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Schedule Today
A H i

Small and Large Signal Diagnostics
ME T RIERAE 52 W

Use simple tools

ik a7 5 T H

How to optimize large signal behaviour
WA KAG 54T

Drive units only

RS #T
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Simple Tools
fiaj B T H
« Sine generators F5%fs 5 kLS

« Microphone # 7 X,
e Resistor Hi[H 7%

 Spectrum Analyzer #iiE s H%
» Eye (Optical Check) “HEHE" (f7FEALK#ES)

Klippel, ALMA China 2008, Simple Tools, 3 <>
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Loudspeakers are everywhere

_
.

|l

r
iﬁﬁ Cars % O E

F-HL cellular phones P [
%ﬁ%ﬁ:, EE;EE Multimedia, Computers @g ‘\
WY Hearing aids

5 FH 5 2E 57 Home hifi reproduction E
LNV M professional audio

H}’Tg%}%ﬁilj Active noise control
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Requirements on Modern Loudspeakers

o /AT smai dimensions

o BEE T Lowweight

o /DINA Low cost

o KA EH KT igh output at low distortion
o F KRR maximal efficiency

> & ‘Fq‘ j( J —“u—b “Loud“speakers are required

Klippel, ALMA China 2008, Simple Tools, 5 <>
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JE 7S T P

Perceived Quality of Sound Reproduction

H{yT Depends on

IXZ{5 5 Stimulus (music, speech)
223NN acoustical environment (room)

W, &k, BeWr e

Hearing, training, expectation of the listener
Hi, 5 2% FL/A Electro-acoustical transducer

Klippel, ALMA China 2008, Simple Tools, 7 <4p
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Generation of Signal Distortion in Loudspeakers

Input Output
Signal > »  Signal
MAES itk {55
Input . Output
Signal = Signal
> LinearSy%m - SRR
e < distortion Excessive
Distortion
Regular EEEE|=53 ks
Nonlinearities | 2% & regular
EEE B A LR RE nonlinear
distortion Noise
e Defects Mg
EiEin
Klippel, ALMA China 2008, Simple Tools, 8 <>
A good idea: (Linear) Transfer Functions
/N T == > 47 Ht
MR (SR i) e
" Displacement TF
PR LR R
Radiation/ (r,)
v P
propagation
. sound
Impedance' current .-' pressure
Kﬂ}ﬁga' T :
5 Eor
\'70“& 'e' Motor/ X" Cone Radiation/ p(ry)
S| suspension diaphragm [Engamon propagation sound
...... 2 . .d.ls.p.la.xc.e.mem pressure
.................... Eleguency Response
*fﬁ'.;%.m*ﬂﬂl ..............
Radiation/ > P(r3)
sy propagation sound
A 4 pressure
mechanical
impedance Enclosure
Port
Horn
Panel
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ki Y. Impulse Response
(#7 #a4E = N loudspeaker in room)

H(-f)= Signal at IN2 / Stimulus

| — I
_ Measured Windowed
F e J“ h KLIPREL
15 : : fiddennnans o
L LI st :
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s [ & | |52 E
> e i
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- T i
10 -+ ‘ | L :
FE t :5 bt T
CF ate :
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¢ Direct g 30 40 50 60 70 80 90 100
sound left:6.083 Time [ms] right:818.833
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Interaction with the room

m&i@‘ Late reflections

| early
reflectl

i& 7 direct sound

P A (W L6 e Al FEZE Which loudspeaker properties are important for this ?

Klippel, ALMA China 2008, Simple Tools, 12 <4p




Set-up of Listening Test
on Smoothness of Total SPL Response
ol 7 s 2 i - R R i a2 i

—

Signal source Loud-
speaker
SR Listener at
Optimal Stimulus: gggmgrl]
Pink noise Compensate for .
AR coloration by Eﬁ%%&m%
AN adjusting the BLE
equalizer
ST A i B ), Subjective Criterion =M ArHE:
MYy « Spectral coloration #%5%t.
Klippel, ALMA China 2008, Simple Tools, 13 <>
Interpretation of Listening Tests
on Smoothness of Total SPL Response
Sk S 2 S~ R U R i 15
Correction curve of equalizer response Coloration of the overall system

T2 1E Y4865 Wi J i 25 (loudspeaker, room)

= dB ARG E R (W75 5%, 3 )
f

+System Alignment % %t % {i7. (woofer enclosurefk #44) > about fs
(< 100 Hz) g4 fs < 100 Hz
*Room modes J5 Al > (below 500 Hz i T-5007#%%)

scrossover & X4zl > (above 500 Hz = 1-500%#2%)

Break up modes and radiation problems 732413 K 45 5 i) B >
(above 500 Hz = 1-500/#%%).

