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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SOUND SYSTEM EQUIPMENT -
ELECTROACOUSTICAL TRANSDUCERS -
MEASUREMENT OF LARGE SIGNAL PARAMETERS

FOREWORD

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

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

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

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

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies;

All users should ensurethat they have thedatest/ edition) of thispublication:

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

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

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

International Standard IEC 62458 has been prepared by IEC technical committee 100: Audio,
video and multimedia systems and equipment.

This first edition cancels and replaces IEC/PAS 62458 published in 2006. It constitutes a
technical revision. The main changes are listed below:

descriptions of the methods of measurement are adjusted to the state of the technology;
addition of Clauses 4 to 15;

integration of Annex A in the main body of the standard;

overall textual review.
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The text of this standard is based on the following documents:

FDIS Report on voting
100/1624/FDIS 100/1647/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

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

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

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
+ amended.

IMPORTANT - The “colour inside” logo ontheicover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this publication using a colour printer.
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INTRODUCTION

Electro-mechanical-acoustical transducers such as loudspeaker drive units, loudspeaker
systems, headphones, micro-speakers, shakers, and other actuators behave in a nonlinear
manner at higher amplitudes. This limits the acoustical output and generates nonlinear signal
distortion. Linear models fail in describing the large signal behaviour of such transducers and
extended models have been developed which consider dominant nonlinearities in the motor
and suspension. The free parameters of the large signal model have to be measured on the
particular transducer by using static or dynamic methods. The large signal parameters show
the physical cause of the signal distortion directly and are very important for the objective
assessment of sound quality and failure diagnostics in development and manufacturing.
Furthermore, the model and parameters identified for a particular transducer are the basis for
predicting the maximum output and signal distortion for any input signal. The close
relationship between causes and symptoms simplifies the interpretation of the harmonic and
intermodulation distortion measured according to IEC 60268-5. Large signal parameters are
valuable input data for the synthesis of loudspeaker systems and the development of
electrical control systems dedicated to loudspeakers.
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SOUND SYSTEM EQUIPMENT -
ELECTROACOUSTICAL TRANSDUCERS -
MEASUREMENT OF LARGE SIGNAL PARAMETERS

1 Scope

This International Standard applies to transducers such as loudspeaker drive units,
loudspeaker systems, headphones, micro-speakers, shakers and other actuators using either
an electro-dynamical or electro-magnetic motor coupled with a mechanical suspension. The
large signal behaviour of the transducer is modelled by a lumped parameter model
considering dominant nonlinearities such as force factor, stiffness and inductance as shown in
Figure 1. The standard defines the basic terms and parameters of the model, the methods of
measurements and the way the results should be reported.

2 Normative references

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

IEC 60268-1, Sound system equipment = Rart'1/ General

IEC 60268-5:2003, Sound system equipment — Part 5: Loudspeakers
Amendment 1 (2007)

3 Terms and definitions
For the purposes of this document, the following terms and definjtions apply.

3.1
electro-mechanical equivalent circuit
electrical circuit of an electro-dynamical transducer, as shown in Figure 1

. La(x, i3)
3
Re(Tv) Le(x, i) Mms Rms

i2

Ro(x, i2)

@ l u Bl(x) v Bl(x): Bl(x) i Zioad

S

IEC 2511/09

NOTE 1 This Figure shows an example of a lumped parameter model of an electro-dynamical transducer
considering the dominant nonlinearities.

NOTE 2 Other equivalent circuits can be applied. Contrary to the results of linear modelling some parameters of
the lumped elements are not constant but depend on instantaneous state variables (such as displacement x,
velocity v, current i).

Figure 1 — Electro-dynamical transducer
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3.2

input current and voltage

i, u

electrical state variables at the terminals of the transducer

3.3 displacement
X
deflection of the voice coil from the rest position

3.4

velocity

v

time derivative of displacement x

3.5

d.c. resistance

Re

electrical impedance Z (s) at very low frequencies where the effect of the back EMF can be
neglected

NOTE 1 Electrical impedance can be used for measuring the d.c. resistance R, of the voice coil. The d.c.
resistance R, depends on the mean voice coil temperature Ty,

3.6

nonlinear inductance and losses

nonlinear elements to model the effect of the 'magnetic/a.c. field, the losses in the magnetic
material, and the losses caused by eddy currents where the equivalent circuit in Figure 1 uses
the LR-2 model comprising/the inductance-L\(x; i), {thelinductance L,(x, i;) and additional
resistance Ry(x, i3)

3.7

nonlinear force factor

Bl(x)

dependency of instantaneous force factor Bi(x) on voice coil displacement x defined by the
integral of magnetic flux density B versus the voice-coil conductor of length /

NOTE 1 The product of force factor Bl(x) and velocity v is the back EMF generated on the electrical side in an
equivalent circuit as shown in Figure 1. The product of force factor Bl(x) and input current i gives the electro-
dynamical driving force of the mechanical system.

