
 V O L U M E  2 2 ,  I S S U E  3   J A N U A R Y  2 0 1 0

®

INDUSTRY NEWS 
AND DEVELOPMENTS

  1

TEST BENCH8
Tiny Woofer and Two Tweeters
By Vance Dickason

SPOTLIGHT18
Loudspeaker Cone  
Vendor Survey 2010
By Mike Klasco and Nora Wong

  IN THIS ISSUE
Industry News and Developments
By Vance Dickason

B&C Builds New Factory
B&C is one of the older OEMs in the loudspeaker industry, with 

a history that stretches back to 1946, when B&C’s current company 

president Roberto Coppini along with Fernando Borrani founded the 

original company to build public address loudspeaker systems. In 1977 

Coppini changed the name to B.B.C. Elettroacustica Professionale 

(Borrani, Borrani, Coppini, because two members of the Borrani family 

were involved). The company at this point changed its corporate mission 

to the manufacture of high SPL transducers for the professional audio 

market in cinemas, stadiums, concert halls, and theaters. The company’s 

name was changed again in 1983 to reflect their new status as a limited 

liability company, thus B.B.C. Elettroacustica Professionale S.p.A (the 

company was still owned by Roberto Coppini and Fernando Borrani as 

equal partners). Because of the confusion and conflict with the British 

Broadcasting Company (BBC), the name was shortened to B&C for 

Borrani and Coppini, the two original owners.

As business became more global, B&C opened their US offices in 

Pompton Plains, NJ, in 1997. Continuing to grow, B&C became a 

publicly traded corporation on the Borsa Italiano stock market in 2007, 

which brings us to the subject at hand, B&C’s new factory.  

Several years ago, the company began the process of consolidating their 

five older factory buildings into one large, modern location.  The goal was 

to move all manufacturing to the same building in the interest of reduced 

material handling, having a more unified production line, better supervi-

sion, and an improved working environment for the employees. B&C 

began occupying the new 70,000ft2 building in early 2009, and the compa-

ny has now moved all of its production activities to this building (Photo 1).
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PHOTO 1: Entrance to B&C’s new Tuscany factory.
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The new facility is set into the hills of Tuscany. In 

addition to the latest in construction techniques, it 

features substantially illuminated natural light (the sun 

shines a lot in Tuscany!). The three joined buildings 

incorporate some creative, mechanized material handling 

strategies, and a state-of-the-art HVAC system, to con-

trol the production environment in all seasons.

The move was much more than a consolidation of 

buildings. B&C also made a large investment in auto-

mating the woofer production lines (Photo 2). In addi-

tion to offering a significant increase in output, the new 

woofer line will allow B&C to build a much more con-

sistent product and in less time. Production line setup 

and changeover can be done very quickly when com-

pared to the previous B&C factory. Each woofer is tested 

on the production line using the latest Klippel test rou-

tines (Photo 3). However, all woofers are also checked 

by a quality control technician who manually evaluates 

each transducer for rub and buzz (it’s still hard to beat the 

accuracy of a well-trained human ear when it comes to 

rub and buzz). 

In addition to 

the investment 

in the automat-

ed woofer line, 

B&C also refit one of their older woofer lines to allow 

them to do smaller runs of more customized products, 

accommodating the needs of highly specialized and 

lower volume customers.

All B&C high-frequency drivers and diaphragms are 

still hand assembled. In addition to computer-aided 

design, the production process requires very detailed 

measurement of materials, glues, and alignment in order 

to produce the high-performance parts with a substantial 

degree of consistency. Like the woofer products, each 

driver is tested using the Klippel analyzer, to ensure strict 

control of rub and buzz, frequency response, and distor-

tion (Photos 4-6).

B&C has strengthened their distribution networks 

over the last several years, and have distributors set up 

in all of the key economic markets in North America, 

South America, Europe, Asia, and the Middle East. 

Recently, the company opened up a new office in 

Brazil to work directly with the key manufacturers and 

retailers in this emerging market. For more on B&C 

and their com-

prehensive line of 

pro sound prod-

ucts, visit www.

bcspeakers.com.
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PHOTO 2: Lead attachment station on new B&C pro-

duction line.

PHOTO 3: B&C Klippel QC test station.

PHOTO 4: B&C automated diaphragm glue 

station.

PHOTO 5: B&C factory tray of completed compres-

sion driver diaphragms.

PHOTO 6: B&C factory compression driver assem-

bly line.
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AES 127th Convention a Success!
If positive signs signal a welcome shift in uncertain 

times, the 127th Audio Engineering Society Convention 

(Photo 7) may represent a harbinger to the return of a 

healthy, optimistic pro audio industry. AES Executive 

Director Roger Furness, Committee Chair Agnieszka 

Roginska, outgoing president Jim Anderson, and the 

entire Committee report that there were 321 exhibitors 

and 18,162 attendees at this year’s trade show. The 129th 

AES Convention will be held at the Moscone Center 

in San Francisco, November 4-7, 2010. For more, visit 

www.aes.org.

ALMA News
ALMA has changed its by-laws to extend voting rights 

and office holding privileges to individual members 

(previously only full members were eligible). ALMA has 

made this change because it believes that the addition of 

individual members on the board will better represent 

the makeup of the organization as a whole, which will 

help with the planning of services and events to offer to 

its members.

It’s that time of year again when they invite nomina-

tions for new board members and executive committee 

members. All five positions on the executive committee 

(president, VP US, VP Europe, VP Asia, and treasurer) 

are available. In addition, they have four board member 

positions up for re-election/new board members.  To 

vote, go to the ALMA website and log in with your 

member ID.

The ALMA European Symposium 2010 is tak-

ing place in conjunction with the Prolight + Sound 

trade show on March 26 at the Portal House, Messe 

Frankfurt, Frankfurt, Germany. The title of the 

European Symposium 2010 is Loudspeakers and Array 

Technology. There will be three paper sessions and three 

panel discussions. Paper sessions are titled “Designing 

PA Loudspeakers—Opportunities and Challenges,” 

“Low Frequency Systems—Design and Directivity,” 

and “Measuring Loudspeakers and Arrays.” Panel dis-

cussion titles include “How can we solve future loud-

speaker design challenges?,” “Future challenges: Size 

and Performance,” and “Practical effect of measuring 

methods on time/cost/accuracy.” For more, visit ALMA’s 

newly re-designed website www.almainternational.org.

WW Displays Forms New  
Loudspeaker Cabinet Division

WW Displays, a manufacturer of wood store fixtures 

for retailers, including all of Crate & Barrel’s 160 stores 

located in the US, announced the formation of an 

OEM Loudspeaker Cabinet Division. Robert Miller, V.P., 

explained, “Over the past few years, WW Displays has 

been approached by several loudspeaker manufacturers 

located in the Chicago area looking for a source for high-

quality OEM wood speaker cabinets. Due to increasing 

demand, the company decided to create a separate divi-

sion to better serve this growing segment of its business.” 

WW Displays’ diversified business base, extensive wood-

working capabilities, and water-based finishing expertise 

offer an attractive option for loudspeaker manufacturers 

looking for a US supplier capable of handling both small 

and large production runs. The company’s 25 years of 

experience with pre-veneered wood panels from major 

US and Canadian mills allow it to manufacture speaker 

cabinets with complex geometries using miter, lock-miter, 

and fold-up construction. Cabinets from WW-Speaker 

Cabinets feature pre-veneered, CARB compliant panels 

from major mills using PVC glue; precision CNC fold-up 

construction using rabbets, dados, and lock-miters; assem-

bly methods that ensure square, rigid, airtight construc-

tion; hidden magnets for magnetically attached grilles; and 

UV pigmented PVC glue. Cabinets are inspected under 

black lights before finishing, and all finishing materials 

are water-based and meet EPA VOC emission regulations, 

HAPS rules, and KCMA specifications.

WW Displays organizes its production into small 

runs to facilitate high-speed manufacturing. Finished 

speaker cabinets (Photo 8) are usually shipped 

within 10-15 business days. The company manufac-

tures out of a 42,000ft2 facility in Mundelein, Ill. For 

more information, visit the WW Displays website www.

WW-SPEAKERCABINETS.com

PHOTO 7: The AES convention.

PHOTO 8: 

WW Displays 

speaker cabi-

nets.
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New Patented Technology from Episode Audio
Episode Audio has been offering to license its pat-

ented technology for the past several years and has 

been previously featured in Voice Coil April 2005 and 

December 2008. Episode’s latest patent # 7577265 

titled “Loudspeaker System Providing Improved Sound 

Presence and Frequency 

Response in Mid and High 

Frequency Ranges” (applica-

tion # 10966982, publication 

#2005286730, publication 

date December 29, 2005, 

and issued August 18, 2009) 

has added two uniquely sig-

nificant items to the evolution 

of the loudspeaker wide dis-

persion technology described 

in the April 2005 Voice Coil 
news item; namely, spatially 

wide dispersion with mechani-

cal simplicity without the use 

of complex reflectors, baffles, 

or active electronic processing 

(Photos 9 and 10). Wide dis-

persion speakers, when prop-

erly designed, can significantly 

improve the sense of envelop-

ment that is typically part of 

the live venue experience. Home theater speaker systems 

can also benefit from the wide dispersion aspect of the 

design as conventional speakers usually do not have a 

wide enough beam width over the full frequency range 

to cover the sometimes larger listening areas. 

Episode Audio is currently looking to license the 

technology to companies that are interested in innova-

tion and product differentiation. For more, contact 

Ira Pazandeh (714) 404-8340, e-mail episodeaudio@ 

roadrunner.com, or visit www.episodeaudio.com.            VC

PHOTO 9: Episode Audio three-

way prototype incorporating their 

new wide dispersion patent.

PHOTO 10: Episode Audio close-up of the mid-high section revealing the 

details of the wide dispersion patent.
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Test Bench

Tiny Woofer and Two Tweeters
By Vance Dickason

�his month’s Test Bench review samples all were designed 

by Danish engineers. From Tymphany, the new Vifa 

NE65W-04 2″ neo motor woofer/fullrange; and from 

Scan-Speak two tweeters from their Illuminator series: the 

air-circ beryllium dome, the D3004/664000, and the 0.75″ 

neodymium soft dome ring radiator, the R2004/602000. 

Vifa NE65W
The Vifa NE series NE65W 2″ full-range driver is rather 

similar to the Peerless type 830970 full-range that was described 

in the May 2007 issue of Voice Coil. Features for the NE65W 

include a proprietary cast aluminum four-spoke frame that is 

almost completely open between the spider mounting shelf and 

the motor. Additional cooling is provided by ten 2mm diameter 

vent holes located at the top of the aluminum voice coil former 

just below the neck joint. The FEA-designed neodymium 

motor structure fits into a cup formed by the rear of the cast 

frame effectively making the entire frame function as a heatsink.

The cone assembly consists of a 40mm diameter black 

anodized aluminum cone and a 25mm diameter black 

anodized aluminum dust cap. The cone attaches to the 

outside edge of the former and the dust cap to the inside 

edge of the voice coil former. Suspension is provided by 

a FEA-designed rubber (NBR) surround and a 40mm 

diameter flat cloth spider.  Driving this assembly is a 1″ 

(25mm) diameter aluminum voice coil former wound with 

round copper wire terminated to a set of standard terminals. 

Distortion is minimized by a copper cap on the pole piece.

I began testing the NE65W by rigidly mounting the 

driver in free-air and taking both voltage and current 

(admittance) measurements at 0.3V, 0.6V, 1V, 2V, 3V, and 

6V. I used the physically measured Mmd that was provided 

by Tymphany (an actual physical cone assembly measure-

ment with 50% of the surround and spider removed) 

rather than a single 1V added (delta) mass measurement. 

The 6V curves proved too nonlinear for LEAP 5 to obtain 

a satisfactory curve fit and were discarded. I then processed 
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PHOTO 1: Vifa NE65W.
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the remaining ten stepped sine wave voltage and current 

sweeps and divided the voltage curves by the current curves 

to produce the impedance curves. 

Following my usual protocol for Test Bench testing and 

because most manufacturing data is being derived using a 

standard model or the LEAP 4 TSL model, I also produced 

a TSL parameter set using the 1V free-air curves to provide 

more familiar data to go with the manufacturer’s specs. I 

copied both parameter sets, the multiple voltage impedance 

curves for the LTD model (see Fig. 1 for the 1V free-air 

impedance curve) and the 1V impedance curves for the 

TSL model, into the Transducer Derivation menu in LEAP 

5 and calculated the T/S parameters for the computer box 

simulations. Table 1 compares the LEAP 5 LTD and TSL 

data with the Peerless factory data.

Obviously, there were serious differences between my 

data and the factory’s, leading me to believe that the factory 

datasheet has a couple of misprints. First, the factory Sd = 

0.0029m2 is an obvious misprint given the 21.5mm radius 

of the cone/surround. Next, a factory Qms of 10.7 is also 

unlikely because this driver has a conducting aluminum 

former, but errors such as these are not uncommon on 

preliminary data sheets I get from OEM manufacturers, so 

I guess it’s just the nature of the beast. 

Regardless, I proceeded to use the measured LEAP 5 

LTD data to produce two computer enclosure simulations, 

one in a high Qtc 10 in3 sealed box with 50% fill mate-

rial (equivalent to R19 type fiberglass) and the other larger 

Butterworth type sealed box in a 30 in3 enclosure with 50% 

fill material. Figure 2 depicts the simulation results for 

both the sealed enclosure simulations at 2.83V and at a volt-

age level high enough to increase cone excursion to Xmax + 

15% (1.96mm for the NE65W). The 30 in3 enclosure had 

a –3dB frequency of 157.5Hz (F6 = 125Hz) with a Qtc = 

0.7, and the smaller 10 in3 enclosure had an F3 of 195Hz 

(F6 = 162Hz), Qtc = 0.89.

����������	���
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Group delay 

curves for the 

2.83V curves 

in Fig. 2.

FIGURE 1:  

Vifa NE65W-04 

free-air imped-

ance plot.

FIGURE 2:  

NE65W-04 com-

puter box simula-

tions (A = sealed 

1 at 2.83V; B 

= sealed 2 at 

2.83V; C = sealed 

1 at 4.75V; D 

= sealed 2 at 

7.25V).

FIGURE 4: 

Cone excursion 

curves for the 

4.75/7.25V 

curves in 

Fig. 2.
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 TSL model  LTD model  Factory
 sample 1 sample 2 sample 1 sample 2  

FS 144.6Hz 154.4Hz 136.4Hz 146.4Hz 97Hz
REVC 3.56 3.53 3.56 3.53 3.80
Sd 0.0015 0.0015 0.0015 0.0015 0.0029
QMS 3.85 4.05 3.84 4.31 10.7    
QES 0.67 0.66 0.73 0.77 0.75
QTS 0.57 0.57 0.61 0.66 0.70
VAS 0.28 ltr 0.25 ltr 0.32 ltr 0.28 ltr 1.22  
SPL2.83V 85.9dB 86.2dB 85.2dB 85.2dB 86.3dB
XMAX 1.7mm 1.7mm 1.7mm 1.7mm 1.7mm
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Ramping up the voltage input to the simulation until the 

maximum cone excursion reaches a level 15% greater than 

Xmax produced a simulated maximum linear SPL of 89.5.0dB 

at 4.75V for the larger sealed box simulation and 94dB at 7.25V 

for the smaller 10 in3 box (see Figs. 3 and 4 for the 2.83V 

group delay curves and the increased voltage excursion curves).

Klippel analysis for the Vifa 2″ (analyzer provided 

courtesy of Klippel GmbH), which was performed by 

Pat Turnmire, Red Rock Acoustics, produced the Bl(X), 

Kms(X) and Bl and Kms symmetry range plots given in 

Figs. 5-8 (www.redrockacoustics.com).    

The Klippel analysis for this driver looks quite good. 

Figures 5 and 6 depict the Bl(X) and Bl symmetry plots 

for the NE65-04. The Bl(X) (Fig. 5) curve has a forward 

(coil-out) offset but is otherwise fairly symmetrical with a 

moderate plateau typical of small Xmax drivers. The forward 

displacement as seen in the Bl symmetry curve (Fig. 6) is less 

than 0.2mm at the rest position and only increases to barely 

0.25mm at the physical Xmax of this driver, which is practi-

cally no change at all across the operating range of the driver.  

Figures 7 and 8 show the Kms(X) and the Kms symme-

try curves. The Kms(X) curve is moderately asymmetrical 

with a small forward tilt. At rest, coil-out displacement is 

about 1.6mm decreasing to less than 1mm at the physical 

Xmax position. Displacement limiting numbers calculated 

by the Klippel analyzer for XBl at 82% Bl minimum was 

1.8mm and for XC at 75% Cms minimum it was 2.7mm, 

demonstrating that the Bl is the more limiting factor at the 

prescribed distortion level of 10%. Both limiting numbers 

are greater than the physical Xmax number, which is, of 

course, desirable. 

Figure 9 gives the inductance curve Le(X). As you can 

see, the inductance increases in the rearward direction, 

which is normal for a motor system that does not incorpo-

rate Faraday shields (shorting rings). However, this appear-

ance is due to the way the analyzer software scales the Le 

FIGURE 5: 

Klippel Analyzer 

Bl (X) curve 

for the Vifa 

NE65W-04.

FIGURE 6: 

Klippel Analyzer 

Bl symmetry 

range curve for 

the NE65W-04.

FIGURE 7: 

Klippel Analyzer 

mechanical 

stiffness of sus-

pension Kms (X) 

curve for the 

Vifa NE65W-04.
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curve. If limits on the scale were reset to a larger value such 

as 0.5mH, the curve would appear to be nearly flat.  Total 

variance from Xmax in to Xmax out was only 0.022mH, so 

you can assume the copper cap is doing its job.

I performed frequency response measurements and 

measured on- and off-axis at 2.83V/1m from 300Hz to 

40kHz with the driver mounted in a foam-filled rectangular 

enclosure that had a small 9.5″ × 4″ baffle area. Figure 10 

gives the on-axis response that is smooth up to 1kHz, rising 

8dB to about 2.8kHz (due to the small baffle size), with an 

aluminum cone breakup mode at 22kHz. Figure 11 shows 

the factory response curve on a large IEC baffle, which gives 

the device a very flat response (note: this is a 10dB scale, 

while all my response scales are 5dB intervals). The on- and 

off-axis response is shown in Fig. 12, which looks nearly as 

good as some 1″ dome tweeters. Last, the two-sample SPL 

comparison is shown in Fig. 13, indicating a fairly good 

match between the two samples. 

For the final battery of tests, I employed the Listen Inc. 

SoundCheck analyzer (courtesy of Listen Inc.) to measure 

distortion and generate time frequency plots. For the distor-

tion measurement, I mounted the woofer rigidly in free-air, 

and set the SPL to 88dB at 1m using a noise stimulus 

(3.9V), and then measured the distortion with the Listen 

Inc. microphone placed 10cm from the dust cap. Normally, 

this would have been 94dB, but because this driver will 

likely be used in multiples, I lowered the SPL by 6dB to be 

fairer to the product. At 3.9V, this produced the distortion 

FIGURE 8: 

Klippel Analyzer 

Kms symmetry 

range curve.

FIGURE 9: 

Klippel Analyzer 

Le(X) curve 

for the Vifa 

NE65W-04.
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Vifa NE65W-

04 on-axis 

frequency 

response.

FIGURE 13: 

Vifa NE65W-04 

two-sample 

SPL compari-

son.

FIGURE 14: 

Vifa NE65W-04 

SoundCheck 

distortion 

plots.

FIGURE 11: 

Factory SPL 

curve mea-

sured on large 

IEC baffle.

FIGURE 12: 

Vifa NE65W-04 

on- and off-

axis frequency 

response.
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curves shown in Fig. 14. Following the distortion mea-

surement, I used SoundCheck to get a 2.83V/1m impulse 

response for this driver and imported the data into Listen 

Inc.’s SoundMap Time/Frequency software. The resulting 

CSD waterfall plot is given in Fig. 15 and the Wigner-Ville 

(for its better low-frequency performance) plot in Fig. 16. 

For more information on this and other Tymphany Vifa 

products, visit www.tymphany.com.

Scan-Speak R3004/664000
Now that Scan-Speak is back on their own again and 

no longer a part of DST or Tymphany, we are seeing 

many great transducers being offered by this prestigious 

driver manufacturer. Founded in 1970, Scan-Speak is still 

working out of the same address in Videbaek, Denmark, 

and with the same “no compromise” philosophy that was 

always a part of the Scan-Speak mission. This month, Scan-

Speak sent me another tweeter using their AirCirc motor. 

Basically, this device utilizes the Revelator D29 Revelator 

dome wide surround concept, but with a 99% beryllium 

(no fake beryllium here!) dome coupled to the highly effec-

tive AirCirc neodymium magnet system. 

Scan-Speak’s unique AirCirc magnet system, named for the 

way it optimizes airflow within the chamber, rearranges the 

traditional magnet structure from a single magnet to an open 

magnetic circuit composed of six separate neodymium slugs. 

This, in combination with the chamber, results in the elimi-

nation of the reflections and resonances that compromise the 

performance of traditional tweeter motors. This is perhaps the 

single factor that differentiates really great tweeters that not 

only deliver upper harmonic musicality, but enhanced detail 

that results from not having a flat pole or neo slug imme-

diately behind the dome. Other features include a rubber 

painted aluminum faceplate with a protective grille (you don’t 

want your neighbor’s three-year old putting his/her finger into 

your $615 retail tweeter!) and gold-plated terminals.

I began testing the R3004/664000 beryllium dome by 

generating a stepped sine wave impedance plot using the 

LinearX LMS analyzer. The result of the LMS 300-point 

impedance sine wave sweep is given in Fig. 17. The tweeter 

resonance is 480Hz. Minimum impedance for this tweeter 

is 3.12Ω at 2.8kHz with a measured Re = 2.9Ω.

After completing the impedance measurements, I recess-

mounted the Scan-Speak tweeter in a small enclosure that 

had a baffle area of about 12″ × 7″ and measured the on- 

and off-axis frequency response at 2.83V/1m. Figure 18 

depicts the on-axis response. Frequency response for the 

R3004/66400 is a very flat ±2.0 from 850Hz-14.5kHz. 

Figure 19 gives the on- and off-axis response. Off-axis the 

FIGURE 15: 

Vifa NE65W-04 

SoundCheck 

CSD waterfall 

plot.

FIGURE 16: 

Vifa NE65W-04 

SoundCheck 

Wigner-Ville 

plot.

FIGURE 17: 

Scan-Speak 

D3004/664000 

free-air imped-

ance plot.

FIGURE 18: 

Scan-Speak 

D3004/664000 

on-axis 

response.

FIGURE 19: 

Scan-Speak 

D3004/664000 

horizontal 

on- and off-

axis frequency 

response (A 

= 0°; B = 15°; 
C = 30°; D = 

45°).
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PHOTO 2: Scan-Speak D3004.
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FIGURE 20: 

Scan-Speak 

D3004/664000 

normalized on- 

and off-axis fre-

quency response 

(A = 0°; B = 

15°; C = 30°; D 

= 45°).

FIGURE 21: 

Scan-Speak 

D3004/664000 

two-sample SPL 

comparison.

FIGURE 22: 

Scan-Speak 

D3004/664000 

SoundCheck 

CSD waterfall 

plot.

FIGURE 23: 

D3004/664000 

SoundCheck 

STFT surface 

intensity plot.

FIGURE 24: 

Scan-Speak 

D3004/664000 

SoundCheck dis-

tortion plots.
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device is -3.9dB down at 10kHz from the on-axis response 

with respect to the 30° off-axis curve and -8.7dB at 45° 

off-axis, again with respect to the on-axis response. Figure 
20 illustrates the normalized version of Fig. 19. In terms 

of production consistency, the two-sample SPL comparison 

is depicted in Fig. 21, indicating the two samples were well 

matched with some minor variation in the 3.5-10kHz region.

Next, I used the SoundCheck analyzer and SCM micro-

phone to measure the impulse response with the tweeter 

recess-mounted. Importing this data in the SoundMap 

software produced the cumulative spectral decay plot 

(waterfall) shown in Fig. 22. While there are no major 

resonances indicated in this plot, it is very difficult to cor-

relate long decay resonances with subjective performance. 

Figure 23 gives the Short Time Fourier Transform (STFT) 

displayed as a surface plot. 

Last, I set the 1m SPL to 94dB (5.8V), and the sweep range 

to 2kHz-20kHz and measured the 2nd and 3rd harmonic dis-

tortion at 10cm (Fig. 24). This is shown in order to see the 

relationship between 2nd and 3rd harmonic distortion; however, 

correlation to subjective preference based on THD is not well 

established. For those manufacturers who have wanted to field 

a beryllium tweeter like some of the highest end system designs 

in the field, Scan-Speak has come up with the best of all pos-

sible worlds, the AirCirc motor and a real beryllium dome.

Scan-Speak R2004/602000
The last Scan-Speak tweeter to be analyzed this month 

was the ¾″ R2004/602000 ring radiator, a 0.75″ compact 

textile dome tweeter, which looks primarily like a ring 

radiator version of the Scan-Speak D2004 0.75″ soft dome 

tweeter (featured in the January 2009 issue of Voice Coil). 
Features include a large roll surround (again, like the D29 

Revelator tweeter), aluminum phase plug, cast aluminum 

faceplate, coated cloth dome, an aluminum die cast back 

chamber that also functions as a heatsink, neodymium ring 

magnet, and standard terminals. 

Following the same measurement protocol as the D3004 

tweeter, the first measurement was to produce an imped-

ance plot using a LMS 300-point impedance sine wave 

sweep as given in Fig. 25. The tweeter resonance with 

this smaller cavity was 667Hz, a minimum impedance of 

2.93Ω at 2.98kHz and with a measured Re = 2.82.  

Next I recess-mounted the 0.75″ R2004 in a small enclo-

sure that had a baffle area of about 9″ × 4″ and measured the 

on- and off-axis frequency response at 2.83V/1m with a 100-

point gated sine wave sweep from 300Hz to 40kHz. Figure 

Probably the best audio components in the World!

C-COIL POWER  IN-

DUCTOR   with up to

2.000 W capacity.

Where other coils get

overheated,  you just

order Jantzen C-Coils.

Designed for bass, sub-

woofers and amplifiers.

CROSS  COIL high-

end induction coil.

Absolutely the closest

to the ideal inductor in

the World.

WAX  COIL wound of

copper foil and paper

insulation.

Wax impregnated.

Hard as a rock.

Second to none.

1,6 mm baked wire
coil:
Long expected & wan-
ted! New round wire coil
made of 1,6 mm baked
wire. Available as air
cored coil and with 
non-ferrite core.

Silver Cap Super smooth cap without any harsh addi-

tions to the sound.

Absolutely neutral tonal balance. A truly outstanding

audio part.

Silver Gold Cap More resolution,  more sound stage.

Lots of dynamics.

Fast reaction, life feeling and natural sound.

Superior Cap  Even the
finest nuances can be
heard.The sound never
gets over-edged, really
superb naturalness with
a somewhat bright 
top-end.

for more info:  www.jantzen-audio.com

PHOTO 3: Scan-Speak R2004.
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26 shows the on-axis response. The D3004 frequency response 

is a very flat and smooth ±1.68dB from 990Hz-13.5kHz and 

±2dB from 695Hz to 21.5kHz. Figure 27 illustrates the 

on- and off-axis response for the Scan-Speak neo tweeter. 

Off-axis the device is -4.5dB down at 10kHz from the on-axis 

response with respect to the 30° off-axis curve and -7.9dB at 

45° off-axis, again with respect to the on-axis response. Figure 
28 illustrates the normalized version of Fig. 27. In terms of 

production consistency, the two-sample SPL comparison is 

depicted in Fig. 29, indicating the two samples were well 

matched with only minor midband variations. 

After I finished the LMS set of measurements, I then 

once more set up the SoundCheck analyzer and measured 

the impulse response with the tweeter. Importing this data 

in the SoundMap software yielded the cumulative spectral 

decay plot (waterfall) shown in Fig. 30. Figure 31 gives the 

STFT displayed as a multi-color surface plot. Last, I set the 

1m SPL to 94dB (7.4V), and the analyzer range to 2kHz-

20kHz and measured the 2nd and 3rd harmonic distortion 

at 10cm, shown in Fig. 32.

In an era where a good portion of the population thinks 

hi-fi comes from an iPod with earbuds, it feels good to 

know that companies such as Scan-Speak are still alive 

and well and moving the state-of-the-art forward in trans-

ducer design. For more information on the two excellent 

new Illuminator tweeters and the rest of the Illuminator 

line, visit www.scan-speak.dk.                              VC
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FIGURE 25: 

Scan-Speak 

R2004/602000 

free-air imped-

ance plot.

FIGURE 26: 

Scan-Speak 

R2004/602000 

on-axis 

response.

FIGURE 27: 

Scan-Speak 

R2004/602000 

horizontal 

on- and off-

axis frequency 

response (A = 

0°; B = 15°; C = 

30°; D = 45°).
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FIGURE 28: 

Scan-Speak 

R2004/602000 

normalized on and 

off-axis frequency 

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

FIGURE 29: 

Scan-Speak 

R2004/602000 

two-sample SPL 

comparison.

FIGURE 30: 

Scan-Speak 

R2004/602000 

SoundCheck CSD 

waterfall plot.

FIGURE 31: 

R2004/602000 

SoundCheck 

STFT surface 

intensity plot.

FIGURE 32: 

Scan-Speak 

R2004/602000 

SoundCheck dis-

tortion plots.
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Spotlight

Loudspeaker Cone  
Vendor Survey 2010
By Mike Klasco and Nora Wong

�he cone is the most important part of the speaker. 

Speaker design engineers know that sound quality 

highly depends on the cone, and product managers and 

retailers will tell you that the cone is the most visible com-

ponent of the speaker. Put a flat wire voice coil in a speaker 

and few will notice, but introduce a new cone material or 

fabrication process, then count on it being featured in the 

speaker’s ads and website. 

I have heard a story about J.B. Brennan who, as owner 

of a factory producing felt hats, was concerned about the 

trend of going hatless, so decided to diversify. He wanted 

a product that was not at the mercy of fashion, and Fibre 

Form introduced their patented felted cone process for the 

newfangled loudspeaker. Fibre Form was established in 

1938 and sadly closed just a few years ago.

By now the typical Voice Coil reader already has his/her 

favorite cone vendors, but with the gloomy business out-

look, there is some (well-founded) concern that the speaker 

parts vendors will fail before the speaker assemblers take the 

hit. We are not reporting on the health of vendors here, but 

rather providing a survey of the existing players. Speaker 

assemblers who have their own in-house cone fabrication, 

but who do not sell parts such as cones, are not included in 

this survey. As always with survey articles, no matter how 

hard I try, I will miss someone somewhere. . . and contact 

info changes often. My firm Menlo Scientific offers com-

prehensive reports on vendors and sourcing issues.

North American Cone Vendors
NuWay Speaker Products
945 Anita Ave. 

Antioch, IL 60002

847-395-5141  

http://www.nuway-speaker.com/  

gwise@nuway-speaker.com

Founded back in 1953, the 

original plant was located 

in Franklin Park, Ill., a 

suburb on the northwest 

side of Chicago. NuWay’s 

original line of business, 

and still the mainstay of 

the business today, was 

making cones and spiders/

dampers for the loud-

speaker industry. NuWay 

is a key US supplier to automotive OEM speaker vendors.

By the mid-70s NuWay began to see a bigger increase in 

DELIVERS

WITH HIGHER POWER CAPACITY

LOWER POWER
COMPRESSION LOSSES

BALANCED AND CONSTANT
RESPONSE

PHOTO 1: NuWay Speaker Products’ Auto 

Spider machine.
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sales due to the startup of seamed cone production and in 

1976 opened their second facility in Antioch, Ill., about 45 

miles north of the original Franklin Park plant. The loca-

tion in Antioch is now the corporate headquarters. In the 

early 1980s additional facilities followed. In 1998 NuWay 

purchased International Jensen’s facility in Clinton, NC. In 

2002 NuWay opened their plant in Sonora, Mexico. 

Hawley Products  
fred@hawleyproducts.com

1567 North 8th St.

Paducah, KY  42001  

270 442 2344

http://www.hawleyproducts.com/

Hawley is another early developer of speaker cones, started 

60 years ago. In 1984 they moved into their current fac-

tory location in Paducah Ky. Hawley focuses on paper 

cones, surrounds, and spiders to the speaker industry and 

is famous for their unique pulp formulations for musical 

instrument and pro-sound cone applications. 

Loudspeaker Components, L.L.C.
7596 U.S. Highway 61 South  

Lancaster, WI 53813-9608        

(608) 723-2127  

http://www.loudspeakercomponents.com 

neilk-lc@tds.net

LC is one of the largest 

US manufacturers of cone 

assemblies, paperboard gas-

kets, dustcaps, and spiders. 

Their high value products 

are exported worldwide. 

Founded in 1965, LC 

has a long history, and a 

few years ago (2003) was 

revitalized by new man-

agement, led by speaker 

cone industry veteran Neil 

Kirschbaum. Co-owner Brian Haas, from the previous com-

pany, is responsible for materials management and finance. 

Dr. Charles Barton (Dr. Cone Paper) heads up R&D, and 

LC has significant success in new pulps for guitar and high 

power. LC supplies all segments of the industry, including 

OEM automotive, aftermarket automotive, professional, 

multimedia, hi-fi, and musical instruments.

LC has a very talented R&D and manufacturing staff, 

producing enhanced acoustical/mechanical property fiber-

based composite materials for guitar and high-power 

applications. LC is rolling out new solutions to age-old sur-

round and spider problems: namely, fatigue resistance and 

increased linearity. LC’s plastic forming operation excels in 

thermoforming and injection molding of cones and sur-

rounds with the unique capability to overmold surrounds 

onto paper and plastic cones.

Charles Barton, long-time industry material scientist 

ENGINEERED 
TO  PERFORM...

...THE BEAUTY 
OF MUSIC.
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PHOTO 2: Loudspeaker Components, L.L.C.’s 

foam splitting machine.
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with a background in physics, paper chemistry, overall 

material science and acoustics, came on board in 2006. 

Charles’ objective is to enhance ongoing research “com-

bining science to the art of loudspeaker soft goods.” All 

tooling is made in-house including injection molds with an 

expanding, modern machining operation. The manufactur-

ing processes have benefited from large capital investments 

resulting in reduced work in process and improved qual-

ity and labor efficiencies. LC supplies the Asian market 

through Nada Indah SDN BHD of Malaysia.  

Rapid Die and Molding
800 East Amelia St.

PO Box 106

Cassville, WI 53806

608-725-5114  

Fax: 608-725-5126

http://www.rdmco.com/

toddyocum@rdmco.com

RDM is one of the early pioneers of speaker cones, founded 

over 60 years ago. RDM is best known for high performance 

cones for pro-sound applications. When the US speaker 

manufacturing industry was stronger, RDM had various 

manufacturing locations for spiders, cones, and so forth, but 

now the operation is consolidated in Cassville, Wis.

Mogami Mexico,S.A. de C.V. 
Calle Sor Juana Ines De La Cruz, No. 7853, 

Tijuana, Baja California 22590

Mogami America, Inc. 
8701 Siempre Viva Road, Suite 100, 

San Diego, CA 92154  

619-710-8500

Mogami, originally an independent Japanese cone manufac-

turer, is now a subsidiary of Pioneer (www.pioneer.jp/topec/

corp). Near the Pioneer Tijuana speaker factory is Mogami, 

Mexico. Primary production is soft parts for autosound.

Malaysian Vendors
U-Sonics Power Cone Sdn. Bhd.
Plot 4, Kawasan Perusahaan Bakar Arang 

08000 Sungai Petani  

Kedah, Malaysia        

+60 4 423 3877    

inquiry@u-sonics.com

usonic@pd.jaring.my   

  (Tony Hewitt)

http://www.u-sonics.com

U-Sonic, founded over 

nine years ago, is located 

in Malaysia in the vicinity 

of Penang. U-Sonic, using 

engineering management 

from Europe, is an upscale PHOTO 3: The U-Sonics factory.
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cone manufacturer who has found global acceptance as a 

vendor of high-performance professional cones. 

Eternal Power Sdn. Bhd. 
No. 88 & 89, Kuala Ketil 

Industrial Estate 

09300 Kuala Ketil 

Kedah Darulaman, West 

Malaysia   

60 4 416 1350   

mkd@eternalpower.net   

http://www.eternalpower.net

Eternal Power is another quality cone manufacturer, sup-

plying both the high-end of the local market and European 

speaker assemblers.

Nada Indah SDN. BHD
Lot 17, Bakar Arang 

Industrial Estate  

08000 Sungai Petani, 

Kedah, Malaysia  

(604) 422 5077/8/9 

Fax: (604) 422 5080   

http://www.nindah.com/

Established in 1990, Nada 

Indah supplies many local 

and Japanese transplant speaker factories. Recently they 

began to offer cones fabricated in the US by LCC.

Northern China (Shanghai Vicinity)
Jade Sound Acoustics
No. 43, Gushan Road, Gushan 

Jingjiang Jiangsu Province

86-0523-4560613

Fax: 86-0523-4560345

jade.jj@public.yz.js.cn

523-4564876 4560613

Fax: 523-4564876  4560345

 

Medium-scale cone manufacturer, with some export to 

Europe—mostly autosound OEM.

Tianle 
28 Tianle Rd., Economic Developing Zone 

Shengzhou City, Zhejiang Province, China

Zhejiang Tianle Group Corp.   
http://www.tianle.com/enewpro.htm  

www.tianle.com 

528 Guanhe Rd., Chengguan Town

Sheng Zhou City, Zhejiang Province China

yjc@tianle.com

Giant cone factory, perhaps the largest in the world (800 

million cones per year), from cheap commodity cones to 

PHOTO 4: The home of Eternal Power Sdn. Bhd.

PHOTO 5: Paper cones by Nada Indah Sdn. Bhd.
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woven carbon fiber and honeycomb high-end audiophile 

cones. Also produces almost all parts for speakers.

Ningbo Xiangyang 
Telecommunication Component Co.
Panhou Yinxian Ningbo, China

0574-8230513

Fax: 0574-8230603

xycoltd@nbnet.com.cn

                                                                                                                                                                      

Huge operation known for cones and speaker frames. From 

cheap stuff to surprisingly respectable high-power sub-

woofer cones.

South China
Shiuh Sheng Electronics Co., Ltd. “SSE”
Chinsha-Tun Industry District

Talang Town, Dong Guan Shi

Guangdong Province, China

(0769) 3313011 or 3316478

Fax: (0769) 3313010

www.importgenius.com

Large factory that has supplied quality product to Harman, 

Tannoy, Panasonic, and so on. Their strength is mid-sized 

paper cones. Sophisticated factory with development capa-

bilities and strong quality control. Taiwan transplant.

Yen Lung Electronics Factory
Songmushan Area, Dalong Town

Dongguan City, Guangdong Province, China

(86) 769-3319302

Fax: (86) 769-3319303

szyenlum@pub.dgnet.gd.cn

7, Alley 68, Lane 206, Nan Feng St.

Taoyuan, Taiwan, ROC

(0769) 3319302

Fax: (0769) 3319303

szyenlum@pub.dgnet.gd.cn

Quality supplier of cones to Dongguan China speaker facto-

ries. Taiwan transplant. Affiliated cone factory in Shuzhou.

Queen Voice Co., Ltd.
No. 21 West Rd. 

Huang Chao Lang Villa, Da lang Town

Dongguan, China

Paper and composite cones.

769-3130318  

Fax: 769-3131368

Ruhwa Electronic Co., Ltd. 
No. 364, Dabei RD, Shiqiao Town

(Ngarhuangbian Village) Panyu

02-6819167 6813628 Taipei

20-84664058

http://www.ruhwa.com
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Ruhwa Electronic Co., Ltd., based in Taiwan, founded in 

1982, specializes in manufacturing soft components for 

loudspeakers. Major products include diaphragm, dome, 

dust cap, H-cone, and edge surround. Products are mainly 

used for hi-fi, car speaker, multimedia speaker, PA systems, 

and musical instrument. Paper cone specialist. 

Shengkai
2nd Ind. Zone, Gongming, Shenzhen China

755-7739890  

Fax: 7739890

www.shengkai.com

Paper cone factory.

Mogami (Dongguan) Electronics Co., Ltd.
Keyuancheng Tangxia Town, Dongguan City, 

Guangdong, China   

86-769-788-3718

Japanese transplant, affiliate of Pioneer.

Yuan Ta Electronics Co., Ltd.
No. 1, Lane 340, Shan Ying Road

Taoyuan Hsien, Taiwan, China

Bldg. 9, Sanchii, Zhushan,

Fucheng, Dongguan, China

769-2265017 2294349

Fax: 769-2265017 2256427

Yuan Ta (Dongguan) supplies paper and poly cones to 

Japanese brands and Dongguan speaker assemblers.

Whida Plastic Factory
Fugang Ind. Area, Qingxi Town, DongGuan

769-8 7736234 

Fax: 8 7736244 

whida@126.com

Whida is an experienced specialist in non-paper cones—

polypropylene, composites, and so on.

Zhengsheng Elect. Factory
Guangtong, China

769-3132678

769-7886186  

Tangxia, Dongguan

Paper and poly cones. Taiwan transplant. Woven and nonwoven.

Huasheng Speaker Components Factory 

3rd Ind. Area, Qingxi, DongGuan China

769-7311184 

7317282 

www.tradekey.com      

Hsiyang Speaker Components Co., Ltd. 
Song Mu Shan Industrial District, Dalang Town, 

Dongguan City Guangdong Province, China
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769-3319415

3196040 3319420 

Xu Yixiong 

Songmushan, Dalang

Dongguan, Guangdong China 

Pure OEM, with mostly Japanese customers. Paper, poly cone and spider.

Global Sound Enterprise Co., Ltd. 
Songmushan, Dalang

Dongguan, Guangdong, China

769-3181243 769-3188466 

 

Chien Yuan Industry Co., Ltd.  
No. 2 Industrial Area, Fulong

Shipai, DongGuan 3132778 Song Zhengxun 

Songbolang Ind. Zone, Dalang

769-6529689 769-6529689

“CY” is known for their large-diameter cones for autosound and home 

theater subwoofers, musical instrument speakers, and sound reinforcement.

Taiwan Bor Ying Corporation (“TBY”)
No. 61, Lane 369, Kimmen Street  

Pan Chiao City, Taipei Hsien, Taiwan

stella.liu@nuance.com.tw

Carbon fiber, glass fiber, and Kevlar, composite very high perfor-

mance speaker cones. 

Grandnic Electronic Factory (TBY – Nuance mainland China 

operation)
4 Qiaodong Rd., Shijie, Dongguan China

769 6633236 769-6633366 

Very high grade woven and nonwoven

Al Sinx Co., Ltd. 
173 Hongli Rd., Kengkou, Liaobu, Dongguan China

769 3288959 3288958 

Metal cone specialist.     

   

Sanyu Enterprise Ltd.  
Fengshun, Tongle, Longguang, Shenzhen

755-4896359 

Medium scale, paper and poly. 

Bo Pro
886-2-26570141

Fax: 886-2-26571383

bopro@ms7.hinet.net

High-performance composite cones.

Effective Way Electronic Co., Ltd.

Fenghuang Gang Industry Area, Tangxia Town,  

Donguan, Guangdong China

769 8788 6186 

Fax: 769 8788 6189

gtsyxl2005@163.com
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India
Wizard India Private Limited
91-141-2731531-32-33

Fax: 91-141-2732521

www.wizardindia.com

Wizard India Pvt. Ltd. manufac-

tures cones, spiders/dampers, dust 

caps, dust domes, and duals/whizzers suitable for all types of audio/

TV and car speakers. Established in 1963, the company has grown to a 

full-functional manufacturing unit churning millions of speaker cones 

ever year. It is housed near the International Airport in Jaipur and has a 

modern and mechanized production facility.

The company is certified by the ISO 9001-2000, and uses the 

latest CAD/CAM system for designing and machining the tools 

required to manufacture products as specified by individual cus-

tomer needs. This company’s products are used by such international 

brands as Philips, Panasonic, Sony, Sharp, LG, Samsung, and Morel.

European Cone Vendors
Dr. Kurt Müller GmbH & Co. KG 
Krefelder Straße 150

D -47839 Krefeld/Hüls 

Germany

+49 2151 -73 290

Fax: +49 2151 -73 29 12

info@kurtmueller.com

In Germany: 
- loudspeaker components for home audio, car hifi, consumer applications

- technical consulting

- customer service

- R&D, assembly, pre-series

- automatic production lines

In UK:
- loudspeaker components for professional sound

- customer service

- assembly and pre-series

- automatic production lines

In Proratio, CZ
- supplier of loudspeaker components

- production of surrounds

- after treatment of loudspeaker components

- manual assembly of cones and surrounds

Centrotec Composites GMBH
Ein Unternehmen der Centrotec-Gruppe

Frank Sager, Vertriebsleiter/Sales Manager

Am Patbergschen Dorn 9

D-59929 Brilon/Germany

+49 (0) 29 61.9 66 32 – 59

Fax +49 (0) 29 61.9 66 32 - 95

fsager@centrotec.de

www.centrotec.de

High-quality composite cones and materials for cones. TAF cones are 
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unique composites with glass fibers with variable wall thickness.

Propex Fabrics Europe
+49 (0)2562 77418

Michel.Jansen@EU.PropexFabrics.com

www.curvonline.com

Propex fabricates the CURV cone material as well as offers 

in-house cone forming.

Metflex Precision Mouldings Ltd. 
Queen Street, Great Harwood

Blackburn, Lancashire BB6 7AU 

United Kingdom  

011-44-1254-884171

Fax: 011-44-1254-887753

www.metflex.co.uk

Long-established UK manufacturer of rubber surrounds 

(rolls) in a variety of materials and colors. Surrounds can be 

designed to exactly match customer acoustic requirements. 

OEB SRL
Via Nori de Nobili 4

Brugnetto di Ripe

Ancona 60010

Italy 

39-071-6620109

Fax: 39-071-7961066

info@oeb.it

www.oeb.it

Italian speaker parts specialist with over 30 years experience—

cones, spiders, dust caps of a wide range of materials.        VC

Mike Klasco is the president of Menlo Scientific Ltd. in 

Richmond, Calif., a consulting firm to the loudspeaker 

industry. He is the organizer of the Loudspeaker University 

seminars for speaker engineers. Mike contributes frequently 

to Voice Coil. He specializes in materials and fabrication 

techniques to enhance speaker performance.

Acoustic Patents 
By James Croft

�he following loudspeaker-related patent was filed pri-

marily under the Office of Patent and Trademarks 

classification 181 for acoustical devices and 381 for electri-

cal-signal processing systems and HO4R for international 

patents. This also includes new patent applications that are 

published in the Patent Application Journal.  

TABBED SPEAKER FRAME  
WITH OVERSIZED DIAPHRAGM
Patent Number: US 7,031,487

Granted: April 18, 2006

Inventor: Enrique M. Stiles (Imperial Beach, Calif.)

Assignee: STEP Technologies, Inc. (www.stepip.com)

Filed: May 14, 2003, US Class: 381/398, 17 drawings

ABSTRACT FROM PATENT
An acoustical transducer such as an audio loudspeaker 

or a microphone, having a suspension component whose 

outermost edge extends axially rather than radially and 

couples with an axial mounting surface in the transducer’s 

frame rather than with a radial flat surface of the frame. The 

suspension component may be a surround or a spider.

Eliminating the radial portions of the suspension component 

and the frame enables the use of a larger diaphragm within 

a transducer of unchanged outer dimensions, increasing the 

amount of air moved by or moving the diaphragm. It also 

enables closer on-center packing of multiple transducers onto 

the same baffle such as the front baffle of a speaker enclosure, or, 

put another way, it enables a higher percentage of the mounting 

baffle’s front surface area to be covered with moving diaphragm 

area. Radial mounting flanges and their mounting holes are 

limited to portions of the frame, which will not increase the 

gap space between adjacent transducers or other boundaries. 

The angled corner tabs of a square or hexagonal frame housing 

a round diaphragm would occupy the baffle surface area that 

would otherwise be unutilized with circular-frame speakers.

INDEPENDENT CLAIMS FROM PATENT
“1. An acoustical transducer comprising: (A) a frame 

including (a) a base for coupling to a motor structure, (b) 

a mounting flange including a substantially axially-aligned 

mounting surface including an outward face, (c) a connect-

ing structure coupling the base to the mounting flange, 

(d) non-tabbed portions which extend radially beyond the 

mounting surface to form a seal with a baffle to which the 

acoustical transducer may be mounted, and (e) tabbed por-

tions radially extending axially beyond the mounting sur-

face to form a surface through which bolts can be inserted 

to mount the acoustical transducer to the baffle; and (B) a 

suspension component including (a) an inner portion for 

coupling to a diaphragm assembly, (b) a middle portion 

providing suspension for the diaphragm assembly, and (c) 

a substantially axially-aligned outer portion coupled to the 

outward face of the mounting surface.

Owner
Highlight
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“20. A frame for use in coupling an acoustical transducer 

motor structure to a diaphragm assembly, the diaphragm 

assembly including a surround having an outer perimeter that 

extends substantially axially, the frame comprising: a base for 

coupling to the motor structure; a mounting flange for support-

ing the diaphragm assembly; a connecting structure coupling 

the mounting flange to the base; a substantially axially-aligned 

mounting surface dimensioned to accept the outer perimeter of 

the surround on an outer face of the mounting surface; tabbed 

portions of an outer perimeter of the mounting flange which 

extend radially outward beyond the mounting surface to facili-

tate mounting of the frame to a baffle; and non-tabbed portions 

of the outer perimeter of the mounting flange.

“22. An acoustical transducer comprising: (A) a frame 

including (a) a base for coupling to a motor structure, (b) a 

mounting flange including groove, wherein an inner side of 

the groove comprises a substantially axially-aligned mounting 

surface, and (c) a connecting structure coupling the base to the 

mounting flange; and (B) a suspension component including 

(a) an inner portion for coupling to a diaphragm assembly, 

(b) a middle portion providing suspension for the diaphragm 

assembly, and (c) a substantially axially-aligned outer portion 

coupled to the mounting surface; and (C) a hold-down ring 

coupled to the mounting flange and holding the outer portion 

of the suspension component in position against the mounting 

surface of the mounting flange, the hold-down ring having a 

substantial T shape including a first segment which extends 

axially into the groove, a second segment which extends radi-

ally for coupling to the mounting flange, and a third segment 

which extends axially to stiffen the hold-down ring.”

REVIEWER COMMENTS
Often there are situations where you wish to mount a 

driver with a large cone area but there is not the real estate 

available on the front baffle of the loudspeaker to accept the 

transducer frame required.

Most prior art woofers with a roll surround usually also 

have a lateral region outside of the roll surround where an 

outer flange portion of the surround mounts to the frame of 

the transducer, increasing the required diameter. A solution 

disclosed by Enrique Stiles in this patent is to reconfigure 

the transducer frame to be able to receive and attach the roll 

surround by extending the vertical termination of the sur-

round into a vertical slot around the periphery of the frame, 

eliminating the need for a flat, lateral extension and therefore 

minimizing the diameter of the transducer frame structure. 

The technology is called “OSD” for “Oversized Sd” or for the 

less technical, “Over-Sized-Diaphragm.” For those interested, 

there are commercial implementations of this type of reduced 

diameter, radial surround mount that one can find to see how 

the design is expressed in production. Exemplary examples are: 

Cerwin Vega Stroker Pro 12 subwoofer

Artison RCC 600 In-Wall subwoofer

Critical Mass UL12 Subwoofer

Overall, this is a good, simple, effective solution to 

a problem that often gets in the way of system minia-

turization or large system packing densities.             VC
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Industry Watch
By Vance Dickason

�s of October this year, your installers now have a 

new giant retailer to compete with: Walmart (www.
walmart.com), which has begun offering home installa-

tion services for TVs, home theaters, and PCs through a 

partnership with NEW (www.newcorp.com). The services, 

which start at $99 for a basic TV installation and $129 for 

a basic PC setup, will be sold via prepaid cards displayed on 

descriptive merchandisers and within the home-theater and 

computer aisles. The offering follows a major assortment 

and display upgrade within Walmart’s CE departments, and 

represents a major step toward filling the service vacuum that 

separates full-line discount stores from specialty CE dealers. 

The install program has already been introduced in some 

stores, and was inaugurated nationwide at the end of October. 

Unlike a similar NEW program that debuted at Walmart’s 

Sam’s Club (www.SamsClub.com) division on November 1, 

the Walmart offering does not include home delivery. The 

in-home visits will be made by NEW’s nationwide network 

of about 11,000 certified and insured installers. Basic TV ser-

vices include a pre-installation consultation, TV placement, 

hook-ups to two A/V components, remote control configura-

tion, packaging cleanup, and a follow-up visit and tutorial. 

Walmart’s premium TV service, for $339, also provides wall 

mounting, concealed in-wall wiring, and two additional A/V 

component hook-ups. PC services range from $129 to $199 

and include software installation, peripheral hook-ups, data 

transfer, hard-drive defragmentation, and tutorials. 

Eminence Speaker (www.eminence-speaker.com) has 

made changes in its management structure. Rob Gault, the 

company’s president since 1992, will assume the role of chair-

man of the board. Assuming the role of Eminence president is 

Chris Rose. With the addition of the company’s China manu-

facturing operations in June 2006, he will continue to direct 

many of his efforts in the further development of global opera-

tions. Gault will also be playing a pivotal role in the direction 

and growth of the company’s amplifier and systems develop-

ment for the manufacturing facility in Dongguan, China.  

 Eminence president Chris Rose has been with the company 

since April 1997. Rose began his tenure in the production 

department, and in 1999 was promoted to distribution and 

marketing director. Rose stated, “It is a distinct honor and 

privilege for me to have the opportunity to direct the daily 

operations of Eminence. I originally sought employment with 

the company because of its strength in the industry, and its 

commitment to employees and customers. It is my intention 

to diligently maintain the core values and principles that have 

guided our company since 1966, while meeting the ever-chang-

ing needs of our customers and strategically planning for our 

future growth.” Gault added, “I am very pleased that Chris has 

agreed to accept this position and have every confidence that he 

will lead our team and our company strongly into the future.”

After finalizing contracts, the Mobile Enhancement 
Retailers Association (MERA, www.merausa.org) has been 

officially purchased by InstallerNet (www.installernet.

com), and its name has been changed slightly to the Mobile 
Electronics Retailers Association, now referred to as the 

“new MERA.” MERA is now a for-profit wholly owned sub-

sidiary of InstallerNet, and approximately 2,000 InstallerNet 

retailers will become MERA members, enlarging the organi-

zation whose membership had dwindled down to 135 active 

retail members, from more than 600 at one point.

MERA executive director Barry Vogel said a key goal of 

the new organization is to engage members and elicit their 

active participation. A website, http://buildyourmera.com, 

will help in this effort, allowing retailers to input informa-

tion and feedback. The new MERA will also play a key 

sponsorship role in the 12-volt awareness campaign.

The car electronics 12-Volt Initiative (www.12voltnews.com) 

said it has raised more than a third of its $300,000 goal to finance 

an industry-wide campaign to increase awareness of car electron-

ics and officially launched a campaign on November 20. Alpine 
(www.alpine-usa.com), Clarion (www.clarion.com), Kenwood 
(www.Kenwoodusa.com), Pioneer (www.pioneerelectronics.
com), Sony (www.sony.com), and the new MERA have each 

committed $20,000 to fund the campaign, and CEA has also 

committed funding to the campaign. At the SEMA trade show, 

Steve Witt, chairman of the 12-Volt Initiative’s governing board, 

said the funds were raised in just two weeks and he expects more 

to follow. “I’m talking to Dual (www.dualav.com), Monster 
Cable (www.monstercable.com), JVC (www.jvc.com), and 

Audiovox (www.audiovox.com), and they are saying yes, we’re 

in. . . so I know we will have more commitments. . . I’m frankly 

very encouraged by the response so far.” Witt added, “There’s 

growing recognition that we must collaborate by pulling together 

resources to address the declining consumer awareness for our 

category.” Retailers are also pledging support to the campaign, 

including Audio Center (www.superaudiocenter.com), Auto 
Trendz (www.autotrendz.ca), Enormis Mobile Specialties (www.
enormis.net), Santa Fe Auto Sound (www.santafeautosounds.
com), and Sound Waves (www.soundwaves.com). 

