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Klippel News
The Klippel GmbH has announced that in March 2012 

Prof. Dr. Klippel will be holding his yearly three-day lecture 
at the Technical University of Dresden. The dates are now 
confirmed and are March 26 to March 28, 2012. The title 
for this leacture series will be “Sound Quality of Audio 
Systems.” Students, as well as engineers, working in the fields 
of loudspeaker research, development, and quality control are 
welcome to attend. Participation fees will be $401.52 (€300 
+VAT) per person. Students will be granted free entry. For 
more information, visit www.klippel.de. 

 Also currently available for download on the Klippel web-
site are Professor Klippels’ handouts to his presentations at 
the recent AES conventions in London and New York, plus 
ISEAT in Shenzhen. The title for 130th AES Convention in 
London was “Scanning the Magnetic Field in Loudspeakers.” 
For the 131st AES Convention in New York, it was “Hot 

and NonLinear.” And in ISEAT in China, there were three 
titles: “Irregular Distortion Caused by Defects,” “Regular 
Distortion Caused by Design,” and “Sound Radiation and 
Cone Vibration.” 

Tang-Band Adds Ferrite Versions
Neodymium (rare earth) magnet prices increased enor-

mously in the past eight months, and impacted all of Tang-
Band’s neo drivers’ pricing.   The TB Speakers engineering 
team spent about three months developing equivalent per-
formance drivers for many of the company’s drivers using 
standard ferrite magnets.  Here is a list of former neo motor 
products that now have ferrite versions. The company has 
added an “F” to the model number for the new ferrite line 
of drivers as follows:
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Seems like all of a sudden,
compact arrays are big
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Tuning Forks:  Let Your Ears Do Th e Math!

Peter J. Andrews, Sr. Electro-Acoustics Engineer

While many audiophiles and engineers are aware that beryllium is the lightest and stiff est metal for electro-acoustic transducers, it is 

perhaps not easy to grasp the vast performance advantages it has over other common ‘lightweight’ metals from a theoretical discussion 

like our white paper 1.  For an easily audible demonstration, we machined three tuning forks to the exact same dimensions; one made of 

aluminum, one of titanium, and one of beryllium.  We hope you had a chance to ‘ping’ these at a recent trade show demonstration.

              

Th e fi rst thing you might notice when picking up the three forks is the diff erence in weight, with the titanium feeling much heavier in 

your hands compared to the other two.  Titanium, of course, has a relatively high density, at 4.50g/cm3.  Th e aluminum fork is defi nitely 

lighter, at 2.70g/cm3,  and the beryllium fork even lighter than that, only 1.85g/cm3.  Th e actual masses of our example tuning forks are:

  Aluminum Fork = 55.7 g (2.0 oz.)

  Titanium Fork = 93.7 g (3.3 oz.)

  Beryllium Fork = 38.5 g (1.4 oz.)

Th e next thing you might notice is that the aluminum and titanium forks ring at nearly the same pitch (roughly C5) when struck on a 

hard surface, but the beryllium rings at a much higher pitch (roughly E6).  Even though titanium is ~1.6x stiff er than aluminum, it is 

also ~1.7x heavier, giving essentially the same resonant frequency in both materials.
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Beyma Adds Ferrite Versions of Pro Sound Drivers

Photo 1: New Beyma drivers using ferrite magnets

Craig Georgi Remembered

VC

Craig Georgi (1948-2011)



A weekend to remember!
March 9-12 – Jacksonville, Florida

AXPONA presents its opening high-end audio show of the year,
March 9-12 at the Omni Jacksonville Hotel on Florida’s First Coast.

AXPONA is dedicated to preserving superior quality music playback by producing events for high-end
audiophile consumers who demand the world’s finest equipment. Join us and other music lovers for a weekend

of beautiful weather, good company and amazing music.

Headlining the expo is a live concert weekend by the Jacksonville Symphony Orchestra (March 8-10)
in a world-class hall designed for an acoustically intimate experience.

Jacksonville offers the optimal mix of urban charm, vibrant culture, oceanfront lifestyle and Florida’s natural beauty.
And it’s just around the corner from historic St. Augustine, TPC Sawgrass and other great attractions.

This event is OPEN TO THE PUBLIC.
Log on to AXPONA.com for tickets and information or call (877) 246-3892 or (386) 256-4993.

Register NOW and get a special price for premium Symphony tickets.

Stay tuned for future AXPONA shows with Omni Hotels in some of America’s finest destinations.
Media Sponsors include Stereophile, The Absolute Sound, EnjoytheMusic.com and other fine publications.
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 Spotlight

Photo1: The Woofer Tester package received from Dayton Audio

Figure 1: Test lead calibration of the WT3

Dayton Audio Woofer 
Tester WT3
By Vance Dickason

When I was asked to do a report on the Dayton Audio 
WT3 Woofer Tester, my first impression was that this 
was strictly a DIY product. I mean, how professional 
can you get for $89? I will have to say, however, that I 
was pleasantly surprised with the results.

 As you can see in the accompanying photograph (see 
Photo 1), the woofer tester consists of a USB cable with 
a small 2.5" × 1.25" × 0.5" enclosure that hosts the ana-
lyzer interface, and a CD-ROM disk with the software, 
plus a 1% resistor for calibration. WT3 is licensed from 
True Audio and was designed by True Audio’s chief engi-
neer, John Murphy. Voice Coil has reported on other True 
Audio products previously, which included the TrueRTA 
analyzer (Voice Coil, September 2005), and True Audio’s 
box design software, WinSpeakerz (Voice Coil, August 
1997).

 Operating the WT3 is very straightforward and easy 
to understand. Step 1 is to load the software onto a com-
puter hard drive. WT3 is compatible with Win7, Vista, 
and XP. I loaded it into a Windows XP desktop. Prior to 
launching the software, you are instructed to plug in the 
USB interface for at least 90 seconds. Once that is accom-
plished, you launch the WT3 software and can begin 
measurements. When the program initializes, it brings up 
the main screen as seen in Figure 1. Two calibration pro-
cedures need to be accomplished before proceeding. The 
first is to short out the two alligator clip leads, pull down 
the “Impedance Analyzer” menu, and click on “Test Leads 
Calibration.” Note that you need to confirm that your 
computer’s audio is set at full volume prior to doing this. 
The next calibration routine requires a 1-kΩ precision 
resistor (or any other known value resistor between 500 to 
2 kΩ), which Dayton Audio has included in the package. 
Pulling down the same Impedance Analyzer menu, select 
Impedance Calibration, enter the value of the resistor you 
are using, 1 kΩ in this case, and hit OK. Figure 2 gives 
the result showing the analyzer measuring exactly 1 kΩ 
as expected.

 To measure the TS parameter of a driver, clamp the 
driver to a solid surface and connect the WT3 leads 
to the driver terminals, then click the “Measure Free 
Air Parameter” button on the left side of the screen. 
This will be followed by a 2-second gliding sweep tone 
resulting in the measured impedance and parameters as 
illustrated in Figure 3. Since we have not filled in any 
of the information at the top right of the screen, all we 
currently have are the driver’s Re, Fs, Qts, Qes, Qms, 
and Le. 

 WT3 can use any of three methods to get the Vas and 
other remaining parameters. These are delta compliance 

Figure 2: 1-kHz precision resistor calibration of the WT3

Figure 3: Free-air sweep of the DUT showing basic TS parameters
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(test box method), delta mass (added mass method), 
or a specified SPL method. In my case, I measured out 
10 grams of clay on a precision scale (for $99 Dayton 
will include a nice digital scale for measuring the added 
mass), affixed it to the dust cap, selected added mass, 
typed in 10 in the “grams” box, entered the piston 
diameter in inches, and hit the “Measure Vas” button. 
Looking at the results in Figure 4, you can see that we 
have now produced a complete TS parameter set.  For a 
quick look at driver parameters, WT3 is very effective.

 If all WT3 did was measure TS parameters, it would 

Figure 4: Vas sweep of the DUT showing the complete set of TS 

parameters

Figure 5: Initial calibration screen for the WT3 Rub & Buzz test

be a bargain at $89, but the software also includes a very 
interesting Rub & Buzz routine that was surprisingly 
sensitive. The WT3 patent-pending R & B test is done 
with only an impedance sweep, and as such does not 
require the use of a measurement microphone. 

 The process begins with analyzing a known-good 
unit, as seen in Figure 5. In this case, I used the same 
driver (an SB Acoustics SB12NRX 4" woofer—which 
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Photo 2: Picture of the “disturbance” mass added to the DUT for 

the Rub & Buzz test

was included in my December 2011 Test Bench col-
umn—that was used to get the TS parameter readout. 
You only need to hit the “Rub & Buzz” button on the 
left side of the screen to run a sweep and establish a driv-
er as the “golden” DUT. I then placed a very small piece 
of adhesive tape that was so light I couldn’t measure it 
on my scale, meaning that it was less than 0.1 grams. 
Photo 2 shows the “disturbance” mass I added to the 
SB Acoustics 4" woofer. I hit the “Rub & Buzz” button 
again, which resulted in the “Failed” screen shown in 
Figure 6. As you can gather from the results, the tech-
nique is quite sensitive. John Murphy is currently writ-
ing a “white paper” on his patent-pending Rub & Buzz 
impedance technique. When it is ready, I will feature it 
in an upcoming issue of Voice Coil.

 WT3 can also be used to measure and QC crossover 
components. To test out how well this works, I mea-
sured a 0.25-mH air core inductor, a 10-μF Poly Dayton 
capacitor, and a 0.51-Ω Dayton low-inductance resistor. 
Again, you connect the leads of the component to the 
WT3 alligator clips and hit the appropriate button, R, 
L, or C. As you can see in Figure 7, the results were very 
good and confirmed with a BK Precision RLC bridge. 

 All of this taken together for a mere $89, it’s a great 
tool to have at your desk if you don’t feel like going 
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Figure 7: LCR inductor, capacitor, and resistor component test 

results

Figure 6: Failure screen that detected the “disturbance” mass

to your lab and using the big guns. For more on the 
Dayton Audio WT3 Woofer Tester, visit either the Parts 
Express website at www.parts-express.com or the Dayton 
Audio website at www.daytonaudio.com. VC
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 Spotlight

Figure 1: Frequency response of Eminence Delta 12LFC

Driver Selection for 
Multi-Way Speakers
By Dr. Richard Honeycutt

For the first decades after Kellogg and Rice introduced the 
electrodynamic speaker in 1921, listeners were satisfied 

just to be able to hear sound of any kind from a radio or a 
phonograph. However, it was recognized early on that the 
speakers in motion-picture theaters benefited from having 
separate low-frequency and high-frequency drivers, each 
optimized for its own frequency range. Then in the late 
1940s, a market for improved sound emerged in “Hi-Fi” for 
the home. Consequently, names were needed to easily identi-
fy the various speakers in a cabinet. The woofer was adopted 
for the low-frequency speaker, tweeter for the high-frequency 
reproducer, and squawker for the middle-frequency trans-
ducer. As the paradigm progressed, additional low-mid and 
high-mid (and more recently, super-high frequency) speak-
ers were added to some designs, though, as Paul Klipsch 
observed, “with no new contributions to the nomenclature.”

As the loudspeaker industry matured, most manufacturers 
have standardized upon two-way and three-way speakers, 
additional splitting of the spectrum has been found to con-
tribute to both crossover design issues and cost, but little, 
if any, improvement in the sound or marketability of the 
speaker. Whether a speaker is designed for professional sound 
reinforcement, studio monitoring, or home audio, its sound 
quality and durability are heavily influenced by the extent to 
which the woofer, tweeter (and mid, if there be such) play 
well together. While some aspects of optimally choosing 
these drivers are obvious, one or two criteria are more subtle. 
These different aspects are discussed in the paragraphs that 
follow, but the order in which they are discussed should not 
be taken as significant. Since many of these aspects interact, 
the selection process is an iterative one.

The Low-Frequency Driver
Maximum SPL—Electrical Limit: The SPL of a speaker 

system, as of its drivers, is specified as dBSPL at 1 m, usually 
with an input of 2.828 V (nominally 1 W at 8 Ω). Knowing 
the desired maximum sustained sound pressure at a specific 
distance and the approximate acoustical environment, the 
designer can work backward to arrive at the appropriate 
driver specification. For example, a recording studio monitor 
(not a control-room monitor, as these have different issues) 
might be expected to produce a maximum average of 95 
dBSPL at a distance of  3 m on-axis in a room having a rever-
beration time under 1 s. For most studio monitor speakers, 3 
m is far enough away to be considered as being in the far field. 
Depending upon the studio dimensions, the critical distance 
may well be within the 2-to-3-m range, so the decrease of 
sound level may be about 3 to 5 dB per doubling of frequen-
cy. However, using free-field conditions as a worst-case limit, 
a level of 95 dBSPL at 3 m corresponds to a level of about 

104.5 dBSPL at 1 m, so the combination of low-frequency 
driver sensitivity and electrical power handling must allow at 
least this much level at 1 m, throughout the frequency range 
to be used in the system.

Maximum SPL—Mechanical Limit: The mechanical 
limit of SPL is imposed by the excursion limit at which physi-
cal driver damage can occur. For practical considerations, the 
specification xmax is used, which includes both magnetic-
field and mechanical excursion limitations. The required 
excursion depends upon the diameter, Qtc of the driver, and 
the cabinet design—being smallest for low-frequency horns, 
longer for transmission line speakers and vented boxes using 
common alignments, and longest for closed boxes. Standard 
references such as Vance Dickason’s Loudspeaker Design 
Cookbook discuss methods of determining the needed xmax. 
This involves converting the needed SPL at 1 m into acoustic 
power, then finding the necessary volume displacement of 
the low-frequency driver’s cone. This volume displacement 
is then divided by the cone area to yield the needed xmax. 

Frequency Response: Driver frequency response and cross-
over frequency are to some extent a chicken-and-egg ques-
tion. Since even very good speakers have differences in color-
ation, the crossover point should ideally be chosen so that it 
does not occur in a range in which the ear is most sensitive 
to naturalness of reproduction. We are most likely to notice 
a change in coloration of sound if it occurs in the middle 
fundamental voice range. Thus, most designers choose to 
cross from woofer to midrange somewhere above 1 kHz. 
This is still in the voice range, but above the fundamental 
voice frequencies. Often, the choice of crossover frequency 
is at least partially dictated by the available drivers. In either 
case, the woofer should possess a relatively flat response to 

Figure 2: Speaker directivity
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Figure 3: Eminence Alpha-6C frequency response 

Figure 4: Frequency response of Tang Band 28-1582S 1" dome 

tweeter

late 1920s forward1 indicate that for most musical ensembles, 
SPL peaks somewhere in the 200 to 600-Hz range, and 
decreases at a rate of about 20 dB per decade above that 
frequency. This is the same as saying that SPL decreases with 
increase in frequency at a rate of 6 dB per octave. Thus, if the 
electrical power rating for the woofer is multiplied by the ratio:

600 Hz/(high-pass crossover frequency 
of the midrange drive)

 
a conservative rating for the needed electrical power rating of 
the midrange driver can be obtained. This approach is often 
used by manufacturers who specify a “system power” for 
midrange and HF drivers, rather than a continuous long-term 
average power rating. The rating is conservative because the 
octave just above the crossover frequency is statistically likely to 
contain the most power of any octave in the driver’s passband, 
and at the low end of that octave, half or so of the total power 
in the octave, including the crossover frequency is fed to the 
woofer.

Maximum SPL—Mechanical Limit: The calculation of 
required xmax is done in the same way as it is for a woofer, 
except that the frequency used in the calculation for the mid 
driver is the crossover frequency, not the low-frequency limit 
of the system as for the woofer. Some manufacturers specify a 
maximum electrical power at a certain frequency rather than 
listing xmax for midrange drivers. This specification can be 
converted for use with other frequencies if you remember 
that the acoustical power is proportional to the excursion and 
the excursion is inversely proportional to the fourth power of 
frequency. Thus, a midrange driver rated as 25-W continuous 
average power (10 W above 2 kHz) could handle a brief 

somewhat above the crossover frequency. If a first-order, low-
pass filter is used in the crossover, and 1-dB flatness is desired, 
the woofer response should be within about 2 dB of flat up 
to at least twice the crossover frequency. For a second-order 
crossover, the woofer response should be within 2 dB of flat up 
to a half-octave (roughly 40%) above the crossover frequency. 
For a third-order crossover, that level of flatness should extend 
to at least one-third octave (roughly 26%) above the crossover 
frequency. 

Figure 1 shows the frequency response of an Eminence Delta 
12LFC professional woofer. A first-order crossover applied to 
this woofer should optimally occur at or below 600 Hz; the 
second-order at about 850 Hz; and the third-octave at about 
960 Hz. Optimum crossover frequency also depends partially 
upon  directivity issues, and will be discussed later.

Size and Directivity: Maximum required excursion of a 
driver is inversely proportional to the cone area, thus doubling 
the diameter of a speaker (quadrupling the cone area) reduces 
required excursion by a factor of four. This means that larger 
speakers can show an increase in the possible electroacoustic 
conversion efficiency of the driver as well as a decrease in both 
amplitude- and frequency-modulation distortion, both of 
which increase with excursion. However, larger drivers tend to 
cost more and require larger enclosures, plus the directivity of a 
driver depends upon its diameter.

The Midrange & High-Frequency Drivers
Maximum SPL—Electrical Limit: Tests made from the 
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peak of 160 W at twice 2 kHz = 4 kHz (i.e., 24 × 10 W) 
without exceeding xmax, although (1) the 25-W electrical 
limit would still apply to the long-term average power, and 
(2) depending upon the construction, a 160-W pulse could 
open the voice coil.  As an example, the Eminence Alpha-
6C, a 6.5" midrange driver, has an xmax of 3.5 mm, which 
corresponds to an SPL of about 105.5 dB at 1 m at 140 Hz.

Frequency Response: The frequency response consider-
ations outlined earlier for woofers also apply to mids and 
tweeters, except that a good midrange speaker must have 
reasonably flat response both below and above its intended 
passband, and a tweeter should have pretty flat response 
below its passband. The factors given for crossovers of vari-
ous orders apply to mids and tweeters also. For calculating 
the flatness limits below the crossover frequency, 1/2 octave 
below the crossover frequency is about 70% of fc while 1/3 
octave below is about 80% of fc. 

Figure 3 shows the frequency response of an Eminence 
Alpha-6C cone midrange driver. This model has a reason-
ably flat frequency response from about 100 Hz to 4 kHz, 
making it useful with a second-order crossover from about 
140 Hz to 2.8 kHz.

Figure 4 shows the frequency response of a Tang Band 
28-1582S 1" dome tweeter. Based only upon frequency 
response, this unit would seem suitable for use with a second-
order crossover having a crossover frequency of 2.8 kHz or 
greater. The manufacturer lists the air gap height as 3 mm, 
although the xmax is not specified. As a rough estimate, we 
can assume about a 10% overhang. If the methods discussed 
earlier are used to determine maximum needed excursion 
for the required SPL at 2.8 kHz, the suitability of a 2.8-kHz 
crossover can be determined. In this case, an excursion of 
0.15 mm at 2.8 kHz works out to about 107 dBSPL at 1 m, 
which is below the maximum-power SPL of 114 dB at 1 m, 
but a 2.8-kHz crossover frequency may be fine, depending 
upon the necessary maximum SPL of the tweeter as used in 
the completed system. 

Size and Directivity: Numerous articles have been writ-
ten discussing whether a speaker should have uniform total 
sound power output with frequency or uniform SPL on 
axis. Since real acoustical sources become more directional as 
frequency increases, a speaker having uniform sound power 
output with frequency would be a real challenge to create 
unless the uniform sound power radiation was achieved by 
increasing the on-axis SPL with frequency to compensate 
for decreasing off-axis sound radiation at higher frequencies. 
Furthermore, we are accustomed to “room sound” being 
bassy in character, so we ignore the increase in perceived 
bass caused by lack of speaker directivity at lower frequen-
cies. However, it has been observed that multiway speakers 
do sound better if the decrease in total sound power output 
with frequency occurs smoothly rather than in abrupt jumps. 
This means that the directivity of a speaker system should 
not change abruptly at the crossover frequencies. Since 
the change in driver diameter from woofer to midrange to 
tweeter is necessary, we must find creative solutions to the 
problem of maintaining smooth transitions in directivity. 
Woofer manufacturers seldom specify the variation of the 

Parts Express is proud to announce Yung’s 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

725 Pleasant Valley Dr.
���
��������"#�$&'((
Tel: 800-338-0531

Exclusive Distributor:

Visit parts-express.com/yung for more information or 
visit Yung’s CES booth, Hilton Pavilion 55016



14 VOICE COIL

directional characteristics of their drivers with frequency, so 
it is left to the speaker system designer to make directionality 
measurements, unless the approximate values derived from 
Figure 2 are deemed accurate enough. 

  Smooth transition of directivity is much easier to achieve 
with horn-loaded midrange and tweeter drivers. Figure 5 
shows the directivity of an Electro-Voice EVH1152D/64 
two-way 15"-plus horn speaker system that accomplishes 
a smooth directivity transition. Since the mid/high driver 
is loaded by a constant-directivity horn, the directivity 
becomes more-or-less constant above the crossover fre-
quency. But, it transitions quite smoothly from the cone 
woofer’s increasing directivity with frequency to the constant 
directivity of the horn. 

  In a speaker using only cone drivers, smooth directiv-
ity transition is much more difficult to achieve, since the 
midrange and tweeter are usually nearly omnidirectional 
at crossover. Whereas, the woofer usually has some, and 
perhaps  substantial directivity at the crossover frequency. 
It is a common misconception that dome mids and tweet-
ers radiate as radially vibrating hemispheres. However, the 
fact is that they radiate pretty much as pistons and have the 
same directivity issues as cone drivers. A comparison of high-
frequency (greater than 10 kHz) on- and off-axis responses 
of dome tweeters tested in Voice Coil’s Test Bench column 
will clearly reveal this fact (See Figure 6).

  One method that has been used to smooth the directivity 
transition in systems using cone drivers is slot loading, which 

is a technique in which the opening in the woofer baffle is 
restricted so that it appears acoustically smaller that it other-
wise would, thereby widening the beam width in the upper 
portion of the woofer’s range. Some of the highly-regarded 
BBC monitoring speakers used this approach.2 Slot loading 
acts as an acoustical low-pass filter, a fact that must be taken 
into account in crossover design.

Sensitivity: Although attenuators can be included in cross-
over networks, network design is simplified if the woofer and 
tweeter have essentially the same sensitivity.

Let’s consider a worked example. If we were to design a 
three-way speaker system using the Eminence Delta 12LFC 
woofer, Eminence Alpha-6C midrange, and Tang Band 
28-1582S tweeter, with design objectives of 95 dBSPL long-
term at 4 m on axis, 90° × 90° beam width (45° × 45° half-

Figure 5: Smooth transition in directivity

Figure 6: Normalized on- and off-axis frequency response of 

ScanSpeak D3400/602010 1" dome tweeter (Voice Coil, January 

2009, p. 7)

Figure 7: Composite 

directivity of system
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angle), assuming the use of a second-order crossover and a 
vented cabinet having an f3 of 70 Hz, we have the following 
considerations:

Frequency response:

Electrical Power and Excursion: F

g a vented 

-

Directivity: Using the curves in Figure 2, we find that the 

Figure 6

Putting It Together
-

-

crossover from mid to tweeter that would to allow us to cross 
-

Figure 7 

-

were used for the tweeter, the beam width could be made 

VC

References

Bell System Technical Journal,

BBC Engineering Division 
Monograph



16 VOICE COIL

Acoustic Patents
By James Croft, Croft Acoustical

The following loudspeaker-related patent was filed 
primarily under the Office of Patent and Trademarks 

classification 181 for acoustical devices and 381 for electri-
cal-signal processing systems and HO4R for international 
patents (see Figure 1). This also includes new patent appli-
cations that are published in the Patent Application Journal. 
Before discussing this month’s patent, I need to make a 
small correction to the US2011/0188699 that appeared in 
Voice Coil,  October 2011. The assignee was listed as Sony, 
but instead should have read KB Seirien, Ltd. 

DIPOLE AND MONOPOLE SURROUND SOUND 
SPEAKER SYSTEM
Patent Number: U.S. 8,041,061
Inventors: Charles Emory Hughes, II (Milford, PA), Olin 
Daniel Williford (Milford, PA)
Assignee: Altec Lansing, LLC (Milford, PA) 
Filed: October 4, 2004
U.S. Class: 381/304
Granted: October 18, 2011, 20 Claims, 22 Drawings

Abstract From Patent
A speaker system utilizes dipole speaker drivers in con-

Figure 1a: This is a diagram of U.S. 8,041,061. b: An inside view

a)

b)



JANUARY 2012 17

junction with monopole speaker drivers in a listening 
area to disperse a surround-sound effect to a listener. The 
dipole speaker drivers are physically mounted on top of the 
front left and right speakers and are angled in a way that 
the surround information is delivered to the listener via 
wall/room reflections. By reflecting the sound off the walls, 
the system provides a delayed diffuse audio signal from the 
dipole speakers, enhancing the surround effect.

Independent Claims
1. A speaker system having one speaker unit for use at 

the front left of a listener location and one speaker unit for 
use at the front right of the listener location, comprising: a 
right speaker unit having a right monopole driver directed 
at the listener location and a right dipole driver that con-
sists of a single driver directed in a direction other than 
toward the listener location, said right dipole driver hav-
ing a front output and a rear output directed in opposite 
directions toward at least two walls and reflected toward 
the listener location, said right dipole driver having an area 
of consistently lower output directed at the listener loca-
tion; and, a left speaker unit having a left monopole driver 
directed at the listener location and a left dipole driver 
directed in a direction other than toward the listener loca-
tion, said left dipole driver having a front output and a rear 
output directed in opposite directions toward at least two 
walls and reflected toward the listener location, said left 
dipole driver having an area of consistently lower output 
directed at the listener location, wherein said right dipole 
driver and said left dipole driver each consist of a single 
driver, the rear of said single driver being at least partially 
exposed, wherein a first enclosure surrounds at least four 
sides of said right monopole driver, including a side to the 
rear of said right monopole driver, and a second enclosure 
surrounds at least four sides of said left monopole driver, 
including a side to the rear of said left monopole driver. 

12. A method for providing a surround sound effect, 
the method comprising the steps of: positioning a left 
monopole speaker to the front left of a listener location in 
a room, wherein the left monopole speaker provides a first 
signal directed at the listener location; positioning a right 
monopole speaker to the front right of the listener location 
in the room, wherein the right monopole speaker provides 
a second signal directed at the listener location; positioning 
a left dipole speaker that consists of a single driver to the 
front left of the listener location in the room, wherein the 
left dipole speaker provides a third signal having an area 
of consistently lower output directed at the listener loca-
tion; directing the left dipole speaker in a direction other 
than toward the listener location, wherein the left dipole 
speaker provides a front output and a rear output directed 
in opposite directions toward at least two walls and 
reflected toward the listener location; positioning a right 
dipole speaker that consists of a single driver to the front 
right of a listener location in the room, wherein the right 
dipole speaker provides a fourth signal having an area of 
consistently lower output directed at the listener location; 
and directing the right dipole speaker in a direction other 

than toward the listener location, wherein the right dipole 
speaker provides a front output and a rear output directed 
in opposite directions toward at least two walls and reflect-
ed toward the listener location, wherein said right dipole 
speaker and said left dipole speaker each consist of a single 
driver, the rear of said single driver being at least partially 
exposed, wherein a first enclosure surrounds at least four 
sides of said right monopole speaker, including a rear side 
of said right monopole speaker, and a second enclosure 
surrounds at least four sides of said left monopole speaker, 
including a rear side of said left monopole speaker.

17. A system for providing a surround sound effect to a 
listening area, the system comprising: a front left speaker 
having a left monopole driver and a left dipole driver that 
consists of a single driver, the left monopole driver being 
directed at the listening area and the left dipole driver 
rotated to the left of the left monopole driver such that 
the left dipole driver is directed in a direction other than 
toward the listener location, a front output and a rear 
output of the left dipole driver are directed in opposite 
directions toward at least two walls and reflected toward 
the listener location, and an area of consistently lower 
output of the left dipole driver is directed towards the 
listening area; and a front right speaker having a right 
monopole driver and a right dipole driver that consists of 
a single driver, the right monopole driver being directed 
at a listening area and the right dipole driver rotated to 
the right of the right monopole driver such that the right 
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dipole driver is directed in a direction other than toward 
the listener location, a front output and a rear output of 
the right dipole driver are directed in opposite directions 
toward at least two walls and reflected toward the listener 
location, and an area of consistently lower output of the 
right dipole driver is directed towards the listening area, 
wherein said right dipole driver and said left dipole driver 
each consist of a single driver, the rear of said single driver 
being at least partially exposed, wherein a first enclosure 
surrounds at least four sides of said right monopole 
driver, including a side to the rear of said right monopole 
driver, and a second enclosure surrounds at least four 
sides of said left monopole driver, including a side to the 
rear of said left monopole driver. 

Reviewer Comments 
There are many systems architectures and signal proces-

sors that have been developed over the last few decades 
for the purpose of spatializing two-channel and/or two 
loudspeaker systems. They tend to fall into two catego-
ries: 1) two channels of stereo—binaural or 5.1 converted 
to two channels, combined with cross-talk cancellation 
signal processing; or 2) singular or dual front speaker 
systems arranged to provide left/right signals direct to 
the listener’s head, and to also deliver surround channel 
signals directed away from the listener, such that they 
arrive back at the listener’s head only after reflecting off 
of at least one sidewall, creating a source of sound beside 

GOOD VIBRATIONS
SINCE 1969

www.beyma.com

beyond making sound
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or behind the listener.
 The system concept reviewed here falls into the latter 

category. In this category of separate direct and surround 
reflected sounds, the prior art systems either use isolated 
beam steering of each channel, or use a form of direct 
sound combined with a gradient or dipole secondary 
speaker to create a low-acoustic, energy null-zone oriented 
toward the listener and a higher output axis directed away 
from the listener, to one or more reflective surfaces, creat-
ing an arrival from a direction other than the front of the 
room.

 Disclosed is a left and right loudspeaker enclosure 
system wherein the left, right, and center channel signals 
from a 5.1 surround-sound program signal are delivered 
by left and right direct radiating transducers aimed toward 
the listener. On top of the enclosure containing the direct 
radiating transducer aimed at the listener, is a second 
transducer and baffle, arranged to create a dipole sound 
source with the axial output from the transducer operat-
ing in dipole mode, oriented away from the listener, such 
that one axis is directed to a nearest sidewall and the other 
axis directed at an angle to the front wall surface behind 
the loudspeakers.

 The strengths of this type of system are its simplicity 
and ability to spatialize the upper surround-channel fre-
quencies very effectively. Unfortunately, the bandwidth 
of the dipole surround transducer is dependent on, and 
limited by, the dimension of the baffle size on which the 

transducer is mounted. Near the frequency associated with 
a half-wavelength, relative to the average dimension of the 
dipole baffle, the surround transducer output will have 
a high pass characteristic and fall at 6 dB/octave below 
that half-wavelength frequency. In the production version 
of the Altec device based on this patent, the baffle size is 
less than 6", and therefore the bandwidth of the surround 
channels is limited to approximately 1.1 kHz and above.

 The effectiveness of the surround sound field produced 
can be rather satisfying if room boundaries are coopera-
tively located and reasonably reflective.

The concept was developed for low-cost devices and the 
production version (Altec device GT5051, discontinued) 
sold for $149 for the complete system. 

As often is the case, this design was anticipated by a 
number of prior art products and patents. Most signifi-
cant, is that of U.S. Publication 2004/012571 by Mark 
Dodd of KEF, wherein essentially the same type of sys-
tem (except using a distributed mode transducer for the 
dipole) is disclosed (produced as the KEF KIT100, Instant 
Theater) and filed prior to the Altec/Hughes filing. The 
KEF publication was not sited in the Altec/Hughes pat-
ent, whereas if it had been, this patent may not have been 
granted; at least not with the current claim set.

That said, this architecture, even though environmen-
tally dependent, can be reasonably effective in creating a 
simple low-cost surround sound system from only two 
loudspeaker enclosures. VC
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Test Bench
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Figure 1: Family of BMS 15N850v2 impedance curves created from 

the LEAP 5 LTD parameter calculation process

Two BMS Drivers Put to the 
Test  Bench
By Vance Dickason

This month’s Test Bench drivers were both submitted by 
well known German Pro Sound transducer manufac-

turer, BMS. The first driver I examined was the BMS 15" 
15N850v2 neodymium extended low-frequency woofer, 
followed by a unique product, the BMS coaxial 2" compres-
sion driver, the 4592ND. The horn I used this month for 
the BMS 4592ND was provided by DDS, the CFD 2-60A 
Pro 2" 60 × 40 horn.

BMS was founded in 1994 in Hanover, Germany. In a rela-
tively short time (short time when compared to JBL that was 
founded in 1946), it has developed a world-wide reputation 
for sound quality and reliability. Their customer list is impres-
sive and includes JBL, Genelac, Yorkville, EAW, Tannoy, and 
L Acoustics to name a few. The company’s R&D, sales and 
marketing, and warehousing are located in Hanover with its 
primary factory located in Sofia, Bulgaria. ISO 9001-2000 
certified since 2006, BMS is a highly vertically integrated 
company and manufactures the majority of its own driver 
parts; including voice coils, CNC machining, plastic parts 
forming, diaphragm forming, painting, and other manufac-
turing functions. This month, I received the 15" extended 
low-frequency neodymium motor woofer, the 15N850v2 
that features a rather high-rated nominal power handling of 
1200 W (AES).

The BMS 15N850v2 is the second version of the 15" neo 
15N850 released five years ago. Like its predecessor, the 
15N850v2 is built on a proprietary eight-spoke cast alumi-
num frame that is further CNC machined at the factory to 
guarantee better contact between the frame and the motor 
system for an enhanced thermal contact, supplemented by a 
special silicone compound for better heat transfer. The frame 
is also additionally machined on the spider mounting shelve 
to ensure a ±0.05-mm vertical dimension to avoid DC offset 
by getting an exact magnetic center location.  For cooling, the 
frame has 48 5 mm × 13 mm vents located between the spider 
mounting shelf and the back of the frame. The cone assembly 
is comprised of a 15"-diameter, double-coated (for moisture 
resistance) curved profile, carbon fiber-filled paper cone with 
a 6"-diameter coated paper dust cap. Compliance is provided 
by a two-roll coated cloth “M” surround and a 6.5"-diameter 
cloth spider mounted on an aluminum ring. Driving this 
assembly is a 100-mm (4") diameter voice coil wound both 
inside and outside with round copper wire on a proprietary 
0.22-mm thick glass fiber former. BMS refers to this as a 
“sandwich” voice coil. Heavy insulated tinsel lead wire are 
terminated to a pair of chrome color coded push terminals.

Testing for the BMS 15N850v2 commenced using the 
LinearX LMS and VIBox to produce both voltage and admit-
tance (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, and 30 V, 

however, the device was still measuring very linear at 30 V and 
would likely have been good at 50 to 60 V, but with 94 to 95 
dB sensitivity, it gets extremely loud, even with ear protectors. 
Going with the established protocol for Test Bench, the fixed 
Mmd method was used rather than the added mass or the 
test box method for obtaining the Vas of the driver. This data 
was provided by BMS transducer engineer Svetly Alexandrov.

Next, the 14 550-point stepped sine wave sweeps for each 
sample were post-processed and the voltage curves divided 
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 that the usual 
single impedance low voltage curve method used for deriv-

Photo 1a: The BMS 15N850v2 top view. b: The 15N850v2 bottom 

view

a)

b)
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Figure 3: BMS 15N850v2 computer box simulations (black 

solid= vented 1 @ 2.83 V; Blue dash= vented 2@ 2.83 V; black 

solid= vented 1@ 36 V; blue dash= vented 2 @ 36 V)
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Figure 2: BMS 15N850v2 woofer free-air impedance plot
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Figure 4: Group delay curves for the 2.83-V curves in Figure 3 Figure 5: Cone excursion curves for the 100-V curves in Figure 3

Figure 6: Klippel Analyzer Bl (X) curve for the BMS 15N850v2 Figure 7: Klippel Analyzer Bl symmetry range curve for the 

BMS 15N850v2

Figure 8: Klippel Analyzer mechanical stiffness of suspension 

Kms (X) curve for the BMS 15N850v2

Figure 9: Klippel Analyzer Kms symmetry range curve for the 

BMS 15N850v2
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ing Thiele-Small parameters (see Figure 1 for the family of 
impedance curves created by this process). The obvious ther-
mal change is due to playing a 200-Hz sine tone at the sweep 
voltage level from 10 to 50 seconds between sweeps in order 
to approximate the 3rd thermal time constant. The reason for 
using this method, if you haven’t been following this column 
for a number of years, is that the LEAP 5 LTD model results 
in a much more accurate prediction of excursion at high 
voltage levels, which is one of the real forte’s of the LEAP 5 
software and why I use it for Test Bench testing. 

Because most TS data provided by OEM manufacturers 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, the multiple 

voltage impedance curves for the LTD model (see Figure 2 
for the woofer 1-V free-air impedance curve) and the 1-V 
impedance curves for the TSL model were selected in the 
Transducer Derivation menu in LEAP 5 and the parameters 
created for the computer enclosure simulations. Table 1 com-
pares the LEAP 5 LTD and TSL data and factory parameters 
for both BMS 15N850v2 samples.

Parameter measurement results for the BMS 15N850v2 

showed fairly close agreement with the factory published data, 
with the exception of the sensitivity, the difference being that 
my data showed sensitivity at 2.83 V, while BMS uses the 1 W/1 
m criteria with a 5.6 Ω Re that yields a somewhat larger num-
ber. Two other variances occurred. Given this, I followed my 
usual protocol and programmed computer enclosure simula-
tions using the LEAP 5’s LTD parameters for Sample 1. This 
included two vented alignments, both recommended in the BMS 
brochure for this driver, a 1.77 ft3 QB3 box with 15% fiberglass 
fill material tuned to 43 Hz, and a 2.64 ft3 Extended Bass 
Shelf (EBS) vented alignment enclosure with 15% fiberglass 

    TSL model  LTD model  Factory

sample 1  sample 2     sample 1 sample 2

Fs 39.0 Hz    42.0 Hz 37.7 Hz    40.3 Hz 37.0 Hz   

Revc 4.84 4.73 4.84 4.73 5.6

Sd 0.085     0.085 0.085   0.085          0.0845

Qms 5.42 5.20 5.46       5.76            7.38   

Qes 0.33 0.33 0.33 0.36           0.34  

Qts 0.31 0.31 0.31 0.34 0.33    

Vas 95.9 ltr     82.6 ltr 103.3 ltr     90.4 ltr          111.0 ltr   

SPL 2.83 V 94.3 dB    94.5 dB      94.1 dB    94.0 dB          95 dB 1 W/1 m

Xmax 12 mm    12 mm       12 mm     12 mm 12 mm   
Table 1: BMS 15N850v2

Figure 10: Klippel Analyzer L(X) curve for the BMS 15N850v2
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Figure 11: BMS 15N850v2 on-axis frequency response
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Figure 12: BMS 15N850v2 on-axis and off-axis frequency response



JANUARY 2012 23

metry range curve shows a minor 0.27 mm forward offset at 
5-mm excursion point (where the data is more reliable), again 
decreasing to practically no offset at the physical Xmax for 
this driver. Displacement limiting numbers calculated by the 
Klippel analyzer for the BMS 15N850v2 were XBl @ 70% 
(Bl decreasing to 70% of its maximum value) was 14.5 mm 
(2.5 mm beyond Xmax!) and for XC @ 50% (compliance 
decreasing to 50% of its maximum value) was 13.8 mm, 
which means that for the BMS 15N850v2, the compliance is 
the limiting factor for the prescribed distortion level of 20% 
for using this driver as a subwoofer, and again, this number 
is beyond the physical Xmax of the driver. Data this good is 
about as good as it gets.  

Figure 10 gives the inductance curve L(X) for the BMS 
woofer. Inductance will typically increase in the rear direc-
tion from the zero rest position as the voice coil covers more 
pole area unless the driver incorporates a shorting ring, and 
the BMS 15" incorporates a triple aluminum shorting ring 
format. This is readily apparent in the L(X) curve. As you 
can see, the inductance variation is extremely small, only 0.04 
to 0.07 mH from rest to Xmax in either direction. Minimal 
inductance variation is critical to a low distortion and accurate 
sounding driver.

Even though the BMS 15" is intended as a low-frequency 
extended woofer, a pro sound subwoofer category, this driver 
could of course be used in a multi-way speaker equally suc-
cessfully. Figure 11 gives the on-axis response for this driver, 
with is ±1.1 dB up to the about 1200 Hz with the high-
pass roll off beginning about 2.5 kHz. The on- and off-axis 
response from 0 to 45° is displayed in Figure 12. The –3 dB 
frequency at the 30° off-axis response with respect to the on-
axis response occurs at about 1.2 kHz, probably a good upper 
crossover point for this driver.

For the last body of testing on the BMS 15" woofer, I used 
the Listen, Inc. SoundCheck analyzer and SCM microphone 
and power supply (courtesy of Listen, Inc.) to measure distor-

tion. Since this driver is really meant for 
subwoofer applications, I dispensed with 
the time frequency plots. Setting up for 
the distortion measurement consisted of 
mounting the woofer rigidly in free-air, 
and the SPL set to 104 dB at 1 m (10.6 V) 
using a noise stimulus (SoundCheck has a 
software generator and SPL meter as two of 
its utilities), and then the distortion mea-
sured with the SCM microphone placed 
10 cm from the dust cap. This produced 
the distortion curves shown in Figure 13. 

The BMS15N850v2 is the first woofer I 
have been able to evaluate from BMS, and 
as can be seen from the above analysis, plus 
the overall excellent fit and finish that I can 
observe, this is a very well-crafted product. 
I was especially impressed with the extent 
(extra CNC processing on the bottom of 
the frame) the company went to ensure the 
cone assemble was positioned nearly per-
fectly at the magnetic center of the motor. 

fill material and tuned to 35 Hz.   
Figure 3 displays the results for the BMS 15N850v2 in the 

QB3 and EBS vented boxes at 2.83 V and at a voltage level 
sufficiently high enough to increase cone excursion to Xmax 
+ 15% (13.8 mm for the BMS 15"). This produced a –3 dB 
frequency of 56 Hz (–6dB = 46 Hz) for the QB3 enclosure 
and F3 = 48 Hz (F6 = 36 Hz) for the EBS-vented simula-
tion. Increasing the voltage input to the simulations until the 
maximum linear cone excursion was reached resulted in 124 
dB at 100 V for the QB3 enclosure simulation and 123.5 dB 
with the same 100-V input level for the larger vented box 
(see Figures 4 and 5 for the 2.83-V group delay curves and 
the 100-V excursion curves). Note that the criterion for these 
high excursion SPL numbers was the maximum excursion at 
25 Hz. If a 20 to 25 Hz high-pass filter were used, the SPL 
would higher.

Klippel analysis for BMS 15N850v2 (my analyzer is 
provided courtesy of Klippel GmbH), which as usual was 
performed by Patrick Turnmire, Red Rock Acoustics (author 
of the SpeaD and RevSpeaD transducer simulation software) 
produced the the Bl(X), Kms(X) and Bl and Kms Symmetry 
Range plots given in Figures 6 to 9. Like many of the pro 
sound companies that contribute samples to Voice Coil for 
this column, BMS has its own Klippel analyzer. 

The Bl(X) curve for the 15N850v2 (see Figure 6) is nicely 
broad and symmetrical typical of a high Xmax driver (12 
mm is substantial for a pro sound 15" woofer) with a very 
small amount of coil out (forward) offset. Looking at the 
Bl symmetry plot (see Figure 7), this curve shows negligible 
0.79 mm of forward (coil-out) offset in the 5 mm position 
(a more reliable number than at rest in this case) decreas-
ing to about 0.1 mm, at the drivers physical Xmax of 12 
mm, all of which is of no real consequence. Figures 8 and 
9 depict the Kms(X) and Kms symmetry range curves for 
the BMS 15N850v2. The Kms(X) curve is also symmetrical 
with small amount of forward coil out offset. The Kms sym-

Figure 13: BMS 15N850v2 SoundCheck distortion plots



24 VOICE COIL

Photo 2: The BMS 4592ND neodymium driver and CFD 2-60A Pro 

2" horn

Figure 14: Cutaway drawing of the BMS 4592ND coaxial com-

pression driver

Figure 15: Horizontal and vertical polar plots for the DDS CFD 

2-60a 2" horn

Figure 16: BMS 4592ND midrange free air impedance plot
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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. Figure 17: BMS 4592ND tweeter free air impedance plot
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Figure 18: BMS 4592ND/CFD 2-60a on-axis response for both 

the midrange and the tweeter
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The second BMS product I evaluated this month was a very 
unique compression driver, the BMS 4592ND neodymium 
coax compression driver. BMS patented this technology in 
1997 and now has a four model line of coax (mid/tweeter) 
compression drivers, the 1.4" 4593ND and 4597ND, the 
1.5" 4595ND, and the subject of this month’s report, the 
2" 4592ND. The construction is very interesting and merits 
some explanation. Figure 14 shows a cutaway view of the 
BMS coaxial compression driver. As can be seen, the body of 
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Figure 19: BMS 4592ND/CFD 2-60a midrange horizontal on 

and off-axis frequency response (0° = solid; 15° = dot; 30° = 

dash; 45° = dash/dot; 60° = dash)
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Figure 21: BMS 4592ND/CFD 2-60a midrange vertical on and 

off-axis frequency response (0° = solid; 15° = dot; 30° = dash; 

45° = dash/dot; 60° = dash)
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Figure 20: BMS 4592ND/CFD 2-60a tweeter horizontal on and 

off-axis frequency response (0° = solid; 15° = dot; 30° = dash; 

45° = dash/dot; 60° = dash)
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Figure 22: BMS 4592ND/CFD 2-60a tweeter vertical on and off-

axis frequency response (0° = solid; 15° = dot; 30° = dash; 45°  

= dash/dot; 60° = dash)
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Figure 23: BMS 4592ND/CFD 2-60a midrange two-sample SPL 

comparison

Figure 24: BMS 4592ND/CFD 2-60a tweeter two-sample SPL 

comparison

the driver contains two separate subsystems, each driven by 
a separate motor structure, magnet and voice coil. The mid-
range diaphragm feeds in from around the peripheral of the 
phase plug and the tweeter diaphragm is located at the base 
of the phase plug.

 Specific features for the 4592ND include a 300 Hz to 
22 kHz bandwidth, Kapton voice coil formers wound with 
copper-clad aluminum wire (two layers on the inside of 
the former and two layers on the outside), 1.75" voice coil 
diameter for the tweeter, and 3.5" voice coil diameter for 
the midrange, two neo ring magnets, polyester diaphragms, 
1,000-W peak midrange power handling above 500 Hz and 
320-W peak for the high-frequency driver, and color-coded 
chrome push terminals for each coaxial section.

 The horn that was provided this month for the BMS coax-
ial compression driver came from the folks at DDS (Design 

Direct Sound), who make a complete line of fiberglass horns. 
For the BMS 4592ND, DDS provided me with their CFD 
2-60A Pro 2" horn. The CFD 2-60A Pro is a smaller format 
60° × 40° horn designed for applications where large size 60° 
horns will not fit (see Figure 15 for the horizontal and verti-
cal 1/3 octave polar plots for the DDS CFD 2-60A horn). 
Specifications include a 1 kHz to 18 kHz frequency range, 
113.9 dB sensitivity, nominal gain of +5.9 dB, and a directiv-
ity factor (Q) of 15.7 (+2.4–3.7).

 I decided to present the test data for BMS midrange/
tweeter simultaneously rather each separately. As usual I began 
with 200-point LMS impedance sweeps for both midrange 
and tweeter, with and without the horn attached. Figure 16 
gives the midrange impedance with the primary resonance 
without the horn of 375 Hz, and 281 Hz with the DDS CFD 
2-60A horn attached. This also had a minimum impedance 
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respectively, while Figures 21 to 22 present the vertical 
response. The final SPL measurements were to compare the 
two coaxial sections of sample A with sample B, illustrated for 
the midrange and tweeter in Figures 23 to 24, respectively. 
Both sections had a close match within 0.5 dB within the 
drivers operating range.

 For the final set of measurements, I again fired up the 
Listen, Inc. SoundCheck analyzer and SCM ¼” microphone 
to produce distortion and time decay plots. Starting with 
the distortion plots, I set the SPL of both sections of the 
4592ND/DDS CFD horn combination to 104 dB SPL at 
1 m, which took 1.47 V for the tweeter, and 1.7 V for the 
midrange. I next located the microphone 10 cm from the 
mouth of the horn, and produced the two distortion plots 
see in Figure 25 for the midrange (measured from 500 Hz) 

and Figure 26 for the tweeter (measured 
from 5 kHz).

 Following this, I created impulse 
response curves for the midrange and 
tweeter at 2.83 V/1 m and loaded this 
data into Listen, Inc. SoundMap software 
to produce Cumulative Spectral Decay 
(Waterfall) plots and Short Time Fourier 
Transform (STFT) plots. Figures 27 and 
28 give the Waterfall plots for the horn/
driver combination of the midrange and 
tweeter respectively, while Figures 29 and 
30 display the STFT plots.

 The performance and build quality of 
the BMS 4592ND is quite good, and the 
DDS CFD 2-60a horn produced a nice 
compact combination for this test. For 
more information, visit www.bmspro.com 
or www.ddshorns.com. VC

of 10 Ω and an 8.43-Ω DCR. For the tweeter, as you might 
expect (see Figure 17), the horn really didn’t impact the 
impedance with the primary resonance at 7.2 kHz. Minimum 
impedance (above resonance) for the tweeter is 11 Ω with a 
6.64-Ω DCR.

 Next, I mounted the horn/compression driver combina-
tion in free-air without a baffle and produced on- and off-axis 
frequency response curves out to 60° off from 300 Hz to 
40 kHz. Figure 18 gives the tweeter and midrange on-axis 
response showing the overlapping range for each section of 
the 4592ND coax compression driver. Next, I proceeded to 
measure each section of the 4592ND from 0 to 60° in both 
the horizontal and vertical planes, 300 Hz to 40 kHz for the 
midrange, and 3 kHz to 40  kHz for the tweeter. Figures 19 
to 20 illustrate the midrange and tweeter horizontal response 

Figure 25: BMS 4592ND/CFD 2-60a midrange SoundCheck distortion plots

Figure 26: BMS 4592ND/CFD 2-60a tweeter SoundCheck distortion plots

 

Test Bench is an open forum for OEM 
driver manufacturers in the industry 
and all OEMs are invited to submit 
samples to Voice Coil for inclusion in the 
monthly Test Bench column. 

Any woofer, midrange, or tweeter an 
OEM manufacture feels is representative 
of their work, is welcome to send sam-
ples. Contact Voice Coil Editor Vance 
Dickason to discuss which drivers are 
being submitted. 
Samples should be sent in pairs and 
addressed to:

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

Submissions for 
Test Bench
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Figure 28: BMS 4592ND/CFD 2-60a tweeter SoundCheck 

CSD waterfall plot

Figure 27: BMS 4592ND/CFD 2-60a midrange SoundCheck 

CSD waterfall plot

Figure 29: BMS 4592ND/CFD 2-60a midrange SoundCheck 

CSD STFT plot

Figure 30: BMS 4592ND/CFD 2-60a tweeter SoundCheck CSD 

STFT plot
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By Vance Dickason

CEDIA Sets the Gold Standard
The Custom Electronic Design & Installation Association 

(CEDIA) Expo was honored by Trade Show Executive magazine 
as one of 100 shows that set the gold standard for the exposition 
industry. CEDIA Expo was recently recognized as one of the 
largest shows of 2010 at Trade Show Executive’s Gold 100 Awards 
Gala & Summit. Trade Show Executive’s Gold 100 awards recog-
nize the year’s largest tradeshows as measured in square footage, 
economic contribution, innovation and green initiatives. CEDIA 
Expo increased its ranking from number 57 for the 2009 show 
to number 45 for 2010.

 The CEDIA Expo, held annually since 1991, is the residential 
electronic systems industry’s premier event for new products, edu-
cation and networking. The CEDIA Expo 2010 included 453 
total exhibitors, an increase of 6% over 2009. Of those exhibi-
tors, 90 were making their first appearance at CEDIA Expo. 
Attendance held steady with modest growth from 2009-2010. 
Nearly 20% of attendees were first-time visitors to CEDIA Expo. 
The CEDIA Expo 2012 will be held at the Indiana Convention 
Center in Indianapolis Sept. 5–8, 2012. More information about 
the event is available at www.cedia.org/expo. 

Reverse Trike Sports Audio Gear
Rockford Fosgate car audio gear will be available 

Industry Watch
on an OEM basis for the first time in the motorcycle 
and power sports vehicle niche, with the SEMA show 
launch of the Tanom Motors Invader TC-3 reverse trike. 
Rockford Fosgate-branded audio systems are available 
from such automakers as Nissan, Mitsubishi, and Suzuki. 
 The Invader’s “reverse trike” configuration features two steer-
ing front wheels, one rear drive wheel, an enclosed cockpit 
surrounded by a fiberglass body, two side-by-side bucket 
seats, controls similar to those in sports cars, and a factory-
installed Rockford Fosgate audio system with a 300-W, four-
channel amplifier and four 6.5" full-range speakers.

More Black Friday Shoppers Visited Real Stores 
Despite the rise in online and mobile shopping, more than 

152 million consumers visited brick-and-mortar stores over 
November 2011’s Black Friday weekend, up 27% from last 
year, a new poll shows. The survey, conducted by the National 
Retail Federation (NRF) and BIGresearch, shows that 74 mil-
lion people definitely planned to hit the stores Thanksgiving 
weekend, while another 77 million said they would do so if 
the bargains were worth braving the cold and the crowds. 
 But even if they weren’t buying online, a significant number 
of those consumers were expected to use the web and mobile 
devices to track in-store promotions. Nearly one-quarter said 
they would seek out coupon websites like RetailMeNot.com 
and FatWallet.com; a third would specifically keep track 
of the e-mail coupons they received from retailers; 17.3% 
would monitor retailers’ Facebook pages; and 11.3% would 
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check out group buying sites like Groupon and LivingSocial. 
 The numbers were even higher for tablet-owning holiday 
shoppers: 21.3% said they would use their devices to seek out 
group buying sites and 31.2%  planned to check out retailers’ 
Facebook pages. 

Accordingly, 84.2% of retailers would send an e-mail to 
their customers about Black Friday deals, up from 80% 
last year, and nearly three-quarters (73.7%) would use their 
Facebook page to reach shoppers, up from the 57.1%  in 
2010, a separate BIGresearch poll shows. Many retailers also 
utilized their website’s home page (50%) and Twitter (57.9%) 
to announce and promote Black Friday deals, according to 
the survey, which was commissioned by Shop.org, the NRF’s 
online arm. Still, the largest percent of respondents (50.5%) 
continued to scour advertising circulars to learn about Black 
Friday promotions and about a third turned to retailers’ TV 
commercials, the survey showed. 
 

CEA Experts Testify Before Congress
The Consumer Electronics Association (CEA) brought 

15 venture capitalists specializing in Internet innovation 
to Washington on October 27, 2011, to tell members of 
Congress first-hand how the PROTECT IP Act would 
undermine the vital web economy. The list of venture capi-
talists set to meet with members of Congress and their staff 
tomorrow included: Brad Burnham and Fred Wilson, Union 
Square Ventures; Bijan Sabet, Spark Capital; Mike Masnick, 
Floor64; Derek Dukes, Dipity; David Ulevitch, OpenDNS; 

Slava Rubin, IndieGoGo; Zack Rosen, Chapter Three LLC; 
and Derek Parham, independent angel investor. Many of 
these venture capitalists sent a letter to Congress in June out-
lining their objections to the legislation. 

“The PROTECT IP Act would kill jobs and innovation 
and slow down one of the few bright spots of economy,” 
said CEA President and CEO Gary Shapiro, who today 
devoted his Forbes column to the issues with the legisla-
tion. “We hope these entrepreneurs’ unique views of how 
to stimulate innovation in a downtrodden economy will 
resonate with Congress and lead to meaningful changes in 
the bill.” 

 The PROTECT IP Act, formally known as the Preventing 
Real Online Threats to Economic Creativity and Theft of 
Intellectual Property Act, would allow copyright owners 
simply to accuse a website of infringement, which could 
lead to that site being shut down by court order and wiped 
clean from the Internet. Any website would be subject to 
liability, and non-infringing sites could be inadvertently 
shut down under the proposal. The law is so far-reaching 
that it would force Internet providers to block all access to 
the allegedly illegal site. “The notoriously litigious content 
industry could simply accuse a site that it is selling a prod-
uct that could ‘enable or facilitate’ a copyright infringe-
ment, thereby allowing accusations to shut down sites 
vital to the Internet economy,” Shapiro concluded. “This 
scenario is unacceptable and could lead to mass shut downs 
of websites and Internet-enabled services.” VC
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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.





B&C SPEAKERS spa

via Poggiomoro 1, località Vallina
I-50012 Bagno a Ripoli (Firenze)  
tel. +39 055 65721
fax +39 055 6572312  
mail@bcspeakers.com

www.bcspeakers.com

18TBW100.

Next generation ferrite.
 
Deeper thinking.
The new 18TBW100 subwoofer from B&C clearly 
takes 18" ferrite Subwoofer performance to 
the next level. The unique 100mm, split 
voice coil has a significantly deeper winding 
than any of our current ceramic woofers. 
This provides more output, improved 
linearity, superior Xmax, better long term 
reliability and a higher continuous power rating.
 
The 18TBW100. Extreme performance, excellent 
value.
 
Tradition. Dedication. Knowledge.

made in Italy
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A New Measurement Microphone      
from iSEMcon

iSEMcon has introduced the EMX-7150, a 0.25" 
measurement microphone that has a 10 Hz to 20 kHz, 
IEC61672 class-frequency response, designed for SPL 
measurements (see Photo 1). The EMX-7150 is an 
omni-directional type microphone, and it includes 
both free-field and derived diffuse field calibration data 
at no additional cost (calibration chart and ASCII-
Data on CD). This microphone can be powered with 
phantom power, and it handles sound pressure levels 
up to 145 dB (SPL).

The robust stainless steel body construction uses 
a watertight, state-of-the-art, Neutrik XLR connec-
tor and comes complete with a small windshield 

The Fountek FR89EX, p. 23

By Vance Dickason

Photo 1: iSEMcon's new EMX-7150 measurement microphone
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Impero 12A, 15A, and 18A. Italian for “empire,” 
Impero sets the tone for this elite offering of high-
quality, hand-built loudspeakers (see Photo 2).

Using high motor strength with balanced Vas 
and Mms, the Impero series plays extremely loud 
and low in compact vented designs. Advancements 
include a 0.5" thick by 7.5"-diameter machined 
top plate, one-piece, machined T-yoke, and a 4" 
deep wound fiberglass voice coil. These features, 
combined with an ultra-linear long-excursion sus-
pension and bumped motor assembly, allow the 
Impero Series to move serious air and generate 
serious SPL, while handling tremendous amounts 
of power.

 At 1,100 W continuous/2,200-W program power, 
the 12" Impero 12A has a usable frequency range 
of 56 Hz to 3 kHz, making it perfect for two-way 
top boxes, full-range two-way boxes, bass guitar 
boxes, and small subwoofers.

The 15" Impero 15A is suited for two-way top 
boxes, full-range two-way and three-way boxes, 
bass guitar boxes, and small subwoofers, and is 
rated at 1,200 W continuous/2,400-W program. 
With a frequency range of 46 Hz to 2 kHz, this 
15" has the extension at both ends to go low and 
high, perfect for small vented boxes with conven-
tional sized horns. 

This model is also available in a 4-Ω version, the 
Impero 15C. The 18" Impero 18A is also rated 
at 1,200 W continuous/2,400-W program power, 
has a frequency range of 39 Hz to 820 Hz, and is 
suited for full-range, three-way boxes, bass guitar 
boxes, and small subwoofers. 

This model is also available in a 4-Ω version, the 
Impero 18C.

Like all Genuine Eminence-branded professional 
audio and musical instrument loudspeakers, the 
Impero 12A, 15A, and 18A are built by hand in 
the United States, and they are backed by a seven-
year warranty. 

For more information, visit the Eminence website 
at www.eminence.com. VC

Photo 2: The Impero woofer by Eminence

and spring-loaded holding clamp. Also available is 
an optional super guard windshield, protecting the 
microphone port from dirt and spraying water as 
well as trickle water from the back. Features include:

  145 dBspl 

Street price should be in the $260 range. For more 
information, visit the iSEMcon website at www.
isemcon.com.

Eminence Releases New High-Powered 
Impero Woofer Line

Eminence Speaker has introduced three advanced 
high-power additions to the Professional Series: the 



Subscribe to the AES E-Library

Individual annual subscription
$255 non-members
$145 members

Institutional annual subscription
$1750 per year

Gain immediate access to
over 13,000 fully searchable
PDF files documenting audio
research from 1953 to the
present day. The E-library
includes every AES paper
published at a convention,
conference or in the Journal

http://www.aes.org/e-lib/subscribe/



6 VOICE COIL

 Spotlight
ISeat 2011 Symposium
By Mike Klasco

In  November 2011, I gave a talk at the International 
Symposium on Electro-Acoustic Technologies (ISEAT) 2011 

in Shenzhen, China, held on November 12 and 13.  ISEAT is 
an international platform of communication for electro-acous-
tic researchers, senior engineers, senior managers, and engineer-
ing students (see Photo 1). It is based in China and originated 
with audio engineering alumni of Nanjing University. ISEAT’s 
presentations and exhibitors are global—sort of a mix of a 
regional AES and ALMA.  Check out www.iseat.org, which 
provides the option of the website in English. There are a couple 
of somewhat overlapping audio engineering organizations in 
China, and I hope to cover their events in future issues.

ISEAT was initiated by Professor Yong Shen (see Photo 2) 
from the Institute of Acoustics in Nanjing University. It is held 
every other year. The first ISEAT, in 2007, started slow, but the 
most recent event (2011) was outstanding. ISEAT is composed 
of invited papers, posters, demonstrations, and workshops. It 
provides an abundance of representative and innovative tech-
nology, products, market information and a wealth of opportu-
nity for learning and networking.  

The venue is the Shenzhen Virtual University Park, which 
is a strategic and innovative move by the local government 
of Shenzhen. The “Virtual U” was founded in 1999 and is 
located in the Shenzhen High and New Technology Industry 
Development Zone on the bank of Shenzhen Bay. 

Virtual? While the facility is brick-and-mortar—with impres-
sive auditorium facilities, some classrooms and other presentation 
areas—the concept is distance learning in Shenzhen with other 
universities throughout China. Other purposes are technology 
incubation, technology transfer from universities to industry, 
and vice versa. There are 48 organizations and 18 network 
members in the Virtual University Park. The former includes 
35 famous domestic universities such as Tsinghua University, 
Peking University, and Harbin Industry University, together with 
activity bases for academicians from both the Chinese Academy 
of Sciences and the Chinese Academy of Engineering, and 
five universities from Hong Kong, including The Hong Kong 

University of Science 
and Technology, Hong 
Kong Polytechnic 
University, City 
University of Hong 
Kong, Hong Kong 
Baptist University, and 
University of Hong 
Kong, as well as Lyon 
Central Polytechnic 
University of France.

Our ISEAT hosts 
were gracious (see 
Photo 3) and banquet 
highlights included 
a wonderful dinner, a 
ride to the banquet with 
Neville Thiele, Graham, and other notable characters, and a 
general reunion of audio personalities I have worked with in 
China over the last 20 years.

Exhibitors
The highlight of any show, be it an AES Convention, ALMA 

Symposium, or ISEAT, are the exhibits.  These are the compa-
nies that participated in ISEAT 2011:

Holdings, lnc. (see Photo 4) has been a listed company 
on the Stock Exchange of Hong Kong since August 2005. 
(Stock code: 2018.HK) AAC designs, manufactures, and 
distributes a comprehensive suite of receivers, speakers, 
speaker modules, multi-function devices, microphones, 
transducers, and headsets for use in mobile devices, game 
consoles, notebook computers, tablets, and other consumer 
electronics devices. www.aactechnologies.com

Co., Ltd. is a high-tech company registered in Shenzhen.  The 
company has become a principal audio products supplier to 
some of the world’s top 500 companies such as Microsoft, 
Sony, and Hewlitt-Packard among others. www.szhorn.com

basic research and three years of practice, Andorin Automatic 
Engineering Co, Ltd. (see Photo 5) has formed general loud-
speaker factory-level automation solutions. www.andorin.com

in May 1996, the Edifier Group quickly expanded overseas, 
and in 1998 developed into a transnational group company. 
Edifier is one of China’s first specialized manufacturers produc-
ing genuine wood-enclosure speaker systems, and one of the 
first groups of loudspeaker manufacturers who have successfully 
developed an exclusive international market. The company has 
the envious position of occupying first place in the whole coun-
try in terms of output and sales volume, with over 6 million 
systems being sold in 2004. The company operates two pro-
duction bases in Beijing and Shenzhen in China, respectively, 

Photo 2: Yong Shen

Photo 1: ISEAT welcome banner
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December 1993, adopting the present 
name, Guoguang Electric Company 
Limited (GGEC).  Company shares, 
a total of 200 million, were subse-
quently listed on the Shenzhen Stock 
Exchange on May 23, 2005.   In 
the past 50-plus years, GGEC has 
grown to be a world class organiza-
tion and one of the leading developers 
and largest manufacturers of speaker 
drivers and audio systems in China. 
GGEC offers a complete range of 
speakers, drivers, audio systems and 
accessories. www.ggec.com.cn 

Management Co., Ltd.— Business 
and other management consultant activities. www.harman.com

Co., Ltd. is a holding company engaged in the management 
of subsidiaries and affiliated companies. As of March 31, 
2011, the company had three subsidiaries, including Shenzhen 

16 sub-subsidiaries. Through its subsidiaries and affiliated 
companies, the company manufactures multimedia speakers, 
digital speakers, home theaters, computer cases, power supplies, 
notebook computers, automobile electronic products, and 
more. www.3nod.cn

30 years of experience in designing high-precision audio test 
equipment, including the classic and popular AudioTracer & 
AudioGraph series, portable and bench-top audio analyzers 
(such as the A1, the A2, and the A2D dual-domain model), and 
the Rapid-Test Series production line analyzers, consisting of the 
RT-2M and RT-2X. www.nti-audio.com

Photo 6) has been a manu-
facturer of audio test and measurement equipment since 1995 

widely available software and sound card based audio analyzer. 
www.listeninc.com

Photo 7) is a 

to produce novel control and measurement systems for loud-
speakers. The current developments are based on the results 
of loudspeaker research performed for nearly 20 years and 
published in numerous scientific papers and patents. Wolfgang 

for loudspeakers, which are the basis for digital compensation 

by awards from the Audio Engineering Society. www.klippel.de

promote business with Denmark. um.dk/en

machining, painting, silk-screen printing, and assembly. The 
R&D team is composed of dedicated acoustical engineers from 

2,500 employees, and manufacturing facilities covering an area 

Vancouver, Canada, being mainly responsible for group strategy 
sales, product planning, and product R&D. www.edifer.com.

emanated from an electrical workshop in the 1950s.  In its 
development, the company evolved from a private operation 

Photo 4: AAC exhibit at ISEAT 2011

Photo 5: Andorin exhibit at ISEAT 2011

Photo 3: Presenters at ISEAT 2011
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Photo 6: Listen, Inc. exhibit at ISEAT 2011

Photo 7: The Klippel GmbH exhibit at ISEAT 2011

Presentation Highlights

Plan on attending, 
exhibiting or 
presenting at 
ISEAT in 2013

Institute of Acoustics, 
Nanjing University

Hankou road No.22
Nanjing China

www.iseat.org

Tel/Fax:
00862583593416

For more information 
contact: Yong Shen,  
yshen@nju.edu.cn

International Symposium on ElectroAcoustic Technologies (ISEAT)
         is the direct path to reach Chinese scientists,

                                                               professors and 

                                                                     senior engineers 

                                                                           for audio technology.

ISEAT 2011 was phenomenally successful. Held 
in alternating years, the event is one of the most 
influential professional symposiums in China, 
with worldwide representation of the most 
advanced electro-acoustic technologies.

Workshops, tutorials, technical papers and 
prominent industry exhibitors provide attendees 
with a wealth of learning, networking and 
business opportunities.
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Photo 8: Professor Yong Shen and Neville Thiele at ISEAT 2011

Photo 8

- 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
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Acoustic Patents
By James Croft, Croft Acoustical

The following loudspeaker-related patents were filed pri-
marily under the Office of Patent and Trademarks classi-

fication 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.  

VEHICLE LOUDSPEAKER ARRAY
Patent Number: U.S. 8,073,156
Inventors: Steven W. Hutt (Bloomington, IN), D. Broadus 
Keele, Jr. (Bloomington, IN)
Assignee: Harman International Industries, Inc. (Northridge, 
CA)
Filed: May 19, 2005
U.S. Class: 381/86
Granted: December 6, 2011, 26 Claims, 7 Drawings

Abstract from Patent
An audio processing system for a vehicle includes a 

plurality of loudspeakers positioned to form a single line 
array. The loudspeaker line array is position-able in a 
vehicle on a dashboard of the vehicle substantially at the 
convergence of the dashboard and a window of the vehicle 
(see Figure 1a and 1b). When the loudspeaker line array 
is driven by an audio signal, a vertically and horizontally 
focused and narrowed sound pattern is perceived by a 
listener in the vehicle. The sound pattern is the result of 
the constructive combination of the direct sound impulses 
and the reflected sound impulses produced by each loud-
speaker in the array. Using delay, attenuation and phase 
adjustment of the audio signal, the sound pattern may be 
controlled, limited, and directed to one or more locations 
in the vehicle.

Independent Claims
1. An audio system for use in a vehicle, the audio system 

comprising: a line array of at least four loudspeakers; and a 
shelf configured to be installed in the vehicle, where the array 
is mounted on the shelf and positioned adjacent to a sound 
reflective surface that extends above the shelf, and the sound 
reflective surface forms an angle between the shelf and the 
sound reflective surface; where the line array is positioned jux-
taposed to a convergence of the sound reflective surface and 
the shelf, and where the loudspeakers are positioned on the 
shelf with respect to the sound reflective surface so that a first 
direct sound impulse provided by each of the loudspeakers is 
constructively combined with a reflected sound impulse cre-
ated by reflection from the sound reflective surface of a second 
direct sound impulse provided by the same loudspeaker that 
provided the first direct sound impulse. 

5. An audio system for use in a vehicle, the audio system 
comprising: a single line array of at least four loudspeakers; 
and a shelf configured to be installed in the vehicle, the line 

array mounted at a peripheral edge of the shelf; where the 
peripheral edge is positioned in the vehicle adjacent a sound 
reflective surface that forms an angle with the shelf so that the 
single line array is configured for constructive combination 
of direct sound impulses from one of the loudspeakers with 
reflected sound impulses that result from reflection of the 
direct sound impulses by the sound reflective surface.

17. An audio system for use in a vehicle, the audio system 
comprising: a plurality of loudspeakers formed in a line array; 
a direct sound impulse produced by each of the loudspeakers; 
and a reflected sound impulse produced by reflection of a por-
tion of the direct sound impulse with a sound reflective sur-
face; where the direct sound impulse and the reflected sound 
impulse combine substantially in phase due to a distance 
between the loudspeakers and the sound reflective surface.

23. An audio system for use in a vehicle, the audio system 
comprising: a line array of at least four loudspeakers, the 
at least four loudspeakers contiguously positioned in the 
line array to form a single line; and a shelf configured to 
be installed in the vehicle, where the array is coupled to the 
shelf and positioned adjacent to a window in the vehicle that 
extends above the shelf and the shelf forms an angle between 
the shelf and the window, where the line array is juxtaposed to 
a convergence of the window and the shelf; and where the at 
least four loudspeakers are positioned on the shelf with respect 
to the window so that a first direct sound impulse provided 
by each of the at least four loudspeakers is constructively 
combined with a reflected sound impulse created by reflec-
tion from the window of a second sound impulse provided 

Figure 1a: An audio processing system for a vehicle. b: A diagram 

of the sound pattern within a vehicle

a)

b)
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by the same loudspeaker that provided the first direct sound 
impulse.

REVIEWER COMMENTS 
Disclosed in this patent is a loudspeaker array for use in a 

vehicle with an audio system that includes an array of trans-
ducers and associated amplifiers individually driving each 
transducer, or groups of transducers, to create multi-channel 
sound field images for listeners seated in the vehicle. The pre-
ferred transducer array is composed of a plurality of wideband 
miniature loudspeakers that are located in the vehicle at the 
converging intersection of the windshield and the dashboard. 

The array is driven by one or more audio signals provided 
by a bank of multi-channel processor-controlled automotive 
amplifiers capable of providing separate processor/amplifier 
power to each loudspeaker in the array. Due to the rather 
extended length of the array, relative to the wavelengths being 
reproduced, the array can beam steer a wave-front to virtually 
any horizontal location in the vehicle cabin.  By driving all 
the transducers with all the channels of the sound source, a 
separate, beam-steered, wave-front direction can be created 
for each channel, and/or a separate beam-steered wave-front 
can be created for each desired direction or sonic location for 
any input signal.

Along with this horizontal directivity control, the vertical 
directivity is maintained by way of the natural waveguide 
formed by the dashboard and the windshield. Further, the 
transducers are positioned relative to the windshield/reflector, 

such that over a major portion of the frequency range of the 
system the direct and reflected signals sum constructively.

Different audio signal processing configurations are also 
used to further control the coverage pattern of the sound field 
produced by the array of loudspeakers. For example, signal 
delay may be used to focus audio content produced by the 
array at the driver and/or passenger locations. Amplitude 
shading may also be used to minimize crosstalk and further 
focus the array. Selective application of delay, amplitude 
shading, and inversion to the audio signals driving the loud-
speakers in the array can form illuminated privacy zones for 
one or more passengers in a vehicle, even producing different 
program material simultaneously for each passenger region.  
This can be used for reproducing audio program material or 
also for other applications, such as private listening for hands-
free phone calls.

The success of any private listening is subject to the reflec-
tive properties of the passenger cabin surfaces, which can 
substantially defeat a private listening zone due to strong 
reflections bouncing around the interior of the vehicle.

The system is based on the multi-channel, beam-steered, 
single-speaker surround sound systems, developed by 
Anthony Hooley of 1-Ltd. in England and produced by 
Pioneer as a two-dimensional array (with height information 
steering included) and eventually patented by Yamaha and 
Pioneer as a simplified, one-dimensional, horizontal array (see 
U.S. 5,953,432) which most closely resembles the current 
invention.  While this multi-channel system architecture has 
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Figure 2: U.S. Patent 8,031,901

been available for home theater use since the late-1990s, this 
patent appears to disclose the first application of this technol-
ogy to a vehicle sound system.

Other approaches to isolated listening and directivity con-
trol in vehicle sound systems have been attempted by differ-
ent means, such as parametric directional transducers, and 
multiple planar magnetic transducers in various in-vehicle 
arrangements (see Thigpen U.S. 7,343,020), but one would 
expect the current invention to achieve a superior combina-
tion of directivity control, combined with a maximization of 
maximum output capability from a given transducer set, due 
to multi-channel power sharing and inherent incorporation 
of the natural horn/waveguide formed by the location of the 
source of acoustic output.

This appears to be an effective use of this type of loudspeaker 
array and signal processing, and should be an useful system 
that substantially meets intended goals.

PLANAR SPEAKER DRIVER
Patent Number: U.S. 8,031,901
Inventors: Igor Levitsky (Toronto, CA)
Assignee: Bohlender Graebener Corp. (Carson City, NV) 
Filed: September 13, 2007
Granted: October 4, 2011
Current Class: 381/399, 7 Claims, 6 Drawings

Reviewer Comments
Disclosed is a double-ended or push-pull, planar magnetic 

transducer (see Figure 2).  It includes the standard elements, 
such as opposing rows of magnets with a thin film, ten-
sioned diaphragm including conductive traces, positioned 
between the front and back-set of magnets.  There are a 
number of additional elements shown, but not claimed, 
such as the driver having selectively corrugated along the 
periphery of the diaphragm.  

One of the issues that practitioners of this type of device 
often have to deal with is that of the fact that the opposing 
magnet rows have a common polarity facing each other, 
and therefore significant repulsion forces pushing the mag-
nets apart, and therefore attempting to push the front and 
back magnet/frame assemblies apart from each other.  This 
can cause a bulge in the middle of the device, causing a 
larger gap between the magnet and film in the center than 
at the outer edges of the transducer, and also can cause a 
reduction in diaphragm tension, which can change the 
resonant frequency and cause buzzing. This has become 
an even more significant issue in the last decade, as high-
energy neodymium iron magnets have been incorporated 
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into planar magnetic transducers.
There are two basic approaches to dealing with this 

problem: 1) use thicker, stronger frames, add bracing 
across the outside of the front and the back of the trans-
ducer, or 2) adopt the specific claimed approach of the pat-
ent, which is to allow the central portion of the transducer 
to bow out and create a larger central gap, while setting 
the film tension to be optimal under this condition.  The 
advantage of allowing the center of the device to bow out-
ward, is to create a larger gap for greater excursion ability in 
the center, where the excursion is greatest at low frequen-
cies, and to allow the system to reach a mechanical stasis 
with the frames bowed in the center as the predetermined 
final form that remains substantially unchanged over time.

The construction form does have precedent, in that 
it was first disclosed in James Winey’s early Magnepan 
single-ended patents of the 1970s (U.S. 3919499) and was 
also expressed in a number of the models of the large area 
double-ended, push-pull ribbons of the Carver Amazing 
Loudspeaker models developed by David Graebener and 
this reviewer in the mid-1980s.  The approach is an effec-
tive construction technique for this type of device, and does 
allow for the performance advantages of greater excursion 
due to a larger gap, as suggested in the patent.  Of course, 
the larger gap has an associated reduction in efficiency, but 
a balance of excursion and efficiency is a standard tradeoff 
among all transducers and this is an effective technique to 
balance the attributes in planar magnetic devices. VC
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Test Bench
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Figure 1: Family of BMS 18N862 impedance curves created from 

the LEAP 5 LTD parameter calculation process

Big Woofer, Small Woofer
By Vance Dickason

Samples received for this month’s Test Bench review (it’s really 
more of an objective explication) are from the opposite ends 

of the woofer spectrum, an 18" high-powered pro sound sub-
woofer from BMS, the BMS 18N862, and just for contrast, a 
3" full-range from Fountek, the FR89EX.

The January 2012 issue of Voice Coil featured the BMS 15" 
extended range neo woofer, the BMS 15N850V2. This month 
I received the BMS 18" extended low-frequency neodymium 
motor woofer, the 18N862, a new version of their successful 
18N860. Like the 15N850V2, the 18N862-8 features a rather 
high-rated nominal power handling of 1500 W (AES).

The BMS 18N862 is a new version of the BMS 18" neo-
dymium motor 18N860 extended low-range woofer, the 
primary difference being the surround configuration. Like its 
18N860, the 18N862-8 is built on a proprietary eight-spoke 
cast aluminum frame that is further CNC machined at the 
factory to guarantee a better contact between the frame and the 
motor system for enhanced thermal contact, supplemented by 
a special silicone compound for better heat transfer. The frame 
is also additionally machined on the spider mounting shelve 
to ensure a ±0.05-mm vertical dimension to avoid DC offset 
by getting an exact magnetic center location.  For cooling, the 
frame has eight sets of heatsink fins, grouped four to a set, 
each with five 2 mm × 30 mm vents between the fins, for a 
total of 24 heatsink fins and 40 vent slits located between the 
spider mounting shelf and the back of the frame. Along with 
this, there are also four 6-mm diameter round vents around the 
peripheral of the motor base.  

The cone assembly features an 18"-diameter double-coated 
(for moisture resistance) straight profile, lightweight, carbon 
fiber filled paper cone with a 6"-diameter coated paper dust cap. 
Compliance is provided by a three-roll coated cloth “M” type 
surround and a 7"-diameter cloth spider mounted directly to the 
frame. Driving this assembly is a 101.6 mm (4") diameter voice 
coil wound both inside and outside with round copper wire on 
a proprietary 0.22-mm thick glass fiber former. BMS refers to 
this as a “sandwich” voice coil. Heavy insulated tinsel lead wire 
are terminated to a pair of chrome, color-coded push terminals.

Testing for the BMS 18N862 began using the LinearX LMS 
and VIBox to generate 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, and 30 V, however, the device 
was still measuring very linear at 30 V and would likely have 
been good to 50 to 60 V, but with 94 to 95 dB sensitivity, it 
gets extremely loud, even with ear protectors. Using the testing 
protocol that I have established for Test Bench, the fixed Mmd 
method was used rather than the delta mass (added mass) or the 
delta compliance (sealed test box) methods for obtaining the Vas 
of the driver. As with the 15N850V2, this data was provided by 
BMS transducer engineer Svetly Alexandrov.

Following this measurement sequence, the 14 550-point 

stepped sine wave sweeps for each sample were post-processed 
and the voltage curves divided by the current curves to cre-
ate impedance curves, the 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 that the usual single-impedance, low-voltage 
curve method used for deriving Thiele-Small parameters (see 
Figure 1 for the family of multi-voltage impedance curves 
created by this process). The obvious thermal change is due to 
playing a 200-Hz sine tone at the sweep voltage level from 10 
to 50 s between sweeps in order to approximate the 3rd thermal 
time constant. This method incorporated into the LEAP 5 
LTD model results in a significantly more accurate prediction of 
excursion at high voltage levels than the standard or LEAP 4 TSL 

Photo 1a: The BMS 18N862 top view. b: The 18N862 bottom view

a)

b)



A weekend to remember!
March 9-12 – Jacksonville, Florida

AXPONA presents its opening high-end audio show of the year,
March 9-12 at the Omni Jacksonville Hotel on Florida’s First Coast.

AXPONA is dedicated to preserving superior quality music playback by producing events for high-end
audiophile consumers who demand the world’s finest equipment. Join us and other music lovers for a weekend

of beautiful weather, good company and amazing music.

Headlining the expo is a live concert weekend by the Jacksonville Symphony Orchestra (March 8-10)
in a world-class hall designed for an acoustically intimate experience.

Jacksonville offers the optimal mix of urban charm, vibrant culture, oceanfront lifestyle and Florida’s natural beauty.
And it’s just around the corner from historic St. Augustine, TPC Sawgrass and other great attractions.

This event is OPEN TO THE PUBLIC.
Log on to AXPONA.com for tickets and information or call (877) 246-3892 or (386) 256-4993.

Register NOW and get a special price for premium Symphony tickets.

Stay tuned for future AXPONA shows with Omni Hotels in some of America’s finest destinations.
Media Sponsors include Stereophile, The Absolute Sound, EnjoytheMusic.com and other fine publications.
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Figure 3: BMS 18N862 computer box simulations (black solid = 

vented 1 @ 2.83 V; Blue dash = vented 2@ 2.83 V; black solid = 

vented 1@ 36 V; blue dash = vented 2 @ 36 V)
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Figure 2: BMS 18N862 woofer free-air impedance plot
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Figure 4: Group delay curves for the 2.83-V curves in Figure 3 Figure 5: Cone excursion curves for the 100-V curves in Figure 3

Figure 6: Klippel Analyzer Bl (X) curve for the BMS 18N862 Figure 7: Klippel Analyzer Bl symmetry range curve for the 

BMS 18N862

Figure 8: Klippel Analyzer mechanical stiffness of suspension 

Kms (X) curve for the BMS 18N862

Figure 9: Klippel Analyzer Kms symmetry range curve for the 

BMS 18N862
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models, which is one of the important advantages of the LEAP 5 
software and why I use it for Test Bench testing. 

Because most TS parameter data provided by OEM manufac-
turers 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, the multiple 
voltage impedance curves for the LTD model (see Figure 2 for 
the woofer 1-V free-air impedance curve) and the 1-V imped-
ance curves for the TSL model were selected in the Transducer 
Derivation menu in LEAP 5 and the parameters created for 
the computer enclosure simulations. Table 1 compares the 
LEAP 5 LTD and TSL data and factory parameters for both 
BMS 18N862 samples.

TSL Parameter measurement results for the BMS 18N862-
8 showed fairly close agreement with the factory-published 
data, with the exception of the sensitivity, the difference 
being that my data was sensitivity at 2.83 V, while BMS 
uses the 1 W/1 m criteria with a 5.7-Ω Re yields a some-
what larger number. A larger variance occurred with the 
LTD data; however, I followed my usual protocol and 
programmed computer enclosure simulations using the LEAP 
5’s LTD parameters for Sample 1. This included two vented 
alignments, one recommended by BMS for this driver, a 7 ft3 

vented box with 15% fiberglass fill material tuned to 27 Hz, and 
a 5 ft3 Extended Bass Shelf (EBS) vented alignment enclosure 
with 15% fiberglass fill material and tuned to 28 Hz from the 
LEAP 5 Quick Design utility.   

