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Topics addressed in this section:
it
» Overview on Dominant Nonlinearities in Loudspeaker
» Limitation of the Acoustical Output
» Generation of Nonlinear Distortion, Impact on Sound Quality
* Design of Small Speakers with Optimal Performance

» Particularities of Microspeakers
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Performance of Loudspeakers
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Stroboscopic View on the Vibration Behavior
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Nonlinear Effects

in the Vibration

of Loudspeakers
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Generation of Signal Distortion in Loudspeakers
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Compliance Cms(x)
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adjustment of spider and surround 2 &0 3 7R
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Problem: Distortion due to Kms(x)
IHIRE: PR ms (X)-4- 2
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Remedies for Kms(x)

1. %,%LT %1751+t Remove asymmetry in Kms(x) by
N IR ES T ENE S fﬁ 7,75 using symmetrical geometry
© [P EE REsE using a soft surround (spider dominant)
. A Eljﬂgﬁ’jﬁ;pfjj\ SN2 iR compensate surround by
spider asymmetries

2. Y& PEFAIYF Reduce symmetrical limiting by
o KPR g E! increasing number of rolls
o« KT - increasing size of rolls

3. R (SERE) FPRI i M4 7 x=0F Avoid loss
of stiffness at x=0 by using material with low visco elasticity

4. U kT poEREFTT Use small sealed box > 2 Safiuff] |4
FI it ] dominant air stiffness
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Force Factor Bl(x)

ek Uﬁl 5!

permanent flux d;

magnet

Voice coil
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Variation of BI(x) caused by# 71 58 £ 24 &=
Magnetic fieldf 5 ci &

Height and overhang of the coil & & & E
Optimal voice coil position& £ & El 7 E
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Problem: Distortion of Bl(x)
HIRE: POB1(X) .

pass band
/ ——-o
Voltage _ fs pressure
(E]jé distortion impedance highpass
current fs Voice tone
‘ owpass
¢ lowp

X |—_—
/_\ \_ |« Bass tone
fs

1. Motor force F=BI(X)*1} |:r=Bl(x ) |
2. Multiplication of x and L7
3. High distortion (f1 = fs, {2 > fs)
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Remedies for Bl(x)

TEZF ﬁ?z\[ﬂa £ ﬁ@rMake Bl(x)=constant
[P I=F 5! by increasing voice coil overhang
U fg; ﬁl by increasing voice coil underhang

2. VPR iEgg ST F”T*Jf £11% Reduce BI(x)

asymmetries
. }Hj{,[ Gl *fﬁfﬁiﬁ (* by placing coil at optimal rest
position
o TR IR E PR AR 3 by using a
symmetrical B- fleld in the gap
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Nonlinearities at Loudspeaker Ports
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jet stream in loudspeaker ports .MOV
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* Flow resistance depends on particle velocity & (V) i P ierv o pe
 Turbulences generate broad-band noise *.jii% Wif’ﬁf‘ﬂ'”ﬁ
« Asymmetric flow generates a DC pressure in the enclosure
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Flow Resistance R A(V) at Medium Amplitudes
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Flow Resistance R ,(v) at High Amplitudes
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Asymmetrical Flow Resistance R ,(v)
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Vented Box System

Symptoms:

e Q-factor of port decreases with amplitude (port closes !)
e Harmonics (not critical !!)

¢ Generates modulated air noise (critical !!)

¢ dc component in sound pressure in enclosure and a dynamic
offest in voice coil working point (critical !!)

Remedies:
o Keep velocity in port low (< 10 m/s)
e Keep port geometry symmetrical !!
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Nonlinear Mechanical Resistance Rms(v)

Rms(v)

=K | & V

Pole piece

v

R..s(v) depends on velocity v of the coil due to air flow and turbulences at vents and
porous material (spider, diaphragm)
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Remedies for Nonlinear Mechanical Damping

Problem:
Air Flow in vents, holes, leakages or porous material in enclosures

Dissipation depends on velocity (turbulences, energy is moved into
the far field)

Occurs in:

Microspeaker, Headphones, Tweeter

Horn compression driver

Remedy:

Increase electrical damping by increasing Bl or decreasing Re

better sealing of the enclosure

AR Y | B ERY Big Sound from Small Speakers, 21 www.klippel.de 4>

* Partial Vibrations in the Diaphragm

O A plastic deformation

Shell segment
stress

E<< b »
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stretch &

deformation of the shell €C
geometry
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18 “ woofer at 300 Hz

radial vibration component
PR S 1153

axial-symmetrical FEA neglects circular modes
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18 “ woofer at 300 Hz

total vibration component
SUPREE S

Scanning reveals significant circular modes
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Geometrical Nonlinearities Generate Harmonics
Cone Profile at 300 Hz

57 2R % LG

r=0mm, phi =31
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Ranking List of transducer Nonlinearities
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3. Rms(v) Nonlinear Mechanical Losses Rms(v)

4 rE‘L(‘ kEll E[ JJEfﬁslﬂ: Port Nonlinearity RA(v)

