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Abstract:

This seminar focuses on the definition of technical specifications and
measurement techniques used by suppliers, manufacturers and
customers to assess the properties of loudspeaker parts, transducers
and complete systems. The most important criterion for defining the
target performance of a product, developing the first prototype and
ensuring quality during end-of-line testing is the impact on the
perceived sound quality. However, subjective evaluation performed in a
special listening room or in a production environment is more time
consuming and less reliable than objective measurements. A good
loudspeaker engineer needs not only a sensitive ear but also a
theoretical and practical knowledge in loudspeaker modeling and
measurement to find the physical cause of the signal distortion. The
seminar gives an overview on characteristics and measurement
techniques as defined by international standards and new research
projects to develop more comprehensive testing in R&D and QC
application.
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Questions Raised in the Seminar

NEF, FEEARNERE , BMUERREEMN?
Which characteristics are important for customer,
manufacturer and supplier ?

WMEIRE X B Rt s 1E?

How to define the target performance ?
AR R WAl E L2

What is a ,bad” and a ,good“ product ?

WMEISRF I 45 B0 R K P RAERRBERR?

How to find a transducer which is optimal for the particular
system ?

WSk EATRE T? How to measure an active system ?
WMAEERIDRGEEHELM ARG E R?

How to link R&D with end-of-line testing ?
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How to Specify Sound Quality of Loudspeaker Systems ?
ne 7))
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B Parts IXzh 8 T RE system Y
(cone, spider, Driver (woofer, (driver + Xover + room) T’
motor parts) tweeter) Listener
DHRSHER KSR HER EERgsER  OEFPER
Distributed Parameter Models Lumped Parameter System-oriented Psycho-acoustical
(FEA, BEA) Models Models Models
MRS wEsy  aemm  LEIMEgeasw  FEEM
PMB(e”at' Thermal Cone Vibration g:rfzﬂ‘rrigr:‘:; Nonlinear Distortion Sound Attributes
é%ﬂ'@ arameter L MET/SSER Parameters SFZf’&?:}ﬁ ) T I%Jﬁgé]@
Geometry Linear T/S Nonlinear ]jJ ‘F%}E = uﬁl ?E‘E Quality Metrics
~ Parameters Parameters \____ Power Handling Loudness density s
%?&ZE AL :J: }Eﬁl}_ﬁj Parameters independent of stimulus ﬁqj( Eﬂ /;{ 3: ,%&Jm Symptoms depend on stimulus
< B *’T‘ﬁﬁgﬂ’g}rﬁ}‘( Definition of Target Performance
< 40 FR ER 20 B3 32 518 1T Selection of Components & Design ) R&D
< % _/I\EZFEQ ﬁ”ﬁ Evaluation of the First Prototype >
\e 7 S v
( TEL N E End-of-line Testing ) QC
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How to Specify Sound Quality of Loudspeaker Systems ?

A pars IRz R system o

(cone, spider, Driver (woofer, (driver + Xover + room) .
motor parts) tweeter() Listener
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3 MRS wBsm  swemm  IESMEgspsm  EEEM
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5 B ¥R MEBERY TE Y. Definition of Target Performance
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Requirements on Modern Loudspeakers

o /IMEFR smail dimensions

° 5‘.3: E % Low weight

° 9\ ﬁEZF Low cost

* ﬂi % E: N !ﬁﬁ H High output at low distortion
¢ & j( 9& $ Maximal efficiency

==
%& E‘ jt == g “Loud“speakers are required
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Generation of Siknal Distortion in Loudspeakers

o 0] {8

Input N Output
Signal " Signal
p—> H(s)-1
*ﬁﬁ?&gh ear Excessive
distortion Noise  —4
. Regular ‘ I :amb'ileqt Noise
| Nonlinearities e E A L ic Noise
* Magnet 4 Di ; i Parasitic
« Coil istortion caused b: vibration
« Spider motor and suspensian
« Surround »  Defects nclosure,
1 room, other
\ objects
& Rub
Yﬁﬁﬁﬁ/ﬁﬂ/ﬂﬂﬂ Loose
Particles / Parts / Screws
« Z2SR 7 Air Noise (from
Leak: )
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What is the Critical Part In the Reproduction System ?
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Interaction with the room

mw Late reflections

early
reflecti

BEIAFE direct sound

7 2309 R LE 45 M 3 L IEE EE Which loudspeaker properties are important for this ?
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Variation of SPL response within normal listening area in a living room
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Loudspeaker design starts with the definition of the acoustical target environment !

. BRI LA A4 B E T B2 Is Loudspeaker used in a particular
room ?
-> WA BE S A B U\ BV B A 7 88 universal loudspeakers with neutral
properties or special speaker
RERNHBE{E Number and position of original sound sources
> BFEERZFERS Single-channel or multi-channel system
R=REHE [ Directivity of original sound source ?
> BEFR (RF) ¥ B8 FR (5RH) directed source (singer) or diffuse
source (orchestra)
LEBREERENME Position of the loudspeaker in room ?
> BEZEEREMNERFEEXFA fixed installation at optimal position or
portable use
EAUTBEES Listening distance
> BEEEN, ZEFRATERER™ & L fixed as in cars, multi-media or

variable as in convenience products
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How to Define the Target Performance ?

1. EHNFRELRKRZF R Experience from
previous development and customer
response

2. mipLBEREFE N mIEY Assessment on
competitive products in the market

3. AHFHFEREEERITER EARENE
OFT 0 i
Systematic listening tests on design choices
using digital loudspeaker modeling
(auralization)
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Auralization — Systematic Listening Tests using Slmulatlon and
Decomposition Techniques

Thermal Par: %A varied parameter
Ry, R Ther

tm md4l
Mode, @

A7 >
Listening test
Power Temperature
@ 4 7 a l
- Lingar 5| Nonlipear 5| Lingar Sensations
Stimulus ——— Sy;?fm > Sy?é’n > sybtem
7 , / f
/ / \ X Psycho-
Lumped Y(s) H,(s) P acoustical
He|(S) parameters admittance Transfer function Model
Transfer functi
ransfer function BI(x), L(x). Q\
Cms(x) Re, Mms \\
/4 T \ \
\
\
Amplifier Crossover Motor Suspension Cone Enclosure, Horn  room
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Auralization in Loudspeaker Development

£ X
REFSNY e _ 'rﬁi%*’%i{i
Development-L é" gr o El‘ﬁ& Marketing

Manufacturing Management

v v

S N S
@Xm 'L$m Objective Evaluation EXE ﬂzm Subijective Evaluation

M %E, BRAHH Distortion, Maximal Output * M AEIR Personal Impression

. Hﬁﬁb*ﬁﬁ, BAER Displacement, Temperature . Eﬁﬁﬂ'ﬂ%bﬁ Sufficient Sound Quality

o RITIEER B IF(E Evaluation of Design Choices < &3 H ﬁ‘fﬁ%ﬁlﬁ Tuning to the target market
« 35 Hi B0 75 [ Indications for Improvements * ﬁﬁtb(’i&é&ﬁizl&tt) Performance/Cost Ratio
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Listening into a Digital

IR S IE?F ______ 7Tt |

Music,test sianals

H?',:

Linear Signal

- K
S S T )
?;E’b =, Fﬁﬂﬂ‘ ’ ;JJ:*:’ R Distortion
Displacement, Current,Power, Temperature
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Measurement of Safety Headroom
ST Sps | Example
%’E'%@%’S Ideal Speaerk 0dB -100 dB E(E):E
A 0dB -12dB B
215 ] Distortion decreased 0dB -9dB (E):E
0dB -6 dB c@é
0dB -3dB q-
Bi [EH A2 Real Speaker 0dB 0dB E(E)’E
0dB 3B | -
Fl’ ZI‘H;T%;H’EL threshold of audibility ——QdB—> 6 dB ]/E %
“J 21 187X Distortion increased 0dB 9dB 73 E
—V- =
0dB 12 dB L

Rl A T T NS |2l

Safety Headroom = Increase of S5 to make distortion audible
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Output of an Low-Quality loudSpeaker
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Output of a High-Quality loudspeaker
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How to Specify Sound Quality of Loudspeaker Systems ?
Y «—> & «—> —>
EBHF Parts IR zh & T KRG system N

(cone, spider, Driver (woofer, (driver + Xover + room)

motor parts) tweeter) Listener
s | srRsmEm ERSHEN  ErRogn  OEFRER
= Distributed Parameter Models Lumped Parameter System-oriented Psycho-acoustical
EH'I (FEA, BEA) Models Models Models
23
MESH wBsm  swemm  IESMEgspsm  EEEM
g atena:l Trzrmel Cone Vibration Fs’;nd?)l‘rrifn:; Nonlinear Distortion ~ Sound Attributes
: i Parameter 4o i T/S S %y Parameters JELE M B E AL P IR R
2 Geometry Linear T/S Nonlinear jJ = AL £ = TE‘ Qual\(y Metrics
|. Parameters Parameters \____ Power Handling Loudness density
g %ﬁ%ﬁm l_‘l_. q: %WJ Parameters |ndependent of stimulus. r»{j{ HR /;& i': Eﬁuﬁ] Symptoms depend on stimulus
A 4 A 4
< B *‘F‘I’i ESEX Definition of Target Performance
% < éﬁﬁiﬁii‘l\ E’gﬁ#'—'f_lﬁl‘l’ Selection of Components & Design > R& D
o A P L I
E‘E < % —/I\EZFE’J 1¥1E Evaluation of the First Prototype >
\e 7 s v
45 (‘ 1EZ N 8 End-of-line Testing V) QC
A TE 17 75 88 R GBI SF?_How to Specify Sound Quality 2, 21 www.Klippel.de <>
-L:F{EEUIJI?]:%F%%/F\‘/JL
Assessing a Passive Loudspeaker System
torminals 2= 2 F Black Box
power
amplifier
Enclosure

B Voltage
B85 Current
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BRAFRRES

Active Loudspeaker Systems

REFHBHEURREZEHZH
*ﬂ %ﬂ@]ﬂ‘gﬁ!’mperﬁes of th

box depend on control parame
stimulus

s

L ER=gtEh REF
digital audio Black box
stream e
drivers
EHSE(WER)
control parameters
(e.g. attenuation)
WAMEHE B R AN BF? How to Specify Sound Quality 2, 23 www.Kiippelde <>
EREBRRK
/2N ZIRIVL
Active Loudspeaker Systems
P
amplifiers
DSP FE# M5 Nonlinear Aﬂ%@ﬂ [: I:[
*| protection
Digital . \
audio » Equalizer Limiter ) X-over |—»! x;"t;ac’:l?; >
input 4 1 /
Gain
| cono Q,Vz;‘;i?;n / ~%»I:(
T ‘ drivers
Control

input

EFAREE  DERARNBHREZARER B[RS

Integration between signal processing, power amplification and electro-acoustical conversion
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IEC 60268-5 EH 1S
Characteristics defined by IEC 60268-5

