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began. He earned a BTh and a BA in History. He later 
completed a MDiv degree at Episcopal Divinity School 
in Cambridge, MA, and became an ordained Episcopal 
clergyman. While working toward his Master’s degree, 
Ed began corresponding with the popular Christian writer 
C.S. Lewis. In later years, he published books of poetry 
from his New Hampshire home. In the early 1960s, he 
joined the editorial staff of 
The Episcopalian magazine, 
where he held various edito-
rial positions until 1974.

While pursuing a career 
with the Episcopal Church, 
Ed also cultivated his passion 
for music. In time, music 
led to his serious interest 
in audio. While earning his 
undergraduate degrees, Ed 
spent his summers working 
for the same company as his 
father, Western Electric. While 

Edward T. Dell, Jr.                      
February 12, 1923–February 25, 2013

Ed Dell’s death was announced in the April issue just 
as Voice Coil was going to press (the April issue was 
written in February), so there wasn’t an opportunity to 
talk about the amazing life he lived. It is always sad to 
lose those we are close to, but it also provides us time 
to reflect on what it was they brought to this world and, 
in Ed’s case, he brought quite a lot. 

Ed was born in Atlanta, GA, in 1923 and he left 
this world two weeks after his 90th birthday. He 
grew up mostly in the South. His father worked for 
Western Electric installing the private automatic branch 
exchange (PABX) hardware that shifted the phone sys-
tem from operators to automatic exchanges. Coming 
from a religious family, Ed attended Eastern Nazarene 
College in Boston, MA, in 1941, just as World War II 
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ABSTRACT 

The development, manufacture, and testing of a new large format compression 

driver diaphragm using a beryllium dome and new type of polymer surround is 

detailed that exhibits improved performance.  This design promises to give long life 

and good reliability with little or no change in performance anticipated over the life 

of the diaphragm. Design exercises include material properties comparisons, finite 

element analysis, and modal simulations. A comprehensive set of tests of beryllium, 

aluminum, and titanium diaphragm compression drivers is described including 

frequency response, distortion, wavelet time domain analysis on a 2 inch plane wave 

tube and laser scans of modes. Substantial differences were measured in the 

performance categories, particularly in the frequency range above 4kHz. 

 

1.  INTRODUCTION 

This paper presents a rationale for the use of beryllium as the material for the diaphragm of a 

high frequency electroacoustic transducer.  The material properties of beryllium are compared 

with aluminum and titanium and are found to be superior for this purpose.  Other components 

of the assembly, which is designed to retrofit many standard two inch exit compression drivers, 

are also addressed for improvements, such as the voice coil and the surround.  Manufacturing 

processes are described, and reliability testing results are given. Comprehensive acoustic testing 

data on a terminated tube are presented comparing the three materials. Laser scans show modal 

behavior of the three diaphragms. 

 

2.   HISTORY OF BERYLLIUM AS A DIAPHRAGM MATERIAL 

Beryllium is a rare and unique metal which is used in a number of high technology industries 

including medical, aerospace, and high-energy physics.  Applications for beryllium include x-ray 

components used in healthcare, scientific instruments used for advancing our understanding of 

the deepest laws of nature, satellite structures and aircraft components.   
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BeX™ Be4016 in Radian 950PB Compression Driver

Peter J. Andrews, Sr. Electro-Acoustics Engineer

Recently, our customers have been noticing the high performance of the Truextent Be4008 and Be4016 in the Radian 950PB compres-

sion driver.  One European distributor has even decided to sell this combination as, eff ectively, one product.

Th is Tech Brief will compare the performance of two diaphragms: the Truextent Be4016 and Radian’s 1245-16, both mounted in a 

Radian 950PB-16 compression driver.  All curves are taken in the Truextent Acoustic Test Chamber with the compression driver 

mounted on a JBL 2386 horn.  Each diaphragm is driven with a 1Vrms sine chirp (log sweep), and the microphone is ~0.5m from the 

compression driver throat.  Similar results would be expected comparing 8-ohm versions.

First we show on-axis frequency responses, both smoothed (12th-octave) and unsmoothed.  Th e beryllium diaphragm is shown in red, 

the aluminum in blue.  Th e smoothed curves (left ) are representative of what one might see in published datasheets.  Th ey show that 

both diaphragms cover roughly the same frequency range at roughly the same level.  A casual observer might even think there isn’t 

much diff erence between the two except for the higher output and fl atter response in the critical 2-10kHz range (beryllium shows 

+3dB near 5kHz).  

                            Frequency Response; 1/12th-oct smoothed                                   
   Frequency Response; no smoothing

 

 

Th e unsmoothed curves (right) are a bit harder to read because of what looks like noise, or sharp peaks and dips, in the high-frequency 

region.  Of course, this is not noise, but rather densely packed break-up modes of the diaphragm.  Th e aluminum diaphragm (blue) 

clearly shows this behavior above ~10kHz, whereas the beryllium diaphragm (red) remains smooth to over 20kHz, with dense modal 

break-up starting at around 23kHz.  Th is agrees with the theoretical work done in our white paper 1, which predicted ~2.4x higher 

onset of break-up.

While the frequency response can be (and usually is) smoothed to hide this behavior, the time-domain response (impulse response) 

gives us a clearer view of what’s happening.

MATERION CORPORATION 

www.materion.com/truextent

ELECTROFUSION

44036 South Grimmer Boulevard

Fremont, CA 94538-6346

+1 510.661.9755

truextent@materion.com
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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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The above table contains values from 

www.matweb.com for Beryllium, 

AlBeMet® AM162 rolled sheet, 

Magnesium annealed sheet, Aluminum 

2024-O, and Titanium Grade 2.

TDS2011    02/2013

Properties
Genuine
Beryllium

AlBeMet® Composite
Metal Matrix

Magnesium Titanium Aluminum

Physical Properties

� Density @ 25°C, g/cm3 1.84 2.07 2.90 1.74 4.51 2.78

� CTE @ 25°C, ppm/°C 11.5 13.9 13.4 26.1 8.60 23.2

� Thermal Conductivity @ 25°C, W/m·K 216 210 130 159 16.4 193

�������	��
����������������� 1.925 1.56 0.800 1.025 0.523 0.875

Mechanical Properties

UTS  Ultimate Tensile Strength, MPa 370 435 570 196 344 186

YS  Yield Strength, MPa 240 321 480 105 275 75.8

E  Young’s Modulus, GPa 303 193 140 44.0 105 73.1

� Poisson’s Ratio 0.070 - 0.180 0.17 0.30 0.35 0.37 0.33

c  Speed of Sound, m/sec 12,833 9,656 6,948 5,029 4,825 5,128

The above table contains values from 

www.matweb.com for Beryllium, 

AlBeMet® AM162 rolled sheet, 

Magnesium annealed sheet, Aluminum 

2024-O, and Titanium Grade 2.

TDS2011    02/2013

x
Magnesium Titanium Aluminum

1.74 4.51 2.78

26.1 8.60 23.2

159 16.4 193

1.025 0.523 0.875

196 344 186

105 275 75.8

44.0 105 73.1

0.35 0.37 0.33

5,029 4,825 5,128
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there, he learned introductory technology skills (e.g., 
reading resistor color codes, soldering, and dressing wire 
harnesses). 

