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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 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
0. Impulsive distortion - rub&buzz, abnormal behavior, defects
1. Pitfalls in Testing Wireless Audio Devices

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
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Generation of Signal Distortion in an Audio System Target Values and Tolerances of Signal Distortion
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SPL response L(f)
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NONLINEAR DISTORTION
muli-tone distortion MTD(f)

e KLIPPEL LIVE #14: Setting meaningful tolerances , 68 >
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15" KLIPPEL LIVE:

EE~miYaASPLIE

Rating the maximum SPL value for product

2 HiERR Topics today:
« EREEhAITI A (IEC. CEA. HitEingE) FERNENX

Short overview of the definitions used in the industry (IEC, CEA, other quasi standard)

(AN E R KA A?

w to choose the method satisfying my needs ?

AfENEEE, REEFENX?

w to keep the measurements simple, fast and meaningful ?

fAjtfatR H BRI RIESER?

ow to ensure best practice every day ?

[ ]
T 3 T %3 I X+
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Poll:

IS XX FRRAE MR FREMaxSPL?

Which definition would you prefer for rating maxSPL?

A. wEBEENATHERSINEEN ((HEHSBE97a

E—’I%HX/ J\ F_) A rigid standard definition with clearly defined
details (no or minimum freedom for any modification)

B. EBRMENMESRIINEEN, £F 7 EBRHNBEHE
;E’% }t( E 1: :RF_ A nnEI’Jq:s—_rﬁﬂi ri A standard definition with

clearly defined framework giving enough freedom to consider the
particularities of the product in the target application

C. ?‘Z,uj] maxSPL@Ji 2 E I_'JE’JI'_ES{ I would like to create my own

definition for maxSPL

D. ﬁik?ﬂﬁ:a? maxSPLEEf'f;ﬂ«‘)\ﬁiE I think we do not need

maxSPL or a similar term

E. Hﬂi’, other
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Discussed in ek
KLIPPEL LIVE #1 ¥

AMAHRIEIEC 60268-21iFE . FISPL, =55

How to rate u,., and SPL__, according IEC 60268-217

SH-—=— \ \ S L N ——
BliE R Al LARIELA N E K B I E U mayfHSPL
The manufacturer has freedom to rate u,,, and SPL.., under the following requirements:
o NENERG(EUEIEER. BHE). HoR5E

standard measurement condition (rated frequency range, stimulus, evaluation point, ect. )
o DUTHLAZ/ME100/N\ET LR KEINEE U, o, EHUEN

DUT can reproduce the stimulus with maximum input voltage u,,,, at least for 100 h
° ;ﬁﬁ#%fﬁ}ﬂﬁﬁ E’\JEE@I%“_ZE !F'?; sufficient sound quality for the particular application

— BRUREE RN N EESZE ]

effective frequency range corresponds with the rated frequency range

— AERHIENARSIERE (SN +BE)

acceptable regular nonlinear distortion (harmonic + intermodulation)

- BERIREEEECRR. TURRE]. RIF)

low compression of the fundamental (heating, mechanical limiting, protection)

— AR B R B B s A R

negligible impulsive distortion (generated by rub & buzz or any other defects)
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https://youtu.be/MebxnNC4XFU

LA AA T RE?

How to do the rating in practice ?

u&%%g% ;,U\ Collect background information

= E*ﬂ(}_‘_ }Eﬁ(%):'ﬁﬂtzg\ ﬁiﬂﬁﬁfi) Target application (customer expectations, typical usage)

— BT RANEITHAT (B RIBE) Design details of the audio product (if possible)

TE’IFEE-E TEAEBE%U E’\Jh_i;ﬁij\ J ‘—t&ﬁ_ Specify standard test condition with performance limits

S EAMRERRS, FREI— IR Eu e FAXT R F-maxSPLIVER KHEIAFEE

UmaXE’\Jﬂ;ﬁo Find a test voltage u,; as a candidate for maximum input voltage u,,,, corresponding to
maxSPL by using performance limits.

Z/DIF 14 DUTHEANU 0 5 T 14050 1 00/ NET
Apply the broadband stimulus at u,,, to at least 1 DUT for 100h
RS, IMEDUTHISIEE S SIS ARIISIERT. ISR, BERR

{ EEEI’J ,)\Jl_t%}_\ umaxE& 5?3 5o Check that the properties of the DUT after power test are in
agreement with the technical specification. If check fails repeat sequence 3 — 5 with lower test voltage u,,,-

R AR E DB e SR AN E Uy = Uest »  FREERASPLARILHAIXI N (.

Assign the test input voltage to the maximum input voltage u,,,,=U. Determine the corresponding value of the
maximum SPL output.

ek Finished!
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*U =|'=_1 ?1: %\ Exploiting Background Information

E*TEZFH Target application
R?"f’" |:||:|EIIJI_'EiZ]ﬁ%ﬁ*ﬂ%/ﬁ/ﬂl_wmﬁj\:TﬂF'HH (riﬁg %{J__E) Customer expectations

(performance features) provided from marketing and benchmarking of competitive products
o ﬂiﬁ()%l‘li—l_]\ ;’—:\,E)E'\J)?Ei'-%'ﬁ Acoustical properties of the environment (room, car)
— SINEEHIMEERITSERE) Positioning of the audio device (listening area)
B E)A%ML (135‘:51\ iazﬂ:\)ﬁ'\_']'—%’ri Properties of audio material (speech, music)

1511‘4111: Design Details
DSPIjJ __]'IEjJ{%TF'}ﬁ a’%ﬂ]ﬁﬁj(%% DSP functionality for active transducer and amplifier protection

- E%E-Féﬁ,\ AI{EEﬁiB'E*DH{m’L\}fE)?E ?—%f@ Sound shaping, artificial bass enhancement and

other psychoacoust|cal processing

— TEE. PRIEFOIE(BEEBEINEE Power saving, noise muting and other smart capabilities

- *ﬁ?—*ﬂ??ﬁ{?@ﬁjﬂ’ﬁ_)_*ﬂﬁﬂ{ﬁ Latency and artifacts in digital and wireless transmission

— EANESHEIA(R024dBU) Maximum signal input (e.g. 24 dBU)

- }ﬁﬁg%ﬁ#ﬁ’ﬁ(ﬂﬂﬂa—j(ﬁ \ }_‘_ )Transducer properties (e.g. maximum voice coil temperature)
i Iﬂﬁ&'& (yﬂﬂ—jtm 15@}_ ) Amplifier properties (e.g. maximum peak voltage)

- TEZFE'E%EBE%U*D;EMK?%1¢E<J%E$ Basis for specifying the performance limits and test conditions
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Essential Test according IEC 60268-21

Endurance Fatigue, limitations, DSP (DRC, limiter, Heating and Regular nonlinearities
(climate, load) Aging defects protection system) cooling (transducer design)
IMPULSIVE AMPLITUDE MULTI-TONE Perf
DISTORTION  COMPRESSION  DISTORTION L.e lormance
(sinusoidal (Broadband (Broadband imits
Stimulus) Stimulus) Stimulus)

Test voltage U,
(Broadband Stimulus)

A

100h power test
broadband

stimulus at u )
- > Maximum test voltage Upe — » MAX. SPL

(Broadband Stimulus) (Broadband Stimulus)

