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Abstract:

This seminar focuses on modern methods for designing and
manufacturing microspeakers and other small, light and cost-
effective loudspeakers reproducing the sound at high efficiency and
sufficient sound quality as required in telecommunication,
automotive, multi-media and other professional applications. The
seminar gives an overview on physical modeling of loudspeakers in
the large signal domain which is necessary to explain the
relationship between geometry and the properties of the materials
on the one side and the transfer behavior and the performance on
the other side. Meaningful loudspeaker parameters (T/S, nonlinear
and thermal) and other specifications (amplitude response,
directivity, power) are discussed which allow a comprehensive
description of the transducer. Prof. Klippel addresses the
fundamentals of loudspeaker diagnostics which is important to
interpret the measurement results and to localize the causes of the
defects and to develop alternative design choices.
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Questions addressed in the Seminar:

How to get the desired frequency response and directivity pattern?
How to find the optimal geometry of the cone?

*How to measure the power handling?

*How to perform meaningful measurements in the large signal domain?
*How to find the optimal size of voice coil in the gap?

*Which loudspeaker nonlinearities are desired?

*How to get maximal power handling and acoustical output?

*How to get maximal bass out of a small enclosure?

*How to measure the power handling?

*What is a good and what is a bad speaker?

How to select an optimal driver for loudspeaker system design?
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Loudspeakers are every
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° ﬁl E'J Cars

° 5’[?3%‘ Cellular phones ‘T [
. %ﬁ%?ﬂ, %ﬁ%ﬁ Multimedia, Computers \

. E'jﬁ%"' Hearing aids

° h i jr;”[%g Home hifi reproduction
® TE“ % Professional audio
° IF"[ P‘— ﬁ:H Active noise control
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Requirements on Modern Lolidspeakers

FB%? Small dimensions

HI‘T El [ Low weight
[EE"_I&}' j: Low cost
% ! I o [EE#‘\ a‘ .. High output at low distortion

-~ }TA'T} Maximal efficiency

s : . “Loud“speakers are required
SKE N
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Large Slgnal Modeling - Lecture
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Assesmﬁ Large Signal Performance - Practical Workshop
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Detection of Defective Speakers - Lecture
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Summary
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mER - — 1N ITRR
Loudspeaker - a dynamic system

Audio band Z#5EE Frequency 12/ 411 %

B l
1Hz 1 kHz 20 kHz

Resonance

iR

1h H\m'ms/1 ms 0.05ms

Length of sound waveizz i &

3m 30 cm 15 mm

distributed model required 7 8E =X,

lumped model useful CRLEA >
< >
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Motor and Suspension Design

Material

parameters geometry

Il

X(r)

—» Motor | cone ibration | S¢S | Radiation )b soundfield

surface

\Y F(r)
;I; TR FEA BEA )
wrllixlmﬂ AV
il "
Admittance #;JFI JC Ilé iR
Y(f) used in c_)up e .
lumped Mechanic-acoustical
analysis

model
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Equivalent Circuit of a drive unit
PR S
Impedance Type Analogy (Fu) 754" 1]

Electrical domain = &l i Mechanical domain 7/ sk
compliance
Impedance describing
Electrical dc Lossy inductance Moving mass {=<fisETEl
Resistance
P ki N : : L e e Mechanical
Losses
current FSISFC o4
Voltage o
Back EMF Driving force
Force factor [
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Linear Lumped Paramters::i: & [ |12 L)

Basic parameters $L % B2Ep — Important
+ dc resistance R, ﬁli}hl‘i’}‘;ﬁ F]%[;‘Lfg}((—
* Voice coil Inductance L, (+ additional parameters ) )
describing impedance at higher frequencies) — Time varying -
» Moving mass M, (with air load) jﬁp’hﬁél( &S IR ) [iﬁjj Alhy AL
* Force factor Bl mgﬁf’d—s
* Mechanical resistance R, #5#[" Hic
« Stiffness K, of the suspension at f,

R A PRI 52
* Vicsco-elastic stiffness parameters (,creep factor lambda“)
- Effective Radiation Area S, ¥ |35 ¥=g/i[ 7