After moving to Swarthmore, PA, Ed developed a 
friendship with J. Gordon Holt, founder of Stereophile 
magazine, who—as fate would have it—lived across the 
street from Ed. Holt started publishing Stereophile maga-
zine in 1962. In 1966, Holt decided Stereophile’s winter 
issue would be a “Special Construction Issue.” The entire 
magazine featured a lengthy article written by Ed titled, 
“The Brute—A Super-Amplifier for the Do-It-Yourself 
Perfectionist” (see Photo 2). 

The article described Ed’s elaborate remake of Dynaco’s 
Stereo 70 vacuum tube power amplifier, which included 
separate power supplies for each channel, DC filaments, 
a delayed DC switch, sealed-oil-filled capacitors, and 
Holteck potted filament transformers all wired to “mili-
tary specifications.” This landmark construction article 
appeared at a time when DIY articles on audio equipment 
were appearing in magazines such as Audio and Popular 
Electronics, but no specific publication was dedicated to 
DIY. Unfortunately, Holt’s readers were not receptive to 
this kind of material, but it prompted Ed to start think-
ing there was a need for a publication dedicated to DIY 
audio. Holt agreed, and encouraged Ed by lending him 
Stereophile’s 5,000-person subscriber list. 

In 1970, Ed founded The Audio Amateur, leading 
with a power amp article by Reg Williamson, an author 
who would continue to write numerous articles for the 

magazine over the years. Ed chose the magazine’s title 
carefully—“audio amateurs” were individuals who pur-
sued their interest as an avocation, for pleasure and not 
for profit. The word “amateur” in no way implied sub-
standard or inferior work—far from it. Like those involved 
in the amateur radio field, Ed believed audio amateurs’ 
work should serve as models for the industry because 
of their designs’ excellence and quality of construction. 
Over the decades, Ed added some of the most respected 

Photo 2: In 1966, Stereophile magazine published Ed 
Dell’s construction article for a military-specification ver-
sion of the Dynaco Stereo 70 tube amplifier. Ed called it 
“The Brute.”
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names in the audio field to his masthead, including Walt 
Jung, Nelson Pass, and Erno Borbely, to name a few. 

Ed’s vision proved to be on target. After five years of 
publishing The Audio Amateur as a sideline to his “day 
job” with The Episcopalian, he moved the entire opera-
tion to Peterborough, NH. In August 1975, it became his 
full-time occupation. At first, he did everything himself. 
Then, he was approached by Karen Hebert, who told 
him: “You need me. I need to do all this typing for you.” 
Karen, whose qualifications included a degree in English 
from the University of London, became Audio Amateur 
Inc.’s first employee. For those of us who worked with 
the company over the years, Karen became an invaluable 
asset critical to the company’s success.

Ed thought there was enough interest in loudspeakers 
to warrant a separate magazine, so he launched Speaker 
Builder in 1980. His timing could not have been better. 
Within a few years, the PC would revolutionize loudspeaker 
design, and Speaker Builder offered articles at the fore-
front of this rapidly-evolving technology. Ultimately, Ed 
launched four more periodicals (see Photo 3). The maga-
zines included the short-lived Computer Smyth (1986), 
Glass Audio (1987), Voice Coil (1987), and MultiMedia 
Manufacturer (2003). In 1996, Audio Amateur was 
renamed Audio Electronics and changed from a quar-
terly to a bimonthly publication. Finally, in response to a 
changing economic and demographic climate, the three 
magazines—Audio Electronics, Speaker Builder, and 
Glass Audio—were combined into the single, monthly 
periodical audioXpress. In addition to the periodicals, 
Ed also published the Loudspeaker Industry Sourcebook
and World Tube Directory, as well as a long list of books 
that included the Loudspeaker Design Cookbook and 
Joseph D’Appolito’s Testing Loudspeakers (see Photo 4
and Photo 5, respectively).

My association with Ed began back in 1984 or 1985 
when Audio Amateur’s contributing editor Gary Galo 
suggested that Ed republish the original Loudspeaker 
Design Cookbook, which was five years out of print 
by this time. He had to do some searching to find 
me, as when I self-published the Loudspeaker Design 
Cookbook in 1977 and 1978, my name wasn’t fea-
tured in the book, mostly because the book was origi-
nally conceived as a promotional tool for my company, 
Speaker Research Associates (SRA). After some diligent 
detective work, Ed gave me a call and told me he 
wanted to republish the original Loudspeaker Design 
Cookbook. My response was that it was five years out 
of print and really needed to be updated. I suggested 
to Ed that he should send me all the old issues of Audio 
Amateur and Speaker Builder, and then as I rewrote 
the book, I would incorporate all the relevant refer-
ences from his magazines. All the Audio Amateur and 
Speaker Builder references would appear along with 
the other references to the Audio Engineering Society 
(AES), Acoustical Society of America (ASA), and 
Institute of Electrical and Electronics Engineers (IEEE), 
which I felt would add some well deserved credibility 

Photo 3: Ed’s company, Audio Amateur, published several 
periodicals over the years.

Photo 4: The Loudspeaker Design Cookbook is one of 
Audio Amateur’s most successful publishing efforts.

Photo 5: These are of few of the many books Ed Dell 
agreed to publish over the years, including Joseph 
D’Appolito’s Loudspeaker Testing.

to his publications. We agreed on this, and as they say, 
the rest is history.

My relationship with Ed was a symbiotic one. Publishing 
my books and hiring me as Voice Coil’s editor certainly 
contributed to making my career as a loudspeaker engi-
neer possible. Those same publications also contributed 
to the long-term success of Audio Amateur. But, beyond 
that, Ed was a good friend, even though we were prob-
ably in the same room only two or three times in our 
25-year-span spent working together.

On a more personal note, there is one thing that 
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always comes to mind when I think about Ed, which I 
believe says a lot about his affable personality. It is a 
little fridge magnet sign he sent me in 1997. This may 
not seem like much, but it was his way of announcing 
to me the release of the fifth edition of the Loudspeaker 
Design Cookbook (a big event for both of us). It reads 
“We’ll drink no wine before its time….IT’S TIME!” It’s 
still in my kitchen, as I’m sure it will remain until the 
time comes when someone has to write one of these 
for me.

The last thing I wish to leave all of you “dear read-
ers” (Ed liked that kind of language) is that I am not 
certain everyone in the loudspeaker and electronics 
industry, professionals and DIY persons alike, realize 
what a major affect Ed had on so many of us. I don’t 
think loudspeaker and electronics DIY would have 
ever grown as big as it is without Ed Dell’s insight into 
how important it is to create something yourself and 
turn that knowledge into a publishing company. He was 
quoted in an audioXpress interview as saying “the act 
of building is one of the most human activities you can 
do.” As far as loudspeaker engineering professionals 
go, I can’t begin to tell you how many I have met or 
corresponded with over the years who have confessed 
they got their start in the loudspeaker design business 
by reading Speaker Builder, the Loudspeaker Design 
Cookbook, and Voice Coil. Ed, from the bottom of my 
heart, thank you. Rest in peace, my friend.

Editor’s note: Much of the material for this description 
of Ed Dell’s life came from Gary Galo, Jan Didden, and 
from Ed Dell’s own writings.

