Acoustical Distortion Measurements

Parts 6-10 of the KLIPPEL- live webinar
Acoustical Measurement of Sound System Equipment
according IEC 60268-21

presented by
Wolfgang Klippel
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Generation of Signal Distortion in an Audio System '%}‘r
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10" KLIPPEL live:

Impulsive distortion - rub&buzz, abnormal

behavior, defects

<> H F 7 Topics today:

o EAEEH AR R PR

Overview on irregular properties of audio devices

- 1R92 IEC 15 20268-21 #E{THIE

Measurements according to IEC Standard 20268-21

- FEAkELEHE

Measurement of impulsive distortion in the time domain
- GEEYEAERIEES]

Combining physical measurements and listening
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Desired and Undesired Components ?
Generation of Signal Distortion in an Audio System

DIQ

Stimulus > E[I D S MGS:?gsrl]J;ed
e ¢ > Output
Signal " Signal
= u@® Regular linear g
distortion
Desired Small ’ Llne:r Mlodel J
(e) HEhe

Signal Performance _
variant

Time-Variant
Undesired time _» | Model Hs,t) d,(t)

variance (heating n(t)

Nonlinear Regular
> Model dn(gnlinear
Desired Large — né?stortion -
Signal Performance (| Unpredictable Excessive

(motor, suspension) w d,(ynonlinear
distortion

Undesired Defects
 Rubbing coils , buzzing parts
* Wire beat, coil bottoming

« Loose particles, air leak noise

« Parasitic vibration of other components
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FFEE Poll:

A Al R ARG S A E A A R AR B
How do you find and evaluate the rub&buzz and other irregular distortion ?

7 a2 4% By listening with music

F#HfmiH+¥EManual sweep + listening

AR MEERpE + 48:E 725 H (THD) Chirp + Total harmonic distortion (THD)
AVMEEESE + =2GE ) Chirp + Higher-order harmonics

SRMEERAR + Bplgor A (B3R T ~ AkfEo< Bt ) Chirp + Time domain
analysis (Time-Frequency Analysis, impulsive distortion analysis)

moOw2>
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Searching for a Critical Stimulus
Audibility of Voice Coil Rubbing

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

Signal Stimulus Output Output Output
1V 2V 3V
Music PRl
( ¢ ¢ ¢ ¢
Multi-Tone o~
20Hz-20kHz | { i} ¢ ¢
Multi-Tone s =
20 Hz - 1 kHz ( ¢ ¢ i} «
el clear audible
Sinussoidal P —(- ~ (
Sweep [ b P
1ls \\ _—_ @ @

Most sensitive Stimulus
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Stimuli less critical for Rub & Buzz

Frequency stimulus: music

-~ Sonograph
- TFA measured * 1/9. Wavelet dBFS
-
- KLIPPEL

3

&
<
Frequency [Hz]

Time 2
stimulus: Full Band Multi-tone complex

-~ Sonograph

: TFA stimulus full multiband distortion: Wavelet dBFS
-

-

Fraquency [Hz]

Time [ms)]

reproduced music at 3 V

Sonograph

music (1): Wavelet dBFS

symptoms above 5 kHz

13 ' : )

Frequency [Hz]

02 04 06 08 10 12 14 16 18

reproduced Full Band Multi-tone complex

-~ Sonagraph

— TFA reproduced full multiband distortion: Wavelet dBFS
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=
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Frequency [Hz]

Stimulus:

multi-tone distortion low pass 1 kHz

RS R

FFHE

Stimuli critical for Rub & Buzz

Sonograph
TFA slunmus multitone 1kHz. Wavelet dBFS

Stimulus: sweep

500
Time [ms]

Sonograph

TFA stimulus sweep (1) Wavelet dBFS

500
Time [ms]

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

-
- TFA reproduced multitone 1kHz (1) Wavelet dBFS
- i g
- | i
' \

&
]
Frequency [Hz)

Time [ms)

reproduced sweep at 3 V

-
- Sonograph
-_— TFA reproduced sweep: Wavelet dBFS
i { { " » K P o
+f Ve . 4

] m|
I<llu “h‘ll

100 200 300 400 500 600 700 800 900
Time [ms]
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Basic Requirements to detect Irregular Loudspeaker Defects

Generation Measurement of )
of Stimulus I|| \ WP Siate Variables | %] Analysis  ——p Symptoms

o FTHEHEIRME (% x M/ v MI/EREE a) > FIBEHEEFTA R

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

o REHHERGEAELEIN > FEEBIIE O E

Most defects only produce acoustical symptoms — Sensitive microphone required

o GREEASHETE > [RBIEERIEA G EER 2w B (S 5k

Defects produce high frequency components — Low-pass filtered stimulus and high-pass
filtered microphone signal

o SRIEGIIUNIRRIRE > B RFETFEIITE (I HIE )

Defects are similar to ambient noise - Microphone is located close to the source (near-
field measurement)
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Rub&Buzz, Defects, Irregular Behavior

FEARSymptoms

HRIERE - ARy - Zafzess - FEUngRZClicks, impulses, tone burst, modulated noise
IR F1/ NS MR {E Low power and small rms value

B e VEE{E (k) higher peak value (impulsive)

AL LR (RN EEE ) Broad band spectrum (not only harmonics)

EEINEFRONIE R T Special measurement technique required:

&R AT (TBESEA%y ) Time-frequency analysis (amplitude spectrum not sufficient)
TEAlsSRERYESE 7 Time domain analysis of the fine structure

A ESE (fl40 1IEC 60268-21 HiE FAVAKE ZSE ) New distortion metrics (e.g.
Impulsive Distortion as defined in IEC 60268-21)
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Analysis Techniques
for abnormal sound generated irregular behavior

THD
_ Amplitude Spectrum
Spectral Analysis _
(Fourier Transform) Higher-Order
Phase Spectrum Harmonics

Time-Frequency Analysis
(Wavelet Transform)

Time-Domain Analysis
(Modeling, Highpass filtering)
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Simple Approach
exploiting amplitude of higher-order harmonics only
SPL 4, | +amplitude
E ' spectrum
i higher order E
! harmonics '
i\ y:equency
. Y ]
Higher-order harmonic distortion RMS value of
Are defined in IEC 60268-21 Higher-
harmonics

