KLIPPEL ANALYZER SYSTEM

Measurement
Service Report

Database Nam: DUT-1234-example
Driver Name DUT-1234-exampl

Driver Commen

Content

Number Name

1 la LPM T/S parameter (laser)

2 1b LPM T/S para. (added mass)
3 2 LSI Nonlinear Parameters

4 3a DIS X Fundamental, DC

5 3b DIS Motor stability

7 4a DIS IM Dist. (bass sweep) P
8 4b DIS IM Dist. (bass sweep) |
9 4c DIS IM Dist. (voice sweep) P
10 4d DIS IM Dist. (voice sweep) |
11 5a TRF Crest Harm. CLEAN

12 5b TRF Peak Harm. CLEAN

13 5¢c TRF Crest Harm. R&B

14 5d TRF Peak Harm. R&B

15 6 TRF SPL + Harm. (Umax)

16 7 LPM Multitone Dist. (Umax)
17 8 TRF Harmonics in current

18 9 AUR auralization

Number Name Date Time
1 laLPM T/S

Linear Parameter Measurement (LPM)

Klippel Measurement Service for XXX Customer @ 6" Woofer 123456789

parameter (laser)

KLIPPEL

N__ "

recommended for drivers with a resonance 30 Hz<A60 H:
Connect driver to SPEAKER 2 for LPM,
for all other modules connect driver to SPEAKE

Comment
One step method using a laser displacement sensor.

Target: Measure small signal parameter and distorti
03/31/09 16:07:30 with the use of a multitone stimulus.

Adjust Setup: Set voltage in PP Stimulus for maximu
SNR in I, U and X while keeping low distortionslin



Overview
The Introductory Report illustrates the powerfudtiges of the Klippel Analyzer module dedicatethi®
measurement of the linear speaker parameters.idudaitcomments are added to the results of a pedcti
measurement applied to the speaker specified above.
After presenting short information to the measuneitechnique the report comprises the followingiltss
* linear speaker parameters + mechanical creeprfact
« electrical impedance response
* mechanical transfer response (voltage to voidedgplacement)
* acoustical transfer response (voltage to SPL)
* time signals of the speaker variables during mueasent

* spectra of the speaker variables (fundamentsiipidion, noise floor)

* summary on the signal statistics (peak value, Sifadroom,...).

MEASUREMENT TECHNIQUE

The measurement module identifies the electricdlraachanical parameters (Thiele-Small parametérs) o
electro-dynamical transducers. The electrical patars are determined by measuring terminal voltghe
and current i(t) and exploiting the electrical idpace Z(f)=U(f)/I(f). The mechanical parameters edher
be identified using a laser displacement sensby@ second (comparative) measurement where therdsi
placed in a test enclosure or an additional maatashed to it. For the first method the displagetof the
driver diaphragm is measured in order to explatftmction Hx(f)= X(f)/U(f). So the identificatiodispenses
with a second measurement and avoids problemsodeakage of the test enclosure or mass attachment.
Furthermore the suspension creep of the drivetestified giving more accuracy of the loudspeakedet at
low frequencies.

amplifier transducer

Signal [

Sounze - fLmger Te-m -

currgnl,
amsar

Systemn
Identification

7"

states  parameters

uit) Ls]

Measurement Results

Linear electrical and mechanical parameters

The measurement module determines the componemtdgiSmall Parameters) of the linear loudspeaker
model below describing the small signal behaviduhe driver.
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The table below shows the electrical and mechap&ameters of the linear driver model, the derived
parameters (resonance frequency, loss factorsagtd.)he parameter of the suspension creep factor.

Name Value Unit Comment

Electrical

Parameters

Re 3.46 Ohm electrical voice coil resistance at DC

Krm 0.0004 Ohm WRIGHT inductance model

Erm 0.88 WRIGHT inductance model

Kxm 0.0037 Ohm WRIGHT inductance model

Exm 0.73 WRIGHT inductance model

Cmes 592.96 uF electrical capacitance representing moving mass

Lces 9.20 mH  electrical inductance representing driver comglean

Res 16.49 Ohm resistance due to mechanical losses

fs 68.1 Hz driver resonance frequency

Mechanical

Parameters

(using laser)

Mms 11.308 g mecha_lnical mass of driver diaphragm assembly dietuair load
and voice coll

Mmd (Sd) 10.482 ¢ mechanical mass of voice coil and diaphragm witlaruoad

Rms 1.156 kg/s mechanical resistance of total-driver losses

Cms 0.482 mm/N mechanical compliance of driver suspension

Kms 2.07 N/mm mechanical stiffness of driver suspension

Bl 4.367 N/A  force factor (Bl product)

Lambda s 0.067 suspension creep factor

Loss factors

Qtp 0.742 total Q-factor considering all losses

Qms 4.187 mechanical Q-factor of driver in free air considgrRms only

Qes 0.879 electrical Q-factor of driver in free air consiohgy Re only

Qts 0.726 total Q-factor considering Re and Rms only

Other Parameters
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Vas 11.3030 | equivalent air volume of suspension

n0 0391 % reference efficiency (2 pi-radiation using Re)

Lm 88.13 dB characteristic sound pressure level (SPL at 1M\Wor@ Re)
Lnom 88.75 dB nominal sensitivity (SPL at 1m for 1W @ Zn)

rmse Z 2.26 % root-mean-square fitting error of driver impeda@¢g

rmse Hx 1.90 % root-mean-square fitting error of transfer funotlex (f)
Series resistor 0.00 Ohm resistance of series resistor

Sd 128.68 cm2  diaphragm area

Suspension creep factor

Some loudspeaker suspension materials exhibitfgignt creep (continued slow displacement under
sustained force) in their dynamic behaviour. Thaneethe traditional low-frequency loudspeaker maslel
expanded to incorporate suspension creep by rapléce simple linear compliance by the dynamicsfan
function [1].

where C_is the linear compliance ang fs the driver resonance frequency. There isaagstt forward
interpretation of the creep factgr . The quanfity00% indicates the decrease of the compliancé Cin
percentages at low frequencies. For a frequencylenade below the resonance frequentiyé compliance
C,(f) is decreased by;  100% .

[1] Knudsen, M. H. and Jensen, J. G. Low-frequency loudspeaker models that include suspension creep. J.
Audio Eng. Soc., Vol. 41, No. 1/ 2, 1993

Electrical Impedance

The two figures below show the magnitude and tresphiesponse of the measured and estimated transfe
function Z(f)= U(f)/I(f) where U is the terminal tage and | is the current. Tkelid curve is the ratio of the
measured spectra U(f), I(f) while ttien curve is the impedance of the linear driver edaivMzcircuit using the
linear model and the identified electrical paramseshown
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Magnitude of electric impedance Z(f)

e Measured o= Fitted
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Displacement Transfer Function

The figure below shows the magnitude of the mesakand estimated transfer function Hx(f)= X(f)/U(f)
between the voice coil displacement X and the teamioltage U. Thaolid black curveis the ratio of the
measured spectra X(f), U(f) while ttt@n black curve is the transfer function based on the linear drive
equivalent circuit using the identified electrieald mechanical parameters as well as the creemptea The

dashed red curvs based on the conventional model without comsidehe creep factor.
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Magnitude of transfer function Hx(f)= X(f)/U(f)

e Measured = = == Fitted without creep s Fitted
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Spectra of measurement signals

Voltage Spectrum

The diagram shows the multi-tone spectrum of tHeage at the terminals. Thue linesrepresent the
fundamental components excited by the stimulus.blfek “noise floor” lines represent the residual
measurement noise caused by the voltage sensoe. drey'noise + distortions” exceeds the residual noise
floor we see the distortions generated by the nealities of the power amplifier. This informatisn

important for assessing the distortion of the speakthe current, displacement and sound pressiosv.