\)
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https://zoom.us/rec/share/vepPBK799WlJZJHc4k3cZJZwIIvmT6a81XVN8vpZxUyJr9k96R63KM6qMAihLUmj?startTime=1597244401000

Benchmarking by maxSPL rated by customer
Essential Metrics according IEC 60268-21

Discussed in
Total SPL KLIPPEL LIVE #12

(Broadband Stimulus)

A
Limit
3dB
I A A AMPLITUDE
| b COMPRESSION
(Broadband Stimulus)
Limits
IDR=-30 dB
And o
9  =A4— Limit
CID=12 dB -k 30 dB

MULTI-TONE DISTORTION
(Broadband Stimulus)
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https://youtu.be/tq-6-mWCoZg

&= ﬁEI’JBE%J Limits for Compression

HAREEMEPRI ARG 2 caused by heat in different components

iR E PR EAT AUEINS [ ANEEE Eﬂﬂlﬁ. Other factors
#8C : Thermal compression C in pass band caused by B3 FF0AAT Temperature distribution and heat flow
the increase of mean temperature AT, in a copper coil: * ¥ njj% (AHB)EEYL) Thermal dynamics (time constants)
R (AT ¢ 3§%U5(]‘ﬁ/q\£|] Forced convection cooling
C (ATv) ~ 20 Ig (M] ¢ H@QH#FE'JM ’TE%‘E Thermal properties of other
RE (0) components
=201g(1+0.0045- AT,) © RERE safety margin

- C=3,2dB for AT, =100 Kelvin

Useful limit

Voice coll Pro woofer with long coils 150 - 400°C 3-8dB 2-5dB
Diaphragm Headphone, microspeaker 100 - 200°C 3-4dB 2-3dB
magnet Small neodymium magnet 100 - 250°C 3-5dB 2-3dB
Spider Pro woofer 150 - 300°C 5dB 2-4dB

RERIREERTER S A BRI ESE!

The limits are applied to the mean compression averaged in the passband below cone break up !
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73 BRI R E SR

Separating Thermal and Mechanical Compression

Transfer Function H(f) from sound pressure measurement

“(LIPPEL

1V - Reference

6V — measured in
sound pressure

6V — thermal compression
(based on impedance)

dominated by |

thermal compression Nonlinear and visco-elastic
effects in the cone vibration

100 1k 10k
Frequency [Hz]

Increase of voice coil temperature
45
40
35
30
25
20
15
10

[K]

15 20 25 30 35 40 45 50 55 60
|

Input voltage

Thermal Compression based on Impedance

KLIPREL
AT =10

0,0

-0,5
[dB]

temperature

10 100 1k 10k
Frequency [Hz]

13z
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}:_Sgrﬁ EI/‘]BE%U Limits for Compression
EfRRERR IS AN BT E R FLR 145 [#2

caused by regular nonlinearities in transducer and enclosure

Fundamental component

JELR4EESE Nonlinear Compression

0w A T TTTIT] KLiPPEL -
, linear model u=10 v . EEEE%E&ﬁ%%Occurs in a particular frequency band
j 7 Compression . flfB)‘EHﬂ'Eﬂ EZ&’&Q&E Comes along with other nonlinear
7. | istortion i A
£ N «  AHETRSERWRI (> BKIRPEREFESS) can
S easured-u=10-V indicate mechanical overload of the suspension (= impulsive
3 \\ distortion and fatigue)
: Nl o ROSBEESFEETREIRE In a port, also generates
0 modulated noise
b Frequency f1 [Hz] e
Useful limit L
Stiffness of f < f, < 7dB 2 - 4dB
suspension
Kms(x)
Force factor f<f < 6dB 2 - 3dB
BI(x) f > f_multitone < 2dB 1dB i i
| FOASERA T DR
Port resistance  f = f <10dB 2 - 5dB — MNMEEBNIg
R, (V) Compression is a useful indicator in

vented and bandpass systems

KLIPPEL LIVE #15: Rating the maximum SPL , 13 <+ P>



JE4aRYIPRF! Limits for Compression

EHS 5 FIDSP5 |#C caused by electrical means and DSP

DSPE;Z DSP Algorithms P

«  D[RHEZHIH(maxSPL) can provide more > > LF'.H/Z/ e i
output (maxSPL) .

a ﬁgﬁ.]-$1%?PiEszﬁlﬁ% Can protect the audio v
device reliably Ge:;?;iion m)i;fnagf

B2 BUT =

«  MENNZEIR Increase the latency SO [

«  IGEMERF4ERKHRE Generate impulsive State Variable Smoothing

distortion during attack phase

Useful limit L

Dynamic Range Full (or selected) <15dB impairs natural

Compressor band dynamics of

(DRC) audio input

Mechanical Low pass (f < f,) <12 dB Impairs bass HIBEERT
transducer performance HPEE=[EH
protection Limits depend on
Thermal Full band <8 dB Minor impact eXp‘f_Ct?d audio
protection qua g

Power saving Full band, low pass 12 ...20 dB Should be

(noise deactivated in

suppression) time (look ahead)
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https://youtu.be/K8ZIGXSM29A

g%geiﬁ’fjllﬁ%ﬂ Limits for Multi-Tone Distortion

RE Setup
* ,%ﬂjﬁ}](ﬁﬁ!&}"%‘%ﬁ )Stimulus (typical program material) * The Causes of Multi-Tone Distortion

«  EELENLN(Voishvillo) smoothed distortion ; L

response (Voishvillo) _ - g
Kmst) -I—.VI;qu;ncyAVInespcc!rn’\campnnem—o

~ EE%—EEEjC{E Searching for maximum value

ZEKEIBR Mutti-tone Distortion reveals B mic———= m—

QI R (SRAERESHDRIMD - e
HD and IMD form regular nonlinearities (transducer) e

N 'HEEEQ'{{E"JHTJQ?T% Fast varying time variant —
behavior

Suspension Low frequencies <-15dB Bass performance
Stiffness Kys(x) (f < 3f)
Force Factor BI(x), Full band < -20dB roughness
Inductance L(x) Higher frequencies <-25dB Roughness,

(f > 5fs) sharpness

Fluctuation,
~Pumping”

RIR{EEVRTHAEERIZZER! Limits depend on expected audio quality !

Dynamic Range Full band, low pass <-25dB
Compressor (DRC)
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https://youtu.be/XT765ItuUnI

TS

ﬁE(A?AlECGOZGB -21) Setup (according IEC 60268-21)

o

- N

EI’S]BE%U Limits for Impulsive Distortion

Emh (chirp) stimulus (chirp)
o  BKHRSELLIDR impulsive distortion ratio IDR

o SRIEZEEKIPSECID crest factor impulsive distortion CID

H?j(;EPQEETEB_T Impulsive Distortion reveal

« IRBERTTAVAFEAAT AT, TRPE) iregular behavior of

transducer (overload, defects)

»  DSP{RH{EIENER) Artifacts of DSP (attack phase)

Defect in
Woofer
(fs = 50 Hz)

Defect in
Microspeaker
(fs = 500 Hz)

Mechanical Protection
System for woofer with
low latency

Dynamic Range
Compressor (DRC) or
Limiter with low latency

20 Hz — 200 Hz

Full band

200Hz — 2kHz -50 ...

