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AES 48th Conference on Automotive 
Audio

The 48th AES Conference on Automotive Audio will be 
held September 21–23, 2012 in Munich, Germany, at 
an exclusive venue, the castle Schloss Hohenkammer. 
Over the last 20 years, automotive audio has changed 
dramatically from being standard mono sound in one 
full-range loudspeaker to a true multichannel playback 
system fully integrated and adjusted to a specific car. 
Today some of the most advanced sound technology 
is being developed and applied in automotive audio. 
The conference will give an overview of the present 
state-of-the-art technology in a broader perspective, 
and address many of the new scientific disciplines 
involved in this still-emerging field. Automotive audio 
involves combinations of otherwise complementary 
scientific fields such as power electronics, bus systems 
(MOST), loudspeaker drive units, digital signal process-
ing (DSP), advanced analog design, EMC, and more. 

 Paper topics will cover a number of the following 
areas:

�� System architecture and hardware 
�� Automotive amplifier design
�� The soundfield inside cars

�� Microphones for speech and noise
�� Reduction of unwanted vibrations
�� Automotive loudspeaker design
�� Rear-seat entertainment
�� Audio reproduction in cars 
�� Equalization techniques
�� Upmixing algorithms
�� Spatial enhancement
�� Discrete multichannel playback
�� Acoustic adaption to the car interior
�� Dynamic audio reproduction in cars 
�� Noise compensation
�� Noise cancellation
�� Loudness adaptation
�� Interior and exterior audio cues for electric vehicles
�� Speech enhancement and in-car communication
�� Perception & psychoacoustics 
�� Sound-tuning philosophies and targets
�� Assessment of automotive sound systems
�� Listening in rooms versus cars

For more information, visit the Audio Engineering 
Society website at www.aes.org.

Winter Symposium 2013 Call for Papers 
The Association of Loudspeaker Manufacturing & 

Acoustics has issued a “Call for Papers” for ALMA 
International’s 2013 Winter Symposium. The program, 
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“Product Development in the Global Paradigm: Acoustic 
Modeling, Measurement and Manufacturing in the Modern 
Marketplace,” will expand to include related technologies 
such as microdrivers, microphones, hearing aids, and 
other transducer-related technologies. The 24th ALMA 
Winter Symposium will be held at The Tuscany Suites & 
Casino, 255 East Flamingo Road, Las Vegas, NV, Sunday, 
January 6, and Monday, January 7, 2013, before the CES. 

Technical papers are invited and abstracts will be 
evaluated on the basis of their overall quality and rel-
evance to the theme of the symposium, relevance and 
value to the industry, and practical feasibility and usage 
of topic and information presented. Each paper session 
is scheduled to last 30 minutes, and up to four papers 
will be selected. Papers submitted to ALMA must include:

�� A title
�� A 75-word or less abstract/summary suitable for 

reprinting in pre-symposium promotional literature
�� The name, address, phone number, and a short 

biography of the presenter(s)
�� A list of any special equipment needed

The ALMA Winter Symposium is being co-chaired by 
Mark Beach, Dyne Analytics (mark@dyneanalytics.com) 
and Peter Andrews, of Materion Electrofusion (Peter.
Andrews@materion.com). Feel free to contact them to 
directly discuss your submission.

The closing date for the abstract submission is October 
15, 2012. Notification of presenters will be by October 31, 
2012. Presenters must supply copies of their presentation 
in electronic format by December 15, 2012 (PowerPoint, 
MS Word, or PDF). Submissions should be e-mailed to 
management@almainternational.org. 

LOUDSoft Releases FINEMotor 2012
LOUDSoft recently released its latest version of its 

FINEMotor transducer development software, FINEMotor 
2012 (see Photo 1 for the program’s main screen). The 
new version has more than 18,000 finite element analy-
sis (FEA) calculations that can be performed using vari-
ous tools within the software, due in part to LOUDSoft’s 
collaboration with Dr. Sparks. Other new features include 
overall increased precision to three decimal points and 
voice coil mass to four decimal places. Both changes are 
intended to aid in the design of microspeakers.

 Other features include:

�� Pole calculations which now include vent-hole diam-
eter with a new graphic pole saturation indicator 
(see Photo 2).

�� The ability to adjust pole extension, extension 
undercut, and pole undercut using the mouse wheel 
while monitoring changes in the Bl(X) curve (see 
Photo 3).

�� Additional back magnets can now be added for shield-
ing or increased sensitivity (see Photo 4).

Photo 1: FINEMotor 2012 main screen

Photo 2: Pole saturation diagram

Photo 3: Pole adjustment diagram

Photo 4: Shielding magnet diagram

Photo 5: Inside magnet diagram
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New 30-mm Tweeter and 3.25" Full-
Range from Wavecor

Wavecor exhibited at the May High-End trade 
show in Munich, Germany, and presented two new 
drivers scheduled to go into production over the 
next few months. This included the new 30-mm 
textile dome tweeter, the TW030WA09/10 (4- and 
���� ��	
��
��� ��� ���� ��������� �������� ����
�����	����� ���� !#$�%'*$+;$�� <%�� ��� ���� ��	-

��
��

Features for the TW030WA09/10 include a 30-mm 
wide surround cloth-dome diaphragm, low reso-
���� <=�$�>?��� �����K���Q�%������K$��Q������
sensitivity underhung voice coil (1.8-mm winding 
������� ����� �� ������� ��Y��� ��		���� ��tor, vented 

�� The ability to simulate either neodymium or fer-
rite inside magnets, add a top magnet and use a 
mouse wheel to adjust the top magnet’s diameter, 
thickness, and undercut, again monitoring the 
Q�<Z����	���<
���Photo 5��

You can view two new FINEMotor videos explain-
ing the programs functions: http://loudsoft.com/
loudsoft/my%20files/FINEMotor%202012%20Demo.
wmv or http://loudsoft.com/loudsoft/my%20files/
FINEMotor%20Demo%20video.wmv. For information, 
visit www.loudsoft.com.

]���^���_��
���Q��`�{	���	
��	���
Eminence

Eminence has released two new drivers for high-
power pro-sound or car audio applications: the 
|���� *}~>*�|_Q�#*� ���	���� ��� ���� +$�� Q�]*�
+$Q�#*����	����<
���Photo 6 and Photo 7���Q����
drivers are cost-sensitive closed-back designs that 
simplify the acoustic design of enclosures, without 
requiring external enclosure. Features include paper 
cones and dust caps, cloth surrounds, ferrite magnets, 
polyimide former, copper wire for the 6.5" driver, and 
aluminum wire for the 10" driver. Parameters for these 
two new devices are described in Table 1.

For more information on both of these high-power 
midranges, visit Eminence at www.eminence.com.

~�����|��]���|����*}~>*�|_Q�#*�����	�����	���	

~�����=��]���+$��Q�]*�+$Q�#*�����	�����	���	

 ALPHA-6CBMRA BETA-10BMRA

Fs 407 Hz 326 Hz 

Re 5.26 � 5.69 �

Sd 126.7 cm2 350.1 cm2

Qms 6.04 7.14

Qes 1.74 2.27  

Qts 1.35 1.73

Sensitivity 97.8 dB 99.6 dB

Frequency Range 400 Hz–5 kHz 300 Hz–4 kHz

Power Rating 100 W 200 W

Table 1: Parameters for two new Eminence drivers
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voice coil former, copper-clad aluminum voice coil 
winding, built-in under dome and edge to equal-
ize pressure and lower distortion, and gold plated 
terminals. (See Figure 1 for the preliminary fre-
quency response.)

 Features for the FR084WA01/02 include on-axis 
response to 20 kHz, a black anodized aluminum 
cone, a vented polymer frame, a ferrite magnet, 
a vented black 22-mm diameter fiber glass voice 
coil former, a Conex spider, and gold-plated termi-
nals. (See Figure 2 for the preliminary frequency 
response.) Parameters for the FR084 are described 
in Table 2.

For more information, visit Wavecor at www.
wavecor.com. VC

Figure 1: The preliminary frequency response

Figure 2: The preliminary frequency response

FR094WA01 FR084WA02

Fs 110 Hz 114 Hz 

Re 3.2 � 6.0 �

Sd 36 cm2 36 cm2

Qms 5.3 5.7

Qes 0.91 1.12  

Qts 0.78 0.94

Vas 1.1 ltr 1.0 ltr

Sensitivity 88 dB 85 dB

Xmax 2.25 mm 2.25 mm

Table 2: Parameters for the FR084

Yung International Inc. is now shipping their superbly engineered 
subwoofer plate amplifier line. Capable of operating at 100% power 
output for an 8-hour period, these new low profile designs deliver 
audiophile performance—even when subjected to the strenuous 
demands found in commercial environments.