Spectrum U(f) of voltage at speaker terminals

s Signal lines === Noise + Distortion === Noise floor
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Current Spectrum

The diagram below shows the multi-tone spectrutthefcurrent at the terminals. Thel linesrepresent the
fundamental components excited by the stimuluseXwt notch of the spectrum at the resonance fregue
of the driver. The blacknoise floor” lines indicate the residual noise caused by thesomement system
(current sensor). If the gréyoise + distortions” lines exceeds the residual noise floor we see the twtsr
generated by the nonlinearities of the speakeufasg that the power amplifier is sufficiently |eg.
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Spectrum I(f) of current at speaker terminals
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Displacement Spectrum

The diagram below shows the multi-tone spectrutthefvoice coil displacement measured with the laser
sensor. Theiolet linesrepresent the fundamental components excited bgtimellus. Note the 12 dB/octave
decay of the displacement spectra above the reserigaquency of the laser. The bldobkise floor” lines
indicate the measurement noise caused by the tesobf the used Laser Sensor Head. Increasing the
number of averaging will further reduce the residuase line. If the greynoise + distortions” exceeds the
residual noise floor we see the distortions geedrhy the nonlinearities of the speaker. These oommts

are independent on the number of averaging.

Spectrum X(f) of voice coil displacement
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Sound Pressure Spectrum

The diagram shows the multi-tone spectrum of thend@ressure measured with the microphone.grben
lines represent the fundamental components excitedeogtimulus.The blacknoise floor” lines indicate the
ambient noise during the measurement. The greise + distortions” are the nonlinear distortion
components generated by the speaker.
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Spectrum p(f) of microphone signal
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Signal Characteristics

The table below summarizes important statisticarabteristics (peak values, head rooms, SNR rat)oof
the state variables (voltage, current, displaceraedtsound pressure). This information is helpdul f
assessing the working point of the driver (Smalhrge Signal Domain) and to detect any malfunction
operation (microphone or laser not connected).

Name Value Unit Comment

Reduce Fmax to 20* fs to improve
impedance fitting

Voltage

U pp 0.76 \% peak to peak value of voltage at terminals

U ac 0.10 Vrms AC part of voltage signal

i No proper amplifier output, is amplifier

U dc 0.00 v switched off?

U head 57.1 dB digital headroom of voltage signal

U SNR+D 41.0 dB ratio of signal to noise+distortion in voltage
signal

fu noise 15 Hy frequenqy of noise+distortion maximum in
voltage signal

Current

| pp 0.15 A peak to peak value of current at terminals

| ac 0.02 Arms AC part of current signal

I dc 0.00 A

| head 37.2 dB digital headroom of current signal

| SNR+D 371 dB ratio of signal to noise+distortion in current
signal

fi noise 11 Hy frequency of noise+distortion maximum in

current signal

Displacement
X pp 0.25 mm peak to peak value of displacement signal

Klippel Measurement Service for XXX Customer @ 6" Woofer 123456789 8



mm

X ac 0.04 ms AC part of displacement signal
Xdc -0.04 mm
X head 56.6 dB digital headroom of displacement signal
ratio of signal to noise+distortion in
X SNR+D 26.9 dB displacement signal
frequency of highest valid line in
fx cutoff 199.2 Hz displacement signal
SPL
p pp 152.12 mV peak to peak value of microphone signal
p ac 18.62 mV rms AC part of microphone signal
p head 34.1 dB digital headroom of microphone signal
p sum level 84.8 dB sum level of microphone signal
p mean level 58.3 dB mean level of microphone signal
Measurement
f sample 12000 Hz sample frequency
N stim 32768 samples stimulus length
cal x laser 0.115538 Laser calibration factor
Number Name Date Time Comment
Two step method using added mass.
Target: Check accuracy of laser measurement with
identical setup.
2 1b LPM T/S para. (33109 16:23:30

(added mass) Adjust setup:

export setup from laser LPM,
import setup in PP Im/Export,
insert weight of added mass in PP Method

Linear Parameter Measurement (LPM)

Added mass method

An additional added mass measurement can be usedifpthe laser measurement based results.
This can be helpful to check the laser calibratiboheck the optical properties of the diaphragm.
Results can be compared in the dedicated database.

Number Name Date Time Comment
Target: Measure Nonlinear Parameter

. Adjust Setup:
3 2 LS| Nonlinear 03/31/09 17:13:35 - select the start gain "G small” in relation te th

Parameters speaker and the gain of the amplifier (PP Protegtio
- Tlim is also used as target temperature during
temperature mode

Large Signal Identification (LSI)
Overview
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The Introductory Report illustrates the powerfudtiges of the Large Signal Identification Modulé&():
< nonlinear speaker parameters versus displacesmenturrent

< coefficients of the power series expansion ofribelinear parameters

< derived speaker parameters such as resonancef®gand loss factors

< parameters at the rest position (parametersrieal modeling)

< parameter variation versus time

< state variables of the speaker (temperaturelatisment, ...)

< contribution of each nonlinearity to the totadtdrtion (distortion analysis)

< suggestions for loudspeaker improvements (remeadymeters)

Nonlinear Characteristics
The dominant nonlinearities are modelled by vadgidrameters such as

BI(x) instantaneous elec-dynamic coupling factor (force factor of the mot

defined by the integral of the magnetic flux den8itover voice coll
length | as a function of displacem
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Kus®®) mechanical stiffness of driver suspension a funatibdisplaceme
L(0) voice coil inductance as a function of input cutr@®scribes nonline:
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Le(X) voice coil inductance as a function of displacen
Force factor Bl (X) Stiffness of suspension Kms (X)
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A solid line represents the used working rangg x < x < x+peakbetween the minimal and maximal peak

displacement occurred in last update interval efrtteasurement. The dotted line shows the allowetimg
range X,,, < X < X, identified by the automatic gain adjustment bynggredefined limit values.

Nonlinear and thermal Parameters

Alternatively the nonlinear parameters may be regméed by the coefficients of the power series esipa.
This representation uses a minimal set of paramatat simplifies the export of the nonlinear pari@nseto
the numerical simulation module (SIM) or any ottlesign tool. The displacemenbggdescribes the workir

range —>§Jse< X < Xpse

The displacement limits X , X, X| and X, describe the limiting effect for the force facRi(x),
compliance ¢ (x), inductance [(x) and Doppler effect, respectively, accordingite threshold values
Bl iy Cmin,ZmaX and d, used. The thresholds Bl =82 %, G =75 % Z2510 % and ¢=10% generate
for a two-tone-signal (&f, f,=8.5f) 10 % total harmonic distortion or 10 % intermaatidn distortion

Symbol Number Unit Comment

LIiDrir?i?SIacement thresholds can be changed in Processing propagy p
r%(ir?:lzgfy?l 3.2 mm Displacement limit due to force factor variation

XC @ C min=75% 3.2 mm Displacement limit due to compliance variation

o;; L @ Zmax=10 19 mm Displacement limit due to inductance variation
Xd@ d2=10% 15.2 mm Displacement limit due to IM distortion (Doppler)

Thermal Parameters

alpha Heating of voice coil by eddy currents

alphaOrg Heating of voice coil by eddy currents (withouiis)
Rtv K/W thermal resistance coil ==> pole tips

rv Ws/Km air convection cooling depending on velocity

Rtm K/W thermal resistance magnet ==> environment

tau m min thermal time constamt of magnet

Ctm Ws/K thermal capacity of the magnet

tau v S thermal time constant of voice coil

Ctv Ws/K thermal capacity of the voice coill

Thermal State

delta Tw Temperature increase in Warm Resistance Mode
delta Tc Temperature increase in Convection Mode

delta Te Temperature increase in Eddy Mode

Pcoil(warm) Pcoil in warm mode

Pcoil(conv) Pcoil in convection mode

Ptv(mag.beg) power heating the coil at beginning of magnet mode

power heating the coil sampled in the middle ofret
mode

power heating the coil at end of magnet mode

Ptv(mag.mid)

