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Designing and producing Loudspeakers With Small Size,
Maximal Output And Good Quality
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Abstract

Professional and consumer applications in home, multi-media, automotive
and telecommunication require small and lightweight transducers which
produce the acoustical output with high sensitivity and good quality. To
design such drivers and complete loudspeaker systems with the desired
large signal performance a linear model based on T/S parameters and
amplitude frequency response is not sufficient but an extended model and
new measurement techniques are required. This seminar gives an overview
on the new techniques and tools for speaker design, measurement,
diagnostics and quality control in manufacturing.
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Loudspeakers are everywhere

r |
« %M cars \"‘ o _"’-4

° %*ﬂ, Cellular phones \@e I
o LUK, BN Multimedia, Computers @ k
o Hj] [ﬁ‘ Hearing aids

° ZK)EH ﬁi%nﬁl Home hifi reproduction
° ?ik%ﬂ[ﬁl Professional audio

(SR N
° u;ﬁ_[%ﬂ:ﬁiﬁ%u Active noise control
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BARH = A URoR

Requirements on Modern Loudspeakers

o /IMAEF small dimensions

° %E% Low weight

° //I\ EEZIK Low cost

° 1&% %Ejﬁiﬁu’ H High output at low distortion
o I RRUE Maximal sfficiency

—4=
éﬂﬁﬁﬁ—‘% “Loud“speakers are required
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E ﬂ*ﬁé 1:'1:[5 EI/‘] if)ﬂhﬁmlj "[it Realize & Testing the Prototype
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Ultimate Criteria : Preference
Ve

How important is sound quality ?

|
‘*WL* B ot

Personal . .
Style Fashion Weight

Technical EIEN .
Story Sound Quality

jc%ﬂ% .
: ANETH*¥
Maximal Ergonomics
udne fT

> A% AR 25?2 What's the overall benefit for the customer ?
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Perceived Quality of Sound Reproduction

HY T Depends on

« IKZENM5 5 Stimulus (music, speech)

- FH2FINEE acoustical environment (room)

o W, YIZE, WeWrE e Hearing, training,
expectation of the listener

« 2% K Electro-acoustical transducer
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Variation of SPL response within normal listening area in a
living room
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Influence of distance between Loudspeaker and listening position on SPL
response in room
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Interaction with the room

mw Late reflections

| early
reflectl

ﬁLF' direct sound

75 28 I 8 0 0 JE R 7522 Which loudspeaker properties are important for this P
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Cumulative Spectral Decay
_— loudspeaker in living room, 3 m distance
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Directivity of the Loudspeaker
PL16 ] (1) % 5 42 75 4% A 91 for example 16

Yoo
\_ 500Hz 1 kHz 3 kHz 6 kHz )
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Prediction of SPL response at a listening point

#1 example
s
T N Sl Total response
0dB
10 ,/ ) JH\._.V
— i V\A—Q\’J\ Predicted room curve
5 -.__-.. -\mﬁg : (shifled +10 dB}
— r/-‘/.n/ w Dirmet sound (on axis)
N Lt S R |
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S i G
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Ref.: Toole 2006
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P as BBt aa 1 R o H AR PRI E X
Loudspeaker design starts with the definition of the
acoustical target environment !

Y2 T AR ZEA E A 35 T 18 2 Is Loudspeaker used in a particular

room ?
> 17 eb e fE R R A ()38 37 75 2% universal loudspeakers with neutral
properties or special speaker
BB E R A E Number and position of original sound sources ?
> HEIE L F il 245 Single-channel or multi-channel system
JR YR8 7 ¥ Directivity of original sound source ?
> HikEJE (IR s #5595 (4R 1) directed source (singer) or diffuse
source (orchestra)
5 B0 B 1) L 67 Position of the loudspeaker in room ?
> [l 58 LA e A A B s F 4% 2018 ] fixed installation at optimal position or
portable use
ESWrBE B Listening distance
> EEAEEN, ZHEMR R 7 5 L fixed as in cars, multi-media or

variable as in convenience products

! B IR AR, K R TR 4% 74 2%, 16 ———— www.klippel.de *’J




BIFEA: 8 Hl 17 7= as

Example A: Universal loudspeaker

F“)Eﬁ Application:
o 041 H portable use
« HIEEFEAH] unknown room properties
« P55 Hl wide range of distance
o FYEFE AP A ] unknown source directivity

%t H#¥r Design Targets:

o fE4517E Low directivity

o i o745 Flat on-axis response

o PRI T-H Flat sound power response
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Example B: Special loudspeaker
I H Application:

AN 45 X 48 F Non-portable use

(75 )M FA 5 Reverberant environment (e.g. church)
FYRATH &2 [0 #E 25K large distance between source and ear
TR A unknown source directivity

it Hir Design Targets:

i dE a7 High directivity
SPE PRl RS He 25 . (R 7 = A L) Flat on-axis SPL
response (emphasis at high frequencies)
SR R I Y. (R A AN ) Flat sound power response
(de-emphasize at low frequencies)

www.klippel.de *}—J
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Performance of Loudspeakers
P
Amplityde
X [ | s owscer
[mm]

Large Signal domain

s 9 Euféf‘l‘ﬂ-: nonlinear

s @

Schwingspulen-

Small signal domain

> %ﬁéﬁ‘lﬁi almost linear

auslenkung
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Simulation of Loudspeaker Performance

WARFH IR

|
|
|
| M Mg
|
|
|

fit, B, ThR, EE

Displacement, Current,Power, Temperature
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Music, test siqnals—ql>—><> Digital <>—6—>| %E!Iﬁftﬂ
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Output of an Low-Quality loudspeaker
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Output of a High-Quality loudspeaker
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Output of an optimal Loudspeaker
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Listening into a Digital Model

WA 55
Music,test sianals

s

& Es

Sound pressure output

h

~

~

T g

o ] Linear Signal
_______________ S
tr g
’ﬁZ%, Eﬁ,ﬁ, JjJ%’ ﬂg Distortion
Displacement, Current,Power, Temperature
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Measurement of Safety Headroom

ST Sps | Example
fiﬁﬁi‘%%%& Ideal Speaerk 0dB -100 dB (E):E
A 0dB 12 dB e
%Eﬁ//l\ Distortion decreased 0dB -9dB (E):E
0dB -6dB -
0dB -3dB ¢
leg/jﬁﬁfjf—'%% Real Speaker 0dB 0dB (E):E
0dB 3B | 4§
AJ AL threshold of audibilty ——@gB—> 6 dB £ )
| ¥ e LK. Distortion increased 0dB 9dB q );5
0dB 12 dB G-

i L TR 2 18 K Il Al L

Safety Headroom = Increase of S5 to make distortion audible
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Auralization in Loudspeaker Development

E X
BFF R A B
Development
Manufacturing

Musit S ol e

[-WE IR =4 <L XA
& ﬁ" . El—g‘s Marketing
* ) Management

v

%TXJI_LIJ "[/SF 'ﬁl\ Objective Evaluation

* %E, ﬁ%j(iﬁﬁﬁ Distortion, Maximal Output
M T)Eﬁ”ﬁlk, {Eujuﬁlk Displacement, Temperature
o WAL VAL Evaluation of Design Choices

5 H %t 75 17 Indications for Improvements

v

EXJ@W 'HI\ Subijective Evaluation

* N NEI%: Personal Impression

« %1135 i Sufficient Sound Quality
o 1% HAR 3% R 3E Tuning to the target market

o P Hﬁ(%{ﬁﬁ&ﬁiﬂi Hﬁ) Performance/Cost Ratio
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Voice Coil Displacement

i % N . ﬂ' Reak value

> ¢ L

2 4 ¥

1 vv L
T, » -,
E r —\

\
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Distortion Analysis

55 —£
50 £ .
E 7 .
o E i Wi
40 £ A i Force Factor
3% £ ] ]
SIS rd [ T
20 ! Compliance
15
10 A
5 N ! R .
0 L1 | 111 LT T LT | IEA(“J/)-L Ql‘é
! ! Inductance
0 50 100 150 200 250 300 350 400 450 500
t [sec]
WAT A R L5l
Pop music Drum Female singer
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Specification: Small Signal Performance
et R4 (Jih; 1)) Loudspeaker System (without room)

o ERRETRPA R TEE Upper and lower limits of
effective frequency range

2 fhighpass flowpass (IEC 60268-5 Sec. 21.2)

ol N[ Flatness of on-axis response
> VI R B K B (ohwitEn] H) maximal deviation
from mean SPL (no standard available)

* &IV Directivity
> $R 1 PERED,(f sl s th & m WP, (f) Directivity index Dy(f) or
sound power response P,(f) (IEC 60268-5 Sec. 22.1)

o SRR BB O kN W) Maximal decay time
in cumulative decay spectrum
> W5 (JohRAERT ) impact on sound quality ? (no

standard available)
www klippel.de —@p—
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4 PR Sk AE R
Specification: Large Signal Performance
Yihas R4 (Fo 55 10)) Loudspeaker System (without room)

KA B KB 5 2% SPL,,.(f)  Maximal sound pressure
level SPL,..(f) at 1 m on axis

4 while

o PRAEIEECR NI R AR SR VFRRIE Y (B 20: THD, IMD, MTD < 10 %)

keeping harmonic and intermodulation distortion below allowed limit
(e.g. THD, IMD, MTD < 10 %)
o PRIETC 47 75 #3400 583 B0 ik 25 2T having no impulsive distortion
generated by loudspeaker defects (crest factor of harmonics < 10 dB)
o DRFRTT RN BEAE SR VFIE L, SRR AME (I 73 iy 5 %6) Keeping voice
coil temperature in permissible range, durability verified (in
accelerated life test)