Yung International Inc. has supplied components for over 
twenty five years and is the preferred choice of leading 
loudspeaker brands worldwide.  

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

100 Watt

200 Watt

300 Watt

500 Watt

North American Distributor: European Distributor:

Now Available and in Stock!

parts-express.com/yung
monacor.de
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 Spotlight

Figure 1a: Geometry to derive radial distance R(q) from 
the center of inner pole piece with a R0 radius to a point 
at position on the voice coil with an inner radius Ri. b: The 
apparatus for measuring centering force by ferrofluids.

New Developments with 
��������	
����������
�	�
��������������	���	�����
�
By Y. Hirota, B. Moskowitz, S. Tsuda, K. Raj 
(from Ferrotec Corp.) and J. Ying, (from 
Sea Galleon International)

Ferrofluids have been commonly used in tweeters 
for the last 40 years. Industry acceptance was quick 

as higher power ratings, increased production yields, and 
reduced warranty returns made adoption attractive to 
marketing, production, and engineering teams. The higher 
production yields are a result of the self-centering phenom-
ena from ferrofluids providing magnetic buoyancy forces 
to reduce coil scraping. These self-aligning phenomena 
also contribute to reduced field failures along with the heat 
transfer benefits of ferrofluids, which provide the higher 
thermal power handling characteristics. Further increas-
ing the centering force would have special benefits for 
speakers without a secondary suspension (i.e., a damper/
spider). Examples of single-point suspension transducers 
include micro-speakers, earphones, headset drivers, and 
some tweeters and compression drivers. Practical applica-
tion of ferrofluids to micro-speakers for reduced rocking 
and the resulting coil buzzing against the pole piece is of 
high interest to the mobile audio engineering community.

At ISEAT 2011 last November, a paper was given by 
Ferrotec that has far reaching implications, enabling more 
stable diaphragm excursion and reduced rocking modes. 
This can be achieved without changing the existing single-
point suspension topology using new ferrofluid gap filling 
strategies. The paper also highlighted reduced ferrofluid 
splash due to shock, an issue critical in cell phones and 
mobile electronics. Advanced ferro-hydrodynamic analyses 
are employed to quantify model behavior with predictions 
compared to experimental data.

The solution for enhancing the centering force is simple 
and provides reduced cost over conventional ferrofluid 
applications. Only fill the gap between the voice coil and 
the inner pole piece, instead of the common approach 
of completely filling both sides of the coil with ferrofluid. 
For decades, the optimum gap fill has been both sides of 
the voice coil. The increased thermal power handling has 
always been a key benefit of ferrofluids in speakers. Now 
for optimized centering, we are trading off about half of the 
increase in thermal power. Air is a poor thermal conductor, 
while ferrofluids provide more than four times the ther-
mal conductivity of air. The thermal resistance of the gap 
between the voice coil and the heat sinking of the magnetic 
structure will be higher when only one side of the gap has 
the benefit of ferrofluids. Another factor is the special case 
of cell phones, headsets and earphone drivers which use a 

monolithic (self-supporting) voice coil construction where 
there is no bobbin. One preliminary test with one side fill-
ing results in a dramatic reduction of coil temperature and 
avoidance of power compression effects. In this specific 
case, at more than 1.2-W RMS, coil temperature reached 
more than 110°C without ferrofluid. Under the same test 
conditions, it was below 95°C with ferrofluid. In the case 
of drivers with bobbins (e.g., tweeters and compression 
drivers), outside filling can conduct heat from voice coil 
to yoke (surrounded parts) directly without much loss of 
thermal power handling in real-world field conditions. For 
inside filling, less heat transfer is estimated unless bobbin 
has high heat conductivity (e.g., aluminum).

Another aspect of ferrofluids in microspeakers are 
the limits on drop height where splashing is expected. 
Increased shock resistance also holds interest using fer-
rofluids in mobile electronics transducers as well as seals, 
instruments, motors, and other devices.

Analysis & Measurement of Voice Coil 
Centering

The unperturbed geometry of the pole/voice coil/pole 

a) b)

Figure 2: Comparative displacements of voice coil
in response to radial force
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structure of an audio speaker was modeled as three con-
centric cylinders with the magnetic field radiating sym-
metrically from the inner pole to the outer one as shown 
in Figure 1a.

An apparatus shown in Figure 1b was devised to 
measure radial force versus displacement with results 
shown in Figure 2. The apparatus in these tests con-
tained a central magnet inside a U-shaped permeable 
piece. Parameter values are (APG 836 ferrofluid) Ms = 
0.022 tesla, B0 = 0.9 tesla, Ri = 12.75 mm, and R0
= 12.25 mm.

Tests in which only the outer gap was filled with fer-
rofluid resulted in spontaneous anti-centering of the voice 
coil, bringing it into contact with the outer wall in agree-
ment with theory.

Description of the Splashing Phenomenon
These studies used a shock test apparatus, in which a 

fixture drops from a known height, slides down vertical 
rails, and impacts face down on a hard surface. The fixture 
contains a magnetic circuit with an annular gap that is 
filled with ferrofluid. The acceleration at impact is mea-
sured and the free surface of the ferrofluid is photographed 

with a high-speed 
video camera 
(9,000 frames/s). 
A c c e l e r a t i o n 
peaks were as 
high as 1,000 g 
at the highest 
experimental drop 

heights. The duration of the acceleration interval is experi-
mentally invariant of drop height, consistent with a simple 
magnetic mass-magnetic spring dynamic analysis, and 
equals 1 ms.

Figure 3 shows that prior to impact, the ferrofluid is 
confined to the gap space. Following impact, the ferrofluid 
continues to move downward tending to escape from the 
fixture as a plug. The fluid is subsequently drawn back into 
the gap by the gradient magnetic fringe field. 

Modeled as a damped spring-mass system, the impact 
process establishes a positive acceleration directed from 
the less dense medium (air) toward the denser medium 
(ferrofluid), the requirement for onset of Rayleigh-Taylor 
instability. Peak adverse acceleration tends to occur at the 
moment when the ferrofluid is maximally displaced and 
begins to reverse its velocity. The unstable ferrofluid inter-
face may pinch off into droplets, as seen in experiments.

Figure 4a and Figure 4b illustrate the influence of 
viscosity and gap width on the stability of the ferrofluid 
interface. The vertical axis denotes the value of the growth 

Figure 3: The ferrofluid plug from magnetic gap at impact

a) b)

c) d)

Figure 4: The theoretical and experimental dependence of 
the shock instability on ferrofluid viscosity and gap width. a: 
Predicted viscosity influence b: Predicted gap width influence 
c: Experimental height versus viscosity d: Experimental height 
versus gap.  In c and d, circles denote no splash; squares 
denote splash. 
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factor g. The horizontal axis denotes the value of the 
perturbation wavenumber. The crossover value of stability 
corresponds to g = 0, with k0 the corresponding wave-
number. In the unstable range of wave numbers (k < k0)
a peak value of g corresponds to the wave number km, of 
fastest growth.

Figure 4a shows that, although k0 is invariant with vis-
cosity, increasing the viscosity decreases the growth rate. 
This is beneficial as a sufficiently small growth rate over 
a limited amount of time can prevent a ferrofluid splash 
loss. Figure 4b, shows that a modest reduction of the gap 
width to w = 0.11 cm achieves incipient stability over the 
total range of wavenumbers. This results from generating 
a larger magnetic field gradient at the interface.

Experimental Splash Data
The trends indicated in Figure 4a and Figure 4b

are confirmed by the data of Figure 4c and Figure 4d,
respectively. These figures plot experimental values of 
drop height for splash onset.

Ferrofluid splash is collected on a flat sheet of paper 
located 6.5 mm below the test fixture at impact. When 
splash occurs the ferrofluid emanates from all around the 
gap, at times with a characteristic spacing between radial 
wave crests (see Figure 5).

The Instability Theory
A method for achieving enhanced voice coil centering 

forces was validated experimentally and theoretically with 
a comparison made by filling both gaps, and filling only 
the inner gap, and filling only the outer gap. It was also 
concluded that Rayleigh-Taylor instability is a mechanism 
of ferrofluid splash loss when it occurs. Although the 
experimental spacing of the ejected droplets can at times 
be predicted from the theory, the relationship for onset of 
splashing to drop height is elusive, as the magnitude of 
initial perturbations on the interface is unknown.