‘ S. ,Fy\gl Inductance Le(x)
‘ 6. jﬁﬁ[‘i&@ﬁ I’i@ﬁ Nonlinear Sound Propagation c(p) e%ﬁ%@%%g ‘
7. FERBEA Flux Modulation Lefi) Shoms |

| .
8. ‘?/j‘j N E' Doppler Distortion (x)
9. 7 1}5'&'[@%%’{?'§Nonlinear Cone Vibration

10. 73"—_[5[ [mjmany others ...
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Signal Flow Chart of the Transducer

simplified by assuming a linear impedance for the mechanical load
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Nonlinear differential equation
Based on lumped parameter modeling

Linear system modeled by transfer function H(f,r,)
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Full Dynamic Measurement
measured
Noise or Gain signal
music transducer  sensor
usi control al:r:l[\)/;/i:;r current i(1)
a.c. error signal
Signal b 1 ()
Generator
i'(r)
? A 4
Nonlinear estimated Optimal
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S'?gi”a‘l Model signal Fitting
: It:
Selection of |"*"%9¢ / N
working range | l
Large signal
parameters
described in IEC Standard PAS 62458:2008
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Full Dynamic Measurement

Suspension Part

Measurement Adva ntages:

(SPM)
e Loudspeaker under normal
, working conditions
Large Signal

Identification (LSI) e Audio-like stimulus
¢ On-line measurement

e -----;.-:"‘ Long-term Power
— | e v Testing (PWT)
N Disadvantage:
e Large Signal Idenification (LSI)
Motor-Suspension requires nonlinear signal
Check QC (MSC) processing
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Model used in LSI

. ——

Assumptions: id
* Electro-dynamical transducer

* Mechanical resonator (2"d-order system LS| Woofer
and LSI Tweeter)

+ Additional resonator (4t-order system in LS| Woofer
Box)

* Linear damping Rms(x,v) = const. (or Qes < Qms)
* Four nonlinearities: BI(x), L(x), Kms(x), L(i)

» L(i)+L(x) represents impedance Z(f,i,x)

+ BI(x) also reflects influence of magnetic ac-flux
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LS| of Tweeter Drive Units

La(x)

Re(T)  Le(x) Foo (61) M Runs Coel)
e
Model used in LSI i v,
Tweeter (current Ra(x)
version 202) lu BIov | | BIX) || BIOi

Assumptions:

* Electro-dynamical transducer with f, > 100 Hz

» Application to headphones, tweeter, microspeaker, microphones
* Mechanical resonator (2"d-order system)

+ Three nonlinearities: Bl(x), L(x), K5 (X)

+ Linear damping R (x,v) = const. (if Qg > Q,,s, then measurement in
vacuum recommended)

* No creep considered
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Influence of the Acoustics

1. Acoustical load causes additional resonances

- Compression driver, Headphones, Microphones
2. Damping Rms(v) depends on velocity

- Microspeaker, Headphones, Microphones

- Perform measurement of drivers in vacuum
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Suppress the acoustics
Example: LSI of Horn Compression Drivers in Vacuum

o P LTI | [ Vacuum chamber made by KLIPPEL
f[| Driver in vacuum

» Driver in air
- } [
L

T
0 20 50 100 200 500 1k
Frequency [Hz]
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Measurement of Nonlinear Damping

Mechanical Resistance R, (v) versus velocity v
La(x)

* Mechanical losses dominate electrical damping in
microspeakers, headphones, microphones

* Mechanical Resistance R (v) varies with velocity v and is the
dominant source of nonlinear distortion in microspeakers

* Only a dynamic measurement technique can be used

» LSI Tweeter (version 204) will also reveal this nonlinearity
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Results of the Extended LS| Tweeter

Microspeaker

Force factor Bl (X)

Nonlinear Damping Rms(v)
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Z BRL s g

Properties of the Nonlinear Curve

1) HHO B R e
onstant or varying with displacement or current
2) TpREpER RS
Symmetrical or asymmetrical shape
3) IR
Soft or hard limiting
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S LI Y 31

Weak or Strong Nonlinearity ?

Force factor Bl vs. displacement X
-

Force factor Bl vs. displacement X
C
B

Displacement X )

SR

Parameter is almost constant

YL T
LOW Signal Distortion
(THD, IMD)
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Parameter varies significantly

HIGH Signal Distortion (THD,
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Force factor Bl vs. displacement X

AR 2 A

Symmetry or Asymmetry ?

B

Force factor Bl vs. displacement X
[ ]

Symmetrlcal nonllnearlty

e
ESENGYIN IE{ IE
j«bﬁiﬁfa’“l'”‘ T‘J elated

with size, welght price,
efficiency, maximal output

EJ&%K’EJ?J%Good and bad

SRR | RITHERS

Big Sound from Small Speakers, 38
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Asymmetncal nonlmearlty

1 P B

i

! fep=2 A [ Caused by
asymmetry in geometry,
voice coil offset, ...