! Bt I AN R R H R e i R4 75 2%, 32 www.klippel.de *’—J




DIS module _ ‘ MAT module

H 3R & Automatic measurement with protection J5 E b FE Post processing

Relative total

TE10% 2 FLAL ) 5 K 75 s 28
Maximal SPL at 10 % Distortion

harmonic distortion ( dht )
s Maximal Level

Sov S Sy Giev Sy Siev o2V
EoE R RS SO e z
125 130 1y e ——
wo b L FLN /o I AT F
= . A L~ I ]
H ! l N
[N AV 125 1 A
2
00 N A

100

102 103 104
Frequenzy [Hz]
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P H bR

4 Y
—
Tt 7?? ATiRE! Hﬁ{}ﬁ I The R&D - QC life cycle
Y e  — @
W R R4 Y5 2 27T AT Parts
Listener System Driver
FOAH, JE s, IRV ER) (Re, fs, Q)
I At 336 R B S ] JLITIEIR,
SounEld quality Transfer II;Imction —> Parameter “—> *Zfﬂ
Geometry,
Material

Prod{ct Target

*ﬁ?ﬂﬁﬁ y%ﬁﬁé Simulate Solution

AR PRI
Production
Test

' ' )l ’J ’H, llllll I_I/‘J ‘)\ JI)LI. /)I( {]J\“J lf( Realize & Testing the Prototype

L FRATTUMAT SZFFR - how we can support you?
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Specifying the interface between system

components
amplifiers
I
» HP Pk 500 TH5
| 2 IR+ P A 2
| I: % E[ New challenges:
Digital I "t BP i AmpIificatiop +
input : preprocessing
> LP 4'—’|>X’|:( dedicated to
DSP | . speakers ?
Enclosure drivers

B A software Eajjpfﬁﬁ Hk

. ran r
\ N electronics transduce
B IR AN R, K R TR 4% 74 3%, 35 www.klippel.de

( RGLH h
System Constraints

o REHPAANEE (K, PE, SIS EE) Number of drivers
in the system (woofer, mid-range, tweeter)
BRI I Maximal amplifier peak voltage U,
B KD T Maximal amplifier output power P,
I KB 7 58 ) Maximal enclosure size
BTk 4 2 Optimal amplifier load Z,,,4 (Z,;, > |IEC 60268-5
Sec. 16.1)
K% 75 24k I H 12 Woofer cone diameter
#rk%, T Price, weight, ...

! B IR AR, Kl R TR 4% 74 2%, 36 www.klippel.de *}—J
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Driver Specification

—_

LIRS AER X% Optimal crossover frequencies of
a multi-way system
> PRI FRIE frequency limits of the driver
2. BRERIE, #eEEE, F5 AP Frequency limits, flatness of on-
axis, directivity
> IR = LT AR, S 454+ Geometry of cone and
enclosure, radiation conditions
3. > AR 2 maximal SPL at f > fs
> T R, DR A S, D) 2R R Pass
band sensitivity, power handling, thermal parameters,
nonlinearities in mechanics and acoustics

4.  f<fs WM 2 maximal SPL at f < fs

SRE M, B RN, Wah RFMFELPE Enclosure type,
Xmax, motor nonlinearities

! BEFIFA P ANRE, R o i K477 2%, 37
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A1 WML Y \
T2 R R

Mechanical and Acoustical Design

—
| ME 24 Mater
| parameters RGEZIN

geometry
|

X(r)
inner
f : Cone's - .
T’ Motor Zz;z Vibration surface Radiation 4 soundfield
F(r)
A i I \_FEA BEA
v SRR e
Admlt_tance Y(f) A S 2 2L
used in lumped C led
parameter C_)Up e .
model Mechanic-acoustical

! s N analysis .
Bt I AN R, R H R e i 4 75 2%, 38 ——— www.klippel.de
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Criteria in Cone Design

% ('F_LFR1E) Bandwidth (lower and upper

limits)

o HURME (B 3%) Sensitivity (efficiency)
o 75 m N FSFE M () Flatness of SPL

response (on-axis)

« etk (ZhER M) Directivity (power

response)

! BV IR ANRSE S RS AT TR K 3 74 8%, 39
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How to get large Bandwidth ?

58 Voice coil

o BRI FETCR, (IR HUEAE low coil

mass, low inductance

?EEMZE’J?}&E% Paper Cone

= KB PERLE high Young's E
modulus

« f% % Low density p
o /NS A1 small apex angle o

45 % Consequences:
o 3@ B AIE Peak and
dips in the pass band

! BV IFAE AN RAE S KA AT R K 745 8%, 40

o500 SRR

igh E
5 {11533

low p

Low

coil
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How to get a Flat Response

?EE 19/ Paper Cones:
ATV 5 411 5 Optimal apex angle o
« K% ¥ high density p,
« K542 large outer radius r,
« JR 42 Optimal inner radius r;to
have
« fIKJE Low thickness h

o KIUANEBHIFEN T High internal loss small h
factor n

« " EJEZ developable shape

4 Consequences:

o AR AKALES small bandwidth, low ?
efficiency

! BV IR ANRSE S RS A TR ) 74 8%, 41 www.klippel.de *}J

uﬁéﬁ‘ﬂ l%ﬁ&$
How to get High Efficiency

{EdRI 5y 3412 5)) 2 I after cone break up (f>f,)

L3R PAPER CONE:

o /MR E E Low cone weight
« /NEJE small thickness h,
~ 500 i
+ fK# % low density p ¢ high E
o /NEITR S A Small apex angle o
low p

small h

45 4. Consequences:

o R R ES Voice coil mass is
dominant = /N7 %% small bandwidth

! BV IFAE S ANRAE S KA A R K 745 8%, 42 www.klippel.de *’—J
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How to get Constant Directivity

o TR S A R PRI T AH 75 %€ Use cone instead of flat piston
for radiator

o BCA I PRIE IR & A 2442 Fit cone height H to cone radius r0

o 548 Support break-up modes

o JEI DA 12 effective radius r should be reduced by

break-up modes
! B IR AN, K R TR 47 74 3%, 43 www.klippel.de *yj
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Motor and Suspension Design

Material

poramaers | geametr

/ inner \\ ]
/’/ —— Motor cone Vibration Cone’s Radiation » soundfield
u edge surface
| v } F(r)
e \[TEA BEA J
\ Frh SHE Y Y
\ i S WAk
Admittance c led
\\ Y(f) used in oupled
g lumped Mechanic-acoustical
“parameter analysis

! model
Bt I A AN R, R A e i R4 75 2%, 44 www.klippel.de —@p—
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Basic Transducer Modeling

Z %t Multiple Outputs

! BV IR ANRSE S KSR TR K 74 8%, 45

TN
X A i I/ \\
i Single Input Codiaton sound room | N
Propagation Acoustics Il 1 \\
{ \
1 ]
1 1
| i
Amplifier Electro- Mechano- Sound R I ]
o—»| Crossover +—»{ mechani acoustical Radiation b oun don | 1 nt rf""‘ How p(ry) i
Audio EQ u(t) | Transducer [x(t) | Transducer ropagation nterference | 1 h
signal |‘ sound ,‘
\ field
)
‘ﬂE:T o P /
- Sound Room 3 !
it Radiation Propagation Interference 4‘\\ p(rs) /
\ 7/
\\__//
Interaction
7N A o
& HAEHIVE[H .
(feedback system) No Interaction

JEAZ H AR NG

(feed-forward system)

————— www.klippel.de *}J

-

Nonlinear parameters are not constant
LS HAE E
« Force factor BI(x) 7 138 )%
« Compliance Cyg(x, t) i+
« inductance Lg(x), Ly(x) H/gi
» resistance Ry(x) HiPH i
» DC-resistance Rg(T,) Byt HikH
* Reluctance force Fy(x)
* Compliance C,(p,,,,) of rear enclosure
* Compliance C,,(p,,,) of vented enclosure
* Losses in port R,,(q,
» Time delay {(x) due to Doppler effect

PSR L

Electro-mechanical Equivalent Circuit

L,00
R, (T) L) Crg(¥) My R Fn(xl) sV 4,
. \2 :
' R4
e = L e
iU (1)) BI(x,1) BI(x,I)l S, Coo(Pood | Ry radiation
Prear M,
b

HIR RS AR
But depend on state variables:

« Displacement x v %

« Voice coil temperature T, &l )&
» Time t due to ageing

* volume velocity g, in port

* pressure p,, rear enclosure

* pressure p,  in vented enclosure

! BV IFAE S ANRAE S KA AT R K 745 3%, 46
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T2t

Lumped Parameter Analysis

Hifei Heat transfer
X174 211 Convection cm‘ ; :
A
Ry, Rim Thermal
Modeh
B ’@
@ y X3
o VRS AL RS VRS FETER
ilftzsb{al% T Linear |l q——p Nonlinear ¢—p Linear SouAnc;JI I
imulus
System System System pressure
yal M5(S) output

e

55/0/4

Hel(s)
BI(x), LX) Zn(s)
2 Cms(x)

wEFLE  BUFL

\_Amplifier  CySOueI,. 1 Mot9Ey s SHSRENSIO

\

b4 B, i L]
Cone Enclow\g_kgmme m

Heat transfer

PEFRAN [F] QR 37 75 4%
Loudspeaker — Connecting Domains

(1 EL

Convection cooling X/ it/ 41

LAE

Motor Kz [7]2 £

! BV IFAE AR K A b

Time constants #L/i7:27]
Thermal
Dynamics
HFfE
. ) Electrical Mechanical Acoustical %
Stimulus ———» X < > - <+—> ; —> §
domain - | domain ~ 7| domain 5
F IS B . -
v LT LK Tk P Human ear
NH4I
. Acoustical load 5 A
Amplifier 2% Suspension & F4 Radiation ﬁ'[/;jggf./ﬁ
Crossover 70 #24b#%  Moving Mass #éz) )% % H