FE#1 Impedance (rated value, Z(f)-curve, Qts, Vas)

& A E R Input voltage (rated noise, short + long term maximal)
B AIh 2 Input power (rated noise, short + long term maximal)
$EFE 458 Frequency characteristics (rated range, fs, fvent)
VII\EIE’%”WE’\JSPL 1WHYEBBE SPL in stated band, Sensitivity for 1

SPLZE SPL response for voltage, H(f), effec. freq. range
B2 HIh®E %E Output (acoustic) power, efficiency

fE Mm% Directivity (pattern, rad. angle, index, coverage)

i@ BE JE#&1% Amplitude nonlinearity (THD, IMD)

N abhwd-=

HAHEH SR LM RF? How to Specify Sound Quality ?, 25 www.Klippel.de <>

IEC 60268-5R NS H

Characteristics defined by IEC 60268-5

AEER , FEEd , RNV ARETERN

can be applied, need modification, are not applicable to Active Loudspeaker Systems

FE#1 Impedance (rated value, Z(f)-curve, Qts, Vas)

# A ZE® Input voltage (rated noise, short + long term maximal)

¥ A Zh 2 Input power (rated noise, short + long term maximal)
AR5 Frequency characteristics (fs, fvent)

IEEEAIRISPL 1WHIEHE SPL in stated band,

B BT EE LN SPL response , H(f), effec. freq.
range,

BB 1F Output (acoustic) power,

75/ 1% Directivity (pattern, rad. angle, index, coverage)

15 EFE# 14 Amplitude nonlinearity (THD, IMD)

SN =

© © N
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Evaluation of the Loudspeaker System
BMNER, ZE™ M, &4 7 f@ First Prototype, Competitive Product, Final Product

¥ﬁE’JE'J?NeW Requirements:
BRREMERRS For active and passive systems
- EEESEBMNREER Consideration of room-interaction
- BRAFZEHHENEE Assessment of maximal acoustical output

o FHNEHF SR Irregular loudspeaker defects (rub, buzz,
leakage, particles, loose conections)

« ZHEAEIE Comprehensive (orthogonal) set of data
« {ETF %R Easy interpretation
+ HQCER&DiE# Bridging QC and R&D

> AESHIECHREFR X T BERMFERRENWNE”

- Standard activities in AES and IEC about a ,Measurement of
Active Loudspeaker Systems*

HAHEH SR LM RF? How to Specify Sound Quality ?, 27 www.klippel.de — <p>
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A good idea: (Linear) Transfer Functions

T

. ..

. .
R ey

Displacement TF

UBEBEY
N Radiatio_n/ p(r,)
propagation |
. soun
Impedance current ‘-' pressure
LR
3 | 4 E(.r
! o Motor/ X Cone Radiation/ P(ry)
Voltage, ——— <\ ispension diaphragm [F¥™ 1 propagation sound
............... - __"d.is.p.lacement pressure
........................ Erequency Response
53]"2"“&]-@ .................. 'S (r)
Radiation/ Pl
Z . E—
mech propagation sound
y pressure
mechanical
impedance Enclosure

Port

Horn

Panel
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Set-up of Listening Test on Smoothness of Total SPL Response

[Equatzor >

Signal source

Loud-
speaker
system

Optimal Stimulus:

Pink noise Compensate for
=ERD coloration by
MR E adjusting the
equalizer
B RS EE L
WMEHS

AL TE 17 75 B8 R AY B FL?2_How to Specify Sound Quality 2, 29

Listener at
optimal
position

BT EERE

frE

Subjective Criterion M #RE:
« Spectral coloration %%,

www kiippel.de <P
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Interpretation of Listening Tests on Smoothness of Total SPL Response

Correction curve of equalizer response

I $9 185 e 7 2

Coloration of the overall system
(loudspeaker, room)

RELBFERGEFREME)

+System Alignment R E Y (woofer enclosuref§ &% %8) > about fs

(<100 Hz) #IRHAE fs < 100 Hz

*Room modes EEER > (below 500 Hz {&F500##%%)

scrossover XX > (above 500 Hz & F500##%%)

Break up modes and radiation problems 22 #E X KBS RIE >

(above 500 Hz & F500##%%).

WA EZ EEE RS RA? How to Specify Sound Quality 2, 30
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Characteristics which can directly be applied to active loudspeaker systems

FRE MRS |, THRBTIEE |, W .
All relative characteristics, which are independent
of amplitude, such as

« B directivity index
« = A coverage angle

* 525} A radiation angle
« B5SREBE effective frequency range
» [ 57 #9738 E smoothness of the response

%4 Conditions:
« UXE T EHH based on sound pressure output only
- ZEREZHHES M E ratio of acoustical output signals is considered
cNEESEXATNECPRHR , /Y, IELHELRRDS)

measurement in small signal domain (limiter, protection, nonlinearities not active)
c MBI T —4ENESLEEESR)

independent of one-dimensional signal processing (equalizer .
&Dﬁﬂi@%f*ﬂ%ﬁ%ﬁﬂ@ﬁ:ﬁ? How to Specify Sound Q%ality ?p31 9 ( q ) www.klippelde <>

Ay =
A& - PR HERE
Specification: Small Signal Performance
BRANTRHERRE
Active and passive Loudspeaker System

« SPLRHIAEKIEENMM SPL on-axis amplitude
response
> ELREFFZMHT under anechoic conditions (IEC 60268-5)
- gM@M Directivity
-> E@EE Directivity index D;(f)
> BRI or sound power response P,(f) (IEC 60268-5 Sec.
22.1)
« E¥IHER Group delay
> %4F latency
T 55ME M X R variation vs. Frequency,
-> BB Z R Z{L variation between channels

WA EZ = e RS RHA? How to Specify Sound Quality 2, 32 www.klippel.de <>
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Generation of Signal Distortion in Loudspeakers

Input
Signal »>
WAES
wAWS,
Input Signal / i
» Linear System _ _ . S E =i
Qfﬁgét linear distortion ﬁ;%x
= ZBIv Excessive
Distortion
Regular
> Nonlinearities
EEFLMEYE| BERFLMHAE
regular nonlinear
distortion
L—p Defects
ERIR

AL TE 17 75 B8 R MY RFL?_How to Specify Sound Quality 2, 33

Output
Signal

BWHE

=
=

mHRS

Output Signal

Noise

e

www kiippel.de <P
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A — BT BN ERA

Setup of the Directivity Measurement using one turntable and 8+1 Microphones

‘anechoic’
room

Loud-
speaker

L)

&> T

Turntable

o

L

noise

WA EZ EEE RS @A ? How to Specify Sound Quality 2, 34

Microphone for
detecting ambient
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Relative Directional Characteristics

+ B8 A Radiation angle
« EEIEH Directivity index
« RiZ A Coverage angle
> ALERARERZM can be applied to Active Systems

REWATAEZEE Existing standards can be used:
->AES 5id —1997 (1998),
—>|EC 60268-5 Paragraphs 23.2, 23.3. 23.4

1kHz

AAHE 5 B R S AF?_How to Specify Sound Quality 2, 35 www.klippelde <>

BERMVEREER(NAREKRN)

Relevant information of the Transfer Function H(f)
(small signal domain)

Lo DNER
Input
signal

-~ -H(f)-_
~a

BHEE Group delay Rel. Amplitude response

1 & FE Phase respor®e

Sound Pressure Level (rel.)

Group delay
Impulse accuracy T smoothness of curve ™
I TR ~
- T T T o -
ms _, F . N /

[ const. time Eh < I
o delay (latency) ol eff. frequency range |||
: = (small signal ) —
! 11 AT
' 102 Hz 100 A P

Frequency [Hz]
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BRINETH
Effective Frequency Range

Total Sound Pressure Level
T T

Frequency [Hz]

lower limit upper limit

IEC ¥7/£60268-5E%21. 20/ AR I BRI FE R RS,
IEC Standard 60268-5 Paragraph 21.2 can be applied to Active
Loudspeaker Systems

HAAEH SR LM RF? How to Specify Sound Quality ?, 37 www.Klippel.de <>

/MBS e B2
Small Signal Response

FIIEC60268-54r #2428 2t/ N RIS E N E

is measured by IEC 60268-5 section 24.2 with a

minor modification:
BB RS BUE R 75 B  H B K # HH SPLmax/)v-20dB.

the stimulus U is adjusted to give an output which is smaller than SPLyx -20 dB for
fIower,l <f< fupper,l

SOUND PRESSURE LEVEL

long large signal short large signal Small signal response

140

130

120

3 E pu
= =T ™
E 110 |- ™ JM/’\,\'V Wy i
s E -SPLMAX-—-]—*—”‘:/---————-EML
' 100 : L -
g g B ,| *-1_0 daB ", '\'
90 /’ ¥
F Small signal response
80
N I ]
20 50 100 200 500 1k 2k 5k

Frequency [Hz]
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Characteristics which can not be applied to Active Loudspeaker Systems

amplifiers

R
e

drivers

Digital

input

TROEREZIG S

no access to termlnals of the

transducers

input

« BE#1 impedance
« EMSH lin s, Qts, fbox, Vas)

ms(x), ...)

