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Previous Sessions

Modern audio equipment needs output based testing

Standard acoustical tests performed in normal rooms

Drawing meaningful conclusions from 3D output measurement
Simulated standard condition at an evaluation point

Maximum SPL — giving this value meaning

Selecting measurements with high diagnostic value

Amplitude Compression — less output at higher amplitudes
Harmonic Distortion Measurements — best practice
Intermodulation Distortion — music is more than a single tone
10 Impulsnve dlstortlon - rub&buzz abnormal behavior, defects
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10t KLIPPEL live:
BXRE - 5. FE1T/4. RE

Impulsive distortion - rub&buzz, abnormal behavior, defects

< HiERA Topics today:

° %F)ﬁiﬁ%ﬂl\]ﬂ E%%}Q'I‘iﬁgﬁ%ﬂ( Overview on irregular properties of audio devices
° ﬁ’éﬂ EC60268-2 11‘5(/&5’\]5')1”% Measurements according to IEC Standard 60268-21
° Hﬂ“iﬁ,ki)ﬂﬂ%ﬂ;?}EFSEE Measurement of impulsive distortion in the time domain

g éﬁé#@fiiﬂ”%*ﬂ uﬁ' :Et Combining physical measurements and listening
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%%’%%D/I\%%%EI’J%B% (? Desired and Undesired Components ?
%ﬁ)ﬁ%éﬁ M %‘%%EE@%@Z Generation of Signal Distortion in an Audio System

i Measured
Stimulus > E[I O > Signal
Input - Output
Signal " Signal
g u L 24 5 g
Regular linear distortion
MNINHIZIME S P RE - Linear Model
Accepted Small Signal H(s)-1 A
Performance Q?Lmﬂi'iﬁm\t
N Time-Variant distortion
KA Undesired time/ ! n(t)
. ; FIR I 28 |2
e (heating) Nonlinear Regular nonlinear
N o ] ' M I d t distortion
NAHIR S S _— ade il |
2 ISR : Noise
Rl il Unpredictable 2 RHJAELAE
/ftl:) Accepted Large DynamiCS d|(t) giﬁ Excessive
Signal Performance (motor, nonlinear distortion

suspension)

$%EE‘J®{I§ Undesired Defects

u Tf?\ Fﬁi“ﬁf"ﬁﬁgzﬁﬁ: Rubbing coils , buzzing parts

o FTZ. HEFTJE wire beat, coil bottoming

= M&%ﬁ%ﬁl*ﬁ\ /ﬁi/ Lﬁg Loose particles, air leak noise

s Eﬁbéﬂﬁ ﬁ@%%fﬁﬁ] Parasitic vibration of other components
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Poll:
SRR H LS EINEMIEEIELER?

How do you find and evaluate the rub&buzz and other irregular distortion ?

A. Eﬁﬂ%uﬁ%ﬂ_—\ By listening with music
%EEJTHT%+H/7‘\DE Manual sweep + listening

‘lirp+ ,%\i%;&%ETHD Chirp + Total harmonic distortion (THD)

A

i —_— \
NIrp+ 1= 3ﬂ1‘;’;‘?7& Chirp + Higher-order harmonics

Chirp+EJigotr (B3R, BKPREDHT)

Chirp + Time domain analysis (Time-Frequency Analysis, impulsive distortion
analysis)

moOw
00

KLIPPEL-live #10: Impulsive Distortion, 5 <+ P>



2

1ZSCIR T AR FN A\ BB ERIRA

This Experiment investigates the influence of the stimuli and the input voltage

%9?%@;%&,}_5)] Searching for a Critical Stimulus
= RS

El’\] =] DEE Audibility of Voice Coil Rubbing

Signal Stimulus Output Output Output
1V 2V 3V
Music B~
T | d ¢ ¢

Multi-Tone o il

0Hz-20kHz | { off ) ¢ ¢ ¢
Multi-Tone Y TN

20 Hz -1 kHz SR ¢ ¢ ¢

i clear audible

Sinussoidal B~

iVZeep (\ _ué[j_ b /‘ @ @ @

It R BRI BURD Most sensitive Stimulus
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Frequency [Hz]

Frequency [Hz]

Stimuli less critical for Rub & Buzz

stimulus: music

04

TFA measured * 1/9. Wavelet dBFS

08

Sonograph

Sonograph
TFA stimulus full multiband distortion: Wavelet dBFS

500
Time [ms]

KLIPPEL

Full Band Multi-tone complex
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reproduced music at 3 V