Derived Parameters (Thiele/Small) 72280 ( T/S ):
« Resonance frequency fs j:[j%ﬁj:
* Electrical Q-factor Q, g = = E
* Mechanical Q factor Q, #$#5[~ "d =5
* Total Q-factor Q¢ [~ ™ =5y
* Equivalent box volume V, .of mechanical stiffness
SRS ] 1 10 5SS T
* Pass-band sensitity =5k @Fays
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Creep Factor A ifgfﬁe"wi‘

visco elastic behavior (creep) of the suspension at Iow frequenmes

r+|,/IF§5?iFU—r,—IﬁFH gjmt antfOF

. . very wop cakers
Magnitude of Transfer Function X(f)/U(f) m\C(OSp
] I
N | o Discrepancy to traditional

modeling = {2 R A1 £

imated without creep N\

F)
2

e compliance increases for f << fs
E \ o H PR N R
E AN * Creep model implemented in LPM
i N WM LPM ™ [0
101 102 . 10° 104

f
C =C,|1-4 log, | =
ms (f) Wls{ Og (‘f; J}

Kundsen and Jensen, JAES
1993
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|Identification of Mechanical Parameters
TARE =Y

We need more information about
the mechanical system

N

Known Perturbation Direct Measurement of a
of Mechanical System Mechanical Signal
1 SR HEalt et

(traditional technique [HliF#RE|fk)

) ) - Requires mechanical acoustical sensor
Requires second measurement with additional a ( )

mass or enclosure . (e.g. Laser) “ Fol— [ BHIHS (FFRERHD
T U ] R — 53
4\ ATHIT TR e iR o Only one measurement (fast)
sed on |mpedance measurement (2] . & L SHTE D )
TH ‘J JH—“ b J‘ ! H[m”‘,’ A [ ‘\,‘Hi‘lr“‘j’ )
No mechamcal sensor required » Driver in free air or in enclosure
I FLEI o . ) B A =0 .
Tere coknsit\ulrin I il T‘Wi"“}‘[ ﬁ‘“‘ ey "W’uﬂ M
ek i 9 . Reliable and reproducible data
P[roblems with Tass attachment box Ie?ka? fi' [ i E TR
TEL { A N
& “[ H‘,”“,\J, S R \ AR i * Can be applied to tweeters “U ATie |
ELl cEl 5 | |
LS
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Perturbation method: Sealed Test Box

RS SRR A

Pro % |“LT

Simple technique [y 1 i)
Cms is measured primarily

ol 4 _(D fﬂ rjrlllﬂ.z_lH J«}L}" [

Problems

» Depends highly on precise value

of effective radiation area Sd

R S e

* Residual air volume (inside the

transducer) can not be considered

i PL#FFPL;TW 192 7.,L£

. reqwres sealed diaphragm
RRLE B pREER

 can not be used to measure

mechanical mass without air load

TR I, SRR

*Time consuming

o L
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Perturbation method: Added Mass
IS 2: J Rl

Prof&i:
Simple technique [ i1/ s
Mms is measured primarily

il [ T:'H? pu];f»ﬁ;w EVEl

Problems i/t

« can not be applied to tweeter and
microspeakers

20 P R i B
*Time consuming it F‘l’ﬁ%ﬂﬂjﬂﬂ

* Mechanical Resistance or
stiffness are assumed as
frequency independent parameters
A S L £ IR i
=
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Laser Technique
e A R

Pro £
Fast (one step technique) &
* Simple to use [i[I"|pH! el
+ Blis measured prlmarlly
S R
» Most precis results JHIFE jf
» Can be applied to most tr. rllsducers

Wﬂe*ﬁmw%%éﬂ

Problems i:
» Optical roblems (an le, surface)
S I—EB ﬂ}UE F [E,H‘

+ Cail drgplacement is not
axralsym metrical

RSP B P20 R LA
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Measurement in air or in vacuum ?
i 2 RRL 2 Sa | &