Klippel, ALMA China 2008, Simple Tools, 14 <>




FEAT: 5 F T 5 e W L R A ) 7 s 8 i S AR A
Variation of SPL response within normal listening area in a
living room

— — —
point 2 point 3 point 4
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105 point 5 point 6 oint 1
H LIPPEL
1 A ™ 'l
100
H W ZU CIﬁ
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Set-up of Listening Test
on coloration caused by diffuse or direct sound
HH 9™ A3 B ELIA 7 5 S ) G T k) 8

Compensate for : . SR 25
coloration by Listening room il ==
a‘g:zgrl‘ig;re Variation of the distance
SR DL R AL
Y SN -
— Equalizer =E( —- / ........ >
Signal source Loud-
speaker
system Position 1 Position 2
. . ) Direct sound is Diffuse sound
Optimal Stimulus: dominant Is domiant
Pink noise frEL, Bk frE2, ¥ S
EZER UL B Fe
AN Sy

Test Criterion i AxifE:
« Spectral coloration % 4

Klippel, ALMA China 2008, Simple Tools, 16 <4p
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Interpretation of Listening Tests
on coloration caused by diffuse or direct sound

das 4 Position 1 {7 &1
Equalizer (Direct sound is dominant) (EiEFE#EFES)
correction &
curves S e e A
i@@f%ﬁﬁﬁ " e S >
iiES N f

Position 2 {7 %2
(Diffuse sound is dominant) (¥ & i £ 5)

Independence of distance 37+ &

- System alignment (woofer + enclosure) ZR & & (5% +H4H)
- crossover problems 3¢ X Jn] @it
> Break up modes 42t

only in diffuse sound {XAEAE T4 HS
> Room modes J& Al

Dependence on distance f##iT- i %
> radiation problems #&4 ] i
Klippel, ALMA China 2008, Simple Tools, 17 <>

Y s i eertda 1 R o H AR PR E X
Loudspeaker design starts with the definition of the
acoustical target environment !

PRl DA AR R EFA B T 192 Is Loudspeaker used in a particular

room ?

- i )k BE B R W\ )38 4 75 2% universal loudspeakers with neutral
properties or special speaker

EAEE B ERAE Number and position of original sound sources
> FARETEE % FE A4 Single-channel or multi-channel system
JFERAERTE R Directivity of original sound source ?

> HiAFP (TF) B #HIE (k) directed source (singer) or diffuse
source (orchestra)

Y28 7E B 1) L AL B Position of the loudspeaker in room ?

> [l 52 A R A B B %X 6 fixed installation at optimal position or
portable use

EAWTERES Listening distance

> BEEETEN, 2 BERek ] ARG F R L fixed as in cars, multi-media or
variable as in convenience products

Klippel, ALMA China 2008, Simple Tools, 25 <4p




iEdE - SRS
Loudspeaker - a dynamic system
Audio band & i3 Frequency i 2/ 4%

E ]
06 1 kHz 20 kHz

Resonance

il

Time consta

1h 1s\-m-ms/1 ms 0.05ms

Length of sound wave )¢ [«

3m 30 cm 15 mm

distributed model required 75 {5+
lumped model useful CRL#: % 1 < >

< >

Klippel, ALMA China 2008, Simple Tools, 26 <>
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Setup: Checking Variation of Resonance

DL PANGENES
increase input voltage

Drive

Unit Kﬂﬁ
FT. — impedance
Signal source

Current Spectrum

sensor Analyzer
Optimal Stimulus FH{+4X#): Motiyation _221‘ L
Single Tone with varying frequency Nonlinear stiffness affects resonance
AR i L - Vary level by 60dB!

(e.g. 10mV ... 10V)

Requirement #i3k:

ALMA Test CD, tone generator,

Real time analyzer, current sensor
ALMAJIACD, &Mk s, L8
LA S

Klippel, ALMA China 2008, Simple Tools, 27 <>




Resonance Frequency f, versus Amplitude
SCPRIAAS - P s

110
fS
100
90
80
Hz
71 Hz L
I
A
6l A
55 Hz
50
27 % variation
In small signal dggmain o1 " 1
S NME 27% A o
EAMESHA iy A Peak value of displacement (o0l)
Klippel, ALMA China 2008, Simple Tools, 28 <>

Resonance depends on Amplitude
AR AMA T P

Mechanical limiting at x peak

Xa(9) ——
- - \ \
P d |\
. = AN\
[mm] Ij“\‘&‘\
01 ] A o N Rl i
4 I/‘"\-‘r\ N
I J %\ SN_\A A~ A
001 TS, A/“/J N \V\ .‘tﬁ\’\n A \"'\-\r'\
;\“f ~——esonance peak
A
v N
0.001 -—4¢ (B steps \’ T\I\AN
10 Y [H2] 100 200

Klippel, ALMA China 2008, Simple Tools, 29 <4p




Linear Lumped Paramters

ARG

Important
Basic parameters F:AZ % E%

«dcresistance R, E¥iHMH R,
« Voice coil Inductance L, (+ additional parameters describing impedance at
higher frequencies)
P R L (BTN S SRR 7 e S Ak 1) BEL )
« Moving mass M, (including air load) BZIFEM,,. (BIEZS3)HEH)
- Force factor Bl B 73R EE BI
« Mechanical resistance R,,s  HUMFH 1 Ry
«Stiffness K, of the suspension at f,  ZEfARIIRILIINITEK,,
« Vicsco-elastic stiffness parameters (,creep factor*) ki 24 (i 28 K 1)

Derived Parameters (Thiele/Small): . .
* Resonance frequency JLARAE fg Time varying
« Electrical Q-factor Q. HLI QI ¥ (TS
« Mechanical Q factor Q,,s HUIIQE T
« Total Q-factor Q, SMQEH-F
* Equivalent box volume V,,of mechanical stiffness #1125 2040 A FL
« Pass-band sensitity TH T R
Klippel, ALMA China 2008, Simple Tools, 30 <>
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Generation of Signal Distortion in Loudspeakers

npu utpu
Signal > > Signal
A 2=} s =

Input
Signal

Output
Signal

» Linear System

2ot A48 Excessive
Distortion
Regular ezt
Nonlinearitigs | 2k #. regular

HEEEIRS U:'H\Q; nonlinear
distortion

Noise

o o
g 7

L—p Defects
LorEind

Klippel, ALMA China 2008, Simple Tools, 31 <>
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Stroboscopic View on the Vibration Behavior