Figure 3 displays the results for the BMS 18N862-8 for the 
two-vented box designs at 2.83 V and at a voltage level suffi-
ciently high enough to increase cone excursion to Xmax + 15% 
(22 mm for the BMS 18"). This produced a –3dB frequency 
of 42 Hz (–6 dB = 33 Hz) for the 5 ft3 enclosure and F3 
= 26 Hz (F6 = 38 Hz) for the 7 ft3 vented simulation. 
Increasing the voltage input to the simulations until the 
maximum linear cone excursion was reached resulted in 
127 dB at 160 V for the 5-ft3 enclosure simulation and 
the same 127 dB with the same 160-V input level for the 
larger vented box (see Figures 4 and 5 for the 2.83-V group 
delay curves and the 160-V excursion curves). Note that the 
criterion for these high-excursion SPL numbers was the maxi-
mum excursion at 18 Hz. If a 20 to 25-Hz high-pass filter was 

  TSL model LTD model  Factory

sample 1 sample 2   sample 1 sample 2

Fs 29.2 Hz  29.5 Hz 28.1 Hz  28.6 Hz 29.0 Hz  

Revc 5.40 5.40 5.40 5.40 5.7

Sd 0.118   0.118 0.118  0.118     0.1195

Qms 6.35 6.90 4.66    5.15      4.8  

Qes 0.43 0.42 0.33 0.32      0.46 

Qts 0.40 0.39 0.31 0.30 0.42  

Vas 222 ltr   218 ltr 243 ltr   234 ltr     231.0 ltr  

SPL 2.83 V 93.0 dB  93.1 dB   94.0 dB  94.1 dB     95 dB 1 W/1 m

Xmax 19 mm  19 mm    19 mm   19 mm 19 mm  

Table 1: BMS 18N862-8

Figure 10: Klippel Analyzer L(X) curve for the BMS 18N862

Figure 11: BMS 18N862 on-axis frequency response
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analyzer for the BMS 18N862-8 were XBl @ 70% (Bl decreas-
ing to 70% of its maximum value) was 15.9 mm and for XC 
@ 50% (compliance decreasing to 50% of its maximum value) 
was 14.3 mm, which means that for the BMS 18N862-8, the 
compliance is the limiting factor for the prescribed distortion 
level of 20% for using this driver as a subwoofer. Again, as with 
the BMS 15N850V2, data this good is about as good as it gets. 
Plaudits and Kudos to the engineers at BMS! 

Figure 10 gives the inductance curve L(X) for the BMS 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, and the BMS 
18" incorporates a triple aluminum shorting ring format. This 
is readily apparent in the L(X) curve. As you can see, the induc-
tance variation is extremely small, only 0.07 to 0.17 mH from 
rest to Xmax in either direction. Minimal inductance variation 
is critical to a low distortion and an accurate sounding driver.

Since I don’t keep an inventory of test enclosures for 18" 
and larger drivers, and since this driver is really intended for 
subwoofer applications, I did not do the usual on- and off-axis 
SPL curves, but instead, Figure 11 displays the BMS published 
SPL curve for the BMS 18N860, which should be close to the 
BMS 18N862.  

For the last test on the BMS 18" woofer, I used the Listen, Inc. 
SoundCheck analyzer and SCM microphone and power supply 
(courtesy of Listen, Inc.) to measure distortion. Since this driver 
is really meant for subwoofer applications, I also dispensed with 
the time frequency plots. Setting up for the distortion measure-

used, the SPL would be higher.
Klippel analysis for BMS 18N862-8 (our analyzer is provided 

courtesy of Klippel GmbH), which as usual was performed by 
Patrick Turnmire, Red Rock Acoustics (author of the SpeaD 
and RevSpeaD transducer simulation software) produced the 
the Bl(X), Kms(X) and Bl and Kms Symmetry Range plots 
given in Figures 6 to 9. Like many of the pro sound companies 
that contribute samples to Voice Coil for this column, BMS has 
its own Klippel analyzer. 

The Bl(X) curve for the 18N862-8 (see Figure 6) is nicely 
broad and symmetrical typical of a high Xmax driver (19-mm 
Xmax is a lot of excursion capability for a pro sound 18" woofer) 
with a very small amount of coil out (forward) offset. Looking at 
the Bl Symmetry plot (see Figure 7), this curve shows negligible 
0.79 mm of forward (coil-out) offset in the 5-mm position (a 
more reliable number than at rest in this case) decreasing to zero 
offset at the drivers physical Xmax of 19 mm, all of which is of 
no real consequence. Figures 8 and 9 depict the Kms(X) and 
Kms Symmetry Range curves for the BMS 18N862-8. The 
Kms(X) curve is also symmetrical with small amount of rear-
ward coil in offset. The Kms Symmetry Range curve shows a 
minor 0.5-mm forward offset at 5-mm excursion point (where 
the data is more reliable), and staying constant at that small 
amount out to the physical Xmax of the driver. Like the BMS 
15N850V2, all the effort to CNC the bottom of the frame pays 
off with the voice coil placed in pretty much the exact magnetic 
center of the motor structure.

Displacement limiting numbers calculated by the Klippel 

Figure 12: BMS 18N862 SoundCheck distortion plots
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ment consisted of mounting the woofer rigidly in free-air, and 
the SPL set to 104 dB at 1 m (8.5 V) using a noise stimulus 
(SoundCheck has a built-in noise generator and SPL meter as 
two of its utilities), and then the distortion measured with the 
SCM microphone placed 10 cm from the dust cap. This pro-
duced the distortion curves shown in Figure 12. 

  Like the BMS 15" evaluated in Voice Coil, January 2012, the 
BMS 18N862-8 is a very well-engineered woofer, as can be seen 
from the above analysis, plus the overall excellent fit and finish 
that I observed certainly indicate that this is a very well-crafted 
product. As I said last month, I was especially impressed with 
the extent the company went to ensure the cone assemble was 
positioned nearly perfectly at the magnetic center of the motor. 
Not having the voice coil properly located in the gap is an all 
too frequent problem that I see in the Test Bench reviews. For 
more on the BMS 18N862 and other BMS products, visit the 
company website at www.bmspro.com.

The Fountek FR89EX
The next driver to test this month was a very interesting 3" 

full-range from Fountek. Fountek Electronics is a relatively new 
high-end audio manufacturer out of China. Founded April 
2003 in Shanghai, China, the company released its first ribbon 
transducer in June of that year. Besides OEM transducers like 
the FR89EX that is the subject of this review, Fountek also pro-
duces finished home audio speakers, a line of solid state and tube 
amplifiers, plus a line of powered studio monitors.

 The Fountek FR89EX is 3"-diameter aluminum cone neo-
dymium motor full-range transducer built on a four-spoke, cast 
aluminum frame. For cooling, the proprietary frame has four 
2 mm × 35 mm vents below the spider-mounting shelf, located 
between the frame spokes. The cone assembly consists of a silver 
(natural finish) coated aluminum cone with a 1"-diameter 

Photo 1a: The Fountek FR89EX top view. b: The FR89EX bottom 

view

a)

b)

  TSL model LTD model  Factory

sample 1 sample 2   sample 1 sample 2

Fs 101 Hz  101 Hz 101 Hz  103 Hz 96 Hz  

Revc 3.20 3.21 3.20 3.21 3.40

Sd 0.0027   0.0027 0.0027  0.0027     0.0027

Qms 1.16 1.08 1.26    1.21      1.47  

Qes 0.55 0.51 0.57 0.59      0.65 

Qts 0.37 0.35 0.40 0.40 0.45  

Vas 1.01 ltr   1.02 ltr 1.07 ltr   1.03 ltr     1.11 ltr  

SPL 2.83 V 84.7 dB  85.0 dB   84.4 dB  84.4 dB     83.7 dB 

Xmax 5.0 mm  5.0 mm    5.0 mm   5.0 mm 5.0 mm  

Table 2: Fountek FR89EX Full-range

Figure 13: Fountek FR89EX free-air impedance plot
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coated aluminum dust cap. Suspending the cone and dust cap 
are a low-loss NBR surround and a treated cloth spider that has 
been vented with four 4-mm diameter holes. The FR89EX has 
a 25-mm diameter single layer voice coil wound with flat (rib-
bon) copper wire on aluminum former and terminated to a pair 
of gold-plated terminals. Powering this structure is an under-
hung neodymium motor with a black emissive coating on the 
motor return cup for better heat transfer to the surrounding air. 

I commenced testing the Fountek FR89EX full-range using 
the LinearX LMS analyzer and VIBox to create both voltage 
and admittance (current) curves with the driver clamped to a 
rigid test fixture in free-air at 0.3 V, 1 V, 3 V, 6 V, and 10 V. 
The 10-V curve was too non-linear to get an appropriate curve 
and was discarded. Next, the eight 550-point stepped sine wave 
sweeps (four current and four voltage sweeps) for each FR89EX 
samples were post-processed and the voltage curves divided by 
the current curves (admittance curves) to produce the imped-
ance curves, phase generated by the LMS calculation method, 
and along with the accompanying voltage curves, imported to 
the LEAP 5 Enclosure Shop software. Since most Thiele-Small 
data provided by OEM manufacturers is being produced using 
either a standard transducer model 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, the multiple voltage impedance 
curves for the LTD model (see Figure 13 for the 1V free-air 
impedance curve) and the 1-V impedance curve for the TSL 
model were selected in the transducer derivation menu in 
LEAP 5 and the parameters created for the computer box 

Figure 14: Fountek FR89EX computer box simulations (black 

solid = sealed @ 2.83 V; blue dash = vented @ 2.83 V; black 

solid =  sealed at 21 V; Blue dash = vented @ 21 V)
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Figure 15: Group delay curves for the 2.83-V curves in Figure 14
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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.
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Figure 16: Cone excursion curves for the 21-V curves in Figure 14

Figure 18: Klippel Analyzer Bl symmetry range curve for the 

Fountek FR89EX

Figure 17: Klippel Analyzer Bl (X) curve for the Fountek FR89EX

Figure 19: Klippel Analyzer mechanical stiffness of suspension 

Kms (X) curve for the Fountek FR89EX

Figure 20: Klippel Analyzer symmetry range curve for the 

Fountek FR89EX

Figure 21: Klippel Analyzer Le (X) curve for the Fountek FR89EX
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Figure 22: Fountek FR89EX on-axis frequency response Figure 23: Fountek FR89EX on- and off-axis frequency response 

at 0° (black-solid), 15° (blue-dot), 30° (green-dash), and 45° 

(purple-dot/dash)
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Figure 26: BMS 4592ND/CFD 2-60a tweeter SoundCheck distortion plots
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Figure 24: Fountek FR89EX two-sample SPL comparison

simulations. Table 2 compares the LEAP 5 LTD and TSL data 
and Fountek factory parameters for both of FR89EX samples.

LEAP parameter calculation results for the FR89EX were 
sufficiently close to the factory data, so I proceeded to set 
up computer enclosure simulations using the LEAP LTD 
parameters for Sample 1. Two computer box simulations were 
programmed into LEAP, a 30-cubic-inch sealed box alignment 
(50% fill material) and a 42-cubic-inch vented alignment tuned 
to 103 Hz (15% fill material). Figure 14 displays the results for 
the Fountek full-range driver in the two enclosure simulations at 
2.83 V and at a voltage level sufficiently high enough to increase 
cone excursion to Xmax + 15% (5.8 mm for the FR89EX). This 
produced a F3 frequency of 165 Hz with a box/driver Qtc of 
0.71 for the 30-cubic-inch sealed enclosure and –3 dB = 103 Hz 

42-cubic-inch vented box simulation. Increasing the voltage input 
to the simulations until the maximum linear cone excursion 
was reached resulted in 104 dB at 21 V for the sealed enclosure 
simulation and 104.5 dB with a 21-V input level for the larger 
vented enclosure (see Figures 15 and 16 for the 2.83-V group 
delay curves and the 21-V excursion curves). 

Klippel analysis for the Fountek 3" full-range (our analyzer is 
provided courtesy of Klippel GmbH), and testing performed 
by Pat Turnmire, Red Rock Acoustics (author of the SpeaD 
and RevSpeaD software) produced the Bl(X), Kms(X) and Bl 
and Kms Symmetry Range plots given in Figures 17 to 20. 
The Bl(X) curve for the FR89EX (see Figure 17) is relatively 
broad and with a degree of asymmetry. Looking at the Bl 
Symmetry plot (see Figure 18), this curve shows a 2.5-mm 
coil-out offset at the rest position that decreases to 0.50 mm 
at the physical 5.0 mm Xmax of the driver. 

Figures 19 and 20 show the Kms(X) and Kms Symmetry 
Range curves for the Fountek full-range driver. The Kms(X) 
curve is also somewhat asymmetrical, and has a very minor 
forward (coil-out) offset of about 0.3 mm at the rest position, 
decreasing to zero at 2.5 mm, and ending up at 5-mm excursion 
with about 0.6-mm coil-in offset. Displacement limiting num-
bers calculated by the Klippel analyzer for the FR89EX were 
XBl @ 82% Bl is 4.2 mm and for XC @ 75% Cms minimum 
was 2.9 mm, which means that for this Fountek woofer, the 
compliance is the most limiting factor for prescribed distortion 
level of 10%.

Figure 21 gives the inductance curve Le(X) for the FR89EX. 

Figure 25: Fountek FR89EX SoundCheck distortion plots
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Inductance will typically increase in the rear direction from the 
zero rest position as the voice coil covers more pole area; how-
ever, the FR89EX inductance variance due to the neodymium 
motor structure is rather small. The inductance variation is 
only 0.09 mH from the in and out Xmax positions, which is 
very good.

Next, I mounted the FR89EX full-range in an enclosure 
which had a 9"× 4"  baffle, filled with damping material 
(foam), and then measured the transducer on- and off-axis 
from 300 Hz to 40-kHz frequency response at 2.83 V/1 m 
using the LinearX LMS analyzer set to a 100-point gated sine 
wave sweep. Figure 22 gives the FR89EX’s on-axis response 
indicating a smoothly rising response to about 10 kHz with 
a 6-dB step between 1 kHz and 1.5 kHz, and some break-up 
peaking at 20 kHz prior the high-pass roll-off. However, it 
definitely has a response on-axis out to 35 kHz.

Figure 23 displays the on- and off-axis frequency response 
at 0°, 15°, 30°, and 45°. As with most full-range transducers, 
the 30° off-axis is about the same as any 3" piston driver. The 
last SPL measurement is given in Figure 24, and illustrates the 
two-sample SPL comparison for the 3" driver, showing a close 
match to within less than 1 dB throughout the operating range.

For the remaining series of tests, I employed the Listen, Inc. 
SoundCheck analyzer with the Listen, Inc. ¼" SCM micro-
phone and power supply (courtesy of Listen, Inc.) to measure 
distortion and generate time frequency plots. For the distortion 
measurement, the Fountek fullrange was mounted rigidly in 
free-air, and the SPL set to 94 dB at 1 m (6.4 V) using a noise 
stimulus, and then the distortion measured at with the micro-
phone placed 10 cm from the dust cap. This produced the dis-
tortion curves shown in Figure 25. I then used SoundCheck to 
get a 2.83 V/1 m impulse response for this driver and imported 
the data into Listen, Inc.’s SoundMap Time/Frequency soft-
ware. The resulting CSD waterfall plot is given in Figure 26 
and the Wigner-Ville (for its better low-frequency performance) 
plot in Figure 27. 

 The Fountek FR89EX is a well-designed 3" full range and 
possible applications would include use as a driver in a high-end 
iPOD speaker, as a midrange in a three-way speaker, are in high-
end line-source speaker. For more on this well-crafted 3" driver, 
visit the Fountek website at www.fountek.net. VC

Figure 26: Fountek FR89EX SoundCheck CSD waterfall plot

Figure 27: Fountek FR89EX SoundCheck Wigner-Ville plot

 

Test Bench is an open forum for OEM driver manufac-
turers in the industry and all OEMs are invited to submit 
samples to Voice Coil for inclusion in the monthly Test 
Bench column. 

Any woofer, midrange, or tweeter an OEM manufacture 
feels is representative of their work, is welcome to send 
samples. Contact Voice Coil Editor Vance Dickason to dis-
cuss which drivers are being submitted. 
Samples should be sent in pairs and addressed to:

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

Submissions for Test Bench
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Industry Watch

By Vance Dickason

Gibson Creates Pro Audio Division
As part of its continued expansion as a lifestyle brand, Gibson 

Guitar, one of the truly premier musical instrument manufacturers, 
has announced the creation of its pro audio division through the 
acquisition of the platform assets of the Stanton Group.  Stanton 
Group is comprised of KRK Systems, Cerwin-Vega, and Stanton DJ 
and makes products for both the consumers and professional audio 
markets. Together, the companies will form Gibson Pro Audio divi-
sion, which will be headquartered in Nashville, TN.

Moses Named AES Executive Director
Bob Moses, longtime AES member and officer, accomplished 

product designer, technologist, and pro audio industry advocate, has 
been named executive director of the Audio Engineering Society. 
Moses assumed his new role January 1, 2012. In accepting the 

position, Bob Moses said,  “The AES 
has been the backbone of my career. It 
has provided me with a unique plat-
form to evangelize my ideas and seek 
feedback from the industry. I’ve learned 
almost everything I know about audio, 
and met many of my closest colleagues, 
through AES activities. I can’t imagine 
achieving my career goals without AES 
there to support me. Outgoing Executive 
Director Roger Furness has done an 

incredible job over the past 17 years, and I deeply appreciate his deci-
sion to remain aboard throughout 2012. My initial task is to identify 
where the AES provides maximum value to its membership and the 
industry, and to advance new ways to enhance this value. Sixty-three 
years ago the AES was the place for the scientific community to share 
ideas. Over time, AES conventions evolved as the best forum for 
manufactures to exhibit professional audio products. But today, the 
Internet and persistent economic challenges worldwide have changed 
the game. Based on my own experience as an AES member, author, 
and exhibitor, I know the AES remains a vital resource for audio pro-
fessionals. We need to clarify that value and communicate it better. 
I’m ready for the challenge.”

In 1987 after graduating from McGill University with an electri-
cal engineering degree, Bob Moses joined Rane Corporation as a 
digital audio product designer. In 1995, he invented a novel means 
of transporting audio over Firewire and cofounded Digital Harmony 
Technologies (DHT) to deploy this technology.  Moses worked as 
a consultant to numerous consumer and professional audio manu-
facturers until he was recruited by THAT Corporation in 2006 as 
program manager of its integrated circuit (IC) business. During the 
past five years, he has concentrated his energies on managing new 
technology development at THAT.

As a member of the AES Board of Governors since 1999; vice 
preseident, Western Region, (2001–2006); and president, (2007–
2008), Bob Moses has served an increasingly integral role within 
the organization and on convention development, including several 
consecutive turns as Product Design Track chairman.

Audiovox Now Called VOXX International
Audiovox Corp. has officially changed its name to VOXX 

International. According to the company, the character of the firm 
has changed dramatically in the past several years. Audiovox contin-
ues to be a good brand, but it is associated as a good, value CE line 
available at an attractive price. But with the acquisitions of Klipsch, 
RCA, and others, Audiovox doesn’t really describe what the com-
pany is today. VOXX has a host of brands in the CE and automo-
tive industries. In the United States the brands are: Audiovox, RCA, 
Acoustic Research, Jensen, Advent, 
Code Alarm, Invision, Prestige, 
Omega, Excalibur, Pursuit, Terk and 
Surface—as well as Klipsch, which 
is also an international brand. On 
the international side, VOXX also has Jamo, Energy, Mirage, Mac 
Audio, Magnat, Heco, Schwaiger, and Oehlback. 

Baldwin Steps Down As CEDIA CEO
CEDIA and Utz Baldwin have agreed on Mr. Baldwin’s departure 

from CEDIA as chief executive officer. CEDIA’s Board of Directors 
will continue to provide strategic leadership for the organization as 
it continues to build strength as the dominant global association in 
residential technologies.  Don Gilpin will assume a more active role 
as CEDIA’s chief operating officer under the direction of the Board 
of Directors. Randy Stearns, the Board’s immediate past chairman 
said, “As we continue to grow, we will be calling on more members 
to volunteer and help us be the best trade association in the world.”

Harman's Sales Increase
Harman International Industries reported higher net sales and net 

profits in its fiscal first quarter, ended September 30. Net sales for the 
first quarter were $1.051 million, an increase of 26% compared with 
the same period last year. Excluding foreign currency translation, net 
sales increased by 19%, Harman said. Net income was $48 million, 
up from the prior year’s $27 million. Operating income was $74 mil-
lion, compared with $43 million in the same period last year. During 
this quarter, all three of the company’s divisions reported higher sales.  
 In the infotainment division, net sales were $603 million up from 
the prior year’s $446 million. Operating income was $47 million, 
up from $8 million. Harman attributed higher sales to pent-up 
demand from the Japan tsunami and earthquake and continued 
growth in BRIC countries. In its lifestyle division, sales were up 
19% to $300 million compared with last year due to the same fac-
tors in the infotainment division, but operating income was down 
$3 million to $26 million. Profits were down due to higher costs 
of neodymium magnets, Harman said. In the professional division 
net sales were $148 million, up $8 million, while operating profit 
was down $6 million from the prior year’s quarter to $19 million. 

Logitech Sees Little Growth
Logitech International’s second-quarter sales were essentially flat 

for the fiscal year, with operating and net income both down. 
Sales for the second quarter were $589 million, up 1% from $582 
million in the prior-year period. When the favorable impact of 
the exchange rate is taken out of the equation, sales declined 2%. 
Operating income was $23 million, compared with the prior-year’s 
$51 million, and net income was $17 million, compared with $41 
million. Gross margin for the quarter was 33.7%, down from last 
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year’s 37.3%. Retail sales increased 2% for the quarter, driven by a 
22% increase in Asia. Sales in the Americas and EMEA decreased 
1% . OEM sales decreased 17%, but sales for its LifeSize division 
were up 19%. 

Guerrino De Luca, Logitech chairman of the board and acting 
president and CEO, said in a statement they were consistent with 
expectations. De Luca became acting president and CEO after 
Logitech posted an operating loss of $45 million in the first quarter 
and then-president/CEO Gerald Quinlan stepped down. Last 
September, the company attributed its losses to the poor economic 
climate and the underperformance of its Google Revue device.

Growth Seen in Audio Systems
Premium audio systems in cars were projected to reach double-

digit sales growth worldwide in 2011 and beyond thanks to the 
proliferation of quality sound systems in mid-range cars. Global 
sales in 2011 of premium audio systems reached 7.9 million units, 
up 14% from 6.9 million units last year, and will hit 13.3 million 
units by 2015. Premium audio systems are defined by IHS as 
having any or all of the following: surround sound, eight or more 
speakers and 400 W or more. Branded systems are also included. 
This year’s sales will yield worldwide revenue of $7.3 billion for 
the market, the firm noted, which is up 11% from $6.6 billion in 
2010 (see the accompanying graph). According to IHS, Bose and 
Harman/Kardon are the leading premium audio system suppliers. 
When it comes to trends, the research group said that 5.1 and 7.1 
surround formats are growing in popularity, as are matrix systems 
that synthesize surround sound from stereo, speaker count, and 
Class D amplifiers that fit with multichannel audio, and portable 
music player interfaces.

Best Buy Shows 3rd Quarter Gain
Best Buy showed gains in third-quarter revenue and comp-store 

sales, but they came at a cost. Net earnings fell 29% to $154 mil-
lion for the three months, ended Nov. 26, as the company flexed 
its promotional muscles during Black November and took a $150 
million pretax restructuring charge to shut its 11 big-box U.K. 
stores and dispose of certain “entertainment assets” in the U.S. 
Total revenue rose 1.7% to $12.1 billion during the quarter on 
essentially flat comp-sales growth of 0.3%. Within the U.S., net 
sales edged up 2% to $8.9 billion and comps increased 0.9%, 
reversing five consecutive quarters of same-store sales declines. In 
addition, an expanded online assortment and more competitive 
pricing helped fuel a 20% increase in e-commerce sales.VC

Premium audio graph
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ALMA International Symposium 2012
This year’s ALMA Symposium, “The Future of Loudspeakers,” 

held January 13–14 in Las Vegas, NV, was a well-attended success! 
While a total of 85 attendees was somewhat down from previous 
years, I would definitely say that the annual ALMA Symposium 
(see Photo 1) is nearly as significant to our profession as an AES 
convention, with the caveat that AES conventions always have 
a good deal more in the way of loudspeaker paper presenta-
tions. However, an AES convention has nothing that equals the 
loudspeaker specific exhibits, training classes, tutorials, and panel 
discussions that are available at the ALMA Symposium, so it’s 
important to attend both. If you are not a member (membership 

By Vance Dickason

is NOT a requirement to attend), I would highly encourage you to 
join ALMA and to attend the ALMA Symposium at next year’s CES/
IEEE. If you work more in MI and Pro Sound and don’t normally go 
to CES or IEEE, the symposium is still worth attending on its own 
merits and it’s a good excuse to visit Las Vegas!

 As usual, this year’s symposium content had a lot to offer with 
three training sessions, five tutorials, a panel discussion, five paper 
presentations, and an exhibit hall with 15 exhibitors. All three train-
ing sessions were well attended this year and included:

“Active Noise Cancellation—Special Considerations for 
Loudspeakers and Microphones,” Mike Klasco, Menlo Scientific—
Active Noise Cancellation (ANC) has been in practical use for over 
25 years. Many of the signal-processing issues have been resolved, but 
limitations with speakers, headphones, and mics present obstacles to 
wider use and higher performance.
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Photo 2: The Listen, Inc. booth attracted many visitors during the 

ALMA Symposium 2012

Photo 1: The main exhibit room at the ALMA Symposium 2012 
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components, and tuning. Even if only a small part of the system 
changes, there will be a large investment in engineering resources. 
Taking a platform approach instead may guarantee easier product 
development while minimizing resources.

As with AES conventions, Technical paper presentations are the 
highlight of any ALMA Symposium, and this year was no exception. 
Five paper presentations were presented: “Scanning the Magnetic 
Field distribution of Loudspeaker Systems,” Dr. Prof. Wolfgang 
Klippel, Klippel GmbH; “Very Loud Voice Hailer Using Induction 
Driver,” Marshall Buck, Ph.D., Psychotechnology, Inc. & Wisdom 
Audio; “Adapting Villchur’s Loudspeaker-Copying-Loudspeaker 
Demonstrations to Earphones,” Mead C. Killion, Ph.D., Sc.D.(hon), 
chief technology officer, Etymotic Research, Inc.; “Mechanical Fatigue 
and Load-Induced Aging Effects in Loudspeaker Suspensions,” Dr. 
Prof. Wolfgang Klippel, Klippel GmbH; and “The U.S. Patent Law 
has Changed: Now What Should You Do?” George Jakobsche, pat-
ent attorney, Sunstein Kann Murphy & Timbers LLP.

Since this year’s symposium theme was “The Future of 
Loudspeakers,” group discussion related to the quandary surrounding 
the use of neodymium. The title of this year’s Panel and Roundtable 
Discussions was “Neodymium: Coping with the Consequences of 
Supply and Demand Elasticity.” The panel discussion was chaired by 
Spiro Iraclianos. Panel members included John Ebert (Yungsheng, 
China), Garreth Hatch (Technology Metals Research), Alex King 
(Ames Laboratories), Jack Lifton (Technology Metals Research), and 
Ed Richardson (Thomas and Skinner). The roundtable discussion 

Photo 3: Peter Andrews, Sr., an acoustic engineer at Truextent, 

and Steve Willenborg, a Truextent product manager, are pictured 

at the Truextent brand Acoustic Berylium booth during the ALMA 

Symposium 2012

“Cone Vibration and Sound Radiation,” Dr. Prof. Wolfgang 
Klippel, Klippel GmBH—Distributed mechanical parameters 
describe the vibration and geometry of the sound radiating surface 
of loudspeaker drive units. This analysis separates acoustical from 
mechanical problems, shows the relationship to the geometry and 
material properties and gives indications for practical improvement. 
The tutorial combines the theoretical background with practical 
loudspeaker diagnostics illustrated on various kinds of transduc-
ers such as woofer, tweeter, compression driver, micro-speaker and 
headphones.

“Loudspeakers and Rooms: Designing Listening Experiences,” Dr. 
Floyd Toole—This popular full-day training session is based on Dr. 
Toole’s book, Sound Reproduction. This session explores loudspeaker 
and in-room measurements and their interpretation in terms of 
listener perception.

Like the training sessions, this year’s tutorials were also very informa-
tive. These were:

Institute of Electrical and Electronics Engineers (IEEE)/ 
International Conference on Consumer Electronics (ICCE), 
Tom Coughlin, vice president of operations and planning for the 
IEEE Consumer Electronics Society and president of Coughlin 
Associates provided an introduction to the IEEE Consumer 
Electronics Society (also known as the CES) and its ICCE, which 
ran parallel to the Winter Symposium, January 13–17, 2012, in 
the North Hall of the LVCC. This brief introduction began an 
exploration about how the two associations might collaborate in 
the future (see www.icce.org for more information). 

Advanced Headphone Testing, Brian Fallon, Listen, Inc.—
This tutorial covered the complexities of testing digital head-
phones (USB and Bluetooth) and noise canceling headphones. It 
explained the unique requirements of measuring such devices as 
compared to simpler analog headphones, as well as demonstrated 
the physical setups and measurements used to characterize these 
devices. The Listen, Inc. booth is pictured in Photo 2.

Platform Approach for Loudspeaker Companies, John Oh, presi-
dent, Pulsus Technologies—He stated that today, system compa-
nies require a great deal of both hardware and software engineering 
in consumer audio system development, developing from scratch 
with nearly every project—including new PCB design, firmware, 
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was chaired by Spiro Iraclianos, Dan Digre, and Alan Babb.
And last, but certainly not least, were the exhibits at this year’s 

ALMA Symposium. There were 15 exhibitors:

LOUDSoft—LOUDSoft is the provider of simulation software 
for all the elements in a loudspeaker system, box design, crossover 
design and transducer design. This year the focus was on FINE 
QC and FINE R+D measuring system. (www.loudsoft.com)

Globe Plastics-—Globe Plastics is a full service, custom manu-
facturer of molded composite structures utilizing the injection 
molding, transfer molding, and compression molding processes. 
(www.globecomosites.com)

Phase Group—Phase Group provides outstanding and unique 
quality assurance (QA) services in the audio and consumer elec-
tronics industries. They are the only full-service provider located 
on the same continent as the vendor base. (www.phasegroup.net)

Pulsus Technologies—Pulsus showed their Hi-fi Digital Docking 
Solution and the Pulsus Product Development Kit (PDK). The 
new all-in-one digital docking solution for iPad/iPhone/iPod has 
platform flexibility for audio system configuration and design. 
This flexibility gives audio brand-owners the option to use one 
platform throughout their product line, in turn dramatically 
decreasing development time. (www.pulsus.co.kr)

Materion Electrofusion—Materion Electrofusion has been sup-

plying Truextent brand Acoustic Beryllium to the majority of 
transducer manufacturers who utilize genuine beryllium in their 
designs. The company currently supplies 100% of the Truextent 
brand Acoustic Beryllium domes and foils around the globe. 
Peter Andrews, Sr., an acoustic engineer at Truextent, and Steve 
Willenborg, a Truextent product manager, are pictured at the 
Truextent brand Acoustic Berylium booth in Photo 3. (www.
Materion.com/Electrofusion)

Etani Electronics Co., LTD—Etani exhibited the ASA mini 
Audio Sound Analyzer, ASA-10mk2 Audio Sound Analyzer and 
S-255 Loudspeaker Test System. The ASA mini Audio Sound 
Analyzer is the ultimate version for iPhone/iPod touch analysis, 
and the S-255 Loudspeaker Test System, used for production line 
testing,  is capable of measuring abnormal noises including Rub 
& Buzz. (www.etani.co.jp)

G.R.A.S.-—This year G.R.A.S. displayed surface microphones, 
ground arrays, and flush-mounted microphones for all types of 
applications: i.e. wind-induced noise measurements on vehicles, 
outdoor measurements on testing grounds, wind-tunnel testing, 
just to name a few. (www.gras.dk)

—  magazine has been delivering loudspeaker 
design insight to the audio industry for 25 years! It features 
technical articles, the latest in test and measurement equipment, 
exclusive company profiles, product reviews, and industry news 
for loudspeaker professionals. (www.audioxpress.com)

Ferrotec (USA) Corp.—Ferrotec (USA) Corp.’s ferrofluid enables 
audio speakers to function more efficiently, with improved audio 
response and better power handling. The use of ferrofluid in 
today’s microspeaker application is especially effective. For audio 
speaker manufacturers, Ferrotec ferrofluid also provides signifi-
cantly better speaker manufacturability for improved quality and 
higher manufacturing yields. (www.ferrotec.com)

Klippel GmbH—Klippel GmbH presented the R&D System, 
which combines tools for speaker development and diagnosis of 
cone vibration and radiation and provides techniques to detect the 
cause of signal distortion. For fast speaker testing in the produc-
tion process, the QC System provides easy handling, PASS/FAIL 
results and detects defects including Rub & Buzz, voice coil offset, 
and leak detection. (www.klippel.de)

Dr. Kurt Mueller GmbH—Dr. Kurt Mueller GmbH (DKM) 
has over 70 years of experience in the development and produc-
tion of loudspeaker components, including cones (paper, metal, 
fabric, plastic, ceramic, sandwich, etc.), surrounds (rubber, foam, 
fabric, plastic, etc.), assemblies (cone/surround, dome/surround, 
etc.), spiders (various fabrics), dome diaphragms (fabric, alumi-
num, titanium, etc.), and dust caps (paper, metal, fabric, rubber, 
foam, plastic, etc.) DKM combines consistent, repeatable, and 
reliable processes with extensive knowledge of very specific materi-
als. (www.kurtmeuller.com)

Menlo Scientific—Menlo Scientific and its affiliate MenloEast 
offers independent testing and evaluation of mics, speakers, head-
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phones and related quantitative and qualitative evaluation of prod-
ucts and electroacoustic components as well as audio consulting 
for each link in the supply chain: design, materials, parts, testing 
and measurement, and finished products. Menlo Scientific has 25 
years experience with the Asian audio supply chain, serving mul-
tiple markets including pro audio, hi-fi, home theater, consumer 
electronics, musical instruments, commercial and portable sound 
at the component and system level. (www.menloscientific.com)

HiWave Designs—HiWave Designs manufactures and sells elec-
tronic components and sub-assemblies that enable revolution-
ary sound and touch capabilities to be added to consumer and 
industrial products. Their components exploit the advantages of 
bending wave technology and include exciters, transducers, ICs 
and modules. (www.hi-wave.com)

Listen, Inc.—Listen, Inc. demonstrated the newly-released 
SoundCheck 11, the new AmpConnect ISC USB-controlled 
loudspeaker and microphone test interface with integrated sound-
card, the CLEAR algorithm for perceptual Rub & Buzz measure-
ment, and headphone testing. (www.listeninc.com)

 ALMA Career Center—The new ALMA “Career Center” 
booth showcased its new job board networking center (see 
ALMAInternational.org) ALMA has partnered with JobTarget, 
whose technology services connect thousands of jobseekers with 
thousands of company job boards around the world. Throughout 
the loudspeaker industry, ALMA’s online Career Center can 
connect ALMA members, job seekers, consultants, interns and 
employers. The Job Board on the ALMA website is sleek, simple, 
and functional. (www.almainternational.com)

The event offered a lot of information to anyone working in the 
loudspeaker industry. See you at next year’s ALMA Symposium!

free-field microphone, designed for the rigorous environment of 
production line audio testing without compromising the accuracy, 
precision, and stability required for R&D. Building on the heritage 
of the previous model, the SCM-2, it offers the same slim line form 
factor with a 0.25" pre-polarized condenser cartridge, containing a 
gold diaphragm for sensitivity and stability.

 A new rugged stainless steel protection grid shields it from rough 
operator handling and the high humidity and temperatures of indus-
trial environments to ensure a long operating life. Minor changes to 
the cartridge design ensure excellent omni-directionality in both the 
near field and far field, which makes it suitable for many different test 
configurations in both the R&D laboratory and on the production 
line. Every microphone is calibrated before shipping, and calibration 
correction curves are available in formats suitable for importing into 
SoundCheck or other test systems. NIST and other traceable calibra-
tions are available upon request. For more information, visit www.
listeninc.com. VC

Photo 5: Listen, Inc.'s new SCM-3 measurement microphone

Photo 4: The 2012 AES Convention heads to Budapest, Hungary

132nd AES Convention Budapest 2012
The 132nd AES Convention will be held April 26–29 for the first 

time in Budapest, Hungary, at the Budapest Congress & World 
Trade Center. The paper deadline for the 132nd convention was 
February 21; however, the engineering brief deadline is later this 
month, on March 27.  For more information, visit the AES website 
(www.aes.org).

Listen, Inc. Introduces a New Microphone
Listen’s new SCM-3 microphone (see Photo 5) is a robust, 
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 Spotlight

The Smith & Larson Audio 
Analyzers

By Dean Rivera

While looking for a new analyzer to test speakers, I came 
across the “Woofer Tester Pro” from Smith & Larson 

Audio (S & L). Not to be confused with Smith & Wesson, the 
Smith & Larson Audio Woofer Tester Pro packs quite a bit of 
ammunition of its own when testing loudspeakers or electronic 
devices. Throughout the years, I and many Voice Coil’s readers 
have experienced times when it was necessary to use, or become 
familiar with, various analyzers such as LMS, SoundCheck, 
CLIO, Praxis, TEF 12 and 20, Smaart, Audio Precision System 
One and Two, B&K 2012, and MLSSA. While each of these 
audio analyzers has its pros and cons, finding an analyzer that 
does everything needed to measure speakers and electronics 
and has a relatively short learning curve is high on my wish 
list. Certainly several analyzers on the market fulfill this criteria. 
However, there is a learning curve associated with any piece 
of test equipment—all of them being complex devices with a 
plethora of feature. But, after years of using this type of equip-
ment, I know what I want when it comes to testing a speaker or 
piece of electronics. It needs to be intuitive enough that I don’t 
have to constantly relearn how to use the test equipment or have 

to pull out the user’s manual to get my work done. “Intuitive” is 
the magic word when it comes to test equipment. The Woofer 
Tester 2, Speaker Tester, and Woofer Tester Pro products from 
Smith & Larson Audio are the types of products that have a 
relatively short learning curve, yet are capable of handling any 
type of speaker measurement at an affordable price.

Company History
Smith & Larson Audio is a partnership between two engi-

neers, Brian Smith and Keith Larson. Smith is the founder 
and CEO. He has over 20 years of experience with audio and 
digital signal processing (DSP), with over 10 of those years 
working in the technical sales division of Texas Instruments. 
Keith Larson is the chief technical officer of S & L. He joined 
Texas Instruments as a senior DSP applications engineer, where 
he met Smith and discovered their mutual interest in audio. 
Larson joined Smith, to form Smith & Larson Audio in 2004, 
where he began applying his digital signal processing knowledge 
and lifelong passion for speaker building. Over the years, Larson 
has devised new techniques for measuring and modeling driver 
parameters, added a real-time crossover simulation routine, and 
developed a method for modeling AC and DC compression 
effects with Woofer Tester Pro.

The Smith & Larson Analyzer Family
As I mentioned, S & L produces three products for loudspeak-

er analysis, the Woofer Tester 2, Speaker Tester, and the Woofer 
Tester Pro. Table 1 gives a convenient feature comparison chart 
for all three analyzers. As is immediately obvious, each model 

Table 1: Comparison chart for Smith & Larson analyzers

Feature Woofer Tester 2 Speaker Tester Woofer Tester Pro
Precision Thiele-Small Measurement
VAS Test with Phase Plug Area Calculation
Thiele-Small Simulator
Automatic Box Analysis
RLC Meter
Low-Power Impedance Measurement
Low-Power AC/DC Compression Testing
Sine, Impulse, MLS, Noice & Chirp Test Signals
32 Dual Data Buffers for Testing & Overlays
Sweep and Real-Time Run, Stop, and RunN Control
Interactive Crossover Design
Real-time Acoustic Analysis (RTA)
Room Decay Measurement
Swept Sine In-Air Acoustic Response
THD/IM/SINAD Distortion Measurement
Cumulative Spectral Decay & Waterfall Plots
FFT Display
SnapTS Real-Time Thiele-Small Testing
Microphone Compensation for Signal & Reference 
Impulse Time Gating
High-Power Thiele-Small Measurement
High-Power Impedance
High-Power AC/DC Compression Testing
Speaker Linearity Testing
DC Bias Testing
High-Power Box Compression
Calibration Option for Measurements at Cable Ends
Air-Core Inductor, Zobel & Tank Calculators
Pop-Up Data labels in Graphs
Customized Legends
Mobile, USB Powered
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Photo 1: The Smith & Larson Woofer Tester 2 kit

offers progressively more advanced features with an upgrade 
path between each of the models, except for the Woofer Tester 
Pro, which is S & L’s the flagship model.

The Woofer Tester 2
The Woofer Test 2 is S & L’s basic speaker analysis model (see 

Photo 1) and like the Speaker Tester and Woofer Test Pro, it 
can be powered by either the USB connection or an outboard 
5-V power supply. The unit is quite compact and measures 
2.6" × 2.6" × 1.1" and the WT2 ships with the following:

 
 

 
 

 
 

The Woofer Tester 2 is used primarily for measuring TS 
parameters and doing box simulations. However, it is capable 
of numerous other functions, which will be discussed shortly. 

a single click of a button. Vas can be measured with the delta 
mass, delta compliance, or efficiency (using the No and Sd) 
method. The software’s sophisticated model takes the phase-

note that all of the S & L analyzers measure impedance by 
measuring voltage and current simultaneously, dividing the two 
curves automatically, and displaying impedance as if it were 
a constant voltage method, using a large series resistor or the 
analyzer source impedance. With the Woofer Tester 2, this is 

Figure 1 for a graph 
and partial screen of the impedance measurement control panel.

-

chirp test signals that are available in fast mode. This is also useful 
for a crossover design or a quick, production line test of a driver. 
Note that this mode is not as precise and is not recommended in 

inductance and vastly improves measurement results over existing 
methods. This simulator models vented, sealed (see Figure 2 for 
a vented-box example), band-pass and passive radiator designs. 

-
sures response, impedance, phase, velocity, and Xmm. Looking 
at the overlay window illustrated in Figure 3 which compares 
a measured vented-box impedance with the simulated imped-
ance, you get a “feel” for the accuracy of the Woofer Tester 2 

buffer that will allow the user to display up to 32 curves simul-

taneously. 
Besides impedance, the high-frequency data simulation like-

wise displays a good degree of magnitude and phase accuracy 
(see Figure 4.) Note, the Woofer Tester 2 does not measure 
SPL, so this comparison included a SPL curve from Woofer 
Tester Pro. The advanced features in the TS Simulator allow 
you to account for room or car pressure field effects, as well 

measurement table, or a manufacturer’s data sheet. The Woofer 
Tester 2 also has some very useful utilities giving it the ability to 
measure crossover components (inductors, capacitors and resis-
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tors), design inductors (see Figure 5), zero out cable resistance 
in measurements, and design impedance conjugates for drivers 
aka Zobel circuits (see Figure 6). The Woofer Tester 2 is priced 
at $159.95 and that brings us to the next product in the S  & L 
line up, the Speaker Tester.

Speaker Tester
Speaker Tester has all the same features as Woofer Tester 2 plus 

the additional list of features shown in Table 1. This includes 
sweep stop and run controls, an interactive crossover design 
routine, an RTA mode, room-decay measurements, sine wave 
acoustic measurements, FFT analysis with cumulative spectral 
decay plots (“waterfall” graphs), SnapTS real-time TS parameter 
testing, microphone calibration, and impulse gating. With all 
these new features, Speaker Tester also comes in a completely 
different hardware package as can be seen in Photo 2. (Note, 
this is actually a picture of Woofer Tester Pro, but the pack-
age looks nearly identical to the Woofer Test Pro). The S & L 
Speaker Tester ships with the following:

 
 

 
 

Ω,  
 

 

The hardware features for the Speaker Tester include: dual 
XLR microphone inputs, low-level line input and output 

-
ing. Like the Woofer Tester 2, it can self-powered using a 

measures 6" × 4.25" × 2.25".

noise, chirp, continuous sine wave, and pulsed sine wave stimuli. 

unwindowed for room response measurement, or the impulse 
-

tude and phase semi-anechoic frequency responses, or further 
processed to produce cumulative spectral decay (waterfall plots) 
plots such as illustrated in Figure 7. Note that Speaker Tester 
and Woofer Tester Pro are two-channel analyzers, and as such, 
all phase measurements are measured not calculated.

Tester is also a distortion analyzer. The Speaker Tester includes 
1st through 6th Harmonic, inter-modulation and Signal to 

-
loscope or Lissajou format (see Figure 8).

-
cal to the Woofer Tester 2; however, the Speaker Tester adds an 
additional high-speed, real-time TS calculator called “SnapTS.” 
SnapTS would be great for measuring TS parameters in noise-
controlled production line environments.

Since Speaker Tester is able to measure frequency response 
magnitude and phase, S & L has also included an interactive 
crossover designer that greatly speeds up crossover design time 
by simulating crossover designs without actually having to build 

designed and the stimulus shaped to the network transfer func-

right test signals. When these test signals are connected to your 

also includes an optional software inline tweeter protection cir-

means you can move the speaker or microphone and continue 
measuring. The graph displayed in Figure 9 shows the results, 

Speaker Tester is priced at $649.95 and that brings us to the 
last analyzer in the Smith & Larson product mix, the Woofer 
Tester Pro.

The Woofer Tester Pro
The Woofer Tester Pro has all the same features as S & L 

Woofer Test 2 and Speaker Tester analyzers plus the additional 
list of features shown in Table 1. This includes high-power 

Figure 1: The Woofer Tester 2's impedance graph and impedance 

control panel
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Figure 2: Woofer Tester 2 vented-box design simulation
Figure 3: Woofer Tester 2 graph overlay window

Figure 4: Woofer Tester 2 graph comparison of Woofer Tester 2 box 

simulation

Figure 5: Woofer Tester 2 inductor design screenFigure 6: Woofer Tester 2 conjugate (Zobel) design screen

and impedance measurements, multiple-voltage level AC/DC 
compression testing, speaker linearity testing, DC bias testing, 
and multiple-voltage level box compression testing. The Woofer 
Tester Pro package comes in a similar hardware package as the 
Speaker Tester analyzer, seen in Photo 2, and ships with the 

following:
 

 

 and cables  
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Figure 7: Speaker Tester impulse and waterfall plot windows

Figure 8: Speaker Tester distorion and Signal to Noise and 

Distortion Radio (SINAD) viewed using an oscilloscope or Lissajou 

format.

Figure 9: Speaker Tester crossover simulation compared to real 

crossover measurement

Photo 2: This is actually the Woofer Tester Pro, but the package 

looks nearly identical to the Speaker Tester.
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extends the Woofer Tester 2’s small signal milli-amp level tests 
to the multi-ampere high Xmax level where many drivers begin 
to distort and fail. The high-voltage setup diagram is shown in 
Figure 10, with a graph displayed in Figure 11 that shows the 
effect of drive current level changes on the small signal resonance 
(Fs).

   A careful examination of the AC and DC results will often 
show that the suspension mechanical spring constant (inverse of 
compliance) significantly decreases as the AC test signal level 

Figure 10: Woofer Tester Pro Setup diagram for multiple voltage 

impedance measurements

Figure 11: Speaker Tester Pro graph of the effect of drive current 

level changes on the small signal resonance (Fs)

Figure 12: Woofer Tester Pro DC Cms vs. excursion curve
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increases.  This effect is much larger than the static changes 
seen in the DC offset test. Cms (suspension compliance) 
is strongly dependent on break-in and drive level.   The 
underlying mechanism is a function of how the molecular 
bonds in driver parts (surround and spider) respond to 
these conditions as the suspension mechanically loosens 
with hard use (break-in), environmental conditions (tem-
perature) changes, and self heating due to mechanical 
energy loss (drive level).

 The Woofer Tester Pro can also measure T/S models 
while stepping through DC bias or AC drive levels. DC 
offset testing reveals suspension and motor mechanical 
offsets. See Figure 12 for a DC Cms vs. Excursion curve 
and Figure 13 for a DC Bl vs. Excursion curve. The AC 
drive levels provide compression modeling information. 
See Figure 14 for an AC Bl vs. Excursion curve. The XY 
plot tool compares any parameter pair.

 Setting up the Speaker Tester or Woofer Tester Pro is 
similar, a calibration procedure is performed using the 
10-Ω resistor and following the instructions in the software 
calibration procedure. Once calibration is complete, you 
can be making an impedance measurement on a speaker in 
a few minutes and an SPL measurement shortly thereafter 
factoring in the time it takes to connect cables and setup 
an amp and microphone. I was up and running with the 
S & L Woofer Tester Pro analyzer in about 30 minutes. 
Woofer Tester Pro is priced at $999.95. For more on this 
line of loudspeaker analyzers, visit the Smith & Larson 
website at www.woofertester.com. VC

Figure 13: Woofer Tester Pro DC Bl vs. excursion curve

Figure 14: Woofer Tester Pro AC Bl vs. excursion curve
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Acoustic Patents

Figure 2a: A view of the 

acoustic horn transducer with 

a conic-type diffuser. b: The 

transducer as it would appear 

in a speaker

a) b)

By James Croft, Croft Acoustical

The following loudspeaker-related patent was filed primarily 
under the Office of Patent and Trademarks classification 

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

ACOUSTIC HORN TRANSDUCER WITH A CONIC- 
TYPE DIFFUSER HAVING AN EXPONENTIAL 
PROFILE IN WOOD
Patent Number: U.S. 6,079,514
Inventors: Giuseppe Zingali (Aprilia, IT)
Assignee: NZingali S.N.C. (Aprilia, IT)
Filed: January 8, 1998
Granted: June 27, 2000
U.S. Class: 181/152, 3 Drawings, 7 Claims

Independent Claim
1. An acoustic transducer for reproducing sounds in both 

medium and high audible-frequency ranges, said transducer 
comprising a single horn diffuser having a central axis, a circular 
cross section when viewed in an axial direction, and a conic 
exponential profile, the axial length of said diffuser being less 
than the maximum diameter thereof.

Reviewer Comments 
With all of the recent development of various constant directiv-

ity, circular waveguides, it seems important to be aware of this 
patented waveguide. As one can see from the wording in Claim 
1 above, it has a rather broad coverage, which would suggest 
that some current devices may be infringing on this little known 
device developed in Italy and granted a United States patent in 
2000.

Disclosed and claimed is a basic conic horn/waveguide with 
an exponential profile. While this broad scope is similar to a 
number of currently available waveguides, the patent goes on to 
specify the particular preferred embodiment of the invention, 
which includes making the waveguide from wood, rather than 
plastic or metal, due to the inventor’s notion that “nobody has 
ever seen a violin made from plastic or metallic material.”  It 
is the belief of the inventor that much of the nasal sound he 
has experienced from prior art horns is due to the materials of 
construction. 

It is interesting that in the patent specifies and claims that the 
wooden device is to be carved from a solid block of wood that 
is “free of knots.”  As much as there is questionable materials 
theology expressed, most importantly, the basic form expression 
and independent claim cover any device that includes these 
three elements: a horn, with a circular cross section; a conic 
exponential profile; and the axial length of the horn being less 
than the diameter.

There are a number of papers and prior art devices, both rep-
resenting similar horn/waveguide profiles that appeared previous 

to the filing of this patent, but it is on the books and may be 
troublesome if the Italian inventor decides to invoke that well-
developed American tradition of litigiousness. For those inter-
ested, products built to the patent specification can be seen at: 
www.zingali.it/zingali.it/www.zingali.it/english/home.html. VC
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Test Bench

Photo 1: B&C DE120-8 1" neodymium compression driver

Compression Drivers from 
B&C and Faital, and a New 
Double Horn from DDS
by Vance Dickason

This month’s samples for Test Bench’s objective analysis 
included: the new B&C DE120-8 1" neodymium com-

pression driver, tested along with an 18 Sound XR1064 con-
stant directivity horn; a new 1" neodymium compression driver 
from Faital Pro, the HF104, combined with Faital’s STH100 
short elliptical Tractrix horn; and last, a new double horn from 
DDS, the DSLA-1-100 using the Faital HF104s.

The B&C DE120 is the latest 1" compression driver (see 
Photo 1) to be released by the company. Features for the new 
DE120-8 compression driver include a 25-mm (1.0") throat 
diameter, a Mylar (polyester) diaphragm, 38-mm (1.4") voice 
coil wound with aluminum wire, neodymium ring magnet, 
106 dB 1 W/1 m sensitivity, and 40-W continuous power han-
dling capacity (20 W AES). Since B&C didn’t send a specific 
horn to use with the DE120, I incorporated the 18 Sound 
XR1064 horn. The XR1064 has a constant directivity 60° H 
× 40° V coverage pattern, 1" throat, and is constructed of cast 
aluminum. FYI, cast aluminum horns are capable of reducing 
the steady state compression driver working temperatures by 
up to 30°C.

Testing began using the LinearX LMS analyzer to produce the 
300-point sine wave impedance plot shown in Figure 1. Note 
that the solid black curve represents the impedance of the B&C 
DE120 compression driver mounted on the 18 Sound XR1064 
horn and the dashed blue curve is the impedance of the DE120 
measured without the XR1064 horn. With a 6.1-Ω DCR, the 
minimum impedance of the DE120/XR1064 combination was 
7.6 Ω and at 4.1 kHz.

Following the impedance sweeps, I mounted the B&C 
DE120/XR1064 on top of an enclosure with a 15" × 14" baffle 
and proceeded to measure both the horizontal and vertical 
on- and off-axis at 2.83 V/1 m frequency response using a 100-
point gated sine wave sweep from 0° on-axis in 15° increments 
to 60° off-axis. Figure 2 displays the on-axis of the compression 
driver/horn combination and shows the maximum sensitivity 
to be somewhat more than the 106 dB specified in the B&C’s 
published data using the XR1064. Note that –3 dB at the 
bottom end of the response is about 900 Hz, with the com-
pany recommending a 2.0 Hz minimum crossover frequency. 
Response was ±2.6 dB from 1 kHz to 10 kHz. Figure 3 gives 
the horizontal on- and off-axis response out to 60° off-axis and 
Figure 4 displays the vertical response. Figure 5 gives the two-
sample SPL comparison, showing both samples to be closely 
matched to within 1 dB.

 For the remaining battery of tests, I initialized the Listen, Inc. 
SoundCheck analyzer along with the 0.25" SCM microphone 
and SoundConnect microphone power supply (all courtesy of 
Listen, Inc.) to measure distortion and generate time frequency 
plots. For the distortion measurement, the DE120/XR1064 
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Figure 3: B&C DE120-8/XR1064 horizontal on- and off-axis fre-

quency response (0° = solid; 15° = dot; 30° = dash; 45° = dash/

dot; 60° = dash)

Figure 2: B&C DE120-8/XR1064 on-axis response
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Figure 1: B&C DE120-8/XR1064 free-air impedance plot
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Figure 4: B&C DE120-8/XR1064 vertical on- and off-axis 

frequency response (0° = solid; 15° = dot; 30° = dash; 45° = 

dash/dot; 60° = dash)
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Figure 5: B&C DE120-8/XR1064 two-sample SPL comparison

Figure 6: B&C DE120-8/XR1064 SoundCheck distortion plots

Figure 7: B&C DE120-8/XR1064 SoundCheck CSD waterfall plot Figure 8: B&C DE120-8/XR1064 SoundCheck Wigner-Ville plot
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combination was mounted on the same baffle that was used 
to generate the on- and off-axis frequency response measure-
ments, and the SPL set to 104 dB at 1 m (2.05 V) using a noise 
stimulus, and then the distortion measured with the Listen, Inc. 
microphone placed 10 cm from the mouth of the horn, which 
in this case was about even with the outside edge of the flair. 
This produced the distortion curves shown in Figure 6. I then 
used SoundCheck to get a 2.83 V/1 m impulse response for 
this driver and imported the data into Listen, Inc.’s SoundMap 
Time/Frequency software. The resulting CSD waterfall plot 
is given in Figure 7 and the Short Time Fourier Transform 
(STFT) plot in Figure 8. 

 Given all the data above, the new DE120-8 looks like a 
nice addition to the B&C compression driver line. For more 
information on this and other pro sound products from B&C, 
contact B&C Speakers N.A., National U.S. Sales Office, 73 
Brand Street, Arlington, MA 02474, (781) 316-0077, Fax 
(781) 316-0078, e-mail info.usa@bcspeakers.com, or visit the 
B&C Speakers website at www.bcspeakers.com. Likewise, nice 
horn from 18 Sound. 

For more on this and other 18 Sound pro sound products, 
visit the 18 Sound website at www.eighteensound.com.

The Faital Pro HF104 Coupled with Its STH100 Horn
The next driver I examined this month was the Faital Pro 

HF104 compression driver coupled with Faital’s STH100 horn 
(see Photo 2). Faital’s HF104 is an interesting compression 
driver and has several unique features. This includes a Ketone 

Photo 2: The Faital Pro HF104 compression driver

Figure 9: Faital HF104/STH100 free-air impedance plot
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Figure 11: Faital HF104/STH100 horizontal on- and off-axis 

frequency response (0° = solid; 15° = dot; 30° = dash; 45° = 

dash/dot; 60° = dash)

Figure 10: Faital HF104/STH100 on-axis frequency response
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Figure 13: Faital HF104/STH100 two-sample SPL comparison

300  Hz 500 1K 2K 5K 10K 20K 40K

dBSPL

60

65

70

75

80

85

90

95

100

105

110

115

120

SPL vs Freq

Figure 12: Faital HF104/STH100 vertical on- and off-axis 

frequency response (0° = solid; 15° = dot; 30° = dash; 45° = 

dash/dot; 60° = dash)

Figure 14: Faital HF104/STH100 SoundCheck distortion plot

Figure 15: Faital HF104/STH100 SoundCheck CSD waterfall plot Figure 16: Faital HF104/STH100 SoundCheck Wigner-Ville plot
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polymer annular-shaped diaphragm and a radial-shaped phase 
plug. Throat diameter is 25.4 mm (1.0") and is coupled to a 
28-mm (1.5") diameter voice coil wound on a Kapton former 
with copper-clad aluminum wire. Other features include a 
case aluminum body, 40-W AES-rated power handling (80 W 
maximum), and solderable aircraft terminals. The horn supplied 
with the HF104 driver is Faital’s 1.0" throat 80 H × 70 V short 
elliptical tractrix flare STH100.

Testing commenced using the LinearX LMS analyzer to pro-
duce the 300-point stepped sine wave impedance plot shown in 
Figure 9. Note that the solid curve shows the HF104 mounted 
on the STH100 horn and the dashed curve represents the 
compression driver without the horn. With a 5.5-Ω DCR, the 
minimum impedance of the HF104/STH100 was 76.9 Ω and 
at 7.9 kHz.

For the next test sequence, I mounted the Faital HF104/
STH100 on top of an enclosure with a 15" × 14" baffle and 
proceeded to measure both the horizontal and vertical on- and 
off-axis at 2.83 V/1 m using a 100-point gated sine wave sweep. 
Figure 10 displays the on-axis of the compression driver/horn 
combination and shows the sensitivity to be about 109 dB, 
somewhat higher than the specified 108 dB from Faital’s pub-
lished data. The SPL profile measures ±4.0 dB from 1 kHz to 
10 kHz (recommended crossover frequency for the HF104 is a 
minimum of 1.7 kHz with a second-order network).  Since the 
coverage of this horn is 80 H × 70 V, you wouldn’t expect much 
of a difference in the horizontal and vertical off-axis plots, which 
is indeed true as seen in Figure 11 for the horizontal orienta-
tion and Figure 12 for the vertical orientation. Figure 13 gives 
the two-sample SPL comparison, showing both samples to be 
closely matched.

For the remaining battery of tests, I employed the Listen Inc. 
SoundCheck analyzer, 0.25" SCM microphone and power 
supply (courtesy of Listen, Inc.) to measure distortion and 
generate time frequency plots. For the distortion measurement, 
the HF104/STH100 combination was mounted with the same 
baffle as used for the frequency response measurements, and the 
SPL set to 104 dB at 1 m (1.94 V) using a noise stimulus, and 
then the distortion measured with the Listen, Inc. microphone 
placed 10 cm from the mouth of the horn. This produced the 
distortion curves shown in Figure 14. I then used SoundCheck 
to get a 2.83 V/1 m impulse response for this driver and import-
ed the data into Listen, Inc.’s SoundMap Time/Frequency soft-
ware. The resulting CSD waterfall plot is given in Figure 15 and 
the STFT plot in Figure 16. 

While I haven’t had a chance to verify this, I have been told 
that the Ketone polymer diaphragm yields a smooth subjective 
performance. Again, from the above data, the HF104/STH100 
looks like a nice addition to the Faital Pro lineup of pro sound 
compression drivers. 

For more about this and other Faital pro sound products, visit 
the company’s website at www.faitalpro.com, or in the United 
States, contact Faital USA, Inc., Keith Gronsbell, 220 West 
Parkway, Unit 13 Pompton Plains, NJ, 07444, (516) 779-0649, 
FAX (973) 835-5055, and e-mail kgronsbell@faital.com.

DDS’s DSLA 1-100
The last item on this month’s Test Bench agenda was a new 

Parts Express is proud to announce Yung’s 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.  
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Photo 3: The DDS DSLA 1-100

Figure 17: The DDS DSLA 1-100/HF104 free-air impedance plot
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Figure 18: The DDS DSLA 1-100/HF104 on-axis response
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Figure 19: The DDS DSLA 1-100/HF104 horizontal on- and off-

axis frequency response (0° = solid; 15° = dot; 30° = dash; 45° 

= dash/dot; 60° = dash)
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horn sent to me by Design Direct Sound (DDS). Founded in 
1982 in Seattle, WA, by Bob Rice and Marc Hall, the com-
pany continues its longstanding commitment of producing 
high-quality fiberglass horns with Chris and Ivan Cole, with 
the company now located in Waxahackie, TX. 

 This month, DDS sent me a dual-compression driver horn, 
the DSLA 1-100 (see Photo 3). Fabricated from fiberglass like 
all DDS horns, the DSLA 1-100 is actually two horns stacked 
vertically as can be seen in the accompanying photo, not a 
dual-entrant horn (two compression drivers firing into a single 
horn). This horn has a 1" throat and a 100° H × 17° V cover-
age pattern. Since it had a two-hole mounting configuration, I 
used this months Faital HF104 compression drivers (also with 
a two-hole mounting pattern) to measure the DSLA 1-100 in 
both polar orientations, horizontal and vertical.

 Figure 17 gives the impedance of the DDS DSLA 1-100 
with both HF104’s wired in parallel, and for comparison, the 
impedance of the two Faital HF104’s in parallel without the 
horn. Next, I mounted the DSLA 1-100 on top of a 15" × 
14" baffle and performed both the horizontal and vertical 
SPL measurements on- and off-axis at 2.83 V/1 m using 
a 100-point gated sine wave sweep. Figure 18 displays the 
on-axis response of the DSLA 1-100/HF104 combination. 
Obviously, since we now effectively have two horns in parallel, 
the sensitivity is about 6 dB greater than it would be with a 
single horn (3 dB for doubling the radiation area and 3 dB for 
the change in voltage sensitivity). Figure 19 shows the hori-
zontal on- and off-axis response to 60° off-axis, which looks 
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Figure 20: The DDS DSLA 1-100/HF104 vertical on- and off-axis 

frequency response (0° = solid; 15° = dot; 30° = dash; 45° = 

dash/dot; 60° = dash)

Test Bench is an open forum for OEM driver manufacturers 
in the industry and 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, multi-media, or musical instrument applications. 

While many of the drivers featured in Voice Coil come from 
OEMs that have a stable catalog of product, this is not a neces-
sary criterion for submission. Any woofer, midrange, or tweeter 
an OEM manufacturer feels is representative of their work, 
is welcome to send samples. 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 information 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 midrange drivers, please include the 
voice coil height, gap height, RMS power handling, and physi-
cally 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 S. State St., #152
Lake Oswego, OR 97034
(503-557-0427)
vdc@northwest.com

Submit Samples To Test Bench

like you would expect from a 100° H horizontal pattern horn. 
However, since there are two sources combining acoustically 
spaced apart about 6.5", we would expect to see substantial 
cancellation in the vertical plane, which is exactly what I 
measured as seen in Figure 20. This is what gives the DSLA 
1-100 the 17° coverage pattern in the vertical plane. For more 
information, visit www.ddshorns.com. VC

         Tel: (503) 557-0427    vdc@northwest.com 
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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.
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 Spotlight
Vendor Selection
What Do These Crazy Americans 
Want?

By Mike Klasco

At the International Symposium on Electro-Acoustic 
Technologies (ISEAT) 2011—the Chinese electro-acous-

tical meeting for engineers in Shenzhen—I gave a presentation 
on the differing perceptions and sensibilities between Western 
customers and Asian vendors. Regardless of how well our Asian 
partners speak English, there is still quite a cultural gap that often 
brings on gray hair and increases blood pressure to both sides. 

 While most subscribers of Voice Coil have read my articles over 
the last decade or two, the primary focus of them has centered 
on company profiles, new technology, or speaker parts tutorials. 
Perhaps a bit of background on my firm, Menlo Scientific, might 
provide a reference point for this article. I started my audio engi-
neering consulting firm in 1983, after running an audio manu-
facturing company for the previous 10 years. Back in the 1970s, 
we made our flagship products and subcontracted our designs to 
small Japanese contract manufacturers. 

At Menlo Scientific most of our clients are Western firms, both 
in the United States and Europe, but we also have always had a 
number of Asian clients. Our work involves a wide mix of new 
technology and product development. Lately, we have a lot of 
projects with microspeakers, headphones, active noise cancel-
ation, signal processing, mic elements, and mic arrays. Another 
big share of our time is spent giving guidance on product design, 
development, and product definition. This includes productiza-
tion of new inventions and developing techniques to reference 
designs for component parts vendors. 

 The topic of my presentation centered on sourcing, vendor 
qualification, and evaluation with an underlying theme of the 
many elements needed to trust a vendor.

For over 25 years, we have introduced clients to candidate fac-
tories. Typically, a dozen factories that are in the game are profiled 
followed by discussion with the client and site visits to the short 
list of about six candidates. Vendor selection includes audits, 
which are not financial, but provide a vendor profile consisting 
of many factors which we will discuss shortly. After factory selec-
tion, we often support remedial measures for process control and 
QC procedures as necessary.

 Most big customers already have a check list of what they want. 
Typically price competiveness, not just on unit cost, but also a 
company with the wisdom to understand cost drivers is a top 
priority. This means having a sense of aspects that may have an 
impact on not just unit cost, but manufacturability, yield, field 
failure, production bottlenecks, and delays. Another factor is a 
company’s experience, quality of existing customers, the length 
of time the vendor tends to hang onto their customers, the 
customers they have lost, and to which competitor. Additional 
aspects on customer/factory musical chairs includes what their 
past customers learned that drove them away and was it a trip 

from the frying pan into the fire?
 Another factor is the ability of factory management and its 

engineering group to understand and buy into the innovation if 
there is new technology or a new product category. Do they see 
the business opportunity and are they ready to make the invest-
ment and commitment in time, money, and resources to bring 
the project into production? If the factory team does not “get it” 
and there is no buy-in, then any bump in the road may push the 
development off track or cause it to stall out completely.

 Other considerations are production volume, spare capacity, 
and location of this capacity. For example, a large operation 
may have an overloaded product development group, too many 
workers, and too little work. Factory management may be 
open to seducing a customer with an existing “hot” product by 
offering incentives that attract the customer from a competitor. 
Of course, two things could be achieved: acquisition of a new 
customer and some damage to their competitor. Incentives from 
the factory might include waived tooling fees to financing inven-
tory of the product they produce. An alternative example might 
be a company’s production is at full tilt but the engineering team 
is not at capacity and some long-term production is coming to 
an end. Sometimes, factory management can see that a big cus-
tomer is losing market share and might be ready to take on a new 
partner. Incentives to new customers, who have a brighter future, 
might include negotiating for NRE to be waived or extending 
payment terms, etc.

 While time to market counts for everyone, special cases like 
cell phones and tablets are like sushi—time is of the essence. 
Today’s sushi is tomorrow’s fish bait. This is not just the rule for 
fast track product development, but also for production ramp-
up. There is not much sense creating a sensation if you cannot 
supply demand! This brings in logistics from vertical integration, 
the factory’s control of their inventory, and related stuff. 

 We will touch on the integrity of the supply chain in more 
detail but the relationship of your vendor to their suppliers is a 
big factor. Are there multiple supply sources, are they the right 
choice or were they selected because they are providing kickbacks 
to a dirty purchasing department?

  There is also the issue of a customer’s comfort level (or lack of 
it) in starting to work with a supplier factory who has an ongoing 
relationship with their competitor. You have to ask the question, 

Photo 1: Menlo Scientific President Mike Klasco giving his 

presentation at ISEAT 2011
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ity of being in “the circle of trust” to Ben Stiller’s character. I will 
try to explain the speaker industry version here.

Management
The integrity of the management, while not the whole 

story, is certainly the most important consideration. At worst, 
short-sighted thinking from the top may become a nightmare 
for their customers. There have been situations where the fac-
tory is selling the customer’s product sideways, such as into the 
China market or to obscure markets (such as South American 
or African countries). Sometimes the product is sold with the 
customer’s logo, or supplied with another brand logo. This can 
be quite painful, especially when your tooling is used and the 
counterfeiters selling the product are undercutting your pricing. 
Often, the sideways version will be cheapened as counterfeit 
products never command the price of the real thing.  

 With cheapened copies in the market, broken or prematurely 
worn products that are mistaken for the real thing reduce the 
perceived value of your product. Sadly, companies that were run 
with integrity for decades may then have COO issues. Ironically, 
to Western companies COO means Chief Operating Officer, 
but in Asia COO translates to Child-Of-Owner. 

 Another issue is tooling. A company with integrity never con-
siders “hijacking” tooling when it is time for the customer and 
factory to part company; yet, this is a real issue even today. Life 
is never simple, and if the relationship is ending, it is for a reason. 
Maybe the customer was a pain or slow to pay, or maybe the fac-
tory was always late or product quality was less than wonderful. 

“Will the factory show my designs to my competitor?” Still other 
considerations are the interest level of the vendors, and the level 
of success they’ve had with similar projects of comparable size, 
challenge, and quality. But, the main focus of this article is 
knowledge of the vendors and their trustworthiness. Perhaps 
this is where the East and West’s perceived realities and sensibili-
ties diverge to the greatest extent.

 Communications with your contact at the factory is a hidden 
factor. Honest, quick, cognitive answers from a factory liaison 
who has a sense of the customer’s wants and needs can be a 
deciding consideration. There are precious few bi-cultural sales 
representatives with a clear understanding of both their factory 
as well as what the customer wants. Of course, an Asian factory 
with a strong United States office could reduce the amount of 
travel to Asia for the customer’s product development team.

 Most of this is old news to both buyers and Asian vendors. 
The big disconnect, and often unvoiced, selection decision 
comes from another consideration. Does the potential cus-
tomer trust the vendor? I know that the vast majority of Asian 
vendors believe their firms are trustworthy. Yet, many of them 
would be disturbed that the big sale(s) they lost were due to this 
factor. There are quite a few components to how trustworthi-
ness is perceived by Western buyers that may come as a surprise 
to Asia vendors. 

Circle of Trust
Perhaps our readers have seen the movie, Meet the Fockers. In 

the movie, Robert De Niro’s character explains the responsibil-
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In any case, some factories are more likely to hold tooling hos-
tage, while with others this would never even be a consideration.

Questionable Customers
A visit to the “night market” in any large Chinese city will reveal 

counterfeits of popular products. In November, when I was in 
Shanghai, I strolled through a large complex of small concession 
stands. They were open all day and into the evening and not 
on the street but in a large complex. Between the famous fake 
purses, jackets, shoes, luggage, were Dr. Dre Beats headsets. Even 
at a quick glance I could see these were not off the real tool and 
my little survey showed a couple of levels of quality (or lack of it). 
As I waited for my associates to make their purchases, one of the 
Chinese shopkeepers asked me about buying the headset. I men-
tioned I was involved in the design of the product and told her 
that her stuff was fake. Of course, everything in the shop and the 
whole complex was fake, and this pleasant Chinese girl laughingly 
replied that she knew the Beats headphones were real because Dr. 
Dre was her brother. I couldn’t top that. 

 However, for an otherwise legitimate factory to make counter-
feits is a red light to most customers. The factory will have a range 
of explanations—the copies are just as good as the real thing, the 
product is being shipped to the Middle East or Africa, the factory 
is innocent and the product is being built to (the counterfeiter’s) 
specs. Sorry, none of this is okay.

Engineering Turnover 
Sometimes staff changes are also a factor. Even if the manage-

ment is honest, there are many issues if engineers are constantly 
moving to other companies. One question is will they take 
designs under development to their next stop (maybe where your 
competitor builds his products)? So staff stability is an important 
element of a trustworthy vendor.

Counterfeit Test Systems, Software, and Materials
Many “fake” versions of popular Western test systems are used 

in Chinese factories.  Using these counterfeit systems sends the 
wrong message to potential customers. How can they trust you 
to protect their own intellectual property if you are openly using 
“fake” test equipment? Western companies don’t care that you 
consider copies of the “real” test equipment acceptable or that the 
bogus product is used only for on-line QC, and the customer is 
always right.

Purchasing Department Integrity
Integrity of a purchasing staff is sometimes questioned when 

they choose not to buy from a customer’s preferred vendor 
because of the sweetheart deals they are offered. Vendors have 
been known to substitute grades of materials that are inferior 
to what their customers have specified. Sometimes, the issue is 
purchasing departments sourcing from cheaper parts distribu-
tors who buy their way in because the price is right but the parts 
are counterfeit or the distributor will accept long lead times on 
payment. Many vendors of ICs and other components provide 
decent grade products, which carry the label of more upscale 
brands. The issue is that the design engineer has more experience 
than the buyer at the factory and subtle (and not so subtle) dif-
ferences exist between real Kapton, genuine ferrofluid, or a low 

ESD cap. If something less was acceptable, the engineer would 
have spec’d it. Life is complicated. Not every Western company is 
concerned that their Chinese vendor is using software copies, and 
in fact some engineers from the United States may go shopping 
for “bootleg” DVDs and software during their time off. But larger 
customers do care and check. There is often a company policy of 
preference for using vendors with genuine software.

The Tooling Room Should Be Top Secret!
It is also not unusual to see a big garage door open in the tooling 

rooms of China factories. Not a good idea! The tooling room is 
where your customer’s future products are being readied before 
production. Who has access? Can workers look inside? Can your 
customer’s competitors walk around the tooling room? If you let 
a potential new customer walk around the tooling room and he 
can see his competitor’s products being tooled, you may scare 
him away! Customers may also be concerned about getting tool-
ing back. If a customer is unhappy with the factory, will there be 
issues getting the tooling returned? 

The Future
At ISEAT there were many presentations of genuine research 

from numerous Chinese engineers. Chinese companies are creat-
ing patented technology at a rapid rate. And, the Chinese indus-
try is starting to have the same issues with counterfeits, patent 
infringement, and intellectual property as Western firms. At the 
moment, the attitudes of  China’s businessmen are in transition as 
they experience “the shoe being on the other foot.” VC
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be available in the spring. The record number of exhibitors was 
3,100 across the largest show floor in CES history—1.861 mil-
lion net square feet of exhibit space.

CEA estimated that more than 20,000 new products were 
launched at the 2012 CES, which also featured top execu-
tives participating in keynote sessions, including those from 
Qualcomm, Mercedes, Wal-Mart, Intel, Ford, Verizon, Unilver, 
Ford, eBay, GE, Google, and Facebook. Executive delegations 
from thousands of global companies, from Apple to Zeo, attend-
ed the 2012 CES to meet with current and future customers. 
CEA said it is currently reviewing requests for 2013 CES 
keynotes and will be making announcements in the com-
ing months. In addition, the 2013 International CES is 
already generating significant interest as space selection for 
next year’s show has already begun. The International CES 
will return to Las Vegas, NV, from January 8–11, 2013.  
 
Gibson Acquires Majority Share of Onkyo USA

Gibson has announced that it will acquire a 51% stake in 
Onkyo USA and become the second-largest shareholder of 
Onkyo Corp. in Japan. Musical instrument maker Gibson 
Guitar will bring resources to Onkyo USA to step up market-
ing, boost customer service, promote the brand more aggres-
sively to consumers, and enter into new audio categories. As 
part of that deal, Onkyo will also invest in Gibson, and the two 
companies will form a Hong Kong-based joint venture focus-
ing on design and development of consumer audio products. 
 The deal was expected to close by the end of January 2012 

Industry Watch

By Vance Dickason

CES Sees Record Numbers
The 2012 International CES was the largest in the event’s 

44-year history, with a record number of attendees, exhibitors 
and show floor space, according to its owner and producer, the 
Consumer Electronics Association (CEA). The initial attendance 
figure was 153,000, including more than 34,000 international 
visitors, according to CEA, which conducts an independent 
audit of attendance at the International CES. Verified figures will 

CES 2012 in Las Vegas, NV
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linearity, superior Xmax, better long term reliability and a 
higher continuous power rating.
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following regulatory approval in Japan. Onkyo is a public com-
pany, and Gibson is privately held. The companies don’t plan to 
combine sales forces; however Gibson will introduce Onkyo to 
the MI (musical instruments) channel. MI dealers are open to 
selling consumer electronics, and “musicians are leading edge 
consumers” who can influence others, according to Gibson. 
The two companies also foresee joint calls on major clients com-
mon to both Gibson and Onkyo. Those clients include J&R 
and Best Buy. Gibson has no plans to create Gibson-branded 
home audio, Juszkiewicz said. Onkyo USA’s headquarters and 
warehouse will remain in Upper Saddle River, N.J., he said. 
 Gibson’s investment in Onkyo is the company’s second acquisi-
tion in two months. In December 2011, Gibson acquired the 
Stanton Group, which included Cerwin Vega! home and pro- 
audio speakers, KRK Systems pro-audio speakers and studio-
control solutions, and Stanton DJ, which markets professional 
DJ equipment.  At the time, Gibson said the acquisition marked 
“Gibson’s further expansion into the pro audio market with 
loudspeaker, monitor and electronics technology.”

THX Sets New Standards
THX launched a certification program for compact speakers 

intended for use in small rooms, including home-theater rooms, 
gaming rooms, and living rooms in homes and apartments. 
THX said it created the Compact Speaker System Certification 
program because of a major trend in mainstream consumer 
audio to more compact speaker systems. Though small speakers 
perform better than flat-panel TV speakers, the sound qual-



28 VOICE COIL

enhanced bass performance with tailored equalization for     
  an overall smooth, well-balanced sound when combined     
  with the satellite speakers

 

-

Behringer Launches Comsumer Brand
-

 

-
ers varies widely because 
of limitations imposed by 

ensure consistent quality 
and raise customer confi-

 

-
tem with one subwoofer is the minimum requirement, but the 

 

  playback with richness and depth

Behringer's iNuke Boom on display

Blaupunkt Re-Enters U.S. Market

will import and market new Blaupunkt products to indepen-

Velodyne Now Offers Headphones

-

The THX logo



MARCH 2012 29

a tangle-resistant cable and built-in 
controls. According to the company, 
the vPulse have a pressure-relief system 
that reduces air pressure within the ear 
canal for safer and more comfortable 
listening. Frequency range is listed at 
20 Hz to 20 kHz, with a sensitivity 
of 98.8 dB/1 mW, and an impedance 
of 16 Ω. They’re currently available 
for $89.

Sales Expected to Top $200 Billion
2012 marks the first year that factory sales of consumer elec-

tronics will exceed $200 billion annually. Gary Shapiro, presi-
dent/CEO of the Consumer Electronics Association (CEA) 
announced at the January CES that projected 2012 sales will 
be $202.4 billion, up 3.7% over 2011’s estimated $195.2 bil-
lion, which represents a 7.9% gain. At the same time, CEA 
reported that retail sales of mature CE categories fell 5.9% 
to about $9.5 billion during the November 20 through 
December 24 holiday period, according to data provided by 
The NPD Group. The dollar-volume data, collected from 
select retailers at point-of-sale, excludes cell phones, tablets, 
e-readers and video games. But the report revealed that core TV 
and PC categories dipped only 4% in dollars and were essen-
tially flat in unit volume despite marketplace weakness last year. 
Leading the decline were camcorders (down 42.5%), digi-
tal picture frames (down 37.5%) and GPS devices (down 

32.6%), the market research group said. TV was boosted 
by sales of big-screen models, with unit volume for 50" 
and larger displays up by approximately 32%. About one 
in six flat-panel TVs sold during the holiday period was 
above 50", and the TVs greater than 60" more than tripled. 
 What’s more, 3-DTVs, which NPD described as “the 
industry’s most maligned segment,” saw unit volumes 
soar by more than 100%, as models with 3-D capabil-
ity accounted for more than one in every $5 spent on 
TVs during the five-week period. Conversely, 32" TVs, the 
market’s largest size segment, saw revenue drop almost 9% 
and average selling prices (ASPs) fall below $300, to $277. 
Desktop PCs posted a 2% unit volume increase, but it 
wasn’t enough to offset the 5% decline in notebook sales, 
which brought PC sales down 4%. ASPs rose $9 year-over 
year to $575, continuing last year’s trend of higher pricing. 
Windows-based all-in-one PCs increased 135% and accounted 
for almost 20% of all Windows desktop unit sales volume. 
Under-the-TV devices, sales revenue for home-theater systems 
increased by 10%, receiver revenue increased by 3.5%, and 
stand-alone streaming devices enjoyed a 65% increase in reve-
nue, although sales of Blu-ray Disc players declined 17%. Other 
categories experiencing double-digit decreases included hard 
disk drives (down 25.1%), point-and-shoot cameras (down 
20.8 percent) and MP3 players (down 20.5%). The total 5.9% 
holiday-period decline represents an improvement over 2010’s 
6.2% decrease, and echoes December CE weakness reported by 
Costco, Best Buy, Sears, and Target. VC

New headpones by 

Velodyne
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Industry News and Developments

Neodymium Prices Fall by 33%
In the summer of 2011, manufacturers faced massive 1400% 

hikes in the price of neodymium, which is used to make loud-
speaker drivers. Recently, prices have dropped by one-third. The 
price of neodymium was putting pressure on speaker manufac-
turers to raise their prices. The price hikes also forced manu-
facturers in many electronics sectors—including smartphones, 
computers, TVs, and wind turbines—to look for alternative 
metals for their products. 

In June 2011, the price of neodymium had risen to RMB 1.4 
million per ton from RMB 100,000 per ton since the end of 
2008, according to a survey by the 21st Century Business Herald. 
According to the New York Times, rare earth speculators have 
been dumping their inventories as demand decreased. The price 
for Cerium-based metals averages $45 to $60 per kilogram. That 
price had peaked at $170/kg in August 2011. However, the 
prices are still much higher than they were four years ago 
when these rare earth metals average just $6/kg. 

From January 2008 to February 2012, the price of the 
typical 23.5 mm × 5 mm N35 Neo slug used in 1" dome 
tweeters was roughly as follows:

January 2008 to January 2011—average price: 
$0.42 (the price hovered at about $0.50, reaching 
a low of $0.252)
March 2011—average price: $0.87
May 2011—$1.20
June 2011—$2.31
July 2011—$2.16 

By Vance Dickason

August 201—$1.88 
September 2011—$1.66
October 2011—$1.47
November 2011—$1.15
February 2012—$1.01

John Ebert of Yunsheng USA (a subsidiary of Ningbo Yunsheng 
Co. Ltd) gave a great PowerPoint presentation at the 131st 
AES Convention workshop, “Neodymium; Coping With The 
Consequences of Supply and Demand Elasticity,” about the 
“myths” surrounding the neodymium market. His presentation 
focused on “big” myths about neodymium: Myth 1 that it is rare; 
Myth 2 that Neo is controlled by China; Myth 3 that China will 
restrict or ban neo sales to the United States; and Myth 4 that Neo 
prices are unpredictable. Myth 2 and 4 are particularly relevant to 
the current price issues. Here are the facts about the world’s rare 
earth metals reserves that Mr. Ebert presented regarding Myth 2:

The United States holds 13 to 21% of world’s estimated 
REM reserves

Figure 1: The price trendency of neodymium

15
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and high-coercivity magnets such as N52, 50M, 48H, 45SH, 
38EH, etc. For more information, visit www.yunshengusa.com.

New Woofers from Morel
Morel, the Israel-based, high-end driver manufacturer, has 

released four new 6" mid-bass drivers as part of their new 
Titanium line, the TMW635, TMW638, TCMW 635, and 
TCMW 638 (see Photo 1 which shows the TMW635). Each 
of the four new mid-bass drivers features a titanium voice coil 
former. The TMW 635 and TMW 638 are basically the same 
driver in 5-Ω and 8-Ω versions, respectively, while the TCMW 
635 and TCMW 638 are also the same driver with 5-Ω and 8-Ω 
voice coil DCRs, but they include a shorting ring Coppersleeve 
Neolin motor. For more information, visit the Morel website at 
www.morelhifi.com.

The United States holds the world’s third largest estimated 
REM reserves
The United States reserves are mostly light REM
The United States was the original center of world REM 
production in 1980s 
Japan manufactures 15% to 20% of all REM products in 
the world. 
Japan estimated to have stockpiled a three-plus-year supply of 
REM reserves for domestic usage
New REM mines and deposits were discovered in the 
Commonwealth of Independent States (the former Soviet 
Union), Australia, India, Brazil, Malaysia, Philippines, 
Vietnam, Canada, etc. 

Myth 4 shows how the historic price of neodymium, which 
closely tracks the pricing of the 25-mm Neo, has until recently 
been fairly stable (see the graph in Figure 1). 

 However, it’s still true China produces over 90% of the world’s 
rare earth metals. The Yunsheng has its main facility in a strate-
gic location in Baotau, Inner Mongolia, that ensures Yunsheng 
receives high-quality raw materials direct from the largest and 
purest deposits of rare earth ores anywhere in the world. The 
company’s Baotau plant operates under the most ideal dry climate 
conditions for the processing and storage of rare earth ores.

 Yunsheng’s production facilities have an annual capacity of 
4000 tons sintered NdFeB magnets, 300 tons bonded NdFeB 
magnets, 500 tons AlNiCo magnets, and 50 tons SmCo magnets. 
Our capabilities include the manufacture of high-performance Photo 1: A new Morel driver, the TMW635

Conference: June 9-15

Exhibits: June 13-15
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Driver Awards at 2012 ALMA Symposium
The March issue of Voice Coil featured the Association of 

Loudspeaker Manufacturing and Acoustics International (ALMA) 
Symposium 2012, with the exception of this year’s ALMA Driver 
awards. The Driver Awards recognize accomplishments, improve-
ments, and contributions that have “driven” the industry in 
three categories: the Beryllium Lifetime Achievement Award, the 
Titanium Driver Award, and the Gold Driver Award.