Sonograph

music (1): Wavelet dBFS

symptoms above 5 kHz

o
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reproduced Full Band Multi-tone complex

Sonograph
TFA reproduced full multiband distortion: Wavelet dBFS
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Stimuli critical for Rub & Buzz

Stimulus: multi-tone distortion low pass 1 kHz reproduced multi-tone distortion low pass 1 kHz at 3 V

Sonograph
TFA stimulus multitone 1kHz: Wavelet dBFS TFA reproduced multitone 1kHz (1): Wavelet dBFS

48 48

w w
54 r 54 ML

Z Z
57 $ 57 $

3 3
o Mg 0 Mg
. .
66 66
69 69
72 72
75 75
78 78
81 81
-84 -84
-87 87
-90 -90

100 200 300 400 500 600 700 800 900
Time [ms) Time [ms)

Stimulus: sweep reproduced sweep at 3 V

Sonograph Sonograph
TFA stimulus sweep (1) Wavelet dBFS TFA reproduced sweep: Wavelet dBFS

ll‘: ‘l“l dy "
"“Nlu |l‘ oY
'r‘- Ilb“‘

HHINMW‘ \

100 200 300 400 500 600 700 800 900 B 100 200 300 400 500 600 700 800 900
Time [ms] Time [ms]
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Rub&Buzz, Defects, Irregular Behavior

f_E_llﬁ Symptoms

~ I]Jliﬂji;_?'-i H]]\(;EIJ\ 5’37—‘72;1\ i}%_l%ﬂﬂ;?gfg Clicks, impulses, tone burst, modulated noise
. 1&%&% H E_I'mS{E/_J\ Low power and small rms value

. ?IE’)AZ%_“&{E (Hﬂ(}ql'ﬁ) higher peak value (impulsive)

. ﬁ%%ﬁ)ﬁi% (K{Rﬁ%iﬁi&) Broad band spectrum (not only harmonics)

%%#%ﬁﬂiﬂ’\]iﬂﬂ%i‘iﬁ Special measurement technique required:

. Hjﬂi)ﬁﬁj\*ﬁ' (mEJEi%Z:ﬁJZ) Time-frequency analysis (amplitude spectrum not sufficient)
< *%éﬁé%*@ﬁgﬁjiﬁﬁ\*ﬁ' Time domain analysis of the fine structure

- FREEE (FIEC60268-217E X HIBKITLE)

New distortion metrics (e.g. Impulsive Distortion as defined in IEC 60268-21)
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Basic Requirements to detect Irregular Loudspeaker Defects

Generation Measurement of .
of Stimulus I|| \ W Srate Variables | P Analysis ——% Symptoms

TalEE (MEx. BEv, MEFa) > FRINIZEURRTEIREE

High amplitude is required (displacement x and/or velocity v and/or acceleration a) - Stimulus shall excite all frequencies

REZHURIE AT ERFIEIN > FEREHIZ 7/

Most defects only produce acoustical symptoms - Sensitive m|crophone required

RRPEFERMD £ > (MEERARUN S ERINZ=XIE

Defects produce high frequency components - Low- pass filtered stlmulus and high-pass flltered m|crophone signal

ﬂﬁﬁﬁkjéﬂ'\)\:.l:%i%uﬁ% > E%J—La EUTE IE (l_:tﬁl)\Ji)

Defects are similar to ambient noise > Microphone is located close to the source (near-field measurement)
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L,/dB

Frequency Domain Analysis
60 Hz Tone reproduced by a good and bad speaker

100 fundamental I | SN |
80 i .mMmmmwmwmwm%mmem_
60 R“b&Buz | -

ea
40 High Pass Filtering rh I -~ A L
20
ired t aﬂed ’
0 ;ﬁgggrienﬁjzazr?;?v order SO e | {14111 : 'F R | IM
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/‘VEﬁ L ﬁ?fSimple Approach

%U}Eﬁ =1} B)l 1 /BZ El/] mlﬂfﬁ exploiting amplitude of higher-order harmonics only

SPL 4, | + amplitude

E I spectrum
E higher order E
' harmonics '
E\ y:equency
' Y '