A

Generator

l PRIAAL

WS T

HEARIR 1
1. Experiment
f<f

s

stroboscope
Rit—AEH e
tone at f pointer
i
Resonance
frequency f,
MEIAAH 24T MBI KT
ARSI AR AT S
2. Experiment 3. Experiment
ff, > 1,

Klippel, ALMA China 2008, Simple Tools, 33

<

video nonlinear behavior, miy

Klippel, ALMA China 2008, {
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Stroboscopic View on the Vibration Behavior

l PRIAAL

stroboscope
HR .
Generator Zv: um_; _/[\‘E"}/Fﬁ scale
tone at f pointer
ARSI
Resonance
frequency f,
WLEEATAA 4 T WL KT
ARSI LRSI
1. Experiment 2. Experiment 3. Experiment
f<fg f~fg f>fg
Amplitude Resonance DC Offset in
Compression changes Displacement
Klippel, ALMA China 2008, Simple Tools, 35 <>

Assessing Loudspeakers in the Large Signal Domain

FERAG TN YL 4%

Kz } Lol I =

Stimulus Output signal
Ei

\ /

nonlinear tra

R

Measurement of Symptoms il J& Il

(distortion 2k, compression 4,
stability £k ...)

»SYMPTOMS" are not parameters of a nonlinear system
because they highly depend on the stimulus !
UEIR AR F LM RGNS EL, BN EATREIR T XS {5 = !

Klippel, ALMA China 2008, Simple Tools, 36 <>
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Assessing the Large Signal Behavior

LIPNERE) s
Input Signal Output signal
............................ NIE=N
............... > {mui P
Measurement
N
Xl
Analysis
CREAIPIE ] A
Distorted € > MR S ¥ Disturbances
waveform e 3“5232 ]\ilij(”l“ e (Clicks, Rub& Buzz,

Nonlinear Symptoms .. Noise)

o s FAB B A Kase i

New Spectral Components Instabilities Amplitude Compression
(Harmonics, Intermodulation) (DC Displacement)
Klippel, ALMA China 2008, Simple Tools, 37 <>

R

Compliance C,((x)

KUIPPEL

125

1,00
[N

g
AN

Vilew Tl

\

ol P

025

[

x =Cms(x) F N

25 0 25 0 75 0,0
X[ coil out >>

0,00

o
i 507 JE K] variation of Cms(x)
°9$YEZ&%@$X¢% asymmetry caused by spider and surround
’I@.EJJE, %k*ﬂ*ﬂkﬁ%@ moving capabilities, maximal mechanical load

’TJ% ggﬁﬁﬁgﬂ adjustment of spider and surround

Klippel, ALMA China 2008, Simple Tools, 38 <>




Stiffness of contributed by spider and surround

H AIE A T w ik 1 M

Ko Residual
6 1 } } i bridges
Nimm 5 wa_/ ||  Cutaway 80%

E suspension of surround
PRNEN /
s :.,\ y.a

E N -,
. I \ S

] S 7

H der  "et? o
.0 i \\_’ .... ’

E\\\ L surround _ ~

10.0 -7.5 5.0 -25 0.0 25 5.0 7.5 10.0

diplacement x mm
Klippel, ALMA China 2008, Simple Tools, 39 <>
SYA
i ) 9 T
Force Factor BI(x)
permanent flux d;,
magnet force factor
Mgt AN
i A
\
\'-v‘;\-l‘\. /
4
i Voice coil Z
pole piece BT e

EZQ j] 5‘%& Eﬂ(ﬂE E Variation of BI(x) caused by
® Eﬁiﬁﬁﬁﬁ Magnetic field

. % I’EI_%E Height and overhang of the coil

o A A B optimal voice coil position

Klippel, ALMA China 2008, Simple Tools, 40 <>




Q\Q
) Setup: Testing Nonlinear Compression
BB MAAARZNE L 4

increase input voltage 44 i A Hi [

@—%—»I:(]D——»FT—»

Signal source Amplifier Drive
Unit

Microphone  Spectrum
Analyzer

Optimal Stimulus & {£ 2K Z): .
Single Tone below resonance Ll i of velis <0d

(F=0.5fs) 3%, {ETILIRMIE (f= 0.5 fs) fundamental SPL at high levels
(e.g.1,2,4,8,16 V).

Requirement EA* ﬁtt@%7k$?%%g$n%2’§
ALMA Test CD or tone generator 7 s 2 1) Ee

ALMA IR CD Bi 475k A4 %

Klippel, ALMA China 2008, Simple Tools, 41 <>

L. ARZMEXS HE I A S
Interpretation: The fundamental component
is affected by nonlinearities

Stiffness of suspension Kms (X)

Fundamental t
. .y onen - Xorot £ X & Xprot % ,xfrm
25 23.4Hz _ 2,00 )
~F [ s L ——aPe | 1,75 =
H s — _ 150 ;
L'ne?r Sysiem [ - Nonlinear System fum i
LMERS s e ¢
B L s =22 92s ¥k veragel Stirtness
ETE 7 L o AEERTEARE 050 -
1.2 IR e= . increases |
x L3 75 50 {52 § 480 75
¥ PRI
° i,7' Force factor Bl (X)
PSS IS RNV VRN INRTET e -
0,0 25 5,0 Vo“a;g‘JI ™ 10,0 125 15,0 rq [KLIPPEI
o