The 12-Volt Initiative is developing a viral video, a consumer 

website with a “brand-agnostic” promotional video and store 

locator, and in-store promotional materials. A webinar to intro-

duce the campaign was activated on November 20 just before the 

campaign went live.

The Consumer Electronics Association (CEA, www.ce.org) 

announced the election by its members of its 2010 executive 

board and board of industry leaders. The newly elected members 

of CEA’s executive board, chosen by CEA’s members at the CEA 

Industry Forum event in Phoenix last month, include: Brian 

Dunn (CEO, Best Buy, www.BestBuy.com); Denise Gibson 

(chairman, Brightstar U.S., www.brightstarcorp.com); Stan 

Glasgow (president and COO, Sony Electronics); Ian Hendler 

(director, business development, Leviton Manufacturing, 
www.leviton.com); and Mark Luden (president and CEO, The 
Guitammer Company, www.guitammer.com). Gary Shapiro 

continues as president/CEO of CEA.

Gary Yacoubian, strategic development VP for Monster 

Cable, will continue to serve as chairman of the CEA execu-

tive board, and Randy Fry (president of Fry’s Electronics, 
www.frys.com) will serve as vice chair. Pat Lavelle, president 

and CEO, Audiovox, will remain on the executive board as 
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the immediate past chairman, and previously elected CEA 

executive board members will continue their service.

CEA also announced the election of new members to its 

board of industry leaders. The CEA Board of Industry Leaders 

(BIL) serves an advisory role to CEA and its executive board 

in setting priorities for association activities and taking posi-

tions on important public policy issues. The new members of 

CEA’s BIL include: Jay Buchanan (electronics division director/

general merchandising manager, Nebraska Furniture Mart, 
www.NFM.com); Bryan Burns (strategic business planning 

and development VP, ESPN, www.espn.co.com); Lee Cheng 

(general counsel, Newegg, www.Newegg.com); Kathy Gornik 

(president, Thiel Audio, www.thielaudio.com); David Hagan 

(president and CEO, Boingo, www.boingo.com); Paul Liao 

(president and CEO, CableLabs, www.cablelabs.com); 

Henry Muyshondt (senior director, business development, 

SMSC, www.smsc.com); Luis Pineda (senior vice president, 

Qualcomm Incorporated, www.qualcomm.com); and Doug 

Solomon (chief technical officer, IDEO, www.ideo.com).

Members of CEA’s BIL who will continue serving in 2010 

include Bruce Borenstein (executive VP, Sabre ID Systems, 
www.saberguard.com); Mike Cook (CEO, MTI Technology, 
www.mti.com); Tom Cumberland (research and develop-

ment VP, Axiom Audio, www.AxiomAudio.com); David 

Epstein (president, Sound Solutions, www.soundsolutions.
com); Peter Fannon (corporate and government affairs VP, 

Panasonic, www.panasonic.com); Bob Fields (mobile electron-

ics VP, InstallerNet); Rachelle Friedman (president, J&R, www.
jr.com); Steve Giordano Sr. (CEO, Lucidiom, www.lucidom.
com); Rick Goricki (sales, mobile VP, Plantronics, www.
plantronics.com); Jim Hamilton (CEO, Identity Ventures, 
www.identityventures.com, and vice chairman, board of direc-

tors, PowerMat, www.powermat.com); Ian Hendler (direc-

tor, business development, Leviton Manufacturing); Steven 

Howcott (general manager, JVC Company of America, www.
jvc.com); Henry Juszkiewicz (CEO, Gibson Guitar, www.
gibson.com); K.I. Kwon (president, consumer electronics divi-

sion, LG Electronics, USA, www.lge.com); Noel Lee (head 

monster, Monster Cable Products); Mark Luden (president and 

CEO, The Guitammer Company); Daniel Pidgeon (chairman, 

Starpower, www.star-power.com); David Rodarte (presi-

dent and COO, NuVo Technologies, www.nuvotechnolo-
gies.com); John Shalam (chairman, Audiovox, www.audio-
vox.com); George Stepancich (CEO, GoldLantern, www.
goldlantern.com); Michael Tatelman (VP/GM global con-

sumer sales and marketing, Dell, www.dell.com); Steve Tiffen 

(president and CEO, Tiffen, www.tiffen.com); Jocelyn Vigreux 

(president, TomTom USA, www.TomTom.com); Max Wasinger 

(sales and marketing senior VP, Mitsubishi Digital Electronics 
America, www.mitsubishi-tv.com); Ken Wirt (consumer mar-

keting VP, Cisco Systems, www.cisco.com); and Steve Witt, 

chairman of the board of the 12-Volt Initiative.

CEA has announced its International CES Best of Innovations 

2010 Design and Engineering award honorees. Sponsored by 

CEA and endorsed by the Industrial Designers Society of 

America (IDSA), the International CES Innovations awards 

honor advancements in design and engineering in 36 consumer 

electronics product categories. Innovations honorees will be 
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featured in the Innovations Showcase 

in the Grand Lobby of the Las Vegas 

Convention Center at CES. The Best 

of Innovations designation is awarded 

to products that earn the highest hon-

ors from a panel of judges, which 

include engineers, independent design-

ers and journalists, CEA said. Award 

honorees will also be displayed at CES 

Unveiled: The Official Press Event of 

the International CES from 4 p.m. to 7 

p.m. on Tuesday, Jan. 5, in the Venetian Ballroom of the Venetian. 

Best of Innovations honorees in the loudspeaker industry include 

in the High Performance Audio category, Definitive Technology’s 

(www.definitivetech.com) ultra-thin on-wall speaker, the Mythos 

XTR-50 (Photo 1), in the Home Theater Speakers category, 

Genesis Advanced Technologies’ (www.Genesisloudspeakers.

com) 7.1f (Photo 2), in the Audio Accessories category, Crystal 
Cable’s (www.crystalcable.com) Arabesque loudspeaker (Photo 
3), and in the Computer Assessories category, Intellitouch’s 

(www.intellitouch.com) Eos Wireless System (Photo 4).

Harman International (www.harman.com) reported lower 

net sales and a net loss of $9 million in its fiscal first quarter 

ended Sept. 30. Harman reported sales of $757 million during 

the quarter, down 13% including currency charges and 10% 

excluding them. The prior year’s sales were $869 million in 

the opening quarter. However, compared with the fiscal fourth 

quarter of last year sales are up 13%. The quarterly net loss of $9 

million is in comparison to a $21 million profit in the first fiscal 

quarter of last year. Consumer net sales for the quarter ended 

were $84 million, a decrease of 17% or 16% when adjusted 

for constant currency compared to the prior year. Sequentially, 

sales were up 20% compared to the previous quarter. There 

was an operating loss in the quarter of $1 million compared 

with an operating profit of $1 million in the prior year.    VC
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INDUSTRY NEWS 
AND DEVELOPMENTS
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TEST BENCH8
Wavecor and Reckhorn 
By Vance Dickason

SPOTLIGHT20
Using All-Pass Filters
By Charlie Hughes, Excelsior 
Audio Design & Services, LLC

  IN THIS ISSUE Industry News and Developments
By Vance Dickason

Minneapolis Speaker Company Celebrates 60th Anniversary!
This year the Minneapolis Speaker Company (MISCO) celebrates 

its 60th anniversary as a loudspeaker design and manufacturing com-

pany. Founded by Cliff Digre and now led by its president, Dan Digre, 

MISCO builds technologically advanced speaker solutions for the loud-

speaker industry. Cliff Digre started the Minneapolis Speaker Reconing 

Company in 1949 as a speaker reconing service repairing speakers from 

radios, TVs, and drive-in theaters. Within a short time the Minneapolis 

Speaker Company became one of the largest and most professional 

speaker reconing companies in the country. Cliff personally reconed 

hundreds of loudspeakers of most makes and types, both foreign and 

domestic. 

With the extensive knowledge he gained through reconing, Mr. 

Digre realized that the company could also design and build its own 

speakers superior in quality to what he was seeing during that time. 

The company’s first venture into manufacturing was the design of an 8  

speaker for Wright, Inc. owned by Doug Wright, one of the founders of 

Wright-DeCoster, a pioneer in loudspeaker manufacturing. At this time 

he changed the name to Minneapolis Speaker Company and registered 

the trade name MISCO.

Known as an innovative entrepreneur, Mr. Digre developed many 

“firsts” in the custom loudspeaker industry, including the first full 

line of speakers with colored cones, known as “Redline,” a registered 

trademark of MISCO. He also patented three magnetic circuit features 

that improved speaker quality, while at the same time reduced speaker 

manufacturing cost. 

MISCO has always participated in industry organizations. Both 

Cliff and his son, Dan, have been active in ALMA International, the 

international association for loudspeaker manufacturing, both serving as 

presidents and leading various industry committees for the improvement 

of custom loudspeaker design and manufacturing. That same innova-

tive spirit and concern for quality, cost, and on-time delivery that have 

been the foundations of MISCO continue today. MISCO’s attention to 

these qualities has resulted in continued company growth and product 

demand. So much so, that in 2002, MISCO built a new custom speaker 

manufacturing facility to meet the expanding demands and product 

requirements of its customers. 

The new corporate headquarters and speaker manufacturing facil-

25 Acoustic Patents 29  Industry Watch 31 Products & Services Index
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ity (Photo 1) is located in Minneapolis just south of the 

University of Minnesota campus and within minutes of the 

Minneapolis-St. Paul International Airport. MISCO built a 

new facility in 2001 with 20,000ft2 of space. The new loca-

tion allows MISCO to operate with increased quality and 

efficiency through lean manufacturing. Now MISCO has a 

stable, ambient environment to offer the control necessary 

for continuous manufacturing. MISCO models its quality 

system on ISO9001-2000 practices and employs a custom-

configured final QC tester for statistical verification of criti-

cal metrics, such as frequency response, polarity, sensitivity, 

distortion, and rub/buzz.  

MISCO is one of the few speaker manufacturers that 

still builds products in the United States. Onshore produc-

tion can reduce total procurement costs through smaller lot 

sizes, shorter lead times, lower-cost coordination, and the 

absence of duty costs—all accomplished through effective 

design and efficient production of high-quality products. 

MISCO also has manufacturing partnerships in Asia for 

high-volume, low-cost production with on-site logistics 

for customers who manufacture in Asia. This productive 

balance of US design and manufacturing, offshore partner-

ships, and global distribution is an important aspect of 

MISCO’s business model. Currently, MISCO manufac-

tures more than 1,500 models of speakers for hundreds of 

customers worldwide. 

One of MISCO’s more interesting new products is a 

21  pro sound subwoofer (Photo 2). This device has a 

magnet weight of 110 oz. and a rated power handling 

capacity of 1,000W. This model, the WX21W-4A, offers 

a cast aluminum frame, and is designed for the high power 

subwoofer systems used in live entertainment. Low dis-

tortion is achieved using dual opposed 8  flat spiders, an 

aluminum shorting ring, and a custom designed T-pole 

yoke. The company can also supply turnkey systems such 

as the MS-6SYS ceiling speaker. For this product, MISCO 

supplies the entire assembly, which includes a 70V trans-

former, a labor-saving barrier strip for ease of connection, 

and a stainless steel grille with enclosure (Photo 3) and is 

optimized for mass transit use, ready to install in the ceiling 

of a commuter rail car.

 MISCO has a professional engineering team led 

by chief engineer Gary Church, recognized in the 

audio industry as a loudspeaker transducer and system 

design expert. Select consultants also join the develop-

ment process. Internationally renowned acoustics and 

loudspeaker systems consultant D. Michael Shields 

joins the team when advanced acoustic, electronic, 

and system design elements are involved. MISCO 

also partners with Digital Audio Labs (DAL) on proj-

ects that include amplifier/DSP components. Like 

MISCO, DAL products carry a worldwide reputation 

for providing the highest sound quality available. 

The company’s flagship product is CardDeluxe, a 

professional 24-bit 96kHz sound card for Windows 

PHOTO 1: MISCO’s new factory headquarters.

PHOTO 2: MISCO’s new 21  woofer.

PHOTO 3: MISCO’s ceiling transit car speaker.
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PCs, which is used in a wide range of applications, 

including mastering, PC recording, studio produc-

tion, broadcasting, music editing, and more (www.

digitalaudio.com).

Through the 60 years of its existence, MISCO has 

always grounded its engineering and manufacturing 

expertise on a steady financial foundation with a plan 

for long-term growth. The company prizes its ability to 

invest in technology and infrastructure and quickly take 

advantage of advances in the industry. MISCO’s engi-

neering, manufacturing, and financial strategies all com-

bine to keep quality high and costs to customers low.

For more information about MISCO’s founder, Cliff 

Digre, go to www.miscospeakers.com, and visit the link 

to information about his recently published memoirs. 

His first-person narrative recounts his experiences as 

a ball turret gunner on a B-17 during World War II 

as well as his life during the founding of MISCO. 

Inquiries about specialized speakers for any of a wide 

variety of industries may be made to MISCO’s engi-

neering information line at (612) 825-1010, or by 

e-mail at info@miscospeakers.com. MISCO is a global 

loudspeaker design and manufacturing company with a 

technologically advanced lineup of custom subwoofers, 

woofers, mid-bass, midrange, tweeters, piezo speak-

ers, RoHS speakers and full-range coaxials, as well as 

waterproof, weatherproof, and voice communications 

transducers. 

New Updated Linear-X LT360EX Turntable
LinearX Systems has recently released a new version of 

its highly successful LT360 motorized turntable (Photo 4). 

According to LinearX R&D engineer Chris Strahm, “The 

original LT360 we introduced in 2006 has enjoyed excellent 

success. Recently we received many requests for additional 

capabilities and features, so we decided to enhance and 

extend the LT360 product as a new version, the LT360EX. 

Using a new discrete microstepper design, and improve-

ments in various component sourcing, we are now able to 

offer a single high performance model.” Updated features 

include:

• New Ultra High Performance Discrete Microstepping 

Controller 

• New larger motor drive current capacity increased to 7.5A 

PHOTO 4: Original LinearX LT-360 turntable.
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• New larger 100mm NEMA-23 higher torque motor 

• New precision tighter clearance C2 bearing, holds platter 

position tighter 

• Higher resolution microsteps increased from 8 to 16

• Higher maximum torque capability 

• Higher speed RPM capability

The LT360EX utilizes three embedded controllers: 

one 32-bit ARM-7 main processor, a second 8-bit 

processor dedicated for the USB interface, and a third 

specialized 16-bit 40MIPs processor which manages the 

microstepper drive. Five different universal interface 

methods are supported, serving any computer automa-

tion environment including: USB, RS-232, TTL pulse, 

analog input, and the manual button interface. The 

LR360 module is also available for remote manual con-

trol at a distance.

The LT360EX also features a universal worldwide PFC 

power supply operating from 85-265V AC, advanced 

microprocessor-controlled acceleration profiles, and a 

wide variety of interface and control options. Pre-tapped 

mount points are provided both on the platter and base 

for attachment of brackets, flanges, jigs, and other rig-

ging. You can mount the LT360EX in any orientation 

for maximum flexibility. Advanced user control is conve-

niently achieved by using RS-232 or USB communica-

tion. A general-purpose Win32 application program is 

provided, or you can quickly produce your own custom 

applications using either a Win32 DLL software inter-

face, or by direct RS-232 programming. The LT360EX 

is priced at $2895. View/download full product informa-

tion from www.linearx.com, or contact sales@linearx.com 

for more details.

Junyu Corporation—OEM Cabinet Supplier
Junyu Corporation is a professional manufacturer of 

wooden audio cabinets as well as finished turnkey loud-

speakers built to OEM specifications. Founded in 2001, 

the company is located in Zhejiang Province, about 90 

minutes from both the Shanghai (Pudong) Airport and 

Hangzhou Airport. While Junyu Corporation produces 

OEM drivers, OEM cabinets, and turnkey products, their 

main products are hi-fi wooden cabinets. The company 

can provide various colors/finishes or treatments, including: 

solid wood cabinets with painting, real wood veneer with 

painting, MDF with painting, single color lacquer painting 

and separate color lacquer painting, PVC vinyl, as well as 

pro and car audio carpet coverings. 

All processes undergo First Article inspection with 

tolerances on CNC wood machines held to 0.05-0.1mm. 

Junyu wood cabinets are available for various applica-

tions, such as table radio audio, mini audio desktop 

systems, 5.1 home theater systems, hi-fi two-channel, 

speaker cabinet brackets and TV racks. Moreover, the 

company has many years’ experience of manufacturing 

and assembling speaker systems according to customers’ 

designs. Junyu invites all manufacturers to send RFQs 

and drawings. For more, visit the Junyu Corporation 

website www.junyucorp.com.
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New NTi Turntable for  
Microphone Polar Plot Measurements

The NTi Audio microphone measurement system has 

been extended with a high-resolution polar plot feature. 

The newly developed NTi Audio precision turntable 

(Photo 5) enables fully automated measurement of the 

microphone’s directional response from 20Hz to 20kHz 

in arbitrary resolution. The polar plot analysis with the 

NTi Audio turntable (Fig. 1) complements the micro-

phone measurement system to an all-in-one test solution 

for development, production, and maintenance of micro-

phones. The test system software provides a complete set 

of measurements, paired with individual tolerances for the 

total quality control of individual microphone components 

or products, such as mobile phones, vocal microphones, or 

headsets.

The test system includes the high-speed RT-2M 

audio analyzer and a sophisticated software platform 

“RT-Microphone.”  Further accessories, such as reference 

microphones, reference speaker, automation interfaces, and 

the newly developed turntable complete the test solution. 
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PHOTO 5: NTI’s new microphone turntable.

FIGURE 1: Polar plot produced with NTI’s new micro-

phone turntable.
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It offers the measurement functions: frequency response, 

sensitivity, distortion, signal-to-noise ratio, polarity, direc-

tivity, and polar plot. Additionally, the PureSound measure-

ment detects any audible mechanical imperfections of the 

microphone.

The polar diagram displays the directional characteristic 

related to the measurement frequency of the microphone. 

In practice the microphone is mounted on the USB con-

trolled turntable. The adjustable mount allows placing the 

microphone capsule exactly in the center point of the turn-

table during the measurement. The measurement resolution 

and frequencies to be displayed in the polar plot can be set 

in the controlling RT-Microphone software. For detailed 

analysis, the measurement angles might be set in arbitrary 

resolution less than 1 . Pressing the GO button starts the 

fully automated polar measurements.

The high-speed audio analyzer generates a series of 

fast sweep signals, covering the complete audio band from 

20Hz–20kHz, and turns the microphone to the configured 

angles between the sweeps. The measurement time halves 

by choosing the 180° mode, which mirrors the polar image. 

Customers may add further frequencies to be shown on the 

polar diagram even after the completed measurement and set 

the diagram scaling and data smoothing. The polar plot anal-

ysis with the NTi Audio turntable complements the micro-

phone measurement system to an all-in-one solution for 

development, production, and maintenance of microphones. 

For more visit NTi Audio at www.nti-audio.com.           VC

Test Bench
By Vance Dickason

Wavecor and Reckhorn

�his month’s Test Bench drivers were designed by 

European engineers and manufactured in China facto-

ries. Wavecor, a China company, sent a new 7  subwoofer, 

the SW182BD01, and from Reckhorn, a German com-

pany, a very innovative coax driver, the C-190.

Wavecor SW182BD01
I reviewed Wavecor’s rather interesting TW030WA08 

30mm tweeter in the October issue of Voice Coil Test Bench 

and discussed the Danish origin of this China company. 

This month’s offering from Wavecor is part of their sub-

woofer series, the 7  SW182BD01 (Photos 1 and 2). The 

most striking feature of this driver is the Wavecor Balanced 

Drive system, a proprietary distortion reducing motor 

technology. 

Basically, Wavecor’s Balanced Drive Technology takes 

the form of a tapered extended pole as seen in the FEA 

diagram in Fig. 1. This happens to be the FEA used for the 

development of the SW182BD01, and also shows the dual 

tapered outlets on the pole vent, used to decrease turbulence 

in the vent. Figure 2 compares a typically standard motor 

PHOTO 1: 

Wavecor 

SW182BD01 

front.

PHOTO 2: 

SW182BD01 

back.
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with the tapered extended pole used by Wavecor. According 

to Wavecor this results in a more symmetrical Bl curve, 

which I examine further in the Klippel analysis section of 

the review.

In terms of features, the SW182 is built on an eight-

spoke cast aluminum frame that sports a completely open 

area below the spider mounting shelf for enhanced cooling. 

The SW182 cone assembly includes a very stiff straight 

edge anodized black aluminum cone and aluminum 2  

diameter convex dust cap. These are suspended by a NBR 

butyl rubber surround and a 4  diameter black cloth flat 

spider. Driving the assembly is a large (for a 7  woofer) 

1.5  diameter voice coil using round copper wire wound 

on a black non-conducting fiberglass voice coil former that 

incorporates a series of eight 4mm diameter former vents 

just below the neck joint. 

The motor itself uses two stacked 12mm  100mm 

ferrite magnets sandwiched between a shaped T-yoke and 

5mm high front plate, both with a black emissive coating 

for enhanced cooling performance. Additional cooling is 

provided by a 10mm diameter vent, and as seen in Fig. 1, 

flared at both ends. The motor also incorporates an alumi-

num faraday shield/shorting ring for distortion reduction. 

Voice coil tinsel lead wires are terminated to a set of gold-

plated terminals.

I commenced analysis of the SW182 subwoofer using the 

LinearX LMS analyzer and VIBox to produce both voltage 

and admittance (current) curves with the driver clamped 

Distributed By:

725 Pleasant Valley Dr.

Springboro, OH 45066

In Europe:

intertechnik.de

In Asia:

baysidenet.jp

The compact and effi cient ND Series 

combines a low-distortion Neo-Sym™ 

motor with a rigid yet lightweight 

aluminum diaphragm, yielding 

impressive high-impact audio 

reproduction. 3-1/2", 4", and 5-1/4" 

versions are available, in 4 ohm and 8 

ohm impedances.

In Canada:

solen.ca

Tel: 800.338.0531
parts-express.com

Dayton Audio ND Series 
High-Excursion Drivers

For more information visit
daytonaudio.com    

FIGURE 1: Wavecor FEA of the Wavecor Balanced Drive motor system.

FIGURE 2: Diagram comparing conventional woofer motor to the Wavecor 

Balanced Drive motor structure.
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to a rigid test fixture in free-air at 0.3V, 1V, 3V, 6V, and 

10V. As has become the protocol for Test Bench testing, 

I no longer use a single added mass measurement and 

instead used actual measured mass, but the manufacturer’s 

measured Mmd data. With most 6.5 -7  woofers, the 10V 

curves turn out so nonlinear that I end up discarding them, 

but not so with the SB182 which remained perfectly linear 

out to 10V and I suspect would have performed similarly 

at 15V; however, the test was terminated at 10V because 

that was sufficient data for the purposes of obtaining LTD 

parameters for this product. 

Next, I post-processed the ten 550 point stepped sine 

wave sweeps for each SW182 sample and divided the volt-

age curves by the current curves (admittance) to derive 

impedance curves, phase added by the LMS calculation 

method, and along with the accompanying voltage curves, 

imported to the LEAP 5 Enclosure Shop software. Because 

most Thiele/Small data provided by OEM manufacturers 

is being produced using either a standard method or the 

LEAP 4 TSL model, I additionally produced a LEAP 4 TSL 

model using the 1V free-air curves. The complete data set, 

the multiple voltage impedance curves for the LTD model 

(see Fig. 3 for the 1V free-air impedance curve) and the 1V 

impedance curve for the TSL model, were selected in the 

transducer derivation menu in LEAP 5 and the parameters 

created for the computer box simulations. Table 1 com-

pares the LEAP 5 LTD and TSL data and factory param-

eters for both SW182BD01 samples.

LEAP parameter Qts calculation results for the SW182 

were close to the factory data. I would like to note that 

Wavecor provides two parameter sets, one made without 

break-in and one made with substantial break-in. My data 

is made after a physical break-in accomplished by mechani-

cally moving the cone assembly to the hard limits of its 

travel 7 or 8 times, enough to give the initial stretch pro-

vided by typical break-in protocols. As is normal for these 

reviews, I followed my usual protocol and proceeded setting 

up computer enclosure simulations using the LEAP LTD 

parameters for Sample 1. 

I programmed two computer box simulations into LEAP, 

one sealed and one with a passive radiator. I can’t recall ever 

doing a passive radiator simulation for Test Bench in Voice 
Coil; however, because the driver parameters were not par-

ticularly suited for a vented design and Wavecor provides 

data on their own PR intended for use with the SW182, I 

used that data for the PR. This resulted in a 0.23ft3 sealed 

���������	�
�����	����������������

 TSL model  LTD model  Factory
 sample 1 sample 2 sample 1 sample 2  

FS 30.5Hz 31.3Hz 28.9Hz 29.5Hz 31Hz      
REVC 3.33 3.33 3.33 3.33 3.2    
Sd 0.0131 0.0131 0.0131 0.0131 0.0131
QMS 14.34 10.92 10.37 13.55 17.5      
QES 0.41 0.40 0.44 0.44 0.42   
QTS 0.39 0.39 0.43 0.42 0.41         
VAS 13.4 ltr 12.8 ltr 15.1 ltr 14.5 ltr 13 ltr     
SPL 2.83V 84.6dB 84.8dB 84.0dB 84.1dB 85.5dB        
XMAX 8.0mm 8.0mm 8.0mm 8.0mm 8.0mm
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SW182BD01 

free-air imped-

ance plot.

FIGURE 6:  

Cone excursion 

curves for the 

25/23V curves 

in Fig. 4.

FIGURE 7: 

Klippel Analyzer 

Bl (X) curve for 

the Wavecor 

SW182BD01.

FIGURE 4: 

SW182BD01 

computer box 

simulations 

(A = sealed at 
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FIGURE 5:  
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Fig. 4.
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enclosure with 50% fiberglass fill material, and a 0.35ft3 PR 

enclosure simulation with 15% fiberglass fill material and a 

single 7  PR tuned to 21.3Hz.

Figure 4 displays the results for the SW182 in the sealed 

and PR boxes at 2.83V and at a voltage level high enough 

to increase cone excursion to Xmax + 15% (9.2mm). This 

produced a F3 frequency of 47.5Hz with a box/driver Qtc 

of 0.71 for the 0.23ft3 sealed enclosure and –3dB = 40Hz 

for the 0.35ft3 PR simulation. Increasing the voltage input 

to the simulations until the maximum linear cone excursion 

was reached resulted in 104dB at 25V for the sealed enclo-

sure simulation and 103.5dB with a 23V input level for the 

larger PR box (see Figs. 5 and 6 for the 2.83V group delay 

curves and the 25/23V excursion curves). Klippel analysis 

for the Wavecor 7  woofer (our analyzer is provided cour-

tesy of Klippel GmbH), performed by Pat Turnmire, Red 

Rock Acoustics, produced the Bl(X), Kms(X), and Bl and 

Kms symmetry range plots given in Figs. 7-10 (visit www.

redrockacoustics.com).  

The Bl(X) curve for the SW182 (Fig. 7) is very broad 

(especially for a 7  woofer) and symmetrical, and obviously 

also with a small forward (coil-out) offset. Looking at the 

Bl symmetry plot (Fig. 8), this curve shows a 1.5mm coil 

forward offset at the rest position that decreases to 1mm at 

the physical 8mm Xmax of the driver. Figures 9 and 10 
show the Kms(X) and Kms symmetry range curves for the 

Wavecor subwoofer. 

The Kms(X) curve is likewise very symmetrical in both 

directions, but also with a forward (coil-out) offset of about 

1.3mm at the rest position that decreases to 1.07mm at the 

8mm Xmax location on the graph. While these numbers 

are small, it does limit the distortion levels somewhat.  

Displacement limiting numbers calculated by the Klippel 

analyzer were XBl at 70% Bl greater than 6.5mm and for 

XC at 50% Cms minimum was 5.6mm, which means that 

the compliance is the most limiting factor for prescribed 

distortion level of 20%.       

Figure 11 gives the inductance curve Le(X) for the 

FIGURE 8: 

Klippel Analyzer 

Bl symmetry 

range curve for 

the SW182BD01.
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SW182BD01.  Inductance will typically increase in the rear 

direction from the zero rest position as the voice coil cov-

ers more pole area; however, the SW182 inductance stays 

mostly constant as the coil moves in due to the shorting 

ring behavior. The inductance variation is only 0.81mH 

to 0.92mH from the in and out Xmax positions, which is 

very good.

Next I mounted the SW182 subwoofer in an enclosure 

which had a 18   8  baffle and was filled with damping 

material (foam) and then measured the DUT on- and 

off-axis from 300Hz to 10kHz frequency response at 

2.83V/1m using the LinearX LMS analyzer set to a 100 

point gated sine wave sweep. Figure 12 gives the on-axis 

response indicating a smoothly rising response to about 

2.4kHz, rising 10dB to peak at 3.2kHz before beginning 

its low-pass rolloff. Figure 13 displays the on- and off-axis 

frequency response at 0, 15, 30, and 45 . While the SW182 

is billed as a subwoofer, a crossover frequency as high as 

2kHz is certainly possible. And finally, Fig. 14 gives the 

two-sample SPL comparisons for the 7  Wavecor driver, 

showing a close match to within 0.5dB throughout the 

operating range.

For the remaining battery of tests, I employed the 

Listen Inc. SoundCheck analyzer (courtesy of Listen Inc.) 

to measure distortion and generate time frequency plots. 

For the distortion measurement, the Wavecor subwoofer 
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FIGURE 9: 

Klippel Analyzer 

mechanical 

stiffness of 

suspension Kms 

(X) curve for 

the Wavecor 

SW182BD01.

FIGURE 10: 

Klippel Analyzer 

Kms symmetry 

range curve for 

the SW182BD01.

FIGURE 11: 

Klippel Analyzer 

Le(X) curve for 

the Wavecor 

SW182BD01.

FIGURE 15: 

Wavecor 

SW182BD01 

SoundCheck dis-

tortion plots.

FIGURE 14: 

Wavecor 

SW182BD01 

two-sample SPL 

comparison.

FIGURE 13: 

Wavecor 

SW182BD01 

on- and off-

axis frequency 

response.

FIGURE 12: 

Wavecor 

SW182BD01 on-

axis frequency 

response.
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was mounted rigidly in free-air, and the SPL set to 94dB 

at 1m (14.8V) using a noise stimulus, and then the dis-

tortion measured with the Listen Inc. microphone placed 

10cm from the dust cap. This produced the distortion 

curves shown in Fig. 15. I then used SoundCheck to get 

a 2.83V/1m impulse response for this driver and imported 

the data into Listen Inc.’s SoundMap Time/Frequency soft-

ware.  The resulting CSD waterfall plot is given in Fig. 16 
and the Wigner-Ville (for its better low-frequency perfor-

mance) plot in Fig. 17.  For more, visit www.wavecor.com.

Reckhorn C-190
In a world of listeners getting much of their sonic enjoy-

ment from MP3 players and earbuds, it’s always fun for me 

to see new concepts and innovative ideas in loudspeaker 

design. I think the Reckhorn C-190 falls into that “eso-

teric” category. The brainchild of German loudspeaker 

manufacturer Klaus Reck, the C-190 coax driver combines 

many patented and thus licensable technologies. If you 

scan through the pictures of the C-190 (including the FEA 

simulation—Photos 3-7), it’s readily apparent that Klaus 

has combined many design concepts into a single package. 

In terms of patents, the C-190 is covered by German pat-

ent no. 10 2006 024 054, class H04R 1/24 (2006.1) based 

on the first application dated 5/23/2006. The primary 

patent features are the mono construction of the speaker 

chassis (basket) and the wide radiation pattern of the bass-

midrange. Further patent applications include Europe 

07114327.5-2225, USA 11/858.171, Japan 2007-292799 

and China 200710164229.0.  

Manufactured for Reckhorn in China, the C-190 is built 

on a six-spoke cast aluminum frame that tapers to a 35mm 

diameter mounting ring for the tweeter motor and support 

For more information call 
1-888-924-9465
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“cylinder” for mounting the woofer motor located on the 

opposite side of the frame. The front side of the frame, 

which is reversed from the position of a conventional frame, 

also has the spider mounting shelf. Klaus has basically taken 

the concept of a front mounted neo motor woofer (like the 

Illusion car audio woofers manufactured by Cary Christie 

Jr. a few years back), reversed it so the woofer cone points 

outward away from the baffle, and included a coaxial tweet-

er mount on what normally would have been the rear of 

the frame, thus eliminating the typical horn loading from a 

Kef/Tannoy type coincident coax driver technology. Clever.  

The tweeter combines a neodymium motor with a 

copper-plated return cup and a 28mm Muller coated silk 

dome. Because the tweeter is located several inches above 

the baffle mounting area, Klaus included a 5  diameter 

felt damping ring to reduce the reflections off the frame 

and reverse-mounted cone assembly. The woofer motor 

is also neodymium powered, and likewise incorporates a 

copper-plated return cup and pole and with the addition of 

an aluminum shorting ring. This tweeter also incorporates 

a perforated voice coil former and low viscosity ferrofluid. 

Both transducers are terminated to gold-plated terminals 

mounted on a terminal strip glued to the back of the woofer 

motor.

The woofer cone, as discussed, is mounted above the 

baffle surface, a technique that tends to improve off-axis 

performance. The cone itself is of the paper corrugated 

pulp type that incorporates a series of seven asymmetrically 

aligned radial pleats. Between each pressed in pleat is a 

random angled (non-symmetrical and not patented) 1.25  

cut that has been glued back together in a fashion similar to 

PHOTO 7: FEA simulation.

PHOTO 3: Reckhorn C-190.

PHOTO 4: Driver with grille removed.

PHOTO 6: Side view.

PHOTO 5: Reverse-mount C-190 driver.
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the Scan-Speak 15W series of “orange” sliced and re-glued 

cones. Suspension is provided by a NBR rubber surround 

and a back 3.75  diameter flat spider. Driving the cone 

assembly is a 38mm voice coil wound with round copper 

wire on a glass fiber non-conductive former. Covering the 

whole above baffle assembly is an attractive black metal 

dome grille that press-fits into the frame.

I commenced analysis of the C-190 coax driver by exam-

ining the woofer first. Using the LinearX LMS analyzer and 

VIBox, I produced both voltage and admittance (current) 

curves with the driver clamped to a rigid test fixture in free-

air at 0.3V, 1V, 3V, and 6V. I input the manufacturer’s mea-

sured Mmd data. In this case, Klaus was thoughtful enough 

to supply me with a couple of complete cone assemblies, a 

practice I would encourage for any manufacturer submit-

ting samples for review in Test Bench. 

Next, I post-processed the eight 550 point stepped sine 

wave sweeps for each C-190 woofer sample and divided the 

voltage curves by the current curves (admittance) to derive 

impedance curves, phase added by the LMS calculation 

method, and along with the accompanying voltage curves, 

imported to the LEAP 5 Enclosure Shop software. I pro-

duced a LEAP 4 TSL model using the 1V free-air curves. 

The complete data set, the multiple voltage impedance 

curves for the LTD model (see Fig. 18 for the 1V free-air 

impedance curve) and the 1V impedance curve for the TSL 

model, were selected in the transducer derivation menu in 

LEAP 5 and the parameters produced for the computer 

box simulations. Table 2 compares the LEAP 5 LTD and 

TSL data and factory parameters for both C-190 woofer 

samples.

LEAP parameter Qts calculation results for the C-190 

woofer were close to the factory data. As is normal for these 

reviews, I followed my usual protocol and proceeded setting 

up computer enclosure simulations using the LEAP LTD 

 TSL model  LTD model  Factory
 sample 1 sample 2 sample 1 sample 2  

FS 39.1Hz 36.8Hz 39.9Hz 37.8Hz 41.4Hz      
REVC 3.26 3.32 3.26 3.32 3.2    
Sd 0.0165 0.0165 0.0165 0.0165 0.0160
QMS 9.15 8.24 8.61 9.02 7.08      
QES 1.06 1.06 1.23 1.05 1.18   
QTS 0.95 0.94 1.08 1.05 1.01         
VAS 30.8 ltr 34.7 ltr 29.9 ltr 33.2 ltr 28.7 ltr     
SPL 2.83V 84.3dB 84.0dB 83.7dB 84.1dB 84.2dB        
XMAX 6.0mm 6.0mm 6.0mm 6.0mm 6.0mm

���������������������������
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parameters for Sample 1. Two computer box simulations 

were programmed into LEAP, two sealed enclosures, one 

representing a box type enclosure and the other for an in-

wall mounting. This resulted in a 0.5ft3 sealed enclosure 

with 50% fiberglass fill material, and a 3ft3 sealed enclosure 

simulation with 20% damping material.

Figure 19 displays the results for the Reckhorn C-190 

woofer in the sealed box and in-wall mounted at 2.83V and 

at a voltage level high enough to increase cone excursion to 

Xmax + 15% (6.2mm). This produced a F3 frequency of 

53Hz with a box/driver Qtc of 1.38 for the 0.5ft3 sealed 

enclosure and –3dB = 38Hz with a Qtc = 1.14 for the 

3ft3 in-wall simulation. Increasing the voltage input to 

the simulations until the maximum linear cone excursion 

was reached resulted in 10dB at 14V for the smaller sealed 

enclosure simulation and 101dB with an 8.75V input 

level for the in-wall simulation (see Figs. 20 and 21 for 

the 2.83V group delay curves and the 14/8.75V excursion 

curves). 

Klippel analysis for the Reckhorn 6.5  woofer produced 

the Bl(X), Kms(X) and Bl and Kms symmetry range plots 

given in Figs. 22-25. The Bl(X) curve for the C-190 woofer 

(Fig. 22) looks rather asymmetrical, while the Bl symmetry 

plot (Fig. 23) shows a 3.2mm coil forward offset at the rest 

position that decreases to a less significant 0.92mm at the 

physical 6mm Xmax of the driver. Figures 24 and 25 show 

the Kms(X) and Kms symmetry range curves. The Kms(X) 

curve is likewise very symmetrical in both directions with 

a small rearward (coil-in) offset of about 0.5mm at the rest 

position that decreases to 0.11 at the 6mm Xmax location 

on the graph. Displacement limiting numbers calculated by 

the Klippel analyzer were XBl at 82% Bl 4.9mm and for 

XC at 50% Cms minimum was 3.6mm, which means that 

the compliance is the most limiting factor for prescribed 

distortion level of 10%.       

Figure 26 gives the inductance curve Le(X) for the 

Reckhorn coax woofer. Inductance will typically increase 

in the rear direction from the zero rest position as the voice 

coil covers more pole area; however, the C-190 inductance 

decreases as the coil moves inward. This curve is actually 

backward, because, in order to test the C-190 woofer on the 

Klippel analyzer, the driver was mounted with the woofer 

motor facing outward, making the movement backward to 

what you normally see. Given that, the inductance increase 

in the correct direct and the inductance variation is only 
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FIGURE 19: 

C-190 woofer 

computer box 

simulations (A 

= sealed  at 

2.83V; B = in-

wall at 2.83V; C 

= sealed at 14V; 

D = inwall at 

8.75V). FIGURE 22: Klippel Analyzer Bl (X) curve for the Reckhorn C-190 woofer.

FIGURE 23: Klippel Analyzer Bl symmetry range curve for the C-190.

FIGURE 20: 

Group delay 

curves for the 

2.83V curves in 

Fig. 19.

FIGURE 21: 

Cone excursion 

curves for the 

14/8.75V curves 

in Fig. 19.



FEBRUARY 2010 17

about 0.25mH from the in to the out Xmax positions, 

which is a small variance.

Next I surface-mounted the C-190 coax woofer in an 

enclosure which had an 18   8  baffle and was filled with 

damping material (foam) and then measured the DUT 

on- and off-axis from 300Hz to 10kHz frequency response 

at 2.83V/1m using the LinearX LMS analyzer set to a 100 

point gated sine wave sweep. Figure 27 gives the on-axis 

response indicating a smoothly rising response to about 

1.2kHz, rising 5dB to peak at 2kHz before beginning its 

low-pass rolloff. Figure 28 displays the on- and off-axis 

frequency response at 0, 15, 30, and 45 . With a natural 

low-pass rolloff at 2kHz, the Reckhorn website recom-

mends a crossover that lets the woofer operate without any 

network and the tweeter using a 2nd-order high-pass filter. 

And finally, Fig. 29 gives the two-sample SPL comparisons 

for the 6.5  C-190 driver, showing a close match to within 

0.5dB throughout the operating range.

For the remaining battery of tests for the woofer half of 

this coax driver, I again fired up the SoundCheck analyzer 

in order to measure distortion and generate time frequency 

plots. For the distortion measurement, I mounted the 

C-190 woofer rigidly in free-air, and set the SPL to 94dB 

at 1m (9.78V) using a noise stimulus, and then measured 

the distortion with the Listen Inc. microphone placed 

10cm from the dust cap. This produced the distortion 

curves shown in Fig. 30. I then used SoundCheck to get 

a 2.83V/1m impulse response for this driver and imported 

the data into Listen Inc.’s SoundMap Time/Frequency soft-

ware. The resulting CSD waterfall plot is given in Fig. 31 
and the Wigner-Ville plot in Fig. 32.

After characterizing the woofer section of the Reckhorn 

coax C-190, I proceeded to focus on the tweeter. Figure 
33 illustrates the impedance curve for this neo driver. The 

primary resonance is well damped due to the low-viscosity 

magnetic fluid and occurs at about 503Hz with a small 

300  Hz 400 500 600 700 800 900 1K 2K 3K 4K 5K 6K 7K 8K 9K 10K

dBSPL

35

40

45

50

55

60

65

70

75

80

85

90

95
SPL vs Freq

300  Hz 400 500 600 700 800 900 1K 2K 3K 4K 5K 6K 7K 8K 9K 10K

dBSPL

35

40

45

50

55

60

65

70

75

80

85

90

95
SPL vs Freq

FIGURE 26: Klippel Analyzer Le(X) curve for the Reckhorn C-190 woofer.

FIGURE 25: Klippel Analyzer Kms symmetry range curve for the C-190.

FIGURE 27: 

Reckhorn C-190 

woofer on-axis 

frequency 

response.

FIGURE 28: 

Reckhorn C-190 

woofer on- and 

off-axis frequen-

cy response.

FIGURE 24: Klippel Analyzer mechanical stiffness of suspension Kms (X) 

curve for the Reckhorn C-190 woofer.
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secondary resonance at 1.5kHz. Minimum impedance is 

5.57  at 2.7kHz with a measured Re = 5.25 .

Next I surface-mounted the C-190 in a small enclosure 

that had a baffle area of about 18   8  and measured the 

tweeter on- and off-axis frequency response at 2.83V/1m 

with a 100 point gated sine wave sweep from 300Hz 

to 40kHz. Figure 34 shows the on-axis response. The 

Reckhorn tweeter frequency response shows the effects of 

being mounted above the woofer frame, although I am sure 

the felt ring does help. If you ignore the dip at 3kHz which 

will likely be buried in the high-pass network response, the 

response from 2kHz-19kHz is 1.29dB.      

Figure 35 illustrates the on- and off-axis response for 

the C-190 neo tweeter. Off-axis the device is -3.5dB down 

at 10kHz from the on-axis response with respect to the 30  

off-axis curve and -9dB at 45  off-axis, again with respect to 

the on-axis response. Figure 36 illustrates the normalized 

version of Fig. 35. In terms of production consistency, the 

two-sample SPL comparison is depicted in Fig. 37, indicat-

ing the two samples were well matched. 

After I finished the LMS set of measurements, I then 

once more set up the SoundCheck analyzer and measured 

the impulse response with the Reckhorn tweeter. Importing 

this data in the SoundMap software yielded the cumulative 

spectral decay plot (waterfall) shown in Fig. 38. Figure 39 
gives the short time fourier transform (STFT) displayed as 

a multi-color surface plot. Last, I set the 1m SPL to 94dB 

(7.7V), and the analyzer range to 2kHz-20kHz and mea-

sured the 2nd and 3rd harmonic distortion at 10cm, shown 

in Fig. 40. For more information on this interesting and 

fascinating coax driver, visit the Reckhorn website at www.

reckhorn.com.                    VC
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FIGURE 29: 

Reckhorn C-190 

woofer two-

sample SPL 

comparison.

FIGURE 33: 

Reckhorn C-190 

tweeter free-air 

impedance plot.

FIGURE 34: 

Reckhorn C-190 

tweeter on-axis 

response.

FIGURE 35: 

Reckhorn C-190 

tweeter horizon-

tal on- and off-

axis frequency 

response (A = 

0 ; B = 15 ; C = 

30 ; D = 45 ).

FIGURE 36: 

Reckhorn C-190 

tweeter normal-

ized on- and off-

axis frequency 

response (A = 

0 ; B = 15 ; C = 

30 ; D = 45 ).

FIGURE 30: 

Reckhorn 

C-190 woofer 

SoundCheck dis-

tortion plots.

FIGURE 31: 

Reckhorn 

C-190 woofer 

SoundCheck 

CSD Waterfall 

plot.

FIGURE 32: 

Reckhorn 

C-190 woofer 

SoundCheck 

Wigner-Ville 

plot.
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FIGURE 37: 

Reckhorn C-190 

tweeter two-

sample SPL 

comparison.

FIGURE 38: Reckhorn C-190 tweeter SoundCheck CSD Waterfall plot.

FIGURE 39: C-190 tweeter SoundCheck STFT surface intensity plot.

FIGURE 40: Reckhorn C-190 tweeter SoundCheck distortion plots.
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Spotlight
 

Using All-Pass Filters
By Charlie Hughes, Excelsior Audio  
Design & Services, LLC

�ll-pass filters are perhaps one of the most overlooked 

and misunderstood tools for the general audio prac-

titioner. John Murray has written about their use to yield 

more linear phase response through the majority of a loud-

speaker’s passband. They can also be used to optimize the 

directivity and magnitude response of a loudspeaker system. 

Perhaps you should first look at just exactly what an all-pass 

filter is.

BACKGROUND
You are familiar (or at least should be) with low-pass and 

high-pass filters. As their names imply, they pass one part of 

the audio spectrum while attenuating the others. They are 

the basis for loudspeaker crossovers. As with any analog fil-

ter, there is phase shift associated with the change in output 

magnitude of these filters.  Examples of these are shown in 

Fig. 1 as fourth-order Linkwitz-Riley filters. 

If you were to add the output of these filters back togeth-

er, essentially combining them with a unity gain mixer, you 

would get the response in Fig. 2. Here you see that the 

magnitude response is perfectly flat; it passes all portions of 

the audio spectrum, thus the name all-pass. However, the 

phase response is not flat. There is phase shift associated 

with this all-pass behavior. This phase shift is due to the 

contributions of the low-pass and high-pass filters that were 

combined (mixed).

There are, of course, other ways to construct all-pass 

filters. They can be defined mathematically, just as low-pass 

and high-pass filters can be. They can be of different orders 

(i.e., 1st, 2nd, 3rd, and so on) and have specific alignments 

(Butterworth, Bessel, Linkwitz-Riley, and more). These 

alignments are not defined by the shape of the magnitude 

response at the corner frequency of the all-pass—as you 

typically think of low-pass and high-pass filters—but by 

the shape of their phase response at the corner frequency. 

Low-pass and high-pass filter alignments can also be defined 

this way. 

One difference about all-pass filters is that for each order 

there is 180  of total phase shift. Low-pass and high-pass 

filters have only 90  of total phase shift for each order. The 

importance of this distinction will become clear later.

LOUDSPEAKER RESPONSES
Now that you have a basic understanding of an all-pass 

filter, let’s put one to good use. Suppose that you have a 

two-way loudspeaker system composed of a high-frequency 

horn and dual 12  woofers as illustrated in Fig. 3. The horn 

is located at the top of the baffle. One woofer is directly 

below the horn. The second woofer is directly below the 

first. This is a fairly typical configuration. 

To keep things simple, I will model these components as 

point sources. This will make it easier to see anomalies in 

the directivity response of the system when the individual 

sources are combined. The horizontal symmetry of my 

example loudspeaker assures me that nothing spectacu-

lar will occur in the horizontal plane. Having the sound 

sources displaced vertically will yield some interesting 

behavior.

Because all of the good stuff will happen in the vertical 

plane, I will be looking primarily at vertical directivity maps 

and a few polar plots. The nice thing about a directivity 

map is that it allows you to look at the relative level of dif-

FIGURE 1: Magnitude and phase response of fourth-order Linkwitz-Riley low-pass 

and high-pass filters. (Note: only one phase response curve is visible because 

they are both identical.)

FIGURE 2: Magnitude and phase response of the summation of the fourth-order 

Linkwitz-Riley low-pass and high-pass filters from Fig. 1.
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ferent radiation angles at 

all frequencies at the same 

time, whereas polar plots 

allow you to see the rela-

tive level of different radia-

tion angles at only a single 

frequency. Ideally you 

should see the same level 

at all frequencies and at 

all angles because you are 

using point sources (which 

have no inherent directiv-

ity). This will not be the 

case due to the vertically 

spaced sources. 

Incidentally, all of the 

modeling was performed 

by, and most of the graphs 

generated with, the new 

SpeakerLab/GLL software 

from AFMG (www.afmg.

eu). It allows for some very 

nice investigation and optimization work to be carried out 

and displayed.

I have ideal textbook sources, so I will use fourth-order 

Linkwitz-Riley low-pass and high-pass filters with a corner 

frequency of 1kHz for the crossover. The on-axis summa-

tion of the sources in the far field with these filters is shown 

in Fig. 4. This is exactly what you would expect. 

FIGURE 3: Example dual 12  woofer, two-

way loudspeaker system. 

FIGURE 4: On-axis magnitude and phase response of example loudspeaker sys-

tem with 1kHz Linkwitz-Riley crossover.

FIGURE 5: Vertical directivity map of example loudspeaker system with 1kHz 

Linkwitz-Riley crossover. 
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The low-frequency level is +6dB compared to the high 

frequency with a smooth transition in the crossover region. 

This level change is because of the two woofers compared 

to the one horn (the point sources you are using each have 

identical output). You also notice 360  total phase shift due 

to the fourth-order filters. You get 90  of phase shift for 

each filter order.

Looking at the off-axis response shown in Fig. 5, you 

see that things are not quite as well behaved. There is 

considerable cancellation off-axis from 500Hz up through 

the crossover region. The directivity map has frequency 

plotted on one axis and the vertical radiation angle on the 

other axis. The output level is shown both as color varia-

tion and as elevation above the frequency-radiation angle 

plane. 

All of the off-axis response data is normalized to the 

on-axis response. A slice through this surface at a given 

frequency will yield the polar response at that frequency. 

Similarly, a slice through any radiation angle will yield 

the frequency response at that angle relative to the on-axis 

response. 

For reference, polar plots at 500Hz and 1kHz are shown 

in Fig. 6. Notice the deep nulls at +90  and –90  (straight 

up and down) in the 500Hz polar and the same depressions 

in the directivity map (-20dB green region). Also, at 1kHz 

the level drops quickly at off-axis angles, increases a bit, 

drops again, and then increases back to full level. You can 

see this in the rippling of the directivity map. Compare this 

to the 1kHz polar plot.

The cause of this destructive (cancellation) and construc-

tive (addition) interference is that multiple sources in dif-

ferent locations are radiating in the same frequency region. 

At crossover (1kHz) all three devices are active. The largest 

separation of sources is between the horn and the bottom 

woofer. This distance is 26 , which is almost exactly two 

wavelengths at 1kHz. 

The distance between the horn and the top woofer is 

13 , as is the distance between the two woofers. This is 

almost exactly one wavelength at 1kHz. This is why there 

is such good summation above and below (+90  and –90 ) 

the loudspeaker. The woofer spacing is the cause of the 

decrease in output above and below the loudspeaker at 

500Hz. This distance is almost exactly one-half wavelength 

at this frequency.  

To minimize these directivity problems, you need to 

minimize the interference by attenuating a source so that 

only one is active within a given frequency region. You 

can do this with the woofers by placing another low-pass 

filter on the bottom woofer (in addition to the existing 

1kHz low-pass filter used for the crossover—this is com-

monly known as a 2.5-way design). I’ll use a second-order 

Butterworth low-pass filter at 300Hz to roll off the higher 

frequency output of the bottom woofer. The effect of this 

on the vertical directivity is shown in Fig. 7. 

FIGURE 6: Vertical polar plots of example loudspeaker system with 1kHz 

Linkwitz-Riley crossover.

FIGURE 7: Vertical directivity map of example loudspeaker system with 1kHz 

Linkwitz-Riley crossover and 2nd-order 300Hz LP filter on the bottom woofer.

FIGURE 8: Vertical polar plots of example loudspeaker system with 1kHz 

Linkwitz-Riley crossover and 2nd-order 300Hz LP filter on the bottom woofer.

FIGURE 9: Vertical directivity map of example loudspeaker system with 1kHz 

Linkwitz-Riley crossover, 2nd-order 300Hz LP filter on the bottom woofer, and 

1st-order 300Hz AP filters on the top woofer and horn. 
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The two off-axis cancellations (depressions) around 

1kHz are due to the crossover in this region between 

the top woofer and horn. The only way to eliminate 

these cancellations is to eliminate the spacing between 

the top woofer and horn. That is, they would need to 

occupy the same point in space, which is clearly impos-

sible. Arranging them coaxially would not eliminate the 

cancellations, but it would change the angles at which 

they occur. 

You also see something very peculiar. In the 250–

500Hz region the directivity map is not symmetrical. 

There is a large region of cancellation above the loud-

speaker. This is also shown in the polar plots of Fig. 
8. Notice the output is greater below the loudspeaker 

than it is on-axis.

Some practitioners may be thinking, “No big deal, 

I want more output directed down toward the audi-

ence from flown loudspeakers anyway.” This is true, 

which is why flown or elevated loudspeakers are usu-

ally tilted downward and aimed at the audience. This 

“downward lobe” remains pointing along the vertical 

axis of the enclosure. When tilted down, this axis is 

usually pointing toward the stage area. Starting to see 

the problem?

How many line array cabinets on the market have 

dual woofers or midrange drivers placed on opposite 

sides of the enclosure? These same directivity problems 

will also plague these line array cabinets, but because 

the drivers are offset horizontally they will occur in the 

horizontal plane, not the vertical. I certainly don’t want 

to try to cover an audience area with a loudspeaker 

system that suffers from horizontal asymmetry over 

only a portion of its passband. This asymmetry of the 

directivity response is not caused by one of the woofers 

having more output than the other. The bottom woofer 

is the one that has been attenuated and the main lobe is 

pointed down, not up.

This lobe and its asymmetry are caused by the phase 

shift introduced by the additional low-pass filter on 

the bottom woofer. The bottom woofer now has a 

different, and non-complementary, phase response 

compared to the top woofer and the horn. To correct 

this all three components need to have complementary 

phase response.