2 PROBLEMS:

o [E¥EHEEMEARBUS Sensitive for deterministic symptoms only
o FHEEE A BT 7K 2each harmonic is close to the noise level

o HIEAHUER AR R N EUElinsensitive to loose particles and air leakage noise
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Demo: Higher-Order Distortion

Tools: Using dedicated software modules of the KLIPPEL Analyzer
« DIS 3D Distortion

200m
100m
50m

20m
10m
5m

2m
im
500p

200p
100u
50

20u
10

Voltage Level / dB (re 1V)

TRF Transfer function Measurement

Y1(f) Spectrum
f1=10000Hz U1=017V
B Distortion [l Fundamental

Higher-order Harmonics>

2k 4k 6k 8k 10k 12k 14k 16k 18k 20k 22k
Frequency / Hz
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Reduced
fundamental
increases
relative
distortion

Signal at IN1/dB (re 20 pPa)

Distortion / percent

HOHDHY & &
Noise Problem of HOHD

Fundamental + Harmonic distortion components
absolute SPL frequency response

I Fundamental [ THD 10th 11th 12th 13th 14th 15th
16th 17th 18th 19th 20th 21th 22th 23th

24 _ HOHD
/’m— \

W

KLIPPEL

fundamental

100 200 500 1k 2k 5k 10k 20k
Frequency [Hz]

Harmonic distortion (relative)

Signal at IN1
s THD 10th 11th 12th 13th 14th 15th 16th
17th 18th 19th 20th 21th 22th 23th 24th

100 200 500 1k 2k 5k 10k 20k
Frequency / Hz
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R HOHD rhpyisas
Coping with Noise in HOHD

Fundamental + Harmonic distortion components Fundamental + Harmonic distortion components
absolute SPL frequency response Signal at IN1 [1e-05 V]
s Fundamental . THD 10th 11th 12th s NOISE (No stimulus) s THD 10th 11th
13th 14th 15th 16th 17th 12th 13th 14th 15th 16th
18th 18th 20th 21th 22th 17th 18th 19th 20th 21th
23th 24th mmmm HOHD 22th 23th 24th mmu HOHD
110 110
100 100
. fundamental .
80 80
70 70
g g
s THD L
£ 50 L 5
3 3
s : » fundamental
%—E 30 %—E 30
o o
% 20 @ 20
10 0 !
HOH | THD
: D 5|
., HOHD
100 200 500 1k 2k 5k 10k 20k 100 200 500 1k 2k 5k 10k 20k
Frequency [Hz] Frequency [Hz]
Distortion measurement (with stimulus) Noise measurement (without stimulus)

© BTERSMYRRERHIE T CERE Y HOHD ffidx

Perform additional noise measurement and compare absolute HOHD curves

«  [EASE TEZETTE (GBS BT TERIEIREHE SBRIRIRE e

Parallel ambient noise measurement with 2nd microphone (in far field) 2> Ambient Noise Immunity
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Analysis Techniques
for abnormal sound generated irregular behavior

THD
i Amplitude Spectrum
Spectral Analysis _
(Fourier Transform) Higher-Order
Phase Spectrum Harmonics
Projections
(peak values
Spectrogram (Energy | (versus spectral
Time-Frequency Analysis spectrum versus time) frequency and time)
(Wavelet Transform, Short-time —
Fourier Transform, Filter bank) L___, Phase spectrum :
> versus time TFA Metrics (3D
limits)

Time-Domain Analysis
(Modeling, Highpass filtering)

KLIPPEL-live #10: Impulsive Distortion, 18 <+ >



TFA £
TFA Methods

S E 5 Short-Time Fourier Transformation

o RTINS WER Z HYHTEE poor compromise
between frequency and time resolution

o FIMFFTRGE EIHSimple implementation by FFT

R 2240 Filter Bank

s S RO 22 (40...120)Discrete number of
filters (40...120)

o fHYEMTE (1/ 3 {Z#EF2) Relative bandwidth (1/3rd
octave)
o  REIFHVHHE /T HERGood time resolution
o ifTEEHEParallel processing
/N Wavelet Transformation
o FERAINFR S HER > R B iFHT7EGood compromise
B SESTEE NI between frequency and time resolution
- o H[HHYPREREAFast algorithms available

KLIPPEL-live #10: Impulsive Distortion, 19 <+ >



Spectral
frequency

N
f

S

o (N

JReEE LREF (fg,fe)
Spectrogram Lgge(f.,fg)
generated by an wavelet transform

3DL - Spectrogram

time

Instantaneous excitation frequency of the chirp
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Time Frequency Analysis

Sonograph

TFA reproduced sweep: Wavelet dBFS

ek Ti Al o il o e G Tk e
-40 1 l“‘ i l'I| 4 :
43 104 i . >
46I Wil l Hl i\ ‘
49
52 ’ ‘ ' ..'.'Q'MW 3

N tlmw

- - . &« = =
73 . | “ : #

Frequency [|

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

Elf}ﬁﬁ?l?ﬁ (TFA) Time-Frequency Analysis (TFA)

/N F7 8 Wavelet Transformation

- PERAINS R SR R AR (T 7EBest compromise between frequency and time resolution

- EEE=E (JEE(EE) Energetic metric (amplitude information)

- AEREMEMER (B ey A kg alsERE 32 )Phase information is not used (Most fine structure in
the time domain is lost)
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Chirp Stimulus HY TFA fiZfE
Interpretation of a the TFA of Chirp Stimulus

Time-Frequency Analysis (TFA) applied to a reproduced sinusoidal stimulus (Chirp) with sweep
speed profile

Sonograph
TFA reproduced sweep: Wavelet dBFS

-
q4
-
-
¥
r
Ty

e "V ¢
~ mi—uK

-
-

55 g -

,Zis s ‘ ‘ lﬁ' the

o4 WE 10 esponse
57 2aker, room

Frequency

| T 100 200 300 400 TimZO[?nS] 600 700 tlm@Ot 9 900
Period length excitation frequency f 2>