Cone break up #7341z )

IR 7 4%, 48

Diffraction 217284/
Propagation #7145}
Acoustical environment {7455
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WK zh R & T RS M TRIE

Specification of Motor and Suspension

Wz H st fE Define target performance
PAT/Mi 5 A ) Perform small signal synthesis
Bl k{5 5 PEAE Simulate large signal performance

AR A1~ 24 Find nonlinear and thermal
parameters

5. fkTHfEHik (8t) Search for optimal driver (or
design it)

ownh -

! B IR AN, K R TR 45 75 2%, 49 www.klippel.de *yj

b MEE A
1st Step: Small Signal Synthesis

Ttk € Prefilter - f\- .. Post-Filter H_(s)
He (s) e e BN/ AL
731 Crossover v "+ Radiation/Propagation
. oo Ll Diffraction
: ?ffﬁi E.q“."t""zef [ TN e
< imier = e v Room-Interaction
o HUALI R B
—| H(s) Hu(s) |—— PO Head Transfer Function
u(t) 74T Sound pressure
A input T E R
Voltage at terminals
=i
E ||
=
i€ S5 W U AT G AH R S L Lo |
Define parameters related to pass- :
band sensitivity : —Jm
- Re, Bl(x=0), Mms : o P |

! Bt I A AN R R H A e i 45 75 2%, 50 www.klippel.de *’—J




3 INCELL A
Large Signal Synthesis

~ TAE

i fFi

Amplitud

X 130 :

[mm] D o5 K i Maximal Outpyt

10 o K H Distortion
NIESHH —p | I 4LEE Power Handling

, Large signal domain a5 Stability

55 RAE B BAAT 56

Related to size,

1
0,3 _

HHEE

voice-coil

displacement
BV IR ANRSE S KA TR ) 745 8%, 51

weight, cost !!!

www klippel.de —@p—

fragRglt

Criteria for dominant Nonlinearities

° % BE%IJ E/(J Eﬁﬁgiﬁ ﬁ limits acoustical output

° Fiﬂ%ﬂ HFF Elg %E generates audible distortion

o BTN AR indicates an overload situation

o GlEATEE )47 4 causes unstable behavior

o SEM AN B AT related with cost, weight, volume

* E&/}EEFZJEE%%?\%KL HIPECLE affects speaker system alignment
¢ \{;% X'—E’ $'ﬁ§ EI/‘J &&% determines transducer efficiency

! BV IFAE = ANRAE S KA A R K 745 8%, 52 ——  www.klippel.de *’J
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Ranking List of transducer Nonlinearities

%jj 5—3‘% Ef Force Factor BI(x)

M compliance Cpy(x) ML E 7 2
FH B Inductance L(x) ->woofers
AL 75 5 4% 3% Nonlinear Sound Propagation o(p S
FLRE3A AR A Fux Modulation L 6) —>horns

25 41 K L Doppler Distortion <(x)

AR HRNIE PR B)) Nonlinear Cone Vibration
M %'_«, if] E[= ?){2 ffE Port Nonlinearity R,(v)

Je HoA many others ...

! BV IR ANRSE S RS A R K 4 74 3%, 53

© ® N Or®®N =

www klippel.de —@p—

4 7 B I e - PRI B8, T D
Loudspeaker Nonlinearities —
Causes, Parameters, Symptoms

LOUDSPEAKER NONLINEARITIES

[T T

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

*Tutorial at the next AES
convention in New York

* Get a free poster for
your workshop

KUPPEL

! Bt I AR AN R, R A e i (4 75 2%, 54 www.klippel.de *’—J
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Force Factor Bl(x)

permanent flux ®,

magnet

foree fctor

Vilew Tl

e

Voice coil 104Z

Foia P

Py I I I I I I

75 50 25 00 25 50 75
x{mm)

[

Pole piece

104 7798 5 2042 Ji IR Variation of BI(x) caused by
o {537 2575 Magnetic field

. qua %E Height and overhang of the coil

° %’fi%’fﬁﬁ Optimal voice coil position

! B IR AN R, K R TR 45 75 3%, 55 ——— www.klippel.de *yj

A IV;‘ .
S HiOverview on
PE AR B UAEJR A i Measurements which provide meaningful
symptoms

Nonlinearities SYMPTOMS GENERATED IN MONITORED STATE VARIABLE
Sound Pressure Current Displacement
HD | IMD IMD AMD HD | IMD IMD Xdc

(bass sweep) | (voice sweep) | (voice sweep) (bass sweep) | (voice sweep)

Kins(X) X X
suspension (spider +surround)
Bl(x)

electro-dynamical motor

Le(x)

position of coil in the gap
Le(i)

“flux modulation”

Variation of Geometry

of Cone and suspension
Young’'s-modulus E(g)

of cone and suspension

Flow resistance Ra(v)

in ports of vented enclosures
Doppler Effect X X
radiation of sound waves
Wave Steepening X X
sound propagation at high SPL
* provides unique symptoms which are sufficient for the identification of the nonlinearity.

B IR AR, Kl R TR 4% 74 2%, 56 —— www.klippel.de *’J
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SHs LN Lok - .
SIM B 145 5 provides
A& H XK Relationship between
: / > ,
T rreaeny v e | N3
9% B j(1ﬁ =2 72/% ;&
== Large Signal
Distortion and Parameters
Stiffness of suspension Kms (X)
Soid pressure Pfar(t) in far field vs time o <_><< o . <>(—( »
Py . %25 Pipees
:

! BEFIFAE P ANRE, R R K47 75 2%, 57 ———— www.klippel.de *}J

SIM - Connecting Domains
TEREA[R) MU 9 75 4% AR

Heat transfer #i/4 5

Thermal

Dynamics

Stimulus > Electrical P » | Mechanical |, > Acoustical — %
domain - | domain - domain 5
— .
e i 2 BUBRAS, U Human ear
INEES-T
Crossover # 52k Suspension #1154 Radiation, 72741

Motor 4z /6% Cone break up #i/ii7#=5) Acoustical environment /7t %i

! Bt I AR AN R, R H R i (4 75 2%, 58 ——— www.klippel.de *’J
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U8 L E e =)

2nd Step: Optimal Voice Coil Height
FEX=Xmaxah K 7 2k B

Force factor BI(X) vs displacement

g N - Check Distortion at X=Xmax:
= - o BUCHM ORI I K I
s/ NI 3rd order IMD  for f >> fs

ot o b Nl o 3K R I 3rd HD  for f<fs
5 S1eS Third-order inlermogulatiog dis{lo{!i‘?n in percent (d3)

) N\

BI [N/A]
o
o
X
00 B\

H \ 500V 7.94V 1260V 2000V
15 f
£ 30
vt » L H BRI Target Distortion
004 f I
100 75 50 25 00 25 50 75 100 20
Displacement X [mm] =l =

g | Fomoa Gt |

- 10 4

e 7
Bo B AR AR Ly ; . / N
£k 4’ change ;_@ Npan
WIDTH in nonlinear s 9] ’ U g _ow

»

curve editor {EF9i Frequency of bass tone ©

! B IR AN, K R s TR 45 75 2%, 59 ——— www.klippel.de *yj

3 ol B [ 2 D
A5 PR A PR R AR 2 R 2

Hard or soft limiting nonlinearity ?

XX 5 B2 Impact on a two-tone signal

JRp—
e

{—oveman/ ," BN \
40 £ . *
E | \
Bl E 7—equal-length N
E ’
NA E 2 \
20 €15
35 -
0 £ \\
PR MRk = T T S it BRI Al 2
imiti i i 75 50 25 00 25 50 75 hard limiting nonlinearity
Bigplacsment  mm ?

}E}%{ﬁﬂa%}ywa Spectrum of sound pressure signal (two-tone stimulus):

!
-
%}\
;
:

high 2nd- and 3rd order distortion Large amplitude of all components
BV IFAE AN RAE S KA R K 745 8%, 60 ——  www.klippel.de *’—J
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Hard or soft limiting nonlinearity ?
X 2 L4 B (5% Impact on distortion components

PR e
soft limiting nonlinearity

Bl B I e 1
hard limiting nonlinearity

75 ‘ [ 75
C "1 = o
F 3rd-order L— E T
C // |1 E l,/
50 50 T
E ,/ _ E 3rd-order g
C L C -
25 4= 2% T g
C Sth-order £ g
B T | B+ -
E £ // 5th-order
1 7th-order 25 + .
25 E ’ e
F 50 L & | Tth-order
50 + E I/ e
F 75 P
75 £ P
0.5 1 2 3 4 5 05 2 3 5

displacement mm

! BV IR AR ANRSE S RS A TR ) 745 8%, 61

displacement mm

————— www.klippel.de *}J
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S —

A AR

3rd Step: Optimal Voice Coil Overhang

Force factor BI(X) vs displacement
—

high overhang

4 ‘/ﬁufg, IRREE Check Distortion at X=Xmax/2:
/7 .—.:e R e 3rd order IMD for f>>fs
_320 / R \ « 3rdHD forf<fs

4100 75 50 25 5.0 75 100

25 0.0
Displacement X (CETET— =

[ pr—

KPR A 4E - =

S i 2 g = 25[] *ﬂ%giga\ 'Mrget Dq'stortion
change Plateauin " | W= .
nonlinear o & Fraquency 1

curve editor

BV IFAE S ANRAE S KA AT R K 745 3%, 62

Third-order intermodulation distortion in percent ( d3)
Pressure Pfar in far field

500V

LEX=Xmax/2 Wb A 2k B

7.94V

12.60 V. 2000V

15,0
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Compliance C,((x)

PPEL
125 KT
Mgt
Cns. C
100
. N \
\-vc\-l‘ F
075
050 T
Pl Pimcn C
025 ‘
- E
Olw LIAL LI UL L]
-100 -75 50 -25 ,0 5 0 75 100
<<Cailin X[rm col out >>

