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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SOUND SYSTEM EQUIPMENT -
Electroacoustical transducers —
Measurement of large signal parameters
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The text of this PAS is based on the This PAS was approved for
following document: publication by the P-members of the
committee concerned as indicated in
the following document:

Draft PAS Report on voting
100/991/NP 100/1058/RVN

Following publication of this PAS, which is a pre-standard publication, the technical committee
or subcommittee concerned will transform it into an International Standard.

This PAS shall remain valid for an initial maximum period of three years starting from
2006-02. The validity may be extended for a single three-year period, following which it shall
be revised to become another type of normative document or shall be withdrawn.
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INTRODUCTION

The behaviour of loudspeakers is traditionally described by parameters according to IEC
60268-5, assuming a linear behaviour. By adding parameters, derived from a non-linear
model, a more precise description can be made for design purposes and quality control in
order to get a more reproducible behaviour for the manufacturing of equipment.

The dominant non-linearities in electro-dynamical transducers are directly related to the
displacement x of the voice coil. The force factor, Bi(x), of the motor, the voice coil

inductance, L¢(x), and the stiffness, K(x), of the mechanical suspension are not constant but
vary significantly with the instantaneous displacement, x. This generates distortion and limits

the miaximal output of the transducer. The measurement of harmonic and<intermeduilation
distor{ion according to IEC 60268-5 with special test stimulus onl ristic
symptpms of the non-linearities. The measurement of the non-linear pa Is the
physigal cause of the dominant distortion directly. This informatiop impwertant for
loudspeaker diagnostics but also for the synthesis of loudspe S d the

develgppment of electrical control systems dedicated to loudspeg
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SOUND SYSTEM EQUIPMENT -
Electroacoustical transducer —
Measurement of large signal parameters

1 Scope

This PAS applies to transducers such as loudspeakers, headphones, shakers, and other
actuators using either an electro-dynamical or electro-magnetic motor coupled with a
mechanical suspension. The measurement results are needed for engineering design
purposes and for quality control.

The measurement method provides the parameters of a non-linear latge signa
showrn in Figure A.1) which describes the effect of the dominant noQ-line@riti
those |transducers. The basic terms and measurement conditions ¢are_defink
dynanpic methods.

cﬂel (as
ent in

¢ and

2 Normative references

The following referenced documents are indispensable 3 i i ment.
For da : ces, the latest gdition
of the

IEC 6

3 T
For th

3.1
force
coupli
transd

hmical

(1)

and e

and vcflocity v of the coil

3.2

electrical coil impedance, Z,

ratio of the complex amplitudes of electrical voltage and current at the terminals for a small
sinusoidal excitation if the voice coil is mechanically clamped and no back EMF is generated
(uemr = 0). The electrical impedance also depends on the position x of the voice coil. The
electrical coil impedance, Z,, may be approximated by a lumped parameter model (Figure 1)
using the d.c. resistance, R, the inductance, L¢(x), and additional shunted inductances, (Rx(x),
L,(x)), to model the electrical input impedance of the transducer at higher frequencies
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3.3
stiffness, K(x), of the suspension
stiffness describing the restoring force

Fp = K(x)x

of the suspension generated by a displacement x

3.4
compliance, C(x), of the suspension
reciprocal quantity, C(x ) = 1/K(x), of the mechanical stiffness, K(x)

3.5
maximal peak displacement, xyaxq

deplagement which considers the distortion in the loudspeaker’s ou
as thg voice-coil peak displacement at which the maximum value of
distorlion, di or the second-order modulation distortion, d
distorfion, d3 in the radiated sound pressure is equal to a
subscfipt in xyaxd)-

The driver is excited by the linear superposition of
f1=fs| and a second tone, f, = 8,5 f;, with an anplity
distorJlion, di assesses the harmonics of f; and ,
meas

(half-gpace) to measure the sound pre
and td state xyax1o.

3.5
force
factor

which
*xg,,r
peak displacerne found in the non-linear Bl(x)-characteristic

3.6
induc

displa irplicitly defined by maximal variation of the electrical input impedance

x100 %

-Z,00
Zmax(xl): max Ze(x"fZ) Ze( ’/{2)|

X

monic
lation

e of the force factor, Bi(x), in the working
gst position x = 0. After defining the threshold, B/,

efined

ed as

ency,
monic
3 are
baffle
= 10%

(4)

range,
in, the

(5)

. |Z,(0. £)|

T

at frequency f> = 8,5 f; (using the resonance frequency, f;) within the working range —x; < x <

x, referred to the impedance at the rest position x = 0

3.7
compliance limited displacement xc
displacement implicitly defined by minimal compliance ratio

C.in(x.)= min € x100%
- Xo<x<X¢ C(O)
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which is the ratio of the minimal value of the force factor, C(x), in the working range #*xc¢
referred to the C value at the rest position x = 0. After defining the threshold Cpin the
displacement limit, xc can be found in the non-linear C(x) characteristic

3.8

excursion limit, xjimit

limit describing the maximal travel of the coil without considering the distortion in the output
signal. This value may be derived from the geometry of the moving coil assembly and the
suspension but should be verified by practical testing to ensure that the loudspeaker can be
operated up to x;m;t without being damaged

3.9
static/method

measyrement technique which determines the non-linear parameter er by
using |a d.c. signal of certain magnitude U; (for example, voltage) as st . hO measyre the
non-linear parameters within the working range —xpeak < X; < Xpea\ Wi i ution,
multiple measurements are performed where the magnitude o j s.chpnged
(for example, voltage U, =i X Ugep With I = 1,... N). At i, the
displagement, x; and other relevant state variables (force E, er the
transd Qur of the suspénsion
mater 4(x;) at
the wq