20 Hz-200 Hz  -60 ...

60 ...

-20dB

-20dB

-30dB

..-30dB

See KLIPPEL

Useful limits

12 < Lo

12 < Loy

12 < LCID

2 < LCID

LIVE #10

Loudspeaker Defect: Buzz problem

low masking
of impulsive distortion in
worst case

Some masking by
fundamental, regular
distortion and hearing
threshold

low masking
of impulsive distortion in
worst case

low masking
of impulsive distortion in
worst case

ﬁﬂﬁ{éﬂﬂ)ﬁ?ﬁ*ﬁﬂﬁa (KZE)*D,HHtEﬁﬁ' Limits depend on target application (positioning) and expected audio quality !
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https://youtu.be/HUpRjUb45z0

A SPLAYSEEZENIE 7522 Integral Test Solution for max. SPL
IEC 60268-21

55%02 ;E%(&ﬂ%ﬁ?%{#]:ﬁﬁ) Step 0: Preparation (if acoustical conditions are not sufficient)
a) HECREERIFEIRIERZIN SR E B (> ISCIEIR) KLIPPEL Analyzer

Ensure fixed room correction curve is valid for the audio device (= ISC module)

b) EEAEFXAIE>0.3mBIEIIZ*MERECKREF R B B/Imnsf4(=> TRF, NFS, ISC

modules) Generate simulated far/free field condition by creating an in-situ compensation function for microphone
position r>0.3m (= TRF, NFS, ISC modules)

e KLIPPEL life JBL Go version8 - dB-Lab 210.826 - X
Project Edit View Operation Extras Tools Window Help
elv ¢v-aelal@rm @xlo| mes|
= gﬁ;ﬁ“‘ Competitor ™ | @8 vpart 15 Rating SPLmax\1 IEC 60268-21\BL\1 Multi-tone Testing in Simulated Far/... = (=] [a] | € = @] 3
=1 1 Multi-tone Testing in Simulated Far/Field conc A Tran.sf:er Egnctlon H(T’)
| @ 1 NFS Free Field (Reference data) r_test 30 speaker Distance condition TEINYY  operation ot —Reterene o s
@ 2 TRF in-situ condition (r_test 30cm - 0.1V KLPPEL
€ 4 TRF Simulated Free/Far Field Test Point Half space  High Freq. 2 TRF in-situ )
&3 ISC - FC- LF (1/r for HF)| (InSitu}) . (2m) Windowing condition (r_test
88 5 MTON SIM Free/Far u=0.1 In_srtu = 30em - 0.1V
& 6 MTON voltage stepping 0.5 dB with limits 0= B :
=82 Impulsive Distortion (THD) near, single with lir 3m
. [ 0 STEP Parameter Stepping o
=i 2 Impulsive Distortion (THD) near, single with lir Eree Field Full Space  Low Freq. 1 - NFS Free Field ?
-8 () STEP Parameter Stepping (Reference) (4n) Reference (Reference data)
-8B 0a TRF sim free/far field (e 1m) (1) @ (((..;,)) N FS e T r_test 30 cm (7 min
3 slides D— e / sean
=3 test am e T
i1 Arctic Competitor o
< > Evaluation Full Space
IEC Point (4m) 102 100 10e
@ R Frequency [Hz]
rfo  Setup Display Im/Expart o— e
=I| Measurement Type Standard xm - e = | 5
Compensation Method [':‘_‘ LFC - Low Freguency... Room Correction Curve
() FBR - Full Band Refe Compensation Method: LFR - Low frequency Reference [Complete Compensation] Magnitude
(@) LFR - Low frequency KLIPPEL
() RCC - Room Correcti.. 2
Cross Freguency Range 1x2 numbers [1000 2000]
Harmonic Distortion Measure... | [V ”
« Max. Order of Harm. Distor.. | 5 <
-| Test Point - In Situ Measurement - Py = "
Select operation Heedfir) H = Windowing }-—< Heex(fr) E s
TRF operation - In Situ 2 TRF in-situ condition (r.

InSitu - Condition Ol space \__li , In-situ Compensation Function
(@) Half Snace (Pm H -
5

(Export to MTON)
detalls in KLIPPEL live #2, #4, #12

| ru,,-w,. 102 107 10
oK Help Close L4 > Frequency [Hz]

2 @ KLIPPEL life JBL Go_version8 (4.3 GB)
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= A SPLAYKLIPPELNIR 52

KLIPPEL Test Solution for max. SPL
IEC 60268-21

1. =15/ BHIZE(ZT) step 1: Far/Free Field Measurement (multi-tone)
a) BEEXBUEGIESS (r=1m)s Izt A& (r=0.3m)

Place microphone at evaluation distance (r=1m) or in-situ test position (r=0.3m)
b) EBEIEINAVEERZZ S R shaped multi-tone stimulus with increasing voltage

c) BiERF4EeEEIREIREAIISEARMNBEUFly (2 FTEZEMTON) Automatic search for

maximum input voltage u..; and L., where either compression or distortion hit the limits (= new MTON module)

KLIPPEL Analyzer

Project Edit View Operation Extras Tools Window Help
] - @ B = B 3 | & (select device) A B =
i g fé’itlc Competitor ~ = = | =3 ) = @ | =2 > = =3
= = 1 Multi-tone Testing in Simulated Far/Field canc ~ Compression of 1 (7) Maximum Muli-Tone Distortion
] &5 1 - NFS Free Field (Reference data) r_test 30 Information | Max. Compression allowed is reached Max. Compression = Max.relative MTD
@ 2 TRF in-situ condition (r_test 30cm - 0.1V [— 7 B 30 M mmm oo 1 KLPPEL
. " . ~
@ 4 TRF Simulated Free/Far Field Mencurement reermleSt p 10
&3 3 1SC - FC- LF (1/r for HF) Parameter Value Unit Description 25 — 5
&8 5 MTON SIM Free/Far u=0.1 sum level of fundamentals in C — B
@6 MTON voltage stepping 0.5 dB with limits| SsPL 74.63 dg Microphone signal at /
= = —l measurement u = 0.2 V. Room 20 / "
=03 2 Impulsive Distortion (THD) near, single with lir correction applied. /
=8 0 STEP Parameter Stepping Manx. Peak compression in the - / = 10
=& 2 Impulsive Distortion (THD) near, single with lir Compression ~ >-13 9B frequency range 104 - 4989 hz [~ 15 / M~
i B of measurement u = 0.2 V. / 15
--&8 0 STEP Parameter Stepping Max. Multi- Relative Multi-Tone distortion 0 —
-@ 0a TRF sim free/far field (r_e 1 m) (1) o - 4 Peak at microphone of 10 = =
£3 slides e 35.14 measurement u = 0.2 V. Room - 5 MTD
istortion correction applied. s
=63 test s _— - y G . . - . . e . .
=3 Arctic Competitor Stimulus properties ’ o - 0 2 V -
v e utest . % R e e
S a £ Lowest Multi-Tone frequency 00 40 =T
min 1795  Hz -
N line [V 0,10 0,12 0, 0,18 0,20 0,10 0,12 0,14 0,16 0,18 0,20
\Part 15 Rating SPLmax\1 IEC 60268-21\JBL\1 Multi-tone Testi... . 2240027 pz  Highest Multi-Tone frequency Voltage [V] Voltage [V]
Info Configuration  StmUlUs  Input / Processing  Protection  Displap # Export Sil 4 | »
<o = =3
= [Erequency, Spectrum of In (f)
F min 20 Microphone signal (raom correction applied)
F max 20000 Noise + Distortion, u = 0.2 V/ Noise floor Fundamental, u=0.1V MTD limit MTD Fundamental, u = 0.1V Fundamental, u = 0.1V
- Fundamental, u= 012 v Fungamental, u= 013 v Fungamental, u= 013 Fungamental, u =014V Fundamental, u =0.15 v Fundamental, u = 0.16 v
Relative Resolution 12 Fundamental, u=0.17 v Fungamental, u=0.18 v
Sample Rate 48000 Hz 60 KLIPPEL
Clock Drift Tolerance F 50
=| Amplitude 40
Output Channel Out 1
= 30
= Control Level @ Out =2
Voltage Range Definition | Fix Step Size gé, 20
01 E 10
&
« Maximum Voltage 0.5 B 4 7T
details in KLIPPEL live #5, #7, #9, #12
| aetalls In ive . ) ,
B e B R S | a0 ' I Mk i N v,
102 102 10+
Paste Clear de-DE Frequency [Hz]
— & @& KLIPPEL life JBL Go version8 (4.3 GB)
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B ASPLAYSZELNNT /5 22 Integral Test Solution for max. SPL
IEC 60268-21