Frost Flate

M 24 A% J5L K] variation of Cms(x)

'f’E‘DiH%D ?E%Z:Xﬂ“ﬁf\ asymmetry caused by spider and surround
'I@.iﬂi, Ei‘j(*ﬂﬁiﬁ?& moving capabilities, maximal mechanical load
'Uﬁ%&ﬁf‘ﬁ‘i}#*ﬂ Tﬁf/_ﬁ adjustment of spider and surround

! BRI AN RE, K R T 47 7 48, 63 ——— www.klippel.de *pJ

FHPUL: &R A K

4t Step: Self-Protection of Suspension

Mechanical compliance Cms(X) vs displacement

N Kr % Check:
o < « I&{5 7% Peak Displacement
i N o JEU 45 Compression of

\ Fundamental forf<fs

\\
1

Cms [mm/N]
°
o

N
D%

L
©

W

I KA A% Maximal Displacement

1 \\idt \

L]
4 500V 794V 1260V 2000V
: 15
00 1 T I A — \ B
00 75 50 25 00 25 50 75 100 | A
Displacement X [mm] 10 T ———
T i}

|
|
|
[dB] - (mm](rms)

e WA AR il = -
ZmlE change Width m.-
in nonlinear

curve editor —_—
! I_ﬁ-_l - | cawed |
BV IFAE AN RAE S KA AT R K 745 3%, 64 ——  www.klippel.de *’—J
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M5 Overview on

PR R IR I Measurements which provide meaningful

symptoms
Nonlinearities SYMPTOMS GENERATED IN MONITORED STATE VARIABLE
Sound Pressure Current Displacement
HD | IMD IMD AMD HD | IMD IMD Xae
(bass sweep) | (voice sweep) | (voice sweep) (bass sweep) | (voice sweep) | _
Kins(X) X X
suspension (spider +surround)
BI(x) X | X X X X
electro-dynamical motor
Le(x) X X X X
position of coil in the gap
Lo(i) X [X X X X X
“flux modulation”
Variation of Geometry X | X X X
of Cone and suspension
Young's-modulus E(g) X | X X X
of cone and suspension
Flow resistance Ra(v) X
in ports of vented enclosures
Doppler Effect X X
radiation of sound waves
Wave Steepening X X
sound propagation at high SPL
* provides unique symptoms which are sufficient for the identification of the nonlinearity.
B IR AN, K R TR 4% 75 3%, 65 ——— www.klippel.de *yj

o b R ) K
5t Step: Distortion of Compliance

Mechanical compliance Cms(X) vs displacement

o g nonlinear hard Jimiting *\/j‘\ ﬁ: C h eCk:

A 'Kg}r R a\‘-‘(;au 3K R 3rd HD
" R forf="fs

< >

Cms [mmiN]

N B \

02

Total harmonic distortion in percent ( dht)
Displacement X

: \ 500V 704V 1260V 2000V
oo b b b b e e f 125
-10,0 75 -5,0 2,5 0,0 25 50 75 10,0
Droplacement X (Mhly ey il - N 2 B = o | i 4 Moyt H
oo 3 R SK 7 ?(;\L\l arget Distortion

[Percent]
@
|-

APTRITIAE AEL = o

PEZegnte change >
Plateau in nonlinear "}

curve editor ! | . = e

6100 8100 102
! Frequency f1 [Hz]
Bt I AN R R H A e i 45 75 2%, 66 ——— www.klippel.de *’—J

50




] L IK B 2R Gt i) ANERUE 1
Problem: Instability of the Motor

f >f AfE

525 Experiment: BI), ¢ U”Sta/k?f\for f>f
S AT R B 17 R % Driver has? s

soft linear suspension : va

A K- 4k i Equal-length configuration .

(W 1B s 22 BI(x) nonlinearity) ..

-IE3X9K8) 15 % Sinusoidal stimulus f> f§

2y

o £
bifurcation caused by motor.MOV

S50 XS AN B R A TR S) Bifurcation into two
!algt? f}?tﬁeﬂ's PsﬁfnL\éllleJrf';’a%E/lJ?ﬁg?% 67 www.klippel.de *’J

SN AR RS AR E P
6t Step: Checking Motor Stability

" i #r Check
THET YRR X(t=0 o .
—tmm (t=0) iR DC displacement for fs < f <
=1mm of
Start with initial s
displacement D ogrgonent
X(t=0) =1 mm ooy Tooov TS0y Doy
03 SIM motor stability {work version} v"- Al s f 8 1o
Infa | Diriver I Sllmulusl Im/Export  Monlinear | Syst EI‘HI Thermall Dlsp\ayl B E [
[~ Driver 6 3 Ak /
V¥ Bl Edit [~ Flux modulation F )  Edit . 3 / /
¥ Cms[) Edi.. [~ Doppler radiation EA % / /
Enclosure [vented box] x ) £ \ /
[ Lef)  Edi. [~ Cab (Phax] N \ /
2w T oR2pg ™ Rzn (ve) Ed. j: / \ /
™ Reluctance force Fm [¥) . £ / =
410 F10 S 210
Rie=0) |1 E eeeee f [H] 2
&l AR AR

G| [FEZ e Motor unstable
! Bt I AR AN R R H R e i 4 75 2%, 68 www.klippel.de *’—J




1] F K

Voice Coil Inductance L (x)

—
40 without shorting| ring
Le
D;((+9 mm) [mH] 4
L N 2. e ==
®D5(-9 mm) \ 5 with shorting ring =
\ 20
1
P BBPBO EHPID EHPID | "
1
: i ’ 05
i
-7 0.0
| 45 0 5 0 5 10 15
~ 1 voice coil displacement << Coilin X [mm) coil out
T —>
mm X

©

P T Ly(x) determined by

o 3 P 1R JLART AR B 5, B A4 geometry of coil, gap,
magnet

o IR B A RS FIA E optimal size and

! position of short cut ring
Bk I A= AN RS, R H R i 4 75 6, 69 —— www.klippel.de —~gp—"

i Pl FL R

Voice Coil Inductance L(x)

inductance
mH

N

. . .
. voice coil

75 50 25 00 25 S0 75
i)

iz/l\%%?ﬁﬁﬂ? This parameter shows
o BP0 FR P asymmetry of inductance

’E‘i{%%ﬁﬁ%% ﬁﬁ’{jﬁ%{i% optimal size and position of short cut ring

! BV IFAE AN RAE S KA AT R K 745 8%, 70 ——  www.klippel.de *’J




E[S5 3 VI PN I

Effect of nonlinear inductance

HUEAEZME 5 2 Le(x) nonlinearity causes o e
« Sy N AL BT AR AL variation of electrical input

impedance

o (KT A 2 8] i) I intermodulation between bass

tone and voice tone

432401 234
o X mm] ot

X=-4 mm X=4 mm
Magnitude of electric impedance Z(f)
— — —
x=0 mm X = -4 mm x=+4mm
25 ¢ KUIFPEL] |
20 -
_ 15
£ C
5 F =-4 mm
= 10 E 7f?_/
C P P
st —
E =4 mm
o !
101 103 104

BV IR ANRSE S KA TR 4 74 8%, 71

102
Frequency [Hz]

——— www.klippel.de —@Pp—

24 s -
)
i Overview on
9 e N 3 . . .
PEAA R UAEJK B Measurements which provide meaningful
symptoms
Nonlinearities SYMPTOMS GENERATED IN MONITORED STATE VARIABLE
Sound Pressure Current Displacement
HD | IMD IMD AMD HD | IMD IMD Xae
(bass sweep) | (voice sweep) | (voice sweep) (bass sweep) | (voice sweep) | _
Kins(x) X
suspension (spider +surround)
BI(x) X [X X X X
electro-dynamical motor
Lo(x) X X X X X
position of coil in the gap
Lo(i) X [X X X X X
“flux modulation”
Variation of Geometry X | X X X
of Cone and suspension
Young’'s-modulus E(g) X | X X X
of cone and suspension
Flow resistance Ra(v) X
in ports of vented enclosures
Doppler Effect X X
radiation of sound waves
Wave Steepening X
sound propagation at high SPL
* provides unique symptoms which are sufficient for the identification of the nonlinearity.

BV IFAE AN RAE S KA A R K 745 8%, 72
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7th Step: Shorting Material required ?
Ak M B 3% 9 Impact of nonlinear inductance L(x)

HEd MEAMREER?