However, the instability theory provides clear directional 
guidance for the alleviation or prevention of splashing 
under given circumstances. It can be said that the onset of 
instability predicted by the theory provides a lower bound 
on maximum safe drop height. For a more rigorous scien-
tific treatment of this work, and to view the videos, visit 
www.ferrotec.co.jp/products/magnetism/rd. VC

Figure 5: Splash patterns illustrating aspects of the 
Rayleigh-Taylor instability. a: Crests type splash by initial 
instability of ferrofluid surface. b: Spray type splash by 
secondary instability of ferrofluid surface

a) b)

PRECISION TRANSDUCERS

the art of detail

w
w

w
.k

ai
ti.

it

RCF was the first manufacturer to introduce many of the 
innovations now recognised as standard in professional 
transducers, pioneering new solutions, from inside-outside 
voice coils to dual spider silicon damped designs.
Our range is capable of providing innovative tools and 
solutions for the most demanding speaker manufacturers.

* 4000 Watt program power handling (2000 Watt AES)
* 4.5 inch, fibreglass inside-outside voice coil
* 54 mm peak to peak excursion

LF21N451 WOOFER

sound culture
www.rcf.it



JULY 2012 13

Independent Claims
1. A signal processor for a parametric loudspeaker 

system, comprising: at least one carrier frequency 
generator to produce a carrier frequency; a modulator 
that receives at least one audio signal and modulates 
at least one audio signal onto the carrier frequency 
to produce a modulated signal, wherein at least one 
audio signal is converted to sideband frequencies, 
which are divergent from the carrier frequency by the 
frequency value of the at least one audio signal; an 
error-correction compensator coupled to the modula-
tor to compensate for inherent parametric demodula-
tion distortion by modifying, substantially within the 
modulated signal’s bandwidth, the modulated signal 
to approximate the ideal audio signal which should be 
output by the system.

7. The signal processor as in Claim 6 wherein the 
non-linear demodulator further comprises: an AM 
demodulator to remove the carrier frequency from an 
ultrasonic acoustic input; a squaring function proces-
sor coupled to the AM demodulator to model second-
ary resultant output from a parametric loudspeaker, 
which is proportional to the square of the modulation 
envelope; a high-pass filter coupled to the squaring 
function to remove a direct current (DC) output com-
ponent from the squaring function processor; and a 
gain module coupled to the high-pass filter to scale a 
simulated acoustic audio output.

18. A signal processor for a parametric loudspeaker 
system, comprising: at least one carrier frequency 
generator to produce a carrier frequency, wherein 
the carrier frequency is included in a single sideband 
(SSB) signal that includes a distortion compensator 
to correct for parametric demodulation distortion; a 
modulator for (i) receiving audio signals within an 
audible range and modulating the audio signals onto 
the carrier frequency to produce a modulated sig-
nal, and (ii) for reducing the carrier frequency of the 
modulated signal to a value close to an upper limit of 
the audible range, wherein the audio signals are con-
verted to sideband frequencies that are divergent from 
the carrier frequency by the frequency value of the 

audio signal; wherein the 
distortion compensator uses 
an ideal audio signal created 
by applying a square root 
function to the ideal audio 
signal, wherein the ideal sig-
nal is used as a reference to 
modify the modulated signal 
and correct for an inher-
ent parametric demodulation 
distortion.

Review Comments
Disclosed is a parametric 

loudspeaker with a distortion 
correction processor. As a 

Acoustic Patents
By James Croft, Croft Acoustical

The following loudspeaker-related patents were 
filed primarily under the Office of Patent and 

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

MODULATOR PROCESSING FOR A 
PARAMETRIC SPEAKER SYSTEM
Patent Number: U.S. 7,729,498
Inventors: Michael E. Spencer (Escondido, CA), James 
J. Croft, III (Poway, CA), Joseph O. Norris (Kapolei, 
HI)
Assignee: American Technology Corp. (San Diego, CA)
Filed: January 9, 2007
U.S. Class: 381/77
Granted: June 1, 2010, Claims: 18, Drawings: 18

Abstract from Patent
Figure 1 shows a parametric loudspeaker system 

using improved modulators to compensate for the 
nonlinearity of the parametric process in air when 
driving the air at saturation levels and below satura-
tion levels. The parametric loudspeaker uses a pre-
processed single sideband modulator that offers ideal 
linearity as characterized by square root preprocessed 
double sideband modulators but with a lower carrier 
frequency and without the wide bandwidth require-
ments. By eliminating some or all of the lower side-
band the carrier frequency can be reduced without 
producing sideband frequencies in the audible range. 
Lower operational frequencies result in greater trans-
lation efficiency and greater output capability before 
reaching the saturation limit of air. A preprocessor 
minimizes the effects of saturation limits for double 
sideband, truncated double sideband, or single side-
band (SSB) processing to achieve superior output.
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Figure 1: U.S. Patent 8,130,976
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reminder, a parametric loudspeaker is a highly direc-
tional loudspeaker that projects an ultrasonic output 
that is modulated by the inputted audio frequencies of 
a program source which by driving the air medium into 
nonlinearity, demodulates the ultrasonic output into an 
airborne audio signal.

The output of a well-designed parametric system 
can be restricted to a directivity angle of ±3° or less 
enabling isolated, private listening, binaural isolated 
left/right ear listening, concentrated virtual sound 
sources reflected off a boundary wall, and surround 
sound projection to the back and sides of a listening 
room projected from the front of the room.

The process is inherently nonlinear resulting in very 
high distortion due to the act of ultrasonic modulation 
of the audio causing a squaring effect of the result-
ing audio created in the air-column projecting out 
from the ultrasonic emitter. In 1965 when parametric 
systems were only used underwater, H. O. Berktay 
delivered a paper (“Possible Exploitation of Nonlinear 
Acoustics in Underwater Transmitting Applications” in 
the Journal of Sound Vibration, 1965) that disclosed 
a simple formula for the theoretical linearization of a 
parametric loudspeaker in a nonsaturated air medium.

Stated briefly, this process amounts to taking the 
squareroot of the absolute value of the audio input 
signal. While this provides the theoretical basis that 
has been used to attempt the linearizing of parametric 

loudspeakers for more than three decades, it has two 
fundamental limitations that have kept these devices 
from achieving high fidelity. The first issue is that, 
when the audio signal is square-root processed, the 
output signal and correction terms require an infinite 
bandwidth.   

Second, when a parametric loudspeaker is driven 
to the required ultrasonic levels to achieve adequate 
audio (greater than 80 dB) the air medium is driven 
into saturation. When the ultrasonic output begins to 
saturate the air medium, the square-root processing 
paradigm is no longer valid.

The invention in this patent is a new set of sig-
nal-processing formulations that both eliminate the 
requirement for an infinite harmonic series in the 
signal output and also provide a dynamically adaptive 
correction algorithm that cancels distortion at small 
signal levels and the high levels occurring in a saturat-
ed air medium. To solve the bandwidth issue, instead 
of a real-time square-root processing, the invention 
utilizes a scheme that compares the output signal to 
the ideal square-root processed reference signal and 
injects an equivalent correction signal, evaluates the 
new output signal and recursively repeats the process 
until the distortion in the output signal falls below a 
desired target level. 

Stated another way, an error-correction circuit is 
incorporated to compensate for the inherent squaring 
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function distortion by modifying the modulated signal 
substantially within said modulated signal’s bandwidth 
to approximate an ideal envelope of the modulated 
signal. The error-correction circuit compares the mod-
ulated signal envelope to a calculated ideal square-
rooted audio signal and generates an inverted error 
difference that is then added back into the modulated 
signal to correct for parametric loudspeaker distortion. 
The error-correction step adds new errors, but at a 
greatly reduced level. This comparison, and adding 
the error difference back to the original signal, can 
be recursively implemented to decrease the error to a 
desired level. Each level of recursive error correction 
tends to reduce the error by more than one half and 
all of the recursive corrections terms fall within the 
bandwidth of the audio input signal, so no increase 
in bandwidth is necessary to achieve distortion 
reduction.

A second-level attribute of the recursive system 
is having a dynamic reference model that uses a 
square-root correction reference (the absolute value 
of the input signal with an exponent of 0.5) at small 
signal levels. For maximum levels that would cause 
significant saturation of the air medium, the exponent 
is “1,” with all levels in-between having an expo-
nent that falls somewhere between 0.5 and 1. This 
dynamic, reference-model based, recursive system 
addresses both the infinite bandwidth issue, and the 
small signal-to-saturation level dynamics issue that 
has plagued the prior art devices.

These systems have other issues to address, such 
as requiring large-scale ultrasonic transducer designs 
that can sustain very high ultrasonic output levels 
of more than 140 dB. These are usually based on 
capacitive transducers (e.g., piezoelectric-films and 
electrostatic devices). Also, ultrasonic power ampli-
fication that can efficiently sustain high output levels 
is required. Class D switch-
ing amplifiers have recently 
become effective at pro-
ducing efficient, linear out-
put for 20-kHz audio band-
widths. Power conversions 
are becoming practical for 
achieving linear and efficient 
outputs at the 70-kHz mini-
mum bandwidth required by 
parametric loudspeakers.