APPLICATION
You need to add phase shift to the top woofer and 

horn without altering their magnitude response. This 

is when you grab an all-pass filter. The 300Hz low-pass 

filter is second-order, yielding 180  of additional phase 

shift. To match this you need a first-order all-pass filter 

for the top woofer and the horn. When you apply these 

filters, you get the results shown in Fig. 9. The vertical 

directivity is once again symmetrical. The off-axis can-

cellations have been greatly improved when compared 

to Fig. 5 and Fig. 7.
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You can further improve this by using a higher order 

low-pass filter on the bottom woofer to more rapidly 

attenuate its higher frequency output. I will change 

from the second-order Butterworth to a fourth-order 

Butterworth filter. You must also change the all-pass 

filters on the top woofer and horn from first-order 

to second-order Butterworth. Once you use an all-

pass filter greater than first-order, you must be sure 

to match its alignment, or Q, to that of the low-pass 

filter so the phase response of the low-pass and all-pass 

filters is identical. These changes give the results in 

Fig. 10.

The on-axis magnitude response for these final filter 

parameters is shown in Fig. 11. Compared to Fig. 4 

there are only two differences. The transition from +6 

to 0dB output occurs in the 250–630Hz region instead 

of the 630Hz–2kHz region. The other is that there is 

one additional phase rotation in the transfer function 

of the loudspeaker system. While this latter difference 

is not ideal, it is certainly a small price to pay for the 

improvement in directivity response from that of Fig. 
5 to Fig. 10. I hope this has helped to illustrate one 

application of all-pass filters being used effectively to 

improve the directivity response of multi-driver loud-

speaker systems.                VC
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FIGURE 11: On-axis magnitude and phase response of example loudspeaker sys-

tem with 1kHz Linkwitz-Riley crossover, 4th-order 300Hz LP filter on the bottom 

woofer, and 2nd-order 300Hz AP filters on the top woofer and horn.

FIGURE 10: Vertical directivity map of example loudspeaker system with 1kHz 

Linkwitz-Riley crossover, 4th-order 300Hz LP filter on the bottom woofer and 

2nd-order 300Hz AP filters on the top woofer and horn.
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Acoustic Patents 
By James Croft

�he following loudspeaker-related patents were filed 

primarily under the Office of Patent and Trademarks 

classification 181 for acoustical devices and 381 for electri-

cal-signal processing systems and HO4R for international 

patents. This also includes new patent applications that are 

published in the Patent Application Journal.  

Enclosure For Symbiotic Active/Passive  
    Operation Of An Acoustic Driver

Patent Number: US 7,624,839

Granted: December 1, 2009

Inventor: Curtis E. Graber (Woodburn, Ind.)

Assignee: None

Filed: May 12, 2006

US Class: 381/156, 12 drawings

ABSTRACT FROM PATENT
A compact loudspeaker enclosure combines planar type 

devices for high frequency sound reproduction and cone 

type active devices for low frequency sound reproduction. 

The low frequency cone type transducers are mounted in 

baffles between forward and rear enclosed spaces and thus 

do not directly radiate into the environment. The first 

enclosed space is acoustically coupled to the environment 

by the planar device which is mounted between the first 

enclosed space and the environment with one major face 

mounted to radiate either directly into the environment or 

to be horn loaded. The planar operates as a passive radiator 

to the LF devices at low frequencies and an active device 

above a crossover frequency.

INDEPENDENT CLAIMS FROM PATENT
“1. A speaker system comprising: an enclosure defining 

an interior space; an internal baffle arrangement disposed 

in the interior space to divide the interior space into a front 

common-chamber and a rear chamber; first and second 

active transducers mounted to the internal baffle arrange-
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 Multiple wire types
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FIGURE 1: US Patent 7,624,839.



26 VOICE COIL

ment in an orientation to radiate sound energy into the 

front common-chamber and rear chamber, the first and 

second active transducers providing for generating sound 

energy predominantly in a low frequency range; and a 

planar based acoustic radiator mounted to the enclosure 

adjacent to the front chamber, the planar based acoustic 

radiator being disposed at an oblique angle relative to the 

first and second active transducers and coupling low fre-

quency sound from the first and second active transducers 

to outside the enclosure, the planar based acoustic radiator 

further incorporating a transducer providing for generating 

sound energy in a frequency range above the low frequency 

range of the first and second active transducers. 

“7. A loudspeaker system comprising: a sealed multi-

chamber enclosure; a low frequency loudspeaker mounted 

between first and second chambers of the multi-chamber 

enclosure to radiate sound energy into the first and second 

chambers; a planar radiator mounted on an exterior of the 

sealed multi-chamber to acoustically couple sound energy 

from the first chamber to the environment, the radiator 

having an active operating range at higher frequencies 

than the low frequency loudspeaker; and the planar radia-

tor being disposed obliquely relative to the low frequency 

loudspeaker.”

REVIEWER COMMENTS
Disclosed is a loudspeaker system for use with planar 

film type transducers for the purpose of enhancing the 

low frequency response of the planar film transducer, such 

as planar magnetic transducers, when operated as a full 

range device, above a woofer system, most often must be 

designed to a compromise between a number of perfor-

mance factors. These systems most often incorporate a flat, 

tensioned film diaphragm, with the tension being tight 

enough to keep the diaphragm from buzzing while at the 

same time not being so tight as to reduce the compliance 

and raise the fundamental resonant frequency above a 

desired cutoff frequency.  

A related parameter is that of transducer width, wherein 

you wish to have a diaphragm that is adequately wide to 

operate to a low enough resonant frequency while at the 

same time being narrow enough to maintain adequate 

dispersion at high frequencies. To maintain reasonable 

dispersion for most applications requires that the radiating 

diaphragm width be held to less than 50mm. A practical 

planar film transducer of less than 50mm diaphragm width, 

when properly tensioned, will tend to have a fundamental 

resonance in the range of 220Hz to 500Hz. While the 

planar film devices can be extended in length, producing a 

line source of considerable diaphragm surface area, allowing 

greater output, the narrow width dimension still dominates 

the suspended compliance and therefore substantially deter-

mines the resonant frequency.

Often it is desired to have “satellite systems” be able to 

operate down to, and crossover to, a singular subwoofer 

system, with approximately 80Hz as a preferred crossover 

frequency. Historically, with planar film systems, “mid-bass 

coupler” per channel has been deployed to bridge the gap 

between the low frequency cutoff of the planar film device 

and a subwoofer, with the mid-bass coupler generally oper-

ating between 80Hz and 300Hz. In many applications, this 

mid-bass coupler will be perceived as sonically discontinu-

ous relative to blending with the planar film device. Often 

it is suggested that the  mid-bass coupler cone type woofer 

is “slower” than the low mass planar film device. The real 

reason for sonic discontinuity is usually due to dramatic 

shifts in radiation pattern and power response between the 

planar and cone systems, particularly when the elements 

are configured as a planar line source and a monopole cone 

system.

All of this leads up to the solution provided by 

the recently prolific Curt Graber (see US 7,621,369, 

“Acoustic energy projection system,” US 7,530,424 

“Sonic boom simulator,” US 7,454,030 “Subwoofer with 

cascaded linear array of drivers”). The disclosed inven-

tion essentially restructures and repositions the “mid-bass 

coupler” as an equal length line array, behind the planar 

film speaker line source array, with a substantially sealed 

chamber between the two systems. For frequencies down 

to the free air resonant frequency of the planar film device 

(approximately 300Hz) the film device operates actively 

as if it was in an enclosure the size of the sealed chamber 

between the two systems. Below 300Hz, the lower fre-

quency, cone, mid-woofer system is activated to operate 

down to at least 80Hz, coupling to, and driving the planar 

film diaphragms to generate output in the range of 80Hz 

to 300Hz, below their free air resonant frequency. The 

system can be thought of as either the equivalent of a dual 

transducer, isobaric type device, with one low mass low 

compliance transducer coupled to a higher mass, higher 

compliance transducer; or, it can be considered that the 

planar film diaphragm operates as a low compliance “pas-

sive radiator” driven by the dynamic woofer from 300Hz 

on down to the desired low frequency cutoff. Which is 

the more valid description depends on whether the planar 

film device is actively driven down to at least the system 

cutoff frequency, or alternatively, by a high pass filter with 

a corner frequency matching and crossing over to the low 

pass filter of the mid-woofer system, at approximately 

300Hz. The latter system is disclosed as the preferred 

embodiment of the inventor with the planar film dia-

phragms being driven as passive radiators over the range 

of 80Hz to 300Hz.  

With this type of system there is no discontinuity of 
FIGURE 2: Graphing 7,624,839.
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radiation pattern and when properly phased, no interfer-

ence effects.

From a small signal standpoint, this type of architecture 

can be quite effective at both providing an audibly seam-

less transition from planar film transducers to a mid-bass 

coupler system, and, driving the planar film diaphragms to 

operate effectively two octaves below their free air resonant 

frequency. The main concern is the large signal limitation 

imposed by the Xmax mobility limits of the planar film 

diaphragms, which, when tensioned properly across their 

width dimension to set a 300Hz resonant frequency, will 

tend to have very little excursion capability without substan-

tial compression imposed by the diaphragm reaching elastic 

limits and producing an unusual form of distortion caused 

by nonlinear compliance and diaphragm area wherein the 

Sd and CMS of the driver express a level dependent change 

as the elastic limits are approached. With a tensioned dia-

phragm, elastic limits are reached at very small excursions.

This limitation can, of course, be overcome by increasing 

the surface area of the planar film diaphragms by way of 

increasing the length of the line source, or producing a wider 

or a horizontal array of film devices. These are straightfor-

ward engineering choices that impact total size, cost, and 

horizontal directivity. By choosing the best balance/compro-

mise, depending on the application, the invention should be 

able to be deployed effectively to offer real world advantages 

over standard planar film/mid-bass coupler systems. 

LAUTSPRECHER 

Inventors: Not Listed

Assignee: ELAC ELECTROACUSTIC GMBH [DE]

Filed: July 14, 2007, Publication: June 9, 2007

International Class: H04R9/06, 23 Claims, 17 drawings

Reviewer Comments
This recent German patent application discloses what 

is potentially a very significant invention relating to 

transducer cone diaphragm structures. Working from 

German to English translations of limited quality, com-

bined with ELAC’s commercial presentations, and test 

reports of products using the technology, it would appear 

that these devices may have a unique and useful set of 

capabilities.

The technology is dubbed “Crystal Membrane” which 

refers to the crystalline embossed, multifaceted appear-

ance of an aluminum foil layer that is attached in a 

proprietary manner to a primary cone diaphragm and 

voice coil. The novelty of the Crystal Membrane is that 

the specially formed aluminum foil layer is pressed in 

predetermined shape, looking like a cross between a fin-

ished crystal and the surface of a geodesic dome, and then 

attached to the primary cone through an intermediate 

strut with special adhesives. The majority of aluminum 

membrane surface is unattached and suspended at vary-

ing distances from the primary diaphragm. This com-
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posite structure is claimed to offer far more rigidity than 

standard cone materials. 

  Their claim of at least an octave of greater bandwidth 

without breakup of the composite diaphragm and signifi-

cantly reduced coloration, if true, is certainly a positive, but 

the most interesting aspect of the new structure is that, due 

to its multi-faceted surface, it is said to maintain substan-

tially constant directivity even at the upper range of the 

device. This claim appears to be supported by test reports 

of polar responses maintaining a mere 1dB deviation across 

a ±30° angle over the majority of the operating range of the 

transducer.

There have been many diaphragm technologies in the 

past that have somewhat successfully controlled upper 

frequency resonances by way of greater rigidity, but those 

approaches have almost universally been accompanied 

by increasingly high directivity with increased frequency.  

If this technology can achieve wide bandwidth without 

breakup modes, and can maintain constant directivity over 

the majority of its operating range, it represents a significant 

advancement that should influence how future cone trans-

ducers are constructed. 

MAGNET RETENTION SYSTEM  
    IN PLANAR LOUDSPEAKERS

Patent Number: US 7,627,134

Inventors: David B. Garner (Indianapolis, Ind.), and 

   Richard J. Herold (Martinsville, Ind.)

Assignee: Harman International Industries, 

   Incorporated (Northridge, Calif.) 

Filed: September 16, 2004

Granted: December 1, 2009

Current US Class: 381/433, 19 Claims, 46 drawings

Reviewer Comments
Disclosed is a planar magnetic loudspeaker which 

includes a ferrous, pan type, perforated mounting frame, 

a set of elongated magnets and a diaphragm with conduc-

tive runs, mounted on the frame. The pan/frame includes 

a substantially flat portion defining a magnet-mounting 

surface further including a plurality of half-shear protru-

sions extending from the magnet-mounting surface. The 

magnet is attracted to the body portion of the frame and 

restricted from movement along the magnet-mounting 

surface by at least one half-shear protrusion. The dia-

phragm is spaced apart from the magnet and coupled to 

the frame.

The claims focus mainly on the half-shears that protrude 

from the surface of the frame pan. Those protrusions are a 

convenient way to capture and hold elongated neodymium 

magnets in place both expediting manufacturing and allow-

ing low cost stamped steel frames as the main structural 

component.

While this has proven to be a very effective magnet 

capture system, as far as I know, it was originated by David 

Michno and David Graebener (currently at Wisdom 

Audio), formerly at American Technology Corporation, 

the company that licensed the fundamental planar mag-

netic technology to Harman International and trained 

them in manufacturing processes relating to the licensed 

planar magnetic technology. It is my understanding that 

the ATC usage of half-shear protrusions for magnet reten-

tion was developed before the filing date of the current 

patent, by different inventors, so there is some question 

of ownership. It is possible that the listed inventors were 

not in attendance at the ATC presentations, and therefore 

not privy to the ATC teachings and came up with the 

technique independently, albeit after the fact. Regardless of 

who owns the rights, the technique is an excellent one that 

has proven itself effective in planar magnetic structures for 

many years.       VC

FIGURE 4: US Patent 7,627,134.

FIGURE 3: Lautsprecher.
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Industry Watch
By Vance Dickason

�he US Bankruptcy Court for the District of Delaware 

approved Nortek’s prepackaged Chapter 11 filing 

(http://nortek-inc.com/). Nortek expects to emerge from 

bankruptcy as a reorganized company as expeditiously as pos-

sible according to the owner of multiple custom-installation 

companies. The plan will eliminate about $1.3 billion out of 

a total $2.05 billion in debt, the company said. Nortek also 

has a commitment for a $250 million asset-backed credit 

facility that will be available for general business operations 

after the company emerges from Chapter 11. Nortek previ-

ously stated that it has no plans to sell any of its subsidiaries 

and anticipates no Nortek management changes. 

In late October, the court approved multiple Nortek 

requests, including permission to pay trade creditors any bal-

ances incurred before the Oct. 21 Chapter 11 filing, pay all 

salaries and wages to employees, honor all customer programs 

and product warranties, and continue to use cash on hand for 

general business operations. Nortek owns multiple companies 

that sell products for commercial and residential installation. 

In home technology, the company’s brands include many of 

the major powers in the residential custom-install industry, 

such as Aton, Channel Plus, Elan, Gefen, Imerge, M&S, 

Niles, OmniMount, Panamax, SpeakerCraft, Sunfire, and 

Xantech. The company also owns residential HVAC and 

ventilation companies and commercial HVAC suppliers.

The Custom Electronic Design & Installation Association 

(CEDIA) has announced that after one more year in Atlanta 

in 2010, its annual tradeshow, CEDIA EXPO, will move back 

to Indianapolis, one of its original host locations.  CEDIA 

EXPO will take place September 22-26, in Atlanta, then will 

be held September 7-11, 2011, and September 5-9, 2012, 

in Indianapolis. While CEDIA is based in Indianapolis, the 

association operates internationally, and its annual trade show 

draws tens of thousands of attendees from dozens of coun-

tries. Indianapolis hosted CEDIA EXPO from 1999-2001 

and again from 2003-2005. The expansion of the Indiana 

Convention Center includes the addition of more than 

250,000ft2 of exhibit/meeting space and a brand new Marriott 

Place hotel complex with more than 1,300 rooms. Registration 

for CEDIA EXPO 2010 in Atlanta will open June 1. More 

information may be found at www.cedia.org/expo.

Krell (www.krellonline.com) founders Dan and Rondi 

D’Agostino have filed a lawsuit against private-equity fund 

KP Capital Partners (http://thekpfund.com) and current 

KP-allied Krell executives to regain their management roles at 

the high-end audio company they founded in 1980. In their 

lawsuit, the founders contend they were locked out of the com-

pany’s Orange, Conn., offices about three months ago in viola-

tion of their employment agreements after trying to assert their 

right to fire a KP-backed executive. They also contend that KP 

used fraudulent, overreaching, and unconscionable tactics in a 

scheme to usurp the assets of old Krell [owned 100% by the 

D’Agostinos] at a discount, and exert complete control of new 

Krell, despite only purchasing a minority ownership interest. 

KP Capital Partners, a New York City private-equity fund, 

purchased a 40% stake in Krell Industries in April. Dan and 

Rondi D’Agostino continued to hold the other 60% and 

were to remain CEO and president, respectively, the suit 

said. Dan D’Agostino was also to stay on as chief product 

designer. Both founders also held two of five board seats. 

KP executive Ling Kwok, however, “improperly terminat-

ed the employment of each of the founders, and effectively 

terminated their ownership and roles as minority managers, 

literally locking them out of the company,” the suit said.

In another development, KP filed its own suit against 

the D’Agostinos, said Walter Schneider, who the company 

promoted from COO to the position of president. KP’s 

lawsuit states clearly the reasons this situation has gone sour 

and states some of the misrepresentations that related to the 

original purchase, he said. Obviously some seller’s remorse 

set in. Schneider said Krell is focusing on business and let-

ting the lawyers work on the issues between the investors 

and the founders. At Krell, he said, there is stability, and 

the company plans to introduce its first Blu-ray player and 

other products at January’s CES. 

According to Krell, Todd Eichenbaum has been pro-

moted to Krell’s director of engineering and new product 

development. Eichenbaum has been lead engineer on more 

than 50 Krell products during the past decade. Peter McKay 

continues as international sales and marketing VP, and Bill 

McKiegan remains US sales and marketing VP. 

The Mission speaker brand will return to the US 

through startup importer Mission USA (www.missionusa.
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com), which is owned here by a local retailer. Mission USA 

relaunched the brand at International CES, where it exhib-

ited current and new products to selected reps, distributors, 

and retailers. The brand offers a broad line of mid- to high-

end in-room speakers, including compact, bookshelf, and 

floor-standing models, along with powered subwoofers and 

home theater speaker packages. 

The Mission brand left the US market about four to 

five years ago, returned about two years ago through an 

importer, then left the market again about a year ago. For five 

years ending in 2002, Denon (www.denon.com) marketed 

Mission speakers in the US, after which Mission resumed 

marketing for awhile. China-based IAG Group (www.

internationalaudiogroup.com) purchased Mission in 2005 and 

added it to its stable of UK audio brands, including Wharfedale, 

Quad, AudioLabs, and Castle Acoustics home audio brands. 

IAG also markets professional audio and lighting equipment. 

The Consumer Electronics Association (CEA, www.

ce.org) conducted a study that found that 85% of con-

sumers are satisfied with their shopping experience for car 

electronics products. The findings differ somewhat from 

results of a study commissioned by the 12-Volt Initiative 

(www.12voltinitiative.com) car stereo group last year. That 

study determined that many consumers did not trust car 

stereo shops to work on their car. It also found that nearly a 

third of consumers could not name a car stereo brand and 

a quarter could not name a car stereo retailer. 

The CEA study looked at consumers who already owned 

at least one car stereo item. It studied 1,000 respondents 

through Internet interviews this fall and found the average 

consumer in the pool owned more than two car electronics 

items. Forty-four percent of the respondents said they owned 

a portable or handheld GPS product, and 23% owned an 

in-dash navigation system. In addition, 12% owned HD 

Radio, and 18% owned an amplifier. Also, 26% owned an 

in-dash car stereo with an iPod or MP3 connection, 14% 

had a vehicle tracking system, and 10% had a video system. 

  A third of the respondents shop online for car electronics 

products; 63% said they shop at a general electronics store 

such as Best Buy (www.BestBuy.com); 42% said they shop 

at mass merchants such as Walmart (www.walmart.com); 

and 32% said they shop at automobile electronics stores. 

Nearly half of those making a purchase comparison shop 

and many considered their purchases for months before 

buying and also looked forward to the purchase. While 

85% were satisfied with their purchasing experience, only 

49% were satisfied with the installation experience. About 

a third of the consumers studied were highly engaged with 

the products and more likely to be younger males that are 

very interested in cars. They were also likely to be a member 

of a minority group and with a fairly high income.  

Results from the car stereo viral video promotion launched 

Nov. 20 are positive, with views of the “Car Dance Mob” video 

on track to meet the planned goal of 59,000 views according 

to Steve Witt, chairman of the 12-Volt Initiative’s governing 

board, who confirmed the industry is starting work on a sec-

ond video. The board of the 12-Volt Initiative, a consortium 

of industry members, met on Nov. 30 and approved work on 
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a second viral video to be released in the January/February time 

frame.  To date, the 12-Volt Initiative has spent approximately 

$100,000 for the video, website, and promotion. 

While the video, enacting a quasi-impromptu scene of 

dancing to music in cars, was panned by a few industry 

members on industry websites and YouTube, Witt dis-

missed the critics as people who were expecting a typical 

advertisement. One retailer told TWICE he was withdraw-

ing his campaign support, while Witt said new retailers 

have since joined the campaign. In January, the board will 

review the results of the video after it has “aired” for 30 days. 

Retailers may join the campaign by paying $99.  

JL Audio (www.jlaudio.com) will be the first vendor partner 

of the new Mobile Electronics Specialists of America (MESA, 

http://mespecialists.com) car audio group, announced MESA. 

The group was launched to offer volume discounts on advertis-

ing and promotions and other benefits. It hopes to attract 50 

car audio retailers and additional vendor partners. According 

to Andy Oxenhorn, president of JL Audio, MESA has set 

strong standards that will be positive for its retailer members 

and for JL Audio, its reps, and customers. MESA president 

Mike Cofield is also president of Custom Sounds (www.

customsounds.com), Austin, Tex. Other MESA members 

include Stereo King (www.stereoking.com), Portland, Ore.; 

Car Fi (www.car-fi.com), Springfield, Miss.; The Specialists 
(www.specialistscaraudio.com), Tucson, Ariz.; and Sound of 
Tri State (www.soundoftristate.com), Claymont, Del. 

ALMA (www.almainternational.org) has re-launched its 

online forums to offer a year-round networking and discussion 

meeting place. Various forums and sub-sections offer places to 

discuss standards, education, events, technical subjects, feed-

back to ALMA, and more. There is also a marketplace section 

that people may use to post jobs, services, and products. The 

new system is entirely managed by the user. Every user needs 

to register with his/her own login and password. Once this is 

validated by ALMA management (only ALMA members will 

have their registration approved), the user has total control of 

the forum experience, with the ability to set up profiles, ava-

tars, tickers, post files, and share information. All forums are 

visible to the general public, but only ALMA members may 

start or answer posts. Help us make the ALMA forums the 

place for networking in the loudspeaker industry.

ALMA has a new Standards Committee chair—Spiro 

Iraclianos,  Director of Global Transducer Engineering 

with Harman International’s automotive division (www.

harman.com).  He 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 trans-

ducers.  His product development activities have spanned 

the consumer home hi-fi, professional/musical instrument, 

aftermarket automotive, and OEM automotive industry 

segments. He is a member of the Audio Engineering Society 

and the Society of Automotive Engineers. Please join me 

in welcoming Spiro Iraclianos to this new position. ALMA 

would also like to take this opportunity to thank its outgo-

ing Standards Committee chair, Dan Field, also of Harman 
Becker Automotive (www.harmanbecker.com), for his 

many years of dedicated service to the organization and the 

industry.

The United Nations Standard Products and Services 
Code (www.unspc.org) is a hierarchical convention that is 

used to classify all products and services in the global market-

place. ALMA has joined UNSPSC as an industry organiza-

tion in order that our opinions can be heard. ALMA involve-

ment is an opportunity to steer the global taxonomy of loud-

speaker components and services in the right direction. If you 

are interested in participating in the ALMA change request to 

the UNSPSC, please respond to the post by John Busenitz in 

the STANDARDS section of the ALMA forum.      VC
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ALMA International 2010 Symposium
Despite the subdued economy, the ALMA Symposium’s attendance 

numbers—approximately 110 were in attendance this year—while not as 

great as they have been in some recent years, reflected an excellent turnout 

of attendees enthusiastic about loudspeaker networking, education, and 

new products. This year’s technical program was one of the best ever, with 

technical papers from Marshall Buck, Steve Temme, and Sean Olive, plus 

the Round Table on “ESP,” hosted by Floyd Toole, was sold out for the 

first time, and many who attended reported some engaging discussions.   

Panel discussion on Standards, hosted by ALMA’s new standards com-

mittee chair, Spiro Iraclianos, featured seven panelists with a diverse range 

of experiences and generated some interesting discussion about some of 

the standards issues the industry faces. Tutorials rounded out the program 

and included how to test a USB speaker, how to test headphones, using 

loudspeaker simulation software, and reducing the time to market.

For the first time ever, ALMA addressed a topical industry issue—that 

of software and hardware plagiarism—with a combination of presenta-

tions and discussions. Phil Bunch of Phase Design gave a presentation 

that introduced the issue, and a group of seven or eight people continued 

the discussion in an open discussion session and the intellectual property 

committee meeting. Please continue to talk about this on the forums 

because it’s important for everyone to provide input so that as an organi-

zation ALMA can apply some group pressure to minimize this problem.

ALMA’s training program followed on logically from last year with a 

course on Loudspeaker Systems Design by Rick Weisman. This focused 

on designing a system to a target (last year Floyd Toole taught a class 

which covered how to specify the target) and was well received by all 

who attended. Mike Klasco also taught a course on loudspeaker material 

basics, which provided a good understanding of the benefits and limita-

tions of a variety of materials used in loudspeaker manufacturing.

Paper presentations at this year’s Symposium were excellent, and cer-

tainly the quality you expect to encounter at typical AES Convention paper 

presentations. Up first was Induction Drive Loudspeakers by Marshall 

Buck, David Graebener, Patrick Turnmire, and presented by Marshall Buck 

(Marshall Buck and Patrick Turnmire presented this paper at the 127th

AES Convention in New York). Induction loudspeaker motors use a trans-

former with fixed primary and moving secondary in a static magnetic field 

(Fig. 1). FEA modeling has driven this technology forward. The group 
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has built very high efficiency, mid/high compression drivers, 

and a linear, long stroke woofer with high output. The mid 

exhibits an output of over 80 acoustic watts, and a maximum 

10W efficiency of 45%. Reliability of induction drive is high 

due to the elimination of moving lead-in wires. 

Following the Induction Drive paper, Steve Temme, CEO 

of Listen Inc. presented New Method for Measurement of 
Rub & Buzz Based on a Perceptual Model (Steve Temme, 

Pascal Brunet, and Don Keele). Manufacturing defects in 

loudspeaker production can often be identified by an increase 

in Rub & Buzz distortion. This type of distortion is quite 

noticeable because it contributes an edgy sound to the repro-

duction and is annoying because it often sounds separate or 

disembodied from the fundamental signal. The annoyance of 

Rub & Buzz distortion is tied inti mately to human percep-

tion of sound and psychoacoustics. To properly implement 

automated production line testing of loudspeaker Rub & 

Buzz defects, you must model or imitate the hearing process 

using a suf ficiently accurate perceptual model. This paper 

describes the results of a Rub & Buzz detection system using 

a simplified perceptual model based on human masking 

thresholds that yields excellent results (Fig. 2).

The last paper presented at the Symposium came from 

the acoustics group at Harman International led by Dr. 

Sean Olive and was titled The Subjective and Objective 
Evaluation of Room Correction Prod ucts (Dr. Sean E. 

Olive, John Jackson, Allan Devantier, David Hunt, Sean M. 

Hess, Harman International).

A panel of eight trained listeners gave comparative rat-

ings for five differ ent room correction products based on 

overall preference and spectral balance. The room correc-

tions were applied to a single loudspeaker/subwoofer in a 

typical semi-reflective listening room, and evaluated us ing 

three different music programs. The same loudspeaker/

subwoofer without correction was included as a hidden 

anchor. The results found significant differences in sound 

quality among the room correction prod ucts based on 

listeners’ preferences and spectral balance ratings. These dif-

ferences can be largely explained by examining the steady-

state spatially averaged frequency response measurements 

of the room cor rections measured at the listening location 

(Fig. 3). Please note that all three papers, along with 

notes and text from all the panel discussions, round table 

discussions, and tutorials are available at the new ALMA 

International website.
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Certainly one of the highlights of any ALMA Symposium 

is the Exhibition room with various loudspeaker-related 

vendors displaying their products. This year was well repre-

sented by the following 12 exhibitors:

Ocean Star Electronics, a 

Chinese loudspeaker OEM 

headquartered in Hong Kong 

demonstrated a new (and rather 

beautiful) loudspeaker that was 

made from plywood, but used 

horizontally rather than verti-

cally as is more conventional 

(Photo 1) (www.os-hk.com).

Listen, Inc. demonstrated 

SoundCheck ONE, a new low-

cost production-line loudspeak-

er test system which offers a 

complete software and hardware 

test package for under $6000. In 

addition to being cost-effective, 

the system is extremely simple 

to set up and is available in Chinese. (www.listeninc.com/

us/products/soundcheck_one.html)

Revolution 60, a new company affiliated with Menlo 

Scientific designs, develops high fashion headsets. 

Revolution 60 participated in the design of the new 

“beats by dr. dre” headphone that was on display (www. 

menloscientific.com)

Dr. Kurt Mueller GmbH displayed cones made from a 

wide range of materials including paper, foam sandwich, 

carbon fiber, honeycomb core, and a new titanium oxide 

cone for a compression driver. Titanium oxide extends the 

frequency response curve and offers better damping than 

titanium alone (www.kurtmueller.com).

G.R.A.S. demonstrated a new high-precision surface-

mount microphone. It is designed for use in audio mea-

surement applications where there is limited space available. 

It is just 2.8mm thick and 13.2mm (without rubber faring) 

or 40mm (with rubber faring) in diameter. Both a normal 

and a high impedance version are available (www.gras.us).

ACO Pacific displayed a wide variety of measurement 

microphones including phantom, conventional, and IEPE 

devices (www.acopacific.com).

Prism Media Products and Loudsoft announced a strate-

gic partnership where Prism will be the global sales and sup-

port network for Loudsoft. Prism demonstrated the dScope 

family of audio test systems, and Loudsoft showed the 2009 

FINE-Suite of Design software from LOUDSOFT, which 

has been updated to facilitate the design of micro speak-

ers, receivers, and headphones (www.prismsound.com/

test_measure/test_news.php?story=0188).

Phase Design, in addition to profiling their various OEM 

services, QA, and automation products and services for the 

loudspeaker industry, used the ALMA symposium as an 

opportunity to carry out an extensive survey on the require-

ments of Western companies outsourcing to Asia. The 

results will be published shortly (www.phasedesign.net).

Ferrotec exhibited all of their ferrofluids products for audio 

applications ranging from super-tweeters to subwoofers. 

Ferrofluid offers many benefits when used in the voice coil 

gap including increased thermal power handling, damping, 

voice coil centering, and reduced distortion (www.ferrotec.

com/products/ferrofluid/audio).

Danville Signal Processing demonstrated a range of digital 

signal processing solutions for loudspeakers including the 

new dsprak™ high performance module-based audio plat-

form that allows delivery of state-of-the art dsp-based audio 

systems from 8 to 32 channels (www.danvillesignal.com).

Globe Plastics, a composite molder, exhibited a variety of 

molded loudspeaker products including waveguides, enclo-

sures, baffles, and phase plugs

(www.globecomposites.com/Sound_Reinforcement.htm).

audioXpress, publishers of the loudspeaker industry maga-

zine Voice Coil and the Loudspeaker Industry Sourcebook, 

gave away copies of their publication and discussed advertis-

ing opportunities with other exhibitors and attendees

(www.audioxpress.com/magsdirx/voxcoil/index.htm).

For a more detailed report on this year’s ALMA Symposium, 

downloadable copies of the paper, tutorials and panel dis-

cussions, visit the new ALMA International website www.

almainternational.org.

Half-Priced Speaker Testing
Red Rock Acoustics is introducing their new website 

with an unbeatable offer: half-priced Klippel testing for 

joining their news group! Go to www.redrockacoustic.com 

and enter your name and e-mail address in the space pro-

vided. This offer will run through May 2010, and is limited 

to ten total speakers per customer.

With over 25 years of transducer design experience, 

Red Rock also offers evaluations (and solutions for your 

problems). Red Rock is able to test virtually any type of 

loudspeaker including woofer, midrange, tweeters, and 

compression drivers (car, home, commercial, or pro sound). 

Woofer testing can be done in free-air or in an enclosure. In 

addition to the discounted testing, joining the news group 

will keep you informed of new products, technical papers, 

design tools, and other loudspeaker-related topics from one 

of the most respected names in the audio industry.

True Technologies Announces  
the Release of LifeTest

Bob True has been busy reviving and revamping True 

Technologies, his consulting business founded in 1999. 

However, his consulting company was put on hold for 

four years when Bob joined Tymphany Corporation as 

the VP of World Wide Operations and later moved into 

the roles of Chief Technology and Chief Quality Officer. 

When the Tymphany US office was closed at the end of 

2008, the natural transition for him was to get back to True 

Technologies. Back in business again, True Technologies 

offers a wide range of services to the loudspeaker industry 

including product design, R&D, product evaluation, finite 

element modeling, SolidWorks modeling, program man-

agement, and manufacturing and quality systems support.  

PHOTO 1: Ocean Star.
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One of Bob’s interests over the years has been to develop 

high performance test and measurement equipment, and he 

has indeed spent the past year developing a new product, 

LifeTest, which was originally introduced in Voice Coil in 

August 2009 under the Phase Design name. Bob has since 

decided the product and his customers are better served 

with his direct support through True Technologies. Other 

products that fill niches in the loudspeaker industry are 

under development.

LifeTest was developed specifically for testing multiple 

channels of amplifiers, transducers, and powered loud-

speaker systems (Fig. 4). The LifeTest system brings new 

capability and flexibility to power and accelerated life test-

ing by allowing engineers and test technicians to easily and 

consistently control the setup, event timing, and the moni-

toring and recording of the current flowing through any 

Device Under Test (DUT). The system can also provide a 

record of periodically sampled Small Signal Parameters, thus 

enabling the analysis of device changes and the projection 

of its lifespan. For transducers, voice coil temperature can 

be extracted from the data, plus temperature and humidity 

sensors can be added to simultaneously track the ambient 

conditions and/or the temperature of DUT components.  

The base system ships with hardware and software to 

provide stimulus and monitoring of 8 channels of devices. 

You can add an additional 8 channels of temperature data 

acquisition and two channels of humidity sensing. You 

can also further upgrade the system to 16 or 24 channels 

of DUT/sensor monitoring using a single PC running 

Windows XP, Vista, or Windows 7. Blocks of channels can 

be set up for testing groups of the same DUT, or each chan-

nel can have a unique start time, signal, power level, test 

duration, and so on. Blocks or individual channels can be 

paused for device inspection, and the system keeps track of 

the overall timing so the total test duration is exactly main-

tained. You can recall previously saved test setups holding 

particular test specifications for repetitive or ongoing testing 

tasks. Data is easily archived for later viewing or exporting.

In terms of using various stimuli for testing, any signal 

that you can save as a Windows wave file can be used as a 

test signal. The waves can be recorded from analog equip-

ment outputs or produced digitally using commonly avail-

able software tools. LifeTest includes a Signal Generation 

Module that allows you to quickly produce various test 
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FIGURE 4: LifeTest main screen with current, 

resonance frequency, and DC resistance plotted.
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signals based on Gaussian noise, multi-tones, tone burst, 

sine ramps, and others. You can apply high- and low-pass 

filters with user-defined slope and crossover frequencies so 

external filter networks are not needed. You can set the crest 

factor and spectral color. There are quick setup routines to 

produce EIA-426B noise (Fig. 5), and other standard tests. 

Once the wave files are produced there is no need for 

noise generators, CD players, clipping circuits, filters, and 

so on. The system is easily calibrated to precisely output 

voltage levels that are entered as part of the test setup. Built-

in voltmeters provide real-time RMS readings of the signals 

delivered to the DUTs.

LifeTest can be set up with user defined upper and lower 

current limits and the system will automatically shut down 

a channel if a reading falls outside the window due to a short 

or open circuit condition. You can set the limits to auto 

adjust after a user-defined initial test period. This feature 

can be useful when the limits cannot be easily calculated; 

for example, when testing with music tracks.     

The system also includes the SSP (Small Signal Parameter) 

Monitor that uses a very brief (< 0.5 second) multitone 

signal to make a robust third octave impedance versus fre-

quency measurement at user set time intervals. A complex 

curve fitting routine is used to fit the data to a model that 

yields the device SSPs (Fig. 6). The calculation provides 

an estimate of the DC resistance that you can use for voice 

temperature tracking without the need for employing DC 

coupled hardware and injecting DC current through the 

DUT. The SSP measurement is fast enough that it does not 

significantly disturb the test. Other DUTs being tested are 

not interrupted while the SSP measurement is made.

Additional features include power ramp and duty cycle 

controls.  Together these features allow you to easily deter-
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FIGURE 6: LifeTest small signal parameter measure-

ment with curve fit.

FIGURE 5: LifeTest signal generator module—EIA 

426B noise creation.
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mine the power handling capacity and life expectancy of 

a device. Power-on and cool-down cycles are indepen-

dently controlled, and the power can be set to automatically 

increase with each new power-on cycle. The high- and low-

level current limits automatically and proportionally adjust 

when the power is increased. Figure 7 shows a 1 hour on/1 

hour off duty cycle with increasing power from 10W to 

400W in 10W steps. On and off cycles can be set to have 

different durations if desired.

You can add temperature and humidity sensors to 

monitor ambient conditions, IC temperatures, back plates, 

enclosure temperatures, and so on. Figure 8 shows the 

heating and cooling cycle of a power amplifier with one 

hour powered and one hour off. The red line is the heat-

sink temperature and the pink line is the internal enclosure 

temperature.

Testing status can be monitored remotely through sched-

uled e-mail reports. LifeTest also provides a Remote Monitor 

tool that provides near real-time updates through the Internet. 

You can monitor an unlimited number of test blocks/channels 

from multiple test stations in multiple locations. On power 

failures, the system will restart itself as the PC powers back up. 

Testing is resumed automatically and accurate duration timing 

is maintained. The system sends an e-mail report document-

ing the down time. Figure 9 shows the status monitoring 

screens for the DUT and temperature/humidity sensors.

FIGURE 7: Combined power ramp and duty cycling 

features.

FIGURE 8: Temperature monitor of power amp heatsink 

and internal enclosure.

FIGURE 9: LifeTest status monitoring.
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LifeTest installation and calibration is simple and 

straightforward.  Interface equipment is housed in a 

robust rack-mountable enclosure with all input and 

output connections on the rear panel. Custom configu-

rations with alternative mounting options are available 

upon request. For more on True Technologies LifeTest 

system, go to www.true-technologies.com or e-mail 

rtrue@wi.rr.com.

China Policy Changes for Exports of Rare Earths
A Chinese official recently tried to calm unease about 

curbs on exports of rare earths used in clean energy 

products and superconductors, saying that sales will 

continue but must be limited to reduce damage to 

China’s environment. China produces nearly all the rare 

earths used in batteries for hybrid cars, mobile phones, 

superconductors, lightweight magnets in other high-tech 

products and loudspeakers. Reports of a plan to reduce 

exports sparked concern about the impact on industry 

abroad.  

Beijing will encourage sales of finished rare earths 

products but will limit exports of semi-finished goods, 

according to Wang Caifeng, deputy director-general of 

the materials department of the Ministry of Industry 

and Information Technology. Exports of raw ores already 

is now officially banned, and she said that will continue. 

Wang refused to confirm Chinese news reports that this 

year’s exports will be cut to about 8% below 2008 levels 

and future exports will be capped at similar levels. She 

said a plan will be issued later this year.

“China, as a responsible big country, will not go back 

and will not take the road of closing the door.” However, 

she said, China must limit output to protect its environ-

ment given the fact that production of one ton of rare 

earths produces 2,000 tons of mine tailings. “China has 

made big sacrifices for rare earths extraction,” said Wang, 

who said she has spent her whole 30-year career oversee-

ing the industry. “It has damaged our environmental 

resources.”

Wang spoke at the Minor Metals & Rare Earths 2009 

conference, co-hosted by China Chamber of Commerce 

of Metals Minerals & Chemicals Importers & Exporters 

and Metal Pages Ltd., a London-based metals trading 

and information company.

China accounts for 95% of global production and 

about 60% of consumption of rare earths, which include 

such metals as dysprosium, terbium, thulium, lutetium, 

and yttrium, according to the US Geological Survey. 

The United States supplied nearly all its rare earths 

needs from its own mines as recently as 1990, according 

to the USGS; however, output plunged after the market 

was flooded with low-cost ore from China, which has 

lower labor costs and less-stringent environmental con-

trols. China wants to develop its industries to process 

rare earths and produce products from them. China 

banned new wholly foreign-owned processing ventures 

in 2002, but some French and Japanese companies set 

up operations before that. New foreign investors will be 

required to work through joint ventures with Chinese 

partners.

Last year, China exported 10,000 tons of rare earths 

magnets worth $400 million and 34,600 tons of other 

rare earths products worth $500 million. China used 

70,000 tons of rare earths in 2008 out of reported 

total global consumption of 130,000 tons; however, 

it is likely that global consumption was higher than 

indicated by the official statistics. China’s demand for 

rare earths has surged as manufacturers shifted produc-

tion of mobile phones, computers, and other products 

to Chinese factories. The United States and European 

Union have objected to similar Chinese controls on 

exports of other industrial materials. Both filed a World 

Trade Organization complaint in June accusing Beijing 

of improperly favoring its industries by limiting exports 

of nine materials including bauxite and coke in which 

it is a major supplier (this report was edited from USA 
Today).

SB Acoustics Partners with Focus Enhancements
SB Acoustics (www.sbacoustics.com), a division 

of Sinar Baja Electric, a vertically integrated, design, 

engineering, and manufacturing company based in 

Surabaya, Indonesia, has announced its partnership 

with Focus Enhancements (www.focusinfo.com), a 

leading supplier of wireless audio technologies, to 

develop Summit Wireless based audio solutions tar-

geting speaker brands in the home theater market. 

Summit Wireless, an audio integrated circuit, sets a 

new standard for home theater digital audio fidelity, 

ease of setup, instant calibration, and sweet spot des-

ignation.

Summit technology can be integrated into speak-

ers, audio/video receivers, digital televisions, gaming 

platforms, Blu-ray players, sound bars, wireless audio 

hubs and set-top boxes, enabling them to broadcast 

high-definition surround sound wirelessly. The technol-

ogy received the “Best of What’s New 2009” award by 

Popular Science Magazine for its technological innovation 

in the home entertainment category as the first and only 

wireless 7.1 surround sound solution of its kind. “Our 

customers are asking for wireless speaker technologies 

that address the home theater installation challenges 

without sacrificing fidelity,” said David Stephens, direc-

tor, SB Acoustics. 

“Summit Wireless is by far the best solution we’ve 

heard for multichannel wireless audio and the integrated 

digital filters give system integrators greater flexibility 

FIGURE 10: LifeTest interface hardware.
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to tune speakers to consumers’ listening preferences and 

cabinet design versus conventional speakers with passive 

crossovers. We believe our patented transducer technolo-

gies and manufacturing prowess combined with Summit 

Wireless technology will give our OEM clients a true 

market advantage.”

Features for the Summit Wireless Surround Sound 

wireless system include:

 Automatic discovery of speakers

 Automatic channel assignment

 Mapping of speaker location within 1

 Automatic sweet spot configuration

 Automatic scalability from 2.0 to 7.1 speakers

 Instant volume and time adjustment 

“We are excited by SB Acoustics’ decision to devel-

op products using Summit Wireless technology,” said 

Tony Parker, vice president of marketing for Focus 

Enhancements. “As a well-respected, high-volume manu-

facturer to major brands that value quality, innovation, 

and performance, their endorsement of Summit gives 

brands the confidence that a superior wireless solution 

is now available.”

SB Acoustics showcased a Summit Wireless-enabled 

7.1 speaker system at CES in January. To schedule a 

meeting with SB Acoustics and Sinar Baja Electric please 

contact David A. Stephens, or Linda Ferguson at Focus 

Enhancements.             VC

KLIPPEL GMBH FREE  
SEMINAR IN SEOUL, KOREA
Dr. Wolfgang Klippel will present a free seminar titled 
“Assessment of Audio Systems for Better Speaker 
Design” on March 2 from 10AM to 6PM at the Seoul 
Palace hotel, Seoul, Korea. The course addresses 
evaluation of sound reproduction systems based on 
objective measurements. Dominant signal distortion 
is modeled by linear, nonlinear, and time-variant 
systems with lumped and distributed parameters. New 
measurement techniques based on those models are 
presented which assess electroacoustical systems while 
reproducing test signals and music as well.

The course makes the relationship between symptoms 
and physical causes of the distortion more transparent 
and discusses the impact on the perceived sound 
quality. This knowledge is important for describing 
loudspeaker drive units and complete systems by 
a comprehensive set of data based on a minimal 
number of measurements. The new methods and 
diagnostic tools are illustrated on drive units used 
in telecommunication, automotive, and professional 
applications. The lecture is supplemented by practical 
sections giving each participant further opportunities for 
learning by doing. To register, e-mail ybo@sangjinmedia.
co.kr, call 82-2-793-8431, or Fax 82-2-793-8430.
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Test Bench
 

Faital and Exodus Anarchy
By Vance Dickason

�est Bench is definitely my favorite part of Voice Coil, as 

each month gives me another chance to look at more 

new drivers and, I hope, learn something new that I haven’t 

encountered before. And after 21 years as Editor of Voice 
Coil, I still have new things to learn. This month I received 

sample drivers from Faital Pro and Exodus Audio. From 

Faital, a new very high SPL 6.5  pro sound line source 

woofer/midrange, the 6PR150, and from a fairly new com-

pany, Exodus Audio, a high excursion 6.5  aluminum cone 

midwoofer, the W06-017R, retail name “Anarchy.”

Faital Pro 6PR150
The 6PR150 (Photo 1) is part of the relatively new high 

performance Faital professional line. Its intended applica-

tion is as a woofer in either a line source array or in a small 

two-way monitor, or even as a midrange in a high SPL 

three-way system. 

This woofer is built on a proprietary cast aluminum 

frame that includes a motor housing in which the driver 

is assembled from the front and both the neodymium 

motor and cone assembly drop in from the front of the 

woofer. Cooling is provided by 16-12  4mm vents located 

at the back of the motor/frame housing with 16 heatsink 

fins around the periphery of the motor housing. The cone 

assembly is unique and includes a coated curvilinear paper 

cone with a single roll coated cloth surround. Remaining 

compliance is provided by a 4  diameter flat cloth spider.  

What is so unusual about the cone assembly is the high-

frequency “whizzer” cone that takes the place of a dust 

cap. Normally these vintage high-frequency radiators have 

a trumpet-shaped cone that has the edge of the cone not 

suspended with no attachment above the cone surface. The 

Faital “whizzer” cone has the outside diameter attached 

directly to the cone forming a single unit. Driving the 

assembly is a 2  diameter (large for a 6.5  device) glass fiber 

voice coil former wound with aluminum wire to keep the 

Mmd as low as possible.      

PHOTO 1: Faital Pro 6PR150.
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I began analysis of the 6PR150 using the LinearX LMS 

analyzer and VIBox to generate both voltage and admit-

tance (current) curves with the driver clamped to a rigid 

test fixture in free-air at 0.3V, 1V, 3V, 6V, and 10V. LEAP 

was unable to get a good curve fit on the 10V curves due 

to nonlinearity at that voltage, so I discarded these curves 

and uploaded only the 0.3-6V curves to LEAP 5. As has 

become the established protocol for Test Bench testing, I 

no longer use a single added mass measurement and instead 

used actual measured mass. This requires 50% of the sur-

round, spider, and voice coil leads removed before putting 

the entire cone assembly (including the voice coil) onto a 

digital scale.

Next, I post-processed the ten 550 point stepped sine 

wave sweeps for each 6PR150 sample and divided the 

voltage curves by the current curves (admittance) to derive 

impedance curves, phase added by the LMS calculation 

method, and, along with the accompanying voltage curves, 

imported to the LEAP 5 Enclosure Shop program. Because 

most Thiele/Small data provided by OEM manufacturers is 

produced using either a standard model or the LEAP 4 TSL 

model, I also generated a LEAP 4 TSL parameter set using 

the 1V free-air curves. I selected the complete data set, the 

multiple voltage impedance curves for the LTD model 

(see Fig. 1 for the 1V free-air impedance curve) and the 

1V impedance curves for the TSL model in the transducer 

derivation menu in LEAP 5, and produced the parameters 

for the computer box simulations. Table 1 compares the 

LEAP 5 LTD and TSL data and factory parameters for both 

Faital Pro samples.

LEAP LTD/TSL parameter calculation results for the 

FIGURE 1: Faital Pro 6PR150 free-air impedance plot.
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 TSL model  LTD model  Factory
 sample 1 sample 2 sample 1 sample 2  

FS 104.4Hz 98.0Hz 93.4Hz 102.9Hz 100Hz      
REVC 5.64 5.57 5.64 6.64 5.5    
Sd 0.0137 0.0137 0.0137 0.0137 0.0148
QMS 4.43 4.36 4.04 5.55 8.80     
QES 0.35 0.32 0.32 0.38 0.33   
QTS 0.33 0.30 0.30 0.36 0.33       
VAS 4.56 ltr 5.18 ltr 5.70 ltr 4.74 ltr 5.80 ltr     
SPL 2.83V 93.5dB 93.7dB 93.5dB 93.2dB 97dB         
XMAX 2.3mm 2.3mm 2.3mm 2.3mm 2.3mm
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6PR150 were reasonably close to the factory data, with the 

exception of the less conservative Sd number used for fac-

tory data (my measurement includes 50% of the surround 

width). Despite the Sd variance, I began setting up comput-

er enclosure simulations using the LEAP LTD parameters 

for Sample 1. I generated two vented box simulations, one a 

Qb3 type alignment ported enclosure and the other an EBS 

(Extended Bass Shelf ) alignment.  

This consisted of a 166 in3 vented box tuned to 123Hz 

with 15% fiberglass fill material, and a second simulation, 

an EBS vented enclosure with 171 in3 volume tuned to 

111Hz, also with 15% fiberglass fill material. Note that 

the physical Xmax number used for this review is the one 

provided by Faital. Their criteria is different than the stan-

dard definition of physical Xmax, which is (coil height-gap 

height)/2. Faital takes that number and adds to this (gap 

height)/3.

Figure 2 shows the results for the 6PR150 in the 

two vented enclosures at 2.83V and at a voltage level 

high enough to increase cone excursion to Xmax + 15% 

(2.6mm). The resulting F3 frequency was 140Hz 116 in3 

vented enclosure and -3dB of 113Hz for the 171 in3 vented 

box.  Increasing the voltage input to the simulations until 

the maximum linear cone excursion was reached produced 

103.5dB at 8V for the smaller ported box simulation and 

103dB with an 8V input level for the larger vented enclo-

sure (see Figs. 3 and 4 for the 2.83V group delay curves 

and the 8V excursion curves).

Klippel analysis for the 6PR150, which was performed 

by Pat Turnmire, Red Rock Acoustics (author of the SpeaD 

and RevSpeaD software), produced the Bl(X), Kms(X) and 

Bl and Kms Symmetry Range plots given in Figs. 5-8. 
(Patrick also offers in-depth analysis of the data and recom-

mendations for improvement at extra cost—for contact 

info, visit www.redrockacoustics.com).  

The Bl(X) curve for the Faital 6.5  woofer (Fig. 5) 

exhibits the typical narrow but symmetrical shape that 

comes with a moderate to short Xmax driver. In the Bl 

symmetry plot (Fig. 6), there is a very small coil-in Bl offset 

to the 6PR150 starting at about 0.24mm at rest, increasing 

to about 0.27mm at Xmax. Figures 7 and 8 show the 
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FIGURE 2: Faital Pro 6PR150 computer box simulations (A = vented 1 at 

2.83V; B = vented 2 at 2.83V; C = vented 1 at 8V; D = vented 2 at 8V).



MARCH 2010 13

Kms(X) and Kms symmetry range curves. The Kms(X) 

curve has some minor asymmetry in both directions, with 

a coil-in offset starting at about 0.73mm at the rest posi-

tion and decreasing to a 0.42mm coil-in offset at 2.3mm of 

excursion (the driver physical Xmax). 

For the Faital Pro woofer, displacement limiting num-

bers were XBl at 82%, Bl was 2.2mm, and for the compli-

FIGURE 3: Group delay curves for the 2.83V curves in Fig. 2.

FIGURE 4: Cone excursion curves for the 8V curves in Fig. 2.

FIGURE 5: Klippel Analyzer Bl (X) curve for the Faital Pro 6PR150.

10  Hz 20 50 100 200 500 1K

 Sec

0

2.5m

5m

7.5m

10m

12.5m

15m

17.5m

20m
Time vs Freq

10  Hz 20 50 100 200 500 1K

 M

100u

200u

500u

1m

2m

5m

10m

20m
Excursion vs Freq



14 VOICE COIL

�

� � � � � � � � � � � � 	 � 


����

��	 


� ��� 

� � � � � � � � �

��������
������
�
������
����
�
�������
 ��!�������"


�������� �	
����� ��
���
�� ��� �

��� �
	� ����
����� ��
���������	���� 
�� 	���� ������ ��� �
������� ��������� �����	�����
��
�������� ��� ����������� �����	�������� ���
	��
�� �����	������
�
��� �� 	���
�� ��� 	�����
�� ���������� �
������	� ��� ���	���� �
�
	
����
����������
��	�������������	���!���
��������"##$����
���������������%

FIGURE 6: Klippel Analyzer Bl symmetry range curve for the 6PR150.

FIGURE 7: Klippel Analyzer mechanical stiffness of suspension Kms (X) 

curve for the Faital Pro 6PR150.

FIGURE 8: Klippel Analyzer Kms symmetry range curve for the 6PR150.
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ance, XC at 75%, Cms was 4.3mm, which means that for 

the 6PR150 woofer, the Bl is the most limiting factor at the 

prescribed distortion level of 10%. Because the standard 

definition Xmax is only 0.3mm, the distortion performance 

is very good.       

Figure 9 gives the inductance curve Le(X) for the 

6PR150 woofer.  According to the Faital literature, this 

unique motor configuration includes a demodulation ring 

(shorting ring). Given that, the inductance variance over 

the operating range is only 0.04mH, so there is practically 

no inductance change at all, which is important in produc-

ing an ultra-low distortion driver.

Next I mounted the 6PR150 woofer in an enclosure 

which had a 14   7  baffle and was filled with damping 

material (foam) and then measured the driver on- and 

off-axis from 300Hz to 40kHz frequency response at 

2.83V/1m using a 100-point gated sine wave technique. 

Figure 10 gives the on-axis response showing a smooth 

mostly flat response rising to a typical (for a 6.5 ) break 

point at 1.3kHz, declining in output about 4dB before 

beginning a series of breakup modes starting at 3.2kHz 

and continuing into the stop band of the driver’s response. 

Figure 11 illustrates the off-axis frequency response at 

0, 15, 30, and 45 . -3dB at 30  with respect to the on-

axis curve occurs at 2.1kHz, somewhat lower than most 

6.5  drivers, but cross point 2.1-3kHz or lower would be 

appropriate. And finally, Fig. 12 gives the two-sample SPL 

comparisons for the 6.5  Faital driver, showing a very close 

match throughout the operating range.

For the remaining group of tests, I set up the Listen Inc. 

SoundCheck analyzer (courtesy of Listen Inc.) to measure 

distortion and generate time frequency plots. For the distor-

tion measurement, I mounted the Faital Pro woofer rigidly 

in free-air, and set the SPL to 104dB at 1m using a noise 

stimulus (10V), and then measured the distortion with the 

Listen Inc. microphone placed 10cm from the dust cap. 

