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Loudspeaker - a dynamic system
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Length of sound wave#r# i«

3m 30 cm 15 mm

distributed model required ﬁj\%&*ﬁﬁ

lumped model useful CRLEA 1< >
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Measurements are the basis for loudspeaker dlagnostlcs
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New Tools for Loudspeaker Design

3% % Scanner Hardware

o TROMBERITR
Dedicated to loudspeakers

o ZSFHIMNHE Price effective

o LA R Scanning
geometry

o EZHTHMNA Many
other applications
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42 #1 Analyzer Software

o IRERHRBN AL
Visualization of cone
vibration

o HHFEMTN Prediction
of sound pressure output

« 1EM@1% Directivity

o Al D EREAE N AR 5 AT

Decomposition
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Automatic Scanning Process

R % SCN'

Scanning
System

HHPERGESE - MM N R
Mechanical scanning system with one rotational (¢) and
two linear actuators (r, z)
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PEEEMAGTT RE R
The scanning starts at the outside
rim and proceeds inwards
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Scanning Modes

2 [E## Profile Scan & #7# Explore Scan #4737 Detailed Scan

EA T Good for EAT Good for &R T Good for
-Rﬁfﬁiﬁﬁ'\*ﬁ%‘\f . B IRRLE &t « RHMIRSY Irregularities
Radiation of Radiation all cones

axial-symmetrical - JTEEER Rocking modes

Geometries only

i etE Scanning Time

Cemn e emn
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A Profile Scan is already useful !

S E#7# Profile Scan F4#7# Detailed Scan
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Measurement of Geometry

=4 High Precision

<10 pum for 0 < z< 300 mm
<2.5umfor-5mm<z<5mm
A<M E Dual Measurement
with correlation

BN KZIRE Automatic
detection of optical errors

LB RN X AHDXFHE R EH

Export in common formats
(%0 such as *.txt, *.dxf)
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Visualization of Vibration Data

HEMTE SR Cross-sectional Cut

#H{z% # Phase Distribution R85 % Amplitude Distribution
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Analysis Software
I
[— 75 Tasks:

[’ﬁ]ﬁﬂui’ﬁ "DE# H. Detect and suppress errors
. T%Eﬁﬂﬂnib Animate vibration
o It E R F Make interpretation simpler
. i‘aﬁgdﬁ%ﬁg fol HIEYSH  Enhance information
which are important for design
. 5?{?@5?]&[ ',?’l B Predict sound pressure output
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Vibration and Radlatl |agnost|cs needs complex vibration data + cone geometry

@{ S l\ff Acoustical
Characteristics

(8 30 1 )

(SPL, d|rect|V|ty power,...)

Drive Unit§f7 i B e
(woofer, tweeter, ...) £ =p| Indications for
; = acoustical improvement

Geometry#/,;{% > ST

% ANALYSIS [ 455 & Mechanical
Vibration{=fi | § ’ = > ] Crgjcteristics (AAL)

| SSSEL N

mechanical improvement

RS Y RS
==> Modal & Decomposition
Analysis
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Vibration and iation Diagnostics based on Scanning Data

??Ffbﬁ}ﬁ‘f_ﬂf& Shape of Components
'B‘l'ﬁgjﬁiﬁf_& natural modes

— * % ["5| radial/circumferential

% 2 /RO 5T £

related with' SPL output

s T PIP=EY Iregularities

Drive Unit,‘fﬂ T

(woofer, tweeter, ...)

‘J[ISE@ R[5 accumulated Acceleration
Geometry%‘{*iﬂ : > ﬁiﬁ&:&"?f] Ejé:’}} r =) -,:TQE;IT‘,:REI}J of total vibration
7T Modal & - 'I’[E{H[J#?‘«E*Jﬁ ! of separated components
e Decomposition
Vibration:<7) sd === Analysis ?}’Eﬁ Sound Pressure
i *WAP=EY of total vibration
SssssssEsEsEsEEEEEEEEEEEEEEEEEEE - » .I’[E{H[J@ﬁj} E} of separated components

<~ on-axis
o [Ri@idE [Fi| 1% Directivity

i3 Sound Power
=P ¥ of total vibration
-f[a*ﬁj[]ﬁﬁ]’n’?ﬁi of separated components
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Checking Cone Vibration

.« F ﬁig@gg}n@gﬁ?ﬁjﬁ PE 2
Do we have enough vibrational amplitude ?
o TEPRAPEOP [T R DTS YRR 7
On which cone part first break-up modes occur ?
o TR TR (O SR 2
Does the break-up modes gradually replace the piston
mode ?