 The Beryllium Lifetime Achievement Award recognizes sig-
nificant and sustained contributions to the loudspeaker industry 
over the lifetime of a career. Two lifetime achievement awards were 
presented at this year’s symposium. One went to Matthew Polk, of 
Polk Audio, for contributions to the design and marketing of high 
performance and premium value loudspeakers (see Photo 2). The 
other was given posthumously to Edgar Villchur for his tremendous 
contribution to the field of loudspeaker design, and most notably 
for the acoustic suspension technology. Mead Killion, a close friend 
of Mr. Villchur’s, honored the memory of Edgar Villchur and his 
“acoustic suspension” loudspeaker design by reading the eulogy he 
gave at Mr. Villchur’s memorial service (see Photo 3).

 The Titanium Driver Award recognizes a specific technical con-
tribution, accomplishment or expertise in the loudspeaker industry. 
Alex Voishvillo, recently promoted to manager of Transducer 
Engineering & Acoustic Research at JBL Professional, and Peter 
Larsen, president of LoudSoft, Ltd., were the recipients. (See 
Photo 4 and Photo 5, respectively.)

Dr. Voishvillo’s achievements include a recent patent pending for 
his Dual-Driver technology. He has been a very active participant 
in the loudspeaker design and manufacturing community and a 
frequent contributor to ALMA’s programs and activities. Alex was 
born and raised in Saint Petersburg, Russia, where he graduated 
from the State University of Telecommunications. From 1977 to 
1995, he worked at Popov Institute for Radio and Acoustics. 
While there, he designed loudspeaker systems and studio monitors 
and did research on loudspeakers. He is the author of numerous 
publications on transducers and loudspeaker systems, including 
an engineering book on loudspeaker theory and design published 
in Russia in 1985. In 1995, Dr. Voishvillo and his family moved 
to Simi Valley, CA, at the invitation of Gene Czerwinski, CEO of 
Cerwin-Vega. At Cerwin-Vega, he designed new transducers and 
systems, researched nonlinearity in sound systems, and investigated 
advanced methods to measure nonlinearity in audio equipment. 
He has given numerous presentations on nonlinear theory of 

Photo 3: Mead Killion accepts the Beryllium Lifetime Achievement Award 

on behalf of Edgar Villchur, who received the award posthumously.

Photo 5: Peter Larsen, president of LoudSoft, Ltd., accepts the 

Titanium Driver Award

Photo 4: Alex Voishvillo, manager of Transducer Engineering & Acoustic 

Research at JBL Professional, receives a Titanium Driver Award

Photo 2: Matthew Polk, of Polk Audio, was one of two recipients of 

the Beryllium Lifetime Achievement Award

compression chamber in horn drivers and on assessment of non-
linearity in audio at AES conventions, ASA meetings, and ALMA 
symposiums.  From 2004 to 2010, Alexander was the senior 
acoustic development engineer at JBL Professional. He is a leading 
specialist in design, research, and development of professional high-
frequency transducers. Since June 2010, he has been the senior 
manager of Transducer Engineering at JBL Professional. Alexander 
holds patents on new transducers, and he is a reviewer of the Journal 
of the Audio Engineering Society. In 2008, he was awarded an AES 
Fellowship for his advanced work in horn drivers and assessment of 

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

www.ALMAInternational.org | 978.772.6977

ALMA
INTERNATIONAL

®

Join today!

Be a part ofthe action –

Association of Loudspeaker
Manufacturing & Acoustics International
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nonlinearity in audio equipment. 
 Peter Larsen (BSc, EE) started his career with SEAS in 1974 

and was chief engineer for Vifa-Speak from 1979 to 1987. He 
also worked for Dynaudio (1987–1990) and JBL (1993). Since 
1993, Peter has worked as an independent consultant for sev-
eral leading loudspeaker manufacturers including: Audax, KEF, 
Goldmax, Vifa-Speak, Peerless Fabrikkerne, and NXT. During his 
time as a consultant, Peter has specialized in in-depth analysis of 
loudspeakers and manufacturing techniques, research concerning 
new components and materials, advanced Acoustic Finite Element 
modeling, new measuring methods, novel speaker design concepts, 
and development of several customized products (private label). 
During the same period, Peter has developed and marketed special 
software for speaker development and design. Through his com-
pany (Loudsoft), Peter offers a number of popular software packages 
including FINEMotor, FINECone, FINEBox, and FINE X-over. 
Most recently, Peter has developed a new measuring system that is 
easy to work with internationally including in China: FINE QC 
and FINE R+D. Peter has always been very generous with his time 
and talent where ALMA activities are concerned.

 The Gold Driver Award recognizes contributions to ALMA. It 
was presented to Steve Tatarunis of Menlo Scientific (see Photo 6) 
for his long and active tenure on the ALMA Board of Directors. 
Steve joined the ALMA board in the mid-1990s, at the invitation of 
Carol Bousquet, then a board member and presently the executive 
director. At that time, they both worked at Ferrofluidics Corp. Steve 
has served on various ALMA committees. He served as president of 
ALMA. Most recently, he was vice president of the Americas and, 
most famously, chair of the Winter Symposium committee—for a 
decade! For more information, visit the ALMA International web-
site at www.almainternational.org.

133rd AES Convention 2012—Call for Papers
This year’s AES Convention is being held in San Francisco, CA, 

on October 26–29 at the usual location, the Moscone Center. A 
Call for Papers has been issued, this year with two options. Authors 
will have the option of proposing complete manuscripts (10 pages 
maximum) for peer review. Full manuscript proposals will be eligi-
ble for the 133rd Convention Paper Award. If a proposed complete 
manuscript is not accepted as a peer-reviewed paper, it can still be 
accepted as an abstract/précis paper. The standard option is also still 
available: a proposed title, 60- to 120-word abstract, and 500- to 
750-word précis of the paper. 

 Submissions must be posted electronically to the AES 133rd 
proposal submission site at www.aes.org/133rd_authors by May 23, 
2012. Presenting authors (one per paper) will be required to pay the 

full convention registration fee (member or student member rates 
are lower than non-member rates), and only then will they receive 
a free CD-ROM of the papers. Acceptance of proposed papers 
will be determined by a review committee based on the submit-
ted abstract/précis or full manuscript. Presenting authors who are 
student members and whose papers are accepted for presentation 
will also be eligible for the Student Paper Award at the 133rd. 
The proposed paper (précis or complete manuscript) must clearly 
describe the work performed, methods employed, conclusions, 
and significance of the paper with respect to other published work 
in the field. During the online submission process, candidates will 
be asked to specify whether they prefer to present their papers in a 
lecture or poster session. Highly detailed papers are better suited to 
poster sessions, which permit greater interaction between author 
and audience. The convention committee reserves the right to reas-
sign papers to any session. 

 Whether a lecture or a poster, a complete electronic manuscript of 
the abstract and précis submissions (papers of 4–10 pages in length 
are encouraged) must be submitted before July 31, 2012 for the 
paper to be accepted for presentation at the convention. During the 
submission process, authors will be asked if their convention papers 
should be considered for possible publication in the AES Journal. 
The proposal submission site, www.aes.org/133rd_authors, will 
be available in early March. For more information, visit the Audio 
Engineering website at www.aes.org. VC

Correction: Please note that the URL for Globe Composites in 
the March 2012 issue was incorrect. The correct address is www.
globecomposites.com.

Photo 6: Steve Tatarunis, of Menlo Scientific, receives the Gold 

Driver Award
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 Spotlight

Headphone Testing (Part 2) 
Digital Headphones (USB & 
Bluetooth) and Noise-Cancelling 
Headphones
By Brian Fallon, Listen, Inc.

“Headphone Testing (Part 1)” published in the December 
issue of Voice Coil, covered the basics of analog headphone 
testing: correction curves and fixturing, choosing hardware 
(ear simulators and couplers), the different requirements for 
testing in R&D vs. production, and the various essential 
measurements such as frequency response and distortion. 

Analog headphones are relatively straightforward to test 
because there are only two electro-acoustic transducers to 
measure. Headphones with built-in electronics, such as 
digital headphones (including Bluetooth and USB), and 
noise-cancelling headphones are harder to test because the 
electronics and transducers need to be tested together as a 
complete system. In this article, test considerations for such 
headphone systems and the practicalities of testing them are 
discussed.

Testing Digital Headphones
Headphones with digital connectivity add complexity to 

audio testing. In addition to testing the acoustic transducers, 
the digital circuitry must also be considered. The fundamentals 
of analog headphone testing (the use of artificial ear simulators 
and couplers, the principals of repeatability vs. realism, and 
the tests that characterize the device) are the same, but the test 
signals must pass through the headphone electronics, which 
can greatly influence the test results.

The principal distinction of digital headphones is that they 
contain a D/A converter and often DSP circuitry as well as 
a headphone amplifier. This means that unlike an analog 
headphone, where measurements are being conducted only 
on the electroacoustic elements, the measurements for digital 
headphones are being performed on the whole system which 
comprises everything from the digital signal to the acoustic 
output of the transducers. While it is certainly possible to iso-
late and test each of these components 
on its own, it is also very important to 
understand the intricacies of testing 
the complete device. 

Managing Connectivity
The initial challenge of testing digital 

headphones is managing connectivity. 
The test system must be able to com-
municate directly with the device. A 
software-based system is ideal because 
it can communicate directly through 
the computer’s USB interface to the 
USB headphone, which will appear 

in the operating system along with other audio devices. Test 
signals can be sent digitally and the acoustic signals can be 
analyzed synchronously. If a hardware-based system is used, an 
extra program is usually required to connect the test system to 
the device under test. 

Bluetooth headphones, however, require an additional inter-
face for the computer to connect to the device under test. This 
may be a hardware Bluetooth communication box or a simple 
Bluetooth dongle, either built into the computer or externally 
connected by USB (see Figure 1). Bluetooth interfaces cause 
transmission delays in the audio chain. The test system must 
be able to account for these delays in order to take meaningful 
measurements. Some test systems can use an autodelay algo-
rithm that looks at the system’s impulse response to calculate 
the delay and remove it from the measurement, if necessary.

Frequency Limitations
It is also important to be aware of frequency range limita-

tions when designing tests for Bluetooth devices. Bluetooth 
devices typically operate at low-sampling rates of either 8 kHz 
(narrow band) or 16 kHz (wide band). These sampling rates 
limit the frequency range (because of the Nyquist frequency) 
to significantly narrower than analog headphones or even 
USB headphones. For example, a Bluetooth device with an 
8-kHz sampling rate will only play audio up to slightly less 
than 4 kHz. Such limitations need to be considered when 
designing the test specifications. It can also be interesting 
to test the Bluetooth device beyond its cut-off frequency to 
see how well its anti-aliasing filter suppresses out-of-band 
signals.

Test Signals
Bluetooth presents a further challenge in that sine waves are 

not always transmitted accurately. When this occurs, alterna-
tive stimulus signals must be considered. Broadband noise is 
one possibility, but because of noise suppression circuits in 
some devices, this may not be a practical solution. A multitone 
signal, where several frequencies are played simultaneously, is 
another option. This produces a very fast frequency response 
measurement and is immune to the sudden dropouts that 
can occur in Bluetooth transmission. The downside of this 
test signal is that traditional harmonic distortion cannot be 
measured.  Yet another possibility is the use of speech or music 
signals. These real-world audio signals transmit very well over 

SoundCheck

Left in
Sound card

Ear coupler

Ear output

Head and torso
simulator

Figure 1: The Bluetooth test configuration
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Bluetooth, but their downsides are that they typically require 
long-term averaging and cannot be used for harmonic distor-
tion measurements. If distortion measurement is required, 
non-coherent distortion may be measured using any test 
signal. This technique compares the input and output power 
spectrums to measure the non-coherent power and calculate 
the distortion plus noise (see Figure 2).

 
Measurement Units

Traditional analog headphones are tested with a stimulus 
level that is rated in terms of voltage or power. The sensitivity 
is also specified in these units such as dBSPL / mW. When 
testing headphones with USB or Bluetooth connectivity the 
stimulus is simply a digital signal whose level can be expressed 
in terms of digital full scale. The sensitivity is, therefore, 
expressed in dBSPL/FS. Manufacturers sometimes choose 
to relate these signal levels back to voltage, which can be done 
if the characteristics of the D/A circuit are known. In such cases, 
the gain of the built-in headphone amplifier chip must also be 
accounted for. 

Another method used for relating these digital units back to the 
analog domain is through the use of a codec (see Figure 3). A-law 
and M-law are two codecs widely-used in Bluetooth applications 
that can translate the digital units into “virtual volts.” These 
codecs are most commonly used in telecommunications, 
especially for headsets.

Additional Measurements
In addition to the basic audio metrics discussed in the first 

article, there are some additional measurements that are of 
interest for digital headphones. The first measurement con-
cerns the headphone amplifier. With analog headphones, 

THD and Rub & Buzz are typically sufficient for measuring 
distortion, but since their digital counterparts include built-in 
headphone amplifiers, it is advisable to also measure THD+N. 

Figure 2: The frequency response and non-coherent distortion of a Bluetooth headset receiver
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Alternatively, the noise can be measured on its own by sending 
a 0 FS signal to the headphones and analyzing the output. 

 Other metrics specific to digital headphones are sampling 
rate accuracy and jitter. Sampling rate inaccuracy occurs when 
the digital clock on a consumer audio product is not entirely 
accurate, so the intended 44.1-kHz sam-
pling rate may, for example, actually be 
44.05 kHz. Jitter occurs when a signal 
fluctuates—for example, if a 1-kHz signal 
fluctuates between 999 and 1001 kHz 
(see Figure 4). Although the ear does not 
discern small sampling rate errors or jitter, 
there is a serious implication for testing. 
Some digital tests involve comparing the 
output signal to the input signal. If the 
sampling rates are different, the difference 
in phase will cause the results to be mean-
ingless. Generally, any measurement using 
time-synchronous averaging techniques is 
affected by jitter and sampling rate errors. 
The most effective way to minimize the 
effects of such errors is to use a test system 
that features algorithms that compensate 
for this. If, however, your test system can-
not accommodate this, there are a several 
other methods—such as power averaging, 
which ignores the phase response—that 
can be used to ensure accurate but less 
sophisticated results.

Noise-Cancelling Headphones 
There are many different equipment 

configurations and environments that can 
be used for measuring noise-cancelling 
headphones. As with conventional head-
phone testing, a head-and-torso simulator 
with artificial ears and pinnae provides 
the most accurate representation of the 
device’s performance. It is the best choice 
for performing these tests, but can be 
prohibitively expensive for some people. 
Other options such as custom fixtures with 
artificial ear simulators are more affordable 
and will also work but will not be quite as 
true to the user experience. 

 Whichever fixture type is chosen to hold 
the headphones, the entire setup must be 
placed in a noise field. The most sophis-
ticated and realistic method would be to 
measure in a reverberation chamber or 
create a diffuse field using multiple speak-
ers placed at various points in the room, 
with each one playing a noise signal that 
is uncorrelated to the others. However, for 
most purposes, a small single loudspeaker 
placed next to the head and torso’s ear at 
a distance of approximately 1' is sufficient 
to generate meaningful data. Regardless of 

which equipment configuration or noise generation method is 
used, the general test method is the same: a known noise signal 
is played, and the passive and active attenuation characteristics 
of the device are measured. A typical test setup is shown in 
Figure 5.

Ear coupler

Head and torso
simulator

Loudspeaker

Amplifier Sound card out L

Ear output Microphone
power supply

Sound card in L

Figure 5: Noise-cancelling headphone measurement setup

Test system
(e.g, SoundCheck) 
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(receive)
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0.4909
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Peak

RMS
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Time
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Figure 3a: This is a graphical representation of how the μ-law codec translates the digital level 

to virtual volts. 3b: Calibration of a reference codec

a)

b)

Figure 4: An example of jitter
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The Noise Stimulus
Pink noise is an excellent choice for the noise stimulus, as its 

equal energy-per-octave characteristic means that it has enough 
low-frequency energy to simulate real-world noise conditions. 
If desired, the response of the single loudspeaker or the diffuse 
environment can be equalized to produce an acoustically flat 
signal at the head-and-torso ear, but this is usually not required. 
The measurements made in a noise-cancelling headphone test 
are relative, so it is not necessary for the absolute sound pressure 
of the noise at each frequency to be the same unless the device 
is sensitive to absolute sound level. Likewise, it is usually not 
necessary to correct for the artificial ear’s frequency response, 
although some may choose to do so.

The noise should be played for several seconds (usually 
somewhere between 5 and 15 seconds) in each measurement 
to allow the device to stabilize. The noise signal is captured 
through the artificial ear, and the test system measures the spec-
trum. This spectral analysis is typically carried out using a Real 
Time Analyzer in one-third octave bands, which generates data 
that is more representative of how a human ear would hear the 
signal than using a standard FFT linear resolution analysis.

The Test Procedure 
A noise-cancelling headphone test procedure can be broken 

down into three measurements and three calculations. First, 
the headphones are removed from the head and torso, the 
noise signal is played, and the spectrum measured through the 
open ear. This un-occluded ear spectrum is used as the baseline 

for the noise. Next, passive isolation is measured by placing 
the headphones onto the head and torso, playing the noise 
signal again, and measuring the noise through the artificial 
ear. Finally, the measurement is repeated with the active noise-
cancellation circuit turned on. 

These measurements result in three spectra, which are used 
to calculate the three attenuation parameters. Passive isolation, 
which quantifies how much noise is attenuated simply by the 
headphones being worn, is calculated by subtracting the un-
occluded baseline curve from the second measurement where 
the headphones are in place but noise cancellation is disen-
gaged. Passive isolation can be significant across the frequency 
band, but is most prominent at higher frequencies. Circum-
aural headphones and in-ear earphones provide a reasonable 
level of passive isolation, whereas supra-aural headphones and 
on-ear earbuds typically offer much less. 

Active attenuation, which quantifies how much noise is 
reduced (or sometimes increased) when the active cancella-
tion circuit is engaged, is calculated by subtracting the second 
measurement (noise cancellation off) from the third mea-
surement (noise cancellation on). Typically, this will be most 
prominent in the lower frequencies. 

Finally, total attenuation is calculated by subtracting the 
curve with noise cancellation turned on from the baseline 
measurement without headphones. This represents the end-
user’s experience of the device, combining both passive and 
active components in attenuating background noise (see 
Figure 6).  
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Figure 6: Typical noise-cancelling measurement results

Often this test is optimized by performing each measurement 
multiple times and average the resulting spectra. The reason 
for this iterative process is to account for variations in the fit 
of the headphones, which for some devices can impact the 
passive and even the active portions of the noise-cancellation 
performance. 

Some noise-cancelling headphones will actually alter the fre-
quency response of the music being played when the noise can-
celling circuit is engaged. To test for this effect, one can measure 
the frequency response using the methods outlined in the origi-
nal article, both with and without the noise cancellation turned 
on, and compare the resulting response curves. Differences, if 
they are present, will typically be in the 1-to-3-kHz range. 

Conclusion
Measuring headphones with digital and noise-cancelling 

circuitry can be tricky. But with careful consideration of 
more complex and realistic test signals, digital calibration, 
and careful measurement setup and techniques, it is possible 
to get meaningful results just like with traditional analog 
headphones. Users of Listen Inc.’s SoundCheck software can 
download a free sequence for measuring noise-cancelling 
headphones from Listen Inc.’s website (under Support  > 
Technical Resources > Sequences). VC

Reference
S. Temme and P. Brunet, “A New Method for Measuring 
Distortion using a Multitone Stimulus and Non-Conherence,” 
presented at AES 121st Convention, October 2006.
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Acoustic Patents

By James Croft, Croft Acoustical

The following loudspeaker-related patents were filed pri-
marily under the Office of Patent and Trademarks classi-

fication 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. 
 
LOUDSPEAKER SYSTEM AND LOUDSPEAKER 
ENCLOSURE
Patent Number: U.S. 8,094,842 
Inventors: Masao Noro (Hamamatsu, JP), Akira Arai 
(Hamamatsu, JP) 
Assignee: Yamaha Corporation (Hamamatsu-shi, JP)
Filed: June 14, 2007
U.S. Class: 381/186
Granted: January 10, 2012, Claims: 2, Drawings: 43

ABSTRACT FROM PATENT
A loudspeaker system includes a loudspeaker enclosure hav-

ing an inside space, a loudspeaker provided on the loudspeaker 
enclosure, a first diaphragm that has one of the ends fixed to 
a surface of the loudspeaker enclosure and the other end, a 
second diaphragm that has one of the ends fixed to the surface 
of the loudspeaker enclosure and the other end, a coupling 
portion having an elasticity, and coupling the other end of the 
first diaphragm to the other end of the second diaphragm, an 
opening structure provided in the surface of the loudspeaker 
enclosure, and a sealing member provided to a portion among 
the first and second diaphragms, the coupling portion and an 
edge part of the opening structure, and closing the inside space 
to hold an air-tightness of the loudspeaker enclosure in a state 
that the first and second diaphragms can be vibrated.

INDEPENDENT CLAIMS
1. A loudspeaker system, comprising: a loudspeaker enclo-

sure that has an inside space; a loudspeaker, which is provided 
on the loudspeaker enclosure; a first diaphragm that has one of 
the ends fixed to a surface of the loudspeaker enclosure and the 
other end which can be freely vibrated; a second diaphragm 
that has one of the ends fixed to the surface of the loudspeaker 
enclosure and the other end which can be freely vibrated, the 
other end of the second diaphragm being provided opposite 
to the other end of the first diaphragm; a coupling portion 
which has an elasticity, and couples the other end of the first 
diaphragm to the other end of the second diaphragm; an open-
ing structure which is provided in a position corresponding to 
vibrating portions of the first and second diaphragms and the 
coupling portion in the surface of the loudspeaker enclosure, 
and by which the inside space of the loudspeaker enclosure is 
exposed; and a sealing member, which is provided to a portion 
among the first and second diaphragms, the coupling portion 
and an edge part of the opening structure, and closes the inside 
space exposed by the opening structure to hold an air-tightness 

of the loudspeaker enclo-
sure in a state that the first 
and second diaphragms 
can be vibrated. 

2. A sealing-type loud-
speaker enclosure, com-
prising: an enclosure body 
that has an attachment 
hole to which a loudspeak-
er is to be attached; a first 
diaphragm which has one 
of ends fixed to a surface 
of the enclosure body and 
the other end which can 
be freely vibrated; a second 
diaphragm which has one of ends fixed to the surface of the 
enclosure body and the other end that can be freely vibrated, 
the other end of the second diaphragm being provided oppo-
site to the other end of the first diaphragm; a coupling portion 
that has an elasticity, and couples the other end of the first dia-
phragm to the other end of the second diaphragm; an opening 
structure which is provided in a position corresponding to 
vibrating portions of the first and second diaphragms and the 
coupling portion in the surface of the enclosure body, and by 
which the inside space of the enclosure body is exposed; and a 
sealing member, which is provided to a portion among the first 
and second diaphragms, the coupling portion and an edge part 
of the opening structure, and closes the inside space exposed by 
the opening structure to hold an air-tightness of the enclosure 
body in a state that the first and second diaphragms can be 
vibrated.

REVIEWER COMMENTS
A loudspeaker system for improving low-frequency capabil-

ity in a bass reflex-type enclosure is disclosed. In a bass reflex 
loudspeaker system, a passive acoustic mass radiator couples 
an internal space to the external space outside of an enclosure 
with an active loudspeaker unit directly driving the compli-
ance of the internal air medium, which interacts with the 
passive acoustic mass and forms a Helmholtz resonance which 
is utilized to reinforce the low frequencies. In cases in which 
a volume of the enclosure is very small, having the passive 
acoustic mass realized by a vent or port tube, may have to be 
too small in diameter, and therefore, too lossy or non-linear. 
Consequently, the air resistance is increased so that the low-
frequency reinforcing function can be markedly deteriorated. 
Moreover, there is a problem with wind noise and chuffing 
because a speed of air passing through the resonant tube is 
increased substantially.

 The alternative can be to provide a passive acoustic cone, or 
drone cone, in place of the vent. However, in the case in which 
the drone cone is used, particularly in a small enclosure, it is 
necessary to substantially increase the moving mass of the cone 
in order to reduce the Helmholtz resonance to the desired low 
frequency. In order to reduce losses near the tuning frequency, 
which can cause a notch in the response of the passive radia-
tor based system, it is necessary to increase the compliance of 

U.S. Patent 8,094,842
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surround/suspension supporting diaphragm. In order to sup-
port the diaphragm having a great mass, however, the strength 
of the surround must be increased, which is contrary to the 
desired compliance necessary for high performance. Moreover, 
with a simple, high compliance suspension, it is hard to drive a 
heavy diaphragm to large excursions and still remain complete-
ly in parallel, without abnormal rocking of the diaphragm. The 
inappropriate rocking of the diaphragm increases distortion 
and reduces low-frequency efficiency. 

 In an attempt to solve this problem of supporting a high-
mass passive diaphragm, while maintaining high compliance 
in the suspension, and sustaining linear behavior during long 
excursions, a new class of passive radiators have been developed 
by different groups over the years.  The stabilization is achieved 
by utilizing a passive radiator that pivots on a type of “hinge” 
anchoring one side of the diaphragm, while having a compli-
ant surround on the remaining three sides of the diaphragm 
(assuming a rectangular shaped passive radiator). The idea is, if 
one has a hinge anchoring one side of a four-sided diaphragm, 
then even with very high mass applied, the passive radiator will 
not rock or twist, but remain stable and move in a substantially 
linear fashion. 

 While others have experimented with these types of systems 
in the last couple decades, it appears that the first to patent it 
was Stuart Nevill at B&W, U.S. 6,396,936, which used the 
simplest form of a three-sided suspension with a fourth-side 
hinge. Essentially the same design was put forth by Toyofumi 
Hayashi, in U.S. 8,019,108.

 The current patent of this review is a variation on the same 
theme as the above prior art, but offers a few different versions 
of the architecture of the hinged passive-diaphragm radiator. 
The main difference is that this patent uses two connected 
passive radiators, with a compliant suspension connecting the 
two, rectangular passive radiators, and with hinges at each end 
opposite of the connecting suspension, and additional suspen-
sions around the remaining sides. This allows an expansion in 
the middle, where the two diaphragms are connected. There 
are other variations using two connected, rectangular passive 
diaphragms, wherein the hinge point is the connecting point 
between the two diaphragms, with additional suspensions 
around the remaining sides. 

 In principle, all these systems can handle greater masses 
without the instabilities that plague most conventional passive 
radiators. But, in the current and prior art patents, none of 
the inventors address the shortcomings of the new designs. 
When a passive radiator is hinged, for a given excursion at the 
point farthest from the hinge, the total volume displacement is 
approximately half that of a standard passive radiator, because 
one side is clamped. This suggests that the actual excursion at 
the suspension end will have to be about twice what a con-
ventional passive radiator would be for the same output. It is 
unclear that these two- or three-sided, angular suspensions can 
even equal the mechanical X-max of a conventional passive 
radiator, let alone remaining linear at twice the excursion.

 Although these suspensions can be made very compliant, 
due to not having to stabilize the rocking motion (a job han-
dled by the hinge), the other reason passive radiators require 
high-integrity suspensions is not identified: that of dealing 

with the high internal pressures acting differentially on the 
suspension vs. the diaphragm, causing nonlinearities. This last 
issue is not as problematic as it is on an active driver, but it still 
has impact on passive radiators. And, lastly, the patent does not 
address what amount of actual mass is required on a “pivoted” 
radiator to equal the effective acoustic mass of a standard pas-
sive radiator. It would be greater by a factor that corresponds to 
the length of the device relative to its pivot point.

 While conceptually appealing, reality sets in relative to the 
pluses and minuses. As with so many new acoustical devices, 
one comes back to the basics and often finds that with a little 
advancement, there is still the best way to go.

If one has concerns about heavy passive radiators “rocking” 
during large excursions, a good place to look might be Cal 
Perkins passive radiator patent, U.S. 6,176,345. It uses good 
old-fashion techniques applied very effectively.

DEVICE HAVING A POINT AND A SPATIAL 
SOUND-GENERATING MEANS FOR PROVIDING 
STEREO SOUND SENSATION OVER A LARGE 
AREA
Patent Number: U.S. 7,986,801
Inventors: Daniel Willem Elisabeth Schobben (Eindhoven, 
NL), Martinus Hermanus Wilhelmus Maria Van Delden 
(Eindhoven, NL)
Assignee: Koninklijke Philips Electronics N.V. (Eindhoven, NL) 
Filed: January 19, 2004
U.S. Class: 381/300
Granted: July 26, 2011, Claims: 16, Drawings: 9

REVIEWER COMMENTS
It is an object of this patent to provide a compact, singular 

sound reproduction device capable of providing the perception 
of stereo sound over a relatively large area. Starting back in the 
earliest days of industry change from mono to stereo, there 
have been attempts to create a larger stereo image from a single 
loudspeaker enclosure. One of the better known systems was 
offered by Jensen in the 1960s. Some additional examples can 
be found in U.S. 3,164,676, U.S. 3,588,355, and U.S. 3,637, 
938. These devices basically utilized a single enclosure with 
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two transducers, one enclosed outputting Left + Right (L+R) 
and the other positioned perpendicularly in front of the first, 
operating as an open dipole, supplying L-R and R-L, with 
the idea being to mix and decode acoustically into left and 
right outputs in the space in front of the speaker system.

 More recent efforts have been made to extend the ideal 
to create single-enclosure surround sound systems, such 
as the work by Stuart Fletcher of Airsound Corp., U.S. 
2009/0067635, and that of Francis Miller U.S. 6,760,446.

All these, and many others using similar techniques, can 
provide a fairly spacious sound from a single enclosure, but 
can be sensitive to program material and listener position-
ing, such that the effect can collapse or become merely an 
ill-defined sound field only slightly larger than the sound 
source.

The inventors of this particular device have taken the same 
concept and attempted to expand its ability to spatialize, 
by how it is coupled to the surface on which it is mounted.

 To this end, the device, in accordance with the inven-
tion, is characterized in that it has a singular enclosure with 
interconnected first and second sub-enclosures, containing 
first and second transducers, respectively. One enclosed 
transducer faces upward, distributes the sound in a substan-
tially omni-directional manner, and is fed a summed, L+R 
signal. A second transducer faces downward and mounted 
approximate to the support surface for the system in a “co-
vibrating” relationship. The second transducer is fed an L-R 
difference signal. The surface that the device is mounted on 

is referred to as a “spatially extended source” and is said to 
vibrate in response to the second, L-R transducer such that 
it increases the output by 6 to 15 dB compared to airborne-
only radiation from the same transducer. 

 This coupling of the L-R, difference signal to a vibratable 
table top is not only to amplify the difference signal out-
put, but even more importantly, its purpose is to spatially 
expand the apparent sound field by having the L-R signal 
radiated from source(s) distant from the system enclosure. 
While there have been many devices over the years that 
have attempted to utilize large vibratable surfaces as a 
sound source, such as attaching a transducer to a sheet of 
glass, or window, for the most part, they have resulted very 
poor fidelity. This current invention is unique in being 
the first to isolate the L-R signal to be applied to the large 
vibratable surface, while the L+R signal is radiated directly 
airborne from a separate transducer. 

 It is interesting that psycho-acoustically, for these types of 
systems, the ear is more discerning of tonal colorations that 
are radiated from an L+R source, and somewhat less dis-
cerning of L-R, spatialized signals. While the psychoacous-
tic trickery would not allow a system of this type to rise 
to the performance level of a high quality, multi-channel, 
direct radiator system, it should provide for a fairly effective 
“cheat” that may offer competitive value in the increas-
ingly popular category of small, single-enclosure, tabletop 
systems. I look forward to hearing how well the technology 
performs as soon as Philips has a system available.
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NON-DIRECTIONAL TRANSDUCER
Patent Number: U.S. 8,094,868
Inventors: J. Craig Oxford (Nashville, TN), D. Michael 
Shields (St. Paul, MN)
Assignee: None Listed
Filed: January 3, 2006
U.S. Class: 381/430
Granted: January 10, 2012, Claims: 20, Drawings: 2

REVIEWER COMMENTS
The present invention involves a transducer for the cre-

ation of omni-directional radiation of acoustic energy in a 
horizontal plane. The transducer comprises a base plate sup-
porting a centrally located voice coil motor assembly and a 
“hemi-toroidal” or half-donut shaped diaphragm. The cen-
tral edge of the diaphragm is attached to and driven by the 
voice coil, and the outer edge is attached to the base plate. In 
the preferred embodiment of the invention, the diaphragm 
is comprised of a single sheet of planar material formed to 
the hemi-toroidal shape which then has a series of radial slits 
added to promote the sheet or planar material retaining the 
hemi-toroidal shape. Alternatively, the diaphragm may be 
constructed of a series of truncated wedge-shaped segments 
joined together to create the hemi-toroidal shape.

 The device looks very much like a circular version of the 
types of devices developed by Paul Paddock in the 1980s 
and 90s, such as U.S. 6,061,461 and U.S. 2005/0152575. 
These types of devices are notoriously difficult to get to 
behave, due to the substantial propensity for breakup 
modes. This patent does not address that issue or show any 
frequency-response curves to verify performance. 

 Another aspect often overlooked in horizontal omni-
transducers, is that for frequencies wherein the one side 
of the transducer to the other side of the transducer is a 
multiple of a half wavelength, there is a series of comb filter 
type cancellations in horizontal, omni-directional acoustic 
output due to out of phase interference from one side to 
the other. This issue, combined with the response difficul-
ties associated with breakup modes, make for a somewhat 
difficult device to optimize. That said, there are ways to 
address both of these issues and upon doing so, this device 
could make for an interesting addition to the current arse-
nal of transducer types. VC
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Test Bench

Photo 1: The Scan-Speak 12MU/4731T00

Another Look at Scan-Speak’s 
12MU/473100 and SB’s New SB-
29NRXSW, an S75-6 Subwoofer

by Vance Dickason

I had begun testing the Scan-Speak 12MU/4731T00 (see 
Photo 1), when I recalled that this driver had been tested pre-

viously. Looking through the Voice Coil archives, I found that I 
had characterized the Scan 12MU in the July 2009 issue. Rather 
than put this back on the shelf, I thought that readers might 
find it interesting to not only take another look at this very good 
sounding high-end midrange again, but to also compare current 
production with the data taken nearly two years ago. Knowing 
the emphasis on quality and quality control that Scan puts into 
its production, I expected the data to turn out very close, which 
indeed it did.

As part of Scan-Speak’s Illuminator series of the drivers, the 
12MU is built on the same great looking frame as the other 
Illuminator woofers, with the same, but scaled down, underhung 
(gap height is 13 mm, with a 6-mm voice coil height) neodymi-
um ring magnet motor structure (see Photo 2). Like the woofer 
motor, the front plate is shaped to “guide” the backside airflow 
around the motor. In terms of features, the 12MU uses a single 
layer uncoated curvilinear embossed paper cone as opposed to the 
two-layer embossed cone employed for the 15WU and 18WU 
woofers. I am going to assume that the embossing on the 12MU 
cone is more cosmetic than functional and is intended to match 
the “look” of the Illuminator woofers. The uncoated paper dust 
cap is also embossed to complete the cosmetic appearance of the 
12MU. Other features include a flat-cloth spider and a coated-
foam surround (Mmd for this driver is only 5.2 grams), copper 
shorting ring, and lead wires that are terminated to gold-plated 
terminals.

Testing commenced with the driver clamped to a rigid test fix-
ture in free-air, with voltage and current sweeps taken at 0.3 V, 1 V, 
3 V, 6 V, and 10 V. The 10 V proved to be somewhat non-linear 
and was not used, but it was close, which is amazing for a 4" driver. 
The remaining eight 550-point stepped sine wave sweeps for each 
12MU midrange sample were post-processed. The voltage curves 
were divided by the current curves (admittance) to create imped-
ance curves, phase added using LMS calculation method, and 
along with the accompanying voltage curves, saved to the LEAP 5 
Enclosure Shop software. In addition to the LEAP 5 LTD model 
results, I also created a LEAP 4 TSL model set of parameters using 
just the 1-V free-air curves.  The final data set, which includes the 
multiple voltage impedance curves for the LTD model and the 
1-V impedance curve for the TSL model (see Figure 1 for the 
1-V free-air impedance curve), were selected and the parameters 
created in order to perform the computer box simulations. 
Table 1 compares the LEAP 5 LTD and TSL data and factory 
parameters for both of Scan-Speak 4" samples measured for this 
issue. Table 2 gives the data for the pair measured in July 2009.

As I expected, the Scan data was very consistent from 2009 and 

Photo 2: The 12MU is built with a neodymium ring magnet motor 

structure
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Figure 1: Scan-Speak 12MU/4731T00 free-air impedance plot

2012, with about the same variation between LEAP parameter 
calculation results for the Scan 12MU mid and the factory data. 
As before, the Fs/Qt ratios are reasonably close to the Scan-Speak 
factory data. Given this, I set up computer enclosure simulations 
using the LEAP LTD parameters for Sample 1, the same sealed 
box volumes used in the July 2009 report. For the first closed box 
simulation I used a 38ci enclosure with 50% fiberglass fill mate-
rial, and for the second sealed box, a larger volume of 62ci Qb3 
also with 50% fiberglass fill material.

Figure 2 displays the results for the 12MU/4731T00 in the 
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 TSL model LTD model  Factory

sample 1 sample 2  sample 1 sample 2

Fs 79.4 Hz 66.2 Hz 74.5 Hz 62.5 Hz 64 Hz 

Revc 3.11 3.03 3.11 3.03 3.1

Sd 0.0057  0.0057 0.0057 0.0057   0.0058

Qms 4.18 3.87 3.48  3.32   3.64 

Qes 0.37 0.30 0.30 0.27   0.26 

Qts 0.34 0.28 0.28 0.25 0.24 

Vas 3.4 ltr  4.9 ltr 3.9 ltr  5.6 ltr   5.4 ltr 

SPL 2.83 V 88.5 dB 88.6 dB  89.0 dB 88.9 dB   90 dB 

Xmax 3.5 mm 3.5 mm  3.5 mm  3.5 mm 3.5 mm 

 TSL model LTD model  Factory

sample 1 sample 2  sample 1 sample 2

Fs 75.3 Hz 76.5 Hz 73.2 Hz 74.7 Hz 64 Hz 

Revc 3.04 2.91 3.04 2.91 3.1

Sd  0.0057 0.0057 0.0057 0.0057   0.0058

Qms 3.58 3.98 3.13 3.53   3.64

Qes 0.34 0.31 0.30 0.30   0.26 

Qts 0.31 0.31 0.27 0.27 0.24 

Vas 3.6 ltr   3.4 ltr 3.8 ltr  3.7 ltr   5.4 ltr 

SPL 2.83 V 88.4 dB 88.6 dB  88.7 dB 88.9 dB   90 dB 

Xmax 3.5 mm 3.5 mm 3.5 mm  3.5 mm 3.5 mm 

Table 1: Scan-Speak 12MU/4731T00 midrange, tested March 2012

Table 2: Scan-Speak 12MU/4731T00 midrange, tested July 2009
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Figure 2: Scan-Speak 12MU/4731T00 computer box simulations 

(black solid = sealed 1 @ 2.83 V; blue dash = sealed 2 @ 2.83 V; 

black solid = sealed 1 @ 25 V, blue dash = sealed 2 @ 18 V)
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Figure 3: Group delay curves for the 2.83-V curves in Figure 2
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two sealed boxes at 2.83 V and at a voltage level sufficiently high 
enough to increase cone excursion to Xmax + 15% (4 mm for the 
12MU). This resulted in a F3 = 181 Hz with a box/driver Qtc of 
0.67 for the 38 ci design and a –3 dB = 156 Hz with a Qtc = 0.57 
for the 62 ci simulation. The July 2009 results were close to the 
same F3/Qtc with a F3 = 171 Hz with a box/driver Qtc of 0.70 
for the 38-ci design and a –3 dB = 150 Hz with a Qtc = 0.60 for 
the 62-ci simulation. 

 Increasing the voltage input to the simulations until the maximum 
linear cone excursion was reached generated 110 dB at 25 V for the 
sealed-enclosure simulation and 106 dB with an 18-V input level 
for the larger closed box (see Figure 3 and Figure 4 for the 2.83-V 
group delay curves and the 25/19-V excursion curves). Obviously, 
the 12MU, as with any midrange, will be used in conjunction with 
a band-pass filter network, but this information can help locate an 
appropriate crossover frequency. It is often difficult to locate the 
high-pass section of a band-pass filter within one octave or less of the 
resonance of a midrange device and sometimes requires and LCR 
conjugate circuit to prevent the circuit interaction.

  Klippel analysis for the Scan 12MU midrange produced the 
Bl(X), Kms(X) and Bl and Kms Symmetry Range plots given in 
Figures 5 to 8. The Bl(X) curve for the 12MU (see Figure 5) 
is moderately broad and very symmetrical, which is more like a 
woofer than a midrange. Looking at the Bl symmetry range curve 
in Figure 6, there is a 0.5-mm rearward (coil-in) offset that goes 
to 0 mm at the physical Xmax position (3.5 mm for the 12MU). 
Figure 7 and Figure 8 give the Kms(X) and Kms symmetry range 
curves for the12MU. The Kms(X) curve also is very symmetrical. 
However since the application is as a midrange that will always 
have a band-pass filter, excursion will be limited, regardless of 
how good the Klippel data for this driver looks. Even considering 
this, the forward coil-out offset at rest is only 1.5 mm resolving to 
0 mm at about 3 mm of travel. Displacement limiting numbers 
calculated by the Klippel analyzer for the Scan midrange were 
XBl @ 82% Bl = 6.1 mm and for XC @ 75% Cms minimum 
was 4.8 mm, which means that for this 4" mid, the compliance 
is the most limiting factor for prescribed distortion level of 10%. 
Regardless, it is still significant that both XBl and XC numbers 
occur beyond the physical Xmax. The 12MU may be offered as a 
midrange, but it’s really not so bad as a woofer! Figure 9 gives the 
inductance curves Le(X) for the 12MU/4731T00, which shows 
a very small 0.15-mH inductance change across the operating 
range, again due to the copper shorting ring and overall motor 
construction.

 With the Klippel testing finalized, I mounted the 12MU 
driver in an enclosure which had a 15" × 5" baffle filled with 
foam damping material and proceeded to measure the driver 
frequency response both on- and off-axis from 300 Hz to 40 
kHz at 2.83 V/1 m using a 100-point gated sine wave sweep. 
Figure 10 depicts the 12MU’s on-axis response displaying a 
smooth rising response to about 1 kHz, flattening out above that 
frequency. Figure 11 compares the April 2012 on-axis curve to 
the July 2009 version. These two curves are very close, but if any-
thing, Scan has improved the response by eliminating the 5.3-Hz 
peak that was in the previous test. 

Figure 12 shows the on- and off-axis frequency response at 0°, 
15°, 30°, and 45°. The –3 dB at 30°, with respect to the on-axis 
curve, occurs at 4 kHz, so a 4- to 5-kHz crossover frequency 
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Figure 4: Cone excursion curves for the 25/18-V curves in 

Figure 2

Figure 5: Klippel Analyzer Bl (X) curve for the Scan-Speak 

12MU/4731T00

Figure 6: Klippel Analyzer Bl symmetry range curve for the Scan-

Speak 12MU/4731T00
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Figure 11: Scan-Speak 12MU/4731T00 on-axis frequency response 

comparison of February 2012 sample to July 2009 sample

Figure 7: Klippel Analyzer mechanical stiffness of suspension 

Kms (X) curve for the Scan-Speak 12MU/4731T00

Figure 8: Klippel Analyzer symmetry range curve for the Scan-

Speak 12MU/4731T00

Figure 9: Klippel Analyzer Le (X) curve for the Scan-Speak 

12MU/4731T00
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Figure 10: Scan-Speak 12MU/4731T00 on-axis frequency 

response
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Figure 13: Scan-Speak 12MU/4731T00 two-sample comparison
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Figure 12: Scan-Speak 12MU/4731T00 on- and off-frequency 

response
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Figure 15: Scan-Speak 12MU/4731T00 SoundCheck CSD water-

fall plot

Figure 16: Scan-Speak 12MU/4731T00 SoundCheck Wigner-Ville 

plot

Figure 14: Scan-Speak 12MU/4731T00 SoundCheck distortion plot
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 TSL model LTD model  Factory

sample 1 sample 2  sample 1 sample 2

Fs 21.2 Hz 19.9 Hz 20.2 Hz 18.9 Hz 20 Hz 

Revc 4.39 4.38 4.39 4.38 4.5

Sd 0.0327  0.0327 0.0327 0.0327   0.0312

Qms 6.66 6.39 5.81  5.15   4.5

Qes 0.31 0.30 0.29 0.28   0.31

Qts 0.29 0.28 0.27 0.27 0.31

Vas 64.7 ltr  73.1 ltr 71.8 ltr  81.9 ltr   66 ltr 

SPL 2.83 V 84.9 dB 84.8 dB  84.9 dB 84.8 dB   86 dB 

Xmax 11.3 mm 11.3 mm  11.3 mm  11.3 mm 11 mm 

Table 3: SB Acoustics SB29SWNRX75-6 woofer

would be appropriate for this driver. And finally, Figure 13 gives 
the two-sample SPL comparisons for the 4" Scan-Speak midrange 
driver, showing a good match within 1 dB or less throughout the 
operating range.

For the last body of testing on the Scan-Speak 12MU midrange, 
I used the Listen, Inc. SoundCheck analyzer (courtesy of Listen, 
Inc.) and the SCM microphone and power supply to measure 
distortion and generate time-frequency plots. Setting up for the 
distortion measurement consisted of mounting the woofer rigidly 
in free-air, and the SPL set to 94 dB at 1 m (4.8 V) using a noise 
stimulus (SoundCheck has a software generator and SPL meter 
as two of its utilities), and then the distortion measured with the 
SCM microphone placed 10 cm from the phase plug. This pro-
duced the distortion curves shown in Figure 14. 

For the last test on the Scan 12MU, I used the SoundCheck 
analyzer to get a 2.83 V/1 m impulse response for this driver and 
imported the data into Listen, Inc.’s SoundMap Time/Frequency 
software. The resulting CSD waterfall plot is given in Figure 15 
and the Wigner-Ville (for its better low-frequency performance) 
plot in Figure 16. 

What attracts high-end loudspeaker manufacturers to Scan-
Speak products is not only their musical sound quality, but the 
overall precision and consistency that goes along with Scan’s 
manufacturing culture. It was fun to examine this driver, compare 
it with data I took nearly two years previously, and end up with 
the results I expected. For more information, visit the Scan-Speak 
website at www.scan-speak.dk.

The SB29NRX75-6
The last driver I examined this month is the new 

SB29SWNRX-75-6 from SB Acoustics (see Photo 3). It is a 
subwoofer version of the SB29NRX75-6, which I examined in 
the December 2007 issue of Voice Coil. If you are not familiar 
with SB Acoustics, SB is an acronym for Sinar Baja, which is a 
large OEM driver manufacturer located in Indonesia. However, 
the driver line was conceptualized by David Stephens, a former 
U.S. representative of DST. The transducer design of all SB drivers 
is done by former Vifa/Scan-Speak engineers Ulrik Schmidt and 
Frank Nielsen, the principals of Danesian Audio. Danish Sound 
Technology, if you are new to the industry, was bought out by 
Tymphany, and at its peak included the Vifa, Peerless and Scan-
Speak transducer brands. 

 As would be expected from SB Acoustics, the SB29SWNRX75-6 
has a substantial feature set that includes a cast aluminum frame, 
a stiff curvilinear cone, a dust cap made from a proprietary blend 
of paper fibers, an FEA-designed progressive Conex spider, SBR 
surround, a 75.6 mm (3") diameter voice coil wound with round 
copper wire on a non-conducting glass-fiber former, and a ferrite 
motor composed of two 20 mm × 144 mm magnets sandwiched 
between a shaped T-yoke and front plate. The voice coil lead 
wires are terminated to gold terminals located on opposite sides 
of the frame. Cooling is provided by a 55-mm round pole vent 
and four large 50 mm × 15 mm and four small 5 mm × 15 mm 
vents located below the spider-mounting shelf, allowing air to 
flow across the front plate and exposed voice coil.

I started examining the SB Acoustics 10" with the LinearX 
LMS stepped sine wave analyzer and VIBox. Both voltage and 
admittance (current) measurements were generated in free-air at 

Photo 3: The SB29SWNRX-75-6 woofer from SB Acoustics

Figure 17: The SB29SWNRX-75-6 woofer free-air impedance plot
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Figure 18: The SB29SWNRX-75-6 computer box simulations (black 

solid = vented 1@ 2.83 V; blue dash = vented 2 @ 2.83 V; black 

solid = vented 1 @ 70 V; blue dash = vented 2 @ 45 V
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Figure 19: Group delay curves for the 2.83-V curves in Figure 18
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Figure 20: Cone excursion curves for the 70-V and 45-V curves in 

Figure 18

Figure 21: Klippel Analyzer Bl (X) curve for the SB29SWNRX-75-6

1 V, 3 V, 6 V, 10 V, 15 V, 20 V, and 25 V. The measured Mmd 
that was provided by SB Acoustics (an actual physical cone assem-
bly measurement with 50% of the surround and spider removed) 
was used rather than a single 1-V added (delta) mass measure-
ment.  It should also be noted that this multi-voltage parameter 
test procedure includes heating the voice coil between sweeps for 
progressively longer periods to simulate operating temperatures 
at that voltage level (raising the temperature to the 3rd time 
constant). The remaining 10 sine wave sweeps for each woofer 
were further processed with the voltage curves divided by the 
current curves to produce impedance curves. Phase curves were 
generated using the LEAP phase calculation routine. Impedance 
magnitude and phase curves plus the associated voltage curves 
were then copy/pasted into the LEAP 5 software’s Guide Curve 
library. This data was then used to calculate parameters using the 
LEAP 5 LTD transducer model. Because almost all manufactur-
ing data is being produced using either a standard transducer 
model or in many cases the LEAP 4 TSL model, I also generated 
LEAP 4 TSL model parameters using the 1-V free-air and delta 
mass curves that can also be compared with the manufacturers 
data (see Figure 17 for the SB29NRX75-6 1-V free-air imped-
ance plot). Table 3 compares the LEAP 5 LTD and LEAP 4 TSL 
T/S parameter sets for the SB 10" driver samples submitted by 
SB Acoustics with the factory data. 

Looking at the comparative data in Table 3 for the SB woofer, 
all four parameter sets for the two samples were reasonably similar 
and correlated well with the factory data with the exception that 
the SB SPL number was 1 dB higher and a more conservative Sd. 
Following my standard protocol for Test Bench, I proceed to use 
the LEAP 5 LTD parameters and performed two computer enclo-
sure simulations, one in a 0.6 ft3 Qb3 alignment vented box with 
15% fill material (fiberglass) tuned to 28 Hz and a second vented 
box Extended Bass Shelf (EBS) alignment in a 1.34 ft3 box also 
with 15% fill material and tuned to 20 Hz. Because of the small 
enclosure volume and relatively low tuning frequencies, I suspect 
that a passive radiator solution is probably more appropriate for 
this woofer; however, the vented simulation will give us a good 
ideal of overall performance.  

Figure 18 gives the results for the SB29SWNRX75-6 in the 
vented and sealed enclosures at 2.83 V and at a voltage level 
sufficiently high enough to increase cone excursion to Xmax + 
15% (12.9 mm for this woofer). This resulted in a F3 of 51 Hz 
for the 0.6 t3 box and a –3 dB for the EBS simulation of 41 Hz. 
Increasing the voltage input to the simulations until the maxi-
mum linear cone excursion was reached Xmax +15% resulted in 
115.5 dB at 70 V for the Qb3 enclosure simulation and 
111 dB also with a 15-V input level for the larger vented box. 
(See Figure 19 and Figure 20 for the 2.83-V group delay 
curves and the 70/45 V excursion curves.) 

Klippel analysis for the SB 10" woofer (the analyzer is provided 
courtesy of Klippel GmbH), which as usual was performed by 
Patrick Turnmire, Red Rock Acoustics (author of the SpeaD and 
RevSpeaD transducer simulation software) produced the Bl(X) 
and Bl symmetry plots given in Figures  21 to 24. Please note, 
if you do not own a Klippel analyzer and would like this type of 
data on any transducer, Red Rock Acoustics can provide Klippel 
analysis of most any driver for a nominal fee of $100 to $200 
per unit. (For contact information, visit the Red Rock Acoustics 

website at www.redrockacoustics.com.) 
The Bl(X) curve for the SB29SWNRX75-6 seen in Figure 21 

is somewhat asymmetrical with a tilt but has a fairly broad Bl pla-
teau, typical of a driver with substantial Xmax. Looking at the Bl 
symmetry curve in Figure 22 shows 2.0-mm Bl coil in (rearward) 
offset at rest which transitions to a near zero offset at the 8.4 mm 
of excursion, which indicates the voice coil is staying centered in 
the gap at high output levels.

Figure 23 and Figure 24 show the Kms(X) and Kms Symmetry 
curves for the SB subwoofer. These curves show a fairly large 
forward offset in the compliance of 3.6 mm. Displacement 
limiting numbers calculated by the Klippel analyzer for the 
SB29NSWRX75-6 using the woofer criteria for Bl was XBl @ 
70% (Bl dropping to 70% of its maximum value) equal to 
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Figure 26: The SB29SWNRX-75-6 SoundCheck distortion plots

Figure 22: Klippel Analyzer Bl symmetry range curve for the SB29SWNRX-75-6 Figure 23: Klippel Analyzer mechanical stiffness of suspension 

Kms (X) curve for the SB29SWNRX-75-6

Figure 24: Klippel Analyzer Kms symmetry range curve for the 

SB29SWNRX-75-6

Figure 25: Klippel Analyzer Le(X) curve for the SB29SWNRX-75-6
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10.3 mm (less than the physical 11 mm Xmax for this 
driver) for the prescribed 20% distortion level for the SB 
10". For the compliance, XC @ 50% Cms minimum was 
8.6 mm (also less than the physical Xmax of this driver), 
which means that for the SB Acoustics woofer, the com-
pliance is the most limiting factor for getting to the 20% 
distortion level.  

Figure 25 gives the inductance curve Le(X) for this trans-
ducer. Motor inductance will typically increase in the rear 
direction from the zero rest position and decrease in the 
forward direction as the voice coil moves out of the gap and 
has less pole coverage, which is what we see with the SB 
Acoustics woofer. The only thing that changes this curve 
shape and decreases inductance in the rear direction is a 
shorting ring, which was not incorporated into this woofer.

Next, the Listen, Inc. SoundCheck analyzer was used 
to perform distortion analysis. As usual, I dispensed with 
time frequency analysis for subwoofers as the data is not 
really significant below 100 Hz. For distortion measure-
ments the voltage level was set with the driver mounted in 
an enclosure with a 14" × 30" baffle and increased until it 
produced an 1 m SPL of 94 dB at 16 V (my SPL standard 
for home audio drivers). The distortion measurement was 
then made with the microphone placed near-field (10 cm) 
with the woofer mounted in the enclosure. This plot is 
shown in Figure 26 for the 10" SB subwoofer. As can be 
seen this actually includes two plots, the top graph being 
the standard fundamental SPL curve with the 2nd and 3rd 
harmonic curves, and the bottom graph the 2nd and 3rd 
harmonic curves plus the THD curve with an appropriate 
X-axis scale. Interpreting the subjective value of conven-
tional distortion curves is almost impossible. However, 
looking at the relationship of the 2nd to 3rd harmonic 
distortion curves is of value.

Final analysis for the SB 10" subwoofer would have been 
measuring its frequency response, however on the first 
sweep, I realized that this woofer has a substantial amount 
of inductance and had a low-pass roll-off lower then the 
300-Hz low-frequency response in my SPL measurement 
facility. Figure 27 gives the factory frequency response 
curve of this transducer and indicates a low-pass roll-off of 
about –3 dB at 150 Hz. For more information on this and 
other SB Acoustics drivers, visit www.sbacoustics.com. VC

Figure 27: The factory SB29SWNRX-75-6’s on-axis frequency 

response
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Industry Watch
by Vance Dickason

ISE Numbers Hit New High
This year’s Integrated Systems Europe (ISE) show, 

held in the Amsterdam, RAI, featured 825 exhibitors 
across 11 halls, drawing 40,869 visitors between January 
31 and February 2. Both numbers are the highest ever 
achieved by ISE, with the exhibitor total representing a 
15% rise over 2011, while the attendee increase was just 
over 17%. The show also broke new ground in other 
areas, with net floor space exceeding 30,000 square 
meters, and the number of people registering for ISE’s 
conference, education, and pre-show event program 
passing the 2,000 mark for the first time.

The space-rebooking process for ISE 2013 began on 
the second morning of the 2012 show and resulted in a 
total of 28,300 net square meters of exhibit space being 
reserved for next year—a 5% increase on the equivalent 
figure 12 months ago. Many companies have also cho-
sen to enlarge their stands, with Samsung, Sony, Digital 
Projection, Sennheiser, Barco, AVC Group, and Optoma 
among those staking more real estate in 2013. The 
event is a joint venture of the Custom Electronic Design 
and Installation Association (CEDIA) and InfoComm 
International.

Yamaha Merger Effective April 1
Yamaha’s board approved a merger, effective April 1, of 

its United States home-audio subsidiary with its U.S.-
based musical instruments and pro audio subsidiary.  
But Yamaha said the merged entity has no plans to merge 
sales or rep forces, Its primary objectives include realizing 
maximum synergies and increasing management efficiency, 
principally in administrative business processes, by imple-
menting closely coordinated sales and marketing of musical 
instruments and A/V [home audio] products. The home 
business, called Yamaha Electronics Corp. (YEC) USA, 
will become part of the larger Yamaha Corp. of America 
(YCA), which not only markets musical instruments and 
pro audio equipment but also manages music schools. 
YCA will continue to be headed by president Takuya Nakata. 
Tom Sumner, who is both YEC president and YCA senior vice 
president, will retain his YCA senior VP title. Both subsidiaries 
are located in Buena Park, CA. YEC has 39 employees, and 
YCA has 335. 

Henkel Introduces New Dispenser
To improve quality and reduce waste associated with manufac-

turing processes that rely on hand-dispensed instant adhesives, 
Henkel Corp. has introduced the Loctite CA Volumetric Hand 
Pump. Weighing less than 10 oz, this hand-held dispenser 
ensures precise and repeated dispensing of Loctite brand instant 
adhesives (cyanoacrylates).

Requiring no pneumatics, battery, or electric power, the new 
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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 Loctite CA Volumetric Hand Pump

hand pump offers six pre-set shot sizes and an adjustable range 
of 0.009 to 0.002 grams of adhesive. This volumetric dispenser 
ensures that the adhesive never over- or under-doses for an appli-
cation, resulting in minimized adhesive waste and improved 
end-product quality. The sealed hand pump connection to 
the bottle stops air and moisture from entering the system, 
preventing the instant adhesive from solidifying and increasing 
its working life. 

The Loctite CA Volumetric Hand Pump is designed to 
dispense from either 20-gram or 1-ounce bottles of Loctite 
instant adhesives. The pump’s easy-pull trigger and lightweight, 
ergonomic design minimize hand fatigue experienced during 
priming and dispensing. The unit measures 7.5 × 7.75 × 2.5" 
and weighs just 282 grams. For more information on the Loctite 
CA Volumetric Hand Pump, call 1-800-LOCTITE, or visit the 
equipment page at www.instant.loctite.com.

New Program to Recognize Innovation
The Small Business Council of the Consumer Electronics 

Association (CEA) and CE Vision magazine announced the 
Vision Entrepreneur Awards program, to recognize outstanding 
innovation and dedication to the consumer electronics indus-
try. With this new program, CEA will recognize individuals and 
small businesses who demonstrate a true sense of innovation; 
are leaders in the industry and their local community; and 
have the tenacity to persevere through business and economic 
challenges. The award is not limited to CEA members. It’s 
open to any small business or small business executive in the 
consumer electronics industry with annual domestic revenue 
under $30 million. Awards will be given to two companies and 
one individual executive chosen by a panel of industry judges. 
The winners will be announced at the CEA Industry Forum in 
San Francisco in October. Call for entries closes on March 30, 
2012. For more information about the program and its criteria, 
visit www.CE.org/awards. 

Consumer Confidence Rises
Consumer confidence in the overall economy is the high-

est it’s been since February of 2008, according to the latest 
Consumer Electronics Association (CEA) Index. Consistent 
with post-holiday results in previous years, consumer confi-
dence in technology spending fell this month.

Consumer confidence in the overall economy reached its 
second highest level ever in January. The CEA’s Index of 

Consumer Expectations (ICE) increased to 177.3, up nearly 
four points from December. The ICE, which measures con-
sumer expectations, is up nearly two points from January 2011, 
when the ICE reached its high for the year.

Consumer confidence in technology fell in January. The 
CEA’s Index of Consumer Technology Expectations (ICTE) 
dropped to 88, down five-and-a-half points from December. 
The ICTE, which measures consumer expectations about tech-
nology spending, remains consistent with this time last year. 
The CEA Indexes are comprised of the ICE and ICTE, both 
of which are updated on a monthly basis through consumer 
surveys. New data is 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 CEAindexes.org.

JL Audio to Ship New 12-V Products
JL Audio plans to ship 41 new 12-V products in the first and 

second quarters to mark the company’s biggest 12-V launch in 
years. Many of the 12-V products are enclosed passive subwoof-
ers and subwoofer drivers designed to pack more sound into 
tight spaces. The introductions include:

Eight Stealthbox enclosed passive subwoofers custom-
fitted to blend in with a specific vehicle’s interior contours 
to take up less usable space and deliver a stock look
Five compact shallow-depth enclosed passive subwoofers, 
four in the company’s first TW3 PowerWedge series for 
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trucks and other small vehicles and one in the MicroSub 
series of even-smaller enclosures
The first three StealthMod OEM-upgrade packages 
designed for specific vehicles
An Evolution C3 series convertible two-way component 
speaker, this one for Japanese vehicles that don’t accept 
6.5" speakers
Two wedge-enclosed passive subwoofers with new cosmet-
ics compared to the models they replace
Eight subwoofer drivers, some designed for compact enclo-
sures and some with shallow mounting depths, including 
an 13.5" model with a mounting depth of only 2.63"
Three marine speakers, including a model for wakeboard-
tower mounting and JL’s largest marine coaxial speaker 
with an 8.8" woofer
Three Slash v3 amplifiers, which include two Class-D 
monoblock amps that deliver 20% more output than their 
Class-D predecessors in the same-size chassis
Two marine speakers

Two Speaker Manufacturers to Collaborate
Atlantic Technology has signed an agreement with SpeakerCraft 

to collaborate in the development of new loudspeaker systems 
using Atlantic’s revolutionary H-PAS bass configuration tech-
nology. According to SpeakerCraft, the application of H-PAS 
Technology will allow the company to provide its dealers with 
loudspeakers that will deliver deeper and smoother bass in 
much smaller cabinets than was previously possible. VC

 
Test Bench is an open forum for OEM driver manufacturers in 

the industry and 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, multi-media, or musical instrument applications. 

Any woofer, midrange, or tweeter an OEM manufacturer feels is 
representative of their work, is welcome to send samples. Contact 
Voice Coil Editor Vance Dickason to discuss which drivers are being 
submitted. 

All samples must include any published data on the product, pat-
ent information, or any special information 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 
midrange 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 S. State St., #152
Lake Oswego, OR 97034
(503-557-0427)
vdc@northwest.com

Submit Samples To Test Bench
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Upcoming AES International Conference
The AES 47th International Conference, this year titled 

the conference on “Music Induced Hearing Disorders” 
is being held June 20–22, 2012 at Colombia College, 
Chicago, IL (see Photo 1). This subject is near and dear 
to my heart, both as a loudspeaker engineer and as a for-
mer working musician in a rock band. For the six years 
that I wrote subwoofer reviews for Car Audio & Electronics 
magazine (with Patrick Turnmire supplying the Klippel 
data as he does for the Voice Coil Test Bench column), 
I always ended the review with some statement that 

acknowledged the performance capability of virtually all car 
audio subwoofers to achieve extremely high SPLs in the car 
environment with no perceptible distortion to alert the user 
to the volume of sound being produced. Car audio and live 
sound both provide the highest potential for hearing dam-
age and deserve the attention of the loudspeaker industries 
practitioners.

Upcoming Listen, Inc. Seminars
If you are using the Listen, Inc. SoundCheck analyzer 

Voice Coil has featured in the Test Bench column for the 
last four years, you should find the following Listen, Inc. 
SoundCheck Internet seminars (webinars) of interest. (Note: 
All seminars are available online after they have finished.)

May 4, 2012—Calibration: The process for calibrat-
ing each component of the test chain, including: 
reference microphones, mouth simulators, artificial 
ears, amplifiers, and more. It will cover the new 
expanded system-wide calibration setup introduced in 
SoundCheck 11. Hosted by Steve Temme.

June 1, 2012—Virtual Instruments: Learn how to set 
up and use the various real-time instruments available 
in SoundCheck including: signal generator, multi-
meter, spectrum analyzer, oscilloscope, and real-time 
analyzer (RTA). Hosted by Amandio Neves.



Great designs...

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 fi rst broaband constant 
directivity loudspeaker system for the home.

This brilliantly conceived and executed curved line array features capable, 
durable, low-distortion Dayton Audio ND Series woofers. For more 
information about the CBT36 speaker project or the Dayton Audio ND 
Series woofers visit:

deserve great parts

725 Pleasant Valley Dr. Springboro, OH
Tel: 800-338-0531

Distributed By:

- 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

Dayton Audio ND91
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and calibration to a system-level hardware and calibration 
setup that simplifies SoundCheck operation and reduces 
test setup time, while memory list refinements facilitate 
data management. Test flexibility is increased with the 
addition of multiple virtual instruments in an acquisition 
step, waveform batch processing in an analysis step, and 
the ability to set stimulus frequencies from a memory list 
value. Algorithm enhancements and additions include active 
speech level and perceptual Rub & Buzz measurements 
using a continuous sine sweep (with Log TSR analysis 
algorithm).

Using a system-level hardware and calibration format is 
a significant change and means that the user only needs to 
enter the hardware configuration once, and it will remain 
the same regardless of the selected sequence. This is particu-
larly useful when working with sequences written by others 
who are not using the same hardware. When a sequence 
is imported, it will prompt the user to substitute the local 
hardware configuration instead of using the exported hard-
ware information. System calibration is also simplified, 
with the table view expanded to show more default chan-
nels. Using existing sequences is simple, as the new system 
calibration features a simple relinking dialog for assigning 
new channels and importing existing ones. 

 The memory list grouping and sorting capability intro-
duced in version 10 has been improved for ease of use. Data 
may be sorted by name (alphabetically) or by order (order 
in which generated by sequence), and it may be auto-

July 6, 2012—Stimulus and Acquisition: An overview 
of how to use the various stimuli in SoundCheck, 
including the stimulus types, parameter configu-
ration, and implementation via acquisition steps. 
Hosted by Brian Fallon.

August 3, 2012—Analysis (with batch processing): 
A look at analysis algorithms and how to configure 
their steps to measure frequency response, distortion, 
impedance, and more. This webinar will also cover 
how to use the batch-processing feature introduced in 
SoundCheck 11. Hosted by Steve Temme.

September 7, 2012—Sequence Development: A look 
at the basics of developing sequences, including 
sequence editor usage, step layouts, and best practices. 
Hosted by Brian Fallon.

All of Listen, Inc.’s webinars are given via Webex at two dif-
ferent times on the date they are scheduled, once at 9 A.M. 
and once at 1 P.M. EST. They are free to Listen, Inc. custom-
ers and any other interested engineers. For more informa-
tion, visit the Listen, Inc. website at www.listeninc.com.

More from Listen, Inc.—SoundCheck 11 
Listen, Inc. has recently released the latest software for 

its SoundCheck analyzer, SoundCheck 11. This new ver-
sion represents a shift from sequence-specific hardware 

JULY 13-15
Washington DC Metro Areas
Only Comprehensive Quality

Audio Event

The 2012 Capital Audiofest event will be held at the Crowne Plaza Hotel in Rockville, Maryland,
just minutes north of Washington D.C. Featured will be quality audio ranging from the affordable
to the exotic. A variety of choices include vacuum tube and transistor equipment; analog and
digital playback sources. On Sunday morning there will be an open-air Audio Swapmeet where

you may buy and sell audio gear.

����������	
������	����������������	�����	������	���������������������������������������������
www.capitalaudiofest.com
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the other analysis functions (e.g., frequency response, THD, 
polarity, impedance, etc.). For more information, visit www.
listeninc.com.

ALMA International News
ALMA International has recently elected a new presi-

dent, executive committee, and board of directors. Spiro 
Iraclianos is the new president of ALMA (see Photo 2). 
Spiro is the director of Global Transducer Engineering 
for Harman International’s Automotive Division and 
has been involved in the loudspeaker segment of the audio 
industry since 1986. During his career, he has developed and 
managed the development 
of high-quality loudspeaker 
systems and loudspeaker 
transducers.  His product 
development activities have 
spanned the consumer home 
hi-fi, professional/musical 
instrument, aftermarket auto-
motive, and OEM automo-
tive industry segments.  He 
is a member of the Audio 
Engineering Society and the 
Society of Automotive Engineers. 

Rob Baum was elected to the Vice President Americas (see 
Photo 3). Since April 2008, Rob has worked as an audio 
engineering contractor for several divisions of Microsoft 

grouped by category 
or step. These settings, 
which can be toggled 
on and off, are continu-
ously applied to all data 
in the memory list, so 
when data is added it 
is automatically sorted 
into the correct place 
(see Figure 1). 

Besides the other 
new features (Virtual 
Instruments in acquisi-
tion, waveform batch 
analysis, and stimulus 
frequency variable), 
probably the most sig-
nificant addition to 
SoundCheck 11 is the 
CLEAR algorithm for 

perceptual measurement of Rub & Buzz. (For more 
information, read “Automated Perception Rub & Buzz 
Distortion,” by Steve Temme, Voice Coil, September 2011.) 
This process now works with a continuous sine sweep 
stimulus and Log TSR analysis. Log TSR is widely used 
for production line testing due to its speed and noise 
immunity. This development means that the perceptual 
Rub & Buzz analysis can be carried out at the same time as 

Photo 2: Spiro Iraclianos

Figure 1: SoundCheck 11 memory list



MAY 2012 9

ment and commercialization of 
full-digital audio amplifier tech-
nology of the company and its 
success as a major semiconductor 
solution for consumer audio sys-
tems and mobile phones. 

Alex Salvatti has been named 
ALMA treasurer for the second 
year (see Photo 5). He recently 
moved to the Bay Area to join 

Apple, Inc. as an acoustic design engineer, where he works 
in the iPhone/iPad/iPod development group. Previously, 
he held a position at JBL Professional as principal engineer 
in the transducer group.  Alex’s professional focus is high-
performance transducers and acoustic simulation. He holds 
several patents and has published work in the JAES.

New ALMA board members are as follows:
Reggie Alphin, Globe Plastics, Inc.—Charles (Reggie) 

Alphin is the marketing and sales manager at Globe 
Plastics, Inc. in Chino, CA. Prior to this, he was the plant 
manager at Globe Plastics for 13 years. Before entering 
the composites industry, he worked in the textile industry, 
where he was a manager at Concord Fabrics in Chino. 
Reggie has certificates in plastics manufacturing and injec-
tion molding from Cerritos College in Norwalk, CA; 
two associate degrees from Chaffey College in Rancho 
Cucamonga, CA; and is presently pursuing his MBA at 
California State University in San Bernardino, CA.

in Redmond, WA.  His focus 
is audio for webcams, headsets, 
Xbox (Kinect) and other pro-
grams, with functional responsi-
bility in design, materials, qual-
ity, and test and measurement in 
Microsoft’s new acoustic research 
lab (housing an anechoic cham-
ber) and at Asian factories.  Rob 
has written approximately 40 
articles for various trade maga-

zines, including Voice Coil, Multimedia Manufacturer, Sound 
and Communications, and several others over the past 18 
years.

Dr. John (Jong-Hoon) Oh is the new Vice President 
Asia (see Photo 4). He is founder and CEO of Pulsus 
Technologies, established in 1999, and pioneer of all-digital 
audio amplification technology. Pulsus Technologies devel-
oped the first integrated 
full-digital amplifier pro-
cessor for multichannel 
and stereo audio systems, 
which is now considered 
to be the de facto industry 
standards of digital ampli-
fication for consumer 
electronics industry. John 
has led research, develop-

Photo 3: Rob Baum

Photo 5: Alex Salvatti

Photo 4: John J. H. Oh
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John Busenitz, Bose Corporation—John has been employed 
in the loudspeaker industry for 14 years, most of that time as 
a transducer design engineer. Currently employed at Bose 
Corporation, he previously worked at Harman International, 
designing OEM automotive loudspeaker drivers. After gradu-
ating from Purdue University (where he founded the Purdue 
Audio Society) with a BS in electrical engineering, he worked 
at Legacy Audio as a project engineer. In addition to ALMA, 
he is also a member of AES (SC-04-03, Loudspeaker/
Headphone and Automotive Audio Technical committees).

Karl B. Keyes, Parts Express-Dayton Audio—Karl is the vice 
president of marketing at Parts Express. His responsibilities 
include assisting in executing the vision plans and marketing 
goals of Parts Express. He is also involved in the ongoing 
development of the Dayton Audio brand, a division of Parts 
Express that manufactures loudspeakers, amplifiers, and 
associated items designed and engineered at the Springboro, 
OH, facility. He has been active in the consumer electronics 
marketing field since 1981.

Dorit Larsen, LOUDSOFT, Ltd.—Dorit is vice president 
of marketing for Loudsoft, Ltd. Loudsoft offers a num-
ber of popular software packages including FINEMotor, 
FINECone, FINEBox, and FINE X-over. Dorit has been a 
long-time, active ALMA board member. She is completing 
her last year after serving two full terms on the Board and 
just finished two terms as ALMA VP Europe. In that role, 
she coordinated the successful ALMA Europe Symposia.

Rich Taylor, Parts Express-Dayton Audio—Rich is the 
director of marketing at Parts Express. His responsibilities 
include assisting in executing the vision plans and market-
ing goals of Parts Express. He is also involved in the ongo-
ing support and development of the Dayton Audio brand, 
a division of Parts Express that manufactures loudspeakers, 
amplifiers, and associated items designed and engineered 
at the Springboro, OH, facility. He has been active in the 
consumer electronics marketing field since 1983.

For more information about ALMA’s new Executive 
Committee and board members, visit the ALMA 
International website at www.almainternational.org.

Prism Sound and TTid Host Audio Test & 
Measurement Seminar

Following last year’s hugely successful audio test and mea-
surement training seminar at Duxford in Cambridgeshire, 
England—and due to popular demand for a rerun—Prism 
Sound is holding a second training event in West Yorkshire, 
England, with the aim of introducing engineers to the 
practical and theoretical aspects of accurately measuring 
audio for a wide variety of applications. This informative 
seminar will be held in conjunction with Prism Sound’s 
UK partners TTid, and will take place at the University of 
Huddersfield, West Yorkshire, England, from May 30–31, 
2012. 

The first day will be devoted to covering the basics of 
audio measurement and will include sessions on objective 
and subjective measurement correlation, audio measure-
ment units, single-tone audio measurements, fast-Fourier 
transforms (FFTs), sweeps, and digital audio. There will 

Peter Andrews, Materion Electrofusion—Peter joined the 
ALMA’s Board of Directors one year ago and is excited to 
be co-chair of ALMA’s next Winter Symposium. Born and 
bred in New England, Peter has called California home for 
the past six years. An avid multi-instrumentalist, visitors 
might trip over any number of musical items on their way 
into his house. His early love of music and science culmi-
nated in dual degrees from the Massachusetts Institute of 
Technology in music performance and acoustical engineer-
ing, studying under and assisting Dr. Amar Bose. Early 
work for Andy Kotsatos at Boston Acoustics included Pro 
Series automotive transducers and systems, Custom Series 
installed systems, novel bass architectures, and a new R&D 
lab (design and construction). His patented ideas on tuned 
absorbers were seen in Boston’s products for many years 
afterward.

Mark Beach, Dyne Analytics, LLC—President of Beach 
Dynamics, Mark designs and installs anechoic chambers 
and end-of-line acoustic test booths for Ford, Delphi 
Automotive, P&G, 3M, Duke Power, John Deere, and 
others.   In 2010, Mark co-founded DYNE Analytics, a 
supplier of advanced loudspeaker modeling software. Mark 
marketed his first commercial loudspeaker design in 1979, 
while attending engineering school at the University of 
Cincinnati. Specializing in acoustics, vibrations, and modal 
analysis, he graduated with a master’s degree in mechanical 
engineering in 1984, and he consulted for various industries 
including GM, Electramotive, NASA, and others. 
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be a general introduction session to get the day started 
and a Q&A wrap up so those taking part can discuss their 
specific queries.

The second day will focus on practical measurement 
workshops, where delegates will have the opportunity 
to apply the theory they covered in day one. There will 
be plenty of opportunities to test ADCs, DACs, and 
digital interfaces, along with power amplifiers, loudspeak-
ers, soundcards, Mic pres, Bluetooth, and playback-only 
devices. Once again, there will be a wrap-up Q&A session 
to ensure that delegates understood the workshops and the 
results they have been achieving.

Throughout the two-day seminar, delegates will have 
access to Prism Sound’s audio test-and-measurement 
instruments—including the revolutionary dScope Series 
III instrument, which has precision analog and highly opti-
mized digital outputs and inputs. The dScope series III’s 
precise and automatic gain-ranging enables high-resolution 
measurements over a massive range, from a few micro-volts 
to more than 150-V RMS, and from less than 1 Hz to more 
than 90 kHz. Its interface processor uses dedicated DSP to 
provide a wide range of real-time measurements, while its 
software uses the host PC for almost unlimited number 
crunching and analysis options such as FFTs, unique “FFT 
Detectors,” swept sine, and multitone testing. Designed 
to be highly programmable, the dScope Series III can be 
automated from a wide range of third-party software using 
Active X controls, or internally using VBScript.

Places are limited, so anyone who wants to participate 
should register at www.prismsound.com/test_measure/
event_reg.php?eid=138. Delegates are encouraged to sug-
gest topics they would like to see covered on the second 
day. All suggestions are welcomed. The price for this event 
is about $72 (£45) per day, plus VAT. Limited places are 
also available, free-of-charge, for students enrolled in audio 
engineering programs. 

Menlo Scientific Announces Expansion and 
Relocation of MenloEast Labs

Menlo Scientific, Ltd. has announced the expansion and 
relocation of its independent audio test lab, MenloEast 
Labs. The new facility is located in the Burgess Business 
Center at 143 Essex Street, in Haverhill, MA. It continues 
a legacy of audio in Haverhill, as high-end loudspeaker 
manufacturer Snell Acoustics once occupied several floors 
in the same building. Established in 2004, MenloEast Labs 
originated as a collaborative test and measurement facility 
located at Ferrotec’s U.S. headquarters in Nashua, NH, 
later moving to Ferrotec’s current Bedford, NH, location. 

Steve Tatarunis is a senior engineer at Menlo Scientific 
and director of MenloEast, which was established in 
2003 when Steve joined Menlo. He previously worked as  
Ferrotec’s audio product manager. Steve recently received 
ALMA’s Gold Driver award for his 12 years of service on 
ALMA’s board of directors. Steve has also served as ALMA’s 
president, VP Americas and has chaired the Winter 
Symposium Committee for many years. 

MenloEast Labs offers independent product testing and 

evaluation services, with a focus on headphones, headsets 
and microspeakers. Audio measurements are performed 
on the Listen, Inc. SoundCheck system (Version 11) 
and the lab is equipped with a variety of measurement 
equipment including a G.R.A.S. KEMAR manikin type 
45BM, Keyence laser displacement meter, outline turntable, 
Brüel & Kjaer mouth simulator, RME multiface eight-
channel audio interface, and a variety of microphones and 
power supplies from Listen, Inc., G.R.A.S., Larson Davis, 
Earthworks, and Brüel & Kjaer. The lab’s measurement 
room is also equipped with an eight-channel playback sys-
tem for generation of diffuse noise fields used to test active 
and passive noise cancellation in devices such as headphones 
and headset microphones. 

Beyond conventional test services, the capabilities of its 
affiliate, Menlo Scientific, can be provided on an integrated 
basis. This includes competitive product benchmarking, 
including objective and subjective analysis. Remedial design 
services and sourcing guidance is also offered. Projects have 
been undertaken for numerous prestigious clients including: 
Microsoft, Apple, Qualcomm, Fairchild Semiconductor, 
Texas Instruments, Intel, and many others. MenloEast Labs’s 
specialties include testing and evaluation of headphones, 
headsets, microspeakers, active noise cancellation, and 
wind noise suppression. TIA-920 Unified Communications 
(Microsoft LYNC) headset testing is also offered.

For more information, contact Menlo Scientific at info@
menloscientific.com or visit www.menloscientific.com. VC
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 Spotlight
A Look at Voice Coil Collars

By Mike Klasco and Steve Tatarunis

By definition, a collar is one or more turns of a band 
of reinforcement sheet material located just above 

the coil winding stack and the cone/spider neck joint. 
After the coil is wound onto the bobbin and the lead-out 
wires trimmed, the collar is wrapped over the lead-out 
wires (see Photo 1). The collar material might be Kraft 
paper, a spunlace aramid fiber like Nomex, an aramid 
paper like Bondex, or a ceramic inorganic paper such 
as Tufquin. In extreme high-power applications, where 
the structural reinforcement responsibilities of the col-
lar are significant, the collar may even be a layer of alu-
minum. There are many subtle ways a speaker designer 
can use the collar to “tune” the speaker design—for 
optimum response, added strength, increased thermal 
tolerance, better assembly fit, and more. 

Often, and for reasons we will address, the collar 
extends into the neck joint. Let’s take a look at the 
requirements for voice coil collars. Primarily, the collar 
is used to properly dress the lead-out wires from the 
coil, positioning them against the bobbin and increas-
ing the strength of the voice coil above the voice coil 
winding. Alternatively, lead-out wires may be glued 
directly to the bobbin without a collar. Still, there are 
quite a few sound reasons to use a collar.

Increase Bobbin Strength
A collar is used to stiffen and strengthen the space 

between the top of the voice coil winding to the neck 
joint. While the voice coil winding stack provides the 
mechanical integrity to the voice coil assembly, the 
space between the top of the coil winding and the 
neck joint (where the spider and cone meet) can be 
vulnerable to crumpling, especially on vented-bobbin, 
high-power woofers in small enclosures. The collar 
increases the integrity of this Achilles’ heel of the voice 
coil assembly. 

Thermal Management
If a thermally nonconductive collar material is used 

with an aluminum (or titanium or bronze) bobbin or 
other thermally conductive bobbin material, then the 
neck joint adhesive and cone material will be exposed 
to less heat from the voice coil. If the bobbin/spider/
cone neck joint (the triple joint) is exposed to too much 
heat, the adhesive may get soft or be otherwise dam-
aged. Neck joint adhesives have many requirements, 
and if parameters other than ultra-high temperature 
tolerance can be accommodated, this is the preferred 
approach. Poly cones with aluminum bobbins that will 
be used at high power really need a thick thermally 
nonconductive collar if heat warping of the poly cone 

is to be avoided. Spiders can also be singed (scorched) 
at high bobbin temperatures, with cotton spiders being 
most vulnerable. A layer of collar material provides sig-
nificant margin of thermal insulation protection.

Dimensional Fudge Factor
The collar may be used to build up the outside diam-

eter of a stock bobbin in order to fit an existing cone 
body. Somehow the inventory of cone neck IDs and 
voice coil bobbin ODs never seem to exactly match up. 
If the bobbin is slightly smaller in diameter than the 
cone internal diameter and you want to build up the 
bobbin so as to create a friction fit between the bobbin 
and cone body. The addition of a collar will then be 
beneficial. 

 The optimum selection of adhesive will be affected 
by whether there is a loose fit or a friction fit between 
these parts. If the fit is loose, then a viscous (tooth-
paste) bridging adhesive is needed. But it is not unusual 
in the summer for the viscosity of the adhesive to thin 
out and drip through the voice coil/cone joint onto the 
voice coil. Since most woofers are assembled cone face 
up, the adhesive bead on the neck joint leaking down 
into the voice coil gap could ruin the entire speaker. 

Photo 1: Voice coil construction (Source: Precision Econowind)

Photo 2: Voice coil winding and installing the collar (Source: Po Yun 

Enterprise Corp.)
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Collar Wrap
Typically, the collar material is slit to the correct 

width and a layer is wrapped around the bobbin. 
Occasionally, a spiral-wound collar has been used, but 
the tight tolerances and collar material dimensional 
stability required can be tough and problematic, as seen 
in Photo 2.

Venting
For high-power applications, the bobbin and collar 

can have vent holes punched. Location, size of the 
holes, and quantity of the holes must be knowledge-
ably considered. If the velocity of air through the 
holes is too high, you will have a whistle modulation. 
Also, if the holes are too close to the winding, they 
can be partially closed on the back stroke and result in 
modulation noise. Too many large holes can reduce the 
integrity of the voice coil and crumpling can result. In 
aluminum bobbins without a collar, a long-term failure 
mode of metal fatigue can cause tear propagation from 
one hole to the next (see Photo 3).

Adhesive Interface
Many cones—especially poly, and many bobbin 

materials, including polyimides such as Kapton, and 
even aluminum—are not easy substrates to bond to. A 
rough material, such as a ceramic paper or Kraft paper, 
or spun lace Nomex provide a receptive interface for 
adhesives between the bobbin and cone. Bonding two 
“greasy” low-surface energy surfaces requires an adhe-
sive of lower surface energy—which may not otherwise 
be the adhesive appropriate for the job. Bonding a 
lower surface energy bobbin like Kapton to a rough-
textured collar material enables a strong bond between 
otherwise tricky combination such as Kapton and 
polypropylene.