ALMA Standards Report
In a global economy of rapidly emerging new tech-

nologies and markets, standards help set the rules 
and establish frameworks, making it easier to inno-
vate successfully. Standards are an important initia-
tive of the Association of Loudspeaker Manufacturing 
and Acoustics International (ALMA). 

Standards improve communication, consisten-
cy, correlation, and even the efficiencies of design 
and test processes. They keep us from constantly 
reinventing the wheel. For loudspeakers, standards 

exist for almost everything—from sizes, materials, 
and nomenclature to measurement of magnetic field 
strength, impedance, part dimensions, mechanical 
characteristics, reliability, and acoustic output. Using 
these standards enables us to technically communicate 
in a consistent manner and to concentrate our efforts 
on true innovation rather than decisions associated 
with the countless mundane characteristics required 
for every design (be it product, process, or test and 
measurement).

The new ALMA Standards Committee chairman, 
John Busenitz, replaced Spiro Iraclianos during the 
Winter Symposium Board of Directors annual meeting. 
Busenitz was on the committee and brings experience 
to his new position. He has been a longtime ALMA 
member and recently finished consecutive terms on the 
Board of Directors. 

ALMA is working on a definitive list of stan-
dards for the loudspeaker and acoustic indus-
tries published by several organizations including 
ALMA, Audio Engineering Society (AES), Electronics 
Industry Alliance (EIA), and the Consumer Electronics 
Association (CEA). In the last year, ALMA reviewed 
five standards, released four standards, and has 
one standard in progress. ALMA also plans to work 
with CEA to revise an EIA standard (details to be 
announced later). The initial draft of the long-awaited 
industry standards list has also been completed and 
is available at www.almainternational.org.

Released:
�� MG-001 – Measurement Guidelines for Diaphragms
�� MG-002 – Measurement Guidelines for Dust Caps 

and Whizzers
�� NP-002 – Dust Cap Nomenclature
�� DG-002 – Dimensioning & Tolerancing Guidelines 

for Dust Caps
�� MG-004 – Measurement Guidelines for Spiders

Reviewed:
�� TM-104 – Measurement of Diaphragm Neck ID
�� TM-114 – Measurement of Diaphragm Body Mass
�� TM-138 – Measurement of Diaphragm Assembly 

Mass
�� TM-213 – Measurement of Dust Cap Mass
�� TM-406 – Measurement of Spider Neck ID

In Process:
�� MG-003 – Measurement Guidelines for Voice Coils

If anyone has a suggestion for inclusion or would like 
to join the standards committee, contact John Busenitz 
at standards@almainternational.org.

LOUDSOFT Releases New FINE R+D 
Analyzer Software

LOUDSOFT recently released a new software update 
for the Fine R+D analyzer (see Photo 6). New user 

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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features incorporated in this update include:

�� Cursor readout
�� Automatic calibration
�� Offset, combine, and splice curves with level tracking
�� Normalizing of measurements
�� Even more intuitive display with text dragging
�� Advanced/simplified menus
�� Cosine/Hann and rectangular windows
�� Measurement with F3/F4 shortcut keys
�� Save time/data for later analysis
�� Global and individual phase view
�� Simplified input/output settings
�� Selectable auto delay with distance calculation
�� Save/show previous reflections and responses

For more information, visit www.loudsoft.com.

Photo 6: LOUDSOFT recently released new software for its 
Fine R+D analyzer.

Photo 7: Dayton Audio now offers a new commercial 
engineering (CE) series of small loudspeaker drivers.

Dayton Audio Introduces New 
Commercial Engineering Series Drivers

Dayton Audio has recently introduced its new commer-
cial engineering (CE) series of small loudspeaker drivers. 
Multiple sizes, types, and styles are available within 
the CE series driver family (see Photo 7). Each driver 
was produced to provide high-quality audio regardless 
of the overall system design goals, and to suit a wide 
spectrum of engineering requirements. These versatile 
yet economical loudspeakers are available in sizes from 
28 mm (1.125”) to 90 mm (3.5”) in diameter, and with 
power ratings from 1.5-to-5-W continuous RMS power. 
For more information, visit the Dayton Audio website at 
www.daytonaudio.com. VC
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 Spotlight
Tokyo Headphone Festival

Every May and October, about 4,000 headphone 
maniacs converge at the Stadium Place Aoyama, 

in Tokyo, Japan, for the Tokyo Headphone Festival. 
Sponsored by audio gear retailer Fujiya-Avic, the festi-
val includes five floors of exhibits, demonstrations, and 
presentations, with the focus on high-end earphones 
and headphones. Related accessories including audio-
phile-grade portable MP3 players, headphone ampli-
fiers, “magical” audio cables (so we are told), and high-
comfort eartips are also featured at the show. Since 
Pablo is more of a photographer than a writer, he will let 
the pictures tell the story of the October show. Nora will 
provide the headphone market overview. 

Voice Coil readers are aware that many of the rev-
enue-producing products loudspeaker manufacturers 
have relied on have seen sharp declines. The autosound 
aftermarket for speakers dropped as OEM car audio 
rose, and the whole-house audio in-wall and in-ceiling 
speaker sales have declined with the drop in the housing 
market. Two-channel and home theater audio sales also 

have decreased, but they are certainly still viable prod-
ucts for many companies. Recently, the biggest gains in 
loudspeaker sales have come from soundbars, docking 
stations, and wireless speakers. However, in the midst 
of all the declines, headphone and earphone sales are 
rapidly growing, both in quantities and rising price points. 

The market research firm NPD Group reported that 
US sales of headphones above $100 more than doubled 
in 2011, outpacing the rate of growth. Models priced 
above $100 have doubled their unit share to 6%, and 
now account for more than $342 million in sales through 

Photo 1: Ferrari headphones? The cost and appearance are 
awesome. As for sound quality, the headphones don’t quite 
meet “Ferrari” standards.

By Pablo Tobiano and Nora Wong
�������	
�����
�
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November of 2011. Retailers sold nearly a million more 
units of $100-plus headphones through November in 
2011 compared to the same period in 2010, which 
accounted for almost $200 million in additional sales. “The 
earphones category as a whole has exhibited growth this 
year when other key CE categories have not,” said Ben 
Arnold, director of industry analysis at NPD Group. “As 
expected, consumers have begun to look for better quality 
audio listening devices to go with all of the music, video, 
and other content they’ve collected. Manufacturers have 
begun to market sound quality to consumers as a way to 
differentiate more premium products. The growth in the 

$100 plus price segment shows buyers have responded 
to this trend.”

Audio brands do not have a chance to directly share 
the smartphone, laptop, and tablet mobile electronics, 
but the market for “attachment peripherals” is awe-
some. NPD Group reported 29% of premium ($100 plus) 
headphones were connected to a tablet this year, which 
was nearly triple the attachment rate of 2011, according 
to  NPD Group’s “Headphones: Ownership & Application” 
study. What is even more hopeful is that the percentage 
of premium headphones connected to tablets (now in 
one in five homes in the US) tripled in 2012.