Voice coil inductance Le vs. displacement X
- —_—

Lop)

75
A

W 5l

"
B With

put

pshortin

gri

ng

]
i

I 1
=T
sharti

g%

[om | s W [oomom =
- B [omom =

B [omom =

r [oowm =

g curve U |

-t

0K I Rt Carcel

Relative second-order intermodulation distortion ( d2)
I - input current

T2 PR T L R 3
Check 2rd-order IMD in e.g. current
tone sweep

voice

25 :

wf e/t A
= f Per/m@si ble|target value |
815 T —

10 f —

. >// 1 B

- 4*102 67102 8°102 10° 20108
Frequency f1 [Hz]

! BEFIFAE P ANRE, R R K477 4%, 73
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Problem: Power Handling

AT JP,=

6,8 KIW 4,6 KIW

7,5 KIW

! BV IFAE = ANRAE S KA AT R K 745 3%, 74

100 o ‘ ‘ ‘ KLIPPEL I 30
90 — i =
w0 W\ ty te | ts 1
70 i
R il 8 W
o f - =
I I MY /(\/\ //V \ 1.
e A I
N \ T B
o E LN /\\\/ \/ \\V \\ ‘ 1.
Z' P B
_12 E\J\\‘ L \\LJ_/ 11| | \L_/“\‘ ‘\\ui\R\E i\\\\ - 0
0 25‘0 500 750 1000 1250 1500 1750 2000 2250
t [sec]
% HiMusic: [tk Po> R vOca> H g e LA

Thermal resistance
is not constant !!
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Nonlinear Thermal Model

! BV IR AN RSE S KA TR K 745 8%, 75

Rtv
P, R Prag
R e VAVAY; >
T, To T
Re(v) Ry(v)
I — VW —WA—
F,ooil *
© = C, = Cq FCm < R
convection Direct heat
AT, cooling transfer ATq AT
R,(x) = G,
v v v
—1 Ta

————— www.klippel.de *}J

H8: M) 4

Wio | Do | S | oot | Morissr | Systees. Theesal | Displny |

Thomal e [Long tem pmagres fat) =

¥ 7% Check:
5 N BBl E Maximal

8th Step: Thermal Power Compression

Frequency f1 [Hz]

! BV IFAE AN RS, KA AT R K3 745 3%, 76

4%%’@&?%\1%&%#%2 . T~ — Voice Coil
Thermal parameters = "™ \
in nonlinepar ' %Yﬁﬂ‘]}?\?ﬁ?
. Compression of
curve editor o | v | cwes Fundamental
Compression
| Pfar (1, U1) | * Ustart/ U1
100 ; e —
95 = — _——
90 £ s =
85
— 80 F
2 75
70 £
65
60 £
55 4z
102
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St
=2
— B HITEEA The R&D - QC life cycle
82 [
@ — i — § = ©
wr s 5 T
Listener System Driver o
(FFH, 20 2%, R WT R I5E) (Re, fs, Q)
B ¢ ) LBk ZH | JURITEAR,
SounEld (;uality Transfer anction > Parameter —> Ml
Geometry,
Material
P H AR
Product Target .
MM flle ]/l\l Simulate Solution
He =2 S N
A A JRIRE S B SE IR A AR, Realize & Testing the Prototype
Production
Test

! BV IR AN RE, K R e A, 77 www.klippel.de *yj

4 BE>€ JLITEIR, b h

Parameters <> Geometry, Material

A

& MRS

H#% Electro- 2 Thermal Cone
géﬁnetlcal FEA M3 )2 S s o
27 i Coupled
ﬂz}%% Mechanical \ coupled
Rtv, Rtm acoustical
EL(X)' Lol FEA/BEA
K(X) == N g
7 s At 8 bR B
Transfer function SPL(f)
T
RS AdTittqnce Y(f)
Lumped PR3N

Parameter Cone Vibration X(o,R,f)

! Model
BRI AN RE, K b A e TR e RS, 78 ——— www.klippel.de




HUBAT BR 7 2041 20 A

Output of mechanical FEA (finite element analysis)

45 Results: > /\

ARt
Nonlinear
compliance Cms(x)

F BV IR ANRSE S KA TR 3 4 8%, 79 ——— www.klippel.de —{-}—/

PHEL S B 102 500 A

Measurement of Material Parameters

Magnitude of transfer function H(f)
()= Dispiacement X/ Sgna at N1

;
i

=

o)

Young'‘s E modulus

Loss factor n
M7 AR, FUFE R 2L

WS E U PRl

Input parameter for!

jAwww.klippel.de —4-}—/




MBS B 12 500 5
Measurement of Material Parameters

Parameter Measurement of
Loudspeaker Materials

! BV IR AN RE, K R T 14 7 45, 81 www.klippel.de *pJ

UEWIREPI2 N

Measurement of Geometry

Yy AR
Loudspeaker
« KR High Precision Scanner
<10 pm for 0 < z< 300 mm
<25umfor-5mm<z<5mm
o WA SEIBENE Dual Measurement
with correlation
o AL IR ZE Automatic
detection of optical errors
o RAE DU WA T Export in
common formats
(4w such as *.txt, *.dxf)

! Bt I AN R R H R e i (4 75 2%, 82 www.klippel.de *’—J
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! BV IR ANRSE S KSR TR ) 1 74 3%, 83

FR — B ITEER The R&D - QC life cycle

> i Y 2 T i Parts
u I 2
HKWF WA RG : = (BRE, 3R,
. System Driver i
Listener y )
(R, 2 4%, HeWT ) (Re, fs, Q)
TR || el | B | LR,
Sound Quality Transfer Function Parameter PR
Geometry,
Material

7P H bR
Product Target 2 1] L b
Pl 4 B simulate Solution

A=k
Production
Test

J/JE\ jﬁ!ﬁé IIII—I|II E/‘J %‘Ef)”u&‘{)ﬂﬂ \ﬁt Realize & Testing the Prototype

BRI S FFR - how we can support you?

www.klippel.de

JRREEE AR VRO

Evaluation of the Prototype

1. BT (BiR %K) Parameter based (model
required)

. 2 VAL 34 pR %L Linear transfer functions

. /M5 2% Small signal parameter T/S

o KES S (AR, AEZTE)Large signal parameters
(thermal, nonlinear)

! BV IFAE AN RAE S KA AT R K 745 3%, 84

2. PEReRE T (WUkTIKEN{5 %) Performance-based
(depend on stimulus)

. JELR PEAEJE Nonlinear symptoms (THD, IMD, XDC)

. B P 45 B KT #% Coil temperature, compression,

Pmax
www.klippel.de *’—J
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Parameters from Measurement
Xz & 48 Motor

) LS oy g
= MARL LPM PWT }}éfi’ PR
Suspension ) S |

iﬁfﬁli ii’fj%% fgiustios
SPM Moto
Parameters e
PR
Bl(x), Le(x) Cone Vibration
X(p,R,f) TRF

! BV IR ANRSE S KSR TR K 74 3%, 85

PR

S 2 R SPL(f)
Lumped [SEET
Pa’\r/la:)rzzlter Impedance

www klippel.de —@p—

! BV IFE S ANRAE S KA AT R K 745 3%, 86

X
SCANNER
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Dynamic Measurement of the Mechanical Stiffness of
Suspension Parts

[N/m]

800

700

600

500

400

300

200

100

; FEZLTHNWITE Nonlinear stiffness //

N /

: \\ /

f N /

:\ Il | T \F'FF\/(\ Ll | |
A5 10 5 0 5 10

! BV IR ANRSE S KA TR K 4 74 3%, 87

Displacément X [mm]

www klippel.de —@p—

a1 AR G LA 1 3 2 0

Dynamic Measurement of the Mechanical Stiffness of Suspension Parts

Dynamic Measurement of the
Mechanical Stiffness of

Loudspeaker Suspension Parts

video spider measurement system.avi

! BV IFAE S ANRAE S KA R K 745 3%, 88
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Large Signal Identification

By 4§ Results:
b § - ekt s ¥
g £ — Nonlinear Paramter

o
E E E [=]
75 50 25 00 25 50 75 75 50 25 00 25 50 75 - W
i i ]

Electrical inductance Le (X) [ Dlsplacement lelts
- (00:0152) — |
175 - XProL<X < Xprot Xp<X<Xor | 2, Mz
g | - RS
g .;',.. Thermal Parameter
| Gl

25 00 25
Xmm]

! BEFIFAE P ANRGE, R o R R 4775 2%, 89 www.klippel.de *}J

jJ:u = i&{m%*ﬁéﬂlu S

Overview on Modules
for Dynamical Pargmeter Measurement

LPM

2 S 0N =

LSI

2 LYy 2
Linear parameters NG i A PWT
Nondestructive, T2t
Full protection e
Linear, nonlinear and thermal Power test

with any signal (music !!)
No protection
Linear, nonlinear

\

LSI Woofer (t7 | S| Tweeter: i
Fs <600 Hz

Fs < 4kHz
LSI Box 41 #4¢ S P M
Fs <600 Hz A RGN
Driver Suspenion part

+ enclosure
! Large Signal Performance of Tweeter, 90 290 www.klippel.de *’—J
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Large Signal Identification of Transducers
LS| Module of the KLIPPEL-System

A TAPORBE g 452

normal working precise, robust sensor
conditions
(LS B R .
audio-like, persistent ] _—
\ State l
Measurement
Signal | Parameter
Source Estimation
k A
Detection odel

working range

i |
(R4 e gt

protection optimal fitting

! B IR A= AR, KR TOR R45 74 2%, 91 ——— www.klippel.de *yj

- oy - N

> \ /
p e S QUJ tl)_”J
Measurement of thermal Parameters
AR 2% 5 P L SE R i N TR BN o &R
Increase oB e coil temperature D'gll.a v (t) and electrical mt power P (t)
225
100 200
175
e 150_
2 1252
g %0 100~
e 75
25
50
0 25
0
0 2500 5000 7500 10000 12500 15000
t [sec]
[T [ |
Ry .ty
ekt .
nonlinear #2z % 52 Thermal identification

! Bt I AN R, R R i R4 75 2%, 92 ——— www.klippel.de *’—J
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Motor with Equal-length Configuration

force factor b(x)

—
o max < x <x_max

30 /
25

KLIPPE]

pole plate

voice coil

&
gz,ﬂ - =
Y P . LA =
j'i'I: = EZQIET.IIK NG o
pole piece Coil height h,,;~ gap height hy,, 0s
[H oot e e e
75 80 25 00 25 50 75

{%%H%:H: Properties:
o Xof i Pl A% BUE Sensitive to offset in rest position
$k BAD

* =T Fo RIBAYEHIZEATRE Sensitive to instabilities f>f,

LN })Lﬁfpm IS ﬁﬁ%ﬁffﬁ Hi Low order distortion at low amplitudes

I GOOD
° TLR [E)F}])_Uﬂi'fj Uﬁ’ﬁ low inductance and flux modulation

! BRI AN RE, K R T 4 7 48, 93 ——— www.klippel.de *yj

YA ER S,

Motor with Overhang Coil

A &9 Coil height h,, >H4[FKH gap height hy,,
1 : force factor b(x)
pole plate 50 > T
AR EERE )\
voice coil -
et/ \
z & a\
2 25 g% T T L
= T eoil]
pole piece 000000
¢ )
X ooz e A sa s so 75 o

i GOOD o X Pl i B2 15 ANTBUBK Insensitive to offset in rest position

* X < (hgpirhygp) INIG 2K L Low distortion for x < (hey,h,,)

°X> (hco,rhgap) i} B 2 L High order distortion for x > (Negigap)
ﬂ: BAD o e P LK High voice coil inductance

\ ¢ Xﬁﬁz&%d%&ﬁ&@z Sensitive to flux modulation
Bt I AN R, R H R i R4 75 2%, 94 —_— —4p—
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Assessing the Asymmetry of the BI(x)-curve

'
i
" cail out
5.0 i 7.5
NA 2% Ampli;ude offset
! mm
35 : 25
3.0 B rest position
25 ; 00
2.0 J:“) ymmetryregion ________@------
5 ioffset 25 | ___ -—=1" Symmetry Point
10 ; 50
05 i
o ; 75
75 50 25 00 25 50 75 e 1 2 8 4 5 6 7 8
<< Cail in X mm coil out >>
Amplitude mm
s .
Target it Hi
Keep rest position in symmetry region ! {4t % 110 5 70 B Y i 1A !