Mechanism HLEH:
« Sensitivity changes
due to larger Displacement

HI RS MM 5148 R R A2 Ab

BI[N/A]

o r N ® » o0 o
|

T

Klippel, ALMA China 2008, Simple Tools, 42 <>
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Voice Coil Inductance L,(x)

inductance

. \\
. N

Ve ], §

Pl P

e b
:--\":\

B . .
et voice coil

75 S0 25 00 25 50 75

[
x(mm)

@&?éﬁ%ﬂ? This parameter shows
* EEJEE E@Xﬂ'%ﬁ‘l‘i asymmetry of inductance
'%’fi@é Eﬁiﬁoptimal size and position of short cut ring

Klippel, ALMA China 2008, Simple Tools, 43 <>
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Setup: Checking Nonlinear Inductance

Move coil in / out

Drive
— [UEE7N
@—’|> 1 FT —*  Impedance
Signal source Amplifier 4

Current L ctrum

sensor N Tlyzer
Optimal Stimulus & {3:4K5: Motivation Zj#L:
Noise or full band sweep Nonlinear inductance affects input
Displace coil manually impedance JE£& 1k HURE i A BB

->Check when coil is

Requirement %3K: « inside,
ALMA Test CD, tone generator, « at rest position and
Real time analyzer, current sensor e outside
ALMABITACD, &R A4, SEI 2T,
FL AR IR

Klippel, ALMA China 2008, Simple Tools, 44 <>




AR FLBR

Effect of nonlinear inductance L(x)

—
Le()

5|5 B AR LR ME 0 R Le(x) nonlinearity causes o B ]
o ity N HL BT A8 4K, variation of electrical input -
impedance ) EEENENENI
o L1 3 2 1) () H.3H intermodulation between bass o B
tone and voice tone L
Magnitude of electric impedance Z(f)
2575 x=0m =-4mm x=+4mm S
20 f
s
g F \ =-4mm B
= 10 r =
r - //"M -
E T s
ok mm
ot Fregaency [Hz] o ot
Klippel, ALMA China 2008, Simple Tools, 45 <>
Y5 —: ik
1. fEJE—: iR E
Symptom: Harmonic Distortion
B M 7
NV
S|n.g|e tone @ u(t) EQO p(t) Response
(St' mu I US) nonlinear system
JRIE Amplitude FRIE Amplitude
A A

Y
4 4
f
! i frequency P frequency

BEfE T AR R E LA i (7 F2) A single tone generates
harmonics and a DC component (in displacement)

Klippel, ALMA China 2008, Simple Tools, 49 <>




(RS RIER R IVA
Check: dc Displacement

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

Xoc &

unique Xdc
symptom softer side of

suspension

5mm

unstable
>

- 0 : >
- 'VL" fs 2fs frequency

Bl-maximum

R

frequency

Klippel, ALMA China 2008, Simple Tools, 50 <>

9\6\ Setup: Testing Symmetry of Suspension
BB AR I R RR 1

increase input voltage 14 A HiJE

@ / q dc displacement l

Signal source Dive =P
Unit

Optimal Stimulus HEIKz): Watch for significant dc

Single Tone just above resonance component in the voice coil

(f=1s) H, M TILIRIRAL( = fs) displacement at higher
amplitudes.

Requirement Z3k: WS A 1 P e Ak L % 7 A

ALMA Test CD or tone generator VR 1Y) LV 3

ALMA JII3RCD Bk 547k 4= 2%

Klippel, ALMA China 2008, Simple Tools, 51 <>




Interpretation: Symmetry Check of Suspension

R RIS

more compliant

. L2
A
k displ t g
pea,A S R Stiffness of suspension Kms (X)
VA —
_J 4-— dcdisplacement Xprot < X < Xprot P

=== ER KX

—_— » 30 dc

Voltage displacement

bottom displacement B g ze P
SR 20

Kms [N/mm]
I
o

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

(moves coil always to the side where the
suspension is more compliant) 50 25 00 25
R Hh 28K ms () A SRR 3 I 345 A7 O
B s A A% B S U B AR )3

Ly
o

o
@

o
°

50
Coiou>>

Klippel, ALMA China 2008, Simple Tools, 52 <>
&
2 Setup: Testing Symmetry of Force Factor
TR MTE ) 98 B IR R
increase input voltage 4 A Hi i
@ q dc displacement a
Signal source Dive =P .
Unit
Optimal Stimulus fxfE3Xz): N
Single Tone just above resonance U b S|_gn|f|cant_dc .
(f > 1.5fs) cpmponent in the voice coil
HgE, m TR > 1.57) dlsplz_icement at higher
amplitudes.
Requirement %3K: ?%%?%@Wﬁ%glﬁ]m%?i
ALMA Test CD, tone generator JEAR BT R
ALMAMRCD, 54 Ak AE 2%
Klippel, ALMA China 2008, Simple Tools, 53 <4p




Interpretation: Symmetry Check of BI(x)
R D R R R R A

magnet pole plate Bl maximum
50 : : .
P~
wi T T AN
“H I I (V4 \
** " dc displacement \\
Induction B 35 4 \
voice coil 30 H
Sas £ N\
®o0 4 v \\
pole piece X - E /
0! displacement * B
10 £
05 H
00
A peak displacement 00 75 S0 25 00 25 S0 75 100