In Air In vacuum
Mms and Cms consider air load Mms and Cms consider mechanical elements only
> Useful input for system design - Useful for driver design and comparison with
, A
bﬁ ; 4\’" ! Itgﬁﬁm the weight of the loudspeaker parts
il emﬁr“ mf f‘ ﬁr e RN, r%ﬁr;*fjjr&ﬁ;ﬁ@’r RS Gl
o % R 7 A R R R
(F VA ETE B
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Effective Radiation Area S| #= 7f
Definition .

displacement air volume
HE %’Fﬁ‘%ﬁﬁfj b2 gl

al surface area S W[4 17 J. X(I")dS
. § - %
i = =
s Ax Ax
| S
ax -
— Mean voice coil displacement
T fh [ PR
N f -
I x(r)dr
AV Ax =<
Idr
c
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How to Measure Radiation Area S ?
Pistophone technique Z/[Ifﬁ’ W E JT#@%E-[%

See KLIPPEL
Application
note AN32

Ve

) Microphone

closed volume V,,

S _ VO p Sound pressure p
q= - -

pOK X Displacement x

static air pressure p.  adiabatic
coefficient k
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How to Measure Radiation Area S, ?
Differential method (sophisticated, precise)

B RO A SSRET R TR Y i)

X;
See KLIPPEL syringe (medical injection pump
Application
note AN32
A V Difference volume AV
Sy = N
X X
2 1
static air pressure p;. po K[p B pj Q\
adiabati 2 1
coefficient k
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=l 8 pm-‘[[[{E}[‘ I 1 AE]
S Y R g
How to M £sure Radiation Area S, ?

Laser Scanner Technique (precise, robust)

Integration of x on curve C

\J.x(r)dr
Ar== _[dr
[x(r)as
§,="t =85
Ax Ax

Under klippel development
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How to Measure Radiation Area S ?

Precise Technique lll (using Laser Scanner )
an =]

r—rj|crlospfaal<_e : woofer -
SR 2 . ' )
g ] 1 S e == frimafon
N — r ""-." T il o mere =ective radation surface 5d L

] i——
.
Al ey mnR
i pi—
i; /""“\I
pin Eomn
i it
o of weamgemerd 84 o
resinanie beduenty 15234 He
Ma
aveagmd 54 BAT em"2
(gt
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Why is a precise measurement of S, important ?

PRI SRR A 12

Effective Radiation Area Sy & | 3V=gi["fiS

» determines the acoustical output

- sensitivity, efficiency
PR R Y o B

 affects the precision of the parameter measurement if the
test box perturbation technique is used

- Moving mass Mms, force factor Bl and stiffness values Kms,

compliance Cms ‘
o =PRI AR %"*f%ﬁ?’,“ifé'r Mms, BL, Kms, Cms J[&! o]t
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Effective Coil Vibration

Averaged Transfer Function between Displacement and Voltage

Magnitude Transfer Function Hx(fj=X(r,f/U(f)

1 2 3

-20 =
= Ll :
=« differences
> . N
w0 R\
Laser Measurement B
gives three different o
transfer functions

1 o] | = i — averaged Hx(f)
Displacement ! .
P sy == Fitting of

averaged over
} S )
voice coil Mechanical

circumference « Parameters
AR Y ) B Big Sound from Small Speakers, 23 www.klippel.de )
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j:%):%ﬁ - | N2 \éjb
Loudspeaker - a dynamic system
Audio band ZEE Frequency 2/ 411 %
R ]
1Hz 100 Hz 1 kHz 0 kHz

Resonance

o
G SBRE

1h
Length of sound wave#rz) i«

3m 30 cm 15 mm

distributed model required ﬁ%ﬂ*ﬁﬁ

lumped model useful CRLEA# < |
< >
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Measurements are the basis for loudspeaker dlagnostlcs

F X(r) soundfield
inner 1 Cone's ‘
T’ Motor Z(d);: Vibration | ¢ tace | Radiation r;iiiir —- fi:l';i
D —
V. F(r)
v v
______________ AT, FPFSTITPIRETRE A e,
E;i\ngﬂ IElectrical i :  J/#lEiMechanical  : : s E! Acoustical
'Measurement | Measurement : Measurement
= v v
Z_(H=UHI HO=XOU0 v_'b _ .y Far Field
¥ v one Vibration » Response
. . + Geometry i %PW
electrical mechanical ﬁ%&%ﬁ’?gﬁfﬁw&ﬂ{ bt

