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AES 130th AES Convention
The AES 130th Convention is taking place May 13-16 
at the Novetel London West, UK. The theme for this 
year’s show is “Make the Right Connections.” For more 
and a peek at this year’s program, visit www.aes.org. Also, 
the deadline for submitting scholarship applications from 
students getting a graduate degree in audio engineering or 
a related field (such as acoustics) is May 15. You can read 
about this program on the AES Educational Foundation 
website (accessible from the AES website, www.aes.org).

New Planar-Pivot 
(Planot) Transducer
Invented by John J. Gaudreault and 
covered by a US Patent #7860265, 
the Planot transducer design yields a 
unique single full-range driver. The 
geometry, apparently never before used 
in a diaphragm, is three-dimensional 
triangle shape (3D-Diaphragm), as 

opposed to two-dimensional cone 
or ribbon diaphragms. The inven-
tion’s geometry allows for a pivoting 
motion, as opposed to the pistonic 
motion of two-dimensional dia-
phragms. These two factors and oth-
ers set the Planot apart from all other 
loudspeaker drivers.

Figure 1 shows that the dia-
phragm has at least three equal 
sides. Other implementations may 
have larger even numbers of sides 
(4, 8, or 16, and so on). The edges 
of the functional sides are parallel 
to the pivotal axis. Each “side” of 
its “cross section” could be .75″
to 1″ long. The diaphragm length 
could be between 1 and 4′ long. 
No enclosing structure such as a 
box, enclosure, or baffle is required. 
Eliminating the box eliminates all 
of the negative attributes of a box such as diffraction of 
sound off the outside of the box, internal reflection of sound 
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FIGURE 1: Cross-

section diagram of 

the Planot transducer 

diaphragm.

FIGURE 2: Side view of 

the Planot triangular 

transducer.
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Dayton Audio’s OmniMic is a 

must-have for system integrators, 

acoustic engineers, and A/V 

installers. It was developed 

in collaboration with Liberty 

Audio, inventors of the Praxis 

Measurement System. The 

OmniMic provides quick and 

accurate measurements that will 

reduce installation time, saving 

you both labor and money. Test 

signals may be initiated from 

the host computer, or from any 

audio CD player. System includes 

calibrated USB microphone, 

mic clip, software and test signal 

discs, 6 ft. USB cable, and 

carrying case. Compatible 

with Windows XP, Vista, 

and Windows 7.

Measurements:
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4 VOICE COIL

inside the box, sound generated by 
box vibration, and the associated 
costs of building an enclosure (Fig. 
2). The Planot’s diaphragm radi-
ates 360° and thus requires no box.

Because the diaphragm is cen-
tered by fixed bearings, the voice 
coil is always perfectly aligned to 
the magnets in the motor. The 
diaphragm is controlled by an 
electric motor that uses a mag-
netic repulsion system for cen-
tering and damping diaphragm 
movement in place of the tra-
ditional elastic surround/spider 
mechanism (Fig. 3).

According to Mr. Gaudreault, 
another major advantage of the Planot design is that sound 
is projected evenly in the listening area. The typical Planot 
diaphragm is long and thin and stands perpendicular 
to the floor with a motor in its base. The 
geometry allows sound at all frequencies to 
be launched into the listening area with equal 
energy and consequently with a very flat and 
even radiation in frequency and phase. A 
single diaphragm may be used, and the dis-
tortions and costs associated with crossover 
networks are eliminated. If greater dynamic 
range or greater sound levels for pro-sound 
applications are needed, then this same dia-
phragm can be implemented in multiway 
configurations such as two-way and three-way 
designs as you can see in Fig. 4.

The Planot design also allows for the 
use of modular construction techniques. 
This way of connecting all of the compo-
nents facilitates CNC (computer numerical 
control) construction, reducing production 
costs. Twin supports, mast, motor, and dia-
phragm may all be easily changed. There 
are several advantages to this approach: 1. 
ease of manufacture, 2. rapid prototyping, 
3. consumer upgrades, 4. consumer custom-
ization, 5. ease of repair, 6. pro sound onsite assembly 
and customization. Again, according to the inventor, 
the Planot design can be utilized in many applications 
including but not limited to headphones, theater and 
auditorium systems, public address, high fidelity systems, 
portable electronic devices, automobiles, and boats.

Planot, LLC, is currently soliciting interested manufac-
turers to license Gaudreault’s patented driver design. More 
information is available to OEM driver and loudspeaker 
manufacturers. E-mail Planot, LLC, at info@planotspeaker.
com, or visit www.planotspeaker.com.

AN HONORABLE GUEST AT SCAN-SPEAK
One of our industry’s “grand old men,” 90-year old Mr. 
Neville Thiele (Photo 1), paid Scan-Speak a visit recent-

ly. Mr. Thiele has worked with acoustics since the early 
1950s, influencing loudspeaker professionals ever since. 
He has uncovered a significant amount of knowledge on 
acoustics and loudspeakers, including the well-known 
Thiele/Small parameters, developed in cooperation with 
Mr. Richard Small. Mr. Thiele also published numerous 
papers on loudspeaker technology. Scan-Speak thought 
that Voice Coil readers would like to read a brief selection 
of Mr. Thiele’s comments after his visit:

“It was a great experience for me to visit the factory at 
Videbæk again with my colleague Graeme Huon and find 
the company thriving. It is now nearly 140 years since 
my grandfather Neils Benzen Rasmussen emigrated from 
Jylland to Queensland, but I nevertheless feel a strong 
connection to your beautiful country, through my kins-
folk living in Silkeborg, Haderslev, and Sønderborg and 
through my admiration for the Danish audio industry 
that continues to maintain its reputation for excellence.

“I was particularly interested to see how, while much 
of the loudspeaker technology has changed little over the 

years, your company has adapted to new 
ideas and materials as they have become 
available and made significant improve-
ments. In particular, I have admired your 
long-throw drivers that go a long way 
to making good big bass sound possible 
from the smaller diameter drivers that the 
market increasingly demands.

“I remember reading in 1936 when I was 
first taking an interest in audio that “anyone 
who made it possible to produce good bass 
from a cabinet the size of an orange box 
would deserve the gratitude of humanity.” 
Loudspeakers have changed a lot since then, 
but I continue to think of it as an object 
that we all should—and in your and my 
case do—keep striving towards.

“It was most exciting to compare notes 
with your engineers on the finer points of 
loudspeaker design. There are many who 
assure us that it is a “mature technology,” 
but electrodynamic loudspeakers still 
present problems of considerable com-

plexity to those of us who, like your engineers, realize 
that a deeper understanding leads 
to a better product.

“May I, on behalf of myself and 
Graeme, wish your company and all 
your people that we met, who con-
tribute their varied skills to the enter-
prise, continuing success in your 
engineering, manufacturing, and 
marketing efforts. We very much 
appreciated your hospitality during 
our visit and look forward to further 
discussions in the future.”     VC

FIGURE 3 Closeup view of the 

Planot transducer motor control 

assembly.

PHOTO 1: Neville Thiele. 

FIGURE 4: Concept drawing of 

a multi-way Planot transducer.



MAY 2011 5

Voice Coil, (ISSN 1521-091X), 
the Periodical of the Loudspeaker 
Industry, is published on the 25th 
of each month by Audio Amateur 
Incorporated, PO Box 876, 
Peterborough, NH 03458-0876 USA, 
(603) 924-9464,   
FAX (603) 924-9467.

Copyright 2011 by Audio Amateur 
Incorporated. All rights reserved. Quotation 
from Voice Coil is forbidden without written 
permission of the publisher.

Publisher - Edward T. Dell, Jr.
Editor - Vance Dickason 
(E-mail vdc@northwest.com)
Contributing Editor - Richard Honeycutt

Vice President
Karen Hebert
Dennis Brisson .............Assistant Publisher
Richard Surrette ...........Editorial Assistant
Laurel Humphrey.........Marketing Director
Jason Hanaford ............Graphics Director
Jay Sennott ...................Graphics Assistant
Sharon LeClair .............Customer Service
Submissions
Send all press releases and information to 
Voice Coil Editorial Dept., PO Box 876, 
Peterborough, NH 03458, or FAX us  
material at (603) 924-9467, e-mail  
editorial@audioXpress.com.

ADVERTISING

Please direct display advertising inquiries to: 
Peter Wostrel, Account Manager, Strategic 
Media Marketing, USA, 978-281-7708, 
FAX 603-924-9467, Toll-free 800-454-
3741, e-mail peter@smmarketing.us.

Please direct classified and artwork inquiries to: 
Beverly Poirier, Advertising Coordinator, Voice 
Coil, PO Box 876, Peterborough, NH 03458, 
USA, 603-924-7292, FAX 603-924-6230, 
e-mail beverly@audioXpress.com.

Qualified subscriptions to Voice Coil run 
for 1 year. Renew annually on-line at 
voicecoilmagazine.com/vcqual.html

Subscriptions to Voice Coil are available in 
printed and digital versions. To subscribe to 
the digital version, please visit our website 

at www.audioXpress.com and complete a 
qualification form. When you qualify, you will 
receive an email confirming your subscription. 
Each month you will receive an email with a 
link to the current issue.

Printed subscriptions are currently available 
to US and Canadian individuals who have 
completed a qualification form and fit the 
criteria for qualification. For those overseas, the 
cost of a printed subscription is $150.00 per year. 
Please contact customer service or order your 
subscription on-line at www.audioXpress.com.

SPOTLIGHT

Measurement and 
Perception of Regular 
Loudspeaker Distortion
By Wolfgang Klippel and Robert Werner 
Klippel GmbH, Dresden, Germany

A major part of the signal distortion generated by loudspeak-
er systems is directly related to the geometry and properties of 
the material used in loudspeaker design and found in all good 
units passing the assembly line. Those regular distortions are 
the result of an optimization process giving the best compromise 
between perceived sound quality, maximal output, cost, weight, 
and size. This article discusses the physical causes of the regular 
distortions, their modeling by using lumped and distributed 
parameters, the objective assessment using modern measurement 
techniques, and the perception by the human ear.