This has been a technol-
ogy that has been prom-
ised every decade, starting 
in 1975 with the first air-
born devices developed by 
acoustics professor David 
Blackstock and his student 
Mary Bennett, and in the 
1980s with prolific efforts of 
multiple Japanese companies 

and universities, such as Matsushita and University 
of Electro-Communications, and most recently in the 
1990s by Elwood Norris of ATC and Francis Pompei of 
Holosonics. The patent being reviewed here is now the 
property of a new company named Parametric Sound 
Corp. We’ll have to wait and see if this is the decade 
that parametric systems finally come into their own as 
practical devices. 

LOUDSPEAKER ENCLOSURE WITH 
DAMPING MATERIAL LAMINATED 
WITHIN INTERNAL SHEARING BRACE
Patent Number: U.S. 7,270,215
Inventor: Enrique M. Stiles (Imperial Beach, CA)
Assignee: STEP Technologies, Inc. (Minneapolis, MN)
Filed: April 15, 2005
U.S. Class: 181/151
Granted: September 18, 2007, Claims: 33, Drawings: 20

Abstract from Patent
This is a loudspeaker cabinet with a laminated 

internal brace that has a first rigid layer coupled to a 
first exterior panel of the cabinet, a second rigid layer 
coupled to a second exterior panel of the cabinet, 
and a damping layer affixed between the rigid layers 
where they overlap (see Figure 2). Vibration, flexure, 
and expansion/contraction of the cabinet are damped 
by shearing forces applied to the damping layer as the 
rigid layers move in opposite, parallel directions.

Independent Claims
1. A loudspeaker cabinet comprising: a plurality of 

exterior panels enclosing an air volume, a first shear-
ing brace disposed within the air volume and including 
a first brace member coupled to a first exterior panel, 
a second brace member, and a damping layer lami-
nated between the first and second brace members.

20

26

24

12

10

32

30–1a

30–2b

30–2b 30–2d

30–1b

30–2a

30–1d

30–1a
30–2d

30–2a

30–1d

30–1b

14

16

22
18

14

18

16

12

10

Figure 2: U.S. Patent  7,270,215
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ELECTRO-DYNAMIC TRANSDUCER 
WITH A SLIM FORM FACTOR
Patent Number: U.S. 8,170,268
Inventor: Marcus Michael Weyreuther (Soborg, DK)
Assignee: Bang & Olufsen Icepower A/S GI (Lyngby, DK)
Filed: November 28, 2008
U.S. Class: 381/400
Granted: May 1, 2012, Claims: 19, Drawings: 5

Abstract from Patent
In one embodiment of the present invention, an 

electro-dynamic transducer is disclosed including 
a diaphragm, a first suspension suspending the 
diaphragm, and a coil former attached to the dia-
phragm. The coil former has a first, inner portion, 
and a second, outer portion, arranged coaxially in 
relation to each other, a coil arranged around the 
outer coil former portion, a magnetic system, oper-
able to magnetically cooperate with the coil, and 
a second suspension mounted between the inner 
coil former portion and the magnetic system (see 
Figure 3). The improved way of placing the second 
suspension enables a slim form factor, and stabilizes 
the system more than prior art designs. The trans-
ducer, according to one embodiment of the present 
invention, is less sensitive to rocking modes, thus 
reducing the gap in the magnet system.

Independent Claims
1. An electro-dynamic transducer comprising: a 

diaphragm; a first suspension suspending the dia-
phragm; a coil former attached to said diaphragm; 
said coil former having a first, inner portion, and a 
second, outer portion, arranged coaxially in rela-
tion to each other; a coil arranged around said 
outer coil former portion; a magnetic system, 
operable to magnetically cooperate with said coil; 
and a second, suspension mounted between said 
inner coil former portion and the magnetic system, 
wherein the inner coil former portion has a coni-
cal shape, with a wide end attached to the dia-
phragm and a tapered end at a distance from the 
diaphragm, and wherein the second suspension is 
attached to the tapered end.

11. An electro-dynamic transducer comprising: a 
diaphragm; a first suspension suspending the dia-
phragm; a coil former attached to said diaphragm; 
said coil former having a first, inner portion, and a 
second, outer portion, arranged coaxially in rela-
tion to each other; a coil arranged around said 
outer coil former portion; and a magnetic system, 
operable to magnetically cooperate with said coil; 
and a second suspension mounted between said 
inner coil former portion and the magnetic sys-
tem, wherein said coil former is attached to the 
diaphragm along an annular line of attachments, 
said line being defined by an intersection between 
said first and second portions, wherein the outer 
portion extends a shorter distance from the line of 
attachment than the inner portion.

Reviewer Comments
The patent discloses an improved electro-

dynamic transducer with reduced physical depth, 
improved stability, and resistance to rocking 
while maintaining a low-resonance frequency. 
This transducer has a deep cone diaphragm and 
a first suspension around the periphery of the 
diaphragm. The diaphragm has an outer circum-
ference that folds back in a cylindrical form which 
becomes part of the coil former which has a large 

17 24 23
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 Figure 3: U.S. Patent 8,170,268



JULY 2012 17

diameter voice coil. The deeply set neck of the 
cone is attached to a stabilizing spider near the 
very back of the transducer. 

The special shape of the voice coil former rela-
tive to the cone diaphragm enables it to rearrange 
the order of the speaker components. In particular, 
the design of the coil former permits placing the 
second suspension in the back of the speaker, fur-
ther away from the diaphragm, without restricting 
the critical design parameters of the diaphragm. 
The second suspension can be mounted directly on 
the magnet system, reducing the required compo-
nents needed to be placed between diaphragm and 
magnet system. Therefore, the maximum static 
height of the transducer system is determined by 
the height of the magnetic system, the absolute 
maximum displacement of the diaphragm, and the 
height of the diaphragm and its suspension, but in 
a more parallel, rather than series, relationship. 

Besides the placement of the spider enabling 
for a slimmer form factor, the transducer stabil-
ity is increased over more conventional designs. 
Because the transducer is less sensitive to rocking 
modes, the magnetic gap can be smaller and held 
to a tighter tolerance. Due to the stability advan-
tages, the suspension can be very compliant with 
a lower-resonance frequency while still remain-
ing stable. Also, the present invention enables an 
increase of the diameter of the voice coil to sub-
stantially the same size as the diaphragm diam-
eter, increasing thermal capability. 

As the second suspension is mounted between 
the magnet and the coil former, no additional sup-
port structure, (e.g., a flange in the transducer 
structure), is required to mount the suspension, 
leading to a simplified design. Even though the 
new device has a slimmer form factor, the deep 
conical shape of the cone and revised placement 
of components enables for a very large mechani-
cal X-max. All in all, the new architecture appears 
to make for a practical, easy to assemble device 
offering some useful packaging and performance 
advantages. VC
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Test Bench

Transducer Extremes
A New 18" B&C Pro Sound Woofer 
& Two Multi-Cell Microtransducer 
Array Mini-Drivers
by Vance Dickason

This month, I received drivers at both ends of the 
transducer spectrum. From B&C, a new high-power 

handling 18" ferrite motor woofer, the 18TBW100-
8, and from FPS, two of its small-format MMCA 
ribbon-type transducers, the FPS0204R3R2 and the 
FPS0206N3R1.

The B&C Pro Sound Woofer
B&C’s new 18" woofer, the 18TBW100-8 (see Photo 1a 

and Photo 1b ) is another in a series of high, continu-
ous, power-handling rated pro sound woofer/subwoofers 
(anything that goes much lower than 35 to 40 Hz is pretty 
much a subwoofer in the pro sound world) that B&C has 
been producing over the last several years. Like the 
B&C 18SW115-4 rated at 3.4-kW continuous program 
material (Voice Coil, May 2010), the 18TBW100 has 

a very high continuous-power handling rating of 3 kW.  
However, unlike the neodymium motor 18SW115, the 
18TBW100 uses a ferrite motor design, which is prob-
ably going to be the trend in pro woofer design until 
neo’s prices drop to a more competitive level. In terms 
of weight, the neo 18SW115 weighs in at 22.6 lbs, while 
the ferrite motor 18TBW100 weighs 33.3 lbs (a differ-
ence of 10.7 lbs), which is certainly more weight, but not 
a deal breaker by any means. 