Remedy 151 /77
If symmetry point is independent of amplitude then offset can be compensated by a

voice coil shift ! Uil 1 5[] (10407 75 A el (16 ol !
! B IR AN, K R TR 45 75 2%, 95 www.klippel.de *pJ

TR BB g 930 XS TR A

Find symmetry point in Bl(x)

xb(xpeak)

cn
T P b (T T 111
! e
D S L W T T
o o T
35 Kpeak i T —— 22
* « 3 ER——
2 <+ )
20 £

i
" : ;.
0 ; ;
os | R \ B N O O
o SR 4 ]

75 a0 25 o0, 250 s0 75 St e T

i
<< coilin X [mm] coil out >>

Bl (xy (x)+ x)= Bl (xy (x)- x)

Xj‘ik ,'{—i ﬁ% Hj Symmetry point shows
® Egéjj gﬁﬁ % éf E‘Jﬁ%j{@ maximum of BI(x) curve
® Ezﬁiﬁ *H Xﬁ?jﬁmﬁ%ﬁ;’{rﬁﬁ dependence on displacement amplitude

! Bt I AR AN R R H R e i (4 75 2%, 96 www.klippel.de *’—J
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Adjusting voice coil position

il

e ———————
pole piece ,
x=0 it

Induction B

voice coil

displacement

force factor b(x)
—

b Al
3
N

o
@D

—0) R} \
X=U) BHXTX,)

50 25 00 25

50

itk magnet

#liiFE: pole
Plate

Indugtion B
5

voice coil

pole piece

x=

—_—t

X,

displacement

optimal voice coil shift x_b(x)

coilout>>

x.b[mm]

<<colin

R ART] EYEA AT ITTR AT

00 05 10 15 20 25 30 35 40 45 50 55 60
¥ peak [mm)

«_peak [mm]
——— www.klippel.de *}J

Counter flux

Oc

Le(X) . pe==

"

L

2ify HL R 1

Linearizing Inductance

magnet

pole piece

inductance L_E(x)

X
BV IFAE AN RAE S KA AT R K 745 3%, 98

R

RivG

Cys®)  Mys

Rus  Fn(xi)

—

HIHLAER L Electro-mechanical Equivalent Circuit

ﬁﬁ’ﬂfﬂ,}%ﬁ‘ Optimal Design:

o JUTIEAR Geometry (M ERAA Ring or Cap)
* i Material (F3E4 Aluminum or Copper)
o JUs) M AV Size and position

——— www.klippel.de *’—J
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Separate Stiffness of spider and surround

BRA

esidual

K_MS(x) 2:Bx80% T3 idgés
Cut away 80% @
surround
1,75
1,50 ]
/'mj\ g ] /% f’ﬁj
1,25
’ Tota nsiol
1,00 %K\_’
0,75 ~ >
0.50 NL’LJ‘,‘SLJ:'I‘ i i_‘ 7”’(‘ diaphragm : =~
0,25 20% F’\Jifﬁ% Spider frame
0,00 HH\Wth\zo"sprrql‘mqH‘\“H\HH‘ v
20 15 -10 -05 00 05 10 15 20 spider T\
<< coil in X [mm] coil out >> voice coil
former

BEFIFA P ANRE, R g R K477 4%, 99

www.klippel.de
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[ R — B BITEER The R&D - QC life cycle

Q — @

7 i H bR

Product Target

AN e
Production
Test

LH- Ly N
‘MU fz|[i |/|\l Simulate Solution

N Eey N
W e Vi L A Parts
. B, T 1
Listener System Driver 2)
FOAH, JE s, IRV ER) (Re, fs, Q)
W ey mwmn | [ sm L[ ueEk
Sound Quality Transfer Function Parameter Bl
Geometry,
Material

J/’% E'_Jﬁé l-]l:l]-l H@ Sﬁ)r&/)ﬁ)ﬂﬂ '\Lfﬁ Realize & Testing the Prototype

FRATTIART SZFFR - how we can support you?
! Bt I AN R Rt A e i 4% 75 2%, 100

www.klippel.de
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Evaluation of the Prototype

1. ZHIET A ER) Parameter based (model
required)

o ZRPEAEI S Linear transfer functions

«  /MES5 3% T/S Small signal parameter T/S

o KIESSH(FER, JEZPE) Large signal parameters
(thermal, nonlinear)

2. Performance-based (depend on stimulus)
. AELLPEAEIE Nonlinear symptoms (THD, IMD, XDC)

. T B 4 i K Ih % Coil temperature, compression,
Pmax

! BV IR AN, K A TR K 75 2%, 101

www klippel.de —@p—

R P TR 2 R R I R BT
Interpretation of THD in SPL

1o ! 1 a KLIRPEL
¥ B3 Fundament:l P
- E B AU R S B B Py y
g 110 E = — ‘AJJ k 'I
S TN SR
S e o
EUE A K THD
2 L]
60
g HERE

50 =
50 100 200 500 2k 5k
Frequency [Hz]

Y5 Cone Vibratiop
www.klippel.de —gp—

! BV IFAE S ANRAE S KA TR K45 745 8%, 102
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Interpretation of Multi-tone Distortion

120 E T T T T T T RLIPPEL
S
100 Fundamental i N
920
o E P~ PR Pa
2. 80
| LH N
70+ e i Sl
oo . Distortion ™
ol \ | ||
50 100 200 500 1k 2k 5k 10k

< BI(x)
< L()

< 2 3% #1%%% Doppler Effect
i< 59 2] Cone Vibration
! BV IEAR = AN RSE, K R R T (147 75 4%, 103 www.klippel.de *pJ

R VA

Assessing Symptoms

N 1] it {5
Input Signal

Output signal

Analysis
v
AR PEAEIE
Nonlinear Symptoms

1. ’é] %K%?EJEF What are the symptoms ?
2. {%ﬁUﬁjJ%%EI‘J%H@ Influence of the Stimulus

3. ﬁ*ﬁ E"]ﬁ/ﬁ Methods for analysis
! Bt I AN R Kt A s i 45 75 25, 104 www.klippel.de —@p—
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Stroboscopic View on the Vibration Behavior

l PRI

stroboscope
= = |
Generator K H—AN 40 [ .
tone at f pointer
A RS
Resonance
frequency f
Ik 4] RS N
_‘_r‘ 4
1. Experiment 2. Experiment 3. Experiment
f<fy fafg f>f,

F Bk I A= AN RS, K R e i 47 7 6, 105 www.klippel.de M

Nonlinear Effects

in the Vibration

of Loudspeakers

video nanlinear behavior,m1v

B IR AR, Kt R B 4% 75 2%, 106
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Motor Instabilities

AFEE > 1

RATHAR AT Oceurs in drivers havingiy - UnStaﬁif\orb L
- IR Bk i R 4¢ soft linear o 3
suspension -t /
- SRR 458 Equal-length configuration .
(T F7 58 % AE L 1 BI(x) nonlinearity)
- IF3%K5)) Sinusoidal stimulus f > fs

o £
bifurcation caused by motor.MOV

> 5 XN e IR &R 3l Bifurcation into two
stable states of vibration
! B IEA AN RSE, K R R (4 74 8, 107 www.klippel.de *PJ

eSS FERIR)S

Nonlinear Symptoms

o U A5 R AR5 A

Symptoms show only effects not the cause
o TIRSEEERIAE NG S R RSN
can not describe the large signal behavior completely

o PR T RGO SENIENE S

depend on properties of the stimulus (music, test signal)

o MO RARIK AR S PERFAIE

depend on driver nonlinearity

] SRR R AR E IR

For example: Total harmonic distortion is only one special symptom

! Bt I AN R, Kt A e i 45 75 2%, 108 www.klippel.de *’—J
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- ANE IS TRATT I 12 2200 1192

What kinds of Symptoms should we measure ?