Lumped Parameters

el
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Distributed Parameters 7J ﬂ J‘ifg'(

Cone Scanning Techniquesﬁaquﬁﬁ[ﬁf%

[ === == == - :' ————————————— 1 Fmmmmmm N
1
| ) . : Amplitudef=i
1 p"tUde?::‘*[Uﬁ Amplitude+ phase P #%U "
I Fi+AE + phase fI% I
] TJ’«:‘[“F'I — +geometry-24 i1
I P ] I geometry—=y ||l :
! |
1| 1
: P D°pp'er Interferometry | 1 Triangulation Laser Scanner :
| Olson, 1950 1ol Eﬁp s o L L R IR e T
i o - (Polytech, 199 P! (Kllppel 203; |
1 = 1 | 1
1=
| - E '
[ b I
: 1| Py I
O~ @ 1 o :
1 Frankort 1978 1| ! 1 I
| =" N 1 Ii | 1 1
N1 ! Py
: : N —__ _ 1 ] -Geo.metryéﬁ‘fﬂlf“é,#‘% :
= ' 1 | Velocity destribution on the cone : I 1
1 o [ SRR 1 Displacementit® |
1 Intensity7i 1 1 1 I 1
| 1! ;! |
1 o o e o m Em e o o e e
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New Tools for Loudspeaker Design

1% %& Scanner Hardware 4947 Analyzer Software

o BAOTHFERRI o IREEIRSNZ 30 AT AL
Dedicated to loudspeakers Visualization of cone

o ZFHIMAE Price effective vibration

o /LA RScanning .
geometry

o EZHTHWRA Many .
other applications .
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= ER TN Prediction
of sound pressure output

fE @14 Directivity
7] 43 ## Decomposition

www.klippel.de 4>
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Automatic Scanning Process

#R% SC

Scanning

HHARRST — MR- EMEEE R
Mechanical scanning system with one
rotational (¢) and two linear actuators (r, z)
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HEEBMAGTT RZ M m R
The scanning starts at the outside
rim and proceeds inwards
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Scanning Modes

2 #3# Profile Scan HREHIH Explore Scan #4777 Detailed Scan

H# T Good for A2 F Good for A#F Good for

. E%TJ\XXTJ:F%X‘J% - EEFE IR « THMHE Irregularities
)'L{ﬁj_ﬁ;_#t Radiation all cones

Radiation of « EZE#E X Rocking modes

axial-symmetrical
Geometries only

13388 Scanning Time
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HEARERRAAN

A Profile Scan is already useful !

2B #7# Profile Scan F4#7# Detailed Scan
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Measurement of Geometry

=¥ M High Precision
<10 pm for 0 < z< 300 mm
<25umfor-5mm<z<5mm

MAEX<BN & Dual Measurement
with correlation

BN AEZFIRZE Automatic
detection of optical errors
RENEREXHH Export in
common formats

(%0 such as *.txt, *.dxf)
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Visualization of Vibration Data

HEMTE EIR Cross-sectional Cut

FH{z % % Phase Distribution R85 % Amplitude Distribution
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Analysis Software

Tasks: [~ 75

design %ﬁﬁﬁi?ﬁﬁﬁé fore vt

S EEE T BB

Big Sound from Small Speakers, 33

Detect and suppress errors ([T Ji L%ﬁ?ﬁ'
Animate vibration @glﬁﬁéﬁ
Make interpretation simpler fif [~ =%

Enhance information which are important for

Predict sound pressure output 5‘5‘@[]#@761 'rf[ RS

<>

www.klippel.de

P

Vibration and Radlatl

""" Drive Unitfii =}

(woofer, tweeter, ...)