= RANELY = \\ = [U/\N BB

SRR EEEIEC60268-21-FTE N T 1 IR

Higher-order harmonic distortion RMS/E

Are defined in IEC 60268-21 RMS value of Higher-

harmonics

|Aj#t PROBLEMS:
B \yj'ﬁmZE TEEI’JFJ*’S&ZM Sensitive for deterministic symptoms only

s Al%}}fi}sz]_a:ﬂ;,%):n é& each harmonic is close to the noise level
- Xﬂ: \ﬂﬁ?ﬁﬂ*ﬁﬂﬁ’_ R Z_ Eﬁl,w insensitive to loose particles and air leakage noise
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Time Frequency Analysis

Sonograph
TFA reproduced sweep: Wavelet dBFS

" lmn""
llllli”

HHIMU
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Frequency [Hz]

-88
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-94
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-100
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Time [ms]
B3RO T TFA Time-Frequency Analysis (TFA)
- /\NFEEHR wavelet Transformation
. ﬁ%ﬂﬂﬂlﬂﬁ;ﬂ$2l§]ﬂ§%{i}ﬁ§ Best compromise between frequency and time resolution
. ﬁﬁﬁi (ﬁfﬁ%.@) Energetic metric (amplitude information)
- *{Eﬁ%ﬁfﬁfﬁ:@ (kgﬁ“ﬁ%ﬁgmégm%%) Phase information is not used (Most fine

structure in the time domain is lost)
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Time Domain Analysis

Modeled and measured response

Signal st IN1
Spectrogram — Moz Bndal Basidual -
45 - Measomd Response - [0.40 V]~ Wiavete: dBFE Modeled and measured response
3 Signal at INL 0,00 . . . . Heel]
Residuum in Time domain
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2,002
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o7
Tiene 1 A48
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Time 5]
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SPL

Time Domain Analysis

amplitude

spectrum ﬁj\dtﬁ BIZ7K Analysis Techniques:
armanics . ﬁ%ﬁ (E|Eé£'[$@1‘§) Residuum (nonlinear modeling)

1 bbb & %ﬁi{ﬁi}i‘i High-pass filtering
. ffequency ¢ f@‘é‘l EC60268-21 According to IEC 60268-21
N -‘E--------. ------ Ji“.phase
i i spectrum TN i N '
S > USRI A FR A AR
:_ ®e o X ﬂ:ﬁﬁﬁz Exploiting amplitude and phase of higher-
Y harmonics and all non-harmonic components
> IEERZ 7B (RBAR)
FFT* Peak value reveals small transients (clicks)
" > WA S R
_____________ Seakvalue - Sensitive for all loudspeaker defects

rms-value

K2 Bd7 7 de BB e 2 A e I 0 AR S P 2R Fomost

B

RMS value

loudspeaker defects generate impulsive distortion with high crest factor

{22 but
Peak value WA AR R LSS T AR S R U SR BRI

regular loudspeaker distortions, electrical and microphone noise have lower
(| D) crest factor

time
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Peak value Contra rms-Value

Measurement technique defined in IEC 60268-21

7 ~
{ &)
~ 2 . high-pass High-pass filtered
sinusoidal electro-acoustical _cut-off frequency ;> 10f Distorti
generator system 7 ~ \ IStortion
p ( E@ J f rms value
micr@on P (MID)
— tracking squarer
< , ) I > O I fiIt:Zr | integrator -
Drive : crest factor
,f A o (CID)
[ |
B — — T ——————— - depteeaclt(or »Opeak value
Single tone with varying  instantaneous frequency f (ID)
frequency f (chirp)
120 Fre uenc ResMor;sﬂemmj > Y%
T | BRAEED XTI ZETE = A iRk
éwo peak value (ID) (jﬁﬁg‘rUb and bUZZ”\ fz\ﬁ ///L;UI/%_’?)

FE— T REATIEITH 1mpulsive
Distortion (ID) is a sensitive measure for most

irregular defects such as ,rub and buzz®, loose

i Il
rms value (MID) particles !!

100 1000 10000
Frequency [Hz]
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Crest factor of high-pass filtered distortion (CID)

Stimulus: Sinusoidal sweep CID(f) = ID(f) peak-value within one period

MI D( f ) Rms-value averaged over one period

1: I\ H rub & buzz, other disturbances |
izz ............ e S S T s
o I 1 AL i 12 dB
N 7/\ I / w H/ : \ : regular d;tao/r\tiorq‘/ / A
iy Uil | Vv : n (Y

50 100 200 500
Frequency [Hz]

CIDEJLATEES EE EfFIEE! cID can be interpreted on an absolute scale !
CIDFIFBrE &M EEAER

CID exploits the phase information of all high frequency components
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L oudspeaker Defect or Noise ?