$E2: iEipME(Chirp) STEP 2: Near Field Measurement (chirp)

a)
b)

with 0.1u,.<U< Ui While checking the limits (>new TRF STEP Module)

C)

ZE X EIEIRIEr<5cm (F2{ESNR) Place microphone close to the diaphragm r < 5 cm (best SNR)
0. LU <U< Upeqr PIIEINER U EBK PSR E (IDRFICID) K iR E(RIiE), RFTHRERIR(> FRETRF

STEP) Measure Impulsive Distortion (IDR and CID) and harmonic distortion (optional) with increasing voltage u

YNERIDRFACIDEHPRE, BFE—1E{EAYu4/E IF IDR and CID exceeds the limits create a lower value for Uy

KLIPPEL Analyzer

& KLIPPEL life JBL Go version8 - dB-Lab 210.826 - [m] X
Project Edit View Operation Extras Tools Window Help
glv/ v-ee a IEA|S 8| Sk - |m & o
g \D & \Part 15 Rating SPLmax\1 IEC 60268-21VBL\.. | | Bl [l | @ S ERPARE- = (B
- backup — ie Di i
1 Part 2 Holographic measurement Limit Check A Rub & Buzz Total Harmonic Distortion
D Part 3 Di tics 3D d Impulsive Distortion Ratio & Instantaneous Crest Factor relative
art > Diagnostics 3 soun —— —— DR-LIMIt 05V v
{3 Part 4 Simulated Free-far Field candition I IDR .15V i — A5V 2v
(3 Part 5 Maximum SPL FAI oR .i:l\lijt_ FaIIEd at u_035 V g:x 3V
- — — -Limi .
gﬁazgg‘mpmésm” . I IREL oD 2v oD 25V 20 30 KUPPEL
a armonics KLIPPEL
(23 Part 9 Intermodulation Equivalent Input Distortion (EID) = g 20
-3 Part 10 Impulsive Distortion Mean Compression 5 50 1 z E "
-3 Part 11 Wireless testing P N
- Part 12 Benchmarking -100 - 0 0
(3 Part 13 Auralization Progress 1o e 10 o 1o
Frequency [Hz] Frequency [Hz]
(3 Part 14 Tolerances for Distortion No. Progress Measurement Operation  Value
-3 Part 15 Rating SPLmax 1 Pone 1 - Da TRF sim free/far field (r_e ¢ [ ] = [ 3|3 [} = | 5] || £3 [} = [ =] | &3
e 2 CEA 2034 - - P n - - n
553 1 IEC 60268-21 P d _O 2 V Compression of Transfer Function Higher-Order Harmonic Distortion Equivalent Input Distortion
21 Arctic it aSSe Utest_ . — e \eaN-LiMit relative Total Harmonic Distortion
El o rctic Competitor s \zan Compression 05v av —— —— EID-Limit
=3 JBL 05 v 1Y 2v sV B
4 - 0a TRF free/far field (
=& 1 Multi-tone Testing in Simulated Far/Field conditic | [ 4 Done m.‘.al. - ng;grges el ;2& gx 523 3v ;ZE 23
--&B 1 - NFS Free Field (Reference data) r_test 30 cm (i e — 35V 4 KUPPEL — 35V ’
€8 2 TRF in-situ condition (r_test 30cm - 0.1V 1m) (1) - [0. 25f° vl i e | — KLIPPEL | B =TT T KUPPEL
© 4 TRF Simulated Free/Far Field 6 Done {3 e b, g 10
& 3 1SC - FC- LF (1/r for HF) Limit 7 0aTRF sim free/far o 5 § £ s
& 5 MTON SIM Free/Far u=0.1 7 reached field (r_e 1 m) (1) - 35 i
€3 & MTON voltage stepping 0.5 dB with limits [0.3 1 t »bize ; 0 ——} 0 5
T - - OC 13 FQicld (r_e (v 10 10 104 102 10 102 10 10+
= (6] ?:qlrgpSL¢5E|;iDlslmnlonsﬁHp) near, single with limits aC(‘:e‘p _a | 4 Frequency [Hz] Frequency Hz] Frequency Hz]
- arameter Stepping
= 2 Impulsive Distortion (THD) near, single with limits 9 — =] $2 9 — = $3 9 — = 52 a — = 53
L~ 10 STEP Parameter Stepping - - - n n - —— " - - - - - -
@ 02 TR sim fras/far field (r e 1 m) (1) Maximum Impulsive Distortion Ratic Maximum Harmonic Distortion Compression of Transfer Function Maximum Equivalent Input Distortion
s - 100 Hz to 500 Hz Max. THD Mean [70 Hz to 20000Hz] 93 Hzto 9997 Hz
slides Max. IDR Max. HOHD Max. Compression Max. EID
E-3 test 37 ; 2 / KLIPPEL Mean Compression 12 KLIPPEL
-3 Arctic Competitor 38 / 3 KLIPPEL
< > U ! L|DR - ‘40 dB A 10
5 3 test -/ =20 N e
oEx@B8-0-e = / E & N
: Boyom mm o o o . - - m— = B =
Overview ~ B / Foo— ' T 6
THD(f) Total Harmonic Distortion -41 - d
passe = detalls in KLIPPEL Ilve #10, #12
IDR(U) Max. Impulsive Distortion Ratio 04 02 03 04 05 06 07 0z 04 06
C(f) Compression v Voltage [V] Voltage [V] Voltage [V] | | Voltage [V]
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IEC 60268-21

55%32 IOOIJ\HjﬁHjﬂuﬁt(gg) 3 Long-term test 100 h (multi-tone)

S A SPLEYEEEZMIIL /5 22 integral Test Solution for max. SPL

KLIPPEL Analyzer

a) {FAAUMNBESZE1LDUTTELI00/N\GF(MTON - Wave Player)
Operate the DUT for 100h with the multi-tone signal at u,., (MTON - Wave Player)

b) EEDUTHIM4EEFIEREUmayx=\test FAMaXSPL= L.

