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Questions addressed in this workshop:

* Which kind of measurements are meaningful ? ~ PRA{NJIEIRLE F~ fy?

+ How to shorten the measurement time ? Y éﬁi}jiﬂﬂﬁﬁﬁﬁ |9

* How to do reliable and reproducible measurements ?  J[1ffr [’ f{é{éﬁ,ﬁ‘ ETRAVIED?
» How to get maximal sensitivity for loudspeaker defects ?

I A st B R P L

* How to cope with ambient noise ? J[I{f <=7 i 2

+ How to compare results measured in the R&D lab and at the end-of-line ?

Y PR &DYBE F HIZS AV ?

* How to set the limits for PASS/Fail decision ?  J[Ifff *Qf;'I'PASS/FAIL?IJ{L_’ElffﬂfiﬁT[W 7
+ How to mount the device under test ?  U[I{fr e B &7

* Do we need a measurement box and other acoustical shielding ?

+ How

=5 i"]QTE'iJE'JEF FEFIIEL PR S Bl (R
Fo distinguish voice coil rubbing, from buzzing, loose particles and other defects ?

© DT PRI A i, e A R A e

+ How to measure active systems with a digital interface ?

Y e BT SRR - T2 EEs?

* How to do statistics effectively and beneficially ? J[I{ff & #5492 117
* How to test a multi-channel system ? [ U & Z3fGE 557
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Requirements for 100 % end-of-line testing

AIER T R RN reliable detection of defect units
BEIIREIR B IEIE robustness against ambient noise
IR 1T high speed

RIEME LR IT flexibility for customer's needs

B ER S simple use

£ 557K ¥ cost effective solutions

AR A EL_L 24 In future 2 on line diagnostics ?
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Generation of Signal Distortion in Loudspeakers
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linear distortion A 5 Noi
distortion S ) )
Regular L] | »Ambient Noise
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. Magnet ‘/ and suspension Parasitic
° gof:j vibration
« Spider
Ssumotnd — Defects nclosure,
1 room, other
\ objects
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« %% Rub&Buzz,
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- ZZSET Air Noise (from Leakages)
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«Tif J TR F[F J Interpretation of Listening Test
E‘ﬁ’\ JL[’ in maximal output at low frequencies
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Loudspeaker Defect: voice coil rubbing

Comse-secion View

ey

_z 328 Hz - F Fj:ﬁ’ S iEE
. 7 Rocking mode may cause at 328 Hz

A Voice coil

[I@I] Ay Nl Ane

F B R voice coil rubbing
T K E(S5 distortion signal
I

<
<

B time
— /A H one period
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Loudspeaker Defect: Buzz problem
A SEIRIB RN RIS

Most defects behave as a nonlinear oscillator

FE—EMIEE L ERMA

Externally excited |

active above a critical amplitude 3

. R 7 mass_"

new mode of vibration parasitic resonator Loose joint

- ABRESRIHE S .
p'r%wﬁerriggﬁ aﬁ%ﬂs&nchronized by stimulus spring (Nonlinearity)
o8 1 =—

constant output power -

#EZh vibration

S D

T K E {55 distortion signal
AARL

TAA

v
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Loudspeaker Defect: Loose Particles

- fEH1IS 2 stochastic process 5454 g
o SR R = B H L B 2 $I hNIE particles are accelerated =
by cone displacement
- EmESFREF not synchronized with stimulus EEER
- FEER 5 H IhZR constant output power V0||C€
col

former

BEX bounci
I@%ﬂ bouncing ; ; :]

KE{EF distortion sighal

[

| u f ' A8 time
< —/NEH one period
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Loudspeaker Defect: voice coil hits the backplate

[B] B Voice coil

18 @ Voice coil [B] & Voice coil
]
&1 & |Voice coil *

JE#R backplate J5#R backplate J&#R backplate JE#R backplate
T KEfE5 distortion signal
I BiE time
< — A H one period
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Loudspeaker Defect: Air Noise

& cone

« fE#133 %2 stochastic process 7]

5 " . . . PERE St leakage
SIEREE B ®RE air pressure is changed by coil G gap |
Bh 3 dust ca

displacement
« 5SmES RS synchronized with stimulus

J\/IM/\ Joads

B8] time

< —NEHA one period
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Searching for an optimal Stimulus

TI S 8 7
Audibility of o1ce Coﬂf [ Rubbing

_I_[
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20 Hz - 1 kHz (@\ E@
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T
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Tkl Set-up of Listening Test

(A e p Jﬁﬁ? I on maximal output at low frequencies
& amplitude & av
RERR
i Low pass i ﬂ q- 2v
Signal source i filter Loud-
CatsH TG lERcy” speaker e
[@; about 100 Hz S e = 1V
. Listener
= (£38F: Optimal Stimulus: MR Test Criteria:
?iéékgagﬁpé?;gglmu ue JEZ MR AME ? Maximal loudness of bass ?
JRZ N EMEE? Softness and hardness of

Music with sufficient bass
(drum, guitar, organ, double bass)
- &S5 Single tone

bass ?
FEEMREE? Sharpness of sound ?
B RE i E? Naturalness, pleasantness ?
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How to get Symptoms from Irregular Loudspeaker Defects

C T 2 S PO TS R E R AV
Defects produce only acoustical symptoms
- Sensitive mlcrophone required
o T A J Hid RN ES IR SR ch T b g
H A ﬁm
Defects produce h1gh frequency components

-> Excite with low-pass filtered stimulus and apply high-pass filtering to
microphone signal

. ’ﬁ7¢%4ﬁw L LT BT YRR EY T (
SR RS i
Defects are similar to Ambient noise
-> Microphone is located close to the source (near field measurement)
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etup for Higher-order Harmonics

MEUENEEFES SEBLLSMZE Cut off

Single tone with varying frequency of highpass f, > f

frequency f (chirp) frequency

T = :
- 1 =
- v B R
[O—>» Filter [ harmonic distortion in

time domain

Unit Microphone High-pass

Fundamental + Harmonlc distortion components
— 7 g /K:::w NREEY ronic ™ ‘HVV
g 50 ™ [rd Harmonic ] W
£k NS —
. 3 g (ke
g oE G T i f Frequency Domain Analysis
o5 | ngher order dlsto,'tlon M
E ‘v
50 HHH l Hm‘l | l
20 50 100 200 1k 2k 5k

Frequency [Hz]
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DEMO

Introduction to Klippel QC
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Using information from Higher-order Harmonics

Fundamental + Harmonic distortion components

Example: £ | prcemetin || LA [
woofer F /~?< taetemo | | WV’\
near-field o L e e SSmE U s |
T e A i
E 25 C . (VR ) 4
g F 1
0T “ITi Il higher- r('jﬂT"h momc T 1T
F N /7 gomponents
25 T Vi
-50 :
20 50 100 200 500 1k 2k 5k

Frequency [Hz]

EIRERE D (n>10)IBEEBR, BEHMERE T
magnitude of higher-order Harmonic components (n > 10) is extremely low
are usually corrupted by ambient noise
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Symptoms of a Loudspeaker Defect
o B R AN R 7

loudspeaker with and without rubbing coil

—
with failure without failure Fundamental
10 KLIPPE
k3
102 1%
K& egular
. s
109 ¢, nonlinear udspeaker
R %, distortion
E I ' efect
— [
= 104 . -
2 05 | L]
o
106 - I.H i
107 - =
500 1000 1500 2000 2500 3000
Frequency [Hz]

H450Hz Fundamental 50 Hz
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@Tiﬁj“ J1J Frequency Domain Analysis

Eiras [IENIFP, EHW loudspeaker excited by a single tone stimulus

SPL Sound Pressure Spectrum

b fundamental

Regular distortion

Symptoms of defects

-80 dB

noise level

frequency

'6lfg PROBLEMS:

* )BT IR FIT Y| spread over a wide frequency range

. TR ) ﬁz?ﬁ?v [F R 2 AR A il periodic maxima
at muléples oft ® i}ﬁndamental ¥ i P