~ \ T
= i
130
N | JWM LL
120 I | | T el e s A hﬂ:________'_"'_
Impulsive distortion - THJ[;/—- : N\ HH
ratio (IDR) is defined 110 Pl IEPES IS not an
in IEC 60268-21 N ardI DRI /| 2nd \ audibility  (-40dB)
100 : \ . ﬂ threshold ! M\
90 E7 T //' ID \‘-ﬁ\._/‘" el M I
80 e — = — = ——%———-—-;—f—-u—-—-——‘ limit— +—= ¥
- J “. \ ‘} Y »“ | ‘; ‘I‘,v ’ f’"’*‘\;‘“‘r’lwk "
20 \,\V\/‘MIJ , N W\ " L
g/ | MID . \ | ~
60 ‘ ‘\’\ W\l
40 5 ‘
10 20 50 100 200 500 1k 2k 5k 10k
Frequency [HZz]
Eﬁﬂﬂﬁﬂgﬁﬁlﬁ Symptoms of a significant defect: i
1. B?T(;I:F*EtleR > - 40dB Impulsive distortion ratio IDR > - 40dB %%%7£;Eg§0‘gé;me '
- K
2- B’T(;:F*E;&m%gﬁCID > 12dB (microphone nc;:e is not impulf/sive)

Crest factor of impulsive distortion CID > 12dB
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Tools: Using dedicated software modules of the KLIPPEL Analyzer
TRF PRO (transfer function)

@ KUPPEL life JBLGo version & - dB-Lab 210812

Project Edit View Operation Extras Tools Window Help

Demo

-] ¢-a® QA A H| Sk
&1 Part 10 Impulsive Distortion ~
o 1 impulsive Distortion (> 20 order) at Umax=0.17 V nearfi

' 1a TFA Time-Frequency Analysis Measured signal

1 13 TFA Time-Frequency Analysis Residuum

@ 12 PLAY Audio Player

4 1b TRF IMD nearfield {r_test 2 cm - 017 V) with (> 10 ¢

8 1p PLAY Audio Player

8 1b TFA Time-Frequency Analysis Residuum (1)
=+ & 1 Stepping impulsive Distortian at nearfield r=2cm (1)

& 1 - TRF transfer function - [0.10 V]

4 1 STEP Parameter Stepping

@ 1 TRF IMD nearfield (r_test 2 cm)

8 13 - TRF Equivalent Input Distortion - [0.10 V]

16 - TFA Signal Response - [0.10 V]

@ 2 - TRF transfer function - [0.20 V]

@ 23 - TRF Equivalent Input Distortion - (020 V]

4 2b - TFA Signal Response - [0.20V]

1 3 - TRF transfer function - [0.30 V]

4 33 - TRF Equivalent Input Distortion - (0.30 V]

4 35 - TFA Signal Response - [0.30V] v
< >
oo x@e~-m-

O Impulse Response e
1 Energy-Time Curve

0 Step Response

B Fundamental + Harmonics

O Harmonic Distartion

O H{f) Magnitude

O H {0 Phase

O H () Myquist

O H () Minimal Phase

O H (f) Excess Phase

1 H (f) Excess Delay

0 H (7 Total Delay

O Cumulative Decay

O Wigner Distribution

0 Sonograph

01 Stimulus () Spectrum

0 Y1 (7) Spectrum

O Y2 (1) Spectrum ~

- (=] X
device) g =
1 device)
> = (& | £2 | | €@ \part 10 Impulsive Distortion\1 impulsive Distortion (> 20 order) at Umax=0.17 V' ne._ [-=- [ -(=)- jst.dm
Fundamental + Harmonic distortion components Instantaneous crest higher order distortion (ICHD)
Signai st o
—— Fundamenial —— 2ndHamonic St Harmonic
Aol FHD —— . PHD e (4008} b4
__KLPPEL f ‘
10 |
an { " ‘
4- ll *
E w0 i ‘ '
E 84
E | Foa g
g n -"
My | '
20 Wi i
o
w20 0w 2 = o - M " .
Frequency [Hz] Frequency [Hg
] = L = [EE3
Modeled and measured response Modeled and measured response
Signst a1 ——
g —— Memsrsa ol Resiual st g5 — Masms R —
Pl KuppEL
05
0t
03
02
o1
E a0 Yoo E
as |
02 H
03
04
05
W a0 T T s B 2 o 0 w e T2
nstananaous Framuency el Turo ms)