Abnormal sound occur as an impulsive fine structure within one period of the chirp
It covers a wide frequency range (not only at harmonics of the fundamental)

N
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aEEDemo: Time-Frequency Analysis

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

 TRF Stepping

 TFA (time frequency analysis)

@ KLIPPEL life IBL Go version 6 - dB-Lab 210.819 - a x
Project Edit View Operation Extras Tools Window Help
-] ¢ - ™ A KRB E H| S elctdevice) -
8 Harmonics ~lo = lEl3 e = ol
9 Intermodulation =
o1 ve Distortior Spectrogram Fundamental + Harmonic distortion components
sive Distortion BQUANCY ANBIYSIS MERSUNE SIGNMY: Waveiet JBFS Signal atin
im Distortion (> 20 or ’ 7 i
mpulsive Distortion (> 20 order) at Umax=0.17 V nearfield r=2¢ Fundaments o ot Hamanic ¢ Harmone
} 1 TRF IMD nearfield (r_test 2 cm - 0.17 V) with (> 20 order) = = = = Fund. mean 10 Absolule PHD = FHD limit (4008

¥ 12 TFA Time-Frequency Analysis Measured signal
§ 1a TFA Time-Frequency Analysis Residuum

I 12 PLAY Audio Player

M[1b TRF IMD nearfield (r_test 2 cm - 0.17 V) with (> 10 order)]
116 PLAY Audio Player

¥ 1b TFA Time-Frequency Analysis Residuum (1)
Stepping impulsive Distortion at nearfield r=2cm (1
¥ 1 - TRF transfer func 0.10 V]

¥ 1 STER Parameter Stepping

P 1 TRF IMD nearfield (r_test 2 cm)

¥ 1a - TRF Equivalent Input Distortion - [0.10 V]

P 1b - TFA Signal Response - [0.10 V]

¥ 2 - TRF transfer function - [0.20 V]

} 2a - TRF Equivalent Input Distorticn - (0.20 V]

L KLIPPEL

0o 2o so0 1. 2 sk o 20
} 20 - TFA Signal Response - [0.20 V] Froquency 2l

P 3 - TRF transfer function - (030 V] v

3 & @ \part 10 Impuisive Distortion\1 impulsive Distortion (> 20 arden) at Umax=0.17V .. (=) e | (O = [E &3
oG x@(8-0~ Instantaneous crest higher order distortion (ICHD) Playback

D Impulse Response ~

6 normalized (o maximum absolute value|

O Energy-Time Curve

DO Step Respanse

B Fundamental + Harmenics
O Harmanic Distortion

O H(f) Magnitude

O H(f) Phase

OHM N
O H (f) Mini
O H (f) Excess Phase

D) H (f) Excess Delay

O H (f) Total Delay

O Cumulative Decay

O Wigner Distribution

O Sonograph

O Stimulus (f) Spectrum E
O Y1 ({f) Spectrum hd
O Y2 {f) Spectrum

KUPPEL

200
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HF 3k 7
Time Domain Analysis

Modeled and measured response
Signsl at IN1
Bacidial

—_— e —_—

Modeled and measured response

Signal at IN1 0,00 . s a 3 HeEL
Residuum in Time domain
0,00
= 0,004
:
= 0,002
0,000 w
-0.002
:
= -0.004
:
7 -0.006
:
a8 -0.008
:
k- 155 180 185 170 175 180 185 130 185 200 205 210 215

Time [ms]

i

Spectrogram
4~ TFA Reesiduem - [0.40 V- Wennsiet dSF2

o
=
&1
4
&7
L)
Tz
e
o -
= %32
= &5
e -x
= &8
= = 5
.. o2
e =1 E
- a7 g
.:: 00 NE
= -0z WE
= e W=
= Al
= -0
- A1z
<5 iz
<
T
@ /
e /7 ‘e
s
=
-
=
s
T

Madelled signat

Time 31

H
PhidAdadanedd

Residuum in sonogram

a1 oz (] o4 os =X~ o7 [H] o9 10 1.1 12
Tiene (5]
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d 5T
Time Domain Analysis

SPL 4 1 amplitude
f Spectrum ST Analysis Techniques:

higher order | - R (JRERMEEEFE) Residuum (nonlinear modeling)

namonies 4 - SiEJEJF High-pass filtering

1 TR +  fR#E IEC 60268-21According to IEC 60268-21

f'{equency

0 e e S 2 FIFASRE R RIFTA IR > B AR AR fir

! 1 spectrum Exploiting amplitude and phase of higher-

: ' harmonics and all non-harmonic components

0 O ° > B EET/ ISR (HIEEE ) Peak value reveals
small transients (clicks)

> YFrE s EaEUE Sensitive for all

FFT? loudspeaker defects

180 -

REZ Bt asthla g E 4 B A R N B HIAKE < Emost

peak-value ==~ loudspeaker defects generate impulsive distortion with

rms-value h|gh crest factor
time bUt
EHGE R E - BRNE vo R B A AR N &
RMS value Peak value regular loudspeaker distortions, electrical and microphone
(MID) (ID) noise have lower crest factor

-

Crest factor
CID KLIPPEL-live #10: Impulsive Distortion, 25 <+ >



Peak value Contra rms-Value

Measurement technique defined in IEC 60268-21

P - N
{ 4 )
~ o . high-pass High-pass filtered
sinusoidal electro-acoustical _cut-off frequency f> 10f Distorti
generator System 7 \\ IStortion
4 ( @ J f rms value
micro{hon P (MID)
— tracking squarer
<, > > O I filtﬁr | integrator :
Drive : crest factor
( A o (CID)
[ |
R T T T T T T T T T T — - dgti?:lt(or »Opeak value
Single tone with varying  instantaneous frequency f (ID)
frequency f (chirp)
ARELE (ID) B A SR IR
sk value (D) (B EE - Bk HUBEE & |

Impulsive Distortion (ID) is a sensitive
measure for most irregular defects such
as ,rub and buzz®, loose particles !!

rms value (MID)

100 1000 10000
Frequency [Hz]