. TS %?&jf’*ﬁﬁ};ﬁ{ HIELAIRY 55455 at low frequencies masked by
regular distortion and fundamental

. ?Eﬁfj’%ﬁﬂﬁé?lﬁj close to the noise level
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Time Domain Analysis

& fundamental

aq  Regular S Euscl ﬁﬁ&ﬂﬂ:\ﬁ@ EIJ HTJ&EE
. Solution: back to the time domain
> BRI IEERE AR
f Peak exploits amplitude and phase of
higher-harmonics

> IEEBTEEMBRE peak value

reveals small transients (clicks)

> BEMBRENLES HAENRIER

\ frequency,

pesicvalye T # Ratio between peak and rms value
- e vale . gives crest factor of distortion
time > BEAREFERENRIERE regular
i i distortion generates low crest factor
RS value e D RSB RERER RN ER
HWE WefE most defects generate symptoms with
Crest factor J high crest factor
RIS R B
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Harmonic Distortion
EXZD fﬁﬂ: -5k 413 Stimulus: Sinusoidal sweep

—-—
IHD RMS of IHD
-10 N T LIPPE
|
-20 /\ A
\V
.30 \u' D E
40 - A"\'I\M
oy
3 50 | i [HINAA A |
so 4ttt 1HD THDN NI
o LT e crmo A W
U H | I
-80 H |‘ I ‘ \h | \‘d
50 100 200 500

Frequency [Hz]

BEATiE R K B Instantaneous harmonic distortion
15 R E K FI9{E Mean value of harmonic distortion
I {E & & 2k E Peak harmonic distortion
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Crest factor of harmonic distortion (CHD)

Wz{E5: IEXFASM Stimulus: Sinusoidal sweep

oo
20,0 KLIPPEL
17,5
ok 1b & buzz, 73 other disturbance
/‘ JHM‘
o LIA L
g 7,5 Freeeg M“l’.\m‘;” /,. ;ulfm/\,\ ...... ﬂ.... 10 dB
0 TP 1A WP S
QN | = 8 regulardistortion
25 E V i "‘

Frequency [Hz]

EWRAEEERT AL IRE EHER !

CHD can be interpreted on an absolute scale !
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Detail of the distortion time signal
% i 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

-0.03 Period

T[T T T [T TTTT (T TT

Frequency [Hz]
- BERXEEBERR Regular distortion have high energy
- 77 BB {KEES Disturbances have low energy
c REREPRE—/EDBEEM Disturbances are concentrated
at a fraction of a period
> Ig{E KB (KIE{EHE T) peaky distortion (high crest factor)
> BR*Mz 2B %K Active compensation is useful
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Check: crest tactor of harmonic distortion

Crest factor of harmonic distortion

i
good 1oigs bad

Instantaneous crest harmonic distortion (ICHD)

Displacement X [mm]

displacement

P
<

Frequency [Hz]

»

IEZFA5MSMZE Frequency of sine sweep
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Instantaneous crest harmonic distortion ICHD(f,x)
2 FIA: SEiE (£ FF Z5Jf™ Case A: , beating wire of a defect driver

Instantaneous crest harmonic distortion (ICHD)

12
10 100 a0 =
I wlllf V ) ap

6
N 75 ' |
N |
o 50

2
4 25 |
s
s
o
2

00

Displacement X [mm]

Frequency [Hz]

SR HIAES0MEE + 10 mm 4L

Defect occurs at + 10 mm displacement at 50 Hz
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Instantaneous crest harmonic distortion ICHD(f,x)
% fFIB: ?&ﬁ*ﬁl" I'ZI??”I [&lmetzt Case B: , rubbing voice coil of a defect driver

Instantaneous crest harmonic distortion (ICHD)

Displacement X [mm]

23
25
27 N
29
31

VIt S Conditions initiating rubbing:
- AETINETBRS
Negative turning point of voice coil excursion
HIFER F(REXS) > TEMH
Above resonance frequency (mass dominant) - Tilting of voice coil former
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Characteristics describing Harmonic Distortion

. g A P d #5fifi RMS value of the total harmonic
1stortion (THD)

. lfytﬁ' Y 55 E’ﬂﬁ;}:f&}'7j F& F'L [Flﬂ Y 77 ﬁ”“ﬁ(f}l—f' 175
Referring drstor‘non components 'to the fundamental component or
total signal (distortion in percent)

S~ —L&

o it [y L E VAT F‘ ~ 3R L) Assessment of individual
order ok distortion (2nd, 3rd order
. ;E_LT A i fifl (PHD->Rub and BuzzAAl]) Peak value of
otal Harmonrc distortion (PHD —>Rub and Buzz detectron)
. E, g urlr%];@[ﬂa %ﬁu;ﬂ_\r’* £ pURH 55
1Jest actor of higher-Order H rmonics distortion (Separatron of
Defects and Motor Distortion)
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Elibr: A 52 },— H R T larget: Reliable Testing
B &3 FERF2IM Problem: Masking effects

@ 5 Volt stimulus @ 10 Volt stimulus
order > 10 SPL order > 50
fundamental
fundamental
Regul Regular distortion
d:?;t?c;n Symptoms of e
defects Symptoms
l of defects
T lllllr“=
frequency frequency

M EERRY [foﬂ Where are the limits of a human tester ?
o - EEMNERUT TR RS E (RS R IJF»L. Symptoms of some defects have almost constant energy
HiA EES 1A 5 Fk@ 7‘[ fﬁ il ﬁ Distortion of regular nonlinearities rise with amplitude

P B, ([ ﬁ"*‘ ol EJ[%W A% ) Defects are masked (become inaudible at higher
amphtudes)

S JF ﬂﬁ}‘lj\ > feEl D> BEF a0 Increasing high-pass frequency = less energy =
noise ploblems
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Detecting Defect Units with inaudible symptoms

DUT

Stimulus Isolated

Defect
Distortion

Model
p'(t)

Meta-Hearing Technology

classificator | —p-Fail/Pass

o [lE J)#ZEJ I ’jl I Regular distortion are predictable
« PUF]E S Modeling of regular distortion (adaptive learning)
« JEAEEE) R T 2 FPIETR Masking by regular distortion can be removed actively
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| B vyl El - Target: Reliable Measurement
Tl

—

k Elfi + 5 Benefits of Meta-hearing Technology:

w S&E #MEWithout compensation 1w B*MEwith meta-hearing technology

> fE R E L PASS/FAILMEPR Simple definition of PASS / FAIL thresholds
SEWHKBETMNE Measurement below the hearing threshold
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DEMO

Meta Hearing Technology
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= v 5y A ES 2
ekl

1 of the Signal Components
KRB E , 130 dB :
> SMRGM —0 —>0—>> —» SPL at Mic
Voltage at Linear System 4
Terminals
o, ®MERE | 90dB 40 - 60 dB
Regular
Harmonics Noise
TS 50 dB
— AR
Irregular
Harmonics
(Defects)

A& Problems:

o ERFEHVAEIBIE R /N ({E PRI B]) symptoms of defects are very small (but still audible)
o AL IREIR (gﬁﬁﬁg,ﬁﬁﬂ'g) ambient noise in a production environment (impulsive, wideband)

o MR A?2>HRE(R&B), 18, 7% B B 2! What is affected? > Defects (Rub&Buzz), Harmonics,
no fundamental!
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How to cope with Ambient Noise

[l Questions:

c BAI—EEHRHTEZNEN?

Can we avoid acoustical measurements ?
BATAI AR S KBRS ?

Can we attenuate ambient noise ?

FR ARSI BN IB IR TRV B 0 152
Can we detect an invalid measurement corrupted by ambient
noise ?

o FRATAT DKM ER 52 18 75 5 SR 9 S Mg 2
Can we compensate for ambient noise ?
s BATMARIAXNEN BRI D ?