Another headphone trend is the shift from the $100 
price point to $200 plus becoming stronger and more 
mainstream. The recent influx of headphones at the 
$300 price level shows where the customers will head. 
The Tokyo Headphone Festival is all about products tar-
geting  the higher end of the market and offering unique 
and boutique features, construction and functions (see 
Photos 1–5). The next Tokyo Headphone Festival will be 
in May 2013 and we will be there! VC

Photo 2: In the land of cuteness and Hello Kitty, these 
Marshall headphone amplifiers are styled like miniature 
Marshall guitar amps.

Photo 3: Audiophiles, especially of the headphone persua-
sion, love tubes for their amplifiers. However, there are no 
portable tube headphone amplifiers with car batteries yet.

Photo 4: Earphones of micro-miniature, watch-like 
construction are shown with push-pull opposing drivers 
for distortion canceling.

Photo 5: You can custom build a portable headphone 
amplifier into your favorite breath mint case.
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 Spotlight
Wanstonic Electronics
������������
���������	
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At the end of March 2013, my travels brought me to 
Wanstonic Electronics, a headphone and earphone 

manufacturer that has gradually transformed from a 
Taiwan OEM to a modern Design and Manufacturing 
Service (DMS) provider. After years of expansion, 
Wanstonic currently operates three production facili-
ties in China. Its R&D centers and production sites are 
in Taipei, Dongguan, and Suzhou and the company 
employs more than 1,000 employees. 

For the last three decades, Wanstonic has gained 
expertise in the electroacoustic industry. Its product 
offerings include headphones, headsets, microphones, 
speakers, microspeakers, walkie-talkies, and Bluetooth 
products. Integration services include product and 
electroacoustic design, component procurement, man-
ufacturing, and production.

The Wanstonic team offers a full range of ser-
vices. Backed by product development experience 
and creative designs, it has strong Japanese, US, and 
European brands for customers and has experienced 
stable corporate growth. I have a half-dozen clients 
who chose to use Wanstonic in the last few years. One 
project required extremely tight tolerance in binning 
transducers for an active noise cancellation (ANC) 
application. Another project was a unique zipper ear-
phone, which involved complex coordination between 
specialized supplier vendors. 

Wanstonic Electronics was founded in Taiwan in 
1978 as Palm Garden Enterprises. The Chinese opera-
tion was established in Dongguan, China under the 
Wanstonic name in 1991. In those days, China required 
a separate business entity with a different name. I 
remember from my visits back then having to buy 
foreign exchange currency (FEC) as foreigners were 
not permitted to have Chinese currency. Non-Chinese 
visitors were only allowed to stay at “Friendship” 
hotels, eat at “Friendship” restaurants, and shop at 
“Friendship” stores. Imagine how tough it must have 
been to establish a factory!

Now, after 35 years, Wanstonic is still a family-run 
business. Jenny Tsai, the sales manager and founder’s 
daughter, recounted how the company began. “It all 
started with my father, Richard K.C. Tsai. The reason 
he entered the sound business was because he had a 
chance to invest in a Japanese electronics company in 
1972 called Makuichi. After a few years with Makuichi, 
he had learned a lot and believed in the theory that 
‘sound will never die.’ Richard decided to start his own 
company in 1978 to make earphones and headsets. 
Today, Richard still runs the show and can be seen mon-
itoring the production lines, dropping in on engineering 

and sales meetings, and ensuring all is shipshape. The 
general manger, Chung Huan Pai, joined the company 
in 1997 after he graduated from college in the US. At 
Wanstonic, his role is Richard’s helpful right hand and 
true brother.”

Jenny Tsai, Richard’s first daughter, joined the com-
pany in 1998. She grew up in Canada with a multicul-
tural background. She is fluent in English and has a 
Western perspective, yet she can communicate cus-
tomers’ sensibilities to the Chinese team. Linda Tsai, 
Richard’s second daughter, joined the company in 1998 
and works in administration and finance for her mother.

Tom Tsai, the youngest member in the family, runs 
the design center in Pasadena, CA, while studying at the 
Art Center College of Design in Los Angeles, CA. With 
his training and school experience, new ideas have been 
infused into company products. 

Richard Tsai pointed out that with such a competi-
tive market, the company needs to be careful about 
each decision and move. He believes that Wanstonic 
should know its place in the supply chain and respect 
its customers’ place in the market. Specifically, brand-
ing should be left to the professional marketing people 
and Wanstonic will never compete with its customers. 
Instead, Wanstonic plans to focus on ongoing improve-
ments to its services and production quality and innovate 
new technologies. With this philosophy, Wanstonic plans 
to be a factor in the audio business far into the future.

I visited Wanstonic’s Dongguan campus, which is 
its oldest factory site. While the buildings are mature, 
there are new and advanced technologies in the Tooling 
Development Center. The plastic injection facilities are 
fast and the tooling yields well-finished parts. The paint 
spraying and printing center is new and semiautomated, 
translating to short lead times, quality production, and 
rapid, innovative product design and development.

Photo 1: Here is the front entrance to Wanstonic Electronics’s 
facility in China.
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Certifications 
Palm Garden (Wanstonic) acquired ISO-9001 cer-

tification in 1998, which is proof of its enhancement 
of OEM/ODM manufacturing efficiency. Following the 
worldwide environmental protection trend, Palm Garden 
(Wanstonic) also obtained its ISO-14001 certification 
in 2004. Furthermore, to meet the increasing environ-
mental protection regulations (e.g., RoHS and REACH) 
Wanstonic’s environmental lab has a full set of advance 
testing equipment including a gas chromatography/mass 
spectrometry (GC/MS) X-ray analyzer, and inductively 
coupled plasma-optic emission spectrometer (ICP-OES), a 
UV spectrophotometer, and a microwave platform system.

Factory Tour
I have visited Wanstonic’s operation many times for 

projects for our clients (see Photo 1 and Photo 2). Its 
factory is vertically integrated, with injection molding, 
cable assembly, and coil winding to final assembly and 
testing in-house. Online 100% QC with sunlight response 
analyzers and pass/fail ensure products are made to 
Wanstonic’s and customers’ acceptance specifications. 
The engineering lab is equipped with a Listen Soundcheck 
analyzer, a small anechoic chamber with the B&K Hats, 
and a range of earphone and headphone couplers to pro-
vide full acoustic test capabilities.

Headsets, Headphones, Bluetooth, and 
Earbuds

For decades, Wanstonic has designed and manufac-
tured earphones. About five years ago, it expanded into 
headphones and Bluetooth. The company’s product line 
includes quality stereo, over-the-ear, on-the-ear, open- 
and closed-back, gaming, and headsets (with boom 
microphone), some with USB interface, and Bluetooth 
stereo headsets (see Photo 3). Now, the company is 
introducing Bluetooth with Apt-x and NFC products. 
Wanstonic’s pricing is comparable to inexpensive prod-
ucts, yet its sound quality and construction and produc-
tion stability match its more expensive competition. I 
have brought a half-dozen projects here over recent 
years (including one “mission impossible”) and I have 
never been disappointed.

Visiting Wanstonic 
As with any factory visit, give the company a few 

weeks’ notice, especially during the big trade show times 
in April and October. To schedule a visit, contact Jenny 
Tsai at jenny@palmgarden.com.tw. 