& 1514 thermal characteristics (Tv, re5|stan es, time constants)

BT TE S 75 88 R LM RF?_How to Specify Sound Quality ?, 39 www.lippel.de P>

RAFER

Maximal Sound Pressure Level
8] A9 e B2 52 1 Y (R 3

factors limiting long term response

Sound Pressure Response

dB - [V] (rms)

130 Long Term Response linear response
= KLIPREL N
25 pNAELEIES
E A —
- o P ERE
E = stz
" W eviay A "L } = KN 2
AR Long term response
105+ FEEREAIBR S Limited by coil temperature —| was measured by
E / | using a stepped
E 7T ' [ sine wave (1 min
B BHIPRE Limited by peak displacement on/1 min off cycle)
= /
90 E /,
85 ;/
80 L
20 50 200 500 2k

Frequency [Hz]
HN{AME 7588 RS SR ? How to Specify Sound Quality 2, 40 www.klippel.de <>
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Performance of Loudspeakers

i@
Amplityde
X |40 | | i ocscion
[mm]
10 ,é
(EL Large Signal domain
3 9 3'523%.'& nonlinear

voice coil

03 G@? Small signal domain 2> BIR4&M amost linear

displacment
HAHEH SR LM RF? How to Specify Sound Quality ?, 41 www.klippelde <>
=
5% X 24 PR 1l B & A
Factors limiting maximal output
Bz % Peak displacement
o MRBEERIELM SO KE EH
Transducer nonlinearities - distortion, compression
o NERFRES>EXRESHER
Mechanical protection system-> attenuation of bass signal
SNtk Acceleration
o HMKLESHME DRI
e Cone, coil > Damage of the mechanical parts
4 BB E Coil temperature
o ReWyiMN->INREH>HRBG
Increase of Re - Power compression - thermal damage
o REFRES>EESHER
Thermal protection system - attenuation of total signal
HARESH M H B EIEE Peak voltage at amplifier output
o MABHIK>BANKIE
Amplifier clipping = impulsive distortion
o [R5 H],4RY Limiter, gain control, protection
I B RS BFR? How to Specify Sound Quality 2, 42 www.klippelde <>
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MK . KESEsERM
Specification: Large Signal Performance
BRNERAFERRE

Active and passive Loudspeaker System

BASPLmax , MEBEAR , TREFZFSET , MAEE1M
Maximal SPL,,, at 1 m, on-axis anechoic conditions, in frequency range
BHMEEE (LRFTR)
Effective frequency range (Upper and lower limits f,,,... < f < f,../)
H[E e R A IR E (i ESPLIM R S HEN R ARE)
Flatness of on-axis response (maximal deviation of SPL on-axis response from mean SPL)
WRAE(FRNAMAKXE)
Harmonic distortion (Equivalent input distortion)
ERXEFENERIAH)
Intermodulation distortion (voice and bass sweep)
BZU R E (B {E)RErub&buzz, KA B ER
Impulsive distortion (peak, crest) indicating rub&buzz, loose particles
A HIE 75 (MOD) R AL Z= <t
Modulated noise (MOD) indicating air leakage
TE D3R 5 A ] i A 56 UE T A
Durability verified in accelerated life test
AL TE 17 75 B8 R MY RFL?2_How to Specify Sound Quality ?, 43 www.Klippel.de <>

E X FE S5 H SPLmax
BRXERESCEAN

Defining the Acoustical Output SPLyaxin the effective large signal range fioyer; < T < fpper)

SOUND PRESSURE RESPONSE

I
140 Long Term Response short term response
IR
E Maximal SPL (short term)
130 A “'\\' .VNN\\
125 8 /’_—‘W"’v\/
g 120 i /
S 115 A Maximal SPL
C 1o F I/ \ (long term)
3k f A 7!
105 - EEEE I cd S E gt ol
E / SPLMAX ‘ I
100 -F 1 L |11 | - 1
= : Ny
o5 / Effective large signal range V>:
00 F v‘ i | | L
20 f 500 1k 2k f 5k
Iower,l Frequency [Hz] upper,|

WA EZ =8 RS RA? How to Specify Sound Quality ?, 44 www.klippel.de <>




HTEY Hn A

New Output-Based Characteristics:

E X :SPLmax 8RN AR SEE N KT ESPLIB N RIKEEE
A mEEL TR S R4 T &,

Definition: SPLyy is the minimum of the long-term SPL response in the effective
large signal range

fiower) < T < fupper» Measured on-axis in 1m distance under anechoic conditions.

HIEEHERIIER] Example as specified by a manufacturer:
SPLyx =120 dB for 70 Hz < f < 5kHz

X Note:

- SEAMIRETESPLMAX H R A5 N,
SPLyax may be increased by using a smaller frequency range

+ SPLuxERHREARDTHIFLENEREEMFRIFLELE

SPL,ax considers nonlinear and thermal compression of the fundamental but
NOT nonlinear distortion

HAAEH SR LM RF? How to Specify Sound Quality ?, 45 www.Klippel.de <>

mERESRENTE

Generation of Signal Distortion in Loudspeakers

Input Output
Signil » Y Signil
BAES WHES

ﬁ)\iﬂ% N

=]
B/HAS
Input Signal v Output Signal
4k
> Linear System — S
v Qf'&%it linear distortion ﬁi%ﬁ
= RS Excessive
Distortion
Regular
Nonlinearities
B
regular nonlinear
distortion Noise
) Defects llgng :Ez
L
ERIR

WA ES 588 RS SR ? How to Specify Sound Quality 2, 46 www.Klippel.de <>




ERAE THD @ SPLyax

Harmonic Distortion for example THD @ SPL,,x

RIEIEC60268-5 2428 7 MY IR EM S TR £ -
is measured by IEC 60268-5 section 24.2 with a
minor modification:

o BRE S UREZRIF 4 #9 5 H SPL(f)>= SPLuax
the stimulus U is adjusted to give an output SPL(f) > SPLyy for fi,.c.; <

< fupperl
SPL
r T SPLyax :
! 1
! 1
! 1
| harmonlcs
v >
f »
frower f _’ UPPET frequency
Sweeping tone f,
HAHEH SR LM RF? How to Specify Sound Quality ?, 47 www.Klippel.de <>

Hif%&E IMD @ SPLyy

Intermodulation Distortion IMD @ SPLyax

RIFIEC 60268-5 24 .58 2 iR D BIS KN & -

is measured by IEC 60268-5 section 24.5 with a

minor modification:
BN E S UR A B 75 B 4 4 SPL(f)>=SPL(max)
the stimulus U is adjusted in such a way that the sound pressure
level of the fundamentals SPL(f) > SPLyx for figuer) < < fipper

Amplitude

I=-=--F-——=-=-- ===

X SPLyax |

! 1

' || | [ |

1 | | i

1 harmoni <mlfﬂ|m&igm|§| summed tope:

! [ i >
T —

1

v bassﬁtane voiz;fg tone V  frequency

f fupper,l

lower,|

AN E 7588 RS SR ? How to Specify Sound Quality ?, 48 www.Klippel.de <>




mERESRENTE

Generation of Signal Distortion in Loudspeakers

Input Output
Signal » Signal
WAES wHES
HARS S
Input Signal Output Signal
L Systs >
> ngra,:t:_ %2; linear distortion ﬂ%g&ﬁ
= BRI Excessive
Distortion
Regular
> Nonlinearities
BEFEMESYE BEELEAE
regular nonlinear
distortion Noise
»| Defects ugnﬁ %
ERIR
WAL 7 75 3 R SE Y @R ? How to Specify Sound Quality 2, 49 www.Kiippelde P>

P s AR R

Modeling of Loudspeaker Defects

v i vibration Air noise
< a
h C

backplate

hitting backplate Buzzing Coil rubbing Air leakage  Loose particles

|
:

v
BENYE

Deterministic i-Random Random
Process SS IPIOCESS;
AEIHY B 7E 1 R BE AL F2 Y 18 A A9
reproducible Deterministic Modulation of a random

process Not predictable

WAHLE 5 5 RS SR ?_How to Specify Sound Quality 2, 50 www.Kippel.de P>




mFE ARk F B NE

Loudspeaker Defect: voice coil rubbing

Comsesecion View

b -~

< | s e
N _ Rocking mode may cause at 328 Hz

=& Voice coil
A . EIEE D@E
5%FR gap

F B voice coil rubbing

T K E{S5 distortion signal

L
I

w1 time

—/\EHA one perio)d ———

AL TE 17 75 88 R MY S F?_How to Specify Sound Quality 2, 51 www.klippel.de — <p>

st B DA
Loudspeaker Defect: Buzz problem
REWRIBRI N R NS B

Most defects behave as a nonlinear oscillator .
TFE—ENREL LEMA Externally excited |
active above a critical amplitude ‘

X mass '
new mode of vibration parasitic resonator Loose joint
- ABRESRIHES o
p'r%vvﬁf-,‘ggg‘T aHr;ldIbs%nchronized by stimulus spring (Nonlinearity)
EE R <
constant output power

#%Zh vibration

= Ti- 71T I

T %k E{55 distortion signal
AARL

\[\V Y

v

WA EZ EEE RS RHA? How to Specify Sound Quality 2, 52

A

£ time

—\AH one peiod ———>
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mERRRE: FEEGRR

Loudspeaker Defect: voice coil hits the backplate

[B1& Voice coil

[8] & Voice coil & & Voice coil

Voice coil

&

Ja#R backplate Ja#R backplate Ja#R backplate

K E{S5 distortion signal

J&#R backplate

—/\EHA one perio)d ———

MAMEHFEERLEMRFE? How to Specify Sound Quality 2, 53 www.klippel.de

w1 time

<

st B e

Loudspeaker Defect: Loose Particles

« BEHLI 72 stochastic process

o R B F B BB IR EI IN3E particles are accelerated
by cone displacement

* 5 ¥mE S TREZE not synchronized with stimulus

« fEE /Y5 H ThE constant output power

former

BEEX bounci
Eﬁi bouncing \

%K E{55 distortion sighal

HAHLE 5 75 28 R M BF?_ How to Specify Sound Quality 2, 54 www.klippel.de

r —\AH one peiod ———>

£ time
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S RO
Searchmg for an optimal St1mu1us

| tr uj‘ﬁl’[—%l}?q‘

_I_T

Aud1b1hty of Voice Co11 bbmg
Signal Stimulus Output Output Output
1V 2V 3V
Music

Z
7N
AT
Z
7N
AT

Multi-Tone
20 Hz - 20 kHz ﬂ@’g (@’; ﬂ@’g (Dg
Multi-Tone

20 Hz — 1 kHz (@\ c@

S

Et
FRTA

Sinussoidal Sweep -
s ¢ ¢

Most sensitive Stimplus

S
AT
T

T TE S 75 88 R LM RF?_How to Specify Sound Quality ?, 55 www.lippel.de P>

Bl sk B & PHD(f) @ SPLyay

Impulsive Distortion Measurement PHD(f) @ SPLyx

?)‘E/’E}%SUE}J{_?U ?“E?“tHSPL(f)> SPLmax, i3 LIl &8 &R E R
(n>20) K Y I2(E

The peak value PHD of the higher-order harmonics (n> 20) measured in the time domain while

adjusting the stimulus U to produce an output SPL(f) > SPL,,, for f,,.. < f < fupper
SPL Peak value PHD
-f-------5 —-—----- |
| SPLyax |
! I
L T T O T R [Ty
1 ‘ higher-order harmorfcs
1
v ‘ ,I,,l,J,,l,,,l,J,,l,J,,l,,l,J,,l,,J,J,,LJ,,I,,l,J,,I,,,I,tl,J,,l,,,I,,I,,I,,J,,I,,l,,l,,l,,,l,,l,,l,, -
— fu er
Iower@]] PP frequency

Sweeping tone f,

AN E 588 RS SR ? How to Specify Sound Quality 2, 56 www.Klippel.de <>




SPL

fundamental

Symptoms of

3rg  Regular defects

distortion
4th

fisf 3 5 5 A

Time Domain Analysis

R R 77 R B B A i

Solution: back to the time domain

frequency,

peak-value "~
rms-value

il

|

RMS value

}

Peak value

\—V Crest factor <J

> BRI IR A EHRIE AR

Peak exploits amplitude and phase of

higher-harmonics

> IEEETREEMBRE peak value
reveals small transients (clicks)

> EENEREMNLES HAENRER
. Ratio between peak and rms value
gives crest factor of distortion

> EAREFEREARIERE regular

distortion generates low crest factor

> RSHERFEF LR SRR KR

most defects generate symptoms with

high crest factor

WA ESHFEERLEM RFE? How to Specify Sound Quality 2, 57 www.klippel.de <>
T T G2 S FR2 S0l
2 L oA et
Very Small Loose Particle
ETF IR one grain of fine salt
IESKBED
Sinusoidal 130 KLIPPEL
Stimulus 120 %
E(E)S ’—1 10 e —T Frequency Response
m
i’IOO
290 Rub+Buzz Max J\ Rub+Buzz @:E N THD Mok
2 o0 NN g AN T[]
3 70 i8S
THD
NBRHFREEEELRH

%410dB1

Peak Value of Rub and
Buzz measure exceeds
limit by 10 dB !!