KLIPPEL-live #10: Impulsive Distortion, 26 <+ >



= RN K BRI PRI (CID)
Crest factor of high-pass filtered distortion (CID)

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

Ml D( f ) Rrns-value averaged over one period

i: [n‘\ H rub & buzz, other disturbances |

Ez P R A S S P
a1 1 P v o 12 dB

" :/\ I / | H H/ : \ A regular d;\o/rlior: / / A

> (i eguar g |

50 100 200 500
Frequency [Hz]

CID T DUAfE4E % K E Ff#EFE | CID can be interpreted on an absolute scale !
CID FIFHFTE = E5 2MYFEAL(E 2. CID exploits the phase information of all high frequency components
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AT % LB E EELIRRE (S 50

Impulsive Distortion mapped versus State Signal

Instantaneous crest factor of impulsive distortion (ICID)

good 12i4s bad

A +“ 10 KLIPPEL
e = 05 r
) — y
: 2 | = 7@
& g =
O L __ - < |- ..Z. =)0 A e e e e e e o e e o o e e e o e e o
Sl a s
©
o _8 >
K2 S ? 05
A o
0p)
+‘7 -‘7

100 200 500 1k 2k
Frequency [Hz]

Frequency of sine sweep

A 4

time
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ARRRTER 2l CR—(E 51T

Diagnostics on Irregular Defect (15t example)

Instantaneous crest harmonic distortion (ICHD) Instantaneous crest harmonic distortion (ICHD)
02 4 0,4 -
13 _F g1 13 __F 027
1= 1=
3§ 009 3§ %0
1 E 1 E
5 8 014 5 8 .02
3 2 i 8
a7 7 g2 a7 % gad
21 -21
25 25
28 20 50 100 200 500 1k 2k 28 20 50 100 200 500 1k 2k
Frequency [Hz] Frequency [Hz]
Instantaneous crest harmonic distortion (ICHD) Instantaneous crest harmonic distortion (ICHD)
0,4 0.4
3 F 02+ 13 F 5o
1 8= 1=
3 £ 7 3 I 7 i
A = 3 g
5 2 .02 5§ 021
P P
47 2 a4 47 5 044
4 (e PR AL, L.
29 20 100 200 500 1k 2k 28 20 50 100 200 500 1k 2k
Frequency [Hz] Frequency [Hz]

&4 Conditions:

IEE I AE fs LT -0.5 mm Peak displacement at -0.5 mm below f |:> Root Cause: Bottoming
=~ 0.9 V Bl EE BX Above a terminal voltage of 0.9 V
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Diagnostics on Irregular Defect (2" example)

Instantaneous crest harmonic distortion (ICHD) Instantaneous crest harmonic distortion (ICHD)
2.0
1,5 24
13 _F 10 5 _E
1 8= o5 nFEN] \
% £ 00 3 % o l
5 8 .05 ;, g
aE . 3 BT
a7 2 L=
-M -1,5- - 24
-25 -25
i} 20 5 100 200 50 kX 28 20 50 100 200 E00 1k 2k
Freguency [Hz] Frequency [Hzl
Instantaneous crest harmonic distortion (ICHD) Instantaneous crest harmonic distortion (ICHD)
3_ -
4 l 3
_ 2 L\ _ )
13 W E L 13 . E 2 4 i
1 % 14 \ \\“ 1 % I \“
3 E o, gt W 3 E o p
A E 1 E -
58 53
a3 B E?
a7 © 2 a7 °
21 21 4
25 -3 25
- 20 50 100 200 50D 1k 2k = 20 50 100 200 500 1k 2k
Frequency [HZ] Freguency [Hz]

&4 Conditions:
“FE R HEE fs fYIEETEL
Positive turning point of voice coil excursion above f |:> R ; . , :

— , ppedyiy oot Cause: Voice coil Rubbin
AN > EER J
*maximal acceleration - Tilting of voice coil former

JEIIAMILFS independent of displacement
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5 BRI SR 15 2
Loudspeaker Defect or Noise ?

dB
= | ER r
130
. | " Lkhwr
120 —+—— {4 R —
Impulsive distortion - THJ[iff N\ ?S not an
ratio (IDR) is defined 110 T T L
in IEC 60268-21 oo £ 3rdIDRY| | | 2nd \ i:ld'br']“tl)é (-40dB)
o , AT threshold !
el , _ \\ _”,m"' ” ﬂ U ﬁ«\
%0 - 4 JD p DN ‘
o ——— — Al N — _I Y N I il _\U. -3 —IDR limit+ += HY
= MID | \ | N \
o & . ‘\’\ VYA
- \ |l W
50 = | VW/ m\M
40 —L |

10 20 50 100 200 500 1k 2k 5k 10k
Frequency [HZz]

Check for coincidence !
(microphone noise is not
impulsive)

1. Impulsive distortion ratio IDR > -40dB
2. Crest factor of impulsive distortion CID > 12dB
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Batch of TRF measurements

Instantaneous crest harmonic distertion (ICHD)

BV ., :

Instantaneous crest harmonic distortion (ICHD)

8V N TS

FFFFFF y [Hz]

Instantaneous crest harmonic distortion (ICHD)
4

10Vl

50 100 200

Instantane%us‘c,’r;s.t Hdmlomc distortion (ICHD)

BT
Characteristics for Diagnostics
Single-valued parameter derived from PHD and CHD

Fundamental + Harmonic distortion components (SHAPED STIMULUS)

Signal at IN1

=== Fundamental ====== THD === 2nd Harmonic === 3rd Harmonic

I Absolute PHD === == Fynd. mean (100 to 500 Hz) [N BN PHD limit (-40dB)

130 4 1
. 4N 12V
120+
5 . \
110 e
P\
gloo '40 dB M R
jggo \Q\ i,'l ; : ! U/
3 80 .-___;__\.E_ “’Nﬂ -..-_;':.L_____ =
- ™M L “ Nl J
" \ /W\
s fl’&b \/ (.[ g T \VA\A../
ot | LI A\ |
10 20 50 100 200 500 1k 2 5k 10k
Frequency [Hz]