Can we use the good parts of each measurement ?
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EBi—EE#HTFEEZENED?
Can we avoid acoustical measurements ?

ReM) L Cust) Mys  Rys  Fplx) N
- :
i Acoustical Environment |
b(x) ‘ b(x)i @b p(t) i
= I — N ‘
fERREERA B, B EfE R85 Current || Y2245 594% B85 Optical EL 8
Sensor Type & voltage sensor Laser Sensor Microphone
TR BAK, RN, EENE || LXNEXV Absolute | 3475 F R FIBMIFRE R B,
Advantages A measurement X, v B {S: L Sensitive to
Robust, reliable, acoustical problems,
inexpensive sensor high SNR
[73=3 EEPNNHMAEZERE |MES BRI AMEE, | FZETH NEAEE
Disadvantages Reflects mechanical and || b3 Acoustical disturbances
acoustical system Price, low SNR, Time delay
indirectly Linearity, Handling
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Electrical tests are robust against ambient noise !

B8, & AT BA & 1 A7

What can be measured with electrical tests?

PR (44 5% H): Impedance (Linear Distortion):

- T/SZE T/S Parameter: RDC, fs (Moving Mass, Stiffness), Q
- BRI R B Inductance (turns, shortcut ring position)

- RBE Sensitivity (before break up, given Bl, Sd)

’#‘ﬂ!ii Regular Distortion:
ZB®% Coil offset
- HETFXMHE Stiffness Asymmetry
- (Xmax, Xg,, X )(limited by motor and suspension)
- BB R B (K1) Inductance (polarity)

FHN % K Irregular Distortion:
- ¥AZNE$E Loose connections
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What can only be measured with acoustical tests?

M R E Linear Distortion: Not affe
Cleqg

’_ﬂ"ﬂf"(ﬁa %:“':T.IIEE) Frequency Response (radiation problems)

".%"ﬂﬁ’iﬁ Regular Distortion:
e = o P

§7 E’J 9& Doppler Distortion (R&D) rt’y affect
)

;meu 9&; Irregular Defects:
= E—%i‘ﬂ'ﬁiﬁ Rub&Buzz test

‘E&%’&*ﬁ/ﬁﬂ# Loose Particles / Parts

- EE‘E\,;E Air Leakage

Mog

t Sen
i
MMWMge%mt
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ffzsft I% Em SPL?JII'J 15% Optimizing SPL tests
?iﬁ'ﬁ@é ﬁ [ 7[‘7/3: MIJ Ambient Noise Detection

HREREFES WRES
Ambient Noise Measurement
Sighal Signa outside Box
255 Microphon wo e LA T T T feefe
P T THHT=TTT
100 £ attenuation -20 dB
] 95 ;,
»1m Nearfield 90+ i i i
Microphone o £ I \
£ Inside Box \
Mi%FE Test Box T N
i -
02 10 10

- Use test box
- B ﬁ?ﬁﬂi{jﬁli fi~ each box is indivudual
- JUESTARVEUR S5 measure test box attenuation.
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PGt SRR L O

Reliable Measurement in a noisy production environment

Stimulus —PE[] O—¢
Device under Test

Noise
Detection

Fail/Pass
—» Repeat

S

Solution:

> BZXERNNIEZRT Second microphone in the far field

> N EFNYHIRF Predict noise at DUT

> BREHNERBBIIER T Detects corrupted measurements
reliably

> B3 EE MR Repeats measurement automatically
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?ﬁﬁﬁﬁﬁfﬂﬁmf@*—Dkﬁselnnnunﬁy

AFE t’»yuml;}

EAE SO Ay
WA

u
[N

TR#I4H

#iliaE r - .fll, 2
E A R || .
ER R o— ﬂiiﬁiﬂ'l% TR . it BN
[rzss ] O S prean SO :
X 100% =
EHES EFiRcE:S
Hakar

v

PSS PROEES  L ERE m BT T sk bl SR T PRI R 2R 2
SVETEIED o B RSN RS R f&‘ﬁ?&l’ﬂ'ﬂi‘ﬁﬂ@iﬂ!ﬂé??ﬁi%o RUITE) & 81— iR
TR T 4+ SRk 3 O T S S
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DEMO

Auto repeat - Noise Immunity
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Par s e AR

reproducible of a random process
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Modeling of Loudspeaker Defects

vibration Air noise
- C
hitting backplate Buzzing Coil rubbing Air leakage  Loose particles
v
HWENEE BT
Deterministic Semi-Random Random
Process Process Precess;
HEMENBENI RS
AEHRH Deterministic Modulation TR A

Not predictable

<> AP Technology

SR T

Symptoms derived from Sinusoidal Stimulus

SPL

fundamental

2nd Symptoms of

Regular defects
3rd distortion

Order n > 10th™9uency

v

= 18K 88 High-pass Filter

SRHIMELEEHENY) KRENBERES
Complex Spectrum Distortion Time
(Amplitude + Phase) signal
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v

IR iE B 28 Comb Filter

BiRAE
Total harmonic
Distortion (n > 10)

BENES
Deterministic signal

v
BRI R B

Inverse Comb Filter

BHFERAE
Total non-harmonic
distortion (n > 10)

BEHLES

Random signal

<> AP Technoloer




[ [ Voice Coil Rubbing
_L#FI—{; ;L‘ [ [ f 'F‘J il Stimulus: sinusoidal sweep
= ' I . S

—

©
o

Sound Pressure [dB]

®
o

Rub+Buzz Max

mn
T 5 e R R PR B SR
40dB!!
Peak Value of Rub and Buzz
measure exceeds limit by 40 102 103
L dB ! Frequency [Hz]
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104

TR i
Defect: Large LLoose Particle

small washer

Egﬁ%{m 130 esponse Max KLIPPEL
Sinusoidal 120 Frequency Response
Stim QS Response Min
= 110
@100
=
o
5 90 1
g £ Ll S Tl
2 80
2
3
@ 70
AR R EEEES R
ZAH40dB!!
Peak Value of Rub and 102 108 10t
Buzz measure exceeds Frequency [Hz]

limit by 40 dB !!
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| ot et
Very Small Loose Particle

1214 one grain of fine salt

SR LIPPEL
Sinusoidal

Ki
r . .
Stimulus 120 %

¢

Frequency Response

-
=
o

Response Min

)

;100

é 90 Rub+Buzz Max Rub+Buzz C[i@::_ THD M

o N ax

T 80 = AR« ——

3 W \

w 70 L

THD

ANENFEREESRH
%{F10dBN!
Peak Value of Rub and @ 0 -

Buzz measure exceeds

limit by 10 dB 11 Frequency [Hz]
imit by "
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[FEAT g L &) 7 A

Random Noise 1s a Valuable Symptom

¢ 4 4

one period >

T AR AE# I Multiple realizations J
|

v

time

/\/1 _

T SFHMRI Averaged realizations
T

v

time

> EFERIMEIBEHLR D Averaging suppresses the random
component

Klippel QC20094 #fit£ Klippel QC Seminar 2009: Competing with a human ear ?, 46 <> AP Technology




S 2 S

Alr Leakage generates a modulated signal

E@ {4 &

one period
............................. Envelope

AT N0y SR
\/ V‘

v time

v

Random noise

- R EHHEMMN Envelope is deterministic
- HRBRZESREDMZEMEMRFS Envelope corresponds with air pressure and coil
displacement
< JRELFE LR A {55 Turbulences generate a random noise signal
SR SRR S S5 A air leakage generate a modulated noise signal
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& ST S

40 Hz Reliable Detection of Alr Leakage

fundamental

i Regular Symptoms o(t)
1 distortion of defects T /\
th
YA
P v v time
Comb-Filt
P' m
- time
PF
Envelope »
i
frequency -

Comb-Filter

B
Envelope e(t)T Nimpe
e(t) | > I v

frequency time

S>TALUMER KThEMFEIEEES Full power of the modulated noise can be used
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DEMO

Vented box system with
air leakage
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SR