102 10°
Frequency [Hz]

WA EZ FEE RS RHA? How to Specify Sound Quality 2, 58

www.klippel.de
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LA F‘ ;_;fé{gmm £ Target: Reliable Measurement
% ISy EEs J\

—»

- [E'IGJ 95 Benefits of Meta-hearing Technology:

w J&E*MEWithout compensation w B AMEWith meta-hearing technology
10 Linit 10
R e T e e e )
& . )
& //rag.la s 0
L \ o
RRB

-y N 0
R e T e B e e O & 0
2 Loose particle not det\éa’e%‘ 20
0 0

2 50 10 Y 0 2 5 100 w 0

Freqeoy [H4 Frequency [

> fE# i E L PASS/FAILIKPR Simple definition of PASS / FAIL thresholds
SEWAWBTNE Measurement below the hearing threshold

AMAHTE 5 B R S AF?_How to Specify Sound Quality 2, 59 www.Klippel.de <>

Bk WL
Harmonic Distortion

EF=) IEH: 5% TEH?W Stimulus: Sinusoidal sweep
— | |

IHD RMS of IHD
-10 -\ f KLIFPE
|
-20 A\ A
\v
230 Ty D Ei
-40 A"\l\.—
5 5 | HIMA Ao
o {1 D THDN Ny,
I M i I
70 fi ” w it L
80 & LI
50 100 200 500

Frequency [Hz]

B% A1 5 2k & Instantaneous harmonic distortion
1 R E R FEIH{E Mean value of harmonic distortion
(B i % %k E Peak harmonic distortion

WAHLE 5 5 RS SR ?_How to Specify Sound Quality 2, 60 www.Kippel.de P>




S e
Crest

factor of harmonic distortion (CHD)

Wz {E5: IEXITM Stimulus: Sinusoidal sweep

—
CHD

LIPPEL

17,5

R buzz, A7 other disturbance

15,0

12,5

o' 10,0
=

-----------

7.5

5,0

[ % & regular'distortion

2,5

T T T T

«—

50 100 200 500
Frequency [HZz]

WK A BIEEREF A AL IR E LR |

CHD can be interpreted on an absolute scale !

HAMEH SR LM RF? How to Specify Sound Quality ?, 61 www.Klippel.de <>

S o
Check: crest factor of harmonic distortion
Crest factor of harmonic distortion

good  1oigg bad

Instantaneous crest harmonic distortion (ICHD)

Displacement X [mm]

displacement

&
<

Frequency [Hz]

»

IEZFAMIMZE Frequency of sine sweep

AN E 588 RS SR ? How to Specify Sound Quality ?, 62 www.Klippel.de <>




0 il & fiE 4 ’ g1
B 38
Instantaneous crest harmonic distortion ICHD(f,x)

A ?’3#}@" £33 5™ Case A: , beating wire of a defect driver

Instantaneous crest harmonic distortion (ICHD)

12
10 10,0 ol =,
I wlllf V ) ap

| J
|

Al .
. y .l N

&5 b bonN»oO

00

-10

Displacement X [mm]

12
25

14

16

18 -5.0 '
20

=4 U ‘ ’ |

26 00 i

28

-30 20 5 100

Frequency [Hz]

B HIES0HZ% + 10 mm L4k
Defect occurs at + 10 mm displacement at 50 Hz
T TE S 5 88 R 4L RF?_How to Specify Sound Quality ?, 63 www.Klippel.de <>

I R
Instantaneous crest harmonic distortion ICHD(f,x)
3 fB: :@ﬁ*ﬂ" l’i‘jﬁ [slmetgt Case B: ., rubbing voice coil of a defect driver “

Instantaneous crest harmonic distortion (ICHD)

-31 20 50 100 200
Frequency [Hz]

IR BB conditions initiating rubbing:
* ﬁ%?ﬁ)ﬁﬂ’ﬂ%ﬁg Negative turning point of voice coil excursion
HIFERZ F(REXS) > TEMH

Above resonance frequency (mass dominant) - Tilting of voice coil former

A 7588 RS SR ? How to Specify Sound Quality ?, 64 www.klippel.de <>




A e L ) (T N )T

Random Noise is a Valuable Symptom

P

< one period >

T FAER RIL Multiple realizations 4
!

v

time

N

T FHHIRI Averaged realizations
]

v

time

> Y HERMEIBENLRK D Averaging suppresses the random
component

AMAHE 5 BRI AF?_How to Specify Sound Quality 2, 65 www.klippelde <>
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SO

Reliable Detection of Air Leakage

fundamental

d
Lo Reguar  Smooms p(t)
distortion ofaefects
“ A A\
T

1 .
frequency V \/ time

p(t)

P' J‘—HHIHM
frequency time
P
Envelope pdt
i
frequency time
E
Envelope e(t)
0 ™ [ e
1 I > T L
frequency time

S>TALAFERA RN FFIEEFES Full power of the modulated noise can be used

WA ER = 88 RS H @A ? How to Specify Sound Quality ?, 67 www.Klippel.de <>

DEMO

Vented box system with
air leakage

WAHLE 5 5 RS SR ?_How to Specify Sound Quality 2, 68 www.Kippel.de P>




B R

Localization of Air Leakage

FERAFN TR 2SHRIRERSR

Using the new tool: Air Leakage Tracer

Air leakage

Microphone array

handle

LED display

buzzing screen

FBERARARRGER
SRS 5 2 [ #9 B B R

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

‘LEDE RZESMIRN A%
LED display shows the angle of
the incident sound

A BN & & R E R
REHLEY =R

A few measurements shows
the source of deterministic and
random sound

WA EHFEERLEM RFE? How to Specify Sound Quality 2, 69 www Klippel.de <
FalE e RENT4
7] = LR
Generation of Signal Distortion in Loudspeakers
Input Output
Signil » Y Signil
WAES AMHES
HARE] AHMS
Input Signal Output Signal
> Linear System . J R A=A =i
4 P linear distortion ﬂi%x
’f‘ ’I‘E ’% 2L Excessive
Distortion
Regular
Nonlinearities
EAEEEE BEFEEAR ]
regular nonlinear
distortion Noise
) Defects uﬁé:ﬁ:
iR
HAHLE 75 28 R M @R ? How to Specify Sound Quality 2, 70 www Klippel.de <«




= I 1 50V - Noise Immunity

B EJ%V’/’;\U}

RS
eS8

TR 4

L

1 wEE

. T - "
Fszss 0] 0— ﬂiﬁﬁiﬂ'l% L
MitgmR | —— =
N - 100% 2P
RS BIHAN
i)

v
&P ES T 0L T EESTT ok L, BT A T PR R SR A
ZUETEANE > BT R %Vﬁ R FOR S o S b R E ST RIZER . ST T A il
TSR R R S Y ST Al

AL TE 17 75 88 R A9 S FL?_How to Specify Sound Quality 2, 71 www.klippel.de — <p>

TEETRNEERRE?

N _What is a Bad Loudspeaker System ? o
BT EEA APIFTEES Properties which are not acceptable — k.o. criteria

B33 BB IR M (rub, buzz, BB , BB ERERE)ELEN

HANKE

Impulsive distortion generated by irregular nonlinearities (rub,

buzz, loose particles, loose electrical connection)

- BRANZERBRAERBNEEELEANZRERE
Significant air noise caused by a leakage in the enclosure or a
loose dust cap

- BRFTRENBRENTHBRELBENIFBMERE
Excessive nonlinear distortion caused by motor instability and
severe asymmetries

- EABEBZENKRELTEERATE

Significant differences in time delay between left and right

channel
WA EZ = e RS RA? How to Specify Sound Quality 2, 72

www.klippel.de <)




WMAMEHFRRENmRA?

How to Specify Sound Quality of Loudspeaker Systems ?

<—>&4—> <—>

“IWF Parts IR zh & T KRG system BIFE
(cone, spider, Driver (woofer, (driver + Xover + room) T"
motor parts) tweeter) Listener
s | srRsmEm ERSHEN  ErRogn  OEFRER
ﬂj Distributed Parameter Models Lumped Parameter System-oriented Psycho-acoustical
ﬂﬂ (FEA, BEA) Models Models Models
5 HRSH wEsy  wsms  OEIEgaewawm  mEER
13 Paraat::tltler Thermal Cone Vibration Pg::)rmlagn:e Nonlinear Distortion ~ Sound Attributes
g & LAET/SS By Parameters JEL S By B R 1
2 Gezlmetry Linear T/S Nonlinear IjJ %%IE = l]F'.I] %E\E gsa%/ E‘Eﬁ
|. Parameters Parameters \____ Power Handling Loudness density _
g %ﬁ%ﬁm l_‘l_. :_F %WJ Parameters |ndependent of stimulus r‘{jﬁ HR /;& i': ;%S(Jﬁ] Symptoms depend on stimulus
\ 4 \ 4
§ E] *‘R‘I’i E ﬁi}{ Definition of Target Performance
% <‘ éﬁﬁiﬁii‘l\ E’gﬁ#'—'f_lﬁl‘f Selection of Components & Design > R& D
o = L N
E‘E < % —/I\EZFE’J 1¥1E Evaluation of the First Prototype >
a ( £ B End-of-line Testing ) QC
Al L4
AL TE 17 75 B8 R MY B FL?2_How to Specify Sound Quality 2, 73 www.klippelde <>
fAIRIEE RIERVIRAESR
WM RIEERERIREERT ?
How to Specify the Optimal Transducer ?
SHUH2 N .
EHEIE 1. %%(ﬁiﬂ:%ﬁmﬁﬂsﬁwarameters (independent of stimuli

Parameters give
a

comprehensiv
set of data !!