=

FlLi-usually bad
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Distortion of a Symmetrical Nonlinearity

Spectrum Pfar

Force factor Bl vs. displacement X _ -
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Distortion of a Asymmetrical Nonlinearity

Force factor Bl vs. displacement X

B,

Distortion Fundamental
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iy iy 55
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45
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S SE

3rd,5th, 7th-order component
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Spectrum of hard or soft limiting nonlinearity
5.0 E ‘ T
4.0 ?Oveman I ! Y \
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A Ry \ TR s
soft limiting nonlinearity 0o Bl oo s hard limiting nonlinearity
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PRI Y 735375 O THD
Total Distortion

generated by hard or soft limiting nonlinearity
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The causes of harmonic distortion

::Z f{ " Fundamental o Tl | PP
7 110 E S N I N ri
E 100 2 = e “Jh !
S == = AT Y o
L f AL d THD I

wE s L I

ot NN N I M R T A— I

Frequency [Hz]

L@ I-
Cone Vibration
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Setup for IMD in Sound Pressure

bass sweep technique

Amplitude response
versus frequency f, :

voice tone f,

O=> FT > ond_order IMD
3rd —order IMD

Amplifier
Loudspeaker ~ Microphone  Spectrum

Analyzer

frequency

Bagh tone f,

Optimal Stimulus:
Two-Tone stimulus

Varying frequency of bass tone about resonance 0.5f, < f, < 2f;
Constant frequency of voice tone above resonance f, =7f

Requirement:
2 sinusoidal generators, Spectrum analyzer
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EE}%Q EL F ] LP\[
causes of wftermodula ion distortion
fi;‘iij i&“ﬁz = bass sweep technique in sound pressure

P
IMD
%
30|- sound pressure
0.5f ¢ o 2%, f ;
L(x) L(x)
Bl(X) \ B|(X)
L(i)
Doppler < 7 | &3 Doppler Effect
Cone Vibration < L2 L.HT';«B*J Cone Vibration >
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Measurement of Multitone Distortion

-, e s —m—_——— b |
I [
| . Spectrum |
Amplifier loudspeaker Microphone Analyzer \ 4 s ;
. pectrum o
O—>» FT Filter |—» . )
distortion
Signal source Components
v v
f f

Sparse multi-tone complex

Problem: Result depend on excitation lines selected
- Standard for multi-tone stimulus is required !!
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G 2 [
The causesﬂ;gf?b multi-tone distortion

E T T T T T T RLIPPEL
110 i j.}hkfz N
100 £ Fundamental S
ot ~ N
8wt e P s
70 3 [~ 11 \’\.-....,
E f 4 ¢ Distortion ¥
60 s
s \ | ||
50 100 200 500 1k 2k 5k 10k

Frequency [Hz]

Kms(x)

BI(x) BI(x)

Doppler Effect < Doppler Effect

Cone Vibration < Cone Vibration
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B ¢ o
Check: dc Displacement

Caused by Kms(x) Caused by BI(x)

X g

unique Xdc
symptom

softer side of
suspension

1 mm 5mm

_J unstable
0 ! > 0— >

f fs 2f frequency
s frequency

Bl-maximum

- ER R Y ] B HERES  Big Sound from Small Speakers, 48 www.klippel.de 4>




Q
o
Setup: Testing Symmetry of Suspension

increase input voltage

@
dc displacement a

Signal source Drive =P
Unit
Optimal Stimulus: o
Single Tone just at resonance Watch for significant dc
(f=fs) component in the voice coil
displacement at higher
Requirement: amplitudes.
ALMA Test CD or tone generator
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Interpretation: Symmetry Check of Suspension

more compliant

A /\/

mm
K displ t d
peak displacemen Stiffness of suspension Kms (X)
L
1 4 - = dcdisplacement ~Xprot <X < Xprot

- - KLIPPEL

i-'—\—— > 30 dc
voltage displacement
bottom displacement 28 p
2,0

Kms [N/mm]

Asymmetry in Kms(x) curve causes
rectification of the ac signal

0,5

(moves coil always to the side 00 B
where the suspension is more T e
compliant)
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Setup: Testing Symmetry of Force Factor

increase input voltage

@
dc displacement a

Signal source Dive =P
Unit
Optimal Stimulus:
Single Tone just above resonance Watch for significant dc
(f > 1.5fs) component in the voice coil
displacement at higher
Requirement: amplitudes.
ALMA Test CD, tone generator
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Interpretation: Symmetry Check of Bl(x)

A peak displacement

Bl maximum For frequencies above resonance
a dc component in the
displacement is generated which

> Moves the coil away from the Bl

voltage maximum !!!

bottom displacem

dc displacement

e plate Bl maximum
50 . . .
W LT T AN
“H I I 7 \
40
dc displacement \\
Induction B 35 4 / \
voice coil 30
. N
mZU
pole piece R > s 4 // N
x=0 displacement *H”
10 4
05
00

00 75 50 50 75 100

25 00 25
Displacement X [mm]
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Setup: Testing Motor Stability

High input voltage dc displacement

o

Signal source

Optimal Stimulus:

Single Tone just above resonance

(f > 1.5fs)

Requirement:

ALMA Test CD, tone generator

R R

Big Sound from Small Speakers, 53

&>

Drive P
Unit A

B

Kick cone inwards and
outwards and watch for
significant dc component in the
voice coil displacement

www.klippel.de
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Interpretation: Testing Motor Stability

negative dc displacement

Bl(x}o — e
5 = | |
A
[Nijo .f/ il
35
30
25
20
15
1,0
05
5 4 3 2 [”?m]1 2 3 4 5
X
Causes:

- Bifurcation into two states

- rest position is unstable

SRR | RITHERS
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positive dc displacement

Bl(x}.0 f T I i i ﬁ
&S 'y T =X T
40T X
35
30
25
bifurcation c: y motor.MOV 2,0
15 Q
10
]
5 4 3 2 4 0.1 2 3 4 5

imm]

Remedies:
->Use Bl profile with a plateau region
—Increase coil overhang or underhang

- increase stiffness of suspension

<>
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* Detailed discussion on
practical examples in the
Journal of Audio Eng.

Soc., Oct.

Loudspeaker Nonlinearities —
Causes, Parameters, Symptoms

2006.

» Get a free poster for
your workshop

LOUDSPEAKE

R NONLINEARITIES
ST T

KLIPPEL
AR Y ] EHHERSS Big Sound from Small Speakers, 55 www.klippel.de 4>
FalE s RENFLE
7] = LR
Generation of Signal Distortion in Loudspeakers
Input Output
Signil » Y Signil
WAES AMHES

HARE] > s

Input Signal v Output Signal

s
» Linear System ,’ﬁ ﬁ i NMELE
v if'li{%f\i* linear distortion ﬂi%x
= ZnIL Excessive
Distortion
Regular
Nonlinearities
BEFEMRYE BEELEIE
regular nonlinear
distortion Noise
L—p Defects F :Ez
280l
CHRESEEL Y1) EBERSY  Big Sound from Small Speakers, 56 www.Klippelde <P
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Loudspeaker Defect: voice coil rubbing

AN a 7328 Hz Ga.ﬂ Sk PR
N SN Rocking mode may cause at 328 Hz

# [5! Voice coil

&@I] D@J Ak Ak

&[ﬁf‘v}? voice coil rubbing

5}'\51 lﬁ'ﬁfdlstomon signal
- >
I ! - . Ef*J- 1] time
< - |[ﬁ’ﬁJ,EIEJ one perod ———>
NEESE Y] BIHHERE  Big Sound from Small Speakers, 57 www.klippel.de <P

I 13043 5k Kk B RV AR ER
Detail of the distortion time signal
6l A:Case A: ,beating wire of a defect driver*

Model error

LIPPEL

0,03

OOM
0,02
0,01
0,00

001
0,02
-0,03

<

Period

50
Frequency [Hz]

* [ilE]f 2 2 F =A% Regular distortion have high energy
o I F| [Xf<a¥ Disturbances have low energy
o BIERRLE [l — 7 Sﬁ 53 d WY Disturbances are concentrated
at a fraction of a period
« Il dr (A ik fififN=") peaky distortion (high crest factor)
* TR IHERLE] £5PY Active compensation is useful
ARSI Y ] B AR Big Sound from Small Speakers, 58 www.klippel.de 4>




ERAE
Harmonic Distortion
FE E#‘ I%ﬁfﬂ#g Stimulus: Sinusoidal sweep

— ]
IHD RMS of IHD
-10 -\ f LIRPE
|
-20 A A
\v
0 T PHD
40 - A"\'I\M
o
S 5 i HINAA A
s i D THDN waﬂ
70 [T VAT R i A
o ‘|‘ i
-80 1 \‘ Ll
50 100 200 500

Frequency [Hz]

Eﬁf%ﬁ@i{@' Instantaneous harmonic distortion
e A d pu 50l Mean value of harmonic distortion
i f@%ﬁ@zi}‘\ﬁj Peak harmonic distortion

AR Y ] B AR Big Sound from Small Speakers, 59 www.klippel.de 4>
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Crest factor of harmonic distortion (CHD)

ﬁgﬂuﬁﬁf }é‘a‘:}ﬁ'ﬁ Stimulus: Sinusoidal sweep

20,0 m KLIPPEL
£ A
17,6
150 © | rub & buzz, I 1 ElE# other disturbances
F |
12,5 +
g 100 E .......... /’.‘q.ﬂ. M;H Feafyhananannnnnnnny UL YT I LI FTTT XTI IT TIE
- | \Mw AN ANINAVRY 10dB
s0 1 | }‘f ARAP e ) \de M
e ;V\VNW ‘i} \VTAE R regular distortion
£ v
50 100 200 500
Frequency [Hz]

REL R il P T RS Rl |
CHD can be interpreted on an absolute scale !