Check the performance of the DUT and assign U, =Ue: and maxSPL= L.

= MTON » Wave Player ———
= | Broadband (SR HOKETHIREFIA MR,
Stimulus T TN, BPEEHnew
IE ! B KET module optimized for
= A, endurance testing coming soon)
ol B T
= %‘::_.ﬂ.:.:‘""" ey ~— Rate
TRF | — = ' = Sl : maximum SPL
Stepping b=l P oAl
e —————r— 74.6 dB

details in KLIPPEL live #5, #12 Check Performance

KLIPPEL LIVE #15:

Rating the maximum SPL , 21 <+ P>



ZHAMNIIE Additional Tests

S MPTUER[E U, ., for defining the test voltage Uy

M ==& Testing audio quality KLIPPEL LIVE series
> ESFLCE(THD, EHID. chirpigfl. IEC 60268-21) > #8

Harmonic distortion (THD, EHID, chirp stimulus, IEC 60268-21) > #8

> ToRPANERFIE (A ECEA 2010) > #15

Harmonic distortion without heating (burst stimulus CEA 2010) - #15

HiF&KEMNE(SS. IEC 60268-21) > #9

Intermodulation distortion (two-tone signal, IEC 60268-21) > #9

BRI ISRAED) > #13

In-coherence (white or pink noise stimulus) > #13

= (EES TGS KEAITE> #13

Residuum (audio signal) & auralization signal distortion > #13

N2 N 2

iﬂﬂiﬁ?ﬁ%ﬂ?jﬁ[ﬁ’[ﬁﬂ%@ﬁ Testing reliability and robustness of the product
> BEAMENR (RERTFIAYEASPL, IEC 60268-21)

Destructive testing (short-term and long-term maximum SPL, IEC 60268-21)

- bﬂﬁ%ﬁ‘ﬁi}ﬂﬂiﬂ(?&%%ﬁ%&]ﬁ}]) - ﬂ Accelerated life test (critical multi-tone stimulus) > #5
- ﬂ:i%ﬂ)]”ﬁt(IEC 60268'22) Environmental testing (IEC 60268-22)

KLIPPEL LIVE #15: Rating the maximum SPL , 22 <+ P>


https://youtu.be/VliwQiZV1CM
https://youtu.be/VliwQiZV1CM
https://zoom.us/rec/share/vclkcK7JxmdIRrPH512cQ_U4LoC9aaa8gSVM_acNnhp0t0RZVZLbxrM89MehdLho?startTime=1596639603000
https://zoom.us/rec/share/vclkcK7JxmdIRrPH512cQ_U4LoC9aaa8gSVM_acNnhp0t0RZVZLbxrM89MehdLho?startTime=1596639603000
https://zoom.us/rec/share/vclkcK7JxmdIRrPH512cQ_U4LoC9aaa8gSVM_acNnhp0t0RZVZLbxrM89MehdLho?startTime=1596639603000
https://zoom.us/rec/share/vclkcK7JxmdIRrPH512cQ_U4LoC9aaa8gSVM_acNnhp0t0RZVZLbxrM89MehdLho?startTime=1596639603000
https://youtu.be/8AluraQ8HMY
https://youtu.be/8AluraQ8HMY

FOER]

; 5%39':5&52 Comparison with Other Approaches

IEC STANDARD
60268-21

CEA-Standard
2010-A&B + 2034

Meyer Sound
(M-NOISE)

B ASPLE
Max. SPL value

RIS EN FIgE1Z (B
Rated value according to
particular application

IR ERE IR
ITEIZE

Calculated value based on two tests
with fixed limits

BXRMWXRSNEE

Measured value in a single test

K

Requirements

DUTFEAE R A SPLEREIR
SERANMNBY(E
100hiﬂ“"ﬁt)DUT generates

max. SPL and handles maximum
input level (100h test required)

DUTIAZEHKBYESs(3dB)
MIE RS EEEPRHIRT
FEE%jCSPL DUT generates

max. SPL at fixed limits in long-term
compression (3 dB) and in harmonic
distortion

DUTIAZIHSRY/E4E(2dB)
[l e PRI BT P2 AR SPL

DUT generates max. SPL at fixed
limits in long-term compression (2
dB)

3071

FAPTE X HIBETE =R (22

- BRIRINE TR

BIFYSmin)BIFFIAM-

Stimulus HZZEI‘J%%) User defined 1min) Shaped pink noise NOISE %%(‘E%éﬁ)ﬁ%)
broadband signal (shaped multitone) (preheating 1min) Special M-NOISE signal (dense full
~ zﬁﬁ{g% B sl band) with preheating (5 min)
L AERTEIEC 602682157, | HASTTEEN(RPE | BRTEEX(RPBER
Audio quality WEVRTBiRNA) | ZRUWIENRRLEA | (YRR S ENS)

not in the scope of IEC 60268-21
(depends on target application)

oI i

ﬁ) not completely defined
(important physical and perceptual
aspects are missing)

not completely defined (important
physical and perceptual aspects are
missing)

KLIPPEL LIVE #15: Rating the maximum SPL , 23
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Harmonizing other Standards or Practices
with IEC 60268-21

Endurance Fatigue, limitations, DSP (DRC, limiter, Heating and Regular nonlinearities
(climate, load) Aging defects protection system) cooling (transducer design)
IEC CEA- Meyer other Your Performance
standard Standard Sound de facto  favorite Limits
tests 2010-A&B (M-NOISE) standards Mmethod

,, |

Test voltage U

100h power test < :

broadband (Broadband Stimulus)

stimulus at Uy, ~ Maximum test voltage U,y MAX. SPL
(Broadband Stimulus) — > (Broadband Stimulus)

KLIPPEL LIVE #15: Rating the maximum SPL , 24 <+ > :