Localization of Air Leakage

ERAFHNIE: =StRRIRSE

Using the new tool: Air Leakage Tracer

Air leakage

Microphone array

LED display

buzzing screen
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BB AR RMEHR
RRESZ AR A EER

Time delay between the
microphone signal is
estimaten by Two-Channel
demodulation technique

LEDE RESMIRH A
LED display shows the
angle of the incident sound

DB 8 S R E M F1BE
WK E IR

A few measurements
shows the source of
deterministic and random
sound

<4p AP Technolosr




P SO

Objectives in end-line-testing:

Lo B FUSCRE e ioa i 2 R ghi1y gk,
Basic Goal: Separate defect units from delivered goods

> U (F §a 2 5 PASS/FAILZRE: simple
PASS/FAIL Jcision using limits

2. BEXpU Rl Apor Fﬁf,
Ultimate Goal: Avoid manufacturing of defect units
2 [P T IRV € B g 5 ok ¥ i
%EJ use diagnostics to get meaningful characteristics useJd as
feedback in controlling the production process
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— N E R
ZIRREEKE
2nd-order Harmonic Distortion
batch A (30 Duts)

2nd Harmonic

ha2_av ha2_plus
‘ ‘h‘a2‘ ‘max ha2 min
100 ﬂ maximum
£ Ll
Standard variation [4 | . . .
g0 M~ 25 units failed in THD
Mean value [t
70 ; ! |
SR \\k
N B |
< 50 ] - -
I 0 5. VIR Jimit
minimum \\
30 -t \ “‘\ \\
20 —F N \
i ~
10 |
o M—
102 103

frequency [Hz]
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A RN RER?

How to reduce the rejection rate ?

i E'%Steps:

1. YEBERRZME ? Whatis the physical cause ?

TR B8 R 2 3t A SR HH D BB JR Rl ? How can the cause quickly
be detected ?

3. W{afEFHIELE B REITIBIEE S 2 How to use this

information for process control ?

Klippel QC2009%#id2  Klippel QC Seminar 2009: Competing with a human ear ?, 53 <) AP Technolosy

E 'TT (’? J T ~ Target: Reduce Rate of Rejection
Eﬁig&ﬁiji J—_P’E 1% T Solution: On-line Diagnostics
. 8 AS =
Fault Analysis UEREBUR
Adjust
Process
REARE
Systematic % EEF EE
/ Physical Cause —>%&H T
—_ Glue problem Repair
Bad spider .
— Voice coil offset unit
;F-Eix Loose particle
Defective ﬁ %1&
Unit Accidential _
ENEART
Recycle
unit
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HWEREIR K 70 P IEEEA 2

Exploiting Information from Components

FEARME AR T
2RERRE g FERE
2nd-order harmonic Asymmetry of

distortion nonlinear curve

SIS FFRMERNER

o SEHRME h AR What kind of nonlinearity ?
SRR AR BE

Open Questions:

Harmonic 3rd-order harmonic — Symmetry of BB REIEREERM
Distortion distortion nonlinear curve & ?
shape

A defective part or an
assembling problem ?

v s R4
=) /AEE/E%R
higher-order ﬁ??ﬁ% .
harmonic > Limiting, M{A{EIE RS EE
distortion rub&buzz

Wire beat How to fix the problem ?
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ERERESBNDE

Diagnostics based on Nonlinear Parameters

038 KLIPPE)

025 - Y
020

H
o =
010 % I% éli:': m
:Z: Suspension
© s oz o oz o Geometry
= ogs S
REFHHB TR
. < Stiffness
La.rge Slgnal Kms(x)-curve
Identification (LSI)
= sty 125 | 1
—— e B T | Ee— > | 4
® o ==
But the O e om o om om o
measurement time > 10 ~ ’foofi %
minutes BEREARE
Force Factor

Bl(x)-curve
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1,50

1,25

1,00

0,75

BI [N/A]

0,25

0,00

ME R LK

Force Factor Curve BI(x)

—— _—— [ — —
best of A worst of A worst of B Best of B
== KLIPPEL
Batch B
Batch A
-0,75 -0,50 -0,25 0,00 0,25 0,50 0,75
<< Coil in X [mm] coil out >>
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RESRBIER
2 HY B2
Curve measured by
using Large signal
Identification (LSI)

M ZASE : 10min
Measurement time: 10
min

<

0,30

0,25

0,20

0,15

Kms [N/mm]

0,10

0,05

best of A

-0,75

<< Coil in

NE R L

Stiffness Curve Kms(x)

|
worst of A

-0,50

-0,25 0,00

X [mm]

|
worst of B

;///;;B

best of B

KLIPP|

Batch A

0,25 0,50 0,75

coil out >>
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RESRFEAR
pIB=1:0):::E5
Curve measured by
using Large signal
Identification (LSI)

M ZASE : 10min
Measurement time: 10
min

<4p AP Technolosr
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JERRME AR E EARAEB A ?

Are nonlinear curves good for end-of-line testing ?

Good point:
® fARIZ PR B MBS curves provide all relevant information

Bad points:

O 2 HEBNFEZE LRI Full identification requires more time

© BRSSP R R B Complexity makes interpretation difficult

® HERBZEZSEROYWIERE curves reveals multiple physical causes
] A~ 1] LUE A Cpk, Ppk Cpk and Ppk can not be applied

> EEBBNAKRSBETREEARQC

single-value characteristics are preferable for QC
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BERMRFNEEX

Force Factor Limited Displacement xg defined according IEC standard 62458

RIRIEC 62458 ZEHRE
60 Bilx=0) Criterium:
" ik ) PEXDTE < 10% [0 A
NA /NN Maximal Pe;k Displacement xg generatrng 10 %
Blmin=82 % intermodulation distortion

4,0

Steps:
3,0 . . . e

1. TR ANFEREREN fJil’&lﬁu%SOperate
2.0 transducer in large signal domain
| [ R e Al

Xg [182% 1t  FV[FER X

00 Read displacement X; where force factor

BI(x,.) decreases to 82 % of the value BI(x=0)

50 25 00 2,5 5,0 I~
at rest position

<< Coil in X mm coil out >>
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I 145 5% R BR 61l B9 {m B x

Compliance Limited Displacement x defined according IEC standard 62458

FUEHIEC 62458124

Cms(X)

} } Criterium:
mm/N |- C =0 s rp e nz
- ws(x=0) A pon il ]T,.j%é 4 10%pzEL
1 b T e -
C / \ Maximal Peak Displacement x; generating 10 %
r / ' \ harmonic distortion
0.8 E _/"""_ !______\___
C 0.750M5(X=0) 1
06 ; Steps:
. '\
[ [}
o4 & : 1. T AT
C : Operate transducer in large signal domain
R ~ 2. TR G RIS A
0 :\\\ N N A A \;\\ [ 75%Flfjﬁﬂj¥}§V|’)ﬂ ;ﬁﬁjXC

-5,0 -2,5 0,0 2,5 5,0 Read displacement X, where compliance
value C,_(x,.) decreases to 75 % of the

coil in x mm coil out L
value C_(x=0) at rest position
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XmaxF E {1 12 2 R &l

Xmax and other Displacement Limits

JRM %2 Compliance A& F B Force Factor B & Inductance Doppler
e_ux) crm Cms (X) Magnitude of electric impedance Z(f)
:/: = KpPe e ﬁhia . - o flryr
g 3 i 1]
25 A Il 06
20 '*ﬁ***ﬁ**og‘ o 11 g ﬂ-‘im %‘%’
w Cym T 0% wBim=82% | gy
. 3 mmmmm——m T
Tl T '?m,QlZ 2 e ;I‘mﬁ St ot '
X. X X, X
o X limited X limited
X limited -
by Cms(x) by BI(x) by Le(x) b;( 'E')'g")tsﬁa )
10 % THD 10 % IMD oLl 10 % IMD
\ W 0/
xmax