SRS Y] B BRI Big Sound from Small Speakers, 60 www.klippel.de 4>




BE: BRAENEERE
Check: crest factor of harmonic distortion

Crest factor of harmonic distortion

good 10iqs bad

Instantaneous crest harmonic distortion (ICHD)

mm]

displacement
Displacement X [

v
Frequency [Hz]
L3k Frequency of sine sweep
AR | B ERY Big Sound from Small Speakers, 61 www.klippel.de 4>

BREFIEERERAE
Instantaneous crest harmonic distortion ICHD(f,x)
ROIA: BB ERIFRFIT Case A: ,beating wire of a
defect driver”

Instantaneous crest harmonic distortion (ICHD)

12
10 100 2 @ Ui . D
s A | D
. il M I
75

a "
N |
o o
i
42 2s | §
o3

: ‘ \ 4
88 aY

§ oo >
08 ) I ] | A
213

a .5 1
14
6
8 5.0
20 | | |
22 75 i
24 WL
26 -10,0 b ‘
28
30

uency [Hz]

?QTEHH:TEN 50%F2% + 10 mm b F25g
Defect occurs at + 10 mm displacement at 50 Hz
A EREE Y B ER A Big Sound from Small Speakers, 62 www.klippel.de 4>
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Instantaneous crest harmonic distortion ICHD(f,x)
RHIB: KB Z B EE Case B: ,rubbing voice coil of
a defect driver*

Instantaneous crest harmonic distortion (ICHD)

31

Téii[ JEEEZEE [+ Conditions initiating rubblng
?’?&’!‘FIJ I[ﬁ\[[" %

Negatlve turning pomt of voice coil excursion

H ik Vb (TR 2 38 0 3 [ FRA

Above resonance frequency (mass dominant) [J

AR Y ] B Big Sound from Small Speakers, 63 www.klippel.de 4>

How to cope with nonlinearities

* Measure nonlinear distortion in the near field
- ensure sufficient SNR
+ Transform distortion to the loudspeaker input
-> concept of equivalent input distortion
» Be aware of interactions between nonlinearities
- no compensation of Kms(x), BI(x), L(x)
» Check for dc-displacement
-> instability
* Use numerical simulation tool
- see impact on THD, X,.,, SPL.,, IMD, P, ,T
+ Separate regular nonlinearities from irregular defects
- measure Crest Factor of Distortion

A BN A ) B EREY  Big Sound from Small Speakers, 64 www.klippel.de 4>
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How to Specify Sound Quality of Loudspeaker Systems ?

%M!F Parts

(cone, spider,

BT

Driver (woofer,

o
M) 3
%xé}tb System H%uﬁ'%

(driver + Xover + room)

glljiMeasurement EﬂModeling

Jﬁm Application

motor parts) tweeter) Listener
d N ==
DERSBEE SE5SHER AERSER  OEFEER
Distributed Parameter Models Lumped Parameter System-oriented Psycho-acoustical
(FEA, BEA) Models Models Models
MRS wBsm  swemm  IESMEgspsm  EEEM
3 ateria:l Trzrmel Cone Vibration Fs’;nd?)l‘rrifn:; Nonlinear Distortion ~ Sound Attributes
gepg T RAET/SS Y Parameters JELE MBS EY R 1
e (e TS oo pEpE  Emmg  ERHE
eometry ear onfinear Quality Metrics
Parameters Parameters \____ Power Handling 7\Loud/|jess density _
- T3 O N
%ﬁﬁﬁm AVA :_F IEQWJ Parameters independent of stimulus E‘H( HR /;& i': %&Jﬁ] Symptoms depend on stimulus
\ 4 \ 4 \ 4

v
5] */'J_“I"i Et:.E E§ E}\{ Definition of Target Performance

< éﬂﬁiﬁiﬁﬁgﬁ#'—ilﬁl‘f Selection of Components & Design

> R&D

<

>

N\

% — /I\EZF E’\J 1¥ 1E Evaluation of the First Prototype
N

yi
( TELNE End-of-line Testing )
Al L4

AR Y B AR Big Sound from Small Speakers, 65
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QC
<

ﬂ“iMeasurement EﬁModehng

EEFH Application

MAREDFERREN MR ?

How to Specify Sound Quality of Loudspeaker Systems ?

%Bﬁ: Parts

(cone, spider,

BT

Driver (woofer,

0
RirE

%\éﬁ System
(driver + Xover + room)

motor parts) tweeter) Listener
d ==
DHRSHER KSR HER AaEsEn LEFFER
Distributed Parameter Models Lumped Parameter System-oriented Psycho-acoustical
(FEA, BEA) Models Models Models
MRS ERBY  EERD MESHE ipp ikl FERME
o aterie:l Thermal Cone Vibration g:rfi:‘rrign:; Nonlinear Distortion ~ Sound Attributes
=T Arameler s v /S5 Parameters JE4E M3 L=} L 7
& i{i ;};%Z 3%&1?7}‘%& RANE ERE am B
Geometry Inear onlinear Quality Metrics
Parameters Parameters \___ Power Handling Loudness density _
- N y - \/
%&3@\ AVA a: )EQWJ Parameters independent of stimulus E% HR l;& ?: ;EflJEJ Symptoms depend on stimulus
Y \ 4 A 4 Y