Tone Burst Measurement
according CEA 2010-A and CEA 2034

Project Edit View Operation Extras Tools Window Help TBM MOdUIe Of the KLI PPEL Analyzer Systel I l
B‘ | H?Vﬁ@l‘(l|b<ﬂ‘§§‘@(§ele(tdevi(e)|
S Comreon "le === ]e =le= |0 =e=
3 Part 8 Harmonics Burst Response Spectrum - IN1 (Mic) Burst Response Time Domain - IN1 (Mic) Peak Value - IN1 (Mic)
@ - f=5000Hz 5000 Hz | 1.5V - measured at .03 m - Full space (4 pi} referenced to 1 m - Full space (4 pi)
Part 9 Intermodulation 15V e DistortionMoise Threshold Measured Prefiered e Processed 12X Passed  m— 3V — 34V
(3 Part 10 Impulsive Distortion o 1.34 V (last passed) Window Function — 3BV — 42V 48V
(3 Part 11 Wireless testing KLIPPEL 25 KLIPPEL m— 53V BV — TV
— 75— 85V 85V
(3 Part 12 Benchmarking -10 20 108V 119V 134V
(3 Part 13 Auralization " 95
(3 Part 14 Tolerances for Distortion ) " an
=-C0 Part 15 Rating SPLmax 30 10
2032 CEA 2034 “ 5 = %
-3 Arctic Competitor B T o S 80
+ @] 1 Multi-tone Testing in Simulated Far/Field condit 50 = = - b 75
=8 2 Peak SPL (Tone Burst) - E
- 60 - 10 = 70
-@9[1 TBM ANSI/CEA2034 2cm near field (1)] - =
-3 2 TBM ANSI/CEA2034 30cm sim. Far/Free field -70 LN 15 2 65
-&3 4 TBM ANSI/CEA2034 30cm insitu 1Tm 50 -20 =
-8B 3 TBM ANSI/CEA2034 30cm insitu 0.3 m 25 o0
-3 IBL
@ 101 102 10° 104 0,00 0,08 0,10 0,15 102 100
-1 1EC 60268-21 Frequency [Hz] Time [s] Frequency [Hz]
- slides
@
&0 test e EEE e = el
< >
st A A
\Part 15 Rating SPLmax\2 CEA 2034\ Arctic Competitor\2 Peak.‘. 80 _ - - - - - N - N - Voltage 1.5V
Info SR Im/Esport 100 - - - - - - R - R - FAI L
125 -
=| Measurement Setup - Routing ;Sg Peak SPL Versus mreque‘ncy - - - - -
Output at: ouT1 250 - . B B B B . B . B Threshhold | Ver
Input Signal ¥1 INT (Mic) 315 . OHz-63kiz  odB
Input Signal Y2 off 400 90.21 - - - - - - - - -
Apply Room Corre.. |[ 500 91.47 _ _ _ _ _ _ _ _ _
630 90.87
Bluetooth Mode [ 800 91.49 94,36 | 93.74 | 91.96
=| Measurement Setup - IN1 (Mic) 1000 91.31 - - - - - - dB dB dB
IN'1 Meas. Distance | 0.03 1250 90.6 _ _ _ _ 33‘92 24‘16 33.93 33‘3 31.49
: - 1600 91.05 B 8 B 8 8
INT Environment Full space {4 pi) 2000 93.27 92.39|92.23]91.54 | 92.02 [93.27 | 93.49[ 93.21 | 92.57 [ 90.71
IN1 Calibration [V |... | 1x2 numbers [0.05 94] dB dB dB dB de dB dB de dB
2500 93.49
N1 (Mic) Correctio... 3150 03.03 91.48|91.31 90.6  91.05|92.31|92.5192.23 91.58 89.71
S rr—— 4000 03.3 dB _ dB dB - dB dB _ dB dB dB . dB Vv
=000 oL40 v 90.56 | 90.38 | 89.66 | 90.09 |91.36| 91.57 | 91.28 | 20.64 | 88.77
Voltage Range Defi... | Fix Step Size S - o . B o P g >
B Max. Voltage | 3 v

KLIPPEL LIVE #15: Rating the maximum SPL , 25 <+ P>



Burst Test (CEA-2010-A)

Stimulus o Microphone Signal
’ Far/Free Field .
V] o o - | pal 2
! Lﬁt| [ Mmicrophone i
-20 200 400 600 :
[ms] 0 200 400 600
[ms]
-\ Limit Check
K fundamental # 2nd
-10 [ —
s 3rd
Increase PASS 2 [ | ;% _an  Thresholds
Voltage 30
\ ‘ [dB] -40 ///\\ ,5) higher order + noise
“ b, Not sensitive for
([ — A S, impulsive distortion  Peak Value
FAIL 0
-100
-110

Maximum'SPL

burst
(last passed peak value)

{

265
KLIPPEL LIVE #15: Rating the maximum SPL , 26 <+ P>



ST T Em oy

Burst Test Results

SPLuax referenced to 1m and 2.83V

Input Voltage

{ Tone Burst Center Maximum CEA-2010

I Frequency (Hz) SPL Rating 100

: 20 : 79 s | Maximum SPL
| 25 | 85 84 g .
I 31.5 I g9 b

I I =3 80

[ 40 1 96 ]

[ }

I 50 1 101 100 .

[ b

| 63 ] 104 65
N . * ezl

KLIPPEL LIVE #15: Rating the maximum SPL , 27
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\\ M\f ?‘I\1K Room effects must be compensated for low frequencies
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CEA 2010ARYHE Al

Burst Test in CEA 2010 A

ﬁl:,‘ﬁ“ Benefit:
ABXIf<200HASIE 2 RNEREKE. FPREFES)IREEESR

Eﬂ Human ear is very sensitive for harmonic distortion, impulsive distortion and
(modulated) noise for low frequency bursts f < 200 Hz

18)2R Problems:

= %%ﬁﬂé@iﬁ(l%@ﬁftﬁ‘éél@?r BiRE! ) Far/free field condition

required (room modes can generate a significant error !!)

o XIEKHPEERINIAAZE(ETEEE) Test is not sensitive for impulsive

distortion (energy based)

o AESNR(LEIEE)FE({KEASPL! Poor SNR (ambient noise) reduces
max SPL!

KLIPPEL LIVE #15: Rating the maximum SPL , 28 <+ P>



BJjR . BIRRTL

Problem: Room Modes

[a]&R Problems:

CEA 2010FE (t=H))iziz/ B H

37555 CEA 2010 requires (simulated)
far/free field conditions
tik, ST

BRI EEHLE
I NIERYAEE Room modes are

narrow band resonances which affect the
measured sound pressure in the far field

AEIR Symptoms:

BIER SESHEAXITREE(
}}E%) Asymmetrical envelope of the
reproduced burst signal (ringing)

Eﬁ I‘]‘bb;)fzgeé Harmonics distortion
affected

KA =R SPLIE{E(10dB)

Larger sound pressure SPL peak value (10
dB)

Sound Pressure [Pa]

[dB]

KLIPPEL LIVE #15: Rating the maximum SPL , 29

a5 (simulated) free-field conditions

-0.8

-10
-20
-30 -

40 LN/
-50
-60
-70
-80
-90

1.0

Non-anechoic condition

08

" m -

0.6

0.4

0.2

0 0.2 0.4 06 0.8 1 1.2 1.4

Time [s]

10
Harmonic distortion

Thresholds

fundamental

1 1 1k 10k
0 00 Frequency [Hz] 0



[dB]

SPL [dB]

}%lEﬂTE:T:E(Z) Room Modes (2)

Harmonic distortion
Thresholds

10

-10
-20
-30 : :—.‘

40 LN A
.50 ’
-60

18] Problem:

» fundamental FaEH e S RASPLENEE
50 ~ - = I=Z The room modes generate a

Frequency [Hz] significant error in the maximum SPL value
. _ [ AT R/ B RIZHIS*MEIE
% Non-anechoic condition - eSO HRIRILIRIER a complex

i SdBError = compensation filter for simulated far/free
?Z A field can solves this problem
7 ~(simulated) free-field conditions IWEKLIPPEL live #4

” See KLIPPEL live #4

60
55

50
20 40 60 80 100

Frequency [Hz]

KLIPPEL LIVE #15: Rating the maximum SPL , 30 <+ > :



0
-10
-20
-30

[dB] -40
-50
-60
-70
-80
-90
-100

-110

CEA 2034RHY3EE AN
Burst Test iIn CEA 2034

zh#]], Intention:

o EERMRRAT E (SRR
Applying burst test to other (full-band) consumer products

 REIFENXE. REES. REIREE

Improving sensitivity for irregular distortion, rub&buzz, defects
IR = Solution:
1R EFNIEE A REEVPRS Sensitive limits for harmonic distortion and noise