Geometry?/;[% i

H 0 He T e FIBEPISET e V| 2255 [ 1,1

|agnost|cs needs complex V|brat|on data + cone geometry

E‘/ | [\i[f Acoustical
Characteristics

(e 1)

(SPL, directivity, power,..

v

Vibration]’;gﬁ

N EREELRY ) B

s
ANALYSIS

ﬁnl fﬁjﬁ
Indications for
acoustical improvement

_Jlfﬁj % Mechanical
Characteristics (AAL)

Big Sound from Small Speakers, 34

Indﬁlloniog Jﬁ

mechanical improvement

PEURESE ST B T T
Modal & Decomposition
Analysis

www.klippel.de
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Checking Cone Vibration

=5 [Pt | ELSOPOPSEFRIR o 5 2
Do we have enough vibrational amplitude ?
FEERIOP - [R5 e L) Bt 2

On which cone part first break-up modes occur ?

73 FUEAE R LA 1? IV P S E e 2

Does the break up modes gradually replace the piston
mode ?

25 P | PRARE AR AR AR S 2

Do we have membran or bending modes ?
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Accumulated Acceleration Level

J N KLIPPEL
Acceleration Level N L Ma
L 1 N\,
100 1000 10000
f[Hz]
L op G Weighted Sum of
a,(jo,ra) = . I P the accelaration
S a c i
¢ amplitude
>5) . CISRFSIE pa
= - a,(jo,ra) Fi
AAL(@w,r.) =20logl /— | dB
P,
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How to perform modal anaIyS|s ?

Search for maxima in accumulated acceleration
1 R PR 'ﬁfﬂ*l?ﬂ ~
w T y/. .
L a) 1 'v\
a (Ja)) = 72 dSc | \—/
Tis]+njol o — (a)/a) )2 i
el \ posmve
Y v@!,ue ,\—/
E LIPPEL
90 E
85+ N
° = Acceleration Level ' l l U
i ail))
=5E = — v
%o E /’/ 015 v Y
o paen i 17y <0101 M
60
O Y S S B
50 w
100 1000 10000
f[Hz]
AR Y ] EHAERSS Big Sound from Small Speakers, 37 www.klippel.de 4>

A0 {a] g%th CRunk

How to Spe adiator ?
AR IRENGE Cone, Dlaphragm and Surround

w230tz

90 Q KLIPPEL \_/
E Accel ion Level Al Mn

— ~ W — L
g X i NEe
%o

40E ’ —> - ’/\
* 100 K /

1000 \v‘ 10000 v ¢

fHz] v
Modal loss factor n, of Natural frequency f of Natural Funsri‘ton W (r)of
each mode ih-mode with the it"-mode with each mode i*-mode with
i=1,2,... i=1,2,... i=1,2,...

I

PRSI PG MR Young'sR ¥ gﬁﬁ‘ﬁﬂﬂﬁﬁi#@(%ﬂg  BE)
Loss factor of the Young's E Modulus of eometry of the Radiator
material the material (shape, thickness, ..)
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Smooth SPL Response ?

Woofer A with paper cone

Woofer C with flat radiator

on -axis
I
N
-30 degree 7\
|

Plgfdg)

f[Hz]

on -axis

T A

-30 degree ”Aw

1
+3P degree

SR, (08

o o I
f[Hz)

T =L
7 on -axis 7

0 cegee 11
[[[[ +30 degree

T f
o i o
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8 3 PO LSS ?

Sufficient Cone Vibration ?

T —
» £|acceleration level N

EUEE

=

] 1A

A

o Total SPL-

[T [T TTIT TPPEL
I
acceleration level v
LL
@ AT ]
% Total SPL | [[[ Y[ ]}
i
¥
il R 1
90 T T —T
" accelerahonle_\ﬁl—- _,N." th
N L ZAVi N
=
o \ ﬂ‘/\vﬂ
” otal SPL t
o | ||
. L
® s T

Woofer A with paper cone 7% /7, [",}?“I :
- low Q factor of cone resonances
(=P

Woofer B with magnesium cone: #5747 [}
-> natural modes cause high peaks in SPL

e

Woofer C with flat radiator " v fI;E'F}
-> dips are not visible in AAL

- AAL cause peak at 0.8 kHz
BSOS T P

IERFE T 800 Hz E%j F— [l
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Sufficient Damping of the Material ?
Woofer C with flat radiator