B *ﬂ_‘ﬁﬁEB’QEK Definition of Target Performance

<‘

gﬂﬁiﬁﬁﬁﬂgﬁﬁ%—lﬁﬁ' Selection of Components & Design

> R&D

<

£— /I\EZ‘S B 1F{& Evaluation of the First Prototype
A\

>

N\

(‘ TEL E End-of-line Testing )

Big Sound from Small Speakers, 66
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Auralization — Systematic Listening Tests using Simulation and
Decomposition Techniques

Thermal varied parameter
Parameters f
Ry, Rim
\‘ Thermal
Model @
A7 >
Listening test
Power Temperature
55 - ! £ l
e N Linear . | Nonlinear +| Linear Sensations
Stimulus System "] system | System
7 : , t
/ / \ Psycho-
Lumped Y(s) H,(s) > aclsluzhﬁal
He|(S) Parameters Mechancial Electr_ical Transfer ode
Transfer function BI(x), L(x). ggrr:weittance Function
/ Cms(x) Re, Mms \
Amplifier Crossover  Motor Susperj\h one Enclosure, Horn oom
A AR Y ] TR Big Sound from Small Speakers, 67 www.klippel.de <P
\ /\ — [ [
/"I J g,[i{ ) ﬁ 4\ ‘ ‘!L
— : ______________________ |
WEpREE i
Music, test sia : I
o O ’E B Lt
“@5 ! | ¢ ?] Sl
o | P
b e Digital | Sound pressure
| Model ™~ output
| A
| B Fry
| L
|
| . .
! ~ 2 Linear Signal
Il . a )
& g
PRI, IR, T, R o
. Distortion
Displacement, Current,Power, Temperature
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Measurement of Safety Headroom
el

Sin Spis Example
Ideal Speaerk 111}k 0dB -100dB | -
A 0dB -12.dB 4
Distortion decreased 7= ' /it 0dB -9dB e
0dB -6 dB e
0dB -3dB B
Real Speaker /7452 0dB 0dB e

0dB 3B |

threshold of audibility {I* *{5#/'¢}  {——0dB—> 6 dB q )
Distortion increased - ' f7 0dB 9dB E
;. S
0dB 12 dB ¢-

ﬁﬁaﬁﬂ el 2l e Ve N (N [
Safety Headroom = Increase of SDIS to make distortion audible

AR Y ] EHHERE Big Sound from Small Speakers, 69 www.klippel.de e 1 3

Output of an Low-Quality loudspeaker
(S TR

110
SPL L ‘ ‘
100 < -
: aéufélﬁ?ﬁ“
o I Funamnt|\/\\
o) s |
. masking
0 1 threshold |H B3 il 21
w0 1 % B No safety
. Distortion hearoom
50 T \
RN
5 10 20 50 100 200 500 1k 2k
Frequency [Hz] . e -
i 2R 2

ippel.de 4>




Output of a High-Quality loudspeaker

10 T
SPL
100 —
‘ R (FOE
90 : Funda ental "\ /\ \
" e fl LA
o f masking A\
: threshold N |‘
60 : i ET’JHEEIILIIET_EJWI
igh safety
[ _L;“gl \l( headroom
50 \ Distortion
- |
AN L bl
5 10 20 50 100 200 500 2%
Frequency [Hz] Yi ’L‘Uﬁfﬂ J_L;»\ Hi IIZ[E#:
S L.de b

. = 0 VA
Mg KIES R
Specification: Large Signal Performance
BRNT R ERRR

Active and passive Loudspeaker System

BASPLmax , MEVEN , TREFFET , MAEE 1M
Maximal SPL,,, at 1 m, on-axis anechoic conditions, in frequency range
BRRETE (LR TER)
Effective frequency range (Upper and lower limits f,,,... < f < f,...\)
e e S 9 B BE (S ESPLIB R 5 P EN R ARE)
Flatness of on-axis response (maximal deviation of SPL on-axis response from mean SPL)
WRAEEUHNRMAKE)
Harmonic distortion (Equivalent input distortion)
ERAEFENERIAH)
Intermodulation distortion (voice and bass sweep)
B K E () FRErub&buzz, ¥A B SR
Impulsive distortion (peak, crest) indicating rub&buzz, loose particles
1A 1R (MOD) R AL Z= <t iR
Modulated noise (MOD) indicating air leakage
T D03 5 M i, AP 30 UE T A
Durability verified in accelerated life test
AR Y ] B ERSS Big Sound from Small Speakers, 72 www.klippel.de e 1 3




mERRENITE

Evaluation of the Loudspeaker System
BMNER, ZE™ M, &4 7 f@ First Prototype, Competitive Product, Final Product

¥ﬁE’JE'ﬁNeW Requirements:
BRREMERRS For active and passive systems
- EEESEBMNREER Consideration of room-interaction
- BRAFZEHHENEE Assessment of maximal acoustical output

o FHNEHF SR Irregular loudspeaker defects (rub, buzz,
leakage, particles, loose conections)

« ZHEAEIE Comprehensive (orthogonal) set of data
« {ETF %R Easy interpretation
+ HQCER&DiE# Bridging QC and R&D

> AESHIECHREFR X T BERMFERRENWNE”

- Standard activities in AES and IEC about a ,Measurement of
Active Loudspeaker Systems*

AR Y ] EHHERSE Big Sound from Small Speakers, 73 www.klippel.de 4>

TERTRNEERRE?