° BEEB KB Acoustical transfer functions

° MBS 7 B B Mechanical transfer functions

° NSRS B Small signal parameter T/S

° k%ﬂ%%g{ Large signal parameters (thermal, nonlinear)

BHRESH
Should be
transformed into
parameters

2. HA BB stimulus-based Characteristics

«  EKSPL Maximal SPL

JEMREMLE(THD , IMD , XDC) Nonlinear distortion (THD, IMD, XDC)
Z;*EEJJ%B@ Egﬁﬂﬁ Symptoms of irregular defects (rub, buzz, leakage,...)

ﬁvﬁiﬂlﬁ y E:ﬁﬁ , Pmax Coil temperature, compression, Pmax

AN E 7588 RS SR ? How to Specify Sound Quality ?, 74 www.klippel.de <>




BREER N S AT KB RBAR

Parameters of the Transducer independent of stimulus

Eﬁﬁﬁ%éﬂgﬂiﬁiﬁ%% Linear lumped parameters of Motor and

Suspension
- T/S parameters (Re, Mms, Rms, ...), lambda ()
Eﬁﬁﬂ%éﬂ'ﬂ 3'5%1&%%\5}%( Nonlinear lumped parameters of motor and

suspension

- BI(x), Le(x), Kms(x), Le(i)

ﬁgé%g{ Thermal parameters

- thermal resistances Rtv, Rtm and capacities Ctv, Ctm

!@ﬁﬁﬁﬁﬂ’ﬂ%m%ﬂ Linear distributed mechanical parameters

- mechanical transfer function H,(r.jo), cone geometry z(r), AAL response

RIS ERERE sound pressure far field response (transducer in infinite baffle)
- acoustical transfer function H(r,,jo), on-axis SPL response, directivity

B 25 B2 22 B H Mechanical or acoustical load
- Mechanical Admittance Y (jm) of the coil

HAHEH SR LM RF? How to Specify Sound Quality ?, 75 www.klippel.de — <p>

TARRIEFET?

What is a good drive unit ?

Q

—R&ME In General:

HERFLMETINHREFERERUE , B LLBRISERERF
Low asymmetries of loudspeaker nonlinearities generates low dc
displacement and keeps coil in the gap

BEHNRARFEHDERBSERIL , REERVBRD

Low creep factor maintains stiffness at low frequencies to keep dc-
displacement minimal

BERVFLMEERBMRABFELMERAEFEHH

Force factor nonlinearity is balanced with inductance nonlinearity

BB E MBI EMRBRI S 2 THIREM

Enough stiffness and Bl plateau to ensure motor stability

EXmaxft AN FEL MR L= LR RER T

No impulsive distortion generated by irregular nonlinearities below Xmax
HEEASIHESRZRHEEFEN

Thermal compression is balanced with mechanical compression

AN E 7588 RS SR ? How to Specify Sound Quality 2, 76 www.klippel.de <>




BEARRRERGT

Loudspeaker System Design

1, BEEMRURRRSBNES
Definition of target performance and constraints
2, BBAERLA 2 (DSP, A #E, HhaERR) 2 BRI O E &
Defining the interface between the components (DSP, amplifier, transducers)
) %15\55252%5’9;%*% Specification of the components
) ﬁ\ﬁﬁiﬁiﬁﬁ"]i&g Selecting the components
) :%HE% _1J§§2 Building the first prototype

, '&‘E\EEI‘JEEEEL\.\ Verification of the performance

Ul bW

HAAEH SR LM RF? How to Specify Sound Quality ?, 77 www.Klippel.de <>

AR BEEREE , EFRY , REEHR K BERRZH

Interfaces between Signal Processing, Electronics, Transducer, Acoustical Environment

ﬁ{&ll : ﬁ/ﬁ%gﬁ%ﬁ Example: Active Loudspeaker System

‘E‘Eﬁw enclosure
horn
» HP > : X %i’% sound field

- >—> BP > X
Digital
input

DSP 5 LP %.EE(

amplifiers
i EFSHE maps
EA'TLT' software power transducer
electronics

AN E 7588 RS SR ? How to Specify Sound Quality 2, 78 www.Klippel.de <>




HRAERR RS M AE E

Signal Flow Chart of the Transducer

F
N .
Motor ] Mechanical —
U ¥ (coilgap, foorﬁLr AO(::‘S‘:ical surface e Far-Field
L r
magnet) Load X 1 p(r)
Sound
Vibration o, Sound
T, T 1P velocity v of Radiator | F(r,) Radiation v(r) | Propagation = p(r.)
(hom, enclosure)
< oaq Qoo
Thermal
Dynamics

BRHBHERNRMERFERE

Linear system modeled described by transfer function H(f,r,)
SRSHENFRNIERERR
Nonlinear system described by lumped parameter model
R MES Y Linear Parameter (T/S)
FERMES B Nonlinear Parameters (BI(x), Kms(x))
‘E‘EE%%{ Thermal Parameters

HAHEH SR LM RF? How to Specify Sound Quality ?, 79 www.Klippel.de <>

AE REBRIEHER

Measurements are the basis for loudspeaker diagnostics

F X(r) soundfield
inner S . - near far
—— Motor cone Vibration | Cone's Radiation | ¢ — fi
u . edge surface ield ield
' v F(r)
v v

AR :

Mechanical Measurement

BEZ2RE

Acoustical Measurement

H v v
Z.(H=UMNE A (=X v
OUOND HOXOUO eV > EBEIE

= | 2 Far Field Response
v Cone Vibration + Geometry > P

EF M electrical BMAY mechanical
E%ﬁ@% Lumped Parameters ﬁﬁi%%

Distributed Parameters

AN E 7588 RS SR ? How to Specify Sound Quality 2, 80 www.Klippel.de <>




Cone Scanning Techmquesﬁﬁ%ﬁf‘ﬁﬁ ror

Amplitude =

Amplitude+ phase + phase #14

P it

—k gnr\mntr\yl ﬁ‘i‘\ ]’I;? i1y
|

Doppler Interferometry
P WA
(Polytech, 199

. .
| Tnangulatlon Laser Scanner

= FHI RN i R
(Kllppel ZO(HSI

HE’ il

.. Frankort 1978

Intensity;gi“&

Geometry4 i ;%

Velocity destribution on the cone

ST

Displacement/ 7%

www.klippel.de

-

AL TE 17 75 B8 R A S F?_How to Specify Sound Quality ?, 81

mERRITHMTE

New Tools for Loudspeaker Design

3% % Scanner Hardware
BhTHERRIT
Dedicated to loudspeakers
ZFHNHE Price effective
R\ LA KR Scanning
geometry

EZHEMMNA Many
other applications

A EZ EEE RS RA? How to Specify Sound Quality 2, 82

B2 #r Analyzer Software
- IREEIRZNE 3N ATMAL

Visualization of cone
vibration

- HHFEEMNTN Prediction
of sound pressure output

« $Em@1% Directivity

« A% f# Decomposition

www.klippel.de

<>




#r3h BT AT AL

Visualization of Vibration Data

N i
S g
=478 3D Animation HEMTE SR Cross-sectional Cut
o
HH{z%  Phase Distribution R85 % Amplitude Distribution
AT 75 8 F 458 SRR 2 _How to Specify Sound Quality 2, 83 www.klippelde <>

IZ"‘FE‘

Vibration an

& [=1=
EEBIEE T
Drive Unit
(woofer, tweeter, ...)

RTHEE

Geometry

J’EF e R

Radiation Diagnostics base

ﬁé}ﬂy II’j‘n /éé

on Scanning Data

Vibration

v

EissssssnEnnnnnnap

WRR 5D
Modal &
Decomposition
Analysis

HARER SR LM RF? How to Specify Sound Quality ?, 84

AR S TR

Shape of Components

+BSRIEE natural modes

-’éﬁ(%‘f/ﬁ? radial/circumferential
+EBASPLE AR R related with sPL
<45 BI#Y irregularities

IN3E Acceleration

(BT ER accumulated level)
HABEE B/ of total vibration
‘ﬁggﬁiﬁ Egseparaled components

%E Sound Pressure
HEREEEM of total vibration
DB ) separated components
BB Y on-axis

<HAt 5B/ directivity

iﬂJ$ Sound Power
FEREE B of total vibration

‘ﬁggﬁiﬁ B of separated

component:

www.klippel.de
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Most |mportantP esults

= ;f;,g‘¢45 el WIJ — Accumulated Acceleration AAL
/ Sound Pressure SPL @ 1m, 1V
Example: headphone — ’ EA%‘J[I@EI[E’@L
L7H

Power Level + 47 dB @ 1V

90
C W\ | KLIPPE
C " Lv
L ¥

80 + L /Z§§ bty
C 7’ N N / N IV SPL on axis
C I} \

nt Y= R
F q N b r f Directivit }'P 1 ‘ Power
C ~ T Y T, E3 el

60 %7 B F[FJ pyle il
F /7 Rocking mode ?;:',fl%g%lrg‘

50 - //
B /

40
4

30 //
101 102 103 104

MAMEH SR RF? How to Specify Sound Quality 2, 85 www.lippel.de P>

A4 =114 N
KL fff i o SR PRO(E A
What causes the dips in SPL ?
Woofer C with flat radiator

> REINEESPLA L

Compare Accumulated Acceleration (AAL) with sound pressure (SPL)

© R \
E acceleration level
» "‘\ N n"’ VA JM'A
L
o F T “.“ . \'/ \JNA 2 \'\
L =T 1 \
L1 'r’ ey » [.Y]
g ® :I 1 'l‘h= l"l )
H 1 YA ]
T (| VRV EIRR'Y
F ([[iTotal sPL ! t
a0 - \

fiHz)

HEEARANES ! | > BRFHE

There is enough vibration on the cone !! - Radiation Problem

WAMED R LM EF? How to Specify Sound Quality ?, 86 www.klippel.de
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L SR RIS

Suff|C|entJDamping of the Material ?
Woofer C with flat radiator

Total Acceleratian Level

90 \

- [/ \ )
Bgo ; = \/ 5 j M,h
p N U | A

7 E .~ NS “\

o \

10 1 10
Frequency [Hz]
Read 3dB bandwidth in AAL
fo—f. 80 . |
n = ik s — (). >EmirREYEFEBEE Increase loss factor of material
£ 840