Bl maximum .
For frequencies above resonance a

dc component in the displacement is
generated which

I
Vvoltage Moves the coil away from the Bl
bottom displacem TaxmumTI!! A 5
R TR IO A, AR T A
2 P i 29 S D 5B A LI S
=L
Klippel, ALMA China 2008, Simple Tools, 54 <>

DC displacement due to Bl(x) asymmetry

H1 31 7 55 B BIOQ) I AN Bk = A= B A A%

- Dzumponenl_ - [ ]
100V 4,00 o0V 10 E: - _ dc x X rms
N r—1 20 ¢ ===
N1 15 £ —
E | 1,0 £ .
g os X rms amplitude
/ _ 00 ;{ -
f £ E
; \ 7 E 05 T~
eeeeeeeeee y 1 [Hz] _1'5 i
2.0 i X dc \
f TeSt at (?I:ritical f 28 ; [ [ [ [ [ [ \\\ \\\\
requency f =1.5 fs 25 50 75 100 125 150
E”ﬁﬁiﬁ%f zl5 fs% Voltage Ul [V] ‘
R

Klippel, ALMA China 2008, Simple Tools, 55 <4p




2\ Setup: Testing Motor Stability
BCE : MK A e Pk

High input voltage dc displacement
Q L IPACINES ‘ i

Signal source Drive P

Optimal Stimulus g fE 5K %) Kick cone inwards and
Single Tone just above resonance ! Inw

(F> 1.5fs) Jifr, mTAEdRMIA(T> 1.5f) Outwards and watch for -
significant dc component in the

voice coil displacement

Requirement #K:

&5 - =
ALMA Test CD, tone generator %?Eﬁ?iéﬁ%?ﬁ%gjﬁ =
ALMAMIRCD, 4% 4 44 P LA ILIT S

Klippel, ALMA China 2008, Simple Tools, 56 <>

Interpretation: Testing Motor Stability
s MR B S AR E

negative dc displacement positiveldcidisplacement

Bl e Bl = @y [ | T
iA® Vi 1 [N,/i)iu = N
4,0 —— *
3:5 f 35
:
zz bifurcation caused by motor.MOV 2,0 0
5 ol 2174 I I AN
0s L] Lol L[
5 4 3 2 1,01 23 4 5 St S 2 ly ! ZXS ‘0
Remedies #phgUyvk:
Causes FiA: >Use Bl profile with a plateau region
->Bifurcation into two states I A e JER DX P A g o T
I3 AR >Increase coil overhang or underhang
- rest position is unstable B 2 P e T v B
LR -> increase stiffness of suspension

il KEina 2008, Simple Tools, 57 <>




& Asymmetry of Inductance Curve L(x)

S K 28 L (o) FR A o

@ q dc displacement &

Signal source Diive —>
Unit
Optimal Stimulus (9K 5):
Single Tone above resonance Watch for significant dc
(f> 3fs) component in the voice coil
B TR (f > 3fs) displacement at higher
amplitudes.
Requirement Z3k: WS e i i A 2 VB VL% = 2
ALMA Test CD, tone generator SIENTHNER Wiy
ALMAJINACD, &4kt o
Klippel, ALMA China 2008, Simple Tools, 58 <>

Yy R

Linearizing Inductance

magnet
R, Foa(x0)
Counter flux —
(I)C
pole piece
FHL A2 L Electro-mechanical Equivalent Circuit
— nductance L_E(x)
Le(x) ... i o
ﬁlﬂ’b&ﬁ’ Optimal Design:
o JL{ATJEAR Geometry (AELAR Ring or Cap)
5 ors I Y I~ .
o] o M Material (1% Hi Aluminum or Copper)
o NS} A 'E size and position
X

Klippel, ALMA China 2008, Simple Tools, 59 <4p




Remedy: Optimal position of shorting ring
KRV B A ) e R A7

A peak displacement W&

Coil out

>
_____ Voltage HiJE

bottom displacem
KRN

Coil in

apply shorting material
on this side
TEIX— AT AR

Inductance
maximum

- PN

DC component is directed to the inductance maximum
—>Apply more conductive material on this side
B E R RO

>R i N FR AL B R A R

Klippel, ALMA China 2008, Simple Tools, 60 <>

HEJR—: R
Symptom: Harmonic Distortion

il = L
l\l
Sm_gle tone il a7 E@,O 0 Response
(StlmulUS) nonlinear system
$%IE Amplitude #IE Amplitude

A A

Y
4 4
f
! i frequency P frequency

BEAE SRR M EH IR (7)) A single tone generates
harmonics and a DC component (in displacement)
Klippel, ALMA China 2008, Simple Tools, 61 <4p




X PRAR LN R

Distortion of a Symmetrical Nonlinearity

Spectrum Pfar

Furce:cmv Bl vs. displacement X _
o2 100 Distortion Fundamental
5 Hundamental fundamental
90 +
3 80 Fl 3w
Symmetrical nonlinearity r 3rd 3rd
F 5th
o 0T
= C
60 - 5th 5th
50 +
- | 2nd|lath [ , | #in|ond|2nd]4t |
40 [ NI i | 1 [ N NN | 1 I
LT ORED ElEfaiEy 0 250 500 750 1000 1250 1500 1750 2000

3rd,5th, 7th-order component Frequency [Hz]