T £ 222727

Ptv(mag.end)
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Ptm(mag.beg)
Ptm(mag.mid)
Ptm(mag.end)

Power Series
BIO = Bl (X=0)
Bl1
BI2
BI3

Bl4

BIS
BI6
BI7
BI8

LO = Le (X=0)
L1
L2
L3
L4
LS
L6
L7
L8

CO = Cms (X=0)
C1
Cc2
C3
C4
C5
C6
C7
C8

KO = Kms (X=0)
K1
K2
K3

K4

f1

f2

4.4026
0.0012134
-0.074105
0.0010370

-2.4617e-
005

0.31670
-0.038392

0.00035884
0.00045082
6.3053e-006

0.65619
0.012077
-0.015211

-0.00031915
0.00018816

-0.035289
0.040861

0.00036726

-1.0769e-
005

-0.010834

-0.000168

=

N/A
N/Amm
N/Amm”2
N/AmmA3

N/Amm~™4

N/Amm”5
N/Amm”6
N/Amm~"7
N/Amm”8

mH
mH/mm
mH/mm~2
mH/mm~”3
mH/mm~4
mH/mm~"5
mH/mm”"6
mH/mm~7
mH/mm”8

mm/N
1/N
1/Nmm
1/Nmm~2
1/Nmm~3
1/Nmm”4
1/Nmm~5
1/Nmm”6
1/Nmm~7

N/mm

N/mm~2
N/mm~”3
N/mm~4

N/mm~5

1/A

1/AN2

power heating the magnet at beginning of magnetemo

power heating the magnet sampled in the middleagjme
mode

power heating the magnet at end of magnet mode

constant part in force factor

1st order coefficient in force factor expansion
2nd order coefficient in force factor expansion
3rd order coefficient in force factor expansion

4th order coefficient in force factor expansion

5th order coefficient in force factor expansion
6th order coefficient in force factor expansion
7th order coefficient in force factor expansion
8th order coefficient in force factor expansion

constant part in inductance

1st order coefficient in inductance expansion
2nd order coefficient in inductance expansion
3rd order coefficient in inductance expansion
4th order coefficient in inductance expansion
5th order coefficient in inductance expansion
6th order coefficient in inductance expansion
7th order coefficient in inductance expansion
8th order coefficient in inductance expansion

constant part in compliance

1st order coefficient in compliance expansion
2nd order coefficient in compliance expansion
3rd order coefficient in compliance expansion
4th order coefficient in compliance expansion
5th order coefficient in compliance expansion
6th order coefficient in compliance expansion
7th order coefficient in compliance expansion
8th order coefficient in compliance expansion

constant part in stiffness

1st order coefficient in stiffness expansion
2nd order coefficient in stiffness expansion
3rd order coefficient in stiffness expansion

4th order coefficient in stiffness expansion

coefficient (1) of L(I) Inductance over currentuf
modulation)

coefficient (2) of L(l) Inductance over currentuf
modulation)
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Xpse 5.4 mm -Xpse < X < Xpse, range where power series ieditt

Derived Loudspeaker Parameters

For the analysis and synthesis of loudspeakermyistis convenient to use special transducer patensie

fo () instantaneous resonance frequency of the transgtacgng with voice coi
displacemen

Qus) mechanical loss factor of the transduceg, abhsidering driver non-electrical resistances
only

Qe<(Tys X) electrical loss factor by considering the electrieaistance (T,,) only,

Q:(Ty, X) total loss factor at, and voice coil temperature,, considering mechanical and electri
resistances s and R(T,,) only.

In contrast to linear modelling most of these paetars are not constant but depend on the instaniarstate
of the transducer (displacement x, the voice ewilgerature \J).

Resonance frequency fs (X) Mechanical loss factor Qms (X)
00:12:07 00:12:07
e -Xprot < X < Xprot s Xp- < X < Xp+ mmmmm -Xprot < X < Xprot  memmmmm Xp- < X < Xp+
80 KLIPPEL KLIPPEL
3,0
70
60 25
50 2,0
¥ 2
° 40 €]
1,5
30
1,0
20
05
10
0 0,0
-5 -4 -3 -2 -1 0 1 2 3 4 5 -4 -2 0 2 4
<< Coil in X [mm] coil out >> << Coil in X [mm] coil out >>
Electrical loss factor Qes (X) Total loss factor Qts (X)
00:12:07 00:12:07
mmmmm -Xprot < X < Xprot mmssmm Xp- < X < Xp+ e -Xprot < X < Xprot  mmmmmmm Xp- < X < Xp+
5,0 2,0
KLIPPEL KLIPPEL
45 18
4,0 16
35 14
3,0 12
[} 12
825 g 1,0
20 0,8
15 0.6
1,0 04
0,5 0,2
0,0 0,0
4 -2 0 2 4 4 -2 0 2 4

<< Coil in X [mm] coil out >> << Coil in X [mm] coil out >>
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Parameters at the Rest Position

The value of the nonlinear parameters at the i@stipn k=0) may be used as input for the traditional linear
modelling and may be referred as “linear paramétBtease note that these parameters depend on the
instantaneous state of the driver (voice colil terafpge, peak value of displacement) and are preddat
three different modes of operation:

Mode Properties
LARGE+WARM the transducer is operated in the large signal dgma

the peak value of the displacement is high<{x.,,,).

the variation of the parameters is not negligible,

the voice coil temperature is increasAdr(, > 0) due to heating.
LARGE+COLL the transducer is operated in the large signal dor

the peak value of the displacement is high (|x] <X

the variation of the parameters is not negligible,
the effect of heating is compensated while considethe cold voice coil resistanég(A

T, =0).

SMALL SIGNAL

the transducer is operated in the small signal doma

the amplitude of the excitation signal is suffidigrsmall,

the displacement is small in comparison to thewalb maximal displacemenix||<<
Xmax)’

the variations of the nonlinear parameters areigibtg,

the increase of voice coil temperature is negleg@lT,, = 0),

the effects of the nonlinear, thermal and time-irayynechanisms are negligible,
the transducer behaves almost lini

Symbol

Note:

Delta Tv =
Tv-Ta

Xprot

Re (Tv)

Le (X=0)

L2 (X=0)
R2 (X=0)
Cmes (X=0)
Lces (X=0)

Res (X=0)

Qeps (X=0,

Large +
Warm

5.4

3.81

0.32

0.38

1.48

631

11.29

10.41

Large + Small Unit Comment

Cold Signal
for accurate small signal parameters, use LPM
module

0 0 K increase of voice coil temperature during the
measurement

54 0.7 mm maximal voice coil excursion (limited by

' ' protection system)

3.42 3.42 onhm Vvoice cqll resistance considering increase of
voice coil temperature Tv

0.32 0.27 my  voice cqll inductance at the rest position of
voice coll
para-inductance at the rest position due to the

0.38 0.36 mH effect of eddy current
resistance at the rest position due to eddy

1.48 1.26 Ohm currents

631 625 UF electrical capacitance representing moving
mass

11.29 9.49 mH electrlcalllnduc.tance at the rest position
representing driver compliance

10.41 934 ohm resistance at the rest position due to

mechanical losses

electrical Q-factor considering ZI (fs, Tv)
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Tv) 0.81 0.73 0.88
Qtp (X=0,

Tv) 0.61 0.56 0.64
Qms (X=0,

v) 2.46 2.46 2.40
Qes (Tv) 0.81 0.73 0.88
Qts (X=0,

v) 0.61 0.56 0.64
fs 59.6 59.6 65.4
Mms 10.809 10.809
Rms (X=0) 1.645 1.645 2.045
Cms (X=0) 0.66 0.66 0.50
Kms (X=0) 1.52 1.52 2.01
Bl (X=0) 4.37 4.37 4.37
Vas 15.3895 15.3895 11.5977
NO 0.386 0.431 0.353
Lm 88.0 88.5 87.6
Sd 128.68 128.68 128.68