AT 75 8 F 458 BR?_How to Specify Sound Quality 2, 87 www.klippelde <>

T =] vl fow WS
([ ST 72
Where to apply additional damping ?

woofer C with flat radiator

Total AccelgfatiomN evel

\ ')r N\
[ |
g / Ma
g SCAAT VN Y
< = y VIYRCXK
\

'i_

N

f ,13 Hz 12398.4 iz | 1]
' vYw

I 4

\ - ~L 0!
A

WAHLE 5 5 RS SR ?_How to Specify Sound Quality 2, 88 www.Kippel.de P>




Acoustical Cancellation

E IPREL]
80 £ — - Y
E —._.eg———RJk
™ n-Phase Component | Total SPL | _ '~..,".‘ Y
60 =1 Y R
gso = * 1
240 i ’ \./
30 ; Antj-Phase Component K *
20 £ - " 2
10 £ R R YR s
0 | = P Pr L L . IR
2"10? 410 6"102 810210 2"10° 4100 6"10° 8*10°
f[Hz)
IF the in-phase component equals the SPL of anti-phase
component then a dip in the total SPL response is generated !!
BT TE S 75 88 RS RF?_How to Specify Sound Quality ?, 89 www.lippel.de P>

y

65
60
55
dB
45
40
35
30
25
20
15
10

How to Avoid Dips in the Total SPL Response

E Intphase KLIPPEL
E /

% total-phase A\ W / f "I\\L“ \\

: YN N U

E drt-phase” [\/ w \

: I ™
g / Keep anti-phase component below |
E in-phase component 1]
g//\ f

200

1000 200 800
Frequency [HZ]

AN E 7588 RS SR ? How to Specify Sound Quality 2, 90 www.klippel.de <>




W{AI = &£ SPLmax ?

How to Generate SPLy,y ?

EAKSPL 1min Fundamental SPL 1 min
B ¥Rt &ETarget performance > Maximal SPL OUTPUT
101

oF === o =+ &[4 | KupPE]

R4S B Constraints: 9B T < ~

" _ % ; .: o \
FARBRL R Y B E
KERENE O]
SFiMaximal peak 380 7 H
voltage and current 75 F - ™~
provided by amplifier = : /// 1.00Vv H \\\
BRI 70 g : <
Effective radiation E H
area 65 E

¢ 10
: Frequency:f1 [Hz]
_________________________ N,

BREEBR A A E BAZBIREBENE BT RBE Pass band sensitivity
5]2 : Maximal voice coil peak '%%ﬁxlﬂ$ Electrical input power
Transducer and : displacement Xmax

H HEVNR A . .

: 3 P e RIFMIAERE SR Permissable thermal compressid
enclosure requirements : B BEREL , AEE | = o~z @ e ﬂ_iﬁ . A ) P

P CERAR )& B Maximal voice coil temperature

% Enclosure, alignment, box tuning

B TE 17 75 B8 R A9 S FL?_How to Specify Sound Quality 2, 91 www.klippel.de — <p>

REZANIEENME?

How Much Peak Displacement is Required ?
SERTRE #@1m Upeak=10VEFE £ SPLmax=92dB SPLgenerating

SPLyax=92 dB SPL of lower frequency limit at 1 m for U.,=10 V

HAR 4% Fundamental component

10 £ inear|10 KLIPPEI
o
8 £
> ! — = ==t Maximal Displacement
o+ ‘
et 5 £ \lLlinnr 10.00.V
E° N
—4 £
< E
3 £ N
, £ NG
E TS
=
0 E
s 102 108
g‘Ez?:—FBE Frequency f1 [Hz]

Lower frequency limit
WA EZEEE RS RA? How to Specify Sound Quality 2, 92 www.klippel.de <>




WRE: M Ik 1% 4

Setup: Testing Nonlinear Compression

increase input voltage & i A B E

@—%—»[q o— o FT |

Signal source Amplifier Drive Microphone  Spectrum

Unit
Analyzer

B fEIEF Optimal Stimulus : N
Single Tone below resonance MEEAEGAFE THBEMER

(f=05fs) 2F  EFLIFME (f=05f) 1 ERMOLE

Compare ratio of voltage and fundamental SPL
at high levels

ERRequirement : (€g.1,2.4.8,16V).
ALMA JUIRCD =X FIK £
ALMA Test CD or tone generator

T TE S 75 88 R LM RF?_How to Specify Sound Quality ?, 93 www.Klippel.de <>

FR (A S SR B i3 4= =X

Stroboscopic View on the Vibration Behavior

' PRI

stroboscope
R >
Generator EH—NE50 scale
tone at f pointer
HRME
Resonance
frequency f,

M ESHR /N T MESARA ST MESAR K TF
HIRMR HIFMRS HIFMRS
1. Experiment 2. Experiment 3. Experiment
f< fs f~ fs f> fs

WTAE S B R LM BF? How to Specify Sound Quality 2, 94 www.Kiippelde <>




Nonlinear Effects

in the Vibration

of Loudspeakers

wideo nonlinear behavior.miy

WAL TE 17 75 B R A RFL?_How to Specify Sound Quality 2, 95

FR A S SR & R 3h 4R X

Stroboscopic View on the Vibration Behavior

’ RS

stroboscope
Iz
= =
Generator & H—ANEZ5R e scale
tone at f pointer
HRME
Resonance
frequency f,
MELSAER N F MESARA S T MESAR A F
HIRME R HIFMRQ HIFMERS
1. Experiment 2. Experiment 3. Experiment
f<f ff f>1,
Amplitude Resonance DC Offset in
Compression changes Displacement

AN ES 88 RS SR ? How to Specify Sound Quality 2, 96 www.klippel.de <>




R

Compliance C,((x)

£ KUIPPEL
125 1
o f
1,00
; N \
e Coll_ 0 0175 ;
% . //% x 080 E
025
ke x=Cms(x) F s
0,00 LIAL LI L L]
77100 75 50 25 00 25 50 75 100
—_ << qu in X[ ol out>>
il“ 1'5:.35( > FR ] variation of Cms(x)
'§¥ 5&&%iﬂ ;Fs(qﬁ_\ asymmetry caused by spider and surround
'Jgiib i, Hsij(m:*ﬁﬁlﬁ moving capabilities, maximal mechanical load
"U§.|¥§$ 7‘32}32,%5@ adjustment of spider and surround
HAHEH SR LM RF? How to Specify Sound Quality ?, 97 www.klippel.de — <p>

Bk 70 58 BE

Force Factor Bl(x)

permanent flux ®;

magnet

oree fictor

L

Voice coil i

75 50 25 00 25 50 75

Pole piece ximm)

EEI’ 3§J§ E&QE & variation of BI(x) caused by
EE% E&zx Magnetic field

° Zf _I%_JE Height and overhang of the coil

* Esiﬁ::sazt\ilﬁ Optimal voice coil position

WA B R4 BF? How to Specify Sound Quality 2, 98 www.Kiippelde <>




TR ERE

Voice Coil Inductance L,(x)

e’ voice coil

ﬁjl\%}ﬁf(i% /T_\ This parameter shows
M EE.@E’QR‘I%'& asymmetry of inductance

@%fi‘éﬁﬁ El ﬁi Eoptimal size and position of short cut ring

AAHE 5 B RS AF?_How to Specify Sound Quality 2, 99 www.klippelde <>

Full Dynamic Measurement

Suspension Part

Measurement Adva ntages:

(SPM)
e Loudspeaker under normal
_ working conditions
Large Signal

Identification (LSI) e Audio-like stimulus
¢ On-line measurement

mmn s 0¥ Long-term P
- M A
= Y v .
Disadvantage:
¢ Large Signal Idenification (LSI)
Motor-Suspension reqUireS nonlinear Signal
Check QC (MSC) processing

WM B B R A BF? How to Specify Sound Quality 2, 100 www.Kiippelde <>




T HREFINN NIRRT

No Additional Sensor Required

Vented-box

S © EERRRXONEREMBR

>>> Only voltage and current is monitored at
the terminals

« REERTERE T BN H
Eﬁﬂ] ﬂ%\iﬂMotor and suspension can

be checked when the transducer is
mounted in enclosure

ﬂnalyzer
with electrical
\sensors
B
S

| ¥ . A] LU I K 4% 2 Measurement

via long cables possible

e - dnmREnSE

Computer

— Full immunity against ambient noise
Power
HAHEH SR LM RF? How to Specify Sound Quality ?, 101 www.Klippel.de <>

XmaxF EH fr 2 2 R &l

Xmax and other Displacement Limits

o
Froquency e

I % Compliance &4 R Force Factor B & Inductance Doppler
- -—
BI(X) Cms(X) Cms (-X) Magnitude of electric impedance Z(f)
- N [ = el = e floyrl
- o s A U1
o '
SN d 1)
20 AT L7 E o7 M 05 E T = lim 1
o Cliy =79 % "Bl =821% ¢ /
ot o Biim T 941 7/p LA
05 ‘ o1 I } } |
o bl oo iy ‘
+ “sza0

XBI XL

C XD
i X limited X limited
X limited -
by Bl(x by Le(x X limited
by Cms(x) y Bl(x) yLe(x) by Doppler

10 % IMD 10 % IMD

!O%THD minimum 1O%W
V

xmax
EETHEIB10%MNTHD10%HIMD

Generating not more than 10 % THD or 10 % IMD
T 5758 R G BE? How to Specify Sound Quality 2, 102 www.kiippelde B>




R RN ER Y BRI

Interpretation: The fundamental component is affected by nonlinearities

Fundamental component

Stiffness of suspension Kms (X)

—_—
-Xprot < X < Xprot Xp-<X<

| X(f1,u1) | p+
i 2253 LIPPE
S S P——— ey /
Linear System{ | _— . . - gl
Nonlinear System 125
B IERE 1 0 R - — e
PRI e LM RS oo E verage Stiffness
i, o EZRE wx o increases |
x ; ' 75 —5,03'221_‘%" Wﬁiﬁbﬁo 75
oe & Force factor Bl (X)
;.\ 11 1 1 1 1 1 — —
D‘OOU 25 50 75 10,0 125 15,0 6 prm“<x< & <X
Voltage U1 [V] 57;
I\/le(:ha-n-ls-rn *J-LIE 53 % A/\/ fage - ulc"S&ﬂ
« Sensitivity changes 5,705
due to larger Displacement :Fi’:lfiii B
HTFRAEBMNTEIRERBES(L = P VR O B e
-7.5 -5,0 2,5 X?rvnom 25 5,0 75
WA ES 5 8 R4 M R ? How to Specify Sound Quality 2, 103 www.klippelde <>
L
1 e JE
SRS
The causes of harmonic distortion
OE : L Fundamentgl) et TFRFF]
7 110 % — T y . /
bl : YL !
S eo ;'/k‘;/ \"“ T W
ErE FHES L d THD I
oo F L |
so £ R
Frequency [Hz]
Kms(x)