�he target of an audio reproduction system is to generate 
at the listening position an output signal pout(t), which 

is similar to the input signal pin(t) at the source point. The 
difference between the two time signals may be considered 
as a distortion signal pdist(t)=pout(t) - pin(t) generated 
somewhere in the audio chain. After introducing digital sig-
nal processing, transmission, and data storage, the weakest 
part is the electroacoustical conversion (loudspeaker) and 
in the interaction with an acoustical environment (room).

The generation of signal distortion can be modeled by 
a flowchart as shown in Fig. 1. It comprises a linear and 
a nonlinear model, a black box system describing further 
defects and faults in the system and an independent noise 
source. The linear and the nonlinear models describe the 
target performance of the loudspeaker, which should be 
materialized in the golden reference units at the end of 
loudspeaker development. The outputs of the linear and 
nonlinear models are regarded as regular distortions because 
they are accepted within the design process and are the 

result of an optimization process giving the best compro-
mise with other constraints (weight, size, cost, and so on). 
Irregular distortions are generated by defects caused by the 
manufacturing process, aging, and other external impacts 
(overload, climate) during the later life cycle of the product. 
A rubbing voice coil, buzzing parts, loose particles, and air 
leaks are typical loudspeaker defects which produce irregular 
distortions which are quite audible and not acceptable. A 
related paper12 discusses the physical causes and measure-
ment techniques in greater detail.

This article focuses on the regular distortions gener-
ated by the linear and nonlinear models which are the 
theoretical basis of the loudspeaker design process. Linear 
modeling based on lumped parameter modeling (Thiele/
Small parameters) has a long history in loudspeaker design. 
More complex models using distributed parameters have 
been introduced to explain the cone vibration and sound 
radiation at higher frequencies. The linear modeling fails in 
describing the large signal performance of the loudspeaker 
which is directly related to maximal output and cost, size, 
and weight of the loudspeaker. Therefore, modeling and 
direct measurement of loudspeaker nonlinearities is an 
important part of modern loudspeaker design. 

Linear Distortion
Table 1 gives an overview of dominant causes of linear 

distortion caused by transducer and system design and by 
the acoustical environment in the final application. The first 

FIGURE 1: Signal flow diagram showing the generation of signal distortion in 

a loudspeaker system.
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causes are in the one-dimensional signal path close to the 
input of the transducer which can be modeled by a network 
comprising lumped elements. Electrical measurements of 
voltage and current at the terminals gives the electrical 
impedance which is the basis for identifying basic lumped 
parameters and other derived Thiele/Small parameters 
which describe the properties of electrodynamic transducer, 
mechanical resonator, and acoustical load.

At higher frequencies the radiator (cone or diaphragm) 
does not vibrate as a rigid body anymore but breaks up 
into higher-order modes. Here, a more complex model 
using distributed parameters and multiple state variables 
such as the displacement X(r) on sufficient points r on 
the radiator’s surface is required. New mechanical mea-
surements using laser scanning techniques provide the 
displacement and the geometry of the vibrating surface. 
The generated sound pressure in the near field or in the 
far field at the listening position depends not only on the 
sound radiation but also on the diffraction at the edges of 
the enclosure, early reflections on room boundaries, and 
room modes. In micro-speakers, headphones, and horn 
compression drivers, the acoustical sound field may gener-
ate a force F(r) at any point of the vibrating surface which 
is not negligible and may be also detected in the electrical 
signals at the terminals.

Traditional loudspeaker design and evaluation of transfer 
behavior was restricted to electrical and acoustical measure-
ments as shown in Fig. 3. New cost-effective laser sensors 
based on the triangulation principle1 provide the geometry 

Causes of Linear 
Distortion

Fundamental mechanical 
resonator (coil, cone,  
suspension)

Electrical input impedance 
(voice coil, iron path, 
magnet)

Acoustical load (baffle,  
enclosure)

Partial mechanical 
vibration (diaphragm, 
dust cap, surround) cone, 
diaphragm

Sound radiation (radiator’s 
surface, horn)

Diffraction (edges of the 
enclosure)

Early reflections (walls, 
floor, ceiling, panels)

Room modes (room size 
and geometry)

Measurements

Voltage and current 
at terminals of driver 
operated in free air

Displacement of radiator’s 
surface

Sound pressure radiated by 
loudspeaker into anechoic 
environment

Sound pressure at 
listening position

Characteristics

Resonance frequency, 
loss factor, moving mass, 
stiffness, compliance

DC resistance, inductance 

Acoustical impedance, 
box volume, port resonance

Accumulated acceleration 
AAL, natural frequencies, 
modal loss factor, 
modal functions

Far field SPL response, 
polar plot, sound power 
response directivity index

Impulse response

Frequency-time analysis 
(cumulative decay spectrum)

�������	�
����������������������������������������������
���������������������������������������������������������
��������������������������������

Causes of Linear 
Distortion

Measurements Characteristics

FIGURE 2: Prediction of the regular transfer characteristics of loudspeakers 

by using a linear and nonlinear model.

FIGURE 3: Modeling the small signal performance of loudspeaker systems by 

using lumped and distributed parameters.
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of the radiating surface at high accuracy and the linear 
transfer functions between terminal voltage and displace-
ment X(r) at sufficient points r on the surface. Figure 4 
shows, for example, the result of such a scanning process 
collecting mechanical information at about 1000 measure-
ment points. The mechanical scanning process requires no 
anechoic room and may be applied to the drive unit oper-
ated in a vacuum.

Numerical calculation based on the scanned data pro-
vides the sound pressure on-axis or at any point in the far 
field giving the polar pattern of the loudspeaker as illustrat-
ed in Fig. 5. A new Sound Pressure Related Decomposition 
Method2 shows how each part of the cone contributes to 
the sound pressure output in a constructive or destructive 
way. This reveals acoustical cancellation effects, critical 
rocking modes, and undesired circumferential modes. A 
Modal Analysis applied to the mechanical data simplifies 
the mechanical analysis and provides the modal loss factor 
η and other material parameters which are important input 
parameters for a Finite Element Analysis to investigate 
the design choices in greater detail. A Boundary Element 
Analysis may also consider the particular shape of the enclo-
sure, horn, or room boundaries to predict the sound field 
at high accuracy.

Three curves calculated from the mechanical scanning data 
give the most condensed but almost comprehensive descrip-
tion of a loudspeaker’s small signal performance: The on-axis 
sound pressure response predicted in 1m distance in the far 

FIGURE 4: A critical vibration pattern depicted as a sectional view (left 

down) and as 3D animation (right) of a soft dome tweeter at 15kHz causing 

a peak in the sound pressure on-axis response (upper left).

FIGURE 5: Vibration and radiation analysis using distributed loudspeaker 

parameters (geometry and vibration of the radiator’s surface) measured by 

laser scanning techniques.
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field is depicted as a dotted line in Fig. 6. The thick line 
represents the sound power response of the loudspeaker, and 
the thin line on the top shows the accumulated acceleration 
level (AAL). The AAL corresponds to the total mechanical 
energy neglecting the phase information but normalized in 
such a way as to be comparable with the acoustical output. It 
may be interpreted as the maximal acoustical sound pressure 
level while neglecting any acoustical cancellation. Therefore, 
the AAL and SPL curves are identical at low frequencies (in 
Fig. 6 up to 800Hz), where the loudspeaker cone vibrates in 
the rigid body mode and all points on the cone contribute 
to the sound pressure output constructively. However, at 
distinct frequencies such as 1.1, 4.4, and 7kHz, there are 
significant dips in the SPL output which are not found 
in the AAL. The difference between AAL and SPL curves 
describes the acoustical cancellation effect quantitatively. The 
AAL response comprises characteristic peaks which occur at 
the natural frequencies of the higher-order modes. The 3dB 
bandwidth of each “resonance peak” corresponds with the 
modal loss factor of the material used. At low frequencies the 
sound power response is most identical with both AAL and 
SPL responses because the loudspeaker dimensions are small 
compared to the wavelength and the radiator behaves as an 
omnidirectional source.

Regular Nonlinear Distortion
Table 2 gives an overview on the physical causes of 

regular nonlinear distortion affecting the loudspeaker’s 
large signal performance3. The dominant nonlinearities are 
in the motor and suspension part of the electrodynamical 
transducer because the voice coil displacement is relatively 
large compared to the dimensions of the coil-gap configu-
ration and size of the corrugation rolls in the suspension 
(spider, surround). In micro-speakers, headphones, and 
compression drivers, the air flow in the gap may generate a 
nonlinear dependency of the mechanical resistance Rms(v) 
on velocity v. In vented-box loudspeaker systems there is 
a similar mechanism causing a nonlinear flow resistance 
Rap(vp). High local displacement at the surround and 
particular regions on the cone activate nonlinearities in the 
modal vibration. A typical nonlinearity related to the sound 
radiation is the Doppler Effect where the high excursion 
of the bass signal changes the position of the cone causing 
variation in the propagation time affecting high frequency 
components radiated from the radiator at the same time. In 
horn compression drivers the high sound pressure causes a 
gradual steeping of the waveform while the sound wave is 
traveling from the throat to the mouth of the horn.  

The effect of the dominant nonlinearities can be inves-
tigated by the lumped parameter model shown in Fig. 
7. Contrary to a linear model some elements have not a 
constant parameter but depend via a nonlinear function on 
voice coil displacement x, velocity v, current i, sound pres-
sure in box enclosure pbox, or other state variables.

The shape of the nonlinear parameter characteristics is 
directly related to the geometry and properties of the mate-
rial. Figure 8 shows the nonlinear stiffness Kms(x) of the 
total suspension as the solid thick curve in the right diagram 

FIGURE 6: The most important loudspeaker characteristics in the small sig-

nal domain: Accumulated acceleration level (AAL) as thin line describes the 

mechanical vibration of the radiator’s surface and is directly comparable with 

the on-axis sound pressure level (SPL) as dotted line and the total acoustical 

sound power response depicted as thick line.

FIGURE 7: Lumped parameter model of a vented-box loudspeaker system 

considering the dominant nonlinearities in the electrical, mechanical, and 

acoustical domain.