Klippel, ALMA China 2008, Simple Tools, 62 <>

RAFRARL T 2 2

Distortion of a Asymmetrical Nonlinearity

Force factor Bl vs. displacement X

= -
100 Distortion Fundamental
: 95
: 90

0

fundamental

ol ol

LTI

ndamental

Asymmetrical nonlinearity

80

75

@ 70
65
even-order distortion 60
55

50

45
40

ZnagZnd

[dB]

dth 3rd 3rd

2nd,4th,6th-order component

5th

I 4th 4
| I T8 ST T

o

250 500 750 1000 1250 1500 1750 2000

odd-order distortion Frequency [Hz]

3rd,5th, 7th-order component
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Harmonic Distortion in Sound Pressure

s BRI

Amplitude response
versus frequency:

O—> FT ——  Rigmp-ik
ignal source Amplifier Drive : 2rd-order HD - 2/ R EL
S Unit Microphone  Spectrum 3d —order HD 37Kl K 2T
i gfq y (el Es Total HD S R B
PSS

Optimal Stimulus 5 £ 3% ):
Single Tone with varying frequency
KR

Requirement #:3K:

ALMA Test CD, tone generator,

Real time analyzer

ALMAJIACD, &4k Lds, SER 7 HrX

Klippel, ALMA China 2008, Simple Tools, 64

Defined by IEC standard
60268-5

<

Harmonic Distortion in Current
FH Y PR TR IR O L

Drive
Unit

Amplitude response

gnal source

Amplifier
Current

Frequency sensor

Bk

Optimal Stimulus fR{:EKz):
Single Tone with varying frequency
above 2 x fs

Requirement %3K:

ALMA Test CD, tone generator,
Real time analyzer, current sensor
ALMAJIACD, &Mk s, L8
LA S

Klippel, ALMA China 2008, Simple Tools, 65

versus frequency:
FT > JRimm s
2nd-order HD
Spectrum 3rd —order HD
Analyzer Total HD

Motivation L.

Nonlinear inductance affects input
impedance £k 1t HLIE R M g\ BT
- Generates high distortion in input
current 7EHIN I H AR K

H

>

<
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The causes of harmonic distortion

120 : Sk 3
- B Fundamental] el
& 110E S N N J’"k i
E E
& 100 £ e N
S g0 =1 N i prer? 18 W
= E i
. E ] y S P
- T I K B THD |
oo £ RN I
so £ [ [T
50 100 200 500 1k 2k 5k

Frequency [Hz]

< Tom——_ 4

Klippel, ALMA China 2008, Simple Tools, 66 <>

Set-up of Listening Test
on maximal output at low frequencies

BRI A B K i Il R

Amplitude JIE

i Lowpass |
< > {  Fiter i ﬂ

Signal source Loud-
Cut off frequency speaker
about 100 Hz system Listener
Optimal Stimulus 5 f£9R%): Test Criteria Il B pr:

T - «Maximal loudness of bass ? &% L K5 2
Music with sufficient bass *Softness and hardness of bass ?

(drum, guitar, organ, double bass) G2 ) T TR 2

%'@%1&%%%:5‘ +Sharpness of sound ? & {4804 ?
«Single tone .7 Naturalness, pleasantness ? H2X, fifh?

Klippel, ALMA China 2008, Simple Tools, 69 <4p




Interpretation of Listening Test
on maximal output at low frequencies

AR Ak e KK B X i 15

A EEEEEEsssasEEEE sEsEsasssssazEEEEnn

no audible
difference
TERIWT WL 2
il
soft
bass
aggressive
bass
Subjective
perception of
bass signal sharp
REESHE sound
WWEs] RYiFE

Unnatural Unpleasant
ENEES NI

Klippel, ALMA China 2008, Simple Tools, 70 <>

Room Influence
2nd-order harmonics measured at 8 locations
2 N 52 A -LE8 A R4S ) 2 IR TR K L

P = 3 - =
— — — |
6 7 8 m
100 ~‘
e
H | il
10 /] Nl
T . i
1\l [N
= VAN | L.
8 W /IR Variation
E = (|58 40 dB
o, Y \“1 / V + 40dB A1k
] Ll ’ w| v'
0.1
102 103
Frequency [Hz]

Klippel, ALMA China 2008, Simple Tools, 71 <>
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Measurement of Intermodulation

MW IR Z) Two-tone Stimulus

$%IE Amplitude 75 % sound pressure spectrum

A

<% differenctongs fﬁﬁsummaﬂmesﬁ
DC [
| L v,
53 baﬁs tone AE vozice tone #Z frequency
Klippel, ALMA China 2008, Simple Tools, 72 <>

[dB]
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-70 -
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B R E AR R BN !

Intermodulationldistortion are important !

L MV L

f~ /\ [\,/\ \”\\A\[\)\mppa_

10 %

AN WY T

o il
A

1% -

0.1%

| THD
40 Hz 600 Hz \ /
V
50 100 200 500 1k 2k 5k 10k 20k

Frequency [Hz]

LI 2R EL IMD:
fl=40 Hz @15V
+ sweep @ 3V

ZHE K E MTD:
Multitone @ 15V

SAB RE THD:
sweep @ 15V
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Set-up of Listening Test
on modulation distortion at high amplitudes

55 e Ak 8 ) 2 3G PR TR 0 R 1 8

/!