3.8

reluctance force

Fm

additional electro-magnetic driving force caused by the displacement varying inductances
L.(x, i) and Ly(x, ip)

3.9
stiffness, K,5(x), of the suspension
ratio between the instantaneous restoring force F(x) and the displacement x as given by

NOTE 1 The nonlinear compliance Cp,4(x) = 1/K g () is the reciprocal quantity of the mechanical stiffness.
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3.10

mechanical mass

Mms

total moving mass including the mass of the moving assembly and the reactive part of the air
load on both sides of the diaphragm

3.11

mechanical resistance

Rms . . . . .
non-electrical losses of the driver, due to suspension, turbulences and radiation

3.12

mechanical impedance

Zioad

mechanical impedance which may represent any additional load caused by mechanical
elements (cone, panel) or acoustical elements (such as a vented enclosure or horn)

4 Test signals

4.1 General

The measurement of the large signal parameters requires an electrical, mechanical or
acoustical stimulus. Depending on the ‘method used for/the .measurement of the large signal
parameters different kind of test signals are 'used as stimulus for the excitation of the
transducer. Since the loudspeaker behaves as a time-varying system the stimulus may cause
a permanent or temporary change of the loudspeaker properties. Thus, the properties of the
stimulus (spectral bandwidth, crest factor, proability density function) shall be statet. The
same stimulus should be used\if thernumetrical values of the results should be compared from
two measurements.

4.2 Large d.c. signal

A constant d.c. voltage :or-d.c current,of defined; magnitude and sufficient duration is supplied
to the electrical terminals to measure the steady-state response of the transducer. If the
transducer is mounted in a sealed enclosure a difference between the static air pressures
inside and outside the enclosure may be used as d.c. stimulus.

4.3 Large d.c. signal and small a.c. signal

A constant d.c. signal of defined magnitude and sufficient duration (see 4.2) superimposed
with a small a.c. signal is used as stimulus. The a.c. signal (such as noise, sinusoidal sweep,
impulsive test signals) should have sufficient bandwidth to identify all parameters of the
loudspeaker model.

4.4 Broadband noise signal
One of the noise signals defined in IEC 60268-1 or any other noise having sufficient

bandwidth and amplitude may be used as stimulus. The crest factor of the noise should be
less than 4 to reduce clipping in the amplifier.

4.5 Music
Ordinary music, speech of sufficient bandwidth and amplitude may be used as a stimulus.

NOTE The dynamic methods need a stimulus which provides persistent excitation of the loudspeaker to identify
the parameters correctly. The stimulus should have enough spectral components at least one octave below
resonance frequency fg and one decade above fs.
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5 Mounting condition

5.1 Drive units

The driver unit may be mounted

a) in free air without a baffle or enclosure,

b) in a standard baffle according to 11.1 of IEC 60268-5,

c) in half-space free field according to 5.2 of IEC 60268-5,

d) in the standard measuring enclosure (type A or type B) according to 11.2 of

IEC 60268-5, or another, specified enclosure,
e) in vacuum,

f) other configuration defined in the presentation of the results.

The acoustic loading depends upon the mounting arrangement, which shall be clearly
described in the presentation of the results.

During the measurement the transducer should be firmly clamped to suppress additional
mechanical resonances close to the resonance frequency fs. A vertical position of the
transducer (cone displacement in horizontal direction) is recommended to avoid any bias due
the weight of the moving assembly.

Drive units for horn loaded loudspeakers, headphones, micro-speakers and microphones
should preferably be measured in a'vacoum' to réduce the acoustic load, suppress additional
acoustic resonances, and to avoid nonlinear-damping“due to turbulent air flow.

5.2 Loudspeaker systems

Loudspeaker systems are measured under conditions which correspond with the intended use.

6 Climatic conditions

The measurements should be made at an ambient temperature 15°C to 35°C, preferably at
20°C, relative humidity 25 % to 75 %, air pressure 86 kPa to 106 kPa as specified in
IEC 60268-1 to avoid any influence of temperature and humidity that may affect the properties
of the drive unit suspensions.

7 Acoustical environment

The measurement room shall be large enough that the influence of the acoustical environment
on the mechanical vibration of the transducer is negligible.

If the measurement of the large signal parameters is based on sound pressure output it is
recommended to place the measuring microphone in the near field of the transducer. It is
recommended to use a method that measures electrical or mechanical signals only, which is
thus immune to unwanted acoustic noise.

8 Preconditioning

The loudspeaker should be preconditioned according to Clause 12 of IEC 60268-5. A
temporary voice coil offset caused by storing the transducer for some time in the horizontal
position can be removed by operating the transducer for at least 5 min in the vertical position
before performing the regular measurement.
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9 Time-varying properties of the loudspeaker

The stimulus provided to the electrical input of the loudspeaker may cause a heating of the
voice coil and may also change the properties of the suspension during measurement. Thus,
the electrical resistance of the coil should be measured during measurement and considered
in the calculation of the loudspeaker parameters (e.g. electrical loss factor Qgs).