Causes of Nonlinear 
Distortion

Nonlinear force factor 
Bl(x) and inductance 
Le(x), Le(i) of motor 
assembly (voice coil, iron 
path, magnet)

Nonlinear stiffness Kms(x) 
of mechanical suspension 
(surround and spider)

Nonlinear losses Rms(v) of  
mechanical and acoustical 
system

Nonlinear flow resistance 
Rap(vp) of the air in the 
port of a vented system

Partial vibration of 
the radiator’s surface 
(surround, cone, 
diaphragm, dust cap)

Doppler effect

Nonlinear sound 
propagation (wave 
steepening) in horns

Measurements

Voltage and current at  
loudspeaker terminals,
sound pressure in the near 
field of the driver
 
 
 
 
 
 
Sound pressure inside the 
vented enclosure

Sound pressure in near or 
far field

Sound pressure in far field

Characteristics

Nonlinear parameters and 
large signal parameters 
(e.g., voice coil offset)
Nonlinear symptoms for 
particular stimuli
IMD, XDC, MTD,  THD, 
compression

Compression of 
fundamental component 
at port resonance

THD, IMD, MTD

IMD, MTD

IMD, THD, MTD
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increasing at positive and negative displacements. This is 
very typical for any spider and surround when the shape of 
the corrugation rolls is deformed at high excursions.

The solid curve in Fig. 8 also reveals an asymmetry in 
the stiffness characteristic which is caused by the asymmetri-
cal shape of the surround which is more stiff and less com-
pliant for positive than negative excursion. This asymmetry 
is an undesired property which causes not only 2nd- and 
higher-order distortion but also generates a DC displace-
ment moving the coil to the softer side of the suspension. 
Nonlinearities may also cause an instability of the motor at 
frequencies above resonance. The large signal performance 
is predictable and there is close relationship via the nonlin-
ear parameters to the design.

The generation of nonlinear distortion and other symp-
toms depends on the properties of the stimulus. A single 
tone generates new spectral components at multiples of the 
fundamental frequency which can easily be measured by 
conventional harmonic distortion measurements. Figure 
9 shows the response of the total harmonic distortion 
(THD) and relationship to the physical causes. The high 
level of the harmonic distortion below 150Hz is caused by 
voice coil displacement x activating the stiffness Kms(x) or 
force factor nonlinearity Bl(x). The displacement varying 
inductance L(x) can only generate low values of THD in a 
narrow frequency range just above resonance (150-200Hz). 
The inductance nonlinearity L(i) varying with current i may 
contribute to the THD at higher frequencies. The distinct 
peak in THD at 2kHz is caused by a nonlinear vibration of 
the cone and surround after break-up.

Unfortunately, harmonic distortion measurement does 
not give a comprehensive picture of the large signal per-
formance of loudspeaker systems. At least a second tone is 
required to generate intermodulation products which occur 
at difference and sum frequencies in all possible combina-
tions of the excitation frequencies. Increasing the number of 
fundamental components in multi-tone stimulus will gen-
erate more and more intermodulation components spread-
ing over the complete audio band. Contrary to the THD 

response in Fig. 9, the nonlinear force factor Bl(x) and the 
inductance L(x) THD generate significant intermodulation 
distortion at higher frequencies as illustrated in Fig. 10. 
Thus, harmonic distortion measurements using a single test 
tone are not sufficient for assessing loudspeakers compre-
hensively and predicting the large signal performance for 
complex stimuli like music.

Impact on Perceived Sound Quality
The reproduced sound quality as perceived by a listener 

is one of the most important criteria for the preference of 
an audio product. Systematic subjective evaluation requires 
a double-blind test strategy and psychometrical tools for 
assessing the sensations reliably and quantitatively. Such 
tests are time-consuming and expensive and the results 
depend on the particular listening condition (room, pro-
gram material) and the training of the listeners.

Thus it is desirable to predict those subjective sensations 
based on objective measurements and perceptive modeling 
considering the interactions between stimulus, loudspeaker, 
room, ear, and the listener’s training and expectations. 

FIGURE 8: Nonlinear stiffness characteristic K(x) versus displacement x of the mechanical suspension (surround and spider) dynamically measured by modern system 

identification using the electrical signals at loudspeaker terminals.

FIGURE 9: Relationship between the dominant loudspeaker nonlinearities 

(causes) and the total harmonic distortion (nonlinear symptom) generated by a 

single-tone swept continuously versus frequency. 
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There are two alternative approaches using different sourc-
es. One is based on personal listening experience, vague 
speculations, or even myths. This reflects the heritage of 
accumulated knowledge, which is difficult or impossible 
to verify by science. Exploiting this expertise is beneficial 
as long as it is combined with a critical attitude and some 
common sense. Wrong conceptions will die eventually and 
the falsification of those ideas are interesting research topics 
which accelerate this clarification.

The other approach is based on facts accumulated by 
psychoacoustical research modeling the basic processing in 
the ear. Unfortunately, there are still many open questions 
how to apply the results of those fundamental experiments 
to sound reproduction of natural audio signals.

Figure 11 gives an overview of the current objective 
methods on assessing the sound quality of loudspeaker 
systems. The parameter-based method relies on loudspeaker 
characteristics such as lumped and distributed parameters 
which are independent of the stimulus. The interpreta-
tion of harmonic distortion and other nonlinear distortion 
belongs to the stimulus-based method which considers the 
properties of a particular stimulus, position of the listen-
ing position, and the influence of the acoustical environ-
ment. The linear and nonlinear distortions separated from 
undistorted stimulus are the input of the following psycho-
acoustical model considering generating basic perceptual 
attributes (loudness, sharpness, roughness) and overall judg-

- Custom coils available in:
 Multi-layer wire configurations
 Multiple lead configurations
 Round and Flat Wire
 Custom lead-out attachments

 Free standing coils
 Multiple wire types
 Bifilar or Edgewound
 Custom bobbin wound coils

- High temperature adhesive coated Copper and Aluminum wire in 
  round and flat sizes. CCAW wire available in round sizes.

- Adhesive coated custom cut forms and Collars.

- Custom slit rolls of Form and Collar material available coated or uncoated.

8940 North Fork Drive, North Fort Myers, Florida 33903
Phone (239) 997-3860 Fax (239) 997-3243

For samples, information, or a quotation, please contact Jon Van Rhee at jon@precisioneconowind.com

Visit us on the web at www.precisioneconowind.com

- Highest quality domestic or imported coils.

SPECIALIZING IN high-temperature edge-wound 
and multiple layer flat-wound coils for the pro  

audio, home theater, and automotive aftermarket

FIGURE 10: Relationship between the dominant loudspeaker nonlinearities 

(causes) and the nonlinear distortion generated by a sparse multi-tone stimulus.

FIGURE 11: Objective methods for assessing the sound quality of loudspeaker systems.
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ments describing the pleasantness of the sound and prefer-
ence considering the ideal conceptions of the listener10.

The psychoacoustical model performs a binaural nonlin-
ear processing in which a significant part of the distortion 
component is masked by other signal components. The fol-
lowing main mechanisms are summarized and consequenc-
es for interpreting objective measurements are discussed: 

• Spectral components within third-octave bandwidth 
contribute to the same excitation level above 400Hz. 
Smoothed amplitude response describes the perception of 
stimuli having a dense spectrum (e.g., pink noise). The 
shape of a resonance (gain, Q factor) has a minor influence 
on audibility as long as the excitation within the critical 
band is constant6.

• Spectral components below 100Hz contribute to the 
excitation level of one critical band. Sufficient bass sensa-
tion can be generated by higher frequencies (60. . . 100Hz) 
when the very low frequency components (20. . . 40Hz) are 
attenuated by the cutoff frequency of the loudspeaker.

• A variation larger than 1dB in the excitation level 
within a critical band becomes audible.

• Spectral masking excites adjacent bands. Dips in the 
frequency response are less audible than peaks. Nonlinear 
distortion components are masked by fundamental com-
ponents7.

• Temporal masking. The RMS value (rather than the 
peak value) determines the audibility of the regular nonlin-
ear distortion. 

• Hearing threshold. Bass components are not audible 
if the listening level is too low. A small level difference of 
components close to the hearing threshold may cause a 
significant difference in perceived bass sensation and in the 
detection of nonlinear distortion.

• Monaural processing is not very sensitive for phase shift 
of signal components processed in separate critical bands. 
Phase distortion corresponding with a group delay variation 
of 0.4 . . . 2ms within a critical band changes the timbre and 
roughness of the sound.

• Binaural processing4 is sensitive for interaural level 
differences (1 . . . 2dB) and time delay (50μs). Latency and 
group delay response should be identical in the symmetrical 
channels of a multi-way system to avoid lateralization of the 
perceived sound image.

• Precedence effect4 maintains the primary image as long 
as the lateral reflections are sufficiently low or the time delay 
is small. Strong reflections after 80ms are unpleasant and are 
perceived as echo.

• Audible lateral reflections may generate a preferred 
sensation of spaciousness and a broadening of the primary 
image13; the optimal delay and level depend on the prop-
erty’s audio signal (20ms delay for speech or 40ms for music 
and reflections having the same level as the direct sound). 
Early reflections as found in relatively small rooms improve 
sound quality; artificial generation of lateral reflections may 
be desired in an anechoic environment or small rooms (cars).

• Adaptation6 to the acoustical environment causes a 
variation of the ideal conceptions versus time. The listener 
becomes less sensitive to linear distortion caused by room 
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and loudspeaker after some time.
• Intermodulation distortion is detected by the ear 

not only by exploiting spectral but also temporal clues. 
Amplitude modulation is much more audible than frequen-
cy modulation and is perceived as fluctuation (modulating 
bass tone f1 < 20Hz) or roughness at higher frequencies 
(20Hz < fb < 400Hz) or separated spectral components 
(> 400Hz). Low amplitude intermodulation distortion at  
1. . . 3% caused by nonlinear force factor Bl(x) and induc-
tance L(x) is detected as an unnatural roughness.

Auralization Techniques
Although the perceptive modeling gives valuable insight 

into fundamental psychoacoustical mechanisms and basic 
sound attributes, it is not very accurate in predicting the 
overall assessment of the perceived sound quality and in 
the preference of an audio product at the current state. The 
ideal conceptions of a listener highly depend on training, 
listening habits, fashion, cultural factors, and artistic prop-
erties of the program material. Some linear and nonlinear 
distortion is clearly audible but may be acceptable for a par-
ticular application and program material (popular music) 
or may even be perceived as an interesting effect (artificial 
bass enhancement). The reliable evaluation of those criteria 
requires systematic listening tests using modern auralization 
techniques8, 9.