High gass
< : liter

o

/

Cut off frequency

Signal source

about 10 ...100 Hz

Optimal Stimulus {5

* Music with sufficient bass
(double bass+ singer)
ARG 5 2R

» Two-tone X%

* Multi-tone complex & 2411 £ #i &%

Loud-
speaker
system

Listener

Test Criteria Jlli{ArUE:

*High frequency component impaired by bass signal ?
AN B AR A5 S TR 2

*Roughness of sound ? 753 (KA i 2

*Sharpness of sound ? 7 35 ({281 ?

enaturalness, pleasantness ? 44X, iti?

Klippel, ALMA China 2008, Simple Tools, 74 <>
Interpretation of Listening Test
on modulation distortion at high amplitudes
2 v A A A ) 2 B PR 0 3R PR A 5
Natural Pleasant
H A T it
no audible -
v distortion L
Re JE AT W WL
. RE
< i Loudspeaker
& audible "%l Nonlinearities
€-——~ ~»  Fluctuations : Y B S
N0 ~o_ AR
N R N i i | Force factor BI(x) #4305
Subjective N F?OE‘gh - F- T P stiffness Le(x) I
i AN biabi Doppler Effect 23 #1253
E?rﬁip Ion o N i | Flux modulation Le(i) fi il
igh frequency 4 i ]
signals Sharp == =T T
EE S 1 KRB
PNl

EUnnaturaI Unpleasani
i AER A

Klippel, ALMA China 2008, Simple Tools, 75
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Optimal Two-tone Stimulus
Loudspeaker Systems and Drive Units
R IR E)

P i RGN IR B FL T

Amplitude
bass tone voice tone
fundamental fundamental
IMD;, | IMD,
Xoc HD,
HD, IMD3 IMD3
5 >
o, ot 2, frequency
3fy fo-2f; fo+2f;
bass sweep: 0.5f; f, —» 2 f, = 20,
voice sweep: 1= 05" 5, ———f, —»  20fs
Klippel, ALMA China 2008, Simple Tools, 77 <4

Intermodulation Measurement
using a Two-Tone Stimulus
LR PRER=s
A8 FHOUE SR 5l

Advantages fL#«

« Simple generation (by using two sinusoidal generators) & 8. il (G L i
24N IE5Z 3 R A4

+ Separation of noise and distortion 47 M3 1 2k

« Easytointerpret 5T

« Good for loudspeaker diagnostics & 13775 2412 i

« Sensitive stimulus also for listening tests 5 £ [ 9X 3} [F4E AT FH 1 W i3t

Disadvantages i £i:

+ Frequency of excitation tones have to be set carefully il I F B4R /N
Db E

Klippel, ALMA China 2008, Simple Tools, 78 <4p




Setup for IMD in Sound Pressure

bass sweep technique
e e B E BRI
(ISEEELIES %N

voice tone f,

O—> FT —»

Amplifier
Frequency

ik

Loudspeaker  Microphone  Spectrum
Analyzer
B

Optimal Stimulus & 4KZ):

Two-Tone stimulus X5 5K )

Varying frequency of bass tone about resonance 0.5f, < f; < 2f,
7£0.5f, < f, < 2f N, A% 1A

Constant frequency of voice tone above resonance f, =7f;
ETALRAR, f, =76, ASIEEHR

Requirement %K.
2 sinusoidal generators, Spectrum analyzer
2ANIESRBER A, g A3 BT X

Amplitude response
versus frequency f, :
i WG 8- A,

2ndorder IMD 27K H.if{ 25 L
3rd —order IMD 37/ L. 231

Klippel, ALMA China 2008, Simple Tools, 79 <>

Setup IMD in Input Current

bass sweep technique
ZER NN o & MR NS
RFFHABEAR

voice tone f, e Loudspeaker

FT |
Frequency

iR Current Spectrum

B sensor Analyzer

Befss tone f;

Optimal Stimulus #{H:4K%):

Two-Tone stimulus XX & 2Kzl

Varying frequency of bass tone about resonance 0.5f, < f, < 2f,
TE0.5F < f,< 264, (&ML

Constant frequency of voice tone above resonance f, =7f;
BRI, 1, =76, AJSRlE e

Requirement %K.
2 sinusoidal generators, Spectrum analyzer, current sensor
2N IESRBR S, BE I ,  H AR

Amplitude response
versus frequency f, :

AR A,

2nd-order IMD 27 H. i 2L
3d —order IMD 3 i 4L

Klippel, ALMA China 2008, Simple Tools, 80 <4p




N PR )54 -
the causes of intermodulation distortion
&35 F4HR bass sweep technique

IMD 4
%
20

sound pressure

T ===

current

0.5fs fis 2fs fq
L(x)
BI(x)

< 4K75 &%) Cone Vibration >

Klippel, ALMA China 2008, Simple Tools, 81 <>

Measurement of IMD in Sound Pressure
voice sweep technique
FE b H U 2R L )
NEFHA

Frequency

A

Amplitude response
versus frequency f, :
e M W) - A

voigf tone f,

2nd-order IMD 27K H. i 2k L

o N e
Loudspeaker  Microphone  Spectrum 3rd —order IMD 3(/\5—1}59‘?\'
Analyzer

Amplifier
Bass tone f;

Optimal Stimulus g ££ 4%z

Two-Tone stimulus X 4K 3]

Varying frequency of voice tone above resonance 5f, < f, < 20f
1E5f < f,< 20f 4, N7 AR 4

Constant frequency of bass tone below resonance f, =0.5f,
T LRz, f, =051, , LA EHI%