Parameter Variation versus Time

only

total Q-factor considering all losses

mechanical Q-factor considering Rms only

electrical Q-factor considering Re (Tv) only

total Q-factor considering Re (Tv) and Rms
only

Hz driver resonance frequency

mechanical mass of driver diaphragm

9 assembly including voice-coil and air load

kg/s mechanical resistance of total-driver losses

mm/N mechanicall (;ompliance of driver suspensic
the rest position

N/mm mechanicall stiffness of driver suspension at
the rest position

N/A (imported) force factor at the rest position (Bl

product)
I equivalent air volume of suspension

reference efficiency (2Pi-sr radiation using
Re)

dB characteristic sound pressure level

%

cm2  diaphragm area

The instantaneous estimates of the speaker pananaeéesampled during the measurement and stoied in
database. Note the difference between the indeaitification which starts in the small signal demand

determines the maximal amplitude limits, (x, B,

ax

...) of the safe range of operation and the fioag|

term measurement where the amplitude of the sigraimost constant.

Temporal Variations of the Stiffness K,(t, x=0)

The properties of the mechanical suspension depehdnly on the instantaneous displacement x sat ah
the maximal peak value of displacement in theflstseconds and vary with time. There are reversabd
non-reversible processes due to creep, aging dandtmon.
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Stiffness Kms (t) and resonance frequency fs (t) at rest position X=0
00:12:07
— Kms (X=0) —— S (X=0)
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Temporal Variations of the Voice Coil Resistance Rg(t)

The voice coil resistand(t) varies during the measurement due to heatingeo¥dirce coil. This variations
affect

Qg<(t, x=0) electrical loss factc

ho(t) efficiency

PC power compression factor is expressed in dBdasdribes the loss of efficiency in the pass-
band of the transducer where the electric resist&dominates the electric input impedance.

SPL(t reference sound pressure le

Electrical resistance Re (t) and electrical loss factor Qes (t)
00:12:07
Re Qes

3,0

2,5

2,0

Re [Ohm]

0,5

0,0
0 100 200 300 400 500 600 700
t [sec]
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Sound pressure level SPL (t), efficiency N (t) and thermal power compression PC (t)

SPL N PC

00:12:07

80

60

40

SPL [dB]

20

KLIPPEL

-20

0 100 200 300

Transducer State

400 500 600 700
t [sec]

The state information describes the progress désy&lentification and important transducer vaeshh the

last update interval of the measurement.

Symbol Value Unit
DBG: Data LOD: 172/1

DBG: Module

LOD: 184/1

Date 2009-03-31

Time 17:01:18

Serial number 150
Nonlinear Mode

Mode 5(7)

Record 429/429

Laser signal reliable

t 00:12:07 h:min:s
Time remaining 00:02:53 h:min:s
Ei (t) 3.4 %

Ex (t) 1.1 %

Eu (t) 6.7 %

Delta Tv (Delta 5 5 (90.0) K

Tlim)

BImin (Bllim) 49.9 (50.0) %
Cmin (Clim) 54.6 (50.0) %
P (Plim) 6.5275 (50.00) W
Lmin 58.5 %
Pn 8.732492 w
P Re 5.393398 w
P Mech 1.859188 W

Comment
LOD of results

LOD version in current module

measurement time
recalculated at thermal mode(a)

error current measurement
error laser measurement
error amplifier check

increase of voice coil temperature (limit)

minimal force factor ratio (limit)
minimal compliance ratio (limit)
real electrical input power (limit)
minimal inductance ratio
nominal electrical input power
Power heating voice coll

Klippel Measurement Service for XXX Customer @ 6" Woofer 123456789
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Irms 1.189 A rms value of the electrical input current

Urms 5910 vV rms.value of the electrical voltage at the tracsdu
terminals

Ipeak 3.836 A peak value of the electrical input current

Upeak 20.921 vV peak value of the electrical voltage at the transd
terminals

PC 0.95 dB thermal power compression factor

gain of the excitation amplitude increased inlérge signal

Glarge (Gmax) 18.8 (26.0) dB domain (maximum)

import used to identify mechanical system in aisol

Mech. system abs. quantities

Xdc 0.05 mm dc component of voice coil excursion measurethénlast
update intervall
positive peak value of voice coil excursion meadun the

Xpeak 5.26 mm last update intervall

i negative peak value (bottom) of voice coil exaomsi

Xbottom 4.49 mm measured in the last update intervall

Xp+ 4.2 mm upper limit of displacement range (99% probabjlity

Xp- -4.0 mm lower limit of displacement range (99% probab)lity

Xprot 54 mm maximal voice coil excursion allowed by protectsystem

vV rms 0.5 m/s voice colil velocity

Distortion

Db 18.1 % distortion factors representing contribution of ioear force
factor

DI 57 % _dlstortlon factor representing contribution of hoear
inductance
distortion factor representing contribution of hoear

o)

De 203 & compliance

D (i) 0.7 % dlstprtlor! factor representing contribution of (]
nonlinearity

Thermal

R tc (v) (new) K/W

R tc (v) (old) K/W

R th total 5.61 K/W Delta Tv/ P Re

dbg: passedmode 23....... 16.15.14.13.12.11. .9.8.7.6.5.4...

Voltage Probability Density Function pdf(u)

The probability density function of the voltage @dfreflects the properties of the excitation signaise)
and of the power amplifier used. If the power affigalis not limiting and does not generate a DC-ponent
in the output signal the pdf(u) is almost perfesynmetrical. The positive and negative peak valinesrms-
value and the crest-factor of the signal can baveléifrom the properties of the pdf(u).
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Voltage PDF (U) histogram

00:12:07
I PDF (U) HEM PDF (-U)
KLIPPEL
0,06
0,05
_ 004
S
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0,00 —— | ‘ ‘ ‘ ‘ |
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Voltage [V]
Voltage upeak(t) and Current |peak(t)
The electric signals at the transducer terminasepresented by
|heal peak value of the electric input curre
Uneat peak value f the electric voltage at the transducer termir
Voltage Urms, Upeak (t) and current Irms, Ipeak (t)
00:12:07
Urms Irms = o e— Upeak s s |peak
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o
==
=
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Voice Coil Temperature D T, (t) and Power P(t)

700

The increase of the voice coil temperat&d, (t) in comparison to the electric input power P(t)sus

measurement time t shows the thermal characteoftle transducer.
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Increase of voice coil temperature Delta Tv (t) and electrical input power P (t)
00:12:07

s Delta Tv P real PRe = mmm Pcon

100

KLIPPEL

80

(2]
o

Delta Tv [K]
N
o

20

0 100 200 300 400 500 600 700
t [sec]

The different modes of operation can easily betifled in the time plot.

In the Amplifier Mode 1(7) the loudspeaker is disnected and the gain, polarity and distortion efplbwer
amplifier is checked. Here the amplitude of theent is zero.

In the Resistance Mode 2(7) the dc-resistanceeofdice coil is measured by a pulsed noise signal.
In the Linear Mode 3(7) the loudspeaker is conrkatal noise at low amplitude is used as stimulbs. T

transducer is operated in the small-signal don&e.temperature of the voice colil at the end of fiiase is
used as reference temperatupewihich equals the ambient temperature.

In the Fast Mode 4(7) the amplitude of the stimudusicreased and the limits of the allowed workiagge
are detected automatically. The voice coil temjpeeal,, increases with the input power. Both state signals

are used as protection variables and are compatedhe limit values P and 1., defined by the user.

In the Nonlinear Mode 5(7) the learning speed diiced and the nonlinear curves are measured astigh
precision.