Figure 12 shows a digital signal processing system based 
on loudspeaker modeling to generate a virtual audio system. 
This model has a sandwich structure in which a nonlinear 
system modeling the dominant nonlinearities in the elec-
trodynamical transducer is embedded by linear systems. 
The first linear system corresponds with the electrical signal 
path from the source to the loudspeaker terminals, while the 
second linear system models the signal path in the mechani-
cal and acoustical domain where the amplitude is relatively 
small and the sound propagation is sufficiently linear. This 
technique is a convenient tool for investigating design 
choices before a first prototype is made and combines sub-
jective and objective evaluation.

Conclusions
Linear and nonlinear distortion is unavoidable in 

current electroacoustical transducers using a moving 

coil assembly driving diaphragms, cones, and other 
radiators. The regular distortion is deterministic and 
can be predicted by using linear and nonlinear models 
and identified loudspeaker parameters in an early design 
stage. Finding acceptable limits for those regular distor-
tions is an important part in defining the target perfor-
mance at the beginning of loudspeaker development. 
Subjective evaluation is required to assess the audibility 
and the impact on perceived sound quality. Some distor-
tions which are audible might still be acceptable or even 
desirable in some applications. Systematic listening tests, 
nonlinear auralization, and objective assessment based 
on a perceptual model are useful tools to assess regular 
distortion.
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Test Bench

Wavecor and Faital Home 
and Pro Drivers
By Vance Dickason

�his month’s Test Bench samples came from home and 
car audio China-based OEM, Wavecor, and pro sound 

OEM, Faital Pro. Wavecor sent its 30mm (1.18″) soft dome 
neo motor tweeter, the TW030WA02; while  Faital Pro for-
warded its flagship 18″ neo motor woofer, the 18XL1600.

TW030WA02
I reviewed the ferrite version of the TW030WA02 (the 
TW030WA08) in the December 2009 issue. This month, 
Wavecor sent Voice Coil one of its neodymium 30mm 
domes, the TW030WA02 (Photo 1). Features include a 
30mm wide surround precision-coated cloth diaphragm, 
vented voice coil former wound with copper-clad alumi-
num wire, cavities beneath the surround edge to equalize 
pressure for lower distortion and lower resonance, dual 
neodymium motor magnets (main magnet plus a neo buck-
ing magnet to focus the field in the gap), rear heatsink for 
reduced power compression, black anodized motor struc-
ture for increased power handling (black body radiation 
effect), EVA mounting gasket, and gold-plated terminals.

Testing commenced using the LinearX LMS analyzer to pro-
duce the 300-point impedance sweep illustrated in Fig. 1. The 
ferrofluid damped resonance occurs at 1kHz. With the fluid 
in place, the Qtc is a well-damped 0.70 (factory spec). With a 
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FIGURE 1: Wavecor TW030WA02 free-air impedance plot.

PHOTO 1: Wavecor TW030.



14 VOICE COIL

3.2Ω DCR, the minimum impedance for this tweeter is 3.50Ω 
at 2.78kHz. This tweeter is also available without ferrofluid.

Why would anyone not use ferrofluid given not only 
its almost universal application in tweeters throughout the 
industry, but also its ability to significantly reduce warranty 
replacement problems? The answer is simple: it sounds bet-
ter. It’s not that ferrofluid sounds bad, but if you are reach-
ing for that last nuance of loudspeaker performance, even 
low viscosity fluid in the gap damps transient performance 
in a tweeter. However, I will say that my personal belief is 
that about the only people who can appreciate this are the 
engineers who design loudspeakers for a living, and, OK, 
maybe a few obsessive audiophile types.

Next I recess-mounted the Wavecor tweeter in an enclo-
sure that had a baffle area of 12″ × 8″ and measured the 
on- and off-axis frequency response with a 100-point gated 
sine wave sweep at 2.83V/1m.  Figure 2 shows the on-axis 
response to be a very flat ±1.8dB from 2kHz-24.4kHz. 
Figure 3 depicts the on- and off-axis response of TW030, 
with the off-axis curves normalized to the on-axis response 
in Fig. 4.  I noted that the 30° off-axis is very similar to 
the Vifa XT ring dome 30° off-axis curve, a tweeter which 
has been criticized for its somewhat substandard power 
response, but at the same time also has one of the more 
musical timbres in the field of medium-cost 1″ soft domes. 
The two-sample SPL comparison is illustrated in Fig. 5, 
indicating the two samples were very closely matched, 
pretty much what I would expect from a company run by 
a couple of former Vifa engineers.  
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FIGURE 2: Wavecor TW030WA02 on-axis response.

FIGURE 4: Wavecor TW030WA02 normalized on- and off-axis frequency 

response (A = 0°; B = 15°; C = 30°; D = 45°).

FIGURE 3: Wavecor TW030WA02 horizontal on- and off-axis frequency 

response (A = 0°; B = 15°; C = 30°; D = 45°).

FIGURE 5: Wavecor TW030WA02 two-sample SPL comparison.
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The next test procedure was to use the Listen Inc. 
SoundCheck analyzer and SCM ¼″ microphone (pro-
vided courtesy of Listen Inc.) to measure the impulse 
response with the tweeter recess-mounted on the test baffle. 
Importing this data into the Listen Inc. SoundMap software 
produced the cumulative spectral decay plot (waterfall) 
given in Fig. 6. Figure 7 is a Short Time Fourier Transform 
(STFT) displayed as a surface plot. For the final test pro-
cedure, I set the 1m SPL to 94dB (3.32V) using a noise 
stimulus, and measured the 2nd and 3rd harmonic distor-
tion at 10cm, depicted in Fig. 8. For more information 
on this and other Wavecor drivers, visit www.wavecor.com.

18XL1600
The second driver I examined comes from Italian OEM pro 
sound manufacturer Faital Pro. The 18XL1600 (Photo 2) 
is the latest 18″ in their line of high-performance pro sound 
woofers. With a rated nominal power handling of 1600W, this 
driver definitely falls into the “high performance” category.

As with all the models in Faital’s line of neodymium 
motor pro sound woofers, the 18XL is built on a very styl-
ish proprietary cast aluminum frame that is designed to also 
perform as a heatsink for the motor system. Using a series of 
eight spokes, the frame terminates in a chamber for motor 
magnetic return cup, which, like many designs over the last 
few years, has the motor assembly loaded from the front 
side of the driver rather than being attached to the back of 
the frame. Photo 3 shows that part of the frame casting is a 
solid 2.5″ high wall that joins all eight spokes and forms the 

driver’s primary cooling exhaust at the back of the frame. 
This produces a substantial thermal path that exhausts 360° 
around the motor back plate that contains the series of 15 
1.25″ diameter neodymium slugs mounted around the 
periphery of the motor. The eight exhaust “windows,” each 

FIGURE 6: Wavecor TW030WA02 SoundCheck CSD waterfall plot.

FIGURE 7: Wavecor TW030WA02 SoundCheck STFT surface intensity plot.

FIGURE 8: Wavecor TW030WA02 SoundCheck distortion plots.
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measuring about 35mm × 10mm, allow air to be pumped 
in and out of the motor area for substantial convection cool-
ing, which, coupled with the large thermal path provided by 
the frame, greatly limits thermal compression.

The cone assembly consists of an 18″ diameter ribbed 
and coated curved profile paper cone with a 6″ diameter 
coated paper dust cap.  Compliance is provided by a three 
roll coated cloth surround and an 8.5″ diameter black 
cloth spider mounted on an aluminum ring.  Finishing the 
assembly is the 100mm (4″) diameter voice coil wound 
with round copper wire on a glass fiber former. Heavy 
insulated tinsel lead wire is terminated to a pair of chrome 
color-coded push terminals.

Testing for the 18XL1600 began as usual using the 
LinearX LMS and VIBox to produce both voltage and 
admittance (current) curves with the driver clamped to a 
rigid test fixture in free-air at 1V, 3V, 6V, 10V, 15V, 20V, 
30V, and 40V. I didn’t need to discard the 40V curves, as 
is often the case, and I’m sure this driver would have stayed 
fairly linear in free-air to at least 50V. Following my estab-
lished protocol, I used the fixed Mmd method rather than 
the added mass method. This data was provided by Faital.

Next, I post-processed the 12 550-point stepped sine wave 
sweeps for each sample and divided the voltage curves by the 
current curves to derive impedance curves, phase calculated 
and, along with the accompanying voltage curves, imported 
to the LEAP 5 Enclosure Shop software. Obviously, this is a 
much more time-consuming process than the usual low volt-
age single impedance curve method used for deriving Thiele/
Small parameters. The reason for this, if you haven’t been fol-
lowing this column for a few years, is that the LEAP 5 meth-
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PHOTO 3: Faital 18XL1600 back.

PHOTO 2: Faital 18XL1600 front.
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odology results in a much more accurate prediction of excur-
sion at high voltage levels, which is one of the real strengths of 
the LEAP 5 software and why I use it for Test Bench testing.

Because most T/S data provided by OEM manufacturers is 
being produced using either a standard method or the LEAP 
4 TSL model, I additionally produced a LEAP 4 TSL model 
using the 1V free-air curves. I selected the complete data set, 
the multiple voltage impedance curves for the LTD model (see 
Fig. 9 for the woofer 1V free-air impedance curve) and the 
1V impedance curves for the TSL model, in the Transducer 
Derivation menu in LEAP 5 and produced the parameters for 
the computer enclosure simulations. Table 1 compares the 
LEAP 5 LTD and TSL data and factory parameters for both 
18XL1600 samples.

Parameter measurement results for the 18XL1600 showed 
close agreement with the factory-published data, with the 
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FIGURE 9: Faital Pro 18XL1600 woofer free-air impedance plot.

FIGURE 10: 18XL1600 computer box simulations (A = vented 1 at 2.83V; 

B = vented 2 at 2.83V; C = vented 1 at 43V; D = vented 2 at 47V).