44 =
12V et

13 _E o a

11 E 29 N

-

6 % . v

1 R

4 &

ER

14 8 5|

EER

24 o

2 20 100 200 500 1k 2k

Frequency [Hz]

y

CHD > 12dB
impulsive

v

_ Significant
" defect (R&B)

PHD > FUND, ., - 40dB

high amplitude

Conditions:

Rms Voltage U, = 12V

Peak displacement X g,= 4mm
Frequency f, = 65 Hz

Inst. Displacement X;, g, = 3.8 mm
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Fine Structure Analysis

Modeled and measured response
Signal at IN1

Modeled and measured response
LLLLLLL Signal at IN1

" Re il | | .
Ec’l ‘H““ “” | | I
MHW E wﬂ!\M MMWM w‘MJ‘“m‘n{ﬂulwﬁ\\llw \\‘\M - W Ul"ﬁ ‘d{
‘ - . Signal 0,004

1) Mapping the residuum (instantaneous crest 2) Human ear listening to the
factor ICID) versus transducer state upsampled residuum (slowdown
» Voice coil displacement factor 10)

* Sound pressure (acceleration)

Instantaneous crest harmonic distortion (ICHD)

- : I“ i \

3 [Liuss ."‘”‘NM"M**‘”WPf‘“‘*

50 100 200 500 1k %

BRBBI2 2y aaud
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EpDemo

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)

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

- a8 x
Project Edit View Operation Extras Tools Window Help

e ¢ - B Q fe B | & H | S (select device) -

f& Harmonics o ez = E =
8 Intermodulation =

10 Impuisive Distortion ke Spectrogram . Fundamental + Hﬁn’r\umc glstcn\un components

! 0 me-Fracuancy e signal atim1

impuisive Distortion (> 20 order) at Umax=0.17 V nearfield r=2c e e T e g Harmenie

¥ 1 TRF IMD nearfield (r_test 2 cm - 0.17 V) with (> 20 order) = = = = Fund. mean (100 Absolute PHD == PHD limit (-40dB)

} 1a TFA Time-Frequency Analysis Measured signal T
} 1a TFA Time-Frequency Analysis Residuum

I 12 PLAY Audio Player \

M[1b TRF IMD nearfield (r_test 2 cm - 0.17 V) with (> 10 order)] |

P 1 PLAY Audio Player L
¥ 16 TEA Time-Frequency Analysis Residuum (1) g

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

¥ 1 - TRF transfer func [0.10v] F

} 1 STEP Parameter Stepping B

P 1 TRF IMD nearfield (r_test 2 cm) Wt
} 1a - TRF Equivalent Input Distertion - (010 V]

P 1b - TFA Signal Response - [0.10 V] .

} 2 - TRF transfer function - 020 V] = :

¥ 2a - TRE Equivalent Input Distortion - (0.20 V] - . . -

} 2 - TFA Signal Response - [0.20 V] " : o8 e 1 " o o o ! Fw!;Jw:'\Hj " ! o

P 3 - TRF transfer function - (0.30 V] v

3 & @ \Part 10 Impulsive Distartion\1 impulsive Distortion (> 20 arder) at Umax=0.17 V .. = [E &3
oG x@(8-0~ Instantaneous crest higher order distortion (ICHD) Playback

O Impulse Response A . normsized fto maximum sbsoiue valus)

0 Energy-Time Curve

O Step Respanse

B Fundamental + Harmonics ' o " KuppEL
[ Harmanic Distortion ; 08

O H {f) Magnitude s 08

O H () Phase » A | 0

OHO N

[ H (f) Minimal Phase - |

O H () Excess Phase

O H (f) Excess Delay *

O H (f) Total Delay .. 04

O Cumulative Decay '

O Wigner Distribution ]

O Sonograph 98

O Stimulus () Spectrum o

B ¥1(f) Spectum 200 k B 00 02 04 0 08 1.0 12

O Y2 {f) Spectrum
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& HlE AR EY 3D [RH]
3D Limits in End-of-Line Testing

LIMIT MODE (GOLDEN REFERENCE Device)

3DL - Spectrogram

3DL - Limit

BHRY
o
2

sepedREiiignng

: H &
E o
Limit -
calculation
s Z
43 =
. ) 7 =
: o
b i P
2% 7’ 0
» s
19 00 , 7’
e
” e
e
4
e
e s
e S
’ bd

Exceedence(f, t) =SPL,.s(f,t)-Limit(f,t)

SHEENRIA vsboumonnan®

Classification:
PASS: negative exceedence value (green)

FAIL: positive Exceedence value (red) “

000 005 0,10 015 020
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oIl R

o e

& HlE AR EY 3D [RH]
3D Limits in End-of-Line Testing

On-Line MODE
(DUT without defect)

3DL - Spectrogram j‘;

3DL - Exceedsnce

haRRNBUNES

mumnr.)' Mz)

&

Measured SPL(f,t)

CEREEREEEFFE R E L LS

Exceedence(f,t)

000 005 0,10 015 020 025 00 035 04 04 030 72 o
Time (5]
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= =

CPRRBREBRE S -

GRRRNEYRISELELLYBRRI YN

& RS Y 3D PR
3D lelts In End-of-Line Testing

On-Line MODE
(DUT with defect)

FAIL

3DL - Spectrogram ?T_

Statistics:

-wuoam /oty

" °‘0. -

ABURBHLEE S

e -

Measured SPL(f,t)

FEREETEE X F 3R E 11T T SO GO o

Exceedence(f,t)
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Example: Physical Evaluation of a Defective Speaker

Spectrogramm
Lour(fs,fe) of the DUT

3D-Limit T(f,fp)

: {
all o

spectrogram of the golden
reference unit + 10 dB

Loose Particles (one grain of salt)

¢ Exceedence = Ly (f,fe)-T(fs,f)

A "—"'----3:.;;:1 oe~-\‘
AN
\\\ i I
1 ] 1
7 7
i i
\ S
. \~‘-——-/
Maximum =
over fg
A 4 - -
———
o7 |y
- 1
. ’
/ 1
IS ¢ |
= I |
°© .l [ - >~

rrrrrrrrrrrrr

»