F)T’TE)EH E/:J 77?25‘?1751: Use Methods which
o AV HUR FRARALE AR Il S RS

assess transducer under most critical condition

o ARV

allow quantitative assessment

MIE =0 S ST GHETERE S

give results that are interpretable

IR | 523 6

reveal nonlinearity
o MR W G n] 4 ] 9K BN 15

Based on stimulus usable in listening tests

! BV IFAE S ANRAE S RS A TR )4 745 8%, 110

DI EREgiNg Al

Influence of the Stimulus

1. $T;|EIE| Single Tone (TRF Module)
> S IEIY MUY Fundamental, Harmonics only
2. XX =] 1}?51 Two-tone Signal (DIS Module)
2> 5SS ML VI I Fund., Harm., Intermodulation only
3. % /\ =] lﬂ Multitone Complex (LPM Module)
SN2 SHFAE steady-state symptoms only
4. 5]1 f =] 73 Music (AUR Module)

2 M PTATRFAL an symptoms

www klippel.de —@p—
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Assessing the Large Signal Behavior

WAy ——— — i
Input Signal Output signal
..................... N =N
Ty {D_]JJ B P
Measurement
N
iy
Analysis
CLR BB } A
Distorted o D 20N ¥ Disturbances
Waveform B 5(|féf ‘@ {[EJE o e (Clicks, Rub& Buzz,

Nonlinear Symptoms

7 A AT AR 73 U8 A E
New Spectral Components Instabilities

(Harmonics, Intermodulation) (DC Displacement)

BEFIEA P ANRGE, A s R G 7 3, 111

Noise)

I

Amplitude Compression

www klippel.de —@p—

PIEL A IS AN U] 45

Physics of a Irregular Defect

BT

1st Example: voice coil rubbing

Cross-section View

328 Hz

> AT

coil rubbing

S IR

& S 8l BE 4% Rocking mode may cause voice

s KA AT 9 7Rs, 112

www.klippel.de *’—J
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Physics of a Irregular Defect
AN AR 8 2nd Example: Glue problem

Externally excited

i 1 Ul l

A AR parasitic

resonator

Azl 3k Loose
joint
(AR

— Nonlinearity)

K2 B b R 0 A AR 2 1 3 359 7 Most defects behave as a
nonlinear oscillator

o 7E 1l AR IE LL_EIZ5) active above a critical amplitude

« ¥ &% new mode of vibration

o UK AN E D KB M5 5 52 i powered and synchronized by
stimulus

o I T FESE constant output power

! BV IR AN RSE S KSR TR 4 A 8%, 113

www klippel.de —@p—

4 R R
Harmonic Distortion
WKEhM5E 5 IE5%494 Stimulus: Sinusoidal sweep

— |
IHD RMS of IHD
-10 - f KEPPE
|
20 '\ A
\
230 Ty ») E
-40 A"\l\ Py
5 5 | ; HIMA A o
« i it 1Ho THDN [AMIAY
it | 1 RS ‘ ‘ I
70 }” N }‘ ‘l I
-80 H | “ \MH\ H‘ | \\Hd
50 100 200 500

Frequency [Hz]

fl7 P19 2k B Instantaneous harmonic distortion

IR ELIF- ) {E Mean value of harmonic distortion
WAL 1% 2= . Peak harmonic distortion

! BRI AN R, K R A T (4 75 3%, 114 ——— www.klippel.de *}J
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Crest factor of harmonic distortion (CHD)

UKEN{5 5 IE54494 Stimulus: Sinusoidal sweep

20,0 = X LIPPEL]
e i %\ | o B = .
5ot ;Mju buzz, ¢, 5 7 other disturbange
12,5 ; i MH
@ 10,0 g "/“\ 2‘ ‘H‘M .
D ) messsssssuss i.\-‘\‘- P dapsnsssssnnnnnnsl '/f' o'
75 - VA ‘H\MHU\ A ,,’/\ /\
50 I AvIwARE
O I/ \1
Lo VY W i KRH re
s "‘

50 100 200
Frequency [HZz]

BB R FCUEARL TR 1 ) AAEE0) B ol e !
CHD can be interpreted on an absolute scale !

! B IR AN RE, Kt R R 47 75 8%, 115 www.klippel.de *pJ

a NN N
VR L & 11 & R
Results of the Harmonic Distortion
Measurement

\2”‘*, 34 and higher-order harmonics

\
£/ AN SRR
amplitude information
THD

2nd harmonic 34 harmonic 5 CHD
rest factor
KR R EiE it
asymmetry symmetry magnitude smoothness

£ MEHF1E Characteristics of the nonlinearity

BV IFAE S ANRAE S KA A TR )4 745 8%, 116
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Detail of the distortion time signal
% A:Case A: ,beating wire of a defect driver®

]
Model error
LIPPEL

0,03
0,02
0,01

OOM

0,00
—-0,01
-0,02

T[T T[T T [T [TTTTTTT
<!
,
(
g
|
‘
=

-0.03 Period

Frequency [Hz]
« [ % L BAT B BE 2% Regular distortion have high energy
« S A (A2 Disturbances have low energy
o SRR R — /NS> F 391 3LV Disturbances are concentrated
at a fraction of a period
> WAE 2R L (KIE1Y X T) peaky distortion (high crest factor)

\ > HUAMEES 251 Active compensation is useful
BV AR = AN RE, K R R T (47 75 48, 117 www.klippel.de *}J

R RO O BRI (R Y 1
Check: crest factor of harmonic distortion
WP R B K 7 Crest factor of harmonic distortion

I
If goodioige ¥ bad

Instantaneous crest harmonic distortion (ICHD)

»
»

1% displacement
Displacement X [mm]

&
<

Frequency [Hz]

»
»

E5Z 154 Frequency of sine sweep

! BRI AN RS, R R A T (4 75 2%, 118 www.klippel.de *’—J
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Instantaneous crest harmonic distortion ICHD(f,x)
FREIA: B k43T Case A: ,beating wire of a defect driver*

Instantaneous crest harmonic distortion (ICHD)

12
10 100 {0 ) =
I wlllf V ) ap

:
: 4
: \’
: |

:

: |

1.

2 fl

Displacement X [mm]

Frequency [Hz]

S L AE50442% + 10 mm {2 F5 4k
Defect occurs at + 10 mm displacement at 50 Hz

BV IR ANRSE S KSR 4 4 8%, 119

www.klippel.de

( ok o U 1 30 2R L h
Instantaneous crest harmonic distortion ICHD(f,x)
FIB: B4 Fp Al E # Case B: ,rubbing voice coil of a defect driver”

Instantaneous crest harmonic distortion (ICHD)

"

] | I

7 10 il

5

3

1

4 s

K I3 |

5 E

7%

Y E

-1 % 0

38

500

a7, 0

-19 s

21 l I
23 '

2 10 A \.IAnnlInI
27 v VU l“lu
29

-31 0 )

W4 FEHE 41 Conditions initiating rubbing:
o U R e S
Negative turning point of voice coil excursion
< JARE 2 b (FUREET) > w kbR
Above resonance frequency (mass dominant) - Tilting of voice coil former
BRSNS, K RNRE R B 47558, 120

www.klippel.de
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Requirements
At Software: \@
» dB-Lab (frame) e
* PWT (module)
* SPY I USB
%y
fififf: Hardware: = J& % v
» Power Monitor 8 -y e . »
« Power Amplifier N Y
1...8DUTs

! Bk I A= N RS, R R i R4 7 A, 121 www.klippel.de *pJ

Fr i Ak
Durability Check
Power handling test according to AES2

Accelerated life test according to EIA-426B
Tests according IEC to 60268

Electrical resistance Re (t)
DUT: 1 (01:35:54)

Re
KLIF PEL{
50 }
40
€ 30 - e
s fri e failure
Q
x 20
10 4 [ e, B BV N \/J
0 :\ | || I L1l I I I L1l I I I L1l | ||
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500

t [sec]

! BE I AR AN R, Kt A s i R4 7R 28, 122 www.klippel.de *’—J




VRIS PWT

Assessing Power Handling

Increase of voice coil temperature Delta Tv (t) and electrical input power P (t)
DUT: 1 (01:35:54)

300 Delta Tv P =
: RIG e =00
250 ; 4, Ef 17,5
- VRnl % Permissable temperature TR iso Pmax
_ 200 —— A 4 —
< oY v‘l 3 + 125 -
¢ 150 |- ! - 2
8 F 11 T 100 2
4 - = .
100 "‘:" 375
F l’ﬂ ﬂT <50
50 : ¥ :
: sasentlLERINNNL: I
o [ Lol | | | | | Lk | 1 | e | | | | | I :7 0,0

o

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500
t [sec]

! BEFIFA P ANRE, R g R K477 4%, 123 —— www.klippel.de *}J

[ B¥U%{Y Parameter Variation - PWVT )
Tt 98 A SR AR A 6 2 5 5

Investigate the Influence of Ambience Conditions

@ Resonance Frequency
et 2 ;
chamber .
£ @ k‘
35
Ta 4 "
AP 400C »
M 00 T0r 2400 3100 300 450
tirme (seconds)
—— SIFs18C
—— SIFsisingte
,,ﬂ{aVR‘LE?“ -40° st:?ssf.ég il
> | S2Fs rising temp
C >
IR
Time

- S. Hutt: Ambient Temperature Influences on OEM Automotive Loudspeakers,
AES preprint 5507

! Bt I AN R, K A s i R4 7R 28, 124 ——— www.klippel.de *’J




( R — B BIEER The R&D - QC life cycle

. | o
«—> Qb —> Q «— |

= : i "
it R Yy 7 it Parts
1 KR, TE L B
Listener System Driver e S)
(L 20 o, Fsicsdp) (Re, fs, Q)
R fEB T JURTR,
Sound Quality | nserFunciion | €% Parameter —> Ml
Geometry,
Material

R TRE +’J§
Product Target 9101 L b
P25 HL simulate Solution

J:}_L{)ﬂ\”‘[/ﬁ JLJL ,)llq TT |II—[|[ | |<J e Jlji /)2 1U\HJ Li‘k Realize & Testing the Prototype

Production
Test

BRI S FFR - how we can support you?
! BV AR = AN RE, K R R T (47 75 4%, 125

www.klippel.de

2 E sk
Requirements for
100 % end-of-line testing

. AE AN B A reliable detection of defect units
H &R0 75 44 1F robustness against ambient noise
PLig 4T high speed

RG24k flexibility for customer's needs
VR 5 simple use

253 9L H cost effective solutions

A (ELE [ 27 In future = on line diagnostics ?