& @ KUPPEL life JBL Go version 6 {1.0 GB)
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JAY

Cross Reference for Characteristics used in TRF

2ZFR Name

kiR E
Impulsive Distortion

SEISBKHRLEL Mean

Impulsive Distortion Level

B ESIE 2 %] Crest
factor of Impulsive
Distortion

V=

=
Symbol

ID
MID

CID

2ZFR Name

S KEIE(E Peak value
of higher- order distortion

=M% EY{E Mean value
of higher-order distortion

S REIRKIEZRE] Crest
factor of higher-order
distortion
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Poll:
YN{AfRETRPEILANR BB E 2SN EMMIEE T I?

How do you fix defects or other irregular behavior such as rub&buzz ?

A.

B.
C.
D.
E.

i:_l:t%jét Trial and error
?‘Jﬂﬁﬁ (Tﬁﬁﬂiﬁ%) Visual inspection (dissembling the device)

HEBEMSE Z AT (RCIRE)

Further testing with modified stimuli (amplitude variation)

'jiﬂﬂ%fﬁi %:'?J-.H: E;& Correlation with other physical characteristics
,=\ﬂ’|_j;}‘j ;f Other ways

KLIPPEL-live #10: Impulsive Distortion, 21 <+ P>
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Characteristic Features of Loudspeaker Defects

CEITERT  SSIONEIED  SEEE  RSLOREES il

Coil hitting Buzzing loose joint Rubbing voice coll Flow noise at air leak H;-‘):'L L90.5e
backplate particle hitting
membrane

>
. 7

/

vmce coil

magnet
= vibration
backplate

- B0, R

Semi-ran
(mixed chara

Loose particle

Deterministic

ST T m A& 1] f” CKIE :
IEZJ:BEIJ_'G@EI}U - R ARIER I
Waveform is _ Envelope is reproduable Waveform is not
completely reproducible (Waveform'is not) reproducible
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Separating Symptoms of a Defect

SPL 4 fyndamental

noise level

2nd Symptoms of
Regular defects
3rd distortion
4th

frequenc
quency

y

High-pass Filter
cut-off frequency f. > 10f

High-pass filtered

symptoms and noise

l l

Comb Filter Inverse Comb Filter

l l

SPL
»

SPL I
Ol‘d@l‘ n > 10th s frequency

Deterministic part
(higher-order harmonics)

Random part
(non-harmonics)
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meatRla: EEF]E

Loudspeaker Defect: Voice Coil Bottoming

fEFREE Root causes: FEkSymptoms:
. %%JL{TLE{FH%\ Dcﬁﬁz offset in rest position, DC displacement ﬂ;]\(;q:lll‘gi ﬁ%i‘éll‘ﬂ;\ HJ%{E?E-*EDE%EI‘Ju%l]ij_{)?gimpulsive
et %%?i’*anz high voice coil excursion

deterministic, click at peak excursion
b %{S‘Z%E’JEEBE%IJ hard limiting of the voice coil displacement
Voice coil
Voice coil A Voice coll |
Voic¢ coil 1
A
\ 4
v
backplate backplate backplate backplate
| l\ click
) one period . time
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Deterministic Distortion

#ilF Example:
ﬂMEF'ﬁ_;bEFT b :IJ:TE tensile slap, bottoming

FEJR Symptoms: <@
o T[EH - AJEEE Reproducible, repeatable

o ESIAHSS Related with stimulus

~ H*/EP%E impulsive distortion

o SMIERAAEE MENE[EAITEL

Deterministic amplitude and phase of higher-order
harmonics

L,/dB

Results of three measurements

i i I i i
0.305 0.31 0.315 0.32 0.325 0.33 0.335

120 ~

100
80
60
40
20

high-pass

-20
_ap L

500 1000 1500 2000 2500 3000
f/Hz
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S a) i

Loudspeaker Defect: Buzz problem

*EZI:J?@ Root cause
NS RN ER IR T

loose part behaves as a nonlinear oscillator

*  HEIXEFIRE

powered and synchronized by stimulus
- HlpFRIEZ LHI

active above a critical amplitude
FTHYIREMETC

new mode of vibration

FEARSymptoms:
SN ES U SRy 7=
BRI TRENE. BRI

short tone burst at characteristic
frequency, partly deterministic,
impulsive

force _ _
4 Loose vibration
mass  joint
@- | ; E—
spring % l % E =
Tone burst (
P
P N time
one period
KLIPPEL-live #10: Impulsive Distortion, 26 <+ P>
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Loudspeaker Defect: Voice Coil Rubbing