 TSL model  LTD model  Factory
 sample 1 sample 2 sample 1 sample 2
FS 33.8Hz 32.9Hz 32.7Hz 31.7Hz 32Hz      
REVC 5.41 5.40 5.41 5.40 5.4    
Sd 0.121 0.121 0.121 0.121 0.117
QMS 8.71 7.85 6.33 5.96 9.30      
QES 0.41 0.41 0.37 0.38 0.37   
QTS 0.40 0.39 0.35 0.36 0.36
VAS 191.5 ltr 203.2 ltr 207.7 ltr 221.2 ltr 182 ltr     
SPL 2.83V 94.4dB 94.4dB 94.7dB 94.5dB 98dB 1W/1m        
XMAX 7.9mm 7.9mm 7.9mm 7.9mm 7.9mm
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exception of the sensitivity. The difference is that for my data I 
used sensitivity at 2.83V, while Faital uses the 1W/1m criteria 
with a 5Ω Re, which yields a larger number. Given this, I then 
programmed computer enclosure simulations using the LEAP 
LTD parameters for Sample 1. This included two vented 
alignments, a 3.34ft3 QB3 box with 15% fiberglass fill mate-
rial tuned to 36Hz, and a 5.0ft3 EBS (Extended Bass Shelf ) 
vented alignment enclosure with 15% fiberglass fill material 
and tuned to 30Hz.

Figure 10 displays the results for the 18XL1600 in the 
QB3 and EBS vented boxes at 2.83V and at a voltage level 
high enough to increase cone excursion to Xmax + 15% 
(9.1mm). This produced a -3dB frequency of 52Hz (-6dB = 
41Hz) for the QB3 enclosure and F3 = 46Hz (F6 = 34Hz) 
for the EBS vented simulation. Increasing the voltage input 
to the simulations until the maximum linear cone excursion 
was reached resulted in 119.5dB at 43V for the QB3 enclo-
sure simulation and 119dB with a 47V input level for the 
larger vented box (see Figs. 11 and 12 for the 2.83V group 
delay curves and the 43V/47V excursion curves).  Note that 
the criteria for these high excursion numbers was the maxi-
mum excursion at 20Hz. If a 20-25Hz high-pass filter were 
used, the SPL would be substantially higher.

Klippel analysis for the 18XL1600 produced the Bl(X), 
Kms(X), and Bl and Kms Symmetry range plots given in 
Figs. 13-16. Incidentally, at the outset of this part of the 
discussion, I should mention that Faital also uses a Klippel 
analyzer and sent their data to me and Patrick Turnmire (from 
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FIGURE 11: Group delay curves for the 2.83V curves in Fig. 10.

FIGURE 12: Cone excursion curves for the 43V/47V curves in Fig. 10.
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Red Rock Acoustics) when we got the samples. Patrick was 
very pleased that his Klippel data and theirs were identical! 
That’s the way we like to see the analysis in this column.

The Bl(X) curve for the 18XL1600 (Fig. 13) is nicely 
broad and symmetrical, typical of a moderately high Xmax 
driver (7.9mm is large for an 18″ woofer) with a small 
amount of coil-in (rearward) offset.  The Bl symmetry plot 
(Fig. 14) shows negligible 0.64mm of rearward (coil-in) 
offset in the rest position decreasing slightly to 0.45 at the 
driver’s physical Xmax of 7.9mm, which is pretty much just 
normal manufacturing tolerance, so perfect for all practical 
purposes. Figures 15 and 16 depict the Kms(X) and Kms 
symmetry range curves. The Kms(X) curve is also symmetri-
cal, and with a forward coil-out offset of 0.65mm at rest, stay-
ing close to constant to the physical 7.9mm Xmax position, 
where it increases slightly to 0.73mm—again, just positioning 
tolerance. Displacement limiting numbers calculated by the 
Klippel analyzer were XBl at 82% (Bl decreasing to 82% of its 
maximum value)  =  9.2mm, and for XC at 75% (compliance 
decreasing to 75% of its maximum value) was 7.3mm (nearly 
the physical Xmax of the 18XL1600), which means that the 
compliance is the limiting factor for the prescribed distortion 
level of 10% for using this driver as a subwoofer.

Figure 17 gives the inductance curve L(X) for the Faital 
Pro subwoofer. Inductance will typically increase in the rear 
direction from the zero rest position as the voice coil covers 
more pole area unless the driver incorporates a shorting ring. 
The 18XL1600 incorporates a proprietary patent pending 

FIGURE 13: Klippel Analyzer Bl (X) curve for the Faital Pro 18 XL1600.

FIGURE 14: Klippel Analyzer Bl symmetry range curve for the 18 XL1600.
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aluminum demodulation ring (shorting ring) in the motor 
assembly, which is readily apparent in the L(X) curve. As 
you can observe, the inductance variation is extremely small, 
only 0.12mH from rest to Xmax in either direction. This is 
key to a low-distortion accurate-sounding driver.

Because I don’t keep 18″ and 21″ enclosures available 
for this kind of testing, I was unable to measure the SPL 
of the 18XL1600 firsthand; however, Fig. 18 gives the fac-
tory SPL on-axis as 45° off-axis curves. From the off-axis 
response, certainly 500Hz-800Hz would be possible for a 
three-way configuration with this driver.

Because I eliminated SPL measurements for the 18XL00 
report, I then moved on to the last test which was per-
formed again using the Listen Inc. SoundCheck analyzer 
and SC-1 microphone (courtesy of Listen Inc.) to measure 
distortion. Because no enclosure was available, I also dis-
pensed with the impulse measurements and used the Listen 
Inc. SoundMap software for time frequency presentations. 
Setting up for the distortion measurement consisted of 
mounting the woofer rigidly in free-air, and setting the 
SPL to 104dB at 1m (11.5V) using a noise stimulus 
(SoundCheck has a software noise generator and SPL meter 
as two of its utilities), and then measuring the distortion 
with the Listen Inc. microphone placed 10cm from the dust 
cap. This produced the distortion curves shown in Fig. 19.

As you can see from this data, Faital Pro’s High 
Performance Series 18″ woofer is just that—a very high per-
formance woofer—with both impressive performance and 
impressive design integrity. For more information on this 
and other pro sound products from Faital Pro, contact Faital 
S.p.A., via B. Buozzi, 12 20097 San Donato Milanese, Italy, 
(39) 02 527-7031, fax: (39) 02 523-1130, or in the US, 
contact Keith Gronsbell, (516) 779-0649, e-mail kgrons-
bell@faital.com, or visit www.faitalpro.com.     VC

FIGURE 15: Klippel Analyzer mechanical stiffness of suspension Kms (X) 

curve for the Faital Pro 18 XL1600.

FIGURE 16: Klippel Analyzer Kms symmetry range curve for the 18 XL1600.

FIGURE 18: 18 XL1600 factory on- and off-axis frequency response.

FIGURE 17: Klippel Analyzer L(X) curve for the Faital Pro 18 XL1600.

FIGURE 19: Faital Pro 18XL1600 SoundCheck distortion plots.
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SPOTLIGHT

Acoustic Resistance
Secret Sauce for Speakers 
By Mike Klasco and Steve Tatarunis

�he application of acoustic resistance 
as a design element in the optimiza-

tion of transducers and enclosures has 
been given short shrift in audio engi-
neering. When mentioned, it is often 
referred to as a bandage for poorly 
matched speaker parameters and wrong-
sized enclosures. But in these times of 
sleek flat-screen TVs and surround chan-
nels, the customer can’t accept a half 
dozen super-sized speakers in his/her living room.

Beyond enabling bigger speaker drivers into smaller 
enclosures, acoustic resistance meshes also are powerful 
tools to optimize transient response. Controlling the acous-
tic resistance of the driver radiation is a quality factor that 
is overlooked in most loudspeaker predictive modeling soft-
ware. Settling time of adjustments was a basic consideration 
in the original works of Benson, Novick, and Thiele.

Acoustic resistance can be obtained from both woven 
and nonwoven filters. Wovens are selected for repeatability 
and for uniformity, with maximum deviation of less than 
10%. When cost is critical nonwovens are selected. Yet in an 
earphone or headphone, the nonwoven material contributes 
more variation in production in the bass than even the driv-
er. Nonwovens vary over 30% in acoustic resistance, and 
characteristics change with humidity. Open a Sennheiser 
headphone—even their lower-end Chinese models—and 
you will see mesh, not nonwoven membranes. Yet lower 
grade mesh that absorbs moisture can pick up dust and 
become clogged, so hydrophobic-treated mesh is a benefi-
cial requirement for stable long-term characteristics.

In the specific case of speakers and speaker systems, 
acoustic resistance may take the physical form of a woven 
fabric tensioned onto either the windows of the woofer 
frame and/or on the bass reflex vent opening. The inter-
action with the performance is different for damping the 
driver versus damping the enclosure, with damping the 
driver itself being preferred.

This article—including the sidebar profile of Saatitech, 
the specialist vendor of acoustic resistance materials—
explores applications of acoustic resistance for audio. 
Acoustic resistance is the opposition to the flow of sound 
through a surface such as a mesh or nonwoven membrane. 
Readers will recognize common examples of acoustic resis-
tance meshes such as mike wind screens, but speaker appli-
cations are more obscure, such as meshes over vented pole 
pieces or meshed covers on the frame for venting behind 
the spider on woofers and aperiodic bass reflex venting in 
enclosures and mesh over vents in headphones. Of course, 

most mikes and cellphones have wind screens.
The variovent (Photo 1) consists of two grilles with 

some damping material stuck in between. The diameter, 
amount of damping material, and the compression of the 
material determine the air flow properties, and thus acoustic 
resistance.

To start at the beginning, a tightly precision woven 
mesh provides “dialed in” uniform acoustical resistance. A 

path between the front and back radia-
tion provides an acoustical short circuit. 
Placing a mesh over a vent hole results 
in a partial short circuit—i.e., there 
is some (acoustical) resistance. Using 
an electrical circuit filter analogy (such 
as Thiele/Small parameters), acoustic 
mesh can be modeled as a “resistor” 
across an inductor or capacitor or other 
tuned circuit. The application of acous-
tic mesh can improve impulse response 

settling time (damping).
As you would expect, when the Q factor is damped, then 

less than maximally flat response results. Q is a term with 
beginnings in radio frequency (RF) design, with the peak-
ing of the inductor characteristic being the Quality figure 
of merit. For sound reproduction a very high Q peak is 
not necessarily what we are looking for. Acoustic mesh is a 
design tool to widen the bandwidth of the Q.