Acoustical Properties
By astute selection of collar material and thickness, 

the speaker designer can utilize the collar to somewhat 
control the top-end response of the speaker driver. If 
a woofer or mid-range speaker has a rising and peak-
ing response, perhaps due to beaming and diaphragm 
breakup, instead of using a second-order network to 
tame this, using a thicker collar material might be the 
optimum solution. 

The collar functions as an acoustical response filter. 
Tweaking the collar is far less disruptive to the design 
process than changing the voice coil diameter to alter 
the coupling between the coil and the cone. With a 
thick lossy collar between the bobbin and the cone, the 
excess upper midrange energy can be attenuated before 
it ever reaches the cone neck. Remember, as long as the 
collar OD is not larger than the OD of the voice coil 
winding, you should avoid gap clearance issues. But 
you still have to fit this to the cone ID.

Collar Material Selection
Collar materials are often selected because they are 

very pliable, absorptive, and easy to drape over the lead 
wires during fabrication.  As we mentioned, absorptive 
or textured materials are easier to glue to, resulting in 
a good bond between the collar, the bobbin, and the 
cone. 

Pliable (soft and easily moldable) is an attractive 
characteristic because the collar material must conform 
closely over the lead-out wires. If the collar material 
does not tightly seal the lead-out wires against the bob-
bin, whistling noises may result. Additionally, a loose 
collar provides a capillary path by which ferrofluid 
can migrate from the gap. To prevent ferrofluid from 
migrating between the lead-out wires and the collar, 
a gel-type adhesive over the lead-out wires—applied 
along the length that will be covered by the collar—is 

Photo 3: Vented bobbin and collar (Source: Made in China.com)
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recommended.  
If the collar material is absorptive, then it is not com-

patible with ferrofluid. Ferrofluid may be absorbed into 
the collar material, changing the effective moving mass 
and resulting in unstable characteristics over time. But, 
good adhesion characteristics do not necessarily require 
absorption as a rough nonabsorptive surface texture 
also may enable good adhesion. The key to finding a 
good collar material that is compatible with ferrofluid 
is locating a rough surfaced, but not absorptive mate-
rial. Ideally, an intrinsically nonabsorptive material 
should be used such as 3M (“IPT”) TufQUIN. 

Common Collar Materials
There are a number of materials for collars from vari-

ous vendors. Often voice coil manufacturers will source 
their materials from converters that stock, slit, and die 
cut as well as adhesive coat and distribute to their cus-
tomers. Let’s take a look at some of the options.

Kraft paper—Kraft paper is readily available from 
voice coil converter materials suppliers everywhere. 
Untreated Kraft paper is popular for collars, as it is easy 
to work and inexpensive. It is not ideal for thermally 
conductive bobbins that must withstand high-temper-
ature operations. Kraft paper is also highly absorptive 
and thus, is not a good choice for use with ferrofluid. 
One workaround to both higher temperature operation 
and sealing the Kraft paper material is for the voice 
coil manufacturer to impregnate (brush on) an epoxy 
coating, although this is a process-control sensitive 
solution.

DuPont Nomex 411 and 410 (aramid spunlace 
fiber sheet)—Nomex is an aramid-family material, 
in the general category of super-performance nylon. 
Aramids include Conex from Teijin and Bondex ara-
mid. Somewhat unique, Nomex is a spunlace process 
produced by high-pressure waterjets, although there are 
some new spunlace aramid fibers now being produced 
in China. Spunlace is appealing for collars as it is pli-
able and popular with voice coil winders, but it has 
become hard to source. Nomex is harder to work than 
Kraft paper and care must be taken to avoid forming 
an air gap between the lead-out wire and the bobbin, 
as this will result in whistling noise. Spunlace Nomex 
collars are used when high adhesion, low-tear propaga-
tion, and elongation performance is required. Nomex 
410 is “calendared,” a process where the material is 
fed through rollers at high temperature. The processed 
material is 0.333 mm the thickness and less absorbent. 

Nomex has a higher temperature tolerance than 
Kraft paper, which is a benefit if thermally conductive 
bobbins are to be used. Resin-treated Nomex is used 
to reduce the dimensional instability and reduce the 
moisture (and/or ferrofluid) absorption of Nomex. 
The trick is to bake out the Nomex and then dip the 
Nomex into a resin and run it through rollers. Still, 
even resin-coated Nomex is not fully saturated as the 
Nomex material edges, created during the slitting pro-
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TufQUIN 110 is flexible and conformable, capable 
of high-temperature service through class H (180°C). 
Additionally, it has good physical toughness—high 
stiffness, tensile strength, and tear resistance, plus low-
moisture absorption—no need for coating or sealing 
with less than 0.05 mm the absorption of Nomex 110. 
Minimum thickness for TufQUIN papers is 2 mils 
(0.05 mm). TufQUIN Kb is a black version that is pre-
ferred by many voice coil manufacturers.

Thermal Shield nonwoven polyphenylene sulfide 
(PPS) sheet is designed for use in applications requiring 
long-term exposure to high temperatures and resistance 
to chemicals, including ferrofluids. ThermalShield is 
not susceptible to hydrolysis and does not require bak-
ing out for dimensional stability. ThermalShield may be 
resin coated to enhance its performance. Thermal Shield 
is targeted as a drop-in replacement for the spunlace 
Nomex for collar applications. The thickness range for 
ThermalShield is a bit over 2 mils to 7 mils (0.38 mm). 

ThermaVolt high-inorganic content paper was origi-
nally developed for use in high-temperature (Class 220 
R), dry-type transformers. ThermaVolt has some ther-
mal conductivity. 

BONDEX, Inc.—Bondex offers aramid sheet materi-
als used in electric motors as a replacement for spunlace 
Nomex. Bondex is available in a range of thicknesses and 
densities. Bondex is a high-temperature aramid paper 
with excellent acoustic properties for use in voice coil 
collars. It has high-temperature tolerance and withstands 
flame well. It has low-moisture absorption and is dimen-
sionally stable. The thicknesses is 3 mils (0.08 mm) to 
10 mils (0.25 mm).

Aluminum—For air-tight enclosures, such as auto-
sound subwoofers or home theater subwoofers, the voice 
coil’s mechanical strength can be increased with a single-
layer aluminum collar. As with aluminum bobbins, 
expect an increase in eddy currents (and their secondary 
effects) if the magnetic structure does not use a copper 
cap or aluminum shorting rings. A layer of other collar 
materials may be added for all the reasons covered in 
this article.

The Collar Affects the Voice Coil and the Speaker
The lowly collar might be one of the least expensive 

components in a loudspeaker, but it provides many 
important benefits to the voice coil and to the speaker 
itself. In addition to improving the coil’s structural 
integrity and securing the lead wires, the collar can 
serve as a thermal insulator and may be used to improve 
the adhesion between the cone and the voice coil bob-
bin. Additionally, the acoustical properties of the collar 
may be selected to influence the response of the speaker. 

Many materials are available for use as a collar but 
a careful understanding of the physical properties of 
these materials is required for optimum selection. New, 
innovative materials provide the designer and manu-
facturer with higher performance alternatives to com-
monly used collar materials. VC

cess, expose unsealed surfaces that can be absorptive. As 
with coating Kraft paper, attempting to seal the edges 
of treated Nomex is a process-control variable. One last 
word: Nomex has superior acoustical properties due to 
its excellent self-damping (tan delta) suppression bob-
bin resonances before they reach the cone neck joint.

IPT, Division of 3M—IPT’s CeQUIN and TufQUIN 
are well known and popular collar materials used by 
voice coil winders worldwide. CeQUIN and TufQUIN 
products have found acceptance with voice coil manu-
facturers for collars. Both materials possess good ther-
mal stability and TufQUIN non-absorptive properties 
Quin-T ceramic paper, such as Tufquin-110, is another 
popular collar material. It offers good dimensional 
stability, ferrofluid compatibility, and it is compatible 
with high-temperature operation.

Minimum thickness for CeQUIN papers is 3 mils 
(0.08 mm).  CeQUIN papers have been successfully 
B-stage coated by several companies both in the United 
States and abroad. They will withstand very high tem-
peratures in processing.

TufQUIN papers, while not as high-temperature 
resistant as IPT’s CeQUIN papers, will withstand fairly 
high short-term temperature exposures. CeQUIN and 
TufQUIN are both used with high-performance B-stage 
coatings for collar applications. TufQUIN 110 offers a 
number of characteristics that make it attractive for use 
as a collar material as well as ferrofluid compatibility. 
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Test Bench

Two New Airborne Air 
Motion Transformers and 
an SB Subwoofer

by Vance Dickason

Airborne is the line of transducers developed and 
distributed by Solen Electronique, Inc. of Canada. 

This month, Solen sent Voice Coil two of their recently 
released line of high-frequency air motion transformers 
(AMTs), the RT-4001 and RT-5002. 

The original AMT high-frequency transducer was 
invented in the early 1970s by Dr. Oskar Heil. The 
original patent, U.S. 3,636,278, was issued January 
18, 1972, with the final patent, U.S. 4,160,883,                                        
issued July 10, 1979. Since the last of Dr. Heil’s patents 
expired in 1999, there has been a resurgence of AMTs 
in audio, notably the Adam Audio GmbH line of studio 
monitors and the Emotiva Professional line of studio 
monitors.

AMTs operate on a different principle than voice coil 
driver transducers, ribbon transducers, and electrostatic 
transducers. Compared to other driver categories, the 
AMT moves air in an augmented, semi-perpendicular 
motion using a folded sheet (generally made of poly-
ethylene, polyester, or polyimide), structured around a 
series of aluminum struts positioned in a high-intensity 
magnetic field that literally “squeezes” the air to produce 
sound. 

Photo 1: The Airborne RT-4001
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Figure 1: Airborne RT-4001 impedance plot

The Airborne RT-4001
The first Airborne AMT I characterized was the RT-4001 

(see Photo 1). This monopole device features a cast alumi-
num faceplate with a 34 mm × 26 mm aperture opening, a 
50-square-cm ribbon, neodymium motor structure, power 
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Figure 3: Airborne RT-4001 on- and off-axis horizontal frequency 

response
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Figure 2: Airborne RT-4001 on-axis frequency response
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Figure 4: Airborne RT-4001 on- and off-axis vertical frequency 

response
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Figure 5: Airborne RT-4001 two-sample SPL comparison
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in both the horizontal and vertical planes. 
Figure 2 shows the on-axis response of 
the RT-4001. While the factory literature 
claims a sensitivity of 89 dB, this device 
is substantially louder with a sensitivity of 
more like 95 dB. The high-pass roll-off of 
the driver is –3 dB at 2.4 kHz, suggesting 
a crossover between 3 to 4 kHz as likely for 
this driver.

Figure 3 depicts the on- and off-axis 
frequency response from 0° to 45° in the 
horizontal plane, while Figure 4 shows 
the same information in the vertical plane. 
Since the aspect ratio of the RT-4001 aper-
ture is not radical, the difference between 
the horizontal and vertical radiation is not 
as severe as you see with many of the rib-
bons on the market. The two-sample SPL 
comparison is given in Figure 5, indicating 
that the deviation between the two samples 
was 2 to 4 dB.

For the last group of measurements, I set 
up the Listen, Inc. SoundCheck analyzer 

with the SCM microphone and SoundConnect pre-amp/
power supply (provided courtesy of Listen, Inc.). I set the 
SPL to 94 dB/1 m (0.85 V) using the built-in pink noise 
generator and SLM utilities, relocated the 0.25" SCM 
microphone to 10 cm from the faceplate of the RT-4001, 
and ran the distortion plot seen in  Figure 6. Note that 
the stimulus was limited to 2 kHz as its lowest frequency. 

For the final measurement on the RT-4001, I performed 
an impulse measurement, then imported that into the 
Listen, Inc. SoundMap software, windowed out the room 
reflections, and created the cumulative spectral decay plot 
(CSD) shown in Figure 7 and the short term fourier trans-
form (STFT) shown in Figure 8.

The Airborne RT-5002
The next AMT transducer on the list this month is 

the Airborne RT-5002 (see Photo 2). Like the RT-4001, 
this monopole device features a cast aluminum faceplate. 
However with a larger 81 mm × 26 mm aperture open-
ing, a 95-square-cm ribbon, neodymium motor structure, 

Figure 8: Airborne RT-4001 SoundMap STFT plot

Figure 7: Airborne RT-4001 SoundMap CSD graph

Photo 2: The Airborne RT-5002

handling rated at 20 W, and standard solderable terminals. 
I began analysis using the LinearX LMS analyzer to per-

form a 200-point four-wire Kelvin type impedance curve 
(see Figure 1). As is obvious, this device does not exhibit a 
defined resonance, and its impedance is nearly equal to the 
DCR, which measured 3.1 Ω.

Next, I mounted the RT-4001 in an enclosure with a 12" × 
6" baffle area and proceeded to measure the on- and off-axis 
SPL, using the LMS analyzer setup to produce 100-point 
2.83 V/1 m gated sine wave sweeps from 300 Hz to 40 kHz 

Figure 6: Airborne RT-4001 SoundCheck distortion plot
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shows the same information in the vertical plane. The 
aspect ratio of the RT-5002 aperture is substantially greater 
than the RT-4001, such that the difference between the 

power handling rated at 50 W, and standard solderable 
terminals. 

 The first LMS measurement was a 200-point imped-
ance curve (see Figure 9). Like the RT-4001, the RT-5002 
AMT does not exhibit a defined resonance, and its imped-
ance is nearly equal to the DCR, which measured 4.5 Ω.

 Next, I mounted the RT-5002 in an enclosure with a 12" 
× 6" baffle area and proceeded to measure the on and off-
axis SPL using the LMS analyzer configured to produce 
100-point 2.83 V/1 m gated sine wave sweeps from 300 Hz 
to 40 kHz in both the horizontal and vertical planes. 
Figure 10 displays the on-axis response of the RT-5002. 
Again, the factory literature claims a sensitivity of a 
conservative 95 dB, while the device is closer to 98- to- 
100-dB sensitivity. The high-pass roll-off of the driver 
is –3 dB at 2.8 kHz, and like the RT-4001, suggests a 
crossover between 3 to 4 kHz as likely for this driver.

Figure 11 gives the on- and off-axis frequency response 
from 0° to 45° in the horizontal plane, while Figure 12 
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Figure 11: Airborne RT-5002 on- and off-axis horizontal 

frequency response
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Figure 9: Airborne RT-5002 impedance plot
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Figure 10: Airborne RT-5002 on-axis frequency response

Figure 13: Airborne RT-5002 two-sample SPL comparison
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Figure 12: Airborne RT-5002 on- and off-axis vertical frequency 

response
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Figure 15: Airborne RT-5002 SoundMap CSD graph

Figure 16: Airborne RT-5002 SoundMap STFT plot

horizontal and vertical radiation is greater (more directiv-
ity in the vertical plane). The two-sample SPL comparison 
shown in  Figure 13 shows the RT-5002 to be closely 
matched within 0.3 dB throughout its operating range.

 For the final group of measurements, I set up the Listen, 
Inc. SoundCheck analyzer with the SCM microphone and 
SoundConnect preamp/power supply (again, provided 
courtesy of Listen, Inc.). I adjusted the SPL to 94 dB/1 m 
(0.56 V) using the SoundCheck pink/white noise generator 
and SLM utilities, relocated the 0.25" SCM microphone to 

10 cm from the faceplate of the RT-5002, 
and ran the distortion plot seen in Figure 14 
band-limited to 2 kHz. 

 For the last measurement on the RT-5002, 
I ran an impulse measurement, then import-
ed into impulse file into the Listen, Inc. 
SoundMap software, windowed out the room 
reflections, and created the CSD seen in 
Figure 15 and the STFT seen in Figure 16. 
For more information on these new AMT 
transducers, visit www.solen.ca.

The SB34SWNRX-75-6 Subwoofer
The last driver I examined this month is 

the new 12" SB34SWNRX-75-6, a sub-
woofer version of the 12" SB34NRX75-6, 
which I examined in the March 2008 issue 
of Voice Coil. If you are not familiar with 
SB Acoustics, SB is an acronym for Sinar 
Baja, which is a large OEM driver manu-
facturer located in Indonesia. However, the 
driver line was conceptualized by David 
Stephens, former U.S. representative of 

DST. Transducer design of all SB drivers is done by for-
mer Vifa/Scan-Speak engineers Ulrik Schmidt and Frank 
Nielsen, the principals of Danesian Audio. Danish Sound 
Technology, if you are new to the industry, was bought out 
by Tymphany. At its peak, it included the Vifa, Peerless, 
and Scan-Speak transducer brands. 

The SB348SWNRX75-6, the 10" subwoofer version 
(SB29SWNRX75-6) featured in the April issue of Voice 
Coil, has a generous feature set that includes a cast alu-
minum frame, a stiff curvilinear cone, a dust cap made 
from a proprietary blend of paper fibers, a FEA-designed 
progressive Conex spider, SBR surround, a 75.6-mm (3") 
diameter voice coil wound with round copper wire on 
a nonconducting glass fiber former, and a ferrite motor 
composed of two 20 mm × 145 mm magnets sandwiched 
between a shaped T-yoke and front plate. Voice coil lead 
wires are terminated to gold terminals located on opposite 
sides of the frame. (This is essentially the same motor as we 
saw last month on the SB29SWNRX, a common industry 
practice.) Cooling is provided by a 55-mm round pole 
vent and four large 45 mm × 15 mm and four small 8 mm 
× 15 mm vents, located below the spider-mounting shelf 
enabling air to flow across the front plate and exposed 
voice coil.

 I began characterizing the SB Acoustics 12" with the 
LinearX LMS analyzer and VIBox. Both voltage and 
admittance (current) measurements were generated in 
free air at 1 V, 3 V, 6 V, 10 V, 20 V, and 25 V. The 
measured Mmd that was provided by SB Acoustics (an 
actual physical cone assembly measurement with 50% 
of the surround and spider removed) was used rather 
than a single 1 V added (delta) mass measurement.  It 
should also be noted that this multivoltage parameter test 
procedure includes heating the voice coil between sweeps 
for progressively longer periods to simulate operating 

Figure 14: Airborne RT-5002 SoundCheck distortion plot
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temperatures at that voltage level (raising the temperature 
to the third time constant). The 12 sine wave sweeps for 
each woofer were further processed with the voltage curves 
divided by the current curves to produce impedance curves. 
(See Figure 17 for the impedance curve set.) Phase curves 
were generated using the LEAP phase calculation routine. 

Photo 3: The SB34SWNRX-75-6 subwoofer
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Figure 17: SB34SWNRX-75-6 multi-voltage input impedance plots
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Figure 18: SB34SWNRX-75-6 woofer free-air impedance plot

 TSL model LTD model  Factory

sample 1 sample 2  sample 1 sample 2

Fs 20.6 Hz 18.4 Hz 19.6 Hz 17.7 Hz 19 Hz 

Revc 4.35 4.32 4.35 4.32 4.50

Sd 0.0527  0.0527 0.0527 0.0527   0.0508

Qms 6.41 6.07 5.58  5.06   5.0 

Qes 0.36 0.34 0.33 0.30   0.34 

Qts 0.34 0.32 0.31 0.29 0.32 

Vas 151.9 ltr  191.0 ltr 169.2 ltr  209.1 ltr   164 ltr 

SPL 2.83 V 87.6 dB 87.4 dB  87.7 dB 87.6 dB   88 dB 

Xmax 11.3 mm 11.3 mm  11.3 mm  11.3 mm 11 mm 

Table 1: SB Acoustics SB34SWNRX75-6 woofer

Impedance magnitude and phase curves, plus the associated 
voltage curves were then copy/pasted into the LEAP 5 soft-
ware’s Guide Curve library. This data was then used to calcu-
late parameters, using the LEAP 5 LTD transducer model. 
Because most of the manufacturing data is being produced 
using either a standard transducer model or, in many cases, 
the LEAP 4 TSL model, I also generated LEAP 4 TSL model 
parameters using the 1-V free-air and delta mass curves that 
can also be compared with the manufacturers data. See 
Figure 18 for the SB29NRX75-6 1-V free-air impedance 
plot. Table 1 compares the LEAP 5 LTD and LEAP 4 TSL 
T/S parameter sets for the SB 10" driver samples submitted 
by SB Acoustics with the factory data. 

From the SB woofer’s comparative data in Table 1, you 
can see that all four parameter sets for the two samples 
were reasonably similar and correlated well with the factory 
data, with the exception that SB quotes a more conservative 
Sd. Following my normal protocol for Test Bench testing, 
I used the Sample 1 LEAP 5 LTD parameters and set up 
two computer box simulations, one in a 1.3 ft3 sealed 
enclosure with 50% fill material (fiberglass) and a second 
vented box Quasi Third-Order Butterworth (QB3) align-
ment in a 1.95 ft3 box with 15% fill material and tuned to 
24 Hz. Because of the small enclosure volume and relatively 
low tuning frequency (as I noted with the SB29SWNRX 
reviewed last month) it may be more appropriate to come up 
with a passive radiator solution for this woofer, considering 
that a 4" diameter port would have to be 26" in length (14" 
for a 3"-diameter port).  

Figure 19 gives the results for the SB34SWNRX-75-6 
in the sealed and vented enclosures at 2.83 V and at a 
voltage level sufficiently high enough to increase cone 
excursion to Xmax + 15% (13 mm for SB34SWNRX). 
This resulted in a F3 of 47 Hz with a Qtc = 0.68 for 
the 1.3 ft3 closed box and a –3 dB for the QB3 vented 
simulation of 43 Hz. Increasing the voltage input to the 
simulations until the approximate maximum linear cone 
excursion was reached Xmax +15% resulted in 116 dB 
at 54 V for the sealed enclosure simulation and 118 dB 
with a 60-V input level for the larger vented box. (See 
Figure 20 and Figure 21 for the 2.83-V group delay 
curves and the 54-V/60-V excursion curves.) 

Klippel analysis for the SB 12" woofer (our analyzer is 
provided courtesy of Klippel GmbH)—which as usual 
was performed by Patrick Turnmire, Red Rock Acoustics 
(author of the SpeaD and RevSpeaD transducer simula-
tion software)—produced the Klippel data graphs given 
in Figures 22–26. Please note, if you do not own a 
Klippel analyzer and would like this type of data on 
any transducer, Red Rock Acoustics can provide Klippel 
analysis of most any driver for a nominal fee of $100 to 
$200 per unit. (For contact information, visit the Red 
Rock Acoustics website at www.redrockacoustics.com.) 

The Bl(X) curve for the SB34SWNRX75-6 seen in  
Figure 22 is somewhat asymmetrical with a tilt but has a 
fairly broad Bl plateau, typical of a driver with substantial 
Xmax. Looking at the Bl symmetry curve in Figure 23 
shows a 2.3-mm Bl coil in (rearward) offset at rest that 
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Figure 19: SB29SWNRX-75-6 computer box simulations (black 

solid= sealed @ 2.83 V; blue dash= vented @ 2.83 V; black 

solid=sealed @ 54 V; blue dash= vented @ 60 V)
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Figure 20: Group delay curves for the 2.83-V curves in Figure 19
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Figure 21: Cone excursion curves for the 54-V and 60-V curves 

in Figure 19

Figure 22: Klippel Analyzer Bl (X) curve for the 

SB34SWNRX-75-6

Figure 23: Klippel Analyzer Bl Symmetry Range curve for the 

SB34SWNRX-75-6

Figure 24: Klippel Analyzer mechanical stiffness of suspension 

Kms (X) curve for the SB34SWNRX-75-6

Figure 25: Klippel AnalyzerKms symmetry range curve for the 

SB34SWNRX-75-6

Figure 26: Klippel Analyzer Le(X) curve for the SB34SWNRX-75-6

transitions to a near zero offset at the 6.2 mm of excur-
sion, which indicates the voice coil is staying centered in 
the gap at higher output levels.

Figure 24 and Figure 25 show the Kms(X) and Kms 
symmetry curves for the SB subwoofer. These curves show 
a fairly large forward offset in the compliance of 2.2 mm. 

Displacement limiting numbers calculated by the Klippel 
analyzer for the SB29NSWRX75-6 using the woofer criteria 
for Bl was XBl @ 70% (Bl dropping to 70% of its maximum 
value) equal to 10.2 mm (less than the physical 11 mm 
Xmax for this driver) for the prescribed 20% distortion 
level (the criterion for subwoofers) for the SB 10". For the 
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transducer. Motor inductance will typically 
increase in the rear direction from the zero 
rest position and decrease in the forward 
direction as the voice coil moves out of the 
gap and has less pole coverage, which is what 
we see with the SB woofer. The only thing 
that changes this curve shape and decreases 
inductance in the rear direction is a shorting 
ring, which was not incorporated into this 
woofer.

 Next the Listen, Inc. SoundCheck analyz-
er was used to perform distortion analysis. 
As usual, I dispensed with time frequency 
analysis for subwoofers as the data is not 
really significant below 100 Hz. For distor-
tion measurements, the voltage level was 
set with the driver mounted in an enclosure 
with a 14" × 30" baffle and increased until 
it produced a 1-m SPL of 94 dB at 16 V 
(my SPL standard for home audio driv-
ers). The distortion measurement was then 
made with the microphone placed nearfield 
(10 cm) with the woofer mounted in the 

enclosure. This plot is shown in Figure 27 for the 10" 
SB subwoofer. As you can see, this actually includes two 
plots, the top graph being the standard fundamental SPL 
curve with the second and third harmonic curves, and 
the bottom graph the second and third harmonic curves 

compliance, XC @ 50% Cms minimum was 9.1 mm (also 
less than the physical Xmax of this driver), which means 
that for the SB woofer, the compliance is the most limiting 
factor for getting to the 20% distortion level.  

Figure 26 gives the inductance curve Le(X) for this 

Figure 27: The SB34SWNRX-75-6 SoundCheck distortion plot
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plus the THD curve with an appropriate X-axis scale. 
Interpreting the subjective value of conventional distor-
tion curves is almost impossible; however, looking at the 
relationship of the second to third harmonic distortion 
curves is of value.

The SB34SWNRX75-6, like the SB29SWNRX-75-6, 
has a tremendous amount of inductance which attenu-
ates the SPL at a fairly low frequency. Because of this, 
it was not practical for me to do my usual on- and off-
axis SPL measurements. However,  Figure 28 gives the 
factory frequency response curve of this transducer and 
indicates a low-pass roll-off of about –3 dB at 150 Hz. 
For more information, visit www.sbacoustics.com. VC

Figure 28: The factory SB29SWNRX-75-6’s on-axis frequency 

response

 
Test Bench is an open forum for OEM driver manufacturers in 

the industry and 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, multi-media, or musical instrument applications. 

Any woofer, midrange, or tweeter an OEM manufacturer feels is 
representative of their work is welcome to send samples. Contact 
Voice Coil Editor Vance Dickason to discuss which drivers are being 
submitted. 

All samples must include any published data on the product, pat-
ent information, or any special information 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 
midrange 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 S. State Street, #152
Lake Oswego, OR 97034
(503-557-0427)
vdc@northwest.com

Submit Samples to Test Bench
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Acoustic Patents
By James Croft, Croft Acoustical

The following loudspeaker-related patents were filed primar-
ily under the Office of Patent and Trademarks classification 

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

SPEAKER DEVICE
Patent Number: U.S. 8,139,813
Inventors: Hiroyuki Kobayashi (Tendo, JP), Toshihiro Hikichi 
(Tendo, JP), Minoru Horigome (Tendo, JP), Yasuhisa Abe 
(Tendo, JP) 
Assignee: Pioneer Corporation (Tokyo, JP) 
Filed: January 28, 2008
U.S. Class: 381/398
Granted: March 20, 2012, Claims: 21, Drawings: 30

Abstract from Patent
A flat speaker device capable of emitting loud reproduced 

sound with a relatively simple configuration is provided. The 
speaker device includes a diaphragm, a frame supporting the 
diaphragm vibratably in the vibration direction, a magnetic 
circuit disposed in the frame, and a driving member for driving 

the diaphragm. The driving member includes a voice coil mov-
ably disposed in a magnetic gap of the magnetic circuit, a driving 
part formed movably in a direction different from the vibration 
direction of the diaphragm, and an angle conversion and trans-
mission part, one end of which is angle-variably joined to the 
driving part and another end of which is angle-variably joined 
to the diaphragm. The angle conversion and transmission part 
has rigidity and is obliquely disposed with respect to each of the 
vibration direction of the diaphragm and the moving direction 
of the driving part.

Independent Claims
1. A speaker device comprising: a diaphragm; a frame sup-

a)

b)

U.S. Patent 8,139,813
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porting the diaphragm vibratably in a vibration direction of the 
diaphragm; a magnetic circuit disposed in the frame; and a driv-
ing member adapted to drive the diaphragm, wherein the driving 
member comprises: a driving part comprising a voice coil mov-
ably disposed in a magnetic gap of the magnetic circuit, wherein 
the driving part is formed movably in a direction different from 
the vibration direction of the diaphragm; and a rigid angle con-
version and transmission part, wherein one end of the rigid angle 
conversion and transmission part is angle-variably joined to the 
driving part, wherein another end of the rigid angle conversion 
and transmission part is angle-variably joined to the diaphragm, 
and wherein the rigid angle conversion and transmission part is 
obliquely disposed with respect to each of the vibration direction 
of the diaphragm and the moving direction of the driving part.

Reviewer Comments
The object of the present invention is to provide a low-fre-

quency woofer transducer with a thin profile and also significant 
excursion capability. Normally, in conventional woofer trans-
ducers, to realize a large Xmax capability, the voice coil and/or 
magnetic gap and magnet must have significant length, which 
translates to the woofer frame and magnet being rather deep.

To achieve the desired reduction in transducer depth, a motor 
structure is configured to create an orthogonal drive relationship 
between the voice coil/motor and the transducer diaphragm. 
The driving force is derived from a linear motor, including a flat-
printed circuit board voice coil sandwiched within a magnetic 
circuit configured from flat elongated magnets. The voice coil is 
attached to a hinge that is attached through to a coupling plate 
up to the diaphragm, where there is another hinge that is the 
attachment means to the diaphragm and enables the excursion 
direction of the transducer diaphragm to move orthogonally to 
the drive angle of the voice.

There are a variety of embodiments, some including two or 
more linear motors and dual-and-triple-hinge arrangements. 
Schematically, the system appears to be clever and theoreti-
cally effective in realizing the thin transducer profile. Over the 
years, there have been many “hinge” based efforts at driving 
woofer transducers, such as that of Joris A. M Nieuwendijk, et al, 
U.S. 4,547,631 “Large-Excursion Electro-Acoustic Transducer,” 
assigned to U.S. Philips. 

These prior art devices have never made it into practical prod-
ucts that could be offered in the marketplace. They usually suffer 
from excess mass, noise problems, and losses sustained through 
the complex hinge arrangements. There are also forces on the 
voice coils that attempt to torque the voice coil out of alignment 
unless substantial centering spiders are employed, which can 
further contribute to system losses.

No measurements or specific performance declarations are 
provided in the patent, so it is unclear as to whether the disclosed 
device has been successfully realized as a practical transducer. That 
said, if this inventor can overcome the problems of the prior art, 
this type of transducer has the potential to offer new levels of 
miniaturization for large excursion woofers.

BANDPASS BOX IN THE SUPPORTING 
STRUCTURE OF A VEHICLE
Patent Number: U.S. 8,130,976

www.wavecor.com

High-end speaker units
Complete OEM speaker system turnkey solu  ons

SW263WA 10” subwoofer

Exploded view of 
TW030WA05 tweeter

of Explodeed view 
eeterTWW030WAA05 twe
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U.S. Patent 8,130,976

Inventors: Klaus Linhard (Schelklingen, DE)
Assignee: Daimler AG (Stuttgart, DE)
Filed: February 1, 2007
U.S. Class: 381/86
Granted: March 6, 2012, Claims: 7, Drawings: 3

Reviewer Comments 
The patent discloses a subwoofer system for use in automo-

biles. The architecture is based on that of a fourth-order band-
pass woofer system with a low-frequency woofer transducer. It is 
mounted on a baffle, separating the enclosure into one chamber 
in front of the woofer and one chamber behind the woofer, the 
first being a sealed chamber and the second a vented chamber.

While the patent sites more than 30 prior art references, it 
doesn’t list the originator of this type of device, H. C. Lang 
in U.S. 2,689,016, “Sound Reproducing System,” nor does 
it list Laurie Fincham’s AES paper that first popularized this 
type of bandpass subwoofer system, “A Bandpass Loudspeaker 
Enclosure,” Preprint 1512 from the 63rd AES Convention.

As the systems is based on a well-known prior art enclosure 
type, the inventive concept is stated as the two sub-compart-
ments in the loudspeaker box being formed by at least two 
boundary elements of the supporting structure of the vehicle. 
In one case, the sound transducer is integrated into a region in 
which two elements of the supporting vehicle structure meet 
one another, such as the floor-pan and the lower sidewall panel. 
This would suggest that the loudspeaker enclosure is installed 
into the vehicle with two of the sides of the enclosure left open 
and those sides of the enclosures formed by the way in which 
the system is installed in the body of the automobile.

The inventor, Klaus Linhard, has been an engineer at 
Mercedes for many years. In the past, he has developed audio 
systems to be custom integrated for specific Mercedes models, 
and the fact that the system can be designed, car-model specific, 
at the same time a new model car is developed, makes the pat-
ent more valuable to this particular assignee than it would be as 
an after-market device.

From an acoustical standpoint, there are issues that are not 
discussed in the patent. The front and back volumes of the 
bandpass enclosure are formed into effectively elongated pipes. 
When a bandpass enclosure is elongated to this degree, it 
starts to blur the difference between operating as a Helmholtz-
reflex/sealed enclosure and a quarter-wave pipe resonator. At 
the very least, standing waves in the pipe structures will have 
resonances at every odd quarter wavelength and will need to be 
controlled or optimized to integrate the pipe resonances with 
the sealed-chamber resonance and Helmholtz tunings. Properly 
optimized, the system should have the potential to provide very 
good space utilization, low-frequency capability, and cost effec-
tiveness when designed for a specific vehicle. VC
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Industry Watch
By Vance Dickason

Boston Acoustics to Leave Car Audio Market
D&M brand Boston Acoustics is dropping out of the 

car audio aftermarket to focus on home audio. Boston 
Acoustics has offered aftermarket equipment for more than 
25 years. D&M will continue to offer Boston Acoustics-
branded OEM car audio to automakers through its 
premium sound solutions (PSS) division. The brand will 
transition out of the aftermarket over the next several 
months as they continue to sell through their remain-
ing aftermarket car audio products inventory. Boston 
Acoustics also said it would absolutely continue to support 
its products on warranty and provide technical support for 
both end consumers and dealers. In explaining its deci-
sion, D&M asserted that over the past six months, the 
company had been working on a strategic plan for Boston 
Acoustics to drive growth and profitability. As a result, 
the decision was made to sharpen the company focus on 
product categories related to the home, including Boston 
Acoustics loudspeakers, soundbars, and radios. Among 
the D&M brands, only Boston Acoustics was involved in 
aftermarket car audio. Other brands are focused on home 
audio, including Denon, Marantz, and McIntosh. At one 
time, however, Denon and McIntosh offered aftermarket 

car audio equipment.

Burke to Head Nortek’s Technology Products 
Line

Nortek announced it has appointed Sean Burke as 
group president of its technology products segment. 
Burke replaces Grant Rummell, who retired after 23 years 
with Nortek in January. Burke most recently served as 
president of FlexComputing at Flextronics International. 
He also held senior management positions at Iomega, 
Hewlett-Packard, and Compaq Computer. The technol-
ogy division of Nortek includes the AVC Group (Niles, 
Elan, Sunfire, and Xantech), and SpeakerCraft.

Atlas Sound Acquires A-Line Acoustics
Atlas Sound has announced the acquisition of A-Line 

Acoustics, a company specializing in the design and 
manufacture of powered and non-powered professional 
loudspeaker systems using a variety of technologies, with 
an emphasis on line-array systems. A-Line will be incor-
porated into the Atlas Sound family of products under the 
Atlas A-Line Acoustics product category.

A-Line Acoustics was founded in 2001 by Tony Faranda, 
an audio professional with more than three decades of 
experience in the pro-audio industry. The company has 
since developed a line of products suited for a variety 
of venues including arenas, amphitheaters, parks, night-
clubs, and houses of worship. 
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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.

 A-Line holds multiple patents, including the EZAL rig-
ging system, which enables the angle adjustment of indi-
vidual line-array loudspeaker cabinets while the speakers 
are flown or ground stacked under load. An extensive prod-
uct lineup—including the ultra-high output AL8, AL10, 
and AL12 large-format systems and matching subwoofers, 
Emma Series modular install and portable models, Elijah 
Series ultra high-quality portable line-array systems and Eli 
Series small-venue line array systems—will be manufac-
tured in the Atlas Sound multi-fab facility in Monroe, WI. 
These products will be made available to select Atlas Sound 
dealers and distributors beginning in July 2012.

CEA Praises Challenge to China's Stance on 
Rare Earth Minerals

The Consumer Electronics Association (CEA) applaud-
ed the Obama administration on its plan to chal-
lenge China on rare earth minerals at the World Trade 
Organization (WTO). Since 2010, rare earth commodity 
prices have risen sharply when China took actions to con-
trol its supply, which represents more than 90% of global 
demand. “CEA welcomes the Obama administration’s 
announcement that it will challenge China at the WTO,” 
said Gary Shapiro, president and CEO, CEA. “If China 
wants to be a world player in trade, it needs to behave like 
one. For far too long our member companies, particularly 
small companies manufacturing here in the United States, 
have been bearing the cost burden of China’s unfair prac-

tices. We welcome this move and the goal of diversifying 
the sources of these important minerals used in consumer 
electronics products.” Editor’s Note: Given the serious 
implication of the use of neodymium in electric cars, cell 
phones, and wind generators, I suspect the administration’s 
challenge will not change China’s policy.

Lenbrook America Joins HTSA
Lenbrook America will offer its NAD and PSB home 

audio brands for the first time through a buying group, 
joining the Home Technology Specialists of America 
(HTSA) as a vendor member. 

Lenbrook America President/CEO Dean Miller said 
the Lenbrook brands are closely aligned with HTSA’s 
mission and membership. HTSA Managing Director 
Bob Hana said the partnership will help HTSA members 
deliver high-performance audio options to consumers 
with substantial digital music libraries. Lenbrook’s HTSA 
announcement follows a mid-2011 distribution change 
in which it dropped all but two independent firms and 
began selling the NAD and PSB brands directly to retail-
ers for the first time, after having sold exclusively through 
independent representatives since the company’s founding 
20 years ago. As part of that plan, Lenbrook America cre-
ated four regional sales manager positions, each respon-
sible for sales of the NAD, PSB, and Tivoli brands. The 
distribution plan was put in place by Miller, who joined 
Lenbook earlier in 2011.
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event of the 2012 NAMM Show. Awards given in the 
loudspeaker category were as follows: 

Paradigm’s Loudspeakers Added to HES Line-Up

special pricing and reduced freight costs and delivery 
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Exhibits: June 13-15

Las Vegas Convention Center
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Audiophiles wanted.

The largest pro-audio event is coming to Las Vegas. 

Discover solutions and products from over 250 of the 

world’s leading professional audio equipment manufacturers. 

Learn from the experts at InfoComm University™ and 

partner groups.

Loud and Clear 

“ 

If you deal with anything related to audio, InfoComm 

is THE Show to go to. You’ll come away with more 

application ideas and better product knowledge as well as 

experiencing the sights and sounds of imagination! 

”Ed Fambrough 
Consultant 
Soundknowledge AV

REGISTER NOW for the leading pro-
audio, sound and acoustics show! 
infocommshow.org

USE VIP CODE LVT004 for free 

access to the show floor and events! 
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compact arrays are big

business. So talk to
Celestion about our range

of high performance,
small-format drivers.  

It’s another
innovation in sound

from Celestion.

Find us on Facebook

www.celestion.com

We’re thinking small
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InfoComm 2012
InfoComm is the largest professional audiovisual 

communications trade show in the world. This year’s 
InfoComm 2012 is being held June 9–15 (June 9–15 
for the conference and June 13–15 for the exhibits), 
at the Las Vegas Convention Center, Las Vegas, NV.  
This year’s organizers expect over 34,000 attendees 
and 925-plus exhibitors.

InfoComm 2012 will feature five Technology pavil-

ions, the Audio pavilion, the Commercial Systems 
& Sustainable Technologies pavilion, the Unified 
Collaborative Conferencing pavilion, the Digital 
Signage pavilion, and the Lighting and Staging pavil-
ion.  The Audio pavilion, sponsored by Renkus-Heinz, 
will feature loudspeakers, amplifiers and mixers, micro-
phones, headphones and headsets, signal processing 
and wireless equipment, distributed audio, and nurse 
call and paging solutions.

Here’s another interesting component that anyone 
involved with the loudspeaker industry should check 
out.  House Research Institute (formerly House Ear 
Institute) is presenting  a free hearing health educa-
tion and hearing screening service to InfoComm 
attendees and exhibitors through  its Sound Partners 
hearing loss prevention program in the Central Hall 
(booth #C5252). House Research Institute, a nonprofit 
501(c)(3) hearing health research and educational orga-
nization, in partnership with InfoComm and Listen 
Technologies, is offering the free hearing screening 
services by appointment. For more information, e-mail 
info@houseresearch.org. Free screenings will take place 
during the regular show hours.  

Loudspeaker and measurement equipment manu-
facturers exhibiting at InfoComm 2012 include Atlas 
Sound, Bag End Loudspeakers, Behringer, Bose, 

ACOUSTIC PATENTS
By James Croft

16
GGEC Celebrates 60 Years of Audio, p. 10



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,
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Community Professional Loudspeakers, Crestron, 
Danley Sound Labs, DJ Tech Professional, Duran 
Audio, Eastern Acoustic Works, Faital Pro, FBT USA, 
Fostex, Frank Audio, Fulcrum Acoustic, FZ Audio, 
Galaxy Audio, Harman, Holosonics, Leon Speakers, 
Martin Audio, Meyer Sound Laboratories, Nady 
Systems, Neutrik USA, Niles, NTI Americas, Parts 
Express, Peavey Electronics Corp., Penton Audio, QSC 
Audio, Radian Audio Engineering, Rational Acoustics, 
RCF USA, Renkus-Heinz, Roland Systems Group, 
SoundSphere, SoundTube Entertainment, Spectr 
Audio, Stealth Acoustics, Turbosound, Wharfdale Pro, 
Worx Audio Technologies, Yamaha Commercial Audio 
Systems, and Yorkville Sound.  For more information, 
visit the InfoComm 2012 website at www.infocom-
mshow.org.

Capitol AudioFest 2012
Capitol AudioFest is a regional high-end audio show 

for consumers.  This year marks the third Capitol 
AudioFest, which is being held July 13–15 at the Crown 
Plaza Hotel, Rockville, MD. The list of loudspeaker 
manufacturers includes: Abingdon Music, Audience AV, 
Audio Note UK, Bob Carver LLC, Carnegie Acoustics, 
Classic Audio Loudspeakers, Auditorium 23, Daedalus 
Audio, DeVore Fidelity, Joseph Audio, MBL North 
America, Philharmonic Audio, Polk Audio, Sonist 
Loudspeakers, Sophia Electric, Soundfield Audio, 
Surreal Sound Audio, The Voice That Is, Thoress, and 
Volti Audio.

In 1978, I was an exhibitor with a high-end loudspeak-
er product produced by my company Speaker Research 
Associates (SRA) in the “Jockey Club” Esoteric exhibit 
at CES, so I certainly have a soft place in my heart for 
these intrepid audio warriors striving to produce the 
ultimate musical loudspeaker. Anyway, for more infor-
mation, visit the Capitol AudioFest website at www.
capitolaudiofest.com.

ALMA Winter Symposium 2013
The Association of Loudspeaker Manufacturing & 

Acoustics International (ALMA) Winter Symposium 
theme for 2013 is “Product Development in the 
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Visit midwestaudiofest.com
for more event information and registration.

Join thousands of audio enthusiasts at the 
Parts Express Springboro, Ohio headquarters 
for the lowest prices of the year. There will be 
huge discounts on everything in our Retail Store 
during the Tent Sale, as well as unbelievable 
savings on factory buyouts, scratch & dent items, 
and one of a kind samples. The Audio Swap 
Meet will be back this year by popular demand, 
giving you the opportunity to buy and swap 
anything and everything audio! Experience the 
high fi delity sound of creatively built speakers 
in the Speaker Design Competition. Hear some 
chest pounding audio systems at the Auto Sound 
Challenge. Make your plans now to join us for a 
day of giveaways, food, vendor displays,
and incredible deals!

Saturday July 14th 
8:00 AM to 5:00 PM

Springboro, Ohio

Join the Largest 
Premier Gathering for 

Audio Enthusiasts!

4 Events, 1 Day Only!

725 Pleasant Valley Drive

Springboro, OH 45066-1158

1-800-338-0531

Scan to add 
Midwest Audiofest to 
your Facebook events
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ALMA has also issued a “Call for Papers” for its 2013 
Winter Symposium. Technical papers are invited and 
abstracts will be evaluated on the basis of their overall 
quality and relevance to the theme of the symposium, 
relevance and value to the loudspeaker industry, and 
practical feasibility and usage of topic and information 
presented.  Note that the topic range has been expanded 
to include related technologies.

Each paper session is scheduled to last 30 minutes, 
and up to four papers will be selected. Presenters should 
submit to ALMA:

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 each presenter
A list of any special equipment needed

Contact Mark Beach (mark@dyneanalytics.com) and 
Peter Andrews (Peter.Andrews@materion.com) to dis-
cuss the program further.

The closing date for submissions is October 15, 2012. 
Notification of presenters will be by October 31, 2012. 
Presenters must supply copies of their presentations in 
electronic format (e.g., Powerpoint, MS Word, or PDF) 
by December 15, 2012. 

Submissions should be e-mailed to management@
almainternational.org.  

Global Paradigm: Acoustic Modeling, Measurement, 
and Manufacturing in the Modern Marketplace.” This 
year’s program has been expanded to cover related tech-
nologies such as micro-drivers, microphones, hearing 
aids, and so forth.  The 24th annual symposium will be 
held Sunday, January 6 to Monday, January 7, 2013, in 
Las Vegas, NV, before the CES.  The exact location will 
be announced shortly.  Exhibitor and attendee registra-
tion information will be posted in September.  Go to 
www.almainternational.org to join the ALMA mailing 
list and receive future updates.

The largest event in the world entirely dedicated to the 
loudspeaker industry, the ALMA Winter Symposium 
will feature training courses on various aspects of loud-
speaker modeling, test and measurement, and manu-
facturing. In addition, there will be technical paper 
presentations, tutorial sessions, round table and panel 
discussions, an exhibit hall showcasing suppliers to the 
industry, and an annual banquet during which the now 
famous “Driver Awards” will be presented to deserving 
recipients.

New symposium co-chairs, Mark Beach, of 
Dyne Analytics, and Peter Andrews, of Materion 
Electrofusion, stress: “there are always plentiful edu-
cational and networking opportunities at the ALMA 
Winter Symposium. We look forward to producing an 
excellent symposium program—that is with the help 
and participation of everyone industrywide!” 

JULY 13-15
Washington DC Metro

Areas Only Comprehensive
Quality Audio Event

Come to the 3rd Annual Capital Audiofest at the Crowne Plaza Hotel on July 13-15 where
you will see and hear quality audiophile equipment and home integration products

ranging from the affordable to the exotic. Revisit with your old friends from last year and
make many new ones this year!

����������	
������	����������������	�����	��������������������
www.capitalaudiofest.com
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CANDIDATES FOR 2012–2013 AES ELECTIONS
In accordance with the Audio Engineering Society (AES) 

bylaws, the Nominations Committee hereby notifies all vot-
ing members that the following slate of candidates has been 
nominated by the committee:

President-Elect—David J. Murphy, Sean E. Olive
Vice President Eastern Region, U.S., & Canada—
Steven G. Bellamy, Robert W. Breen
Vice President Western Region, U.S., & Canada—
David Bowles, Jonathan Novick
Vice President Northern Region, Europe—William 
Frances Foster, Joshua Reiss
Treasurer-Elect—Garry Margolis
Secretary—David Lane Josephson, Ronald D. Streicher
Governor—Russell E. Berger II, James David 
Johnston, John D. Krivit, Peter Alan Mapp, Valerie 
Tyler, Michael Williams

The AES 2012–2013 election will take place between 
June 1, 2012 and July 13, 2012. Voting materials will be 
sent Friday, June 1, from aeshelp@electionservicescorp.
com. Please unblock this address from your spam filter to 
receive your election materials. Last year, more than 96% 
of the AES voting members voted online. This year AES 
would like to encourage more members to vote online, 
saving possible postal delays and extra costs in the election 
procedure. VC

For more information visit www.ALMAInternational.org

• Training courses
• Technical paper presentations, tutorials,
round table and panel discussions

• Exhibits showcasing suppliers to the industry
• Annual banquet and now famous “Driver
Awards” presentation

Addressing transducer technologies
such as loudspeakers, micro-drivers,
microphones, hearing aids, and more!

Product
Development
in the Global
Paradigm:
Acoustic Modeling, Measurement
and Manufacturing in the
Modern Marketplace

JANUARY 6-7, 2013
TUSCANY SUITES
& CASINO
LAS VEGAS, NV

2013 WINTER
SYMPOSIUM

Association of Loudspeaker
Manufacturing & Acoustics
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 Spotlight
60 Years of Audio
A Perspective on the Chinese Speaker 
Industry and GGEC

By Mike Klasco

Most of our readers know of Guoguang Electric 
Company (GGEC), the oldest and one of the larg-

est speaker manufacturers in China. Last November was 
GGEC’s 60th anniversary. I wrote a profile in Voice Coil on 
GGEC back in the mid-1990s and took an updated look 
at the company in September 2008. Not too many speaker 
companies have a 60-year history and Voice Coil feels GGEC 
deserves special recognition. For those of you who have read 
the Pulitzer Prize-winning writer James Michener’s books 
(Hawaii, The Source, Chesapeake, etc.), he likes to start at the 
very beginning. Well, as most of you have suffered through 
my articles for years, you already know I am no Michener, 
but I, too, like to start at the beginning. China’s history 
begins in 400,000 B.C. with the Peking man. Zhenpiyan 
culture begins in 7,600 B.C. with the domestication of ani-
mals, and Guangzhou (Canton) city dates back  before the 
Qin Dynasty, which is about 200 B.C. Let’s jump to 1949, 
to disucuss the founding of the People’s Republic of China. 
In 1951, GGEC was established in Guangzhou (see Photo 1). 
In this story, the history of Guangzhou City, the Chinese 
speaker industry, and the history of GGEC are intertwined.

 I first heard of GGEC in the late 1980s. Although I 
had previously spent a lot of time in Taiwan and Korea, I 
received a job consulting on a project with a Chinese manu-
facturing expert to determine the fate of a huge state-run 
speaker company just outside of Shanghai. The company 
deservingly got the axe. My Chinese colleague insisted that 
I not judge Chinese speaker engineers by my first impres-
sion and took me to visit Shanghai Feilo. This was another 
state-run company, but it had automated Japanese Suehiro 
production lines and some very experienced speaker engi-
neers. I asked if there were any other viable speaker factories 
in China, and I was told of one other—Guoguang Electric 
(GGEC). Today, Feilo is a large diversified public company 
with many divisions. Perhaps out of deference to their audio 
legacy, Feilo Acoustics continues to manufacture electro-
acoustical products. Go to an AES or NAMM show and 
you can see Feilo condenser studio mics marketed under 
many western brand names in a dozen booths. 

 Let’s jump to the early 1990s and my first trip to south 
China. I was about to start my consulting work for GGEC. 
The company was transitioning from a state-run factory 
to semi-private one with investments from Hong Kong. It 
all sounded exciting, and I was not sure what to expect as 
I traveled from San Francisco to Hong Kong. In what was 
then the British colony of Hong Kong, I transferred to a 
shiny new China Southern Boeing 757 for the 20-minute 
flight to Guangzhou airport. The seating was very tight, 

military style, but I was relieved not to be on an old Russian 
passenger aircraft, which was the norm for China domestic 
flights. The Guangzhou airport was new and large but 
almost empty with only a few daily flights. I was greeted by 
GGEC’s representatives—some very young kids just out of 
college. Some of them are still at GGEC, but they how hold 
high-level positions within the company. 

 We took a wide dirt road that was going to be the new 
freeway but was still under construction. Of course, today, 
the China coast is crisscrossed with modern freeways and 
endless bullet train lines to everywhere. As part of the 
Chinese government’s decentralization program in the 
1980s, GGEC had been moved to a small town, Huadu, 
east of Guangzhou city. After U.S. President Jimmy Carter’s 
reserved, perhaps timid style, President Ronald Reagan 
seemed a bit scary with his finger on the nuclear button. 
I cannot imagine how Reagan was seen by Chinese lead-
ers, but his style prompted the Chinese to make defensive 
moves, spreading out their technology centers. The Cold 
War is over and the city has expanded to where GGEC’s 
once rural location is now among the urban sprawl. 

 Even 20 years ago, GGEC was a huge campus with 
its own streets and worker housing. Parts manufacturing 
capability has always been vertical with cone making, frame 
punching, and other in-house parts fabrication, but GGEC 
parts sourcing is agile and independent parts vendors with 
the right stuff are also used. As a consultant, my job was to 
provide a western viewpoint and introduce new technology. 
At the time, as today, GGEC had its own facilities for voice 
coil winding, cone making, frame stamping, and paint-
ing, but much of this infrastructure needed development. 
GGEC’s assembly building was new and unusually tall: it 
was about six floors of assembly lines, including automated 
production lines from Japan.

 Back then, I met with Mr. Jinyuan Yu, who is still 
affiliated with GGEC. (He also recently gave a paper at the 
ISEAT audio engineering conference.) As Chief Technology 
Officer, he now serves as a mentor to GGEC’s engineer-
ing staff members. His focus is research in the company’s 

Photo 1: The GGEC factory in the 1965
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engineering structure. Jinyuan has been with GGEC for 
30 years.

 Today, Tony Xie is GGEC’s general manager of R&D 
Center. He leads a team of 150 engineers, including 50 
acoustic engineers, 35 electrical engineers, and 20 mechani-
cal engineers. Mr. Xie has 15 years of experience in speaker 
design and holds a bachelor’s degree in acoustics. He started 
with GGEC in 1998.

GGEC is now a publicly traded firm on the Shenzhen 
(“SZ”) stock market. It had a successful public offering in 
2005 and GGEC has large real estate holdings, including 
the huge industrial campus it built after going public, which 
is still located in Huadu, east of Guangzhou city (see Photo 2). 
But now Huadu is a major city district of Guangzhou rather 
than a town on the city’s outskirts. 

Visiting GGEC is easy, as China Southern flies non-stop  

from Los Angeles (LAX) to Canton 
(CAN, another name for Guangzhou). 
The new GGEC location is only 15 
minutes from the new airport. China 
Southern is a member of Skyteam 
(Delta). It has a great “super econo-
my/cheap business class” service and 
is flying Boeing 777s. Hotel choices 
are excellent, with my favorite, the 
European five-star Pullman adjacent to 
the airport, and the New Century four-

star hotel as a good alternative.

GGEC Today
GGEC’s new factory complex now has 32 semi-automatic 

speaker production and assembly lines (see Photo 3 and 
Photo 4). They are capable of producing speakers with 
sizes ranging from 0.05" to 21" with an endless range of 
specifications. Applications include telephones, televisions, 
home theaters, Hi-Fi speakers, multimedia, automobiles, 
broadcasting, and studio monitors, among others. 

GGEC follows best practices for facility management 
including: climate control (air conditioning), sealed coated 
floors, magnification optics for critical assembly stations, 
pics and instructions for each work station, response test-
ing go/no for QC, and so forth. Today, GGEC custom-
ers include JBL/Harman/Infinity, Logitech, and Bose for 
speakers and minispeakers, and Dell, Toshiba/Onkyo, and 

Photo 2: The GGEC factory today

Photo 3: GGEC’s new factory complex now has 32 semi-automatic 

speaker production and assembly lines

Photo 4: GGEC workers at their assembly stations
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Lenovo for laptop mini and microspeakers. In the last few 
years, GGEC acquired MG, a receiver manufacturer, and a 
prosound electronics manufacturer, enabling them to pro-
duce integrated speaker/electronics products, including self-
powered studio monitors and powered subwoofers.

Yet, it is not all hardware. People are the key resource. On a 
recent project just after GGEC’s 60th celebration in November 
2011, I had to visit and evaluate a half dozen speaker factories 
in China for a U.S. client. Without commenting on some of 
the other companies, let’s just say that when you walk around 
the GGEC campus you will see relaxed people in a good state 
of mind. Pleasant surroundings, reasonable expectations, and 
stable management all contribute to a good supplier.

 The prelude to the 60th anniversary event started on a 
high note with China’s Premier Wen Jiabao—China’s head 
of government—visiting GGEC and awarding the company 
the status of the Acoustic Research Center for China. Nanjing 
University is best known as China’s resource for acoustic 
research, but now there is a big push for Guangzhou city to 
have its own acoustic research institution, and GGEC will be 
leading this initiative.

An Interview with Dave Cox, VP Business 
Development at GGEC—March 2012

MIKE KLASCO: Dave, it’s been a while.

DAVE COX: Yes it has, been four years, how are you doing?

MIKE: Well I see you are still in the same place.

DAVE: Yes, there has been a lot going on since we last chat-
ted. I’m having a blast here.

MIKE: So, if my memory is correct, you have been with 
GGEC for almost five years now?

DAVE: Yes, I must admit I have seen a lot of changes in 
consumer audio technology in that time. There have, as 
everyone knows, been changes in the world economy as well. 
We, here, actually did well during the financial fiasco of 2009, 
and broadened our business demographic to withstand future 
setbacks, avoiding total dependence on foreign business. We 
have strengthened our business models in North America and 
Europe, while making positive efforts in our domestic chan-
nels and brands here in China.

MIKE: What changes are you seeing with your North 
American business?

DAVE: We are seeing more consolidation of suppliers from a 
customer standpoint. Today’s customer is looking for security 
and an extension of their own operations. In the old days, it 
might have been price, but now, it is more about partner ship-
ping with two or three suppliers rather than split that business 
up among qualified suppliers. GGEC happens to benefited 
greatly from this model as we have a very open policy here.
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role for wireless transmission standardization. This stuff is really 
starting to work now. Used to be a bit risky, but it is becom-
ing solid and will be part of consumer audio going forward. 
The trick is standardization so brands can interact with each 
other. Other things are constant partnerships with technology 
companies in electronics—such as DSP, microprocessors, user 
interface, power supply technologies, and digital signal per-
formance and speed. Software development is becoming an 
important part of our job as well. I think as long as we keep 
after this, we will remain a leader.

MIKE: What about acoustics? Anything new there?

DAVE: Yes, certainly! As you noted, we are doing a lot of real 
R&D on microdrivers, and our engineering people are gather-
ing patents on many fronts. Our engineer,  George Wei, has 
seven applications in process, and the wall in the engineering 
department in China is loaded with many patents. Our Pro 
Audio drivers are really taking off, popping up all over the 
world and entertaining the masses. You also noted our govern-
ment accreditation from Beijing, which also is not a bad thing.

MIKE: Dave, where and how do you think business is 
going forward? Your predictions from 2008 were not too 
far off.

DAVE: Lots of changes as always. The dollar and the RMB 
will always be a continuing issue. We all need to prepare for 

MIKE: Can you explain more about the open policy?

DAVE: From technology, design, and building a bill of materi-
als, it all has got to be out there. Because margins are getting 
tight for everyone, we all have to work together to make sure 
everyone is doing okay. Gone are the days of sandbagging 
and shell games with development and pricing a product. We 
know what the customer’s margin expectations are, we know 
what the MAPS and MSRPs are, and we let our customers 
know where we are in margin expectations. We develop in 
partnership from those goals.

MIKE: So everything goes on the table upfront?

DAVE: Yes, we must, otherwise a lot of time and effort is wast-
ed. Everyone needs concise direction to get stuff to market.

MIKE: How are you staying ahead of the technology curve?

DAVE: We are constantly looking into the future to predict 
where the consumer is going. We advise our customers accord-
ingly. When they have ideas, we share our thoughts on emerg-
ing technologies and costs, and how they might fit in. This 
stuff changes monthly it seems!

MIKE: What things are you focused on these days?

DAVE: Wireless for sure. We just joined WiSA in an advisory 
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5.0 RMB versus $1. We need to deal with escalating shipping 
costs. We are also going to see many brands try to go regional.

MIKE: How does GGEC stay competitive?

DAVE: A few things: We need to become a leaner manufactur-
ing company. This is not to say scale back, but rather become 
more efficient in how we make products. This goes all the way 
from the supply chain, inventory, and efficient manufacturing 
methods, like we see in North America and Europe. We need 
to offset the rising costs of energy, materials, and labor.

The customers at some point are going to need to raise the 
prices of their finished goods. You have everything on the 
planet going up in price, but consumer electronics are either 
staying the same or going lower. This hurts margins on both 
sides of the business proposition. If it was $99 in 2009, it 
might be $129 in 2013. Unfortunately, it will start pacing with 
everything else that has gone up—just not so badly.

MIKE: What is GGEC’s plan to combat this issue?

DAVE: Efficiency. We already had outside international 
consultants go through GGEC in 2011, and we are making 
improvements and implementing those changes. We also have 
another set of improvement policies going into place in 2012 
that are coming from another international source. So, we are 
not stopping with one source of improvement. We are also 
planning a second phase with a second source of efficiency 

education and policy. Next is quality! Lowering the cost of QA 
is paramount in keeping profitable for the future.

MIKE: You don’t think GGEC will lose to other regions? 
You said no in 2008. Do you still think that way?

DAVE: I have the same answer as back then. No. Global eco-
nomic adjustments will take place. We have the infrastructure, 
and it is not going anywhere. We just have to continue our 
path of becoming a 21st-century factory. This is everyone’s 
goal, and when we set our minds to something, we do it.

The Future for GGEC
In August 2011, the Central Government of China selected 

GGEC as the country’s official acoustic research and design 
facility. In the coming months, construction will take place 
on the GGEC campus, as a joint effort between GGEC and 
the Chinese government. The new project will encompass 
research facilities, laboratories, and educational facilities for the 
current and next generation of acoustic innovations. GGEC is 
proud to be a partner in this joint adventure and confident it 
will be in the audio business for the long term. VC

You can contact GGEC at:
Guoguang Electric Co., Ltd (GGEC)—Direct: +86-20-

28609960; Fax: +86-20-28609828; or e-mail Mr. Kobe 
Zhang, VP GGEC Americas, at kobe@ggec.com, by cell 
(714) 797-2548; or at the office: (714) 750-2280.
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Acoustic Patents
By James Croft, Croft Acoustical

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

sification 181 for acoustical devices, 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. 

LOW-FREQUENCY RANGE EXTENSION AND 
PROTECTION SYSTEM FOR LOUDSPEAKERS

Patent Number: U.S. 8,019,088
Inventors: Tomlison Holman, (Yocca Valley, CA)
Assignee: Audyssey Laboratories, Inc. (Los Angeles, CA)
Filed: January 23, 2007
U.S. Class: 381/55
Granted: September 13, 2011, Claims: 20, Drawings: 6

Abstract from Patent
Low-frequency bandwidth extension in the form of dynamic 

electrical equalization may be applied to loudspeakers so 
long as the excursion capability of their drive units, as well as 
velocity limits of any port(s), or excursion limits of any asso-
ciated passive radiator(s), and the power limits of the drive 
units are not exceeded. The bandwidth extension maximizes 
low-frequency bandwidth dynamically such that excursion is 
fully utilized over a range of drive levels, without exceeding 
the excursion limit. Additional limiting control is available 
for port air velocity or passive radiator excursion, and loud-
speaker drive unit electrical power. The system applies to 
open back, closed box, vented box, and more complex box 
constructions consisting of combinations of these elements 
for loudspeaker designs using design parameters appropriate 
to each system (see Figure 1).

a dynamic high-pass filter frequency and Q controllable 
through the filter control port; a control side chain compris-
ing in series, a low-pass filter, a first full-wave rectifier, and a 
first nonlinear transfer function, the control side chain elec-
trically connected to receive the speaker signal and to provide 
the control signal to the filter control port; a power ampli-
fier electrically connected to the dynamic high-pass filter to 
receive the filtered signal, the amplifier for amplifying the 
filtered signal to generate a speaker signal; and a loudspeaker 
electrically connected to the amplifier to receive the speaker 
signal, the loudspeaker for transducing the speaker signal to 
generate an acoustic signal.

14. A method for extending the low-frequency bandwidth 
of an audio system, the method comprising: providing an 
unfiltered input signal to a dynamic high-pass filter; provid-
ing the unfiltered input signal to a first side chain of the audio 
system; low-pass filtering the unfiltered input signal to gener-
ate a low-pass signal with a transition band at approximately 
the lowest resonate frequency of a speaker enclosure of the 
audio system; generating a control signal from the low-pass 
signal; providing the control signal to a filter control port of 
the dynamic high-pass filter; adjusting a frequency and Q 
of the high-pass filter based on the control signal to limit a 
speaker excursion of the audio system when the control signal 
is high; filtering the unfiltered input signal in the dynamic 
high-pass filter using the adjusted filter parameters to gener-
ate a filtered signal; providing the filtered signal to a power 
amplifier amplifying the filtered signal in the power amplifier 
to generate a speaker signal; and providing the speaker signal 
to a speaker.

16. A method for extending the low-frequency bandwidth of 
an audio system, the method comprising: providing an input 
signal to a dynamic high-pass filter providing the input signal 
to a first side chain of the audio system; low-pass filtering the 
input signal in the first side chain to generate a low-pass signal 
with a transition band at approximately the lowest resonate 
frequency of a speaker enclosure of the audio system; generat-
ing a control signal from the low-pass signal; providing the 
control signal to a filter control port of the dynamic high-pass 
filter; adjusting the parameters of the dynamic high-pass filter 
based on the control signal to limit a speaker excursion of the 
audio system based on the control signal; processing the input 
signal in the dynamic high-pass filter to generate a filtered 
signal; providing audio system measurements to at least one of 
a group of side chains comprising: an driver excursion limit-
ing side chain; a port velocity limiting side chain; an audible 
clipping limiting side chain; and a power-limiting side chain; 
combining outputs of at least one of the groups of side chains 
to generate a limiting signal; providing the filtered signal to a 
limiter; providing the limiting signal to a limiter control port 
of the limiter; limiting the filtered signal, based on the limit-
ing signal to generate a limited signal; providing the limited 
signal to a power amplifier; amplifying the filtered signal in the 
power amplifier to generate a speaker signal; and providing the 
speaker signal to a speaker.

Review Comments 
The subject matter of this patent is that of a new type of 
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Figure 1: U.S. Patent 8,019,088

Independent Claims
1. A system for enabling low-frequency bandwidth extension 

and loudspeaker driver protection comprising: a dynamic high-
pass filter electrically connected to receive a speaker input 
signal and to generate a filtered signal, the dynamic high-pass 
filter having a filter control port for receiving a control signal, 
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low-frequency dynamic equalizer developed by Tomlison 
Holman while at Audyssey Labs. (He is now working 
for Apple Computer.) The first well-known disclosure of 
a dynamic EQ system was in 1980 in an AES paper by 
Daniel von Recklinghausen, “Dynamic Equalization for 
Loudspeakers,” that depicted a smallish, 6-liter, loudspeaker 
marketed by KLH. Mr. von Recklinghausen was granted 
a patent in 1982 (U.S. 4,327,250, “Dynamic Speaker 
Equalizer”).

 As often happens, when prosecuting the von Recklinghausen 
application, the patent examiner didn’t cite the lesser known, 
original inventor of the concept, Paul Steel, (U.S. 4,113,983, 
“Input Filtering Apparatus for Loudspeakers”) whose pat-
ent was granted  five years earlier and assigned to Teledyne 
Acoustic Research, but with no record of Acoustic Research 
ever applying it to a product.

Over the last few decades, there have been many improve-
ment patents applied to the concept, mostly relating to attack 
and release times and various control scheme implementa-
tions. Dynamic EQ has been applied to most loudspeaker 
types (e.g., acoustic suspension, bass reflex, bandpass, etc.) 
and the basic shape of the equalization curves have most 
often been based on simple underdamped high-pass filters, 
which boost and extend the lowest frequencies at low signal 
levels, and then reduce the gain of the boosted low frequen-
cies as the signal levels increase to the point of overdriving the 
low-frequency transducer. The reduction of low-frequency 
signal gain is tends to be fairly even for frequencies below a 
predetermined frequency where the speaker system becomes 
vulnerable to overload.

While this broadband gain reduction approach tends to 
match the needs associated with an acoustic suspension, or 
open baffle system, wherein the increase in excursion with 
reduction in frequency increases in a consistent manner. For 
resonant tuned systems, such as a bass reflex, the equalization 
curves don’t match the dynamic Xmax requirements versus 
frequency. It can be optimized to protect from overload, but 
at the tuning frequency, the output capability versus excur-
sion is much greater in a bass reflex system.

Addressing this issue is one of the main attributes of the 
Holman patent. For a vented system, to both protect the 
woofer transducer from excursion overload, and at the same 
time, maximize output at all bass frequencies, a compound 
dynamic filter contour can be more effective. At the vent 
tuning frequency, the vent output is maximized, and the excur-
sion of the woofer is minimized, by the Helmholtz resonance, 
such that from an Xmax standpoint, the transducer can 
accept substantially more input signal level than at frequen-
cies directly below and above the tuning frequency. 

So, for a vented system, one can see the gain curves versus 
bass frequencies (see Figure 2) is a more useful dynamic EQ 
filter shape, as the change in gain at the vent-tuning frequency 
is substantially unchanged over a significant range of input 
signal level. In the prior art acoustic suspension applications 
of dynamic EQ, the physical bass impact is substantially 
reduced during high-input signal levels. This issue is made 
even more problematic in that to minimize audible distortion, 
the release times of dynamic EQ systems can be quite long, 
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out the low-frequency range and can arrange it so that the 
dominant gain reduction occurs only at frequencies adjacent 
the vent tuning frequency, it keeps the energy at the vent tun-
ing frequency at full gain levels.

The first approach maintains high fidelity, and offers 
improvements in system output, but it is very program 
dependent relative to achieving that advantage. The second 
approach works on all program material and can maintain 
a certain level of physical bass impact, but creates a dynamic 
frequency response that, under high signal levels, can result 
in a “one-note bass” effect, similar to mistuned bass reflex 
systems. 

In the 1990s, I engaged the late Robert Williamson to 
develop the same type of dynamic EQ system, optimized 
for vented and tuned-pipe systems that utilized a unique 
control algorithm that integrated the advantages of the first 
and second implementation types enabling the realization of 
a full impact system while minimizing the audibility of the 
“one-note” or release-time sonic artifacts.

It is also interesting that in the von Recklinghausen patent 
the simple dynamic EQ slopes that work best with acoustic 
suspension systems were the only type disclosed. But in the 
AES paper (curiously absent from the thorough list of refer-
ences in the Holman patent), von Recklinghausen shows the 
KLH production speaker as a vented device and the illus-
trated dynamic EQ curves are contoured in a manner that 
appears to be better optimized for a vented system, similar 
to those suggested in the Holman patent.

While this optimization for use with vented systems is a 
strong point of the patent, it further discusses optimizing 
use with a variety of enclosure types. It also incorporates 
side-chain sensing, and/or prediction of forms of overload 
other than transducer Xmax, such as voice coil thermal 
limits, passive radiator linearity, vent/port air velocity, and 
audible clipping of the associated power amplifier.

The system can minimize any or all forms of distortions 
as they approach audible thresholds while at the same 
time providing a frequency-dependent maximization of 
the system output. These types of systems, even though 
they have  been around for many years, are just starting to 
come into their own, partially due to much greater recent 
interest because of the proliferation of small media audio 
systems and the need to realize the greatest possible appar-
ent output capability.

The patent and related references are an instructional 
read and the invention disclosed should be a useful and 
effective advancement in the dynamic EQ branch of 
signal processing. As an example, the technology, dubbed 
“BassXT,” can be found in the successful new Audyssey 
Audio Dock product.

As one last observation, in more than 30 years of study-
ing and developing patents, this is one of the only applica-
tions in this reviewer’s experience where all claims were 
allowed without a challenging office action. For those 
interested in developing patents, it is worth studying how 
the claims are organized relative to the prior art. Or, one 
might just want to hire Mr. Holman’s patent attorney, 
Kenneth L. Green, of Averill & Green. VC

compounding the effect of lack of bass impact during the 
large signal event, and continuing to suppress the entire low-
frequency range even after the signal gain is reduced.

Once one has some level of independent frequency control 
of the overload sending and the dynamic EQ curve, there is 
an opportunity to advantageously utilize the system to advan-
tage in two different ways.

One, if the high-signal level, low-frequency energy is cen-
tered at the vent tuning frequency, there is no need to reduce 
the gain over the whole low-frequency range and the system 
can maintain full low-frequency bandwidth and output, as 
opposed to having to reduce the entire low-frequency range 
unnecessarily.

Two, if the program material has high-level content through-
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Figure 2: U.S. Patent 8,019,088
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Test Bench
An AMT and Ribbon from 
Airborne Plus a Mid-Range 
Driver from Scan-Speak
by Vance Dickason

This month’s subjects for review came from Airborne 
and Scan-Speak. From Airborne, I received the RT-20021 

“mini” 1 in2 Air Motion Transformer (AMT) and the RT-4101 
planar open-back ribbon tweeter. From Scan-Speak, I received 
the new Discovery Line mid-range, the 5.25" 15M/4624G00.

The May issue of Voice Coil featured two of Solen Electronique’s 
new AMTs, the RT-5002 and RT-4001. This month they sent 
the last in this new series, likely the world’s smallest AMT every 
produced, the 1" × 1" RT-2021. As I mentioned last month, 
the original AMT high-frequency transducer was invented in 
the early 1970s by Dr. Oskar Heil. The original patent (U.S. 
3,636,278) was issued January 18, 1972, with the final patent 
(U.S. 4,160,883) issued July 10, 1979. Since the last of Dr. 
Heil’s patents expired in 1999, there has been a resurgence of 
AMTs in audio, notably the Adam Audio GmbH line of studio 
monitors and the Emotiva Professional line of studio monitors.

 AMTs operate on a different principle than voice coil driver 
transducers, ribbon transducers, and electrostatic transducers. 
Compared to other driver categories, the AMT moves air in 

Photo 1: The Airborne RT-2021
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Figure 1: Airborne RT-2021 impedance plot

an augmented, semi-perpendicular motion using a folded 
sheet (generally made of polyethylene, polyester, or polyimide), 
structured around a series of aluminum struts positioned in a 
high-intensity magnetic field that literally “squeezes” the air to 
produce sound. 

The Airborne RT-2021
 The RT-2021, like the Airborne RT-5001 and RT-4001, is a 

monopole device that features a cast aluminum faceplate with 
a nearly square 18.5 × 20-mm aperture opening, neodymium 
motor structure, a power-handling rated at 20 W, plus standard 
solderable terminals (see Photo 1). 

 I began analysis using the LinearX LMS analyzer to per-
form a 200-point, four-wire Kelvin type impedance curve (see 
Figure 1). This testing fixture zeros out the wire resistance 
between the analyzer and the DUT. The device does not have 
a defined resonance, and its impedance is nearly equal to the 
DCR, which measured 3.56 Ω.
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Figure 3: Airborne RT-2021 on and off-axis horizontal frequency 

response (0° = black, 15° = blue, 30° = green, 45° = purple)
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Figure 2: Airborne RT-2021 on-axis frequency response
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Figure 4: Airborne RT-2021 two-sample SPL comparison
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symmetrical in both directions. Figure 2 shows 
the on-axis response of the RT-20021. While the 
factory literature claims a sensitivity of 88 dB, this 
device is substantially louder with a sensitivity of 
more like 93–95 dB. The high-pass roll-off of the 
driver is –3 dB at 5 kHz, suggesting a crossover 
between 5–6 kHz as likely for this driver.

Figure 3 depicts the on- and off-axis frequency 
response from 0° to 45° in the horizontal plane, 
which exhibits an overall directivity similar to a 
typical 1" cloth dome tweeter. The two-sample 
SPL comparison, indicates the deviation between 
the two samples was 0.5–1 dB (see Figure 4).

 For the last group of measurements, I used 
the Listen, Inc. SoundCheck analyzer with the 
SCM microphone and SoundConnect pre-
amp/power supply (courtesy of Listen, Inc.). 
I set the SPL to 94 dB/1 m (1.3 V) using the 
built-in pink noise generator and SLM utilities, 
relocated the 0.25" SCM microphone to 10 cm 
from the faceplate of the RT-20021, and ran 
the distortion plot (see Figure 5). Note that the 

stimulus was limited to 4 kHz at its lowest frequency. 
 For the final measurement on the RT-4001, I performed 

an impulse measurement, imported it into the Listen, Inc. 
SoundMap software, windowed out the room reflections, and 
created the cumulative spectral decay plot (CSD) in Figure 6 
and the short-term fourier transform (STFT) in Figure 7.

The Airborne RT-4101
The next Airborne driver to be analyzed is the new RT-4101 

(see Photo 2). This device is an open-back ribbon tweeter with a 
94.5 × 9.5-mm aperture. Its features include a printed voice coil 
on a clear Mylar diaphragm, an injection-molded faceplate, a 

Figure 7: Airborne RT-2021 SoundMap STFT plot

Figure 6: Airborne RT-2021 SoundMap CSD graph

 Next, I mounted the RT-20021 in an enclosure with a 10" 
× 4" baffle area and proceeded to measure the on- and off-axis 
SPL using the LMS analyzer configured to generate 100-point 
2.83 V/1-m gated sine wave sweeps from 300 Hz to 40 kHz in 
the horizontal plane only. I didn’t do vertical on- and off-axis 
curves because this AMT is so nearly square, it should be mostly 

Figure 5: Airborne RT-2021 SoundCheck distortion plot
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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.



JUNE 2012 21

AMTs, this device does not exhibit a defined resonance, and its 
impedance is nearly equal to the DCR, which for the RT-4101 
measured 5.9 Ω.

Next, I mounted the RT-4101 in an enclosure with a 12" × 6" 
baffle area and proceeded to measure the on- and off-axis SPL 
using the LMS analyzer setup to produce 100-point 2.83 V/1-m 
gated sine wave sweeps from 300 Hz to 40 kHz in both the hori-
zontal and vertical planes. Figure 9 shows the on-axis response 
of the RT-4101. While the factory literature claims a sensitivity 
of 86 dB, this device has a sensitivity of more like 88 dB. There 
is some peaking in the response at 12 kHz , which is of no conse-
quence since it takes 5–8 dB of SPL change at those frequencies to 
be perceivable. However, this device is fairly flat out to 40 kHz, so 
for that level of perception at an octave above 20 kHz, this looks 
appropriate. The high-pass roll-off of the driver is –3 dB at 5 kHz, 
suggesting a crossover between 5–6 kHz as likely for this driver. 

 Figure 10 depicts the on- and off-axis frequency response 
from 0° to 45° in the horizontal plane. Figure 11 shows the 
same information in the vertical plane. Since the aspect ratio 
of the RT-4101 aperture is pretty extreme—like many rib-
bon transducers—there is substantial directivity in the vertical 
plane. The two-sample SPL comparison, indicates the devia-
tion between the two samples was 2–4 dB (see Figure 12).

 For the last group of measurements, I set up the SoundCheck 
analyzer with the SCM microphone and SoundConnect pre-
amp/power supply. With the SPL set to 94 dB/1 m (1.59 V) 
using the built in pink noise generator and SLM utilities, I relo-
cated the 0.25" SCM microphone to 10 cm from the faceplate of 
the RT-4101, and ran the distortion curves (see Figure 13). Note 
that the stimulus was limited to 2 kHz at its lowest frequency. 

 For the final measurement on the RT-4101, I performed an 
impulse measurement, imported it into the SoundMap software, 

stamped metal chassis with 20 5 × 2-mm open slots in the back 
for rear radiation, and a pair of solderable terminals.

I commenced analysis for the RT-4101 by performing a 
200-point impedance curve (see Figure 8). Like the Airborne 
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Figure 10: Airborne RT-4101 on- and off-axis horizontal frequency 

response (0° = black, 15° = blue, 30° = green, 45° = purple)
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Figure 8: Airborne RT-4101 impedance plot
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Figure 9: Airborne RT-4101 on-axis frequency response

Photo 2: Airborne’s new RT-4101 driver

Figure 12: Airborne RT-4101 two-sample SPL comparison
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Figure 11: Airborne RT-4101 on- and off-axis vertical frequency 

response (0° = black, 15° = blue, 30° = green, 45° = purple)
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Figure 14: Airborne RT-4101 SoundMap CSD graph

Figure 15: Airborne RT-4101 SoundMap STFT plot

Photo 3: Scan-Speak’s 15M/4624G00 mid-range driver

windowed out the room reflections, and created the CSD (see 
Figure 14) and the STFT (see Figure 15).

 For more information on these two high-frequency devices 
from Airborne, visit the Solen Inc. website at www.soleninc.com.

Scan-Speak’s 15M/4624G00
Moving on to the 5.25"-diameter 15M/4624G00, this 

driver represents the mid-range addition to the relatively recent 
and cost-efficient Scan-Speak Discovery line (see Photo 3). 
Small-diameter mid-range drivers used in three-way designs 
have always been an important product for Scan-Speak. The 

15M is built on a proprietary six-spoke cast 
aluminum frame that minimizes reflections 
off the frame back into the cone. Significant 
cooling is provided by six 23 × 6 mm “win-
dows” below the spider mounting shelf that 
enable air to flow across the frontplate and 
around the voice coil on forward excursions. 
Powering this 5.25" device is a conventional 
15-mm thick 85-mm diameter ferrite mag-
net, sandwiched between the polished front-
plate and rear T-yoke. The T-yoke also has 
a 7-mm diameter pole vent. Other features 
include a NRSC fiber glass curvilinear cone 
with a light damping coating on the back, 
rubber coated 1"-diameter phase attached 
to the pole piece, a very low-damping black 
foam surround, 3"-diameter black flat cloth 
spider, 1" (25 mm) diameter voice coil (alu-
minum former wound with round copper 
wire), an aluminum shorting ring (Faraday 
Shield), and gold-plated terminals.

 Testing commenced with the driver 
clamped to a rigid test fixture in free-air, 

voltage, and current sweeps taken at 0.3 V, 1 V, 3 V, and 6 V. 
Since this is a small diameter driver with the short Xmax of a 
mid-range (1.5 mm), I was surprised that the 6-V data was not 
too nonlinear for LEAP 5 to curve fit. The eight 550-point 
stepped sine wave sweeps for each 15M mid-range sample were 
post-processed and the voltage curves were divided by the cur-
rent curves (admittance) to create impedance curves. The phase 
was added using the LMS hyperbolic phase calculation method 
and, along with the accompanying voltage curves, uploaded to 
the LEAP 5 Enclosure Shop software. In addition to the LEAP 
5 LTD model results, I also created a LEAP 4 TSL model set 
of parameters using just the 1-V free-air curves. The final data 

Figure 13: Airborne RT-4101 SoundCheck distortion plot
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Figure 16: Scan-Speak 15M/4624G00 free-air impedance plot
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set, which includes the multiple voltage impedance curves for 
the LTD model (see Figure 16 for the 1-V free-air impedance 
curve) and the 1-V impedance curve for the TSL model, were 
selected and the parameters were created to perform the com-
puter box simulations. Table 1 compares the LEAP 5 LTD 
and TSL data and factory parameters for both of Scan-Speak 
4" samples.

Unfortunately, the LEAP parameter calculation results for 
the Scan 15M mid-range didn’t correlate well with the factory 
data, with the factory data having a significantly higher Fs, a 
lower Vas, and higher sensitivity. I’ve found that published data 
isn’t always updated throughout production, so sometimes this 
happens. Given the overall level of engineering integrity with 
Scan-Speak, I’m not too concerned about this. That said, I 
proceeded to set up computer enclosure simulations using the 
LEAP LTD parameters for Sample 1. I programmed in two 
sealed enclosures, one Butterworth and one Bessel response. 
For the first closed-box Butterworth simulation, I used a 131-ci 
enclosure with 50% fiberglass fill material, and for the second 
sealed box, a larger volume of 238ci with the same 50% fiber-
glass fill material.

Figure 17 displays the results for the Scan-Speak 
15M/4624G00 in the two sealed boxes at 2.83 V and at a 
voltage level sufficiently high enough to increase cone excur-
sion to Xmax + 15% (1.7 mm for the 15M). This resulted in 
a F3 = 144 Hz with a box/driver Qtc of 0.65 for the 131-ci 
closed box design and a –3 dB = 117 Hz and a Qtc = 0.55 for 
the 238-ci sealed box simulation. I conducted the two sealed 
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Figure 17: Scan-Speak’s 15M/4624G00 computer box simulations 

(black solid = sealed 1 @ 2.83 V; blue dash = sealed 2 @ 2.83 V; 

black solid = sealed 1 @ 7 V; blue dash = sealed 2 @ 5 V)

 TSL model LTD model  Factory

sample 1 sample 2  sample 1 sample 2

Fs 80.5 Hz 75.3 Hz 77.2 Hz 72.4 Hz  100 Hz

Revc 3.14 3.14 3.14 3.14 3.2

Sd 0.0080  0.0080 0.0080 0.0080   0.0080

Qms 5.83 5.57 5.67  6.03   5.62 

Qes 0.38 0.34 0.40 0.39   0.47 

Qts 0.36 0.33 0.38 0.37 0.43 

Vas 5.7 ltr 6.6 ltr 6.3 ltr  7.2 ltr   3.7 ltr 

SPL 2.83 V 90.8 dB 91.0 dB  90.4 dB 90.3 dB   92.4 dB 

Xmax 1.5 mm 1.5 mm  1.5 mm  1.5 mm 1.5 mm 

Table 1: Scan-Speak 15M/4624G00 mid-range driver

simulations because the Butterworth enclosure was almost too 
small to be practical, plus making the enclosure larger lowers 
the resonance enough to make designing a high-pass network 
less of a problem.