Cause: rocking mode at 328 Hz

fEAJRE Root causes: L

- RE. WIE. Bl

imbalances in mass, stiffness, Bl dlstrlbutlon

= E B RARTEEET NG

high coil displacement excites rocking mode )

. Eﬁfﬁ{ﬁ%ﬁ%ﬁ% coil rubbing at a certain coil position

EIK Symptoms:
BETES. MAhES. BXiPiEER

stochastic signal, modulated by the stimulus, impulsive burst

Voice coll 1

II;.:II IE‘E

JHI .

gap . . .
4 voice coil rubbing
distortion burst R,
I i time
y one period N
KLIPPEL-live #10: Impulsive Distortion, 27 <+ P>
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Loudspeaker Defect: Air Noise

tRARE Root cause:

- BBEE E‘s f’ﬁrﬂg%ﬂﬁﬂ?ﬁ leakage in dust cap, box, ...

ot 2;%1&'2%2?_&._5?’—:\,}?:7] coil displacement generates air pressure
- =IES
°J§Hﬂ Wiﬁ”ﬁiﬁf*‘iﬂﬁ%ﬁﬁ Turbulences generate a noise burst in the period

fiEIR Symptoms:
BETES. IEEHEURIVEAR. BKIHIERETE & stochastic

signal, noise is modulated by the stimulus, impulsive noise burst

: NoiSe burst
one period

)

Eiﬁ;ﬁﬁtﬁ’ﬂ%ﬁ'&’%ﬁfg High pressure causes high air velocity at the leakage

A

KLIPPEL-live #10: Impulsive Distortion, 28
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BEHL2< E Random Distortion
#F Example: b

S N LY < lﬁ' e .5 —= P 1.5
R Ak FR R O AR L 2R il
Turbulent air noise generated at leaks, coil rubbing
0.5
o]
=
= 05
SEIR Symptoms: 1 EE i
AEA _15 i I
* %EZ: H&Efﬂ 0 0005 0.01 0.015 002 0025 0.03 0.035
Distortion are NOT reproducible s
o RE IR 2 100 -
Distortion occur at particular times Q0 L i
2R st o7 jisin S
o WEWL (Emahin e b . 60
Dense spectrum (cover audio band and beyond) EQ 40 V high-pass B R
= 20
0 n
20 ' :
100 1000 10000
fiHz
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Envelope of the Modulated Noise

7 __ Air noise
)

- ) >

a

Multiple realizations

A
time
e UEI%UE@U;T@E@,Z%%E%?&E’EE’\J Envelope of the modulated noise is deterministic
= Slzi’éj"@,éﬁﬁﬂﬁ%{%ﬂ;%tlﬁ Averaging of the envelope increases signal to noise ratio
Averaged Envelope
' time
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%% How to Calculate the Envelope ?

Single tone
p(t) fundamental p(t)
P
Ly e A .
L Vi time
Comb-Filter frequency
Pf
frequency time
Demodulation
PI’
Envelope 0
frequency time
Comb-Filter
E
Envelope e(t)
P Envelope
e(t)
| frequency time‘

\-
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Combining Subjective and Objective Assessment

Stethoscope

ot Noise
micrgphone ambient \ DEtECtION
microphone
Loudspeaker | ... ﬂ
u i
© Q o g ) 0 N g o
LI?; O o . ..‘.@ |_t -@Q . . ~— Production Analyzer j_‘
o oo [Firewire mP” r Speaker 1Speaker 2 o gUTl ouT2 MIC1 L\N'EI LINE2 MIC2 ° ° Ol
- ? Objectives:
" | « Auralization of Irregular
Distortion
« Ear Protection
« Signal Transformation
- L8, [] - - Defect Localization
PC Power amplifier Auralization

« Diagnostics

\/
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Localization of Loudspeaker Defects

* dB-Lab Pro 202.52 - QC
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e R tRBE . FMARUAIRL

Loudspeaker Defect: Loose Particles

= E{EJHT_HI%EI’\JﬁEJEFE/J\El’\JﬂJﬁﬂiiE'E bouncing generates a short click any time

fEAR Symptoms:
BEtl. SEEIARL. SIEESPLERLEEEE. Bt

tRAEEE Root Cause cone
. ?ﬁ&*ﬁ%&%ﬁ{ﬁiz}]ﬂ@ particles are accelerated by cone displacement /
gap

dus} cap

Voice

random, not synchronized with stimulus, high peak SPL but low output power, ) ;

impulsive coil Loose Particle
former

/ / bouncing /
/
ouncing
click )
— ﬁ
\V)