YR R 2

Do we have membrane or bending modes ?
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Accumulated Acceleration Level

90 £ J KLIPPEL
F | Acceleration Level nuEn Mn
80 E pos \,/\4-" \ / J\/\'l '\'\
70 = \
g
60 ¢
wSO i
40 ;
30 L
100 1000 10000
f[Hz]
- ap ‘X (jeo.r.) Weighted Sum of
a,(jo,ra)= : Iir _ ds. the accelaration
S Fa e amplitude
= R T Eﬁ%\ggum@
/ . a,(jo.rs)
AAL(w,r.) =20log — | dB
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Smooth SPL Response ?

Woofer A with paper cone

on -axis
75 T Lodrh |
BS N4
2 30 degree”% i
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o 0
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Woofer B with magnesium cone on -axis
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0 0 10
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. TR
Woofer C with flat radiator RAmpan 111 on -axis.
A0}l 1
30, degree{TT]T]
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Sufficient Cone Vibration ?

w0 ;ArgﬁLéﬁonuev;I K;P
™ v
- Total SPL A% 2 (%3 Woofer A with paper cone :
E >SN
. low Q factor of cone resonances
AR T
 eloration Jevel b 5 & [%F Woofer B with magnesium cone:
ST Sw W& S 3pTHE R E  H TP PRnE
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V
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L~ s .,
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W B it B
rotal SPL ' dips are not visible in AAL
L] > AR IUE A5 800 Hz ¢~ [t
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AAL cause peak at 0.8 kHz
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How to perform modal analysis ?

o FARIGE FlIS A

Search for maxima in

&m
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How to Spe adiator ?
HR, FEEFSE Cone, Dlaphragm and Surround

2969tz

wf KLIPPEL] U
E Accel jon Level \ AL f'\.ﬂ
70+ Y
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£ \ |— /K—‘/\
A
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30+ e
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eac::hangZ i‘a“(-:n?{)c;]é?mith the i"-mode with each mode i"-mode with
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Loss factor of the Young's E Modulus of eometry of the Radiator
material the material (shape, thickness, ..)
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Suff|C|ent amping of the Material ?
Woofer C with flat radiator

Total Acceleratian Level

90-f A
ok ( I\ )
Zoof [_ N i M,“
L A~ W
= L\
65t

1 100 10t

Frequency [Hz]

e AU R ] LIRS dB A
Read 3dB bandwidth in AAL

n. = fH Ji & ~0.1 ->Increase loss factor of material
' /i 840 SRRV
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Where to apply additional dampin

woofer C with flat radiator
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Where to apply additional damping ?
Woofer B Magnesium cone

N LIPPEL
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Cone requires damping

g
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Rubber surround has sufficient losses
R €| RLSAEBRE fjl pl T ﬁ'
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Microspeaker 13 mm
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Decomposition into radial and circular components

xtotal = xrad +X

circ

\ At 580 Hz

Radial vibration mode Circular vibration mode

IR R X

}

causes Rub & Buzz

R
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How to find rocking modes ?
Woofer A with paper cone
80 % KLIRPEY
iy A0 V=
n E Total AAL \ /
: A\
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255 £ J .
o £ / quadrature component in
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Dominant Circumferential Modes ?

SRR
" E Acceleration Level G A Woofer C with flat
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How to find irregular Vibrations ?
Aluminum diaphragm of a horn compression driver

o 1 1 1 1 KLIPPE]
N Total (AAL) [~
™ Circular (AAL) AN \\
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TR AAL BT AR AU T

Search for maximum in
quadrature or circular
component of AAL
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Checki E\r

| PHREAROER S ST 2

Do we have a strong cancellation effect?
ERSIRL W T e 7
Does the cancellation affect out-off axis points ?

PRI (053 S 2

{Wfﬁ

iation problems

Which cone part radiates sound ?
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Does the size of radiating area decreases gradually ?
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How to M sure Radﬁatlon Area S, ?

Laser Scanner Technique (precise, robust)

——T e
Integration of x on curve C
R ] — .[x(r)dr
Ax=S<
10 effectva radiation surface Sd -
F . J.dl"
1 C
Fis
[x(r)ds
— _ S
S,=—=if _——
Ax Ax
Under klippel development
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Prediction of Sound Pressure

Rayleighfi4 /23 Rayleigh Integral Equation

1] | - 7 | )
7|-T?J (7;) dS

P (ﬁ w) — _‘L;il:u [ ok

R =1

Total Sound Pressure Level

1 - B TERERS

« driver in infinite baffle

* WAL HEE ZBHFHEM

» good approximation for most angles
« T ErTA%E short calculation time

10
Frequency [Hz]
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Most important Results

EI %ﬁﬁj — Accumulated Acceleration AAL
Example: headphone Sound PressaSPL @1m, v E{%E"J[I;ﬁiﬁ”ﬁ&
90 Power Level + 47 dB @ 1V
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o /] M Vi
80 I = e "§§ PP
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C ! \‘ )FF@Z
70 + [N SR
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Desired Directivity ?