Total Acceleratian Level
E \
90
o5k L)
Zoot DY 2 Ma
§7‘ g = \’/\W \ ! \

E .~ \* 4 “\
704 \
65Ft

10 10 10t
Frequency [Hz]
Read 3dB bandwidth in AAL
S —fi _ 80 .
n =t =—"=~0(.1 - Increase loss factor of material
1
f 840
AR Y ] EHAR Y Big Sound from Small Speakers, 41 www.klippel.de 4

T =] vl fow WA
P AT I
Where to apply additional damping ?

woofer C with flat radiator

Total AccelgfatiodN.evel
\ 7 N
{ )
g / Ma
8 APV AN
< e Y A
| N

123984 Hz 1 1

’C!\
ol
\

\
\
\
1\
1
1
1
1
1
d
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2y ot ClE
o {7 ke aps a2
Where to apply additional damping ?

Woofer B Magnesium cone

3 LIPPEL
90 E
85 F i
£ Acceleration Level p. l l Il
80 ¢ 7
i AL
5T — v
o E Pl U
O 7 = \
%5 E AL 77] | U 5 2 0
AR 7 U
z
60 F 7
55 P
50 ’
100 1 10040
. 7 2
e
" v

01

111094 Hz

vy

vy

Rubber surround has sufficient losses

Cone requires damping
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Finding Circumferential Modes
Sk }*;Ji%(“ﬁﬁﬁj RIS

Search for maxima in AAL of
Circular or Quadrature Component

F N
E LIPPr
B L . / o/
E ial ponent
50 J
| ot
F45 T
kA £
340 £
35 N
= I N
i) 7
25 ; '/ Circutar €t nemt
20
3 4
107 g 10

ML ] B www.kippelde P>
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RADTBAHPERHDE
Decomposition into radial and circular components

xtotal - xrad + X

circ

\ At 580 Hz

Radial vibration mode Circular vibration mode

ﬁﬁﬁéﬁ [ERBNE R

!

causes Rub & Buzz

Rl 7
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B

Dominant Circumferential Modes ?

E i i i i N M O A B R A R P
; Acceleration Level kS T Woofer C with flat
E Jem=eg==F=~-1T ‘\___N bl radiator
g ’_.- r '/“ Y5
EJj” J 7
E A A" of
E L~ Circular Com_ponent
E (Acceleration) —
E | I I |

;

4'kHz
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PHRNBEHRISERKERSE
Decomposition into radial and circular components

xtotal - xrad + X

circ

\ At 580 Hz

!’—?r‘-— -

Radial vibration mode Circular vibration mode

BHIERHER HARIEB R K

}

causes Rub & Buzz
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INfE oS RS
How to find rocking modes ?
Woofer A with paper cone

80 % LIFiL
75 ; £ S -\‘ 1 AV
0 £ Total AAL \
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Se0 g / Search for maximum in
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PRSP A REn ?
How to find irregular Vibrations ?
Aluminum diaphragm of a horn compression driver

KLIPPE|

[T
1T
Total (AAL) s

Search for maximum in

C|rcular (AAL)

quadrature or circular

N
N\ AU VG component of AAL
7 ha P

1l / Quadrature (
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flHz)
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f‘éffﬁf i
Checking radiation’ problems

25 (et | LSRR Fs IS 2
Do we have a strong cancellation effect?

PR SSTERL T RLEE 4 T 91 2

Does the cancellation affect out-off axis points ?
FRIRPOPT— 03 RRfT B

Which cone part radiates sound ?