Coming from the US, you can fly to Hong Kong 
International Airport (HKG) and then take a high-speed 
ferry to the port of Humen (Dongguan). Once you land at 
HKG, you can catch the ferry without going through cus-
toms, thereby saving some time. The ferry ride is about 
an hour and customs at the ferry port is fast and pain-
less. There are also international flights to Guangzhou 
(e.g., China Southern from Los Angeles to Guangzhou). 
If you are visiting from Asia, consider flying to Shenzhen 

Bao’an International Airport, which is near the FuYong 
ferry port. 

When visiting Wanstonic in Dongguan, the com-
pany is located near the city center known as Urban 
Dongguan. For more information, visit www.wanstonic.
com or www.palmgarden.com.tw. VC

Photo 2: Wanstonic’s reception area is bright and airy.

Photo 3: Wanstonic’s earphone production area now 
includes Bluetooth stereo headsets.
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 Directory
Earphones and 
Headphones Directory
By Nora Wong and Maria Markowski 
�������	
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Voice Coil has expanded its loudspeaker focus to 
include earphones and headphones. This directory 

is a survey of many earphone and headphone manufac-
turers that do OEM and ODM work. 

Many speaker brands have added, or are in the process 
of adding, earphones and headphones to their speaker 
product lines as earphones and headphones are one of 
the few bright spots in a down audio market. The iPod 
brought in the “Golden Age” of earphones. However, 
smartphones with integrated MP3 players brought stereo 
earphone production into more than a billion stereo units 
per year. The inexpensive “throw-away” in-box earphones 
created a huge aftermarket for quality earphones (most 
with integrated microphones and remote control) for 
smartphones. More shelf space in Apple stores are dedi-
cated to earphones than any other peripheral.

The market for premium in-box earphones was created 
last year when HTC bought half of the Beats brand to bun-
dle Beats’s earphones with its smartphones. Traditionally, 

the retailers and carriers discouraged quality or stylish 
in-box earphones as this cut into the high-profit business 
of aftermarket earphones. The future of premium in-box 
earphones is open to interpretation.

Headphones double as audio and fashion accessories 
with some headphone selections based on appearance 
rather than sound quality or comfort. Most headphones 
also include a microphone and a remote control cable for 
smartphone connection. This is a 2013 directory of the 
key vendors for earphones and headphones.

AAC Technologies | ID8 Mobile 
Headquarters: Nanshan District, Shenzhen, China
Contact: Candice Liu (candiceliu@aactechnologies.com)
US Office: Natick, MA
Contact: Stuart Nixdorff (Senior Vice President and 
Managing Director, stuartnixdorff@aactechnologies.com) 
www.aacaoustic.com

Antonio Precise Products Manufactory (ATO)
(Shatin, Hong Kong)
Factory Information: Antonio Technology (ShenZhen) Co. 
(Guangdong Province, China) 
Contact: Venus Lam (Marketing Executive, venus.cy.lam
@antonio.com)
www.antonio.com

AV Leader (Taipei, Taiwan)
Contact: Rosana (sales@avleader.com.tw or avleader@
hotmail.com)
www.avleader.com.tw

Brannew Fantail Electronics Co. (Taipei City, Taiwan)
Contact: fantail@fantail.com.tw; fantail@ms23.hinet.net 
www.fantail.com.tw

Cobalt (Fo Tan, Hong Kong)
Factory Information: Guangdong Province, China
Contact: info@cobalt.com.hk
www.cobalt.com.hk 

Cotron Corp. (Taipei City, Taiwan)
Contact: cotron@cotron.com.tw
www.cotron.com.tw 
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Palm Garden Enterprises Corp. | Wanstonic 
Electronics, Ltd. (New Taipei City 231, Taiwan)
Contact: Jenny Tsai (Sales Manager, jennytsai@palm 
garden.com.tw)
www.palmgarden.com.tw 

Wanstonic Electronics (Dong Guan) Co. (Dongguan 
City, Guangdong, China)
Contact: sales@palmgarden.com.tw 

Shenzhen Horn (Baoan, Shenzhen, China)
Contact: Ed Springer (Sales Manager, ed.springer@horn.
com.cn or espringer4@cox.net )
Contact: inquiry@szhorn.com or webmaster@szhorn.com
www.szhorn.com

TOONG IN Electronic Corp. (New Taipei City, Taiwan)
Contact: Janah Huang (Sales, janah@toongin.com)
www.toongin.com 

Weide Electronics (Huizhou, Guangdong, China)
Jerry Wei (Business Director, jerry@weide96.com)
www.weide96.com 

Yoga Electronics Co. (Taipei City, Taiwan)
Contact: Scott Wang (Sales Manager, scott.wang@yoga.
com.tw/yoga1985@yoga.com.tw) 
www.yoga.com.tw VC

ESTec America (Des Plaines, IL)
Korea Head Office: Kyungnam, Korea
Heera Schuch (Sales Director, heera@estec.co.kr)
www.estec.co.kr 

Fujikon Industrial Holdings
Contact: Kathy Yeung (kathy.ky.yeung@fujikon.com)
www.fujikon.com 
Hong Kong Office: Shatin, Hong Kong
Contact: info@fujikon.com 
Taiwan Representative Information: Taipei, Taiwan
Contact: taiwan_office@fujikon.com   

Gettop Acoustic Co. (Shandong, China)
Contact: sales@gettopacoustic.com
www.gettopacoustic.com 

GoerTek (Shandong 261031 China)
Contact: marketing@goertek.com/marketing-ecap
@goertek.com
www.goertek.com 

Grand Will Enterprise Co. (Dongguan City, Guangdong 
Province, China) 
Contact: willltd@pub.dgnet.gd.com

Hosiden Corp. 
Japan Head Office: Osaka, Japan
Contact: Shinji Hombo (Director)
www.hosiden.com.jp 

Hosiden America Corp.
US Office: Schaumberg, IL 

Hosiden Technology (Qingdao) Co. 
Factory Information: Qingdao City, Shandong, China

INNacoustic (Kwan Tong, Kowloon, Hong Kong) 
Contact: marketing@innacoustic.com.cn
www.innacoustic.com 

Kingstate Electronics Corp. (Taipei County, Taiwan)
Contact: Charlotte Yeh (Sales Division, Vice President, 
charlotteyeh@kingstate.com.tw)
www.kingstate.com.tw

Merry Electronics Co. (Taichung City, Taiwan)
Contact: Charlie Yang (Senior Manager, charlie.yang       
@merry.com.tw)
www.merry.com.tw 

OCVACO Electronic 
Contact: Michael So (Sales Manager, michaelso@ocvaco.
com.hk)
China Headquarters: Zhongshan City, Guangdong, China
Hong Kong Office: Kowloon Bay, Hong Kong
Factory Office: Guangzhou, China
www.ocvaco.com/www.globalsources.com/ocvaco.com
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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 includes new patent applications that are 
published in the Patent Application Journal.