Cone Vibration

Cone Vibration

WA B B R BF? How to Specify Sound Quality 2, 104 www.Kiippelde <>




A
oy
EMR ISRV EFIR
Transformation of Symptoms into Parameters
BEKRAETHD@SPLmMax > RIEMECms(x)H AR
Total Harmonics THD @ SPLysx = Shape of Compliance Cms(x)

Total harmonic distortion in percent ( dht) ﬁﬁ Check:
Displacement X - "
500V Toiv a0V 2000V . ?E$%HE%EEE’9THD THD at resonance frequency
S
12 o B D BB compression of Fundamental
for f<fs
Target Distortion . {IBBR% Displacement limit Xc
Mechanical compliance Cms(X) vs displacement
g 75 - |
g \ v rrors ingar progressive
B 0 09 ;
25 07 i / \
T T T / \
Frequency f1 [Hz] :
w3m |mEsan O \
BE) Sk E - o .
Single tone=P|  Loudspeaker  |—BTL TR D | . Width
Stimulus (SIM Module) Distortion 3 = 01 al
= ; 00 ,m_(‘)‘ . 75 L 50 L 25 L ‘o,o‘ L ‘2‘5‘ L ‘5,0‘ L ‘7‘5‘ L ‘10‘0
EBl(X)E:*VE(E’}] JEfE i h — | Displacement X [mm]
BRESEYBWIDIH  —
change WIDTH in nonlinear
curve editor of Bl(x) curve .
L5 5 75 8 K 459 BT ?_How to Specify Sound Quality 2, 105 www.klippelde P>
: "7
T %&LH: N’(FL[—I\[
=t . —7~\ . " .
the causgs of intermo ulation distortion
oS Hﬁ’/ﬁﬁ {5~ voice sweep technique
IMD
%
BExsound pressure =
20 |-
Fh[ﬁvj current
s
7fs 20f ¢ f 2
L) < o
BI(x
) BI(x)
L(i .
Doppler < Wi b i35 Doppler Effect '
T
Cone Vibration < *t7. H=5 Cone Vibration >
T

WAHLE 5 5 RS B2 How to Specify Sound Quality ?, 106 www.Kippel.de P>




IERE S BN ER

Transformation of Symptoms into Parameters

SPLmaxEM ERAXE > BEHREBI(x)

Intermodulation distortion IMD @ SPL,,,, > force factor BL(x)

Relative third-order intermodulation distortion (d3 ) *ﬁE
Pfar - pressure in far field = Check
— — - —_—

w0 100V 215v oav 1000V — N\ EEb Y =

ot i)+ SPLmaxEMS AMEAHE EAEE

: A ERf2>>fs,f1>fs

2 3rd order IMD @ SPL,,, using two-tone signal f, >>
T F Tareet: fsandf, <fs
8§20 | Ct.
i, r M ﬁ%FE%lJ XBI Displacement limit Xg

5 ; Force factor BI(X) vs displacement

£ L} -———
o 5 mm 10 mm
4M102 67107 8107 10° 2*10° 50
Frequency 1 (Hal
= “H 7 X
ezym |S#ESE2 | E@sE : 1
Two-tone —P»| Loudspeaker |—P mp > ¢ Coil Helght
Stimulus Model Distortion  sof
(SIM Module) e .. 50 D/yz

BRI HBHEREH | .

RREREEARWIDTH ot

change WIDTH in nonlinear T Y Ji= N SN SEN RS NN U NRNEE SN SR SN

curve editor of BI(x) curve - W00 A5 S0 28 00 25 %0 78 w0
MEAMER EEE RN MA? How to Specify Sound Quality ?, 107 www.klippel.de <>

SRR M ok B

Distortion of a Symmetrical Nonlinearity

Spectrum Pfar

o 100 Distortion Fundamental
z Efundamental fundamental
90
Fl 3
80 r 3rd 3rd
S HRIEL ] C
NI = 5th
@ 70
= r
60 7 5th Sth
50 |+
E | 2nd| lath [, || #tnfzndfangfam [ |
40 b iy P TT RT L [

odd-order distortion
FHORKE
3rd,5th, 7th-order component

0 250 500 750 1000 1250 1500 1750 2000
Frequency [Hz]

WAHLE 5 5 RS BF?_How to Specify Sound Quality ?, 108 www.ippel.de B>




fTARTENEEE T ?
What is a Bad Drive Unit ?
ST RERESN

Properties which are not acceptable — k.o. criteria

e
&~

s ERUBRKTIRUBNIEE
Dc displacement is larger than amplitude of ac displacement
o EHIRMRLE 2 BBy 20
Bifurcation and jumping effect at the resonance frequency
« BFXmaxdhEEFBES , ERENGERS
Voice coil rubbing, hard limiting and buzzing sound below Xmax
- EXNEFHER
Significant rocking mode (AAL
- FEYBRER

Acoustical Cancelation (SPL

> AALtotal)

circular

~ SPL.

anti-phase |n-phase)

T E S 75 8 RS H RF?_How to Specify Sound Quality ?, 109 www.Klippel.de <>

XML ERE

Distortion of a Asymmetrical Nonlinearity

Force factor Bl vs. displacement X
[ ]

B

Distortion Fundamental

100

fundamental

T TTTT

ndamental

90
85
80

75
1 .:
65

even-order distortion 60

55
2nd,4th,6th-order component 50

45
40

odd-order distortion

nonlinearity ond

ZnagZna

[dB]

4th 3rd 3rd

5th

I 4th 4th
[ IR NE [

o

250 500 750 1000 1250 1500 1750 2000
Frequency [Hz]

3rd,5th, 7th-order component
WTMEHE R LM BF? How to Specify Sound Quality 2, 110 www.Kiippelde <>
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o BB WRBBAXI T

Setup: Testing Symmetry of Suspension

increase input voltage ig i]l] ﬁ A EEE

@ / BER dc displaceiEt

Signal source Drive —>
Unit
i : = /4 Iy 4.
X
thlmal Stlmulus Ei{_tq[ﬂ Watch for significant dc component in the voice
Smg:l; Tonfiﬁﬁ);}%ﬁé();;f (; = fsf) coil displacement at higher amplitudes.
\ NN f = JEFR——
F L ALFIURIER = ) B A IR IEAL & B
) ':'E K j( k E:t/\%
Requirement ZE3R: HY B R BY B 2
ALMA Test CD or tone generator
ALMA JUiXCD = FMA £
HAHEH SR LM RF? How to Specify Sound Quality ?, 111 www.Klippel.de <>

REERNE

Check: dc Displacement

HA#MERBKS M Caused by Kms(x) REE R K3 B M Caused by Bl(x)
Xdc A unique Xde
symptom softer side of
- suspension
1 mm

5mm

unstable
»

> 0 A >
> %s 2f, frequency

Bl-maximum

fs frequency

WAHLE 5 5 RS B2 How to Specify Sound Quality 2, 112 www.Kippel.de P>




SE'I ﬁ *gxoffset

Voice Coil Offset x . defined according IEC standard 62458
EUHIEC 62458f

6,0
BI HE .
N/A {,[# Steps:
40 1. lii_&ltﬂ%Jﬁi*cj‘ W#&F <N
’ Operate transducer in large signal
domain
3.0 2. A ﬁl b F2xac I8 13 TV Sk}
Fa f"IXsym

20 Read symmetry point X, at

: maximal peak displacement X,
1,0 | = I

o 3. Xoffset Xsym if Xac >XB
0.0 v i ! v

-5,0 -2,5 0,0 2,5 5,0
<< Coil in X mm coil out >>
HAREH SR LM RF? How to Specify Sound Quality ?, 113 www.Klippel.de <>
REFBENRENE
Adjusting Coil‘s Rest Position
pole plate magnet le plate
RIRBIfARRB B
Inducton B = BV BRAE(L B Induction B,
voice coil  Shifting the coil's rest position voice coil
by the offset of the BI curve
pole piece 74’ pole piece 74’
x=0 displacement x=x,  displacement
Force factor Bl vs. displacement X Force factor Bl vs. displacement X
L |
P o IS

5 / \ 45§
40-H a0

T H
$os g
@ @
20
N
15 L -
10
0s
P <R I O P | 01 I I R NP P SR S e
400 75 80 25 00 25 50 75 100 d00 75 80 25 00 25 S0 75 100
Displacement X [mm] Displacement X [mm]
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Optimal Stimulus F{EIX3h:

RE: MK VIRE S

Setup: Testing Motor Stability

Signal source

High input voltage dc displacement
S ABE l i1

Drive o ,::

Unit X

Kick cone inwards and outwards and watch for

Single Tone just above resonance (f > 1.5fs)

ﬁ% , —%—$%ﬁgﬁ$(f> 1.5fS) displacement

Requirement E3R:

significant dc component in the voice coil

BREABREREHNRE
FRNUBLRANERTE

ALMA Test CD, tone generator

ALMARIECD |, k425

BAMEH SR LM RF? How to Specify Sound Quality ?, 115 www.Klippel.de <>

R MR B RVERGE %

Interpretation: Testing Motor Stability

EE RN positive dc displacement

AEFRNLFE negative dc displacement

BI(x)o - o B'(X:ﬁ" %
X 8 AT | | bl T 1
gimaar i :;s :
e
25 25
bifurcation c: by motor.MOV 2,0
p s Q
) 10
312 A PR PR A
5 4 3 2 - 12 3 4 5 e B
X
Causes FLHE: Remedies #h5 :
->Bifurcation into two states SRATEREXNEENEEMNERuses
N fzjj /\,{j(?K profile with a plateau region
7 27N R X . -
> 18 hn4k B B B 5 E Increase coil overhang or
-> rest position is unstable underhang
ﬁ 1k 1_\"[$%;"E > fg ﬂﬂ%iﬂ N'J 'I'i increase stiffness of suspension

A E R 5 B RS BR? How to Specify Sound Quality 2, 116 www.klippel.de
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INfR S R
How to find rocking modes ?
Woofer A with paper cone

80 % LIHPEL

s £ — [ T -\- A

S Total AAL \ /
I \
SO E / EIRFLFHRERNERRD
= I~ Search for maximum in quadrature

50 F .

45 /IN-\L of Quadrature Component| component in A.AL atlow

w = — frequencies

- E //'\~__-J

30 -

10 fH2 10
y 380Hz
/ g
WA ER 2 R LA BFR? How to Specify Sound Quality 2, 117 www.klippel.de <>

WMAEER B8 T
ow to Specify the Drive Unit
I — {0 S B B L ) B 32242

which is optimal for my application ?