The Thermal Mode 6(7) consist of special heatind)@oling phases to identify the thermal parameters

a) a) heating up to 72T by using a band-pass filtered signal 400 Hz — 2 kH

b) b) cooling down phase to measure coil capacity

c) c) heating up to 7T, by using a band-pass filtered signal 10 Hz — ltdineasure convection
cooling

d) d) cooling down phase

e) e) heating up to 7T by using a band-pass filtered signal 400Hz — Bi% fo measure heating by
eddy currents.

f) f) heating up to 7T by using a band-pass filtered signal 400Hz — 2i5 o measure resistance
and capacity of the magnet (duration 50 min)

The Final Mode 7(7) uses the same signal as iNtminear Mode but the learning speed is signifilgan
reduced. It may run for ever to measure long teanmtions of the loudspeaker parameters.
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Displacement x(t)

The displacement signal versus measurement tingpissented as

xpeal(t) positive peak of the voice coil displacement in tipelate interval

X4c® averaged c-value in voice coil excursion

XpottonkD negative _peak value (bottom value) of the voicé aigplacement in th
updated interva

Xgemab maximal dc-value in voice coil excursia(gmcma}(t)=(xpea,(t)+xbotton(t))IZ

Voice coil displacement
00:12:07
—— Xpeak s XAC —— Xdcmax Xbottom X min (laser) X max (laser)

x dc (laser)
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Asymmetrical nonlinearities produce not only secant higher-order distortions but also a dc-pathe
displacement by rectifying low frequency components

For an asymmetric stiffness characteristic theaofmonents moves the voice coil for any excitatignal in
the direction of the stiffness minimum.

For an asymmetric force factor characteristic txeamponent depends on the frequency of the ewitat
signal. A sinusoidal tone below resonance {f«fould generate or force moving the voice coil@in the

force factor maximum. This effect is most welcomedtabilizing voice coil position. However, abdawe
resonance frequency (f3yfwould generate a dmmponent moving the voice coil in the force factonimum

and may cause severe stability problems.

For an asymmetric inductance characteristic theatsponent moves the voice coil for any excitatigmal
in the direction of the inductance maximum.

Please note that the dynamically generated DC-caopis cause interactions between the driver
nonlinearities. A optimal rest position of the doilthe gap may be destroyed by an asymmetric damg# ol
inductance characteristic at higher amplitudes. mbdule "Large Signal Simulation (SIM)" allows
systematic investigation of the complicated behavio

Displacement Probability Density Function pdf(x)

The probability density function of the displacemsignalpdf(x)depends on the properties of the excitation
signal (noise) and on the behavior of the transdaseavell: An asymmetricg@df(x)indicates a dynamic
generation of a dc-component in the displacemeameazhby asymmetric transducer nonlinearities. gdféx)
plays an important role as a weighting functiothi@ nonlinear system identification and shows imcivh
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region of the displacement the nonlinear parametersneasured with highest precision.

Displacement PDF (X) histogram

00:12:07
I PDF (X) I PDF (-X)
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Distortion Analysis

The Distortion Analysis shows the contribution atk nonlinearity to the total distortion in the neguced
output signal for the audio-like excitation signaked during parameter measurement. The identifgathd
model of the transducer makes it possible to measa peak value of the distortion components igeee
by force factor, compliance and inductance anekate each value to the peak value of the totgdudgignal
(sound pressure):

dy relative degree of distortion generated by n@dirforce factor Bl(x)

d. relative degree of distortion generated by nonlimeductance (x)

de relative degree of distortion generated by nonlimeanpliance ((X)

dl(i) relative degree of distortion generated by nonlimeductance (i) -
permeability nonlinearity (flux modulatio

The distortion analysis is performed simultaneowshp the parameter identification. The relativegokes
of distortion are expressed in percent and presergrsus measurement time (in seconds) for the
transducer under test:

Distortion analysis : Db (Bl-product), Dc (suspension), DI (inductance)
00:12:07
Db Dc DI DI(i)

45 KLIPPEL
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Klippel Measurement Service for XXX Customer @ 6" Woofer 123456789 22



Each degree is a omexmber representation of the distortion summarialigof the harmonic and intermodulat
components. Please note that the amount of dztotiépend on the spectral properties of the eiataignal.

Remedies for Transducer Nonlinearities

Bl Symmetry x,,(x)

This curve showthesymmetry point in the nonlinear Bl-curve where gateve and positive displacement

x:xpeakwill produce the same force factor

BI(X,(x) + X) = Bl(x,(X) — X).

If the shift % (x) is independent on the displacement amplitutieer the force factor asymmetry is caused by
an offset of the voice coil position and can bemintompensated.

If the optimal shift x(x) varies with the displacement amplitude x thea force factor asymmetry is caused
by an asymmetrical geometry of the magnetic field ean not completely be compensated by coil slifti

Bl Symmetry Range
I Symmetry Point

5 KLIPPEL

Offset Coil out >>

<< Coil in

0 1 2 3 4 5
Amplitude [mm]

Improving the rest position of the Coil

Starting pooirt: =esolt:
magnet poe alate magnet pole pats
Shift .
—_— — Induztian £
vCice coil wiice coil
Frle rliF!-l':F! —" pinlq pin:*.n —>
- disglacement W= disalscement

Eix=01 = Blix=x,)
Chs Symmetry x (x)

This curve showghe symmetry point in the nonlinear compliance curveemha negative and posit
displacement x:|3<eakwill produce the same compliance value
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Crnd*(X) +x) = C {X(X) — ).

A high value of the symmetry poirf(x) at small displacement amplitudes ® indicates that the rest

position does not agree with the minimum of thHretss characteristic. This may be caused by ameamtry
in the geometry of the spider (cup form) or sunayhalf wave).

A high value of the symmetry poir{(x) at maximal displacement=x__. may be caused by asymmetric
limiting of the surround.

Kms Symmetry Range
Il Symmetry Point

5 KLIPPEL

Coil out >>

Offset

<< Coil in
N

0 1 2 3 4 5
Amplitude [mm]

Adjustment of spider and surround
The asymmetry of the suspension may be reduceediycing the distancegxbetween spider and outer rim of
surround.

W
fsurrnund

ro
voice coill former

spider
Please find more information in Application Not@,B (03/2009)

Number Name Date Time Comment

Target:
- Measure dc displacement generated dynamically

3a DIS X 03/31/09 17:29:50 - Measure amplitude compression

Fundamental, DC

Adjust Setup:
- maximal voltage in PP Stimulus (use maximal Urms
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from the LSI or Umax)
- adjust f start << fs << f stop

3D-Distortion Measurement (DIS)

Measurement of

VOICE COIL DISPLACEMENT

versus frequency and amplitude (linear 2D-plot)

Overview

The Introductory Report illustrates the powerfldtiees of the 3istortion Measurement Module which is a softw
module of the Klippel Analyzer System. Additionanements are added to the results of a practicasunemer
applied to the speaker specified above.

After presenting short information to the measunettechnique the report comprises the followingiitss

> Magnitude of the fundamental displacement compbwersus voltage and frequency of the sinusoidal
excitation tone

> DC-component in voice coil displacement versusage and frequency
> Increase of voice coil temperature due to heating

> Spectral Components in the measured displaceat@me sample of voltage and frequency combination

Measurement Method

During the measurement the speaker is excited twodone signal with variable frequencigsahd £, and
terminal voltage yand y, respectively, to measure a 3D response versgadrey and amplitude. The

samples of voltage and frequency variation of bhotfes may be linearly or logarithmically spacedthie
example presented here we use a linear spacing graphical representation on linear axes.

The hardware of the Distortion Analyzer 1 allows #Htquisition of two analog input signal at highgision
(100 dB SNR) at 96kHz sampling frequency. Additiomaasurement of the electrical signals at thelspsa
terminals is the basis for controlling the ampléuwaf the excitation signal just at the loudspea&eninals to
be independent of the gain setting of power angpldind to be able to monitor the instantaneousevaid
temperature during the measurement. This informasiaised by a protection system which pauses the
measurement if either the heating of the coil ertthtal harmonic distortion exceeds a user-defthezshold.

