
6 Corner reinforcements
7 Rear reinforcements

8 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
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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 >< 8,15 m)
board.

10

dB 0 ==

e©

-10

10 100 1 ooQ\)’ 10 000 Q\l\

FrequencC\Q}\ \ 6 'ECG@‘

Figure A.2 - The corre?a curve f&the %\o @bn effect of

the standard measurin surﬁ m free- half-space free-field
(average of results, udspé'\k dlamg ~ 30 cm, 38 cm, 46 cm)
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(\\ﬂ
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E\d
\
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NV 2o

GD . I
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-10

10 100 1 000 10 000

Frequency Hz
q y IEC 1273/03

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.

IEC 1274/03

Components

[EnY

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

Front reinforcements

A W N

Brace reinforcements

5 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.

IEC 1275/03

U S
QO

"

Table @imensions and ratios of scalable enclosure type B

EI’IC|OS$J:F',€ 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 Dle NA
Depth 2 internal D2i 1,596%
external D2e NA
Radius R 100 mm
> 24 mm (V. = 100)
Panel thickness
> 18 mm (V,.? < 100)
Side panel bracing 1x 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 > 8,15 m)
board.

10
5
dB 0
= l:' 66
_5 R
<
-10 D

\e
10 100 1 0@ 10 OOO((\ Q
Frequer@m e Q/OS
,& @

Figure B.3 — The correction cun@% the d¢ffraction e@%of the standard measuring
enclosure from free-field to@ e-fiel age of results, loudspeaker
diameter = 0 cm, 38 ci{/ 46 cm)

DY :
J A\ o0
(\\ o ol

‘\ Y
< o«
5 0
N \
)| 7
o i \ A
G@O "\\ AN
i
S
-5
-10
10 100 1 000 10 000

Frequency Hz
IEC 1277/03

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

cC.11
electrodynamic (moving-coil) loudspeaker @(D
loudspeaker, the diaphragm of which is driven by a mechanical forc&@ ccurs when current

flows through an electric conductor placed in a magnetic field Q

C.1.2 \)
electrostatic (condenser) loudspeaker Q
loudspeaker, the diaphragm of which is driven by@Xé!

ectrogtatic force 0((\
NI

C.1.3 S S o

piezoelectric (crystal) loudspeak 6 95)

loudspeaker, the diaphragm of w@(:ﬁ‘s d;{/@&/ a for @ zoelectric effect

.

loudspeaker, thesdjaphragm of Whichs driven by a magnetic force applied to a movable part

ofaferromaeﬂ tic Substance \<\
'\ g

*\
c.2.1 (’,OQ

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

\\
C.1.4
electromagnetic{nos\ngro @’}spea

C.2 Type

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.3.4
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 élso for directivity

adjustment e

cs 0°

column (line) loudspeaker system \ Q
Qe

loudspeaker system in which multiple loudspeakers are din line Q\l\

A\ N\

coaxial loudspeaker system \ G \ e CJO
c@&kers @&axia&@mnged

oudspeaker system in which multiple Io%
S O\
< o’ ch

X
(O o N
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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.

¢) Check the sound level, tone quality, noise, and presence of other Qeg@t%

NOTE 1 The programme signal is a speech or music signal of normal spectral@t@utlon

NOTE 2 This test is conducted mainly during the manufacturing proﬁ%ﬁ reporting of the resu@&t required.

This test checks for rub and buzg?%tenmg t%asce&,%t the loudspeaker works

normally when applying the ratedf dal age tot speaker terminals.

D.2 Listening test for mechanical nmsi(ﬁt\ﬂ\es

L3

a) Mount the loudspeak q:&@ specmed m%?laus

b) Check the sound aker plying the rated sinusoidal voltage to the
Ioudspeaker anging the quency oldthe sinusoidal signal, within the rated frequency

range. iﬁ urlng voltage rq&e set freely by the manufacturer if necessary.
in p

c) Theli g position sho osition where any abnormal sound is easily heard, at a
distance of more than m the reference point of the loudspeaker, unless otherwise
stated.

d) Check the s n@&/el, 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.
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