This produced the distortion curves shown in Fig. 13. 

FIGURE 9: Klippel Analyzer Le(X) curve for the Faital Pro 6PR150.
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I then used SoundCheck to get a 2.83V/1m impulse 

response for this woofer and imported the data into Listen 

Inc.’s SoundMap software. The resulting CSD (Cumulative 

Spectral Decay) waterfall plot is given in Fig. 14 and the 

Wigner-Ville (for its better low-frequency performance) 

plot in Fig. 15. For more information on this very low 

distortion high SPL 6.5  driver, visit www.faitalpro.com.

Exodus Audio WO6017R
For the second submission to this month’s Test Bench col-

umn, Exodus Audio (a brand established by the DIYcable 

web company) sent a new 6.5  aluminum cone midwoofer, 

the W06017R (Photo 2), which has a retail name of 

“Anarchy.” Exodus Audio is the www.diycable.com e-tailer’s 

loudspeaker label for their series of retail and OEM XBL 

dual gap woofers. Like the Audience 3  woofer featured 
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FIGURE 10: Faital Pro 6PR150 on-axis frequency response.

FIGURE 14: Faital Pro 6PR150 SoundCheck CSD waterfall plot.

FIGURE 15: Faital Pro 6PR150 SoundCheck Wigner-Ville plot.

FIGURE 11: Faital Pro 6PR150 on- and off-axis frequency response.

FIGURE 12: Faital Pro 6PR150 two-sample SPL comparison.

FIGURE 13: Faital Pro 6PR150 SoundCheck distortion plots. PHOTO 2: Exodus Audio W06-017R.
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in the May issue of Voice Coil, Exodus Audio licenses the 

patented XBL motor configuration from ADI (Acoustic 

Development International, www.acousticdev), and are 

patents from Dan Wiggens group (formerly Adire). 

If you are not familiar with the XBL motor structure, 

Fig. 16 gives a cutaway photograph of an XBL motor, 

which is a dual gap design using a single shaped front plate. 

In the case of the Exodus Anarchy woofer, two plates are 

sandwiched together to get the same effect, along with a 

CNC groove in the pole piece which resembles a T-pole 

configuration. Figure 17 illustrates the W06017R woofer 

cutaway diagram. 

The Exodus 6.5  uses a very nice cast eight spoke alu-

minum frame that is almost completely open below the 

spider-mounting shelf for cooling. Additional cooling and 

pneumatic relief is provided by an 11mm diameter pole 

vent. The Anarchy cone is an anodized black aluminum 

alloy curvilinear design combined with a 2.31  diameter 

anodized black aluminum concave dust cap, which together 

produce a very stiff 6.5  cone. Compliance is provided by a 

black NBR (rubber) surround and a 4  diameter flat cloth 

spider.

The motor for the W06017R consists of a 120mm 

 12mm ferrite magnet sandwiched between a T-yoke 

and the dual front plate configuration.  Driving the cone 

assembly is a 34.95mm diameter voice coil using a Kapton 

former wound with round CCAW wire and terminated to FIGURE 17: Diagram of the Exodus Audio Anarchy 6.5  woofer.

FIGURE 16: Cutaway view of the XBL motor.



18 VOICE COIL

a pair of solderable terminals.

Setting up the initial test protocol, I clamped the driver 

to a rigid test fixture in free-air, and then generated both 

voltage and admittance (current) curves at 0.3V, 1V, 3V, 

6V, 10V, 15V, and 20V.  The 20V curves were somewhat 

too nonlinear for LEAP 5 to get an adequate curve fit, 

so I discarded them. I post-processed the remaining 12 

10Hz-20kHz 550-point stepped sine wave curve pairs 

for each driver and divided the voltage curves by the 

current curves to produce the six impedance curves. The 

impedance curves each had the LMS phase calculation 

procedure applied and, along with the voltage curve for 

each sweep, imported to the LEAP 5 Enclosure Shop 

CAD program.  

I additionally produced a LEAP 4 TSL model using 

the 1V free-air curves. I selected the complete curve set, 

the multiple voltage impedance curves for the LTD model 

(see Fig. 18 for the 1V free-air impedance curve) and the 

1V impedance curves for the TSL model in the transducer 

derivation menu in LEAP 5, and produced the parameters 

for the computer box simulations. Table 2 compares the 

LEAP 5 LTD and TSL data and factory parameters for both 

W06017R Anarchy samples.

Thiele/Small LTD parameter results for the Exodus 

6.5  woofer were very close to the factory data, which 

is always gratifying. Given this, I proceeded to program 

computer enclosure simulations using the LEAP LTD 

parameters for Sample 1 using the sealed and vented 

enclosure volumes suggested by the LEAP 5 Quick 

Design menu. This included a 0.221ft3 closed box with 

50% fiberglass fill material, and a 0.48ft3 Chebychev/

10  Hz 20 50 100 200 500 1K 2K 5K 10K 20K

 Ohm

1

2

5

10

20

50

100
Impedance vs Freq

 TSL model  LTD model  Factory
 sample 1 sample 2 sample 1 sample 2  

FS 45.8Hz 47.6Hz 45.8Hz 43.7Hz 45.8Hz      
REVC 6.19 6.19 6.19 6.19 6.4    
Sd 0.0129 0.0129 0.0129 0.0129 0.0131
QMS 4.87 5.32 6.58 6.29 6.37      
QES 0.44 0.46 0.51 0.49 0.48   
QTS 0.40 0.42 0.47 0.45 0.44         
VAS 10.6 ltr 9.8 ltr 10.7 ltr 11.7 ltr 9.6 ltr     
SPL 2.83V 85.6dB 85.5dB 84.9dB 84.8dB 84.7dB        
XMAX 12mm 12mm 12mm  12mm 12mm

�������	����������������������������

FIGURE 18: Exodus Audio W06017R free-air impedance plot.
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Butterworth vented box alignment with 15% fiberglass fill 

material and tuned to 40Hz.

Figure 19 depicts the results for the Exodus Audio 

woofer in the sealed and vented boxes at 2.83V and at a 

voltage level high enough to increase cone excursion to 

Xmax + 15% (13.8mm for the W06017R). This calcula-

tion resulted in a F3 frequency of 68.8Hz with a Qtc = 0.7 

for the 0.22ft3 sealed enclosure and -3dB = 44Hz for the 

0.48ft3 vented box simulation. Increasing the voltage input 

to both simulations until the maximum linear cone excur-

sion was reached resulted in 108.8dB at 46V for the smaller 

sealed enclosure and 111dB with a 50V input level for the 

larger vented box (see Fig. 20 and Fig. 21 for the 2.83V 

group delay curves and the 46/50V excursion curves). This 

is obviously a very high output driver for a 6.5  because of 

the long excursion XBL motor.
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FIGURE 19: Exodus Audio W06017R computer box simulations (A = sealed 

at 2.83V; B = vented at 2.83V; C = sealed at 46V; D = vented at 50V).

FIGURE 20: Group delay curves for the 2.83V curves in Fig. 19.

FIGURE 21: Cone excursion curves for the 46/50V curves in Fig. 19.
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FINESPL™ 
Loudspeaker measurements in any room

1 license = $ 300.00

www.loudsoft.com

Other features:
• Acoustic auto-delay

• Room measurements:

     1/3 – 1/2 - 1/1 octave smoothing

• Compare and save SPL curves

• Print of all curves and data

• Export to all X-over programs

• Microphone calibration

Thiele/Small parameters
Impedance with phase

Room responses

SPL + phase with your PC soundcard
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Klippel analysis for the Anarchy woofer produced the 

Bl(X), Kms(X) and Bl and Kms symmetry range plots given in 

Figs. 22-25. As you would expect for a long Xmax (12mm) 

driver, the Bl(X) curve (Fig. 22) is very flat and broad, and is 

very symmetrical with a small amount of coil-out offset. From 

the Bl symmetry plot (Fig. 23), Klippel could not resolve the 

curve close to the rest position; however, from about 6mm 

and greater in excursion, the coil-in offset is a constant 1mm, 

perhaps suggesting that the coil on this sample was set about 

1mm away from magnetic center. Figures 24 and 25 give the 

Kms(X) and Kms symmetry range curves for the 6.5  woofer. 

The Kms(X) curve is tilted and asymmetrical. 
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FIGURE 22: Klippel Analyzer Bl (X) curve for the Exodus Audio W06017R.

FIGURE 23: Klippel Analyzer Bl symmetry range curve for the W06017R.

FIGURE 24: Klippel Analyzer mechanical stiffness of suspension Kms (X) 

curve for the Exodus Audio W06017R.
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In the Kms symmetry range curve, there is a 4mm coil-in 

offset at rest decreasing to zero at 8.3mm, then transitions to 

a coil-out offset of 1.6mm at the physical Xmax of the driver. 

Displacement limiting numbers calculated by the Klippel ana-

lyzer for the W06017R were XBl at 82%, Bl = 8.5mm, and for 

XC at 75%, Cms minimum was 10mm, which means that the 

Bl is the most limiting factor at the prescribed distortion level 

of 10%. Figure 26 gives the inductance curves Le(X) for the 

Exodus Audio woofer. Inductance will typically increase in the 

rear direction from the zero rest position as the voice coil cov-

ers more pole area, which is what you see with the W06017R. 

From Xmax out to Xmax in, the inductance range is 0.68mH 

to 1.14mH, which is only about 0.46mH variance.
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FIGURE 25: Klippel Analyzer Kms symmetry range curve for the W06017R.

FIGURE 26: Klippel Analyzer Le(X) curve for the Exodus Audio W06017R.



22 VOICE COIL

Next I fired up the Listen Inc. SoundCheck analyzer and 

set it up for distortion measurements. The SPL at 1m with 

the 6.5  Exodus woofer mounted in free-air using pink noise 

was set to 94dB, my standard for home audio products. The 

W06017R produced the distortion curves shown in Fig. 27. 

Following the distortion measurements, I mounted the 

Anarchy woofer in an enclosure and made the impulse 

measurement. I imported this into Listen Inc.’s SoundMap 

software, windowed to remove the room reflections and 

produced the CSD waterfall plot in Fig. 28 and the 

Wigner-Ville plot in Fig. 29.

For the remaining series of SPL measurements, I mea-

sured the driver frequency response both on- and off-axis 

from 300Hz to 20kHz with a 100-point resolution at 

2.83V/1m using a gated sine wave method. Figure 30 

depicts the Exodus 6.5  on-axis response, yielding a very 

smooth rising response out to 1.4kHz, which was followed 

by a 3dB decrease in SPL until a breakup mode at 4kHz. 

Figure 31 illustrates the off-axis frequency response at 0, 15, 

30, and 45 . -3dB at 30  with respect to the on-axis curve 

occurs at 3kHz, which is in the vicinity of the typical 3kHz 

or lower crossover frequency frequently used for 6.5  drivers. 

And last, Fig. 32 gives the two-sample SPL comparisons 

for the Exodus Audio 6.5  driver, showing both samples 

very closely matched. Exodus appears to have done a nice 

job producing a high output 6.5  woofer for two-way 

applications. For more information on these and other 

Exodus Audio XBL woofers, visit www.diycable.com.    VC

FIGURE 27: Exodus Audio W06017R SoundCheck distortion plots.

FIGURE 28: Exodus Audio W06017R SoundCheck CSD waterfall plot.
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ENGINEERED 
TO  PERFORM...

...THE BEAUTY 
OF MUSIC.
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FIGURE 29: Exodus Audio W06017R SoundCheck Wigner-Ville plot.

FIGURE 30: Exodus Audio W06017R on-axis frequency response.

FIGURE 31: Exodus Audio W06017R on- and off-axis frequency response.

FIGURE 32: Exodus Audio W06017R two-sample SPL comparison.



24 VOICE COIL

Acoustic Patents 
By James Croft

�he following loudspeaker-related patents were filed 

primarily under the Office of Patent and Trademarks 

classification 181 for acoustical devices and 381 for electri-

cal-signal processing systems and HO4R for international 

patents. This also includes new patent applications that are 

published in the Patent Application Journal. 
However, before getting into this month’s patent reviews, you 

may have noticed that the patent review featured in the January 

issue of Voice Coil was not accompanied by a patent drawing. 

We apologize for the oversight and the drawing for TABBED 

SPEAKER FRAME WITH OVERSIZED DIAPHRAGM, 

patent number US 7,031,487 is shown this month in Fig. 1.

PARAMETRIC AUDIO SYSTEM FOR 
OPERATION IN A SATURATED AIR MEDIUM 
Patent Number: US 7,596,229

Inventor: Croft, III, James J. (Bellevue, Wash.)

Assignee: American Technology Corporation  

   (San Diego, Calif.)

Filed/Priority Date: July 13, 2005

Granted: September 29, 2009

US Class: 381/77, 17 Claims, 9 drawings

REVIEWER COMMENTS
Disclosed is a parametric, ultrasonic to audio converter 

that incorporates a preprocessing system to minimize distor-

tion at a wide range of acoustic levels.

Historically, parametric loudspeakers made to operate in 

an air medium, with most early development being done 

in Japan in the 1980s, have been very difficult to realize in 

a form that operates with low distortion. In 1965 Orhan 

Berktay showed that underwater parametric loudspeakers 

operated at small signal levels could be theoretically linear-

ized through preprocessing the input signal by applying a 

square process. In the 1990s Japanese and American practi-

tioners of parametric loudspeakers applied square-root pre-

processing and found that when measured with small signal 

test signals, distortion was significantly reduced.

Unfortunately, due to the inefficiency of parametric 

loudspeakers, they often require extremely high levels of 

FIGURE 1: US 

patent 7,031,487 

(from Jan ’10 

issue.

FIGURE 2: US patent 7,596,229.
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ultrasonic output to generate enough audio to be useful. 

(Example: > 140dB ultrasonic to achieve 90dB of audio.) 

And, due to the inherent second-order high-pass characteris-

tics of the conversion process, even greater ultrasonic outputs 

are required for the reproduction of lower audio frequencies.  

What is disclosed in the specification is that a square-root 

processor, which was considered as the ideal distortion correc-

tion algorithm, was found to actually increase distortion as the 

ultrasonic level approaches saturation of the air medium. To 

address this, the nature of the invention applies many transition 

processing schemes that utilize either a square-root processor, 

single sideband modulation, and/or a low modulation index 

at low signal levels and transitions to a high modulation index, 

double sideband, amplitude modulator at full saturation levels. 

By doing so the audio output signal can deliver linearized audio 

that have distortion levels at full saturation of the air medium 

that are as low as the square-root processed signal at low signal 

levels. While the distortion levels are very low at small and large 

signal levels, the system does not disclose an effective algorithm 

that provides low distortion at the transition amplitude that is 

halfway between square-root processed small signal levels and 

the levels at full saturation of the air medium.

The basic inventive concept offers an advancement 

over the prior art. It represents an incomplete step toward 

solving the distortion problem that requires a much more 

complex transitional algorithm to reach the full potential of 

the linearization of a parametric loudspeaker (Fig. 2).    VC

Industry Watch
By Vance Dickason

s business has slowed down, even the mega players in 

the industry are changing their distribution strategies. 

The Harman Consumer Division (www.harman.com) is 

dropping all two-step distribution for its JBL, Infinity, and 

Harman/Kardon home audio brands; JBL and Harman/

Kardon multimedia products; and AKG headphones. The 

division also plans to step up its in-store merchandising 

campaign in the coming months to include a more active 

in-store fixturing program for large and small dealers. The 

group is dropping “a considerable number of distributors,” 

who largely sold to independent dealers and custom install-

ers, as part of an effort to “take control of our distribu-

tion” and exert a greater degree of influence over how the 

Harman products are presented and sold. 

Harman Consumer’s independent rep force, led by 

Eastern and Western regional sales directors, will take over 

home, multimedia, and headphone sales to small accounts. 

Sales to large accounts, including Best Buy (www.bestbuy.

com) and Apple (www.apple.com), will continue to be 

direct. Distribution of 12-volt products is unchanged. 

In other changes, the group is launching a new in-

store merchandizing campaign that will group Harman 

Consumer brands together in a single display area, import-
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ing a concept that Harman has rolled out in hundreds of 

stores in Europe. The concept will go live first at the end of 

February at Nebraska Furniture Mart (www.NFM.com).
The AES 128th Convention, taking place in London at 

the Novotel London West Convention Center, has new dates. 

The exhibits will be held May 23-25, and the Conference will 

go from May 22-25. For more, visit www.aes.org.

The Eclipse brand will disappear from the car electronics 

retail aftermarket after a run of 21 years. Parent company 

Fujitsu Ten Corp. of America (www.fujitsu.com) confirmed 

plans to discontinue sales of Eclipse mobile audio, video, and 

navigation products in the struggling aftermarket in North 

America, Latin America, and South America. Fujitsu will 

merge the Eclipse business with its existing OEM car electron-

ics unit to expand Fujitsu’s OEM accessory business, which 

markets entertainment, communication, and safety products 

as options sold by new vehicle dealers and manufacturers. 

Atlantic Technology (www.atlantictechnology.com) 

exhibited at the 2010 CES with their first production speaker 

incorporating H-PAS (Hybrid Pressure Acceleration System) 

bass technology, which delivers targeted bass performance 

with 50% smaller cabinets, smaller drivers, and lower costs. 

Shipments of the AT-1 speaker are expected by the end of the 

first quarter at an introductory price of $1,995 per pair. The 

speakers, finished in gloss-black metal-flake paint, will be 

displayed at CES in the Venetian Veronese 2501A. 

H-PAS, developed jointly by Atlantic and Clements/
Solus Loudspeakers (www.solusaudio.com), breaks what 

CEO Tribeman called “the famous iron law of loudspeaker 

design.” According to Mr. Tribeman, the law states that 

among three major goals of speaker design—deep bass 

extension, a compact enclosure, and good efficiency—

speaker designers must choose two at the expense of the 

third. H-PAS combines elements of bass reflex, inverse 

horn, and transmission-line speaker technologies. H-PAS 

uses an unusual cabinet design to cascade the technologies 

one to another to pressurize and accelerate low frequencies, 

and is available for licensing to other companies.

High-end audio supplier Thiel Audio (www.thielaudio.

com) will partner with music-server maker Olive (www.

olive.us) to launch a networked multiroom-audio system that 

combines an Olive server with networked Thiel speakers. 

The Olive+Thiel HD Music System consists of a proprietary 

version of Olive’s existing 4HD music server and Thiel’s 

SCS4 IP-based active loudspeakers. The server and speakers 

use Thiel’s proprietary zoet IP-based Ethernet-networking 

technology to stream up to four different songs simultane-

ously over Ethernet cables to four different pairs of SCS4 

speakers via the server’s four-port Gigabit Ethernet switch. 

In addition, the Olive server features analog and USB 

digital audio inputs to allow streaming from such con-

nected music sources as TVs, satellite radio, or PCs. Thiel’s 

zöet technology is said to eliminate the latency issues that 

often plague network-based multiroom-audio systems. 

Olive+Thiel will ship within Q1 2010. One server and a 

pair of speakers will retail for $7,900.  
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The first in-ceiling speakers in Polk’s Vanishing Series 

(www.polkaudio.com) feature an oval woofer mounted to a 

steeply angled tube inside the ceiling, shrinking the speaker’s 

footprint without sacrificing bass output and extension. The 

smaller footprints cosmetically blend in better with the grow-

ing selection of small-footprint in-ceiling lights. Six three-way 

in-ceiling models ship in the second quarter at $229 each to 

$549 each. They join in-wall Vanishing Series models priced 

from $400 to $1,500 per pair. The in-ceiling and in-wall 

models both feature slim 3mm bezels, grilles that protrude 

from the wall only by 7mm, and micro-perf grilles with 

0.6mm hole size to look sheer from only a few feet away. 

The in-ceiling models add reduced footprints by mount-

ing an oval woofer to a steeply angled oval tube inside the 

ceiling. The woofer fires into the tube through ports that 

reside on a 15  angled baffle, onto which the tweeter and 

midrange are also mounted. Mounting the tweeter and 

midrange at a 15  angle in the baffle also lets installers focus 

their output toward the prime listening positions in home 

theater and multiroom-audio applications, the company 

added. All six models feature 0.75  dome tweeter and 2.5 or 

3.5  midranges. Woofers are 5, 7, and 9  ovals.

A new Klipsch product (www.klipsh.com) will allow con-

sumers to install their own two-source, two-zone multiroom-

audio systems by screwing a combination wireless-speaker/

LED light into existing recessed-light fixtures in the ceiling. 

The system supports up to eight speakers for four rooms of 

synchronized stereo playback. Called LightSpeaker, the new 

product was developed by Kadence Designs and will be 

co-branded with both companies’ names. The centerpiece is 

a light/speaker that screws into a standard-size Edison-type 

light-bulb socket in almost all round 5  R30 and 6  R40 

recessed ceiling cans, the companies said. The single-piece 

housing incorporates 2.4GHz wireless receiver, 20W digital 

amp, 2.5  driver, active EQ circuitry, and LED light that 

delivers the light output of a 65W incandescent bulb. 

Switches on each fixture select the speaker for left- or 

right-channel playback and zone one or two operation. 

Music is delivered wirelessly up to 50  from a tabletop 

transmitter that connects to one or two audio sources. The 

base’s controls consist of zone and source selection, volume, 

mute, light turn-on, and light dimming. Light dimming is 

controlled separately from audio volume. The functions are 

duplicated on a handheld RF remote. Neither the remote 

nor the base controls the functions of connected sources, 

which connect via RCA and minijack inputs. 

Klipsch will offer the speakers on its website in a $599 

package consisting of two speakers, a transmitter, remote, 

and other accessories. Additional LightSpeakers will cost 

$249 each. Broader distribution is planned in March.

This year’s NAMM Show attendance drew 87,569 

people—just 559 shy of the record set two years ear-

lier. Also, the event brought in more exhibitors than ever 

before in its 108-year history—1,373. That included 

about 250 new exhibitors, according to the International 

Music Products Association that puts on the show. 
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  If you thought there were more people at this year’s 

International CES, you were right. At the end of the Consumer 

Electronics Association’s (CEA) Leaders In Technology dinner 

Friday night, keynoted by Josh Silverman, CEO of Skype; 

Gary Shapiro, president/CEO of CEA, said total attendance 

by the end of Day 2 was 112,515—higher than the 98,495 at 

the end of 2009’s Day 2. The two-day total already surpasses 

the 110,000 attendance figure CEA—producer and owner of 

International CES—was using prior to the show to estimate 

the expected attendance. Audited attendance for the 2009 

show was 113,085. This also includes a record number of new 

exhibitors—more than 330 companies—joined more than 

2,500 exhibitors at the 2010 International CES.

Retail sales of consumer electronics declined 0.8% to $10.8 

billion during the five-week holiday period of Nov. 22 through 

Dec. 26, compared with a 6% decline in 2008. However, 

according to the latest CE market research, the consumer 

electronics (CE) industry will generate more than $165 billion 

in US shipment revenues in 2010, a slight increase from 2009, 

according to the semi-annual industry forecast released by the 

CEA. The CE industry will see positive revenue growth in 

2010 after a revenue decline in 2009. Total industry shipment 

revenues fell an estimated 7.8% in 2009 although unit volume 

increased nearly 10% for the year as consumers bought elec-

tronics at a value, limiting industry revenues. 

The U.S. Consumer Electronics Sales and Forecast 2005-2010 

(January 2010) is published twice a year, in January and July. It 

was designed and formulated by CEA, the most comprehensive 

source of sales data, forecasts, consumer research and historical 

trends for the consumer electronics industry. The complete 

report is available free to CEA member companies. Non-

members may purchase the study for $2,000 at mycea.CE.org.

Traffic to consumer electronics e-commerce sites soared 

32% from October to November, making it the second 

fastest-growing retail category after toys. According to 

ComScore’s Media Metrix ratings service, CE sites grew 

to 52.8 million visitors in November, led by BestBuy.com 

with nearly 25 million visitors, GameStop with more than 

11 million visitors (up 93% from October), and Walmart.
com’s CE department with 9.9 million visitors (up 139%). 

RadioShack grabbed the No. 4 position with 5.1 million 

visitors, followed closely by eBay’s US electronics depart-

ment with 4.8 million visitors (up 12%), and Buy.com 

with 4.4 million visitors (up 11%). 

ComScore said the fastest-growing online destinations 

of the month were incentive sites, as shoppers scoured 

the web for money-saving opportunities, followed by toy 

e-tailers, coupon sites, and CE e-tailers. CE sites ranked 

third in total unique visitors, led only by chain-store 

sites and personal finance sites. Total online spending 

in November rose 10% year over year to nearly $12.3 

billion, boosted by an 11% increase on Black Friday, to 

$595 million, and a 5% increase on “Cyber Monday,” to 

$887 million. According to ComScore, over 50% of all 

online purchases on Cyber Monday were made from work 

computers.

Audiovox Corporation (www.audiovox.com) announced 

lower net sales and a modest profit for the quarter ended 
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May 31. Net sales for the fiscal 2010 first quarter fell 17.1% 

to $119.8 million, from $144.6 million in the prior-year 

period. Net income rose to $0.5 million, compared with a 

net loss of $5.2 million in the same quarter last year. Sales 

fell to $79 million, down from $113.7 million last year, also 

due to the recession’s impact on automobile sales. However, 

the company saw sales increases in select consumer electron-

ics product lines and in satellite radio. Audiovox reported 

lower operating expenses by 25.4% of $22.7 million, com-

pared with $30.4 million a year ago.                             VC
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� he Audio Engineering Society 
is a 61-year-old international 
organization with more than 

14,000 members in 75 professional 
sections and 95 student sections. Its 
focus is to “unite audio engineers, 
creative artists, scientists and students 
worldwide by promoting advances in 
audio and disseminating new knowl-
edge and research” (from www.AES.
org) plus defining operational stan-
dards for use in all areas of profes-
sional audio.

A key element in that mission is 
the annual convention. The 127th 
AES convention was held at the Jacob 
Javits convention center in New York 

City, drawing more than 18,000 at-
tendees to more than 320 exhibits, 
several keynotes, 11 technical tours, 
five historical program sessions, 19 
special events (highlighted by Graham 
Blyth’s organ concert at Church of St. 
Mary the Virgin), a student events and 
career development track, 23 techni-
cal council and technical committee 
meetings, 17 standards committee 
meetings, 20 technical paper sessions 
presenting 136 papers (preprints are 
available from the AES), 22 work-
shops, seven tutorials, six master 
classes, 14 sessions on broadcast 
and media streaming, 14 live-sound 
seminars, and ten sessions on gaming 

audio. Whew! I’m exhausted just list-
ing the extent of the event.

There’s no way to experience it all, 
but there is something for everyone 
plus the opportunity to talk face-to-
face with leaders in the field, which 
is invaluable to professionals and 
students.

SURROUND LIVE 7
The AES convention experience began 
the day before with Surround Live 
7, an all-day seminar produced by 
Frederick Ampel Technology Visions 
Analytics (FAmpel@KC.RR.com). Sur-
round Live, an AES-convention special 
event, focuses on surround sound for 

AES 2009 
    Sound for All

By David J. Weinberg
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live event broadcasts with lectures and 
surround playback samples of how 
various events can be mixed to help 
put viewers at the site, giving them as 
involving an experience as possible. 
Practical criteria and solutions are 
presented to help overcome the limita-
tions of the less-than-ideal monitor-
ing/mixing environments.

Kurt Graffy (Arup Acoustics;  
www.Arup.com) coined 
“PhysioCeptual SophiAcoustics” to 
reflect the elements associated with 
surround sound: physiological aspects 
(head shape, torso, pinnae) that aid 
in establishing localization, perceptual 
processing of the information from the 
physiological elements (loudness, pitch, 
localization, envelopment), philoso-
phies for the use of surround (reality 
mode, visual-auditory modalities; the 
creator’s intentions and approach to 
using surround sound), and acoustical 
aspects (spectrum, level, S/N, direc-
tivity, reverberation) of the encoding 
and decoding processes and spaces. 
Graffy expanded on these topics as he 

described the factors to consider in 
the transfer function from the source 
through the broadcast to the listener.

Russ Berger (president, Russ Berger 
Design Group; www.RBDG.com) 
acknowledged “Surround Master-
ing Challenges in Acoustically Small 
Spaces,” delineating his primary con-
cerns—the volume, shape, and finishes 
of the space; flutter echo control; 
plus absorption, reflection, and dif-
fusion. There is no electronic fix for 
a bad room, but it might be possible 
to acoustically provide an acceptable 
sweet spot for single-person monitor-
ing and mixing. Noise control and 
elimination are critical. Speaker layout 
geometry, as well as management of 
boundary augmentation/cancellation 
and local reflections are also vital is-
sues. Berger made clear that the LFE 
is a signal distribution channel while a 
subwoofer is only a speaker, and you 
shouldn’t mix to the LFE, but let the 
consumer’s bass management system 
choose what goes to his subwoofer.

TiMax (www.Outboard.co.uk) is a 

recent development primarily appli-
cable to stage productions. It employs 
a localized GPS-like radar technology 
to automatically track actors (each 
wearing a 6GHz transponder) on stage 
and keep the virtual amplified sound 
source in physical synch (both left-
right and front-back) by automatically 
adjusting the level and delay among an 
array of small directional loudspeak-
ers located above the stage. This is a 
real-time system to reinforce the stage 
sound. The tracking technology came 
first from military missile tracking, 
then found use industrially (for exam-
ple, BMW tracks each car through its 
factory). The result is a more spatially 
accurate presentation of sources.

Jim Hilson, Dolby Labs (www.
Dolby.com), refreshed everyone’s 
understanding of what Dolby Digital’s 
DialNorm and DynRng parameters 
do, the underlying measurement for 
adjustment [Leq(m)], and how to set 
them for the desired effect. There 
are many white papers on the Dolby 
website with further information on 
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these topics.
Tom Sahara (Senior Director of 

Remote Operations and IT, Turner 
Sports; www.TNT.tv) talked about his 
network’s audio perspective—the au-
dio viewpoint they try to create, which 
is the experience of being there—a 
seat in the stands. He spoke of the 
large number of mikes (sometimes 
hundreds) used at outdoor events 
and the reasons behind their place-
ment choices, taking the various noise 
sources into account. 

For example, mikes aren’t located 
too close to fans because even at 
lower levels the sound interferes with 
main dialog. The stadium PA can inter-
fere with sound capture. Placing mikes 
can be difficult because of the need 
to not interfere with the attending 
fan while trying to get the best sound. 
With the increasing number of seats 
and closeness of seats to the action, 
it has become harder to place mikes 
to capture the action without the fan 
sounds.

Safety and liability are also concerns 
that have eliminated what used to be 
some of their favorite mike locations. 
They have learned that if the spectrum 
of the noise or effects is different from 
that of the dialog, the announcer is 
easier to hear and understand, and 
that spatial separation—spreading 
the sources among the channels—re-
duces their interference with dialog 
intelligibility. Intelligibility decreases 
as the overall dynamic range of the 
soundtrack is reduced, and they can-
not depend on processing to “make 
things right”; the native sound pickup 
must be right.

Downmixing can damage intelligibil-
ity because the sounds placed in other 
channels then come from the same 
direction as the dialog. Thus the mixer 
needs to anticipate what will happen 
in the downmix. Turner’s guidelines 
for their mixers include having the 

announcers’ levels +10dBA(slow) 
over the effects levels, adjusting the 
surround channels’ levels to peak at 
~6dBA below the effects in the left 
and right channels, trying to maintain 
a natural-sounding dynamic range, 
and trusting their ears more than the 
meters.

Lip sync is a problem, with all the 
audio and video digital processing 
introducing various delays, leading 
Turner engineers to look carefully at 
every audio and video path to maintain 
lip sync during the broadcast as they 
switch among video and audio sources. 
Ultimately, there are many things not 
under the mixer’s control, so he needs 
to focus on those that he can control. 
When it all works, they do a credible 
job of creating for the viewer the sense 
of the sport’s environment.

Antoine Hurtado addressed the 
need to monitor the surround mix for 
compatibility with all the two-channel 
playback TVs in use. Isostem (www.
IsoStem.fr) makes it easier to pro-
duce a single multi-channel mix that 
will downconvert to a two-channel 
soundtrack without sacrificing dialog 
intelligibility while maintaining as much 
of the overall effect as possible. It also 
performs upmixing of two-channel 
audio into a credible five-channel sur-
round mix.

Kevin Cleary (Senior Technical 
Audio Producer, ESPN; www.ESPN.
go.com) demonstrated drag racing in 
surround sound, as one of more than 
3000 remote surround events broad-
cast each year on ESPN. ESPN’s phi-
losophy is to maintain a consistent fan 
experience, correlating the sound with 
the spatial sense of each sport (for 
example, a football stadium will sound 
different than a horse race) while 
delivering a consistent perspective and 
sense of surround. They shoot for the 
immersive feel (“man in the stands”) 
sensation while avoiding compromising 

the two-channel show. 
The big question is what to put in 

the surround channels—should the 
sound change with camera perspec-
tive? This is an artistic decision; the 
content provider decides. A complicat-
ed sound event is NHRA drag racing, 
with painfully loud racing cars versus 
the quiet talk and tool noises during 
closeups of techs working on the cars; 
they switch perspective often dur-
ing each live-mixed show. There also 
are choices of mixing music (separate 
from vocals) and effects, announcer(s) 
placement (centered, or one in each 
channel), mono versus stereo vocals, 
and so on.

Mike Pappas (Chief Engineer, KUVO 
radio; www.KUVO.org; one of only 
six full-time jazz radio stations in the 
US) talked about their surround con-
cert recordings and broadcasts. They 
use Neumann M150 (1) and M149 (2) 
mikes moderately spaced across the 
front, with a KU100 stereo head facing 
rearward for the surround pickup.
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Norm Hurst (Sarnoff Corp; www.
Sarnoff.com) broke from the audio fo-
cus of the event to explain the Sarnoff 
Visualizer, a comprehensive set of tests 
in a single dynamic image, built into 
a box that can be plugged anywhere 
in the video feed path and evaluated 
by eye at the control desk. It all but 
eliminates the need for measurement 
equipment to find problems in the 
signal path.

The main portion of the event ended 
with a panel discussion among Fred 
Aldous (Fox Sports), Dennis Baxter 
(Beijing Olympics broadcasting sound 
designer), Bob Dixon (NBC Olym-
pics), and James (JJ) Johnston (DTS). 
The emphasis was on the artistic deci-
sions and the effort to create an engag-
ing viewer/listener experience that 
is differentiated among the networks 
(each network wants its own signature 
sound). The surround mix philosophy 
is individual, with some overarching 
network concept, and is evolving as 
the mixers and network engineering 
departments become more experi-
enced.

Roger Charlesworth, industry con-
sultant (“Saying Goodbye to Stereo: 
Embracing a 5.1 DTV Audio Produc-
tion Format”) said that production 
needs to catch up to consumer and 
broadcast capabilities and their adopt-
ed surround audio format. Networks 
and broadcasters are locking their 
encoders into the 5.1-channel mode; 
upmixing is fraught with artifacts and 
is a less than optimal approach. Thus, 
broadcasters have handicapped sur-
round-sound acceptance by not having 
aggressively pursued surround produc-
tion of all their programs, promos, and 
advertisements. The biggest holdouts 
from surround-sound audio are the 
simplest shows—news, talk shows, and 
so on.

Tom Sahara and Roger Charles-
worth made an important announce-

ment during Surround Live 7: the 
October 2009 launch of Sports 
Video Group’s (http://SportsVideo.
org) DTV Audio Group to educate 
sound mixers and foster more aggres-
sive adoption of surround sound in 
production. Sahara said that for TNT 
broadcast events, he has had difficulty 
finding enough surround-sound mixers 
with demonstrated knowledge and ex-
perience for all the jobs. ESPN, NBC 
Sports, CBS Sports, Fox Sports, MTV, 
Turner Sports, and other groups are 
involved. Most scholastic audio pro-
grams aim at mixing for music, where 
there are few jobs, while there are 
many openings and career paths for 
surround-sound mixers in live-event 
broadcasting.

PAPER SESSIONS, MASTER 
CLASSES, AND MORE
“Wrangling the Room” (Master 
Class MC4) is how Bob Hodas views 
optimizing speaker performance in the 
studio. While tuning more than a thou-
sand rooms, he has found there are no 
rules of thumb—each room is different 
and requires individual attention.

Hodas has used the RPG Room 
Optimizer (http://www.RPGinc.com/
products/roomoptimizer/index.htm; 
$100), which gives him a good start-
ing point about 80% of the time. He 
measures the sound in the room from 
each speaker, working to determine 
the cause of each problem, applying 
corrections. He listens to carefully 
selected material he knows well while 
making final adjustments.

He has found that 70% of the 
problems are caused by speaker and 
listener placement (speaker/boundary 
interaction is the most important fac-
tor; room modes are secondary) and 
25% of the problems can be rectified 
with acoustical treatment (absorption 
for first-order reflections, diffusion to 
overcome room-size perception, and 

bass traps to tame bass resonances). 
EQ can help only 5% of the time, and 
then only for fine tuning; never apply 
more than 6dB boost [which requires 
4× the amp and speaker-handling pow-
er]. In studios, the room should not be 
set up to deliver the X-curve (SMPTE 
202M) to the mix position, but should 
provide flat, wide-frequency-response 
sound to the mixer [The X-curve is 
a noble attempt to compensate in a 
single very-large-room measurement 
for the effects of non-flat frequency-
response reflections and high frequen-
cy air absorption].

ADDITIONAL OBSERVATIONS 
AND RECOMMENDATIONS:
• Symmetry in room and equipment 

layout makes the job easier.
• Use mirrors to find the source of 

first-order reflections above 400Hz, 
but don’t use EQ to try to tame 
them—it doesn’t work because it 
also will change the direct sound.

• Absorb front wall and ceiling reflec-
tions, while diffusing rear wall reflec-
tions.

• When using bass traps, membrane-
absorber designs must be placed 
at points of high pressure for the 
troublesome frequency or they 
won’t work. Placing bass traps in the 
corner without knowing whether 
the corner is the problem is a bad 
idea he has seen in about 25% of 
the rooms he has worked on.

• Ensure absolute polarity is main-
tained throughout the system 
[including the multiple signal paths].

• Subwoofers need to have a real 
adjustable crossover plus a polarity 
switch, phase adjustment, and level 
control to enable seamless aural 
integration with the main speakers.

• Use low-velocity high-volume 
HVAC.

Hodas’s only presentation flaw was his 
confusion regarding the LFE bandwidth 
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versus the subwoofer/main-channel 
crossover requirements. It is necessary 
that the subwoofer receive and repro-
duce the entire 25-125Hz bandwidth 
of the LFE channel, regardless of any 
other crossover from the main chan-
nels.

“Investigation of the Bonello 
Criteria for Use in Small Room 
Acoustics” (AES preprint 7849; 
part of the “Loudspeakers in Rooms” 
session) was addressed by Harman’s 
Todd Welti. “The Bonello criteria are 
a set of conditions that are an attempt 
to use rectangular room dimensions 
as a general predictor of room modal 
response quality.” There are two 
conditions: room modes should not 
overlap, and the number of modes in 
any third-octave band should never be 
less than the number in the next lower 
third-octave band. After investigating a 
large number of room dimension sets 
using a computer model, it has been 
found that the Bonello criteria are not 
useful in real-world situations. Welti 
noted that the RPG Optimizer can 
provide a reasonable starting point for 
room design. Welti’s computer model 
places one subwoofer in a corner, and 
only slight wall damping (absorption). 
Multiple subwoofers is a factor in real 
rooms that was not considered in 
his research to date. The focus of his 
analysis was on mean spatial variance 
(the seat-to-seat consistency of the 
frequency response).

“Subwoofers in Rooms: Effect 
of Absorptive and Resonant Room 
Structures.” (AES preprint 7957; 
part of the “Loudspeakers in Rooms” 
session) Juha Backman (Nokia) 
acknowledges the room-loudspeaker 
interaction, delineating methods for 
controlling low-frequency response: 
speaker placement, multiple subwoof-
ers, absorptive materials, and resonant 
absorbers. Taking the symmetry of 

the problematic room mode and the 
speaker(s) placement into account 
when placing resonators and absorb-
ers is necessary for optimal results. 
Backman concludes that absorbents 
and resonators can help control low-
frequency acoustics beyond speaker 
placement and EQ, and that resona-
tors are of less value unless designed 
and placed for the specific situation. 
The critical design parameter of a low-
frequency absorbent is flow resistance.

Suitable combinations of speaker(s) 
placements, absorbents and resona-
tors is necessary for a substantial im-
provement in bass response through-
out the listening area.

“The Challenge to Find the Opti-
mum Radiation Pattern and Place-
ment of Stereo Loudspeakers in a 
Room for the Creation of Phantom 
Sources and Simultaneous Mask-
ing of Real Sources” (AES preprint 
7959; part of the “Loudspeakers in 
Rooms” session) Siegfried Linkwitz 
(who apparently prefers long titles for 
his papers) believes that two-channel 
stereo can be satisfying to anyone 
whose reference is live performance, 
if the speakers’ design and placement 
are best for phantom imaging. He finds 
that electrostatic speakers can sound 
great because there is no box and they 
exhibit a dipole radiation pattern. As 
to speakers’ placement, symmetry 
within the room and with respect to 
the listener is the best choice. The 
speaker’s radiation pattern is the root 
of the problem.   

Stereo is a magic trick to create an 
auditory illusion to a hearing system 
that has evolved to survive, giving us 
a need to sense direction, size, and 
distance. Hearing happens between 
the ears, not at them—in the brain, a 
big DSP engine. Linkwitz listed several 
principles:
• The spectrum of reflected sounds 

must match that of the direct sound.

• Reflections must be heard no earlier 
than 6ms after the direct sound.

• There must be a physical symmetry 
of reflections relative to the direct 
sound.

He also noted that listeners have a 
strong aural memory-reference of live 
natural sound and said that the speak-
er’s radiation pattern must be uniform 
versus frequency. The horizontal 
radiation pattern is dominant; thus 
the vertical radiation pattern is not as 
important but cannot be ignored.

“The Subjective and Objective 
Evaluation of Room Correction 
Products” (AES preprint 7960; part 
of the “Loudspeakers in Rooms” ses-
sion) was conducted by Harman’s Sean 
Olive, John Jackson, Allan Devantier, 
David Hunt, and Sean Hess. They used 
a panel of eight trained listeners to 
get ratings for five room correction 
products based on overall preference 
and spectral balance. The tests were 
held in the Harman reference listen-
ing room using a single speaker (B&W 
802N) with subwoofer (JBL HB5000), 
crossed over at 80Hz and following 
the manufacturers’ instructions for 
setup.

The room correction products were 
the Audyssey Room Equalizer, the 
Anthem Statement D2 processor, the 
Harman Room Correction 1 (proto-
type), the Harman Room Correction 
2 (prototype), and the Lyngdorf DPA-
1. A hidden reference was the same 
speaker/subwoofer without correc-
tion. The results varied substantially 
among the room correction products. 
They reached three conclusions:
• Correctly implemented room cor-

rection can provide significant sonic 
improvement; however, two of the 
systems delivered lower ratings than 
the uncorrected speaker.

• Comments and ratings indicated that 
listeners preferred more neutral, 
less colored sound.
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• The “differences [among the five 
systems] can be largely explained by 
examining the steady-state, spatially 
averaged frequency response mea-
surements of the room corrections 
measured at the listening location.”

Olive advised that these results apply 
only to the test conditions, and should 
not be generalized to all conditions 
and situations. An ancillary conclusion 
was that listeners prefer a dB-linear 
increase in room gain with a decrease 
in frequency.

“Audio Myths—Defining What 
Affects Audio Reproduction” 
was a workshop with Ethan Winer                 
(RealTraps; session chair), Poppy 
Crum (Johns Hopkins School of 
Medicine), James (JJ) Johnston (DTS), 
and Jason Bradley (Intel). “Human 
auditory memory and perception are 
frail, and expectation bias and placebo 
effect are stronger than many care 
to admit.” Among the many small 
technical issues that are argued inces-
santly is the fact that “masking makes 
it difficult to hear artifacts even 40dB 
below the music, yet some people are 
convinced that they can hear artifacts 
100dB down or lower. Therefore, the 
purpose of this workshop is to identify 
what really matters with audio repro-
duction, and what does not.”

Crum (a neuroscientist who con-
ducts research on neural circuits in the 
auditory cortex involved in hearing in 
a complex acoustic environment) de-
clared that illusion has become the de-
fault, that we have evolved to perceive 
a non-veridical world—for example, 
not hearing the direction of sonic 
reflections but localizing on the direct 
sound. The brain resolves conflicting 
data in ways not predicted by how our 
peripheral hearing works, it performs 
a lot of perceptual processing. We 
must be skeptical of what we hear, 
because what we see affects what we 
perceive we hear (the McGurk effect, 

which she demonstrated). The audi-
tory system is robust to missing data, 
which she also demonstrated.

“Turn It Down! Consequences 
of the Ever-Escalating Loudness 
Wars” was a workshop on a subject 
dear to many audiophiles. Chaired 
by Martin Walsh (DTS), panelists 
were Bob Katz (Digital Domain), Bob 
Ludwig (Gateway Mastering), Thomas 
Lund (TC Electronics), and Susan 
Rogers (Berklee College of Music). 
“The adage that “louder is better” has 
been put to the ultimate test in recent 
years. Modern recordings have gradu-
ally been mastered louder and louder 
over the past 20 or so years using 
techniques such as aggressive dynamic 
range compression. In some of the lat-
est album masters, this ever-increasing 
loudness “arms-race” is reaching its 
limit, whereby the average level is 
almost the same as the peak level. This 
leads to audible distortion and listener 
fatigue.” The group discussed the his-
tory of the situation and presented at 
least one way to provide “maximum 
loudness without incurring audible 
distortion.” They and the audience dis-
cussed “the possibilities of brokering 
a peace process in the future,” reach-
ing no definitive conclusion. Naturally, 
one of the references mentioned was 
ITU-R BS.1770 “Algorithms to Mea-
sure Audio Programme Loudness and 
True-Peak Audio Level.”

Jensen Transformers’ (www.Jensen-
Transformers.com) Bill Whitlock 
discussed “The Design of High-Per-
formance Balanced Audio Interfac-
es” in his master class, continuing his 
crusade to correct the widespread mis-
understanding surrounding balanced 
interfaces and ground loop problems.

White spaces—the gaps in the broad-
cast band between DTV stations—is a 
contentious topic because it can affect 
wireless broadband and wireless mike 

use. Two sessions—“White Spaces & 
TVBD [TeleVision Band Devices] Up-
date” (a panel discussion among Chris 
Lyons, Joe Ciaudelli, and Edger Reihl) 
and “Practical Advice for Wireless 
System Users” (a panel moderated 
by James Stoffo) covered various 
aspects of the problem. The status 
of the 700MHz spectrum, the FCC’s 
threat to crack down on unlicensed 
wireless mike systems, wireless mike 
selection, and setting up wireless mike 
systems to minimize potential interfer-
ence and maximize performance were 
discussed.

The Recording Academy’s (www.
Grammy.com) Producers and Engi-
neers Wing (www.ProducersAnd 
Engineers.com) held “Mixing With 
Attitude,” “a close-up look at how 
some of the top producers and 
engineers create mixes that stand out 
from the pack.” Panelists were Chuck 
Ainlay, Serban Ghea, Chris Lord-Alge, 
Tony Maserati, and Nile Rodgers.

Dirk Brauner presented the master 
class “Audiography—Writing With 
Sound,” explaining with visual/photo-
graphic examples his philosophy that 
recording is sonic artistry, not merely a 
technical science.

These and the other presentations 
at the AES convention should impact 
product design, custom installation, 
and system setup, as they present 
valuable information about how and 
what we hear, and what we want 
to hear. Many of the sessions were 
recorded and are available from    
www.SoftConference.com/aes/slist.
asp?C=3196.

MISCELLANEOUS,  
INCLUDING EXHIBITS
The Audio History Library (www.
AudioHistory.com; 212.988.0642) is 
a monumental effort by Louis Manno, 
a full-time recording engineer who 
began collecting and cataloging mate-
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rial about 15 years ago. The objective 
is to make all the documents available 
via the website rather than in a brick-
and-mortar facility. He has file cabinets 
of material that will take him years 
to scan and include in the library. His 
first four categories mostly contain an 
outline of the content types he hopes 
to make available; the site is thin on 
content so far. 

Examples of items online are: a 
photo of a phonautograph, a photo of 
Magnavox’s first public address system, 
a photo of Abbey Road Studio 2, the 
US frequency allocation spectrum 
chart, a photo of the Woodstock mix-
ing console, a chart and diagram of ear 
physiology, and an extensive biography 
of Saul Marantz. There is a list of the 
companies and individuals who have 
donated content and funds to the 
project, and a section explaining how 
individuals can help expand the value 
of this online library by either provid-
ing material or sending him informa-
tion about the content. I would have 
thought this would have been an effort 
under the auspices of the AES, but that 
is not the case.

The Museum of Sound Record-
ing is another organization working to 
preserve and exhibit audio history. Its 
collections are stored and exhibited 
at the Muscle Shoals Sound Studios 
(www.MuscleShoalsSound.org; a 
working studio in Sheffield, Alabama; 
about two hours from Memphis 
and from Nashville). Contact Daniel 
Gaydos (DanielGaydos@aol.com; 917-
865-4687) for more information.

At www.FirstSounds.org you can 
hear the oldest known recordings, 
from Édouard-Léon Scott de Mart-
inville’s 1860 phonautograms, which 
predate by 17 years Edison’s phono-
graph patent, and were made almost 
30 years before a cylinder recording 
that had been considered the oldest 
that could be sonically reproduced.

The Hearing Conservation 
Workshop (www.HearTomorrow.org; 
contact them for a workshop informa-
tion packet and about a workshop in 
your area) was a three-hour session 
addressing the “ever-increasing prob-
lem of noise and music-induced hearing 
loss. . . targeted to students and pro-
fessionals in music, music technology, 
audio, or acoustical engineering.” The 
presentation, which included images 
and animations reflecting recent hear-
ing research, focused on the neuro-
physiology of hearing, the mechanics of 
hearing loss, and hearing conservation. 
One of the AES’s 23 technical com-
mittees: “Hearing and Hearing Loss 
Prevention” (www.AES.org/technical/
hhlp/) is devoted to this topic. 

The workshop handout included a 
hearing-test graph of a 24-year-old 
male transportation worker who 
used an MP3 player with earbuds to 
drown out the ambient noise, such as 
a subway train (typically 90-95dBspl); 
he suffers from substantial hearing loss 
above 1kHz with a maximum loss of 
about 40dB at 4kHz. The booklet also 
showed the time-weighted average 
noise level at three Stanley Cup playoff 
games (averaged over each three-hour 
game: 104.1, 100.7, and 103.1dBA), 
noting that safe [which does not mean 
no hearing damage] exposure time at 
95dBA is one hour.

H.E.A.R. (Hearing Education 
and Awareness for Rockers; www.
HEARnet.com), established in 1988, 
is a non-profit 501(c)(3) organization 
dedicated to the prevention of hear-
ing loss and tinnitus among musicians 
and music fans through education and 
grassroots advocacy.

With all the noise, we need some-
thing to keep it out of our ears, and 
E.A.R. Inc (www.EARinc.com) has 
released HearPlugZ-DF (www.
HearPlugZ.com), a dual-filtered in-ear 
hearing protector that claims to en-

able the wearer to hear speech more 
clearly while protecting hearing with 
two levels of hearing protection. The 
brochure claims a 12dB noise reduc-
tion rating when using only the interior 
filter and 22dB with both the interior 
and exterior filters. According to their 
curves, attenuation is greatest around 
2kHz below about 80dBspl, and is 
greater above 2kHz at levels above 
80dBspl; overall attenuation increases 
with an increase in ambient noise 
level. A related site of interest is www.  
FreeHearingTest.com.

Etymotic Research (www.Etymotic.
com) President/CTO Mead Kilion has 
decades of experience and research 
into hearing and hearing aids. Etymotic 
manufactures an assortment of musi-
cians’ earplugs and audiophile-grade 
in-ear monitors.

Dolby’s Media Meter ($800srp) is 
a stand-alone application that measures 
program loudness in accordance with 
ITU-R BS.1770 and runs on Windows 
and Mac OS X. The package includes 
a Digidesign RTAS plug-in for real-time 
measurement, plus Digidesign AudioSuite 
and Minnetonka AudioTools AWE plug-
ins for file-based measurements.

Minnetonka (www.MinnetonkaAudio.
com) has added to its catalog audio 
solutions to encode DTS-HD for Blu-
ray disc mastering ($250), to enable 
QuickTime to decode DTS-HD ($30), 
to encode/decode Dolby E for broad-
cast and post production ($4500), and 
under an agreement with Holophone of 
Toronto will include Surcode for Dolby 
Pro Logic II in a new Holophone bundle.
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THAT Corp (www.THATCorp.com), 
now 20 years old and with its own 
IC fabrication facility for a decade, 
announced its newest chip set: the 
THAT 1570/5171 (<$10 in 1000-
pair quantities)—in combination they 
comprise a digitally programmable mike 
preamp that offers high-quality perfor-
mance and exceptional flexibility. The 
two-chip combination allows higher volt-
age rails than single chip solutions and 
requires no more circuit-board space. A 
demo board ($250) is available.

Studio Six Digital (www.Studio 
SixDigital.com) has developed an 
inexpensive suite of applications 
and a couple of hardware modules 
(iProMic—$130; iAudioInterface
with iProMic—$250) for the iPhone 
and iPod touch that turn it into a 
professional-grade audio test tool that, 
depending on the options selected, 
can output sine or square wave, pink 
or white noise; measure SPL (vari-

ous weightings) and Leq; display RTA 
octave and third-octave band levels; 
perform FFT analysis with various 
bandwidth smoothing, measure 
impulse response, act as a dual-trace 
audio scope, plus measure THD+N, 
impedance, polarity, and distortion.

Rational Acoustics (www.Rational 
Acoustics.com) has entered into an 
agreement-in-principle with Studio 
Six Digital to co-develop an iPhone 
application based on Rational’s Smaart 
acoustic test and measurement 
software. When completed it will be 
marketed by Studio Six Digital as part 
of its AudioTools application suite. 
Rational debuted Smaart v7 at the con-
vention.            VC

NEXT YEAR
The 129th AES convention will be held 
at the Moscone convention center in 
San Francisco, CA, 4-7 November 
2010. Hope to see you there.

David J. Weinberg (Tobias Audio, 

Silver Spring, Maryland; 301.593.3230;          

WeinbergDJ@BostonAudioSociety.org) 

is an engineering consultant and technical 

journalist on audio, video, and film technol-

ogy. He provides audio and home theater 

engineering consultation and professional 

location digital audio recording services to 

companies, radio stations, and individuals. 

He brings to his work an MSEE, a First Class 

Radiotelephone license, and over 40 years 

of continued study and active involvement 

in the audio, video, and computer indus-

tries. He is chair of the Audio Engineering 

Society’s DC section and a member of the 

Society of Motion Picture and Television En-

gineers’ DC section. Weinberg has authored 

articles on various phases of audio for video 

and film, is associate editor of Multi Media 

Manufacturer (www. MultiMediaManufacturer.

com), and serves as Membership Officer for 

the Boston Audio Society (www.BostonAu-

dioSociety.org) and editor of its journal: The 
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�t’s been more than a decade 
since CEDIA (www.CEDIA.org) 
was held in Atlanta, and it might 

not stay there through 2011 as has 
been planned... more later.

CEDIA Expo is a congregation of 
continuing-education courses, manu-
facturers’ training, exhibits, and press 
conferences. It is focused on the cus-
tom installer business and is the show 
of choice for home theater equip-
ment manufacturers. The economy 
has affected home building and the 
custom installation business, leading 
installers to seek other related services 
and systems they can offer. Security, 
home automation, plus remote (via the 
Internet) home-system monitoring and 
control, are among those considered. 
CEDIA Expo provides a concentration 
of offerings to investigate and experts 
to talk with who can help custom 
installers determine what will best fit 
into their business.