10 Methods of measurement

10.1 General

The following methods may be used for the measurement of the large signal parameters. The
method used should be stated together with the results.

10.2 Static or quasi-static method
10.2.1 General

This technique determines the non-linear parameters of the transducer by using a d.c. signal
with magnitude u; (usually voltage) as stimulus. After reaching steady state relevant state
variables (d.c. displacement x;, d.c. force F;) are measured and the parameter value (such as
K(x;) = Fi/x;) is calculated. After changing the magnitude of the d.c. signal the measurement is
repeated at further working ;points'x,; with[i's01,[%.[, [INptol measure the non-linear parameters
within the working range —xpeak < X; < xpeak With sufficient resolution.

Due to the visco-elastic behaviour‘of ‘the"suspension 'material, the settling time required to
reach steady state may exceed several seconds and a static method is very time consuming.
In a quasi-static method thel state-variables larel measured befare 'steady state is reached and
the settling time used should be stated.

Creep and other visco-elastic properties-of<the“suspension cause significant discrepancies
between the stiffness|[K(x) measured statically 'by/tusing“a‘d.ci>signal and’the stiffness Kpg(x)
measured dynamically by Using an:hroadband noise signal-

The d.c. signal of the static and quasi-static methods cannot be used for the measurement of
the nonlinear voice coil inductance Lg(x, i). Figure 2 shows a setup for static and quasi-static
measurement of large signal parameters.
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Figure 2 —Static and quasi-static measurement setup

10.2.2 Procedure

Proceed as follows.

According to the limits of working range —xpeak < X; < xpeak investigated and the resolution
required, the number of measurements“NCis determined, a starting voltage ugiart is
selected and thelincrementalvoltage ugigp is [defined.

The first working point'i ="1"is initialized.
The transducer is excited by a d.c. signal voltage u; = ustart + 1 Xustep-

At the working point, i, the displacement, x;, and other relevant state variables (such as
force F;) are measured after the transducer has reached steady state or a defined settling
time T has passed.

The nonlinear parameter (for example, K(x;) = F;/x;) is calculated.

The next working point i =i+ 1 is selected and previous steps 1 to 5 are repeated until
i>N.

The parameter values are interpolated between the working points x; with i =1, ..., N or
the coefficients of the power series expansion (such as Equation (3)) are calculated.

10.3 Point-by-point dynamic method

10.3.1 General

This technique determines the non-linear parameters of the transducer with a d.c. signal, u;
(such as d.c. voltage or a constant air pressure), superimposed with a small a.c. signal, ug,
as stimulus. After reaching the steady state, the relevant state variables (d.c. displacement x;
and the amplitudes of the a.c. force F5. and a.c. displacement x,.) are measured and the
parameter value (such as the incremental stiffness Kinc(x;) = Fac/xac) is calculated. After
changing the magnitude of the d.c. part of the stimulus the measurement is repeated at
further working points x; with i =1, ..., N, to measure the non-linear parameters within the
working range —xpeak < X; < Xpeak With sufficient resolution.
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The amplitude uy. of the a.c. stimulus is sufficiently small to ensure that the transducer
behaves linearly (K(x; + x5c) = constant, Bl(x; + x5c) = constant and Lg(x; + x5c) = constant)
and a linear loudspeaker model can be applied.

Whereas some small signal parameters (force factor Bi(x;) and inductance L (x;)) are identical
to the large signal parameters measured by other methods, this technique provides the
incremental stiffness, Kjnc(x;), which can only be transformed into the regular stiffness by
integration

K(s) = Kip ek 2)

Due to the visco-elastic behaviour of the suspension material, there are significant differences
between the stiffness K(x) measured by the point-by-point method using a d.c. signal and the
stiffness Kms(x) measured dynamically with a program like an a.c. signal. Figure 3 shows a
setup for point-by-point dynamic measurement of large signal parameters.

10.3.2 Test equipment

The stimulus comprising a d.c part and an a.c. part can be produced by using a generator
with a d.c. offset and a d.c.-coupled power amplifier. However, providing the d.c. part via the
electrical input produces significant heating-of, the voice coil-atshigh amplitudes. Alternatively,
the transducer may be mounted in alsealed box, and_the'vaice coil position may be varied by
changing the d.c. air pressure inside the box.

AC signal Measured
generator G
Uac I:‘
Transducer, Senson
) 4
@—0 u (f)
7 S -A e (t)
T i’(t)
¥
DC signal uj Linee{r Optimal
del - parameter
generator Input' mode Est!mated fting
signal / signal

Smal signal parameters
at working point ;

A

Selection of working
point

v

Large signal
parameters

IEC 2513/09

Figure 3 — Setup for measurement of large signal parameters
by using the point-by-point dynamic method
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