Burst Response Spectrum normalized Burst Response Spectrum normalized

fundamental [/

"_2nd
T 3 CEA 2010

4th

v LIMITS

5th

CEA2034
LIMIT

-20

higher order + noise -40

-60
dB
-80

»-. Tighter limits

Not sensitive for
impulsive distortion

-100

0.1 1 10

0.01 01 [kH 1 10
[ktiz] Frequency [kHz]

KLIPPEL LIVE #15: Rating the maximum SPL , 31 <+ P>



3 - —spep
o, oP L“J%{ ;&jﬂ% Broadband Peak SPL Data
calculated in CEA 2034

Results from
Burst Measurement

[ Weigthed &
Frequency Peak SPL Frequenc 'g .
[Hz] quency limited
[dB] [Hz] Maximum
. pSHE, Q f@ Data Post-processing SPL [dB]
20 : 20 117
25 120 (EFRIYERSININSPL{E Limiting the 2 119
32 Re0:03 weighted SPL values using an average value 22 LY
40 120.04 — . 40 120
- oo o  BEEFEFZF] summing the squared pressure = o
63 120.07 Z; 158
80 120.07 100 120
100 120.07 6.2.3 Max Peak SPL Data Post-Processing 125 120
125 120.07 )
1. The recorded peak SPL at each 1/3 octave band shall be weighted by the power 160 120
160 120.07 spectrum given in Table 1 (6.1.1). 200 120
200 120.08 2. The Average Weighted SPL slhall bnla calculated by averaging the weighted SPL 250 120
values from 100 Hz to 5 kHz, inclusive.
250 120.08 3. The weighted SPL for any 1/3 octave band exceeding the Average Weighted 315 120 119 OO
SPL by 2 dB shall be reduced to a value of the Average Weighted SPL plus 2 dB. :
315 120.08 . L ) : 400 120
4. The weighted & limited SPL in each 1/3 octave band shall be converted to its
400 120.08 squared-pressure value (p? = 10*(SPL/10)) 500 120
500 120.08 5. I:Iij::t;c?f all of the squared-pressure values for each 1/3 octave band shall be 630 103
630 102.68 6. The SPL of the summed squared-pressure shall be calculated (SPL = 800 120
800 120.08 10log(sum(p?)). 1000 120
7. The Broadband Peak SPL shall be the SPL of the summed squared-pressure 1250 120
1000 120.07 minus 14 dB.
1250 120.08 1600 119
1600 120.06 2000 119
2000 120.07 ;igg 112
2500 120.01 2000 117
3150 120.04 5000 115
4000 120.03
5000 119.75

KLIPPEL LIVE #15: Rating the maximum SPL , 32 <+ P>



Maximum SPL Calculation
according CEA 2034

Broadband Peak SPL Lpeat Maximum Usable Continous
(measured with burst Output SPL L,

stimulus) (measured with noise stimulus)

~ S X
I—peak - I—con <9dB Lpeak b I-con 2 9dB
v v
Maximum SPL Maximum SPL
Lmax = Soak ™ 9dB I-max = Leon

Long-term usable
continous (heating) limits
Maximum SPL

Harmonics + Noise
limits Maximum SPL

KLIPPEL LIVE #15: Rating the maximum SPL , 34



CEA 20345Y|n]&r
Problems in CEA 2034

N (A . ] KLIPPEL LIVE series
RERBIEKE(KIFIERERY> KLIPPEL live #14)

Intermodulation distortion is not considered (fluctuation and roughness sensation > KLIPPEL
live #14)

SRR RIERS>500HZRY, ITSABEBABRN (FAKIE<100ms) > #14

Listening becomes less meaningful at higher burst frequencies f >500 Hz (burst too short <
100 ms) > #14

FER AR ABEIREEI USSR B FRITIRERTIN> #7

Burst stimulus is too short to wake up power saving mode in modern audio devices > #7

Bk B (R E EFNEANERRE) REUEE> #10

Poor sensitivity for impulsive distortion (rub&buzz and other defects) - #10

NSNS (SNRIE ) PR/ A 28 HIER A SPL Ambient noise (poor SNR) reduces

max. SPL in small speakers

CEA 20342 HHA K T IrE ERE(FETUBIE) R RBE> #10

Averaging proposed by CEA 2034 reduces sensitivity for all regular distortion (random
properties) > #10

EHEEH)ixin/ BHGSE> #4 (simulated) far/free field condition required > #4

KLIPPEL LIVE #15: Rating the maximum SPL , 35 <+ P>



57]\(;“9&:':5,‘]1, QEQE Poor Sensitivity for Impulsive Distortion
a problem in CEA 2034

Harmonic Distortion + Noise (normalized) Impulsive Distortion
o] | ]
I -_-|~~~~. ! ! ! ;
¢l 1 1 |_~_l\'~\' i t 1
BT R 20...50Hz ]
L et N 2 N ;
» i IS T )/
4l { s ~ I il P
¥ | 1 \\ -~ Limit required for 20
50 ! ! ! ! L ’
» 250...5000Hz 53...200 N2 ~w. o Hz tone
pimiil R L = g D il
bl | e L Problems with poor SNR !
M 1020 W 41 & 80 70 80 % 01 n0 @0 w0 u0 g
15 20 100 1000
Frequency normalized (order of harmonics) Order Of_
~harmonics"
20 Hz 400 Hz 2 kHz 20 kHz frequency

(Fundamental)
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e

BB

Ambient Noise Immunity in Burst Test
Problem in CEA 2010 & 2034

Burst Response Spectrum normalized

-20

-40

-60

dB

-80

-100

|a)#% Problems:
IS RS PR ERASPL Ambient noise reduces max. SPL

CEA 20342 AIKIRESNR, K EEAMIFEIIFENRERIREUE

0.1 1
Frequency [kHz]

NOISE

CEA2034;
LIMIT

-70 dB

10

CEA 2034 recommends averaging to improve SNR which reduces sensitivity for irregular distortion with random

properties

fERSNR|aJRE Solution for SNR problem:
HRAEITIA(5cm) (SNRET20dB DAY EPREIFEE Umax burst ()

1.