EETHEIB10%KNTHDER10%HIMD

Generating not more than 10 % THD or 10 % IMD
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REFBNFREVE
Adjusting Coil‘'s Rest Position

pole plate magnet le plate

)
RIEBI h 47 R B B

Induction B :Ezl B’gﬁ"ﬁ%ﬁllﬁ

Induction B,

voice coil Shifting the coil's rest position voice coil
by the offset of the Bl curve
oo —1—————> R E—
pole piece R pole piece R
x=0 displacement x=x, displacement
Force factor Bl vs. displacement X Force factor Bl vs. displacement X
o BIX) _ BI(X
50 &
1
45
N
40 I
! / \
2 I -
£ H
= T S
z s
20 I
»l 4
s P»] €
- T
10 - X
, offset
05 t 05
400 75 50 50 75 100 400 75 50 50 75 100

25 00 25 25 00 25
Displacement X [mm] Displacement X [mm]
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:E'z ﬁ *zxoffset

Voice Coil Offset x . defined according IEC standard 62458
Tfi?ﬁIEC 62458t

6,0

E}A H B2 Steps:

‘0 1. TS E R g

’ Operate transducer in large signal

domain

3,0 2. TR P ac i TV A
FA f’IXsym

2.0 Read symmetry point X,,,, at

i maximal peak displacement X,
1.0 i XIOffSEt 3 xoffset=xsym if Xac >XBI
0,0 v i ! \
-5,0 -2,5 0,0 2,5 5,0
<< Coil in X mm coil out >>
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NEFAXNFE A,

Stiffness Asymmetry A, defined according IEC standard 62458
RIEIEC62458FRIETE XL

Kms(x)
Nimm %’“‘ Kwus( - peak) igﬁ SIS
° - 1. EAESEATHHRAER
" F o Operate transducer in large signal
o domain
Eod 2. ERRNEERBLRIE
3 T Kis( Xpeak) =N
SRIA\ R
Eo X Vit Read stiffness values X, (X,
2 Fo ' and X(-X o) at maximal peak
r i i displacement
1 - P~ —] ! 3. BEARNUHEHNEFINKRE

-X, .

N peak ‘ Xpeak Calculate stiffness asymmetry

1L I | L1l L1 L I Y
\

f I according
50 -25 0,0 2,5 5,0
coilin S coil out 2K 15 (o) = Kiis peut)

A (x =
k Cpeut) K s (=% o) + Kipgs (X o)

o

100%,
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K*P%D i&ﬂf%ﬁff¥h

Motor & Suspe Check (MSC)
I RS

Special LSI dedlcate f CSualfE Control (e.g. end-of-line testing)

EBEFER Voltage & current

#£ R Results:

M %ﬁ% Voice coil offset

o B i) Z:Xqﬁ_\g Suspension asymmetry
c MEBTEFHIEEME

P wer peak displacement
0 e ’10%9&EH‘]‘E’91§*§ Displacement
am pllﬂe r (Xmax) producing 10 % distortion

O X=0&l§ E’\JT/S%?& T/S parameters at
x=0

° %‘Eﬁs?ﬁ Box parameters fb,Qb

© X=0&1§E’}7 Fﬂﬁ Impedance at x=0

0.2 -2 s M EA/FE 0.2-2s measurement time
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MSCH fiE F Ry &= Y

Models used in MSC

L °ﬁﬂi% Subwoofer

L R, HEE Wooter
%l“ R"‘B‘W‘ ‘w <E#l Headphone
</NEUR I\ Microspeaker
— 'iﬁb—(\. Microphone

'fﬁé%% Shaker

@

’”‘ @ g o } LBV R RS Vented-box system

Goays-a) SHERHNBREEN
2= ooty  BEIRE systemwi
(s—b)(s —by) RIL  System with
complex mechanical or acoustical
load (panel, horn, transmission
line)
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MSCH £ A BV 45 PR BV BN (5 5

Special Stimulus used in MSC

o EEXNREERRBHITIFEM B
Persistant excitation of the transducer is required !

e JEN, RETANKENZZIESERENEM
Sparse multi-tone complex of length T is the best stimulus

o FEMHEBABRERS

Pre-excitation (fraction of T) is required for steady state

N 4 3 el 3l £ 7 3 4t
W EFTEERINRE & PSR FREY 5L
Waveform of the measured current Spectrum of the measured current
- . R
| P LR
N I | ® Il I
;:5 bl T x I i
0s - Y Noise floor
o0 e il il o g
i T 2 s 0 @ W w0 w0 ko
pe—— : = e
W me w0 o o e
< > KRERL P IEL M Bt
T= 170 ms 2 7 S Distortion are the basis for the identification of the

nonlinearities
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MSCHY & E N £

High Measurement Speed of MSC

e MAMLIES BAHGRD SORBKE
Speaker Type x Typical ‘Lﬂ%: Typical l’!:gma' stimulus
resonance frequency | stimulus length
Subwoofer 30 Hz 2.73s 1,3s
Woofer 60 Hz 13s 0.68 s
Midrange 300 Hz 0.68 s 0.34s
Tweeter 2000 Hz 0.17 s 017 s
Headphone 100 Hz 0.68 s 0.34s
Microspeaker 500 Hz 0.34 s 017 s
Exciter (shaker) 100 Hz 0.68 s 0.34 s
Closed-box System 60 Hz 13s 0.68 s
Vented-box System 50 Hz 13s 0.68 s
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T HEEFMIR RN S

No Additional Sensor Required

T
/ Vented-box \) O

{
\_ System /

1

T BRI & B E R B R
>>> Only voltage and current is monitored at
the terminals

. MEESRTEH T BN H
— EIZijJ ﬂl %iﬂMotor and suspension can

/" Analyzer '\

[ ! be checked when the transducer is
] T T with electrical ol .
H s sensors )/ mounted in enclosure
® T
o o O

] J'Xﬁﬁ -&éiiﬁfﬂlﬂ &= Measurement

| via long cables possible
_— o == K
|:| (\/ bomputer\/\) X‘J‘%iﬁuﬁgfﬂ E’\J ﬁ&

ﬁ Full immunity against ambient noise
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Testing the Enclosure

RSN EREGFRREN B4R
! conventional measurements show total
behavior of the loudspeaker system

*MSCHF IR 3 # 7T 1Y ik A 55 % P 4 B R
F& X 3l FF 3k msc separates defects in the
drive unit from defects of the enclosure (port,
sealing, damping)

R ARFIR T B T2 B 5 P 4R SN TE SR
No need for taking the drive unit out of the
enclosure

NHEBHEFKY , RFHEBHTEL.
ER, SERNZENRNGFERRER
R fEEE

Perfect for checking the quality of loudspeaker
systems in rental companies due to ageing,
fatigue, climate influences
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\ - ., AN T Y L
E] I — AN )
Overview on Single-Valued Parameters representing loudspeaker nonlinearities in MSC

MSCH I a7 d 7 S 1+

Ro(T)  Lxi) Folk)  Mes  Rm )

Parameters .
at x=0 Nonlinear Xmax for
Parameters 10 % distortion
Thiele-Small Parameters at X=X oy in IMD or THD
Electrical Relative = T —
Parameters Parameters . SAEITES LN
Stiffness displacement x
R,,L, S92 0> Qs 1.0y asymmetry A, P C
Voice Coll Force factor limited
Mechanical Offset Xyt displacement xg
Parameters
BI,M, R, .C K,
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MSCH X #E

Sensitivity of MSC, Example showing Influence of Gravity on Voice Coil Position

E X F B AL E R R ARSI

Xottset = 0.060 mm Xottset= 0.072 mm Xosiset= 0.084 mm

AXUW[ =—12um AXUW[ =12um

Prediction using

gravity constant g=9.81 ms~

Moving mass Mms= 4.94 gram AX — C »
Compliance Cms(x=0)= 0.4 mm/N R ms8%ms  =10...20 um
Compliance Cms(x=3mm)= 0.2 mm/N