COURSES AND REFERENCES
Each year at CEDIA Expo Michael Heiss 
and Rich Green give two sessions: 
Expo Pregame (on the first day; 
they synopsize the state of the custom-
installer industry and suggest what 
to look for among the exhibits) and 
Expo Postgame (wrapping up with 
some of the show’s highlights).
• Custom installers will be successful 
in this economy if they adjust their 
business model beyond home theaters 
to include product lines and services 
that expand their operation, such as 
retrofits (fitting a system into an exist-
ing space instead of building from the 
ground up); system upgrades; security 
systems and monitoring; wholehouse
distribution of audio, video, phone, 
security, gaming, and computer 
networks; commercial installations; 
energy monitoring and management; 
digital signage; and so on.
• On a smaller scale, they talked 
about the incongruity of having to 

mount ever-thinner panel displays on 
wall mounts that put the panel several 
inches from the wall.
• Regarding the binary increase in 
panel-display frame rate (independent 
of the source material’s frame rate), 
there are several ways to implement 
240Hz, and some are more psychovi-
sually effective than others—not all of 
them look good to all viewers.
• LED back/edge lighting for panel 
displays is increasingly prevalent, and 
LED front projectors are coming to 
market from companies including 
Runco and Projection Design (www.
projectiondesign.com). LEDs deliver a 
much longer lamp life than cold-cath-
ode fluorescent lamps (CCFL). [How-
ever, the extremely narrow bandwidth 
of each LED’s color has been seen to 
deliver a less realistic image than CFLs, 
other factors being correct. Further 
investigation is underway.]
• Wireless HDMI within a room is 
available in the 60GHz band.

CEDIA 2009
   Return to 
     Peachtree Country

By David J. Weinberg
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• House wide compressed video 
is coming, using the IEEE 802.11n 
standard. Manufacturers design to 
standards but add their own tweaks, 
possibly limiting the interconnectivity 
of different brands of equipment, even 
while ever more products need to be 
network-connected.
• The netbook is the future system 
hub, such as Sherwood’s R-904N Net-
boxx Internet A/V receiver (Photo 1, 
$650, www.sherwoodusa.com), which 
acknowledges that physical media are 
shrinking source formats. Stream-
ing is growing, with concerns about 
establishing and maintaining quality of 
service and networking.

• Manufacturers are adding broader 
categories of interaction and control 
into their A/V receivers to manage 
whole-house systems, reducing the 
need for separate AMX/Crestron 
controller systems.
• Some control systems are config-
ured via a browser, with the configura-
tion network stored and backed up.
• Invisible and outdoor speakers, 
plus outdoor displays are a growing 
category.
• Home healthcare products and 
monitoring is a growing market cate-
gory, as is energy monitoring and man-
agement. The connected bathroom is 
among the newest growth areas.

Michael Heiss gave his “New Tech-
nologies Update,” prognosticat-
ing one to two years ahead on such 
products and services as:
• Custom installers are in the content 

delivery business—getting content in its 
many forms and formats into the cus-
tomer’s home and wherever he wants 
to experience it. This has become 
complicated because there are dozens 
of audio and video sources, more than 
two dozen codecs and uncompressed 
formats, about 20 wireless and wired 
standards, plus local and remote 
storage locations. Once you have the 
content, there are many analog and 
digital ways to connect the storage 
media to the playback equipment, 
various technologies to control content 
access and distribution, plus you can 
watch and listen to it on an assortment 
of fixed and portable devices.

• “All HDTV is digital, but not all digi-
tal TV is HD!”
• The DTV transition has resulted in 
substantial transmitter effective radi-
ated power (ERP) reductions [man-
dated by the FCC], channel changes 
[not all of which have taken place, 
because some stations are asking for 
a new channel assignment to over-
come reception problems], transmit-
ter antenna changes and relocations, 
additions-to/deletions-from over-
the-air multi-program (subchannel) 
services, plus changes to cable/satel-
lite/telco services and channel lineups. 
The wide assortment of sources and 
the varying delivery restrictions among 
the services can make integration into 
a custom-installed system quite difficult 
and complicated.
• Content storage is migrating from 
the home to the “cloud” and streamed 
to wherever the customer wants it 

at that moment, whether at home or 
during travel.
• There is some regionally restricted 
Internet content distribution—not 
all Internet sources are deliverable 
everywhere. For example, in Heiss’s 
experience Netflix TV is not available 
in Canada, and the BBC iplayer won’t 
play BBC content in the US.
• IPTV boxes and sources are be-
coming readily available and exhibit a 
substantial growth rate.
• High-definition IPTV and gaming 
(especially multi-person online gaming) 
require high bandwidth to and inside 
the house.
• Much content is being delivered 
through game consoles, as well as 
through conventional PCs and media 
servers.
• Content copy restrictions vary wide-
ly—what can and can’t be stored within 
or moved around a home network.
• Power line A/V networking and 
content distribution has become tech-
nologically and commercially viable.
• Blu-ray will be around for many 
years, because the bandwidth needed 
to stream the number of Blu-ray HD 
programs that are in demand will re-
main too high for general distribution. 
DVDs will continue to be a consumer 
distribution medium for at least the 
next five years.
• LED-lamped projectors are prolifer-
ating.
• The HDMI 1.3/1.4 standard is 
mostly a menu of optional capabilities 
beyond a basic requirement. Not all 
functions are implemented in all de-
vices, and this will lead to integration 
problems when trying to use some of 
the advanced functions.
• HDMI 1.4 is becoming available 
slowly, and is not useful until at least 
2010 for many reasons, including the 
need for all devices connected to be 
HDMI-1.4-compliant or the connection 
will drop back to a lower performance 

PHOTO 1: Sherwood Internet receiver.
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level.
• Industry marketing is moving from 
“thinner” to ”greener.”

Rich Green spoke of “Future 
Technologies—The Inside Scoop 
from Silicon Valley,” looking about 
five years ahead:
• Custom installers and prognostica-
tors, who ponder what the market will 
want after home theater, tend to suf-
fer from macromyopia—a tendency to 
overestimate short-term change while 
underestimating long-term change.
• Customers increasingly want interac-
tivity among their remote control, 
their systems, and their environment—
a home with everything networked 
and connected to the Internet, plus 
connections to the family “beyond the 
home,” in their cars or when traveling. 
This includes media streaming from the 
Internet and from their home server 
to wherever they want it. Home serv-
ers are losing out to cloud streaming. 
Custom installers need IT network 
LAN/WAN experts.
• Customers want their cellphones to 
become master controllers, with voice 
and gesture delivering the commands.
• Demand for immersive entertain-
ment (such as gaming; anything to take 
the viewer/listener “there”) is grow-
ing, as is the desire for digital home 
health monitoring/care.
• Green and environmental sustain-
ability have become concerns [and are 
effective marketing factors, in spite of 
the lack of lifecycle analysis].
• Custom installers make the most 
money for services that are hardest to 
provide, so being good at and charging 
for them is critical to company surviv-
al. At the same time, custom installers 
need to deliver value to the client.
• Proprietary whole-house control-
system software can quickly become 
obsolete and unserviceable, especially 
as manufacturers and custom installers 

are going out of business at an alarm-
ing rate. It is preferable to use open-
source standards compliant products 
and services.
• Digital rights management (DRM) 
is a problem, with many different 
schemes in use, because it complicates 
system design to enable and maintain 
access to all desired sources of stream-
ing and downloadable content.
• This should be obvious but often 
isn’t applied: Always design the system 
and its operation from the perspective 
of the client and his needs, desires, and 
physical/intellectual capabilities and 
preferences, even while planning for 
future upgrades and modifications.
• Do not design networks that choke 
on HD material.
• Silicon Image’s LiquidHD technology 
(www.LiquidHD.com) is a founda-
tion for wholehome, high-definition 
multimedia content distribution over 
IP networks.
• Anigmo (www.Anigmo.com) offers 
a line of hands-free lighting dimmers 
and automation controllers.
• The Continental Automated Build-
ings Association (www.CABA.org) is 
a not-for-profit industry association 
dedicated to the advancement of intel-
ligent home and intelligent building 
technologies in North America. Their 
website offers resources and publica-
tions related to the connected home.
• www.MetaverseRoadMap.org is a 
site where “virtual worlds meet geo-
spatial maps of the planet [and] simula-
tions get real and life and business go 
virtual.”
• Continua Health Alliance (www.
ContinuaAlliance.org) “is a nonprofit 
open industry coalition of the [more 
than 200] healthcare and technology 
companies collaborating to improve 
the quality of personal healthcare.”
• More content sources are bypass-
ing the retail channel and marketing 
directly to the consumer—C2C (cloud-

to-consumer).

Understanding, Finding and 
Eliminating Ground Loops was 
even better than before, having been 
reworked by Bill Whitlock (www.
Jensen-Transformers.com) into a 
substantially clearer presentation that 
logically builds in easily understand-
able steps, using real-world examples 
attendees can readily relate to:
• He described noise (not hiss but 
hum, buzz, clicks, pops, and so on) 
and how it is measured. One noise 
source is coupling from the power line 
to the signal lines; it is the nature of 
the power line, but the power com-
pany cannot be held responsible for 
its presence or to eliminate it. The 
power company is responsible only to 
supply reliable power in a manner that 
is safe in accordance with the National 
Electric Code (NEC).
• Whitlock explained the NEC code re-
quirements and how they provide safety.
• Earth grounds are not at 0V AC; 
current flows through the soil ev-
erywhere—to prove it to yourself, 
stick two metal poles in the earth 
6-8′ apart and measure the voltage 
between them. Ground rods do not 
bring “ground” voltage to 0V AC; 
they are solely to limit damage from 
lightning. Heavier ground wire doesn’t 
solve the ground loop problem.
• If pulling separate wires for hot, neu-
tral, and ground (rather than Romex), 
tightly twist (no more than 2″ per 
twist) the hot and neutral together (it 
can be bought pretwisted) before pull-
ing them, and pull the separate ground 
wire in the same conduit. Twisting all 
three together is not as effective.
• There is a voltage difference be-
tween the ground pins on separate 
outlets even in the same room and 
assuming the outlets have all been 
wired properly. [I heard of a case in an 
intensive-care patient room where the 
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hot and neutral were reversed on one 
outlet in the room, while the other 
outlets were correctly wired. With 
a cardiac catheter from an external 
pacemaker, along with all the other 
equipment connected to the patient, 
this will likely cause ventricular fibrilla-
tion, as about 10μA at 60Hz through 
the heart is all that is needed.] Feeding 
power to all the equipment from a 
single outlet strip connected to a single 
outlet will minimize the ground-loop 

noise- generation problem as effective-
ly as expensive power conditioners.
• The secret to eliminating noise is 
understanding how the ground current 
flows among equipment.
• The primary problem arises not 
within a single box but when two 
boxes are interconnected—the sig-
nal interfaces. The sensitivity of the 
problem becomes more obvious when 
you realize that you can hear certain 
repetitive noises as much as 20dB be-

low the broadband noise floor, a fact 
Whitlock learned when he was putting 
together a high-speed cassette duplica-
tion facility for Capitol Records many 
years ago.
• A balanced signal interface depends 
only on equal impedance to signal 
ground from each of the signal con-
ductors. Levels and polarity on each 
conductor are irrelevant to the balanc-
ing of the connection. See Whitlock, 
“Understanding, Finding, and Eliminat-
ing AV Ground Loops” (p22; available 
at www.Jensen-Transformers.com/
an/generic%20seminar.pdf). See IEC 
60268-3 (Annex A) for a comprehen-
sive definition of a balanced connec-
tion. See AES48-2005: “AES Standard 
on Interconnections—Grounding and 
EMC Practices—Shields of Connectors 
in Audio Equipment Containing Active 
Circuitry” for additional information.
• The resistance of the ground wire 
and shield in interconnect cable is one 
of the most important parameters 
affecting S/N ratio; oxygen-free and 
other exotic materials and construc-
tion are irrelevant. Belden 8241, 
although primarily considered a video 
cable, is excellent for audio in the 
flawed world of unbalanced connec-
tions.
• Transmission-line effects for analog 
audio do not come into play until the 
cable is about 4000’ long, owing to 
the wavelengths involved.

Floyd Toole’s “Home Theater 
Audio and Acoustics” (ESD335) 
was part three of his three-part series 
at this CEDIA Expo, but CEDIA’s 
course numbering system and course 
guide information were such that many 
attendees did not understand this was 
an advanced course (level 300), with 
the first two parts (ESD135, ESD235) 
as prerequisites to ensure the attendee 
had the necessary background for 
useful comprehension. The course 
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material, most of which was based on 
Toole’s book Sound Reproduction—Loud-
speakers and Rooms, included:
• Toole’s research philosophy has 
been to try to understand how you 
hear, then use that to develop specifi-
cations for what a loudspeaker should 
do in a small room to be considered 
good. “It’s a sad fact that there is more 
useful data on the side of a car tire 
than on a loudspeaker datasheet.” He 
always understood that the loud-
speaker and the room are a synergistic 
system. The effect of the room on the 
sound is most noticeable when listen-
ing to a single speaker, usually dialog 
through the center channel speaker. 
Room-influence audibility decreases 
with an increase in the number of 
channels and speakers.
• In small rooms, most of the sound 
you hear is reflected, so off-axis 
speaker performance is critical. In 
addition, acoustical materials on walls 
and around the room need to have a 
uniform effect on frequency response 
above about 250Hz or they will 
degrade the sound quality of well-
designed speakers.
• Toole addressed reverb time (almost 
all normal residential living/family 
rooms have an acceptable reverb time) 
and other factors.
• He was clear in his reservations 
about room-EQ systems, which cannot 
add or remove reflections, cannot 
eliminate speaker/furniture reso-
nances or standing waves, and cannot 
change speaker directivity. They can 
change only the overall frequency 
response of all the sound emanating 
from the speaker.

The value of this three-part series can-
not be overstated, as Toole explained 
the fundamentals of acoustics, the 
difference between large- and small-
room acoustics, loudspeaker charac-
teristics, the limited value of measure-

ments, listener preferences, and ways 
to deal with it all.

Anthony Grimani (“Acoustical 
Treatments”) also pointed out that 
“only a small portion of the sound you 
hear in a home theater comes directly 
from the speakers. Most of what en-
ters your ears is reflected off the walls 
and other surfaces.” He described how 
he tames reflections using acoustical 
treatments (which his company, PMI—
www.PMILtd.com—manufactures) 
without making the room too dead 
(midrange T60 should be around 0.2-
0.4sec), and that to be effective down 
to about 250Hz these units must be at 
least 4″ thick and have essentially “the 
same absorption coefficients across 
their operating range.” Grimani noted 
that a good sound system (and home 
theater) sounds good at low levels, and 
sound quality is similar at all the seats. 
He also said that measurements can be 
useful up to a point, but final setup re-
quires listening to specifically selected 
and well-known source material.

Missing from this year’s course of-
ferings was Fred Ampel’s “Learn To 
Listen,” which focuses on how to se-
lect source material and what to listen 
for when making those final adjust-
ments to the sound system. Too many 
custom installers and other “experts” 
depend only on measurements to set 
up the playback sound, when it is well-
known that measurements do not yet 
perfectly correlate with how you hear, 
thus necessitating aural decisions to get 
the best sound. I hope they bring back 
the course next year.

“The History and Future of 
Surround Sound—A Story of 
Death and Resurrection in Five 
Acts” was a fascinating presentation 
by Tomlinson Holman (Chief Scien-
tist, Audyssey, www.Audyssey.com), 
walking attendees through the history 
of surround from Flemish composer 

Adrian Willaert’s use of left/right 
spaced choruses in 1550 to Audyssey’s 
multichannel processing’s objective to 
provide high-quality surround sound 
to the whole home-theater audience 
(not just the primary’s listener seat). 
Highlights:
• Several composers during the 16th-
19th centuries used multiple choir/
instrument locations for directional/
spatial effect.
• Bell Lab’s stereo experiments and 
related activities in the 1930s led to 
the conclusion that three front chan-
nels (left, center, right) was an accept-
able compromise.
• Disney’s Fantasia added surround 
sound as part of Fantasound (the U-
boat sinking of the Merchant Marine 
ship taking that equipment to Russia 
marks the “first little death of sur-
round sound”).
• Cinerama’s five screen channels (the 
number due to the extreme width of 
the image), plus surround channels, is 
the beginning of surround sound being 
part of the effort to entice people 
away from their televisions and back 
to the movie theaters. Cinerama “ulti-
mately failed due to costs.”
• Cinemascope, based on Henri Chré-
tien’s invention (“the squeeze lens”), 
brought wide images to more theaters, 
and “naturally the wider screen want-
ed wider sound.” Cinemascope prints 
held four mag stripes—left, center, 
right, and “effects.” “High laboratory 
costs limited available prints [and] the 
costs were high for the theater.”
• Todd-AO, developed as a competi-
tor to Cinerama, had five screen chan-
nels and one effects channel, which at 
film speed “yielded good quality, albeit 
noisy” and with weak bass.
• Stereo came to the home. Quad 
followed too quickly; it suffered from 
multiple formats, limited understand-
ing of psychoacoustics and long-term-
effective recording techniques, and 
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finally the need to fit four large speak-
ers into a living room, so it died.
• Dolby Stereo successfully brought 
surround to the movie theater, later 
improved by the several cinema digital 
audio formats.
• Digital surround came home via 
DVDs.
• More channels were added (6.1, 
7.1) and recognized as an “asymptotic 
function.”
• Continued examination of physical 
acoustics and psychoacoustics has led 
to a better understanding of the limita-
tions in phantom imaging and HRTF 
effects.
• Holman wrapped up the presenta-
tion with a proposed primary need for 
“wide” channels at ±60° (“adds to the 
auditory source width; adds to imag-
ing-all-around; adds to envelopment;” 
more accurately captures and repro-
duces early lateral reflections found to 
be so important in concert hall design), 
with a secondary need for height 
channels at ±45° horizontally from the 
center channel and at 45° elevation.
• Holman’s 10.2-channel concept 
is embedded in the Digital Cinema 
standard and in the Apple standards; 
there are 20 10.2-channel programs 
available that can be presented at 21 
installations (eight permanent and 13 
exhibitions).
• His ultimate recommendation was 
to let the end user decide, with meta-
data to mix what he/she wants to lis-
ten to (10.2, 5.1, 4.0, 2.0, earphones).

“Introduction to Video and Im-
aging” part 1, taught by Aaron Rigg 
(ISF calibrator and instructor), was a 
thorough basic course. He covered 
a little optical biology, psychovisual 
perception, image persistence, and 
other fundamentals of imaging and 
viewing. Rigg outlined the history of 
video technology, defined terms and 
concepts, explained the development 

of analog and digital video transmission 
including the attributes of the NTSC 
and ATSC formats. I recommend this 
course especially for its explanation 
of your optic system—how you see—
which is fundamental to understanding 
the trade-offs in the design of various 
video technologies.

Joe Arceo taught “Video Setup 
and Calibration,” explaining video 
projection, video compression stan-
dards, plus the test patterns and pro-
cedures that result in a properly setup 
display. This is a rigorous and detailed 
course that is worth your time as he 
covers theory, measurements, and 
observational adjustments.

CEDIA offered more than 20 hours 
in its learning labs, which “combine 
real-world experience with classroom 
instruction.” Classes included design-
ing Ethernet networks, IP networking, 
component installation, plus video 
setup and calibration. More than 
500 hours of courses (some free, 
some fee) in five categories (business, 
customer relations, systems designer, 
project management, and technical) 
and over 180 hours of manufactur-
ers’ product training were available to 
attendees.

CEDIA released the first edition of 
its Electronic Systems Technical Refer-
ence Manual (available at www.CEDIA.
org/marketplace; $89 to members, 
$127 to nonmembers), intended to be 
a single-source reference for custom 
installers. It is based on information 
from CEDIA’s core courses in its Elec-
tronic Systems Technician and Elec-
tronics Systems Designer programs. It 
is expected to be supplemental to the 
courses and a preparation guide for 
the CEDIA certification exams.

PRESS CONFERENCES  
AND EXHIBITS
Simplicity, scalability, and reliability 
were this year’s buzzwords. Reflect-

ing the impact of the economy, more 
products were touted as aimed at a 
midprice market rather than at the 
high end. There are a growing number 
of products with direct Internet access 
for updates and content access, and 
iPhone/iPod-Touch remote control 
applications.

Speakercraft (www.SpeakerCraft.
com) had the nerve to introduce Nirv 
(“My media. My way.”), an interesting 
and seemingly more straightforward 
modular control system (Photo 2) for 
multizone home entertainment, envi-
ronmental control and communication 
than I had seen. The system controller, 

which can support up to 256 × 256 
inputs/outputs, enables equipment 
to be located anywhere in the home, 
with customized access for each user 
available at all locations—walk into a 
room and enter your user code, and 
your preferences and options are avail-
able. (This is a concept first developed 
for computer systems at Xerox PARC 
in the late 1960s—a user wearing his 
badge had access to his own desktop 
on any computer anywhere in the 
facility just by walking into the room.) 
All audio (including stereo and sur-
round, plus intercom), video, data and 
automation control information are 
delivered among components across a 
single Cat 5E/6 cable.

The system automatically recognizes 
networked devices, simplifying setup 
using an on-TV-screen wizard or a PC 
web browser. SpeakerCraft’s ten-but-
ton Nirv WandRemote controls all sys-

PHOTO 2: Nirv technology.
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tem and equipment functions (pulling 
up onscreen menus), enhanced with 
color touchpanels, and both devices 
include an intercom/paging micro-
phone. The designers put extra effort 
into unifying the operational approach 
so the user doesn’t need to learn a 
different procedure for each device/
function. Attaching a communications 
module to each component enables 
it to be part of the housewide system 
and puts it under Nirv control without 
overriding local control. 

An enhanced function is the sys-
tem’s heuristic nature, meaning it will 
learn and automatically adapt to user 
preferences. Except for the controller, 
interface hardware/software and the 
remote, any brands of input, process-
ing and output equipment can be used. 
Equipment can easily be added to 
the system. In keeping with tradition, 
Speakercraft has produced an entertain-
ing marketing program (www.MyNirv.
com—click the three knobs along the 
left side of the image, then scroll within 
the image to read the text).

NextGen (www.NextGen.com) showed 
their reasonably priced remote extenders 
that are helpful when your equipment is in 
another room (Photo 3).

Runco (www.Runco.com) showed 
off their QuantumColor LED front 
projector ($15-18k including video 
processor, Photo 4). They bragged 

about the ability to properly calibrate 
it, but also that it can be adjusted for 
a “pleasing” picture (“accurate flesh 
tones with increased color satura-
tion”), which means that this company, 
which has historically focused on ac-
curate, standards-based imagery, now 
emphasizes a make-it-pretty capability. 
Their VideoXtreme VX3000i single-
chip DLP projector had noticeably 
darker 6″ vertical bands at the left and 
right edges of the 7-8′-wide screen, 

and was especially dark in the 
lowerleft corner of the image; no 
explanation was given when I asked 
why. Their VW-100HD VideoWall 
(100″ diagonal) looked quite good 
and appeared to be correctly set up.

Toshiba (www.toshiba.com) had 
two similar panels side by 

side in a darkened 
room. The primary 
difference was that 
one of them used 

an LED array for 
backlighting. The LED-

based panel’s image looked 
dramatic, but in the scene with 
the front portion of a large 

white airliner in a darkened han-

gar there was a light shadow around 
the front of the plane (probably 
caused by the fact that each LED lights 
up an area of the screen that over-

lapped the edge of the plane’s image 
and the dark background). Because 
of the source material they chose, I 
could not be sure whether the whites 
and blacks were crushed to enhance 
the image and give the impression of 
higher contrast.

Stewart (www.StewartFilmscreen.
com) has a new screen material, the 
StudioTek 100, about which they claim 
unity gain and no hot-spotting, with 
a smoother surface that effectively 
eliminates moiré interaction between 
pixelated projection and the screen 
material.

At the Da-Lite (www.Da-Lite.com) 
booth, Joe Kane (www.VideoEssentials.
com) demonstrated and explained the 
technology behind the Samsung SP-
A900B single-chip DLP projector (the 
latest design in the series of Samsung 
projectors he has overseen) and the 
Da-Lite JKP Affinity screen materi-
als that were developed to meet his 
stringent image-quality criteria. As 
always, the image was spectacularly 
filmlike.

Stand-alone DVRs are hard to find. 
Gefen (www.Gefen.com; search: 
“PVR”) offers two models: GTV-

PHOTO 3: Next 
Generation remote 
extenders.

PHOTO 4: Runco QuantumColor LED front projector.
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SD-PVR (SD video; $650srp) and 
GTV-HD-PVR (HD video; $1000srp, 
Photo 5).

Audyssey (www.Audyssey.com) 
has added three technologies to their 
stable, all of which are intended to be 
built into equipment manufacturers’ 
DTVs and A/V processors/receivers:
• Dynamic EQ “maintains consistent 
bass response, tonal balance and 
surround impressions” over a wide 
range of levels. This seems to be 
an implementation of the loudness 
control concept Tomlinson Holman 
(Audyssey Chief Scientist) implement-
ed in his prototype Apt integrated 
amplifier almost 30 years ago, which 
applied the Stevens equal-loudness 
contours (which had succeeded the 
Fletcher-Munson curves and has itself 
been superseded by the Robinson-
Dadson curves that are the basis for 
ISO 226:2003) to deliver a relatively 
constant perceived frequency response 
as the level control was adjusted. Dy-
namic EQ adjusts frequency response 
and surround volume levels “moment 
by moment, [delivering] bass response, 
octave-to-octave balance and sur-
round impression that remain as they 
should be despite changes in volume.” 
I expect many listeners will like the 
effect, but in live concert listening your 
perception of bass and surround varies 
with level. I believe a static adjustment 
based on the volume control setting 
(as in that prototype Apt integrated 
amp) would more accurately reflect 
real-life perception.

• Dynamic Volume (not to be confused 
with Dolby Volume) is Audyssey’s 
algorithms to reduce TV’s varying-level 

problem, addressing short-term (such 
as movie explosions) and long-term 
sound level changes, endeavoring to 
maintain “the desired listening level 
for all content while optimizing the 
dynamic range to preserve the impact.” 
It also includes Dynamic EQ.
• DSX processing adds width and 
height channels to a 5.1-channel sur-
round system that is set up based on 
ITU-R BS.775 (the five speakers at 
specific points tangential to a circle 
centered on the listener’s head). 
Audyssey’s scientists believe the first 
enhancement (“improvement”) is to 
add left/right width speakers ±60° 
from the center-channel speaker, with 
processing to simulate the early lateral 
reflections that are so important in 
concert halls, and to widen the sound 
stage. Their second “improvement” is 
to add left/right height speakers just 
outside the front left/right speakers at 
an elevation of 45°. The third recom-
mendation is their “surround process-
ing to enhance the envelopment of the 
surround and back channels.”

Focus Enhancements (www.FocusInfo.
com) has partnered with Aperion 
(www.AperionAudio.com) to offer 
the first surround system using Focus’s 
Summit wireless audio technology 
(white papers at www.SummitWireless.
com/library), which wirelessly deliv-
ers audio to the speakers and includes 
some form of automated calibration 

for the prime listening location. The 
Summit technology performs automat-
ic speaker detection, mapping, channel 
assignment (all using Focus’s Speaker-
Finder—patent pending) and “audio 
sweet spot calibration” (using Focus’s 
MyZone—patent pending), which ad-
justs time delay and fixed relative gain 
for each speaker. The Summit technol-
ogy is scalable from 2.0 through 7.1 
channels and delivers 24-bit/48ksps 
PCM audio to each speaker using 
5GHz RF transmission and diversity 
antennas; Viterbi and Reed-Solomon 
data processing plus an additional 8 
bits of forward error correction mini-
mizes transmission errors. The system 
adds a 2ms end-to-end audio delay 
with an interchannel skew of <0.2μs. 
The receiver in each speaker includes 
three independent crossover filters, 
plus eight programmable digital filters 
per crossover band, enabling speaker 
manufacturers to optimize it for their 
speaker design. 

Focus’s Summit SpeakerBuddy PC 
tool enables a custom installer to 
modify each speaker’s coefficients for 
its location. Tymphany (www.tymphany.
com), another speaker manufacturer, 
has also partnered with Focus to 
develop consumer products. Focus’s 
Summit technology is aimed at the 
$5k-15k system market. The Aperion 
speakers’ woofers were about 2′ off 
the floor; I mentioned the Allison ef-
fect (~100-300Hz suckout), of which 
they appeared unaware; I can only 
hope they took it into account in the 
speaker design.

Atlantic Technology (www. 
atlantictechnology.com) demonstrated 
a prototype of their H-PAS technology, 
which they claim delivers stronger and 
deeper bass in a smaller cabinet than us-
ing traditional designs (“10dB increased 
speaker sensitivity below 70Hz, com-
pared with traditional sensitivity loss 
from 90dB at 1kHz to 65dB at 30Hz”). 

PHOTO 5: Gefen HD Personal video recorder.
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The speaker’s driver complement was a 
1″ dome tweeter plus two 4.5″ drivers. 
The sound seemed a bit distant, and 
while it did generate a sense of deep 
bass, measurements are required to 
determine how much is real versus psy-
choacoustic. The system seems to move 
more air than I would expect from its 
drivers’ and cabinets’ sizes. 

The technology’s designer, Philip 
Clements (Solus/Clements Loudspeak-
ers; www.SolusAudio.com) spoke of 
the four techniques said to be incor-
porated: horn, bass reflex, acoustic 
suspension, and classical transmis-
sion line. He also said there is a bass 
trap inside the cabinet to reduce the 
level of internal resonances and their 
harmonics. The tweeter crosses over 
at about 2500Hz. Atlantic Technology 
has licensed the technology to gener-
ate the speaker’s performance below 
70Hz.

“Locking” HDMI connectors are 
available from several companies using 
different approaches. To make the 
Perfect Path (PPC, www.Connect2PPC.
com) cable easier to pull out of the 
socket, squeeze the connector (top 
and bottom) to lower the catch 
plate; their website claims “25 lbs of 
retention in the port” (I hope no one 
intends to lift the equipment by the 
cable); PPC also has twist-lock RCA 
plugs. Accell (www.AccellCables.com) 
offers their AVGrip series, releasing 
its locking T-bar by pulling back on the 
connector’s casing, which might be 
easier when dealing with a congested 
connector panel.

Atlona (www.Atlona.com) ad-
dresses a different problem—space 
behind the equipment. HDMI cables 
often require several inches behind 
the equipment to accommodate the 
length of the connector and the turn-
ing radius of the thick cable. Atlona 
manufactures cables with connectors 
that swivel vertically, so about 1″ 

rearward clearance is all that’s needed, 
as long as there is nothing vertically ad-
jacent to the connector that will block 
its rotation.

Planet Waves (www.PWCIS.com) 
exhibited its Port Saver ($18srp) 8″ 
HDMI cable with a right-angle male 
connector at one end and a straight 
female connector on the other end, 
reducing the space needed behind 
equipment, with the same caveat as 
above.

Z-Boost (Wi-Ex; www.Wi-Ex.com) 
cellphone signal boosters (Photo 6) 
are for SOHO, home, and cars. They 
are mostly technology and service-
provider-agnostic (certain models 
don’t support Nextel IDEN phones), 
and work in 
both the 

800MHz and 
1900MHz bands (depending on the 
model), supporting all cell service func-
tions. They aimed their presentation at 
the custom installer as another service 
to offer clients.

Kwikset (www.KwikSet.com), 
known for residential door lock 
hardware, announced SmartCode with 
Home Connect technology—keyless 
entry electronic locks with motorized 
deadbolts (each deadbolt requires four 
AA batteries) that work with home 
automation and security systems. The 
software allows remote monitoring 
and lock/security-system control via 

the Internet. I hope the homeowner 
selects good passwords.

THE EXPO AND THE  
CONVENTION CENTER
CEDIA claims attendance was around 
22,000, down 12% compared with 
last year (which was down 15% from 
2007), but they count registrations, 
not onsite attendance. My perception, 
and that of others, is that attendance 
was substantially lower than last year, 
partially by count and partially be-
cause of the number of days each 
attendee stayed. I never found the 
press room crowded, and several 
other press people estimated press 
attendance as down by almost half 
compared with CEDIA 2008. The 

economy is having 

an impact on all at-
tendance. There were 

about 400 exhibitors.
The Atlanta convention 

center is not optimally designed for 
an exposition of this type and size. Its 
three buildings are spread apart in a 
manner more convenient for three 
separate events, one in each building. 
At one point, I felt that to get from 
Building C (where the press room and 
press events plus some of the exhibits 
and courses were held) to Building B 
(where other courses and the re-
mainder of the exhibits were staged) 
required either a taxi or a small plane. 

Even getting from Building B’s bot-
tom floor (exhibits) up three levels to 

PHOTO 6: 
Z-Boost cell-
phone signal 

booster.
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the course rooms was a maze. I didn’t 
get to Building A, where manufacturer 
training sessions were held. In addi-
tion, certain elevators stop only at 
certain levels, requiring experiential 
data collection to reduce transit time. 
It didn’t help that the floor plans, pro-
vided by the convention center, did not 
clearly show the layout of the facility 
and its elevators, escalators, and stairs; 
it merely showed overall outlines of 
each floor and simplistic connectors 
among adjacent buildings.

I found no one who was complimen-
tary toward the convention center. I, 
and many others I talked with, found 
the facilities and locations in Denver and 
Indianapolis much more convenient.

CEDIA has announced that after meet-
ing their contractual obligation to hold 
the CEDIA Expo next year in Atlanta 
(22-26 September 2010), they will bring 
the tradeshow “home” to Indianapolis 
for the next two years: 7-11 September 
2011 and 5-9 September 2012.   VC

David J. Weinberg (Tobias Audio, Silver 

Spring, Maryland; 301.593.3230; WeinbergDJ@
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Minimum Pole Diameter Tool from Redrock Acoustics
The amount of flux running through the pole in a 

conventional “Hamburger” motor structure is a key design 
element that is often a limiting factor in the design process. 
This is determined by the target B in the gap, the gap width, 
and the gap height. For any desired maximum flux, there 
is a minimum pole diameter. The maximum flux can be 
defined by the saturation point of the steel (Bmax) used in 
the pole. It can also be a lower value that reflects a linear 
operating range on the BH curve to minimize inductive 
distortion, an important factor in subjective sound quality.  

MinPole is a new design tool from Redrock Acoustics 
(www.redrockacoustics.com) that makes this calculation 
quick and easy. Users simply input the target Maximum 
Flux, Gap B, Gap Height, Gap Width, and Vent Hole 
Diameter. With this data, MinPole will then calculate the 
minimum pole diameter to match the targets. MinPole can 
also calculate an array of diameters based on a range of Gap 
Heights and Gap Widths. MinPole is an Excel-based design 
sheet (version 2003 or higher) and can be downloaded from 

the Redrock Acoustics website (after a PayPal payment of 
$20). The May issue of Voice Coil will feature a comprehen-
sive tutorial using MinPole. 

New Website for CJS Labs
CJS Labs, which is the consulting site for Chris Struck, 

launched a new website featuring a list of the various con-
sulting services offered by CJS Labs, a section dedicated 
to the training and seminar dates of events put on by CJS 
Labs, a section for past issues of CJS Lab Notes (these 
contain valuable information and are worth checking out), 
plus a list of papers and other downloads available from CJS 
Labs. Check it out at www.cjs-labs.com.

New Website for True Technologies
True Technologies has launched a new website (www.

true-technologies.com) detailing its product and service 
offerings to the loudspeaker industry.  Of special interest 
is a newly formed partnership with iCapture.dk, a Danish 
company that offers state-of-the-art Finite Element Analysis 
services (www.icapture.dk). Bob True and Ulrik Skov, the 
True Technologies and iCapture.dk founders, respectively, 
have a combined 40 years of experience doing FEA on 
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loudspeaker transducers and related products.  The software 
tools employed by iCapture.dk provide advanced modeling 
capabilities that are typically found only within billion-dollar 
enterprises. For smaller companies, the pay-as-you-go service is 
usually much more cost effective than developing the capability 
internally. Full 3D magnetics, AC magnetics, linear/nonlinear 
structural, and full vibro-acoustic modeling are available. 

ALMA Appoints New Executive Director
ALMA—The International Loudspeaker Association 

(www.almainternational.org) has recently appointed Carol 
Bousquet (Carol was the previous ALMA director) as 
ALMA’a new Executive Director replacing Zarina Bhimani. 
The ALMA management transfer was effective February 
1. Along with the new Executive Director, the board 
appointed Stu Lumsden of Polk Audio to fill the open seat 
of president during the winter symposium.  

The board of directors is holding a two-day ALMA 
strategy planning meeting, courtesy of meeting space at 
Bose in Framingham, Mass., April 8 and 9. They have 
added an evening networking event on April 8 and have 
invited area AES Section members and the Boston Audio 
Society to join; it’s open to all. The featured speaker is 
the principal of ThoughtLabs.com, Cappy Popp, speak-
ing on “Industrial Grade Social Networking for Audio 
Engineering Types.” 

From ALMA Executive Director, Carol Bousquet 
(Photo 1): “Despite the challenging economic envi-

ronment this year, ALMA continues to deliver on 
its promise to provide each and every one of you a 
valuable membership experience. We offer ambitious 
programs based on member feedback designed to meet 
the demands of your professional development. We 
do so with mostly a core of dedicated volunteers and 
always with an eye toward cost containment; we run 
a tight ship because we respect the financial challenges 
all of our members face each day in our businesses. We 
appreciate the need to cut costs—and hope that doesn’t 
include your membership in the only association in the 
world dedicated to providing the loudspeaker industry 
a forum for the exchange of technical and business 
information and the ongoing development of standards, 
practices and educational programs. To allow us to 
continue enhancing the quality programs you expect 
from ALMA we need to build membership. We’re com-
mitted to ensuring you receive value in exchange for 
your investment. I look forward to seeing you at one 
of our upcoming events or on the digital highway as 
we approach celebrating ALMA’s 50th anniversary next 
year. In the meantime, please contact me if you have any 
questions, comments or suggestions, I especially enjoy 
hearing from you about what is most important to you 
as a member of ALMA.”

New Software/SoundCard Analyzer from LOUDsoft
LOUDsoft has released its new soundcard analyzer soft-

ware, FINESPL, a software-based audio analyzer that basi-
cally works with any computer sound card. While its target 
audience is advanced amateurs and installers, this analyzer 
would also make a valuable tool for any professional given 
its portability with a laptop.  

FINESPL can perform windowed FFT measurements 
(Fig. 1), making it possible to produce semi-anechoic 
measurements in small rooms. Curve data (both mag-
nitude and phase) can be compared to other curves and 
smoothed with 1/3, 1/2, or 1/1 octave processing, and 
includes a print routine. Add to this an auto-delay func-
tion, and FINESPL is a rather sophisticated device for its 
price, which is $300.

FINESPL will also measure impedance magnitude and 
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phase, compare impedance curves, and perform T/S param-
eter measurements using fixed Mmd, delta mass, or delta 
compliance (Figs. 2 and 3). Other features include the abil-
ity to measure impedance at multiple voltage levels as well as 
estimate the resistance in the cable fixture used to measure 
impedance. For more, visit www.loudsoft.com.             VC

Test Bench
 

Scan-Speak/B&C
By Vance Dickason

� s I said last month, the Test Bench column remains 
my favorite part of writing Voice Coil, and this 

month is no exception. The samples that recently arrived 
came from two well-respected and outstanding OEMs, 
Scan-Speak and B&C. Scan-Speak, the Danish high-end 
home driver manufacturer sent the latest model from their 
neodymium motor Illuminator line, the 6.5  aluminum 
cone 18WU/4747T00. And Italian Pro Sound OEM B&C 
offers a new neo motor coax, the 8  8CXN51.

Scan-Speak 18WU/4747T00
While new Scan-Speak Illuminator woofers were not 

intended as replacements for the Revelator 15W and 18W 
products, there is no question that the bar was set fairly 
high for their new high-end driver line to meet or exceed. 
I reviewed the 15W and 18W paper cone models in the 
February 2009 issue of Voice Coil, and like the paper cone 
versions, the new 18W4747T00 (Photo 1) looks impres-
sive, both cosmetically and feature-wise. Optimized for 
use as a woofer in a three-way system, the 18WU departs 
immediately from the 15WU and 18WU models by incor-
porating a 6.5  black anodized aluminum cone and 1.75  
diameter black anodized aluminum convex dustcap. You 
will also notice that Scan has incorporated the same clover-
leaf pattern indent in the cone to suppress cone modes, as 
with the paper cone versions. 

From there, the 18WU4747T00 is similar to the previ-
ous reviewed Illuminator models, including the entirely 
new proprietary cast frame. This is a very “open” frame with 
all areas above and below the spider-mounting shelf as open 
for cooling as possible. The frame is also designed to accom-
modate the neodymium ring magnet underhung motor. 
The aluminum cone 18WU incorporates what appears to 
be the exact same motor structure as the paper cone ver-
sions, which means the same 42mm diameter four-layer 
voice coil wound with round wire on a polyimide vented 
former. Also like the paper cone versions, this driver has a 
gap height of 20mm and voice coil length of 8mm. 

FIGURE 1: FINESPL frequency response magnitude and phase 

graph, plus you can also observe the impulse response at the top 

of the graph.

FIGURE 2: FINESPL T/S parameter screen.

FIGURE 3: FINESPL impedance magnitude and phase graph.

PHOTO 1: Scan-Speak 18WU.
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In terms of compliance, the 18WU uses a NBR rubber 
surround and flat 4.5  diameter cloth spider. And last, the 
18WU terminates the voice coil lead wires to a custom-
molded terminal block with gold terminals.

I commenced testing the Scan-Speak 6.5  18WU using 
the LinearX LMS analyzer and VIBox to produce both 
voltage and admittance (current) curves with the driver 
clamped to a rigid test fixture in free-air at 0.3V, 1V, 3V, 
6V, and 10V. I post-processed the ten 550-point stepped 
sine wave sweeps for each 18WU sample and divided the 
voltage curves by the current curves (admittance) to pro-
duce impedance curves, phase added using LMS calculation 
method, and along with the accompanying voltage curves, 
uploaded to the LEAP 5 Enclosure Shop software.

Besides the LEAP 5 LTD model results, I produced a 
LEAP 4 TSL model set of parameters using just the 1V 
free-air curves. I selected the final data, which includes the 
multiple voltage impedance curves for the LTD model (see 
Fig. 1 for the 1V free-air impedance curve) and the 1V 
impedance curve for the TSL model, and produced the 
parameters order to perform the computer box simulations. 
Table 1 compares the LEAP 5 LTD and TSL data and fac-
tory parameters for both 18WU samples.

LEAP parameter calculation results for the 18WU appear 
to be very different from the factory data; however, the Fs/Qt 
ratios were very close because when I programmed the fac-
tory data into a sealed box simulation with the same volume I 
used for the LEAP calculated LTD parameters, F3 was 60Hz 
for the factory data compared to F3 = 63Hz for the LEAP 
5 LTD parameters. Given this, I proceeded setting up com-
puter enclosure simulations using the LEAP LTD parameters 
for Sample 1. I set up two box simulations, one sealed and 
one vented. For the closed box simulation I used a 0.63ft3 
enclosure with 50% fiberglass fill material, and for the vented 
box, a 1.0ft3 Chebychev/Butterworth type vented alignment 
with 15% fiberglass fill material and tuned to 34Hz.

Figure 2 illustrates the results for the 18WU in the 
sealed and vented boxes at 2.83V and at a voltage level 
high enough to increase cone excursion to Xmax + 15% 
(6.9mm). This yielded a F3 = 60Hz with a box/driver 
Qtc of 0.71 for the 0.63ft3 sealed enclosure and –3dB 
= 47Hz for the 1.0ft3 vented simulation. Increasing the 
voltage input to the simulations until the maximum linear 
cone excursion was reached resulted in 104dB at 14V for 
the sealed enclosure simulation and 106dB with a 16V 
input level for the larger vented box (see Figs. 3 and 4 for 

 TSL model  LTD model  Factory
 sample 1 sample 2 sample 1 sample 2
  
FS 37.9Hz 37.2Hz 34.5Hz 34Hz 32Hz 
REVC 3.52 3.41 3.52 3.41 3.2
Sd 0.0152 0.0152 0.0152 0.0152 0.0154
QMS 4.35 4.45 4.72 4.64 3.42
QES 0.45 0.44 0.45 0.42 0.30
QTS 0.41 0.40 0.41 0.42 0.28   
VAS 34.0 ltr 35.4 ltr 41.4 ltr 42.6 ltr 48.7 ltr 
SPL 2.83V 88.0dB 88.1dB 87.6dB 87.8dB 88.1dB
XMAX 6mm 6mm 6mm 6mm 6mm    
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FIGURE 1: Scan-Speak 18WU4747T00 woofer free-air impedance plot.

FIGURE 4: Cone excursion curves for the 14/16V curves in Fig. 2.

FIGURE 2: 18WU4747T00 computer box simulations (A = sealed 1 at 

2.83V; B = vented 2 at 2.83V; C = sealed 1 at 14V; D = vented at 16V).

FIGURE 3: Group delay curves for the 2.83V curves in Fig. 2.
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the 2.83V group delay curves and the 14/16V excursion 
curves).

Klippel analysis for the Scan-Speak 6.5  woofer pro-
duced the Bl(X), Kms(X) and Bl and Kms symmetry 
range plots given in Figs. 5-8. The Bl(X) curve for the 
18WU (Fig. 5) is very broad and symmetrical, an affecta-
tion of the underhung configuration. The Bl symmetry 
plot (Fig. 6) shows a coil forward (coil out) offset at the 

rest position (obviously, the analyzer was again having 
trouble resolving this below 2.5mm) that goes to 0.8mm 
offset at about 6mm of excursion and then stays constant 
throughout the remainder of the operating range. This 
means that all the data above 7.5mm is pretty much what 
is occurring.

Note that the reason the Klippel can resolve this below 
about 6mm involves the large underhung gap. This motor 
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FIGURE 5: Klippel Analyzer Bl (X) curve for the 18WU4747T00.

FIGURE 9: Klippel Analyzer L(X) curve for the 18WU4747T00.

FIGURE 10: Scan-Speak 18WU4747T00 on-axis frequency response.

FIGURE 11: Scan-Speak 18WU4747T00 on- and off-axis frequency response.

FIGURE 12: Scan-Speak 18WU4747T00 two-sample SPL comparison.

FIGURE 6: Klippel Analyzer Bl symmetry range curve for the 18WU4747T00.

FIGURE 7: Klippel Analyzer mechanical stiffness of suspension Kms (X) 

curve for the 18WU4747T00.

FIGURE 8: Klippel Analyzer Kms symmetry range curve.
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runs linear for such a broad range that the analyzer can’t 
detect what’s going on (the analyzer depends on the coil 
getting to the edge of a gap area to reference motion in 
the gap). In a word, this driver looks outstanding in terms 
of the Bl and compliance balance. Figures 7 and 8 give 
the Kms(X) and Kms symmetry range curves for the Scan-
Speak 18WU.

The Kms(X) curve is very symmetrical in both directions 
with practically no offset above 6mm. Again, the Klippel 
was having trouble resolving the compliance below 6mm 
because of the large linearity range of the underhung coil. 
Displacement limiting numbers calculated by the Klippel 
analyzer for the 18WU were XBl at 82% Bl = 10mm, and 
for XC at 75% Cms minimum was also 10mm, which 
means that for the 18WU woofer, both BL and the compli-
ance have the same limits for distortion level of 10%, but 
both are 4mm beyond Xmax! Figure 9 gives the inductance 
curves L(X). The curve illustrates a decreasing inductance 
as the coil moves inward, the result of the copper shorting 
sleeve in this motor system as well as very minor change in 
inductance throughout the drivers operating range, a key to 
low distortion performance.

Following the Klippel testing, I mounted the 18WU/4747T00 
woofer in an enclosure which had a 17   8  baffle and 
was filled with damping material (foam) and then mea-
sured the DUT on- and off-axis from 300Hz to 20kHz 
frequency response at 2.83V/1m using a 100-point gated 
sine wave sweep. Figure 10 gives the 18WU’s on-axis 
response displaying a very smooth rising response to 
about 2.75kHz, followed by an 11dB drop in SPL, the 
start of the aluminum breakup mode centered on about 
8kHz. Figure 11 has the on- and off-axis frequency 
response at 0, 15, 30, and 45 . -3dB at 30  with respect 
to the on-axis curve occurs at 1.8kHz, so a cross-point in 
that vicinity should be fine; however, as previously men-
tioned, this driver was optimized for a three-way system. 
It certainly would be possible to match it to a ribbon 
driver in a two-way at that frequency, but I think Scan-
Speak was thinking more in terms of 1.5  dome mid and 
0.75  tweeter as a likely scenario. The last SPL measure-
ment is shown in Fig. 12 and gives the two-sample SPL 
comparisons for the 6.5  Scan-Speak driver, showing a 
close match up to 6kHz, with about 1dB variations above 
that frequency.

For the last group of tests, I employed the Listen Inc. 
SoundCheck analyzer (courtesy of Listen Inc.) to measure 
distortion and generate time frequency plots. Setting up 
for the distortion measurement consisted of mounting 
the woofer rigidly in free-air, setting the SPL to 94dB at 
1m using a noise stimulus (SoundCheck has a software 
generator and SPL meter as two of its utilities), and then 
measuring the distortion with the Listen Inc. microphone 
placed 10cm from the dust cap. This produced the distor-
tion curves shown in Fig. 13.

Last, I employed the SoundCheck analyzer to get a 
2.83V/1m impulse response for this driver and imported 
the data into Listen Inc.’s SoundMap Time/Frequency soft-
ware. The resulting CSD waterfall plot is given in Fig. 14 

and the Wigner-Ville logarithmic surface map (for its better 
low-frequency performance) plot in Fig. 15. Looking over 
all the data presented, this is a very well-designed driver, but 
you expect that from a company with Scan-Speak’s reputa-
tion for excellence. For more information on these and 
the other new ScanSpeak Illuminator drivers, visit www.
scan-speak.dk.

FIGURE 13: Scan-Speak 18WU4747T00 SoundCheck distortion plot.

FIGURE 14: Scan-Speak 18WU4747T00 SoundCheck CSD waterfall plot.

FIGURE 15: Scan-Speak 18WU4747T00 SoundCheck Wigner-Ville plot.



8 VOICE COIL

B&C 8CXN51-16
B&C’s new 8CXN51-16 pro sound 8  coax driver 

(Photo 2) follows in the tradition of B&C’s 8CX21 and 
8CXT-8 (reviewed in the September 2007 issue of Voice 
Coil) coax products. Like the 8CX21 and 8CXT-8, the 
8CXN51-16 is a pro sound coax driver composed of an 
8  paper cone woofer with a coaxially mounted compres-
sion driver. The 8CXN51 woofer is built on a four-spoke 
octagonal-shaped cast aluminum frame with eight mount-
ing holes. Attached to the frame are both the woofer and 
compression driver motor systems. 

Unlike its predecessors, the 8CXN51 is an all neodymi-
um driver, which means that the woofer motor incorporates 
a neo ring magnet. Attached to the top of the pole piece is 
a short flared aluminum horn that completes the compres-
sion driver. Motor parts for the compression driver include 
the milled and polished front and rear plates with a neo 
ring magnet.

The 8CXN51’s woofer cone assembly includes a curvi-
linear coated paper cone suspended by a coated M-shaped 
two roll cloth surround and a 4  diameter cloth spider. A 
porous cloth dust cap is used to cover the compression 
driver horn and to keep extraneous material out of the gap 
area. Coupling the cone to the driver motor is a 51mm (2 ) 
diameter voice coil wound with aluminum wire. For the 
high-frequency compression driver, B&C is using their very 
well-respected DE400. This incorporates a 44mm diameter 
polyimide diaphragm coupled to a voice coil also wound 
with aluminum wire.

Testing began with the woofer half of this coax driver 
using the LinearX LMS and VIBox to produce both voltage 
and admittance (current) curves with the driver clamped 
to a rigid test fixture in free-air at 1V, 3V, 6V, 10V, 15V, 
20V, and 35V. Note that the LMS oscillator is turned on 
for a progressively increasing time period between sweeps 
in order to keep the driver heated as close to the 3rd ther-
mal time constant as possible. Following the established 
Test Bench test protocol, I no longer use a single added 
mass measurement and instead used actual measured cone 
assembly weight provided by B&C. I discarded the 25V 
curves for the 8  8CXN51-16 woofer, because the device 
was becoming too nonlinear at this voltage level for the 
LEAP 5 software to get a reasonable curve fit.

Next, I post-processed the 12 550-point stepped sine 
wave sweeps for each sample and divided the voltage curves 

PHOTO 2: B&C 8CNX51.
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by the current curves to derive impedance curves, phase 
calculated and along with the accompanying voltage curves, 
imported to the LEAP 5 Enclosure Shop software. Because 
most T/S data provided by OEM manufacturers is being 
produced using either a standard method or the LEAP 4 
TSL model, I additionally produced a LEAP 4 TSL model 
using the 1V free-air curves. 

I selected the complete data set, the multiple voltage 
impedance curves for the LTD model (see Fig. 16 for the 
woofer 1V free-air impedance curve and Fig. 17 for the 
compression driver standard impedance curve) and the 
1V impedance curves for the TSL model in the transducer 
derivation menu in LEAP 5, and produced the parameters 
for the computer box simulations. Table 2 compares the 
LEAP 5 LTD and TSL data and factory parameters for both 
B&C 8CXN51 samples.

10  Hz 20 50 100 200 500 1K 2K 5K 10K 20K

 Ohm

1

2

5

10

20

50

100

200
Impedance vs Freq

10  Hz 20 50 100 200 500 1K 2K 5K 10K 20K 40K

 Ohm

1

2

5

10

20

50

100
Impedance vs Freq

 TSL model  LTD model  Factory
 sample 1 sample 2 sample 1 sample 2 
 
FS 70.5Hz 71.4Hz 69.1Hz 69.9Hz 68Hz   
REVC 8.05 8.23 8.05 8.23 4.9   
Sd 0.022 0.022 0.022 0.022 0.022
QMS 4.3 4.08 4.53 4.25 4.7  
QES 0.36 0.36 0.36 0.36 0.29
QTS 0.33 0.33 0.34 0.33 0.27     
VAS 15.8 ltr 15.4 ltr 16.6 ltr 16.2 ltr 17 ltr 
SPL 2.83V 93.7dB 93.8dB 93.6dB 93.6dB 97dB  
XMAX 4.5mm 4.5mm 4.5mm 4.5mm 6mm   

�������	��������� ��!�����"�������

FIGURE 16: B&C 8CXN51-16 woofer free-air impedance plot.

FIGURE 17: B&C 8CXN51-16 compression driver free-air impedance plot.
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Parameter measurement results for the 8CXN51 were 
reasonably close to the factory data, despite the fact that 
the data from B&C was for a different Recv model with a 
4.9  DCR versus the model I sampled with an 8  DCR. 
However, even though the exact factory data was not avail-
able at this time, I proceeded to set up computer enclosure 
simulations using the LEAP LTD parameters for Sample 
1. This included two vented alignments, a 0.28ft3 Qb3 
box with 15% fiberglass fill material tuned to 80Hz, and a 
0.48ft3 EBS (Extended Bass Shelf ) vented alignment enclo-
sure with 15% fiberglass fill material and tuned to 68Hz.