SRR Tkl s |

Does the size of radiating area decreases gradually ?
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Prediction of Sound Pressure

Rayleighil /23 Rayleigh Integral Equation
,—I|'£‘||J'i<—r'||
&

p(Rw)= —“;:‘ [ Wx,,ug.} ds

Total Sound Pressure Level

1 - B TERERTS

« driver in infinite baffle

- REAEHTERFHNER

» good approximation for most angles
- Tt E Rt E%E short calculation time

1
Frequency [Hz]
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T I [ B A ey
Smooth SPL Response ?

Woofer A with paper cone

on -axis
T Lade |
X
g -30 degree T
B 1
130 degreg
[ T TTIT]
0 0
e
Woofer B with magnesium cone on -axis
T Tt A
g -30 degree ‘}w
) !
+3? degree
0 0 10
f[Hz]
Woofer C with flat radiator T =T on-axis ]
60 [l
. 30 g ]
” [[I[ " +30 degree
0 1‘0 1‘0
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Most importantP esults

fl %‘ﬁﬁj Sound Pressﬁ% @ 1m, 1v Accumulated Acceleration AAL
; u u , ] <
Example: headphone e %%ﬁijﬁ'ﬁﬁnm
90 Power Level + 47 dB @ 1V N
r \ V/
80 L /ZQQ by
E 2 N N / \‘~4\/ SPL on axis
C ! "
70 + \ ﬂ'—lﬂﬂ/ﬁ%
C N v . *
C %’ G e Directivity ?F[”:[J [‘:‘7 "‘Jt_:;:wel';;‘ﬁ
60 7T o e ’-’ E
F ,7/ Rocking mode }%{%@%’LF&
50 : / /
B /
40
B //
30 %/

10! 102 108 104
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R

Desired Directivity ?

ospnd o Lever SPL on-axis ——rrm
Y | AN
L
power
i
o IPPEL E
Hapér toh Woofer A with paper cone
20 ‘ P = N R 1 L1
10 M Cone. i) v
0 1 SPL on-axis
r 1 T
0 RNEEIInTS
[ NATTTE
Flat Pistof [T’
. . — power in
20 h magnesium cone T ATl
[ [ TTTI [ T ITTI
-30 cm '
= PR 01
16 10 18 [ SPL on-axis
.
Zn e\
/A
i 1T 1 H]
Woofer C with flat radiator "™ Pﬂwer‘ Lt
S T T 11T 1 1
s EL T TTTIY [T TTTT 1 |

o
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*E[[ \ﬁ:F[\Jffj\ ?
esired Directivity ?

Directivity of SPL in the horizontal plane predicted for woofer C

& e on -axis -

1] /]
70 -
O 2 1 e O P 1 |
50 i

N
“0 —F‘U'ac/gl‘cc
* H ‘ +30 degree
2 L 1T
0 0 0

1.1 kHz.
&
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Headphone — Vibration 2760 Hz
EUEST: 2760Hz IufsEh

Asymmetrical Bending Mode
T EPEPVRTRIE
—T \'“\

P S /
_\r'—' - — K__M_/

r = 0 mm, phi = 94.5*
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Headphone — Radiation 2760 Hz
EUESTE 2760HZVEH

Total Sound Pressure Level

Frequency [Hz]
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W4 ’ ¥ r. 7 -~
B ok AP PR ?
What causes the dips in SPL ?
Woofer C with flat radiator

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

T I A

F acceleration level
T a A
C ”,—’ |‘ AL\./-/N \‘ / \J'\iﬁ \
70 I - L
; TN T\
;/ /’ v ) 1 |"|' ‘l
33 60 F 1 rl || 'J H ‘,,.. ?\
H L ' IS
o /}l HEE 'l ] “,I ||
L \ Total SPL H 1
C N

iz

There is enough vibration on the cone !! - Radiation Problem
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Sound Pressure related Decomposition

total — “Vin anti T X quadrature

— | ~

generates sound Reduces sound no sound

ee
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How the decomposition works

U0 e

Contribution to

T N sound pressure output
X0 H(f.0.R.r) atpont
~F ) _ g
Summation on all points PIRTET b
R R
Reference l: EI:’—F ?, J
phase | HEEo.R 1 R
o, I'J
Xquadr Xin
ature —

generates

no sound sound
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Where is the sound radiated ?
Woofer C with flat radiator

|
o5 In-Phase Component Anti-Phase Component
~ E I ‘ ‘ KLCTFFPEL
90 = . [
£ oo E | cancellation frequenae s | |
£ E *
80 =
S 75 £ Q\ A AL,
T 70 E FO———F—J~ K VA A L AN
PA= DS 7 Yo L ZARICAA™
° = / ] 7 . f
60 = N
E LA / / N