Klippel QC2009%#fit4 Klippel QC Seminar 2009: Competing with a human ear ?, 73 <4 .&P Technology

MSCHY A EE) £

Reproducibility of the MSC

FEVFSiReEsR LR THRARNEBLE R

Result of an R&R test performed on various transducers

Akms  batch b Xoffset
L " atch offse
variation ~ reproducibility reproducibility variation
100,00 ~ 0,60
90,00
80,00 0,50
%
mm
50,00 r o
40,00 05 0% am 0w om0 om
2000 0,20 <<Colin X{mm] colout>>
20,00 0,10
10,00 f———— ideal value
000 ideal value 0,00
-10,00 lo.10
-20,00 —best _ ’
30,00 0,20
40,00
5000 0,30
PO T A best
60,00 4-0,40
M= = ;
<7000 —— o c
o ( A M 1-0,50 .
8000 f — | &/ -c oz nmm
-90,00 -0,60
worst ’
10000 Lworst ————— ors o om am om  om om o
<< Goilin X fmmi coil out >>
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—El 7[;{[‘ F[ e | [_gd ',j:' %Xoffset

Voice coil offset X g, 0f the headphone

Bl curve measured with R&D

—_—— — — —_—
best of A worst of A worstof B Bestof B

150
= ’§ KuppeL

075 08 025 000 025 050 075
<< cailin X mm) ol out >>

Xoffset in mm
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offset [mm]

-0,20

-0,60

0,60

X

BATCHA

offset

BATCHB

0,50 1

0,40 1

0,30

0,20 1

0,10 1

0,00

Ideal value

-0,10

best

-0,30 +
-0,40

-0,50 +

o
‘ Xoffset {_ -c

t: ‘
-c worst

worst

<4 AP Technolosy

P P RNFAE, Stiffness Asymmetry Ay

J— — — ——
bestof A worst of A worst of B bestof B

KuppgL

O

Kms [Nimm]
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Axms [%]

100.00
90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00

0.00
-10.00
-20.00
-30.00
-40.00
-50.00
-60.00
-70.00
-80.00
-90.00

-100.00

AKms

BATCHA BATCHB

best

best

-c worst

worst
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4z ‘/\l\[g_'[
I ;—JS}T////

e L i ]
N BRI

YT ewwww e, e
#EKLIPPEL QC ASIZF > ?
e L O FERI )2 Bl o
"{.'-Lu -_14.35_ F[ | [ ;F‘Ti“ﬁ%’l[[ljﬁ%j‘\

Hr%r k,n;whi. H gy

[ —=]§ i |l 53 o I Bl ER N AR
W e

KLIPPEL QCHEZFE Ry :tfff_gﬁ GRTpE R S BT & W‘&‘ﬂf‘dﬂ' =

I e b i I M 2 L M s |‘/i?ﬁ—4£
%F”P&H ﬁlJ t'iﬁ rJ fg,Iﬂ_%'k%;(“m 1 Flj/\_i‘x‘l. » ﬁiulﬂﬂ%’@ bﬁ‘jifﬁ&
T R T

— mimimal rate of rejection & | [~ Uk
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:I: A Y
énlb
Conclusion

MSC%_*‘#%E@J\"JEHK,E{% MSC is a new kind of measurement providing:

QE B’J HIZFJJ *ﬂ% % ¥é}2§,E’J H’ﬁ' full motor and suspension diagnostics
° i - i&ﬁ E’g ﬁi |§_| 1_\'LE Hﬂ simple interpretation of single-valued parameters
° ;E’ A %EE’}] %}Eﬁ shows physical cause of distortion
° ?ﬁ.{ |5H MSEI‘J ﬁ;{ B’ﬁ’ (?lﬁi?,)ik A, KHFZ’:) defects of the enclosure (leakage, port, damping)
® Xﬁﬁﬁﬁﬂ’\]%ﬁiﬁifcaﬁﬂﬂ applicable to all kinds of drive units
o MEBMAESTHIT  smalland large signal domain
* WEB’Q;FMEETJ' [B]  short measurement time (< 1s)
° gij(E’g 9 ﬂ;iﬁuﬁ%?‘?ﬁﬁ robust, immune against ambient noise
° ﬁﬁ%%ﬂ E’}]Eﬁ'ﬂ basis for process control

SBERBREB/NDTEZE > minimal rate of rejection
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T SR E I

Objectives in end-line-testing:

U F R E T L 2 (T 5T
Basic Goal: Separate defect units from delivered goods

> [ H PG [ 20 25 PASS/FAILAE: simple
PASS/FAIL Jcision uIing limits

Az 1 Sl flE ] o Fﬁf,

Ultimate Goal: Avoid manufacturing of defect units

> RS EE ROV E T JOR I B S
H use diagnostics to get meaningful characteristics useJd as

feedback in controlling the production process
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Motor Suspension Check
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B #5: A E RN Target: Reliable Testing

Bl M EIRE Problem: Measurement Condition

75 %IR8 Acoustical environment R[4+ Climate conditions
. ZB= Free air, panel - &[E temperature

5 ﬁ} box «  EZE humidity

+  PHERKE plane wave tube

«  AEE artificial ear

] - e B Speaker position
R Excitation . EE/AT

o IhREYEHERRE
Output impedance of amplifier
s DMBALF Shunt or not

vertical/horizontal
- EHEEXKEE
Distance to microphone

M 2 45 B N 1% Measurements results should be
J A BAEMTEE reproducible and repeatable
. T E X &4 AR valid for defined condition
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F A= B ’EFFPJE Ui
Target: Reliable Testing

fBRTE: B FQC
HEH

Solution: Hardware
dedicated for QC

i f“ff”rFE e ez = =

100 dB IHP'%'—

4 é@ B0 XLR 256 * + 2 BNC fij i i
IFVJ\E‘EPL UWEJLI dB > UL s R

IF’J“ ICPH Frigi=t ru s A :
2 i AR B A TS \_
IJDI‘&F.JAL:; ;&FL&T ﬂ:,:&aujﬁj F! :ﬁ :ﬁ

. PR EREEHS00 V
o ;ﬂ@ﬁliﬁg FERR AP ok Ll S X [
~ PR G E IEIGPIO)
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I A

Target: gh Speed Measurements

PR (TR 8

Measurements at physical limits:

JEF | ]2 S ALY No time for steady-state response
LR "w]H I JIE Settling time and ringing of resonances

A [E R iﬂ']e? Test in large signal domain

= E| LR J'-EJ Rub and buzz defects have low energy

= I F"T 3[:’ High ambient noise level

1 e e[ SAZEI No time for post-processing

FD.U’:PS*’!\’.—‘
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E [* A ﬁl Jjﬁl[ﬂr U%Iﬂw Target: High Speed Performance
EFH&—*U ;%7\ i' i IFI{?J F—IE[ Solution: Parallel Signal Processing

=

~

—

. fE[ = 50T f_f_r‘ Interlacing of multiple tasks
> JET AR I[ﬂ [f 53 7 Analysis during measurement

(gt & AR & F“Wﬁ &/ Minimal block size in
data generatflon and acquisition

> P 35N Latency is reduced

Ej”@‘m T’Tii 1% time domain analysis is preferred
> & [V Ay [i SAZE minimal post processing
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r r—
F [/| EE [' l]le-[ [ LTH- r'\ [}'—L Target: High Speed Performance
Ve I s =
EJZ"',‘{;&_{LJ # l F ﬁ I$ FI J i?ﬁj’?_};jtj F“F‘ Solution: Using Optimal Stimulus
#E Stimulus B S W Sensitive | . XAdvantages 2. 3=4
for Disadvantages
FELLIEFAE o s
Continuous sine FEé&’ﬁ’&’Fﬂﬁ'%g R, 8RR
sweep SPL fund, Harmonics, Fast, best for Rub & BEEERS
Impedance, Rub & buzz no intermodulation
Buzz
=il