Increasing the voltage input to the simulations until the maxi-
mum linear cone excursion was reached generated a surprising 
(for a mid-range with no high-pass filter) 102 dB at 7 V for 
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Figure 18: Group delay curves for the 2.83-V curves in Figure 17

Figure 19: Cone excursion curves for the 7/5-V curves in Figure 17

Figure 20: Klippel analyzer Bl (X) curve for the Scan-Speak 

15M/4624G00

Figure 21: Klippel analyzer Bl symmetry range curve for the 

Scan-Speak 15M/4624G00
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Figure 22: Klippel analyzer mechanical stiffness of suspension 

Kms (X) curve for the Scan-Speak 15M/4624G00

Figure 24: Klippel analyzer Le(X) curve for the Scan-Speak 

15M/4624G00

Figure 26: Scan-Speak 15M/4624G00 on- and off-axis frequency 

response (0° = black, 15° = blue, 30° = green, 45° = purple)

Figure 23: Klippel analyzer Kms symmetry range curve for the 

Scan-Speak 15M/4624G00

the smaller sealed enclosure simulation and 98.5 dB with a 5-V 
input level for the larger sealed enclosure. See Figure 18 and 
Figure 19 for the 2.83-V group delay curves and the 7/5-V 
excursion curves. Very reasonable performance for a 5.25" mid-
range given this was “wide open” without the high-pass filter 
that will always be used with this product.

Klippel analysis for the Scan 15M mid-range driver produced 
the Bl(X), Kms(X), Bl, and Kms symmetry range plots given in 
Figures 20–23. The Bl(X) curve for the 15M (see Figure 20) 
is somewhat narrow and symmetrical, typical of short Xmax 
drivers, with a trivial coil-out (outward) offset. Looking at the 
Bl symmetry range curve in Figure 21, there is a 0.4-mm coil-
out (forward) offset that goes to 0.3 mm at the physical Xmax 
position (1.5 mm for the 15M), so very nice. Figure 22 and 
Figure 23 give the Kms(X) and Kms symmetry range curves 
for the 5.25" mid-range. The Kms(X) curve is even more 
symmetrical. Figure 23 shows a 0.15-mm coil-out offset at the 

rest position that decreases to 0.09 mm at the physical Xmax 
of the driver. Displacement-limiting numbers calculated by the 
Klippel analyzer for the Scan-Speak mid-range were XBl @ 82% 
Bl = 2.3 mm and for XC @ 75% Cms minimum was 3.6 mm, 
which means that for this 5.25" mid-range driver, the Bl offset is 
the most limiting factor for a prescribed distortion level of 10%, 
but both numbers are significantly beyond Xmax.    

Figure 24 gives the inductance curves L(X) for the 
15M/4624G00, which shows the inductance decreases as voice 
coil travels inward covering more of the pole piece, typical of a 
driver with a shorting ring installed—it is aluminum in the case 
of the 15M mid-range. The inductance swing from Xmax for-
ward to Xmax rearward is about 0.16-to-0.17-mH inductance, 
which is excellent.

With the Klippel testing complete, I mounted the 15M 
midrange in an enclosure that had a 15" × 5" baffle filled with 
foam damping material and proceeded to measure the driver 
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Figure 25: Scan-Speak 15M/4624G00 on-axis frequency 

response
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Figure 27: Scan-Speak 15M/4624G00 two-sample SPL comparison
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frequency response at 0°, 15°, 30° and 
45°. A 3-to-4.5-kHz crossover frequency 
would be appropriate for this Scan-Speak 
small woofer because –3 dB at 30° with 
respect to the on-axis curve occurs at 
4.5 kHz. Figure 27 gives the two-sample 
SPL comparisons for the 5.25" 15M 
driver, showing a good match within the 
15M’s operating range.

 For the last group of testing, I again 
fired up the SoundCheck analyzer, the 
SCM microphone, and power supply to 
measure distortion and generate time fre-
quency plots. Setting up for the distortion 
measurement consisted of mounting the 
woofer rigidly in free air, and setting the 
SPL to 94 dB at 1 m (1.16 V) using a pink 
noise stimulus. (Two of SoundCheck’s 
utilities are a software generator and SPL 
meter.) The distortion was measured with 
the SCM microphone placed 10 cm from 
the dust cap. This produced the distortion 

curves shown in Figure 28. 
 For the last test on the Scan 15M, I used the SoundCheck 

analyzer to get a 2.83-V/1-m impulse response for this 
driver and imported the data into Listen, Inc.’s SoundMap 
Time/Frequency software. The resulting CSD waterfall 
plot is shown in Figure 29 and the Wigner-Ville (for its 

frequency response both on- and off-axis from 300 Hz to 
40 kHz at 2.83 V/1 m using a 100-point gated sine wave 
sweep. Figure 25 shows the 15M’s on-axis response, 
resulting in a very flat rising response that is ±1.68 dB 
from 300 Hz to 4.5 kHz with a small peak just before 
the low-pass roll off. Figure 26 has the on- and off-axis 

Figure 28: Scan-Speak 15M/4624G00 SoundCheck distortion plots
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Figure 29: Scan-Speak 15M/4624G00 SoundCheck CSD Waterfall plot

 

Test Bench is an open forum for OEM driver manufacturers in 
the industry and 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 representative of their 
work is welcome to send samples. 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 information 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 S. State Street, #152
Lake Oswego, OR 97034
(503-557-0427)
vdc@northwest.com

Submit Samples to Test Bench

better low-frequency performance) plot is shown in Figure 30. 
Visit the Scan-Speak website at www.scan-speak.dk for more 
information. VC

Figure 30: Scan-Speak 15M/4624G00 SoundCheck Wigner-Ville plot
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Industry Watch
By Vance Dickason

Pioneer in Musical Instruments Dies

Jim Marshall, the founder of Marshall Amplification 
and one of the pillars of the musical instrument industry, 
has died at the age of 88. Jim started his career as a Vox 
dealer with his retail “Marshall Music” store in Hanwell, 
a London, England, suburb. He started making amps 
in the basement of his store, borrowing heavily from 
the Fender amp designs of the era. However, Marshall’s 
amps added another pre-amp tube for higher gain and a 

smooth overdriven tone. He started Marshall Amplification 
in 1960, and by 1967, the amps caught on with rock music’s 
elite, including Jimi Hendrix, Jimmy Page, Jeff Beck, and 
Eric Clapton. Marshall’s tube amplifiers with Celestion 
speakers quickly became the sound that defined rock guitar. 
His fame grew over the years through the launch of several 
now legendary products such as the JTM, JMP, and JCM. 
Marshall recently started releasing a series of limited-edition 
products. Jim will be missed.

ALMA Driver Awards: 
Take Two

Voice Coil (April 2012) 
featured the recipients 
of the ALMA Driver 
Awards. Unfortunately, 
the captions got reversed 
for Peter Larsen and Alex 
Voishvillo, so here they are 
again. Sorry gentlemen!

Turbosound Ltd. Earns 
Innovation Award

A design innovation that 
delivers better sound qual-
ity to a wider concert audi-
ence has won West Sussex, 
UK-based manufacturer, 

18TBW100.

Next generation ferrite.
 

Deeper thinking.
The new 18TBW100 subwoofer from B&C clearly 
takes 18" ferrite Subwoofer performance to the 
next level. The unique 100mm, split voice coil has a 
significantly deeper winding than any of our current 
ceramic woofers. This provides more output, improved 
linearity, superior Xmax, better long term reliability and a 
higher continuous power rating.
 
The 18TBW100. Extreme performance, excellent value.
 
Tradition. Dedication. Knowledge.

B&C SPEAKERS spa

via Poggiomoro 1, località Vallina
I-50012 Bagno a Ripoli (Firenze)  
tel. +39 055 65721
fax +39 055 6572312  
mail@bcspeakers.com

www.bcspeakers.com made in Italy

Jim Marshall pictured among his amplifiers

Alex Voishvillo

Peter Larsen
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Turbosound Ltd., a 2012 Queen’s Award for Innovation. 
This is the third Queen’s Award the company has earned 
in its 30-year history of creating high-performance tour-
ing loudspeaker products. The company also won 1987 
and 1997 Export Achievement Awards, which were 
granted in recognition of exceptional consecutive years 
of export growth. The company has recently launched 
a new flagship sound system using this new technology 
for concert tours and at music festivals. The system is 
named Flashline in recognition of an earlier product used 
for Pink Floyd’s landmark Division Bell world tour, and 
it earned the company its second Queen’s Award. The 
system combines the Polyhorn and Dendritic waveguides 
in a multi-drive unit loudspeaker system, delivering a Hi-Fi 
listening experience to audience members. 

2012 CEDIA Expo Set for September
This year, like most others, is going by fast. The 2012 

CEDIA Expo will be held this year from September 5–8, 
at the Indianapolis Convention Center, Indianapolis, 
IN. Registration opened May 30. This year’s show brings 
back the popular Future Technology Pavilion, featuring, 
among other new technologies, near field communica-
tion. For more information, visit the CEDIA Expo web-
site at www.cedia.net/expo.

SEAS USA Closes Its Offices
SEAS USA announced that longtime representative 

for SEAS, John Stone, resigned his position as manager 
of SEAS USA as of June 1, 2012, and turned over the 
day-to-day administration of U.S. and Canadian sales 
operations directly to SEAS headquarters in Norway. 
With the closing of the SEAS USA sales office, SEAS 
USA will also discontinue its U.S. post office box, the 
SEAS USA phone number, the mailing address in Lake 
Forest, IL, and the post office box in Lake Bluff used for 
direct deposit of payments for customer invoices. After 
June 1, the main contact person for all U.S. and Canadian 
accounts became Olav Arntzen. He can be contacted at 
olav@seas.no. To make this transition as convenient as 
possible for SEAS customers, the company asks that you 
direct all communications to Olav, including product 
orders, technical issues, sample requests, and so forth. He 
will forward these inquiries to the appropriate person(s) 
at SEAS. He can be reached by phone at (011) 47 94 00 
28 10. There is a six-hour time difference for calls from 
the East Coast and a nine-hour difference from the West 
Coast. For this reason, the company suggests you use 
e-mail as the primary means of contact.  

On a personal note, John would like to everyone for the 
support and kindness shown to him and to SEAS over 
the past 18 years. While John will be stepping away from 
the daily activities, he plans to remain actively involved 
with SEAS on a more informal level. John might still be 
found at  various shows like CEA and RMAF, and on the 
occasional customer visit, accompanying Olav and other 
SEAS personnel. If there are any questions or comments, 
contact John by e-mail at john.stone@seas.no. For more 
information, visit the SEAS website at www.seas.no.

IKEA Teams Up with TCL
As if there weren’t enough competitors in the loudspeaker 

market place, Swedish furniture retailer IKEA has teamed 
up with TCL—one of China’s largest TV manufacturers 
(the company also manufactures speaker systems and Blu-
ray players)—to develop and manufacture its new living 
room concept of complete TV solutions, including TV, 
sound, and furniture. IKEA began offering an integrated 
A/V electronics/furniture system line, called Uppleva, in 
five European cities in June. IKEA will offer it in seven 
European countries this autumn and in its remaining 
markets in the summer of 2013.

GGEC Joins WiSA’s Advisory Board
The Wireless Speaker and Audio (WiSA) Association 

has announced a new advisory board member, Guoguang 
Electric Co., Ltd. (GGEC), the vertically integrated audio 
and speaker design and manufacturing company head-
quartered in China. GGEC joins fellow advisory board 
members Aperion Audio, DEI Holdings, Inc. (parent 
company to Polk Audio and Definitive Technology), 
Hansong Electronics Co., Klipsch Group, Inc., Meiloon 
Industrial Co., Pioneer Corp., SHARP Corp., Silicon 
Image, and Summit Semiconductor to promote and 
deliver products that offer interference-free, wireless 
surround-sound audio and to provide guidance on future 



JUNE 2012 29

technology specifications.
The WiSA Association was founded to advance the 

adoption of wirelessly transmitted high-definition (HD) 
surround-sound audio in the home theater environ-
ment by establishing the industry’s first interoperabil-
ity specification and compliance testing programs for 
manufacturers of high-performance wireless speakers, 
DTVs, Blu-ray disc players, and other consumer elec-
tronics (CE) devices. Consumers will be able to outfit 
their home entertainment system with WiSA-compliant 
speakers and components from any participating vendor 
with the assurance that the devices will interoperate with 
each other and provide the highest standard in HD wire-
less surround sound audio.

The WiSA Association advisory board is currently 
reviewing the compliance test specifications and plans 
to deliver a 1.0 version in the third quarter of 2012. 
Vendors who receive WiSA compliance will have the 
advantage of being first to market with an interference-
free, HD wireless surround sound audio system, sig-
naling to consumers that their products are reliable, 
flexible, and interoperate with other WiSA-compliant 
components and CE devices.

Opportunities to participate in the WiSA Association 
exist for members and associate members. Companies 
and organizations interested in joining the group are 
welcome to contact the Association. The application to 
join and information about membership fees is available 
at www.wisaassociation.org.

Harman Upgrades A/V Demonstration Facility 
Harman’s luxury audio group upgraded its A/V dem-

onstration facility in Northridge, CA—where Harman 
also operates its speaker engineering, testing, and lis-
tening laboratories. The Eargle Theater demonstration 
facility, named after JBL audio engineer John M. Eargle, 
features a high-end JBL Synthesis Everest multichannel 
home-theater system based around JBL’s Project Everest 
DD66000 speakers. The new demo facility will be a 
resource for dealers, systems integrators, other industry 
professionals, and employees who want to hear and see 
what today’s best audio/video components can deliver, 
according to the company.

The demo facility’s speakers include: three Project 
Everest DD66000 speakers (left, center, and right), six 
S4Ai surround speakers, and four S1S-EX 18" THX 
Ultra2 subwoofers. The electronics include a Mark 
Levinson No.502 media console/surround processor 
and seven bridged JBL Synthesis S820 (1 × 800 W) 
amplifiers for the left, center and right speakers and 
subwoofers. A JBL Synthesis 7 × 160-W amp powers 
the S4Ai surround speakers. A JBL Synthesis SDEC-
4500 equalizer features 256 bands of adjustable para-
metric 24-bit/96-kHz digital EQ and up to 12 input 
and 20 output channels.

Video is handled by a Lumagen Radiance XE-3-D 
video processor, Digital Projection International Titan 
3-D three-chip DLP projector, and a Screen Research 

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.  
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North American Distributor: European Distributor:

Now Available and in Stock!
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wireless and broadband subscription growth at 15%.

Consumer Confidence in Technology Improves
Consumer confidence in technology improved in 

March, reaching its highest point so far in 2012, accord-
ing to the latest Consumer Electronics Association 
(CEA) Index. Consumer confidence in the overall 
economy dropped slightly in March. 

Consumer confidence in technology reached 88.9 
points, its highest level since setting an all-time high 
of 93.6 points in December 2011. The CEA Index of 
Consumer Technology Expectations (ICTE)—which 
measures consumer expectations about technology 
spending—is up more than three points from February 
and is more than 10 points higher than this time 
last year. Consumer confidence in the overall econ-
omy dropped slightly in March. The CEA Index of 
Consumer Expectations (ICE) fell a percentage point 
to 173.6. ICE, which measures consumer expectations 
about the broader economy, is up more than 12 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. 

New data is released on the fourth Tuesday of each 
month. The CEA has been tracking index data since 
January 2007. To find current and past indexes, 
charts, methodology, and future release dates log on to 
CEAindexes.org. VC

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

180" X-Mask screen. Integrated A/V control is provided 
by a Savant automation system. The room design, seating, 
and acoustical treatment are by Acoustic Innovations.

Best Buy Reports Fourth Quarter Loss
Best Buy reported a $1.7 billion loss in its fiscal fourth 

quarter due to $2.6 billion in one-time charges. The 
charges were related to last year’s buyout of its mobile 
business profit share agreement from European partner 
Carphone Warehouse and the closure of its big-box 
stores in Great Britain. The company is also taking 
what CEO Brian Dunn described as “major actions” to 
cut $800 million in costs over the next three years and 
improve its operating performance.

Total revenue for the three months, ended March 
3, 2012 was $16.6 billion, an increase of 3%, while 
computer store sales declined 2.4%. In the U.S., total 
revenue rose 4.2% year over year to $12.6 billion, and 
comp store sales slipped 2.2%. Online sales increased 
2% during the quarter, which included the critical holi-
day sales month of December. For the full fiscal year, the 
company lost $1.2 billion, while total revenue rose 1.9% 
to $50.7 billion and computer store sales slipped 1.7%.

Looking ahead to the current fiscal year, Best Buy 
expects total company revenue to remain flat at $50 
billion to $51 billion, reflecting comp declines of 2% to 
4%. In the U.S., it is forecasting e-commerce growth 
of 15% and growth in services of 10%. It is targeting 
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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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flexibility. Its intuitive graphical 
interface makes it simple to set up 
any test you want – whether it’s a 
sophisticated R&D test or a quick 
production line check. And with the 
ability to add hardware, modules, 
channels and pre-written test 
sequences, SoundCheck flexes with 
your changing test requirements.

Production needs to run fast – and so 
does your test system.  SoundCheck 
sets a record pace, running a full 
loudspeaker test in less than 1 
second. It also offers high reliability 
and excellent noise immunity, 
integrates with large test environ-
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operated automatically.

When it comes to powerful measure-
ment and analysis, Soundcheck 
raises the bar. With a 17 year history 
of firsts in audio measurement, from 
the concept of soundcard based 
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specialized algorithms to the latest in 
perceptual distortion measurement, 
SoundCheck sets the standard in 
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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





8 VOICE COIL

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.  
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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)
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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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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.
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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 
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 Figure 3: U.S. Patent 8,170,268
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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)

300  Hz 500 1K 2K 5K 10K 20K 40K

dBSPL

30

35

40

45

50

55

60

65

70

75

80

85

90

SPL vs Freq

300  Hz 500 1K 2K 5K 10K 20K 40K

dBSPL

30

35

40

45

50

55

60

65

70

75

80

85

90

SPL vs Freq

300  Hz 500 1K 2K 5K 10K 20K 40K

dBSPL

30

35

40

45

50

55

60

65

70

75

80

85

90

SPL vs Freq

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 
������%�|�����	�
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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. 

]���_|$$�
�$����������Y�
�����Y����������������
tweeter is light, fast and features wide dispersion. 
The speaker is rated to handle maximum power of 
75 W, and it delivers a frequency response of 55 Hz 
����$�`>?�������������
�
������������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���
� ��	
��
���	��
��Y���
Y��`�	
��Q���� �������
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!

Be a part ofthe action –

Association of Loudspeaker
Manufacturing & Acoustics International

WINTER SYMPOSIUM, JAN. 6 & 7, 2013, LAS VEGAS
ALMA is the only international trade association dedicated
to improving the design and manufacture of loudspeakers.         Tel: (503) 557-0427    vdc@northwest.com 
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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.
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ALMA Announces Winter Symposium 
Seminars

The Association of Loudspeaker Manufacturing & 
Acoustics (ALMA) International Winter Symposium 
program, “Product Development in the Global 
Paradigm: Acoustic Modeling, Measurement, and 
Manufacturing in the Modern Marketplace,” will 
feature two half-day training seminars, back-to-
back, on Sunday, January 6, 2013. The topics 
are “Moving Coil Transducer Motor Design” and 
“Miniature Speakers and Microphones.” 

“Moving Coil Transducer Motor Design” will be 
presented by Richard Little, founder and owner 
of Far North Electroacoustics. The seminar will 
cover designing the magnetic motors of moving 
coil transducers, which can involve many differ-
ent issues, and design engineers' decision-making 
processes. It will review many topics involved 
in motor design, including: motor design objec-
tives, magnet material types and grades, typical 
magnetic motor design topologies, the permanent 
magnet magnetization process, thermal demag-
netization, voice coil design and design options, 
voice coil inductance, the analysis of motor design 
through physical equations and finite element 

analysis, methods for measuring magnetic motor 
performance, and nonlinear motor behavior in gen-
eral. Case studies and examples will illustrate and 
illuminate each topic.

“Miniature Speakers and Microphones: Design and 
Application” will be presented by Osman Isvan. 
Special operating conditions and handheld device con-
straints make microspeaker design a unique discipline. 
Headphone drivers require special test methods due to 
their unique acoustic coupling. Two-way communica-
tion environments introduce additional parameters, 
audio DSP shuffles acoustic design priorities, high 
component density leads to unwanted interactions, 
and super miniaturization of microphones makes 
SNR targets more challenging to meet. The seminar 
explores omnidirectional and noise-canceling micro-
phones and discusses SMT, ECM, MEMS, and digital 
and analog microphone technologies.   

Richard Little, well-known throughout the loudspeak-
er industry for his scholarly approach to design, found-
ed Far North Electroacoustics at the beginning of 2012 
with the mission of helping the firm’s customers design 
better products through the use of advanced analysis, 
design, and measurement tools (see Photo 1). Richard 
has worked in the loudspeaker engineering field since 
1995. He worked at Boston Acoustics for two years, and 
in Bose’s automotive systems division for eight years. 
He joined Tymphany, based in Huizhou, Guangdong 

By Vance Dickason



Great designs...

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 fi rst broadband constant 
directivity loudspeaker system for the home.

This brilliantly conceived and executed curved line array features capable, 
durable, low-distortion Dayton Audio ND Series woofers. For more 
information about the CBT36 speaker project or the Dayton Audio ND 
Series woofers visit:

deserve great parts

725 Pleasant Valley Dr. Springboro, OH
Tel: 800-338-0531

Distributed By:

- 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

Dayton Audio ND91



New 4" BeX™ Diaphragm Assembly for 
Large Format Compression Drivers
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Genuine Beryllium
for Maximum Value
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Province, China, in 
2005. There he helped 
develop advanced R&D 
and future designs for 
Peerless-branded audio 
products. He moved to 
Tymphany’s China facili-
ties in 2006, where he 
managed an engineering 
group for many years. 

Richard’s expertise 
includes audio transduc-
er engineering, magnet-
ics engineering, acoustic 

circuit modeling, multiphysics finite element analysis 
(e.g., electromagnetics, structural, and acoustic), sta-
tistical analysis, and reliability engineering. His audio 
industry experience includes developing products for 
automotive OEM, home theater, multimedia, automo-
tive aftermarket, consumer electronics, and profes-
sional sound products. Aside from audio, Richard 
researched magnetic sensor designs for the oil and gas 
industry, analyzed network flow in water distribution 
networks, and contributed some concept component 
designs for a proposed nuclear accelerator expan-
sion. Richard has published peer-reviewed papers in 
the fields of acoustic engineering and non-destructive 
evaluation/testing. He is listed as an inventor on sev-
eral patents in electroacoustic transducer design. He 
holds a BSc in Honors Physics from the University of 
British Columbia (1992), and a MSc in Physics from 
Queen’s University at Kingston (1995), specializing in 
the field of Applied Magnetics.

Osman Isvan, a renowned inventor and audio 
systems engineer, has been an acoustics and audio 
professional for 30 years (see Photo 2). He designed 
consumer products with microspeakers and micro-
phones for 15 years. Osman received an BS from the 
Istanbul Technical University and later earned a MS in 
Mechanical Engineering from Tufts University, special-
izing in vibrations and acoustics. For the following 15 
years, Osman was a research engineer at Bose, where 
he helped design loudspeaker drivers and developed a 
computer model to simulate and analyze the acoustic 
field created by vibrating 
diaphragms. He also built 
a scanning laser vibrom-
eter system to test loud-
speaker and headphone 
drivers. In 1998, Osman 
joined Gibson Guitar in 
Nashville, TN, where he 
designed a multi-axis 
pickup for the com-
pany’s first guitar with 
digital audio interface. 
In 2000, Osman moved 
to California and became 

an acoustics engineer for Plantronics, where he worked 
on telecommunication headsets and stereo head-
phones. Since 2009, Osman has been an audio sys-
tems engineer at Palm and Hewlett-Packard, specializ-
ing in performance optimization of miniature speakers 
and microphones, and the parameter tuning of audio 
systems of smartphones. 

Osman has authored technical papers on audio sig-
nal processing, vibration damping, and guitar pickups. 
He is an inventor with eight patents on compact loud-
speakers, miniature speakers, guitar pickups, noise 
reduction, echo cancellation, microphones, earphones 
and headsets.

The ALMA Winter Symposium will take place Sunday, 
January 6, and Monday, January 7, 2013. It will be held 
at The Tuscany Suites & Casino, 255 East Flamingo 
Road, Las Vegas, NV, before the Consumer Electronics 
Show. The program, “Product Development in the 
Global Paradigm: Acoustic Modeling, Measurement, 
and Manufacturing in the Modern Marketplace,” will 
expand to cover related technologies such as micro-
drivers, microphones, hearing aids, and other trans-
ducer-related technology. 

New symposium co-chairs, Peter Andrews of 
Materion Electrofusion and Mark Beach of Dyne 
Analytics are excited to feature these two experienced 
experts in back-to-back seminars. Feedback from past 
symposium attendees shows that many would like to 
attend more than one training, but have been unable 
to because the training seminars have been scheduled 
at the same time. This schedule enables both semi-
nars to be attended. 

 The Winter Symposium, which is the largest event 
held in the world entirely dedicated to the loudspeaker 
industry, will feature training courses covering various 
aspects of modeling, measurement, and manufactur-
ing in today’s multinational, cooperative environment. 
There will be technical paper presentations, tuto-
rial sessions, round table and panel discussions, an 
exhibit hall showcasing suppliers to the industry, and 
an annual banquet where the now-famous “Driver 
Awards” will be presented to deserving recipients. 
Additional program details will be announced soon and 
will focus on the challenges our industry faces with 
multiple locations worldwide.

Attendees can reserve hotel rooms by calling the 
Tuscany room reservations department at 877-887-
2261. Ask for ALMA Winter Symposium group rates, 
which are $55 per night, Sunday through Thursday, 
and $99 per night, Friday and Saturday. Exhibitor 
and attendee registration information will be posted 
in September. To receive future updates or join the 
mailing list go to www.almainternational.org “About 
ALMA.” 

ALMA Winter Symposium 2013 Call for Papers
A call for papers has been issued for ALMA 

International’s 2013 Winter Symposium. The program,Photo 2: Osman Isvan

Photo 1: Richard Little
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“Product Development in the Global Paradigm: 
Acoustic Modeling, Measurement, and Manufacturing 
in the Modern Marketplace,” now includes topics such 
as microdrivers, microphones, hearing aids, and other 
transducer-related technologies. Technical papers are 
invited. Abstracts will be evaluated on the basis of 
overall quality and relevance to the symposium’s 
theme, relevance and value to the industry, and prac-
tical feasibility and usage of the topics and informa-
tion presented. Each paper session is scheduled to 
last 30 min., and up to four papers will be selected. 
Papers submitted to ALMA must include:

�� A title
�� An abstract/summary, which must be 75-word or 

less and suitable for reprinting in pre-symposium 
promotional literature

�� Each presenter’s name, address, phone number, 
and a short biography 

�� 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 abstract submissions is 
October 15, 2012. Notification of presenters will be 
sent by October 31, 2012. Presenters must supply 
copies of their presentations in electronic format 
(e.g., PowerPoint, MS Word, or PDF) by December 
15, 2012. Submissions should be e-mailed to man-
agement@almainternational.org. 

New Ferrite Drivers from FaitalPRO
FaitalPRO has added several more additions to its 

new FaitalPRO Ferrite product range: the HF105 com-
pression driver, the HF107 compression driver, and the 
FD371 bullet horn tweeter.

HF105 Compression Driver
The HF105 compression driver has a 91-mm total 

diameter, a 37-mm voice coil, a Ketone polymer ring 

diaphragm, and a radial phase plug (see Photo 
3). Its weight, despite the use of a ferrite magnet 
assembly, is 1.1 kg, while it has an elevated efficien-
cy capable of an average 107 dB from 1.4 to 20 kHz. 
The minimum recommended crossover frequency is 
at 1.7 kHz, with a nominal power rating of 40 W and 
a maximum of 80 W. It is suited for medium- and 
small-sized two-way enclosures and inline arrays, 
coupled with a 12" or less woofer. The HF105 rep-
resents the ferrite version of the HF104 neodymium 
driver and it retains the mechanical and acoustic 
characteristics from the original version with a slightly 
different tonality through its optimized ferrite magnet 
assembly.

HF107 Compression Driver
The HF107 is the second new model in the high-

frequency range measures 120-mm in diameter and 
is basically the “big brother” of the FaitalPRO HF105 
(see Photo 4). This model is a ferrite compression 
driver with a 44-mm voice coil, and a Ketone polymer 
ring diaphragm structure coupled with an innovative 
single-slot annular phase plug. The average efficiency 
level is 109 dB from 800 Hz to 20 kHz. The recom-
mended minimum crossover frequency is at 1 kHz and 
the nominal power is 70 W with a maximum power 
of 140 W. The HF107 is recommended in two-way 
applications of a certain “importance,” or powerful line 
arrays with a 12”/15” woofer. It weighs 2.4 kg. A lot of 

Photo 3: The HF105 
compression driver

Photo 4: The HF107 
compression driver
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care was taken in the 
study of the single-slot 
annular phase plug to 
guarantee regularity in 
the response on the 
whole bandwidth while 
keeping an excellent 
extension toward high 
frequencies.

FD371 Bullet Horn 
Tweeter

The FD371 model is 
a bullet-phase plug pro 

sound tweeter that incorporates its own aluminum 
horn (see Photo 5). This model also incorporates 
a ferrite magnet assembly, a 37-mm voice coil, a 
Ketone-polymer ring diaphragm, ahorn loaded with a 
phase plug, an average efficiency of 107 dB on a fre-
quency range from 2.5 to 20 kHz, and an impressive 
minimum crossover frequency at 2.5 kHz. Its nomi-
nal power rating is 35 W with a maximum power at 
70 W, with a nominal directivity of 40° conical. It 
boasts a much extended response with greatly con-
trolled directivity at the highest frequencies. The 
tweeter can be employed in multiple-way applica-
tions, even with very high crossovers (5, 6, and 7 
kHz). However, it can also be used for medium-sized 
two-way systems as well, given that it can be used 
down to very low frequencies for this type of product. 
This ferrite magnet weighs 1.2 kg, has a squared 
flange with rounded corners, and is 102 mm. 

For more information, visit www.faitalpro.com.

New R&D Team for LOUDSOFT
LOUDSOFT has announced the addition of Dr. Yu 

Luan to its staff. Yu received his PhD from the Technical 
University of Denmark (Copenhagen) in 2011. His 
thesis, “Modeling Structural Acoustic Properties of 
Loudspeaker Cabinets,” was done in cooperation with 
Bang & Olufsen (B & O). 

An improved smearing technique was developed to 
make the FEA calculations considerably more efficient. 
Yu is presently manager of R&D at LOUSDSOFT and 
specializes in advanced mechanical and acoustical 
development. During the past six months, Yu and 
Peter Larson have created new speaker and alarm 
solutions. Working with microspeakers, these trans-
ducers must be thin and powerful with high sensitivity. 
That is a fight against nature because the diaphragm 
normally has to be very deep to have enough mechan-
ical strength. Only through extensive mechanical and 
acoustic FEA modeling can the designer optimize the 
thin diaphragm. 

A special 3-D pattern may be introduced to reduce 
breakup in the diaphragm without compromising the 
low-frequency performance. Normally, this requires 
heavy computing power using the most advanced 

Photo 5: The FD371 bullet 
horn tweeter

��������	™ 
Upgrade 2012

www.loudsoft.com
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FEA software. Yu invented a new effective calculation 
method during his time at B & O, and he has man-
aged to improve the 3-D pattern of the microspeaker 
diaphragm. For alarm speakers, LOUDSOFT’s new 
design provided 12-dB higher output compared to the 
previous alarm transducers. For more information, 
visit www.loudsoft.com.

Reformulated Loctite Adhesives Resist 
Higher Temps & Higher Humidity

Recent technical upgrades from Henkel have 
enhanced the performance of surface insensitive 
and low-odor/low-bloom Loctite instant adhesive 
products. Loctite 401, Loctite 406, and Loctite 454 
surface-insensitive instant adhesives now offer reli-
able long-term performance at elevated operating 
temperatures to 250ºF. Loctite 403, Loctite 408, 
Loctite 455, and Loctite 460 instant adhesives are 
the first low odor/low-bloom products to maintain 
bond strength in high-humidity environments while 
delivering temperature resistance to 200ºF. 

For high-temperature applications, the three sur-
face insensitive Loctite instant adhesives form a 
fixture in 15 s or less and retain their high-bond 
strength at temperatures up to 250ºF. All three prod-
ucts rapidly cure on dry or acidic surfaces and reliably 
bond to a variety of substrate (e.g., including metals, 
plastics and elastomers). Medium-viscosity/general-

purpose, water-thin wicking, and non-drip gel formu-
lations are available for a range of applications.

Ideal for applications where the end product aes-
thetics are critical, low-odor/low-bloom instant adhe-
sives minimize the frosty white film that sometimes 
develops near the bond line of traditional instant 
adhesives. The reduced chemical smell enables these 
low-odor formulations to work well in confined spaces 
or areas with low air flow. Low-odor/low-bloom 
products are available for gap filling, wicking into 
tiny spaces, bonding porous surfaces, and bonding 
close-fitting parts. All four products cure on dry or 
acidic surfaces, and bond to a wide range of sub-
strate materials. Visit the new www.instantsolutions.
loctite.com site for more information or to download 
a product brochure,. Also, check out the Loctite 
LT3273 Speaker Adhesives Assembly Guide, a free 
downloadable pdf (www.loctite.ph/php/content_data/
LT3273_Speaker_Assembly_Adhesives_Guide.pdf).

New Survey of Corporate Column Arrays
Corporate TechDecisions, part of EH Publishing, 

publishes various technical “guides” for corporate 
consumers. What caught my attention was a new 
“TechDecision Guide to Column Loudspeakers,” which 
is intended to help business owners make decisions 
about column arrays for larger business venues. 
There were 23 manufacturers’ speakers listed in this 
guide:

�� Alcon’s Audio QB363
�� Alcon’s Audio QM18
�� Alf audio MQ 100L
�� Bose Panama MA12 mid/high modular line array
�� Bose Panama MA12EX full-range modular line 

array
�� Community ENTASYS high-performance/indoor/

outdoor column system
�� EAW DSA250i two-way, full-range, digitally steer-

able array
�� Frazier Loudspeakers CAT 2 × 7 dual arrays
�� JBL CBT 70J-1 system
�� JBL CBT 50LA
�� JBL CBT 100LA
�� K-Array KJ50VB
�� RCF L2406-T three-way speaker column array
�� RCF TTL11A digitally steerable array
�� RCF VSA 2050, digitally steerable sound column 

speaker
�� Ranks-Heinz ICONYX
�� Sound tube RS102i 10” three-way open-ceiling 

Speaker
�� Annoy I series-controlled dispersion surface mount
�� TOA Type H slim column arrays

If your company’s product didn’t make it in the 
guide, contact TechDecisions. For more information, 
visit www.CorporateTechDecisions.com. VC
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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.
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 Spotlight

A Visit to Shenzhen Horn 
Audio

Attention Voice Coil readers: the periodical’s focus is
 expanding. In the past, articles spotlighted speakers

for home theater, whole-house audio, auto sound, and 
professional audio. Today, our horizons now encompass 
microspeakers, headphones, and microphones. With no 
other western trade publication covering these topics 
from an OEM and ODM perspective, it seems appropriate 
that Voice Coil takes the lead! 

Shenzhen Horn Audio  is a specialist in mic cap-
sules, microspeakers, earphones, and headsets. This 
profile honors the company’s 15th anniversary. While 
there are many microspeaker and mic manufacturers 
in Asia, Horn has a number of special skills to interest 
readers. Useful and atypical products include low-
cost measurement mics used by most of the auto-EQ 
receiver brands as the in-box test mic; cost-effective, 
low-noise mics used for ANC earphones/headphones; 
and precision-matched mics used for mic arrays. 
Though Horn started as a component supplier, it has 
evolved into a total solution audio company, offering 
complete ODM/OEM design/build services. It has a 
strong position in unified communications ODM and 
OEM headsets (for applications and protocols such as  
Skype and Lync) and MEMs mics, and ECM mics in a 
MEMs form factor.

Founded in 1997, Horn received ISO9001 (2000) 
certification in its first year. Today, Horn’s certifications 
include ISO9001, ISO14001, and OHSAS18001, with 
TS16949 pending. Initially, Horn’s focus was ECM mic 
capsules. From the start, Horn invested in research, 
rather than emulating others. In 2002, Horn attended 
the 11th International Symposium on Electrets (ISE11) 
as China’s sole electroacoustic representative. With a 
mix of Chinese scientists and western help, Horn is 
well positioned to take advantage of new technologies.  
Consultants for Horn include Dr. James E. West of Johns 
Hopkins University in Baltimore, MD, and Dr. Gerhard 

M. Sessler of the Darmstadt, co-inventors of the mod-
ern electret mic.  

In 2005, Horn was awarded its first patent. Horn 
now has more than 110 patents on diverse aspects of 
electroacoustic transducers.

Factory Tour
Over the years, I have visited Horn’s Shenzhen 

operation (shown in Photo 1) many times for client 
projects. Its factory meets industry clean room stan-
dards and contains a state-of-the-art automatic micro-
phone assembly facility for repeatable quality and per-
formance. Looking through the glass at the production 
area, its production team can be seen wearing space 
suits (suited up for the clean room). It looks more like 
a science fiction movie than the usual Shenzhen factory 
(see Photo 2).

Horn has the in-house capability to develop other 
automated equipment and to design and produce molds 
for custom plastic parts (see Photo 3). Every mic 
capsule is tested in an automated acoustic tester and 
sorted for customer-specific parameters. (This is one of 
the reasons Horn was selected for the auto-EQ test mic 
application.) But, automatic testing and sorting is also 
ideal for precision-matched mic arrays.

In April 2011, Horn opened its second factory, 
Nanchang Haozhun Electronics in the city of Nanchang 
in the Jiangxi province, a one-hour flight from Shenzhen. 
Haozhun’s 33,300 m2 factory houses advanced surface 
mount (SMT) equipment and automatic mic production 
lines. Horn also has nearly 50 acres of land nearby for 
future development. Horn has started construction on 
new corporate headquarters in Pingshan, which will 
have provisions for thousands of workers including dor-
mitories and support staff.

Sales & Marketing
Horn has exhibited at CES for the last few years and 

has U.S. branch offices established in San Diego, CA, 
and San Jose, CA, managed by audio industry veteran 
Ed Springer. Its experienced international sales team 
can provide professional service worldwide.

A profile of Catherine Wang, president of Shenzhen 
Horn Audio, provides a sense of the company. Catherine 
started her career as an operator in the assembly line 
of a Hitachi factory in China. Later, she established a 

Photo 1: Horn Audio’s Shenzhen fac-
tory headquarters is pictured.

Photo 2: Horn’s microphone assembly 
“clean” area is shown here.

By Mike Klasco and Nora Wong

Photo 3: These are Horn’s automated circuit board 
insertion machines.
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startup trading company dealing in 
auto alarms, which evolved into a 
small basic ECM mics factory. That 
small factory now has two locations 
with 2,000 employees. Customers 
range from large domestic manu-
facturers to some of the largest 
U.S. companies.  

In 2004, Catherine was listed 
as one of the Top 100 female 
entrepreneurs in China.  In 2005, 
she was appointed deputy to the 
fourth National People’s Congress 
of Shenzhen as a member of the 
People’s Congress of Science and 
Technology. She was also elected 
the director of the Association of Woman-Owned 
Enterprises in China. In 2006, Catherine took part in 
a “Pedaling across Europe” bicycle trip in support of 
Shenzhen’s application to host the 2011 Universiade 
games (an international multi-sport event, organized 
for university athletes by the International University 
Sports Federation). Her efforts aided in Shenzhen’s 
ultimate selection as the host city of these games. In 
2007, she was recognized by the city of Shenzhen as 
one of its top 10 outstanding female entrepreneurs.

During one of Catherine’s visits to Silicon Valley (in 
the San Francisco, CA, area) she visited a large inte-

grated circuit company and discussed mic pre-amps 
embedded into mic capsules. Catherine has a quiet, 
humble style that does not reflect the significant share 
of the market her business commands. The manager 
at the IC company asked Catherine for the quantity 
of mics Horn produces. With her eyes downward, she 
slowly remarked, about 40 million per month.

Recent Mic Developments
Most ECM mics have a dismal signal-to-noise ratio, 

in the 50 s/n. Quieter mics are pricey and only afford-
able for ear aids. Horn’s new high SNR (72 dB) 

Photo 4: These are Horn’s MEMS 
microphone formats.

Photo 5: This photo shows Horn’s anechoic chamber 
testing a home audio speaker.



14 VOICE COIL

ECM mic is competitively 
priced. Horn’s square 
ECM microphone was 
developed as a substi-
tute for the MEMS mics. 
MEMS mics also are in 
full production now (see 
Photo 4). Precision-
matched mic arrays are 
being supplied for web-
cams and camcorders.

Horn Speaker 
Systems

Horn is expanding from 
a raw component supplier 
to additionally encompass 
subassemblies and fin-
ished OEM and ODM prod-
ucts (see Photo 5). These 
include mini-speakers for 
laptop use, tablet speak-
ers, smartphone speak-

erphones and mini-sound bars for desktop computers.

Headsets & Ear Buds
Lync is Microsoft’s unified communications protocol, 

and Horn has embraced this as an area of expertise. 

Photo 6: This is an example of a 
Horn headset.

Photo 7: Horn’s Bluetooth product is 
shown.

Horn produces Lync-certified office and home office 
headsets for an industry leader (see Photo 6). Unique 
to the market, Horn has just introduced Lync-certified 
ear buds. Horn also offers wired products plus wireless 
2.4-GHz Bluetooth and Wi-Fi (see Photo 7).

Visiting Horn
As with any factory visit, give the company a few 

weeks notice. You can contact Ed Springer, Horn’s U.S. 
representative at 619-709-1189. Coming from the U.S., 
you can take a flight to Hong Kong airport (HKG) then 
take a high-speed ferry to the port of FuYong (Shenzhen 
airport). After landing at the Hong Kong airport, you 
can catch the ferry without going through Hong Kong 
customs. The ferry ride is about an hour and customs 
at the ferry port are fast and painless. There are also 
international flights into Guangzhou. Alternatively, if you 
want to go into Hong Kong for business or fun, you can 
take the ferry from Hong Kong to the Shekou ferry port 
or to FuYong. Each trip is less than an hour. There is also 
the train to Luohu or a minivan service from the Hong 
Kong airport to the Huanggang border crossing. If you 
are arriving from Asia, consider flying into Shenzhen air-
port, which is adjacent to the FuYong ferry port. Horn’s 
address is Blk. 17 Tong Fuyu Industrial Zone, Dalang, 
Longhua, Shenzhen, Guangdong, China 518109. For 
more information, e-mail Ed Springer ed.springer@
szhorn.com or visit www.horn.com.cn. VC
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ture of a downward extension of the outer edge of the 
cone that bottoms out on the bottom surface of the 
frame before the bottom edge of the bobbin strikes 
the bottom of the air gap, thus, preventing damage to 
the bobbin and voice coil when the voice coil is over-
driven downward. Additionally, there are two different 
bobbin and voice coil cooling features for use with 
electromagnetic motors that utilize a T-yoke construc-
tion (see Figure 1).

Independent Claims
1. An audio speaker comprising: a frame with an 

interior bottom surface with a side portion extending 
upward from, and surrounding, said interior bottom 
surface, said side portion terminating in an exterior 
edge of a uniform first height above said interior bot-
tom surface with said exterior edge defining an open-
ing into the frame having a first size and shape, and 
an interior mounting point of an inner surface of said 
side portion there around a first selected distance 
between said interior bottom surface and said exterior 
edge; a motor including a magnet assembly with an 
air gap formed therein mounted in direct contact to 
the interior bottom surface of the frame and a bobbin 
having an outer surface of a first diameter with a first 
end with a voice coil wound located in said air gap, and 
a second end extending out of said air gap wherein 
said magnet assembly has a second height that is less 

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 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.

LOW-PROFILE AUDIO SPEAKER WITH 
MINIMIZATION OF VOICE COIL WOBBLE 
PROTECTION, AND COOLING
Patent Number: U.S. 8,204,269
Inventor: Joseph Y. Sahyoun (Redwood City, CA)
Assignee: None listed
Filed: August 8, 2008
U.S. Class: 381/398
Granted: June 19, 2012, Claims: 21, Drawings: 14

Abstract from Patent 
This is a low-profile speaker designed to substan-

tially eliminate wobble of the bobbin and voice coil 
during operation with two different electromagnetic 
motor designs. In each design, there is an added fea-
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than said first height, the motor 
has a second size and shape 
that is smaller than the first size 
and shape; a cone having an 
outer edge and an inner edge, 
and a top surface and a bottom 
surface, with the inner edge 
defining a centrally located, hole 
sized to fit around and attach to 
the outer surface of the bobbin 
at or below the second end of 
the bobbin, from the inner edge 
the cone radiates outward a second selected distance 
where the cone turns downward forming a downward 
extension pointing toward the interior bottom surface 
of the frame with the outer edge of the cone at the 
end of the downward extension with the outer edge of 
the cone defining a third size of a shape similar to the 
first shape, and the third size and shape smaller than 
the first size and shape of the frame and larger than 
the second size and shape of the motor; a first flexible 
suspension connected between the interior mounting 
point of the frame and a selected connection point on 
the downward extension of the cone; and a second 
flexible suspension connected between the exterior 
edge of the frame and the top surface of the cone at 
a third selected distance from the inner edge of the 
cone wherein the third selected distance is less than 

or equal to the second selected distance.

Reviewer Comments
There is a desire for transducers with a thinner 

front-to-back profiles, but there are a number of 
operational problems that have plagued previous 
attempts. The inventor, Joseph Sahyoun (president of 
Earthquake Audio), has been patenting various forms 
of low-profile transducers for more than a decade. This 
is his latest effort. The disclosed invention includes 
several embodiments of a low-profile transducer, 
which features minimization of wobble of the voice coil 
bobbin and diaphragm during excursion, limiting dam-
age to the voice coil and bobbin when the speaker is 
overdriven and also supporting the cooling of the voice 
coil during operation. 
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Figure 1: U.S. Patent 8,204,269
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Each of the embodiments includes a low-profile 
frame with a bottom surface and side that extends 
upward, terminating in an exterior edge at a uni-
form distance above the bottom surface, and defines 
an exterior edge with the side, including an interior 
mounting point at a predetermined distance between 
the bottom surface and the exterior edge. The motor/
magnet assembly is mounted to the bottom surface 
of the frame. 

The diaphragm has a center-mounted bobbin/
voice coil above the magnet assembly. From the inner 
edge, the cone expands outward in a circular planar 
form for a specific radius before turning downward in 
a downward extension spaced apart from the side of 

the frame with the downward extension defining a cir-
cumference that is larger than the outer extent of the 
magnet assembly with the outer edge of the cone at 
the end of the downward extension. The key to stabiliz-
ing the diaphragm and voice coil bobbin is a first flex-
ible suspension connected between the interior mount-
ing point of the frame and the downward extension of 
the cone, plus a second flexible suspension connected 
between the exterior edge of the frame and a point on 
the top angled surface of the cone inward of the cone 
turning downward to form the downward extension. 

There are 12 different embodiments with small 
variations of suspension placement and motor layout all 
based on the same basic architecture. Also, a number 
of the embodiments have angular openings in the top 
and back plates to create a plurality of air passages 
enabling diaphragm motion to more effectively pump 
air through the voice coil gap to enhance voice coil 
cooling.

It will be interesting to see if the novel positioning of 
the two suspensions is effective at stabilizing the mov-
ing system as well as a standard woofer transducer or 
the thin form factor design of patent U.S. 8,170,268 
by Bang and Olufsen reviewed in last month’s issue of 
Voice Coil.

The device generally appears to be a stable format 
that should perform in a manner that meets the func-
tional and form factor objectives. VC
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Test Bench

New Non-Cavity, Low-
Resonance Tweeters from 
Wavecor & a Revised 
Classic from Scan-Speak

by Vance Dickason

For this month’s review, I received two versions of a 
non-rear cavity, low-resonance, 30-mm tweeter from 

_������
���'�����	������]'$�$'*$K;+$�<%���������), 
and an updated version of a high-end loudspeaker clas-

���������Y��`�
����+�';��%��$+�|������������	�

As I mentioned above, the new Wavecor 
TW030WA09/10 is a low-resonance tweeter without the 
�
���� �����Y����� 	��	� Y��
���;������ ������	�� Voice 
Coil reviewed the original full-rear cavity version of this 
�$���� ������	�� ���� ]'$�$'*$��� ��{������	�� �$$K��
(Actually, I prefer to think of Test Bench as an explica-
����	����	�������	�������!�	�]�
��Q��������	���������
review, I would have to design the driver into a system 
��� �	�� ��� 
������������ ������� �� ��
� Y�	��	������
That is way beyond the scope of what can be done in a 
�������Y�����������

If you are not familiar with Wavecor, here is the 
���Y��� ��
�	�Y���� �	��� ���� ����� �

���� '�����	�
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� ��
� 	���
� ����������{��
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� ���
Allan Isaksen, its general manager and chairman, Per 
���
�����	����	���������������*����
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��������*;���{���	`� ����	���+K����
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continued working on driver acoustics and designed 
some of the more popular drivers at Vifa/Scan-Speak 
*;�����	��������	
�����$$���~�	��	�
��		����������{�]�
Loudspeakers (PanYu) production facility in China for 
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over by Tymphany (USA) Per continued working there as 
Engineering Services group manager until he decided to 
join Wavecor as director of technology ���$$|�

The Wavecor TW030WA09/10
Features for the Wavecor TW030WA09/10 tweeter 

include a 30-mm wide surround precision-coated cloth 
diaphragm optimized for high-frequency cutoff above 
�$� `>?�� ���	��� ������	
� ������ ���� ����� ��� 
�	-
round, copper clad aluminum voice coil winding with 
a vented voice coil former, flexible lead wires for large 
����	
��
�������	�

���	
���������`>?������`�����?���
motor parts for enhanced cooling, and gold-plated termi-
nals (see Photo 1��

Testing commenced using the LinearX LMS analyzer 
to produce the 300-point impedance sweeps, one curve 
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Figure 1: This plot shows the free-air impedance (black 
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TW030WA10, shown in Figure 1. The resonance for 
���� %��� ��	
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off-axis curves normalized to the on-axis response in
Figure 5 and Figure 6, respectively. The two-sample 
�~}����Y�	�
�
���	�����%�����������	
��
��	��
����
in Figure 7 and Figure 8, indicating that both sample 
sets were closely matched. 

The next test procedure was to use the Listen 
SoundCheck analyzer and SCM 0.25” microphone (pro-
vided to Voice Coil by Listen) to measure the impulse 
response with the tweeters recess-mounted on the test 
baffle. Importing this data into the Listen SoundMap 
software produced the cumulative spectral decay plot 
(waterfall) shown in Figure 9 for the TW030WA09 
and Figure 10 for the TW030WA10. Figure 11 is a 
short-time Fourier transform (STFT) displayed as a 
surface plot for the TW030WA09. Figure 12 shows the 
TW030WA10. For the final test procedure, I set the 1-m 
�~}����K%��Q�<+�+K������	�����%�����	
�� and 1.530 V 

Figure 6: The plot shows the normalized on- and off-axis 
frequency response (0° = solid; 15° = dot; 30° = dash; 
%�§�¢���
�;�������	�����������	
���

Figure 7: The plot shows the two-sample SPL comparison 
��	�����%�����	
���

Figure 8: The plot shows the two-sample SPL comparison 
��	�����������	
���
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ScanSpeak 18W/8545-01
The subject of this review is the recently released 

ScanSpeak 18W/8545-01, which is an improved version 
of the Scan 18W/8545-00 (see Photo 2). The original 
ScanSpeak 18W/8545-00 was not discontinued and is still 

available as part of ScanSpeak’s 
Classic series of drivers. It is a true 
high-end audio classic. Probably 
the most visible high-end loud-
speaker, the 18W/8545, was incor-
porated into (at least a version 
of the 18W) Wilson Audio’s Watt/
Puppy, now known as the Sasha 
W/P. The Wilson Audio Watt/Puppy 
was a self-contained, two-way 
design using a focal inverted tita-
nium dome tweeter in conjunction 
with the 18W/8545 6.5” midbass 
woofer (the Watt), and combined 
with two 8” drivers in a sort of sub-
woofer/speaker stand (the Puppy). 
According to Wilson Audio, the 
Watt/Puppy was introduced in 1986, 
and during its 23-year life span sold 
more than 23,000 units, and is con-
sidered perhaps the most successful 
$10,000-plus speaker ever to grace 
the audiophile market. This really 
is an outstanding sounding driver, 
and I used the Kevlar version of the 
18W in the studio monitor design 

for the�������	
�����
�����Y�`���
��
������
�����
measured the second and third harmonic distortion at 
+$������������
�
���
�����%�����	
�����Figure 13,
�������������	sion in Figure 14. For more informa-
tion, visit www.wavecor.com.

Figure 13: The SoundCheck distortion plots are shown for the Wavecor 
]'$�$'*$K�<%����

Figure 11: The SoundCheck STFT surface intensity plot is 

������	�����'�����	�]'$�$'*$K�<%����

Figure 12: The SoundCheck STFT surface intensity plot is 

������	�����'�����	�]'$�$'*+$�<�����

Figure 9: The SoundCheck CSD waterfall plot shows the 
'�����	�]'$�$'*$K�<%�����

Figure 10: The SoundCheck CSD waterfall plot
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example featured in the 6th edition of the Loudspeaker 
Design Cookbook released in 2000. 

As expected, the feature set for the 18W/8545-01 
is similar to the original 18W. This includes the similar, 
but updated, slim-profile, cast-aluminum frame, an 
updated version of the original coated, air-dried paper/
carbon-fiber cone (the one with that rough “paper 
mache” look); a 2.25”-diameter inverted carbon-fiber 
paper dust cap; a 42-mm diameter voice coil wound 
on an aluminum former; an SD-1 patented symmet-
ric drive motor structure with a 124-mm × 24-mm 
ceramic ferrite magnet (the symmetric drive motor 
uses an extended vented pole with an angled cham-
fer on the pole top section and three copper shorting 
rings, one centered on the gap, one located above, 
and one located below the cap area); and a T-yoke. 
Compliance is provided by a low-damping SBR rubber 
surround and a new updated 3.5”-diameter elevated 
cloth spider. Lastly, the voice coil is terminated to a 

pair of solderable terminals. 
I began testing the ScanSpeak 

6.5” 18W/8545-01 using the 
LinearX LMS analyzer and VIBox to 
create both voltage and admittance 
(current) curves with the driver 
clamped to a rigid test fixture in 
free-air at 0.3 V, 1 V, 3 V, 6 V, and 
10 V. The 10 550-point stepped 
sine wave sweeps for each 18WU 
sample were post-processed and 
the voltage curves were divided by 
the current curves (admittance) to 
create impedance curves. Phase 
was added using LMS calculation 
method, and along with the accom-
panying voltage curves, it was 
uploaded to the LEAP 5 Enclosure 
Shop software. In addition to the 
LEAP 5 LTD model results, I used 
the 1-V free-air curves to created 
a LEAP 4 TSL model set of param-
eters. The final data, which includes 
the multiple voltage impedance 

curves for the LTD model (see Figure 15 for the 1-V 
free-air impedance curve) and the 1-V impedance curve 
for the TSL model, were selected and the parameters 
were created to perform the computer box simula-
tions. Table 1 compares the LEAP 5 LTD and TSL data 
and for both of the 18W/8545-01 samples, as well as 
the factory parameters (Factory 1). I also included the 
factory data on the original 18W/8545-00 (Factory 2).
LEAP parameter calculation results for the 18W had 
some variance with the published specification, which 
often occurs with new drivers and preliminary specs. 
However, it appears that the intention with the new ver-
sion of the 18W was to lower the QTS and increase the 
VAS. Given this, I then set up computer enclosure simu-
lations using the LEAP LTD parameters for Sample 1. I 
set up two box simulations, one sealed and one vented. 
For the closed-box simulation, I used a 0.25 ft3 enclo-
sure with 50% fiberglass fill material. For the vented 
box, I used a 0.43 ft3 QB3 type vented alignment with 
15% fiberglass fill material and tuned to 39 Hz. 

Figure 16 shows the results for the ScanSpeak 18W 

TSL model LTD model Factory 1 Factory 2

Sample 1 Sample 2 Sample 1 Sample 2

FS 26.0 Hz 26.0 Hz 26.0 Hz 26.0 Hz 25 Hz          28.0 Hz

REVC 5.52 5.48 5.52 5.48 6.2 5.5

Sd 0.0147 0.0147 0.0147 0.0147 0.0145 0.0145

QMS 1.86 1.81 1.67 1.61 1.55              2.30

QES 0.29 0.29 0.29 0.31 0.22 0.30

QTS 0.25 0.26 0.25 0.26 0.20              0.27

VAS 64.3 ltr 64.3 ltr 65.4 ltr 66.3 ltr 68.6 ltr          47.6

SPL 2.83 V/1 m 87.8 dB 87.6 dB 87.7 dB 87.4 dB 88.0 dB       88.0 dB

XMAX 6.5 mm 6.5 mm 6.5 mm 6.5 mm  6.5 mm  6.5 mm  

Table 1: This table shows a comparison of the Leap 5 TSL 
and LTD models for the ScanSpeak 18W/8545-01.

Photo 2: This is the ScanSpeak 18W/8545-01 driver.

!���	��+%��]���'�����	�]'$�$'*+$�<���������_���`���
��	����Y���
��	��
shown.
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in the sealed and vented boxes at 2.83 V and at a volt-
age level high enough to increase cone excursion to XMAX 
+ 15% (7.5 mm for the 18W). This yielded a F3 = 74 Hz
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Figure 17: The plot shows the group delay curves for the 
2.83-V curves in Figure 16.

Figure 18: The plot shows the cone excursion curves for 
the 31.5/32-V curves in Figure 16.
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Figure 15: The free-air impedance plot is shown for the 
ScanSpeak 18W/8545-01.

Figure 16: The computer box simulations (black solid = 
vented @ 2.83 V; blue dash = vented @ 2.83 V; black 
solid = vented @ 31.5 V; blue dash = vented @ 32 V) are 
shown for the ScanSpeak 18W/8545-01.

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



AUGUST 2012 25

with a box/driver QTC of 0.7 for the 0.25 ft3 sealed 
enclosure (appropriate for a home theater LR/CTR sat) 
and –3 dB = 55.5 Hz for the 0.63 ft3 vented QB3 simu-
lation. Increasing the voltage input to the simulations 
until the maximum linear cone excursion was reached 
resulted in 109 dB at 31.5 V for the sealed enclosure 
simulation and 110 dB with an 32-V input level for the 
larger vented box. (see Figure 17 and Figure 18 for the 
2.83-V group delay curves and the 31.5-V/32-V excur-
sion curves.) Overall, the parameter changes for the 
new 18W look perfect for a standalone two-way product. 

Klippel analysis for the ScanSpeak 6.5” woofer pro-
duced the Bl(X), Kms(X), Bl and Kms symmetry range 
plots shown in Figures 19–22. The Bl(X) curve for the 
18W (see Figure 19) is very broad and symmetrical 

Figure 19: This is the Klippel analyzer Bl (X) curve for 
the ScanSpeak 18W/8545-01.

Figure 20: This is the Klippel analyzer Bl symmetry 
range curve for the ScanSpeak 18W/8545-01.

Figure 22: This plot shows the Klippel analyzer Kms 
symmetry range curve for the 18W/8545-01.

Figure 21: The plot shows the Klippel analyzer 
mechanical stiffness of suspension Kms (X) curve for 
the ScanSpeak 18W/8545-01.

Figure 23: This plot shows the Klippel analyzer Le(X) 
curve for the ScanSpeak 18W/8545-01.
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analyzer for the 18W were XBl at 82% Bl = 5.7 mm and 
for XC at 75% CMS minimum was also 2.8 mm, which 
means for the 18W woofer, the compliance was the limit-
ing factor for a distortion level of 10%. 

Figure 23 shows the inductance curves L(X) for the 
18W. The curve indicates an increasing inductance as 
the coil moves inward; however, there is only a minor 
change in inductance throughout the driver’s operating 
range, a key to low-distortion performance. Inductance 
change from the rest position to XMAX coil-in position 
was only 0.078 mH, and even less, 0.024 mH, to the 
XMAX coil-out position. 

Following the testing, I mounted the 18W/8545-01 
woofer in an enclosure that had a 17” × 8” baffle filled 
with damping material (foam) and measured the DUT on- 
and off-axis from 300 Hz to 20 kHz frequency response 
at 2.83 V/1 m using a 100-point gated sine wave sweep.
Figure 24 shows the 18W’s on-axis response displaying 
a smooth rising response to about 2.75 kHz, followed by 
a 13 dB drop in SPL to a peak at 6 kHz. For comparison, 
Figure 25 shows the factory on-axis response of the 
original 18W/8525-00. 

Figure 26 shows the on- and off-axis frequency 
response at 0°, 15°, 30°, and 45°. With respect to the 
on-axis curve, –3 dB at 30° occurs at 2.3 kHz, so a 
crosspoint in that vicinity should work well for a rea-
sonable power response. The last SPL measurement 
shows the two-sample SPL comparisons for the 6.5” 

with some offset. Looking at the Bl symmetry plot shown 
in Figure 20, this curve shows a coil rearward (coil in) 
offset at the rest position of 1.5 mm that goes to 0.5 mm 
offset at the 6.5-mm physical XMAX of the woofer. Note 
that the data at rest has a fair degree of uncertainty (the 
expanding gray area indicates the level of uncertainty of 
the graph) at rest, but a high degree of certainty at the 
6.5-mm position. 

Figure 21 and Figure 22 show the Kms(X) and Kms 
symmetry range curves for the ScanSpeak 18WU. The 
Kms(X) curve is also symmetrical in both directions with 
small offsets in either the coil-in or coil-out positions. 
Displacement-limiting numbers calculated by the Klippel 
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Figure 26: This is the ScanSpeak 18W/8545-01 horizon-
tal on- and off-axis frequency response (0° = solid; 15° 
= dot; 30° = dash; 45° = dash/dot).

Figure 27: This shows the two-sample SPL comparison 
for the ScanSpeak 18W/8545-01.
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Figure 24: This is the ScanSpeak 18W/8545-01 on-axis 
frequency response.

Figure 25: This plot shows the ScanSpeak Classic 
18W/8545-00 factory on-axis frequency response.
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ScanSpeak driver, with a close match up to 2.7 kHz, 
and about 1-dB variations above that frequency (see 
Figure 27). 

For the last group of tests, I used the SoundCheck 

analyzer and SCM-2 microphone 
to measure distortion and gener-
ate time-frequency plots. Setting 
up for the distortion measure-
ment consisted of mounting the 
woofer rigidly in free air, and 
setting the SPL to 94 dB at 1 m 
(1.795 V) using a noise stimulus 
(two of SoundCheck’s utilities are 
a software generator and an SPL 
meter), and measuring the distor-
tion with the microphone placed 
10 cm from the dust cap. This pro-
duced the distortion curves shown 
in Figure 28.

Finally, I used the SoundCheck 
analyzer to get a 2.83-V/1-m 
impulse response for this driver 
and imported the data into the 
SoundMap time/frequency soft-
ware. The resulting CSD waterfall 
plot is shown in Figure 29. The 
Wigner-Ville logarithmic surface 
map (for its better low-frequen-
cy performance) plot is shown in
Figure 30. Reviewing the data, 

this is a well-designed driver and a worthy upgrade from 
the Classic 18W/8545-00. For more information, visit 
www.scan-speak.dk. VC

Figure 29: This shows the SoundCheck CSD Waterfall 
plot for the ScanSpeak 18W/8545-01.

Figure 30: The shows the SoundCheck Wigner-Ville plot 
for the ScanSpeak 18W/8545-01.

Figure 28: These are the ScanSpeak 18W/8545-01 SoundCheck distortion plots.
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Industry Watch

By Vance Dickason

Audio Powerhouses Align
The AVC Group, SpeakerCraft, and Panama/Furman 

released a joint announcement to address the rapidly 
changing needs of technology consumers and dealers 
alike. Under the new arrangement, the formidable and 
diversified resources of The AVC Group, SpeakerCraft, 
Proficient and Panama/Furman brands will align under 
one centralized division with a focus on customer-
centric product development, brand innovation, and 
dealer support.

Mark Terry, president of AVC Group, will leave the 
company. “Mark and his team have done an outstand-
ing job combining the AVC Group brands and creating 
a world-class infrastructure to service our customers 
and dealers,” stated Sean Burke, Group president of 
Nortek’s Technology Products Segment. “Mark has 
decided to move on to other endeavors after providing 
his full support to this integration effort. I am appre-
ciative of the dedication and high level of leadership 
that Mark has provided and wish him the very best in 
the future.”

Bill Pollock, president of Panama/Furman will be 
heading up the new organization. Paul Starkey will 
direct marketing, Dave Keller will head sales, and 
Keith Marshall will lead SpeakerCraft/Proficient.

“This is more than a strategic realignment. It rep-
resents an important and historic step for our indus-
try,” said Bill Pollock. “We’ve joined the expertise and 
efficiency of the industry’s most important technology 
brands and formed a new resource for our dealers that 
represent a unique opportunity for them to grow both 
ROI and competitive standing.” The change is effective 
immediately. No further changes are currently planned 
for existing dealer contacts, customer service, tech 
support, and credit operations.

SpeakerCraft’s Burkhardt Retires
SpeakerCraft announced the retirement of its 

president, Jeremy Burkhardt, effective May 25 (see 
Photo 1). Burkhardt joined SpeakerCraft in 1991, 

recasting the company from 
an installer of custom audio 
systems into an innovative 
manufacturer and found-
ing the SpeakerCraft brand 
of architectural speak-
ers in 1994. As president, 
Burkhardt led SpeakerCraft’s 
reinvention based on a com-
mon vision of innovation, 
best of class products, busi-
ness training, and close part-
nerships with its retailers.

 “The last 20 years at SpeakerCraft has been an awe-
some gift,” said Burkhardt. “I am lucky to have expe-
rienced it with so many great people. I am beyond 
grateful. I have been working full time since I was 15 
years old and have decided it’s time for me to chill 
out.” Keith Marshall has been named interim presi-
dent of SpeakerCraft. According to the company, as 
president of Proficient Audio, Keith has been a proven 
leader and an important part of SpeakerCraft.

Behringer Acquires Turbosound
Behringer’s Music Group announced it has acquired 

U.K. loudspeaker manufacturer Turbosound. With the 
move, Music Group adds the West Sussex, England-
based manufacturer to its pro audio line-up, which 
also includes Midas, Klark-Teknik, and Behringer. 
Costa Lakoumentas, senior vice president of market-
ing, noted that the parent company began searching 
for an appropriate pro loudspeaker manufacturer 
around the same time it acquired Midas, and acquir-
ing the console company helped pave the way for the 
Turbosound purchase.

Turbosound’s three decades in the U.K. pro audio 
industry, earned the compnay a trio of Queen’s 
awards, including for Innovation in 2012. When Music 
Group acquired Midas, another pro audio manufac-
turer with deep roots in the U.K., the console company 
eventually moved its manufacturing to China, though 
Music Group did create a new Center of Engineering 
Excellence in Manchester, U.K. Asked if the manufac-
ture of Turbosound loudspeakers might also be head-
ing to the Far East, Music Group responded, “What 
we’re looking for is ways to build this brand to the 
absolute pinnacle of the loudspeaker business—that’s 
it. Now, whether that means manufactured in China 
or the U.K., that’s less important to us than execut-
ing the equity of the brand. We want to unlock that 
equity…and will reveal more of our plans over the next 
few days.”

Grimani Receives New Patent
Anthony Grimani, founder and president of 

Performance Media Industries (PMI), has received a 
U.S. patent for new the measurement and optimiza-
tion of sound systems using 
a sliding band integration 
curve (see Photo 2). Grimani 
developed the sliding band 
integration curve (SBIC), a 
technique that measures the 
electroacoustic response of 
sound systems in small rooms 
so measurements and voicing 
adjustments directly correlate 
to what listeners actually hear. 
SBIC measures the direct-
field sound from the speaker 
to the listener position, and 

Photo 1: Jeremy Burkhardt Photo 2: Anthony Grimani
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the total reverberated field of sound at the listener 
area. SBIC then conducts frequency-weighted averag-
ing of the two responses and yields a resulting curve. 
According to Grimani, because the SBIC response 
curve is the closest approximation to what a human 
would actually hear, the room correction, equaliza-
tion, and voicing can all be performed faster and more 
accurately. Grimani is currently negotiating with two 
manufacturers to have SBIC incorporated into audio 
analyzers. SBIC will also be included in auto-EQ prod-
ucts to improve resulting performance.

Definitive Technology Promotes Lyons
Speaker manufacturer Definitive Technology pro-

moted technical director Matt Lyons to engineering 
vice president. Lyons has been with Definitive since 
2007. In the newly created position, Lyons will oversee 
all of Definitive’s engineering personnel and outside 
contractors. He reports to Paul DiComo, marketing and 
product development senior vice president.

Lyons started his CE career as an audio engineer at 
Polk Audio, spent several years with audio electronics 
manufacturer Adcom, and later formed Lyonsound, an 
A/V product development consulting company. He also 
teaches graduate-level courses in audio and record-
ing arts as an adjunct professor at Johns Hopkins 
University’s Peabody School of Music.

Edelswood Joins Listen
Listen announced that Mark Edelsward has joined 

the company as vice president of international sales. 
His primary responsibilities will be managing and 
expanding Listen’s distributor network and working 
with its international customers. He will also manage 
Listen’s west coast accounts. Mark will be based from 
his Seattle-area home office.

Mark has more than 20 years of sales and distri-
bution management experience, covering test and 
measurement equipment and programming solutions 
for semiconductor devices. This includes 19 years 
at Data I/O where he held a variety of sales, sales 
management, and distribution management positions 
in Canada, Europe, and the U.S. He has also held 
executive-level positions at Microsoft and BSquare, 
and he has travelled extensively, previously living and 
working in Vancouver, Toronto, and Amsterdam. For 
more information, visit www.listeninc.com.

B&W Takes Best Loudspeaker Award
About.com has released its annual Reader’s Choice 

Awards. For Best Loudspeaker Brand, the winner was 
B&W (53%), followed by KEF (23%), Klipsch (14%), 
RBH (6%), and Magnapan (1%). For more informa-
tion, visit the About.com.

Harman Displays Its “Best” Installations
Harman announced that JBL Synthesis has added 

its installation gallery to its website. The installation 

gallery is billed as a showcase for the best custom-
installation home theaters created by JBL Synthesis 
dealers and distributors.

According to Jim Garrett, marketing and product 
management director for Harman luxury audio and 
loudspeakers, “Our specialist dealers and systems 
integrators have conceived and built some of the 
most beautiful and spectacular home entertainment 
systems ever designed, and the JBL Synthesis instal-
lation gallery is a place where they can display their 
work to consumers and even show off a little bit!” The 
site already hosts some installation images—including 
the home theater of Hollywood director Spiro Razatos, 
which was featured on an episode of “Million Dollar 
Rooms.” Authorized U.S. dealers and international 
distributors interested in submitting photos should 
contact Rachel Kovas at rachel.kovas@harman.com.

Loudspeaker Manufacturers Honored
The recent InfoComm trade show produced sev-

eral awards for loudspeaker manufacturers. The 
2012 Systems Contractor News InfoComm Installation 
Product Award for the most innovative loudspeaker 
for commercial installation went to JBL for the CBT-1 
speaker. For the ProSound Network InfoComm Best 
of Show award, there were two winners in the loud-
speaker category. The first was Renkus-Heinz for 
the Ralph Heinz signature series loudspeakers. This 
series includes the RHX passive and RH self-powered 
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home.” The study found an increase in installations 
across all technology sectors, with the biggest gains 
in structured wiring (63% of new homes in 2011 
versus 45% of new homes in 2010). Energy man-
agement solutions, such as automated lighting con-
trols (12% versus 7%) and home automation (10% 
versus 5%) were at all-time highs. Entertainment 
features also performed strongly in 2011, with the 
multi-room audio (23%) and home theater (29%) 
installations rebounding strongly after their reces-
sion-period lows.

The study also found that builders have embraced 
other construction opportunities, such as remodel-
ing existing homes (57%). Even as the housing 
market shows signs of life, industry players should 
not lose focus on aftermarket opportunities, as one 
in five builders cite remodeling has generated more 
revenue than new home building in the past 12 
months.

CEA’s study was conducted in conjunction with 
the National Association of Home Builders (NAHB) 
research center, which gathered data through the 
Annual Builder Practices Survey, including new con-
struction information from U.S. homebuilders. The 
study provides home technology professionals with 
an understanding of homebuilders’ perceptions and 
motivations for installing home technology in new 
home construction and the remodel market. VC

with dual-wedge angle design and rigging/mounting 
options. The second award went to Eastern Acoustic 
Works Sub.two, which utilizes dual 16” drivers that 
can be blended with a 21” driver for extended low-
end frequencies.

CEA Releases Study Results
The Consumer Electronics Association (CEA) 

released the 10th Annual State of the Builder 
Technology Market Study, which found installed 
home technology is strongly solidified in builders’ 
services and offerings portfolios. Entertainment and 
automation solutions are helping builders differen-
tiate their businesses, while more common home 
technologies, like structured wiring, are necessary 
to effectively compete in the market.

“This year’s study confirms CEA’s long-held belief 
and prediction that home technology would make a 
positive contribution to the inevitable housing mar-
ket recovery as home buyers’ digital lifestyles and 
desires for energy efficiency factor into purchas-
ing decisions,” said Steve Koenig, CEA’s director 
of industry analysis. “For example, home automa-
tion and lighting controls tap into buyers’ rising 
concerns regarding energy costs, while a focus on 
home theater and multi-room audio demonstrates 
that builders can meet the growing homeowners’ 
demands to access entertainment anywhere in the 
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Test Bench is an open forum for OEM driver manufacturers 
in the industry. All OEMs are invited to submit samples to Voice 
Coil for inclusion in the monthly Test Bench column. 

Driver samples can include 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 representative 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 information necessary to 
explain the functioning of the transducer. This should include 
details regarding the materials used to construct the trans-
ducer 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



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.
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CEDIA Expo 2012
This year’s Custom Electronic Design & Installation 

Association (CEDIA) Expo event returns to the Indiana 
Convention Center, September 5–8 in Indianapolis, 
IN. This will be the second Indianapolis CEDIA event 
since the Indiana Convention Center was remodeled 
several years ago (see Photo 1). Indianapolis is also 
where CEDIA’s headquarters is located.

As usual, CEDIA University is providing a wide 
selection of workshops, classes, and seminars relat-
ed to various aspects of the AV install industry. 
Courses of interest include:

Fundamentals of Home Theater Design—(Instructor 
not specified)—This course is the starting point for 
all other training in home theater system design. At 
its conclusion, participants should be able to:

�� Understand the history of home cinema
�� List basic components and configurations
�� Describe audio and video signal types and sources
�� Gain insight on surround sound fundamentals and 

video display options
�� Identify seating room, viewing distance, and 

lighting considerations

Home Theater Room Design—(Instructor not speci-
fied)—The room plays a huge role in a home theater 
system’s performance. A good design starts with 
room location, size, and shape, and also takes other 
factors into consideration including lighting, sight 
lines, and sound transmissions. Learn how being 
a good room designer makes you a better theater 
designer. At the course’s conclusion, participants 
should be able to:

�� Discuss room basics
�� Determine form following function
�� Identify construction considerations for isolation 

and bass response

By Vance Dickason

Photo 1: CEDIA Expo 2011
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Getting it Right 
1 Engineering Resources Yes

Must have Acoustic, Mechanical and Electronics expertise

2 Engineering Tools Yes
Acoustic design tools, Cad, Measurement facilities

3 R&D Laboratories Yes Anechoic, Speaker measurement labs, QA Qualification 
labs

4 Project Management Yes Hands on in N. America and also teamed with PM's in 
China

5 Communication Yes Communicate with all functions, not just one window, All 
team members

6 Pricing Openness Yes All Costing are clearly defined; see it all, anything & 
everything. Nothing hidden

7 Operations Yes 60 years of experience, one of the most certified in China 
in our industry

8 Financial Strength Yes One the most diverse and  stable in the Audio Industry in 
China.

9 Honesty in Doing Business Yes Anything other then open and honest business causes un-
necessary problem – Keep it real!

Give us a Call – We can help get you started!  Dave Cox  (714)750-2283, Kobe Zhang (714)750-2282 

www.ggec.com 
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Logan, MK Sound, Monitor Audio, Monster, Mordaunt-
Short, Niles Audio, NuVo Technologies, Paradigm, Parts 
Express, Phase Technology, Pioneer Electronics, Polk 
Audio, Procella Audio, Proficient Audio, PSB Speakers, 
RBH Sound, Revel, Rives Audio, Rockustics, Russound, 
Snap AV, Sonance, Sonos, SpeakerCraft, Stealth 
Acoustics, Steinway Lyngdorf, Sunfire, Tannoy, Terra 
Speakers, The AVC Group, THX, Totem Acoustic, Triad 
Speakers, TRUAudio, Velodyne Acoustics, Wharfedale 
Loudspeakers, Wisdom Audio, Xantech, and Yamaha 
Electronics. Visit www.cedia.net for more information.

NAMM in Russia
The debut of NAMM Musikmesse Russia and 

Prolight + Sound NAMM Russia on May 16–19, 2012 
at the Expocenter Krasnaya Presnya in Moscow 
offered attendees extensive international business, 
education, and entertainment programming. The new 
trade shows brought together:

�� The latest music industry products from 190 
companies

�� Representation from 18 countries
�� 6,275 industry professionals and music lovers
�� More than 50 educational and business seminars 

catered to the attendees also comprising: import-
ers, retail trade representatives, heads of concert 
halls, conductors, sound and light directors, festival 

and concert organizers, music teachers, students, 
and musicians

Next year’s NAMM Musikmesse Russia is sched-
uled for May 16–19, 2013 with the ProLight + Sound 
NAMM Russia set for May 16–18, 2013 (no Sunday). 
Visit www.namm.org/russia for more information.

Listen Releases SoundCheck 11.1
Listen’s SoundCheck 11.1 expands on the new 

features and functionality introduced in version 11.0 
with expanded batch processing capability and full 
integration of the CLEAR algorithm into SoundCheck 
ONE. It offers increased flexibility with additional 
save to WAV file options, signal generator synchro-
nization, and usability improvements (e.g., mass 
export and hardware and calibration table enhance-
ments). Here are some highlights:

Batch Processing in Limits and Post Processing
Batch processing (introduced in the analysis step 

in SoundCheck 11.0) is now available in limits and 
post processing. The limits step simplifies sequence 
writing for multichannel testing as only one step is 
required to set limits on multiple channels rather 
than the need for a separate step per channel. Post-
processing enables the user to process large data 
sets quickly offline (see Photo 2).

October 12, 13, & 14 

at the Marriott Denver Tech Center

Largest Consumer Audio 
& Home Entertainment 

Show in the US!
www.audiofest.net

feast on
THE FUTURE OF SOUND
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New Save to WAV File Options
SoundCheck 11.1 offers new scaling options when 

saving to a WAV file. In addition to normalized wave-
forms, you can now select “sound card values,” which 
scales the WAV file to the fullscale deflection of the audio 
interface digital level, and “user defined,” which scales 
the waveform relative to a user-defined physical unit.

CLEAR Algorithm in SoundCheck ONE
The CLEAR algorithm for perceptual Rub & Buzz mea-

surement is now fully integrated into SoundCheck ONE. 
It operates using the log sweep stimulus.

Signal Generator Synchronization
Signal generator synchronization enables multiple 

signal generators to be synched in real time and in a 
sequence so they will simultaneously start and stop.

Active Speech-Level Stimulus Control (Requires 
Active Speech Module p/n 2033)

Users with the Active speech module (for telephony 
applications) can set the stimulus level using WAV file’s 
active speech level rather than WAV file’s average level.

Hardware and Calibration Table Enhancements 
In the hardware and calibration editors’s table view, 

you can sort the channels by clicking the column head-
ers. This simplifies viewing and editing when you have 
a lot of channels. Visit www.listeninc.com for more 
information.

New Version of LOUDSoft’s FINEBox for 
MicroSpeakers

LOUDSoft’s FINEBox was developed for normal loud-
speakers and works with speakers as small as 2” in 
diameter. However, microspeakers used in devices (e.g., 
cell phones and computers) present an array of prob-
lems most box design programs cannot address. Based 

Photo 2: SoundCheck 11’s batch processing limit screen
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on the experience of several micro designs, LOUDSoft 
has developed a new version called FINEBox Micro 
(see Photo 3). The new features include: minimum 
volume is 0.1 cm3; four types of ports (the ideal has 
no flare or compensation and is suited for very small 
ports in microspeakers); the SPL can be adjusted in 
10-dB steps and adjust impedance scaling (the window 
and curves update when the screen is dragged); and 
the enclosure volume can be optimized using the 
mouse wheel to click in the field and step in incre-
ments through the full range. Visit www.loudsoft.com 
for more information.

ALMA to Meet at the 133rd AES Convention
The Association of Loudspeaker Manufacturing & 

Acoustics International (ALMA) will gather Saturday, 
October 27, 2012 from 5:00 to 7:00 P.M. at Johnny 
Foley’s Irish House, 243 O’Farrell Street, San Francisco, 
CA 94102. The meetup is co-hosted by Rob Baum, 
ALMA vice president Americas, and Mark Beach (presi-
dent, Dyne Analytics), board member and Winter 
Symposium chairman. Plan to join other loudspeaker 
industry colleagues for casual networking. Learn more 
about ALMA programs and details of the Winter 
Symposium at www.almainternational.org.

ALMA Winter Symposium 2013 Call for Papers
ALMA International’s 2013 Winter Symposium 

has issued a  call for papers. The program, “Product 
Development in the Global Paradigm: Acoustic 
Modeling, Measurement, and Manufacturing in the 
Modern Marketplace,” now includes topics 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, on 
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 relevance to 
the symposium’s theme, relevance and 
value to the industry, and practical feasi-
bility 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
�� An abstract/summary that must be 75 words or 

less, suitable for reprinting in pre-symposium 
promotional literature

�� Each presenter’s name, address, phone number, 
and a short biography

�� A list of any special equipment needed

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

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

Morel’s New Titanium 6” Driver Series
Morel has introduced a new line of 6” Titanium 

voice coil former woofers for the OEM and DIY home 
audio market (see 
Photo 4).

According to 
Morel, the Titanium 
former has a low 
induction coeffi-
cient and improves 
the woofer’s sound 
quality compared 
to other former 
materials. There 
are six models in this new lineup, all using Titanium 
voice coil formers wound with Hexatech aluminum 
wire, 75-mm (3”) diameter voice coils, and either a 
double ferrite magnet motor or a hybrid neodymium/
ferrite motor. Table 1 shows a parameter summary 
for all six models. Visit Morel at www.morelhifi.com for 
more information. VC

Photo 4: Morel’s new 6” Titanium 
voice coil former woofer

Photo 3: FINEBox Micro’s port parameter menu

Table 1: Parameter summary for six models in Morel’s Titanium 6” driver 
series

TiW 638Nd TiW 634Nd TiCW 638Nd TiCW 634Nd TiW 638Ft TiW 634Ft

FS 43 Hz 40.5 Hz 45 Hz 40 Hz 40 Hz 40 Hz 

RE 5.4 3.7 5.4 3.7 5.4 3.6

QMS 4.70 5.33 4.68 4.98 3.96 4.3

QES 0.44 0.39 0.47 0.37 0.47 0.43

QTS 0.40 0.36 0.42 0.35 0.42 0.39

VAS 15.5 ltr 16.5 ltr 14.0 ltr 17.3 ltr 19.7 ltr 19.7 ltr

Sd 119 119 119 119 119  119
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 Spotlight

A Visit to Kingstate 
Electronics
By Mike Klasco

You may have noticed we have been running pro-
files on leading microspeaker, minispeaker, and 

mic capsule manufacturers. It’s tough to general-
ize, but if you were to categorize minispeakers and 
microspeakers, you could say that minispeakers are 
typically 2” (50 mm) in diameter and larger and 
microspeakers are 2” and smaller. Minispeakers have 
spiders (dampers) and microspeakers are suspended 
by only their surrounds. The z-axis (depth) goal on 
microspeakers are thin, while minispeakers tend to 
be larger. 

I have been visiting manufacturing factories for 
almost three decades and have watched some of 
these firms move from buzzers and toy speakers to 
precision manufacturing of sophisticated transducers. 
Last year, we surveyed and audited vendors for one of 
the larger U.S. consumer electronics brands (e.g., cell 
phones, laptops, and tablets). This exercise provided 
some perspective. Most of these manufacturers start-
ed with minispeakers and expanded into microspeak-
ers once headphones, earphones, cell phones, and 
laptops dominated the audio market. The tolerances 
of minispeakers are a bit wider than what is required 
for microspeakers. Often the factories that started 
with earphone and headphone drivers run a tighter 
ship than those that morphed their businesses from 
minispeakers. Yet, the cleanest and highest-grade 
operations have microphone element production in 
their DNA. 