2.

determine U,y purst (F) based on distortion limits in near field (5cm) (20dB more SNR )

{iﬁumaxlburst (DE(*ETU\)J\EiZ]EP;mU%HEij(m%{ESPLburst(f) Measure maximum peak SI:’Lburst(f) in

(simulated) far field using U,y purst (F)

KLIPPEL LIVE #15: Rating the maximum SPL , 37
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A SPLAYKLIPPELMIIZ 7522 kLIPPEL Test Solution for maxSPL

FSCEA 2010AFCEA 2034 according to CEA 2010A and CEA 2034

0 ;Eﬁ(&ﬂiﬁ?—%{#ﬂzzﬁﬁ) 0 Preparation (if acoustical conditions are not sufficient) KLIPPEL Analyzer
a) Eﬁ{%lﬁlfﬁﬁgﬂ%EHﬂéfij’%ﬁ)ﬁiﬁ%ﬁ%l(9 ISC*,%ZE) Ensure fixed room correction curve is valid for the audio device (= ISC module)
b) B AZETRNAEr>0.3mERIIZ*MERECRAEF =B B37/Imim &4 (> TRF, NFS, ISCiE4H)

Generate simulated far/free field condition by creating an in-situ compensation function for microphone position r>0.3m (= TRF, NFS, ISC modules)
1 ‘JZ__E% / EE%%HEG&E, 5%) 1 Far/Free Field Measurement (continuous, multi-tone)

a) MEEFXEIFHEEE(r=1m)aE Pl (r=0.3m)

Place microphone at evaluation distance (r=1m) or in-situ test position (r=0.3m)
b) i%ﬂﬂ%ﬁ;%%,%ﬂﬁ}]ﬂg%& shaped multi-tone stimulus with increasing voltage

¢) BiiERERESKRERERRAEANNIAEEUFISPL, (> #EZEMTON)
Automatic search for maximum test voltage u,,, and SPL_,, where either compression or distortion hit the limits (= new MTON module)
2 i&%iﬂui(ﬁ&‘) 2 Near Field Measurement (burst)

a) E&%ﬁﬁﬂ%ﬁ&})ﬁﬁ%« 5Cm(EE§ﬁ::SNR) Place microphone close to the diaphragm r < 5 cm (best SNR)

b) BHafERIF—WiERIEBIRIREIR AR EU,,«(f) (> FTELETBM) Automatic search for

maximum test voltage u,,(f) where normalized harmonic distortion exceeds the limits (>new TBM module)

3 ‘@% / E EHiZuiF!IJE(Z*.TﬁE) 3 Far/Free Field Measurement (burst)
a) E&%ﬁﬁmﬁiﬂaﬂﬁ%’(r: 1m)ﬁ%iﬂiﬁiﬂﬂiﬁﬁﬁ%(mOBm) Place microphone at evaluation distance (r=1m) or in-situ test

position (r=0.3m)

b) Tj_:'JEI—%i%i&%ﬁﬁﬁ*&ﬁﬁE’\JEE'ijC:EUEtEEEuburst(f) Tf)ﬂ”%ﬂ%j{SPL (9,‘;‘5 *EZETBM) SPLMeasure maximum SPL at

maximum test voltage u,,(f) where normalized harmonic distortion exceeds the limits (>new TBM module)
4 ;EEE%*SPL 4 Assignment of maxSPL

a) ETFSPL,FOSPL,, i TEERASPL Calculate maxSPL based on SPL,, and SPLy«

b) ?;’Cl,ﬁlOOh,ﬂUiiU«lf@éIEC 60268-21(ﬂﬁ{§5‘§,§]—1}&ﬁ) Perform 100h test to comply with IEC 60268-21 (optional but strongiy
recommended)

KLIPPEL LIVE #15: Rating the maximum SPL , 38 <+ P>
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At the end: What is important ?

IEC 60268- 21E|/_-]1.:FL,U\ Message of IEC 60268-21:

° 1§ﬁﬁIEC 60268- ZlfxEﬁj\:Ell\JE EE Use the freedom provided by IEC 60268-21

° EEE%Z?S{*D'IE%?ME‘?%{# Clearly define and document the test conditions

o X [ﬁﬂi'ﬁ%lﬁlﬂﬁﬂi’[ﬁ#ﬁﬁumaxﬁﬂg 100hINEMIXAEET consider reliability

and endurance and check it with a 100 h power test at umax

o BRASPLEERICRIUNEFRMHEMIEREE. HABIOIEP(TRER

'f*{ﬁI{’EE' ) Provide maxSPL value together with documented measurement conditions to
your coworkers, suppliers and customers (standard simplifies the effort !)

Qj&ré TH EN KLIPPEL LIVE series

L‘)\"Fj’j‘ﬁmaxSPLi%x%—ﬁ\ﬁ %ZS{E’\J%‘&{E MaxSPL becomes a meaningful number for
o RIBERIRZSFRIEN—> #5 calibrating the input of active systems > #5
o EITERIEMENX > #12 Benchmarking of audio products > #12

o HHERImARFIRERRIIFTZ5R=> # 14 Making better products as seen by the end user
~>#14

a6
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https://youtu.be/8AluraQ8HMY
https://youtu.be/8AluraQ8HMY
https://youtu.be/tq-6-mWCoZg
https://youtu.be/tq-6-mWCoZg
https://zoom.us/rec/share/vepPBK799WlJZJHc4k3cZJZwIIvmT6a81XVN8vpZxUyJr9k96R63KM6qMAihLUmj?startTime=1597244401000
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451 Conclusions

=AY E R AR Sk g T2 ETH S

OUTPUT based measurements can ensure comprehensive evaluation of audio devices

DSPEI%. FAiEH. SEHARESICIRRA

DSP algorithms, wireless transmission, smart amplifiers need modern measurement
techniques

IECHR/E60268-21.2— MRIFHVEA, ELAI LIRS T8

)\_\L IEC Standard 60268-21 is a good basis and is ready for your application

BIECRAESITER RS IBMMIARIZGER. FiEE)

Provide any feedback (errors, new ideas) to IEC or AES standard committees

RANEERFN R T ARAT LAH—2 48/ NR TR E 2 [BIRYZE
EEGE;E*T/EF'T E ? ) Perceptual modeling and auralization techniques can

further reduce the gap between listening and measurement (future standard project ?)
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KLIPPEL LIVE“fSESIEC 60268-21 SRS FHIE S ME"?2

KLIPPEL LIVE “Acoustical Measurement of Sound System Equipment
according IEC 60268-21" ?

Lzl\q*il- Share and Use the Material

L

1. fEwww.klippel.net.cnBZ&15[EIRHIRIMNEIHT S

Free access to the recorded webinars on www.klippel.net.cn

2. BXZ rnd-support@klippel.de 8¢& china@klippel.de |,

Contact rnd-support@klippel.de if you
¥ ﬁ?g% 1$£EEH|:|,U\ need more detailed information,
e Ef)u%jél:i%, EEBL'LM&TE ,L,\/f found errors, have some

suggestions or new ideas,

.+ BERMEFIERLAN 222 demofZ R TSEPRTAS

need software and templates for practical evaluation with free demo
license,

e Hﬂi’, other things
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= OUTLOOK

VN

,j-ﬁ'KL| PPEL LIV6|X__] %EH'L__]' ?Zﬂjfﬁﬁ AN A new KLIPPEL Live webinar series entitled
“fFaIEC 60268-22RJtGgE ERTTHI R FRIB ZFNMNE"

“Electrical and Mechanical Measurement of Transducers and
Systems according IEC 60268-22”

12117_]'1/8 will address the points:

Y %F:EZIS&TZHE;&% Considering fundamental physical relationships
- FIRZFERERERENER. 525, BiRt. HRERS)

Exploiting the power of loudspeaker modeling (lumped, modal, finite element, system oriented...)
. \ %J*E@%’kﬁ |dentification of free model parameters

N ﬁEﬂf; 'L‘|'$|:|}‘"|:||:|3‘—|'7§ Optimal design and product development
2 DSPJ:FEEI"J,H'L[:, Consequences for DSP development

. L‘,{&Eé@ and much more

KLIPPEL LIVE #15: Rating the maximum SPL , 44 <+ >