»

to 2D-plot versus

spectral frequency f

ﬁ_-n--~

7 ~N
ﬁ%i\\
N h
R 1
~ —
S -+
‘N——'
Maximum 5 :
overfz 71
a
(ap]
fE

Excitation Projection to 2D-plot versus excitation frequency fc
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[dB]

I B GRS E as Y YEE R
Example: Physical Evaluation of a Defective Speaker
Loose Particles (one grain of salt)

Maximum of Exceedence Impulsive Distortion (Rub+Buzz)
in the spectrogram generated by Measurement in time domain by using a
auditory filterband projected versus high-pass filter according IEC 60268-21

excitation frequency

o . . = Frequency Response = = = == Response Max = = = = Response Min
3DL - Excitation Projection mmmmm THD o oo s THD Max s RUb+BUZZ Max
I 3DL Limit Exceedance  mm mm mm = Max Limit I T T T T 17177 e
130 s KLIPPEL
A KLIPPEL S
110
10
100
23 dB T S
P . 2 g9 7 ’
5 sensitivity e
7]
g 80 30 d B
S e
o 5 senS|t|V|ty
S 70
60
5 v
J "MJ\J 50 Rub+Buzz
W 40
-10
102 103 104 102 103 104
Frequency [Hz] fE Frequency [Hz]
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Merging Technique

repeating measurement automatically and accumulating valid parts

Ambient noise generated by permanent hand clapping
> \ - \ /7Aﬁ /—/% “Hx;\\

125 /‘\/\/\/

=t " 28 % valid
T erequency “thz e
r—“_—_\-__
o \/%
g T T—"—_/l— 100% valid —— PASS
é 75 = \/_-!‘7./\\_/_.\‘_”‘/\“\/‘/\/\ . ml-:';sponsn
‘ _ Full immunity against random noise
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Sound Quality in the Car Interior
Noise immunity at a car assembling line

#r dB-Lab Pro 202.87 - QC 2.8c D@lﬂ

Project Edit View Operation Extras Window Help
S = R &
- ) 0. [O1X) C[OX)
U Jcart |, r, |+r, 90dB ‘ - = = = =
& oC 3 3 L% 110 KLIPPEL
% Progress in Data Acquisition
L] 100 R
7111\ A
< left - Frequency Response 90 \ [ N
left - Average Level ‘ A \ A~ /N I
« fundamental [ | A A4
) oy \ p
2 70 \j

left - Rub+Buzz q,

right - Frequency Response H
BrEx® B8m right - Average Level e
Chart 1 right - Polarity =
O Chart 2 right - THD § 0 Szt
Chart 3 right - Rub+Buzz 2
S EE::E‘; left + right - Frequency Response 40
O charte left + right - Average Level
O Chart 7 left + right - Polarity 30
O Chartg left + right - THD
Summary left + right - Rub+Buzz 20
Control Panel
stﬁgig Pass: 5 Fail: 2 Test: Measuermvv m s e

1 1
@ Microsoft LifeCam s X - > Frequency [Hz]
CIoX|
— - — ) |
[ . left - THD left - THD Max right - THD.
ambient noise source 33 ) e

KLIPPEL

elative Distortion [%]

T 10 =4

Frequency [Hz)

Ready =3 147 E¥ @ Measuerment A6 2011-08-03 (3.0 MB)

test microphone inside the car
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../../../../audiofiles/videos for demo/QC car/ni pass.wmv

| il It
Simulation of Door Buzzing

“r dB-Lab Pro 202.87 - QC 2.8c
Project Edit View Operaton Extras Window Help

N = R &
= ° i) C[OX]
= % ~ { 148, 29.679) e
QG left - Rub+Buzz s =
PASS ; T
100 Hr -ﬁ\;
\ A
90 \ ‘

left - Frequency Response f \ 2 ,f\\ ] L
left - Average Level 50 \ 7 N ’/ﬂﬁ»" H/»—\ \ J/’ \\;4‘ ,-“»/’”“\\J
left - Polarity % wl N | £ rel Ia B‘I/e o 3
left - THD . \/
left - Rub+Buzz g \
right - Frequency Response g 60 d eteCt 1on Of th e
right - Average Level a
right - Polarity 2 50 defe Ct
right - THD §
right - Rub+Buzz 40
left + right - Frequency Response
left + right - Average Level 30
left + right - Polarity
left + right - THD 2

m left + right - Rub+Buzz

Chart 1 ) 102 108 104

O cChart 2 Pass: 1 Fail: 8 Test: A6 2011-08-11

O Chart 3
O Chart4 ‘Number of Runs: 1

O Charts

@ Microsoft LifeCam

Name Value Min Limit Max Limit @ =N |
gt Average Level 90.9 83.0 99.0
O chart 7 verage Level 90.¢ 3. 99.
O Charts Delay 4.990 - S [SStp:::‘e]
Summary Distance 171.1¢| - =
Control Panel < ot = T
; ishow signal characteristics ( Sound Pressure - H :‘Ff]"”
Settings loft
O Scilab Log left) . = »
O Debug L i Jnout
N ‘Number of Runs: 1 1781
O Performance
O Calibration Waveform | Name Value Min Limit Max Limit [ vanuai sweep ‘ Manual Sweep
O Calbration Spectrum  § Ayerage Level 91.4 83.4 99.4 L idiad
O Programmer Info Delay 5.031 - " 2
! & > v
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EpDemo

Tools: Using dedicated software modules of the KLIPPEL Analyzer
* QC Software (SPL Task with 3D limits)