Multi-tone complex

FER,RE,EHT.SPL
fund, Distortion,

R B, EMKE

RfE

X 5 T Uk
Insensitive for rub

Impedance Fast, best for impedance,| & buzz
best for regular distortion|
e S (s
E/q'\,ln =R = =y = WRERGHE B8
X = =, == ) g SR, RIE
Music, Speech, FER,X EHESALA audio Inseniitive for rub &
noise SPL fund, Distortion signal applicable

buzz, slow
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Harrrlc%)ijgji};Erl %mr o

Distortion Measurement

- Tv— T EI fﬁﬂf’f % : Single tone at one time generates:

o EEHERURYME No masking effects
J TEH B | - f»ﬁlhg‘,“i';b’ Reveals all order of harmonics
Step Sine Sine Sweep

Isolation from - FFT - Tracking Filter
Fundamental - Fixed Filter - Windowed Impulse Resp.
Exciting E_:1II No Yes
frequencies ?
Steady State Yes No
Duration Long Short
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CHIGPT & i

Various Stimuli for Harmonics

il pOp al = fhfwith different Time Frequency Mapping

A
|
log(fmax)
£
> Log. Sweep
T_g; Log. Sweep withProfite 5_,-
| c@'EStep Sine
, — <
log(fmin)
0.0 t total 05 09 10
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SUE BT Y AT
Log. Sweep with Speed Profile
¢ 3

0,005
0,000
0,008

0010

0 0 W i w0 3 0 w0 40 40 2 S\
A me fns]

1

1 |

1 1 I

/

1 Generator miavetim -———— !

s 1 7 KUPPEL]
oz | 1 |

10 10 103 10+

z
Fraquency [He] |
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It i =) U S

Duration of Test Signals

Requirements: Requirements:
Fundamental: 20Hz - 20kHz Fundamental: 20Hz - 20kHz
Harmonics:  20Hz - 20kHz Harmonics:  50Hz - 20kHz
Rub&Buzz:  20Hz - SkHz Rub&Buzz:  20Hz - 5kHz

(E):E 5 i;?(\?gss;n ?/10 s &y

U@:E Lin. Sweep 12;)5

® 20 Hz - 20 kHz
(E)’E Log. Sweep 04 G
Q| e [
0:1 ‘1 10 Time /s 100
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B#5: JRub and Buzz AT A&
BRIR T 2R PRA SR &
Target: Reliable Testing of Rub and Buz
Solution: Excite ALL Frequencies !

Il SZResponse
i

Detail

T
it ol AL
Why using continuous sweep?
N =R ﬁ'ﬁ#‘ﬁj [%% Defects: high Q resonators

o HERNIET JIJF? i%%’:)‘)ﬁn 'Eﬁfi; 5 kL Missed, if not excited exactly

> Tfelffit] (54 [“rfirp*lﬂﬂj 1730 Do not use stepped sine
excitation with low resolution

rrrrrrrr )

ﬁ)& f& Defect
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’:l?f\_h{ ‘FhJ H_r jﬁ\w H 7
arget: High Speed Perform

PR 7 (S R

Solution: Sweep with variable' amplitude proﬁle

KFEIHE Level profile

Stimulus (t) vs time

Benefits:
- RHEZBHEEEHR AIGRT Provide
sufficient energy into critical bands g
o TE{RSMRLIRI B 4K Protect driver at low
frequencies :
o EEIARTIRIESE Protect operator at A A .

high frequencies
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= IR EE (<059
Usin

ry short test sig als (<0.5s)
ﬁ e %< High Speed Performance
A

log(f max )| e va
Linear Sweep _,..~=="]" g
E ; Constar:tjgged’ |
Speed profile
10g(f min ) P
Rub o 1,>
>
Ld
0.0 et 0.5 09 1.0

£ = Benefits:

+  Tet[E Save time

. EMEBHEEENR AR Provide sufficient energy into critical bands

. BFEBHBEIREILIGEIRS Give sufficient time to establish critical vibration
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éa[j\,ﬁiﬁjje—r' =
Ultr

st testing of Rub & Buzz

B
&

sponse Max |~ KLIPPEL

3
&

1
0
3

[dB]

3

3
8

Sound Pressure
2 o
8 8

AETAN
S
~
3

2
]

10 10 10
Input @) Measured Frequency [Hz]
Signal Signal

Response M

2 0 /\—J_/M
(B Rub+Buzz Responsé Min
20

v e
s
0 % 50 7 100 125 150 175 20 370 ub+Buzz Max
Time [ms]
60
>
>

0.2s

AT
2

A

10 10 10
Frequency [Hz]

Kiippel QC20094E&Fi44  Kiippel QC Seminar 2009: Competing with a humanear 2, 93~ 4P AP Technology

jﬂl\ Eﬂl I\E_[J El N _EJJ./&I][UJ Influence of measurement time
'?“IJ < 1] 2s,1s,500ms,200ms sweep time 2s, 1s, 500ms and 200ms

Fundamental SPL THD
2 o5 s 2 105 PP 05 TS 2
120 E e LH ey
E 100
It ™ \

e

b
98]
4
iy

7 SPL fundamental | ** TF"D ‘ ‘ y
TR T O W R ‘
E RN R

102 105 104
Frequency [Hz]

109
Frequency [Hz]

2nd order harmonic R&B
oo TP I T 1 B B A e wE T > \HHH”i i HHZF\A\WL
e 2nd-order harmonics o . —
w0 f \ \ 1 ok WM rub & buzz ]
_LETTTHIE A AT i 1
i [ 1At T "
1 T .
: ‘ wk A
0 [T

100 109
Frequency [Hz] Frequency [Hz]
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) [f Pl{.ﬁ_[r]_“ #lﬁ?l Sweeping up or down ?
s ot

E1< (.58 Ultra short testing < 0.5 8

Response e .
150 Frog, TH up THED down Cumnulative speciral decay
KLIPPEL A= Signal atib § Stmus

A

“‘w i
0 “|‘| M H’un 2, i
. \/\w\f\m e g
o = " o ™ q q v
Upward Sweep i\"i g, - ringing

( 0.2 seconds total sweep time>

jF el Problems of ringing:
. E;Jfﬁlll’?f’di;?'ﬁrj—“%lﬂ‘(’%ﬁﬂ‘ "H[>50 ms High Q resonances need decay time of >50ms
FLfiAY 53 et "Jii_iﬁ?'ii fundamental interpreted as Harmonics
9{'@5%&@}{'%@{: iﬁ?[]ﬂi“’rlfj“l‘iiimﬁﬂﬂﬂ'lﬁ Use UPWARDS SWEEP for extremely fast testing
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&) A SR

U trl Fast Measurement
. N - - T
o 200ms

= =
L |
7| Gl =
B | athtirnie R
| ——— Lol
T B w
S H
o | mE—— H
O [ a—

ésa
3_ Ew
D [— E
o [ L]
Tless
- s0

et Mo

.'Zl' i

2nd -5th
harmonics

——er - : ) 5l . i
B \"Y\/\n\\ g Ny
TS . ~f— a4




DEMO

Ultra Fast Measurement
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) 5

BRI

Hardware has sensors for 2 Duts

F—4
e

[ ‘a
:(@’F
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R % Ry 1% AR

wig &

PR AN E Rk Ll

FEEF LR Z B H R,

F AR EE i RIE R T — 145
EE SR TEARENE.

M E—DUTHYE B A LAZE#E T —DUT

while measuring a first DUT the next DUT can be connected

E I)F A ’ﬁl 1@ Iﬂ: U%Iﬂb Target: High Speed Performance ?