What is a Bad Loudspeaker System ?
T ae R AMFTIES Properties which are not acceptable — k.o. criteria

o HFRAKSEE M (rubbuzz, BEBN , BB BRERE)EEN
WA AE
Impulsive distortion generated by irregular nonlinearities (rub,
buzz, loose particles, loose electrical connection)

- BRANZEZRBFRIERBNEEELEANZRERE
Significant air noise caused by a leakage in the enclosure or a
loose dust cap

- BRFTRENBRENTHBELBENIFBMERE
Excessive nonlinear distortion caused by motor instability and
severe asymmetries

- EABECHNBEEERERATE
Significant differences in time delay between left and right

channel
A BN A ) B EREY  Big Sound from Small Speakers, 74 www.klippel.de 4>
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How to Specify Sound Quality of Loudspeaker Systems ?

EBHF parts IRz 2 5T REE system N
(cone, spider, Driver (woofer, (driver + Xover + room) T"
motor parts) tweeter) Listener
=)
I
= 4 ot o == g bk
g | PHRSHEER SE5SHER AERSER  OEFEER
= Distributed Parameter Models Lumped Parameter System-oriented Psycho-acoustical
g‘lﬂ (FEA, BEA) Models Models Models
- e o < — =2 sk > =7
5 MRS wBsm  swemm  IESMEgspsm  EEEM
g 3 atenzil Trzrmel Cone Vibration Performagnce Nonlinear Distortion ~ Sound Attributes
=1 arameter
2 & iiﬁT/s%ﬁ Parameter: sFﬁﬁéﬁ Ty 4 38 SR mASsE
= Geometry Linear T/S Nonlinear . = =5 Quality Metrics
|. Parameters Parameters \____ Power Handling 7\Loud/|jess density _
[y sl < NG
g %&?ﬁm YA :_F ﬁm Parameters independent of stimulus El{j( HR /;E a: /%&Jﬁ] Symptoms depend on stimulus
\ 4 A\ 4 A\ 4 \ 4
S 5] */'J_‘Tiﬁb Eﬁ‘ E}‘{ Definition of Target Performance
% < éﬂﬁﬁﬁii‘l\ E’gﬁ#'—'f_lﬁl‘l’ Selection of Components & Design > R& D
o Al P L N
E‘% < % — /I\EZF E’\J 1¥ 1E Evaluation of the First Prototype >
\e 7 S v
’ia ( TEL N E End-of-line Testing ) QC
Al L4
AR ) EE Big Sound from Small Speakers, 75 www.klippel.de )

RBERRIRITRY D IR

Steps in Transducer Design

E}\L E *ﬁﬁﬁg Definition of target performance

FMETHBESNISEEERNSB(WREZETK)
Transforming stimulus-based characteristics into parameters (if not already made)

iﬁ?%lﬁéﬁ’gﬂ-ﬂ Selecting the proper materials

TEJ'?&,EETL %E’J)’Hﬁléﬁ’@ Finding the optimal geometry

%E%Hi‘ﬂ:‘: ':F' E’f} %\gﬁ;ﬂ E%}?& Considering constraints from manufacturing
#ﬁU'ﬂE% —/|\H§Z'K Building the first prototype

ﬁﬁgﬂg Eﬁ 'LA Verification of the performance

NOU AW N

A BN A ) B EREY  Big Sound from Small Speakers, 76 www.klippel.de 4>
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How to Specify the Optimal Transducer ?

etk _
WS 1. BE(BIL T EEFAR)Parameters (independent of stimuli

Earametgrs ave * BB EB KB Acoustical transfer functions

ZZTOTEZ;HS!ZV ° M EE R BB Mechanical transfer functions

. NEABRZ B Small signal parameter T/S

. j(%t?ﬁ%‘%( Large signal parameters (thermal, nonlinear)

2. Eﬁﬁ\rgﬁ@]%ﬂ%ﬁ’ﬂﬁﬁ Stimulus-based Characteristics
. B K SPL Maximal SPL
JEEMKRE(THD , IMD , XDC) Nonlinear distortion (THD, IMD, XDC)

HRRBHY ’

Should be M ;FiEEJJﬁRFﬁ E"Jﬁﬂk Symptoms of irregular defects (rub, buzz, leakage,...)
transformed into = = ) .

parameters ° ﬁbi/m = , @ﬁxﬁ , Pmax Coil temperature, compression, Pmax

A AR Y ] TR Big Sound from Small Speakers, 77 www.klippel.de <P

Transformation of Symptoms into Parameters
Total Harmonics THD @ SPL,,,x = Shape of Compliance Cms(x)