METHOD OF USING AN AUDIO DEVICE FOR 
IMPROVING SOUND REPRODUCTION AND 
LISTENING ENJOYMENT
Patent Number: US 8,391,516
Inventors: Edward Stuart Fletcher (Torquay, GB)
Assignee: Airsound LLP (Torquay, GB)
Filed: August 14, 2008
US Classes: 381/151
Granted: March 5, 2013
Number of Claims: 15
Number of Drawings: 4

Abstract from Patent
A method of using an audio device for improving 

a user’s listening experience. The audio device has a 
transducer for producing output sound and the method 
comprises the steps of driving the transducer to produce 

an output sound and placing the audio device against 
the user’s body so that the user experiences a physical 
response to the sound while simultaneously listening to 
the audio device (see Figure 1). The audio device may 
be arranged to produce a resonance in a part of the 
user’s body. Preferably the audio device is positioned on 
the user’s chest to produce a resonance in the chest cav-
ity of the user’s body. The audio device may comprise a 
sum and difference speaker system.

Figure 1: This shows two figures for the US Patent 
8,391,516, including a view of the audio device (a) and 
optimum placement on the user’s body (b).

a) b)
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Independent Claims
1. A method of using an audio device for improving 

a user’s listening experience, the audio device having 
a transducer for producing output sound, the method 
comprising the steps of: driving the transducer to 
produce an output sound, wherein the transducer is 
a mono loudspeaker; and placing the audio device 
against the body of the user so that the user experi-
ences a physical response to the sound while simul-
taneously listening to the audio device, wherein the 
audio device has a second transducer for producing 
output sound and wherein the second transducer is a 
dipole loudspeaker; and driving the second transducer 
to produce an output sound, wherein the dipole loud-
speaker lies adjacent and spaced apart from the mono 
loudspeaker in substantially the same plane as the 
mono loudspeaker and the dipole loudspeaker is dis-
posed in a cavity which divides the dipole loudspeaker 
into a first portion and a second portion each of which 
serves as a duct, and the first portion is above the 
dipole loudspeaker and the second portion is below 
the dipole loudspeaker wherein the transducer is 
arranged to produce a resonance in a chest cavity of 
the user’s body.

Reviewer Comments
Here is Ed Fletcher’s latest device. Fletcher has 

approximately a half-dozen patents on new types of 

miniature desktop and wearable loudspeaker systems 
that deploy various forms of L+R/L–R acoustic matrix 
arrangements to develop spatialization capability from 
small devices. Portable music players have been known 
in the art for many years. 

In more recent years, the trend has been for portable 
music players to be based on digital audio files that can 
be stored on relatively small hand-held devices, such 
as flash-memory players, personal digital assistants 
(PDAs) and mobile telephones. In most cases, however, 
the user of the player typically listens to the music via 
“in-ear” style headphones or low-power loudspeakers 
built into, or attached to, the player. Although the sound 
reproduced by such players, particularly with lossless 
recording, is usually of good quality, it is generally not 
possible for the user to experience the low-frequency 
physical impact and spatialization of the original record-
ing due to the inherent limitations of the headphones 
and built-in loudspeakers typically used with portable 
music players. 

Human audio perception is principally a function 
of the ears and the quality of any reproduced sound 
will depend largely on how the user hears that sound. 
However, with high-quality loudspeaker systems, a sig-
nificant proportion of the sound is also sensed by other 
parts of the body. Low-frequency sound components, 
typically in the frequency range below approximately 
500 Hz, are also sensed via vibrations through the body, 
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with the chest area being a particularly sensitive region 
to low-frequency vibrations. 

With this in mind, the inventor’s idea is that if a user 
is able to “feel” as well as hear a reproduced sound, 
then it is believed that their perception of that sound is 
significantly improved, thereby leading to a much more 
enjoyable listening experience. However, due to the 
typically limited low-frequency response and generally 
low fidelity of headphones and integral loudspeakers of 
portable music players, low-frequency vibrations are 
usually not induced in the user and, therefore, they do 
not usually sense or “feel” the low-frequency compo-
nents of the reproduced sound. As a result, the user 
only typically experiences the sound with limited low-
frequency information, which means that little or no use 
is made of the body’s natural response to the sound, 
thereby diminishing the user’s overall enjoyment of the 
music. Moreover,  typical headphones and integral loud-
speakers of portable music players are generally limited 
in their ability to reproduce the potential spatialization 
of a stereo recording, either due to the “in-head” qual-
ity of headphones, or the lack of separation delivered 
from built-in loudspeakers in portable devices.

The invention is based on a simple pair of concepts that 
can result in a rather effective solution. The basic idea 
is that the device is to be worn resting on one’s chest, 
suspended down from the neck by a lanyard. Placed in 
this position enables for two aspects of the invention 
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to be realized: tactile transduction and spatialization. 
Placed on the chest, the system has a low-frequency 
transducer that is oriented inward against the body. The 
idea is to create a tactile low-frequency enhancement 
that, besides depending on physical contact, also is said 
to utilize the naturally available cavity resonance of the 
chest cavity to further enhance the body sensation of low 
frequencies. This enhancement of low-frequency output 
by way of physical impact is also recommended as a type 
of tactile woofer used to enhance low-frequency percep-
tion with headphones.

A secondary inventive aspect of the device, and poten-
tially the more significant one, is that of a system that 
provides spatialization by way of a sum and difference 
system of a Left plus Right or “sum” L+R output speaker 
combined with a difference signal output, or L–R to the 
left and R–L to the right, delivered by a single dipole 
transducer as a secondary output interacting with the 
L+R output to spatialize the program material as it is 
produced along the pathway from the device to the ears.

Often the limitation of spatialization systems is that 
they are only effective for a single, central listener and 
for anyone seated away from the centerline the effect 
diminishes, or collapses completely. A simple and effec-
tive aspect of this device is that because it lies centered 
on the chest, it is always inherently centered on the 
listener’s ears, and therefore can be more effective at 
maintaining effective, stable spatialization, creating a 

www.wavecor.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.



MAY 2013 23

spacious sound field appearing in front and spatialized to 
the far left and far right of the listener’s head.

Various signal processing aspects are discussed relative 
to optimizing the spectral balance after the sum and differ-
ence matrix, particularly regarding the low-frequency loss 
caused by the dipole difference signal interacting with and 
attenuating the lower frequencies of the L+R transducer.

All in all, it is a clever little system that should provide 
an expanded sound field compared to conventional min-
iature devices with built-in microspeakers. In terms of 
the invention’s haptic aspects with the tactile vibrations 
against the chest, the benefit is questionable. First, the 
patent suggests that the vibratable bandwidth that is 
used against the body is mostly from 200 Hz to 1 kHz, 
which rather than providing more convincing bass could 
easily become more of a vibrating irritant against one’s 
chest. Tactile systems below 40 Hz are one thing, but a 
200-Hz buzzer against one’s chest does not sound like 
a desirable attribute. Second, a small device hung by a 
lanyard is not going to remain pressed against the chest 
providing a consistent effect.

However, if one could imagine that these issues could 
have workarounds or improvements (e.g., a separate 
tactile transducer that vibrates at a much lower fre-
quency) even though acoustic output would be reduced, 
the physical impact could be more convincing. It will be 
interesting to experience one of these devices and see 
how the concept is improved in the future. VC
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Test Bench

Photo 1: Beston Technology’s RT004A ribbon tweeter

Figure 2: Beston RT004A on-axis frequency response
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Beston’s Horn-Loaded Ribbon 
Transducer and Tang Band’s 
Full-Range Driver 
By Vance Dickason

This month, I received the RT004A, a high-frequency 
horn-loaded ribbon tweeter from Beston Technology, 

and Tang Band’s 0.75” full-range dome with an enclo-
sure and passive radiator to extend the low-frequency 
performance.