This month, we take a look at Kingstate Electronics. 
While not the biggest microspeaker and mic vendor, 
it is certainly one of the most respected. Kingstate’s 
factory operation is at the top of its game, and 
the engineering team is unusually stable. In 1977, 
Kingstate opened in Taiwan and started producing 
a “solid-state buzzer.” Microspeakers soon followed. 
Kingstate Electronics is now a public Taiwanese com-
pany with revenues of more than $46 million. I first 
visited its R&D center in Taipei about four years ago 
to discuss active noise cancellation. I was impressed 
by its team’s sophistication. The factory in Dongguan 
was established 16 years ago, and the Suzhou opera-
tion (Shanghai vicinity) is about six years old (see 
Photo 1). Kingstate is one of those special audio parts 
manufacturers that offers a number of exceptional 
components that enable product designers to differ-
entiate their earphones, headphones, microphones, 
or other audio systems from competitors. With more 
than 15 years of experience in electret condenser 

mic development, it produces ultra-low noise mic 
elements, tight-matched mic arrays, and even water-
proof mic elements. Kingstate provides about 25% 
of all the mics used in digital video cameras. Aside 
from component-level items, Kingstate has advanced 
ODM goods (e.g., sound projector spatial-phase array 
audio sound bars, full-duplex speakerphones, and 
active noise-canceling earphones) that  it can offer as 
key component building blocks or complete finished 
products. Industries using Kingstate’s components 
include: telecommunications, consumer electronics, 
information technology, home appliances, automotive, 
security, and medical and industrial equipment. 

Kingstate produces a consistent and reliable range 
of acoustic products including: piezo buzzers, magnet-
ic buzzers, microspeakers, dynamic receivers, electret 
condenser microphones, and earphones. Cell phone 
in-box earphone customers include: HTC, JVC, Maxell, 
and Softbank (a Japanese mobile carrier). 

In 1990, Kingstate entered the automotive elec-
tronics module market. By 2010, Kingstate expanded 
its product offerings to include hands-free devices, 
burglar alarms, vehicle tracking, and backup warning 
systems. 

On the audio side, Kingstate is completing develop-
ment of a premium headphone project with a high-
prestige headphone brand. It is also developing ANC 
earphones and very high-output compression driver 
earphones.

Engineering Team
Kingstate’s staff includes several innovative engi-

neers and a couple of scientists. Their expertise 
enables Kingstate to undertake sophisticated and 
imaginative microspeaker and earphone projects (e.g., 
electret earphones and speakers). Kingstate hired 
Steven Huang, Special Projects engineer, to work on 
high-end innovative projects (e.g., audiophile head-
phones and specialty speaker development). I first 
met Steven about 20 years ago when he was doing 
design work for Harmony, a Taiwanese audiophile 
driver vendor. Other experienced engineers include Bill 
Lee, Product Line manager, and Jeff Hsieh, Advanced 
Acoustics R&D manager.

Kingstate logistic network in Greater China area: 

 

Suzhou, China
�Production
�Marketing & Sales 
�R&D & FAE
�QA&QC

Taipei, Taiwan (HQ)

�Marketing & Sales 
�R&D & FAE
�Finance 
�Audit
�Administration
�QA

Dongguan, China
�Production
�Marketing & Sales
�R&D & FAE
�QA&QC

Photo 1: Kingstate’s China and Taiwan locations
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Production Facilities
Kingstate’s main factory is in Dongguan. A satel-

lite factory is located in Suzhou (see Photo 2). I 
visited the Dongguan factory, which is impressive. 
It is probably due to the engineering culture of pro-
ducing ECM mics, which require cleaner and tighter 
manufacturing environment than microspeakers. I 
would rate this facility at the upper end. Its clean, 
bright, well organized, and comfortable environment 
results in reduced work fatigue, especially near the 
end of each shift. The factory is immaculate with a 
true clean-room environment, including airlocks with 
an air shower. It uses air conditioning and air filter-
ing, with positive air pressure in the assembly area 
and exhaust fans.

Aside from the top-grade facility, there are preci-
sion adhesive dispensers on the production lines, 
online convection conveyor ovens, video magnifica-
tion of critical assembly at the relevant work stations, 
and related enhancements to the assembly line. 

Semiautomatic or fully automated production is 
determined depending on the production item. Semi-
automatic lines have full instructions and pictorials 
at each workstation. Critical assembly and short-run 
items are made at circular work cells, consisting 
of a half dozen workers. The production lines have 
excellent jigs and fixtures, which are kept in pristine 
condition. Quality control (QC), at the end of the line, 
has go/no frequency response testing for 100% of 
production. 

At the Taiwan R&D facility, there is a full acoustic 
test lab with the usual Brüel & Kjaer head-and-torso 
simulator (HATS), Listen SoundCheck acoustic ana-
lyzer (with genuine hardware and software), and an 
anechoic chamber with a turntable. 

Getting There 
I like to fly nonstop from San Francisco, CA, to 

Taiwan. Most of us who work with offshore Asian fac-
tories visit both Taiwan and China. I like to start and 
end my trip in Taiwan. The most cost effective way is 
to book a round-trip ticket to Hong Kong, with stop-
overs in Taiwan. I prefer EVA Airlines. Its Elite class 
is priced just above economy, and the seat comfort 
is close to business class. Other aspects like its cus-
tomer service, on-time arrivals and departures, and 
safety record beat any U.S. airlines. 

Kingstate’s headquarters are on the outskirts of 
Taipei, across the street from the Tamshui Town 
MRT subway stop. Tamsui is just north of Taipei 
and boasts many historical attractions. In 1629, 
the Spanish established the town and mission of 
San Domingo. Ten years later, the Dutch occupied 
the area and built Fort Anthonio, known today as 
Hongmao Castle. The castle served as the British 
Consulate in the late 19th and early 20th centuries. 
It has since been restored and is now famous for its 
sunset view.

Photo 3: ANC earphones manufactured by Kingstate

Photo 4: Kingstate’s OEM sports headphones

          CONNECT WITH
loudspeaker professionals from around the globe.
      Reserve advertising  
space in Voice Coil and the
          Loudspeaker Industry Sourcebook.

STRATEGIC MEDIA  
MARKETING, INC.

voicecoil@smmarketing.us   www.smmarketing.us
978.281.7708

Photo 2: Various Kingstate factory production lines
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Photo 5: Kingstate’s micro shotgun microphones 

Photo 6: Kingstate’s microspeaker soundbars

Kingstate’s Future Plans
During our visit, Charlotte Yeh, vice president of 

sales and the engineering team, invited us to dinner 
at Red Castle restaurant—one of the best restau-
rants in Tamsui. The discussion eventually turned 
to Kingstate’s vision for the future. We talked about 
how entry-level earphones have been successful. 
Their design is now expanding with a patented 
compression driver earphone, working downward. 
Kingstate also produces active noise-canceling ear-
phones and other vendors have started to source 
ultra-low noise mics from Kingstate for ANC prod-
ucts (see Photo 3).

Kingstate’s introduction of the ODM sports head-
phones product line and high-performance OEM 
work was another topic of discussion (see Photo 4). 
Audiophile aluminum, magnesium-alloy diaphragm 
headphone drivers, micro shotgun and active-signal 
processing mics, and mini speaker array signal pro-
cessing sound bar for laptops and tablets were also 
key topics (see Photo 5 and Photo 6).

Contact Charlotte Yeh, Business Development 
Division to visit Kingstate, or e-mail charlotteyeh@
kingstate.com.tw. The company’s contact informa-
tion is Kingstate Electronics, 10F, NO.69-11, Sec.2, 
Chung Cheng East Road, Tamshui Town, Taipei 
County, Taipei 251 Taiwan, ROC, phone: (886) 2 
2809 5651 ext. 271, or www.kingstate.com.tw. VC
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ing off-axis response variations due to abrupt directiv-
ity changes and phase interference. 

To solve those problems, the invention’s speaker 
system utilizes three or more tweeters arranged in 
front of the woofer in a line-source configuration 
formed as a convex arc. The size and number of 
tweeters are scaled to form a line source comparable 
in length to the diameter of the woofer diaphragm, 
with the example given, incorporating six tweeters 
in the array. The goal is for the arrangement to have 
directivity that matches that of the woofer directiv-
ity at the crossover, minimizing off-axis frequency-
response changes in at least one direction. The tweet-
er line source is curved in a convex arc to minimize 
directivity at higher frequencies.

The inventors claim the line source enables the 
device to attenuate less over distances normally dic-
tated by the inverse square. This effect, to the degree 
it exists, would tend to be frequency-dependent and 
tilted toward the frequencies above the crossover. 
Additionally, a small waveguide is arranged to control 
directivity orthogonal to the line-source direction, 
attempting to operate as a constant directivity wave-
guide. This should be effective at higher frequencies, 
but it appears too small to maintain matching directiv-
ity at the crossover point.

There doesn’t appear to be any discussion of manip-
ulating the line-source array to maintain constant 
directivity with shading or phase control of the individ-
ual transducers. It seems the inventors are depending 
on the array’s curvature to keep the dispersion from 
collapsing at high frequencies. All in all, the invention 
adds one more coaxial configuration that will be use-
ful for particular applications and should perform well 
when properly optimized. 

SPEAKER, VOICE COIL UNIT, AND METHOD 
OF MANUFACTURING THE VOICE COIL UNIT
Patent Number: U.S. 8,224,015
Inventors: Emiko Ikeda (Tokyo, JP), Takahisa Tagami 
(Kanagawa, JP) 
Assignee: Sony Corp. (Tokyo, JP)
Filed: April 13, 2009
U.S. Class: 381/398
Granted: July 17, 2012, Claims: 21, Drawings: 19

Abstract from Patent
A speaker includes a magnetic circuit forming a slit-

like magnetic gap, a frame that houses and holds the 
magnetic circuit, a diaphragm attached to the frame so 
as to produce vibration, a voice coil unit placed to pass 
through the center of the magnetic gap, with one end 
coupled to the diaphragm, and a damper attached to 
the frame to support the other end of the voice coil unit 
(see Figure 2). The voice coil unit has a planar-type coil 
bobbin section and a voice coil section with a coil mem-
ber wound in a planar track shape and disposed so as to 
extend through the coil bobbin section from one side to 

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.

SPEAKER SYSTEM 
Patent Number: U.S. 8,189,823
Inventors: Seiichi Tezuka (Kobe, JP) and Tsutomu 
Yoshioka (Kobe, JP)
Assignee: TOA Corp. (Kobe-shi, JP)
Filed: November 12, 2007
U.S. Class: 381/182
Granted: May 29, 2012, Claims: 8, Drawings: 13

Abstract from Patent
One of this invention’s objectives is to provide a speak-

er system in which a woofer and a group of tweeters are 
substantially coaxially arranged. Sound waves emitted 
from the woofer and sound waves emitted from the 
tweeter would be less likely to interfere with each other 
in at least one direction, with easily stabilized sound 
pressure frequency characteristics. A speaker system, 
according to this invention, includes a woofer and three 
or more tweeters, with the tweeters arranged in front of 
the woofer in a circular-arc formation (see Figure 1).

Independent Claims
1. A speaker system comprises a woofer and three 

or more tweeters, wherein the tweeters are arranged in 
front of the woofer in a circular-arc formation that is con-
vex toward a direction in which the woofer emits sound.

Reviewer Comments
The patent disclosure relates to coaxial loudspeak-

ers that mount the high-frequency transducer in 
front of the woofer/midrange transducer, as opposed 

to being mounted 
at the base of the 
woofer diaphragm 
and utilizing the 
cone as a wave-
guide. The inven-
tors illustrate the 
problems associ-
ated with front-
mounted tweeters, 
emphasizing the 
problems due to 
dramatic directiv-
ity shifts between 
the woofer and the 
tweeter and caus-
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Figure 1: U.S. Patent 8,189,823
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the other side and back again (see 
Figure 3).

Independent Claims
1. A speaker comprising: a mag-

netic circuit forming a slit-like mag-
netic gap, a frame that houses and 
holds the magnetic circuit, a dia-
phragm attached to the frame  to 
produce vibration, a voice coil unit 
that is placed to pass through the 
center of the magnetic gap with one 
end coupled to the diaphragm, and 
a damper attached to the frame to 
support another end of the voice coil 
unit. The speaker’s voice coil unit 
has a planar-type coil bobbin sec-
tion, with a voice coil section with a 
coil member wound in a planar track 
shape and disposed to extend through the coil bobbin 
section from one side to another side and back again. 
The planar-type coil bobbin section has a plurality of 
slits, and the voice coil section is disposed so as to 
weave alternately in and out of the slits from the one 
side of the coil bobbin section to the other side. The 
number of irregularities produced by the voice coil sec-
tion differs between one side and the other side of the 
coil bobbin section.

Reviewer Comments
High-quality, crossover-less, single- 

driver, full-range type loudspeakers 
have been a goal in audio since the 
earliest days of loudspeaker develop-
ment. In recent times, low-cost minia-
turized units that can fit into flat video 
screens for television or computers 
have been a major pursuit. This inven-
tion discloses a transducer with a novel 
voice coil architecture and a method of 
manufacturing the voice coil unit, which 
is meant to be applied to a shallow form 
factor loudspeaker for LCD televisions, 
on-wall loudspeakers, and desktop and 
personal computers. 

Narrow, elongated transducers have 
had a variety of architectures to mini-
mize both of the linear distortions due 

to cone breakup and the components’s interface (e.g., 
voice coil-diaphragm coupling, thermal variations, etc.). 
Some attempts have been successful in frequency 
response, but they have had drawbacks in other areas 
(e.g., efficiency). The pinfold devices used in England in 
the early 1980s were a good example of high-perfor-
mance devices, but they traded efficiency for optimal 
pistonic diaphragm control and smooth, wideband fre-
quency response.
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Figure 2: U.S. Patent 8,224,015
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In the invention, an elongated planar voice 
coil “blade” is placed in a set of tightly gapped, 
focused fields to provide high efficiency. The 
voice coil blade is attached to the narrow, elon-
gated diaphragm’s centerline. The diaphragm is 
narrow to support wide dispersion and to mini-
mize breakup modes across the diaphragm up to 
the highest frequency of interest. The diaphragm 
is attached to the frame by a racetrack-shaped 
compliant suspension connected around the 
elongated diaphragm’s periphery. The voice coil 
is positioned to pass through the center of the 
narrow slit that forms the magnetic gap and has 
one end coupled to the diaphragm. A spider is 
attached to the frame to support the other end 
of the voice coil unit, providing increased stability 
for the voice coil during its excursion, similar to 
the old full-range Jordon drivers.

Thermal stability of these types of planar voice coil 
architecture is essential, as they are more susceptible 
to deformation than circular voice coils. The invention 
addresses this issue with the voice coil section with 
the conductor wound in a planar racetrack shape to be 
“woven” back and forth through a planar-type coil bob-
bin section from one side to the other side. The goal is 
to reduce thermal deformation due to the differential 
between the thermal expansion coefficient of the coil 
member and the thermal expansion coefficient of the 

coil bobbin member. This maintains the long flat voice 
coil’s planar form under dynamic conditions. The patent 
claims the coil member’s thermal expansion coefficient 
and the coil bobbin member’s  thermal expansion coef-
ficient can be cancelled out between one side and the 
other side of the coil member, thereby making it possible 
to maintain the planar aspect of the coil bobbin under a 
wide range of thermal conditions. This stability enables 
a tighter voice coil gap, which is essential to maintaining 
efficiency in this type of device, since they are typically 
substandard.

 The transducer’s diaphragm is formed from a foamed 
mica material and, from the front, appears as an elon-
gated concave form. Historically, these types of narrow, 
elongated diaphragms maintain a pistonic behavior 
horizontally, across the narrow dimension, but they can 
have rich modal content generated in the length dimen-
sion. The patent addresses one set of issues relative to 
thermal stability in elongated, laterally driven planar 
voice coils, and provides a solution that appears to 
have merit. However, there are no measurement results 
provided to substantiate the claimed benefits of this 
novel voice coil design. There is also little discussion of 
the modal concerns related to this type of elongated 
diaphragm topology. That said, it is an interesting and 
thought-provoking concept that is worthy of study. VC
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Figure 3: U.S. Patent 8,224,015

For more information visit www.ALMAInternational.org
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Test Bench

A New Bullet Tweeter from 
Faital Pro and a 12” Ferrite 
Motor from Beyma

by Vance Dickason

Before beginning this month’s driver reviews, 
I have a correction from August’s Test Bench 

column. On the cover and on page 19, we referred 
to the new Wavecor TW030WA09/10 low-resonance 
tweeters as “low resolution” instead of “low reso-
nance.” Our apologies to Wavecor for the typograph-
ical error. Wavecor makes outstanding tweeters, and 
they are certainly not low resolution!

This month’s driver samples are both pro sound 
products. I received a Faital Pro FD371, which is a new 
bullet-phase plug tweeter, and a Beyma 12P80/Fe, 
which is a new ferrite motor, low-frequency transducer.

The Faital Pro FD371
The first driver I examined this month was Faital 

Pro’s FD371 bullet-type, high-SPL tweeter (see 
Photo 1). Faital Pro’s FD371 is built around a CNC’d 
aluminum horn and phase plug. Other features 

Photo 1: Faital Pro’s new FD371 bullet-type tweeter
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Figure 2: Faital Pro FD371 on-axis response
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Figure 3: Faital Pro FD371 on- and off-axis frequency 
response (0° = solid; 15° = dot; 30° = dash; 45° = 
dash/dot; 60° = dash) for Faital’s FD371

include a Ketone Polymer annular-shaped diaphragm, 
a 37-mm (1.4”) diameter voice coil using a Kapton 
former wound with aluminum wire, and a ferrite 
motor structure with polished front and back plates.

Testing commenced using the LinearX LMS ana-
lyzer to produce the 300-point sine wave impedance 
plot (see Figure 1���'��������|���{_#������!{�=+�
�
������� ��Y������ ������ 	�
����� ��
� =� �� ���
7.79 kHz. The FD371’s primary resonance occurs at 
+�=K�`>?��������++��������������

Next, I mounted Faital Pro’s FD371 in an enclosure 
with a 15” × 6” baffle and measuring the on- and 
off-axis frequency response at 2.83 V/1 m with a 
100-point gated sine wave sweep. Figure 2 shows 
the bullet tweeter on-axis and shows the sensitivity 
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Figure 4: Faital Pro FD371 normalized on- and off-axis 
frequency response (0° = solid; 15° = dot; 30° = dash; 
45° = dash/dot).
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Figure 1: Faital Pro FD371 free-air impedance plot
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varies between 102 and 109 dB. The company-
specified sensitivity of 107 dB falls between those 
measurements. This SPL profile measures ±3 dB 
from 2 to 9 kHz. The FD371 pro sound tweeter’s 
recommended minimum crossover frequency is 
2.5 kHz, which is low for this type of device. The 
response is ±3.75 dB from 2 to 20 kHz. Figure 3
shows the on- and off-axis SPL out to 60° off-axis, 
with the normalized view shown in Figure 4. You 
can get a graphic look at the device’s directivity 
in the factory beamwidth plot shown in Figure 5.
Figure 6 shows the two-sample SPL comparison, 
indicating both samples are well matched.

For the remaining tests, I used the Listen 
SoundCheck analyzer, 0.25” SCM microphone and 
power supply to measure distortion and generate 
time-frequency plots. For the distortion measure-
ment, the FD371 tweeter was mounted on the 
same baffle used for the frequency-response mea-
surements, and a pink noise stimulus was used to 
set the SPL to 104 dB at 1 m (0.64 V). I measured 
the distortion with the Listen microphone placed 
10 cm from the horn’s mouth. This produced the 
distortion curves shown in Figure 7. I then used 
SoundCheck to measure the driver’s 2.83-V/1-
m impulse response and imported the data into 
Listen’s SoundMap time/frequency software. The 
resulting CSD waterfall plot is shown in Figure 8.
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Figure 5: Faital Pro FD371 factory beamwidth plot

Figure 6: Faital Pro FD371 two-sample SPL comparison
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The short-time Fourier 
transform (STFT) plot is 
shown in Figure 9.

I haven’t had a chance 
to verify this, but Keith 
Gronsbell, Faital Pro’s 
U.S. representative, said 
the Ketone polymer dia-
phragm yields a smooth 
subjective performance, 
considerably more musi-
cal than bullet tweet-
ers from the pro sound 
past. For more about 
this and other Faital 
Pro pro sound products, 
visit the company’s 
website at www.faital-
pro.com, or in the U.S., 
contact Faital USA, Inc., 
Keith Gronsbell (kgrons-
bell@faital.com), 220 
West Parkway, Unit 13, 
Pompton Plains, NJ, 
07444, (516) 779-0649, 
Fax (973) 835-5055.

Beyma 12” 12P80/Fe
The last driver I examined was the new ferrite motor 

version of the Beyma 12” 12P80Nd, the Beyma 12” 
12P80/Fe high-power handing pro sound woofer (see 
Photo 2). One of the biggest problems facing high-
SPL pro sound woofers is power compression. Power 
compression is a limitation to maximum SPL caused by 
voice coil DCR increasing as the voice coil temperature 
increases. To achieve high-power handling and high-SPL 
potential, both car audio and pro sound driver manu-
facturers have been focusing on new and innovative 
thermal cooling methodologies for a number of years. 
Beyma’s solution is its patented Helicex cooling technol-
ogy, which was highlighted in the February 2008 issue 
of Voice Coil. The Helicex cooling technology pumps air 
from both the inside and outside of the duo inner/outer 
100-mm (4”) diameter voice coil winding through an 
articulated 0.75” diameter pole vent and a set of six 
6-mm diameter peripheral vents. Compared to the 
12.3 lb of the neodymium motor version (12P80Nd), 
the ferrite motor 12P80/Fe weighs in at 26 lb.

The Beyma 12P80/Fe’s features include: a pro-
prietary six-spoke cast aluminum frame similar to the 
12P80Nd, with a waterproof-coated (both sides), flat-
profile paper cone, and a 4.125”-diameter waterproof-
coated, paper dust cap. It also has a 4”-diameter 
nonconducting voice coil former; a 218-mm diameter 
and 30-mm thick ceramic ferrite magnet sandwiched 
between a black-coated, 12-mm front plate and a 
black, emissive-coated T-yoke; and a coated, pleated 
two-roll cloth surround with a 6”-diameter black 

Figure 7: Faital Pro FD371 SoundCheck distortion plots

Figure 8: Faital Pro FD371 SoundCheck CSD waterfall plot

Figure 9: Faital Pro FD371 SoundCheck STFT surface 
intensity plot
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Conex spider. The spider and surround were designed 
using Beyma’s Mechanical Mirror Suspension System 
(MMSS) design software. Note FEA software was used 
to design the driver’s the motor system. As mentioned, 
the cooling is provided by a 0.75” articulated pole vent 
and six peripheral vents. Articulated means the front 
plate has a 0.75” hole opening to 1.375” inner dimen-
sion of the ferrite magnet with the same size 1.375” 
screen covered exhaust in the T-yoke. (There is no 
venting below the spider mounting shelf.) Last, the 
voice coil terminates to a set of color-coded, chrome 
push terminals.

Photo 2: The Beyma 12” 12P80/Fe driver

Table 1: Beyma 12P80/F3 pro sound driver
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Figure 10: Beyma 12P80/Fe free-air impedance plot

 TSL model LTD model  Factory

sample 1 sample 2 sample 1 sample 2

FS 52.7 Hz 50.6 Hz 52.6 Hz 50.6 Hz 46 Hz 

REVC 5.08 5.13 5.08 5.13 5.2

Sd 0.0499 0.0499 0.0499 0.0499 0.0550

QMS 4.71 5.25 3.87 4.54 10.14

QES 0.22 0.20 0.21 0.19 0.19

QTS 0.21 0.19 0.20 0.18 0.19

VAS 35.6 ltr 38.5 ltr 36.1 ltr 38.9 ltr  75.6 ltr 

SPL 2.83 V 95.7 dB 95.9 dB 95.8 dB 96.1 dB  100 dB 

XMAX 4.0 mm 4.0 mm 4.0 mm 4.0 mm 4.0 mm 
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I used the LMS analyzer to examine the 12P80/Fe 
pro sound woofer and I used VIBox to generate volt-
age 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, and 30 V. I no longer (or at least sel-
dom) use a single-added mass measurement. Instead, 
I use Beyma’s actual physically measured Mmd with 
50% of the surround, spider, and lead wires removed. 
I ran the sine wave at the given sweep voltage level at 
200 Hz for a given period of time to raise the voice coil 
temperature to the third time constant for the voltage 
level to better approximate actual operating conditions 
(10 s between sweeps 1 to 6 V, 30 s between sweeps 
10 to 20 V, and 50 s between sweeps 25 to 40 V). The 
14 sine wave sweeps (two at each voltage level for each 
driver sample) were further processed with the voltage 
curves divided by the current curves to produce imped-
ance curves. I used the LEAP phase calculation routine 
to generate the phase curves. Impedance magnitude 
and phase curves plus the associated voltage curves 
were copy/pasted into the LEAP 5 software’s guide 
curve library. This data was used to calculate param-
eters using the LEAP 5 LTD transducer model. Since 
virtually all manufacturing data is produced using either 
a standard transducer model, or in many cases, the 
LEAP 4 TSL model, I also generated LEAP 4 TSL model 
parameters using the 1-V free-air curve that can be 
compared with the manufacturer’s data. (See Figure 10
for the Beyma 12P80/Fe’s 1-V free-air impedance plot.) 
Table 1 compares the LEAP 5 LTD and LEAP 4 TSL T/S 
parameter sets for the two 12P80/Fe driver samples, 
submitted by Beyma with its factory data. 

Looking at the Beyma 12P80/Fe’s comparative data 
in Table 1, the measured data showed some variance 
with the factory data. The biggest variation was the 
factory VAS, which was smaller for my measurements. 
I tried to program the factory data into LEAP 5, but 
the data was not correlated, and I could not perform a 
simulation. It appears there may be a misprint in the 
QMS, as the stated QMS would not correlate to the VAS 
number. I don’t think this is a big deal as I get a lot 
of prototype samples. (The 12P80/F3 samples were 
marked “prototype” and the final printed data has yet 
to be published.) I used the LEAP LTD parameters for 
Sample 1 to set up computer enclosure simulations. I 
set up two vented box simulations recommended by 
Beyma, a 0.7-ft2 vented enclosure tuned to 47 Hz, and 
a larger 2.25-ft2 vented box tuned to 27 Hz, both with 
15% fiberglass fill material. 

Figure 11 shows the results for the 12P80/Fe in 
the two vented enclosures at 2.83 V and at a voltage 
level sufficiently high enough to increase cone excur-
sion to XMAX + 15% (4.6 mm for the Beyma woofer). 
This resulted in a F3 of 47 Hz (F6 = 43 Hz) for the 
0.7-ft3 box. Increasing the voltage input to the simula-
tions until the maximum linear cone excursion reached 
XMAX + 15% resulted in 117 dB at 35 V for the 0.7-ft3
simulation, and 116 dB at the same 35 V for the larger 
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Figure 13: Cone excursion curves for the 35-V curves in 
Figure 11

Figure 14: Klippel analyzer Bl(X) curve for the Beyma 
12P80/Fe
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Figure 11: Beyma 12P80/Fe computer box simulations 
(black solid = vented @ 2.83 V; blue dash = vented 
@ 2.83 V; black solid = vented @ 31.5 V; blue dash = 
vented @ 32 V)

Figure 12: Group delay curves for the 2.83-V curves in 
Figure 11

Figure 15: Klippel analyzer Bl symmetry range curve for 
the Beyma 12P80/Fe

Figure 16: Klippel analyzer mechanical stiffness of sus-
pension KMS (X) curve for the Beyma 12P80/Fe

Figure 17: Klippel analyzer KMS symmetry range curve 
for the Beyma 12P80/Fe

Figure 18: Klippel analyzer Le (X) curve for the Beyma 
12P80/Fe
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Figure 21: Beyma 12P80/Fe two-sample SPL comparison 
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Figure 19: Beyma 12P80/Fe on-axis frequency response 

Figure 20: Beyma 12P80/Fe on- and off-axis frequency 
response 

4-mm physical XMAX location, which is not a lot, but it 
is within manufacturing tolerance. The the 12P80/F3’s 
displacement limiting numbers, calculated by the Klippel 
analyzer, were XBl @ 82% Bl = 3.7 mm and for XC @ 
50% CMS minimum was 1.8 mm, which means the com-
pliance is the most limiting factor for prescribed distor-
tion level of 10% for this Beyma pro woofer. 

Figure 18 shows the Beyma 12P80/F3 woofer’s 
inductance curve Le (X), which, for a normal-type fer-
rite motor, increases inductance as the voice coil moves 
to the rear. The inductance variance over the operating 
range (XMAX in to XMAX out) is 1.16 mH to 0.83 mH, 
which is minimal variation for this size driver that does 
not have a shorting ring installed.

With the Klippel testing completed, I mounted the 
12P80/Fe pro sound driver in an enclosure, with a 17” 
× 17” baffle filled with foam damping material, and 
used a 100-point gated sine wave sweep to measure 
the driver’s on- and off-axis frequency response from 
300 Hz to 20 kHz at 2.83 V/1 m. Figure 19 shows 
the 12P80/F3’s on-axis response, with a smooth, even 
response up to cone breakup peak at 1.3 kHz followed 
by the low-pass roll-off. Figure 20 shows the on- and 
off-axis frequency response at 0°, 15°, 30°, and 45°. 
The 3 dB from the on-axis to the 30° off-axis curve 
occurs at 1.2 kHz, about as high as you would want to 
crossover any 12” in a two- or three-way configuration 
and maintain a reasonably good power response. Last, 

vented enclosure. See Figure 12 and Figure 13 for the 
2.83-V group delay curve and the 35-V excursion curves, 
respectively. The F3 and F6 numbers were determined 
from the high-pass rolloff’s knee.

Pat Turnmire, of Red Rock Acoustics, performed the 
Klippel analysis for the Beyma 12” woofer (our analyzer 
is provided courtesy of Klippel GmbH), producing the 
Bl(X), Kms(X), and Bl and Kms symmetry range plots 
shown in Figures 14–17. The 12P80/F3’s Bl(X) curve is 
fairly symmetrical and, like most pro sound drivers, not 
as broad as a high XMAX device (see Figure 14). The Bl 
symmetry plot shows a small 0.6-mm coil in (rearward) 
offset at the rest position that increases to a 0.14-mm 
coil out offset at the driver’s physical 4-mm XMAX (see 
Figure 15). Figure 16 and Figure 17 show Beyma pro 
sound woofer’s KMS (X) and KMS symmetry range curves. 
The KMS (X) curve is also very symmetrical, and it has a 
small amount of forward (coil-out) offset of 0.16 mm at 
the rest position that increases to 0.6 mm at the graph’s 
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Test Bench is an open forum for OEM driver manufacturers 
in the industry. All OEMs are invited to submit samples to Voice 
Coil for inclusion in the monthly Test Bench column. 

Driver samples can include 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 representative 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 information necessary to 
explain the functioning of the transducer. This should include 
details regarding the materials used to construct the trans-
ducer 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 21 provides the 12” Beyma driver’s two-sample 
SPL comparisons, showing a good match throughout the 
woofer’s 1.2-kHz operating range. 

For the Beyma 12” driver’s final tests, I fired up the 

SoundCheck analyzer, SCM microphone, and power sup-
ply to measure distortion and generate time-frequency 
plots. Setting up for the distortion measurement again 
consisted of rigidly mounting the woofer in free air and 

using a noise stimulus to set 
the SPL set to 104 dB at 1 m 
(2.42 V). (Two of SoundCheck’s 
utilities include a software gen-
erator and SPL meter.) I then 
used the SCM microphone 
placed 10 cm from the dust cap 
to measure the distortion. This 
produced the distortion curves 
shown in Figure 22.

Last, I used the SoundCheck 
analyzer to get a 2.83-V/1-m 
impulse response for this driv-
er and imported the data into 
the SoundMap Time/Frequency 
software. The resulting CSD 
waterfall plot is shown in 
Figure 23. The Wigner-Ville 
(for its better low-frequency 
performance) plot is shown in 
Figure 24. For more informa-
tion on this driver and other 
Beyma pro sound products, visit 
www.beyma.com. VC

Figure 22: Beyma 12P80/Fe SoundCheck distortion plots

Figure 23: Beyma 12P80/Fe SoundCheck CSD Waterfall 
plot 

Figure 24: Beyma 12P80/Fe SoundCheck Wigner-Ville 
plot 
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the launch of stereo headphones. 
After reading numerous Polk 40th announcements on 

the Internet, I did not see any acknowledgement that the 
company was founded by Matthew Polk, which leaves some-
one unfamiliar with Polk Audio history to conjecture the 
company was named after the 11th president of the United 
States, James K. Polk. Sorry Matthew.

Faital Pro Embraces Energy Efficiency
Voice Coil’s February 2009 issue featured an article 

about Acoustica Beyma installing a rooftop solar array 
on its Valencia factory. In a recent announcement, 
Faital Pro has chosen its manufacturing plant in Chieve, 
Italy (home of its pro-audio division), as the site to 
inaugurate a powerful 
new photovoltaic sys-
tem priced at nearly 
$621,000 (€500,000) 
(see Photo 3). Faital 
Pro said, on a power- 
consumption level, 
the new installation is 
aligned with the global 
policy for energy sav-
ings, designed to cover 
40% of the plant’s 
internal energy require-
ments. The new system 

By Vance Dickason

Selling Altec Lansing
Altec Lansing is being sold by its parent company, indus-

try sources told TWICE magazine. The company retained an 
investment banker, and it is in discussions with a number of 
strategic buyers from within the industry. The sale process 
started in July. The brand has been shuffled around in recent 
years. It was purchased by Plantronics in 2005 and then 
sold in 2009 to an affiliate of Prophet Equity, a private equity 
firm, where it was integrated with Avega Systems. Last year, 
Altec moved its offices to California from Milford, PA. 

Detmer Leaving Niles Audio
Mike “Sparky” Detmer is leaving Niles Audio, a Nortek 

(NASDAQ: NTK) subsidiary, after 13 years with the com-
pany, most recently as president (see Photo 1). He joins 
a small group of executives who left Nortek, which is in 

the midst of a major reorgani-
zation. Niles is part of Nortek’s 
Audio Video Control (AVC) group. 
Formed in 2010, AVC consolidat-
ed Niles, Elan Home Systems, and 
Xantech under a single umbrella, 
which was under Mark Terry’s 
direction until he left the group. 
At the same time, Nortek added 
more subsidiaries to the AVC 
portfolio, including SpeakerCraft, 

Proficient, and Panamax/Furman. Panamax President Bill 
Pollock replaced Terry as leader of The AVC Group. Longtime 
SpeakerCraft chief Jeremy Burkhardt left the company as 
well, replaced by Keith Marshall, president of SpeakerCraft 
spinoff Proficient.

Polk Audio Turns 40
Polk Audio staff recently celebrated the company’s 40th

anniversary at its company headquarters with a speaker-
themed cake (see Photo 2). Polk, DEI Holdings’s largest 
audio brand, started in a garage, like many audio brands 
of the time, said Ben Newhall, sales and marketing senior 
vice president. “Though there have been a few changes 
in the lineup over the years, we’ve always remained true 
to the music, and our goal of designing and building top-

quality speakers at 
affordable prices,” 
he said. Since its 
founding, the com-
pany has generated 
more than 65 audio 
design and technolo-
gy patents. Last year, 
it branched out from 
home speakers to 
personal audio with 

Industry Watch

Photo 1: Mike Detmer

Photo 2: Polk Audio recently cel-
ebrated 40 years in business.

Photo 3: Faital Pro’s new rooftop 
solar array sits atop its Chieve, 
Italy, pro sound facility.
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will also prevent several tons of harmful CO2 from being 
dumped into the atmosphere every year.

Flavio Naggi, Faital pro-audio division manager, con-
firmed: “The system’s installed capacity is 199 kWp with an 
annual estimated contribution of 210,000 kWh, equivalent 
to about 40% of the Chieve plant’s current annual con-
sumption.” The official data indicates a significant savings 
of carbon dioxide released into the atmosphere, almost 
111,000 kg per year, a saving of more than 2,000 metric 
tons over the next 20 years. Officially activated in June 
2012, the system consists of 848 Sovello Pure Power L 
polycrystalline panels, 235 Wp each, and eight Delta Solivia 
20TL inverters. The panels and the inverters were made in 
Germany and have a 25-year lifespan. Faital has tried to 
stay ahead of the European Union’s environmental require-
ments, for which it has received ISO 14001 certification. 
The designation is bestowed on companies that voluntarily 
respect stringent, specifically defined “environmental man-
agement requisites.”

Klipsch Group Targets Counterfeiters
Klipsch Group teamed up with Boston-based OpSec 

Security to launch a product-authentication program to 
identify legitimate products from counterfeit ones. The 
program includes a holographic label with security fea-
tures, enabling investigators, retailers, and consumers 
to verify the authenticity of Klipsch products. OpSec’s 
authentication program will help Klipsch take legal action 

against counterfeiters, enhance its brand image, and pro-
tect consumers from purchasing potentially harmful prod-
ucts. The program will “provide our customers the peace 
of mind that they are purchasing truly legitimate Klipsch 
products,” added Mike Klipsch, Klipsch’s president of global 
operations. Consumer electronics represented 22% of the 
counterfeit goods seized by U.S. Immigration and Customs 
Enforcement (ICE) in 2011, according to ICE statistics.

Eli Harary to Launch Luxury Audio Brand
Industry veteran Eli Harary returns to the home audio 

market to launch a new luxury brand of audio and enter-
tainment products (see Photo 4). The brand, AudioXperts, 
includes: tabletop audio products; under-TV audio plat-
forms that sit on TV credenzas; 
and component speakers avail-
able through authorized deal-
ers, select online retailers, and 
directly through AudioXperts. 
Initial products were unveiled at 
an August invitation-only event in 
midtown Manhattan, the company 
said. More information is available 
at www.audioxperts.com. Harary 
will serve as company president, 
having left D+M’s Boston Acoustics 
brand in June 2011 to start a con-
sulting company focused on the audio and consumer elec-
tronics (CE) businesses. Harary has been in the CE industry 
for almost 40 years. He was with Boston Acoustics for five 
years, held management positions at Infinity and JBL, and 
owned and operated Paris Audio stores in Los Angeles, CA 
for 19 years until he joined JBL in the early 1990s. 

“AudioXperts represents the culmination of my nearly four 
decades of love, passion, and learning in this exciting field 
of entertainment,” said Harary. “My goal is for AudioXperts 
to bring out products that allow people to enjoy the one art 
form that enriches everyone’s soul: Music!” 

Harary’s sales and management team includes: engi-
neering director Mark Nazar, who has more than 30 years 
of product design and engineering experience; marketing 
and communications director, Jeff Litcofsky, who has more 
than 20 years of audio industry experience; and sales 
operations director Marion “Chick” George, who has more 
than 30 years of experience in customer service, order 
management/processing, and logistics. John Fischbach is 
the product voicing director, responsible for the final voic-
ing and tuning of all AudioXperts products. He has more 
than 40 years of experience in the music-recording indus-
try, and has been directly involved in the recording and 
engineering of more than 50 music albums. He has been 
nominated for several Grammy Awards and was awarded 
a Grammy for his latest work with Cassandra Wilson.
For its initial product launch, the company offered mod-
els in its 4TV series of audio entertainment consoles and 
its EnVironmental Audio (EVA) Music Systems series of 
tabletop audio products. The 4TV products are under-
TV consoles positioned as TV-audio and music solutions 

Photo 4: Eli Harary
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that offer component-audio quality in a form designed to 
“eliminate confusion, chaos, and clutter,” the company said. 
The $1,999 4TV 2112 (suggested price) and the $3,999 
two-piece 4TV 5122 feature smoked-glass and aluminum 
enclosures and a variety of embedded technologies, includ-
ing patent-pending High Aspect Ratio Transducer (HART) 
driver technology, Dolby Digital and DTS decoding, con-
nection for an optional Apple Airport Express, Bluetooth 
audio streaming with the CSR’s Apt-X codec, and multiple 
surround modes and EQ settings, including a voice intel-
ligibility enhancement setting. Controls are touch-sensitive.
The EVA tabletop systems include a Dock FM radio with 
Bluetooth, a Dock FM/DAB+ radio with Bluetooth, and a 
Dock speaker with Bluetooth, all with woven wool cover 
and bamboo case, touch controls, Bluetooth audio stream-
ing with the CSR Apt-X codec, a digital optical connection 
to add an optional Apple Airport Express, and an expan-
sion port for an optional add-on speaker to create a two-
speaker soundfield. The initial EVA models will retail for 
a suggested $199 to $399 and will be available in slate 
and sand finishes. They’re designed to maximize the use 
of recyclable, renewable, and biodegradable materials. 
In September, the company launched Korners, a series 
of “room/designer-friendly” high-performance component 
speakers and powered subwoofers.

Prism Sound to Offer Chinese Language Support
To meet the needs of the burgeoning Chinese design and 

manufacturing sector, audio test and measurement special-
ist Prism Sound is providing Chinese language support for 
its dScope Series III audio analyzer range (see Photo 5). 
The decision to specifically address the needs of this market 
recognizes China’s increasing global importance as an engi-
neering and manufacturing nation. High-tech professional 
and consumer electronic devices (e.g., mixing consoles, 
tablet computers, televisions, and smartphones) all have 
audio components that require testing. High-quality test 
instruments (e.g., the Prism Sound dScope Series III range) 
are in great demand.

All Prism Sound dScope Series III audio analyzers, includ-
ing the brand new dScope Series IIIE system, aimed at 
the high-volume manufacturing market, are now supplied 
with a standard Chinese language interface. The language 
preferences can be user set as part of the Windows instal-
lation, and the dScope Series III software looks up these 
preferences in order to determine which language to dis-
play. In recognition of the need to streamline the learning 
curve for engineers working in high-volume manufacturing, 
Prism Sound is also launching an “Auto Sequence” applica-
tion, which enables engineers to configure automated test 
sequences and reports without learning the dScope Series 
III automation scripting language.

Simon Woollard, a Test and Measurement product spe-
cialist for Prism Sound, said: “Our new Chinese language 
interface is just one part of a series of exciting new develop-
ments for Prism Sound and our customers. We believe that 
we are the first major Western manufacturer of general-
purpose audio measurement instruments to offer a Chinese 

language option. It is very important that we cater for the 
needs of our customers, and our sales partners in China. 
CDA Professional Audio identified the need for its clients to 
be able to operate our systems in their native language. The 
translation task has been quite a substantial piece of work, 
but we are confident that the investment will be justified, 
and that it will greatly improve the usability of our solution 
by our customers in China.”

Prism Sound’s dScope Series III platform is well suited 
to production-line testing applications, as it can be easily 
automated using its built-in VBScript interpreter or from 

Photo 5: Prism Sound's dScope Series III analyzer range 
now offers a Chinese language support option.
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a dedicated test sequencer that avoids the need for script 
writing, enabling the creation of custom test routines and 
pass/fail limit checking. Furthermore, test automation can 
be accomplished with dScope’s “ActiveX COM” interface, 
offering support for third-party automation executives (e.g., 
National Instruments TestStand).

The latest version of the dScope Series III software, 
complete with Chinese language interface, can be down-
loaded at www.prismsound.com/test_measure/support_
subs/support_downloads.php.

Prism Sound also announced that it has appointed 
Chicago-based WavNet as it newest U.S. representative. 
WAVNet will help promote sales and provide application 
support and training for Prism Sound’s range of audio test 
and measurement instruments, including the dScope Series 
III audio analyzer.

Greg Groeper, WAVNet’s owner and chief consultant, 
will be responsible for managing the Midwest/Great Lakes 
states of Illinois, Indiana, Iowa, Kansas, Kentucky, Michigan, 
Minnesota, Missouri, Nebraska, Ohio, and Wisconsin. This is 
a territory he knows well after 25 years of audio test and 
measurement sales and support in the region. The appoint-
ment of WAVNet reunites Greg Groeper with Doug Ordon, 
Prism Sound’s U.S. national sales representative for Test 
and Measurement. The two worked together in Chicago 
during the 1980s at AVC Systems and Douglas Ordon and 
Co. In addition to establishing an 80% regional market 
share in test and measurement and broadcast automation, 

they helped pioneer the audio industry’s transition from 
tape-based to random-access digital editing. In 1992, when 
Ordon moved on to a new assignment, Groeper took over 
the business and reorganized it as WAVNet. 

Rockford to Team with Blaupunkt
Rockford has picked up the North American distri-

bution rights to the Blaupunkt brand of car audio/
video and headphone products. In the U.S, the com-
pany expects the headphones and car products to 
be available late in the third quarter or early in the 
fourth quarter of 2012. Rockford will also team up with 
Blaupunkt to globally offer OEM equipment to automakers. 
In the U.S. aftermarket, Rockford will sell the brand’s 
line through a “traditional distribution model” to reach 
a broad base of small retailers, said Theresa Hephner, 
Rockford’s product development and marketing senior 
director. Rockford will choose a limited number of dis-
tributors in the U.S., and the distributors will sell to retail-
ers approved by Rockford, she said. For Rockford, the 
Blaupunkt brand will be the company’s first car audio line 
with a full range of components from heads to amps and 
speakers. The company’s other brands focus on prod-
ucts other than head units. The brands include Rockford 
Fosgate, Brax, Helix, Lightning Audio, and Renegade. 
For his part, Blaupunkt CEO/managing director Lars 
Placke said Rockford will help the company reestablish 
its North American aftermarket distribution while the 
OEM partnership will enable the two companies to syn-
chronize sales teams and combine technology platforms, 
engineering capabilities, and production facilities so “we 
will be able to serve our OE customers even better.” 
Rockford is taking over North American distribution from 
startup importer/distributor American Audio Video, based 
in Southaven, MS. The company announced plans late last 
year to bring Blaupunkt back to the U.S. after an absence 
of about two years. The absence followed the late-2008 
sale of Blaupunkt by owner Bosch to German equity firm 
Aurelius Group. Aurelius initially concentrated on the 
OEM infotainment business after the purchase, but later 
began rebuilding aftermarket distribution through national 
importers and marketers in various countries. Blaupunkt 
started in the early 1920s with the launch of headphones. 
The company is based in Hildesheim, Germany, and has 
manufacturing facilities in Malaysia and China.

B&W Tops Favorite Brands List
CE Pro did a recent study of favorite brands among its 

dealer/installer base for a number of product categories. 
For free-standing speakers, the top seven brands were: 
B&W (34%), Klipsch (23%), Paradigm (21%), Monitor 
Audio (9%), Triad Speakers (9%), PSB Speakers (8%) and 
KEF (7%). For architectural speakers, the top seven brands 
were: Sonance (49%), B&W (34%), SpeakerCraft (34%), 
Klipsch (23%), Paradigm (15%), Triad (15%), and Niles 
(8%). Last, for headphones, the top seven brands were: 
Sennheiser (29%), B&W (21%), Monster/Beats (11%), 
AKG (8%), Klipsch (8%), Sony (8%), and Grado (5%). VC
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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.



Dayton Audio 
OmniMic V2 Precision 
Measurement System

Dayton Audio DATS 
Test System

Dayton Audio EMM-6 
Electret Measurement Mic

Learn more about Dayton Audio test and 
measurement tools at daytonaudio.com/vcm

725 Pleasant Valley Dr. 
Springboro, OH
Tel: 800-338-0531
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Industry News & Developments

The 133rd AES Convention, San Francisco
This year’s AES Convention will be held, as it is every 

other year, at the Moscone Convention Center in San 
Francisco, CA. Dates for this year’s convention/trade 
show are October 26–29, 2012. Last year’s 131st 

AES Convention in New York City, NY, drew 15,926 
attendees and 310 exhibitors. This year’s convention 
should be no different. As with previous AES conven-
tions, this one promises to have a lot of information 
for the loudspeaker industry. In addition to the work-
shops, master classes, live sound sessions, and paper 
presentations, there will be an enormous amount of 
information available. 

The following Live Sound seminar is scheduled:

�� ������� 	� 
�����	���� ���	��	����—Chairman: 
Jamie Anderson. Loudspeaker systems are 
installed to achieve functional and aesthetic goals. 
Therefore, the act of tuning (aligning) those 

systems achieves those aims. While often equated 
with the adjustment of a system’s drive EQ/DSP, 
loudspeaker system alignment encompasses all 
decisions (or non-decisions) made throughout the 
design, installation, drive adjustment, and usage 
processes. This session gathers a panel of audio 
professionals with extensive experience in sound 
system alignment over a diverse variety of system 

����	��������	��

Photo 1: The AES 131st Convention’s exhibit floor 
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Why not try our engineering facilities to help you design your 
next award-winning Speaker project? 
 
We have all the tools and resources you need to help you get 
your project to market. We have over 60 years experience, and 
have the state of the art tools, engineering, project 
management, and open book policy to be your partner. 
 
Check out our website at www.ggec.com or give us a call! 
 
Dave Cox : 714.750.2283 – dave@ggec.com          Kobe Zhang : 714.750.2282 – kobe@ggec.com 
 

����GGEC America Inc. 1801 E.Edinger Ave. Santa Ana, CA 92705 - USA 



For The Sound You Want

Get the sound you want when you want it supersized
Misco applies 60 years of engineering development and experience 
for your sound reinforcement. Get the exact frequency response and 
power requirement you want.

Get the sound you want in all kinds of weather
Misco has a sterling reputation for waterproof speakers and enclosures. 
We’ll help you get great sound outdoors, rain or shine.

Get the sound you want in complete packages
Misco offers speakers for clear, intelligible sound, and we can put 
those speakers in line matching transformers, grills and vandal-proof 
enclosures to complete your speaker package.

Get the sound you want in a vintage or modern tone
Musical instrument amp builders are passionate about building electronics 
that deliver exceptional performances.  We’re just as passionate about building 
speakers that deliver the exact tone you want, from fat lows to smooth highs.

Get the sound you want with your custom design
Misco’s ability to engineer and build speakers for any pro-commercial 
or musical instrument application. Your loudspeaker - Your 
specifi cations.  We deliver the sound you want!

For Professional Audio, 
your sound begins with Misco.

Misco helps engineers meet the special needs of pro-audio, commercial sound and musical 
instruments.  We’ll work with you to create speakers that deliver both intelligible speech and 
full-range music in spaces with challenging requirements. 

Toll Free: 1-800-276-995
E-mail: info@miscospeakers.com 
www.miscospeakers.com
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types and applications to discuss loudspeaker pro-
cesses, priorities, and the critical elements that make 
their alignment goals achievable (or not). Given finite 
and limited resources (e.g., equipment, time, money, 
labor, space, access, and authority) this session asks 
what is necessary to successfully tune a loudspeaker 
installation.

The following Paper Presentations will take place:

�� Measurement of Harmonic Distortion Audibility Using 
a Simplified Psychoacoustic Model—Presenters: Steve 
Temme, Pascal Brunet, and Parastoo Qarabaqi. A percep-
tual method is proposed for measuring harmonic distortion 
audibility. This method is similar to the Cepstral Loudness 
Enhanced Algorithm for Rub & Buzz (CLEAR) previously 
proposed by the presenters to detect audible Rub & Buzz, 
which is an extreme type of distortion. Both methods are 
based on the Perceptual Evaluation of Audio Quality (PEAQ) 
standard. To estimate a regular harmonic distortion’s 
audibility, additional psychoacoustic variables are added 
to the CLEAR algorithm, using an artificial neural network 
approach to derive a metric indicative of the overall audible 
harmonic distortion. Experimental results on headphones 
are presented to justify the model’s accuracy.

�� Overview and Comparison of and Guide to Audio 
Measurement Methods—Presenters: Gregor Schmidle 

and Danilo Zanatta. Modern audio analyzers offer sev-
eral measurement functions using various measure-
ment methods. This paper categorizes measurement 
methods from several perspectives. The underlying 
signal processing concepts, as well as strengths 
and weaknesses of the most popular methods are 
listed and assessed for various aspects. Readers are 
offered guidance for choosing the optimal measure-
ment method, based on the specific requirements and 
application.

�� The Radiation Characteristics of a Horizontally 
Asymmetrical Waveguide that Utilizes a Continuous 
Arc Diffraction Slot—Presenters: Soichiro Hayashi, 
Akira Mochimaru, and Paul F. Fidlin. One of the unique 
requirements for sound reinforcement speaker sys-
tems is the need for flexible coverage control, which 
sometimes requires an asymmetrical pattern. Vertical 
control can be achieved by arraying sound sources, 
but in the horizontal plane, a horizontally asymmetri-
cal waveguide may be the best solution. This paper 
discusses the radiation characteristics of horizontally 
asymmetrical waveguides with continuous arc diffrac-
tion slots. It also develops waveguides with differ-
ent angular variations and measures their radiation 
characteristics. Symmetrical and asymmetrical wave-
guides are compared, and the controllable frequency 
range and limitations are discussed.
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�� ������� ������ 
�����	���� ���� ��������� !��������
!����� "������������ ��� "���—Presenters: Mark A. 
Poletti, Terence Betlehern, and Thushara Abhayapala. 
Holographic surround sound systems aim to accurately 
reproduce a recorded field in a small region of space 
around one or more listeners. This is possible at low 
frequencies with well-matched loudspeakers and acous-
tically treated rooms. At high frequencies, the region of 
accurate reproduction shrinks and source localization 
is compromised. In typical rooms, reflections compro-
mise quality. High-quality reproduction requires large 
numbers of loudspeakers and techniques to reduce 
unwanted reverberation. This paper considers the use 
of higher-order loudspeakers, which have multiple radia-
tion modes for an extended frequency range and accu-
rate reproduction zone. If a higher-order microphone 
is used for calibration, room effects can be effectively 
removed.

�� ���� "��	�������� #��$���� 
������� %���������� ���
!����� &�	����� ��� ��	������� 	��� ������ �#'�������
*�	�������—Presenters: Sean Olive and Todd Welti. 
Using 10 trained listeners, double-blind listening tests 
were performed with six popular circumaural head-
phones to determine the relationship between per-
ceived sound quality, listener preference, and acousti-
cal performance. Preferred headphones had the most 
neutral perceived spectral balance, which could be 

predicted based on its deviation from an ideal “flat” 
frequency response measured on an IEC coupler. New 
evidence suggests current IEC-recommended diffuse-
field headphone equalization is not optimized to pro-
duce the best perceived sound quality.

�� *���	���� "���	��� !�	�������� ��� 
�����	���—
Presenter: Juha Backman. A significant source of mid-
range coloration in loudspeakers is the resonant scat-
tering of the exterior sound field from ports, recesses, 
or horns. This paper discusses the scattered sound’s 
qualitative behavior and introduces a computation-
ally efficient model for scattering based on waveguide 
models for the acoustical elements (e.g., ports, etc.), 
and mutual radiation impedance model for their cou-
pling to the sound field generated by the drivers. In the 
simplest case of driver-port interaction in a direct radi-
ating loudspeaker, an approximate analytical expres-
sion can be written for the scattered sound. These 
methods can be applied to numerical optimization of 
loudspeaker layouts.

�� 
���� ���	���� ���������� ������ 
���� �	�����
+�	�	�����/	����—Presenters: Marshall Buck, David 
Graebener, and Ron Sauro. Development of the high-
power, high-efficiency induction drive compression 
driver when mounted on a tight pattern horn results 
in a high-performance loud hailer. The performance is 
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tested in an independent laboratory with unique capa-
bilities, including an indoor frequency response at a 4-m 
distance. Additional characteristics tested included max-
imum-burst output level, polar response, and directivity 
balloons. Outdoor tests were also performed at distances 
up to 220 m and included speech transmission index 
and frequency response. Plane wave tube driver-phase 
plug tests assessed incoherence, power compression, 
efficiency, and frequency response.

�� �����	�� +�������	����� ���� !�#$������ ��� "����
+���������� !�	�1��1!�	�� �	��	����� 	��� 
�$13��4������
5���������—Presenter: Todd Welti. The placement of sub-
woofers and listeners in small rooms and the size and 
shape of the rooms have profound influences on the 
resulting low-frequency response. This study used a com-
puter model to investigate a number of room, seating, and 
subwoofer configurations. For each configuration, metrics 
for seat-to-seat consistency and bass efficiency were cal-
culated and combined in a newly proposed metric, intended 
as a figure of merit. The data has practical value in new or 
existing small-room design.

�� *������������
	����!���	�����	��������*������	���6
%�������: Wolfgang Klippel. Mechanical and acoustical 
losses considered in the lumped parameter modeling 
of electro-dynamical transducers may become a domi-
nant source of nonlinear distortion in microspeakers, 

tweeters, headphones, and some horn compression 
drivers where the total quality factor (QTS) is not domi-
nated by the electrical damping realized by a high-force 
factor (Bl) and a low-voice resistance (Re). This paper 
presents a nonlinear model describing the distortion’s 
generation and a new dynamic measurement technique 
for identifying nonlinear resistance RMS(v) as a function 
of voice coil velocity “v.” The theory and the identifica-
tion technique are verified by comparing distortion and 
other nonlinear symptoms measured on microspeakers 
(e.g., the types in cellular phones) with the correspond-
ing behavior predicted by the nonlinear model.

�� 7�����������!��������+�����	����	����	���������
���	��
7��	�� ��	������—Presenters: Richard Little. A linear 
array transducer is a dual-motor, dual-coil, multi-cone, 
tubularly shaped transducer. Its shape defeats many 
measurement techniques used to directly examine its 
diaphragm suspension system’s force-deflection behavior. 
Instead, it compares the transducer’s impedance curve 
against theoretical linear models to determine best-fit 
parameter values and examines the variation in these 
parameters’ values with increasing input signal levels.

The Product Design sessions include:

�� "�#�8���//�	����������������	��
�����	�������������—
Chairman: Wolfgang Klippel (Klippel GmbH, Dresden, 
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Germany). Loudspeaker defects caused by manufac-
turing, aging, overload, or climate impact generate a 
special irregular distortion commonly known as Rub & 
Buzz that is highly audible and intolerable to the human 
ear. Contrary to regular loudspeaker distortions defined 
in the design process, the irregular distortions are hardly 
predictable and are generated by an independent pro-
cess triggered by the input signal. Traditional distortion 
measurements (e.g., THD) fail in those defects’ reliable 
detection. This tutorial discusses the most important 
defect classes, new measurement techniques, audibility, 
and the impact on perceived sound quality.

The following Workshop is scheduled:

�� !�	��	��7�����5�	��	����—Chairman: Sean Olive (Harman 
International); Panelists: Poppy Crum, Martin Dewhirst, 
and Thomas Sporer. While there are an increasing 
number of audio technologies aimed at improving the 
spatial rendering of live and recorded sounds in homes, 
performance spaces, cinemas, automobiles, and personal 
audio systems, standardized or recommended methods 
for evaluating their perceived spatial quality does not 
currently exists. This workshop will provide an overview 
of some current and future best-practices for subjective 
evaluation of spatial aspects of sound reproduction to 
provide more accurate, reliable, and meaningful data.
The Tutorials offered include:

�� L	����"����7������—Presenter: Diemer de Vries. This 
tutorial includes traditional and modern ways to describe 
the acoustical properties of “large” rooms with large dimen-
sions in comparison to the average wavelength of relevant 
frequencies of speech or music to be (re-)produced. 
Theoretical models, measurement techniques, and the link 
between objective data and human perception will be dis-
cussed. Is it the reverberation time, the impulse response, 
or something else required to reach a good assessment?

�� !�	��� "���� 7������—Presenter: Ben Kok. Small room 
acoustic basics will be discussed, specifically issues related 
to room size (room-modes). Absorption, reflection, diffrac-
tion, diffusion, and how to use it, as well as specific aspects 
regarding low-frequency treatment will be discussed. 
Although this will not be a studio design class, specifics 
and differences of recording rooms and control rooms will 
be identified, including considerations for loudspeaker and 
microphone placement.

The following Broadcast and Media Streaming program 
is available:

�� 
������� 3	�����—Chairman: Dave Wilson; Panelists: 
Dr. Kasper, Sean Olive, and Robert Reams. Information 
to be announced.

In addition to the paper presentations, tutorials, and 
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workshops, more than 300 exhibitors are expected at 
this year’s show. Exhibitors that manufacture loudspeak-
ers or are related to the loudspeaker industry include: 
ACO Pacific, ADAM Audio USA, Alesis, Alto Professional, 
Audio Precision, Audiomatica SRL, Audix, Bruel & Kjaer, 
Community Professional Loudspeakers, DPA Microphones, 
Earthworks, Eckel Industries Acoustic Division, Etani 
Electronics, G.R.A.S. Sound + Vibration, Genelec, Globe 
Plastics, Harman International, JBL Professional, Klippel, 
Listen, M-Audio, Munro Acoustics, Neutrik USA, NTI 
Americas, PACSYS, PMC Monitors, Renkus-Heinz, Rohde & 
Schwarz, and Stanford Research Systems.

Visit the AES website (www.aes.org) for more informa-
tion about the 133rd AES Convention.

ALMA to Meet at the 133rd AES Convention
The Association of Loudspeaker Manufacturing & 

Acoustics International (ALMA) will gather Saturday, 
October 27, 2012 from 5:00 to 7:00 P.M. at Johnny Foley’s 
Irish House, 243 O’Farrell Street, San Francisco, CA 94102. 
The meetup is co-hosted by Rob Baum, ALMA vice presi-
dent Americas, and Mark Beach, president, Dyne Analytics, 
board member and Winter Symposium chairman. Plan 
to join other loudspeaker industry colleagues for casual 
networking. Learn more about ALMA programs and details 
of the Winter Symposium at www.almainternational.org.

ALMA Winter Symposium 2013 Call for Papers 
ALMA International’s 2013 Winter Symposium has issued 

a  call for papers. The program, “Product Development in 
the Global Paradigm: Acoustic Modeling, Measurement, and 
Manufacturing in the Modern Marketplace,” now includes 
topics 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, on Sunday, January 6, 
and Monday, January 7, 2013, before the CES. 

Technical papers are invited and abstracts will be evalu-
ated on the basis of their overall quality and relevance 
to the symposium’s theme, relevance and value to the 
industry, and practical feasibility and usage of topic and 
information presented. Each paper session is scheduled to 

last 30 min., and up to four papers will be selected. Papers 
submitted to ALMA must include:

�� A title
�� An abstract/summary that must be 75 words or less, 

suitable for reprinting in pre-symposium promotional 
literature

�� Each presenter’s name, address, phone number, and a 
short biography

�� A list of any special equipment needed

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

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

Company Profile: The Canadian Loudspeaker Corp.
The Canadian Loudspeaker Corp. (CLC) was founded 

in Toronto, Canada by Frank Fabian in the 1983, and 
incorporated in 1987 (see Photo 1). CLC is an OEM/ODM 
manufacturer for home Hi-Fi, car audio, and pro sound 
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drivers and produces and distributes several of its own 
branded driver lines including: Deutschephon, Epic Sound 
Labs, Flick Systems, Italiavox, MAX Cap, MAX Fidelity, MAX 
Pentivent, and MAX Professional.

CLC began its association with China in 2004 when its 
President Frank Fabian opened a speaker factory with a 
Chinese partner (see Photo 2). The factory specializes in 
“difficult to manufacture” speakers and high-end speaker 
components (i.e., drivers normally produced by high-end 
European or North American manufacturers) with the same 
high level of quality control and consistency. In 2009, CLC 
opened another venture in China (see Photo 3). This new 
adjunct to CLC is a small company with a manager, six engi-
neers, and two art workers designing turnkey products and 
setting up custom production by renting production space 
in other factories. CLC engineers also visit the production 
factory and work as production line managers. All products 
are manufactured to strict CLC-approved assembly meth-
ods. This division also provides production consultations to 
other companies that are having quality control (QC) issues.

CLC has produced a number of transducer innovations 
and patents. Some of the highlights include:

�� A moving magnet mid-high driver with a flat neodymi-
um diaphragm, 1985. 

�� Long-wind, four-layer voice-coil sub-woofers, 1986. 3” 
voice coils, 1.3” wind length. Developed for pro audio 
bass reinforcement and car competition. First in-car 
audio with long throw four-layer voice-coil subwoofers. 

�� Gap venting, 1999. U.S. Patent 6868165. 

Photo 1: CLC headquarters in Toronto, Canada

Photo 2: CLC speaker factory partner in China
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which consists of polypropylene capacitors and noninduc-
tive power resistors with gold-plated lead wires as well 
as custom-designed capacitors, resistors, inductors, and 
amplifiers.

For more information, contact the Canadian Loudspeaker 
Corp.: 1578 Eglinton Avenue, West Toronto, Ontario, 
Canada, M6E 2G8; Phone: 416-285-5585/888-629-5585; 
E-mail: info@maxspeakers.com; or visit the Max Speakers 
website (www.maxspeakers.com).

New Silicone Free Double Spiders from OEB
OEB, an Italian loudspeaker component supplier, 

announced the availability of Silicone Free double spiders. 
According to OEB, the new Silicone Free spider line (see 
Figure 1) is strong, precise and inexpensive. Its acronym 
for lower mass–great efficiency (LMGE) means it solves 
breakage problems, gluing to the voice coil and basket, and 
requires fewer assembly steps. Because of the material 
composition of Silicone Free spiders and profile of its spider 
designs, Silicone Free double spiders have very symmetri-
cal mechanical compliance with values nearly constant 
even with high excursion of the voice coil (see Photo 1). 

If you are not familiar with OEB, the company also pro-
duces dust caps, cones, membranes for cones, surrounds, 
and tweeter domes. For more information, contact OEB 
srl, Via Nori de’ Nobili, 4 60010 Brugnetto di Ripe (AN) 
Italy; Phone: +39 071 6620109; Fax: +39 071 7961066; 
e-mail info@oeb.it; or visit its website at www.oeb.it.

New 15” Pro Sound Woofer from Fane
Fane announced the availability of the new Colossus 

Prime 15XS 15” woofer for pro audio applications.  The 
Prime 15XS is intended for use as a high-output bass driver 
in multi-way systems and features a 4” “sandwich” (inside 
and outside windings) round copper voice coil wound on a 

Photo 1: OEB spider production

glass fiber former, symmetrical magnet field, ferrite mag-
net, coated cloth surround, laminated silicone spiders, and 
12-mm XMAX with 60-mm peak-to-peak travel. Other fea-
tures include a curvilinear cone manufactured from polycel-
lulose instead of conventional paper pulp alternatives, and 
1,200-W (AES) continuous power handling, with 4,800-W 
peak short-term power handling. The Prime 15XS is rated 
at 98-dB sensitivity 1 W/1 m and capable of delivering bass 
down to F6 = 29 Hz in a 200-liter ported enclosure. TS 
parameters are shown in Table 1.

Visit the Fane website (www.fane-international.com) 
for more information. VC

TS Parameters

FS 36.3 Hz

Re �����

QMS 7.7

QES 0.32

QTS 0.31

VAS 149.7 ltr

Sd 270.6 m2

XMAX 12 mm

Table 1: The TS parameters for the 15” Pro Sound Woofer

Mechanical Compliance Cms
Compliance of the suspensions

KLIPPEL
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Figure 1: Klippel CMS graph of an OEB dual silicone-free 
spider
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 Spotlight
Measurement Microphones 
The Good, Bad, and Ugly
By Mike Klasco

This issue of Voice Coil puts the spotlight on measure-
ment microphones—precision transducers that con-

vert sound into an electrical signal from sound energy. 
Measurement mics are a special class of microphones, 
ranging from laboratory precision instruments to products 
used for fine tuning sound systems in commercial or resi-
dential settings. 

Measurement microphone pricing varies greatly (e.g.,  
an Audyssey autoEQ home theater “measurement mic” 
costs $10 at BuyCheaper to a B&K microphone measure-
ment system with a capsule, pre-amp cables, power sup-
ply, carrying case, etc. costs $4,000). The quality differs 
immensely and there are many choices in between. The 
low-cost measurement microphones’ saving graces are 
they have smoother responses and more extended top-
ends than just about any speaker you will test (i.e., if you 
measure distortion at 1 m at 1 W, the distortion is likely to 
be well below the test speaker).

Condenser VS. Self-Polarizing Back Electret 
Measurement Microphones

A measurement microphone is really a pressure micro-
phone, responding to sound pressure without regard to 
directionality. Of course, physical reality has to be consid-
ered and the pressure mic’s diameter must be small enough 
that diffraction and wavelength effects do not interfere with 
accurate measurements. Standard measurements are 0.5”, 
0.25”, and 0.125”. There are many large studio microphones 
with capsules and housings at 1” diameter and larger. While 
these can record some aesthetically pleasing sounds, they 
are not appropriate for measurement microphone uses. The 
large diameter, along with other factors, contributes to poor 
microphone performance past 8 kHz. However, there are 
more measurement microphones used for recording than 
there are ones used for measuring speakers.

Free-Field, Diffuse-Field, & Pressure Microphones
The type of measurement—free, diffuse, or pressure- 

field—really doesn’t matter if you use a mid-priced measure-
ment microphone with a ±2-dB accuracy for recording or field 
measurements (e.g., EQing a sound system below 16 kHz). A
free field is a sound field where the sound waves are free 
to expand outward from the source without reflections or 
reverberation. An anechoic chamber can be considered a 
free field or an outdoor measurement, provided the mea-
surement is done at a sufficient distance from the ground.

A diffuse field or a random incidence field is a sound field 
where the sound waves arrive equally from all directions. 
Another way to think of a diffuse field is that there are 
sounds coming from different directions in succession with 
no time in between their arrival. A pressure field is a sound 
field where the sound pressure has the same magnitude and 
phase at any position in the sound field.

The differences among the three types of microphones 
occur at higher frequencies and depend on the microphone’s 
diameter. Measurement microphones are designed to respond 
to a uniform frequency response to the sound level itself. 

Measurement microphones are designated as a “Type” or 
“Class,” (i.e., Type 1, 2, or 3). There is no type or class for 
microphones themselves, but rather their precision to meet 
Type 1 (or 2) as used in a sound level meter. Still, it is com-
mon usage to grade measurement microphones’s precision 
and stability this way. 

The sound level meter’s type or class is described as its 
accuracy defined by the relevant international standards (e.g., 
Type 1 is more accurate than Type 2). The American National 
Standards Institute (ANSI) S1.4 and an older International 
Electrotechnical Commission (IEC) standard 60651 referred to 
the grade as “Type,” but the new IEC standard 61672 refers to 
it as “Class.” Although these standards have similarities, the 
later standard makes more demands on the meter regarding 
accuracy, performance, and calibration. Stability over time 
and temperature are also considerations. You would expect 
B&K, G.R.A.S., or ACO Pacific type measurement microphones 
to meet the Type 1 standard. Field measurement microphones 
and sound level meters (e.g., electret condenser microphone 
(ECM) capsule types) mostly meet Type 2 standards. Low-cost 
sound-level meters (e.g., some Radio Shack analog units) are 
considered Type 3 because they can be a bit off for frequen-
cies above 1 kHz since they only need to be accurate for A- 
and C-weighted sound-level work. 

A few low-cost “measurement” ECMs are simply 
commodity-grade 8-mm mic capsules in a tube. ECM cap-
sules’ signal-to-noise ratios can be below 56 dB to above 
62 dB. This will impact the noise and distortion floor you 
can measure. ECM capsules can be “treated” to help stabilize 
sensitivity shift with temperature or by integrating an applica-
tion-specific integrated circuit (ASIC) available from Fairchild 
Semiconductor. The pre-amp can compensate for this. Yet, 
it is not fair to group all electret condenser measurement 
mics together. Panasonic has a popular 8-mm capsule often 
used in low-cost measurement microphones. However, there 
are better and worse ECMs that can be used for entry-level 
measurement microphones. The Panasonic is a back electret 
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per Pascal. Since this may change over the device’s lifetime, 
especially with electret condenser types, it is necessary to 
regularly calibrate measurement microphones. This service is 
offered by some microphone manufacturers and by indepen-
dently certified testing labs. All microphone calibrations are 
traceable to primary standards at a National Measurement 
Institute (e.g., the National Physical Laboratory in the UK, 
PTB in Germany, and NIST in the US) where the reciprocity 
calibration is the internationally recognized means of realiz-
ing the primary standard. Laboratory-standard microphones 
calibrated using this method are used to calibrate other 
microphones through comparison calibration techniques (i.e., 
secondary calibration), referencing the output of the “test” 
microphone against the reference laboratory standard micro-
phone’s output.

A microphone’s sensitivity varies with frequency and other 
factors (e.g., environmental conditions such as temperature 
and humidity) and is normally recorded as several sensitivity 
values, each for a specific frequency band. A microphone’s 
sensitivity can also depend on the sound field’s nature. For 
this reason, microphones are often calibrated in more than 
one sound field, (e.g., a pressure field and a free field). 
Depending on their applications, measurement microphones 
must be tested periodically and after any potentially dam-
aging event (e.g., being dropped or exposed to excessive 
sounds levels beyond the device’s operational range). ECMs 
are more likely to need frequent calibration compared to “true 
condenser” measurement microphones. VC

and is relatively flat, but 10 dB or more noisier than lab-grade 
instruments with more variations on temperature and time. 

Size Matters
Measurement microphones are pressure microphones that  

ideally have an omnidirectional pick-up pattern. In the real 
world, the microphone diameter determines the highest fre-
quency a microphone can measure before directional effects 
and resonances kick in. Microphones range from diameters of  
1”, 0.5”, 0.25”, and 0.125”. 

On the other hand, a lower cost ECM-based 0.5” tip 
diameter measurement microphone diaphragm can use a 
10-mm capsule and achieve 70 dB signal-to-noise and bet-
ter than 125 dB maximum sound level at the expense of 
some predictable anomalies at the top end. When design-
ing microphone capsules there are some tradeoffs between 
extended top-end response and signal to noise. Why would 
you need your measurement mic to handle high SPL?  Well, 
you could be in a “sound off” autosound contest, but more 
serious applications include close-in nearfield measurements 
on woofers at low frequencies. I have seen some low-cost 
measurement microphones and sound-level meters that use 
nonstandard diameters and the less expensive cost does not 
include the cost of a hammer to fit it into a calibrator.  

Measurement Microphone Calibration
To take a scientific (or legal) measurement with a 

microphone, its precise sensitivity must be known in volts 
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 Spotlight
Measurement Microphone 
Sourcebook Directory
Prepared by Maria Markowski

Editorial note: While preparing any directory, there are 
basic considerations regarding who and what to 
include. For this directory, we opted to provide a more 
complete listing.

ACO Pacific, Inc. (Belmont, CA)
Products: Comprehensive range—Type 1: MK224; 
Alternative Type 1: 7016, 7022, 7017, Type 1.5; Electret: 
7051, 7052H
Contact: Noland Lewis
www.acopacific.com

ACO Pacific has been an interna-
tionally known manufacturer and 
supplier of precision measurement 
mics and mic systems for more 
than 32 years. Its acoustic instru-
mentation product line includes 
industrial and community sound 
(noise) level alarm and monitoring 
systems, calibrators, sound inten-
sity probes, acoustical/EMI isolators, and noise generators. 
ACO offers lab precision mics and field use type “1.5” mics, 
supplying endusers and original equipment manufacturers 
(OEM). 

AKG
Products: C451 EB with CK 22 capsule  
Contact: AKG products are available online and through 
its dealers
www.akg.com

AKG is a well-known recording studio and stage mic ven-
dor, but its C451 modular mic system, when used with 
the CK22 condenser omni capsule, can serve as a very 
respectable measurement mic.

Audio Precision
Products: MMK-4 measurement microphone kit
Contact: Dan Foley
www.ap.com

Audio Precision (AP) has provided audio test equipment 
since 1984. Many of its instruments have speaker and mic 
analysis capabilities, including the MMK-4 measurement 
mic kit, which combines the 46AE precision measurement 
mic with the 12AL power supply and replaces the MMK-2 
measurement mic kit. AP resells lab-grade measurement 
mics, power supplies, calibrators, and accessories for 
G.R.A.S. Sound & Vibration. 

Audiomatica, SRL (Firenze Italy/Tarzana, CA)
Products: MIC-01, MIC-02, MIC-03  
www.audiomatica.com

Italian Audiomatica’s Clio acoustic analyzer is a popular 
and cost-effective analyzer for speakers and mics. Three 
electret condenser omni 8-mm diameter measurement 
mics are offered: MIC-01, MIC-02, and MIC-03, along 
with an optional power supply.

Audix (Wilsonville, OR)
Products: TR40A, TM1
Contact: Cliff Castle
www.audixusa.com

Audix offers a wide range of mics for recording and stage 
use. Its two models of measurement mics are electret 
condensers that deliver respectable performance at a 
lower cost than laboratory-grade units.

B&K/Brüel & Kjær Sound & Vibration Measurement 
A/S (Nærum, Denmark/Norcross, GA)
Products: comprehensive range
www.bkhome.com

B&K offers a comprehensive range of measurement mics 
for laboratory use. Its website features every conceiv-
able jig, including: “dummy heads,” accelerometers, pre-
amps, calibrators, power supplies, and analyzers.

Behringer (Bothell, WA)
Product: ECM8000  
Contact: MUSIC Group Services U.S., Inc.
www.behringer.com

Behringer offers a variety of signal processing, studio 
monitors, mixing boards, and other gear for pro audio 
use.  Typically, products can be ordered from its deal-
ers. Its measurement mic is an electret condenser that is 
intended for use with Behringer sound system response 
analyzers.

BSWA Technology Co., Ltd. (Beijing, China)
Products: Comprehensive range of measurement mics, 
including probe mics, outdoor mics, matched-sound inten-
sity pairs, and more.
Contact: Wei Liu
www.bswa-tech.com

BSWA offers a comprehensive product line, but this 
Chinese vendor caters more to OEMs looking to source 
measurement mics to add to their product offerings. Local 
service and support would be an issue for individual users.

Dayton Audio/Parts Express (Springboro, OH)
Product: EMM-6 Electret  
Contact: info@daytonaudio.com
www.daytonaudio.com

Photo 1: Some of ACO 
Pacific’s mics can be used 
for tough outdoor mea-
surements.



24 VOICE COIL

DPA offers a wide range of measurement mics, although 
its measurement-styled mics “tuned” for drums, vocals, 
and so forth requires careful review of the mic param-
eters. The 4007 High-SPL reference mic—phantom pow-
ered with linear on-axis frequency response from 20 Hz to 
40 kHz (±2 dB)—is designed for measurement use. This 
high-performance condenser has a range of 124 dB from 
the noise floor to 1% THD and handles up to 155 dB SPL 
peak before clipping occurs. 

Earthworks Audio (Milford, NH)
Products: M Series: M23, M30, M30BX, and M50  
www.earthworksaudio.com

Earthworks is known for affordable, reliable reference 
and measurement mics accurate in time domain and 
frequency response. It provides mics to end users and 
to OEM analyzer manufacturers 
for bundling. The mics are well 
suited for on-location acoustical 
measurements, including loud-
speaker design and quality con-
trol, sound system setup and 
troubleshooting, room acoustics, 
or any application where a porta-
ble, accurate, free-field measure-
ment mic is required and a power 
source is not readily available. 

The Dayton Audio EMM-6 is a 
reasonably priced electret con-
denser mic designed for mea-
surement and critical recording 
applications. Each EMM-6 mic 
is hand calibrated and includes 
a stand mount, a foam wind-
screen, a transport case, and its 
own unique printed and down-
loadable calibration response 

graph and .txt data file.

DBX (Sandy, UT)
Product: RTA-M   
Contact: DBX dealers 

The real-time audio analyzing mic (RTA-M)—used in con-
junction with the System Setup Wizard and Auto EQ 
Wizard—is ideal for optimizing the sound quality of even 
the most difficult acoustic environments. The RTA-M is an 
omni-directional, flat-frequency measurement mic. It runs 
on phantom power (supplied by the Driverack units) and 
comes with a clip and a case.

DPA Microphones A/S (Alleroed, Denmark/Longmont, CO)
Products: Comprehensive product range including 4007 
Reference Mic P48 DPA 4090  
www.dpamics.com

Photo 2: A Dayton Audio 
mic

Photo 3: A sampling of 
mics from Earthworks 
Audio
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ETANI Electronics Co., Ltd. (Tokyo, Japan)
Product: A-1501  
www.etani.co.jp/eng/contact.html

ETANI offers 0.25” and 0.5” lab-grade measurement mics
for use with its lab and QC test instruments. Associated 
accessories are also available to complete the package.

Gold Line (West Redding, CT)
Product: 7052PH
www.gold-line.com   

The 7052PH measurement mic is offered to complete Gold 
Line’s analyzer package.

G.R.A.S. Sound & Vibration A/S (North Olmstead, 
OH)
Products: Extensive range of measurement mics
Contact: Barbara Schustrich (Sales/Business manager)
www.gras.dk

G.R.A.S. offers a catalog 
of laboratory measure-
ments mics, including envi-
ronmental mics, pressure 
mics, free-field mics, out-
door mics, low-noise level 
mic systems, probe mics, 
random-incidence mics, 
window mics, surface mics, 
and production test mics, along with the Kemar dummy 
(headphones), ear and cheek tester (earphones and 
mics), and more.

iSEMcon GmbH (Viernheim, Germany/Sylvania, OH)
Products: EMM-7101-CHTB, ECM-8000  
www.isemcon.com

iSEMcon offers the EMX-7150, a 0.25” stainless steel 
mic. Using water-tight Neutrik*3 connectors, it has 
an accurate frequency response capable of measuring 
high-sound pressure levels up to 145 dBspl. It is well 
suited for harsh environment use (e.g., open-air sound 
reinforcement measurements).

Josephson Engineering (Santa Cruz, CA)
Products: C617SET,  C550  
www.josephson.com

Josephson Series Five mics are rugged, stable, and cost-
effective alternatives to high-voltage metal diaphragm 
lab mics used for speaker testing, room acoustics, and 
general audio measurements. The 6-mm condenser 
capsule has a permanently polarized backplate and a 
����µ��Y����
��	����Y�	������������?���������� 	������
nickel-chromium alloy. Frequency response is flat ±2 dB 
from 20 Hz to 20 kHz. The C617 uses lab-grade metal 
diaphragm mic capsules and standard phantom power.

Photo 4: A variety of mics from 
G.R.A.S. Sound & Vibration
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Klippel GmbH (Dresden, Germany)
www.klippel.de

Klippel provides condenser and electret mics ideal for 
transducer measurements in research, development, 
and manufacturing. There are three different basic solu-
tions for applications where special constraints (e.g., 
excellent performance, special climate conditions, or 
minimal costs) are considered. These sets comprise all 
components (e.g., cartridge, pre-amplifier, power supply, 
and cables) that are required for the operation with the 
Distortion Analyzer 2. The basic solutions may be cus-
tomized according to the application. 

Lectrosonics, Inc. (Rio Rancho, NM)
Product: TM400 wireless system for test and measurement
www.lectrosonics.com

While Lectrosonics does not offer measurement mics, its 
TM400 is a useful wireless link for taking speaker measure-
ments in a large space when there is a large distance between 
a speaker array and a specfic seating area and the test gear.

Liberty Instruments, Inc. (Winona, MN)
Products: Girardin calibrated mic, Girardin High-SPL 
calibrated mic
Contact: Kim Girardin
www.libinst.com

Girardin calibrated mics include calibration data on disk 
(bias voltage is provided by host hardware: intended for 
use with the Liberty Instruments AudPod). The Girardin 
High-SPL calibrated mic enables SPL handling to 140 dBspl.

LinearX Systems, Inc. (Tualatin, OR)
Products: M31, M51, M52, M53  
www.linearx.com

LinearX offers four electret condenser mic (ECM) mod-
els for lab and field testing. While pricing is comparable 
to better electret mics, LinearX uses a special pre-amp 
and mic element for enhanced noise and distortion 
performance.

Listen, Inc. (Boston, MA)
Product: SCM-3
Contact: Neil Rubado (N.A. 
sales manager)
www.listeninc.com

The SCM-3 measurement mic 
is a free-field lab grade mic 
designed for the production line without compromising the 
accuracy, precision, and stability required for R&D. The 
SCM-3 contains a 0.25” prepolarized condenser cartridge 
with a gold diaphragm for sensitivity and stability. Its stain-
less steel protection grid shields it from operator handling and 

Photo 5: A Listen microphone
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ture variations of industrial environments. The mic offers omnidi-
rectionality in both the nearfield and farfield. The kit includes a mic, 
a cable, a holder, a windscreen, a microdot adapter, and a case.

Loudsoft, Ltd. (Horsholm,  Denmark)
Products: FL1 (use with FINELab measurement system)
Contact: Dorit Larsen
www.loudsoft.com

Peter Larsen’s software for loudspeaker design is compliment-
ed by Loudsoft’s FINELab acoustic analyzer system. The high-
quality FL1 calibrated mic completes the analyzer package, 
with a gold-plated diaphragm 
and a double-vent protection 
system to ensure durability in 
production environments.

Microtech Gefell GmbH (Gefell, Germany)
Products: M370, M371, M372, M373, and MM210
Contact: Udo Wagner (sales manager)
www.microtechgefell.de

Microtech’s product line offers several 0.25” measurement mics 
including the M370, M371, M372, M373, and MM210.

NTi Audio (Schaan, Liechtenstein/Tigard, OR)
Products: M2010, M2015, M4260, M2210
Contacts: Jim Sullivan (International sales manager) 

or Tom Mintner  (NTI Americas, Inc.)
www.nti-audio.com

NTi Audio manufactures high-performance calibrated measure-
ment mics for precision factory production applications, and in 
conjunction with benchtop and handheld acoustics analyzers. 
The M2010 and M2015 measurement mics are prepolarized 
omnidirectionals with free-field characteristics and Type 1 fre-
quency response. They are favored in production test applica-
tions due to their size and simple powering. 

PCB Piezotronics (Depew, NY)
Products: 130E20, 130E21  
www.pcb.com

PCB has a wide range of measurement mics, arrays, sound 
intensity matched pairs, sensors, accelerometers, and so 
forth. Both prepolarized and true condensers are offered for 
lab and field measurements.