—T\ _' ﬁ‘k‘ WUEJ Solution: Alternating Measurement

PASS

Spl

Imp.
fs Coh Pk

Re ok Pok
SPL

Level

THD

Rub +Buzz wmo
Polarity

Noise

Cpk  Ppk
In Control

Passed Samples: 1

Failed Samples: 0
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S/ .
:]L[:r T Conclusion

RGO E e T A
Extremely fast measurement technique can be realized
(ERL bu
* BRI EN T T RLSTE T TPV Loudspeaker is NOT in steady-state
R Pl T?«ﬂiﬁjﬂ“' Speed is limited by buzzing resonances

>R 2k éﬁﬂﬁfﬁﬂ'ﬁ LRI S [ H =

adjust sweep speed to give sufticient excitation to resonances
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=, =1
LE
Target Fle)gblht + Si 1101ty .
j Fp%g,[ J FYQCT =
Problem Each ctur T ants a different QC- tool'
>R R ERER RN R E

Company prefer special setups

UNCIENCTEL * M| & Measurement
Companies are different due to + &% Graphics
. LR A9 1R Know how + 582 & 'R Result Display
+  HELR Constraints . e
x SARFF KA1 B HE BN
+  TEMEF Customers Companies develop their own algorithms
+  fERAMFRE Standards o BR#IZRAF 1T E Limit Calculation

+ B &% A E Golden DUT Handling
- R #5/451t Reports / Statistics

BEHEHEEARE

Freedom for customization BUT simple to use !
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{8 AL

Measurement of two-way Systems

| LI M
ey
@ Contral Pass (0 001 = He (] JoE

EERGEEEE |0 T T e |
Using dual I:
Speaker channels I' il e
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541 55

Measurement of 5+1 Systems

FT4 AIFTYR 258 |1 2 |38 Multiplexer for voltage and curren{
E2/58 285 B E 38 Multiplexer for microphones {

KLIPPEL % #74%(PA) KLIPPEL analyzer (PA) { \
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A= % iﬁ+ ] P Target: Flexibility + Simplicity
R 3 P TS P9QCT 21 Solution: Use available QC Toolbox

o ETEMRAONI Template-based test

«  MENTEHREBEIRE M F S Predefined tasks with optimal stimulus
o EBETEEZENMRHIZMHIZRE Algorithm-based limit setting

o Bai ﬁ'_’?ii JT Automatic golden unit detection

o RABWEREIEHITLSIT statistics with Extraction Tool

XN REMIRES T EEFINRRE

No programming required for most tasks !
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PHfEl I R 2 rompe

HAS FEROQC - =
T s e
T e

Microspeaker  KLIPPEL

Fmég ép ’ }_;’IJ? [ %g FISJEJ‘H e Herndriver KLIPPEL
ﬁlﬁ’j”%‘[ F[‘ IJ ';iﬁlg[ 1 ¥ JI// o S S = @ 420 chm
PSR, i o o

Fast Midrange  KLIPPEL

TS "_-:.._: .

P , 2
i ‘ B L H)  foo-s00 ke
by i 1 )
o ' Subwoofer KLIFPEL -4 "
o 1 mEe ) lé‘ M
P g
‘@.! R
§ !
St
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FHE= R B [ - Smart Setting of Limits
SPL

0.1

S [“Eﬁ*ﬁﬁ#ﬁ@?*fr 73 A7k fT > KLIPPEL R gy A fo= 2l | i) ”Nﬁ!’]ﬁ’@ﬁjﬂ‘«" fFpoz 20, &
g = ok ﬁ? ol iﬁFiFfElfi“?llﬁ S RLRR T B o E'%'\' R TR ik
A N EESETPE ijﬂﬂﬁﬁﬂfﬁﬂ% ﬁﬁ‘ﬁ?ﬁﬁﬁ?ﬁlé BT i;%‘}ﬁ:fk [EFRIERS T
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DEMO

Limit Calculation
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Proect Et Yew Operston Extras Window Hep

SR o

Implement speciiic algorithms

imfxl

- Chart 2 (AUMA Flexsbiity - 03 QC added mass) IS [=1F] | - Summary jaLss =13 x|
Impedance Measurement with added Mass =
Measured Measured with add. Mass Linear Parameter:
IPPEL
17 /\ Floctrical Parameter:
25 \
Nome Vahse Unit
/ Re  3.23  Chm
100 i ) Le 0.3 mH
.": \ Lz = mH
/ b} R2 = ohm
/ AN Cmes  584.09 pF
£ 5 /', AN Lees  9.15  mH
<] Vd N ohm
ey / \\ Hz.
— ¥’d Loss Factors
- Name Value Unit Description
: ats 062 total Q-factor considesing Re an
O seralpumger ] Qms  2.62 mechanical Q-factor of driver in
e 2 cu -
o O s | W | Qes  0.82 electrical Q-factor of driver in fr
; Fil 2]
Pt I £ echarical Parameter
W e | [ Fercemnpass |
- ] : Name  Walue Unit Description
- Chart 3 (MLMA Fleadbility - 03 QC added mass) Bl S60 M/ force factor (B product)
_ e Mms 1830 g mechanical mass of driver ¢
. f= e St s cms 0.28  mmMN mechanical compkance of d
i —’\ A PPE- Kemns 342 Nfme mechanical stiffness of driv
;%__: \\—’//’/ Rms 3.03  kofs mechanical resistance of to
= fm(a.M.) S127 Hz driver resonance frequency
- - - - = - - Qes(a.M.) | 1.27 electrical Q-factor with adcx]
Ty B 4l | 2

> FBHPRIF Code can be protected
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Integration in the Production Process

FiEF
AT “ || Er
|EITA Jatkiz
b
ERELH
| | 1
: [ [m=] =]
W/ Wil = e =
= W 9 - % e o)
N T [ :
ane [ &1 BH) A3 B4
Eidisim

| .
CHR - | CF[) H
EHEEMH EEEE EEFX ]
{EELES
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Bir: REMH + BB BRIE
Target: Flexibility + Simple Use
i R SREVFR B $3E Solution: Access to all data

Q0

REITE (FELE)
Extraction tool
(post processing)

UL

Klippel DR Cxtract

of Gnlec Datsbinen Fias| o Soboct Aesuls | off Expont Fonal | B Rund L
Using prototype datsbase:  CADokumente und Erstelungen’All Dlagnostlcs

Avalable Chats: Curves avadsble o selected Selected Aot

Chat 1 [EER Y m—— pe—

Chat 2

i L~ kit
Crea s 0o =] Long term
Hubstize s _ / statistics
Callbration Waveloem Hrisn Max [ |
Calibration Spectm inn
D0 Maee
X EANDUTE 4 S
3037 H9 B R
Separate
database for
each DUT
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TE»CFZI Summary

D AYVANY 7> ™ —
iﬂ\lljifb [\/ %E' I_f"—‘:{ * _,';l ]]J'T‘ }J An instrument is superior to the human ear
T E s Rl RN T
fast->ultra-fast testing, more comprehensive measurements
© ARSI PR
no fatigue -> reliable, reproducible results over time
o LRI SR i
quantitative assessment - absolute limits
o BE > S R
robust - ambient noise immunity
© SR> TS A

sensitive > averaging, meta-hearing

= %IM’E{@ ﬁ“-‘:‘r |,V %E' An human tester is superior to the instrument
< FFED> B I, AR
learning capabilities = diagnostics, problem analysis, process control
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i A :
:ﬁ T Conclusions

i |”Er'| ﬁgﬁ'[fj [= 7 New tasks for the human operator

USROS R 25 (i
Adjusting the measurement system to the particular drive unit 9
optimal setup)

- PEIF IR S AVEOR (B B L)

Understanding the cause of the problem (> loudspeaker
diagnostics)

¢ EUBsRGE (L)

Solving the problem as quick as possible (= process control)
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Contact

www.klippel.de

info@klippel.de
Or AP Technology Ltd

Rl

WWW. AudloAPT com

+ Download Software (free viewer) & ’ﬁ,@@@ﬂlﬁ ¥
+ Get Know-How (applications notes, papers, ...) 5 [J= =& 163
« Discuss Solutions (email or phone) FTIIF1 5P

« Get Training (workshops) [?‘ FET’-CE?T LA
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Z Eﬁ i T 151
Many thanks !
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