The RT004A
The first driver put to the test was Beston Technology’s 

RT004A ribbon tweeter (see Photo 1). As I mentioned 
last month when I examined the Beston RT002A, Beston 
was founded in 2002 in Taipei, Taiwan. Since its inception, 
Beston has focused on high-frequency ribbon devices using 
a Kapton substrate. 

The Beston RT004A is a closed-back ribbon tweeter with 
two 7-mm × 112-mm apertures. Its features include a thin 
laminated aluminum diaphragm, an injection-molded horn-
loaded faceplate, a stamped metal chassis, a neodymium 
(Nd-Fe-B) magnet, with a 60-W power handling rating (using 
a third-order at 1.5-kHz network), and a pair of solderable 
terminals.

I began analysis by performing a 300-point imped-
ance curve (see Figure 1). As is common with ribbon 
devices, this transducer has only a slightly defined 
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Figure 3: Beston RT004A on- and off-axis horizontal 
frequency response (0° = solid black; 15° = dot blue; 
30° = dash green; 45° = dash/dot purple)
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Figure 1: Beston RT004A impedance plot

Figure 4: Beston RT004A on- and off-axis vertical frequen-
cy response (0° = solid black; 15° = dot blue; 30° = dash 
green; 45° = dash/dot purple)
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Figure 5: Beston RT004A two-sample SPL comparison

1.68-kHz resonance. Minimum impedance for this 
��������	�
�����������������������	��	��������������
�
��
direct current resistance (DCR).

Next, I mounted the RT004A in an enclosure with a 
8” × 15” baffle area and measured the on- and off-axis 
sound pressure level (SPL). I set up the LMS analyzer to 
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produce a 100-point 2.83-V/1-m gated sine wave sweep 
from 300 Hz to 40 kHz. I tracked the data in the horizontal 
and vertical planes with 0°, 15°, 30°, and 45° sweeps. 
Figure 2 shows the Beston RT004A’s on-axis response. 
The RT004A’s frequency response is ±2.2 from 1.9 to 
11 kHz, with the driver’s second-order low-pass roll-off 
starting at about 12 kHz. Beston specifies sensitivity at 

102 dB, and the SPL varies between 101–105 dB in the 
operating range.

Figure 3 shows the on- and off-axis frequency response 
in the horizontal plane, revealing the constant directivity 
radiation pattern. Since the aspect ratio of the RT004A’s 
aperture is high, as are the majority of ribbon transducers, 
there is substantial directivity in the vertical plane, as seen 
in the vertical on- and off-axis plot (see Figure 4). The 
two-sample, SPL comparison is shown in Figure 5 indicat-
ing that the deviation between the two samples was 1 dB 
or less throughout this driver’s operating range.

For the last group of measurements, I set up Listen’s 
SoundCheck SoundConnect analyzer (using SoundCheck 
11 software—more about this next month) with the SCM 
microphone and SoundConnect preamp/power supply. 
Using the built-in pink noise generator and SLM utilities, 
I set the SPL to 104 dB/1 m (4.2 V). Then, I relocated 
the 0.25” SCM microphone to 10 cm from the Beston 
RT004A’s faceplate and ran the distortion curves shown 
in Figure 6.

For the last Beston RT004A ribbon tweeter measure-
ment, I performed an impulse measurement and imported 
it into the Listen SoundMap software. I windowed out 
the room reflections and created the cumulative spectral 
decay (CSD) plot and the short-term Fourier transform 
(STFT) (see Figure 7 and Figure 8, respectively). For 
more information on Beston’s high-frequency horn-loaded 
ribbon tweeter, visit www.ribbonspeaker.com.tw.

Figure 6: Beston RT004A SoundCheck distortion plot
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ang

Figure 11: Tang Band T1-1931S factory on-axis frequency 
response

Figure 10: Tang Band T1-1931S on-axis frequency response
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Figure 12: Tang Band T1-1931S on- and off-axis fre-
quency response
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the dome (see Photo 2). Other features include a 20-mm 
voice coil diameter, XMAX = 1.2-mm, 76-dB 1-W/1-m sen-
sitivity, F0 = 170 Hz, QTS = 0.46, and a 170-Hz-to-20-kHz 
operating range. The T1-1931S is the same driver designed 
in its own 14-mm × 35-mm × 87-mm composite enclosure 
with a built in 11-mm × 29-mm diaphragm wide surround 
passive radiator. With the enclosure and PR, the system 

Photo 2: Tang Band’s T1-1931S full-range passive radiator 
system features a small enclosure.

The T1-1931S
Voice Coil’s March 2013 issue featured a report on the 

new Tang Band T1-1942S full-range passive radiator sys-
tem, an enclosed version of Tang Band’s W1-1942S 1” full-
range dome device. This month I received the T1-1942S’s 
“little brother,” the T1-1931S. Like the T1-1942S, the 
T1-1931S is based on the 0.75” version of the W1-1942S, 
the W1-1931S. These are all described as full-range sys-
tems, but the T versions use a small enclosure with a pas-
sive radiator to extend the low-frequency response.

As with the W1-1942S, the W1-1931S has a wide santo-
prene surround and a 0.75” diameter polypropylene dome 
with a cloverleaf elastomeric damping material that overlays 

Figure 9: Tang Band T1-1931S impedance plot
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Figure 15: Tang Band T1-1931S near-field response
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Figure 14: Tang Band T1-1931S two-sample SPL 
comparison
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Figure 13: Tang Band T1-1931S normalized on- and 
off-axis vertical frequency response
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Figure 16: Tang Band T1-1931S SoundMap CSD graph
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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 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 infor-
mation to explain the functioning of the transducer. 
Include details on the materials used to construct 

Submit Samples to Test Bench

range is extended from 170 to 105 Hz (105 Hz to 20 kHz). 
Suggested applications include portable audio, soundbars, 
and multimedia. Both devices use patented technology, 
although exactly what is patented is not specified in either 
product’s literature.

I commenced testing the Tang Band’s T1-1931S by 
using the LinearX LMS analyzer to run a stepped sine 
wave impedance plot. Figure 9 shows the LMS 300-point 

Figure 17: Tang Band T1-1931S SoundMap STFT plot

Figure 18: Tang Band T1-1931S SoundCheck distortion plot

the transducer (e.g., cone material, voice coil former 
material, and voice coil wire type). For woofers and 
midrange drivers, include the voice coil height, gap 
height, RMS power handling, and physically mea-
sured Mmd (complete cone assembly, including the 
cone, surround, spider, and voice coil with 50% of the 
spider, surround, and lead wires 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

impedance sine wave sweep’s result. The 0.75” full-range 
passive radiator system exhibits the typical vented-type 
twin-peak impedance profile that has a 117-Hz tuning 
�������"���'���*�*��*<����"���������	�����"���	�>�������
1.1 kHz with a measured RE�[�>�
\���

After completing the impedance measurements, I 
mounted the small enclosure on a large baffle that mea-
sured about 8” × 12”, placed it on the measurement stand, 
and measured the on- and off-axis frequency response at 
2.83 V/1 m. Figure 10 shows the on-axis response. The 
frequency response for the T1-1931S is smooth and is 
±2.4 dB out close to 10 kHz. Obviously, this will be baffle 
dependent, with a flatter response on a larger baffle (e.g., 
the factory response shown in Figure 11). Sensitivity is 
rated at 76 dB, which is about right for this transducer.