Surface-treated acoustic mesh can provide benefits out-
side of acoustics, such as water penetration resistance in 
mobile phones, outdoor mikes, and speakers. Conversely, 
mesh that is treated for wetting can absorb binder resins, 
such as for spiders, fabric surrounds, woven high perfor-
mance fiber cones, or tweeter domes.

Practical Aspects and  
Implementation of Acoustic Impedance
The tighter the mesh aperture (opening), the higher the 
acoustic resistance damping and the greater the loss of low-
end response. The more open the mesh weave, the more 
acoustically transparent the mesh. If the electromagnetic 
control of the driver at resonance is not sufficient for a given 
enclosure and tuning, then for some misalignments you 

PHOTO 1: Variovent cover
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end up with a high-pass response characteristic of a sharp 
response peak before the output takes a dive. Conditions 
such as speakers that are crammed into too small bass 
reflex or lossy enclosures are common offenders. Acoustic 
resistance damping is far less expensive than overmotoring 
through electromagnetic damping!

While a sealed acoustic suspension enclosure can provide 
tight linear control using an “air spring,” it is at the expense 
of sensitivity or bass extension. Ideal bass reflex solutions 
are often too large or require pricey magnetic structures to 
adequately motor the design. To tweak the bass reflex align-
ments that are too compact and to keep woofer cost within 
budget can often benefit from acoustic resistance. Acoustic 
resistance used on the back frame of a driver or bass reflex 
vent is a gray area between sealed and vented solutions.

Consider the following half-dozen applications in which 
acoustic resistance is a valuable design technique.

Bass Driver Cavity Venting
For ventilation cooling, many woofers vent the pole piece 
and/or the cavity under the spider. QC personnel checking 
woofers on the production line will recognize the phenom-
ena of higher buzz and rub in less than perfect units when 
the unbaffled woofer is tested dangling in the air (such as 
holding the woofer in your hands while you test), but when 
placed on a table the buzz and rub goes away. Various factors 
account for this—one is the slightly reduced excursion when 
the vent is blocked (by the table). But mostly the blocked 
vent produces an “air bearing” which minimizes scrapes.

You can retain venting while maintaining some of this 
air bearing effect by selection of the proper “acoustic impe-
dence mesh.” Another related phenomenon is the chuffing 
of the vented pole piece—due to the air velocity reaching 
turbulence. The mesh across the vented pole piece drops the 
volume of air which will reduce the vent noise (of course, 
also cutting down on the cooling).

Microspeakers, balanced drive tweeters, and headphone 
drivers mostly have similar topology. Specifically, centering 
during assembly is on the periphery of the surround, with 
a one-point suspension (no spider) being the compliance 
corrugation at the edge of the cone. At higher excursions 
the voice coil tends to rock and there is little restoring force. 
In the case of earphones and headphone enclosures, there 
are typically front and rear vents. If there is a headphone 
enclosure (earcup) venting positioned in front of the dia-
phragm, the bass will “evaporate” unless you use an acoustic 
resistance mesh. The acoustic mesh enables the use of a 
larger vent hole without loss of bass. 

Selection of the degree of acoustic resistance controls the 
trade-off between bass output versus settling time (damp-
ing). Then there is the issue of nonwovens versus monofila-
ment mesh. It is the nature of nonwovens to have very wide 
variation—not just roll to roll, but within the roll itself. 
Nonwovens are usually hydroscopic and change character-
istics with humidity.

Acoustic meshes can be precision materials with uni-
formity of well over 90%, so when an optimum mesh 
damping is determined, the production is repeatable. In 
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microspeakers and headsets one of the key variations is the 
damping fabric, and just by shifting to precision meshes the 
lower octave response variations tighten up dramatically.

Using acoustic resistance can improve settling time in 
planar ribbon and electrostatic speakers. With the mesh 
behind the planar, a thin evenly distributed air cushion will 
reduce the settling time of the tensioned diaphragm. At 
resonance, tensioned diaphragms act like a plucked guitar 
string and the mesh damps the decay.

Non-Acoustic Applications of Mesh
Totally unrelated to speaker driver and enclosure charac-
teristics is the application of precision meshes for grille 
cloth. The higher acoustic impedance meshes with smaller 
openings (tighter weaves) provide damping. You can select 
open weaves that offer complete acoustic transparency. 
Compared to conventional fabrics, precision acoustic mesh-
es are consistent, so production run batches are essentially 
identical. These monofilament polyester meshes are not 
hydroscopic, so there is negligible moisture absorption or 
change in sound transparency with humidity. For mobile 
consumer electronics products such as cellphones, hydro-
phobic meshes enable venting for sound, pressure equaliza-
tion and cooling while blocking water. 

Many automotive OEMs require meshes on the rear 
of the speakers for dust and debris protection, and when 
used in this open back (“free air”) condition there is also an 
opportunity for some acoustic resistance benefit. A hint for 
designers of in-wall speakers: If the in-wall has a back cover, 
then the internal volume tends to be too tight, but left open 
the back volume is too large. With acoustic resistance mesh 
tensioned over the woofer, you can bring this into balance 
without needing the back cover.

Microphone Applications
The most common application of acoustic resistance 
meshes is for mike wind screens. Other applications for 
acoustical filters for mikes include handsfree car phones, 
Onstar talkback, over-the-ear bluetooth, cellphones, and 
computer headsets with boom mike. In most cases there is a 
scrim used in front of the mike—or foam, or foam and felt.  
For full waterproof applications there is composite mesh 
with a thin film lamination that fully meets IP 47 and 48 
with nominal wideband acoustic loss.

Up to three layers of different meshes can be used 
on outdoor, stage, movie, and electronic-news-gathering 
(ENG) microphones to block wind, rain, or debris. Special 
mesh metalizing treatments also block electrical noise (emi) 
and electrostatic discharge (esd). In directional mikes, 
meshes can be used for “tuning” back chamber baffling to 
smooth and widen back of mike sound rejection.

While acoustic mesh has been a common design tech-
nique in European mikes and headphones for decades, 
acoustic resistance has only recently become a consideration 
of experienced speaker engineers. Aside from the acoustic 
contribution, precision meshes are a unique solution to 
keep rain off outdoor speakers, wind and spit out of micro-
phones, and debris from the back of car door speakers.     VC
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Saatitech – Acoustic Mesh Specialist
Acoustic mesh is an obscure area in audio, and 
a catalog of this stuff is not likely to be on most 
speaker engineers’ desks. My initial contact with 
acoustic resistance mesh was in the early 1960s 
with my first speaker—a Goodman’s Axiom 80, 
which was a full-range speaker with cantilever 
suspension and literally no surround (Photo A). 
The recommended enclosure used an Acoustic 
Resistance Unit (“ARU”), which was a tight mesh 
sandwiched into a supporting frame. Forty years 
later, acoustic resistance was a hot technique 
promoted by David Navone and Richard Clark 
in controlling autosound trunk-mounted subwoofers http://
www.teamaudionutz.com/tutorial/1/AP_Enclosures-The_
Aperiodic_Cookbook 

While wandering through the AES in San Francisco five 
years ago, I came across Saatitech’s booth. Here was an outfit 
that not only offered acoustic mesh in the range that a speaker, 
mike, or headphone engineer could use, but they also actually 
understood why their products worked for audio.

Applications
SaatiTech is a member of the Saati Group, whose main busi-
ness is the manufacturing of precision woven fabrics. Founded 
in Italy in 1935, the Saati Group has perfected the manufac-
turing of industrial fabrics to a high degree of precision and 

consistency as it relates to pore size openings. In addition to 
weaving, Saati has also developed proprietary 
technology in fabric surface treatments, espe-
cially with hydrophobic and hydrophilic coat-
ings. SaatiTech fabrics are used in a wide range 
of industries besides acoustics, such as medical 
and diagnostic, filtration, automotive, milling, 
and sifting (Photo B).

Many Saati meshes cross over to other 
industries, such as the use of mesh behind 
OEM autosound speakers installed in car 
doors to both control bottom end boominess 
as well as protect from debris floating inside 

the car door. The application of acoustic mesh in headphones 
and earphones was derived first from 
its application in hearing aids for vent-
ing to minimize occlusion effects. Most 
smartphones use SaatiTech as a wind 
screen, an application that was first used 
in professional microphones for outdoor 
recording of movie soundtracks and 
outdoor concert stage mikes.

Beyond audio, Saati fabricates Kevlar 
and carbon fiber and other sophisti-
cated materials for military and high-
performance applications. Advanced 
capabilities include tri-axial weaves (ideal for speaker cones 
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PHOTO A: Goodmann’s speak-

er cover, 1960.

PHOTO B: Saati precision 

woven material.



MAY 2011 25

C
EL

EBRATING OUR

50TH
A

N
N

IVERSARY•1961-
20

11
• 50

MEMBERS INCLUDE:
Accusonic Products
Accuton by Theil
ACO Pacific
Bosch Security Systems (EV)
Bose Corporation
Dakshin Mfg.
Dali A/S
DAS Audio
D & M Premium
Dr. Kurt Mueller GmbH
Dyne Analytics
Etani Electronics Co., Ltd.
Ferrotec (USA) Corporation
Genelec
G.R.A.S. Sound & Vibration
Globe Plastics
Harman Becker Automotive
Systems, Inc.
Harman International
IWAI Electronics
K & K International ApS
Klippel GmbH
Klipsch LLC
Listen, Inc.
LOUDSOFT, Ltd.
Materion Electrofusion
Menlo Scientific Ltd.
MISCO/Minneapolis Speaker
Company, Inc.
Nordson EFD
NTi Audio AG
Parts Express
Phase Group
Polk Audio
Prism Sound
Pulsus Technologies
QSC Audio Products, Inc.
SEAS Fabrikker AS
Superior (Xiamen) Sound
Technology Co. Ltd.
Tonwel Audio Co., Ltd.
Tymphany HK

ALMA is the only international trade
association dedicated to improving the
design and manufacture of loudspeakers.

MEMBER BENEFITS:

• Annual Symposia in
US, Asia, and Europe

• Standards Committees

• Advertising Opportunities

• Education

• Power Rating Test CD

• Newsletters

• Online Directory

Our members include
loudspeaker designers and
manufacturers, suppliers
of components, test and
measurement equipment,
consultants, students and
educational institutions.