A

time

one period
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Fine Structure Analysis

Modeled and measured response

Wil

Mk

1) BRGI%R (BRETRIERZIUCID) FiRgeesiSE
Mapping the residuum (instantaneous crest factor ICID) versus
transducer state

'y %ﬁi}g Voice coil displacement
i }::‘EE (DDEE) Sound pressure (acceleration)

Instantaneous crest harmonic distortion (ICHD)
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7 24
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Impulsive Distortion mapped versus State Signal

Instantaneous crest factor of impulsive distortion (ICID)

good 124z bad

“a +“ 10 KLIPPEL
i o .
c S _ 05 R
()} (7)) =,
E g - j v
O N I e ..Z. g o B U M
S e
T
o _8 <)
D S ? 05
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(D)
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Frequency [Hz]
Frequency of sine sweep
time
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Demo

Tools: Using dedicated software modules of the KLIPPEL Analyzer
« TRF PRO (transfer function)

 TRF Stepping

 TFA (time frequency analysis)

« PLAY (audio player for fine structure analysis)

@ KLIPPEL life JBL Go version 6 - dB-Lab 210.819

Project Edit View Operation Extras Tools Window Help

] T - ® QA @dFEBRA| & H| S selcdevice) ~
[ Harmonics e = B3 |® o |[la] | &2
9 Intermodulation

Spectragram Fundamental + Harmenic distortion components
s measured signal: Wavsiet dEFS Signal aliN1

THD 2nd Hammonic = 3rd Harmonic
= = = = Fund. mean (100 HZ) = ADSDIUE PHD = PHD limit (4048

10 Impuls:

impuisive Distortion (> 20 order) at Umax=0.17 V nearfield r=2c
? 1 TRF IMD nearfield (r_test 2 cm - 0.17 V) with (> 20 order)

12 TFA Time-Frequency Analysis Measured signal

) 1a TFA Time-Frequency Analysis Residuum

P 12 PLAY Audio Player

»[1b TRF IMD nearfield (_test 2 cm - 0.17 ¥) with (> 10 order)|

P 1b PLAY Audio Player

) 1b TFA Time-Frequency Analysis Residuum (1)

Stepping impulsive Distortion at nearfield r=2cm (1)

§ 1 - TRF transfer function - [0.10 V]

) 1 STER Parameter Stepping

P 1 TRF IMD nearfield (r_test 2 cm)

) 12 - TRF Equivalent Input Distortion - [0.10V]

? 1b - TFA Signal Response - (0.10 V]

) 2 - TRF transfer function - [0.20 V]

) 2a - TRF Equivalent Input Distortion - [020 V] B 200 . 5 o
) 2b - TFA Signal Response - [0.20 V] : w2 o " oF 1 " o o o ! Fw!;Jw:'\Hj " ! o
30V) v

——— Fundamental

L KLIPPEL

ToT 7

L:

Wt

) 3 - TRF transfer function - |
<

o \Part 10 Impulsive Distortion\1 impulsive Distortion (> 20 order) at Umax=0.17V .. =

oo x®@B~-0-~ Instantaneous crest higher order distortion (ICHD) Playback
O Impulse Response ~

normaized fto maximum absoiute valus)
O Energy-Time Curve

O Step Response

B fundamental + Harmenics
[ Harmonic Distartion

O H (f) Magnitude

O H (f) Phase

O H () Nyquist

O H () Minimal Phase

xoess Phase

KUPPEL

Total Delay

O Cumulative Decay

O Wigner Distribution
O senograph

O Stimulus () Spectrum
O ¥1 (f) Spectrum

O ¥2 (f) Spectrum
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3D Limits in End-of-Line Testing

LIMIT MODE (GOLDEN REFERENCE Device)

3DL - Spectrogram

3DL - Limit

HuRY
—
2

neeesBERAASRT §
YT EEEEELEL]

H
-l 3
7 gw
i E
HH
-]

Limit
calculation

UEEREN

UELESHNRRRITAUR
HERRABINEAGEYY

1
e
N 4
31 7’
S ’
25 7
2 e
19 4
28 000 4
4
d
e
4
s w0
' 3%
7 =
7 ES
Vs 0
7 a2
s

Exceedence(f, t) =SPLea(f.t)-Limit(f,t)