Figure 18 displays the results for the 8CXN51 woofer 
section in the sealed and vented boxes at 2.83V and at a 
voltage level high enough to increase cone excursion to 
Xmax + 15% (5.2mm using the physical Xmax number). 
This produced a F3 frequency of 88Hz for the 0.28ft3 Qb3 
enclosure and –3dB = 66Hz for the 0.48ft3 EBS vented 
simulation.  Increasing the voltage input to the simulations 
until the maximum linear cone excursion was reached 
resulted in 109dB at 18V for the Qb3 enclosure simulation 
and 107dB with a 17V input level for the larger vented box 
(see Figs. 19 and 20 for the 2.83V group delay curves and 
the 18/17V excursion curves).

Klippel analysis for the 8CXN51-16 (our analyzer is pro-
vided courtesy of Klippel GmbH), which was performed 
by Pat Turnmire, Red Rock Acoustics (author of the SpeaD 
and RevSpeaD software) produced the Bl(X), Kms(X) and 
Bl and Kms symmetry range plots given in Figs. 21-24.

The Bl(X) curve for the 8CXN51 (Fig. 21) is mod-
erately broad, symmetrical, and tilted slightly toward the 
coil-out direction, probably due to the lack of a pole exten-
sion which was necessary to accommodate the compression 
driver and horn assembly. In the Bl symmetry plot (Fig. 
22), this curve shows small 0.9mm of rearward (coil-in) 
offset in the rest position decreasing to about 0.5mm rear-
ward offset at the physical Xmax position. Figures 23 and 
24 depict the Kms(X) and Kms symmetry range curves. 
The Kms(X) curve is as symmetrical as you are probably 
going to see in both directions, with nearly zero offset at 
any coil position, which is further confirmed by the Kms 
symmetry curve, almost a straight line at the zero rest posi-
tion. For displacement limiting numbers calculated by the 
Klippel analyzer, XBl at 82% (Bl decreasing to 82% of its 
maximum value) was 4.2mm, and XC at 75% (compliance 
decreasing to 75% of its maximum value) was 3.2mm, 
which means that the compliance is the most limiting fac-
tor at the prescribed distortion level of 10%. 

Figure 25 gives the inductance curve L(X) for the B&C 
coax woofer. Inductance will typically increase in the rear 
direction from the zero rest position as the voice coil cov-
ers more pole area unless the driver incorporates a shorting 
ring. Because the 8CXN51 does not incorporate a Faraday 
shield (shorting ring) in the motor assembly, you see the 
typical inductance rise for the coil-in direction of motion.

Next I mounted the 8CXN51-16 in an enclosure which 
had a 18   10  baffle and was filled with damping material 
(foam) and then measured both the woofer and the com-
pression driver/horn on- and off-axis frequency response 
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FIGURE 18: Computer box simulations (A = vented 1 at 2.83V; B = vented 

2 at 2.83V; C = vented 1 at 18V; D = vented 2 at 17V).

FIGURE 19: Group delay curves for the 2.83V curves in Fig. 18.

FIGURE 20: Cone excursion curves for the 18/17V curves in Fig. 18.

FIGURE 21: Klippel Analyzer Bl (X) curve for the 18WU4747T00.
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TC Sounds designs and manufactures the 

highest output, lowest distortion subwoofer 

drivers in the world. Period, end of story. 

Thilo Stompler’s engineering brilliance 

and obsession with ultimate performance 

are responsible for the unrivaled 

capabilities of TC Sounds 

subwoofers—no matter if the 

application  is mobile 

audio, home theater, 

or professional sound 

reinforcement.

Exclusive Distributor

The LMS-Ultra moves more air, with less distor-
tion, than any other high-displacement sub-bass 
driver. For requirements that demand maximum 
SPLs, absolute linearity, and minimal coloration, 
specify the unbeatable LMS-Ultra.

LMS-Ultra

PRO 5100
The PRO 5100 is designed for no-excuses sound 
reinforcement applications. Thanks to its radial-
NEO motor and fl at-wound coil/stainless steel 
former, the PRO 5100 possesses the high power 
handling required to produce deep, solid bass at 
extreme output levels.

For a complete listing of TC Sounds products visit 

parts-express.com/tcsounds

FIGURE 22: Klippel Analyzer Bl symmetry range curve for the 8CNX51-16. FIGURE 24: Klippel Analyzer Kms symmetry range curve for the 

8CXN51-16.

FIGURE 25: Klippel Analyzer L(X) curve for the B&C 8CXN51-16.

FIGURE 23: Klippel Analyzer mechanical stiffness of suspension Kms (X) 

curve for the B&C 8CXN51-16.
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from 300Hz to 20kHz (300Hz-40kHz for the compression 
driver/horn) at 2.83V/1m using the LMS gated sine wave 
technique. Figure 26 gives the woofer on-axis response 
showing a smooth rising response with the typical response 
decline above 1.5kHz followed by a 7dB breakup peak just 
prior to the low-pass rolloff. Figure 27 depicts the off-axis 
frequency response at 0, 15, 30, and 45 . -3dB at 30  with 
respect to the on-axis curve occurs at 1.6kHz, making 
1.6-2kHz a reasonable crossover range (B&C recommends 
a 1.8kHz crossover frequency). And last, Fig. 28 gives 
the two-sample SPL comparisons for the 8CXT woofer 
samples, both obviously closely matched.

For the compression driver with the short conical horn, 
Fig. 29 illustrates the on-axis frequency response out to 
40kHz. As you can see, the compression driver exhibits a 
typical declining response from about 3-15kHz. Figure 30 
depicts the off-axis response out to 45 . Figure 31 gives the 

two-sample SPL comparison which is good throughout the 
entire frequency range.

The last group of tests were performed using the Listen 
Inc. SoundCheck analyzer and SC-1 microphone (courtesy 
of Listen Inc.) to measure distortion and generate time 
frequency plots. Setting up for the distortion measure-
ment consisted of mounting the woofer rigidly in free-air, 
setting the SPL to 104dB at 1m using a noise stimulus 
(SoundCheck has a software generator and SPL meter as 
two of its utilities), and then measuring the distortion with 
the Listen Inc. microphone placed 10cm from the dust cap. 
This produced the distortion curves shown in Fig. 32 for 
the woofer and Fig. 33 for the compression driver. Last, 
I employed the SoundCheck analyzer to get a 2.83V/1m 
impulse response for both the woofer and compression 
driver and imported the data into Listen Inc.’s SoundMap 
Time/Frequency software.
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FIGURE 26: B&C 8CXN51-16 woofer on-axis frequency response. FIGURE 29: B&C 8CXN51-16 compression driver on-axis frequency response.

FIGURE 30: compression driver on- and off-axis frequency response.

FIGURE 31: B&C 8CXN51-16 compression driver two-sample SPL comparison.

FIGURE 27: B&C 8CXN51-16 woofer on- and off-axis frequency response.

FIGURE 28: B&C 8CXN51-16 woofer two-sample SPL comparison.
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FIGURE 32: B&C 8CXN51-16 woofer SoundCheck distortion plot. FIGURE 34: B&C 8CXN51-16 woofer SoundCheck CSD waterfall plot.

FIGURE 35: 8CXN51-16 compression driver SoundCheck CSD waterfall plot.FIGURE 33: B&C 8CXN51-16 compression driver SoundCheck distortion plot.
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The resulting CSD waterfall plots are given in Fig. 34 for 
the 8CXN51 woofer and in Fig. 35 for the compression driv-
er. Last, Fig. 36 gives the Wigner-Ville logarithmic surface 
map (for its better low-frequency performance) for the woofer, 
and Fig. 37 shows the short time fourier transform (STFT) 
for the compression driver. Overall, a worthy successor to 
B&C’s 8  coax lineup. For more information on this and 
other pro sound products from B&C, contact B&C Speakers 
N.A., National U.S. Sales Office, 73 Brand Street, Arlington, 
MA 02474, (781) 316-0077, Fax (781) 316-0078, e-mail 
rnichols@bcspeakers.com, or visit www.bcspeakers.com.   VC

Spotlight
 

Loudspeaker Sensitivity: 
What’s a Watt, Anyway?
By Charlie Hughes, Excelsior Audio  
Design & Services, LLC

�he specification of a loudspeaker’s sensitivity is prob-
ably one of the most common, yet perhaps one of the 

most misunderstood. In the past, and still today, it is com-
mon to see the magnitude response of a loudspeaker system 
reduced to a single number as a sensitivity rating. This is 
perhaps at the heart of the confusion. You would think that 
this metric should give some indication as to how loud a 
particular loudspeaker will be when reproducing a signal. 
You may also think that two loudspeakers with the same 
sensitivity rating will be equally loud when reproducing the 
same signal. 

Each of these assertions is only partially true. A loud-
speaker’s sensitivity can give an indication of its output 
level, but only for a signal with a specific bandwidth and 
spectral content. Similarly, two loudspeakers with the same 
sensitivity may not output the same SPL when excited by 
the same signal if the frequency response limits of the two 
loudspeakers are different.

Look at the underlying cause of each of these effects, 
bandwidth, and the role it plays. And also consider why 
sensitivity may no longer need to be referenced to a watt. 

According to the standard IEC60268-5, a loudspeaker’s 
sensitivity is determined by measuring its output when 
driven by a band-limited pink noise signal with a Vrms 
equal to the square root of the loudspeaker’s rated imped-
ance and referencing this SPL to a distance of 1m. The 
bandwidth of the pink noise is limited as a function of the 
effective frequency range of the DUT (Device Under Test). 
This is done to ensure that the test signal is confined to a 
portion of the frequency spectrum in which the DUT has 
appreciable output. 

If a particular loudspeaker isn’t capable of reproducing 
signals below 150Hz, it does no good to excite it with 
such signals other than to generate heat. The same holds 
true if the loudspeaker can’t reproduce signals above some 
high-frequency limit. A high-resolution transfer function 
measurement of the DUT can also produce an identical 
sensitivity rating when the average magnitude is calculated 
on a log frequency basis.

As an example, look at Fig. 1. Here you see the on-axis 
response of a loudspeaker. Its sensitivity rating is shown as 
the straight line. The length of this line coincides with the 
upper and lower frequency limits of the pink noise used to 
measure the sensitivity rating. The spectral content of this 
noise signal is shown in Fig. 2. 

If a signal with different spectral content, but the same 
broadband level, were used to drive this loudspeaker, would 
it result in the same SPL as the sensitivity? It’s impossible to 

Sample Submission for Test Bench
Test Bench is an open forum for OEM driver manufacturers in the industry and all 
OEMs are invited to submit samples to Voice Coil for inclusion in the monthly Test 
Bench column. Driver samples can be for use in any sector of the loudspeaker market 
including transducers for home audio, car audio, pro sound, multimedia, or musical 
instrument applications. While many of the drivers featured in Voice Coil come from 
OEMs that have a stable catalog of product, this is not a necessary criterion for sub-
mission. OEM manufacturers are encouraged to send samples of woofers, midranges, 
or tweeters they think are representative of their work. However, please contact Voice 
Coil Editor Vance Dickason prior to submission to discuss which drivers are being 
submitted. Samples should be sent in pairs and addressed to:

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

All samples must include any published data on the product, patent information, or any 
special information necessary to explain the functioning of the transducer. This should 
include details regarding the various 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 lead wires removed).

FIGURE 36: B&C 8CXN51-16 woofer SoundCheck Wigner-Ville plot.

FIGURE 37: B&C 8CXN51-16 compression driver SoundCheck STFT plot.
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determine this without knowing both the spectral content 
of the signal and the response of the loudspeaker. (Note that 
20Hz to 20kHz, or, in the case of Fig. 1, 110Hz–8.3kHz, 
does not specify the response of a loudspeaker. You need a 
graph of the response curve.) With knowledge of these, you 
can certainly make an estimate to answer this question.

The spectral content of three different signals is shown 
in Fig. 3. One is the band-limited pink noise signal used 
to determine the sensitivity of the loudspeaker. The others 
are speech and a shaped noise signal having approximately 
the same spectral content as the speech. This speech-shaped 
noise is used instead of speech because its RMS level is more 
consistent as a function of time than actual speech. Thus, 
it will be easier to determine the SPL output by the DUT 
with this signal. 

All three signals have approximately the same broadband 
RMS level. From approximately 200-800Hz, the speech-
shaped noise signal has greater level than the pink noise 
signal. Above and below this frequency region, the pink 
noise signal has much greater level than the speech-shaped 
noise signal.

Comparing this to the response of the loudspeaker in 
Fig. 1, you see that the loudspeaker has limited output 
below 150Hz. The greatest output in the response of the 
loudspeaker occurs in the 300Hz–3kHz region. If the 
speech-shaped noise signal were used to drive the loud-
speaker with the same broadband level as the noise, you 
could reasonably expect the broadband SPL to be greater 

than when driven with the pink noise signal. This is exactly 
what happens. 

The sensitivity of the loudspeaker is 97.1dB. When 
driven with the speech-shaped noise, the SPL is 98.1dB, 
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FIGURE 2: Spectral content of signal used to determine the sensitivity 

rating of loudspeaker A from Fig. 1.

FIGURE 1: Magnitude response and single number sensitivity rating of 

loudspeaker system A.
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an increase of 1dB. This results from the higher level of 
the speech-shaped signal in the frequency region where the 
loudspeaker has higher output capability compared to the 
rest of its passband. 

Conversely, if the low frequency band-limited pink 
noise shown in Fig. 4 were used to drive the loudspeaker, 
it is reasonable to expect that the SPL would be less than 
when driven by the noise signal. This results from the low-
frequency pink noise signal having a higher level in the 
frequency region where the loudspeaker has lower output 
capability. The SPL produced by the low-frequency pink 
noise is 94.9dB, a decrease of 2.2dB.

Now, compare two different loudspeakers. Figure 
5 shows loudspeaker A compared to loudspeaker B. 
Notice that they both have the same sensitivity, 97.1dB. 
Loudspeaker B, however, has greater low-frequency and 
high-frequency extension than loudspeaker A. Because of 
this, the bandwidth of the pink noise used to determine the 
sensitivity of loudspeaker B is greater than the bandwidth 
of the noise used for loudspeaker A (Fig. 6). As a result, the 
mid-band level of the noise for loudspeaker B is slightly less 
than that of the noise used for loudspeaker A. 

Upon careful observation you can see the black trace to be 
an average of 0.5dB below the red trace from approximately 
100Hz–10kHz. This is due to the greater bandwidth of the 
signal used for loudspeaker B (black trace). Remember that 
the broadband levels of both these signals are identical. So 
what happens when each of these loudspeakers is driven by 
the broadband pink noise signal (20Hz–20kHz) also shown 
in Fig. 6? 

Because each of the loudspeakers used in this example is 
markedly not flat in its mid-band response, there may be 

some tonal, and potentially measurable, differences in the 
SPL. I hope you can put these issues aside for the moment. 
All other things being equal, the loudspeaker with the 
greater effective frequency range (low- and high-frequency 
extension) should have greater SPL output. Loudspeaker 
B should have slightly greater output when driven by this 
broadband pink noise signal. In fact, loudspeaker B mea-
sured 0.8dB greater than loudspeaker A, 97dB compared 
to 96.2dB.

From these examples you should be able to see that the 
SPL generated by a loudspeaker is a function of both the 
loudspeaker’s transfer function and the spectrum of the 
signal being reproduced. Several acoustical room model-
ing programs take this into account when calculating the 
SPL produced over an intended audience area. They may 
allow for the selection of pink noise, some sort of speech 
spectrum, or a user-defined spectrum. This should aid the 
sound system designer, while still at the drawing board 
stage, to better understand the potential SPL capabilities 
of the sound system with the typical program material the 
system is likely to be reproducing.

The other item I mentioned at the beginning of this arti-
cle was referencing sensitivity measurements to 1W being 
dissipated by the DUT. There are several reasons I think 
that this is not beneficial with modern sound systems. It is 
somewhat cumbersome to determine how much voltage is 
required across a particular DUT such that the input cur-
rent drawn from the driving source yields 1W. This can be 
done using dual channel FFT measurement systems and an 
appropriate current monitor or probe. But would this give 
us useful information for the design and/or specification of 
loudspeakers or sound systems? 

FIGURE 6: Spectral content of signal used to determine the sensitivity rating of 

loudspeaker A (red), loudspeaker B (black), and broadband pink noise (green).

FIGURE 3: Spectral content of signal used to determine the sensitivity 

rating of loudspeaker A in Fig. 1 (red), speech (gray), and speech-shaped 

noise with approximately the same spectral content as the speech (blue).

FIGURE 4: Spectral content of signal used to determine the sensitivity rat-

ing of loudspeaker A in Fig. 1 (red) and of low-frequency band-limited pink 

noise (green).

FIGURE 5: Magnitude response and single number sensitivity rating of loud-

speaker system A (red) and loudspeaker B (black).
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You can simplify this measurement procedure so that you 
don’t concern yourself with the dissipation of a real watt by 
the DUT. Instead you apply a voltage across the DUT that 
would dissipate 1W in a pure resistance having the value of 
the rated impedance of the DUT. This certainly is easier, 
but again, does this give useful information for the design 
and/or specification of loudspeakers or sound systems? The 
answer is perhaps. But I think that more useful comparative 
information would be gained by applying the same voltage 
across the DUT regardless of its impedance.

The majority of amplifiers used in sound systems today 
are of a constant voltage type. That is to say, their output 
voltage remains constant independent of the load placed 
on them. Of course, the load must be within the specified 
operational limits for a given amplifier.

The salient point is that for a given drive voltage, a lower 
impedance loudspeaker will have greater SPL output than a 
higher impedance loudspeaker; all other items being equal. 
Shouldn’t this be reflected in the sensitivity specification of 
the loudspeaker? Why, then, would you choose to use a 2V 
RMS signal to drive a 4  loudspeaker and a 2.83V RMS 
signal to drive an 8  loudspeaker to determine their respec-
tive sensitivities?

Think about it this way. Connect two virtually identical 
loudspeakers to an A/B selector switch driven by the same 
amplifier. The only difference between these loudspeakers is 
that one is half the impedance (rated at 4 ) than the other 

(rated at 8 ). When switching between these two loudspeak-
ers, the output voltage of the amplifier does not change; 
however, the current drawn from the amplifier does. This 
results in the loudspeaker with the lower rated impedance 
producing greater SPL. Measuring and specifying sensitivity 
with the same voltage, regardless of the impedance of the 
DUT, would accurately reveal the SPL differences that occur.

I hope this brief discussion of sensitivity has shed some 
light on this specification and how it may translate to the 
real-world performance of a loudspeaker system. From these 
examples I hope that it is clear that the input signal and 
the magnitude (frequency) response of a loudspeaker will 
determine the SPL generated, not just the sensitivity rating 
of the loudspeaker. It’s much better to have knowledge of 
the loudspeaker’s response in the form of a graph than a 
single sensitivity number. The latter may be derived from 
the former.                                                                 VC
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Acoustic Patents 
By James Croft

�he following loudspeaker-related patents were filed 
primarily under the Office of Patent and Trademarks 

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

SOUND REPRODUCTION WITH IMPROVED 
LOW FREQUENCY CHARACTERISTICS
Patent Number: US 2009/0087008
Inventor: Danley, Thomas J. (Highland Park, Ill.)
Assignee: Not specified
Filed/Priority Date: March 15, 2006
Publication: April 2, 2009
US Class: 381/341, 13 Claims, 10 drawings

REVIEWER COMMENTS
In early 2008 we published a Voice Coil review of an 

earlier, international filing of this invention. The US 
Application has now been published and due to the 
great interest in this woofer system topology by the DIY 
groups and other manufacturers, along with the substantial 
amount of prior art that has been uncovered over the last 
two years, it seemed important to follow up with a new 
review of the US application and update the potential 
implications of prior art findings to those interested in 
utilizing this technology.

To review the basic concept, a ¼ wavelength horn is 
driven by a first side of a transducer diaphragm mounted in 
the throat of the horn (Figs. 1 and 2). The novelty is that 
the transducer is mounted wherein the second side of the 
transducer diaphragm surface exits at, or near, the mouth of 
the horn. The system functions such that the fundamental 
quarter wave pipe/horn resonance is realized near the cutoff 
frequency of the device and at that frequency there is also a 
cone displacement minimum. As one moves up to the fre-
quency that corresponds to the half-wavelength of the horn, 
the first side of the transducer diaphragm produces energy 
down the length of the horn to the mouth, while the sec-
ond side of the diaphragm “regenerative” sends substantial 
portions of its acoustic energy down the length of the horn, 
to the throat, and reflects back to the mouth, summing in 
phase with energy from the first side of the diaphragm. This 
“regenerative effect” maximizes the energy out for a given 
amount of cone excursion at the half wavelength frequency, 
and every odd half wavelength going up in frequency, 
which combines with the resonant output at every odd 
quarter wavelength, providing high output with minimized 
cone excursion over the bandwidth of the system.  

This half wavelength summation not only increases 
effective output capability, but it also smoothes the response 
between the odd quarter wave resonant peaks which 
can dominate the amplitude response in a shorter, small 
mouth horn or pipe of this type. One inherent anomaly 
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of the system is that of an amplitude cancellation at the 
one wavelength frequency, and each wavelength multiple 
going up in frequency. It can be managed, but is difficult 
to eliminate. Most realizations of properly aligned versions 
of the technology tend to have smooth response and very 
high output over at least a two-octave bandwidth.  Outputs 
greater than standard horn or bass reflex systems of similar 
size are claimed, and based on the observation of many of 
these systems, it would appear that the claims are justified.

Danley Sound Labs has produced a vast line of com-
mercial subwoofers of different sizes and outputs, all based 
on what he has dubbed “Tapped Horn” technology. In the 
meantime, the topology has become very popular with DIY 

FIGURE 1: US patent 2009/0087008.

FIGURE 2: Patent 2009/0087008.
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loudspeaker users, and many manufacturers are considering 
the commercialization of various related embodiments. It 
is reasonable to believe, as claimed, that Danley discovered 
this technology without any awareness of similar prior art, 
but it is also true that there exists a substantial amount of 
documented prior art that appears to be equivalent to the 
Danley disclosures, and if the US PTO agrees, the technol-
ogy will fall into the public domain, available to anyone 
who would wish to produce these types of systems for use 
or sale. 

There are various versions of the system, all of which 
can be used to realize high performance. The main ones 
are expressed either as a positive horn flare, a negative flare 
tapered pipe, and also as a constant cross-section tuned 
pipe. Danley has attempted to claim mainly the positive 
horn flare variety and a hybrid version that includes a 
Helmholtz resonator feeding the regenerative side of the 
diaphragm.  

The prior art discloses most all of the various tapers, and 
also the “Tapped system/Reflex Hybrid” disclosed in the 
Danley patent. Listed here are a few of the most pertinent 
public domain disclosures:
Tapped Pipes:
AES Paper “Analysis of a Low-Frequency Loudspeaker System” 
Peter Tappan 1959 (Jensen Transflex)
US 5177329 “High Efficiency Low Frequency Speaker System” 
Arnold Klayman 1991
Tapped Horns:
US 2765864 “Acoustic Horn Assembly” W. E. Glenn 1955
US 3047090 “ Tuned Acoustical Device” R. G. Pruden 1962
Tapped Waveguide/Reflex Hybrids:
JP 64001396A “Speaker System” Saeki Shuji/Matsushita 1989
Speaker Builder’s Loudspeakers for Musicians, page 57
Bill Fitzmaurice 1999 (designs disclosed from previous decades)

  
While all the items listed above are significant, US 

2,765,864 appears to disclose the substantially same device 
that is expressed in the Danley application. Often, when 
there is significant prior art, you can make enhance-
ments over past embodiments and teach specific narrowly 
defined versions that both outperform the prior art and 
provide enough novelty for the PTO to grant a strong, but 
restricted patent. To do this, you must teach these specific 
embodiments and provide enough information so that one 
skilled in the art can reduce it to practice.  

While Danley’s patent attorney had the opportunity 
to do so in the application, to differentiate from the prior 
art with advancements, narrow his claim, and provide the 
recipe for optimizing systems, he didn’t do so in this disclo-
sure. There does not appear to be any definition of optimal 
driver parameters or differentiated enclosure structures. 
While the narrow and optimized disclosure could have 
resulted in a strong patent, now that Danley Sound Labs 
has commercialized Tapped Horns for well over a year, they 
are barred from generating any new patent applications 
based on these products. You must appreciate Mr. Danley’s 
creativity and I’m sure that many are thankful to him for 
giving this dormant technology new visibility. That said, it 
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would appear that there are many prior art disclosures that 
pave the way for others to legally build nearly any version 
of a tapped waveguide device.

LOUDSPEAKER SYSTEM WITH EXTENDED 
OUTPUT AND FIELD CANCELLATION 
Patent Application Number: 2006/0050915
Published: March 9, 2006
Inventors: Zeljko Velican, Graeme John Huon,  
   and Walter Melville Dower (Victoria, AU)
Assignee: Whise Automotive Pty. Ltd.
Filed: January 13, 2004
US Class: 381/349, 36 drawings

ABSTRACT FROM PATENT
A loudspeaker system suitable for a confined space 

includes an electroacoustic transducer and an enclosure for 
the electroacoustic transducer (Fig. 3). The enclosure com-
bines a second-order topology to produce a rising acoustic 
response (40) for the system at a second-order rate and a 
Helmholtz resonator adapted to modify the rate of rise of 
the response relative to the second-order rate such that the 
response is attenuated relative to the second-order rate but 
is accentuated relative to a flat response, within a substan-
tial part of a passband of the system at least at a selected 
frequency or frequencies. The system has means included in 
an electrical path driving the electroacoustic transducer for 
equalizing the rising response to provide extended dynamic 
headroom at least at the selected frequency or frequencies.

INDEPENDENT CLAIMS
“1. A loudspeaker system suitable for a confined space 

including: an electroacoustic transducer having a relatively 
low value of Qt, wherein Qt denotes total quality factor of 
resonant behavior of said electroacoustic transducer, includ-
ing electrical and mechanical quality factors; an enclosure 
for said electroacoustic transducer, said enclosure having a 
second-order topology which is naturally inclined to pro-
duce a rising acoustic response for said system at a second-
order rate, said enclosure further having means adapted to 
interface said confined space for modifying a rate of rise of 
said response relative to said second-order rate such that said 
response is attenuated relative to said second-order rate but 
is accentuated relative to a substantially flat response within 

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

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

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

- Adhesive coated custom cut forms and Collars.

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

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

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

Visit us on the web at www.precisioneconowind.com

- Highest quality domestic or imported coils.

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

audio, home theater, and automotive aftermarket

FIGURE 3: Patent Application 2006/0050915.
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a substantial part of a passband of said system, said accen-
tuation being most significant at a selected frequency or 
frequencies near a high-end of said passband, said interface 
means being further arranged to filter harmonics out of said 
acoustic response to reduce distortion; and means included 
in an electrical path driving said electroacoustic transducer 
for equalizing said rising response to be substantially flat 
overall and to provide extended dynamic headroom at least 
at said selected frequency or frequencies.

“19. A method of extending output of a loudspeaker 
system suitable for a confined space, said method including: 
providing an electroacoustic transducer having a relatively 
low value of Qt, wherein Qt denotes total quality factor of 
resonant behavior of said electroacoustic transducer includ-
ing electrical and mechanical quality factors; providing an 
enclosure for said electroacoustic transducer, said enclosure 
having a second-order topology which is naturally inclined 
to produce a rising acoustic response for said system at a 
second-order rate; interfacing said enclosure to said con-
fined space to modify said rising response relative to said 
second-order rate such that said response is attenuated rela-
tive to said second-order rate but is accentuated relative to a 
substantially flat response within a substantial part of a pass-
band of said system, said accentuation being most signifi-
cant at a selected frequency or frequencies near a high end 
of said passband, said interfacing being further arranged to 
filter harmonics out of said acoustic response to reduce dis-
tortion; and electrically equalizing said rising response to be 

substantially flat overall and to provide extended dynamic 
headroom at least at said selected frequency or frequencies.”

REVIEWER COMMENTS
Disclosed is a bandpass woofer system that is of sub-

stantially conventional architecture, but has claimed nov-
elty based on a predetermined set of transducer/enclosure 
parameters. The intended environment for the invention is 
that of a motor vehicle.

As relevant background information, the system is a 
hybrid combination of two basic prior art structures: That 
of an over damped/low-Q sealed, acoustic suspension 
enclosure, combined with a Helmholtz chamber in front 
of the transducer, providing a low-pass filter, which all 
together form a 4th-order bandpass woofer system with a 
non-standard alignment.

The sealed, acoustic suspension enclosure and driver 
combination is meant to have parameters set to result in a 
second-order, 12dB/octave high-pass characteristic over the 
operating range of the complete system. This is preferably 
realized in one of two ways. The first is the fairly standard 
method of using a very low-Q transducer in the sealed 
chamber (which may be the trunk of a vehicle) such that the 
enclosure/transducer combination results in a low-Q system 
with a high-pass slope below and above the fundamental 
resonance that approximates a second-order characteristic.

The second approach is that of placing the transducer/
enclosure system resonant frequency at the upper end of 
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what will be the final system passband. This method of 
producing a sealed enclosure system with the resonant 
frequency at the upper end of the passband was first pro-
posed in the 1980 British Wireless World magazine article 
titled “An “Acoustically Small Loudspeaker,” and was later 
“re-invented” and patented by Ed Long and Ronald 
Wickersham (US 4,481,662), and currently sold under the 
Bag End brand of subwoofers.

These second-order high-pass systems have many advan-
tages, including higher efficiency in the upper end of the 
bass range, where the largest amount of peak energy bass 
resides. On the downside, any system operated with a high-
pass transfer function as the usable passband will inherently 
have higher distortion, due to the system having higher gain 
for the harmonics than for the fundamentals.

One of the aspects of the invention is the use of an acous-
tic low-pass filter as the equalizing element for correcting 
the second-order high-pass characteristic, as opposed to 
using active equalization on the input of the system. While 
this approach of passive equalization is rather wasteful from 
an efficiency standpoint, it is very effective at balancing the 
system while at the same time providing a low-pass filter 
for the distortion components. The patent specifies hav-
ing a low-pass characteristic that is no more than 9dB per 
octave so that at least 3dB per octave of high-pass, passband 
slope remains as a better match to the room gain aspect of 
a small listening space, such as the interior volume of an 
automobile.

An additional active equalizer is suggested to optimize 
the system balance and to apply additional high-pass and 
low-pass filtering as needed.

The overall concept should work well but it is not clear 
how it would be significantly different than producing a 
standard 4th-order bandpass woofer that is slightly over-
damped to achieve the desired 3dB/octave high-pass slope 
over the range of room gain for a given installation. That 
said, it should result in a useful improvement in distortion 
reduction compared to direct radiating sealed enclosure 
systems that have second-order characteristics across the 
usable frequency range and utilize only active equalization 
to achieve the desired balance.

RESONATING CONE TRANSDUCER 
Publication Number: US 2010/0014702
Inventor: Jason D. Silver (Framingham, Mass.)
Assignee: Bose Corporation
Filed/Priority Date: July 17, 2008
Published: January 21, 2010
US Class: 381/398, 21 Claims, 9 drawings

REVIEWER COMMENTS
An electroacoustical transducer includes a voice coil bob-

bin that has a portion that is extended forward of the voice 
coil (Fig. 4). A first acoustic diaphragm is coupled to the 
front-most end of the voice coil bobbin through a first com-
pliant surround. A second acoustic diaphragm, behind the 
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first diaphragm, is rigidly coupled to the voice coil bobbin, 
and to the frame or basket. The first acoustic diaphragm 
is coupled to the basket through a second compliant sur-
round, and the second diaphragm is coupled to the basket 
through a third surround. The first surround compliance is 
constructed to cause the first acoustic diaphragm to move 
out of phase with the second acoustic radiator relative to 
the bobbin when actuated by the voice coil at acoustic 
frequencies at and greater than a resonant frequency of the 
first acoustic radiator. 

This novel structure produces a bandpass system with 
the first outer acoustic diaphragm operating as a passive 
radiator with its mass interacting and resonating with the 
compliance of the air volume between the two diaphragms 
to form a Helmholtz resonator and a low-pass filter for the 
inner diaphragm.

Below the Helmholtz resonant frequency the two cone 
diaphragms are rigidly connected by the stiffness of the 
air medium between the two diaphragms. Behind the 
inner diaphragm is either a sealed or vented enclosure, 
making the system a 4th or higher order bandpass system. 
This structure essentially unifies the passive radiator of a 
bandpass system into the frame structure of the primary 
active driver. It is a very interesting and novel architecture 
but is it unclear that it would offer any advantage over the 
standard separate and independent passive radiator. While 
it may be useful in building miniaturized systems, for an 
average sized woofer system it seems as though it would be 
restrictive relative to flexibility in chamber size, because the 
chamber between the active and passive radiators would be 
limited by what can fit between the two diaphragms, based 
on driver frame/basket size. Diaphragm size differentiation 
would also be very limited. While this device is a fascinating 
and unique structure, and while the inventor didn’t express 
much in the way of compelling advantages, it may have 
some untapped advantages yet to be discovered.     VC
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FIGURE 4: Resonating cone transducer.
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Industry Watch
By Vance Dickason

�ockford Fosgate’s car audio products will leave Best 
Buy (www.BestBuy.com) after a 10-year run. The 

relationship will wind down in May 2010. “Today, the car 
audio marketplace is more mature and Rockford’s strategy 
does not align with Best Buy,” said Rockford president Bill 
Jackson. With the decision, the company will focus on 
growing its brands in specialty channels and regional A/V 
retailers. Rockford will continue to invest in technology, 
developing high-end OEM solutions and expanding its 
reach with new product categories. Rockford began selling 
its Rockford Fosgate brand through Best Buy in 2000 to 
build brand awareness and increase consumer awareness of 
the car audio category. 

While it refocuses on specialty channels and regional 
A/V dealers, Rockford Fosgate (www.rockfordfosgate.com) 
is launching more than 40 new products, including new 
technologies in car audio amplifiers and its first entries in 
two new product categories: in-ear monitors and pro audio 
speakers. In 2005, the company returned to its focus on 
automotive electronics with the sale of home and pro audio 
company NHT and the sale of the home and pro audio 
inventories of its Hafler and Fosgate Audionics brands, 
although Rockford was to retain the two brand names. 

Rockford also sold off North American rights to the MB 
Quart brand and sold off the assets of its German-based 
MB Quart operation, which markets home, car, and pro 
audio. 

Definitive Technology (www.definitivetech.com) 
marketing VP Paul DiComo has been promoted to the 
position of marketing and product development senior 
VP and has joined the senior officers group of par-
ent company DEI Holdings (www.deiholdings.com). 
DiComo’s promotion formalizes a reporting structure 
that took effect in April 2009 under which Definitive’s 
Industrial Design and Engineering group began report-
ing to DiComo, the company said. The first product 
developed under his direction is the Mythos XTR-50 
ultra-thin home speaker, which was named the 2010 
International CES Best of Innovations winner in the 
high-performance audio category. DiComo will join Jim 
Minarik, president and CEO of Definitive and DEI, and 
other executives on the senior officers group. DiComo 
joined Definitive in 2007.

JL Audio (www.jlaudio.com) will be the exclusive sup-
plier of car audio equipment used in the new TV series in 
which celebrity cars get custom makeovers. The makeovers 
will be handled by Miami-based Unique Autosports (www.
uniqueautosport.com), a 10-year-old car customizer that 
ships customized vehicles around the world. Unique also 
customizes yachts and high-end homes. 
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The series of eight half-hour episodes, airing on SpikeTV, 
will take place in Unique’s 20,000ft2 garage and headquar-
ters in Miami. The premiere episode aired Sunday, Feb. 28, 
at 10:30 a.m. Each episode will chronicle the customiza-
tion of celebrity vehicles. Guest stars who will appear on 
the shows include New York Yankees C.C. Sabathia, AJ 
Burnett, and Nick Swisher; NBA superstar LeBron James; 
music artist Sean “Diddy” Combs; NASCAR driver Tony 
Stewart; NBA All-Stars Amare Stoudemire and Jermaine 
O’Neal; NFL All-Pro Maurice Jones-Drew; and hip-hop 
artist Fat Joe.

Audiovox (www.audiovox.com) has acquired Invision 
Industries (www.invisionindustries.com), a major supplier 
of rear-seat entertainment systems to automakers and car 
dealers. Terms weren’t disclosed. Audiovox’s latest acquisi-
tion includes Invision’s patent portfolio, a manufacturing 
facility, a support team, and R&D capabilities, Audiovox 
said. Invision has a “history of strong relationships with 
some of the world’s leading car makers,” said Audiovox 
president/CEO Pat Lavelle. 

The acquisition will enhance the company’s position 
as a significant supplier to the OE market. The addi-
tion of Invision personnel will add a greater dimension 
to Audiovox’s OE mobile electronic sales capabilities and 
product development initiatives. Audiovox is also a sup-
plier of rear-seat entertainment systems to automakers 
as well as to car dealers. Car dealer products include an 

Advent-brand, expediter-channel FLO TV system that 
connects to any existing in-vehicle DVD-monitor system. 
  Kissimmee, Fla.-based Invision will report to Tom 
Malone, president of Audiovox Electronics, and will con-
tinue to operate out of its existing facilities in Florida. 
Dun & Bradstreet shows Invision employing 175 people 
and that its parent company is CV Family Enterprises. 
The acquisition is the latest in a string of acquisitions by 
Audiovox, including last October’s purchase of Schwaiger 
(www.schwaiger.de), a German maker of electronics acces-
sories and satellite-receiver technologies. That acquisition 
was for $4.3 million and was expected to add approximately 
$32 million in annualized sales.  Before that, Audiovox 
acquired five companies in fiscal 2008: Oehlbach and 
Incaar, RCA A/V lines, RCA accessories, and Technuity 
for the Energizer brand.

Harman International (www.harman.com) posted a net 
profit in its fiscal second quarter and first half following four 
consecutive quarterly losses. The automotive, consumer, 
and pro divisions all posted operating incomes for the quar-
ter and half on rising fourth-quarter sales. Company-wide 
net sales rose 24% for the second quarter ending Dec. 30 to 
$937 million and rose 4% in the first half to $1.7 billion, 
including the impact of currency fluctuations. Sales would 
have been up 15% for the quarter and 2% for the half if 
currency fluctuations were excluded. 

Harman posted $39 million in fourth-quarter operating 
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income and $38 million in first-half operating income, 
while net income hit $16 million for the quarter and $7 
million for the half. The impact of currency fluctuations on 
these figures was not measurable, however. Net losses in the 
preceding four quarters were $317 million in the second 
quarter of fiscal 2009, $49 million in the third quarter of 
2009, $62 million in the fourth quarter of 2009, and $9 
million in the first quarter of 2010 ending Sept. 30, 2009. 

In the consumer division, sales grew 10% for the sec-
ond quarter of fiscal 2010 to $127 million but fell 3% 
for the half to $211 million, including currency chang-
es. Fourth-quarter sales would have been up only 1% if 
currency changes were excluded and first-half sales would 
have been down 6%. Sequentially, consumer sales were 
up 52% from the first quarter. On a non-GAAP basis, 
consumer gross margins in the second quarter increased 
4.9 percentage points to 27.8%, primarily because of cost-
savings initiatives. 

In the automotive division, sales grew 29% in the quarter 
to $668 million and 7% for the half to $1.21 billion when 
the impact of currency changes is included.  Automotive 
operating income was $30 million for the quarter and $25 
million for the half.

The Harman Performance AV group sold off its 
Audioaccess brand to Amplifier Technologies Inc. (ATI), 
HPAV said in a February 8 letter to Audioaccess reps. The 
sale will allow HPAV to focus the company’s core brands, 
which are Mark Levinson, Revel, JBL Synthesis, and 
Lexicon. For Montebello, Calif.-based ATI, the sale adds 
another brand to its portfolio. About two years ago, ATI 
(www.ati-amp.com) purchased high-end audio supplier 
Theta Digital, and before that, it bought pro-audio amp 
maker BGW. The sale also brings a complementary prod-
uct portfolio to the ATI stable.

Audioaccess (www.audioaccess.com) markets multi-
room-audio and multi-room-A/V systems, in-wall keypad 
and touchscreen controllers, and in-wall, in-ceiling and 
outdoor speakers. ATI markets A/V processors, two- 
and multichannel amplifiers, and multiroom-distribution 
amplifiers. It is also an OEM supplier of home and pro-
audio amps. 

For its part, Theta (www.thetadigital.com) offers a high-
end audio selection compared to ATI. Theta’s selection 
includes a $10,625 preamp processor, monoblock amps 
up to $12,500, DAC/preamps, and a Blu-ray/SACD/
DVD-Audio transport. As with the Theta Digital acquisi-
tion, Audioaccess will be run as a separate division. ATI 
purchased the Audioaccess brand, intellectual property, and 
inventory. 

Audioaccess was founded in 1987 and purchased in 
1993 by HPAV parent Harman International. In 2003, 
Audioaccess’s product-design and management functions 
were assumed by Harman’s JBL brand. The HPAV group 
was formed more than a year ago to consolidate sales and 
marketing of high-end audio brands Lexicon, Revel, and 
Mark Levinson. HPAV also took over responsibility for 
the high-end JBL Synthesis brand and for JBL speakers 
priced at about more than $3,000/pair.
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Logitech International (www.logitech.com) announced 
its financial results for the third quarter of its 2010 fis-
cal year. Sales for the third quarter were $617 million, 
a decrease of 2% compared with $627 million in the 
same quarter last year. Excluding the favorable impact of 
exchange rate changes, sales decreased by 7%. Operating 
income for Q3 grew by 37%, to $58 million, compared 
with $43 million in the same quarter a year ago. Operating 
income includes the impact of $5.8 million in one-time 
transaction costs related to the company’s acquisition of 
LifeSize Communications in December 2009. 

Net income for the quarter was $57 million, compared 
with net income of $40 million in the prior-year period. 
Gross margin for the third quarter was 33.9%, compared 
with the prior year’s 29.9%. Logitech’s retail sales for Q3 
were up 3% year over year, with sales up by 8% in the 
Americas and 6% in EMEA and down 17% in Asia. OEM 
sales were down by 38%.

Retail sales of consumer electronics fell nearly 5% to 
$106 billion last year, according to the NPD Group (www.
npd.com). The decline was attributed to lower average 
selling prices and relatively flat unit volume. According to 
the market research firm’s Consumer Tracking Service, CE 
price points fell by an average of 6% in 2009 while unit 
sales increased only marginally, to over 1 billion devices 
industrywide. The sales data excludes video game hardware 
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and software, PC software, and mobile phones. 
The industry lost ground this year, but in light of the 

overall economic conditions it was a performance that 
could have been much worse. Sales trends improved as 
the year progressed, culminating in a 1.5% decline in the 
fourth quarter, compared with a 7% drop during the last 
three months of 2008. The 1.5% decline represented the 
best quarterly performance since the second quarter of 
2008, and accounted for almost 32% of total CE revenue 
in 2009.

Brick-and-mortar retailers increased their CE market 
share for the fourth consecutive year, propelled by two-
point share gains in computers and TVs. Best Buy once 
again sold the most CE in 2009 and gained more revenue 
share than any other retailer. Joining it in the top-five tier 
was Walmart, Staples, Target, and Apple’s retail store 
chain, NPD said. In contrast, Dell led in online CE sales, 
followed by Amazon.com, Best Buy, Hewlett-Packard, 
and Apple, although online-only non-vendor e-tailers had 
the best showing, with sales up 9% for that channel.

Consumer spending varied by income bracket, with 
middle-income consumers cutting back the most. Spending 
among those with incomes between $30,000 and $100,000 
declined almost 8% from 2008, while lower-income con-
sumers decreased their CE spending by 3%. Those with 
incomes over $100,000 reined in their CE expenditures by 
just over 1%. Consumers paid an average of $92 for each 
CE item purchased, NPD said. Aside from tough year-over-
year comparisons, the uptick in fourth quarter sales was 
also due to strong sales of PCs and TVs, which points to 

increased momentum in 2010.
Retail sales are expected to rise 2.5% in 2010, as revenue 

rebounds from last year’s 2.5% decline. The projection, by 
the National Retail Federation (NRF, www.nrf.com), is 
based on a slowly thawing job and housing market which 
is expected to boost consumer confidence throughout the 
year. The forecast covers all retail industry sales except auto-
mobiles, gas stations, and restaurants. Other positive eco-
nomic contributions will come from trade, especially strong 
exports, a turnaround in the inventory cycle, and federal 
government spending, the trade association said. Consumer 
spending will lag behind overall economic growth, but will 
continue to expand at a modest 2% to 2.5% rate.         VC
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Spotlight

A Classic Tweeter Is Reborn 
By Mike Klasco

�o you remember the Electro-Voice T35 Super 
Tweeter? This was a high-performance horn 

tweeter that even today has state-of-the-art wide-
band response, high sensitivity, and a history that 
spans over five decades! The T35 series was quite 
popular in audiophile high-end systems, studio moni-
tors, club speaker systems, movie theater sound sys-
tems, as well as home-brew speakers. 

Klipsch used variants of the T35 (the K-77 tweeter) 
starting around 1959 in the big Klipschorn. The K-77 
was also used in other Klipsch models including the 
Cornwall, Heresy, and La Scala. Klipsch employed this 
tweeter for 40 years until EV discontinued production 
in 2000. Yet the T35 lives on today, better than ever, 
in Klipsch products (and other pro and audiophile 
speaker systems), now manufactured exclusively 
for High Performance Stereo by Dai-Ichi in the 
Philippines. This trip down memory lane relates the 
story of the T35, with a look at not just the tweeters, 
but also the people behind these developments.

Got A Light?

Electro-Voice (“EV”) was founded in 1930, first 
specializing in mikes, then developing phono cartridges 
in 1948, and, starting in the early 1950s, offering 
loudspeakers. Eventually ownership shifted to Gulton 
Industries, best known for electric cigarette lighters and 
rechargeable flashlights. Jim Long, a long-time EV guy, 
swears that he never heard any mention of cigarette 
lighters during the Gulton years, but I remember their 
TV ads, and I had one of their rechargeable nicad 
flashlights (I also come across a Gulton cigarette lighter 
recharging patent). By the way, Jim helped with many 
details of this story, but the errors are all mine.

Anyway, Gulton was acquired by Mark IV 
Industries in 1986. Mark IV funded the acquisition 
of many audio companies, including Altec Lansing, 
University Sound, and Cetec Gauss, all operating 
under the umbrella of Mark IV Audio. Apparently 
this was an audio-brand-eating umbrella.

In early 1997, the purchase of Mark IV Audio by 
Greenwich Street Capital Partners of New York 
City was finalized. Later that same year, Greenwich 

announced plans to purchase Telex Communications. EV 
and Altec were merged in 1998. In June 2006, EV, along 
with all of Telex Communications, became part of the 
multinational Bosch conglomerate. EV was soon moved 
from Buchanan, Mich., to Minneapolis—Telex’s turf.

The US speaker industry has seen its ups and downs 
over the years, and EV’s history contains its share of 
pain and suffering. Much of the fabrication techniques 
and secret sauce has been spilled and lost. Some of 
this is due to the corporate ownership shifts and 
resulting geographical relocations of these companies, 
along with senior engineers opting for retirement.

Back in the early 1970s, EV was a key supplier for 
my fledgling disco speaker manufacturing operation. 
EV’s OEM speaker sales were the job of John Boyers, 
a really wonderful guy who did anything possible 
(and some impossible stuff, too) to help EV’s OEM 
customers. Gary Gillum, Klipsch’s chief engineer in 
the late 1970s remarked, “John Boyers was a saint to 
me and taught me a lot. He broke bread with us at 
our home (log cabin) in Hope, Ark. Nice guy.”

Jim Long remarked, “Yes, John was a great guy. 
Still is actually living near his son Dave close to 
Columbus, Ohio. We e-mail and talk occasionally. I 
think he is in his early 90s.”

EV had a rich OEM catalog in those days, and 
many famous brands and many musical instrument 
and prosound speaker systems used EV components. 
The EVM cast frame woofers with aluminum flat wire 
voice coils had unprecedented sensitivity. Later, in the 
early 1980s, high excursion models were introduced, 
eventually leading to the awesome and innovative 
EVX 1500 and 1800 subwoofers by Doug Button. 

While Jim Long remembers that these were 
“bleeding edge” products that had a limited product 
life, I and quite a few other speaker engineers 
remember the EVX ultra-long-throw woofers as a 
source of a lot of food for thought. Most aspects 
were brilliant; a couple of the innovations needed 
further development, which is the downside to being 
the first duck in the pond. In any case, Doug’s less 
ambitious DX EV long-throw woofers have been a 
mainstream high-performance choice for decades. 
After EV, Doug went to JBL, where he continues to 
research and develop new speaker techniques. 

Key Players

My story of the lost art of the T35 super tweeter 
begins in the early 1950s with the introduction of 
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the Patrician (Photo 1), a 
huge speaker system that EV 
launched to compete with the 
mammoths from Klipsch, James 
B. Lansing Sound (JBL), Jensen, 
and Altec Lansing. For the top-
end response a horn tweeter 
was developed. The very 
first version of the Patrician 
did not have the T35, but it 
was integrated into the later 
Patricians by the late 1950s. 

But before I get into the 
T35, let me introduce one 
of the saviors in this story—
speaker industry veteran Tom 

Ressler. He started as a design engineer at EV in 1968 
through 1976. Tom returned to EV as the engineering 
manager and later plant manager from 1983 to 1990. 
I first met Tom after he left EV and introduced him to 
Sammi Sound, Korea’s largest speaker manufacturer 
(in the early 1990s).

My affiliation with Sammi Sound was through 
the Korean government technology transfer agency 
(Small Medium Industry Promotion Corporation—
“SMIPC”). From 1983 to 1989 I worked with Dai Zo 
Lee, considered the father of Korean speaker R&D 
and director of engineering at Sammi. We consulted 
on projects such as the military sound system in the 
DMZ, which projected propaganda six miles to North 
Korean bunkers; the computer simulations for the 
sound systems for the 1986 Asian Games; and also the 
sound systems for the 1988 Olympic Games in Seoul.

Between the economic globalization caused by the 
Olympic Games and militant unionization of South 
Korea, it became cheaper for Sammi to build in the 
sleepy (non-union) town of Danville, Ky., rather than 
the unionized factories of Seoul. At the tail end of 
the 1980s, there was a state of war in South Korea 
between workers and factory management, with 
the engineers caught in between. Dai Zo Lee left 
Sammi during those times to work at Aura Systems 
(now Aurasound) for the next 15 years and now is a 
consultant living in Los Angeles.

Sammi’s operation in Kentucky called Stanford 
Acoustics focused on production of high-power 
compression drivers which were supplied to Federal 
Signal’s spec. These were similar to what Sammi made 
for the DMZ in Korea. Later Sammi acquired Roy 

Allison’s Allison Acoustics, which Tom ran. The economy 
in Korea was unstable and the “Asian Economic Flu” was 
coming. The Korean stock market crashed (Sammi had 
gone public), and Sammi Sound eventually faded away. 
Tom was looking for a new home.

I started consulting for Dai-Ichi in the Philippines 
around the end of 1991. In the 1980s Dai-Ichi was 
buying tweeter “kits” from Sammi. But by the 
1990s Dai-Ichi was already a bigger operation and 
technically ahead of Sammi. Pablo Tobiano, Dai-Ichi’s 
director, was looking for an experienced speaker guy 
to handle sales in the US. Tom joined Dai-Ichi in 1996 
and stayed with them until he retired in 2008.

Back in 2004 at Menlo Scientifics’ Loudspeaker 
University in New Hampshire, Tom reminisced about his 
days at EV and the T35: “The T35 was first introduced 
in the 1950s as the tweeter used in the EV Patrician, 
corner loaded, loudspeaker system and some other 
models. This unit had a 30″ woofer; the huge 30W 
featured a styrofoam cone. Later (after quite a few 
variants) the T35 evolved into the ST350. That was a 
joint design of Ray Newman and myself (Tom Ressler).”

Ray was the chief engineer at EV for many years 
and passed away in 1996. Ray is known for the early 
efforts at constant directory horns (“the white 
horns”) along with Don Keele, while John Gilliom 
worked on the EV driver (DH1012).

Jim Long notes, “Only vintage hi-fi nuts will care, 
but the earliest Patricians had 18″ woofers in Klipsch-
licensed corner horns. The Patrician 800, circa 1959, 
was the first one with the 30W.”

More from Tom: “The ST350 was basically the 
same motor/VC/diaphragm as the T35, but we 
added a very wide dispersion aluminum die cast 
horn. This design was required for the Sentry IV 
speaker system that Ray and I also jointly developed. 
The Sentry IV had a 120° molded midrange horn that 
gave similar wide dispersion to the ST350 tweeter 
horn. The driver was an EV model 1823M, an alnico 
magnet driver (Photo 2). The low-end section of the 
Sentry IV was two 12″ woofers in a folded horn, ¾″ 
plywood enclosure, and painted black. 

“The Sentry IV was designed for commercial 
installations, and about a year later was followed by 
a home or studio version, called Sentry III (Photo 

3). This used a 15″ woofer and had a real pretty 
wood veneer cabinet. Same midrange horn and 
driver and also used the ST350 tweeter.”

Tom briefly provided engineering support for EV 

PHOTO 1: EV Patrician used 

the T35 for the top-end.
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PHOTO 2: Alnico magnet early T35.

 PHOTO 3: EV Sentry III with ST—350 super tweeter.
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during 1995-1996 and now is retired.
Don Keele was also involved in development of 

products that used the T35 and related components. 
His stint of four years at EV (1972-1976) included 
development of EV’s constant directivity “white” 
horns.

Don briefly worked at Klipsch (for one year in 
1977) while Paul Klipsch was still actively involved. 
While at Klipsch, Don, along with Gary Gillum, 
developed the Industrial Klipsch product line 
including the Pro Heresy. About 15 years before it 
was popular, Don introduced a line array of horn 
tweeters on this series (the large all horn-loaded 
concert system MCM 1900). At first glance this 
tweeter array may have looked like the T35, but 
actually this was the Motorola 2 × 5 piezos. Don is 
always at the scene of innovations, well before anyone 
else, always claiming innocence and having all sorts of 
reasons why someone else should get the credit.

Don went to JBL Pro, rejoined EV from 1994 to 
1999, and then on to Harman Motive in Martinsville, 
Ind., working at Harman/Becker Automotive 
Systems. With Martinsville closed down, Don now 
is an independent consultant and continues work 
on loudspeaker line arrays based on CBT (Constant 
Beamwidth Transducer) research first developed by 
the military for underwater sonar transducers in the 
late 70s and early 80s.

Re-Birth of the T35

High Performance Stereo (“HPS”), a manufacturer 
of movie theater sound systems, used the ST35 in their 
HPS-4000 premium speaker series. But EV was about 
to shut down production of the ST35 in 2000. Klipsch 
and HPS were impacted the most by this decision. For 
one thing, it meant the end of the classic Klipschorn 
and La Scala loudspeakers as three-way systems. 

John Allen, the owner of HPS, believed strongly that 
the performance of the HPS-4000 sound systems would 
be seriously diminished without the T35 and enlisted 
Tom Ressler to find a new home to build this product. 
Tom brought the project to Dai-Ichi in the Philippines 
due to their vertical operation and “can-do” attitude.

John corresponded with me on the T35: “I 
decided to do this project and finance it. I felt that 
I had to. I purchased some of the tooling from EV, 
although in the end Dai-Ichi redid all but the cast 
cover. The HPS/Dai-Ichi-made T35 actually performs 
better than the best of the EV built units—which were 

pretty good by themselves.”
So, with all this talk about people and companies, what 

about the T35 itself? Sensitivity was high—rated at 104dB 
1W 1m. Distortion on the T35 was low, at least down to 
7kHz, and picked up rapidly below down to 3.5kHz. This 
was a really tricky design, with two aspects that I thought 
stood out. For sure the bobbinless aluminum wire voice 
coil separated the boys from the men. Disassembly while 
not breaking the leadouts was a challenge. 