Be a part of
the action –
JOIN TODAY!

Proud to be celebrating 50 years
of education and innovation!

www.ALMAInternational.org | 978.772.6977

The International
Loudspeaker

AssociationALMA
INTERNATIONAL

®

and spiders), multi-layer offset 
unidirectional also for speaker 
cones, and super fine weaves 
for tweeter domes. Special pro-
cesses such as online plasma 
treatment enable superior 
absorption and consolidation 
between fibers and resins, 
while another state-of-the-art 

process includes metallization coatings for emi and electro-
static shielding.

Say, Aren’t You...?
Saati headquarters is near 
Milan, Italy (Photo C), just 
outside of Como with busi-
ness offices and warehouses 
throughout the world. Saati 
has a new factory in the US 
(Somers, NY), while Saati 
China warehouses are in 
Tianjin.

Perhaps you know of Lake 
Como, which is the vacation 
home to Madonna, George 
Clooney, Sylvester Stallone, 
and other celebrities. As a fully committed journalist for Voice 
Coil, I felt it was my duty to visit Saati in Como to see for 
myself. I would like to report that Saati engineers spend their 
workdays on the lake drinking cocktails. Well, actually, Saati 
is nearby the lake in Como, but R&D is serious business at 
Saati and visiting their acoustics test lab was fascinating. Our 
world is 20Hz upward, while most of the acoustic impedance 
work at Saati is just above DC to a few hundred hertz.

Saati maintains laboratories with advanced testing equip-
ment for measuring air (sound) permeability and uniformity 
(Photos D and E). All production batches are tested under 
strict ISO 9001 parameters.

SaatiTech is continually busy with new product develop-
ment and application engineering. A firm understanding of 
acoustics, materials, and processes helps SaatiTech develop 

partnerships with clients that 
go beyond simply supplying 
materials. Saati’s latest audio 
meshes offer waterproof-
ing for cellphones, debris fil-
tering for the mike port on 
MEM microphones, as well 
as wind filtering for mobile 
devices such as bluetooth and 
cellphones beyond what just 
DSP processing can do. New 
metallization lines are also 

coming on stream to add both aesthetic as well as func-
tional performance. For more, go to www.saati.com 
info.acoustic@saati.com. –Mike Klasco     VC

PHOTO D: Measuring air flow 

and sound efficiency.

PHOTO E: Lab test equipment.

PHOTO C: Saati complex in Como, Italy, 

near Milan.
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Acoustic Patents 
By James Croft

�he following loudspeaker-related patent was filed pri-
marily under the Office of Patent and Trademarks clas-

sification 181 for acoustical devices and 381 for electrical-
signal processing systems and HO4R for international 
patents. This also includes new patent applications that are 
published in the Patent Application Journal.  

IN-WALL SUBWOOFER SYSTEM WITH HIGH-
VOLUME DISPLACEMENT

Patent Number: US 7,840,018
Granted: November 23, 2010
Inventors: Timothy Prenta (Simi Valley, Calif.), An 

Nguyen (West Hills, Calif.), Charles Sprinkle (Ventura, 
Calif.)

Assignee: Harman International Industries, Incorporated 
(Northridge, Calif.)

Filed: September 30, 2006
US Class: 381/152, 6 Claims, 8 drawings

ABSTRACT FROM PATENT
An in-wall speaker system having at least one pair of 
active transducers mounted in a wall section (Fig. 1). 
The active transducers may be mounted in at least one 
enclosure. Each active transducer has a sound-radiating 

surface. Each active transducer is also mounted substan-
tially perpendicular to a surface of the wall section with 
the sound-radiating surfaces substantially parallel to each 
other. The sound-radiating surfaces may be facing each 
other or away from each other. The in-wall speaker sys-
tem may also include one or more pairs of passive radia-
tors to generate sound from sound pressure generated by 
the active transducers. The pairs of speakers in the wall 
section may be mounted vertically or horizontally within 
the wall, with a slot or a vent at the opening at the space 
between the speaker pairs.

INDEPENDENT CLAIMS
“1. An enclosure for a speaker system comprising: oppos-
ing panels to hold at least one pair of active transducers 
mounted substantially in parallel to each other within 
the enclosure; and at least one slot in a surface of the 
enclosure to permit radiation of sound pressure from a 
wall section into a listening environment; the enclosure 
having dimensions suitable for insertion into the wall 
section and a surface opposite the surface having at least 
one slot that is closed.”

“5. A dual-enclosure system for a speaker system com-
prising: first and second enclosures each having a transduc-
er mounting panel for mounting at least one transducer, 
the transducer mounting panels configured opposite each 
other and separated by a space within a slot between the 
first and the second enclosures, to permit mounting at least 
one transducer in the first enclosure substantially in paral-
lel to at least one transducer in the second enclosure and 
radiating sound pressure through the slot into a listening 
area; where the first and the second enclosures are closed 
off at a top panel, a bottom panel, and a rear panel oppo-
site the slot, and have dimensions suitable for insertion 
into a wall section.”

REVIEWER COMMENTS 
Recently, there has been a growing trend of high-
powered, low-frequency loudspeakers being mounted 
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FIGURE 1: US Patent Number 7,840,018



MAY 2011 27

for in-wall use. Many of those operating as subwoofers 
use high mass diaphragms with significant excursion 
capability. Unfortunately, most living room walls are 
not particularly acoustically inert and a high-powered 
woofer that is flush-mounted in the wall can stimulate 
the surface into mobility such that the wall as a pas-
sive radiator can—in many cases—produce outputs at 
certain frequencies that are equal, or greater than, the 
output of the woofer itself.

In loudspeaker enclosures, including subwoofers, this 
problem can also exist, but usually to a lesser degree 
due to well-built loudspeaker enclosures being more 
rigid and well damped than the standard studded wall. 
With subwoofers, many have adopted the technique of 
using two woofers mounted on opposite sides of a cabi-
net “back-to-back” to effectively cancel low-frequency 
vibration, substantially eliminating the problem. The 
Harman patent essentially adopts this technique to an 
in-wall structure by using at least two woofers mounted 
in the wall, parallel to each other and perpendicular to 
the surface of the wall, so that they radiate face-to-face 
into a common slot that exits out into the room. The 
recommended woofers tend to be oblong or racetrack 
form factors so that they can achieve the greatest cone 
surface area while achieving a better fit within the depth 
of the wall studs.

Although it is not claimed, in the specification they 
disclose the concept that, along with a pair of active driv-

ers mounted opposed within the in-wall slot, there may 
be a pair of passive radiators also mounted opposing each 
other within the in-wall slot. This approach is an excellent 
solution that has proven to be very effective in cancelling 
wall surface vibrations even when used with very power-
ful subwoofers operating to frequencies down to 20Hz or 
less. And this fact, of lots of proof of the success of this 
technology, may be the downfall of the validity of this 
case going forward.

If you look into the history of other applications of 
this approach, there are many prior art expressions that 
bring the patentability into question; one of which is the 
Artison RCC Six Hundred in-wall subwoofer developed 
by Cary Christie prior to the September 30, 2006, fil-
ing date of the patent. You can see the Artison device 
at http://www.artisonusa.com/subwoofers/rcc-600-sm-
in-wall/ with the literature, with copyrights of 2006 
shown at http://www.artisonusa.com/PFRCC600.pdf. 
Even earlier disclosures were delivered in show reports in 
2003 and 2004 of substantially the same device shown 
at THE Show and CES, respectively, by Wisdom Audio.  
Harman disclosed neither of these prior-art usages, 
nor did the patent examiner find them. So, while this 
approach is one that has obvious and proven merit, 
you might expect that there will be many manufactur-
ers making this type of system available, even though 
Harman has been granted a patent. VC
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Industry Watch
By Vance Dickason

�udiovox (www.audiovox.com) com-
pleted its acquisition of Klipsch 

Group for $166 million.  As a wholly 
owned subsidiary of Audiovox, Klipsch 
Group (www.klipsch.com) will operate as 
a stand-alone entity that will continue to 
be run by its current management team in 
its established Indianapolis headquarters. 
Audiovox expects the addition of Klipsch to 
generate about $170 million in additional net sales and $25 
million in EBITDA (earnings before interest, taxes, depre-
ciation, and amortization) in fiscal 2012, which started 
March 1, 2011. Revenue for the combined companies in 
fiscal 2012 will be around $730 million with potential 
upside for growth based on market conditions and con-
tinued execution of strategic growth initiatives. Audiovox 
intends to continue to support Klipsch’s R&D capabili-
ties and its quality reputation. The purchase was financed 
through Audiovox cash and a new $175 million asset-based 
revolving credit facility.

Kicker Performance Audio (www.kicker.com) is part-
nering with Subaru of America (www.subaru.com) to 
supply OE (original equipment) upgrades in specific 
models. The Kicker upgrades are said to be compatible 
with all 2008 through 2011 Impreza, Impreza WRX, and 
2011 WRX STI sedans and five-door vehicles with naviga-
tion or non-navigation audio systems. The audio system 
includes a 10″ powered subwoofer in a molded enclosure 
made to fit in the trunk or cargo area of the specific model. 
Suggested retail for the upgrade is $499. The subwoofer 
is powered by an integrated 100W, high-efficiency digital 
amplifier that connects into the existing Subaru audio 
system using a plug-and-play wire harness. These audio 
upgrade kits are currently available through Subaru dealer-
ships. The upgrade kit may either be installed at the fac-
tory port processing facility or at the dealership prior to 
delivery, according to Kicker.

Hernon Manufacturing (hernonmfg.com), the adhesive 
and sealing technologies company, has confirmed that it 
has signed a joint venture agreement with China-based 
ShenZhen Dover Technology Co., Ltd. (www.doverchina.
com). Under the terms of the agreement, Hernon Dover 
will provide direct order fulfillment, product support, and 
repackaging for Hernon’s existing network of Chinese dis-
tributors and direct customers. Initially, the joint venture 
will seek to expand the use of Hernon’s high performance 
adhesives and sealants in the electronic and speaker manu-
facturing sectors. However, both companies anticipate an 
expansion into multiple sectors and industries as Hernon 
Dover will have access to the complete Hernon product line 
with over 300 products available for sale.