RadioShack
Products: SPL meters    
Contact: Products are sold online and from its 8,000 stores
www.radioshack.com

RadioShack does not offer measurement mics, but it does 
offer a sound-level meter with no real specifications, so 
assume it is a Type 3. VC

Photo 6: A Loudsoft mic
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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.
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system can either have the active transducer mounted on 
a portion of the surface of the passive radiator, or it may 
include a duct pneumatically coupling a radiating surface 
of the active transducer to the enclosed interior of the 
passive radiator diaphragm. 

In other embodiments, the passive radiator may be 
a 3-D structure including a plurality of polygon shaped 
panels joined at the edges of adjacent panels. The panels 
may be rigid or of a flexible material stretched over a wire 
frame. Ultimately, the device has two basic expressions:  
a spherical diaphragm that must expand and contract, 
or a singular or set of multiple panels that are rigid with 
surrounds or flexible and can expand inward or outward 
during excursions.

The spherical device tends to be the more problematic 
to be realized as a high-performance passive radiator. 
Since it has to be able to both expand and contract, 
the material must have the ability to contract in length. 
It is rare to find a material that passively expands and 
contracts from stasis in a linear manner, with consistent 
compliance in both polarities of movement. This suggests 
that the material must be expanded to a neutral starting 
position. Some of the invention’s embodiments include 
the step of stressing the material to provide an ability to 
expand and contract. Additionally, some embodiments 
use an open-cell foam core attached to a spherical dia-
phragm to act as a suspension of sorts. With most of 
these approaches, one ends up with either a nonlinear 

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.

THREE-DIMENSIONAL ACOUSTIC 
PASSIVE RADIATING
Patent Number: U.S. 8,240,426
Inventor: Jason D. Silver (Framingham, MA), Roman N. 
Litovsky (Newton, MA)
Assignee: Bose Corp. (Framingham, MA)
Filed: August 19, 2010
U.S. Classes: 181/173; 181/153; 381/430
Granted: August 14, 2012. Number of Claims: 19, 
Number of Drawings: 19

Abstract from Patent
A 3-D acoustic passive radiator diaphragm (see 

Figure 1). A diaphragm with a 3-D volume. An acous-
tic driver radiates pressure waves into the 3-D volume 
causing the diaphragm to expand and contract. The 
3-D passive radiator may include a core of a porous, 
compressible material.

Independent Claim
1. An acoustic device comprising: a passive radiator 

diaphragm constructed of flexible, acoustically opaque 
material having an interior pneumatically decoupled from 
an exterior and substantially enclosing a 3-D volume; and 
an acoustic driver radiating pressure waves into the 3-D 
volume to cause the diaphragm to expand and contract, 
radiating acoustic energy; and a core of a porous, com-
pressible material.

Reviewer Comments 
The disclosed invention consists of a passive radiator 

that either replaces the horizontal panels on an enclosure 
or forms a cylindrical or spherical enclosure with the total 
surface area consisting of the vibratable passive radiator. 
In one embodiment, the acoustic device includes a pas-
sive radiator diaphragm substantially enclosing a 3-D vol-
ume, with an active transducer radiating pressure waves 
into the 3-D volume to cause the entire diaphragm/enclo-
sure to expand and contract. The passive enclosure’s inte-
rior may include a core of a porous, compressible material 
(e.g., open cell foam). Alternatively, the core may be solid 
or hollow. The core’s exterior may be attached to the 
diaphragm’s interior surface. Since the passive radiator 
must be of a certain mass to set a Helmholtz resonant 
frequency, the flexible diaphragm may include particles 
of a dense material that increase the radiator’s mass. The 
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Figure 1a and b: U.S. Patent 8,240,426
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compliance, or a lossy passive radiator. Both attributes 
are considered undesirable in standard passive-radiator 
design.

Of interest is the French atomic physicist Siegfried Klein 
(one of the originators of a workable ionic transducer in 
the 1950s), who has at least a half dozen patents (two 
of which were sited in the currently reviewed patent), 
each expressing an attempt to make wideband pulsat-
ing sphere transducers with elastic materials. Eventually, 
he gave up and developed a waveguide to create semi-
spherical wavefronts from a standard transducer.

In the current patent, the use is for low frequencies 
only, which is easier to realize, but low frequencies are 
already spherically radiated from standard devices. It is 
advantageous for a passive radiator to have an increased 
surface area for a given enclosure size. To trade off lin-
earity and resistive losses (and other practical issues) is 
an exchange a designer must consider carefully in a cost/
benefit analysis.

The invention’s nonspherical structures are more prac-
tical and have been realized in the past, such as in the 
old multi-sided, multi-suspended rigid-panel woofer sys-
tems disclosed in popular audio publications in the early 
1960s and the more recent 2002 U.S. patent 6,389,146 
“Acoustically asymmetric bandpass loudspeaker with mul-
tiple acoustic filters,” which incorporates compliant film 
passive radiation on all horizontal sides of a subwoofer 
enclosure. Neither of these were sited as prior art in the 

Bose patent.
These nonspherical approaches can be made to work 

reasonably well, although they can be subject to mechan-
ical noise issues. Although they have a larger surface area 
than a traditional passive radiator mounted on a single 
surface of an enclosure, they may still have less total 
cubic volume of displacement. All in all, unless the Bose 
engineers have found implementation solutions for all of 
the previously mentioned design issues, it would seem 
that this type of structure may be more of an interesting 
packaging novelty than an actual advancement in per-
formance. However, with Bose’s vast engineering team, 
many of whom are advanced graduates of MIT, one might 
expect that they could make something work better than 
the rest of us mere mortals are able.

WAVEGUIDE UNIT
Patent Number: U.S. 8,160,285
Inventors: Michael Gjedbo Kragelund (Holstebro, Denmark)
Assignee: Mike Thomas ApS (Holstebro, Denmark)
Filed: September 11, 2006
U.S. Classes: 381/338; 381/150; 381/337
Granted: April 17, 2012, Number of Claims: 9, Number 
of Drawings: 4

Abstract from Patent
The present invention concerns a waveguide unit for 

use with a transducer unit and in particular transducer of 
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the dome type, where the waveguide unit is substantially 
circular, and suitable to be arranged around the trans-
ducer (see Figure 2). The waveguide unit has a front side 
on which front-side means are provided for reflecting the 
transducer’s sound waves, and a substantially flat back 
side, where substantially central in the unit an aperture 
is provided. The aperture is suitable for accommodating 
a transducer unit, and the side of said aperture connects 
the front and back sides, where said waveguide com-
prises one or more diffraction edges arranged concentric 
with the circular shape of the unit on said front side of 
the unit, and where adjacent on both sides of said one or 
more diffraction edges, substantially flat conical surfaces 
are provided.

Independent Claims
1. The waveguide unit, for use with a transducer unit, 

and in particular a transducer of the dome type, where 
the waveguide unit has a shape in a plane view substan-
tially corresponding to the shape of the transducer unit 
in a plane view so that the waveguide may be arranged 
around the outside periphery of the transducer unit, where 
the waveguide unit has a front side on which a front 
side is provided for reflecting the sound waves from the 
transducer, and a substantially flat backside, and where 
substantially, centrally in the waveguide unit an aperture 
is provided which aperture is suitable for accommodating 
a transducer unit, and the side of said aperture connects 
the front and back sides of the waveguide unit, where 
said waveguide comprises one or more diffraction edges 
arranged equidistant with the shape of the waveguide unit 
on said front side of the waveguide unit, and where adja-
cent on both sides of said one or more diffraction edges, 
substantially flat inclined surfaces are provided.

9. The waveguide unit, for use with a transducer unit, 
and in particular a transducer of the dome type, where 
the waveguide unit has a shape in a plane view sub-
stantially corresponding to the shape of the transducer 
unit in a plane view so that the waveguide unit may be 
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Figure 2: U.S. Patent 8,160,285
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arranged around the outside periphery of the transducer 
unit, where the waveguide unit has a front side and a 
substantially flat backside; and the waveguide unit is 
substantially, centrally provided with an aperture suit-
able for accommodating the transducer unit, the side of 
said aperture connecting the front and back sides of the 
waveguide unit; wherein diffraction means are provided 
on said front side for reflecting the sound waves from 
the transducer unit, said diffraction means comprising 
one or more diffraction edges arranged equidistant with 
the shape of the waveguide unit on said front side, and 
wherein adjacent on both sides of said one or more dif-
fraction edges, substantially flat inclined surfaces are 
provided.

Reviewer Comments 
This patent’s device is new form of diffraction horn/

waveguide. It has been available for several years in the 
SEAS Prestige line as model number H1499-06 27TBCD/
GB-DXT tweeter and is trademarked as Diffraction 
Expansion Technology (DXT). The idea is to achieve 
substantially constant directivity versus frequency over 
the device’s operating range. This is achieved by incor-
porating three diffraction steps arranged concentrically 
and equidistant relative to the dome diaphragm’s center 
point. Arranged between all of the diffraction edges, or 
steps, are a set of substantially flat surfaces, inclined at 
progressively changing angles. In the case of the actual 

SEAS tweeter, the diffraction steps start to influence 
the directivity to maintain dispersion above 7 kHz while 
confining dispersion expansion somewhat below that 
frequency, maintaining reasonably constant directivity 
down to approximately 3 kHz.

In testing these devices, they appear to achieve the 
desired directivity result. As with most constant directiv-
ity waveguides, in exchange for the directivity control, 
the on-axis response falls with increasing frequency 
and requires equalization in the crossover to the result 
in the desired on-axis response while still maintaining 
consistent directivity.

The device differs from many modern waveguides 
in that it introduces diffraction to sustain directivity, 
instead of eliminating the diffraction steps of the clas-
sic constant directivity horns and utilizing the smooth 
transition architectures of most current waveguides. 
There is a school of thought that suggests that internal 
reflections caused by the diffractive steps can cause 
“high-order modes,” which are linear errors that are 
dynamically interpreted by the ear/brain system as a 
form of psycho-acoustic, “internal” nonlinear distortion. 
(See Earl Geddes at the GedLee website, www.gedlee.
com, for further information on this concept.) That said, 
it is unclear as to whether or not this new device would 
exhibit any audible artifacts generated from its diffrac-
tive architecture. From a directivity standpoint, the 
device appears to deliver on its promise. VC
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High-End Home Audio 
Transducers from Wavecor 
and Morel
by Vance Dickason

Drivers submitted for this month’s Test Bench review 
came from China-based Wavecor and Israel-based 

Morel. Wavecor’s new full-range 3.25”, the FR084WA01, 
and Morel’s new Titanium Series, the 6” TiCW 634Nd, 
are both put to the test bench.

Although Wavecor is headquartered in Pan Yu, China, 
this company’s pedigree is strictly European and specifi-
cally Vifa. In Voice Coil’s December 2009 issue, Wavecor 
was described as having its roots in high-end Danish 
engineering thanks to Allan Isaksen, its general manager 
and chairman, and Per Madsen, its director of technology. 
Isaksen started his career at Vifa A/S, Denmark in early 
1983 as a newly graduated acoustics engineer. After hav-
ing designed numerous Vifa drivers, he was appointed 
the company’s engineering manager in 1987. In 1990, 
Vifa appointed Isaksen director of Sales and Engineering 
responsible for all Marketing, Sales and Engineering 
activities. In 1999, Isaksen relocated from Denmark to 
the GuangDong Province of China, where he established 
the Chinese production base for Vifa/Scan-Speak, Vifa 
Loudspeakers (PanYu). After Vifa and Peerless merged, 
creating Danish Sound Technology (DST), the China 
production company was renamed DST Loudspeakers 
(PanYu), which Isaksen lead as general manager until 
2005 when he founded Wavecor. Madsen also started his 
career in 1988 as a technical trainee at Vifa A/S Denmark. 
After his 1991 graduation, Vifa A/S hired him as an R&D 
engineer responsible for mechanical driver parts. He con-
tinued to work on driver acoustics and designed some of 
the more popular Vifa/Scan Speak A/S drivers over the 
years. In 2002, Madsen transferred to DST’s production 
facility in China as engineering manager. After DST was 
taken over by Tymphany (U.S.), Madsen continued to 

Test Bench
work there as Engineering Services Group manager. He 
joined Wavecor as director of technology in 2006.

Wavecor’s 3.25” Full-Range Driver
This month’s driver is a new 3.25” full-range from Wavcor 

(see Photo 1���]���!#$�%'*$+��
�����%�����	
���������
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and was intended primarily for high-quality multimedia and 
lifestyle-type speakers. Features include a black anodized 
aluminum cone and dust cap (good for heat transfer from 
the voice coil former), a polymer frame with an open air path 
below the spider mounting shelf, a 22-mm diameter black 
vented fiberglass former, a copper cap shorting ring, low-loss 
NBR suspension (high Qm), black emissive coating on motor 
parts for better heat transfer to the air, a Conex spider, and 
gold-plated terminals.

I commenced testing the Wavecor FR084WA01 full-range 
using the LinearX LMS analyzer and VIBox to create both 
voltage and admittance (current) curves with the driver 
clamped to a rigid test fixture in free-air at 0.3 V, 1 V, 3 V, 
6 V, and 10 V. The 10-V curve was too nonlinear to get an 
appropriate curve and was discarded. Next, the eight 550-
point stepped sine wave sweeps (four current and four volt-
age sweeps) for each FR084 sample were post-processed 
and the voltage curves were divided by the current curves 
(admittance curves) to produce the impedance curves, 
phase-generated by the LMS calculation method. I then 
imported them and the accompanying voltage curves to the 
LEAP 5 Enclosure Shop software. Since most Thiele-Small 
data provided by OEMs is produced using either a standard 
transducer model or the LEAP 4 TSL model, I also created 
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Figure 1: Wavecor FR084WA01 free-air impedance plot

Table 1: Wavecor’s FR084WA01 full-range driver test results

 TSL Model LTD Model  Factory

Sample 1 Sample 2 Sample 1 Sample 2

FS 103 Hz 104 Hz 101 Hz 100 Hz 109 Hz 

REVC 3.17 3.17 3.17 3.17 3.3

Sd 0.0036 0.0036 0.0036 0.0036 0.0036

QMS 3.88 3.62 4.88 4.49 5.4

QES 0.88 0.83 1.09 1 0.93

QTS 0.71 0.67 0.89 0.82 0.79

VAS 1.29 ltr 1.27 ltr 1.36 ltr 1.38 ltr  1.14 ltr 

SPL 2.83 V 84.0 dB 84.3 dB 82.9 dB 83.2 dB  87 dB 

XMAX 2 mm 2 mm 2 mm 2 mm 2 mm 

Photo 1: Wavecor’s 3.25” full-range driver 
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a LEAP 4 TSL model using the 1-V free-air curves. The 
complete data set, the multiple-voltage impedance curves 
for the LTD model and the 1-V impedance curve for the TSL 
model were selected in the transducer derivation menu in 
LEAP 5 and created the parameters for the computer box 
simulations (see Figure 1 for the 1-V free-air impedance 
curve). Table 1 compares the LEAP 5 LTD and TSL data and 
Wavecor factory parameters for both FR084 samples.

The FR084’s LEAP parameter calculation results were 
sufficiently close to the factory data, so I used the LEAP 
LTD parameters for Sample 1 to set up computer enclosure 
simulations. The difference in sensitivity is due to two dif-
ferent calculation methods. LEAP is essentially a midband 
sensitivity while Wavecor uses a 200-Hz to 8-kHz average. 

Two computer box simulations were programmed into 
LEAP 5, a 62-ci sealed box alignment (50% fill material) 
and a 252-ci vented alignment tuned to 62 Hz (15% fill 
material). Figure 2 displays the results for the Wavecor full-
range driver in the two enclosure simulations at 2.83 V and 
at a voltage level sufficiently high enough to increase cone 
excursion to XMAX + 15% (2.3 mm for the FR084). This 
produced a F3 frequency of 130 Hz with a box/driver Qtc 
of 1.1 for the 61-ci sealed enclosure and –3 dB = 85.5 Hz, 
252-ci vented box simulation. Increasing the voltage input 
to the simulations until the maximum linear cone excur-
sion was reached resulted in 97 dB at 6.5 V for the sealed 
enclosure simulation and 95.5 dB with a 5.1-V input level 
for the larger vented enclosure. (See Figure 3 and Figure 4
for the 2.83-V group delay curves and the 6.5/5.1-V excur-
sion curves.) 
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Figure 2: Wavecor FR084WA01 computer box simulations 
(black solid = sealed @ 2.83 V; blue dash = vented @ 
2.83 V; black solid = sealed @ 6.5 V; blue dash = vented 
@ 5.1 V)
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Figure 3: Group delay curves for the 2.83-V curves in Figure 2
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Klippel analysis for the Wavecor 3.25” full-range (our 
analyzer is provided courtesy of Klippel GmbH), and testing 
performed by Pat Turnmire of Red Rock Acoustics, produced 
the Bl(X), KMS (X) and Bl and KMS symmetry range plots 
shown in Figures 5–8. The Bl(X) curve for the FR084 
(see Figure 5) is relatively broad and nicely symmetrical. 
Looking at the Bl symmetry plot, this curve tracks at zero 
throughout the range, so this is an exceptionally well bal-
anced motor structure (see Figure 6). 

Figure 7 and Figure 8 show the Wavecor full-range 
driver’s KMS (X) and KMS symmetry range curves. The 
KMS (X) curve is somewhat asymmetrical and has a minor 
rearward (coil-in) offset of about 0.6 mm at its rest posi-
tion, decreasing to 0.23 mm at this driver’s physical XMAX.
Displacement-limiting numbers calculated by the Klippel 
analyzer for the FR084WA01 were XBl at 82%. Bl is 2.4 mm 
and for XC at 75% the CMS minimum was 2.1 mm, which 
means for this Wavecor full range, compliance is the most 
limiting factor for a prescribed distortion level of 10%.     

Figure 9 shows the FR084’s inductance curve Le(X). 
Inductance will typically increase in the rear direction 
from the zero rest position as the voice coil covers more 
pole area. However, the FR084 inductance variance due 
to the inclusion of a shorting ring (copper cap on the 
pole piece) is rather small. The inductance variation is 
only 0.04 mH from the In and Out XMAX positions, which 
is very good.

I mounted the FR084 full-range in an enclosure, which 

Figure 5: Klippel analyzer Bl (X) curve for the Wavecor 
FR084WA01
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Figure 4: Cone excursion curves for the 6.5/5.1-V curves 
in Figure 2
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Figure 6: Klippel analyzer Bl symmetry range curve for 
the Wavecor FR084WA01

Figure 7: Klippel analyzer mechanical stiffness of suspen-
sion KMS (X) curve for the Wavecor FR084WA01.

Figure 8: Klippel analyzer KMS symmetry range curve for 
the Wavecor FR084WA01

had a 9” × 4” baffle and was filled with damping material 
(foam), and measured the transducer on- and off-axis from 
a 300-Hz to 40-kHz frequency response at 2.83 V/1 m using 
the LinearX LMS analyzer set to a 100-point gated sine wave 
sweep. Figure 10 shows the FR084 on-axis response indi-
cating a smoothly rising response to about 10 kHz with a 
5-dB step between 1 kHz and 1.6 kHz and some breakup 
peaking above 13 kHz prior to the high-pass roll-off at 
28 kHz. It is definitely a full-range transducer. 

Regarding the baffle step in this response, a Voice Coil
reader recently wrote about this subject. His questions 
were basically, Why were enclosures used for frequency- 
response testing? and Wouldn’t it be better to use a large 
baffle, such as an IEC standard baffle? Obviously, every 
possible baffle’s shape, dimension, and location produces 
a different on- and off-axis driver response. (I provide 
a rather extensive discussion of this in Chapter 5 of the 
Loudspeaker Design Cookbook’s 7th edition.) For instance, 
if you extend the width of the 9” × 4” baffle used with the 
Wavecor FR084 to 10” wide, you get the response variation 
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shown in Figure 11. Neither or both is correct, depending 
on your perspective. My “philosophy” is that IEC baffles also 
distort the information and will likely not be used for this 
driver (unless you are designing it into an in-ceiling or in-wall 
product). It is reasonable to use a baffle roughly the size of 
an average DUT enclosure. Driver manufactures vary on this 
issue. Some use IEC baffles, and some use enclosures of an 
appropriate size related to the transducer TS parameters. 
SEAS uses the latter technique in its driver data presenta-
tions, which is what I use for Voice Coil magazine.

Figure 12 displays the on- and off-axis frequency 
response at 0°, 15°, 30°, and 45°. As with most full-range 
transducers, the 30° off-axis is about the same as any 
3” piston driver. The last SPL measurement is shown in 
Figure 13 and illustrates the two-sample SPL comparison 
for the 3.25” Wavecor driver. It shows a close match to 
within less than 0.5 dB throughout the operating range.

For the remaining series of tests, I employed the Listen 
SoundCheck analyzer with the Listen 0.25” SCM micro-
phone and power supply (courtesy of Listen) to measure 
distortion and generate time frequency plots. For the distor-
tion measurement, I rigidly mounted the Wavecor full range 
in free air, used a noise stimulus to set the SPL to 94 dB at 
1 m (2.2 V), and measured the distortion with the micro-
phone placed 10 cm from the dust cap. This produced the 
distortion curves shown in Figure 14. I used SoundCheck 
to get a 2.83-V/1-m impulse response and imported the 
data into Listen’s SoundMap time/frequency software. The 
resulting CSD waterfall plot is shown in Figure 15. See the 
Wigner-Ville (for its better low-frequency performance) plot 
in Figure 16.

The Wavecor FR084 is a well-designed 3.25” full range 
that could be used as a driver in high-end iPod docking 
stations, for desktop audio (e.g., computer speakers, wire-
less speakers, and radios), as a midrange in a three-way 
speaker, and in a high-end line-source speaker. Visit www.
wavecor.com for more information on this 3.25” driver.

The TiCW 634Nd
The next driver is an interesting new release from Morel, 

the Israel-based, high-end OEM driver, and branded home 
and car audio manufacturer. The mid-bass transducer 
comes from Morel’s new Titanium Series that I wrote about 
in Voice Coil (September 2012). This new series of 6” 
mid-bass woofers is the next generation of Morel’s hybrid 
neodymium/ferrite motors with titanium voice coil formers. 

Figure 9: Klippel analyzer Le(X) curve for the Wavecor 
FR084WA01

Figure 10: Wavecor FR084WA01 on-axis frequency 
response (9” × 4” baffle)
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Figure 11: Comparison of Wavecor FR084WA01 on-axis fre-
quency response with a 9” × 4” baffle versus a 9” × 10” baffle
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Figure 12: Wavecor FR084WA01 on- and off-axis frequency 
response (0°, 15°, 30°, and 45°)
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Figure 13: Wavecor FR084WA01 two-sample SPL 
comparison
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Photo 2: The Morel TiCW 634Nd top view (a) and bottom 
view (b)



OCTOBER 2012 39

parameters of the driver. Furthermore, the Titanium-rigid 
characteristic affects the sound tonality, yielding a crisp-
sounding driver.”

I initiated the Morel TiCW 634Nd’s testing using the 
LinearX LMS analyzer and VIBox to create both voltage 
and admittance (current) curves with the driver clamped 
to a rigid test fixture in free air at 0.3 V, 1 V, 3 V, 6 V, 
and 10 V. I discarded the 10-V voltage and current curves 
because they  were too nonlinear to get a solid curve fit in 
LEAP 5. The eight 550-point stepped sine wave sweeps for 
each TiCW sample were post-processed and the voltage 
curves were divided by the current curves (admittance) 
to create impedance curves. Phase was added using LMS 
calculation method and, along with the accompanying volt-
age curves, uploaded to the LEAP 5 Enclosure Shop soft-
ware. Besides the LEAP 5 LTD model results, I additionally 

Figure 14: Wavecor FR084WA01 SoundCheck distortion plot

There are six models in the Titanium series, and this month 
I tested the new TiCW 634Nd.

The TiCW 634Nd has a rich design, most notably with 
Morel’s proprietary cast aluminum frame configured with 
the motor mounted from the front and bolted to the 
frame’s back (see Photo 2). This six-spoke frame provides 
minimum surface area for reflections into the rear of the 
cone and a totally open area below the spider mount-
ing shelf for enhanced cooling. Other features include an 
injected damped polymer cone and dust cap, NBR surround, 
3”-diameter vented titanium voice coil former wound with 
two layers of Morel’s Hexatech aluminum wire, a hybrid 
neodymium and ferrite motor with a copper shorting ring 
(sleeve), a flat cloth spider, and gold plated terminals. 
According to Morel, “the use of a low-induction coefficient 
titanium bobbin immensely improves the electroacoustic 

Figure 16: Wavecor FR084WA01 SoundCheck Wigner-
Ville plot

Figure 15: Wavecor FR084WA01 SoundCheck CSD water-
fall plot - 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
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and the 18.25-V excursion curves.) Note that the voltage 
was limited on the vented simulation as it was exceeding the 
XMAX + 15% number at 35 Hz. With an appropriate high-
pass filter, the vented simulation would handle more voltage 
and produce a commensurately higher SPL.

Klippel analysis for the Morel 6” woofer produced the 
Bl(X), KMS(X) and Bl and KMS symmetry range plots shown 
in Figures 21 to 24. The Bl(X) curve for the TiCW 634Nd is 
nicely broad and mostly symmetrical curve (see Figure 21). 
Looking at the Bl symmetry plot, this curve shows a small 
coil forward (coil out) offset at the rest position of 0.88 mm 
that goes to a trivial 0.3-mm offset at the 5.5-mm physical 
XMAX of the transducer (see Figure 22). 

Table 2: Morel TiCW 634Nd woofer

 TSL Model LTD Model  Factory

Sample 1 Sample 2 Sample 1 Sample 2

FS 38.6 Hz 37 Hz 35.6 Hz 35.3 Hz 40 Hz 

REVC 3.56 3.53 3.56 3.53 3.7

Sd 0.0117 0.0117 0.0117 0.0117 0.0119

QMS 4.62 4.69 4.12 4.64 4.98

QES 0.34 0.33 0.36 0.33 0.37

QTS 0.32 0.31 0.33 0.31 0.35

VAS 18.6 ltr 20.3 ltr 22.0 ltr 22.5 ltr  25.5 ltr 

SPL 2.83 V 86.9 dB 86.8 dB 86.3 dB 86.5 dB  88 dB 

XMAX 5.5 mm 5.5 mm 5.5 mm 5.5 mm 5.5 mm 
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Figure 17: Morel TiCW 634Nd woofer free-air impedance 
plot
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Figure 18: Morel TiCW 634Nd computer box simulations 
(black solid = sealed 1 @ 2.83 V; blue dash = vented 2 
@ 2.83 V; black solid = sealed 1 @ 14 V; blue dash = 
vented @ 16 V).

created a LEAP 4 TSL model set of parameters using just 
the 1-V free-air curves. The final data, which includes the 
multiple-voltage impedance curves for the LTD model (see 
Figure 17 for the 1-V free-air impedance curve) and the 
1-V impedance curve for the TSL model, were selected and 
the parameters were created to perform the computer box 
simulations. Table 2 compares the LEAP 5 LTD and TSL data 
and factory parameters for both Morel 6” samples.

LEAP parameter calculation results for the TiCW 634Nd 
were reasonably close to the factory data. Given this, I 
used the LEAP LTD parameters for Sample 1 to set up 
two computer enclosure simulations, one sealed and one 
vented. For the Butterworth closed-box simulation, I used 
a 330-ci enclosure with 50% fiberglass fill material. For the 
vented box, I used a 504-ci QB3-type vented alignment 
with 15% fiberglass fill material and tuned to 42.3 Hz.

Figure 18 shows the results for the Morel Titanium 
Series woofer in the sealed and vented boxes at 2.83 V and 
at a voltage level sufficiently high enough to increase cone 
excursion to XMAX + 15% (6.3 mm for the 634Nd). This 
yielded a F3 = 81 Hz with a box/driver Qtc of 0.68 (perfect 
for a home theater LCR) for the 330-ci sealed enclosure and 
–3 dB = 60 Hz for the 504-ci vented simulation. Increasing 
the voltage input to the simulations until the maximum linear 
cone excursion was reached resulted in 105.7 dB at 18.25 
V for the sealed enclosure simulation and 106.5 dB with the 
same 18.25-V input level for the larger vented box. (See 
Figure 19 and Figure 20 for the 2.83-V group delay curves 
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Figure 23 and Figure 24 show the KMS (X) and KMS 
symmetry range curves for the Morel 6”. The KMS (X) curve 
is moderately symmetrical in both directions with a small 
amount of coil-in offset at the rest position. Looking at the 
KMS symmetry in Figure 24, the coil-in offset is 1.29 mm 
at the rest position, decreasing to 0.7 mm at the 5.5-mm 

10  Hz 20 50 100 200 500 1K
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Figure 20: Cone excursion curves for the 18.25-V curves 
in Figure 18

Figure 21: Klippel analyzer Bl (X) curve for the Morel 
TiCW 634Nd
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Figure 19: Group delay curves for the 2.83-V curves in 
Figure 18

Figure 22: Klippel Analyzer Bl symmetry range curve for 
the Morel TiCW 634Nd

Figure 23: Klippel analyzer mechanical stiffness of suspension 
KMS (X) curve for the Morel TiCW 634Nd

Figure 24: Klippel Analyzer KMS symmetry range curve 
for the Morel TiCW 634Nd

Figure 25: Klippel Analyzer L(X) curve for the Morel TiCW 
634Nd
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Figure 26: Morel TiCW 634Nd’s on-axis frequency 
response

physical XMAX of the TiCW 634Nd. Displacement-limiting 
numbers calculated by the Klippel analyzer for the 634Nd 
were XBl at 82% Bl = 4.3 mm and for XC at 75% CMS
minimum was 3 mm, which means that for the Morel 6” 
woofer, compliance was the most limiting factor for a 10% 
proscribed distortion level. The last Klippel analysis curve 
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in to XMAX out of only 0.05 mH, which is excellent. Limiting 
self induction in woofers is key to obtaining low distortion 
and clarity.

Following the Klippel testing, I mounted the Morel 6” 
woofer in an enclosure with an 8” × 17” baffle that was filled 
with damping material (foam) and then measured the DUT 
on- and off-axis from 300 Hz to 20 kHz frequency response 
at 2.83 V/ 1 m using a 100-point gated sine wave sweep. 
Figure 26 shows the TiCW’s on-axis response displaying a 
smooth rising response to about 5.2 kHz, making this driver 
probably easy to blend with almost any 1” dome. Figure 27
has the on- and off-axis frequency response at 0°, 15°, 30°, 
and 45°. A –3 dB at 30°, with respect to the on-axis curve, 
occurs at 3.2 kHz, so a cross point in that vicinity should be 
fine. The last SPL measurement gives the two-sample SPL 
comparisons for the 6” Morel driver, showing a close less than 
0.5-dB match up to 3 kHz, with about 1-dB variations above 
that frequency (see Figure 28).

For the last group of tests, I employed the Listen 
SoundCheck analyzer to measure distortion and generate 
time/frequency plots. I used SoundCheck’s software noise 
generator and SPL meter utilities to set up the distortion 
measurement. I mounted the woofer rigidly in free air and 
set the SPL to 94 dB at 1 m (1.95 V), and measured the 
distortion with the Listen microphone placed 10 cm from 
the dust cap. This produced the distortion curves shown in 
Figure 29.

I changed the SoundCheck sequence file to set up the 
analyzer to get a 2.83-V/1-m impulse response for this 
driver and imported the data into the SoundMap time/
frequency software. The resulting CSD waterfall plot is 
shown in Figure 30 and the Wigner-Ville logarithmic sur-
face map (for its better low-frequency performance) plot 

Figure 29: Morel TiCW 634Nd SoundCheck distortion plot
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Figure 28: Morel TiCW 634Nd two-sample SPL comparison
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Figure 27: Morel TiCW 634Nd on- and off-axis frequency 
response (0°, 15°, 30°, and 45°)

shown gives the inductance curves L(X) for the TiCW 634Nd 
(see Figure 25). Like the Wavecor FR084, the presence of 
a copper shorting ring limits the inductive swing from XMAX
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is shown in Figure 31.
Reviewing the data, this is a well-designed driver, but 

that’s expected from a company with Morel’s reputation 
for excellence. Visit morelhifi.com for more information on 
these and the other Morel Titanium Series drivers (including 
upcoming tweeters with Titanium voice coil formers). VC

Figure 30: Morel TiCW 634Nd SoundCheck CSD waterfall 
plot

Figure 31: Morel TiCW 634Nd SoundCheck Wigner-Ville 
plot

Test Bench is an open forum for OEM driver manufactur-
ers in the industry. All OEMs are invited to submit samples 
to Voice Coil for inclusion in the Test Bench column. 

Driver samples can include any sector of the loudspeak-
er market, including transducers for home audio, car audio, 
pro sound, multimedia, or musical instrument applications. 

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 information to 
explain the functioning of the transducer. Include details on 
the materials used to construct the transducer (e.g., cone 
material, voice coil former material, and voice coil wire 
type). For woofers and mid-range drivers, include the voice 
coil height, gap height, RMS power handling, and physi-
cally 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 to:

Vance Dickason Consulting
333 South State Street, #152
Lake Oswego, OR 97034
(503-557-0427)
vdconsult@comcast.net

Submit Samples to Test Bench

www.wavecor.com

High-end speaker units
Complete OEM speaker system turnkey solu  ons

SW263WA 10” subwoofer

Exploded view of 
TW030WA05 tweeter

of Explodeed view 
eeterTWW030WAA05 twe
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from a Blu-ray player, cable or satellite set-top box, or 
game console. A 3-D surround mode simulates surround 
sound. A 3.5-mm input connects to portable music play-
ers. The 10” wireless subwoofer encased in an MDF cabi-
net pairs automatically with the soundbar. 

Toshiba Launches Soundbar Lineup
Toshiba is re-entering the home-audio business with 

the launch of the first in a planned lineup of active sound-
bars (see Photo 3). The SBX4250 soundbar speaker 
system, with a suggested prices of $329, is available at 
ToshibaDirect.com and at select online and in-store retail-
ers. The 2.1-channel SBX4250 features a separate 6.5” 
wireless subwoofer, a built-in wireless stereo Bluetooth, 
two HDMI inputs, one HDMI output with an audio return 
channel, two optical inputs, a Dolby Digital 5.1 decoder, 
an SRS TruSurround HD with TruBass to deliver a virtual 
surround experience, and 300-W total peak output.

 The bar itself packs four midrange speakers and two 
tweeters in a chassis that is only 2.2” deep and 3.6” tall. 
It’s 37.6” wide to match 40”-and-larger flat-panel TVs 
and it includes a remote control. The chassis features a 
matte-black finish with a semi-transparent metal grille. 
The wall-mountable bar can also sit on a mantel or table. 

Tablets Drive Headphone Sales
Twenty-nine percent of headphones priced $100 or 

more were connected to a tablet this year, nearly triple 
the attachment rate from 2011, according to The NPD 
Group. By comparison, the study found just 16% of 
all headphones have been used with a tablet, accord-
ing to NPD’s most recent “Headphones: Ownership & 
Application” study. The increased adoption of tablets—
now in one in five homes—and the variety of content 
(e.g., music, video, and games) being accessed on 
those devices, has helped sales of premium head-
phones nearly double year over year for the 12 months 
ending June, according to NPD’s retail tracking service. 
Sound quality is the top driver of premium headphone 
purchases, with 73% of premium owners saying it 
impacted their purchase decision. Other factors, such 
as brand reputation (44%) and wearing comfort 
(31%), also ranked highly.

Though many consumers are gravitating toward 
more expensive, premium headphones for better 
quality sound, the emphasis on design and celeb-
rity endorsement have also contributed to headphones 
being viewed as fashion accessories. Thirty-eight per-
cent of premium headphone owners say their devices 

By Vance Dickason

Lyon Receives Promotion
Speaker maker Definitive Technology promoted techni-

cal director Matt Lyons to the position of engineering vice 
president (see Photo 1). Lyons has been with Definitive 
since 2007. In the newly created position, Lyons will 
oversee all of Definitive’s engineering personnel and out-
side contractors. He reports to Paul DiComo, marketing 
and product development senior vice president. Lyons 
began his consumer electronics (CE) career as an audio 

engineer at Polk Audio, spent 
several years with audio elec-
tronics manufacturer Adcom, 
and later formed Lyonsound, 
an A/V product development 
consulting company. He also 
teaches graduate-level courses 
in audio and recording arts as 
an adjunct professor at Johns 
Hopkins University’s Peabody 
School of Music.

Klipsch Unveils New Soundbar
Klipsch Group unveiled its first Klipsch-brand active 

soundbar (see Photo 2). The company claims the sound-
bar is the industry’s first active soundbar with horn-loaded 
tweeters. The suggested price for SB 3 active soundbar 
is $799. It became available in stores and Klipsch’s web-
site in September. The soundbar follows Klipsch Group’s 
introduction last year of the first two active soundbars, 
which carry the Energy-brand name. The 3”-deep SB 3 
features satin-black finish, a wireless 10” subwoofer, and 
horn-loaded tweeters, which are used in the company’s 
component speakers to widen the stereo sweet spot, 
deliver high efficiency, and reduce distortion. According 
to Klipsch, the horn-loaded tweeters also improve dialog 
clarity. The soundbar features digital-to-link optical input, 
analog stereo input, and a Dolby Digital decoder. Via the 
digital input, the soundbar takes a Dolby Digital stream 

Industry Watch

Photo 1: Matt Lyons

Photo 2: Klipsch new SB 3 soundbar

Photo 3: Toshiba’s new SBX4250 soundbar speaker system
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are part of their personal style and one in four say it is 
important that their headphones are fashionable.

Mozaex Offers New Line of Headphones
Mozaex, a manufacturer of multi-room Blu-ray entertain-

ment servers and peripherals, has launched a line of very 
expensive home-theater headphones (see Photo 4). The 
7.1 BluWavs include a BluWav “Blender” Audio Console 
and feature the company’s Personally Leveled Ultimate 
Surround Headphones (PLUSH) technology, designed 
to let users fine tune the volume and EQ of 10 discrete 
speakers. They deliver bit rates up to 27 Mbps and have 
a vibration subwoofer driver that has its own dedicated 
bass-booster amplifier and crossover, which delivers bass 
sounds the listener can literally feel.

BluWavs can support L PCM, DTS-HD Master Audio, 
and Dolby TrueHD via either multichannel pre-amp 

outputs or HDMI, depending on the model. The A10 
and AE10 work with an existing pre-amp-out receiver, 
while the D10 enables users to add their own dedicated 
BluWavs pre-amp-out receiver and supports four HDMI 
sources. The DR10 is a D10 plus a pre-amp receiver. 
They begin to ship on November 1, 2012. BluWavs-A10 
with Analog Blender costs $1,295, BluWavs-AE10 with 
Analog/EQ Blender costs $1,695, BluWavs-D10 with 
Digital 4-Way-HDMI Switch Blender costs $1,695, 
BluWavs-DR10 plus the Receiver Blender costs $2,595, 
and BluWavs-Headset-10 (additional BluWavs headset) 
costs $795.

Industry Anticipates Record Growth
The consumer electronics (CE) industry will see stron-

ger than anticipated growth in 2012, according to the 
semiannual industry forecast released by the Consumer 
Electronics Association (CEA). The overall CE industry 
will grow an estimated 5.9% in the U.S. this year, two 
points higher than previously projected in January. The 
U.S. Consumer Electronics Sales and Forecasts (July 
2012) projects industry sales will surpass $206 billion 
this year—the first time yearly industry revenues in the 
U.S. are expected to top the $200 billion mark. Sales 
growth is projected to continue into 2013, when industry 
revenues will likely grow 4.5%, reaching $215.8 billion. 
Sales of mobile-connected devices, led by tablets, have 
pushed overall industry revenues to record highs:Photo 4: Mozaex’s new 7.1 BluWavs
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Check out these two great books!

Available now at
www.cc-webshop.com

or call 860.875.2199 x205

RIBBON LOUDSPEAKERS  
This book presents the theory and history of ribbons  
and includes construction details for building your  

own ribbon loudspeakers. Often preferred for high- and  
mid-frequencies, they are inexpensive and can be easily  

constructed with minimal tools.  $24.95

Looking for even more loudspeaker design inspiration?

SPEAKER BUILDING 201  
With this book, anyone can become a speaker  

builder. Learn the concepts you need OR choose any  
of the 11 tested and proven speaker designs included  
in this book. It features a variety of speaker projects  

and contains all the information you need to  
design a first-rate system. $34.95



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.



Seems like all of a sudden,
compact arrays are big

business. So talk to
Celestion about our range

of high performance,
small-format drivers.  

It’s another
innovation in sound

from Celestion.

Find us on Facebook

www.celestion.com

We’re thinking small

AN2075 50mm/2"    AN2775 70mm/2.75"         AN3510 88mm/3.5"
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Industry News & Developments

Happy 26th Anniversary, Voice Coil
November 2012 marks the beginning of Voice 

Coil’s 26th year as an information resource for the 
loudspeaker industry. Voice Coil magazine resulted 
from a conversation I had with Ed Dell following Audio 
Amateur’s publication of the Loudspeaker Design 
Cookbook, 3rd edition. Ed related his concept to cre-
ate a publication that would become the loudspeaker 
inddustry’s “information super highway.” Needless to 
say, I considered it not only an outstanding concept 
for a new publication, but something I felt the indus-
try badly needed and that I would happily support. 
Obviously, after 26 years, we were right to move for-
ward with the publication. Ed came up with the Voice 
Coil name, and as they say, the rest is history. 

From the first issue in November 1987 until June 
1995, Voice Coil was a monthly subscription-based, 
black-and-white, four-page newsletter I wrote with no 
additional contributors and no advertising. However, the 

June 1995 issue jumped to 20 pages of four-color printing 
on glossy paper. (Voice Coil is currently 32 to 48 pages 
each month!) The magazine is now advertiser driven, and 
it is free for qualified subscribers. With the era of digital 
delivery, Voice Coil became available as an Internet-
delivered subscription in 2012.

Besides the change in printing, distribution, and digital 
delivery, Voice Coil began to include other contributors 
(e.g., Jim Croft, Charlie Hughes, Mike Klasco, Wolfgang 
Klippel, Steve Mowry, Steve Temme, Pat Turnmire, and 
many others over the years). Support has come from some 
of the industry’s finest engineers, and through the gen-
erosity of analyzer/software manufacturers (e.g., Klippel, 
LinearX, and Listen) which have supplied Voice Coil with 
some of the best test equipment available.

As the loudspeaker industry magazine grows and 
matures, Voice Coil has stayed true to its original con-
cept, a world-class clearinghouse of information for loud-
speaker engineers, manufacturers, marketing specialists, 
and OEM suppliers. Evidenced by the participation of 
writers, advertisers, and readers, Voice Coil continues to 
be well received by the entire loudspeaker industry. Each 
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year brings increased circulation as more engineers, techni-
cians, purchasing agents, and marketing experts discover 
what we offer. On behalf of Vance Dickason, editor; Hugo Van 
haecke, publisher; C. J. Abate, editorial coordinator; Shannon 
Becker, editorial assistant; and all the staff at Audio Amateur 
who make this publication possible, we would like to thank 
our readers and advertisers for their continued enthusiasm 
and support.

ALMA Symposium 2013
The Association of Loudspeaker Manufacturing & Acoustics 

International (ALMA) Winter Symposium, the world’s largest 
event entirely dedicated to the loudspeaker industry, features 
training courses on modeling, measurement, and manufactur-
ing in today’s multinational, cooperative environment. There 
will be technical paper presentations, tutorial sessions, round 
table and panel discussions, an exhibit hall showcasing indus-
try suppliers, and an annual banquet where the now famous 
“Driver Awards” are presented to deserving recipients. 

The Winter Symposium banquet keynote presentation will 
feature “The Life & Times of Paul Klipsch.” Jim Hunter, pro-
gram manager and Klipsch historian, is a 34-year veteran at 
Klipsch. He has amassed an incredible documentary of Paul 
Klipsch, whose fifth career in life was audio. Jim will present a 
slide show presentation that includes archival documents and 
photos going back to 1978! He has at least 5,000 scans from 
which to choose. The presentation will include a mention of 
technical papers at General Electric in 1927 and the Chilean 

Nitrate Mining Co. from 1928 and 1929. Jim admitted it 
is difficult to separate the man from the company; how-
ever, we can trace the industry’s development from Edwin 
Armstrong demoing FM with Klipschorn, to the New York 
Audio Fair, to correspondence and visits with John Eargle, 
Sherman Fairchild, Arthur Fiedler, Avery Fisher, Dick Heyser, 
Saul Marantz, and more. 

The ALMA Winter Symposium, “Product Development 
in the Global Paradigm: Acoustic Modeling, Measurement 
and Manufacturing in the Modern Marketplace” will be held 
January 6 and 7, 2013, at The Tuscany Suites & Casino, 
255 East Flamingo Road, Las Vegas, NV. The program 
will cover technology such as microdrivers, microphones, 
hearing aids, and other transducer-related technology. The 
2013 International CES immediately follows the sympo-
sium, January 8–11, 2013.

The symposium program features two powerful half-
day seminars taught by two widely respected loudspeaker 
experts: “Moving Coil Transducer Motor Design,” facilitated 
by Richard Little, founder of Far North Electroacoustics 
and “Miniature Speakers and Microphones: Design and 
Application,” facilitated by Osman Isvan, a renowned inven-
tor and audio systems engineer. 

Little’s seminar will cover the design of moving coil trans-
ducers’ magnetic motors, which can cause design engineers 
to encounter many different issues and choices. The semi-
nar will review motor design topics including: objectives, 
magnet material types and grades, typical magnetic motor 
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design topologies, the permanent magnet magnetization 
process, thermal demagnetization, voice coil design, design 
options, voice coil inductance, the analysis of motor design 
through physical equations, and through finite element anal-
ysis, methods for measuring magnetic motor performance, 
and the general topic of nonlinear motor behavior. Case 
studies and examples will illustrate and illuminate the topics. 

Isvan’s seminar will explore omnidirectional and noise-
canceling microphones. Surface-mount technology (SMT), 
electrically commuted motors (ECM), microelectromechani-
cal systems (MEMS), and digital and analog microphone 
technology will be discussed. Handheld devices’ special 
operating conditions and constraints make microspeaker 
design a unique discipline. Headphone drivers require special 
test methods due to their unique acoustic coupling. Two-way 
communication environments introduce additional param-
eters. Audio digital signal processing (DSP) shuffles acoustic 
design priorities. High-component density leads to unwanted 
interactions, and microphones’ super-miniaturization make 
signal-to-noise ratio (SNR) targets more challenging to 
meet. All this and more will be discussed with examples. 
Visit www.almainternational.org for more information and to 
register, exhibit, or sponsor the symposium.

InfoComm/NSCA News
InfoComm International announced future scheduling plans 

for its annual InfoComm exposition and conference. The show 
will rotate between locations every mid-June through 2019. 

InfoComm 2013 will be held at Orlando’s Orange County 
Convention Center’s West Building, Orlando, FL, June 12–14. 
InfoComm 2014 will be held at Las Vegas Convention Center’s 
North and Central Halls, Las Vegas, NV, June 18–20. InfoComm 
has signed lease agreements with both facilities.

Also, the National Systems Contractors Association 
(NSCA) has reconfirmed its commitment to InfoComm. 
Although the NSCA and InfoComm contract under its current 
arrangement has expired, NSCA will continue its support of 
the InfoComm show moving forward. NSCA will be present 
on the show floor and host the NSCA Education Foundation 
Industry Charity Concert featuring the Drunk Unkles in 2013.  
 In addition to its continued presence at the InfoComm 
show, NSCA will provide more frequent educational 
opportunities at smaller venues and events to capital-
ize on emerging markets, such as  Mass Notification and 
Emergency Communication (MNEC) systems; keep its 
members apprised of policies and regulations; and build 
business and management skills to help integrators grow 
and prosper. 

Also of interest is the new NSCA MNEC website. This web-
site focuses on the use of commercial speakers’ intelligibility 
in buildings. The website also provides information on the 
issue’s history, codes and standards, articles on the subject, 
and more about this relatively new and growing market. 
While the intelligibility for these systems mostly deals with 
placement, the intelligibility of the PA speakers is also an 
issue. Visit www.mnec.org for more information.



8 VOICE COIL

New Loctite Brochure & Website
Henkel has introduced two new resources that provide 

detailed information about the company’s Loctite Instant 
Adhesives line and present the latest innovations in cya-
noacrylate technology. “Instant Solutions in Every Drop” is 
a 16-page brochure that reviews the company’s compre-
hensive Loctite Instant Adhesives line, including the most 
recent product innovations, including grades that resist 
temperatures to 250°F, low-odor/low-bloom products that 
resist elevated temperatures and maintain strength in high-
humidity environments, and a grade specifically formulated 
to fill gaps as deep as 5 mm. 

The literature also highlights dispensing and curing 
equipment and provides information on Henkel technical 
and engineering support services. A newly designed web-
site provides up-to-the-minute product information, real-
world applications, videos/demonstrations, and dispensing 
and curing solutions.

Instant adhesives are one-part, room-temperature cur-
ing adhesives available in a variety of viscosities. With 
fixture speeds measured in seconds, they provide excellent 
adhesion to most substrates and can be used in automated 
assembly applications. Recent technological advances in 
surface insensitivity, flexibility, and temperature resistance 
have made these adhesives a trusted solution for an ever-
widening array of products and applications.

To download a brochure or to review the new Loctite Instant 
Adhesives website, visit www.instantsolutions.loctite.com. VC

- 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

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.  
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 Spotlight
AES “Classics” Series 
Editor’s Note: The Audio Engineering Society has graciously 
given Voice Coil permission to reprint previous conven-
tion papers (preprints) as well as Journal of the Audio 
Engineering Society (JAES) articles. My intention is to fea-
ture papers I consider particularly interesting and valuable to 
loudspeaker engineers, the past “classics” published during 
the long and rich history of AES Convention paper presenta-
tions. I hope these will be a welcome addition to Voice Coil.

For the first article, I chose a paper written by loud-
speaker engineering icon Neville Thiele titled, “Closed Box 
Loudspeaker with a Series Capacitor,” originally published 
in the JAES (Volume 58, Issue 7/8, pp. 577-582, July 2010). The 
simple but effective technique enables you to achieve a 
lower F3 in a sealed box for a given volume with the addi-
tion of a large value capacitor (typically 250-to-400-μF NPs) 
and is useful with small 3-to-5.25” woofers. I have used this 
technique in production loudspeakers, and I saw it applied in 
several well-known manufacturers’ products.

Again, I want to thank the Audio Engineering Society, 
JAES editor Bozena Kostek, and JAES managing editor Bill 
McQuade for allowing Voice Coil permission to do this. 

Sadly, as this issue was “going to press,” I was informed 
by the AES that Neville Thiele had passed on October 1, 
2012.  While I will feature a tribute to Mr. Thiele and his 
amazing work in Voice Coil’s December issue, I can think of 
no more fitting tribute than to republish one of Neville’s JAES 
articles on the month of his passing (Voice Coil’s November 
issue was written late September, early October).

I am not including the references with this series. A 
complete PDF of this paper, including references, can be 
obtained from the AES website’s e-library (www.aes.org).

Closed-Box Loudspeaker 
with a Series Capacitor*

By Neville Thiele, AES Fellow 
Faculty of Architecture, Design and Planning, 
University of Sydney, Sydney, NSW, Australia

The connection of a capacitor in series with a 
closed-box loudspeaker extends its response at 

lower frequencies with a smaller box. At the same time 
it confers worthwhile protection against excessive excur-
sion of its voice coil from subsonic input signals, which 
produce no useful acoustic output. A design procedure 
and suitable transfer functions are presented.

INTRODUCTION
Once the parameters of a loudspeaker driver are 

known, its electrical-to-acoustical transfer function can 
be determined in the same manner as a conventional 

electrical high-pass filter. When the rear of the driver 
is enclosed in a sealed box, the transfer function is of 
second order. Insertion of appropriate reactive elements 
between the amplifier and the driver can change this 
transfer function to one of higher order. For the simplest 
case of a series capacitor, the second order function 
changes to third order. In that case, at signal frequencies 
below the resonance of the driver, its impedance, having 
peaked and presented a resistance, falls and includes a 
component of positive, that is, inductive, reactance. A 
series capacitance presents a negative reactance, which 
tends to cancel the driver reactance, thus increasing in 
this region the electric power that the driver absorbs 
from the input and radiates in its acoustical output. 

This addition of electrical high-pass element(s) confers 
two advantages. It protects the driver from input signals 
at frequencies below its cutoff, which otherwise would pro-
duce excessive voice-coil excursions while producing little 
or no acoustic output. At the same time it extends the use-
ful low frequency range to a small but significant extent. 

While this procedure enhances the performance of a 
closed box, it cannot help a vented box, whose bottom 
response limit occurs around its box resonance. At that 
frequency the driver impedance goes through a resis-
tive minimum. At lower frequencies it rises, presenting a 
capacitive reactance component that gains no advantage 
from a series capacitance. 

The series capacitor may be considered a kind of 
equalizer, but from the author’s point of view it is an 
integral part of the system design, along with the 
parameters of the driver and box. This use of series 
capacitance was described first by Benson [1] and later 
by von Recklinghausen [2] and Woodgate [3], but to 
the author’s knowledge, no closed form procedure for 
designing such a system has been offered. This engineer-
ing report hopes to fill that gap. 

Earlier publications [4,5] have considered systems 
where a closed-back driver, whose electrical-to-acoustic 
transfer function is that of a second order high-pass filter, 
is embedded with second and third order electrical filters 
to produce overall transfer functions of fourth and fifth 
orders, respectively. Those papers describe designs pri-
marily in the context of crossover systems, whose tran-
sition frequencies are most often higher than 1,000 Hz, 
where the electrical filter components are comparatively 
small in size and cost. Nevertheless the principle applies 
equally well, as it does in this study, to lower transition 
frequencies if the size and cost are justified.

DISCUSSION
 A loudspeaker comprising a driver mounted on an 

infinite baffle has a second order high-pass transfer func-
tion, which relates its acoustic output within the piston 
range to its electrical input voltage:
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and applying these parameters to a new second order 
highpass function for the system:
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which is the same as Eq. (1), except that its char-
acteristic frequency fSC and its two Qs are increased 
√(1 + VAS/VB) times. If now this loudspeaker system 
is mounted in a box of volume VB and fed through a 
capacitance CA, its transfer function becomes:

F

T

T T

A

A SC

 sT  = 

s T

sT  + s  T    1
Q

 + 1
Q

SCC

2
SC

2

SC
2 2

SC
2

EC MC

( )

+
⎛
⎝⎜

⎞⎞
⎠⎟

⎡

⎣
⎢

⎤

⎦
⎥

⎛
⎝⎜

⎞
⎠⎟

 + s T
Q

 + T  + 1SC

MC
A

  (8)  

where TA is the product CARE. [We could have written 
the sum 1/QEC + 1/QMC as 1/QTC, but prefer to keep 
the two Qs separate until Eq. (10).] 

We now rewrite Eq. (8) in terms of the primary 
parameters of the driver and box by nominating:

 

k

VB

2  = 1

1 +VAS

 (9) 

and writing k2TS2 [= k2/(2πfS2)] for TSC2, QMS/k for QMC, 
and QES/k for QEC. Then Eq. (8) becomes:

F

T

Q

A

TS

 sT  = 

s k T

s k T T  + s  k T  + k T T

SCC

3 2
S

2

3 2
S

2
A

2 2
S

2
2

A S

( )

⎛
⎝⎜

⎞
⎠⎟⎟

⎛
⎝⎜

⎞
⎠⎟

 + s k T  + T  + 1
2

S
AQMS   (10) 

To constrain this response to a desired response whose 
transfer function is:

F sT( )  = x r s T
x r s T  + x r s T  + x rsT  +1

3
3 3

S
3

3
3 3

S
3

2
2 2

S
2

1 S   (11)
where: 

r TS
3 3  = k T T2

S
2

A  (12) 
We write:

t  = T
T

A

S  (13)

and we match coefficients for the various powers of 
sTS. The coefficients x1, x2, and x3 are chosen by the 
designer to produce the desired shape of the response. 
If x0, the coefficient of the zeroth-order term, is not 1 
as it is in Eq. (11), all the coefficients x0, x1, x2, and 
x3 in the numerator and denominator of the function 
in Eq. (11) can be divided by x0 without changing its 
response. 

Then:

k t2  = x r3
3

 (14)

where TS is the characteristic time constant of the driver 
(= 1/2πfS, with fS being its resonance frequency), and 
QMS amd QES are its mechanical and electrical quality 
factors, respectively. 

It can be shown that the response of a loudspeaker 
can be modeled by the current flowing in the capacitance 
branch of the motional impedance of its electrical equiv-
alent circuit, as shown in Figure 1, which is derived 
and simplified from the mechanical equivalent circuit of 
Figure 8.4 [6] (see [7]). When this driver, whose equiva-
lent air volume is VAS, is placed in an enclosed box of 
volume VB its transfer function is modified to: 

F sT  = s T

s T  + sT  1
Q

 + 1
Q

 + 1 + V
V

S

2
S

2

2
S

2
S

MS ES

AS

B

( )
⎛
⎝⎜

⎞
⎠⎟

⎛
⎝⎜⎜

⎞
⎠⎟

 (2)

This is more easily handled as a system by dividing both 
its numerator and its denominator by (1 + VAS/VB) and 
nominating new parameters, now of the resulting driver 
plus closed box system:

 
fSC  = f  1 + V

VS
AS

B  (3)

T T
SC

S = 
1 + V

V
AS

B  (4)

Q QMC MS =  1 + V
V

AS

B   (5)

Q QEC ES =  1 + V
V

AS

B  (6) 

Figure 1: Schematic diagram of a closed-back loudspeak-
er fed through series capacitance CA. Dashed box enclos-
es a model of the driver plus box. LM, RM, and CM—com-
ponents of the driver motional impedance; LBOX—electrical 
impedance contributed by VB box volume.



NOVEMBER 2012 11

 
k t

QTS

2   + 1  = x r2
2⎛

⎝⎜
⎞
⎠⎟  (15)

 
t  + k

Q
 = x r2

MS
1

 (16)
and then:

k2  = x r
t
3

3

 (17)

 

t  = 1
x
x r

  1
Q

2

3 TS

−
  (18)

and:

x r x

Q TS

2
3

3 2
2

2

  2x x Q r  + rQ  Q  + x x Q

 Q  x  
2 3 TS

2
TS TS 1 3 MS

MS 3

− ( )
+ −   x x  = 01 2( )  (19)

The cubic Eq. (19) is solved for r. Of the methods 
available, the author prefers the iterative Newton–
Raphson method [8] starting with an initial guess of 1 
for r. In all cases investigated so far, only one positive 
real root was found, so no further calculation of r was 
necessary. The value of r, the ratio in which the reso-
nance frequency fS and its characteristic time constant 
TS are changed to the new characteristic time constant 
rTS, is substituted in Eq. (18) to find t, hence also TA 
from Eq. (13). These values of r and t are substituted 

in Eq. (17) to find k2, hence the 
ratio VAS/VB from Eq. (9), and 
then the required box volume 
VB. Finally the value of the 
series capacitance CA is:
 
CA  = T

R
A

E  (20) 

USEFUL RESPONSE 
FUNCTIONS

 The response shapes of a 
loudspeaker system most usu-
ally desired bear the names 
of Butterworth, Chebyshev, and 
Bessel. Their third order low-
pass versions are most familiar 
in the forms of Eqs. (21), (22), 
and (23), though later we will be 

using the high-pass versions.

���]��	���	��	�Q����	��	��������Y�

�

F s( )  = 1
1 + 2sT  + 2s T  + s T0

2 2
0

3 3
0  (21) 

��]��	���	��	�_����
���������Y�
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⎠⎟

⎛
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⎠⎟

⎛
⎝⎜

⎞
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1 + 3K

4

1 + 3K
4

 + 2 + 3K
4

 sT  + 2s0
22 3 3

0 + s TT2
0

 (22) 
��]��	���	��	�Q�

��������Y�

��

F s( )  = 15
 + 15sT  + 6s T  + s T0

2 2
0

3 3
015  (23) 

The most generally useful function is the Butterworth, 
which produces a maximally flat amplitude response. 
Of all possible functions, its response inband remains 
the longest near reference level. At its characteristic 
frequency, when ωT0 = 1, that is f = f0, its response is 
3.0 dB below reference level. At frequencies out of band 
its response remains closest to the asymptotic slope 
of all third-order functions, namely, 18 dB per octave 
(60 dB per decade). 

The equal ripple Chebyshev response may be defined 
algebraically [9] as in Eq. (22), where the constant K 
determines the amount of ripple. The squared magnitude 

Figure 2: Comparison of various third-order high-pass amplitude responses. –3.0 dB at 
�$�>?��©�Q����	��	��£�©©©�_����
���������$����Q�	�YY��£�¹�¹�_����
���������+�$��Q 
	�YY��£�����Q�

���

Transfer Function Type f–3dB = f0 (Hz) VB (liters) QTC TA (μs) CA (μF)

Butterworth 67.7 11.2 0.936 4502 900

Chebyshev (0.5-dB ripple) 66.6 9.7 0.992 2385 477

Chebyshev (1.0-dB ripple) 64.6 10.5 0.959 2031 406

Bessel 68.6 18.8 0.766 7593 1519

*driver parameters are fS = 40 Hz; QMS = 3.6; QES = 0.45; QTS = 0.40; VAS = 50 liters; RE�¢���

Table 1: Parameters required for various transfer functions
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|F(jω)2| of its low-pass response ripples, as in the 
dashed and dash–dot curves of Figure 2, between a 
maximum of 1 (0 dB) at high frequencies inband and 
also when ω2T02 = 3/4K and a minimum of 1/[1 + K3/
(4 + 3K)2] when ω2T02 = ¼K and also K. When ω2T02 
= K + 1 the squared magnitude goes through a value 
of 1/[2 + K3/(4 + 3K)2] that is not greatly different 
from –3.0 dB, that is, between –3.0 and –3.7 dB, at 
commonly used values of K between 0 and 5. When K 
diminishes to zero, the Chebyshev function degener-
ates to a Butterworth.

 However, for the present application it has proved 
more useful to take two values of K, 2.5481 and 
4.0949, which produce ripple amplitudes of 0.5 and 
1.0 dB, respectively, and then adjust the resulting 
coefficients in Eqs. (25) and (26) according to their 

powers of sT0 so that the magnitude of both responses 
is –3.0 dB when ωT0 = 1. 

��Q����	��	������	���	��	�������Y�

��

F s( )  = s T
1 + 2sT  + 2s T  + s T

3 3
0

0
2 2

0
3 3

0   (24)
 
�� _����
���� ���	���	��	�� �����Y�

� <$����Q� 	�YY��£�
–3.0 dB when ωT0 = 1): 

F s( )  = 0.4498s T
1 + 1.7032sT  + 1.1261s T  + 0.4498s T

3 3
0

0
2 2

0
3 3

00  (25)
 
��_����
�������	���	��	�������Y�

�<+�$����	�YY��£�¹��$��Q�
when ωT0 = 1): 

Figure 3: Comparison of driver excur-
sions, various third-order high-pass 
responses. –3.0 dB at 30 Hz. — 
Butterworth; ———Chebyshev with 
$����Q�	�YY��£�¹�©�_����
���������
+�$��Q�	�YY��£�����Q�

��£�©©©�
fourth-order high-pass Butterworth, 
from vented box (for comparison).

Figure 4: Responses of driver of Table 1, 
resonance FS = 40 Hz; QT = 0.40; VAS = 
50 liters. (a) Amplitude versus frequency. 
(b) Group delay versus frequency. —in 
11.2-liter box and with a 900-μF capaci-
tor in series, third-order Butterworth 
	�
Y�
�£�¹�¹���++�������	�������������
series capacitor; produces second-order 
response with 1.6-dB peak; ——— in 
23.5-liter box without series capacitor, for 
second-order Butterworth response.
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F s s T
s T s T

( )  = 
 + 0.9027sT  + 1.0331  + 0

0 3743
1 0 3743

3 3
0

2 2
0

3 3

.
. 00  (26)

The coefficients of the Bessel (maximally flat delay) 
response were adjusted likewise from the low-pass 
function of Eq. (23) to the high-pass function Eq. (27), 
whose response has a magnitude of–3.0 dB when ωT0 
= 1.
 
��Q�

��� ���	���	��	�������Y�

� <¹��$��Q����� ωT0 = 
1): 

F s s T
sT s T s T

( )  = 
 +  + 4.6280  + 

2 6237
1 3 4015 2 6237

3 3
0

0
2 2

0
3 3

.
. . 00  (27)

It should be remembered that only one set (“align-
ment”) of parameters can produce a given transfer 
function from a given driver. The values of the param-
eters will vary with a number of factors—the closeness 
of the driver’s initial QT to the QT that the function 
requires, and to some extent, the ratio of QM to QE. 

The alignments in Table 1 give some insight into 
the parameter values required with a typical driver to 
produce each of the four preceding responses above. 
QTC is the QT of the driver + box system. The capaci-
tance values needed for CA are comparatively large, in 
the hundreds of microfarads. The capacitor needs to be 
chosen for a low series loss resistance, small compared 
with the resistance of RE, since its contribution to the 
total resistance in the circuit effectively increases QE in 
the same proportion.

The responses of the four functions are plotted in 
Figure 2 for responses that are all –3.0 dB at 30 Hz 
(for which T0 = 5305 μs). They demonstrate the much 
faster cutoff of the Chebyshev responses in the stop-
band, though the improvement in going from 0.5-to 
1.0-dB ripple is comparatively small. They also show 
how the Bessel’s amplitude response droops slowly 
across the pass-band.

The voice-coil excursions for these responses are 
plotted in Figure 3, and compared with the excur-
sion of a ventedbox loudspeaker with a fourth-order 
Butterworth response. All curves are normalized to a 
maximum value of 1 for the excursion of the driver 
at very low frequencies with a standard level of input 
signal in the passband.

It should be remembered, though, that the driver’s 
voice coil excursion at very low frequencies has already 
been reduced 1/[1 + (VAS/VB)] times below its unbaf-
fled value, the system compliance being stiffened by 
the air enclosed in the box. 

Table 1 shows how the use of a series capacitor 
with a suitable driver allows good bass response to 
be launched from a surprisingly small box. Figure 4 
shows how great the saving in box volume can be, 11.2 
versus 23.5 liters, to less than half in this example. 

The group delay plot of Figure 4 should be read in 
light of [10], where the threshold of audibility of the 

group delay is reported as increasing from a minimum 
of 1 ms at 2 kHz to 2.0 ms at 8 kHz and 3.2 ms at 
500 Hz, with no figures for thresholds beyond those 
frequencies. At the same time Figure 3 shows how 
much protection the additional highpass filtering con-
fers against excessive excursion at very low frequen-
cies. While a vented box has the clear advantage over 
all the closed-box responses that its cone excursion is 
much less in the region of cutoff, the designer must 
weigh this against the problems of increasing size and 
cost in providing a vent for a small box at low frequen-
cies, or of a passive radiator. 

CONCLUSION
When a capacitor is inserted in series with a closed-

box loudspeaker, it extends the response to lower fre-
quencies and enables the use of a much smaller box. At 
the same time it confers substantial protection against 
excessive excursion of the voice coil from subsonic 
input signals that would produce no useful acoustic 
output. The design procedure is straightforward and is 
easily adapted to desirable transfer functions.
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filter for a low-frequency sound source mounted behind 
the waveguide in a multi-way loudspeaker system. The 
waveguide includes openings that overlay the vibrat-
ing surface of the low-frequency source. The openings 
are configured by a selection of various geometrical 
parameters to tailor filtering characteristics as desired 
(see Photo 1).

Independent Claims
1. A waveguide for mounting in a loudspeaker system 

comprising: an outer surface shaped to direct sound 
waves radiated from a first sound source positioned 
to generate the sound waves directed by the wave-
guide; an inner surface on a side opposite the outer 
surface; and a plurality of openings in the waveguide, 
each opening extending from the inner surface to the 
outer surface. The plurality of openings are disposed to 
overlay an acoustical radiating surface of a diaphragm 

of a second sound source mount-
ed adjacent to the waveguide’s 
inner surface such that the wave-
guide’s inner surface covers the 
diaphragm’s acoustical radiating 
surface. The openings are config-
ured to enable the waveguide to 
function as an acoustical low-pass 
filter for sound radiated through 
the openings from the second 

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 and 381 for 
electrical-signal processing systems and HO4R for inter-
national patents. This also includes new patent applica-
tions that are published in the Patent Application Journal. 

WAVEGUIDE
U.S. Patent Number: 8,130,994
Inventors: Douglas J. Button (Simi Valley, CA), Alexander 
V. Salvatti (Canoga Park, CA)
Assignee: Harman International Industries (Northridge, CA) 
Filed: June 17, 2008
U.S. Classes: 381/39
Granted: March 6, 2012
Number of Claims: 10
Number of Drawings: 18

Abstract from Patent
A waveguide configured to func-

tion as a high-frequency waveguide 
for a high-frequency sound source 
mounted to the waveguide, and to 
function as an acoustical low-pass 
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Photo 1: U.S. Patent Number: 8,130,994
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sound source where the function of the waveguide as the 
acoustical low-pass filter depends on the distance between 
the diaphragm and the inner surface of the waveguide. 
The area between the openings creates a compression 
chamber between the inner surface of the waveguide and 
the acoustic radiating surface when the diaphragm of the 
second sound source vibrates, and a selected area of the 
openings, a ratio of area of the diaphragm to the area of 
the openings, and the distance between the diaphragm and 
the waveguide’s inner surface are selected by simulating 
operation of the second source using an equivalent electri-
cal circuit model. 

5. A loudspeaker system comprising: a first sound 
source; a second sound source having an acoustical radi-
ating surface; and a waveguide mounted acoustically in 
front of the second sound source such that the waveguide 
covers the acoustical radiating surface of the second 
sound source. The waveguide has an outer surface shaped 
to direct sound waves radiated from a sound source posi-
tioned at an opening in the waveguide; an inner surface 
on a side opposite the outer surface; and a plurality of 
openings in the waveguide. Each opening extends from 
the inner surface to the outer surface, with the plurality 
of openings disposed to overlay the acoustical radiat-
ing surface of a diaphragm of the second sound source. 
The openings are configured to enable the waveguide to 
function as an acoustical low-pass filter for sound radi-
ated through the openings from the second sound source 
where the waveguide’s function as the acoustical low-pass 
filter depends on the distance between the diaphragm 
and the waveguide’s surface adjacent to the diaphragm. 
The area between the openings creates a compression 
chamber between the waveguide’s inner surface and 
the acoustic radiating surface when the second sound 
source’s  diaphragm vibrates, and where a selected area 
of the openings, and ratio of area of the diaphragm to 
the area of the opening, the distance between openings, 
and the distance between the diaphragm and the surface 
of the waveguide adjacent to the diaphragm are selected 
by simulating the waveguide’s operation with a selected 
low-frequency sound driver using an equivalent electrical 
circuit model.

Reviewer Comments 
A waveguide is disclosed that operates as a dual-

purpose high-frequency transducer waveguide and an 
acoustical low-pass filter for a low-frequency concave 
cone-type transducer. The waveguide includes an outer 
surface shaped to direct sound waves radiated from 
a high-frequency sound source positioned at a cen-
tral opening in the waveguide’s throat. The waveguide 
includes a plurality of openings through the waveguide’s 
surface. The plurality of openings cover the majority 
of diaphragm surface area of a second, low-frequency 
sound source mounted adjacent to the waveguide’s inner 
surface. The openings are configured to enable the wave-
guide to function as an acoustical low-pass filter for sound 
radiated through the openings from the low-frequency 

source, preshaping the upper-frequency response of the 
low-frequency driver. At the same time, the waveguide 
includes an outer surface shaped to direct sound waves 
radiated from the first high-frequency sound source posi-
tioned at the waveguide’s throat opening. 

This type of waveguide architecture that enables the 
high-frequency transducer waveguide to operate coaxially 
as a low-pass filter with a low-frequency transducer was 
first realized, and thoroughly developed, by Marshall Buck 
when he was working for Cerwin Vega back in the 1980s 
(U.S. 4,283,606 and U.S. 4,619,342) and more recently 
for Gibson Guitar (U.S. 7,392,880).

While the novelty contribution in the currently reviewed 
patent is minimal, in general, the technique is a good 
solution to the problem of using large, lower frequency 
waveguides with large woofers. Normally, a large wave-
guide that can operate down to 1 to 2 kHz, when com-
bined with a woofer of similar diameter, causes a center-
to-center spacing that is too large to prevent off-axis 
lobing and comb filtering. With this technique, one can 
rearrange the components into a coaxial structure and 
match the directivity at the crossover frequency and tame 
the off-axis behavior. Additionally, it may provide a means 
to match a smaller low-frequency driver to a larger high-
frequency waveguide while still maintaining substantially 
constant directivity down to a lower frequency and match-
ing directivity at the crossover frequency.

With a device of this type, one of the key design ele-
ments is that of the design conflict between making the 
through hole slots in the waveguide large enough to 
be adequately acoustically transparent relative to the 
low-frequency transducer behind the waveguide, while 
at the same time making the openings small enough to 
enable the waveguide surface to not be so porous as to 
enable the high-frequency content to expand through 
the waveguide instead of the waveguide fully supporting 
the high-frequency wavefronts as they transition to the 
waveguide’s mouth.

Marshall Buck’s earlier designs incorporated many small 
circular openings, looking like a vegetable colander. The 
new version, developed at JBL by Douglas Button and 
Alexander Salvatti, uses pie-shaped slots that expand 
near the edge of the mouth and are significantly larger 
than the Buck designs’ individual openings. Intuitively, 
it appears the large slot openings might be problematic, 
compared to the earlier prior art, but in most embodi-
ments, they are either very narrow near the throat or 
don’t start until they are some distance from the throat, 
such that the high-frequency wavefront is more fully 
developed before traversing the slots. With most acoustic 
low-filter devices, an additional benefit is the distortion 
harmonics being suppressed. While this has not been 
proven to offer an audible advantage, the performance 
improvement can be seen in the measurements.

All in all, when properly applied, the invention should be 
a useful tool in providing an effective point source while 
optimizing directivity control and it should have the bonus 
of providing a novel industrial design element. VC
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 Spotlight
Time Synchronous Averaging
By Christopher Struck, CJS Labs

When performing electroacoustical response mea-
surements, an important practical consideration 

is the reduction of uncorrelated background noise. 
Synchronous averaging (i.e., “complex averaging,” 
“time domain averaging,” or “vector averaging”) is a 
technique originally developed to analyze the vibra-
tion signature or rotating machines and gearboxes. It 
can be used to improve the S/N ratio measurement. 
In a loudspeaker test, a correlated test stimulus, 
which is identical for every record, adds on a “Signal” 
basis (i.e., 2x = X + 6 dB), while the uncorrelated 
background noise, which is the same level (but not 
the same signal), adds on a power basis (i.e., 2x2 = 
X + 3 dB). 

In Figure 1 all samples are treated as complex vec-
tors (i.e., magnitude and phase), rather than simple 
power averaging. Therefore, an effective measurement 
S/N increase of 3 dB is gained for every doubling of 
either the measurement time or the number of complex 
averages. Most analysis systems and time-selective 
techniques offer this option. The stimulus may be a sinu-
soid or a pseudo-random noise signal (i.e., a repetitive 
random noise with a period equal to the analysis record 
length).

Since the averaging is complex and correlated, 
increasing the number of averages (i.e., sweep time) 

effectively lengthens the time window. Seen in the 
frequency domain, this is a narrowing of the main 
lobe of the Fourier transform of the time window, 
a sin(x)/x function. This can also be viewed as a 
more selective filter, thus reducing noise at all other 
frequencies. This is the effective bandwidth of the 
analysis, as shown in the diagram, where B is the ini-
tial filter bandwidth for the analysis (see Figure 2).

Note that for a 3-dB increase, the length of each 
data progressively doubles. So, the price to pay for 
a 3-dB improvement in measurement S/N is a geo-
metrically increasing measurement time (i.e., two 
averages or double the sweep time; four averages 
or quadruple the sweep time; eight averages or 8 × 
sweep time; 16 averages; etc.). Note also that since 
the stimulus is synchronized to the analysis record 
and is zero at the beginning and end of each data 
block, no time window is required.

For a white background noise spectrum, the 
approximate amount of additional noise reduction 
can be computed as 20 log10¾^� where N is the 
number of averages. 
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Pro Sound Coax from B&C 
and a New Professional 
Series 15” from Eminence
by Vance Dickason

For this month’s driver reviews, I received B&C’s 
5FCX44, a new ferrite woofer coax, and Eminence’s 

Impero 15A, the newest addition to its professional 
series of woofers.

B&C’s 5FCX44
B&C’s new 5FCX44 pro sound 5” coax driver and its 6.5” 

version, the 6FHX51, employ B&C’s relatively new DE7 
compression driver featured in July’s Test Bench column. 
The 5FCX44 woofer is built on an eight-spoke (actually four 
double spokes) round-shaped cast aluminum frame with 
“ears” extending to the four mounting holes. Attached to 
the frame is the woofer ferrite motor structure with the DE7 
compression driver attached to the woofer backplate and 
firing into what would normally be a 0.75” pole vent working 
as the horn throat. Attached to the pole’s top piece is a short 
flared conical aluminum horn that completes the compres-
sion driver. Motor parts for the compression driver include 
the front plate and shaped rear plate with a neodymium ring 
magnet (see Photo 1).

The 5FCX44’s woofer cone assembly includes a curvilin-
ear coated paper cone suspended by a black NBR rubber 
surround and a 3.25”-diameter elevated cloth spider. A 
porous cloth dust cap covers the compression driver horn 
and keeps extraneous material out of the gap area. A 
44-mm (1.7”) diameter voice coil wound with copper wire 
on a nonconducting former couples the cone to the driver 
motor. The motor structure consists of a 100-mm diameter 
18-mm thick ferrite magnet sandwiched between polished 
front and rear plates. For the high-frequency compression 
driver, B&C used the DE7 compression driver. This incorpo-
rates a polyester diaphragm coupled to a 25-mm (1”) voice 
coil wound with aluminum wire.  

Testing began with the woofer half of this coax driver 
using the LinearX LMS and VIBox to produce voltage and 
admittance (current) curves with the driver clamped to a 

Test Bench
rigid test fixture in free air at 0.3 V, 1 V, 3 V, 6 V, and 
10 V. Note that the LMS oscillator is turned on for a progres-
sively increasing time period between sweeps to keep the 
driver heated as close to the third thermal time constant as 
possible (from 10 to 30 s between sweeps, depending on 
the voltage level). Following the established Test Bench test 
protocol, I no longer use a single added-mass measurement. 
Instead, I used the actual measured cone assembly weight 
provided by B&C. The 10-V curves were discarded for the 5” 
5FCX44 woofer because the device was getting too nonlinear 
at this voltage level for the LEAP 5 software to get a reason-
able curve fit.

Next, the eight 550-point stepped sine wave sweeps for 
each sample were post-processed and the voltage curves 
were divided by the current curves to derive impedance 
curves, phase calculated, and, along with the accompanying 
voltage curves, imported to the LEAP 5 Enclosure Shop soft-
ware. Because most TS data provided by OEM manufactur-
ers is produced using a standard method or the LEAP 4 TSL 
model, I created a LEAP 4 TSL model using the 1-V free-air 
curves. The complete data set, the multiple-voltage imped-
ance curves for the LTD model, and the 1-V impedance 
curves for the TSL model were selected in the transducer 
derivation menu in LEAP 5 and the parameters created for 
the computer box simulations. (See Figure 1 for the woofer 
1-V free-air impedance curve and see Figure 2 for the com-
pression driver standard impedance curve.) Table 1 com-
pares the LEAP 5 LTD and TSL data and factory parameters 
for both B&C 5FCX44 samples.

Parameter measurement results for the 5FCX44 were 
reasonably close to the factory data. Given that, I proceeded 
to set up two computer enclosure simulations using the LEAP 
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Figure 1: B&C 5FCX44 woofer free-air 1-V impedance plot

Photo 1: BC 5FCX44 top view (a); bottom view (b)
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Figure 2: B&C 5FCX44 compression driver free-air impedance 
plot
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LTD parameters for Sample 1. This included two vented 
alignments. The QB3 alignment for this driver was too small 
to be realistically feasible, so I choose a larger Extended 
Bass Shelf (EBS) and used two different vent tunings. This 
resulted in a 205-ci box with 15% fiberglass fill material 
tuned to 85 Hz, and the same 205-ci box but with an EBS-
vented alignment tuned to 65 Hz, with 15% fiberglass fill 
material.

Figure 3 displays the results for the 5FCX44 woofer 
section in the two vented boxes at 2.83 V and at a voltage 
level sufficiently high enough to increase cone excursion to 
XMAX + 15% (3.45 mm for the 5FCX44). This produced a F3 
frequency of 81 Hz for the 205-ci box tuned to 85 Hz and 
–3 dB = 63 Hz for the 205-ci box EBS-vented simulation 
tuned to 65 Hz. Increasing the voltage input to the simula-
tions until the maximum linear cone excursion was reached 
resulted in 107 dB at 20 V for the 65-Hz tuning enclosure 
simulation and 105.2 dB with the same 20-V input (see 
Figure 4 and Figure 5 for the 2.83-V group delay curves 
and the 20-V excursion curves). If you look at the excur-
sion curves, the driver exceeds the XMAX + 15% criteria at 
61 Hz for the 65-Hz tuning and 49 Hz for the 85-Hz tuning. 
Both alignments would benefit from an appropriately placed 
high-pass filter, as is generally true of all vented enclosures.

Klippel analysis for the B&C 5FCX44 produced the Bl(X), 
KMS(X) and Bl and KMS symmetry range plots shown in 
Figures 6–9. (Klippel GmbH provided our analyzer and 
Pat Turnmire, Red Rock Acoustics, performs the analysis). 
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Figure 3: B&C 5FCX44 computer box simulations (black solid 
= vented 1 at 2.83 V; blue dash = vented 2 at 2.83 V; black 
solid = vented 1 at 20 V; blue dash = vented 2 at 120 V)

Table 1: B&C 5FCX44 coax woofer

 TSL Model LTD Model  Factory

Sample 1 Sample 2 Sample 1 Sample 2

FS 59.1 Hz 57.1 Hz 59.2 Hz 57.5 Hz 61 Hz

REVC 6.07 6.1 6.07 6.1 5.6

Sd 0.0092 0.0092 0.0092 0.0092 0.0095

QMS 7.16 6.8 6.66 6.42 7.8

QES 0.26 0.25 0.26 0.25 0.25

QTS 0.25 0.24 0.25 0.24 0.25

VAS 7.03 ltr 7.55 ltr 7.06 ltr 8.34 ltr 7 ltr

SPL 2.83 V 89.4 dB 89.4 dB 89.4 dB 89.2 dB 91 dB (1 W/1 m)

XMAX 3 mm 3 mm 3 mm 3 mm 3 mm
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This data is extremely valuable for transducer engineer-
ing, so if you don’t own a Klippel analyzer and would like 
to have analysis done on a particular driver project, Red 
Rock Acoustics can provide Klippel analysis on almost any 
driver for $140 per unit. For contact information, visit www.
redrockacoustics.com. 

The 5FCX44 woofer’s Bl(X) curve looks quite good and is 
moderately broad, and is symmetrical (see Figure 6).The 
Bl symmetry plot is pretty much 0.0 from the rest position 
to beyond the physical XMAX, so nearly perfect from this 
standpoint (see Figure 7). Figure 8 and Figure 9 show 
the KMS (X) and KMS symmetry range curves for the 
5FCX44. The KMS (X) curve is also quite symmetrical in 
both directions, with a small amount of coil-in (rearward) 
offset. Looking at the KMS symmetry curve, the offset is 
0.22 mm at the zero rest position, and only increases to 
0.26 mm at the physical XMAX, so again, it’s nearly perfect. 
Displacement-limiting numbers calculated by the Klippel 
analyzer for the 5FCX44 were XBl at 82% (Bl decreasing to 
82% of its maximum value) was 2.7 mm and for XC at 75% 
(compliance decreasing to 75% of its maximum value) was 
2.8 mm, which means that for the 5FCX44, the compliance 
is the most limiting factor at the 10% prescribed distortion 
level, but not significantly. If we apply the more liberal 20% 
distortion criteria, and given the relative difficulty of perceiv-
ing THD, the numbers for XBl = 3.7 mm and XC = 4.5 mm, 
both numbers beyond the physical XMAX.

Figure 10 shows the inductance curve L(X) for the B&C 
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Figure 4: Group delay curves for the 2.83-V curves in 
Figure 3
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Figure 5: Cone excursion curves for the 20-V curves in 
Figure 3
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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.
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to 40 kHz for the woofer and compression driver/horn. This 
was performed at 2.83 V/1 m using the LMS gated sine wave 
technique. Figure 11 shows the 5FCX44 woofer on-axis 
response combined with the DE7/horn on-axis response. 
The woofer response shows a smooth rising response with 
the typical response decline above 1.1 kHz due to the baffle 
width, followed by a 7-dB breakup peak prior to the low-
pass rolloff. For the compression driver/horn, the response 
is ±2.9 dB from 1.4 to 7.4 kHz starting its low-pass rolloff 
above 7.4 kHz. 

Figure 12 depicts the woofer on- and off-axis frequency 
response at 0°, 15°, 30°, and 45°. With respect to the on-
axis curve, –3 dB at 30° occurs somewhat low for a 5” driver 
at 2.1 kHz, making 2 to 2.5 kHz a reasonable crossover 
range. (B&C recommends a 2.5-kHz crossover frequency 
for the DE7.) And last, Figure 13 shows the two-sample 
SPL comparisons for the 5FCX44 woofer samples. Both are 
obviously closely matched.

For the compression driver with the short conical horn, 
Figure 14 illustrates the on- and off-axis frequency response 
out to 45°, while Figure 15 provides the two-sample SPL 
comparison, which is good throughout the entire frequency 
range with some variation above 8.5 kHz. 