A spectral analysis allows to determine the magteitof the fundamental, dc-component, harmonicssant
and difference-tone intermodulation componentso.ﬁhtorder.

In this report all of the results are represented aD-plot comprising multiple curves versus fieey at
specified amplitude. Alternatively, the resultsynie presented as a 2D-plot versus amplitude aifsge
frequency or as a 3D-plot versus amplitude andugeqy.

Fundamental
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Peak and bottom value of waveform
X peak + bottom
- 100V o= 367V o= 633V o 900 = 100V o= 367V oo 6.33V
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The 2D-plot shows the displacement versus frequahspecified amplitudes on linear axes to show the
compression effect. Only at sufficiently low ampties there is a linear relationship between inpdtautput
signals.

COMPRESSION OF THE FUNDAMENTAL
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Compression
X (f1,U1)
e 100V o= 367V o= 633V s 900V
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DC Component

The dc-component in the displacement will be gearedrdynamically if nonlinearities (BI(x)-product,
compliance Cms(x) and Le(x)) have an asymmetricatacteristic. At the resonance frequency the

asymmetry of the stiffness is usually the domirsamirce for DC. Above the resonance frequency theefo
factor (BI(x)-product) contributes more and mofehke motor nonlinearity is large and the complauslow

the system becomes instable f=2fs pushing thditailly out to the gap. A generated dc-compomveiit

destroy the optimal working point. For example ecdmponent generated by asymmetric stiffness méty sh
the voice coil position producing substantial B$tdrtion at higher frequencies eventually.

Thus ensuring a small DC component is a essertjiisition for ensuring stable performance and low

distortion in the large signal domain.

The figure below shows the dc component in voidedisplacement for varied voltage U and frequehayf

the sinusoidal excitation tone.

DC component
X DC
- .00V o= 367V = 633V s 900V

-

0,10

Kl

IPPEL

)

0,05 —

X [mm]

0,00

-0,05

101 102
Frequency f1 [Hz]

Please find more information in Application Note (03/2008)

Number Name Date Time Comment

5 Target:
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- Check stability of motor
- Measure dc displacement at f1 = 1.5 fs (where iXdc
maximal)

3b DIS Motor

stability 03/31/09 17:35:43 Adjust Setup:

- Set frequency f1=1.5fs

- Maximal voltage in PP Stimulus

(High voltages are no problem if the Protection is
activated.)

3D-Distortion Measurement (DIS)

Measurement of

VOICE COIL DISPLACEMENT

versus amplitude at one critical frequency (linear 2D-plot)
Measurement Method

During the measurement the speaker is excitedsuyge-tone signal with fixed frequencigsversus the
stepwise increased terminal voltage u

Fundamental
Fundamental component
X (f1,U1)
s 200.0 Hz
[ KLI
0,6
0,5
- B
E 04
'g —
E 03
>< =
0,2
0,1
e e e e e e e e e s s o |
1 2 3 4 5 6 7 8 9 10 1 12
Voltage U1 [V]
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Peak and bottom value of waveform
X peak + bottom

s 2000 HZ o 200.0 Hz
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Used to protect the measured speaker from highged.
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Increase of voice coil temperature Delta Tv
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State Variables at last sweep point

Symbol Value  Unit

SELECTED SWEEP POINT

fl 199.95 Hz

Ul (f1) 12.00 Vrms

Delta Tv 40.5 K

X peak 0.84092 mm

X bottom -1.0953 mm

X head 27.406 dB

Xac 0.65102 mm rms
-3.7282 dB

PROTECTION

Delta Tv lim 60.000 K

Comment

first excitation tone
voltage first excitation tone
increase of voice coil temperature

peak value of X
bottom value of X
headroom of X
ac part of X

ac part of X

allowed increase of voice coil temperature

Please find more information in Application Note (D2/2008)

Number Name Date Time

4a DIS IM Dist.
(bass sweep) P

03/31/09 17:44:02

Comment

Target: Measure Intermodulation distortion in catre
and sound pressure by using a variable bass tede< f
f1 < 4fs and a fixed voice tone 2 >> fs

Adjust Setup:

- Maximal voltage in PP Stimulus (use Urms f. L8l o
Umax)

- Microphone sensitivity

Target: Change display mode to distortion versus
current
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Adjust Setup:
- copy and paste measured operation 4a
03/31/09 17:44:02 - set State Signal to Current in PP Display
- change operation name to "4b DIS IM Dist. (bass
sweep) I"

4b DIS IM Dist.
(bass sweep) |

3D-Distortion Measurement (DIS)
Intermodulation Distortion

in radiated SOUND PRESSURE and CURRENT

versus frequency and amplitude (linear 2D-plot)

Overview

The Introductory Report illustrates the powerfldtiees of the 3Mistortion Measurement Module which is a softw
module of the Klippel Analyzer System. Additionalnements are added to the results of a practicakonemer
applied to the speaker specified above.

After presenting short information to the measuneinbechnique the report comprises the followingiltss

Second- and third-order intermodulation compowensus amplitude and frequency in a 2D-plot

Intermodulation Distortion in Percent (relative)

The figure below shows the magnitude responseeo$déicond-order intermodulation distortion of thdiated
sound pressure for a sinusoidal excitation tonsugefrequency;fat various input voltages,= U, defined

according to IEC 60268 as

=P|:fz_f|}+P(f1+f|:'

d?
PL7)

*100 %

where p is the magnitude of the sound pressure coemt. During the measuremepid set to a fixed frequency above
f, of the driver representing a voice tone in the@sdjnal. The frequency fepresents a lower-frequency component
(bass) in the transfer band.

Second figure represents the intermodulation distoin the current signal measured at the terrainal

Relative second-order intermodulation distortion (d2)

Signal at IN1
e 100V o= 367V o= 633V s 900V
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The figure below shows the magnitude responsbkeottird-order harmonic distortion of the radiasedind
pressure for a sinusoidal excitation tone versesjuiency f at various input voltages € U, defined

Relative second-order intermodulation distortion (d2)
Current Speaker 1 (Is)
e 100V o= 367V o= 633V s 900V
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Relative third-order intermodulation distortion (d3)
Signal at IN1
e 100V o= 367V o= 633V s 900V
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Relative third-order intermodulation distortion (d3)
Current Speaker 1 (Is)
e 100V o= 367V o= 633V s 900V
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Number Name Date Time Comment
Target: Measure Intermodulation distortion in catre
and sound pressure by using a fixed bass tond42 <
and a variable voice tone f1>> fs
4c DIS IM Dist. .
9 (voice sweep) P 03/31/09 | 17:54:28 Adjust Setup:
- Maximal voltage in PP Stimulus (use Urms from the
LS| or Umax)
- Microphone sensitivity
Target: Change display mode to distortion versus
current
10 4d DIS IM Dist. 03/31/09 17:54:28 Adjust Setup:

(voice sweep) | - copy and paste measured operation 4a

- set State Signal to Current in PP Display
- change operation name to "4d DIS IM Dist. (voice
sweep) I"

3D-Distortion Measurement (DIS)

Intermodulation Distortion

in radiated SOUND PRESSURE and CURRENT

versus frequency and amplitude (linear 2D-plot)

Overview

The Introductory Report illustrates the powerfldtiees of the 3Distortion Measurement Module which is a softw
module of the Klippel Analyzer System. Additionalnements are added to the results of a practicakonemer
applied to the speaker specified above.