55 V
/ Auency [2!] \

Localization of the in-phase component

- _’- - "- - '.‘\
L wy LY
R 4 _ MY YR VY O
. . @ G
s - “‘.‘ ‘! o
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How to F|x Acoustical Cancellation problems ?
Area of in -phase component 17" INCREASE
TIORIAE T BV 7
E I7I‘E' Target.
. [E[ 7FEI7J Bl j ?'E;— Make in-Phase component dominant
° j:cl] UK’ [FI 7 ﬁg'l Suppress anti-phase component
¢%\ Steps
1 ﬁ[ H“E[ﬁ E:'r "i‘ E"|' find location of in-phase component
2. E'J?J BE‘L?“ 73 7[:’? %ﬁgﬁ@?‘ use FEA to simulate behavior
3 ?ii§ [ 75 J lgﬁﬁuﬁsgl[g» (@@ JJ[@ ;Y lkg g}JEj y
increase bending stiffness at thls area (thickness, curvature rips)
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RO
Where?’I I i iﬂﬂﬁﬁf

the sound radiated ?

Woofer A: Paper Cone

T=EEN|

[
jz Sanl \ NPT « In-phase component is
3 LA"| |In{Phase|Companent||.-w.., L 1 dominant
50 : T et « No acoustical cancellation
% . * In-phase component stays in
%0 n '-*‘L- se-€gmporen the centre
2 H « radiation area shrinks with
1: : frequency

102 103
f[Hz]

0

10 kHz
www.klippel.de 4>

\ f"n\PhjCO

0.1 kHz 0.7kHz 1kHz 1kHz 4 kHz
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RERBEDEZERER

TIP: Reduction of effective cone area

o DR TFHEB Breakup starts outside

- ABERTEERFHEIEHFE Outer ring r
area does not radiate significant sound
. NERESZE (RS R) Inner part —
should radiate sound (in-phase component) 6 kHz
500 Hz 3 kHz 7 kHz

www.klippel.de 4>
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* Providing Input Data for FEA

i Radiator
Finite En (cone, diaphragm, panel)
> l — . :
ilenlwer)t : Material | 2
ASIS i | Parameters | :
A
I ----------------------------------
1
L
1 Predicted Vibration
v I (accumulated level + shape
. «of total vibration
Modal & -of separated components
T —— »| Decomposition i
: Drive Unit Analysis
(woofer, tweeter, ...) Fittﬁi
Modal &
Geometry r= »| Decomposition y
" Analysis Measured Vibration
4 (accumulated level + shape
Vibration +of total vibration
-of separated components
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Conclusion

+ FLRORIE + R + S
Displacement sensors + scanner + signal processing
> TR AR BRI A A A
cost effective solution for loudspeakervibrometry
. ;\W/ﬁﬁ/}qk+ PR RLELS I ARV ELRE
Geometry + Vibration data is basis for analysis
. #égﬂ%pgﬁ‘g,ﬁ U REEAE D B R L foI iy
Interaction between vibration + radiation are important
. %ﬁj;}ﬁﬁiﬁ meﬁ(“ﬁfiﬁg

New decomposition techniques->simplifies interpretation
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A = N
B . NSRS
Specification: Small Signal Performance
BRNETRAFERRR
Active and passive Loudspeaker System

« SPLAHA EKIEEMRE SPL on-axis amplitude
response
> EERHFFMHT under anechoic conditions (IEC 60268-5)
- 1M Directivity
> E[EH Directivity index D(f)
> BRI or sound power response P,(f) (IEC 60268-5 Sec.
22.1)
« BHHER Group delay
> &1F latency
> T ESFA X R variation vs. Frequency,
> BB 2 AL variation between channels
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NIRRT X $HE

B SR FREERA A
020-37588772
13808817355
www.audioapt.com