ndEemer Louss SPL on-axis
i T L Y
F DR
B power
§ |
i I
30 IPPEL
Rapdr Goh Woofer A with paper cone
20 i woE L L 1Ll L1
" To= o o
10 jum Cane. T = e
A - IR AL
s
0 | SPL on-axis
r 8. LT [ava T i1
10 [ R NEENAIAY
o o
Flat Pisto — power [T’
20 Woofer B with magnesium cone ——— \"llﬂl
=5 1 O B B W
-30 ot Tz ror ad
- = ' N 2 T
16 10 p . o SPL on-axis
Woofer C with flat radiator 111" p"‘wer‘ L
e E A I ] I
S [ 1 I
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What causes the dips in SPL ?

Woofer C with flat radiator

->Compare Accumulated Acceleration (AAL) with sound pressure (SPL)
> PSR g A A
[ \ A
acceleration level Z,‘\
d

L4 JSN,-/N#[&/,\JVJB:‘K

-
L
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L~
7 N\
= =~
~
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(2]
)
r
T
-{_
uf
-r

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

YHE | LSO, (ERR B> AR

17,5558 ¥ T 5 2h F AR BHA0 B4 AR SR Dictrd i 23 www.klippel.de

f ARV T BT
und Pressure related Decomposition

xtatal - xi” + xa”ﬁ TX quadrature
generates sound Reduces sound .o sound

i S £
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Wher |s the sound radiated ?

Woofer C with flat radiator

In-Phase Component Anti-Phase Component
T I RLIFFPEL

s |
\* A AN

I
A [l Cancellation frequenme

i 80 i—— )

2 75 E e ———) G I NI A AN

5 20E Ly Yo QR A
80 £/ / / o o

104
requency [ 1
0.3 e g =

Localization of the in-phase componentt$ [filff! 75 &1 7}
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How to F|x Acoustical Cancellatioh problems ?

INCREASE
Area of in -phase component @ijﬂ HITEIE E i

E '7&3 Target.

o (PUlRIE B

° il:‘l] IJK’ ITIJ 7 JEEll Suppress anti-phase component

Hﬂﬁ Steps

1. ﬁ[ 7[‘?7} E'r ',lf’ E"|' find location of in-phase component

2. FIJJJ BE‘L?“ 73T %ﬁg}lﬁj U Use FEA to simulate behavior

3 l@ ’J[@’;ﬁuﬁ*ﬁ l@’;@ (B, gy J[H@F”él 1)
incre!

e bendlng stlffness at thls area (thickness, curvature, rips)

Make in-Phase component dominant
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R [EJ ([ E T ?
Where'is the sound radiated ?
Woofer A: Paper Cone
80 | N AEEEN -
] AT o= [2SE= 3 .
T [IfPhase Com;onLnt ¢1E a8 i {rljﬁ 71 Ll = L:.'-.In phase
60F T T component is dominant
2 : = R |ﬁ§'ﬁi No acoustical
=0 ,u cancellation
> e Sqmeeter [R5 £ R P PRI -
0 i phase component stays in the centre
0 d '%%«‘ffl;‘?ﬁ@ﬁ}‘?{ﬁj radiation
102 (2 108 area shrinks with frequency
\ fﬁr{;has ICo s £
\
0.1 kHz 0.7kHz  1kHz 1 kHz 4 kHz 10 kHz
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TIP: Reduction of effective cone area

o 3T HEB Breakup starts outside

o AFERTREESHATHZTE Outer ring r
area does not radiate significant sound

. WERSIESEE (52 &) Inner part —
should radiate sound (in-phase component) 6 kHz

www.klippel.de b
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Conclusion

- RSO + FHE + (YR
Displacement sensors + scanner + signal processing
> 75 A RS RS PR R B

cost effective solution for loudspeaker vibrometry

¢ BRIP4 PRERR RS TR ELRE
Geometry + Vibration data is basis for analysis

. @ﬁﬁlﬁ?ﬁﬁj/ FEIpOAE = 2 RL l,ifj RIpY
Interaction between vibration + radiation are important

« FINST BT R e (e

New decomposition techniques->simplifies interpretation

I EES % TIECh A BATATAY h B o R SR AN Dictrinitod i 30 www.klippel.de db