Q — o

*E%E %@Fﬁ E’g iﬂ‘% Specifications according to application
. BHESE SPL 1Tm W HH

Pass-band Sensitivity SPL in 1 m for 1 W
R N PR E

Flatness of amplitude response on-axis

« EESRTEANED S
Directivity in specified frequency range

* “'éﬁt\i*g Peak displacement Xmax

o REEMNKREMXBI, XC , XLERHIH B

Displacement limits XBI, XC, XL according to regular distortion
« BRESH (FTREH, B, WRAH)

Thermal Parameters (time constants, resistances, convection cooling)

WAHLE 5 5 RS BF?_How to Specify Sound Quality 2, 118 www.lippel.de B>




REERRIRITRY D IR

Steps in Transducer Design

1. ESL H *’T"l‘iﬁlé Definition of target performance
w7 N = > Ay RN =
2. FETHBESHIUERRISER(WREZETK)
Transforming stimulus-based characteristics into parameters (if not already made)
3. ii#iﬁé\ﬁ’ﬂﬂ@l Selecting the proper materials
4. TE.I'?&.EEi %E’ﬂ)’tﬁéﬁm Finding the optimal geometry
5. %[’E%HJ\E ':F' E’g ,%é}fjﬂ E%E?& Considering constraints from manufacturing
6. ﬁ'—?“'ﬂE% _/I\H-EZ'K Building the first prototype
7. ﬁﬁgﬂgbﬁiA Verification of the performance
WTMEH B R EMBF? How to Specify Sound Quality 2, 119 www.Klippel.de <>
BEBRAYIR1T
REERSAY IR
Design of the Transducer
E—Emm-ﬁ#ﬁj\ﬁ Coupled mechano-acoustical analysis
Magnetic / BEA \
FEA FEA Pl
f—/% —~
F | Xre) v(r)
MOtOf' Mechanical > Acoustical
N i coil Syster_n Radiat System field Sound
u (coil.gap, former | (Suspension, | - Radiator (enclosure, near fiel Propagation_> p(ra)
magnet) dia::::ém) * oo ®d horn) Q R— Far-Field
v F(re) p(r)
Tt P
Thermal
Dynamics
H—/
Thermal
FEA

AMAHE 75 B R %M RF?_How to Specify Sound Quality 2, 120 www.klippel.de <>




FHRHEENRITIARE

Finding the Optimal Design Choice

N ElXi;b Motor
%Jﬂ Suspension ‘-E’Eﬁ: Cone

Geometry . nﬁ%t@ M*Sl' Mater,al

| | 4
» \ mmFE i
\ i 24Pk A
4 EE'M%FEA Mechanicz mm-ﬁ?—& = Hg /
EBMFEA Electro- FEA FEA/BEA EEBEA
: Magnetical i Coupled ousti
Thermal FEA 3 mechanical Acoustical
FE‘\\ | } acoustical ; BEA
\ i FEA/BEA
v v v v
+
=6 2 SERNMS I HIREHK
Lumped Parameters Distributed Transfer Functions,
(linear, nonlinear, thermal) Mechanical Parameters acoustical, electrical, mechanical)
E */'K‘liﬁ‘é Target Performance
AL TE 17 75 B R Z A B FL?_How to Specify Sound Quality 2, 121 www.Klippel.de <>

WRITERNERALBRNEN S RETMHNS R

Verification of Design Choice by comparing measured and predicted parameters

X zh Motor
&8 Suspension

# 4K Cone

Scanner

// 3D Sound
SPM Z

TRF
SRS '

7'</|_,\ / ?‘&Dlsmbuted $§;ﬁ@§&

Lumped Parametei) Mechanical Parameters Transfer Functions,

(linear, nonlinear, the T 7ustica|, electrical, mechanical)

BERK

Numerical Modeling
(FEA or BEA)

JLA%H , #¥ Geometry, Material
AAHE 5 B R %M AF? How to Specify Sound Quality 2, 122 www.klippel.de <>
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How to Specify Sound Quality of Loudspeaker Systems ?

a “— § ] +—ﬂ>@@

EBHF parts IRz 2 5T REE system N
(cone, spider, Driver (woofer, (driver + Xover + room) LTJ
motor parts) tweeter) isteper
o
£ o
g | PHRSHEER SE5SHER AERSER  OEFEER
= Distributed Parameter Models Lumped Parameter System-oriented Psycho-acoustical
g‘lﬂ (FEA, BEA) Models Models Models
MRSH wBsm  semm  IESMEgspsm  EEEM
g aterial Tzl Cone Vibration Fs’g:fao”rrifn:; Nonlinear Distortion ~ Sound Attributes
2 g T B AET/SB I Parameters JEL MBI - Epmy WRBE
% Geometry Linear T/S Nonlinear IjJ @&iiﬂ = [l[‘] &‘\ Qual\(y Metrics
|. Parameters Parameters \____ Power Handling Loudness density
g %ﬁﬁﬁm l_‘l_. :_F %WJ Parameters |ndependent of stimulus r‘{j( HR /;& i': E&Jﬁ] Symptoms depend on stimulus
\ 4 \ 4
< B *‘F‘I’i Egi}i Definition of Target Performance
% < éﬂﬁiﬁii‘l\ E’gﬁ#'—'f_lﬁl‘l’ Selection of Components & Design > R& D
o Al P L N
E‘E < % — /I\EZF E’\J 1¥ 1E Evaluation of the First Prototype >
\e 7 s v
a ( £ B End-of-line Testing ) QC
Al L4
WA E 7 75 B R Z A A2 _How to Specify Sound Quality 2, 123 www.lippel.de P>

TARTRNBRALEHE?

What is a Bad Suspension Part ?
B RTRERIEZN

Properties which are not acceptable — k.o. criteria

4500 ,/\\ —r= -r7
4000 f — N’ - /
IR 5 /
" 3500 % ~= M
0 KB VE
Ak>20% 2500
Stiffness asymmetry A, (> 20 %) /
measured at high excursion 2000 K(x=0) //

1500

1000

500

EEHIEK(X=0,t)iR%E
(>300/0)5((jﬁql*a-'| E’g*%\ 15 S 0 5 °

. displacement  x {[mm| 12mm
Significant loss (> 30 %) of stiffness 17 mm P (mm
K(x=0,t) versus time after break-in

TN I T T T I I N

HERBANNISH-EEEZNERNLE

Significant dc displacement generated dynamically by stiffness
asymmetry

WAHLE 5 5 RS B F?_How to Specify Sound Quality 2, 124 www.Kippel.de P>




R HEARBERFINATHNRERMERISR

Suspension Characteristics for describing optimal properties in the
particular application

B S B (x=0) B TR Xc(x=0)
Compllance Xc(x=0) at rest position which is . —
important for resonance frequency fs

Mechanical compliance Cms(X) vs displacement

——— —-—
1,0 1 L !
03 £ A g ﬁ[g BETA‘EIJXC}“":E'] OO/OH’}]
08 ; \ %E
i / \ Displacement limit X generating
z %% / 75 % \ 10 % harmonics
E 05 i
o B X
R Al i e SN BARZEXmech , HHLMR
0z 25 % PRUERIFFEEM
o1 ' ; Maximal Excursion Xq., which is
PPN = I I “ important for mechanical protection
-10,0 -75 -5,0 - ‘ 215 5,0 75 10,0

25 00
Displacement X [mm]

AR RUMNHELMRIEERAN

Note: Symmetrical nonlinearities of the suspenion are usually beneficial
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How to Specify the Suspension Part
R&D & (SPMIE1R) LN R (QCRL)

R&D Measurement (e.g. SPM module) End-of-line Testing (QC System)

° EE;‘;‘&{’E Vertical operation © 7}<S‘Z?§T'E'ﬂz Horizontal operation

o {7 5 SEBRBLA FH L clamping similar to final application o HR/PMEYFNL winimal clamping

° i'JJ ?&5'}1“5 Dynamic measurements ° fﬁﬁi}ﬂﬂ % Dynamical Measurement

o PMRASHKASHE small and large signal domain o IMESHER smai signal Domain

o KetEm %(%'ﬂﬁ , ﬁ{%)Long-term Measurement (ageing, o PRIFEME Fast measurement (< 1s)
fatigue)

EEM45 M Important Characteristics
ac { o /NMEETMNENHSHERHKK Dynamic stiffness K(x=0) measured at small amplitudes
o ZNERBIBTEILAYIREE Loss of stiffness K(x=0,t) versus time t
R&D ° Tﬂ_: SRERSTUNENZIETRRFE stiffness asymmetry A, measured at high excursion
o FIBTEW IE/JM.L@ DC-displacement generated dynamically
o ERAIBEMNMBMEZTINYETFEEI75% Maximal peak displacement X. giving decay of compliance to 75 %

IECHR 462458 F162459 8 EZE A
More details in IEC Standard 62458 and 62459
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Dynamic Measurement of the Mechanical
Stiffness of Suspension Parts

Dynamic Measurement of the
Mechanical Stiffness of

Loudspeaker Suspension Parts

video spider measurement system.avi

HAAEH SR LM RF? How to Specify Sound Quality ?, 127 www.Klippel.de <>

2 2R-17 75 B Bk e 59 YRR 4F

Spider - Weakest Part of the Loudspeaker

Stiffness versus Displacement

— Kms(x) after 10 min
30 M
25 f\
o Stability of a B
T Tupperware lid
2. over time ]
£ f 7
LA yd
3 \ 7
o N
° -10 5 15 20

0 5 10
Displacement x [mm]

32 T 4E Research activity:
RN EZWENRE

Replacement of impragnated fabric by new materials
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}fﬁg Summary

EHRGHNESKENTEEEZRTH , NIWHN , FEHN , OEBEZ
AR R

Assessment of signal distortion in audio system requires electronical, mechanical,
acoustical and psycho-acoustical modeling

ETHUENSEMITHEMES , MiTEFANKEFRE

Parameter-based characteristics are independent of the stimulus and important for
assessing regular nonlinearities

ETSHN B RFEA-BEANBFESABIEETEENIAR

Parameter-based characteristics are an important interface for FEA-BEA and digital
signal processing

ETHMESHIMENBITNXFEEE , REWNWAEMELE
, BRATN W YRR ZE T 5 EfaHE
Stimulus-based assessment are important for listening tests, checking durability and

aging and for finding irregular loudspeaker defects is based on sound pressure
output
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Get a Handout of the Seminar

Contact me under klippel@Klippel.de to
get a electronic copy of the presentation

Or contact our distributors for the
R&D System QC System

EAV AP Technology
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