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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
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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



18 VOICE COIL

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

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

dBSPL

50

55

60

65

70

75

80

85

90

95

100

105

110

SPL vs Freq

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

dBSPL

50

55

60

65

70

75

80

85

90

95

100

105

110

SPL vs Freq

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 



22 VOICE COIL

10  Hz 20 50 100 200 500 1K

dBSPL

70

75

80

85

90

95

100

105

110

115

120

SPL vs Freq

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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Consumer Confidence Drops in February 2012

TEC Awards Presented at 2012 NAMM Show
th

Conference: June 9-15

Exhibits: June 13-15

Las Vegas Convention Center

infocommshow.org

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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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"


