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Abstract:

* Loudspeaker cones are more or less flexible structures performing bending and
membrane modes at higher frequencies. The cone break-up is a desired
mechanism giving more SPL output and a better directivity pattern than a rigid
cone or piston. The measurement of the mechanical vibration by using Laser
scanning techniques is the basis for getting a deeper insight into the mechanical
vibration and their relationship to the acoustical radiation. Displacement sensors
based on triangulation technique are an interesting alternative to cost-intensive
Doppler Interferometry because not only the vibration but also the geometry of
the cone is measured at high precision. This data can be used for cone design
with FEA and is required for predicting the SPL output. A new vibration and
radiation analysis is presented. It reveals radial and circular modes and
separates vibration components which generate sound from other others which
reduce the acoustical output. This technique opens new ways for loudspeaker
diagnostics and cone optimization which is illustrated on woofers, tweeters,
headphones and micro-speakers.
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Automatic Scanning Process
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Mechanical scanning system with one
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A Profile Scan is already useful !
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Measurement of Geometry
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Loudspeaker

«  EREGTE High Precision Scanner
<10 pm for 0 < z< 300 mm
<25umfor-5mm<z<5mm
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with correlation
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Demo
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Visualization of Vibration Data
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Decomposition into radial and circular components
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Rocking mode at 350 Hz

Microspeaker 13 mm
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Prediction of Sound Pressure

Rayleigh#: 4> 2> 2\ Rayleigh Integral Equation
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approximation for most angles
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Calculation of Directivity
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flat diaphragm — vibration 1 kHz
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What causes significant peaks ?
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Usually ~ J% (SHIBLL) Pirst Usually
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ok (bending mode)
(fnembrane
mode)
; P BRI RS AR AT 207, 19 www.klippel.de —4-}—/

( P IA e K P A

Ring Anti-Resonance

f,=1.1 kHz

= 19,5 mm, phi = 180°
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What is a Membrane mode ?
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longitudinal stiffness

generates the restoring
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What supports membrane modes ?

* PR LT IEAR flat cone
geometry

« L NIJE low longitudinal
stiffness honeycomb
« A5 I high bending

stiffness

754 kevlar
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What causes significant dips ?

Total Sound Pressure Level

102 10 104
Frequency [Hz]

XTI AN, Acoustical cancellation effect

s N

- s P b 2s thAxE 7 e .
BB JLATEIR Location of bending modes R st
Geometry of S e e membrane modes

The cone

! P a AR SR B AR ST 44T, 23 www.klippel.de *VJ

4 324G S AP R R R

Making the cone as stiff as possible
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TIP: Reduction of effective cone area

o ZUAT 4N Breakup starts outside
o ANRIAASBEE S P 2 & & Outer ring r,
area does not radiate significant sound

o WHRARYT I (R ) Inner part =
should radiate sound (in-phase component) 6 kKHz
500 Hz 3 kHz 7 kHz
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Professional 16 inch Woofer
total vibration at 1 kHz
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Midrange with Kevlar — Vibration 7 kHz

www.klippel.de —gp—




1 07 28 1 S - T TR 2R A RS
Midrange with Kevlar — Vibration 7 kHz
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Tweeter — Soft Dome 15 kHz
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Horn Compression Driver
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Compression Driver at 5.5 kHz
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Compression Driver at 10 kHz
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Compression Driver at 15 kHz
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Microspeaker 13 mm
JLfTTEIR Geometry
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Vibration and Radiation Analysis

I Measurements
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Conclusion

o PIALIEES + HRMY + {5 ‘5 402 Displacement
sensors + scanner + signal processing
> ARG G 75 25 8 A & cost effective
solution for loudspeaker vibrometry

o JUAIBAR + HeshZds 2 o A (1) 55 il Geometry +
Vibration data is basis for analysis

o PRBFIFRSS 2 [A]AH B 2 2 R F 2K Interaction
between vibration + radiation are important

o FIEEIR STiLAEEE New decomposition
techniques - simplifies interpretation
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