Another trick to achieving extended response 
with the phenolic diaphragm was that until the T35, 
most phase plug designs assumed a piston diaphragm. 
Because the T35 diaphragm was 25mm (1″), the last 
octave was out of the piston range. So the phase 
plug used empirical (cut and try) techniques to put 
the phase plug location not where the dome should 
be, but where it would be. Nevertheless, production 
varied quite a bit in the last octave—due to jigging, the 
shape of the dome, weight and thickness of the fabric, 
phenolic impregnation (consistency), and so on. Klipsch 
would sort and inspect the T35 and keep those that fit 
their parameters. Improving top-end consistency was 
one of the challenges facing the re-creation of the T35. 

Dai-Ichi’s Development

I have heard that as the T35 went through various 
manufacturing groups during its EV life, the high-
frequency response continued to drop. Engineers at 
Dai-Ichi were able to tweak the diaphragm and the 
phase plug spacing to bring the response back to 
where it was in the 1950s. The T35 also needed help 
on the phenolic and fabric materials in the diaphragm 
itself. The diaphragm in the T-35 was 1950s technology, 
while Dai-Ichi had spent years perfecting resin-treated 
fabrics for high-power voice warning applications.

Magnetic structure continues as two stacked ferrite 
pieces (Photo 4). Special spacers needed to be 
designed to maintain the same back cavity volume 
behind the diaphragm and VC gap.

PHOTO 4: T35 ferrite magnet.
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All of the T35 tooling was purchased from EV by 
John Allen. The front cover tool remains in the US at 
a die cast house. The horn and centering ring tools 
are no longer used and are in storage at HPS. At the 
request of both HPS and Klipsch, Dai-Ichi developed, 
and tooled, a new horn design with a recessed flange 
that allows for easier mounting on the inside of a 
speaker system, but doesn’t alter the dispersion. 
Both Klipsch and HPS use this new horn.

During one of my visits to Dai-Ichi, their engineering 
guys brought up the T-35 project, sort of like 
commiserating about some ongoing dental work. 
Apparently the very top-end response still was not 
up to what would satisfy both Tom and John. Dai-
Ichi’s material science and fabrication specialist from 
Korea, Mr. Lee (not Dai Zo Lee, but interestingly, 
his past business partner) seemed to have gone so 
far beyond what EV had done a few decades earlier 
with the phenolic fabric diaphragm, and the adhesive 

joint between the dome and the self-
supporting coil (Photo 5) also did not 
seem to be the culprits. I ventured the 
question that, of course, you are using 
aluminum or copper-clad aluminum 
wire on the coil, and the engineering 
manager looked both shocked and 
horrified—oops! Anyway, the CCA coil 
turned out to be the last step in the 

epic development of an enhanced re-creation of the 
classic T-35 super tweeter.

John Allen: “It took five years and 50 toolings to 
finally get the diaphragm where it needed to be. I 
doubt there are too many manufacturers that would 
put up with such a challenge, let alone pull it off. 
My congratulations and admiration goes to Pablo 
Tobiano for remaining committed to this project 
and also to Tom Ressler. Without Pablo’s dedication 
and Tom’s expertise, this project would not have 
succeeded. In my view, these men and Pablo’s 
engineers saved not just my company, but the 
Klipschorn as well.”

Dai-Ichi has given the T35 its new lease on life, and 
at 50+ years, this tweeter will continue to do duty 
in movie theaters and high-efficiency home audio 
systems long into the future. 

PLAYERS
Pablo Tobiano
Director Dai-Ichi 

Dai-Ichi St., Cor. Mahogany State 
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Mike Klasco is the president of Menlo Scientific 
Ltd. in Richmond, Calif., a consulting firm to the 
loudspeaker industry. He is the organizer of the 
Loudspeaker University seminars for speaker 
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He specializes in materials and fabrication techniques 
to enhance speaker performance. Please join www.
linkedin.com for T35 Tweeter Patrol group and it is 
an open discussion, anyone can join.                    VC

PHOTO 5: T35 

diaphragm with 

self-supporting 

voice coil.
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�ishman Transducers (www.fishman.com) has recently 

moved into a new facility in Andover, MA, just north 

of Boston. The facility itself is 34,000ft2, with 5000ft2 of 

additional space available on the first floor and 40,000ft2 

more available on the second floor. Fishman was formed 

by Larry Fishman in 1981 and currently has 55 employees.  

Three-fourths of surveyed systems integrators expect 

their residential-install revenues to grow this year, up from 

only a third who said their businesses grew in 2009, accord-

ing to a fourth-quarter survey by Parks Associates (www.

parksassociates.com) and the Custom Electronic Design 
& Installation Association (CEDIA, www.cedia.net). 

The survey polled installation companies that install home 

controls, entertainment systems, and energy-management 

solutions, including multi-room audio, home theater, low-

voltage wiring, and security and control systems. The 

installers’ forecasts exclude commercial-venue installations.

In a separate study, Parks forecasts integrators’ residential-

install revenues will rise 6.6% in 2010 to $8.9 billion, 

reversing two consecutive years of declines. In 2009, 

revenues fell 4.6%, preceded by a 6.5% drop in 2008. 

The two-year drop followed 2007’s single-digit percentage 

gain of 8.8, which followed years of double-digit gains. 

The industry-wide estimates reflect installer-level revenues, 

including hardware sales and labor charges.

The upturn in installer sentiment and forecast channel 

revenues tracks a January 2010 forecast by the National 
Association of Home Builders (NAHB, www.nahb.com), 

which projected that single-family housing starts would 

increase 35% in 2010 following four years of double-digit 

percentage declines. The housing start declines peaked in 

2008 with a whopping 40.5% drop, Census Bureau statis-

tics show. In releasing details of the installer survey, Parks 

said 54% of surveyed integrators reported 2009 revenue 

declines, with reported declines averaging 4.1%. Another 

13% said their revenues remained the same in 2009 and 

33% reported revenues increased in 2009. 

Among the third of polled installers whose sales grew in 

2009, many had diversified to focus more on retrofit and 

upgrade opportunities, the survey found. In fact, retrofit 

projects accounted for an average 63% of installers’ 2009 

revenues. Other installers who grew in 2009 hired more 

sales staff and enhanced their customer support.
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Installers also plan to diversify their product offerings. 

Although integrators continue to generate two-thirds of 

their revenue from A/V systems, the survey found, many 

plan to diversify in 2010 by offering lighting controls and 

solar panels for the first time. About 40% of integrators 

plan to begin installing photovoltaic solar panels, and 

another 38% are investigating the market to determine 

whether they should do so, the survey found.

U.S. Single-Family Housing Starts, Forecast  
(in thousands of units) 

Starts  

1945 325.0  

1959 1,234.0  

2005 1,715.8 (+6.7%) 

2006 1,465.4 (-14.6%) 

2007 1,046.0 (-28.6%) 

2008 622.0 (-40.5%) 

2009 443.5 (-28.7%) 

2010* 600.0 (+34.9%)

CEDIA has unveiled a new member’s benefit program 

that will help dealers better manage their inventory. The 

new Inventory Exchange program creates a forum where 

CEDIA electronic systems contractor (ESC) members can 

arrange to buy and sell excess inventory, the association said. 

Manufacturers, however, “have the ability to approve which 

dealers are eligible to sell their products and which brands 

can be sold,” CEDIA marketing director Jamie Riley told 

TWICE (consumer electronics trade publication, www.

twice.com). The program is free and open exclusively to 

CEDIA members. It is designed to enable members to list 

excess inventory or other products they wish to unload from 

their shelves and browse listings from fellow members to 

make up for shortages. Members can easily post products 

with a minimum asking price. Product listings are search-

able by brand name, keyword, or category.

Members may post products from participating manu-

facturer companies that have agreed to allow their products 

to be listed. Participating manufacturers may restrict those 

who buy or sell their product.  Participation in the CEDIA 

Inventory Exchange is free for all CEDIA member ESCs 

and manufacturers. Purchase agreements and payments are 

conducted directly between the buyer and seller. CEDIA 

welcomes ESCs to contact non-participating manufacturers 

and encourage them to participate.

The Mobile Electronics Retailers Association (MERA, 

www.merausa.org) scheduled its KnowledgeFest 2010 trade 

show for October 10-12 in Dallas at the Gaylord Texan 

Resort and Convention Center. The show, which resumes 

after a one-year lapse, will feature more than 50,000ft2 of 

exhibit space, manufacturer product training, and more 

than 20 workshops “designed by, and for owners, managers, 

salespeople, and installation technicians,” the association 

said. For the first time, the event will feature exhibits and 

training sessions for “The Connected Car” and “Driver’s 

Safety” categories, which MERA said “will become an 

important part of the mobile electronics retailer’s business 

in the near future.” 

Potential exhibitors and sponsors interested in participat-

ing may contact MERA at (800) 949-MERA or exhibit@

merausa.org for more information. Because of the economic 

downturn, MERA cancelled last year’s KnowledgeFest. The 

association later approved the purchase of the trade group 

by InstallerNet (www.installernet.com), which organized 

a national network of home and car electronics installers 

who perform installs for major retailers. The major retailers 

offer InstallerNet installation gift cards for use with pur-

chased products. The customer buys the card and calls an 

800 number to be directed to the local InstallerNet retailer 

who performs the installation for a set price. Following 

its purchase last year by InstallerNet, the association 

changed its name back to the Mobile Electronics Retailers 

Association following a brief period during which it was 

called Mobile Enhancement Retailers Association. The first 

KnowledgeFest was held in 1995.

Traffic and decibel levels picked up at the 24th annual 

Spring Break Nationals (www.springbreaknationals.com), 

where attendance grew to more than 14,000, the number 

of supplier and retailer booths grew to 50 from 30, and 

two world records were broken in an IASCA dBL com-

petition. Traffic at the consumer/trade event “is starting to 

ramp up in a big way,” according to Harman Consumer’s 
Christopher Dragon, whose JBL brand exhibited at the 
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March 13-14 event at the Ocean Center convention center. 

“We saw an increase in consumers looking for ways to make 

their cars sound better and not just checking out the cars.”

Exhibiting manufacturers new to the event included AVI 
Electronics, Rainbow, VMAX, and Addictive Audio. They 

were joined by returning exhibitors Sony, JVC, Orion, 

Polk Audio, Crossfire, Audiopipe, American Bass, and 

Beyma. The event featured custom show cars from Florida 

car audio dealers, including a dealer from Puerto Rico 

who shipped two vehicles through US Customs, and more 

celebrities, such as Funkmaster Flex and his stage show fea-

turing emcee Ray DeJean and artists Trina, DJ Khaled, and 

Dorrough performing to the audience. TV’s Will Castro of 

“Unique Autosports” showed customized vehicles in the JL 
Audio booth and signed autographs. Other events included 

bikini contests, Papa John’s pizza-eating contests, and car 

audio prize giveaways by Lars of Mars and DJ Billy E, who 

spun some of his newly released bass beats.

The IASCA, MECA, and dB drag racing competitions 

attracted about 400 competitors, with two world records 

broken in IASCA’s IdBL competition. One contestant hit 

155.5dB in the Stock 1 class, and another hit 182.4dB in 

the Ultimate 2 class. Next year’s silver-anniversary Spring 

Break Nationals will expand the event to three days, March 

19-21, to accommodate a trade-only day on Monday fol-

lowing two weekend days of mixed consumer and trade 

traffic. Last year, the Ocean Center expanded by adding 

100,000ft2 of exhibit space and 23 dedicated breakout 

rooms to its 60,000ft2 arena.

The Harman Performance AV (HPAV) Group (www.

harman.com), which has been touring the country for 

almost six months with a 7,500ft2 mobile showroom, 

exhibited in New York in March. One of two rooms within 

the truck features a JBL Synthesis home-theater audio sys-

tem and an HD projector.

HPA’s 7,500ft2 truck adds mobility to high-end home 

audio systems. The next stop was the Architectural Digest 

Home Design Show in New York City from March 18-21. 

The Harman truck houses an audiophile room and a home-

theater room. The audiophile room features a two-channel 

audio system consisting of Mark Levinson No53 ampli-

fiers, a Mark Levinson No326S preamplifier, and a Mark 

Levinson No512 CD/SACD player powering two Revel 

Ultima Salon2 speakers. The home-theater room consists 

of a JBL Synthesis setup, including JBL K2S9900 speakers 

for the main speakers, S4Ai surround speakers, four JBL 

Synthesis S820 amplifiers, a Lexicon BD-30 Blu-ray player 

and an HD projection system. 

Cerwin-Vega (www.cerwinvega.com) launched its first 

new home audio products in four years with the introduction 

of the XLS series of eight in-room speakers, which replaces 

the CLS series. The new series consists of four towers priced 

from $299 to $599 each, a $99 bookshelf, a $149 center 

channel, and two powered subs at $399 and $499. XLS 

refines the CLS design and engineering by adding upgraded 

drivers, horns, and baffles to deliver more power han-

dling capacity, improved articulation and intelligibility, and 

improved low-frequency performance, a spokesperson said.  

  The series also delivers improved on- and off-axis fre-

quency response through new high- and mid-frequency 

waveguides, which also deliver smoother response at the 

crossover regions and greater control of the overall disper-

sion, the company said. Improved internal bracing and 

new port dimensions and placement drastically reduce 

enclosure resonances and port noise. New cosmetic features 

add Cerwin-Vega’s standard red surround to the midrange 

drivers, joining the woofers to offer a new look when the 

grilles are off.

Cerwin-Vega home products are sold through national 

big-box retailers, including Radio Shack, Ritz Camera, 

and Sears, as well as such online dealers as Amazon. 

Cerwin-Vega’s home, car, and pro audio businesses were 

purchased by the Stanton Group in October 2002. Until 

then, Cerwin Vega had been family-owned since its 1954 

founding by Gene Czerwinski. The group, which later sold 

off the car audio business, also owns studio-monitor maker 

KRK Systems and Stanton DJ.
Consumer confidence in the overall economy dropped 

in February, according to the latest figures released from 

the Consumer Electronics Association (CEA, www.ce.org) 

and CNET (www.cnet.com). After reaching a seven month 

high in January, the CEA-CNET Index of Consumer 

Expectations (ICE) dropped nearly eight points this month 

to 165.2.  The ICE, which measures consumer expecta-

tions about the broader economy, is down more than 

seven points from last month and is at its lowest level since 

October 2008. Year-over-year, the ICE is down less than a 

point. 

Consumers remain wary as the economy continues to 

find its footing, according to Shawn DuBravac, CEA’s 

chief economist and director of research. Consumers 

remain concerned over the employment market and their 

own personal financial health in the months to come. The 

CEA-CNET Index of Consumer Technology Expectation 

(ICTE) also fell in February to 82.0, down nearly two 

points from last month. The ICTE remains high despite 

falling three consecutive months after reaching an all-time 

high in November 2009. The ICTE is up more than thir-

teen and a half points from this time last year. Technology 

continues to show its resiliency despite concerns regarding 

the overall direction of the economy. The CEA-CNET 

Indexes are composed of the ICE and ICTE, both of which 

are updated on a monthly basis through consumer surveys. 

New data is released on the fourth Tuesday of each month. 

CEA and CNET have been tracking index data since 

January 2007. To find current and past indexes, charts, 

methodology and future release dates, log on to www.

CEACNETindexes.org.

Despite a drop in overall confidence, retail sales of con-

sumer electronics rose 5.8% in February over the year-ago 

period, according to a report from MasterCard Advisors 
(www.mastercardadvisors.com). The increase followed a 

0.4% rise in January and represents the sixth consecu-

tive monthly gain in CE sales, the financial consultancy 

said. The growth came despite severe winter weather that 

crippled much of the Mid-Atlantic, Northeast, and North 
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Central regions, and was achieved without extreme dis-

counting, the company said. The report attributed the 

February increase in part to easy year-over-year compari-

sons. Also enjoying a strong month was the e-commerce 

channel, where sales spiked 16.7% year-over-year. While 

e-tailers may have benefited from the severe weather, it 

was the seventh straight month of double-digit growth for 

online sales.

CEA has announced the 

finalists for the 2010 Mark of 

Excellence Awards, presented 

by CEA through the asso-

ciation’s TechHome Division. 

Winners were announced 

at an awards reception on 

March 26, during the elev-

enth annual Electronic 

House Expo (EHX) 2010, 

which returns to the Orange 

County Convention Center 

in Orlando, Florida, March 

25-27. The award for the 

Speaker System of the Year 

went to Paradigm Electronics 

Inc. for their Paradigm 

Special Edition Series (www. 

paradigm.com).                 VC

Industry News and Developments
By Vance Dickason

128th AES Convention
The 128th AES Convention is taking place May 22-25, 

at the Novotel hotel, West London, UK. This year’s theme, 

“Make the Right Connections,” extends to the usual work-

shops, tutorials, technical papers, and the exhibition floor. 

For more, visit www.aes.org.

The results of the AES elections for 2010 officers is as 

follows:

President Elect: James A. (Jim) Kaiser

Vice President Central US and Canada: Frank Wells

Vice President Central Europe: Bozena Kostek

Vice President Latin America: Joel Vieira De Brito

Vice President International: Kimio Hamasaki

Governors: David Josephson, David Murphy, and Agnieszka 

Roginska

These new officers join AES current board members 

Diemer de Vries (President), Jim Anderson (Past President), 

Bob Lee (Secretary), Garry Margolis (Treasurer), Peter G. 

Cook (VP), Sean Olive (VP), Antonio Oliveira (VP), Jan 

Pedersen (VP), Durand Begault (Governor), David Bowles 

(Governor), Michael Fleming (Governor), Bob Moses 

(Governor), and Wieslaw Woszczyk (Governor).           VC
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Test Bench

Morel and B&C
By Vance Dickason

�his month’s Test Bench almost parallels last month’s col-

umn and includes a very high-end 6  home audio driver 

and a high powered pro sound woofer. Samples that were 

submitted for this issue of Voice Coil came from two well-

respected and outstanding OEMs: Morel, headquartered in 

Israel, and B&C—the well-known Italian Pro Sound OEM. 

Morel’s latest model is a hybrid neodymium/ferrite motor, 

the 6.0  carbon fiber/Nextel sandwich cone SCW 636. B&C 

offers a new neo motor 18  subwoofer, the 18SW115-4.

Morel SCW 636
The SCW 636 (Photo 1) is a by-product of the fat lady 

project at Morel. The fat lady speaker is a very elaborate high-

end three-way home audio design that has a curved shaped 

enclosure that features an outer layer of lacquered carbon fiber 

optimally mixed with fiberglass and epoxy resin. Utilizing the 

very latest in manufacturing techniques, Morel has produced 

a mold that gave their R&D team total freedom to produce 

a design that is both acoustically and visually interesting. The 

curved shape enclosure (go to www.morelfhifi.com for details 

on this design) with no straight lines functions in a manner 

similar to a musical instrument. 

Unlike conventional loudspeakers, it has absolutely no 

internal damping: the inside of the cabinet is empty. The 

enclosure is allowed to vibrate in a controlled manner along 

with the drive units and uses this energy as part of the 

reproduced sound. The clever part is that the cabinet “sings” 

with the drive unit but stops immediately when the drive 

unit stops so there are no delayed resonances. According to 

Morel, the result is a speaker that sounds as though it has 

no cabinet at all.

Similar to the cabinet utilized in the fat lady speaker, the 

Morel SCW 636 uses a three-layer composite cone and dust 

cap that combines carbon fiber/Rohacell/carbon fiber that is 

both light weight and very stiff. The remainder of the cone 

assembly includes a NBR surround, cloth spider, and a 3  

diameter voice coil using an aluminum former wound with 

aluminum Hexatech wire (Hexatech wire is multi-sided 

voice coil wire that provides a higher density winding than 

standard round wire). The complete assembly is loaded into 

a propriety diecast aluminum frame that has minimum 

reflective surfaces trademarked by Morel as “Uniflow.”

The motor structure uses the Morel hybrid technology 

that combines a ferrite ring magnet with a neodymium 

slug type magnet. This also includes a distortion reducing 

Faraday shield (shorting ring) in the form of a copper cap 

on the pole piece. The voice coil lead wires are terminated 

to a pair of gold-plated terminals.

I began testing the SCW 636 using the LinearX LMS 

analyzer and VIBox to produce both voltage and admit-

tance (current) curves with the driver clamped to a rigid test 

fixture in free-air at 0.3V, 1V, 3V, 6V, and 10V. I discarded 

both 10V curves because the software was not about to get a 

good curve fit and the driver was too nonlinear at that volt-

age level. Next, I post-processed the remaining eight 550 

point stepped sine wave sweeps for each sample and divided 

the voltage curves by the current curves (admittance) to 

produce impedance curves, phase added using LMS calcu-

lation method, and along with the accompanying voltage 

curves, loaded into the LEAP 5 Enclosure Shop software. 

Besides the LEAP 5 LTD model results, I also generated 

a LEAP 4 TSL model set of parameters using just the 1V 

free-air curves. I selected the final data, which includes the 

multiple voltage impedance curves for the LTD model (see 

Fig. 1 for the 1V free-air impedance curve) and the 1V 

impedance curve for the TSL model, and produced the 

parameters in order to perform the computer box simula-

tions. Table 1 compares the LEAP 5 LTD and TSL data 

FIGURE 1: Morel SCW 636 woofer free-air impedance plot.
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 TSL model  LTD model  Factory
 sample 1 sample 2 sample 1 sample 2  

FS 32.5Hz 32.1Hz 32.4Hz 31.0Hz 40Hz      
REVC 4.30 4.31 4.30 4.31 4.50    
Sd 0.0121 0.0121 0.0121 0.0121 0.0119
QMS 1.11 1.08 1.02 0.77 1.76      
QES 0.31 0.33 0.34 0.28 0.35   
QTS 0.24 0.25 0.26 0.21 0.29         
VAS 31.1 ltr 31.9 ltr 31.6 ltr 37.4 ltr 18.5 ltr     
SPL 2.83V 87.3dB 87.0dB 86.7dB 87.1dB 87.0dB        
XMAX 5.0mm 5.0mm 5.0mm 5.0mm 5.0mm
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PHOTO 1: Morel SCW 636.
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and factory parameters for both SCW 636 samples.

Looking at the data in Table 1, the F0/Qt ratios between 

the measured data and the factory data are reasonably close, 

although you do see a variance between the Vas numbers. 

However, following my standard “Test Bench” protocol, I 

produced two computer enclosure simulations using the 

LEAP LTD parameters for Sample 1. I produced two box 

simulations, one sealed and one vented. For the closed box 

simulation I used a 0.16ft3 enclosure with 50% fiberglass 

fill material, and for the vented box, a 0.23ft3 QB3 type 

vented alignment with 15% fiberglass fill material and 

tuned to 47.6Hz.

Figure 2 illustrates the results for the SCW 636 in the 

sealed and vented boxes at 2.83V and at a voltage level 

high enough to increase cone excursion to Xmax + 15% 

(5.75mm). This yielded a F3 = 83Hz with a box/driver 

����������	���
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FIGURE 2: Morel SCW 636 computer box simulations (A = sealed at 

2.83V; B = vented at 2.83V; C = sealed at 26.5V; D = vented at 30V).

FIGURE 3: Group delay curves for the 2.83V curves in Fig. 2.

FIGURE 4: Cone excursion curves for the 26.5/30V curves in Fig. 2.
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Qtc of 0.73 for the 0.16ft3 sealed enclosure and –3dB = 

67.5Hz for the 0.23ft3 vented simulation. Increasing the 

voltage input to the simulations until the maximum linear 

cone excursion was reached resulted in 107dB at 26.5V 

for the sealed enclosure simulation and 109dB with a 30V 

input level for the larger vented box (see Figs. 3 and 4 for 

the 2.83V group delay curves and the 26.5/30V excursion 

curves).

Klippel analysis for the Morel 6  woofer produced the 

Bl(X), Kms(X) and Bl and Kms symmetry range plots given 

in Figs. 5-8. The Bl(X) curve for the SCW 636 (Fig. 5) 

is rather broad, but with a substantial tilt in the coil-out 

direction. Looking at the Bl symmetry plot (Fig. 6), this 

curve shows a 3mm coil forward (coil out) offset at the rest 

position that decreases to 1.4mm offset at about 5mm of 

excursion (Xmax for the Morel 6 ). Figures 7 and 8 give 
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Add: Huangpu Ind. Dist., 99 ShangNan Ea. Rd.,
 Shajing, BaoAn Dist., Shenzhen, China
Tel: +86-755-29852014/29852009
Fax: +86-755-27569377
Contact: Mr. Roger Yang or Ms. Haven Hu
Email: roger@sanoway.net
 havenhu@sanoway.net

www.sanoway.net

Speaker box/Systems  
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 Cabasse

d.,

rs with:

Wooden Products Manufacturer
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G
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OEM and ODM

ARE WELCOME

FIGURE 5: Klippel Analyzer Bl (X) curve for the Morel SCW 636.

FIGURE 6: Klippel Analyzer Bl symmetry range curve for the SCW 636.

FIGURE 7: Klippel Analyzer Mechanical Stiffness of Suspension Kms (X) 

curve for the Morel SCW 636.
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the Kms(X) and Kms symmetry range curves. The Kms(X) 

curve is reasonably symmetrical in both directions but again 

with an offset. 

Looking at the Kms Symmetry Range curve, you see a 

constant 1.4mm rearward (coil-in) throughout the operat-

ing range of the driver. This suggests a physical offset that 

is slightly off magnetic zero in the gap area. This will gener-

ally produce 2nd-order harmonic distortion, which for the 

most part is judged as being pleasant and desirable. Note 

that while these offsets are distortion producing, it does not 

indicate that this necessarily degrades the sound quality of 

the driver. Morel, like most of the high-end home and car 

audio manufacturers, does a substantial amount of listening 

in the development of any driver, and because this looks like 

a deliberate displacement, I conclude that while on the sur-

face the Klippel data looks rather out of balance, the SCW 

636 is probably a very good-sounding driver.     

Displacement limiting numbers calculated by the Klippel 

analyzer for the SCW 636 were XBl at 82% Bl = 3.8mm 

and for XC at 75% Cms was 2.9mm, which means that 

for the Morel carbon fiber cone woofer, the compliance is 

the limiting factor for the 10% prescribed distortion level. 

Figure 9 gives the inductance curves L(X) for the SCW 

636. Because the SCW 636 incorporates a copper shorting 

sleeve in the motor system, the result is an extremely minor 

change in inductance throughout the driver’s operating 

range (0.08mH from Xmax in to Xmax out), a key to low 

distortion performance (in this case undesirable 3rd-order 

harmonic distortion).

Following the Klippel testing, I mounted the Morel 6  

woofer in an enclosure which had a 17   8  baffle and was 

filled with damping material (foam) and then measured the 

DUT on- and off-axis from 300Hz to 40kHz frequency 

response at 2.83V/1m using a 100-point gated sine wave 

sweep. Figure 10 gives the SCW 636’s on-axis response 

displaying a very smooth rising response to about 1.8kHz, 

followed by a 4dB drop in SPL leading to a smooth rise to 

a break-up mode at 7kHz, followed by the low-pass rolloff. 

Figure 11 has the on- and off-axis frequency response at 

0, 15, 30, and 45 . -3dB at 30  with respect to the on-axis 

curve occurs at 3.6kHz, higher than most 6  drivers, so a 

crossover somewhat above the usual 3kHz crossover fre-

quency should be appropriate. The last SPL measurement 

is shown in Fig. 12 and gives the two-sample SPL com-

parisons for the 6.0  Morel driver, showing a close match 

throughout the operating range.

For the last group of tests, I employed the Listen Inc. 

SoundCheck analyzer (courtesy of Listen Inc.) to measure 

distortion and generate time frequency plots. Setting up 

for the distortion measurement consisted of mounting 

the woofer rigidly in free-air, and the SPL set to 94dB at 

1m using a noise stimulus (SoundCheck has a software 

generator and SPL meter as two of its utilities), and then 

the distortion measured with the Listen Inc. microphone 

placed 10cm from the dust cap. This produced the distor-

tion curves shown in Fig. 13.

Last, I employed the SoundCheck analyzer to get a 

2.83V/1m impulse response for this driver and imported 
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FIGURE 8: Klippel Analyzer Kms symmetry range curve for the SCW 636.

FIGURE 9: Klippel Analyzer L(X) curve for the Morel SCW 636.

FIGURE 10: Morel SCW 636 on-axis frequency response.

FIGURE 11: Morel SCW 636 on- and off-axis frequency response.
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FIGURE 12: Morel SCW 636 two-sample SPL comparison.

FIGURE 14: Morel SCW 636 SoundCheck CSD waterfall plot.

FIGURE 15: Morel SCW 636 SoundCheck Wigner-Ville plot.FIGURE 13: Morel SCW 636 SoundCheck distortion plot.
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the data into Listen Inc.’s SoundMap Time/Frequency soft-

ware. The resulting CSD waterfall plot is given in Fig. 14 
and the Wigner-Ville logarithmic surface map (for its bet-

ter low-frequency performance) plot in Fig. 15. I designed 

many systems over the years using Morel products, and 

I am certainly a “fan.” The SCW 636 looks like another 

interesting driver from Morel and worth considering. For 

more information on these and the other new Morel driv-

ers, visit www.morelhifi.com.

B&C 18SW115-4
B&C’s 18  subwoofer, the 18SW115-4 (Photos 2 

and 3), is the companion product to their 21  subwoofer, 

the 21SW115-4, both with a very high continuous power 

handling rating of 3.4kW! Needless to say, the feature set 

for this kind of performance is substantial, starting with a 

proprietary cast frame. Like many of B&C’s neodymium 

motor drivers, the frame is very much part of the cooling 

system. This frame has six double spokes, or 12 spokes 

thermally coupled to the large neo ring magnet motor 

structure. Venting is fairly complex and includes six 38mm 

 8mm vents around the periphery of the base of the frame, 

an outwardly tapered 35mm to 55mm pole vent, plus eight 

peripheral 10mm diameter vent holes on the back of the 

motor cup, which obviously taken together provide sub-

stantial air flow throughout the motor structure.

The cone assembly consists of a ribbed 18  cone that 

is coated on both sides plus a large 6.75  diameter convex 

PHOTO 2: B&C 

18SW115 front.

PHOTO 3: B&C 

18SW115 back.
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coated dust cap. Note that this coating is a special TWP 

waterproof coating. Compliance is provided by a triple roll 

coated cloth surround and a double silicone coated cloth 

spider assembly. Coupling the cone assembly to the motor 

is a 4.5  diameter glass fiber split winding voice coil wound 

with round copper wire.

Horsepower for this 26 lb. monster (actually, compared 

to similar performance using ferrite would be considerably 

heavier!) is provided by a large neodymium ring magnet. 

Other motor features include a T-shaped pole and an alu-

minum demodulation ring (aka shorting ring or Faraday 

shield). The voice coil tinsel wires are connected to a set of 

chrome color-coded push terminals.

Testing for the 18SW115 began with the LinearX LMS 

and VIBox to produce both voltage and admittance (cur-

rent) curves with the driver clamped to a rigid test fixture in 

free-air at 1V, 3V, 6V, 10V, 20V, 25V, and 35V. Note that 

the driver remained linear in free air up to the 35V sweep 

and probably would have remained linear up to 40 or 50V. 

But with 97dB sensitivity, it was about all I could take even 

wearing a set of ear protectors. 

Also, please note that I use a procedure that attempts 

to achieve the 3rd time constant on each sweep. The LMS 

oscillator is turned on for a progressively increasing time 

period between sweeps. Also, following the established 

Test Bench test protocol, I no longer use a single added 

mass measurement and instead used actual measured cone 

assembly weight provided by B&C.

Next, I post-processed the 14 550 point stepped sine 

wave sweeps for each sample and divided the voltage curves 

by the current curves to derive impedance curves, phase 

calculated, and, along with the accompanying voltage 

curves, imported to the LEAP 5 Enclosure Shop software. 

Obviously, this is a much more time-consuming process 

than the usual low-voltage impedance curve used for deriv-

ing Thiele/Small parameters. The reason for this, if you 

haven’t been following this column for a few years, is that 

the LEAP 5 methodology results in a much more accurate 

prediction of excursion at high voltage levels, one of the real 

fortes of the LEAP 5 software.

Because most T/S data provided by OEM manufacturers 

is being produced using either a standard method or the 

LEAP 4 TSL model, I additionally produced a LEAP 4 TSL 

model using the 1V free-air curves. I selected the complete 

data set, the multiple voltage impedance curves for the LTD 

model (see Fig. 16 for the woofer 1V free-air impedance 

curve) and the 1V impedance curves for the TSL model in 

the Transducer Derivation menu in LEAP 5, and produced 

the parameters for the computer enclosure simulations. 

Table 2 compares the LEAP 5 LTD and TSL data and fac-

tory parameters for both B&C 18SW115 samples.

Parameter measurement results for the 18SW115 were 

for the 8  version of the driver, while the factory data was 

for an 8  version. Even given this, Qts numbers for my 

measurements were somewhat higher and Vas somewhat 

lower, plus the sensitivity data I derived was 2dB lower than 

the factory data (this is sometimes explained by different 

methods of driving this number). While not identical, it’s 
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obviously close to the factory data (F0/Qt ratios were close), 

despite the fact that the data from B&C was for a different 

Revc model with a 5.3  DCR versus the model I sampled 

with a 3.3  DCR. However, even though the exact fac-

tory data was not available at this time, I proceeded to set 

up computer enclosure simulations using the LEAP LTD 

parameters for Sample 1. This included two vented align-

ments, a 1.72ft3 QB3 box with 15% fiberglass fill material 

tuned to 46.8Hz, and a 2.65ft3 EBS (Extended Bass Shelf ) 

vented alignment enclosure with 15% fiberglass fill material 

and tuned to 45Hz.

Figure 17 displays the results for the 18SW115-4 in 

the QB3 and EBS vented boxes at 2.83V and at a voltage 

level high enough to increase cone excursion to Xmax + 

15% (12.7mm for the 18SW115). This produced a -3dB 

frequency of 68.8Hz (-6dB = 55Hz) for the 1.72ft3 QB3 

enclosure and F3 = 54.6Hz (F6 = 43.6Hz) for the 2.65ft3 

EBS vented simulation.

 TSL model  LTD model  Factory
 Sample 1 sample 2 sample 1 sample 2  

FS 41.7Hz 41.2Hz 41.4Hz 40.2Hz 32Hz      
REVC 3.29 3.30 3.29 3.30 5.3    
Sad 0.120 0.120 0.120 0.120 0.121
QMS 6.31 5.23 5.70 4.99 5.6      
QES 0.41 0.39 0.37 0.36 0.32   
QTS 0.39 0.37 0.35 0.33 0.30         
VAS 107.3 ltr 110.3 ltr 110.4 ltr 117.0 ltr 187 ltr     
SPL 2.83V 94.7dB 94.8dB 95.1dB 95.1dB 97.0dB        
XMAX 11mm 11mm 11mm 11mm 11mm

��������	����������������������
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FIGURE 16: B&C 18SW115-4 woofer free-air impedance plot.

FIGURE 17: 18SW115-4 computer box simulations (A = vented 1 at 2.83V; 

B = vented 2 at 2.83V; C = vented 1 at 70V; D = vented 2 at 70V).
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Increasing the voltage input to the simulations until 

the maximum linear cone excursion was reached resulted 

in 125dB at 70V for the QB3 enclosure simulation and 

125dB with a 70V input level for the larger vented box (see 

Figs. 18 and 19 for the 2.83V group delay curves and the 

70V excursion curves). If you look at the excursion curves, 

you will see that I cut the simulation off at 70V and 125dB, 

mostly because the power handling is so high for this driver 

and the dynamic range so great that it’s more likely to be 

thermally limited than limited by over excursion.

Klippel analysis for the B&C 18SW115-4 produced 

the Bl(X), Kms(X) and Bl and Kms symmetry range plots 

given in Figs. 20-23. The Bl(X) curve for the 18SW115 

(Fig. 20) is very broad and extremely symmetrical, what 

a loudspeaker engineer would be tempted to call “picture 

perfect.” Looking at the Bl symmetry plot (Fig. 21), this 

curve shows small 1.4mm of forward (coil-out) offset in 

the rest position decreasing to about less than 0.1mm for-

ward offset at 4mm of excursion, and remains negligible 

throughout the operating range of this driver. Figures 22 

and 23 depict the Kms(X) and Kms symmetry range curves 

for the 18SW115.

The Kms(X) curve is as symmetrical as you are probably 

going to see in both directions, with nearly zero offset at 

any coil position which is further confirmed by the Kms 

symmetry curve, almost a straight line at the zero rest  

position. . . my compliments to the chef! Displacement 
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FIGURE 18: Group delay curves for the 2.83V curves in Fig. 17.

FIGURE 19: Cone excursion curves for the 70V curves in Fig. 17.
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FIGURE 20: Klippel Analyzer Bl (X) curve for the B&C 18SW115-4. FIGURE 22: Klippel Analyzer Mechanical Stiffness of Suspension Kms (X) 

curve for the B&C 18SW115-4.

FIGURE 21: Klippel Analyzer Bl symmetry range curve for the 18SW115-4. FIGURE 23: Klippel Analyzer Kms Symmetry Range curve for the 18SW115-4.
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limiting numbers calculated by the Klippel analyzer for 

the 18SW115 were XBl at 70% (Bl decreasing to 70% of 

its maximum value) greater than 13.7mm and for XC at 

50% (compliance decreasing to 50% of its maximum value) 

was also greater than 13.7mm, which means that for the 

18SW115, the compliance and Bl are about equal in terms 

of a causal factor for the prescribed distortion level of 20% 

for subwoofers, but for either element, the contribution is 

several millimeters beyond the physical Xmax. Figure 24 

gives the inductance curve L(X) for the B&C pro sound 

subwoofer. Inductance will typically increase in the rear 

direction from the zero rest position as the voice coil covers 

more pole area unless the driver incorporates a shorting ring. 

Because the 18SW115 does incorporate a demodulation 

ring (shorting ring) in the motor assembly, there is only an 

extremely minor change in inductance, about 0.06mH, from 

Xmax in to Xmax out.

Because the B&C 18SW115 is a subwoofer for use 

mostly below 100-150Hz, I dispensed with the SPL mea-

surements, but also because I don’t keep 18  or 21  size 

cabinets in my inventory of test fixtures. However, Fig. 25 
gives the factory SPL curve, and obviously you could cross 

the product over certainly higher than 100Hz. Without the 

off-axis response it’s not possible to guess what that frequen-

cy would be, but certainly 300-500Hz would be possible.  

Because I decided not to perform SPL measurements, 

I then moved on to the last group of tests which were 

performed using the Listen Inc. SoundCheck analyzer and 

FIGURE 24: Klippel Analyzer L(X) curve for the B&C 18SW115-4.

FIGURE 25: B&C 18SW115-4 factory on-axis frequency response.
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SC-1 microphone (courtesy of Listen Inc.) to measure dis-

tortion. Again, because I am not dealing with frequencies 

much above 100Hz as a subwoofer, I also did not use Listen 

Inc.’s SoundMap software for time frequency presentations. 

Setting up for the distortion measurement consisted of 

mounting the woofer rigidly in free-air, and the SPL set to 

104dB at 1m using a noise stimulus (SoundCheck has a 

software generator and SPL meter as two of its utilities), and 

then measuring the distortion with the Listen Inc. micro-

phone placed 10cm from the dust cap. This produced the 

distortion curves shown in Fig. 26 for the woofer.  

As you can see from the data here, B&C is offering a 

well-designed and extremely robust 18 . For more infor-

mation on this and other pro sound products from B&C, 

contact B&C Speakers N.A., National U.S. Sales Office, 73 

Brand Street, Arlington, MA 02474, (781) 316-0077, Fax 

(781) 316-0078, e-mail rnichols@bcspeakers.com, or visit 

www.bcspeakers.com.                                                  VC
Sample Submission for Test Bench
Test Bench is an open forum for OEM driver manufacturers in the 
industry and all OEMs are invited to submit samples to Voice Coil for 
inclusion in the monthly Test Bench column. Driver samples can be 
for use in any sector of the loudspeaker market including transducers 
for home audio, car audio, pro sound, multimedia, or musical instru-
ment applications. While many of the drivers featured in Voice Coil 
come from OEMs that have a stable catalog of product, this is not a 
necessary criterion for submission. OEM manufacturers are encour-
aged to send samples of woofers, midranges, or tweeters they think are 
representative of their work. However, please contact Voice Coil Editor 
Vance Dickason prior to submission to discuss which drivers are being 
submitted. Samples should be sent in pairs and addressed to:

Vance Dickason Consulting
333 S. State St., #152
Lake Oswego, OR 97034
(503-557-0427)
vdc@northwest.com
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 various 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 lead wires removed).FIGURE 26: B&C 18SW115-4 SoundCheck distortion plot.
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Spotlight
 

Mobile Audio Sound  
System Design, Part 1
By Mike Klasco and Steve Tatarunis

�he computer and video monitor industry has more 

than its share of talented electrical engineers. These 

include CPU system designers, video display specialists, 

“SMPS” switching power supply and power management 

guys, and so on, and they cover some of the unique aspects 

of electrical engineering for these products.

Audio product designers also find their way into this 

field. In a product development team, the audio guy might 

be a mechanical engineer (ME), or have an electrical engi-

neering degree (EE), and more than a few have backgrounds 

as musicians and audiophile hobbyists. But for sure, none 

really learned his/her craft during the college years.

If Asian universities are anything like their US counter-

parts, then just finding a course in analog audio is a chal-

lenge, and only a couple of US universities offer courses on 

loudspeaker design. Even then, it is unlikely that the pro-

fessor has ever designed a practical speaker. There are some 

exceptions; a few US universities offer acoustics and elec-

troacoustics degrees. (Gene Patronis at Georgia Tech was 

the exception here—but he passed away a few years ago.) 

In China, Nanjing University offers a strong foundation in 

electroacoustics, but it still takes years of work experience 

for their graduates to become skilled speaker engineers.

Audio sound quality optimization in a smartphone, 

mobile Internet device (MID), netbook, or laptop com-

puter is the focus here. A key concept to understand is 

that there is an audio 
reproduction system in 

these products. The 

function of the sound 

system is clear intelli-

gible speech commu-

nications and aesthet-

ically pleasing music. 

While these goals 

might seem modest in 

2010, there are another half-dozen conflicting requirements 

that result in few mobile audio products actually succeeding 

in satisfying these goals. Specifically:

1. Cost!

2. Internal volume behind the speaker

3. Good speaker sensitivity for low battery drain

4. “Line of sight” between the front of the speaker and 

the listener

5. Adequate amplifier power with low power consump-

tion and low heat

The goal of the first part of this series of articles is not 

to teach how to design a good microspeaker, but rather to 
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provide information on how to design a good mobile audio 

system, touching upon speaker design and speaker enclo-

sure techniques. Part two will cover amplification, signal 

processing, and related issues.

THE MODERN MICROSPEAKER
The need for small extended range speakers is being 

driven by laptop computers, hands-free car kits, portable 

DVD players, iPod docking stations, GPS systems, mobile 

Internet devices, and smartphones.

Today, the challenge is for the 1  to 2  diameter micro-

speaker to reproduce natural voice and music, have reason-

able sensitivity and power handling, and be able to reach 

satisfactory sound levels. All this while maintaining a cost 

range from $.25 to less than $1 for most types.

The headphone and ear-

phone speaker is a derivative of 

the microspeaker, with critical 

variations that we will discuss. 

Generally, in microspeakers 

and headphones, a single dia-

phragm forms the surround, 

diaphragm, and dust cap. The 

voice coil is typically bobbin-

less (also known as monolithic 

or self-supporting). This is a one-point suspension with 

only surround compliance and no spider.

Design, Construction, and Operation
Microspeakers use a fabric 

or film diaphragm without a 

separate dust cap, and do 

not use a spider. The voice 

coil is located at the dome/

dust cap and the outer ring 

of the surround forms the 

compliance. This doughnut 

shaped diaphragm often has 

molded-in tangential creases 

for anti-rocking and stiffness. This technique is also com-

mon to both headphone and dynamic mike elements.

Microspeaker sensitivity can be quite low. For this reason, 

the general practice for measuring these transducers deviates 

from the accustomed 1m/1W standard. Instead, the micro-

phone may be placed 100cm from the speaker and driven 

by a 1W test signal. In spite of the close proximity of the 

microphone, typical sensitivities for microspeakers in this 

ENGINEERED 
TO  PERFORM...

...THE BEAUTY 
OF MUSIC.
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test setup are only 85-87dB. 

For micro-miniature speakers 

such as the NXP that is popu-

lar in cellphones, the sensitiv-

ity is 68dB at 1W/1m—quite 

low—and the F0 is 1000Hz. 

Free air resonance for most 

microspeaker designs typi-

cally runs in the 500-700Hz 

range, but some 40mm designs 

reach below 300Hz. Notably, 

Aurasound (www.aurasound.

com) has some 30mm designs 

that can achieve this extended 

bottom-end.

Diaphragm thickness is a key factor of both bandwidth 

and sensitivity. While the mini speaker has separate sur-

round compliance, the compliance of the microspeaker is 

typically a corrugation of the diaphragm material at the 

outside edge. Alternatively, the diaphragm has a contour 

or roll between the voice coil and the outside edge, and the 

entire area flexes as the compliance.

If you think about it, since the diaphragm and surround 

are common, as the thickness drops, the compliance increases. 

With the minispeaker, as the thickness of the cone is reduced, 

the moving mass drops and the midband efficiency increases 

while the bass (due to over motoring, i.e., a rising Qes) drops 

down. On microspeakers, the opposite is true. As the dia-

phragm thickness drops, the bass really comes up, while the 

midband and top-end also rise. Distortion also tends to rise, 

as the diaphragm becomes too flimsy and there is less control 

of the diaphragm assembly. A key factor to control the bass 

response and F0 and Q is the acoustic resistance scrim, which 

we will cover in the next section on components.

COMPONENTS
1. Diaphragm. The diaphragm is the component of the 

speaker that radiates the sound. It is the most important 

contributor to the sound quality of the speaker. Aside from 

its sound quality, the issues of stability, consistency, and 

temperature tolerance are also important considerations.

Microspeakers of 40mm diameter typically use less than 2 

mil (50 microns) diaphragms and often as thin as 25 microns, 

while headphone elements use 25 microns or 19 microns. 

Tiny earphone diaphragms of about 9mm diameter are 

less than 12 microns. While on the topic of film thickness, 

dynamic mike diaphragms are around 12–16 microns, and 

ECM condenser mike diaphragms around 2 to 8 microns.

While diaphragms come in many different sizes, there 

are only two common shapes: round and oval (“race track”). 

These shapes both work well, but high aspect ratio shapes 

for oval speakers can have more problems. Extremely shallow 

diaphragms are weaker, but contours can provide strength.

2. The Voice Coil. Most voice coils in microspeakers are 

formed of a helically wound wire of two layers (one down 

and the other back up). Depending on the speaker design, 

the coil is self-supporting or has a former material coated 

with a thin layer of adhesive on one side, then B-staged 
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(dried at low temperature without curing the adhesive). 

These materials may be cut to the required dimensions 

from master rolls or large sheets of material, using a shear, 

roll slitter, rotary die, or steel rule die. Although some users 

cut materials in-house, the majority receive it cut into 

“blanks” by the vendor (converter), because it requires a 

high degree of accuracy. 

These voice coil blanks are wrapped around tubular 

steel or aluminum winding-mandrels (also called arbors, 

or tools) at which point their name changes from blank to 

former. The former is wetted with solvent (such as acetone/

alcohol) either by brush, spray, or by in-line wetting of the 

insulated, adhesive coated wire with solvent.

An alternative production technique involves using a 

former that has been spiral-wound into tubes (or the resin 

extruded into tubes) and chopped to final dimensions. Well-

made tubular formers can simplify automated assembly, 

although poorly made tubes can be a disaster. Spiral-wound 

voice coil tubes are available in various papers, Nomex, and 

as laminates of Nomex and aluminum. Tubular formers are 

wound with B-staged adhesive on the outside, and tubular 

collars have their adhesive on the inside.

Conductor—Typical microspeakers use copper (Cu) alloy 

wire. Alternatively, copper clad aluminum wire (CCA or CuAl) 

provides lighter weight, resulting in about +1dB sensitivity. 

CCA wire is weaker and softer than Cu wire, so special tech-

niques are used by the speaker factory for reliable construction.

Insulation coating/temperature rating—The conduc-

tor (wire) has a film insulation coating. In the past, 105  

C was adequate for microspeakers, but with higher power 

amplifiers in mobile products 150  C or 180  C is becom-

ing more common. The wire insulation film thickness 

remains the same as 105  C coating, but a higher perfor-

mance insulation coating is used for this increase in thermal 

power handling.

Outer bond coat (lock and SV)—The adhesive for the 

voice coil wire is often coated onto the insulated wire. The 

adhesive is solvent activated during the voice coil winding 

operation. General use “lock” adhesive is typical, but for 

higher performance microspeakers, SV high temperature 

outer bond coat is used.

3. The Magnet. Ferrite has never dominated mini and 

microspeakers as it has the rest of the speaker industry. 

Because of their inherent magnetic self-shielding, Alnico or 

neo slugs in a steel pot structure were commonly used in CRT 

computer monitors and TVs. Another issue is that a decent 

ferrite structure will be larger in size and weight than its neo 

counterpart; this has implications toward mounting depth, 

available enclosure volume, and overall product weight.

4. The Acoustic Resistance Scrim. The microspeaker 

diaphragm radiates almost as much backward as forward. 

Because there is not a damper (spider) to control the set-

tling time (decay) of the diaphragm, a scrim of woven or 

non-woven mesh is used to cover the open “windows” of 

the basket. The higher the acoustical resistance of the mesh, 

the tighter the resulting bass response. Too closed, and the 

bass will be thin, too open and the diaphragm will be under-

damped and under poor control. Woven scrims provide 
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significantly higher consistency and are typically used for 

higher quality products. Saatitech of Italy is the source for 

acoustic meshes for headphone vents, wind screens, micro-

speaker meshes, and so on. (http://www.saatiamericas.com/

SaatiTech/applications.html)

5. Ferrofluid (optional). Ferrofluids have been used in 

traditional loudspeaker designs for over 30 years. Recently, 

some innovative approaches to the application of ferro-

fluid in microspeakers have found commercial success. Two 

examples follow.

Coating the pole piece: Because the microspeaker has a 

single-point suspension, its voice coil is more susceptible to 

radial and rocking modes in the air gap, which increases the 

potential for the coil to come into contact with the metal 

parts of the magnet structure.

A high viscosity coating—specifically ferrofluid—on the 

pole piece minimizes contact-related buzz but does not fill 

the ID or OD of the air gap so there is no fluid splash or 

parameter shift. Production engineering of ferrofluid for 

microspeakers, hearing aids, and headsets is still a propri-

etary technology, but has been used in mass production by 

both Sennheiser and Knowles. (http://www.sennheiserusa.

com/home and http://www.Knolwes.com/search/)

Additionally, this approach can help us to improve the 

sensitivity of the design by reducing the width of the air gap.

a. Tighten gap to increase B (flux)

b. Bobbinless self-supporting voice coil (no bobbin mass)

c. Thinner gauge wire

d. CCA wire

e. Coat the pole piece with ferrofluid

Single-sided filling: In this approach, the ferrofluid is 

applied either to the space between the coil OD and top 

plate or coil ID and pole piece, but not both. By filling 

one side of the gap, you are able to take advantage of the 

benefits of ferrofluid (heat transfer, damping, and voice 

coil centering) without the usual concerns for added vent-

ing to prohibit ferrofluid splash. http://www.ferrotec.com/

products/ferrofluid/

THE SUB-ENCLOSURE
With the speaker selected for the design, what’s next? The 

raw driver might have acceptable performance when mea-

sured on a standard baffle, but things can change dramatically 

once you place the driver into the product. The space behind 

the driver (size, shape, proximity to the driver, and so on) can 

have a profound impact on the performance of the driver as 

can its mounting location relative to the user. Therefore, the 

designer must pay close attention to where the speaker will 

be located on the product and what is going on around it.

Again, we are preaching our “systems approach” to audio 

design, where enclosure design should be considered during the 

industrial design and internal layout portion of the development 

process. More often than not, the audio designer is presented 

with a completed industrial design and layout and is told to 

make the system work within these constraints. However, if con-

sideration for the audio system is made earlier in the design pro-

cess, the end result will be a better sounding/performing system.
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Ideally, the speaker should be facing the user—not away 

or downward. Downward-facing speakers are the latest 

trend in large-screen TVs—Ughh. Direct sound is always 

better and more intelligible than reflected sound. If there 

is a microphone in the system, speaker and mike location 

should be optimized to avoid feedback.

A grille or screen is needed to protect the microspeaker’s 

delicate diaphragm from potential damage. While it is easy 

enough to design a bunch of holes into the housing mold tool 

and call it a “grille,” oftentimes the thickness and open area 

of the grille are not optimized for good audio performance.

As a rule of thumb, the more open area you can have in 

front of the speaker, the better. Thirty percent open is gener-

ally accepted as the minimum recommended area. Anything 

less than 30% can noticeably impact the speaker’s perfor-

mance, particularly its time (impulse) response. In addition 

to the percentage of open area, another important dimen-

sion is the grille’s thickness. An overly thick grille can lose its 

acoustic transparency and color the output of the speaker.

Ideally, an open mesh screen or perforated aluminum 

grille in front of the speaker will yield the best results, but 

this may not always be practical. 

As mentioned earlier, what’s going on behind the speaker 

can have a significant impact on its output. There are sev-

eral options available to the designer:

Use the entire product enclosure for internal back 
chamber. While this is the simplest approach, it is the least 

desirable from a performance standpoint. By not isolating the 

speaker from the rest of the internal volume, you are exposing 

the speaker to losses caused by air leaks in the enclosure as well 

as increasing the potential for unwanted buzzes and rattles.

Create a sub-enclosure behind the speaker. By creat-

ing a sub-enclosure behind the speaker, you can balance 

the Thiele/Small parameters of the speaker (electrical and 

mechanical losses) with that of the enclosure to optimize the 

low-frequency response from the speaker. A sub-enclosure 

can also help to isolate the speaker from the rest of the chas-

sis, reducing the potential for spurious buzzes and rattles.

The type of enclosure depends on the designer’s prefer-

ence and available space. An acoustic suspension design 

will be the simplest to implement, but if a ported or passive 

radiator design is required, then the complexity of the sub-

enclosure will increase accordingly.

In part 2 we take a look at signal processing and ampli-

fication for mobile audio devices.                                VC
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Acoustic Patents 
By James Croft

�he following loudspeaker-related patents were filed 

primarily under the Office of Patent and Trademarks 

classification 181 for acoustical devices and 381 for electri-

cal-signal processing systems and HO4R for international 

patents. This also includes new patent applications that are 

published in the Patent Application Journal.  

GENERATING DEVICE FOR GENERATING 

A USEFUL STREAM OF A MEDIUM, IN 

PARTICULAR FOR GENERATING SOUND

Patent Number: US 7,667,370, granted February 23, 2010

Inventor: Josef Lutz (Vienna, AT)

Assignee: NXP B.V. (Eindhoven, NL)

Filed: January 27, 2003

US Class: 310/317; 381/97 11 Claims, 6 drawings

ABSTRACT FROM PATENT
A generating device (1) for generating a useful stream of 

a medium (2) comprises at least a medium stream source 

(14) for generating a high-frequency medium stream (15) 

and at least a medium stream diode (36, 37) for cooperat-

ing with the generated medium stream (15), and at least 

one medium stream sink (40, 41) for cooperating with the 

medium stream influenced by the medium stream diodes 

(36, 37), wherein the at least one medium stream sink (40, 

41) suppresses high-frequency stream components in the 

medium stream such that a useful medium stream (2) in a 

low-frequency range is obtained.