NoOOGaRrWN =

! BE I AR AN R, K A s i R4 75 2%, 126 www.klippel.de *’—J




4 EEZSTIEEY U RRI R
Target: Reliable Testing

) J5: 0] =245 Problem: Measurement Condition

7 223K Acoustical environment KA fﬁﬁ Climate conditions
%33 Free air, panel o i temperature
T box « S humidity

I plane wave tube
NitH: artificial ear

P 2 Speaker position

. i
¥l Excitation T /KT

) S ,
gjtftjZ nﬂﬁﬁ%ﬁig{nce of amplifier vertical/horizontal
pLmp P - BIE R

Ay WA
S AN 43 Shunt or not Distance to microphone
I 45 BN 1% Measurements results should be
Al AR AL reproducible and repeatable
X5 X 44 7% valid for defined condition
www klippel.de —gp—

! BV IR ANRSE S KSR TR 4 4 8%, 127

é ER TSR EYIRRIREY h
Target: Reliable Testing
fir gy B0 T QCHAE

Solution: Hardware dedicated for QC

* 2x Line inputs (100 dB SNR)
* 2x Microphones + ICP Power

* 2x XLR outputs

* 2x speaker impedance
L 5% 2% voltage sensors
. (200 V)
’ Hivi A% 2% Current sensors
(50 A)
» GPI/GPOQO digital control interface

o LB RN FE AL 4% temperature &
! B AR R R WNIItY Sensor | wiopelde
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Physics of a Loudspeaker Defect

Example: glue problem o =
fl: R Izl R iy
Externally excited
mass
parasitic resonator Loose joint
. Gt AR
sprin (Nt

Nonlinearity)

A B HAELL AT A1 Most defects behave as a nonlinear oscillator
o8 H PR s K Fl-FR K. active above a critical amplitude
A H IR B4R new mode of vibration

IR B F[H] 20 UK B4 5 5¢ % powered and synchronized by stimulus

www klippel.de —@p—

! BV IR AR ANRSE S KSR TR 4 4 8%, 129

I fEHEIR

Separation of the Symptoms

E3Z B3 oA A e
Sinusoidal ’ : AREARY Time-

Excitation domain

B
Miciss

FFT
SPL a -
fupdamental

[HESP St
Regular ST
djstortion FERAE IR L
Symptoms of Frequency-
l ‘ defects domain

bbb,
frequency

! BV AN RS, A TR 47538, 130 www.Kippel.de —gp—"
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Detecting Defect Units with inaudible symptoms

DUT @
p(t)
Distortion
Model
P'(t)

Meta-Hearing Technology
o [li45 LE W] HiM Regular distortion are predictable
«  FERIE A K E Modeling of regular distortion (adaptive learning)
o EHE AT JCELTT 59K Masking by regular distortion can be

removed actively
www klippel.de —@p—

Stimulus Isolated

classificator | —pu- Fail/Pass

BV IR AN, K A TR 75 2%, 131
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Reliable Measurement in a noisy production environment

Stimulus —PE[] O—¢
Device under Test

e Noise
T SN Detection

Fail/Pass
—» Repeat

Solution:

> B T FET RN Second microphone in the far field

> TR % Predict noise at DUT

> R S0IEEAE B A EE S T Detects corrupted measurements
reliably

> H3hEE MK Repeats measurement automatically

! BV IFAE = ANRAE S RS A TR )45 745 8%, 132
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4 A FHAE RN 5 (<0.58) )
Using very short test signals (<0.5s)
F i B 1 figHigh Speed Performance

TS 1 Speed
ofile i

= = m HLEPEL 7J(:'Z%IJ ﬁ
. Hormal Speed 5 times Speed LeVeI \pw':Q.,tlle
= = =] e T
" . ™
LELLA N
: !IJ{ A\ -
. f Faints are equidistant in Bme ."\‘ i

It 15 Benefits:
o RAUEM R REEHENIG AL Provide sufficient energy intd) Eritical-bands ”
o YT RIS R SR HE AL I AR 5h Give sufficient time to establish critical vibration

o RSN B4R Protect driver at low frequencies Sjj 2 HEL 1]

o TEESIA R A Protect operator at high frequencie ave ime
S AT T A7 5, 133 — wwwikippelde —qp—"
4 N

= Al
LR FFFE P ) 1
Keep Programming simple
TREIf A BAT 18
Modified by

R&D engineer

mesmsmssnsnnsnnnnnnnnnnfon i a s A s n s a s n R n R R a R

Klippel #2{it

(Data acquisition, FFT)

; B IR RSE, K R T (4 75 3%, 134 ——— www.klippel.de —{-}—/
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User-Interface can be adjusted

=
o | Ower Taska | Limis | Logn | A
T info | Daver Tasks | Lanes | Logm |
I e LD
- Samt
L Fren 'I' =L
L Fraih
A Fiemorvn *
Bl Pes o EE=IEEST R
B Gemerater [£] Pasreters
Fstare 20000 B Generstor
Fatep ey ol {reo) 1
Tie (13 [ Data fapurt
Wokage (rms) ) Folkder CACEMTmat
Rouking 2
F Smocthing
T Zpesd Prof
T vakage erefie
O settngs
Muraphora 15 10
Merptorm T8 10
Sergifer G m
:N"r"-l‘m i s Samglis: 2
ane fer iad 5. .
LT . ailed samples; U
Show MBubeB., [
S Notelevel [T
Deetads -
R 1 0 = [k teernal wiltage
s | min.

Hadware... |

- _06 | neb | oo ]
Bk I A= AN RS, K R e i R4 7 68, 135

wute Trmber: 1
efekte Traiber: U

sl

——— www.klippel.de —{-}—/
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Implement specific algorithms

Prigact [& Yew Opecsscn Rairie

findes e

=] x| T =0l x|
Impedance Maasurament with added Mass =
Measured Measured with add Mass Linwar Bararmwtar:
il Hpen
125 A Electrical Paramater:
P
Jlr' \ Nome Yalue  Unit
/ Ro 3F3  ohm
100 },r “"\ Le 0.3 mH
/ 5 &3 mH
/ \ B - him
15 \ Cmes  SBA.09 pF
3 Y Lees 945 mH
5 r N Bes 10,35 Ghm
/ . ts 68,83 Hz
5
50 ~
— Lozs Factors:
25 foctrnl Panel (AL A Flesdbiliy - 03 O added mass) -|m x| || Name Valua Unit Descr
gts 0.2 tatsl Q-factar considening ite an
Q) serial ursber I:l Gens 262 mecharscal G-factor of duver
Qes  0.82 electrical Q-factor of driver in fr
00 ] san | [ St w bass |
L] ]
a1 ek pecharical Parameter
| | Farco 00 P |
L) D Lif Nama Value Unit  Description
= ] .60 Nfa  force Factor (B product)
— s Mms | g mechanical mage af drvee ¢
P e cms 029 mmyN mechanical complance of @
] " EPEL] W ks 342 Nfwen mechanical stffoess of div
i3 \ — R 303  kg's  mechanical resstance of t
= - T finfa.M.) 5127 Mz driver resonance Fraguency _|
- wa - -~ ~- Qas(aM.) 137 slectrical Q-factar with adcs
[ ) el v

> {44 Code can be protected
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Hbr: RyEPE + W) 2 8 4E
Target: Flexibility + Simple Use
i vl FREN T 24 Solution: Access to all data

& & & YRR R (A )

Extraction tool
ost processin

: of Select Datstinen Fies| o Seloct Resulls | of Fapost Foimal | 8 Rund Pl
,:' - Using prototype datsbase:  CADekuments urd Eirmtelurgenial Diagnostics
s, Avalable Chats:

Chat 1
Chat 2
Chaet 3
Chaet &
Cha

Kigeit
Long term
statistics

Selected Aot
[EER Y m—— pe—

Calbeation Waveloim
Callbration Spectm

LA SIS < 2 '
XREANDUT
Separate
database for
each DUT

! BV IR ANRSE S KA TR 4 4 8%, 137
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Target: Information for Process Control

itk e EisW

Qalitinn: Nin _lina Niaannctine

AR T F WS R
Adjust
Fault Analysis djus
Process
ARG
/ Systematic YR
. AT Bl o
Physical Cause—>2 /§$_TD
=—P%!iJ1: 175 Glue problem Repair
AP L3N Bad spide unit
B4 FRL T Bl # Voice coil offset
- AN Pavd .
Defective (B4R 1 FABUBURL Loose particle
Unit Accidental e
Recycle
unit

! BV IFAE S ANRAE S RS A TR )5 745 0%, 138
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Solution: Motor and Suspension Check

I Fail in QC I Pass

1s
Xoffset=1-2 MM Xofiset=0-2 mm
gt o ﬁﬁ 'f}?‘%{i E’fiﬁ ma;g;;t R o pate
Ensure optimal 4 |
induction & coil position ! Indyetion B,
Poe pieée :m;‘cement pole picce =mcement
LSI

(5 minutes)

! BV IR ANRSE S KSR TR 4 4 8%, 139
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KLIPPEL Analyzer System

THX T I K Tools for development
(-;\ Measurement
i Airilitand manufacturing

=)
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Contact

www.klippel.de H EfXRE & A A

or

info@klippel.de

e Download Software (free viewer) —4F %M fEF+4

e Get Know-How (applications notes, papers, ...) ¥ FHHE B, 6 3¢
 Discuss Solutions (email or phone) Hi i HL i 5

o Get Training (workshops) 1644 i 7 & Ar

! BV IR ANRE S K A TR 75 2%, 141
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