After presenting short information to the measuneinbechnique the report comprises the followingiltss

Second- and third-order intermodulation compowensus amplitude and frequency in a 2D-plot

Intermodulation Distortion in Percent (relative)

The figure below shows the magnitude responseeo$déicond-order intermodulation distortion of thdiated
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sound pressure for a sinusoidal excitation tonsugefrequency;fat various input voltages,= U, defined
according to IEC 60268 as

=P|:f:_f|}+P(f1+f|}

d?
PO7)

*100 %

where p is the magnitude of the sound pressure eoemt. During the measuremepid set close to the resonance
frequency { of the driver representing a bass tone in theaasignal. The frequency fepresents a higher-frequency

component (voice) in the transfer band.

Relative second-order intermodulation distortion (d2)
Signal at IN1
e 100V o= 367V o= 633V s 900V
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Relative second-order intermodulation distortion (d2)
Current Speaker 1 (Is)
e 100V o= 367V o= 633V s 900V
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Frequency f1 [Hz]

Second figure represents the intermodulation distoin the current signal measured at the terrainal
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Relative third-order intermodulation distortion (d3)

Signal at IN1

e 100V o= 367V o= 633V s 900V

A

KLIPPEL

\

\

R |

N AV

//\

[Percent]
[

TTT [T T[T T T[T T [ TTT [ TT T [TTT[TTT[TT]
—

/)\/\

\\/\//”\

4*10 2 6*10 2 8*10 2
Frequency f1

103 2*10 3
[Hz]

Relative third-order intermodulation distortion (d3)
Current Speaker 1 (Is)
e 100V o= 367V o= 633V s 900V
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Number Name Date Time

5a TRF Crest

11 Harm. CLEAN 04/06/09 12:56:21
5b TRF Peak .
12 Harm. CLEAN 04/06/09 12:56:35

Transfer Function Module (TRF)

Comment
Voltage applied to terminals: 3V

Target: Search for maximal voltage without rub and
buzz

Adjust Setup:

- Increase Voltage in PP Stimulus slowly
- Microphone sensitivity

- harmonics > 20th order in PP I-Dist

Voltage applied to terminals: 3V

Target: Search for maximal voltage without rub and
buzz

Adjust Setup:

- Increase Voltage in PP Stimulus slowly
- Microphone sensitivity

- harmonics > 20th order in PP I-Dist
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Instantaneous Distortion

Introduction

The traditional distortion measurement transforingstime signal into the frequency domain to separat
fundamental, harmonic and intermodulation companértis technique considers only the mean powtrd
analyzed interval and neglects the phase informatik new technique for the measurement of theadign
distortion in time domain is presented that explbibth amplitude and phase information. It revdadine
structure of the distortion and its dependencyregudency, displacement or other state variablesidBe the
rms-value of the distortion the peak value andctiest factor are important characteristics for clata of rub
and buzz phenomena. The practical applicationintieepretation and the diagnostics of defects &eudsed.

Introduction

The traditional distortion measurement transforingstime signal into the frequency domain to separat
fundamental, harmonic and intermodulation companeértis technique considers only the mean powtrd
analyzed interval and neglects the phase informat® new technique for the measurement of theasign
distortion in time domain is presented that explbibth amplitude and phase information. It revéadine
structure of the distortion and its dependencyregudency, displacement or other state variablesidBs the
rms-value of the distortion the peak value andctiest factor are important characteristics for clata of rub
and buzz phenomena. The practical applicationintieepretation and the diagnostics of defects &eudsed.

et) =y -y

is atime signal depending on the properties of the wdtis and the system under test. The desired oyffiitis
generated by a model of the real system whichagexkby the same stimulugt).

Fignal | Feal

Source | qp System o
a ..
- L]
) Desired # |
System

F

| Estimator—!

If the desired system is linear and models thealimeitput of the real system precisely we see thay
nonlinear effects of the real system in the redidistortion e(t). To separate the triggered disborfrom the
regular distortion the desired system has to mttaeimotor and suspension nonlinearities. In bofiesahe
parameters of the desired system have to be adjtestbe real system by estimating the optimal ipatar
vector P.
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Modeled and measured response
Signal at IN1
Measured Model s Residual === Stored
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Mean Value of Distortion (MD)

Neglecting the phase and fine structure of theludidistortion we may calculate theean distortior(MD)

e (2)
dog [K] = 5
Yo
for each intervalusing the rms-value of the residual distortion aign
@)

J'g 241

and the rms-value of the measured sigtfgl This measure may also be expressed in dB orrmrepe Representit
each interval by one number the mean distortiongesl the amount of data significantly. For statigrdistortion tht
loss of information is negligible.

For the sinusoidal sweep the time to frequency mmapgives theanean harmonic distortio(MHD)

g (1= = (4)

Haar

If the desired system is linear and the residugtbdiion comprises the nonlinear distortion and the
measurement noise the MHD coincides with the tiauil THDN.

Peak Value of Distortion (PD)

Peaky, short time, lownergy distortion leads to large peaks in ID wtaech not represented by the mean disto
MD. In this case the peak value of ID in the ia&dris an valuable information that exploits both phesamplitude
information. Thepeak distortion(PD)

e (5)
peak
dm [’EC] =
Y rae
is the ratio between the absolute peak value
@ = max[] () |] (6)

BEE Sty
and the rms-value of the measured signal .It i3 alselative quantity and can be expressed in dBoancent.
For the sinusoidal sweep the time to frequency mmagpyields thepeak harmonic distortio(PHD)
2 ean (7)

RS

dppn [Fi] =
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Crest Factor of Distortion (CD)

In traditional signal analysis the crest factor Ipasofed to be an excellent and universal measurdhie transier
properties of a signal. A constant signal has atdeetor of 0O dB, a sinusoidal signal correspoted3 dB while cres
factors of more than 10 dB indicate large fluctiasi. Therefore it seems promising to apply thetdador to th
residual distortion signa(t). Thecrest factor of distortioffCD)

(8)

dep [1] = 222
£ pirs

is defined as the ratio between the peak value thadrms-value of thee(t), as defined in Eq. (6) and EqQ.),(3
respectively. This measures uses the phase infarmett the harmonics and is almost independenhefpower of th
distortion.

For the sinusoidal sweep the time to frequency nmgpyelds thecrest factor of harmonic distortiofCHD)
9)
=

T peak
dCHD [ﬁc] =

€ pife

Instantaneous crest harmonic distortion (ICHD)
Signal at IN1
s Distortion ms=m Noise === Distortion Max

-20 -

o }H””H ;’ ‘u“} \H“ I ‘{
T \

[dB]

-60

-80

10 20 50 100 200 500 1k 2k
Frequency [Hz]

The crest factor is below 8-10 dB for the regulatadtion. The triggered distortion have a sigrafit higher
crest factor.

Distortion versus frequency and sound pressure amplitude

Further insight into the particular distortion geat@®n process can be gained by plotting the distosignal
versus the state variables of the system. The spressure signal and the voice coil displacementvan
interesting candidates. Most of the triggered digin are initiated by the movement of the conee Th
displacement measurement requires a special se&isutar information can also be derived from toersd
pressure measured in the near field as it is tbemskderivative of the displacement.
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Instantaneous crest harmonic distortion (ICHD)

@

Nh b Ao wa N0

Displacement X [mm]

20 100 200 500 1k 2k
Frequency [Hz]

A black colour in the plot represents an instanbasecrest factor greater than 12 dB which is tydimaa
loudspeaker defect.