As expected, the feature set for this kind of perfor-
mance is substantial, starting with a proprietary cast 
frame. Like many of B&C’s pro sound drivers and pro 
sound and high-powered car audio woofers, the frame 
is very much part of the cooling system. This frame has 
six double spokes, or 12 spokes thermally coupled to 
the large ceramic ring magnet motor structure. Venting 
is fairly complex and includes six 38 mm × 8 mm vents 
around the peripheral of the base of the frame that cou-
ples air to the area between the spider-mounting shelf 
and the front plate. Additional cooling is provided by a 
flared 45-mm diameter pole vent, plus eight peripheral 
8-mm diameter vent holes on the back of the motor cup, 
which, when taken together, provide substantial air flow 
throughout the motor structure. 

The cone assembly consists of a ribbed 18" cone that 
is coated on both sides plus a large 6"-diameter convex 
coated dust cap. Note that this coating is a special TWP 
waterproof coating. Compliance is provided by a triple- 
roll coated cloth surround and a double-silicone coated 
cloth spider assembly. Coupling the cone assembly to 
the motor is a 4" (100 mm) diameter glass fiber split 
winding voice coil wound with round copper wire.

Horsepower for this 33-lb. beast is provided by a 
large 30-mm thick, 21.8-cm diameter ceramic ferrite 
ring magnet. Other motor features include a T-shaped 
pole and an aluminum demodulation ring (i.e., shorting 
ring or faraday shield). Last, the voice coil tinsel wires 
are connected to a set of chrome, color-coded push 
terminals.

Testing for the 18TBW100-8 began 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 1 V, 3 V, 6 V, 10 V, 15 V, 20 V, 30 
V, and 40 V. Note that the driver remained linear in 
free air up to the 40-V sweep and probably would have 
remained linear up to 50 V or 60 V, but with 96-dB sen-
sitivity, 40 V is usually my limit wearing ear protectors. 
Also, please note that I use a procedure that attempts to 
achieve the third time constant on each sweep, the LMS 
oscillator is turned on for a progressively increasing time 
period between sweeps. Also, following the established 
Test Bench test protocol, I no longer use a single added-
mass measurement and instead used actual measured 
cone assembly weight provided by B&C. 

Next, 16 550-point stepped sine wave sweeps were 
post-processed for each sample. The voltage curves 
were divided by the current curves to derive impedance 
curves, phase calculated along with the accompanying 

Photo 1: A top (a) and bottom (b) view of the B&C 
18TBW100-8 woofer

a)

b)
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 TSL model LTD model  Factory

sample 1 sample 2  sample 1 sample 2

Fs 39.1 Hz 39.1 Hz 37.5 Hz 37.6 Hz 35 Hz 

Revc 5.38 5.37 5.38 5.37 5.3

Sd 0.119  0.119 0.119 0.119   0.121

Qms 8.25 7.72 7.47  7.03  8.00 

Qes 0.47 0.48 0.44 0.44   0.41 

Qts 0.45 0.46 0.41 0.42 0.39 

Vas 136.0 ltr  136.0 ltr 149.5 ltr  148.1 ltr   175 ltr 

SPL 2.83 V 94.3 dB 94.1 dB  94.4 dB 94.4 dB   96.0 dB 

Xmax 11 mm 11 mm  11 mm  11 mm 11 mm 

Table 1: The B&C 18TBW100-8 woofer
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Figure 4: Cone excursion curves for the 40-V curves in 
Figure 2
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Figure 3: Group delay curves for the 2.83-V curves in 
Figure 2

voltage curves, and imported to LEAP 5 Enclosure Shop 
software. Obviously, this is a more time consuming 
process than the usual low-voltage impedance curve 
used for deriving Thiele-Small parameters. The reason 
for this, if you haven’t been following this column for 
a number of years, is that the LEAP 5 LTD transducer 
model methodology results in a more accurate predic-
tion of excursion at high-voltage levels, one of the real 
fortes of the LEAP 5 software. 

Because most TS data provided by OEM manufactur-
ers is being produced using either a standard method or 
the LEAP 4 TSL model, I additionally created a LEAP 4 
TSL model using the 1-V free-air curves. The complete 
data set shows the multiple voltage impedance curves 
for the LTD model. See Figure 1 for the woofer 1-V free-
air impedance curve. The 1-V impedance curves for the 
TSL model were selected in the Transducer Derivation 
menu in LEAP 5 and the parameters were created for 
the computer enclosure simulations. Table 1 compares 
the LEAP 5 LTD and TSL data and factory parameters for 
both B&C 18TBW100-8 samples.

Parameter measurement results for the 18TBW100 
Qts numbers for my measurements were somewhat 
higher and the Vas was somewhat lower, plus the sen-
sitivity data I derived was 1.6 to 1.8 dB lower than the 
factory data. However, my sensitivity rating is at 2.83 V, 
������������	���
�+�';+�����
�������������#���'�����
not absolutely identical, my parameter measurements 
were obviously close to the factory data. This is almost 
always the case when I measure B&C products, which 

not only speaks to the excellent group of transducer 
engineers at the company, but also to the fact that they 
make extensive use of their Klippel analyzer during the 
product development stage. Given this, I proceeded to 
set up two computer enclosure simulations using the 
LEAP LTD parameters for Sample 1. This included two 
vented alignments, a 4.05 ft3 Chebychev/Butterworth 
type box with 15% fiberglass fill material tuned to 42 Hz, 
and the factory recommended 7.06 ft3 vented alignment 
enclosure with 15% fiberglass fill material tuned to 32 Hz. 
This is was actually an extended bass shelf (EBS) type of 
alignment.

Figure 2 displays the results for the 18TBW100-8 in 
the Chebychev/Butterworth and EBS vented boxes at 
2.83 V and at a voltage level sufficiently high enough 
to increase cone excursion to Xmax + 15% (9.2 mm 
for the 18TBW100). This produced a –3-dB frequency 
of 47.0 Hz (i.e., –6 dB = 38.0 Hz) for the 4.05 ft3 C/B 
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Figure 1: The B&C 18TBW100-8 woofer free-air 
impedance plot
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Figure 2: The B&C 18TBW100-8 computer box simulations 
(black solid = vented 1 @ 2.83 V; blue dash = vented 2 
@ 2.83 V; black solid = vented 1 @ 40 V; blue dash = 
vented 2 @ 40 V)
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Figure 8: Klippel analyzer Kms symmetry range curve for 
the B&C 18TBW100-8

Figure 6: Klippel analyzer Bl symmetry range curve for 
the B&C 18TBW100-8

Figure 7: Klippel analyzer mechanical stiffness of suspension 
Kms(X) curve for the B&C 18TBW100-8

enclosure and F3 = 38.0 Hz (i.e., F6 = 29.0 Hz) for the 
7.06-ft3 factory recommended EBS-vented simulation. 
Increasing the voltage input to the simulations until the 
maximum linear cone excursion was reached resulted in 
119.5 dB at 40 V for the C/B enclosure simulation and 

Figure 5: Klippel analyzer Bl(X) curve for the B&C 
18TBW100-8
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Figure 10: B&C 18TBW100-8 factory on-axis frequency 
response

Figure 9: Klippel analyzer L(X) curve for the B&C 
18TBW100-8

118 dB the same 40 V input level for the larger vented 
box. See Figure 3 and Figure 4 for the 2.83-V group 
delay curves and the 40-V excursion curves. If you look 
at the excursion curves, you will see I cut the simulation 
off at 40 V mostly because the excursion curve reached 
9.2 mm at close to 20 Hz.

Klippel analysis for the B&C 18TBW100-8 produced 
the Bl(X), Kms(X) and Bl and Kms symmetry range 
curves shown in Figures 5–8. The Bl(X) curve for the 
18TBW100 is very broad and extremely symmetrical 
(see Figure 5). It is what a loudspeaker engineer would 
call “picture perfect” since both the Bl curve and its 
accompanying offset curve are almost exactly overlaid. 
Looking at the Bl symmetry plot, the offset curve is 
mostly invisible since it tracks at the 0 offset level out to 
10 mm and only slightly below (coil-in rearward offset) 
beyond that (see Figure 6). Figure 7 and Figure 8
depict the Kms(X) and Kms symmetry range curves for 
the 18TBW100. The Kms(X) curve is as symmetrical as 
possible in both directions, with a trivial 0.75-mm offset, 
which is further confirmed by the Kms symmetry curve, 
almost a straight line at the zero rest position tracking 
again at a non-significant 0.75-mm coil-out (forward) 
offset. Great job, guys! 