The last group of tests were performed using the Listen 
SoundCheck analyzer and SC-1 microphone (courtesy of 
Listen) to measure distortion and generate time-frequency 
plots. Set up for the distortion measurement consisted of 
mounting the driver rigidly in free air, and using a noise stim-
ulus  to set the SPL to 104 dB at 1 m. (Two of SoundCheck’s 
utilities are a software generator and SPL meter.) The dis-
tortion was measured with the Listen microphone placed 
10 cm from the dust cap/horn mouth. This produced the 
distortion curves shown in Figure 16 for the woofer (8.2 V) 

Figure 10: Klippel analyzer L(X) curve for the B&C 5FCX44
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Figure 11: B&C 5FCX44 woofer and DE7 compression 
driver/horn on-axis frequency response

coax woofer. 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 5FCX44 does not incorporate a faraday 
shield (shorting ring) in the motor assembly, we see the 
typical inductance rise for the motion’s coil-in direction. 
However, from XMAXIN to XMAXOUT, the inductive change is 
about 0.46 mH.

Next, I mounted the B&C 5FCX44 in an enclosure that  
had a 15” × 16” baffle and was filled with damping material 
(foam) and measured the woofer and the compression driv-
er/horn on- and off-axis frequency response from 300 Hz 

Figure 7: Klippel analyzer Bl symmetry range curve for the 
B&C 5FCX44

Figure 6: Klippel analyzer Bl (X) curve for the B&C 5FCX44

Figure 9: Klippel analyzer KMS symmetry range curve for 
the 5FCX44

Figure 8: Klippel analyzer mechanical stiffness of suspension 
KMS (X) curve for the B&C 5FCX44
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Figure 12: B&C 5FCX44 woofer on- and off-axis frequency 
response (black solid = 0°, blue dot = 15°, green dash = 
30°, purple dash dot = 45°)
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Figure 14: B&C 5FCX44 compression driver on- and off-
axis frequency response (black solid = 0°, blue dot = 15°, 
green dash = 30°, purple dash dot = 45°)
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Figure 15: B&C 5FCX44 compression driver two-sample SPL 
comparison
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Figure 13: B&C 5FCX44 woofer two-sample SPL comparison
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and Figure 17 for the compression driver 
(0.7 V). 

Last, I employed the SoundCheck ana-
lyzer to get a 2.83-V/1-m impulse response 
for the woofer and compression driver and 
imported the data into Listen SoundMap 
time/frequency software. The resulting CSD 
waterfall plots are shown in Figure 18 for 
the 5FCX44 woofer and in Figure 19 for 
the compression driver. Last, Figure 20 
shows the Wigner-Ville logarithmic surface 
map for the woofer (for its better low-
frequency performance). Figure 21 shows 
the compression driver’s short time Fourier 
transform (STFT). Overall, it is a great 
new small-diameter coax for pro-sound 
applications. For more information on this 
and other pro-sound products from B&C, 
contact B&C Speakers N.A.; National U.S. 
Sales Office; 220 West Parkway; Unit 11, 
Pompton Plains, NJ 07444; (973) 248-
0955; Fax (973) 248-0956; e-mail Bennett 
Prescott at bprescott@bcspeakers.com; or 
visit www.bcspeakers.com.

The Impero 15A
Eminence’s new Impero Series 15” woof-

er, the Impero 15A  is one of three woofers 
(12”, 15”, and 18”) in its new Impero series 
of high continuous-power handling rated 
(1,200-W) pro sound ferrite motor woofer/

Figure 21: B&C 5FCX44 compression driver SoundCheck 
STFT plot

Figure 16: B&C 5FCX44 woofer SoundCheck distortion plot

Figure 17: B&C 5FCX44 compression driver SoundCheck distortion plot

Figure 18: B&C 5FCX44 woofer SoundCheck CSD waterfall 
plot

Figure 20: B&C 5FCX44 woofer SoundCheck Wigner-Ville 
plot

Figure 19: B&C 5FCX44 compression driver SoundCheck 
CSD waterfall plot
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subwoofers (see Photo 2). Anything that goes much lower 
than 35 to 40 Hz is pretty much a subwoofer in the pro-
sound world. As the price of neodymium has soared, the 
industry has seen a number of new ferrite-motor based 
woofers in various loudspeaker markets including home, 
pro, and mobile audio. 

This kind of performance’s feature set is substantial, 
starting with a proprietary cast frame. This frame has six 
spokes, each with reinforced edges that can contribute to 
the rigidity needed to handle the 25.4-lb weight, most of it 
in the motor assembly. For mounting, the Impero 15A has 
a foam rear gasket and a high-density polyethylene front-
mounting gasket.

This woofer seems to take the old school approach of pull-
ing heat out of the voice coil with a large motor mass, and 
thus doesn’t have the venting below the spider or peripheral 
venting that is common in a lot of woofers. The primary 
cooling feature is a 32-mm (1.25”) diameter pole vent.  

Figure 22: Eminence Impero 15A woofer 1-V free-air 
impedance plot
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Photo 2: Eminence 15A top view (a) and bottom view (b)

Table 2: Eminence Impero 15A

 TSL Model LTD Model  Factory

Sample 1 Sample 2 Sample 1 Sample 2

FS 40.1 Hz 38.5 Hz 39.8 Hz 37.4 Hz 43 Hz

REVC 5.46 5.42 5.46 5.42 5.42

Sd 0.085 0.085 0.085 0.085 0.086

QMS 10.43 9.67 8.58 7.99 15.33

QES 0.35 0.33 0.31 0.33 0.4

QTS 0.34 0.32 0.3 0.32 0.39

VAS 155.2 ltr 174.4 ltr 165.4 ltr 186.7 ltr 142.5 ltr 

SPL 2.83 V 96.7 dB 96.7 dB 97 dB 96.5 dB 95.6 dB 

XMAX 7.3 mm 7.3 mm 7.3 mm 7.3 mm 7.3 mm
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The cone assembly consists of a ribbed 15” cone that is 
coated on the front sides with a “wet” look acrylic treatment 
plus a large 5” diameter convex acrylic-coated dust cap. 
Compliance is provided by a double roll coated cloth  
M-shaped surround and a 6” diameter coated flat cloth 
spider assembly mounted on a 1” high metal mounting shelf 
that is part of the cast frame. Coupling the cone assembly to 
the motor is a 4” (100 mm) diameter voice coil wound on a 
fiberglass former wound with round copper wire.

Horsepower for this 25-lb beast is provided by a large 
25-mm thick, 205-mm diameter ceramic ferrite ring mag-
net. Other motor features include a CNCed zinc-coated 
bumped-out T-Yoke and 12.7-mm (0.5”) thick CNCed pol-
ished front plate. Last, the voice coil tinsel wires are con-
nected to a set of chrome color coded five-way binding post 
(Note: The fifth mounting way for a five-way mounting post 
is using alligator clips. Now that is old school!)

Testing for the Impero 15A 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, and 30 V. Note that 
the driver remained linear in free air up to the 30-V sweep 
and probably would have remained linear up to 35 or 40 V, 
but with 95.6-dB sensitivity, 30 to 40 V is usually my limit 
when 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 progres-
sively increasing time period between sweeps (10 to 30 s). 
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 
Eminence. 

Next, the 14 550-point stepped sine wave sweeps for 
each sample were post-processed and the voltage curves 
were divided by the current curves to derive impedance 
curves, phase calculated and along with the accompany-
ing voltage curves, imported to the LEAP 5 Enclosure Shop 
software. Obviously, this is a much more time-consuming 
process that 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 much more accurate prediction of excursion at high 
voltage levels, one of the real fortes of the LEAP 5 software. 
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Figure 23: Eminence Impero 15A computer box simulations 
(black solid= vented 1 at 2.83 V; blue dash = vented 2 at 
2.83 V; black solid = vented 1at 65 V; blue dash = vented 
2 at 65 V)
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Figure 24: Group delay curves for the 2.83-V curves in 
Figure 23
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Figure 25: Cone excursion curves for the 65-V curves in 
Figure 23
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Because most TS data provided by OEM manufacturers 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, the 
multiple voltage impedance curves for the LTD model (see 
Figure 22 for the woofer 1-V free-air impedance curve) and 
the 1-V impedance curves for the TSL model were selected 
in the Transducer Derivation menu in LEAP 5 and the param-
eters were created for the computer enclosure simulations. 
Table 2 compares the LEAP 5 LTD and TSL data and factory 

Figure 27: Klippel Analyzer Bl symmetry range curve for the 
Eminence Impero 15A

Figure 26: Klippel Analyzer Bl (X) curve for the Eminence 
Impero 15A

Figure 28: Klippel Analyzer Mechanical Stiffness of 
Suspension Kms (X) curve for the Eminence Impero 15A

Figure 29: Klippel analyzer KMS symmetry range curve for 
the Eminence Impero 15A
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in the same 65-V input level for the larger vented box (see 
Figure 24 and Figure 25 for the 2.83-V group delay curves 
and the 65-V excursion curves). 

Klippel analysis for the Emience Impero 15A produced the 
Bl(X), KMS(X) and Bl and KMS symmetry range plots shown 
in Figures 26–29. The Bl(X) curve for the Impero 15A (see 
Figure 26) is moderately broad and extremely symmetrical, 
and is about as good as it gets, since both the Bl curve and 
its accompanying offset curve are almost exactly overlaid. 
Looking at the Bl symmetry range plot (see Figure 27), 
the offset curve is mostly invisible since it tracks at the 
zero-offset level out to 10 mm and only slightly below (coil-
in rearward offset) beyond that. Figure 28 and Figure 29 
show the KMS (X) and KMS symmetry range curves for the 
Eminence 15A. The KMS (X) curve is also very symmetrical 
in both directions, while the KMS symmetry range plot indi-
cates a trivial 0.49-mm offset at the rest position decreasing 
to 0.12 mm at the physical XMAX, which, needless to say, is 
outstanding. 

Displacement limiting numbers calculated by the Klippel 
analyzer for the 15A were XBl at 82% (Bl decreasing to 
82% of its maximum value) was 6.3 mm and for XC at 70% 
(compliance decreasing to 70% of its maximum value) was 
5.3 mm, which means that for this Eminence 15” woofer, the 
compliance is the most limiting factor for prescribed distor-
tion 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 (70% of Bl and 50% of 
compliance) the numbers are XBl = 8.5 mm an XC = 19.5 mm, 
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Figure 32: Eminence Impero 15A woofer on and off-axis 
frequency response (black solid = 0°, blue dot = 15°, 
green dash = 30°, purple dash dot = 45°)
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Figure 33: Eminence Impero 15A woofer two-sample SPL 
comparison
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Figure 31: Eminence Impero 15A on-axis frequency 
response

Figure 30: Klippel analyzer L(X) curve for the Eminence 
Impero 15A

parameters for both Eminence Impero 15A samples.
Parameter measurement results for the Impero 15A QTS 

numbers for my measurements were somewhat lower and 
the VAS were somewhat higher, plus the sensitivity data I 
derived was 1.1-to-1.4-dB higher than the factory data. 
However, my sensitivity rating is a midband piston rating 
derived from TS parameter calculation, and the Eminence 
factory in an SPL-curve average of the relevant operat-
ing range. While not absolutely identical, my parameter 
measurements were fairly close to the factory data. I pro-
grammed the factory data into one of the vented simulations 
and the result was an F3 = 51 Hz for the Eminence data 
and the same F3 = 51 Hz for my testing, so not a terribly 
significant difference. Given this, I proceeded to set up two 
computer vented enclosure simulations using the LEAP LTD 
parameters for Sample 1. Eminence recommends 1.9-to-6 ft3 

enclosure volumes for this woofer. Using this criteria, I set up 
two vented alignments, a 3 ft3 enclosure with 15% fiberglass 
fill material tuned to 52 Hz, and a 5 ft3 vented enclosure with 
15% fiberglass fill material and tuned to 44 Hz.

Figure 23 displays the results for the Impero 15A in the 
3 ft3 and 5 ft3 vented boxes at 2.83 V and at a voltage level 
sufficiently high enough to increase cone excursion to XMAX 
+ 15% (8.4 mm for the Impero 15A). This produced a –3-dB 
frequency of 51 Hz (–6 dB = 45.0 Hz) for the 3 ft3 enclosure 
and F3 = 40 Hz (F6 = 37 Hz) for the 5 ft3 vented simula-
tion. Increasing the voltage input to the simulations until 
the maximum linear cone excursion was reached resulted in 
123 dB at 65 V for the 3 ft3 enclosure simulation and 125 dB 
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both numbers beyond the physical XMAX of 
7.3 mm. 

Figure 30 shows the inductance curve 
L(X) for the Eminence pro sound woofer. 
Inductance will typically increase in the rear 
direction from the zero rest position as the 
voice coil covers more pole area, which is 
what we see here. The inductive “swing” 
from XMAXIN to XMAXOUT is about 1 mH.

Following the Klippel testing, I mounted 
the Impero 15A” woofer in an enclosure 
that had a 17” × 17” baffle and was filled 
with damping material (foam) and mea-
sured the DUT on- and off-axis from 300 Hz
to 10 kHz frequency response at 2.83 V/1 m
using a 100-point gated sine wave sweep. 
Figure 31 shows the 15A’s on-axis response 
displaying a very smooth response to about 2 kHz before the 
start of the low-pass rolloff. Figure 32 has the on- and 
off-axis frequency response at 0°, 15°, 30°, and 45°. With 
respect to the on-axis curve –3 dB at 30° occurs at 1.1 kHz, 
so a cross point in the vicinity of 1 kHz should be fine. The 
last SPL measurement is shown in Figure 33 and gives the 
two-sample SPL comparisons for the Impero 15A driver, 
showing a close less than 0.5 dB match up to nearly 2 kHz, 
with about 1-dB variations above that frequency.

I moved on to the last group of tests, which were per-
formed using the Listen SoundCheck analyzer, Listen SC-1 
microphone, and SoundConnect power supply to measure 

Figure 34: Eminence Impero 15A SoundCheck distortion plot 

distortion and time/frequency plots using SoundMap soft-
ware. Set up for the distortion measurement consisted of 
mounting the woofer rigidly in free air, with the SPL set to 
104 dB at 1 m using a noise stimulus. I then measured the 
distortion with the Listen microphone placed 10 cm from 
the dust cap. This produced the distortion curves shown in 
Figure 34. 

I then employed the SoundCheck analyzer to get a 
2.83-V/1-m impulse response for the Eminence woofer and 
imported the data into the SoundMap time/frequency soft-
ware. The resulting CSD waterfall plots for the Impero 15A 
woofer are shown in Figure 35. Last, Figure 36 shows 
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Test Bench is an open forum for OEM driver manufactur-
ers in the industry. All OEMs are invited to submit samples 
to Voice Coil for inclusion in the Test Bench column. 

Driver samples can include any sector of the loudspeak-
er market, including transducers for home audio, car audio, 
pro sound, multimedia, or musical instrument applications. 

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 information to 
explain the functioning of the transducer. Include details on 
the materials used to construct the transducer (e.g., cone 
material, voice coil former material, and voice coil wire 
type). For woofers and mid-range drivers, include the voice 
coil height, gap height, RMS power handling, and physi-
cally 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 to:

Vance Dickason Consulting
333 South State Street, #152
Lake Oswego, OR 97034
(503-557-0427)
vdconsult@comcast.net

Submit Samples to Test Bench

the woofer’s Wigner-Ville logarithmic surface map. The 
Eminence Impero 15A is well engineered. For more informa-
tion on this and other pro-sound products from Eminence, 
contact Eminence Speaker LLC, P.O. Box 360, 838 Mulberry 
Pike, Eminence, KY 40019; (502) 845-5622; Fax: (502) 
845-5653; or visit www.eminence.com. VC

Figure 35: Eminence Impero 15A woofer SoundCheck CSD 
waterfall plot

Figure 36: Eminence Impero 15A woofer SoundCheck 
Wigner-Ville plot

Check out these two great books!

Available now at
www.cc-webshop.com

or call 860.875.2199 x205

RIBBON LOUDSPEAKERS  
This book presents the theory and history of ribbons  
and includes construction details for building your  

own ribbon loudspeakers. Often preferred for high- and  
mid-frequencies, they are inexpensive and can be easily  

constructed with minimal tools.  $24.95

Looking for even more loudspeaker design inspiration?

SPEAKER BUILDING 201  
With this book, anyone can become a speaker  

builder. Learn the concepts you need OR choose any  
of the 11 tested and proven speaker designs included  
in this book. It features a variety of speaker projects  

and contains all the information you need to  
design a first-rate system. $34.95
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Article IX section 2, the new officers 
are: President Elect: Sean Olive (see 
Photo 2), Secretary: Ron Streicher, 
Treasurer-Elect: Garry Margolis, Vice 
President Eastern U.S. and Canada: 
Robert W. Breen, Vice President 
Western U.S. and Canada: Jonathan 
Novick, Vice President Northern 
Europe: Bill Foster, and Governors: 
John D.  Krivit, Valerie Tyler, and 
Michael Williams.

The new officers begin their ten-
ure on November 5, 2012. Visit www.aes.org for more 
information.

CEDIA Expo Turnout Results 
The number of exhibitors at September’s CEDIA Expo 

rose slightly from last year, but overall attendance was 
down slightly. More than 450 exhibitors participated in this 
year’s event, as did more than 16,900 attendees from 71 
countries, CEDIA said. Last year’s show attracted more 
than 444 exhibitors and 17,600 attendees, the association 
reported after the 2011 show.

This year’s non-exhibitor attendance grew 4% over last 
year’s event, the association added. Among the total attend-
ees, 15% were there for the first time. The association also 
reported that 90 new exhibitors and more than 80 home 
technology products debuted at CEDIA Expo 2012.

Among electronic systems contractor (ESC) attendees, 
80% said they could give final approval or make recom-
mendations influencing their company’s buying decisions, the 
association noted.

ESC attendees were well educated in the business and 
delivered more leads than previous years. As with other CEDIA 
expos, the 2012 show offered 175 training courses, includ-
ing manufacturer product training and IP-network education. 
There were a total of 22 IP networking courses, of which all 
were sold out. At the show, the association also launched a 
new Residential Networking Specialist credential for installers.

CEDIA also reported that ESCs generated anywhere from 
$8.3 to $8.7 billion in revenues from residential installations 
in 2011, up about 6% from a flat 2010, according to a new 
Parks Associates research report. The research, commis-
sioned by CEDIA, also shows that ESCs expect their residen-
tial revenues to rise about 5% in 2012. The 2011 through 
2012 findings were based on responses from more than 770 
installation companies surveyed June through August 2012 
out of an estimated 20,000 to 22,500 installation companies, 
including 8,300 to 9,300 ESCs. The number of installation 
companies changed little in 2011 compared to 2010. Next 
year, the Expo returns to Denver, September 25–28, 2013. 
The trade show floor will be open September 26–28.

New Counterfeit Deterrent Technology
Sennheiser, one of the most vocal foes of illegal head-

phones counterfeiting, has announced that the company 
has implemented new identification (ID) technology for its 
consumer packaging. Products will bear the Tesa ProSpot 

Audio Pioneer Passes
William (Bill) Hecht, inventor of 

the soft-dome tweeter (patented 
in 1967) and founder of United 
Speaker Systems and Phase 
Technology, died on September 12, 
2012 after a brief illness and hospi-
talization in New York. Born January 
3, 1923, he was 89 (see Photo 1).

Bill’s career began with his 
involvement in the development of 
cinemascope stereo technology for motion-picture projection 
in the early 1950s. He worked for the General Projection Co. in 
New York and was involved in installing projectors and sound 
systems in many of America’s theaters, including Radio City 
Music Hall. In 1955, the company went on strike, and Hecht 
decided to use his knowledge to develop loudspeakers for 
the burgeoning home audio market. He began building one 
speaker by hand per week, selling them through a local radio 
and Hi-Fi dealer in New York City, and exhibiting his work at 
local Hi-Fi shows. As an example of amazing prescience, his 
tagline on literature and in his ads was, “Theater sound for 
the home.” That was in 1955. The following year he formed 
United Speaker Systems, and by 1959 he was “almost broke” 
when he got a contract to build speakers for Avery Fisher. He 
built them in his factory for $46 each and sold 10,000 in the 
first year. This was the Fisher XP-1. 

Other significant milestones in the United Speaker 
System’s history include the patent for the first soft-dome 
tweeter, which Bill originally built in 1963 and patented in 
1967 (U.S. Patent 3328537). That patent expired in 1984; 
however, Bill was awarded four additional patents including 
the self-damping woofer voice coil, a manufacturing process 
for solid flat-piston drivers, silicone-injected drivers for reso-
nance damping, and a basketless woofer/midrange driver 
mounting system. 

United Speaker Systems formed its own brand, Phase 
Technology, in 1981 and moved to Jacksonville, FL in 1982. 
Bill and his son Ken Hecht manufactured OEM turnkey speak-
ers for more than 600 different speaker systems during Bill’s 
50-plus innovative years. His work has helped more than 50 
audio/video companies produce high-quality speakers and 
systems (including Bogen, Dynaco, JC Penney, Kenwood, 
Pioneer, Sony, Yamaha, and numerous other well-known com-
panies). Phase Tech/United Speaker (now part of MSE Audio), 
was vertically integrated to the point of winding its own induc-
tors and manufacturing its own speaker enclosures. 

Bill was an amazingly inventive and productive human 
being and a true pioneer in the loudspeaker industry. He will 
be missed.

AES Elects New Officers
The Audio Engineering Society (AES) has released the results 

of its 2012–2013 elections. In accordance with the AES bylaws 

Industry Watch

Photo 1: William Hecht 

Photo 2: Sean Olive

By Vance Dickason
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label, which has visible and invisible characteristics to 
ensure authenticity. Sennheiser said the label shows up 
in different colors under direct light, and the last digit 
of the security code is repeated in an enlarged format, 
enabling consumers to verify it at the company’s website. 
Consumers will also be able to scan the quick response 
(QR) code to check its authenticity.

Listen Moves Office, Hires Additional Staff
Listen, Inc. moved to a new custom-designed 

8,000-ft2 office. The facility offers additional manu-
facturing space for new employees and provides more 
storage for incoming components and finished goods. 
A large test and listening room offers space to display 
and simultaneously use several test setups; increased 
offices will house additional employees; and small 
training classes can be held in the new, spacious con-
ference room.

Listen also hired three new employees this past 
summer. Mark Edelsward joined Listen in June as VP 
International sales. He is based in the northwest and will 
manage Listen’s international business as well as some 
West Coast accounts. Ritesh Banka, a recent Colorado 
State University master’s graduate who interned at 
Listen, joined the programming team. Finally, industry 
veteran Steve Tatarunis joined the customer support 
team, bringing with him more than 30 years of experience 
in transducer design and test.

2013 NAMM Show
The National Association 

of Music Merchants (NAMM) 
announced several upgrades 
and improvements prior to 
the opening of the 2013 
NAMM Show opening in 
Anaheim, CA,  January 24–27, 2013. To provide more space 
in the convention center, registration will move from the lobby 
to surrounding hotels. Extending the show to the outer glass 
doors opens entrances to the halls, and enables fewer ID 
checks once inside the convention center. The open lobby will 
also play host to an exclusive member center, a digital media 
hub, new product showcases, and more.

Lighting, touring, and sound will take center stage in The 
Venue, located in the convention center’s arena, which offers 
dimmed overhead lighting and tall ceilings. The new Grand 
Plaza is undergoing construction, but it will be completed in 
time for the NAMM Show. The plaza, which runs between 
the Hilton and Marriott and leads to the Anaheim Convention 
Center’s main entrance, will include an outdoor stage for 
live music throughout the day and a place for members to 
network.

Registration opened in October. Exhibit space is still avail-
able for the 2013 event. NAMM member hotel bookings opened 
on October 3. Non-members can book rooms for the show 
beginning November 14. For more information on the NAMM 
Show 2013, visit www.namm.org/thenammshow/2013. VC

The NAMM Show logo

ACO Pacific, Inc. 
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Tel: 650-595-8588 Fax: 650-591-2891
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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  
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Loudspeaker Design Cookbook, you are  
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new and important information!
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The 2013 International Consumer Electronics Show 
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the environment, utilize new sustainable energy forms, 
use smart grid technology, renew resources, and con-
tribute to the global development. This exhibit area will 
feature products and services that make it possible for 
everyone to stay connected, informed, and live sustain-
able lifestyles. The GoElectricDrive TechZone will also 
highlight the latest technology behind electric vehicles 
for consumers seeking to live more sustainably through 
alternative transportation. 

There will also be more than 200 conference sessions 
and more than 500 presenters anticipated to help educate 
attendees on the latest consumer electronic trends. This 
year’s CES is expected to be similar in size to last year’s 
show with about 150,000 people expected to attend. CES 
had 3,100 exhibitors in 2012, 2,700 in 2011, 2,500 in 
2010, and 2,700 in 2009. With regard to attendees, CES 
had 156,153 in 2012, 141,000 in 2011, 120,000 in 2010, 
approximately 110,000 in 2009, and 141,150 in 2008.

The 2013 CES will be centralized at the Las Vegas 
Convention Center (LVCC) and the Las Vegas Hilton. 
The Venetian will still provide display space for high-
performance audio.

Keynote speakers at this year’s show will include 
Gary Shapiro, CEA’s president and CEO; Kazuhiro Tsuga, 
Panasonic’s president; Lowell McAdam, Verizon’s chair-
man and CEO; Dr. Paul E. Jacobs, Qualcomm’s chairman 
and CEO; and Dr. Stephen Woo, president of Samsung 
Electronics Device Solutions.

A partial list of loudspeaker manufacturers and other 

relevant exhibitors includes: Acoustic Innovation, Adam 
Audio USA, Alpine Electronics, Amp of America, Anthony 
Gallo Acoustics, Aspersion, Arcam/Canton, Audio Engine, 
Bang & Loosen America, Bob Carver, Cadence Acoustics, 
California Audio Technologies, CDT Audio Stonewall, 
Crewing Vega Mobile, Clarion, Danville Signal Technology, 
Dayton Audio, dB Drag Racing Association, Devour 
Fidelity, Dyadic, Earthquake Sound, Edifier Enterprises 
Canada, Eggleston Works, Focus Audio, Genesis Advanced 
Technologies, Gibson Guitar, Golden Ear Technology, 
Harman, Harman Luxury Audio Group, Institute of 
Electrical and Electronic Engineers (IEEE), International 
Auto Sound Challenge Association (IASCA), Ion Audio, 
Jam, JBL Synthesis, Kenwood USA, Kicker, Kirsch Group, 
Krill, LA Audio Electronics, Lawrence Audio, LG, Line 6, 
Logitech, Loud Soft, Magic, Marten, Martin Logan, Massive 
Audio, Matrix Audio, MBL America, McIntosh Labs, Melon 
Industrial, Meridian American, Memphis Car Audio, 
Meridian America, Mite, Monster, Mordant-Short, Monitor 
Audio, Morel, Motes Audio, Maim Audio, Nola Speakers, 
Only USA, Opera Loudspeakers, Orca Electronics/Focal 
America, Paradigm Electronics, Parasound, Peachtree 
Audio, Peerless Fabrikkerne (India), Pioneer Electronics/
TAD, PMC, Polk Audio, PowerBass USA, Prism Sound, PSB 
Speakers, Pure Acoustics, Pyle Audio, Raidho Acoustics, 
RBH Sound, Rel Acoustics, Revel, Rives Audio, Russound, 
Samson Technologies, Samsung, Shanghai Silver Flute, 
Sonos, Sony, Soundmatters, Tannoy, Thiel Audio, THX, 
Tivoli Audio, Totem Acoustics, Usher Audio, Vandersteen 

Q-Pro  Audio 
 Passion  for  Perfection!

China Tel.: 86-13431519008    Skype:jimmy331956      

US Sales Contact: Mr.Paul Apollonio       US  Tel.:562-445 4352
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www.qproaudio.com
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12AD100 12FDC8075 8FD50K



“The measured T-S show for the TiCW 634, an 
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Bernd Timmermanns, 
Hobby HiFI 6/2012

Introducing the new Titanium driver series

Come visit us at the 2013  International CES
January 8-11, 2013
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Audio, Velodyne Acoustics, Vienna Acoustics, Voxx 
International, Waterfall Audio, WBT USA, Westlake Audio, 
Wharfedale, Wilson Audio, Wisdom Audio, YG Acoustics, 
and Zimri Speakers. Visit www.cesweb.com for more 
information.

ALMA at CES 2013
The Association of Loudspeaker Manufacturing 

and Acoustics (ALMA) Winter Symposium, “Product 
Development in the Global Paradigm: Acoustic Modeling, 
Measurement, and Manufacturing in the Modern 
Marketplace” will take place prior to CES, on January 6 
and January 7, 2013, at The Tuscany Suites & Casino, 
255 East Flamingo Road, Las Vegas, NV. This program is 
loaded with technical presentations covering microdriv-
ers, microphones, hearing aids, and other transducer-
related technology. Registration is open. Visit www.
almainternational.org for more information. 

Seminars—The symposium program features two power-
ful half-day seminars taught by widely respected loudspeak-
er experts: “Moving Coil Transducer Motor Design,” facilitat-
ed by Richard Little, founder of Far North Electroacoustics, 
and “Miniature Speakers and Microphones: Design and 
Application,” facilitated by Osman Isvan, a renowned inven-
tor and audio systems engineer. 

Papers and tutorials—Papers and tutorials will feature: 
“Audio System Variance in Production Vehicles” by Dr. 
Steve Hutt; “Following Load Lines to your Working Points,” 
and “Reluctance to Optimize: Coercing the Most Out of 

Your Magnets” by Dr. David Hyre, CTO, Dyne Analytics; 
“Perception and Measurement of Headphones,” by Dr. 
Sean Olive, director of Acoustic Research for Harman 
International; “Fast, Quality Testing of Loudspeaker 
Suspension Parts and Passive Radiators,” by Robert 
Werner and Dr. Wolfgang Klippel; “Modeling the Large 
Signal Behavior of Micro-Speakers,” by Daniel Knobloch 
and Dr. Wolfgang Klippel; “Measurement of Harmonic 
Distortion Audibility Using a Simplified Psychoacoustic 
Model,” by Steve Temme, president, Listen; “Estimating 
Short and Long Term Power Requirements for Powered 
Speakers,” Tim Sheen, Sonos; “A Modern Approach 
to Bass Response Extension in Conventionally Sized 
Loudspeakers,” by Boaz Shalev, CTO, Atlantic Technology; 
“Estimating Short and Long Term Power Requirements 
for Powered Speakers,” by Tim Sheen, Sonos; “MoTIV 
Motor Modeling Software,” by Mark Beach and Dan 
Wiggins, DYNE Analytics; “A New Algorithm for Surround 
Sound,” by Spiro Iraclianos, Global Transducer engineer, 
Harman International Automotive Division; and “Fine 
Measurements with the FINE R+D System,” by Peter 
Larsen, president, Loudsoft. 

Driver Award Banquet—The popular ALMA loudspeaker 
industry Driver Award Banquet is Sunday evening, January 
6, also at The Tuscany Suites & Casino. Driver Awards will 
be given to deserving recipients in the following catego-
ries: The Beryllium Lifetime Achievement Award, which 
recognizes significant and sustained contributions to the 
loudspeaker industry over the lifetime of a career; the 
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Titanium Driver Award, which recognizes a specific tech-
nical contribution, accomplishment, or expertise in the 
loudspeaker industry; and the Gold Driver Award, which 
recognizes contributions to ALMA International. 

Roundtables & Panel—The symposium’s theme, “Product 
Development in the Global Paradigm: Acoustic Modeling, 
Measurement, and Manufacturing in the Modern Marketplace” 
will be closely examined in roundtable discussions with a 
panel discussion follow up. Steve Temme, Listen’s presi-
dent, will facilitate the discussion on measurement. Dr. 
Alex Voishvillo, JBL Professional’s senior manager of 
Transducer Engineering, will facilitate the discussion on 
modeling. Dan Wiggins of Dyne Analytics will facilitate 
the discussion on manufacturing, and Ken Berger will 
facilitate the discussion on international business. Peter 
Andrews of Materion Electrofusion will moderate. 

The ALMA Winter Symposium is the world’s largest 
event entirely dedicated to the loudspeaker industry. 
ALMA is the only international trade association dedicated 
to improving the design and manufacture of loudspeak-
ers. Visit www.almainternational.org for more informa-
tion, to register to attend, to exhibit, or to sponsor the 
symposium. 

New Company Brochure and Drivers from 
Scan-Speak

Scan-Speak has a new company brochure featuring 
Scan-Speak’s history, product lines, and technology. A 
no-cost copy can be downloaded at www.scan-speak.dk. 

The company has also announced the launch of two 
new high-end drivers for its Revelator line, the D2908 
tweeter and the 13” 32W/4878T00 woofer.

The new D2908/714000 is a highly efficient and 
�����Y���	������+����	�������������	������	��������
120-mm faceplate design (see Photo 1). The faceplate 
is without visible screws on the front side for a smooth 
and clean visual appearance combined with an acousti-
cal, transparent wire-mesh protection grille. The sound 
is clean and clear at all listening levels with dynamic 
precision and a superb vocal rendition. Specifications 
include: FS = 534 Hz; QTS�¢�$�%=£�{_#�¢���=��£�}��
= 0.02 mH, power handling 100-hour RMS noise test 
= 130 W, a titanium voice coil former, and sensitivity 
(2.83 V/1 m) = 92 dB.

The new 32W/4878T00 is the largest, most pow-
erful subwoofer ever designed by Scan-Speak (see 
Photo 2). Its 3” voice coil wound with copper wire on 

Photo 1: Scan-Speak’s new D2908/714000 tweeter

NTi Audio AG 

Liechtenstein

+423 239 6060

info@nti-audio.com

NTI Americas Inc. 

Portland, Oregon, USA

+1 503 684 7050

americas@nti-audio.com

NTI China

Suzhou, Beijing, Shenzhen

+86 512 6802 0075 

china@nti-audio.com

NTI Japan

Tokyo, Japan 

+81 3 3634 6110

japan@nti-audio.com

www.nti-audio.com

FX100 Audio Analyzer offering proven 

PureSound™speaker & mic testing technology

Proven PureSound™ technology  
Reliably detects any audible defects with maximum hit rate. 
Parallel analysis of up to four channels. 

Modular Analyzer architecture 
Customize your speaker or mic test system by choosing the 
number of analysis channels, built in impedance & coil resis-
tance measurements, switchers, MEMS mic interfaces, 
polar plots for mics, evironmental sensors, etc.

Cost efficiency 
Optimized system configuration limits your investments to 
the needs of your application only.

Maximum test speed 
Very fast glide sweep technology measures all quality para-
meters from a single stimulus within a fraction of a second.

FX-Control software   
Powerful and complete system control suite supports 
flexible GUI designs, built-in limits handling and sequenced 
measurements.
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a titanium former, extreme long-linear excursion and 
low-resonance frequency makes it perfect to repro-
duce below 80-Hz frequencies. The subwoofer features 
a new type of paper-sandwich cone with a special 
foam-filling (patented) technology giving the cone 
high stiffness and relatively low weight. The motor 
system has heavy-duty copper sleeves to reduce 
eddy currents and to minimize the self-induction. 
Specifications include: FS�¢�+��>?��{_#�¢���+��£�¤MS = 
7; QES = 0.33; QTS = 0.32; MMS = 150 g, Sd = 531 cm2,
VAS = 207.5 l; XMAX = 14, and sensitivity (2.83 V/1 m) 
= 90 dB.

For more information, visit www.scan-speak.dk.

New High-Temperature Instant Adhesives 
Rival the Performance of Loctite’s Epoxies 
& Acrylics

Henkel’s newest surface-insensitive Loctite Instant 
Adhesives maintain their bond strength in operating 
temperatures as high as 250º F, yet fixture in just 15 s or 
less. Loctite 401, Loctite 406, Loctite 495, and Loctite 
454 surface-insensitive instant adhesives rival the tem-
perature resistance of epoxies and acrylics and are 
designed to meet the needs of high speed assembly 
processes. Products in the instant-adhesive product 
family rapidly cure on dry or acidic surfaces and in 
low-humidity environments. These surface-insensitive 
formulations reliably bond to a variety of substrates 
including ABS, aluminum, balsa wood, chromate-plated 
parts, nitrile rubber (NBR), paper, polycarbonate, PVC, 
steel, and more. 

Offering sheer strengths to 3,200 psi, Loctite 401 is a 
medium-viscosity, general-purpose cyanoacrylate adhe-
sive that fills gaps to 0.005”. Loctite 406 is a water-thin 
wicking grade adhesive designed to fill gaps as small as 
0.004”. Loctite 495 is a low-viscosity grade specifically 
formulated to fill gaps as large as 0.004”. Ideal for porous 
surfaces, Loctite 454 is a non-drip gel that fills gaps to 
0.01”, while maintaining shear strength to 3,200 psi.

Henkel has created a detailed product brochure and 
website to provide information on the complete Loctite 
Instant Adhesive line. Visit www.loctiteinstantadhesives.
com for more information.

Photo 2: Scan-Speak’s new 32W/4878T00 subwoofer
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New Software Release from Smith & 
Larson Audio

Voice Coil reviewed the entire Smith & Larson (S&L) 
Audio’s line of audio analyzers in the March 2012 issue. 
S&L has just released the latest software upgrade for its 
analyzer packages, Version 7. This new version applies 
to the company’s Speaker Tester and Woofer Tester Pro 
analyzers (see Photo 1). The S&L Woofer Tester Pro 
is a fully integrated audio test platform with high- and 
low-power impedance test capability, plus microphone, 
line, and amplifier-level response test capability. The 
software includes: transducer impedance and TS param-
eter extraction, TS simulation, acoustic response, cross-
over emulation, distortion testing, and a variety of test 
options. The Speaker Tester is a lower-priced version 
that does everything the Woofer Test Pro can except for  
high-power testing. Version 7 includes:

RTA Test Signal Shaping and Filtering—Shaping and 
filtering an existing test signal’s spectrum can create cus-
tom signals that have a desired average or peak power, 
low-frequency content, or a number of other characteris-
tics. In Photo 2, the chirp and impulse RTA signals have 
been shaped so both signals’ frequency response fits the 
A-weighting curve. Clearly, the time domain responses 
are different resulting in different RMS and peak levels.  

Interactive Crossover Design with New RLC Value 
Fast Edit: Exact, User Supplied, or EIA Values—The 
Interactive Crossover Designer (ICD) emulates cross-
overs by generating modified left and right audio output 

test signals that are then applied to the actual drivers 
whose acoustic sum is directly measured with a micro-
phone connected to the tester. The microphone can be 
moved around the room to measure summed system 
response anywhere in a 3-D space. Most crossover eval-
uation systems will simulate at one point in 3-D space 
and not in real time. The Woofer Tester Pro and Speaker 
Tester perform the crossover emulation in real time. RLC 
crossover values are picked from exact, user supplied, or 
EIA standard values, which can be adjusted using simple 
keystrokes so the updated test signals appear in the next 
audio frame. Photo 3 overlays an emulated and physical 
crossover showing a perfect match of the in-room ampli-
tude and phase response, even when minimal smoothing 
is applied. Obviously, this feature is extremely accurate.

Photo 1: Smith & Larson Audio’s Woofer Tester Pro
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ICD Editor—Photo 4 shows the new ICD editor and 
crossover Wizard window. The ICD enables emulated 
crossover component value changes on the fly. Measured 
in-room response is immediate after a component is 
changed, enabling numerous crossover value changes to 
be evaluated in seconds. The crossover Wizard further 
simplifies this process by quickly generating template 
files for differing textbook filter topologies. The benefit is 
no more soldering and no more tangled wires and parts 
on top of your prototype speaker cabinet.

Polar Plot—The new Polar Plot user interface selects 
response levels over a range of frequencies from up to 
32 response buffers (angles), and displays the results 
in 180° or 360° spans, either in polar or rectangular 
format (see Photo 5). When acquiring data, the Load 
and Increment function can be used to automatically 

Photo 2: An example of an A-weighted curve applied to a chirp and impulse stimulus

Photo 3: A comparison of emulated and physical crossover 
design using the Interactive Crossover Designer, Version 7
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increment the buffer, angle, and title. You move the 
speaker, wait for the response to settle, grab the data, 
and move onto the next angle.

Thiele-Small Model Variation with CMS Change—It is a 
well-known fact that driver compliance will change with 
break-in, aging, temperature, and drive level. Not sur-
prisingly, questions arise about why a brand new driver 
does not measure the same as the factory supplied speci-
fications (see Table 1). Many of these questions can be 

answered with a simple table (see Table 2). The Woofer 
Tester Pro will either measure high-power parameters, or 
calculate a table using CMS variation.  

0-dB Referencing—SPL sensitivity is a function of the 
measured sound pressure relative to an applied voltage. 
The Woofer Tester Pro simplifies this process by directly 
measuring the applied speaker voltage. What is left is 

Photo 4: The Interactive Crossover Designer Crossover Editor and Design Wizard

Photo 5: An example of a Polar Plot generation using the 
Smith 7 Larson’s Version 7

Thiele Small Driver Measurement

RE   3.4009 �
FS       76.4105 Hz

QES       0.7887

QMS         4.0086

QTS       0.659

ZMAX     20.6874

VAS         6.6428 L

Diameter       0.105 m

Sd     8659.0145 mm2

BL        3.795 N/A  

CMS     623.6626 μm/N

MMS       6.9564 g

RMS        0.8332 �

Table 1: The TS Model’s base measurements



DECEMBER 2012 15

now directly copied to the Windows 
clipboard enabling images to be 
pasted right into other programs 
that accept input from the clip-
board.

Pre-Ring Auto Adjust—S&L tes-
ters unwrap phase using distance 
measurement. A Pre-Ring detection 
filter can now be used to manu-
ally or automatically adjust small 
errors in the distance estimation 
that result in impulse response pre-
ringing.

Tweak Files—Each input’s abso-
lute accuracy depends on the ability 
to measure voltage. If needed, a 
gain-correction file can now be used 
to independently set each input.

***************************************
* SLWTP0123456789
* 9b4226e7bc1fe0ef9cb75593d34f481c
*
* Enter 1.0+/-smallnum compensation values here
* This compensates for manufacturing gain tolerances
* NOTE: Do not change the order or names
* Left/Volt Right/Amp Channel
***************************************
1.000000 1.000000 LineOut

picking the 0-dB reference. A dialog helps set this level 
to 2.83 V, 1 W, and so forth. 

Capacitor Dissipation Factor, Inductor Q—The “WT2” 
test port on the Woofer Tester Pro is built using a con-
stant current source enabling it to measure high-imped-
ance values. When the automatic “null” setup is used, 
even small parasitic capacitance can be found, enabling 
the tester to accurately measure values less than 100 
pF. It is also possible to accurately measure the dissipa-
tion factor and Q of capacitors and inductors.

Graphics Capture to the Clipboard—Graphics capture is 

Percent  FS–Hz CMS–μm/N VAS–L  QMS QES  QTS

25% 38.2052 2,494.6503 26.5712 2.0043 0.3943 0.3295

31.5% 42.8839 1,980.0053 26.5712  2.2497 0.4426 0.3699

39.7% 48.1356 571.5312 16.7388 2.5253 0.4968 0.4151

50% 54.0304 247.3251 13.2856 2.8345 0.5577 0.466

63% 60.647 990.0026 10.5448 3.1816 0.626 0.523

79.4% 68.074 785.7656 8.3694 3.5712 0.7026  0.5871

100% 76.4105 623.6626 6.6428 4.0086  0.7887 0.659 ←base TS

126% 85.7679 495.0013 5.2724   4.4995 0.8852 0.7397

158.7% 96.2712 392.8828 4.1847   5.0505  0.9936 0.8303

200% 108.0607 311.8313 3.3214 5.669 1.1153 0.932

252% 121.2941 247.5007 2.6362 6.3632 1.2519 1.0461

317.5% 136.148  196.4414 2.0924 7.1425 1.4052  1.1742

400% 152.8209 155.9156 1.6607 8.0172 1.5773   1.318

Table 2: The base TS Model will be affected by CMS variations caused by break-
in heating, or changes in suspension components. BL, RE, RMS, MMS, and so 
forth are assumed to be constant.
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response. If peak or RMS levels are needed, they can 
now be found in VU meter display.

Applying Raised Cosine to the Sliding Box Car 
Smoothing Filter—One of the common methods for 
1/octave data smoothing is to pass the data through 
a rectangular sliding box car filter. This enables large 
transients at the front or back end of the box car to 
have a large effect distorting the output. This effect is 
mitigated by applying a raised cosine function to the 
box car as shown in Photo 6. In this case, a sharp 
bandpass filter is shown using 1/70, 1/6, and 1/3 
octave smoothing.

Visit www.woofertester.com for more information. VC

1.000000 1.010000 LineIn
1.000000 1.000000 Mike00
1.000000 1.000000 Mike10
1.000000 1.000000 Mike20
1.000000 1.000000 Mike30
1.000000 1.000000 LoZP
1.000000 1.000000 HiZP

High Power Testing Using Pulsed Sine—Applying 
continuous high-power signals to a driver can be risky. 
The alternative is to use a low-duty cycle-pulsed sine 
signal. Similar to other response calculations the mea-
sured and applied signals are used to calculated the 

Photo 6: A comparison of applying a smoothing filter (a) to a raised cosine function (b) 

a) b)
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 Spotlight

Fast, Quality Testing of 
Loudspeaker Suspension Parts
By Robert Werner, Klippel GmbH

The overall performance of loudspeaker drivers and 
complete audio systems is directly related to the 

quality of the single components. Testing these compo-
nents as early as possible, before they are assembled to 
a complete driver or system, is crucial to ensure consis-
tent product quality that is close to R&D specifications. 
Additionally, the overall yield at the production’s end is 
maximized to reduce cost and resource usage.

Clearly, the loudspeaker’s weakest mechanical part is 
usually the suspension system, namely the spider and 
the cone/dome surround (see Photo 1). As the quality 
may vary remarkably among or even within different 

batches, the influence on the final driver’s small and 
large signal behavior can be significant. Even Rub & 
Buzz defects may occur as a consequence.

This article discusses an approach for time-efficient 
testing of loudspeaker suspension parts close to their 
final operating conditions. It refers to the Linear 
Suspension Test set (LST Lite), a hardware and software 
add-on for the Klippel QC loudspeaker end-of-line test-
ing system. It is dedicated to fast and simple testing 
of suspension parts and passive radiators in the linear 
operation range (i.e., small-signal domain). The system 
may be applied to 100% of the parts or to a random 
sample.

Principle
During loudspeaker design, the performance at both 

small and large excursions is relevant. As the force 
deflection rises significantly versus displacement, sus-
pension parts are, in general, highly nonlinear. Thus, the 
k(x) is an important design parameter that determines 
the system performance at high levels. However, this 
characteristic is mainly dominated by the geometry and 
the general material properties. It may not necessarily 
be checked for quality control as the required clamping 
effort and measurement time is high.

Therefore, testing the suspension part in the linear 
range offers several benefits because it provides eas-
ily interpretable single-value parameters such as reso-
nance frequency fr and (small signal) stiffness k0 as a 
quality fingerprint. 

Photo 1: Loudspeaker suspension parts
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Figure 1: The measurement hardware setup
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Hardware Setup
Figure 1 provides an overview of the complete test 

setup, containing a cross section of the Klippel LST test 
bench, which is also shown in Photo 2. It comprises 
a test box with a built-in low-frequency driver, a cost-
efficient laser displacement sensor, and a mounting 
platform with optional components (e.g., ring and cone 
set). The volume flow generated by the driver provides 
pneumatic excitation for the device under test (DUT), 
which may be any kind of suspension part. Generated 
by the Production Analyzer hardware, the stimulus sig-
nal is amplified and fed to the LST Bench. The mounted 
suspension part’s displacement response is measured 
by the triangulation laser sensor, which is connected to 
the Production Analyzer’s signal input. A host PC com-
prising the QC software and the LST module performs 
the signal processing and the overall system control.

Since the DUT’s target-peak displacement during 
the measurement is low, the clamping effort can be 
minimized to ensure fast mounting and, thus, a mini-
mal overall test time. The close-up view shows the DUT 
is horizontally mounted on top of the test bench (see 
Figure 2). A variable ring set provides the outer seating 
while the inner clamping cone fixes the spider by grav-
ity, providing a defined additional moving mass. The bolt 
attached to the cone acts as handle and a reflective sur-
face for the laser beam with adjustable distance. All the 
inner clamping’s components are made of lightweight 
plastics to keep the DUT’s static displacement minimal.

Alternatively, a free-air setup without any additional 

Photo 2: A cut view of the LST test bench with a mounted 
spider
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Figure 2: A cross section view of a mounted spider on top 
of the LST test bench
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mass may be applied (see Figure 3). In this case, the 
DUT equires another matched ring on top the outer 
rim. The complete platform is lifted by narrow stands to 
bypass the test box compliance. 

Due to the higher mounting effort, the setup is less 
practical for fast testing, but it provides parameters like 
the fundamental resonance frequency f0. Additionally, 
static displacement due to gravity is reduced. This can 
be beneficial for soft suspensions. 

Measurement & Analysis
The total moving mass m consists of the dominant 

mass of the inner clamping mc and the effective moving 
mass of the test object ms that may be approximated 
by its total mass, m – mS + mC.

Using a broadband stimulus signal like a sine sweep, 
resonance will occur at a certain frequency where the 
suspension part’s restoring force equals the moving 
mass’s inertia. The resonance frequency is a simple and 
characteristic parameter. However, since it is determined 
by stiffness and total moving mass, it is not a universal 
parameter to characterize a suspension part, unless it 
was determined without additional mass (fundamental 
resonance frequency f0). Separating the mass enables 
me to determine the effective stiffness kEFF which is a 
more general linear design parameter not related to the 
attached mass.

For the added mass setup, the total moving mass is 
usually dominated by the inner clamping. Thus, the 
moving mass may be assumed constant for the com-
plete setup among different dust of the same type. 
Therefore, the stiffness can be derived from the reso-
nance frequency and the moving mass:

k0
2  k  x , x  = m 2 fEFF PEAK DC R� ( ) ( )π
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Figure 4: Magnitude of the displacement response
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Figure 3: Free-air mounting of a loudspeaker cone without 
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Testing Limits
For quality testing, the selected 

parameter’s tolerance limits (e.g., 
resonance frequency or stiffness) 
need to be defined to derive a clear 
pass/fail verdict. Defining absolute 
limits is the most basic approach. 
However, as the results strongly 
depend on the measurement condi-
tions, deriving relative limits from 
a set of reference units offers sev-
eral benefits. Representative refer-
ence units may be selected under 
reference conditions and transferred 
to the testing line. Performing basic 

statistical analysis enables me to define relative tolerance 
limits from the ensemble average using statistical or shift 
algorithms. Outliers are easily detected.

The limit calibration is a simple and effective means to 
account for short- and long-term climatic conditions at the 
testing site or systematic differences between the lab and 
the production line. Depending on the material used, most 
suspension parts show significant parameter drift related 
to the ambient temperature and humidity. Temperature 
variation considerably influences the compliance, even at 
typical room temperature variations. This effect is difficult 
to handle using static testing limits. 

During limit calculation, all reference units are statisti-
cally analyzed to determine the most average unit with 

Generally, the stiffness significantly varies with 
the displacement x. Thus, the measured effective 
stiffness depends on the peak displacement during 
the measurement peak (stimulus level) and on the 
static displacement VDC caused by the inner clamping 
(additional moving mass). The resonance frequency is 
extracted from the displacement magnitude response 
(see Figure 4). It is the frequency where the maximal 
displacement occurs:

f X fR   argmax≈ ( )( )
This relation is valid as long as the box’s compliance 

is high compared to the DUT. Additionally, the Q-factor 
may be extracted from the –3-dB decay bandwidth.

Photo 3: Operator view of an LST test (rearranged without UI)
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Outcome clamping

SuspensionInner clamping

Hanging mass

Figure 5: A schematic view of a static measurement technique

respect to the displacement response. Kept close to the 
testing site, this so-called “golden DUT” can be used to 
recalibrate the testing limits. In a special measurement 
mode, this unit may be measured at any time during a 
testing session. The deviation to the original response is 
determined and used to adjust the tolerance limits by 
removing systematic offsets.

After the tolerance limits are defined, testing can be 
performed with a simplified user interface for the operator. 
An example screenshot is shown in Photo 3. The screen 
consists of three elements: a chart showing the most 
recent and the golden Dot’s displacement responses, a 
result window displaying the derived single-value results 
and limits, the current climatic environmental conditions 
and the test verdict followed by a single verdict list. A 
simple control panel offers a reduced set of actions (e.g., 
test start and limit calibration for the operator). 

Comparison of Measurement Techniques
Various measurement techniques have been devel-

oped to characterize loudspeaker suspension parts. As 
the compliance is typically nonlinear versus displacement 
and time variant due to reversible and irreversible aging 
effects, the measurement method and conditions have a 
significant influence on the results. Therefore, it is often 
difficult to keep results comparable, especially when the 
boundary conditions are not defined.

IEC standard 62459 introduces several static and 
dynamic methods for measuring suspension parts under 
different conditions. I will give a short overview, including 
a practical example, to interpret and correctly compare the 
LST results. Additionally, the deviation’s origin is explained.

Static Measurement
A very basic technique is the static measurement 

method. A defined mass is attached to the suspension 
part to cause a static displacement (see Figure 5). After 
a certain settlement time, the static displacement xDC is 
measured to derive the static stiffness:

k x F
xSTAT DC

DC

DC
( )  = 

Usually, a long settlement time is required due to vis-
coelastic effects of the material (i.e., creep). This means 
the displacement increases gradually after the mass is 
attached until it approaches a final static value.

Dynamic Measurement (Large Signal)
A completely different approach, which is much closer 

to the final application’s operating conditions, is the 
dynamic measurement. This method may be performed in 
both large- and small-signal domains, which again leads 
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to different measurement conditions, signal analysis, and 
results for the stiffness.

Dynamically driving the suspension part into the large 
signal domain results in a varying force deflection versus 
displacement and, thus, a (nonlinear) dynamic stiffness:

k x F
xAC

AC

AC
( )  = 

A powerful driver and stable clamping is required to 
measure at these high-peak displacements. The Klippel 
Suspension Part Measurement (SPM) set provides an 
adequate test bench (see Figure 6). The red result 
curve in Figure 7 shows a resulting example curve (stiff-
ness versus displacement). The spider gets less compliant 
at higher displacements. Still, a single-value effective stiff-
ness can be derived from the resonance frequency fR at 
the current AC peak displacement xPEAK:

k x mEFF PEAK( ) ( ) = 2 fRπ 2

The dashed line represents kEFF in the measurement 

Ring set
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Figure 6: Cross section of Klippel LST bench
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example. It may be plotted together with the dynamic stiff-
ness k(xAC) for comparison. Obviously, the effective stiff-
ness value is between the maximal (at xPEAK) and minimal 
(at x = 0) dynamic stiffness.

Be aware that this measurement principle irrevers-
ibly affects the tested device due to break-in effects and 
material aging caused by the mechanical stress, which is 
comparable to the final application. Typically, the stiffness 
is dropping significantly with the applied mechanical work 
before it approaches a final long-term value. Thus, the tool 
can be used to analyze the load-induced ageing, which may 
significantly affect final system performance.

Dynamic Measurement (Small Signal)
Performing the dynamic measurement in the small sig-

nal domain for small displacements (xPEAK → 0) provides a 
more universal result for the effective stiffness in the linear 
range, similar to a complete driver’s small-signal param-
eters (Thiele-Small).

The SPM measurement bench may also be used for a 
small-signal measurement at low levels as the principle is 
similar to the LST. However, the DUT is vertically clamped 
to minimize the gravity’s influence (see Figure 8). The 
clamping procedure is time consuming. Additional 
damping is generated by the guiding rod, which may be 
removed for small signal measurement.

The LST is also focused on the suspension’s dynamic 
small-signal behavior. However, the DUT is horizontally 
mounted on the measurement bench to minimize clamp-
ing effort. This causes a small static displacement xDC
and thus, a small bias of k relative to the rest position: 

k m0
2  k  x , x  = 2 f  for x , x  0EFF DC PEAK R DC PEAK� ( ) ( ) →π

Comparison
To evaluate systematic differences among the intro-

duced measurement methods, Table 1 shows practical 
results for a standard 6’’ spider. The small-signal measure-
ment (LST) was performed before and after the large-
signal test to show the load-induced ageing’s influence.

The measurement results reveal several tendencies:

�� The static stiffness is lower than the effective stiffness 
due to material creep—the suspension seems to be 
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Figure 8: Cross section of the SPM measurement bench 
(Klippel RnD System)
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softer than under real dynamic operation conditions.

�� The effective stiffness in the large-signal domain is 
usually higher than in the small signal due to rising 
stiffness with displacement (behavior might be dif-
ferent in the transition range!)

�� The deviation between small signal results of SPM 
and LST (less than 10%) is mainly related to the 
mounted DUT’s orientation. The LST measurement 
includes a static displacement bias xDC due to the 
inner clamping’s weight, which results in a slightly 
higher kEFF.

�� The technique results depend on further boundary 
conditions (e.g., additional moving mass and peak 
displacement). Therefore, these conditions should 
always be given along with the measurement results 
(e.g., kEFF at xPEAK) for proper data exchangeability.

�� Material aging due to mechanical stress needs to be 
considered for comparable testing results.

Interpretable Parameters
This article discussed an effective approach for fast 

testing of loudspeaker suspension parts for quality-
control purposes. The dynamical measurement of the 
displacement response in the linear operation range 
delivers easy interpretable parameters that are close to 
design and the final operating conditions. Time efficient 
and repeatable testing can be performed due to simple 
clamping and fast measurement using the infrastructure 
of a loudspeaker-related end-of-line testing system.

This measurement approach is not limited to 

suspension parts. It is also 
applicable to passive radiators 
(i.e., drones). However, as the 
performance is determined by 
both moving mass and suspen-
sion stiffness, both parameters 
should be independently moni-
tored in this case. Further signal 
processing implemented in an 

extended LST version provides mass and stiffness sepa-
ration for improved diagnostics. VC
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Table 1: Practical results for a standard 6” spider

Method k in N/mm xPEAK in mm xDC in mm fR in Hz m in g

Static 1.01 0 0.97 – 100

Dynamic small signal (LST) 1.34 0.28 0.5 22.5 67

Dynamic small signal (SPM) 1.19 0.27 0 11.7 223

Dynamic large signal (SPM) 1.56 12.3 – 13.3 223

Dynamic small signal (LST)
after a large signal test

1.15 0.25 0.5 20.9 67
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The partitions are arranged in relation to the speaker(s) 
so as to reduce sound wave reflections that would create 
nonlinearity in the frequency response.

Independent Claims
A loudspeaker comprising: a first speaker having front 

and rear surfaces for radiating low-frequency sound 
waves; a second speaker having a front surface for radi-
ating frequencies higher than frequencies radiated by the 
first speaker; an enclosure defining an internal volume 
including a first wall having first and second apertures 
there through for receiving the first and second speakers, 
respectively, such that the front surfaces are external to 
the enclosure and the rear surface of the first speaker 
is internal to the enclosure, the enclosure having a third 
aperture; a shelf within the enclosure abutting the first 
wall and spaced apart from a second wall adjacent to the 
first wall, the space between the shelf and the second 
wall being in communication with the third aperture; a 
slanted partition adjoining the shelf, diverging away from 
the first wall and extending behind the second speaker, 
but extending no more than partially behind the first 
speaker. 

7. A loudspeaker comprising: a first speaker for radi-
ating low-frequency sound waves; a second speaker for 
radiating frequencies higher than frequencies radiated by 
the first speaker; an enclosure for the first and second 
speakers including a front wall, a top wall, a bottom 
wall, a rear wall and a pair of side walls, said front wall 
having a first aperture there through for receiving the 
first speaker and a second aperture there through below 
the first aperture for receiving the second speaker, the 
enclosure having a third aperture there through below 
the second aperture; a partition having a first portion 
abutting said front wall below the second aperture and 
above the third aperture and extending between the 
side walls, the partition further having an inclined second 
portion attached to the first portion, said partition divid-
ing the enclosure into at least two acoustically coupled 
chambers, one such chamber associated with the first 

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 and 381 for 
electrical-signal processing systems and HO4R for inter-
national patents. This also includes new patent applica-
tions that are published in the Patent Application Journal.

SPEAKER ENCLOSURE
Patent Number: 8,256,566
Inventors: Howard Rodgers (Calabasas, CA)
Assignee: Rogersound Labs, LLC (Calabasas, CA)
Filed: August 19, 2011
U.S. Classes: 181/156
Granted: September 4, 2012 
Number of Claims: 8
Number of Drawings: 10

Abstract from Patent
A loudspeaker enclosure accommodates at least one 

speaker. Sound waves emanating from the rear of the 
speaker exit through a port in the enclosure. The enclo-
sure’s interior contains at least one partition to lengthen 
the acoustic path from the rear of the speaker to the port 
and to cause alternating expansion and contraction of the 
sound waves emanating from the rear of the speaker. 
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Photo 1: U.S. Patent 8,256,566 original single port con-
cept (a) and dual port configuration (b)
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and second apertures, the other such chamber com-
municating with the third aperture through a region of 
decreased cross-sectional area.

Reviewer Comments 
This patent is a follow-up enhancement to Howard 

Rodgers 1991 patent, U.S. 5,012,889 (see Figure 1a). 
Mr. Rodgers is under the impression that the best way 
to realize a bass reflex woofer system is to have a 
dividing wall in the cabinet that creates a type of short, 
increasing cross-sectional area waveguide in the com-
pliance volume ahead of the mass formed by the pas-
sive acoustic radiator, which in this case is an elongated 
vent. This is to lengthen the path between the driver 
and the vent and to “cause alternating expansion and 
contraction of the sound waves emanating from the 
rear of the speaker.” This was also the basis of his 1991 
patent, but in the current patent, it is suggested that 
having the waveguide partition directly behind, and 
intimate with, the woofer, causes unwanted reflections 
back through the woofer, creating “nonlinearity” in the 
frequency response. 

The interior of the new device’s enclosure (see 
Figure 1b) also contains at least one partition to 
lengthen the acoustic path from the rear of the speaker 
to the port, but the partitions are now arranged in rela-
tion to the woofer to reduce sound wave reflections that 
caused the amplitude irregularities in the earlier design. 
The initial wave launch now travels a greater distance 
(to the back of the cabinet in most embodiments) 
before entering the waveguide leading to the vent.

While there is general discussion of the sound waves’ 
compression as they leave the woofer and the sound 
waves’ expansion as they travel through the short 
waveguide to the vent, there is no specific design cri-
teria disclosed. Nor are there measurements compar-
ing the invented concept compared to a standard bass 
reflex or the earlier Rodgers U.S. Patent 5,012,889 
device.

As with many of the architectures that use various 
internal waveguides that are very short compared to 
the wavelengths involved at the reflex tuning frequen-
cies, the performance is most likely nearly equal or 
equal to a standard, optimized bass reflex system. 
Since most conventional bass reflex designs on the 
market, are not optimized to reach their full potential, 
new quasi-bass reflex designs, if fully optimized, can 
function well in comparisons. But, when an equally 
optimized standard bass reflex and new “internal short 
waveguide” system are compared, any improvement in 
the new system is usually found to be associated with 
the inherent increase in cabinet bracing, and/or the 
effective breakup of internal standing waves, instead 
of an improvement in efficiency, bandwidth, or reduced 
enclosure volume. That said, the new design, when 
optimized, should provide a good, solid enclosure, mini-
mized standing waves, and bass performance roughly 
equal to a good vented system. VC
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Three High-Frequency 
Drivers from Motus Audio, 
Max Speakers, & Faital Pro
by Vance Dickason

This month, I will review three different drivers. The 
first driver I received is a new 1” dome tweeter, the 

Motus UH25CTi, from Motus Audio, a U.S. high-end driver 
OEM. From the Canadian Loudspeaker Company (CLC), 
I received a ceramic-coated 1” dome, the T26AFF5NEO, 
from its Max Fidelity line. I also received the new HF105 
compression driver and the STH100 horn from Faital Pro, 
an Italian pro-sound OEM.

The UH25CT1
Motus Audio is new to Test Bench. The company was 

founded in 2011 by Trevor Ryan who also started Ryan 
Acoustics. With his extensive experience in Asian sourc-
ing and assembly of high performance speakers, Mr. Ryan 
brings the high-end-manufacturing-in-China perspective 
to the OEM raw driver market.

In terms of features, the new Motus UH25CT1 tweeter 
employs a 26-mm (1”) diameter treated-cloth dome 

Test Bench
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Figure 1: Motus UH25CT1 free-air impedance plot

Photo 1: The new Motus UH25CT1 tweeter
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Figure 2: Motus UH25CT1 on-axis frequency response
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Figure 3: Motus UH25CT1 horizontal on- and off-axis fre-
quency response (0° = solid black; 15° = dot blue; 30° = 
dash green; 45° = dash/dot purple)

diaphragm, which is a proprietary design sourced from 
Japan, a 1” two-layer under hung voice coil with 0.3-mm 
XMAX wound with copper-clad aluminum wire (CCAW) on 
an aluminum former (see Photo 1). This former features 
six vent holes and is damped with ferrofluid for cooling. 
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Figure 4: Motus UH25CT1 normalized on- and off-axis fre-
quency response (0° = solid black; 15° = dot blue; 30° = 
dash green; 45° = dash/dot purple)
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Figure 5: Motus UH25CT1 two-sample SPL comparison

Figure 6:Motus UH25CT1 SoundCheck CSD waterfall plot

Other features include a damped (fiberglass instead of 
foam) vented and extended/undercut pole exhausting 
into a damped rear chamber (also fiberglass damped), a 
copper shorting ring in the gap area and a second alumi-
num shorting ring mounted into the neodymium N48SH 
ring magnet. There are also eight vent holes beneath the 
tweeter surround to minimize back pressure applied to 
the surround. Keeping to the high-end motif, Motus uses 

Figure 7: Motus UH25CT1’s SoundCheck STFT surface 
intensity plot
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Following the impedance 
test, I recess mounted the 
Motus tweeter in an enclosure 
that had a baffle area of 8” × 10”
and measured the on- and off-
axis frequency response with 
a 100-point gated sine wave 
sweep at 2.83 V/1 m. Figure 2
shows the on-axis response to 
be a rather flat ±2.2 dB from 
3 to 21 kHz, and from 1 to 
24 kHz, ±3.2 dB. Figure 3
depicts UH25CT1’s on- and off-
axis response, with the off-axis 
curves normalized to the on-
axis response in Figure 4. The 
two-sample SPL comparison is 
show in Figure 5, indicating 
the two samples were closely 
matched, with a small 1-dB 

variation between 7 and 13.5 kHz.
Next, I initialized the Listen SoundCheck analyzer 

along with the Listen SCM 0.25” microphone (provided 
by Listen) to measure the impulse response with the 
tweeter recess mounted on the test baffle. Importing 
this data into the Listen SoundMap software produced 

Cardus Audio internal wire to go from the voice coil to the 
gold-plated terminals. Last, both the faceplate and rear 
cup are die-cast aluminum.

Testing commenced using the LinearX LMS analyzer 
to produce the 300-point impedance sweep illustrated in 
Figure 1. The magnetic fluid damped resonance occurs 

Figure 8: Motus UH25CT1 SoundCheck distortion plots

�������	
������	���
��
23

23

2���4

��	�2����	��	
23

���%�

��	�����	%�
�

�����������5�

��	�����	%�
�

6����
�	��
�������	������	�������������
�����7

��	���8������298�2������
���:�	�3����	�����

����	�������6	
��
��	�;������	
<

��3
��3����	�����

:�
������;��������3����	�����

�===

2���><�?�@:��4

��	�2����	



34 VOICE COIL

the cumulative spectral decay plot (CSD) waterfall plot 
shown in Figure 6. Figure 7 shows a short-time Fourier 
transform (STFT) displayed as a surface plot. For the final 
test procedure, I used a pink-noise stimulus to set the 
1-m SPL to 94 dB (1.5 V), and measured the second- and 
third-harmonic distortion at 10 cm (see Figure 8). For 
more information on this and other Motus transducers, 
visit www.motusaudio.com.

The T26AFF5NEOBMFF
The second tweeter I evaluated this month came from 

CLC’s Max Fidelity driver line. Voice Coil featured a com-
pany profile of CLC in the October 2012 issue. Following 
this profile, CLC sent me several tweeters, including the 

Photo 2: CLC’s T26AFF5NEOBMFF tweeter

Figure 10: Max Fidelity T26AFF5NEOBMFF on-axis frequency 
response
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Figure 9: Max Fidelity T26AFF5NEOBMFF free-air impedance 
plot

T26AFF5NEOBMFF (see Photo 2).
Features for the T26AFF5NEOBMFF include a 26-mm 

(1”) diameter ceramic-coated deep anodized aluminum 
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Figure 12: Max Fidelity T26AFF5NEOBMFF normalized on- 
and off-axis frequency response (0° = solid black; 15° = dot
blue; 30° = dash green; 45° = dash/dot purple)
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Figure 11: Max Fidelity T26AFF5NEOBMFF horizontal on- and
off-axis frequency response (0° = solid black; 15° = dot 
blue; 30° = dash green; 45° = dash/dot purple)
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Figure 13:Max Fidelity T26AFF5NEOBMFF two-sample SPL 
comparison

Figure 14: Max Fidelity T26AFF5NEOBMFF SoundCheck 
CSD waterfall plot

Figure 15: Max Fidelity T26AFF5NEOBMFF SoundCheck 
STFT surface intensity plot

dome with a silk surround, a 1” underhung ferrofluid 
damped voice coil wound with round copper wire, a 
bucking magnet to increase Bl, an injection-molded 
faceplate with integrated phase plug, plus gold-plated 
terminals.
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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.
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a baffle area of 8” × 10” and 
measured the on- and off-axis 
frequency response with a 100-
point gated sine wave sweep at 
2.83 V/1 m. Figure 10 shows 
the T26AFF5NEOBMFF’s on-axis 
response to be ±3.2 dB from 2 
to 15.6 kHz. Figure 11 shows 
the on- and off-axis response, 
with the off-axis curves normal-
ized to the on-axis response in 
Figure 12. The two-sample SPL 
comparison is shown Figure 13,
indicating the two samples were 
closely matched. 

 Following the SPL test-
ing procedure, I used the 
SoundCheck analyzer to mea-
sure the impulse response with 
the tweeter recess mounted 
on the test baffle. Importing 
this data into the SoundMap 

software produced the CSD “waterfall” plot shown 
in Figure 14. Figure 15 shows a STFT displayed as 
a surface plot. For the final SoundCheck test, I used a 
pink-noise stimulus to set the 1-m SPL to 94 dB (1.1 V), 
and measured the second- and third-harmonic distor-
tion at 10 cm (see Figure 16). Visit www.maxspeakers.
com for more information.

I began testing using the LMS analyzer to produce 
the 300-point impedance sweep shown in Figure 9. The 
magnetic fluid damped resonance occurs at a 1.76 kHz. 
'��������KK���{_#���������������Y��������	����
�
������	��
����������%���`>?��

After I completed the impedance testing, I recess 
mounted the CLC tweeter in an enclosure that had 

Figure 16: Max Fidelity T26AFF5NEOBMFF SoundCheck distortion plot
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Photo 3: Faital Pro’s HF105 compression driver and STH100 
horn

Figure 17: Faital HF105/STH100 free-air impedance plot
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The HF105 and the STH100
The last driver I examined this month was the Faital 

Pro HF105 compression driver coupled with Faital’s 
STH100 horn (see Photo 3). I reviewed the Faital Pro 
HF104 coupled to the same STH100 horn in Voice Coil
March 2012. The HF105 is essentially a ferrite-motor ver-
sion (the HF104 uses neodymium), which in today’s mar-
ket means lower cost, but with only a modest increase 
in weight of 0.58 lb. Like the HF104, the HF105 is an 
interesting compression driver and has several unique 
features. This includes a Ketone polymer annular-shaped 
diaphragm and a radial-shaped phase plug. The throat 
diameter is 25.4 mm (1”) and it is coupled to a 28-mm 
(1.5”) diameter voice coil wound on a Kapton former with 
CCAW. Other features include an aluminum body, 40-W 
AES-rated power handling (80-W maximum), and solder-
able terminals. The horn supplied with the HF105 driver, 
as in the HF104 review, is Faital’s 1” throat, 80-H × 70-V 
short elliptical tractrix flare STH100.

Testing commenced using the LinearX LMS analyzer to 
produce the 300-point stepped sine wave impedance plot 
shown in Figure 17. Note the solid black curve shows 
the HF105 mounted on the STH100 horn and the dashed 
blue curve represents the compression driver without the 
��	��'������������{_#������>!+$�;�]>+$$�
��������
��Y��������
���K�����������K�`>?�

For the next test sequence, I recess mounted the 
Faital HF105/STH100 in an enclosure with a 9” × 12” 
baffle and used a 100-point gated sine wave sweep to 
measure the horizontal and vertical on- and off-axis at 
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Figure 18: Faital HF105/STH100 on-axis response
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Figure 19: Faital HF105/STH100 horizontal on- and off-axis 
frequency response (0° = solid black; 15° = dot blue; 
30° = dash green; 45° = dash/dot purple; 60° = dash 
blue)

Figure 20: Faital HF105/STH100 vertical on- and off-axis 
frequency response (0° = solid black; 15°= dot blue; 
30° = dash green; 45° = dash/dot purple; 60° = dash blue)
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Figure 21: Faital HF105/STH100 two-sample SPL comparison
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2.83 V/1 m. Figure 18 shows the on-axis of the com-
pression driver/horn combination with the sensitivity 
at about 108 dB, somewhat higher than the specified 
107 dB from Faital’s published data. (The Faital Pro’s 
sensitivity spec is 1 W/1 m.) The SPL profile measures 
±4 dB from 1 to 8.8 kHz. (The recommended cross-
over frequency for the HF105 is a minimum of 1.7 kHz 

with a second-order network.) 
Since the coverage of this horn 
is 80 H × 70 V, you wouldn’t 
expect much of a difference in 
the horizontal and vertical off-
axis plots (see Figure 19 for 
the horizontal orientation and 
Figure 20 for the vertical ori-
entation). Figure 21 provides 
the two-sample SPL compari-
son, showing both samples to 
be closely matched.

For the remaining tests, I 
used the SoundCheck analyzer 
and 0.25” SCM microphone and 
power supply to measure distor-
tion and generate time frequen-
cy plots. For the distortion mea-
surement, the HF105/STH100 
combination was mounted with 
the same baffle used for the 
frequency-response measure-

ments. I used a noise stimulus to set the SPL to 104 dB 
at 1 m (0.65 V) and measured the distortion with the 
microphone placed 10 cm from the horn’s mouth. This 
produced the distortion curves shown in Figure 22. I 
then used SoundCheck to get a 2.83-V/1-m impulse 
response for this driver and imported the data into the 
SoundMap time/frequency software. The resulting CSD 

Figure 22: Faital HF105/STH100 SoundCheck distortion plots
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waterfall plot is shown in Figure 23 and the STFT plot 
is shown in Figure 24.

Comparing the HF104/STH100 data to the above 
data, the HF105/STH100’s performance is similar to the 
neodymium version but at lower cost with not a lot more 

Test Bench is an open forum for OEM driver manufactur-
ers in the industry. All OEMs are invited to submit samples to 
Voice Coil for inclusion in the Test Bench column. 

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

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 information to 
explain the functioning of the transducer. Include details on 
the materials used to construct the transducer (e.g., cone 
material, voice coil former material, and voice coil wire 
type). For woofers and mid-range drivers, include the voice 
coil height, gap height, RMS power handling, and physi-
cally 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 to:

Vance Dickason Consulting
333 South State Street, #152
Lake Oswego, OR 97034
(503-557-0427)
vdconsult@comcast.net

Submit Samples to Test Bench

Figure 23: Faital HF105/STH100 SoundCheck CSD waterfall plot

weight. Visit www.faitalpro.com for more information, or 
in the U.S., contact Faital USA, Inc., Keith Gronsbell, 
220 West Parkway, Unit 13, Pompton Plains, NJ, 
07444; (516) 779-0649; Fax (973) 835-5055; or 
e-mail kgronsbell@faital.com. VC

Figure 24: Faital HF105/STH100 SoundCheck Wigner-Ville plot
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engineered double-walled acoustic structures.

Eckel’s modular attenuating structures have guaranteed
performance and incorporate numerous state-of-the-art
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the EMW perforated metallic anechoic wedge which
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integrity, and light weight • special track system for
efficient installation of wedges  • unique cable floor system
• sound attenuating doors • instrumentation sleeves

and supports • ventilation • lighting and power systems.

All of Eckel’s acoustic test facilities meet ISO and ANSI
standards and provide cost-effective solutions to
achieving a superb environment for research in
acoustics and psycho-acoustics, as well as for acoustic
testing in fields such as audio, appliances, computers,
industrial components, and consumer electronics. And
Eckel offers integrated design and engineering services
and turnkey capability.

For full details, contact:

ECKEL INDUSTRIES, INC., Acoustic Division
155 Fawcett Street, Cambridge, MA 02138
Tel: 617-491-3221 • e-mail: eckelvc@eckelusa.com
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at associated companies in Scandinavia and the U.S. 
On his return to Australia, he led the design team that 
developed EMI’s earliest Australian television receivers.
Appointed Advanced Development Engineer in 
1957, he was responsible for applying advanced 
technology in EMI Australia’s radio and televi-
sion receivers and electronic test equipment.
 Neville’s next job was with the Australian Broadcasting 
Corporation (ABC) as Senior Engineer, Design and 
Development, where he designed and assessed 
equipment and systems for sound and television 
broadcasting.

In 1976, while at ABC, he and Richard H. Small of 
Sydney University published the still famous paper on 
loudspeaker cabinet design.

After serving as Director of Engineering ACT with ABC’s 
radio and television studios in Canberra, he was appointed 
Assistant Director Engineering NSW (TV), responsible for 
engineering ABC’s Gore Hill television studios in Sydney.
 In 1980, he was appointed Director, Engineering 
Development and New Systems Applications, where 
he was responsible for ABC’s engineering research and 
development until his retirement at the end of 1985.
In 1991, he was appointed Honorary Visiting Fellow 
by the University of New South Wales, and in 1994 
he became an Honorary Associate by the University 
of Sydney, where he taught part-time in the Graduate 
Audio Program.

Albert Neville Thiele (1920–2012)
It is with great sadness that I 

report the passing of one of the 
loudspeaker industry’s greatest 
icons, Dr. Albert Neville Thiele.  
He died on October 1, 2012. His 
name has been heard, and it will 
continue to be heard thousands 
of times a day by loudspeaker 
engineers as we discuss “Thiele/
Small Parameters.” 

Albert Neville Thiele was born in Brisbane, Queensland, 
Australia in 1920 and he was educated at Milton State 
School, Brisbane Grammar School, and the Universities 
of Queensland and Sydney. After five years of war 
service in the infantry and in the Australian Electrical 
Mechanical Engineers Corps. (AEME) he graduated with 
a Bachelor of Engineering (Mechanical and Electrical) 
in 1952.

Joining EMI Australia (yes, the same EMI that owns 
Abbey Road Studio’s in the U.K.), he was employed as a 
design engineer on special projects, including telemetry. 
When television came to Australia, he spent six months 
of 1955 in the EMI laboratories at Hayes, Middlesex, and 

Industry Watch

Dr. Albert Neville Thiele

By Vance Dickason
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Neville published more than 30 papers on elec-
troacoustics, network theory, testing methods, and 
sound and vision broadcasting (29 of his papers were 
published by the AES). Some of his papers—notably 
on loudspeakers, television testing, and coaxial cable 
equalization—have become internationally accepted 
references on these topics, including the Thiele-Small 
parameters for measuring and designing loudspeakers 
(a methodology adopted by textbooks as the basis of 
loudspeaker design for much of the last 40 years), and 
the Total Difference-Frequency Distortion measurement 
of audio transmission and recording.

In 1968 and in 1992, he was awarded the Norman W.V. 
Hayes Medal of the Institution of Radio and Electronics 
Engineers Australia (IREE) for best paper published that 
year in the Institution’s Proceedings. In 1994, he was 
awarded the AES Silver Medal for his pioneering work in 
loudspeaker simulation.

Neville was involved in setting standards for broad-
casting nationally and internationally. He was a member 
of five of the seven committees advising the Australian 
Broadcasting Control Board from 1969 to 1974 on stan-
dards for the introduction of Australia’s color television 
service, and he was Chairman of the Working Party on the 
Standard Demodulator. Neville worked on international 
standards for sound and television broadcasting with the 
International Radio Consultative Committee (CCIR) of the 
International Telecommunications Union (ITU) in Geneva, 
where he represented Australia at four meetings in 1980, 
1981, 1983, and 1985, and he was an active member of 
CCIR Interim Working Parties on International Exchange 
of Sound Programmes, Subjective Testing of Television 
Picture Quality, and High-Definition Television.

At the 1985 meeting, he was appointed chairman of 
CCIR Sub Working Group CMTT-C-1 on Long Distance 
Transmission of Analogue Sound. He was also involved in 
setting electroacoustic standards. Nationally, he worked 
on the Standards Australia (SA), where he was chairman 
of its Committee TE/8, Sound and Television Engineering 
and Recording. Internationally, he served the International 
Electrotechnical Commission (IEC), and AES committees 
that were concerned with loudspeakers and digital audio.
 Neville Thiele was a member of the Society of Motion 
Picture and Television Engineers and a Fellow of the 
Institution of Engineers Australia, of the Audio Engineering 
Society of which he was vice president, International 
Region from 1991 to 1993, and of the Institution of Radio 
and Electronics Engineers Australia of which he was presi-
dent from 1986 to 1988.

Until shortly before his death, Neville was still 
actively researching filter design and lecturing on loud-
speaker design at the University of Sydney. He had 
a long association with Precision Audio in Melbourne, 
including the origination of the Neville Thiele Method 
(NTM) for the company’s crossover filter products.
In 2003, he was awarded a Lifetime Achievement Award 
by the international chapter of the AES, and a Medal of the 
Order of Australia (OAM) for his contribution to the audio 

Parts Express is proud to announce Yung’s 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.  
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the theme of “Seven Notes,” inspired by the seven notes 
produced by Maserati engines, the companies added. The 
engine notes have already been used to create a series of 
exclusive tracks composed and recorded by musician and 
producer Howie B at Abbey Road Studios in London, U.K. 
The tracks are available for free in high-definition audio at 
7notes.com. The partnership was announced at the Paris 
Motorshow by Huizing and Maserati CEO Harald Wester, 
who said the two brands’ focus on performance and design 
make the partnership click. 

Duffy’s Role at DEI Expands
Kevin Duffy, president of DEI Holdings, has been 

named president of DEI’s Polk Audio and Definitive 
Technology business units. Jim Minarik retains his CEO 
role at both business units and remains chairman and 
CEO of DEI Holdings.

DEI is the parent of Polk, Definitive, Boom, and Directed. 
Kevin has been with DEI for almost 10 years, hold-
ing key positions in acquisitions, 
finance, international operations, 
marketing, and product develop-
ment before being appointed DEI 
Holdings president. Kevin has 
also led the re-branding efforts 
at Polk, Definitive, and Boom and 
contributed to planned innova-
tions in their product portfolios, 
the company said. VC

industry. In 2009, Sydney University conferred a Doctorate 
of Science in Architecture (honoris causa) to him. 

His other interests included bushwalking, music, and 
theater. He also narrated the soundtrack of Bruce Petty’s 
film “The Mad Century 1900–2000” for SBS Independent. 

Neville also recorded a video for the AES Oral History 
project (www.aes.org) titled, “Neville Thiele On Alan 
Blumlein” (Alan, a U.K. EMI engineer, held the original 
1931 patent on binaural recording and basically invented 
both stereo and tone controls). I can’t imagine a more 
illustrious career in the pursuit of making recorded music 
sound better than Neville’s. He will be greatly missed.

Altec Lansing Assets Auctioned
The Altec Lansing brand traces its history back to 1941 

when All Technical Service purchased the nearly bank-
rupt Lansing Manufacturing and founded Altec Lansing. 
Altec Lansing was most recently owned by an affiliate of 
Prophet Equity and integrated with Avega Systems after 
purchasing the company  from Plantronics in 2009. 

Following a recent history of almost dominating the 
computer multimedia market segment, the company was 
auctioned off in September 2012. Infinity Lifestyle Brands, 
which specializes in acquiring and turning around strug-
gling or bankrupt consumer brands, purchased worldwide 
rights to the Altec Lansing brand for $17.5 million.

The company also purchased the Polaroid and Linens 
’n Things brands in 2010, and it purchased the Sharper 
Image brand in 2009. As it has with previous brands, 
Infinity Lifestyle Brands will develop a business plan and 
strategy for Altec Lansing and license the brands to vari-
ous companies that will adhere to Infinity’s marketing and 
positioning guidelines. 

Infinity Lifestyle Brands is one division of Infinity 
Group. Another division manages real estate in 13 states. 
The Altec brand will first reappear in home audio, but the 
company also plans to expand the brand into other as-yet 
unnamed consumer electronics categories. The company 
will also target the professional, car audio, and high-end 
home audio markets. The first Altec Lansing products 
from licensees will appear in the second half of 2013, with 
the first licensees likely showing products at the January 
2013 International CES.

Maserati to Partner with Bowers & Wilkins
Sports car maker Maserati has teamed with Bowers & 

Wilkins in a long-term partnership that will yield limited-
edition co-branded audio products, including high-perfor-
mance speakers and headphones. The audio company 
will also develop a new high-performance OEM autosound 
system in collaboration with Maserati for availability in 
Maserati cars starting in 2013. The sound system’s details 
weren’t released, but Bowers & Wilkins worked closely 
with Maserati engineers to design the system. As part 
of the partnership, Maserati and Bowers & Wilkins will 
engage in multiple activities including a microsite, films, 
and a series of events in cities around the world, the 
companies said. The marketing effort will be built around 

Kevin Duffy
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