KLIPPEL life JBL Go version 6 - dB-Lab 210.821

Project Edit View Operation Extras Tools Window Help

sl |d-emla dEl|Efy|e-|o

@ 1c - PLAY Residuum - [0.10 V] ~ | @8 \part 10 Impuisive Distortion...| = | BES | @ \Part 10 Impuisive Distortion\3 QC Fast EoL T.. [ = || @] || 53 | | & \Part 10 Impulsive Distortion\3 QC Fast EoL Testing with 3D
& 2p - TFA Signal Response - [0.20 V] 3DL - Spectrogram 3DL- Limit
& c - PLAY Residuum - [0.20 V] @ ~=pectiod _
@8 3b - TFA Signal Response - [0.30 V]
@ 3c - PLAY Residuum - [0.30 V] art . -
@ 4p - TFA Signal Respanse - [0.40 V] 120 124
@ 4c - PLAY Residuum - [0.40 V] W oot 4 1o s
" . —_— [F&] 114 14
= 3 QC Fast EoL Testing with 3D limit o8 108
@ 1QC Golden DUT 15 [ Manual Sweepch 1 | Manual Swee 104 104
@ 2 QC Defective DUT 1s F1 S o o
& 3 QC Fast Test Golden DUT 0.55 _— | S | £
U-14 QC Fast Defective DUT 0.5s (1) i “HE
@ 5 C Fast Test Golden DUT 0.5s highpass @ \part 10 Impuisive Distortion.. [ = || & || 52 i K iz
-8 6 QC Fast Defective DUT 0.5 highpass (1) o o o B
o] work s s
D3 Part 11 Wireless testing : :
(2 Part 12 Benchmarking a 44
(23 Part 13 Auralization 3 39
£ Part 14 Tolerances for Distortion b iod B
(3 Part 15 Rating SPLmax v 2 2
< 18 19
12 1
o x® B~-O-e Time [s] Time 5]
Frequency Response ~
O Frequency Response (normalized} mpulsive Distortion3 ot [= &3] tortion\3 QC Fast Eol Testing
Distortion — Frequency Response — = Response Max 3DL - Exceedance
O Rub+Buzz (rel.) - Response Min e Rub-+Buzz
- Rub+Buzz Max
O Impulse Response 120 KLIPPEL ot
O Displacement Statistics: v 110
O Phase < > 100
O Auwilliary w0
3DL - Spectrogram L
10 Impulsive tion. 5 7
3DL - Limit hd — al=) B 80 <
m— THD = = = = THD Max = g0
3DL - Exceedance s 20 Harmonic z 7 “0 g
0 3DL - Spectral Projection — — — — 2nd Harmonic Max £ 60 I%
- w— 31d Harmonic =] =
0 3DL - Excitation Projection e ERe
O EAR - Roughness, Sharpness, Disturbance 20 KUPPEL 3 0 i
O EAR - Disturbance to Mask Ratio E % E
O EAR - Reference Masking Pattern 0 0 E 10
O EAR - Abs. Roughness . L 20 E
0 EAR - Abs. Sharpness o 00 0t 0t 00 0t E
Summary - Frequency [Hz) Frequency [Hz) Time [s]
Ready & @ KLIPPEL life JBL Go version 6 (1.0
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A RAbEE 7

How to maximize the Production Yield ?

E O ; Production Line ‘ \
1QC Test J! F I L

S Limits
Qes
Frequency Response

80
g 5 \
8 60
50
Average Level

E H H
5 ° H b

i : Polarity
i ; \ THD

2nd Harmonic
3rd Harmonic
4th Harmonic
5th Harmonic

Symptoms < Verdict %

HIEBE BT AR (BEECR BAYFELE) 2 Does the verdict indicate a faulty device (or causing a false reject)?
YA FEFRISIERIFRE] 2 How to interpret the metrics and the limits?

YATHE IR BN BB EEE 5K 2 How to link the symptoms with the defect?

YORT R AR A R A 7 2 How to find the root cause and to fix the problem?

Aa[F T SR 2 T E AV BE2E 40155 2 How to create expertise in loudspeaker diagnostics?

A
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AR EA PG B AR ANT R > BlanEE 2

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

A. RETEHKREIEIHFEZRTrial and error
Hfited (Hrfigs%s ) Visual inspection (dissembling the device)

C. eI (REZ(L) HfTi S MiHFurther testing with modified
stimuli (amplitude variation)

D. EAHMYERAYFERES L Correlation with other physical characteristics
HAtr /5=, Other ways

02

m
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Coil hitting Buzzing loose Rubbing Flow noise at air
backplate joint voice coil leak
,voice coi Q

Deterministic

Waveform is
completely
reproducible

il
1 | i
l magnet
backplate

vibration

L N EE S
Characteristic Features of Loudspeaker Defects

@

/

Loose particle
hitting
membrane

Loose particle

Semi-rand
(mixed charac

Envelope is
reproducible
(Waveform is not)

Waveform is not
reproducible
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T3 B P HEAR
Separating Symptoms of a Defect

SPL A fundamental

2nd Symptoms of

Regular defects
3rd distortion

>

frequenc
quency

.

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

High-pass filtered  _ |
symptoms and noise l l

Comb Filter Inverse Comb Filter

- .

) | I, ([T €
Order n > 10th "**™ N

frequency

Deterministic part Random part
(higher-order harmonics) (non-harmonics )
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= |
Loudspeaker Defect: Voice Coil Bottoming

A HHERoot causes:

Symptoms: impulsive, deterministic, click at peak
&% I BRf% - B R fizf4offset in rest position, DC displacement

excursion
== B {F1% high voice coil excursion

= 2AYPEHIhard limiting of the voice coil displacement

Voice caoll
Voice coll A Voice coll |
Voice coll 1
N
backplate backplate backplate backplate
A& click
< one period time

v
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Deterministic Distortion

Results of three measurements

41 Example: |
tensile slap, bottoming o

¥ Symptoms: Q e
e Reproducible, repeatable | | | | |
e Related with stimulus | " - ” - | |
e impulsive distortion
120 ~
e Deterministic amplitude and 100 SRS VU R S
phase Of higher_order ha 80 ................ ............. F A”_ ......... .............. i
g high-pass ([l
= 20 ! | "'l'!"l‘l"lh-#"|,|l.-'|u|s|.| :
0 | RALGI e JE g o )
-20 PASS
40 L i L i i i
500 1000 1500 2000 2500 3000
f/Hz
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Loudspeaker Defect: Buzz problem