Displacement-limiting numbers calculated by the 
Klippel analyzer for the 18TBW100 were XBl @ 82% (Bl 
decreasing to 82% of its maximum value) 10.7 mm, 
and for XC @ 70% (compliance decreasing to 70% of its 

parts-express.com/vcm

Marshall Kay and Don Keele of Audio Artistry, in collaboration 
with Parts Express and Dayton Audio, created the CBT36—the 
world's first broadband constant directivity loudspeaker system 
for the home. This brilliantly conceived and executed curved 
line array features the Dayton Audio ND Series woofers:

- Low distortion Neo-Balanced motor structure 
- Full range frequency response
- Large excursion capability 
- Rubber-edged aluminum alloy cone
- Underhung voice coil with polyimide former 
- High power handling

Great designs deserve great parts

For more information about the CBT36 speaker project 
or the Dayton Audio ND Series woofers visit:

Distributed By:

Tel: 800.338.0531
725 Pleasant Valley Dr.
Springboro, OH 45066
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measured the distortion with the micro-
phone placed 10 cm from the dust cap. 
This produced the distortion curves for 
this woofer (see Figure 11). 

B&C offers a well-designed, robust 
18" for pro-sound applications. For more 
information, contact B&C Speakers 
N.A., B&C Speakers NA LLC, 220 West 
Parkway, Pompton Plains, NJ, 07444 
USA, (973) 248-0955, e-mail info.
usa@bcspeakers.com, or visit the B&C 
Speakers website at www.bcspeakers.
com.

The FPS0204R3R2 and 
FPS0206N3R1

I got my first look at the FPS MMCA 
flat-panel technology when I reviewed 
its FPS 1030 ribbon transducer (Voice 
Coil, December 2011). As mentioned in 
the previous review, FPS, which stands 
for Flat Panel Speakers, is a Japanese 
company founded in 1999 to produce 

ribbon-based technology. Currently, the company manu-
factures a variety of different-sized ribbon transducers 

Figure 11: The B&C 18TBW100-8 SoundCheck distortion plot

Figure 12: Graphic layout of the FPS MMCA ribbon con-
figuration

maximum value) was 11.5 mm, which means that for 
this B&C 18" woofer, the Bl is the most limiting factor 
for a prescribed distortion level of 10%, but for either 
element, the contribution is several millimeters beyond 
the physical Xmax. If I use the subwoofer criteria for 
20% distortion, the numbers are XBl >13.3 mm and XC 
>13.3 mm. 

 Figure 9 shows the inductance curve L(X) for the B&C 
pro sound 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. Since the 18TBW100 does incorporate an 
aluminum demodulation ring (shorting ring) in the motor 
assembly, there is only an extremely minor change in 
inductance, about 0.15 mH, from Xmax in to Xmax out.

Since the B&C 18TBW100 will likely be used in a 
subwoofer configuration for use mostly below 100 Hz to 
150 Hz, I dispensed with the SPL measurements, but 
also because I don’t keep 18"-or-21"-size cabinets in my 
inventory of test fixtures. However, Figure 10 shows 
the factory SPL curve, and obviously you could cross the 
product over certainly higher than 100 Hz. Without the 
off-axis response it’s not possible to guess exactly what 
that frequency would be, but probably 500 Hz to 800 Hz. 

Since I decided not to perform SPL measurements, 
I moved on to the last group of tests, which were per-
formed using a SoundCheck analyzer, an SC-1 micro-
phone, and SoundConnect power supply (courtesy of 
Listen, Inc.) to measure distortion. Again, because we 
are not dealing with frequencies much above 100 Hz as 
a subwoofer, I also did not use SoundMap software for 
time frequency presentations. Setting up the distortion 
measurement consisted of mounting the woofer rigidly 
in free-air, and setting the SPL setting to 104 dB at 1 m, 
using a noise stimulus. (SoundCheck has a software gen-
erator and SPL meter has two of its utilities.) Then I 

Photo 2a and b: The FPS0204R3R2

Photo 3a and b: The FPS0206N3R1

a) b)

a) b)
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Figure 13: The FPS0204N3R2 free-air impedance plot Figure 14: The FPS0204N3R2 on-axis response

Figure 15: The FPS0204N3R2 horizontal on- and off-axis 
frequency response (0° = black solid; 15° = blue dot; 30° 
= green dash; 45° = purple dash/dot)

Figure 16: The FPS0204N3R2 vertical on- and off-axis 
frequency response (0° = black solid; 15° = blue dot; 
30° = green dash; 45° = purple dash/dot)
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ranging from small full-range transducers to large-
format units for use as PA speakers in public venues, as 
well as pro sound line-source stage speakers. Most of its 
technology is based on a patented multi-cell microtrans-
ducer array  (MMCA) multiple-ribbon cell format. This 

format includes a U.S. Patent 6,963,654 diaphragm, a 
flat-type acoustic transducer, a flat-type diaphragm, and 
a U.S. Patent 7,174,024 flat acoustic conversion device. 
Figure 12 shows the basic layout of the ribbon trans-
ducers with the total ribbon area formed by an array of 

Figure 17: Nearfield frequency response of the FPS 
FPS0204N3R2 from 20 Hz–500 Hz
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Figure 18: FPS0204N3R2 two-sample SPL comparison
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Figure 19: The FPS0204N3R2 SoundCheck CSD waterfall 
plot

Figure 20: FPS0204N3R2 SoundCheck STFT surface 
intensity plot
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FPS0206N3R1 (see Photo 2 and Photo 3). Both 
drivers have a similar feature set that includes an 
injection-molded frame, a metal backplate for mounting 

the array of neodymi-
um magnets, a polymer 
diaphragm with copper 
voice coil, and rubber 
NBR-type surrounds. 
The difference between 
the two transducers is 
size and the array of 
voice coils. The FPS0204 
measures 3.31" × 1.75" 
× 0.375" (HWD) with 
an array of eight voice 
coils each measuring 
12 mm × 12 mm, while 
the FPS0206 measures 
4.25" × 1.625" × 0.31" 
with an array of 12 
voice coils each also 
measuring 12 mm × 
12 mm, but with less 
winding turns than the 
FPS204. As may be 
obvious, the thin profile 
of these devices sug-
gests a possible appli-
cation in thin LCD/LED 
televisions.

voice coils with alternating magnetic polarity.  
This month, FPS sent two of its small-format 

MMCA dipole transducers, the FPS0204R3R2 and the 

Figure 22: The FPS0206N3R1 free-air impedance plot

Figure 24: The FPS0206N3R1 horizontal on- and off-axis 
frequency response (0° = black solid; 15° = blue dot; 
30° = green dash; 45° = purple dash/dot)

Figure 21: The FPS0204N3R2 SoundCheck distortion plots
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Figure 23: The FPS0206N3R1 on-axis response
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Figure 25: The FPS0206N3R1 vertical on- and off-axis 
frequency response (0° = black solid; 15° = blue dot; 
30° = green dash; 45° = purple dash/dot)
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Figure 26: The nearfield frequency response of the FPS 
FPS0206N3R1 from 20 to 500 Hz

Figure 27: A two-sample comparison for the FPS 
FPS0206N3R1
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Figure 28: The FPS0206N3R1 SoundCheck CSD 
waterfall plot

Figure 29: The FPS0206N3R1 SoundCheck STFT 
surface intensity plot

I began testing the 
FPS0204 using the 
LinearX LMS analyzer to 
measure the impedance 
shown in Figure 13. As 
with most ribbons, the 
impedance is very flat,
in this case averaging 
������%�|�����	�

���
��
of the operating range 
with a minor resonance 
at 193 Hz, Qtc = 1.99. 
Next, I mounted the trans-
ducer in a small enclosure 
filled with damping mate-
rial with a 12" × 6" baffle 
area. Figure 14 shows the 
on-axis response down 
to 300 Hz using a 100-
point stepped sine wave 
sweep. The response is 
fairly smooth out to about 
40 kHz that is ±3 dB 
from 450 Hz to 11 kHz. 
Figure 15 displays the 
on- and off-axis response 
in the horizontal plane 
out to 45° off-axis, while 

Figure 30: The FPS0206N3R1 SoundCheck distortion plots
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Test Bench is an open forum for OEM driver manu-
facturers in the industry. All OEMs are invited to submit 
samples to Voice Coil for inclusion in the monthly Test 
Bench column. 

Driver samples can be for use in any sector of the 
loudspeaker market, including transducers for home 
audio, car audio, pro sound, multimedia, or musical 
instrument applications. 

OEM manufacturers are welcome to send samples 
of any woofer, mid-range, or tweeter they feel is repre-
sentative of their work. Contact Voice Coil Editor Vance 
Dickason to discuss which drivers are being submitted. 