Requirement #3k:
ALMA Test CD, 2 tone generators, Spectrum analyzer, Microphone
ALMAIIRCD, M &4 #E, S, 225X

Klippel, ALMA China 2008, Simple Tools, 83 <4p




Measurement of IMD in Input Current

voice sweep technique
N L LR A LA

. S
PNGEELIES N
Frequency
IS Amplitude response
voie tone f, versus frequency f, :
2 Amplifier Loudspeaker ﬂETFEUIJD]EZ-}/Fﬁ%Efl 1
FT |— [,
2nd-order IMD 29 HLifi L
3rd —order IMD 3 H 2R 1L
Current Spectrum
sensor Analyzer

Bass tone f;

Optimal Stimulus g fE 5K %)

Two-Tone stimulus X 5K )

Varying frequency of voice tone above resonance 5f; < f, < 20f;
1E58, <, < 2061y, AFHAEH

Constant frequency of bass tone below resonance f; =0.5f,

T IEARIZS, =0.5, , AR EINE

Requirement K.
ALMA Test CD, 2 tone generators, Spectrum analyzer, current sensor
ALMAJIIACD, XU A4y, S, i
Klippel, ALMA China 2008, Simple Tools, 84 <>

IR RER R
the causes of intermodulation distortion
A5 Rvoice sweep technique

IMD
%

& sound pressure

20 |-

HEF current

Typical for dominant L(x)-IMD

7f s 20f 5 fy

L(x)

BI(x)

L(i)

< SMr

2 % %0y, Doppler ENSeE *
A5 Cone Vibration >

Klippel, ALMA China 2008, Simple Tools, 85 <>
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HiARE R
the causes of intermodulation distortion
N4 Rvoice sweep technique

IMD
%
70 |- 7 JE sound pressure
i current Typical for dominant BI(x)-IMD
7fs 20f ¢ f,
BI(X)
L(X)
< L(i)
< % 17 #1545 Dopplen Efices -
< 4% ¥%5) Cone Vibration >
Klippel, ALMA China 2008, Simple Tools, 86 <>
Causes for IMD in Input Current
voice sweep technique
i N\ FL Y L 2 BT A
t INGEE b@iﬁﬂi
IMD
%
20 |-
7f s 20f 5 fy
< IO
< [y
IMD found in input current will also appear in sound pressure output
- Unique indicator for inductance nonlinearities
LEAT N F L R B AR R A P T
-> HUB AR R L AR S AR
Klippel, ALMA China 2008, Simple Tools, 87 <>




LOUDSPEAKER NONLINEARITIES

FARAMETENS STMrTOMS

JREAE L S BRI R BR

Relationship between Nonlinearity and Distortion

* Detailed discussion on
practical examples in the
Journal of Audio Eng.
Soc., Oct. 2006.

*» Get a free poster for
your workshop

KLIPPEL

Klippel, ALMA China 2008, Simple Tools, 88 <>

Large Signal Identification
LSI-Module of the KLIPPEL Analyzer

NIRRT
Farcs fctor 81 00 Sinecs of sspension Kme 00
I TR P . S Results 454
i - Nonlinear Paramter R&ktEZ%
== - Displacement Limits #7845 [l
- Thermal Parameter #1541

00 25 50 75 75 25 00 25
X mm) X )

Electrical inductance Le (X)
©oors?)

— —
Xprot < X < Xprot Xp-< X <Xpt

Klippel, ALMA China 2008, Simple Tools, 98 <>




|IEC-Standard: PAS62458: 2006

Stiffnes
Kms(x)
Force Factor ~ ]Ik
BI(X) ~
Wi STR

Inductance
Le(X) —
HEL R

Klippel, ALMA China 2008, Simple Tools, 100 4P

Driver Diagnosis in Voice Coil Magazine

VOICE®COIL =

Klippel, ALMA China 2008, Simple Tools, 101 <>




BiEd - — SRR
Loudspeaker - a dynamic system

Audio band 43 [l Frequency {lic 2/ /1%

HE— ]
1 Hz 100 Hz 1kHz 0 kHz

Resonance

LR

1h

Length of sound wave =)t [

3m 30cm 15 mm

distributed model required %) {5 it

lumped model useful CRL#: % 1 < >
< >

Klippel, ALMA China 2008, Simple Tools, 112 4P

Scanning System sz zsmkns 4

for geometry and vibration of loudspeaker parts

Klippel, ALMA China 2008, Simple Tools, 113 <>




KLIPPEL Analyzer System  KLIPPEL/MT X R %8

Tools for development

«i\ Measurement

)

Klippel, ALMA China 2008, Simple Tools, 115

and manufacturing

<

Conclusion

AR HRE N ALY B Y

LLoud“speakers are always nonlinear

=y IF‘EJQ':EH\ sl

15
We nee arge S|grfa5 parameters

- H LR & 2 ERUN

Distortions are only symptoms not the cause

EIVFIJJ gj' —3.=F2,I“ 4\|75’F$ I3

Improving performance requires Iarge signal analysis

Klippel, ALMA China 2008, Simple Tools, 116
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www.klippel.de

Know-How (get applications notes, papers, ...)

FOTE WA A BN FE, S0k

Getting Help (email or phone)

STORFEB) (LR 1)

Providing Suggestions, ldeas, Wishes

AL Ay, AR, W

Planning Customized Solutions (integration, extentions)
B3 R, )
Download Free Viewer Software
% Free Viewer Software

Thank you!
!
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