3.10

point-

measulrement technique which determines i [ ter by
using W,., as
stimul the working range —xpeak < X; £ Xpeak
with sFJfficient resolution, piwti Uren rformed where the magnitude |of the
d.c. s{imulus is changed {or ex ; Ti/X Ustep With 7 = 1,... N). At each wprking
point,|i, the d.c. displape ; elevant d.c. and a.c. state variables (a.c. part of
the digplacement, x,, A ] e measured after the transducer has refached
steady state. Du i astic\bekaviour of the suspension material, the settling time

may be multiple the a.c. stimulus is sufficiently small to ensufe that
the transducer beh : ; = const., Bl(x;+xsc) = const. and L¢(x;+x5c) = cpnst.).
The p Fa b or model are estimated at the particular working point, x;,
by us ariables only. Whereas some small signal parameters
(force e Lo(x;) are identical to the large signal parameters megsured
by oth e provides the incremental stiffness, Ki..(x;), which has| to be
transf i \\G ar stiffness by integration

3.11

full dynamic method

method determining the non-linear parameters of the transducer by using an audio-like a.c.
stimulus of sufficient amplitude to operate the transducer in the full working range. Relevant
state variables (voltage, current, displacement) are measured and are the basis for the
identification of non-linear parameters giving an optimal fitting of the non-linear model (for
example, lumped model in Figure 1) to the particular transducer. Usually, no d.c. signal is
used as stimulus
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4 Test equipment

The essential elements of the test equipment needed are as follows:

— means for generating a stimulus supplied to the transducer;

— sensors for measuring relevant state variables (voltage, current, force or displacement) at
the transducer;

— means for estimating optimal parameters of the lumped parameter model which explains
the relationship between the measured state variables.

5 Test method

b) The loudspeaker is excited by a stimulus which ope

d) The optimal parameters of the
modeled and estimated output.

6 Testresult

Measdirement conditions,{suck i 2 sition,
enclosure, free air, etc

The npn-linear param ] as a
graphical repres‘%}' R mple,
displagement, x, f to a

deflection of the coi 3
be labeled with v& S pport the orientation of the coil-in and coil-out position.
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Figure 2 — Inductance, L.(x), versus displacement, x
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Figure 3 — Stiffness, K(x), versus dis

ndy be repor
N .

Bi(x) =) bx'
i=0

N .
L,(x)= ZZl-x’

i=0

Ctively, with: )

peak displacement, xpeak, Occurring durin
itg” of the valid fitting range, is also presented.

The peak dis shall be reported with the specified distortion thresh

used.

For exampl reshold d =10 %, the peak displacement is stated as

The peak displacemewts xg, xc and x_ limited by force factor, compliance and induc

respe
comp
exam

Ctively . shal

(10)

g the

pld, d,

tance,

e reported with the minimal force factor ratio, Bl the minimal

. For

IFlance ration, Cnn, and the maximal impedance ratio, Z,.x, used as threshol
le

xXg| = 3 mm (Blmin =82 %)
Xc =2 mm (Crmin = 75 %)

XL = 4 mm (Zmin = 10%)

To keep the peak displacement, xyax10, cOmparable with the peak displacements xg;, x¢c and x_
related to the dominant non-linearities, it is recommend that Cnin = 75 %, which generates
about d; =10 % total harmonic distortion, and Bl,i,= 82 % and Z,.x= 10 % causing about

10 %

modulation distortion, be used.
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Annex A
(informative)

Additional information

A.1  Lumped parameter model

Ly(x)
Ro(Ty) Lex) 1Kx) M R Foy(x,])
L AAN——YY o—nl> J_VH|_rWY\ QJ/
I L AAA— -1,
g Ry(x)
&y lU Bl(x)v BI(x) BI(x)!
v v

Figure using
lumpeld elements R, Le(x), D» 3 Vo(x,f).
The fprce factor Bl(x) i S gsformer coupling the electrical with the

mechanical side. The ical systems are lumped to a respnator
compijising a movjRg . , and a resistance R. The displacement vjarying
inductances Lq(x) and g apce force Fy, (x,/) which may be interpreted|as an
additional electro-wiagt P

A.2

The pf t also
vary di ing-in
and tH to the
visco- Sspider
cause effect

[3]1
displ
the results of st the dynamic
method uses an audio-like excitation signal, this method is able to describe the behaviour of
loudspeakers under normal working conditions.

A.3 Interpretation of the large signal parameters

The variation of the non-linear parameters (for example, force factor Bi(x)) versus state
variables (for example, displacement x) reveals the relationship between the constructional
and geometrical properties of the transducer and the non-linear distortion generated in the
output signal. Asymmetrical variations, caused by an offset of the coil, for example, mainly

1 Figures in square brackets refer to the Bibliography.
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contributes to second-order distortion while symmetrical variation (caused by a low voice-coil
overhang) contributes to third- and other odd-order distortion.

Displacement varying force factor and inductance can produce significant intermodulation
distortion between a low-frequency tone and any other tone in the audio band. The non-linear
stiffness produces distortion components close to the resonance frequency.

While the parameters Bi(x), K(x) and L.(x) represented as graph or power series expansion
gives full information on the transducer non-linearities within the measured working range,
the peak displacements xg;, xc and x. and x;it are a result of a significant data reduction [2].

@%
o
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