All samples must include any published data on 
the product, patent information, or any special infor-
mation necessary to explain the functioning of the 
transducer. This should include details regarding the 
materials used to construct the transducer such as 
cone material, voice coil former material, and voice coil 
wire type. For woofers and mid-range drivers, please 
include the voice coil height, gap height, RMS power 
handling, and physically measured Mmd (complete 
cone assembly,  including the cone, surround, spider, 
and voice coil with 50% of the spider, surround, and 
leadwires removed).
Samples should be sent in pairs and addressed to:

Vance Dickason Consulting
333 South State Street, #152
Lake Oswego, OR 97034
(503-557-0427)
vdc@northwest.com

Submit Samples to Test Bench

Figure 17 shows the same data in the vertical plane. 
Figure 18 shows the nearfield response with a low-
frequency roll-off of about –3 dB at 167 Hz, as specified 
in the product data. For the last SPL measurement, 
Figure 19 shows the two-sample SPL comparison 
demonstrating that these drivers are well matched 
throughout the operating range. 

The final test for the FPS0204 was to set up the 
Listen SoundCheck analyzer along with the Listen SCM 
0.25" microphone to measure the impulse response 
with the FPS ribbon recess mounted on the test baffle. 
Importing this data into the Listen SoundMap software 
produced the cumulative spectral decay (usually referred 
to as a “waterfall” plot) shown in Figure 19. Figure 20
shows a short-time Fourier transform (STFT) displayed 
as a surface plot. For the last SoundCheck test, I used a 
pink noise stiumuls to set the 1-m SPL to 94 dB (9.7 V) 
and measured the second and third harmonic distortion 
at 10 cm (see Figure 21).

Next, I ran the FPS0206 through the same battery 
of tests, again starting with the impedance plot shown 
in Figure 22. Like the FPS0204, the impedance is 
mostly flat across the bandwidth with a shallow reso-
nance, 150 Hz, Qtc = 2.3 for the FPS0206. Following 
this, I mounted the transducer in a small enclosure 
filled with damping material with a 12" × 6" baffle 
area. Figure 23 shows the on-axis response down 
to 300 Hz using a 100-point stepped sine wave sweep. 

The response is not as even as the FPS0204, but also 
out to about 40 kHz. Overall, the device is ±5.7 dB 
from 300 Hz to 38 kHz. Figure 24 shows the on- and 
off-axis response in the horizontal plane out to 45° 
off-axis, while Figure 25 illustrates the same data 
in the vertical plane. Figure 26 shows the nearfield 
response with a low-frequency roll-off of about –3 dB 
at 123 Hz, as specified in the product data. For the last 
SPL measurement, Figure 27 shows the two-sample 
SPL comparison showing more variation than was 
seen in the FPS0204. 

The remaining test for the FPS0206 again used 
the SoundCheck analyzer along with the SCM 0.25" 
microphone to measure the impulse response with the 
FPS0206 recess mounted on the test baffle. This data 
was imported into the SoundMap software and yielded 
the cumulative spectral decay “waterfall” plot shown in 
Figure 28 along with the STFT displayed as a surface 
plot in Figure 29. For the final SoundCheck test, I 
set the 1-m SPL to 94 dB (6.6 V), and measured the 
second and third harmonic distortion at 10 cm (see 
Figure 30). For more information and these FPS 
transducers and the entire line of MMCA drivers, visit 
FPS at www.usfps.com. VC
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Industry Watch
By Vance Dickason

North America Leads Soundbar Market
Worldwide sound bar shipments doubled in 2011 

to 2.5 million units, with North America accounting 
for two thirds of that volume, according to a new 
report from Futuresource Consulting. North America 
is expected to remain the largest world market for 
soundbars through the forecast period through 2016, 
the company added. In the mid-2000s, soundbars 
were targeted at relatively high-end consumers who 
wanted good quality sound but did not have the space 
for complete home-theater systems, which are also 
associated with multiple speakers and wires. As the 
flat-panel TV market boomed, however, the sound 
quality of some TV sets has been compromised, and 
as a result, suppliers expanded the soundbar market 
by targeting new models for consumers who are not 
interested enough in audio to purchase a home the-
ater, but who believe their TV’s sound would benefit 
from a little extra investment.

Dolby Improves Blu-ray Sound Quality
Dolby has developed a way to improve the sound 

quality of lossless Blu-ray soundtracks played back 
through home-theater systems. The company is 
incorporating Meridian-developed 96-kHz upsampling 
technology into Dolby Media Producer, a post-pro-
duction product that encodes Dolby TrueHD bit-
streams for Blu-ray discs. The technology creates 
96-kHz Dolby TrueHD soundtracks from the 48-kHz 
PCM mixes the movie industry creates for movie 
theaters, which use 48-kHz playback equipment.
 The technology, called Advanced 96-kHz upsampling, 
delivers more natural sound through home-theater 
audio systems, according to Dolby. The soundtracks 
are backward-compatible with any home-theater sys-
tem and Blu-ray player. The technology, which is 
available as a software upgrade to Dolby’s post-
production equipment, uses an advanced upsam-
pling algorithm developed by high-end audio supplier 
Meridian, whose technology is also the foundation for 
Dolby TrueHD, according to Dolby. Although many 
home-theater audio components upsample audio to 
96 kHz, most lack the processing power to deliver 
the performance the Meridian technology does when 
applied during the content-creation process, accord-
ing to Dolby. Delivering native 96-kHz bitstreams to 
the AV receiver also ensures a clearer pathway for 
DSP processing and D-to-A conversion in the receiver. 
 Advanced 96-kHz upsampling technology also uses 
what Dolby calls an apodising filter to identify and 
mask digital artifacts—referred to as “pre-ringing” 
—introduced upstream in the analog-to-digital con-
version process during content creation. The result is 

a smoother, more detailed listening experience with 
rich reverb and more spaciousness. The improve-
ments provided by advanced 96-kHz upsampling can 
be subtle or immediately evident, depending upon 
content. Dolby foresees the technology being applied 
to catalog titles as well as to new releases. The discs 
would bear an advanced 96k upsampling designation. 
This technology is exclusive to Dolby TrueHD.

The Blu-ray format supports uncompressed 
7.1-channel PCM soundtracks with sampling rates up 
to 96 kHz with resolutions up to 24 bits per channel. 
The format also supports 5.1 channels of PCM up to 
192 kHz with 24-bit resolution. For Dolby TrueHD and 
DTS-HD master audio soundtracks, which are lossless-
ly compressed, Blu-ray supports the same sampling 
rates and resolutions.

Harman Adds to Car Audio Lineup
Harman is putting its audio brand names on more 

OEM car audio systems. The company announced that 
it entered into a multi-year, cross-carline branded 
audio relationship with BMW AG to put Harman 
Kardon-branded audio systems in the X3-, 5-, 6-, 
and 7-series luxury vehicle platforms. Harman also 
extended its deal with Daimler to continue putting 
Harman Kardon audio systems in Mercedes M-, GLK-, 
A-, B-, SLK-, and SL-class luxury vehicles.

The deals follow other recent OEM-audio 
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announcements, including the Ferrari’s launch by of a 
JBL professional-branded audio system in the new F12 
model, which will also feature Harman’s QuantumLogic 
surround-sound technology appearing in home audio 
products. JBL premium audio was also introduced in 
the new Peugeot 208, and Harman Kardon systems 
were launched in the Mini Roadster R59. For its part, 
Mercedes-Benz recently unveiled the new A-Class with 
a Harman Kardon surround-sound system featuring 
Logic7 surround post processing.

For China’s and India’s markets, Harman announced 
that China’s BAIC selected the JBL brand for its C80 
platform, while Great Wall Motors chose the Infinity 
brand for three new vehicles. In India, Tata Motors 
plans to launch a JBL-premium branded audio system 
in the Tata Aria later in 2012.

In home and personal audio, Harman said the JBL 
On Beat series of iPad docks sold more than 135,000 
units for its nine-month fiscal year-to-date ending in 
March. Harman Kardon’s BDS home-theater system 
sold more than 47,000 units during that time. In 
revealing its third-quarter financial results, Harman 
said net sales rose 16% to $1.1 billion for the three 
months ending March and, for the nine-month year-
to-date period, they increased by 19% to $3.3 billion. 
Net income rose 368% in the quarter to $173 million 
from a year-ago $37 million, and for the nine-month 
period, rose 140% to $280 million.

Nortek Sees Success with HVAC Segment
Nortek, parent company of multiple residential 

and commercial system suppliers, narrowed its first-
quarter net loss to $1.2 million compared with a year-
ago loss of $21.1 million on rising net sales of 7% to 
$522.8 million. The sales gains were driven primarily 
by the company’s commercial HVAC segment, but 
the residential technology group delivered modest 
growth. The company offers ventilation, HVAC, and 
technology products for residential and commercial 
installation. The company’s residential technology 
brands include Elan Home Systems, Gefen, Niles 
Audio, Panamax, SpeakerCraft, Xantech Omnimount, 
and others.