Peak harmonic distortion (PHD)
Signal at IN1
== Distortion

KLIPPEL
-30

-40
M A

ANl

-70

[dB]

10 20 50 100 200 500 1k 2k
Frequency [Hz]

Please find more information in Application Note (28/2008)

Number Name Date Time Comment
Voltage applied to terminals: 5V

Target: Search for voltage where rub and buzzsstart
5¢ TRF Crest

13 Harm. R&B 04/06/09 | 12:57:13 Adjust Setup:
- Increase Voltage in PP Stimulus slowly
- Microphone sensitivity
- harmonics > 20th order in PP I-Dist
Voltage applied to terminals: 5V
5d TRF Peak B :
14 Harm. R&B 04/06/09 12:57:27 Target: Search for voltage where rub and buzzsstart

Adjust Setup:
- Increase Voltage in PP Stimulus slowly
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Transfer Function Module (TRF)

Instantaneous Distortion

- Microphone sensitivity
- harmonics > 20th order in PP |-Dist

Instantaneous crest harmonic distortion (ICHD)

Signal at IN1
s Distortion
T KLIPPEL
0,: A WRM A gl A |
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B i “\V il “\ v i
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Peak harmonic distortion (PHD)

Signal at IN1
s Distortion === Distortion of clean 3V measurement
KLIPPEL
-30
-40 \v /\\\
— -50 \
- L Y
_ [ | N|% /
-60 i
-70 |
10 20 50 100 200 500 1k 2k

Frequency [Hz]

Number Name Date Time Comment

Target: Measure SPL + harmonic distortion at high
displacement

6 TRF SPL +

15 Harm. (Umax)

03/31/09 17:55:24 Adjust Setup:
- Maximal voltage in PP Stimulus (use Urms from LSI
or Umax)
- Microphone sensitivity

Transfer Function Module (TRF)

Fundamental + Harmonics (dB)

acoustical near field transfer function and harmonic distortion measurement at high level

Fundamental + Harmonic distortion components

Signal at IN1

=== Fundamental === THDN m==s= 2nd Harmonic === 3rd Harmonic 1 4th o 1 5th
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40
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Number Name Date Time Comment

Target: Measurement of Harmonic, Intermodulation
Distortion at high amplitudes (using audiolike sfn

7 LPM Multitone Adjust Setup: Voltage in PP Stimulus to Urms fro®i
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Dist. (Umax) or Umax

16 03/31/09 17:56:17 Reference: See further Information in applicatione

AN16.
Linear Parameter Measurement (LPM)

Multi-tone Distortion Measurement

acoustical near field transfer function and harmonic distortion measurement at high level with audio
like multi-tone stimulus
Spectrum p(f) of microphone signal

s Signal lines === Noise + Distortions === Noise floor ~m====== Signal level == MTND

L e KLIPPEL
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Relative multitone distortion
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Please find more information in Application Note (08/2008)
Number Name Date Time Comment

Target: Equivalent harmonic input distortion based
current measurement (only if L(i) dominant)

03/31/09 17:56:54
Adjust setup: Voltage in PP Stimulus

8 TRF Harmonics

17 .
In current

Procedure: Copy fundamental form window
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FUNDAMENTAL+HARM. and paste into Reference
curve on PP Processing.

Transfer Function Module (TRF)

Equivalent Input Distortion

What is equivalent input distortion ?

Traditional techniques for distortion measuremendefined in the IEC standard determine the comtatian
of the output signal by spectral components whrehnat in the input signal but are generated hystulacer
nonlinearities. The measured distortion dependnbyt on the nonlinear mechanisms but also on tiesli
properties of the transducer, radiation aids (eswly, horn), the acoustical environment (room) serdsor
(microphone, laser) used. The results are usudflgudt to interpret and do not reveal the physicauses.

Assessing the distortion at the source result inreneeaningful data describing the large signal enaf
loudspeakers independent of the linear transfg@orese. Since the distortion source is not accesfbldirec
measurements equivalent input distortion are caledlfrom sound pressure output. This techniqueemik
possible to predict the distortion in the sounttfiéo investigate the influence of the acousteralironment
(room) and to separate noise and other disturbamategenerated by the transducer.

The new concept of equivalent input distortion esspnted in this paper exploits valuable infornmatrom
loudspeaker modeling, because most of the dommamiinearities are located in the electrical and
mechanical part and can be concentrated in a isi@ource adding distortion to the loudspeakpuinif
the following signal path to any point in the sodiedd is sufficiently linear then there is a diteelationship
between the distortion measured in the sound éieltithe equivalent input distortion. Using a liniéer

with the inverse linear transfer respoii(s,r)1, this path can be equalized and the equivalent idistortion
may be derived from distortion measured in the dqunessure signal. This technique has been aplied
harmonic distortion and intermodulation distortentording to IEC 60268 but it is also useful foy &mnd of
distortion measurement.

Advantages of measuring equivalent input distortion

The redundancy of the measured data can subshabigateduced and the results more easily be irdarg.
A loudspeaker may be described by two sets of ddta:linear set comprises an amplitude and phase
responsei(s;;) for each point; in the sound field. The nonlinear set comprises foequency responsg,

for each orden (with n >1) of the equivalent input distortion. Thus, the eqlent input distortion describes
the large signal performance of the loudspeakeef®rring to the single-input of the loudspeakeérisT
techniques dispenses with measurements nonlingartibn at all points; iin the sound field.

The linear overall transfer behavior does not appetne equivalent input distortion. Only the sppac
properties of the state signals (displacement,citglocurrent) which are directly related with theneration
of the distortioru, are considered. For the dominant nonlinearitiesrétationship between parameters, state

signals and distortion components is derived ireghygendix.

The measured equivalent input distortion are inddpat of the superposition of the direct sounddiffdse
sound at the point and of properties of the room.

The linear frequency response of the sensor usgtidaneasurement of the loudspeaker output has no
influence on the calculated equivalent input distor Thus, a precise or inexpensive microphoneven a
laser measuring displacement, velocity or accetaraif the cone will result in the same equivaldistortion
as long as the sensor behaves linearly, therdfisisat signal to noise ratio and the loudspeaker
nonlinearities are only located in the one-dimemaisignal path.
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The equivalent fundamentdl, compared with the input voltagéreveals the nonlinear amplitude
compressiorC. This value shows the limits of the motor angpansion at low frequencies.

The equalization of the measured sound pressunalgigior to the spectral analysis speeds up the
measurement of harmonic distortion because higheeging speeds of the sinusoidal stimulus may bd.us

If the equivalent input distortion and the lineaarisfer responsé(sy;) are known Eq. (21) allows to predict
the distortion in the sound pressure at any point

The comparison of predicted and measured distoréweeals noise and disturbances caused by parasitic
vibrations (enclosure, cars) separated from loualsgredistortion.

If the equivalent distortion curves derived fronusd pressure measurements at different locatidns (a
sufficient signal to noise ratio) does not agremntthe deviation reveal dominant nonlinearitieghgnmulti-
dimensional signal path which can not be mappéhdésame equivalent input distortion in the one-
dimensional path. Thus, nonlinearities in the cabeation, radiation and acoustical system candoegnize(
and distinguished from loudspeaker’'s motor and esipn nonlinearities.

The concept of equivalent distortion is very congahfor assessing the large signal performancaative

loudspeaker systems. For example, if the ampidientegrated in the loudspeaker system the ecgmal
distortion may be calculated in the input signalhaf amplifier.

References
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2. “Measurement of Equivalent Input Distortion,pplication Note #20 to the KLIPPEL Analyzer System,
www.klippel.de

RESULTS

Fundamental + Harmonic distortion components (SHAPED STIMULUS)

Current Speaker 1
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Harmonic distortion (relative) (SHAPED STIMULUS)

Current Speaker 1
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Performing an inverse filtering of the loudspeatetput signal with the inverse linear transferdiion H(s)
1 gives an almost flat response of the fundamertaanse and the equivalent input distortion.

Please find more information in Application Note (29/2008)

Number Name Date Time Comment
Target: Make linear and nonliear distortions sejgdya
audible.

18 9 AUR auralization02/12/09 16:15:48 Adjust setup:

- Import paramter from LSI
- use PP Auralization as mixer

Report generated:
Date: 06/20/11
Time: 16:20:40
Username:heuschmidt

(c)04/2009 Klippel GmbH Germar- http://www.klippel.de
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