BE820338a

Classification:
PASS: negative exceedence value (green)
FAIL: positive Exceedence value (red)

FER R L EEEY ¥
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3D Limits in End-of-Line Testing

On-Line MODE
(DUT without defect)

3DL - Spectrogram ‘
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3D Limits in End-of-Line Testing

On-Line MODE
(DUT with defect)

FAIL

3DL - Spectrogram gr-

Statistics:

-w:wm Vot

" °‘0. -

EABRRBEEE S

S

Frequency ||
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Measured SPL(f,t)
Exceedence(f,t)
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Tools: Using dedicated software modules of the KLIPPEL Analyzer

Demo

« QC Software (SPL Task with 3D limits)

& KUPPEL life JBL Go version 6 - dB-Lab 210.821
Project

Edit View Operation Extras Tools Window Help
sl |d-se|ladrmzl|@y|ls- o

| =

@ 1c - PLAY Residuum - [0.10 V]
& 2b - TFA Signal Response - [0.20 V]
& 2c - PLAY Residuum - [0.20 V]
&8 3D - TFA Signal Response - [0.30 V]
-8 3c - PLAY Residuum - [0.30 V]
- @8 4b - TFA Signal Response - [0.40 V]
@ 4c - PLAY Residuum - [0.40 V]
3 QC Fast EoL Testing with 3D limit
@ 1QC Golden DUT 1s
@ 2 QC Defective DUT 15
@ 3 QC Fast Test Golden DUT 0.55
U-14 QC Fast Defective DUT 0.5s (1)
@B 5 QC Fast Test Golden DUT 0.5s highpass
- @8 6 QC Fast Defective DUT 0.5s highpass (1)
- work
[ Part 11 Wireless testing
(X Part 12 Benchmarking
2 Part 13 Auralization
(2 Part 14 Tolerances for Distortion
(2 Part 15 Rating SPLmax

T
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Summary

IESZ(ES (chirp) RITNAEENKEIESE REHEYEUAD

A sinusoidal signal (chirp) is a very sensitive stimulus for irregular distortion

ERRBAZ=XAHET TS

Use a sensitive microphone place in the near field

ERNEREERE (FR)

Inspect the distortion (reS|duum) in the time domain

RERIRANIRE

1|&'§ >

Search for the root cause and fix it

R IMIE R R EHE B RRHE

Listen to the up-sampled distortion signal to inspect the fine structure

ANEEETIATRPEER

BERISEE)

TTEER (KREHEFENREREH

Do not ship a defective unit to a customer (most

irregular distortion become worse over time) !
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Open Questions

ZBrIALE, BANERERAEIIBABER I TN, T TEHFE
EFREMNARNIAIREE?

Up to now we have used the conventional analog input channel for testing. How can modern equipment with
a digital and even a wireless input be tested ?

H1LEAM ST =/

The next 11th KLIPPEL live webinar entitled

AR LB S AR EZ &b

Pitfalls in Testing Wireless Audio Devices (July 22nd)

4 118 will address the points:
FHIB)RAMESS, overview on new problems

» MEERETHATSRIRTRE, KFRER., 5, TRl

Coping with long and variable time delay, sample rate drift, dropouts, glitches

*  WAHEERINAIS3DEEN AT TRIBIEMLNE

How to perform accurate phase measurements required for holographic testing and 3D sound application

»  BERSCAAYR&DANQCL UnSefiRR I3

Simple and practical solutions for R&D and QC end-of-line
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Next Section

Modern audio equipment needs output based testing
Standard acoustical tests performed in normal rooms
Drawing meaningful conclusions from 3D output measurement
Simulated standard condition at a single evaluation point
Maximum SPL — giving this value meaning
Selecting measurements with high diagnostic value
Amplitude Compression — less output at higher amplitudes
Harmonic Distortion Measurements — best practice
Intermodulation Distortion — music is more than a single tone
O Impulsive distortion - rub&buzz, abnormal behavior, defects
ASK KLIPPEL TEAM (July 1st)

---- break ---
11. Pitfalls in Testing Wireless Audio Devices (July 2219)
12. Benchmarking of audio products under standard conditions
13. Auralization of signal distortion — perceptual evaluation
14. Setting meaningful tolerances for signal distortion
15. Rating the maximum SPL value for product

"’@90.\'9’9":“.‘*’!\’!-‘
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