In the quarter, operating earnings rose to $24.9 
million from the year-ago $1.9 million. Gross margin 
increased to 27.9% from the year-ago 26%. Selling, 
general, and administrative expenses decreased by 
$3.1 million to $110.1 million from $113.2 million a 
year earlier. Acquisitions contributed $4.7 million to 
net sales for the quarter, the company said.

Voxx Reports Higher Sales
Voxx International (formerly AudioVox) reported 

higher sales but lower net income for its fiscal fourth 
quarter, which ended February 28. Fourth-quarter 
sales rose 27.1% to $176.6 million, with operating 
income rising 182% to $13.8 million. Fourth-quarter 
net income fell 37.4% to $10.9 million from the year-
ago $17.4 million. However, in fiscal 2012, Voxx sales 
rose 25.9% to $701.1 million, operating income rose 
387% to $43.9 million, and net income rose 11.4% 
to $25.6 million. That number included a $13.2 mil-
lion tax expense, compared with a 2011 $10.5 mil-
lion tax benefit. The Klipsch Group generated around 
$169.5 million in fiscal year sales, up by an unspeci-
fied amount. Klipsch was acquired on March 1, 2011.

In fiscal 2012, Voxx posted continued growth in its 
mobile electronics OEM business and Klipsch Group 
sales rose and met projections. In break out fourth-
quarter sales, electronics sales rose 32.3% to $136 
million and accessory sales rose 12.5% to $40.6 
million, thanks to higher sales of mobile electron-
ics products in select product categories, continued 
growth in the company’s international operations, 
and the addition of Klipsch’s sales. The gains were 
partially offset by lower sales in the company’s con-
sumer business and declines in mobile audio fulfill-
ment sales. 

As a percentage of fourth-quarter net sales, elec-
tronics and accessories accounted for 77% and 23 
percent of the net sales in the quarter, up from a 
year-ago 74% and 26%, respectively. The quarter’s 
gross margin was 31.5%, up from a year-ago 25.1%. 
In break out fiscal year sales, electronics sales rose 
35.1% to $561 million. Accessory sales were $146.1 
million, down 0.3%. Offsetting these gains were 
declines in the company’s consumer business and 
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system which costs 
$230, also features 
USB/SD card reader 
for music playback, 
two wireless micro-
phones, wheels and 
a retractable handle. 
A 0.25" guitar input 
on the front panel 
turns the system 
into a guitar amp. 
The 300-W system 
is powered by an 
included AC adaptor 
or built-in recharge-
able battery. The 
iPod/iPhone dock 
charges the device 
while simultaneous-
ly playing music. A 
3.5-mm retractable cable is available to connect 
other portable music devices. An FM tuner features 
auto scan and presets. A stereo RCA output enables 
users to connect headphones or external speakers. 
For more information, visit www.pyleaudio.com. 

KEF Offers Square-Shaped Speakers
Two new series of in-wall and in-ceiling custom-

in mobile audio, primarily satellite-radio fulfillment 
sales. As a percentage of net sales, electronics and 
accessories represented 79.3% and 20.7% of net 
sales, respectively, for the full year.

Of the world’s top 50 corporations (Wal-Mart with 
$421.8 billion revenue is #1), only two are consum-
er electronic companies, Panasonic and Samsung. 
Samsung Electronics reported double-digit increases 
in revenues and operating profits for the first quarter, 
which ended March 31. Revenues in the quarter were 
45.27 trillion won. Korean won ($40.73 billion) on a 
consolidated basis, a 22% increase year to year. For 
the quarter, Samsung’s operating profit reached an 
all-time high of 5.85 trillion won, representing a 98% 
increase year on year. Consolidated net profit for the 
January through March period was 5.05 trillion won 
($4.55 billion).

New Product Releases
The following new loudspeaker products were 

recently launched:

The G-Go
The start-up company G-Project launched its first 

product, a ruggedized, water-resistant, portable 
Bluetooth speaker with integrated handle. The 
G-Go is available in black, white, and metallic blue 
and costs $69 at Target and Target.com. The prod-
uct operates on four AA batteries, delivering up to 
eight hours of playback time. It also features a USB 
power port to charge cell phones and a 3.5-mm 
auxiliary input to play 
back music from por-
table devices without 
stereo Bluetooth. A 
water-tight flap cov-
ers the ports and 
control buttons are 
sealed. The speaker 
is the first product 
in a planned line of 
products from the 
company, which will 
focus on making rug-
ged accessories for 
smart devices. The 
company was found-
ed in 2011 and has 
offices in Miami, Los 
Angeles, and Hong 
Kong. For more infor-
mation, visit www.
enterg-project.com

Pyle’s New PA System
Pyle Audio rolled out its first iPod/iPhone-docking 

portable PA system, which can be used for portable 
playback or karaoke use. The PWMA970 wireless PA 

The G-Go, a portable Bluetooth 
speaker from G-Project 

Pyle’s wireless PA system 
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diffraction distortion, and “tangerine” waveguide, 
designed to widen dispersion and improve driver 
protection. 

The Q-series models feature proprietary Uni-Q 
driver array, which places the tweeter in the acous-
tic center of the woofer to operate as a single-point 
source. The configuration, unavailable in in-ceiling 
speakers from other brands, disperses sound widely 
and evenly throughout a room. The C-series mod-
els incorporate an asymmetrical tweeter island to 
reduce diffraction distortion and improve off-axis, 
high-frequency response to deliver near Uni-Q per-
formance. To learn more, visit www.kef.com.

Proficient Audio’s New Ceiling Speaker

Proficient Audio launched an inexpensive, entry-
level 6.5" ceiling speaker to meet dealer requests. 
]��� ��������� ����� _�|$$�� Y	����� ��� �+�$;Y��	� �
�
Proficient’s lowest priced in-ceiling speaker to date. 

To create such a speaker, Proficient used poly-
propylene cone material, which is stiff yet light and 
delivers good bass with low distortion. 

]���_|$$�
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tweeter is light, fast and features wide dispersion. 
The speaker is rated to handle maximum power of 
75 W, and it delivers a frequency response of 55 Hz 
����$�`>?�������������
�
������������K��Q�+�';+����
For more information on this and other speakers, 
visit www.proficientaudio.com. VC

KEF's first square-shaped speakers

install speakers launched by KEF include the com-
Y���
� ��	
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Q-series and C-series models feature rectangular 
in-wall models and square models intended for 
in-ceiling or in-wall installation. They’ll join round 
speakers launched last year in the Q and C series.
All models in both series, including the previously 
shipped round models, feature two-way designs, 
ultra-thin bezel, and low profile for a less-obtrusive 
appearance, magnetically mounted speaker grilles, 
special grille treatments for use in humid envi-
ronments, forward woofer mounting to eliminate An entry-level ceiling speaker from Proficient Audio

www.ALMAInternational.org | 978.772.6977

ALMA
INTERNATIONAL

®

Join today!
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Association of Loudspeaker
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Vance Dickason Consulting has been developing award 
winning products for numerous high profile brand 
names for over 20 years… experience that’s hard to find! 

With extensive experience in high-end off-wall, in-wall, 
on-wall, ceiling and subwoofer products plus close 
relationships with some of the worlds best speaker 
OEM’s and you have a combination of services that 
will accelerate your next product lineup.

We have all the best toys (Klippel, LEAP 5,
LMS, CLIO, MLSSA, LSPCad, FEA), so 
whether its multimedia, car audio, MI, 
Pro, two-channel or Home Theater 
(including THX®), VDC has the solutions.

Add to that an available design team that includes 
some of the best transducers engineers, industrial 
designers and marketing experts I know of in the 
industry and you have a winning combination that 
would cost well over $750,000 a year to keep in house.







The “Must Have” reference for  
                loudspeaker engineering professionals.

       Home, Car, or Home Theater!
Back and better than ever, this 7th edition

provides everything you need to become a

better speaker designer. If you still have a  

3rd, 4th, 5th or even the 6th edition of the 

Loudspeaker Design Cookbook, you are  

missing out on a tremendous amount of  

new and important information!

Now including: Klippel analysis of drivers,

a chapter on loudspeaker voicing, advice  

on testing and crossover changes, and so

much more! Ships complete with bonus CD

containing over 100 additional figures and

a full set of loudspeaker design tools.

A $99 value!

Yours today for just $39.95.

Shop for this book, and many
other Audio Amateur products,
at www.cc-webshop.com.