Figure 12 shows the TB T1-1931S module’s on- and 
off-axis response. As with the T1-1942S, off axis the device 
is substantially better than most 0.75” domes. Figure 13
shows Figure 12’s normalized version. In terms of produc-
tion consistency, the two-sample SPL comparison is shown 
in Figure 14, indicating the two samples were well matched 
within about 1 to 1.5 dB.

The last SPL measurement I performed was a near-field 
type with the measurement microphone placed between the 
dome and passive radiator (see Figure 15). F3 was about 
83 Hz, hence Tang Band’s published 105-Hz-to-20-kHz oper-
ating range. Tang Band suggests using a high-pass filter at 
100 Hz for the T1-1931S.

Next, I used the Listen SoundConnect analyzer and 0.25” 
SCM microphone to measure the impulse response with the 
tweeter recess mounted. Importing this data into the Listen 
SoundMap software produced the CSD (waterfall) plot in
Figure 16. Figure 17 shows the STFT displayed as a surface 
plot. Last, I used the SoundCheck noise generator and SLM 
utilities to set the 1-m SPL to 94 dB (7.6 V), and the sweep 
range to 200 Hz to 20 kHz. I measured the second- and 
third-harmonic distortion at 10 cm (see Figure 18). I per-
formed the measurement to show the relationship between 
second- and third-harmonic distortion; however, correlation 
to subjective preference based on THD is not well established. 
For more information on this interesting new transducer, visit 
www.tbspeaker.com. VC
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fires through a narrow slot resulting in a wide horizontal 
dispersion angle and a narrow vertical dispersion angle. It 
should be noted that a narrow vertical dispersion pattern 
is part of the certification standard applied to THX-certified 
home theater speakers. The configuration described in 
the patent is alleged to have been incorporated into the 
Apple iPad, the iMac, the iPhone 4, and other select Apple 
products. THX maintains that the infringement caused 
monetary damage and irreparable harm to THX. Apple’s 
last day to meet and confer with THX counsel and the 
court over initial disclosure, an early settlement, and 
other stipulations is May 14, 2013. The deadline for initial 
disclosures is June 7, 2013. The initial case management 
conference is scheduled for June 14, 2013.

Quadrant Hires Former Thiel Execs
Quadrant Solutions, a supplier of permanent mag-

nets and magnetic assemblies, has appointed former 
Thiel Audio executives Kathy Gornik and Dawn Cloyd 
to identify additional opportunities for the company in 
the consumer electronics industry. Kathy Gornik co-
founded Thiel Audio, a high-performance loudspeaker 
manufacturer based in Lexington, KY. Gornik was par-
tially responsible for Thiel’s company vision, direction, 
policies, and marketing strategy, garnering numerous 
business and industry awards. Gornik also had a leader-
ship role in the electronics industry, serving on an array 
of boards and committees for the Consumer Electronics 

Dispute Focuses on Patent
THX filed a lawsuit against Apple Corp. in US District 

Court, Northern District of California, San Jose, CA, on 
March 14, 2013, alleging that Apple is using patented 
THX speaker technology in select iOS mobile devices and 
in iMac PCs. The patent in question is a 2008 THX US 
Patent 7,433,483 for a slot-loaded speaker that can boost 
sound output by controlling directivity (see Figure 1). 
The patent specifically describes a woofer whose output 

Industry Watch
By Vance Dickason

Figure 1: The 2008 THX US Patent 7,433,483 for a 
slot-loaded speaker is at the center of a lawsuit THX filed 
against Apple.
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Most low frequency drivers smear, distort, or alter their input 
waveform. Ultimax DVC subwoofers sweep a higher volume 
of air while preventing false, deceptive reproduction.
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larger screening rooms and 
dedicated home theaters. 
The CR-2 includes a 15” 
woofer, two 8” midranges, 
and a proprietary horn-
loaded air-motion trans-
former tweeter—all sourced 
from premium European 
professional driver manu-
facturers (see Photo 1). 
It is the company’s loud-
est loudspeaker to date, 
exceeding 120 dB at 1 m. 

New for Triad is CR-2’s 
diffraction control technol-
ogy (DCT) baffle design. 
The curved design mini-
mizes diffraction and reso-
nances, acts as an acoustic 
diffuser, and can be an on-
wall or freestanding speaker. At 46” (H) × 31” (W) × 
10” (D), the CR-2 fits behind an acoustically transparent 
film screen or an 11” deep stretched-fabric wall. It can 
be wall mounted with up to 12° of toe-in adjustment or 
used as a freestanding product with the optional floor 
mount. Finishes include flat black, real wood veneer, 
and custom colors. The CR-2 costs $15,000. Availability 
is planned for spring 2013. VC

Association (CEA) from 1995 to present. Gornik sold Thiel 
in November, 2012. Cloyd worked with Gornik at Thiel 
for more than 12 years. They left after the company was 
sold. Quadrant is a US-based company with more than 
20 years in the magnet industry, specializing in magnetic 
materials and magnetic assemblies worldwide.

AES Call for Papers
The 135th Audio Engineering Society (AES) Convention 

will be held October 17–20, 2013 at the Jacob K. Javits 
Convention Center, New York, NY. A call for papers and 
engineering briefs has been issued. Authors may submit 
proposals in three categories:

�� Complete-manuscript, peer-reviewed convention 
papers (submit at www.aes.org/135th_authors)

�� Abstract précis-reviewed convention papers (submit at 
www.aes.org/135th_authors)

�� Synopsis-reviewed engineering briefs (submit at www.
aes.org/135th_ebriefs)

Submissions for the first two categories must be elec-
tronically submitted by May 16, 2013. For more informa-
tion, visit www.aes.org.

Triad Offers New Loudspeaker System
Custom loudspeaker manufacturer Triad Speakers has 

released its new Cinema Reference loudspeaker system for 

Photo 1: The CR-2 speaker 
system includes a 15” 
woofer, two 8” midranges, 
and a proprietary tweeter.
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your venue and audience as well. The user simply sets the thresholds and D-fend™ monitors and limits the amount of 

input power it passes through to the loudspeaker. It’s USB compatible, and can be programmed to your specifications 

from a desktop or laptop. Just set it and forget it. Protect your products, venue, customers, and your reputation with 

the first passive speaker protection system that is virtually indestructible.

See the technology demos on our YouTube channel:  

www.youtube.com/user/eminencespeaker

* D-fend™ can be incorporated into your OEM application in board-only configurations.  To license this technology for Professional Audio  
and Musical Instrument applications worldwide, please contact Eminence at (502)845-5622 or dfend@eminence.com.  

© Eminence Speaker LLC.  All rights reserved. D-FEND™ is a trademark of Intrinsic Audio Solutions, Inc., D.B.A SLS Audio.

Protect MORE than just your loudspeakers!

300 Volt Stand-Alone Unit

SA300

D-fend™ loudspeaker protection is ideal for:

OEM manufacturers* system Installers venues and bandsRental Companies

Learn more at

and Eminence.com/d-fend