Total harmonic distortion in percent ( dht) Check:
DisplacementX
Sy Ty b v » THD at resonance frequency fs
125 * Compression of Fundamental forf<fs
+ Displacement limit Xc
100 T m™ T
’ 1l LJTSLOT UOT1
Mechanical compliance Cms(X) vs displacement
g 78 —— —_—
3 more linear progressive.
8 \ 105
B 50 0.9 f
o \ 08
25 F
07 =
E— R R— ~ A\~ ] B 06-L / \
0,0 = E

4101 & 102

100 810
Frequency f1 [Hz]

|
Cms [mmiN]
o
8
™~
| A

Single tone Loudspeaker ) o E .
Stmuve. —®|  Model [ Harmonic D Width NN
(SIM Module) Distortion 0,1,;4/ |
=i P I A IS N N FURE S A
-10,0 -75 -5,0 -2,5 0,0 25 5,0 75 10,0
Displacement t X [mm]

change WIDTH in nonlinear
curve editor of BI(x) curve

=] e ] o
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Design of the Transducer

Egﬂlm'ﬁ '“7—‘ ﬁJ\ *ﬁ' Coupled mechano-acoustical analysis

AN

~

AR Y o B AR Big Sound from Small Speakers, 79

Far-Field

Magnetic / BEA
FEA FEA N
—_— —
F | X(re) v(r)
Motor Mg‘;‘;i:::al '_» Acoustical '_»
) il y ) t ) Sound
U —>» (coilgap, fo[r;sler (Sui;:e:eswn, Radiator (;‘;so::; near field Pro pal;ation _> p(l'a)
magnet) diaphrag’;m) ‘ eced hom) Q XXX
\ F(rc) p(r)
Tt P
Thermal
Dynamics
%/—/
Thermal
FEA

www.klippel.de 4>
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Finding the Optimal Design Choice

= Eﬂﬁ] Motor
=18 suspension o 4K cone
Geometry R JLA4 f@ # isl Material
L3 ‘\\\ m&FE "; 4
“\ EE'W%FEA Mechanic; mm-ﬁ%‘-ﬁéﬂg ,’;
ﬁBiFEA Electro- FEA FEA/BEA ?ﬂﬁBEA
The, Magnetical i Coupled A
el;‘mal FEA | mechanical Agoustical
FEA \ ' . ! BEA
\ 4 ! acoustical !
N \ | FEA/BEA /
v v v v
Al
KRS8 SEZHMS K BRI
Lumped Parameters Distributed Transfer Functions,
(linear, nonlinear, thermal) Mechanical Parameters acoustical, electrical, mechanical)
E *fﬁ'lgtﬁg Target Performance

SEMEEEL Y B HAERES  Big Sound from Small Speakers, 80
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Verification of Design Choice by comparing measured and predicted parameters

Xz Motor
&34 Suspension
4K Cone
Scanner
3D Sound
SPM
TRF
SHERAS ¥
;'E< zé ;5 ;&Dlstnbuted $§ #% E ?&
Lumped Parameters Mechanical Parameters Transfer Functions,
(linear, nonlinear, thgw) T ?ustical‘ electrical, mechanical)
Numerical Modeling
(FEA or BEA)
JA4# , #$ Geometry, Material
AR Y | B ERY Big Sound from Small Speakers, 81 www.klippel.de 4>

TARTRNE LT ?

What is a Bad Drive Unit ?
BHETREEIESN

Properties which are not acceptable — k.o. criteria

s ERMNBATIRUBNIEE

Dc displacement is larger than amplitude of ac displacement
o EHIRMEBLE 2 B B3 20

Bifurcation and jumping effect at the resonance frequency
« BT Xmax@hBEERBET , BRHENEGERS

Voice coil rubbing, hard limiting and buzzing sound below Xmax

- EXBEFIBER

Significant rocking mode (AAL ¢ iar > AALta)
- FERINEEFER
Acoustical Cancelation (SPL, 4 pnase  SPLig phase)
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What is a good drive unit ?

—R&ME In General:

« DESRFLMETIHMESERERUE , BLLBRIGEUHERT

Low asymmetries of loudspeaker nonlinearities generates low dc
displacement and keeps coil in the gap

o BHRARFIESERFERRL , REERVUBRN
Low creep factor maintains stiffness at low frequencies to keep dc-
displacement minimal

o BERPCELMERNMABEELMRMEFEHN
Force factor nonlinearity is balanced with inductance nonlinearity
« EBHIENBARREMRBRAR B THIREY
Enough stiffness and Bl plateau to ensure motor stability
o EXmaxft FAINIELEF =L RER S
No impulsive distortion generated by irregular nonlinearities below Xmax
+ REERSHMESRMEEFEHN

Thermal compression is balanced with mechanical compression

AR Y ] B AR Big Sound from Small Speakers, 83 www.klippel.de 4>

EH Contact

www.klippel.de
info@klippel.de

+ Download Software (free viewer) 7 ?},@@ﬁ%@m?ﬂ i

+ Get Know-How (applications notes, papers, ...) " # [J= #8163
+ Discuss Solutions (email or phone) FTiff1 5@
+ Get Training (workshops) % [? ﬁxé‘? L
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