RAJRH Root cause Symptoms: short tone burst
at characteristic frequency,
FARED > R Ry IR4R MR Z 5loose part behaves as a nonlinear oscillator partly deterministic, impulsive

g Es HR (B 0 [E 2 powered and synchronized by stimulus
=7 FIE SRS ERE active above a critical amplitude
HEJPEEEE new mode of vibration

force _ _
A Loose vibration
mass  joint

<
pg_%@' _[— :%_ | 3 ‘ -

Tone burst E@

—
A 4

time

A

v

v one period
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FRAERE Root causes:

JE &= -~ [MIE ~ Bl 434~ {8 imbalances in mass, stiffness, Bl distribution
oS 4R BN A a2 R =Chigh coil displacement excites rocking mode
o 45 BB 17 L 45 P8 {17 B & 425 coil rubbing at a certain coil position

P e e

JEE $5<
F=I7=

ek

Loudspeaker Defect: Voice Coil Rubbing

Cause: rocking mode at 328 Hz

¥ Symptoms: stochastic signal, modulated by the

stimulus, impulsive burst

Voice coil

B

gap

il . IE IFE

voice coil rubbing
distortion burst Y

A 4

one period

A

v
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Loudspeaker Defect: Air Noise

A JE K Root cause:
[/jEENE ~ =45 ~ ...leakage in dust cap, box, ...
-é%ﬁﬁ%?éﬁﬁﬁcoil displacement generates air pressure

S BREECHREE Y S E ZEHigh pressure causes high air velocity at the leakage

AT I A 2 AF e i J# 2% Turbulences generate a noise burst in the period

¥5{E Symptoms: stochastic signal, noise is modulated
by the stimulus, impulsive noise burst

7

I

: NoiSe burst
one period

)

cone
leakage
gap 9
dupt cap
AIir noise
—

A
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Random Distortion

'-J\'Ll
40 Example:
PR E A T AR SRR 0 SRIEIEE SR
Turbulent air noise generated at leaks, coil rubbing
o]
=
T o e N e
%&Symptoms \w
S BN H] E B Distortion are NOT reproducible _
o e EtA7ENRE I S Distortion occur at 0 0005 001 0015 0.02 0.025 0.03 0.035
particular times tls
° H_’EN//\HEI ({]Zl //\//\E-L&U\_l:) Dense 100 !
spectrum (cover audio band and beyond) S (S T P S N |
60 | -
2 40 |
»-..1::*
20 |
0 L
-20
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Envelope of the Modulated Noise

7 S ,:ir noise 7

|
I

m\"\
=
i

Multiple realizations |
p A

= 41“““ I’l

* Envelope of the modulated noise is deterministic
 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
l f A reQUIar I/\ /\ PN AN /\r\ »
rV VI - time
Comb-Filter frequency>
P, A
P«(t)
>
4 frequency T
Demodulation
P, A
‘ ‘ Envelope
p.(t) Pi(t)
v &
. frequency time
Comb-FEilter,
E
l Envelope e(t) Enen
e(t) | | >
frequency tnne
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Combining Subjective and Objective Assessment

T Y |

Stethoscope

[ Leak Noise
\ est )
micr@phone Ambient Detection
microphone
Loudspeaker | ... ﬂ
—=

ﬂ = o

© o o o] [O Ry O
. —— KLIPPEL

lllllll @ 3 o\ 02 “— Production Analyzer
= @ - @00 @@ -
o usB Fuirew\ve Amgliﬁer Speaker 1SDeakeri1 o gun ouT2 MIC1 UN'E1 LINE2 MIC2 o o o)
UsB E TﬁObjeCtlveS.
FireWire

®

Eingang

Power amplifier

®

Ausgang

PC

o AFHAIRE R ATHE{LAuralization
of Irregular Distortion

- {RiEH ZEar Protection

. [Z9kiEI%Signal Transformation

«  BpfE 7 Defect Localization

«  J|ErDiagnostics

Auralization
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Localization of Loudspeaker Defects

v dB:Lab Pro 202.52 - QC

Froject  Edk  Yiwe Cpetabon Exbas  Wndow  Hep

=

ﬁl

=0 0 )
- i o
@& qr

Hmex ® EMm

That |

IDoORROOO0

()
[ Chat2
=]

Chaet 3
Chat ©
Chat s
Thut s
Chat 7
Chaet 3
Sammay
Cockra Parel
Settings
S:la0 Log
DetugLog

=

. Stop

—— M

X K&

* Control Panel (QC ... {:Irﬁ]@ G

»VM‘C')‘DuIation -

relative

Modu

i Beal - pagul

legend

2 29.2 10.0

MODre 2.1 2.0 5.0

lation

al chagictenstics

(vl ERGEEE Critical tiit

Name Value Floor Crit.limit Range qiax Unit Intensity Of

56.0 as >
16.0 as

Good

Bad

%o}

4‘:'5

- j= 12}

e

| lfo  Tosxs | Lots | Logn |
|

| Cootred 1L5) Stat
.

I L Corwrol 2.5} Fingh

i F.d

l

G stimulus
T 0.45
Frecpency = 1
Yatage (rms) 35

El Routing

Amert Mosec,, Mol
|
i
=
Zl Measurement

MoOUston v

CETetminaic
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Ambent hase v
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Loudspeaker Defect: Loose Particles
RAJERERoot Cause

fITmaEERS L 217 particles are accelerated by cone displacement
«oE kB A 77 A S BT EE ¥ bouncing generates a short click any time

cone

dusf cap

gap
BESymptoms:
b - BLFEERIERD - 18(E SPL S{His HThZ1K - Aik{E random, not :
synchronized with stimulus, high peak SPL but low output power, Voice
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Results of Root Cause Analysis
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ZEEmSummary

«  EZEFEE AR BT SURHYRR

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

« IS HERNREE

Use a sensitive microphone place in the near field

© RAEREPHAE (BE)

Inspect the distortion (residuum) in the time domain

« FHIRARRILEEE

Search for the root cause and fix it

- RIS LR AREET MR dSE

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

+ K if&ﬂﬁﬁfﬁﬁﬁgﬁ CEARGEE T (RSBAHRANR B EhEE T ERHER
MmEEEME) |

Do not ship a defective unit to a customer (most irregular distortion become

worse over time) !

KLIPPEL-live #10: Impulsive Distortion, 61 <+ >