Both parties cite numerous advantages for the new 
Hernon Dover label including lower costs for customers 
because the product can be packaged and sold locally; 

faster and more responsive customer service 
because order fulfillment and support will 
be handled locally in ShenZhen, China; and 
access to new market sectors that source their 
chemical needs from China while expand-
ing the offerings that ShenZen Dover has 
to offer its customer base. The joint venture 
calls for repackaging the Hernon products 
under the label Hernon Dover.

Eminence Speaker LLC’s Josh 
Martin (Photo 1) has been promoted to 
Technology Sales Manager. In this new role, 
Martin will be responsible for the market 

development and sale of a revolutionary new technology 
called D-FEND™, which provides programmable control 
over key performance characteristics of passive systems and 
loudspeakers. Prior to his promotion, Martin held several 
key positions with Eminence (eminence.com).

Klipsch, which has offered desktop PC speakers for 
about a decade, is entering the market for embedded 
laptop speakers with the planned launch by Alienware 
(www.alienware.com) of a series of gaming laptops. 
The deal with Dell subsidiary Alienware isn’t Klipsch’s 
first OEM speaker deal with a computer maker. In the 
past, Klipsch has offered Klipsch-branded speakers that 
Hewlett-Packard and Compaq bundled with their desk-
top speakers. The first Alienware laptop with Klipsch 
speakers is the M17x, the company’s first 3D-capable 
gaming laptop. Klipsch said the speakers would give gam-
ers sound quality superior to anything they’ve ever heard 
in built-in laptop speakers. The company said its current 
THX-certified ProMedia 2.1 speaker system has been the 
de facto speakers in the gaming community.

Home Technology Specialists of America (HTSA, 
www.htsa.com), the $400 million buying group for dealers, 
installers, and system integrators, has launched a new online 
magazine for consumers. Dubbed HDLiving.com, the 
technology and entertainment site was designed to provide 

PHOTO 1: Josh Martin.

PHOTO 2: Paradigm Reference MilleniaSub with PT-2 Wireless 

Transmitter. 
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insight into the industry’s latest luxury, 
lifestyle, and business advances, HTSA 
said. Topics will include the ubiquity 
of iPods, distributed audio, green home 
theaters, and essential kitchen technol-
ogy. HDLiving.com provides discerning 
consumers with high-definition technol-
ogy news, music, and product reviews, 
media, insider information and more, 
according to HTSA executive director 
Richard Glikes. HDLiving.com will also 
show consumers how to benefit from modern innovations, 
and embrace all that home technology can bring to their 
lives. You can subscribe to HTSA’s YouTube channel, and 
follow HDLiving on Twitter and Facebook.

The Consumer Electronics Association (CEA, www.
ce.org) has announced the winners of the 2011 Mark 
of Excellence Awards, presented by CEA’s TechHome 
Division. Winners were honored at an awards reception 
at the Electronic House Expo (EHX) 2011 in Orlando, 
Fla. This year’s award winners included a number of loud-
speaker manufacturers, including the following:

Audio Product of the Year
Platinum Award - Paradigm Electronics Inc. (www.

paradigm.com) for the Paradigm Reference MilleniaSub 
with PT-2 Wireless Transmitter (Photo 2)

Speaker of the Year
Platinum Award- Niles Audio Corporation (www.

nilesaudio.com) for the ICS Ceiling Mount Loudspeakers 
(Photo 3)

Gold Award - KEF Audio Ltd. (www.kef.com) for the 
flat panel T Series (Photo 4)

Consumer confidence in the overall economy is down 
this month, according to the latest data released today 
by CEA. The CEA Indexes also show that consumer 
confidence in technology spending is down as well. 
After increasing for six consecutive months and reaching 
a 35-month high in January, confidence in the overall 
economy fell more than three points this month. The 
CEA Index of Consumer Expectations (ICE), which mea-
sures consumer expectations about the broader economy, 
dropped to 172. The ICE remains nearly seven points 
higher than this time last year.

Consumer confidence in technology spending also fell 
in February. The CEA Index of Consumer Technology 
Expectations (ICTE), which measures consumer expec-
tations about technology spending, dropped nearly 12 
points this month to 76.2. It’s the lowest the ICTE has 
been in ten months and down more than five points from 
this time last year. The CEA Indexes comprise the ICE 
and ICTE, both of which are updated on a monthly basis 
through consumer surveys and released on the fourth 
Tuesday of each month. CEA has been tracking index 
data since January 2007. To find current and past indexes, 
charts, methodology, and future release dates, log on to 
www.CEAindexes.org.

The Custom Electronic Design & 
Installation Association EXPO was 
honored by Trade Show Executive maga-
zine (www.tradeshowexecutive.com) as 
one of 100 shows that set the gold 
standard for the exposition industry. The 
awards recognize the year’s largest trade 
shows as measured in square footage, 
economic contribution, innovation, and 
green initiatives. CEDIA EXPO 2009, 
held annually since 1991, was ranked at 

number 57 with 317,595 ft2 of exhibit space, 426 exhibit-
ing companies, and 20,322 attendees.

Trade Show Executive found that the top 100 shows 
collectively drew nearly 200 million attendees and gen-
erated more than $2 billion in economic impact to the 
host cities. CEDIA EXPO 2011 will take place at the 
Indiana Convention Center in Indianapolis Sept. 7–11. 
More information about the event is available at www.
cedia.org/expo.

CEDIA has named Randy Stearns, owner of Engineered 
Environments (www.engenv.com) located in Alameda, 
Calif., as the new elected official to fill the role of CEDIA 
Chairman, recently held by the late Randy Vaughan. 
Stearns has served on the CEDIA Board of Directors since 
2005 and has been an active member of CEDIA since 1993.

This month saw many new product releases in the home 
audio part of the loudspeaker industry as follows:

-Phoenix Gold (www.phoenixgold.com) announced that 
its R3 series of subwoofers, first introduced at International 
CES in January, is now available. The four models feature 
high-temp OFC voice coils, polypropylene cones, vented 
titanium-aluminum hybrid formers, one-piece aluminum 
plated dust caps, nickel-plated 12-gauge speaker terminals, 
and powder-coated gunmetal finish. Models and specs 
include dual 2 or 4Ω voice coils, power handling rated 
400W RMS, 800W peak.

- MartinLogan (www.martinlogan.com) has begun ship-
ping its most affordable electrostatic speaker to date, target-
ing it to budget-conscious audiophiles. The $1,995/pair 
ElectroMotion-ESL features a 34″-tall electrostatic panel. In 
the spring, the ElectroMotion-ESL speaker will get match-
ing center and surround channels with Folded Motion XT 
technology in lieu of electrostatic panels. The new model 
features a new XStat MicroPerf panel developed to reduce 
the thickness gauge of the electrostatic panel’s steel stators 
to increase the panel’s visual transparency without reducing 
performance, the company said. The MicroPerf panel is 
held by an aluminum and composite frame similar to that 
found on the compa-
ny’s flagship products. 
The frame technol-
ogy is said to make 
the panel rigid without 
obstructing playable 
surface area or interfer-
ing with dipole sound 
radiation. Sensitivity is 

PHOTO 3: ICS Ceiling Mount Loudspeakers.

PHOTO 4: KEF Audio Ltd. flat panel T Series.
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91dB into 6Ω. The electrostatic panel is paired with an 8″ 
rigid, lightweight woofer designed to optimize cone suspen-
sion and the magnetic flux field to produce high levels of 
bass output with low distortion, the company said.

- KEF launched two new in-ceiling speaker series—
QR and CR. The former features thin bezels and 
the company’s proprietary Uni-Q driver configuration, 
which places the tweeter in the acoustic center of the 
woofer to deliver wide, even dispersion. The CR series 
features an asymmetrical tweeter island to deliver near 
Uni-Q performance at a lower price. The three two-
way models are the Ci 200QR with 8″ woofer and 1″ 
aluminum-dome tweeter ($349), Ci160QR with 6.5″ 
woofer and 0.75″ aluminum-dome tweeter ($299), and 
Ci130QR with 5.25″ woofer and 0.75″ aluminum-dome 
tweeter ($249). The CR speakers are the  Ci200CR with 
8″ woofer and 1″ aluminum-dome tweeter ($274), the 
Ci160CR with 6.5″ woofer and 0.75″ aluminum-dome 
tweeter ($224), the Ci130CR with 5.25″ woofer and 
0.75″ tweeter($179), and  Ci160CRds single-speaker-
stereo model with dual 0.75″ aluminum-dome tweeters 
and one dual-voice-coil 6.5″ woofer ($274).

- JBL (www.jbl.com) will join a growing number of 
home audio companies launching tabletop speaker sys-
tems equipped with Apple’s Air Play wireless streaming 
technology. The company plans spring deliveries of its 
first iPod/iPhone-docking speaker system with Air Play 
at a price that wasn’t disclosed. The On Air Wireless 
Speaker System, which incorporates dock and RDS FM 
dual-alarm clock radio, streams music via a wireless home 
network from a PC or Mac equipped with iTunes 10.1 or 
later music-management software. The speaker systems 
also stream music from a Wi-Fi-enabled iPad, iPhone, 

or iPod Touch equipped with iOS 4.2 or later OS. The 
system uses horizontal acoustic level optimization (Halo) 
technology and speakers embedded in a halo around 
the docked iPod or iPhone to deliver wide dispersion. 
The company unveiled a sneak peak of the system on its 
Facebook page.     

- RSL Speaker Systems has released three new speakers 
featuring Compression Guide Technology, which, accord-
ing to the company, increases the clarity of the voices and 
instruments as well as improving the soundstage, and also 
results in significant bass extension with less boominess and 
overhang. The RSL CG4 two-way can be used along with 
a subwoofer in a home theater or in an audiophile-quality 
stereo system. The RSL Speedwoofer 10 is a subwoofer with 
fast transient response and features wireless remote control 
of volume and crossover frequency and a class A/B amplifier 
conservatively rated at 375V RMS. The RSL CG 24 moni-
tor is a relatively compact speaker designed to be used either 
as a studio monitor or as a center channel in a home theater 
system. For more, contact www.rslspeakers.com.     VC
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