INDEPENDENT CLAIMS
“1. A generating device (1) for generating a useful stream 

of a medium (2) comprising: at least a medium stream 

source (14) for generating at least a medium stream (15) in 

mutually opposed flow directions (16), modulating a first 

signal laying within a first frequency range to generate a 

second signal laying within a second frequency range, and 

alternating the mutually opposed flow directions (16) of the 

medium stream with the second signal lying within the sec-

ond frequency range, said second frequency range covering 

frequencies that lie above those of the first frequency range; 

at least a medium stream diode (22; 25; 36, 37) provided, 

constructed and arranged for cooperating with a stream of 

a medium generated by the at least one medium stream 

source working counter to said stream of the medium with 

flow resistances, and generating a total medium stream 

flowing in a transmission direction of the at least one 

medium stream diode; and at least one medium stream sink 

(23, 24; 40, 41) provided, constructed, and arranged for 

cooperating with the total medium stream generated by the 

at least one medium stream diode, suppressing stream com-

ponents within the second frequency range contained in 

the total medium stream, and generating the useful stream 

of the medium (2) in the first frequency range without the 

stream components within the second frequency range at 

an output of the at least one medium stream sink (23; 40).

“8. A generating device (1) as claimed in claim 7, wherein 

at least one air flow chamber (30; 30, 35) extending parallel 

to the mutually opposed flow directions (16) is provided, 

wherein the at least one air flow chamber has at least one 

boundary wall that extends parallel to the mutually opposed 

flow directions (16) and that is formed by a membrane 

(31) of the ultrasound source (14), wherein the membrane 

is capable of vibration, and wherein the at least one air 

flow chamber has at least one boundary wall (32, 33) that 

extends transversely to the mutually opposed flow directions 

(16) and that comprises a plurality of acoustic diodes (36, 

37), while a sink chamber (40, 41) forming an ultrasound 

sink is provided at least one boundary wall (32, 33) com-

prising a plurality of acoustic diodes (36, 37).”

REVIEWER COMMENTS
Of all the attributes of a loudspeaker, achieving deep bass 

from a small, efficient structure has to be one of the holiest 

of grails.  There have been many attempts, incorporating 

various enclosure types, active systems with high back 

EMF transducers, modulated airstreams, fan-based systems, 

negative spring systems, out-phasing techniques, and vari-

ous internal mediums (super compliant modules, carbon 

granules, various gases and vacuums). An approach that 

appears to have garnered much less attention is a technique 

of utilizing ultrasonic transduction to generate low frequen-

cies. One reason that makes this approach non-intuitive is 

that the volume velocity output of “indirect” high frequency 

systems tends to be much smaller than that of conventional 

woofer systems operating at “direct” low frequencies. 

An example of such an “ultrasonic to audio” converter 

is the parametric loudspeaker, which operates at ultra-

sonic frequencies that are modulated at an audio rate. 

Unfortunately, the system’s volume velocity capability at 

100Hz corresponds to the volume velocity generated at 

the ultrasonic carrier frequency. A constant volume veloc-

ity ultrasonic system has an inherent limitation of a 12dB 

per octave high-pass characteristic, such that even with a 

starting level of 140dB at a carrier frequency of 40kHz, the 

approximate audio generated at 39Hz is a mere 20dB. If 

you operate a tweeter at 20kHz, the volume component of 

its output is that of the air displaced in each half cycle, with 

that volume displacement being neutralized, or cancelled, 

by each opposite polarity half cycle.

As an analogy, using a thimble simulating a 1 in2 surface 

area (~1.6  diameter dome) tweeter operating at 20kHz to 

put water in a tub versus a large bucket simulating a 100 

in2 surface area (~11.28  diameter cone) woofer operat-

ing at 20Hz. For the tweeter, the positive cycle would be 

analogous to putting a thimble full in the tub, and taking 

that same thimble full out of the tub on each negative cycle. 

If you did this with a large bucket (simulating the woofer), 

each positive cycle you would have a full bucket of water in 

the tub and then be removed on the negative cycle.  

For a 50ms period of one 20Hz cycle, using the woofer/

bucket, you would have a maximum of one bucket full 

put in, and taken out, every cycle. With a tweeter/thimble, 
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operating at 20kHz, you would put a thimble-full in and 

take it out of the tub 1,000 times, but you would never 

have more than the volume of the thimble in the tub at any 

given time. Considering the diaphragm area of the tweeter 

being 100 times less than the woofer, you would never have 

more than 1/100 the cubic volume of fluid displacement 

(assuming equivalent excursion). Because all analogies break 

down, please excuse the weaknesses associated with this one.

What if you could somehow change the situation, so that 

you could put our 1,000 thimbles full of water into the tub, 

for each 20Hz cycle, but could avoid taking them out of 

the tub for the complete duration of one 20Hz cycle? You 

would have 10 times more volume of fluid “displaced” into 

the tub with the fast thimble/tweeter than with the woofer/

bucket. Essentially, that is what this invention is attempt-

ing to do. Referring to the drawing of Fig. 1, piezoelectric 

diaphragm 31 operates at a high frequency, somewhat like a 

micro-pump, utilizing acoustic diodes 36 and 37, to pull air 

in from source chamber 41 and push air out into chamber 

40, to maintain a single polarity flow, while the ultrasonic 

diaphragm is operating in both polarities. Theoretically, 

this allows you to realize a “single polarity” tweeter/thimble 

to “build up” the volume displacement using multiple, 

small summations at a high frequency rate to achieve low 

frequency outputs equivalent to direct low frequency trans-

ducers. You may incorporate reversible acoustic diodes, or 

deploy two systems of opposite polarity to generate positive 

and negative low-frequency waveforms. There are many 

clever operational enhancement subtleties disclosed, such as 

harnessing ultrasonic standing waves in the small chambers 

to achieve greater output.

Obviously, there is much complexity and many difficulties 

associated with optimizing these types of systems. Of the many 

ways to realize acoustic diodes, most are not particularly ideal. 

And, from an implementation standpoint, while the trans-

ducer itself may be able to be quite small, the isolation of front/

positive and rear/negative waveforms, at low frequencies, has 

essentially the same requirements as standard speakers, i.e., large 

baffles, or enclosures are needed to isolate the two waveform 

polarities and keep them from cancelling at low frequencies.

FIGURE 1: US Patent 7,667,370
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There are many previous inventors that have filed for 

patents on these types of systems such as Oscar Bschorr 

and Hans Raida in Germany (see European Application 

EP114507 “Sound Generator with a Pump Actuator”). Also, 

there are many competing variations of ultrasonic to audio 

transduction systems that have been presented, including 

“A Proposal for Low Frequency Loudspeaker Design Using 

Ultrasonic Motor” Juro Ohga, et al., presented at the 119th 

AES convention. As you may have noticed, there continues to 

be an absence of any practical systems of this type in the mar-

ketplace. As intriguing as these concepts are, it doesn’t appear 

that anything is going to displace a standard cone woofer 

mounted in your favorite enclosure type anytime soon.  

ELECTRONIC APPARATUS HAVING SPEAKER 

UNIT INCORPORATED THEREIN

Patent Number: US 7,677,354

Inventors: Yasuo Osada (Saitama, JP), Yutaka Sato  

  (Kanagawa, JP)

Assignee: Sony Corporation (JP)

Filed/Priority Date: March 23, 2004, Granted: March 16, 2010

US Class: 181/156 

16 Drawings, 5 Claims, 9 drawings

REVIEWER COMMENTS
Disclosed is a loudspeaker enclosure incorporating a 

structure in which the inside of a cabinet having a 

woofer transducer (and optionally, an amplifier) is effec-

tively cooled. The speaker cabinet has at least two bass-reflex 

ducts. One duct is used for air-discharge, through which 

air in the cabinet is discharged by a fan unit, and another 

bass-reflex duct is used for air-intake. Thus, the loudspeaker 

components and any active electronics inside of the speaker 

cabinet are effectively cooled while optimizing the cabinet 

as a bass-reflex system.

While there have been previous systems with passive 

cooling by way of dual bass reflex ports, one place above 

the other to activate effective interior/exterior air exchange 

(for example, see US Application 2004/0017924, “Speaker 

Installation and Method,” Kuratani, et al.), this patent 

includes at least one active fan to mobilize internal air flow.  

One of the issues that is not addressed is the fact that 

if you use the fan too close to the ingress of the port, the 

performance of the bass reflex system will be compromised. 

But, if the fan is too far away from the port, then it will 

tend to merely circulate the air inside the cabinet, instead 

of exchanging it with the exterior. You can imagine many 

possible solutions to this problem, but the issue is not effec-

tively addressed in the patent text.

Incidentally, most embodiments in the specification 
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FIGURE 2: US Patent 7,677,354.
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describe the use of just one fan to mobilize air movement 

through the two ports. The claims are limited to the use 

of at least one fan per port. Evidently, the patent examiner 

found a single fan to be too obvious in light of the prior 

art, so the claims are restricted to requiring the use of at 

least two fans, one near each port. So, if you wish to do so, 

there are many ways you could utilize a single fan and not 

infringe on the claims of the patent. Unfortunately, for the 

inventor, that makes the basic, useful concept available to 

anyone who wishes to use it.

ULTRASONIC TRANSDUCER FOR PARAMETRIC ARRAY

Patent Number: US 7,657,044

Inventors: Frank Joseph Pompeii (Wayland, Mass.)

Assignee: Holocene Research Labs (Watertown, Mass.)

Filed: July 30, 2004, Granted: February 2, 2010

Current Class: 381/191 

12 Claims, 4 drawings

Reviewer Comments 
Disclosed is a large area, electrostatic, ultrasonic trans-

ducer for use in a parametric loudspeaker system. The goal is 

to have a reduced cost of manufacture compared to prior art 

approaches to using electrostatic transducers in parametric 

systems. Parametric loudspeakers require very high ultrason-

ic outputs (greater than 130dB) to be able to generate useful 

audio of 75dB or more. This tends to require the use of a 

rather large radiating area, on the order of 100 in2 or more.
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Standard, off-the-shelf ultrasonic transducers tend to 

be very small, usually less than 2 in2 of diaphragm area. 

The inventor, Joseph Pompeii, of Holocene Research Labs, 

was one of the first US companies (along with American 

Technology Corporation) to offer a commercially viable 

parametric loudspeaker for sale. 

In Holocene’s first devices they utilized an array of 51 

separate electrostatic transducers, designed, and originally 

marketed, by Polaroid for use as range finders in cameras. 

The price of each was such that by the time you incorpo-

rated an array of 50 of them in a parametric loudspeaker, 

system cost was quite high. The original Polaroid device is 

a single-ended electrostatic transducer with a concentrically 

grooved back-plate and a conductively coated, thin film 

diaphragm. The invention basically utilizes the original 

Polaroid structural concept, but while retaining the indi-

vidual back-plates (51 in one example) the new transducer 

uses a single, large thin film diaphragm stretched over the 

full array of transducers to form a single-diaphragm, mul-

tiple back-plate architecture.

Specifically, the structure of the ultrasonic transducer of 

the patent includes a first isolative retaining layer, a second 

isolative retaining layer, and a single, large area vibrator film 

layer sandwiched between the first and second retaining lay-

ers. The first retaining layer includes a plurality of formed 

apertures, and the second retaining layer includes a second 

group of formed apertures formed, in which the second 

apertures are substantially in registration with the first. 

Additionally, there is a first cover having a plurality of con-

nected spring/back-plate assemblies (to achieve tension of the 

film diaphragm against the back-plate) and a second cover.

The combination of the first retaining layer, the vibra-

tor film layer, and the second retaining layer is sandwiched 

between the first and second cover portions of the transducer. 

The laminated construction allows the formation of what is 

effectively an array of ultrasonic film transducers while utiliz-

ing a single, large piece of film as the diaphragm. The device 

works at least as well as the original individual ultrasonic trans-

ducers, and provides a significant reduction in cost.             VC
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Spotlight

Target SPL and Required 
Amplifier Size
By Charlie Hughes
�
#n a previous article (Loudspeaker Sensitivity: What’s 
a Watt Anyway? April 2010 Voice Coil), I examined the 
topic of loudspeaker sensitivity and how it may or may 
not relate to the overall sound pressure level (SPL) 
produced by a loudspeaker. One of the conclusions of 
that article is that the SPL produced depends on the 
spectral content of the signal driving the loudspeaker. 
Thus, having knowledge of the driving signal (i.e., 
program material) or being able to make an educated 
assumption about it may aid in the design of a loud-
speaker or sound reinforcement system so that the 
required bandwidth and SPL is delivered to the audi-
ence. The output capability of the amplifier driving 
the loudspeaker is of equal importance to achieving 
the target SPL from the direct field of a loudspeaker. 
This can also be related to the driving signal or the 
intended program material.

TOASTER TEST 

Pat Brown authored a very interesting and 
enlightening article (Loudspeaker Toaster, Syn-Aud-
Con Newsletter, Vol.34, No.1, Winter 2006) on 
testing loudspeakers to determine what I refer to 
as their maximum usable continuous output SPL 
(SPLMUCO). While a loudspeaker may be capable of 

producing greater continuous SPL, it is accompanied 
by significant changes (greater than 3dB) in the 
transfer function (frequency response) of the 
loudspeaker. For most applications this is undesirable 
and thus deemed not usable. This “toaster test” 
primarily focuses on the thermal effects the input 
signal has on the loudspeaker system; the individual 
driver’s voice coils, the resultant impedance increase, 
and the passive crossover components (if present). 

The result of the toaster test yields a maximum 
RMS voltage (max Vrms) that can be applied to the 
loudspeaker without driving it past the SPLMUCO. 
You can then use this max Vrms to calculate an 
equivalent amplifier size (EAS) which can deliver the 
max Vrms when driven by this same test signal. This 
signal, by the way, is specified by the standard IEC 
60268. It is a broadband, shaped noise signal with 
a spectral content that is the average of a variety of 
program material, including both speech and several 
different types of music. This test signal has a crest 
factor of 6dB.

CREST FACTOR

You need to understand crest factor, so let me 
briefly explain it. The crest factor of a signal is simply 
the difference between the RMS level and the peak 
level of the signal. A square wave has a crest factor 
of 0dB; it has the same RMS level as its peak level. A 
sine wave has a crest factor of 3dB; that is, its RMS 
level is 3dB less than its peak level. For more complex 
waveforms, the crest factor may be different, and is 
usually higher.

Many waveform editing programs have analysis 
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FIGURE 1: Square wave (blue), sine wave (red), and IEC268 noise (green), all with the same peak level, 0dB.
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capabilities that will calculate the RMS and peak levels 
of an entire .wav file or a selected segment. In Fig. 

1 you see 100ms segments of a 100Hz square wave, 
a 100Hz sine wave, and IEC60268 noise. All of the 
signals shown have been normalized to have a peak 
level of 0dB.

Now that you understand crest factor, you can 
use the results of the toaster test performed on 
a particular loudspeaker to help determine the 
required amplifier size for our sound reinforcement 
system design. Differences between the spectral 
content of your program material and that of 
the signal used for the toaster test to determine 
max Vrms may lead to inaccuracies in my results. 
However, as long as these spectral differences are 
not dramatic, the results should be reasonably valid. 
Alternatively, you may carry out a toaster test using 
a test signal having a spectral content more closely 
resembling the intended program material for the 
application at hand.

For my application the program material to be 
reproduced by the loudspeaker system will be live 
speech or music, with little or no compression 
(amplitude compression, not data compression). 
This should give a relatively broadband signal very 
similar to the IEC 60268 specified noise signal. 
However, the signal will have a crest factor of 
approximately 15dB. A time domain comparison 
of this type of signal to the IEC268 noise and a sine 
wave is shown in Fig. 2. Here again the peak level of 
all three signals is 0dB. It should be easy to see that 
the RMS level of this new speech signal is much less 
than the noise.

LOUDSPEAKER SPL

The loudspeaker I have selected has a reasonably 
flat frequency response from 50Hz–12kHz and a 
sensitivity of 98dB referenced to 2.83V RMS at 1m. 
At a distance of 10m this loudspeaker will reproduce 
the IEC268 noise at 78dB SPL when driven with an 
input of 2.83V RMS. Measure this at 10m to ensure 
that you are in the far-field for this loudspeaker. It will 
also reproduce the speech signal at 78dB SPL at 10m 
when driven with an input of 2.83V RMS. 

The reason the measured SPL is the same for both 
signals is that the RMS input voltage is the same. 
SPL measured with a slow integration time, which I 
am referencing here, will correspond well with the 
RMS value of the input voltage. This is why an RMS 
meter on a mixing console may be used as a fairly 
good indicator of SPL once it has been referenced 
to a particular SPL. Of course, at high input voltage 
levels the output of the loudspeaker may not remain 
completely linear and some power compression may 
occur. 

When each of these signals is at the same RMS 
level, as described previously with the input to the 
loudspeaker, their peak levels will be different. This 
is shown in Fig. 3. Here the RMS level of each signal 
is the same. Now you can see that to cleanly pass 
the speech signal without clipping I will need a much 
larger amplifier than required to pass the IEC268 
noise cleanly; but exactly how large?

The sound system design requirements dictate that 
the loudspeaker needs to produce approximately 
88dB SPL at 20m with your speech program material. 
At half this distance, 10m, this equates to 94dB. You 

FIGURE 2: Sine wave (red), IEC268 noise (green), and speech (black), all with the same peak level, 0dB.
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know the loudspeaker will produce 78dB at 10m 
when driven with 2.83V RMS. You need an additional 
16dB, or 17.9V RMS, to reach 94dB SPL at 10m.

This loudspeaker has a rated maximum input of 
32V RMS as determined by the toaster test. This 
gives 21dB of gain relative to 2.83V RMS without 
the thermal limitations of the loudspeaker causing 
its response to change by more than 3dB. This tells 
me the loudspeaker can produce the SPL required. 
In fact, it can be driven 5dB harder. This is good, 
because thus far I have not accounted for any power 
compression that may occur.

Because the toaster test limits the response change 
of the loudspeaker to no more than 3dB, you are 
assured that this is the maximum SPL reduction that 
will be encountered. It is much more likely that this 
3dB variation will occur not over the entire frequency 
range of the loudspeaker, but instead over a limited 
bandwidth. This being the case, the overall SPL 
reduction will typically be much less. If you know the 
SPLMUCO of the loudspeaker when driven at max 
Vrms, then you can calculate the resulting reduction 
in SPL due to the thermal effects. Including this data 
on the loudspeaker specification sheet as well as the 
data files for room modeling programs may be helpful 
in this regard.

The max Vrms and SPLMUCO ratings for the 
loudspeaker characterize its performance for one 
scenario, or type of input signal. You can morph these 
ratings into other scenarios by changing the crest 
factor, distance, and desired SPL. This can be done 
mentally if you are proficient in decibel notation. The 
following example shows how to calculate this.

AMP SIZE

To determine the size of the amplifier needed to 
pass the speech signal without clipping, look at the 
signal’s crest factor, which is 15dB. You can calculate 
the peak voltage required from the amplifier using 
the following equation: 

Vpeak = Vrms 
(CF/20)

For the 15dB crest factor speech signal and 
required RMS voltage of 17.9V RMS, this gives a 
peak voltage requirement of 101 Vpeak. A sine 
wave, with its 3dB crest factor, which has this 
same peak voltage of 101 Vpeak, will have an RMS 
voltage of 71.4V RMS. An amplifier rated to deliver 
638W into an 8  load will meet this requirement. 
This is quite a bit larger than the equivalent 
amplifier size of 256W for this loudspeaker as 
determined by the toaster method using a 6dB 
crest factor signal.

A somewhat more direct method to determine 
the required amplifier size is given by the following 
equation:

RAS = EAS  10 ((CF-6dB- Gain possible + Gain required)10)

where:
EAS is the equivalent amplifier size given in the CLF 
file for the loudspeaker. 
CF is the crest factor of the anticipated program 
material. GainPossible is the gain given in the CLF 
file based on the maximum Vrms. GainRequired is 
the gain required for the loudspeaker to reach the 
desired SPL. Subtracting 6dB in the exponent of 
this equation is necessary because that is the crest 

FIGURE 3: Sine wave (red), IEC268 noise (green), and speech (black), all with the same RMS level, -15dB.
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factor of the signal used during the toaster test to 
determine the max Vrms, and subsequently EAS and 
GainRequired. For our example system design these 
values would be:

EAS = 256W
CF = 15dB
GainPossible = 21dB
GainRequired = 16dB

So, RAS = 256W  10 ((15dB-6dB-21dB+16dB)/10)

which reduces to RAS = 256W  10 (0.4)= 256 at  
2.51 = 643W

There is a slight difference, most probably due 
to rounding, between this value and the previously 
calculated 638W. This difference is not significant 
being less than 0.04dB. A 600 – 700W power 
amplifier is not exceeding large or difficult to obtain, 
so it may make for a good design decision to go this 
route. What if the same loudspeaker was used in an 
application requiring greater SPL? 

Say you needed 91dB SPL at 20m. This is 
equivalent to 97dB at 10m. This loudspeaker will 
require 19dB of gain to achieve this. Let me also 
account for some SPL loss due to power compression 
by adding another 2dB. This brings you to 21dB of 
gain required. Coincidentally, this is the limit of the 
gain possible for this loudspeaker, 21dB. For this 
higher required SPL you have:

RAS = 256W  10 ((15dB-6dB-21dB+21dB)/10) = 256W 
 10(0.9) = 256W  7.94 = 2.033W

This is a much larger power amp! But this is 
required to cleanly pass the 15dB crest factor 
program material without clipping. When this 
amplifier is supplying the required RMS voltage 
to achieve the desired SPL, the voltage peaks 
delivered to the loudspeaker will be approximately 
180 Vpeak! Many loudspeakers can withstand 
short, transient peaks of very high voltage. This 
will depend on the frequency content and time 
duration of the peaks as well as the loudspeaker 
design. It is always best to check with the 
manufacturer first or test the peak capabilities of 
the loudspeaker yourself before deploying such a 
system.

There are several items that you should keep in 
mind, in addition to the ones already mentioned, 

when sizing an amplifier with this method.
1. The spectral content of the program material is very 

important. If it is not similar to IEC268 noise, you 
should conduct a toaster test on the loudspeaker 
in question with 6dB crest factor noise of the 
appropriate spectrum. The reason for this is two-fold:
A. If there is too much voltage supplied to a 

loudspeaker driver in the frequency region 
close to or below its resonance frequency, 
the excursion of the driver may exceed its 
safe operating limits. This could result in 
mechanical damage to the driver. A peak 
output capabilities test is also very helpful in 
this regard.

B. If there is not enough voltage supplied to a 
loudspeaker driver in the frequency region 
close to its resonance frequency, relative 
to the overall RMS voltage, there may not 
be sufficient motion of the voice coil to 
adequately cool it. This could result in thermal 
damage to the driver.

2. When using larger amplifiers it is important to 
not allow them to be overdriven and clip. This 
can increase the RMS voltage delivered to the 
loudspeaker and exceed its max Vrms.

3. A decrease in the crest factor of the program 
material, due to either compression or different 
program material, may result in a greater RMS 
voltage delivered to the loudspeaker than its 
max Vrms. This will occur when the amplifier 
is driven just to, but not beyond, the point 
of clipping with a signal having a lower crest 
factor. This may result in the response of the 
loudspeaker changing by more than 3dB and also 
possible damage to the loudspeaker. Care should 
be taken in the system design to minimize the 
possibility of this occurring. Both RMS and peak 
limiters with appropriate time constants may be 
useful in this respect. 
I have examined a method to help determine the 

required amplifier size so that a given loudspeaker 
reproducing a given signal may achieve a target SPL 
at a specified distance and shown an example of how 
to calculate this. I have also touched on some of 
the reasons why you must be careful when driving 
loudspeakers with the very large amplifiers that may 
result from employing this method. I hope this method 
will be useful to those designing and deploying sound 
reinforcement and playback systems.                      VC
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Industry News and Developments
By Vance Dickason

InfoComm/NSCA 2010—Advance with AV
This year’s combined InfoComm 2010 Show and NSCA 

Expo will be held June 5-11 at the Las Vegas Convention 

Center. Now that NSCA and InfoComm have combined 

trade shows, the InfoComm is the third largest in the CE 

industry. CES is, of course, #1, with a 2009 attendance of 

110,000 visitors; NAMM was #2 at 86,000, InfoComm at 

32,000, and CEDIA with 29,000 visitors. In some ways, 

InfoComm and CEDIA shows are similar in that they both 

place significant emphasis on education and training as part 

of their show formula.

This year’s InfoComm trade show (Photo 1) has an edu-

cation program that encompasses the InfoComm Academy, 

Institute for Professional Development, NSCA University, 

Manufacturers training, ETCP (Entertainment Technician 

Certification Program), and AV Technical Tours. Classes 

relevant to the loudspeaker industry include Computer-

Based Design and Analysis Using EASE 4.3 (Bob Coffeen, 

Bruce Olson), Sound Reinforcement for Technicians (Pat 

Brown, Syn-Aud-Con), Designing Distributed Sound 

Systems and Meeting the Audio Coverage Uniformity 

(ACU) Standard (Rick Kamlet), Sound Reinforcement 

Design (David Marsh, Jarold Stevens), Acoustics Master 

Class (Steve Thorburn), Lights, Meter, Measure (A. Brawn, 

Berger, Shaw, Jeffreys, Yorgey, J. Brawn, Bocchiaro), Audio 

Coverage Uniformity Performance Standard Measurement 

Workshop (Fred Ampel, Joseph Bocchiaro), Smaart 

Fundamentals (Jamie Anderson), Acoustics in Architecture 

(Steve Thorburn), NFPA 72, Real World Application for 

Eminence Alphalite 

drivers, p. 8.

BONUS ARTICLES

Available only on the DIGITAL VERSION of 
Voice Coil. To Subscribe, see ad on p. 14.

Future Technological Workforces
By David Weinberg

E1

PHOTO 1: Presentation at Infocomm ’09.

Eminence Alphali
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2010 and Beyond: Measurement and Verification of System 

Speech Intelligibility (Donald Washburn), Conducting 

Acoustic Measurements (Steve Thorburn), and Designing 

Distributed Sound Systems and Meeting the Audio 

Coverage Uniformity (ACU) Standard (Rick Kamlet).

InfoComm expects over 900 exhibitors this year. Those 

exhibiting loudspeakers in one form or another include 

Allen & Heath, American Music & Sound, Anchor Audio, 

Audix, Bag End Loudspeakers, Behringer, Biamp Systems, 

Blue Sky, Bogen Communications, Bose, Celestion, 

Clear Sound, Community Professional Loudspeakers, 

Danley Sound Labs, DAS Audio, Denon and Marantz 

Professional, Electro-Voice, Epson America, Fender, 

Fishman Amplification, FZ Audio, Gold Line (TEF), 

Harman International, JBL Professional, Loud Art, LOUD 

Technologies/Eastern Acoustic Works, Mackie, Meyer 

Sound Laboratories, Mitek, Neutrik USA, Parts Express, 

Penton Audio, Polk Audio, Posh Speaker Systems, QSC, 

Radian Audio Engineering, Renkus-Heinz, SoundTube, 

Tannoy, TOA Electronics, Wharfdale, and Yorkville 

Sound. For more, visit the InfoComm 2010 website www. 

infocommshow.org.

PrismSound Loudspeaker Webinar
PrismSound will be hosting a no charge Webinar in con-

junction with Peter Larsen/LOUDSoft titled Loudspeaker 

System Design Part 1: Enclosure Design, High Power 

Levels and FINEBox. This is step one of designing a suc-

cessful loudspeaker system: defining, simulating, and refin-

ing the enclosure using FINEBox. This includes the box, 

baffle, and low frequency alignment, e.g., closed box, reflex 

(vented), ABR, bandpass and other enclosure types. Course 

topics include:

 Overview of box types, and what driver parameters do we 

need for each?

 Hi-fi speaker example; vented box

 Headphone/micro-driver example; closed box, band-pass, 

interport examples

 Power compression; what happens when we “turn up the 

heat?”

 Advanced topologies; multiple drivers, passive radiators

This webinar is expected to last around 40 minutes and 

will take place on June 9. To participate in the session 

you will need the Netviewer software which is available by 

downloading the NV_Meet_Participant_EN.exe file on the 

PrismSound website. It requires no installation; you just 

run it and enter the session number (supplied by e-mail 

when you register) and your name a few minutes before 

the session is due to begin. Registration for this course can 

be accomplished on the PrismSound website. This webinar 

uses a telephone conference for audio. The main telephone 

numbers are 0800 376 4751 in the UK (free within the 

UK) and in the US, 866-793-4273 (free within the US). 

When prompted, enter the code: 173042 followed by the 

# key.

The next LOUDsoft/PrismSound webinar will be pre-

sented on July 21, and is titled Loudspeaker System Design 

Part 2: Crossover Optimization and FINE X-over. Part 

two of designing a successful loudspeaker system includes 

defining, simulating, and refining the crossover network 

using FINE X-Over. This includes high-pass, low-pass, and 

band-pass filter sections, and optimization of the complete 

crossover network. Topics covered in this webinar include:

 Overview; the role of the crossover

 Hi-fi speaker example; 2-way system

 PA speaker example; 3-way system

 Off-axis responses

 Preventing blown amplifiers; setting a minimum imped-

ance target

 Preventing blown crossovers; checking power dissipation

 Component tolerance; how it affects acoustic response

You can also get the first in the webinar in the LOUDsoft 

series on demand on the PrismSound website. It was titled 

Loudspeaker Transducer Design Part 1: Motor Structures 

and FINEMotor. You can watch the likewise free webinar 

on designing a successful loudspeaker transducer that cov-

ered defining, simulating, and refining the electromagnetic 

circuit of a woofer using FINEMotor. This includes the 

voice coil, magnet(s), and steel structures. Topics covered in 

this discourse include:

 Overview of loudspeaker motor anatomy
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 Standard ceramic (external) motors; woofer example

 Standard neodymium (internal) motors; headset micro-

driver example

 Linearization techniques; offset coils and advanced pole 

piece geometries

 Advanced designs; magnetic shielding, edge-wound coils, 

ferrofluids

 Custom motor systems; importing flux profiles

This webinar is also expected to last around 40 minutes. For 

more, visit www.prismsound.com. 

More SoundCheck Training Webinars
If you want to hone your skills on your Listen Inc. 

SoundCheck analyzer, the company’s training webinar 

series will continue on the first Friday of each month 

until August 2010, with classes on Custom VIs/ActiveX, 

Statistics, and Messages, Serial Numbers & Recall. These 

are the final subjects in the series; since June 2009 these 

regular training courses have covered all the content of the 

SoundCheck basic, intermediate, and advanced training 

classes. As always, this training is free and will run at 9am 

and 1pm EST to offer convenient timing, whatever your 

time zone. Although there is no charge for the webinars, 

registration is required because you need to get a meeting 

number in order to participate. Here are the details of the 

next three webinars:

Friday, June 4, 2010, 9am and 1pm—Custom VIs/

ActiveX: A look at the process of controlling SoundCheck 

via ActiveX and integrating custom code through LabView 

VIs. Instructor: Zachary Rimkunas.

Friday, July 2, 2010, 9am and 1pm—Statistics: Learn 

how to use the statistics editor both as a running process 

control tool in a sequence as well as for offline calcula-

tions. Instructor: Brian Fallon.

Friday, Aug. 6, 2010, 9am and 1pm—Messages, 

Serial Numbers & Recall: This session will cover the set-

tings for several different step editors in SoundCheck 

and how to implement them within a test sequence. 

Instructor: Amandio Neves.

For more on this series, visit www.listeninc.com.

LMS Goes USB!
For those of you who may have hesitated buying a new 

LMS analyzer because you did not want to deal with round-

ing up an ISA bus computer, this issue has been rendered 

moot. The good news is that LinearX will be releasing its 

new USB version of LMS in the near future. The LMS 

analyzer has been a valuable electroacoustic analyzer tool 

for over 20 years, used extensively by many manufacturers 

worldwide for both R&D and production QC applications. 

Even 20 years after its original introduction, it provides a 

resolution/bandwidth product, with native log frequency 

resolution, and extensive software features that few FFTs 

can match.

While the LMS analyzer has traditionally only been 

offered in an ISA card form, all new production will now be 

based on an External Chassis with USB Interface. LMS-5 is 

powered from an external 12V DC/1A source, either by the 

provided universal 120/240V AC adapter, or directly from 

an auto 12V DC system (Photo 2).

“After the last LMS production run, we were faced with 

more components becoming obsolete. Some of the other 

through-hole components were also becoming very diffi-

cult to obtain and/or had long lead times. The LMS board 

would have to be redesigned to solve these issues,” said 

Chris N. Strahm, President of Research & Development 

for LinearX. “At the same time, our PAC-4 stock was also 

exhausted and it too was a legacy through-hole design with 

component availability issues. Looking at all of the options, 

and since the LMS had to be redesigned regardless, we felt 

the best solution to address all of the issues at once was to 

produce an LMS USB version.”

The LMS-5 USB analyzer will also feature several 

improvements and new features including:

• Additional 20dB gain stage to expand dynamic range and 

lower noise floors

• Additional line input to allow both V & I to be measured 

for true impedance (VI-Box)

• Larger 100mA current capability for 9V LVP interface to 

support M50 mikes and LP201 accel preamp

• Improved/smoother oscillator transitions between decade 

range changing

• Improved/faster level detector for increased measurement 

sweep rates

• Improved external overvoltage protection of all inputs

• Additional 16 lines of digital I/O on DB25M connector 

for macro control of relays, servos, and so on for QC

• Onboard EEPROM storage of calibration data

• Updated LMS-5 Win32 application software with new 

USB Win32 driver

• Multiplexed measurements for single pass triple curves: 

dual line inputs & mike input

• Additional software and macro features, including mul-

tiple LT360 turntable support 

• Chassis: height 1.75 , width 4.5 , length 9 , 1.5 lbs. 

PHOTO 2: The LMS-5 USB analyzer.
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The pricing for the LMS-5 system will likely be unchanged 

from the previous version at $1395. However, an upgrade/

exchange option will also be offered for existing customers 

who wish to exchange their ISA analyzer boards for $695. 

In order to provide the lowest possible cost, the ISA boards 

must be returned for exchange. There are many costly and 

critical ICs on the ISA board that will be recycled and 

reused on the USB version. Because the PAC-4 (Portable 

Analyzer Chassis) product was based on ISA slots, it will 

no longer be necessary for the LMS-5 USB version, and 

will likely be discontinued. Full product information can 

be viewed/downloaded from www.linearx.com, or contact 

sales@linearx.com for more details.

Call for Papers for the 129th AES Convention
This year’s 129th AES Convention will be held November 

4-7, at the Moscone Center in San Francisco (Photo 3). The 

AES 129th Convention Committee invites submission of tech-

nical papers for presentation at the meeting. By July 7, a pro-

posed title, 60- to 120-word abstract, and 500- to 750-word 

précis of the paper must be submitted electronically to the AES 

129th proposal submission site www.aes.org/129th_authors.

Submission acceptances began March 17. Presenting 

authors (one per paper) who are members of the AES or 

student members are required to pay 60% of the member or 

student convention registration fees to receive a CD-ROM 

of the papers. Presenting authors who are nonmembers 

will pay the full nonmember registration fee and receive a 

CD-ROM. Acceptance of proposed papers will be deter-

mined by a review committee based on an assessment of 

the abstract and précis. Presenting authors who are student 

members and whose papers are accepted for presentation 

will be eligible for the Student Paper Award. 

The précis must clearly describe the work performed, 

methods employed, conclusions, and significance of the 

paper with respect to other published work in the field. 

During the online submission process you will be asked 

to specify whether you prefer to present your paper in a 

lecture or poster session. Highly detailed papers are better 

suited to poster sessions, which permit greater interaction 

between author and audience. The convention committee 

reserves the right to reassign papers to any session. Whether 

a lecture or a poster, a complete electronic manuscript 

submitted before September 8 is required before the paper 

can be accepted for presentation at the convention. During 

the submission process, authors will be asked whether their 

convention papers should be considered for possible pub-

lication in the AES Journal. For more, visit www.aes.org.

Call for Papers for the 2011  
ALMA Winter Symposium

A “Call for Papers” has been issued for ALMA International’s 

2011 Winter Symposium, “Loudspeaker Design and 

Development: Yesterday, Today and Tomorrow.” The 22nd 

ALMA International Winter Symposium will be held in Las 

Vegas Jan. 4-5, 2011. This event marks the 50th anniver-

sary of the founding of ALMA, the only international trade 

association dedicated to improving the design and manu-

facture of loudspeakers. The 2011 program will highlight 

the 50-year legacy of ALMA by looking back at historical 

accomplishments and projecting into the future.

Technical papers are invited and abstracts will be evalu-

ated on the basis of their overall quality and relevance to the 

theme of the symposium, relevance and value to the loud-

speaker industry, and practical feasibility and usage of topic 

and information presented.  Each paper session is scheduled 

to last 30 minutes, and up to four papers will be selected. 

Presenters should submit to ALMA:

 A title

 A 75 word or less abstract/summary suitable for reprint-

ing in pre-symposium promotional literature

 The name, address, phone number, and a short biography 

of the presenter(s)

 A list of any special equipment needed

Presenters must be able to supply copies of presentation 

in electronic format by December 10, 2011 (Powerpoint, 

MS Word or PDF) for inclusion on the show proceedings 

CD. Submissions should be e-mailed to management@

almainternational.org. The closing date for the submission 

of abstracts is August 15, 2010.  

New Henkel Reformulated  
Loctite Cyanoacrylate Adhesives

Henkel Corporation has reformulated three Loctite cyanoac-

rylates to offer improved performance and stability for bonding 

to a wide variety of substrates (Photo 4). The reformulated ver-

sions of Loctite® 4203, 4204, and 4205 Prism Instant Adhesives 

withstand temperatures up to 250  F, fixture and cure more 

rapidly, and offer excellent impact and peel resistance.

Loctite 4203 Prism Instant Adhesive is a low-viscosity, 

PHOTO 3: The Moscone Center for AES 129.

PHOTO 4: Loctite Henkel adhesive.

Owner
Highlight
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clear cyanoacrylate formulation designed to bond close-fit-

ting parts. Loctite 4204 Prism Instant Adhesive is a medium-

viscosity clear cyanoacrylate formulation for general-purpose 

bonding. Loctite 4205 Prism Instant Adhesives is a clear, 

sag-resistant gel cyanoacrylate formulation suitable for verti-

cal or overhead applications and for use on porous surfaces. 

  These thermal-resistant, rubber-toughened, surface-insen-

sitive cyanoacrylate cure rapidly on a wide variety of 

substrates including plastics, metals, rubber, fiberglass, 

neoprene, and more. They can be used in the assem-

bly of electric motors, kitchenware, marine components, 

military devices, microelectronics, and other industrial 

assembly applications. They are also suitable for gasket 

bonding. For more information on the new and improved 

Loctite 4203, 4204, and 4205 Prism Instant Adhesives, go 

to www.instant.loctite.com. For technical assistance, call 

1-800-LOCTITE (800-562-8483).

New Version of Infolytica Magnet Software
Infolytica has recently released its latest version of Magnet 

magnetic simulation software, MagNet v7.1, which allows 

users to simulate the magnetization process. The magnetic 

field strength inside the permanent magnet component will 

be determined by the magnetization pattern and source cur-

rent in the magnetizing coils. The result will be a permanent 

magnet for which each point inside will have a different recoil 

loop depending on the flux density that it has reached during 

the magnetization process. MagNet v7 also introduces new 

parallel computing 3D solvers which are optimized to take full 

advantage of multicore processors. For computational inten-

sive design problems, the simulation time is reduced signifi-

cantly due to better management of the cores. The new release 

expands on the software’s support for multicore processing: 

 Parallel computing 2D solvers (static, AC, transient, and 

transient fields with moving components) 

 Running concurrent sessions of MagNet solvers in 2D or 3D 

With this new feature, users can control the number of 

cores dedicated to a particular 2D or 3D solve, increasing 

the number for more computational demanding problems, 

or distribute the multicore processing to run several con-

current sessions of MagNet. For larger core machines, sev-

eral concurrent sessions of multicore solves can take place. 

Other new features include: 

 Modeling Nonlinear Surface Impedance: the effects of 

nonlinear BH properties are accounted for when comput-

ing surface impedances 

 Faster core loss calculations 

 Improved meshing and remeshing in 2D

 New Magnequench NdFeB magnets and other refine-

ments to materials database 

MagNet version 7 is now available. Maintained clients can 

visit support.infolytica.com to download version 7.1 or read 

the Release Notes for full details. To request an evaluation, 

live demo or pricing information, please contact your local 

Infolytica Corporation representative. For more informa-

tion, check out www.infolytica.com.  VC
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Test Bench

Home and Pro  
Midrange Drivers
By Vance Dickason

�his month’s drivers are both intended for dedicated 

midrange applications—one for pro sound, the other 

for home audio. From the Eminence Alphalite series comes 

the 6.5  Alphalite 6A midrange/midbass woofer, and from 

the new Scan-Speak Discovery series you have the 4  

10F/4424G00.

Eminence Alphalite 6A
Eminence sent a new 6.5  from their lightweight 

Professional Neodymium Series, the Alphalite 6A (Photo 
1), which, along with the Kappalite and Deltalite series, 

makes up the neo woofer/midrange offering from 

Eminence. Features include a lightweight curved profile 

uncoated treated paper cone, a 1.5  diameter uncoated 

solid composition paper dust cap, and a stamped steel 

frame. Cooling is provided by a 0.81  (20mm) pole type 

vent. Compliance is provided by a two-roll pleated coated 

cloth surround and by a 3.5  diameter elevated cloth 

spider.

The motor assembly is powered by a neodymium ring 

magnet with conventional-looking steel front and back 

plates. Driving the cone assembly is a voice coil that con-

sists of a 38.1mm (1.5 ) diameter polyimide (Kapton) 

former wound with round copper wire. Voice coil tinsel 

lead wires terminate to a standard pair of solderable ter-

minals. 

I began testing with the driver clamped to a rigid test 

fixture in free-air, and, using a LinearX LMS analyzer and 

VIBox, produced both voltage and admittance (current) 

curves at 0.3V, 1V, 3V, 6V, and 10V. I post-processed 

all ten 10Hz-20kHz 550-point stepped sine wave curve 

pairs for each sample and divided the voltage curves by 

the current curves producing the five impedance curves. 

The impedance curves each had the LMS phase calcula-

tion procedure applied and, along with the voltage curve 

for each sweep, were imported to the LEAP 5 Enclosure 

PHOTO 1: Eminence Alphalite 6A.
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Shop CAD program. Because most T/S data provided 

by OEM manufacturers is produced employing either a 

standard T/S model or the LinearX LEAP 4 TSL model, I 

additionally produced a LEAP 4 TSL model using the 1V 

free-air curves.

I selected the complete curve set, the multiple voltage 

impedance curves for the LTD model (see Fig. 1 for the 

1V free-air impedance curve), and the 1V impedance 

curves for the TSL model in the transducer derivation 

menu in LEAP 5 and produced the parameters for the 

computer box simulations. Table 1 compares the LEAP 

5 LTD and TSL data and factory parameters for both 6A 

samples.

Thiele/Small parameter results for the Eminence 6.5

midrange/woofer were close to the factory data, with some 

variance in the Vas and SPL. Please note that the SPL dif-

ference, which was rather small with this woofer, is due to 

two different calculation methods. The LEAP 5 SPL data is 

a calculated number that is intended to represent mid band 

sensitivity. Eminence sensitivities are expressed as the aver-

age output across the usable frequency range when applying 

1W/1m into the nominal impedance (2.83V/8 , 4V/16 , 

and so on), which is perhaps a more accurate presentation 

of overall sensitivity of a driver than the calculated sensitiv-

ity method. 

The only caveat to this is that in the long run, no matter 

what the sensitivity number of any woofer is, the number 

you end up with for sensitivity depends on your applica-

tion. If a woofer were used as a standalone design as a 

woofer, the resulting sensitivity would be no higher than 

that at the knee of the high-pass rolloff and you would 

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

 TSL model  LTD model  Factory
 sample 1 sample 2 sample 1 sample 2

FS 113.0Hz 108.5Hz 112.8Hz 107.2Hz 125.6Hz      
Revc 7.28 7.25 7.28 7.25 7.3    
Sd 0.0129 0.0129 0.0129 0.0129 0.0130
Qms 2.93 3.43 3.07 3.52 6.30      
Qes 0.61 0.59 0.62 0.60 0.61   
Qts 0.50 0.50 0.51 0.51 0.56         
Vas 6.06 ltr 6.57 ltr 6.18 ltr 6.83 ltr 4.92 ltr     
SPL 2.83V 93.4dB 93.4dB 93.3dB 93.3dB 94.0dB        
Xmax 3.5mm 3.5mm 3.5mm 3.5mm 3.5mm

10  Hz 20 50 100 200 500 1K 2K 5K 10K 20K

 Ohm

1
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20

30

40

50
Impedance vs Freq

FIGURE 1: Eminence Alphalite 6A free-air impedance plot.
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end up throwing away all that sensitivity with the cross-

over design (this would also depend on the measurement 

domain required by the application, anechoic or half-space). 

Conversely, if the same woofer were used as a midrange in a 

larger system, the available sensitivity would be closer to the 

Eminence published number.

The only other variance that puzzled me was the Qms 

number. Mine looked like an aluminum former, while the 

factory Qms was more in line with the specified Kapton 

former. That said, I proceeded to program computer 

enclosure simulations using the LEAP LTD parameters for 

sample 1 using the sealed and vented enclosure sizes and 

tuning listed for this driver on the Eminence website. This 

included a 0.18ft3 closed box with 50% fiberglass fill mate-

rial (suggested for midrange applications), and a 0.55ft3 

vented box alignment with 15% fiberglass fill material and 

tuned to 82.5Hz.

Figure 2 depicts the results for the Alphalite 6A in the 

sealed and vented boxes at 2.83V and at a voltage level high 

enough to increase cone excursion to Xmax + 15% (4mm). 

This calculation resulted in a F3 frequency of 149Hz with 

a Qtc = 0.71 for the 0.18ft3 sealed enclosure and –3dB = 

77Hz for the 0.55ft3 vented box simulation. Increasing the 

voltage input to both simulations until the maximum linear 

cone excursion was reached resulted in 116dB at 45V for the 

smaller sealed enclosure and 115dB with a 36V input level 

for the larger vented box (see Fig. 3 and Fig. 4 for the 2.83V 

group delay curves and the 45/36V excursion curves).

Klippel analysis for the Alphalite 6A produced the 

Bl(X), Kms(X) and Bl and Kms symmetry range plots 

given in Figs. 5-8. The Bl(X) curve (Fig. 5) is fairly nar-

row, but as you would expect for a short to moderate Xmax 

10  Hz 20 50 100 200 500 1K

dBSPL
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SPL vs Freq
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10  Hz 20 50 100 200 500 1K
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0

5m

10m

15m

20m

Time vs Freq

10  Hz 20 50 100 200 500 1K

 M

100u

200u

500u

1m

2m

5m

10m

Excursion vs Freq

FIGURE 2: Eminence Alphalite 6A computer box simulations (A = sealed 

at 2.83V; B = vented at 2.83V; C = sealed at 45V; D = vented at 36V).

FIGURE 5: Klippel Analyzer Bl (X) curve for the Eminence Alphalite 6A.

FIGURE 6: Klippel Analyzer Bl symmetry range curve.

FIGURE 7: Klippel Analyzer mechanical stiffness of suspension Kms (X) 

curve for the Eminence Alphalite 6A.

FIGURE 3: Group delay curves for the 2.83V curves in Fig. 2.

FIGURE 4: Cone excursion curves for the 45/36V curves in Fig. 2.
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(3.5mm) pro driver, is very symmetrical with a very small 

amount of coil-in offset. Looking at the Bl symmetry plot 

(Fig. 6), this curve is offset a trivial 0.16mm coil-in at 

the rest position gradually rising to zero offset at physical 

Xmax of the driver. Figures 7 and 8 give the Kms(X) 

and Kms symmetry range curves for the 6.5  woofer/

midrange. The Kms(X) curve is very symmetrical with a 

very small amount of coil-out offset. Looking at the Kms 

symmetry range curve, there is 0.5mm coil-out offset at 

rest decreasing to nearly zero offset at the physical Xmax 

of the driver.

Displacement limiting numbers calculated by the Klippel 

analyzer for the Alphalite 6A were XBl at 82% Bl = 2.3mm 

and for XC at 75%, Cms minimum was 4.8mm, which 

means that for the 6A, the Bl is the most limiting factor 

at the prescribed distortion level of 10%. Figure 9 gives 

the inductance curves L(X) for the Eminence 6.5  woofer/

midrange.

Inductance will typically increase in the rear direction 

from the zero rest position as the voice coil covers more 

pole area, which is not what you see with this style of motor. 

From Xmax out to Xmax in, the inductance range is only 

0.54mH to 0.60mH, which is obviously only a 0.06mH 

delta.

Next I fired up the Listen Inc. SoundCheck analyzer and 

set it up for distortion measurements. I set the SPL at 1m 

with the 6.5  Eminence woofer mounted in free-air using 

a noise stimulus to 104dB (13.5V) at 1m, my standard for 
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FIGURE 8: Klippel Analyzer Kms symmetry range curve.

FIGURE 9: Klippel Analyzer Le(X) curve for the Eminence Alphalite 6A.
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pro sound products. The Alphalite 6A produced the dis-

tortion curves shown in Fig. 10. Following the distortion 

measurements, I mounted the 6.5  Eminence midrange/

woofer in an enclosure with a 12   8  baffle to make the 

impulse measurement. I imported this into Listen Inc.’s 

SoundMap software, windowed to remove the room reflec-

tions, and produced the CSD waterfall plot in Fig. 11 and 

the Wigner-Ville plot in Fig. 12.

For the remaining series of SPL measurements, using the 

same enclosure as with the impulse response, I then measured 

the driver frequency response both on- and off-axis from 

300Hz to 20kHz with a 100 point resolution at 2.83V/1m 

using a gated sine wave method. Figure 13 depicts the 

FIGURE 10: Eminence Alphalite 6A SoundCheck distortion plots.

FIGURE 11: Eminence Alphalite 6A SoundCheck CSD waterfall plot.

FIGURE 12: Eminence Alphalite 6A SoundCheck Wigner-Ville plot.
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Alphalite 6A on-axis response, yielding a very smooth rising 

response out to 3.4kHz followed by a twin peak breakup 

often caused by the surround termination to the cone. 

Figure 14 illustrates the off-axis frequency response at 0, 15, 

30, and 45 . -3dB at 30  with respect to the on-axis curve 

occurs at 2.4kHz, which is in the vicinity of the typical 2.5-

3kHz frequently used for 6.5  drivers with 1  domes, but 

with a horn—anywhere lower than that is appropriate. 

And last, Fig. 15 gives the two-sample SPL comparisons, 

showing both samples very closely matched. As is always 

the case, the 6A represents another well-crafted product 

from Eminence. For more information on these and other 

Eminence Pro drivers, visit www.eminence.com.

Professional Speakerbox &  
Wooden Products Manufacturer
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FIGURE 13: Eminence Alphalite 6A on-axis frequency response.

FIGURE 14: Eminence Alphalite 6A on- and off-axis frequency response.

FIGURE 15: Eminence Alphalite 6A two-sample SPL comparison.
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Scan-Speak 10F/4424G00
Next I began collecting data on the Scan-Speak 4  diam-

eter 10F/4424G00 (Photo 2), the new midrange addi-

tion to the price-sensitive Discovery line. Small-diameter 

midrange drivers have been an important product with 

Scan-Speak from the company’s inception, and it appears 

that the tradition is continuing. The 10F is built on a cast 

aluminum frame with a neodymium ring magnet motor 

sandwiched between two plates in a fashion similar to a 

standard ceramic ferrite motor. Features include a fiber-

glass cone, fiberglass 1  diameter dust cap, NBR rubber 

surround, 2.25  diameter flat cloth spider, 0.8  (20mm) 

diameter voice coil, and gold-plated terminals.

Testing commenced with the driver clamped to a rigid 

test fixture in free-air and voltage and current sweeps taken 

at 0.3V, 1V, 3V, and 6V.  Because this is a small-diameter 

driver, the 6V data was too nonlinear for LEAP 5 to 

curve-fit, and was not included. I post-processed the six 

550-point stepped sine wave sweeps for each 10F midrange 

sample and divided the voltage curves by the current curves 

(admittance) to produce impedance curves, phase added 

using LMS calculation method, and along with the accom-

panying voltage curves, uploaded to the LEAP 5 Enclosure 

Shop software. 

In addition to the LEAP 5 LTD model results, I also 

produced a LEAP 4 TSL model set of parameters using 

just the 1V free-air curves. I selected the final data set, 

which includes the multiple voltage impedance curves for 

 TSL model  LTD model  Factory
 sample 1 sample 2 sample 1 sample 2

FS 94.6Hz 91.0Hz 89.9Hz 89.6Hz 90Hz      
REVC 3.15 3.22 3.15 3.22 3.2    
Sd 0.0035 0.0035 0.0035 0.0035 0.0036
QMS 2.87 2.86 2.60 2.65 3.21      
QES 0.37 0.38 0.39 0.35 0.32   
QTS 0.33 0.34 0.34 0.31 0.30         
VAS 1.8 ltr 1.9 ltr 2.0 ltr 2.0 ltr 2.0 ltr     
SPL 2.83V 88.0dB 87.7dB 87.5dB 88.0dB 89.8dB        
XMAX 2.6mm 2.6mm 2.6mm 2.6mm 2.6mm    

�������	��������� ��!"�##�#$!!��������

PHOTO 2: Scan-Speak 10F.
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the LTD model (see Fig. 16 for the 1V free-air impedance 

curve) and the 1V impedance curve for the TSL model, and 

produced the parameters in order to perform the computer 

box simulations. Table 2 compares the LEAP 5 LTD and 

TSL data and factory parameters for both Scan-Speak 4  

samples.

LEAP parameter calculation results for the 10F mid are 

close to the factory data, although the LEAP calculated sen-

sitivity was about 2dB lower. Given this, I proceeded to set 

up computer enclosure simulations using the LEAP LTD 

parameters for Sample 1. Even though this is a dedicated 

midrange driver and will no doubt have a high-pass filter 

anywhere from 300-500Hz, I still performed box simula-

tions, which will give a good idea what volume to make an 

enclosure where the impedance peak will be more manage-

able when implementing a passive network. I programmed 

in two enclosures, one sealed and the other vented. For 

the first closed box simulation I used a 30.2in3 enclosure 

with 50% fiberglass fill material, and for the second vented 

box, a larger volume of 46in3 Qb3 with 15% fiberglass fill 

material.

Figure 17 displays the results for the 10F/4424G00 in 

the sealed and ported boxes at 2.83V and at a voltage level 

high enough to increase cone excursion to Xmax + 15% 

(3mm). This resulted in a F3 = 186Hz with a box/driver 

Qtc of 0.67 for the 30.2in3 design and a –3dB = 149Hz for 

the 45.9in3 vented simulation. Increasing the voltage input 

to the simulations until the maximum linear cone excur-
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FIGURE 16: Scan-Speak 10F/4424G00 free-air impedance plot.

FIGURE 17: Scan-Speak 10F/4424G00 computer box simulations (A = sealed 

at 2.83V; B = vented at 2.83V; C = sealed at 14V; D = vented at 14V).
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sion was reached generated 104dB at 14V for the sealed 

enclosure simulation and 105dB with same 14V input 

level for the larger vented box (see Figs. 18 and 19 for the 

2.83V group delay curves and the 14V excursion curves). 

As mentioned above, the 10F, as with any midrange, will 

be used in conjunction with a bandpass filter network, but 

this information can help locate an appropriate crossover 

frequency. It is often difficult to locate the high-pass section 

of a bandpass filter within one octave of the resonance of 

a midrange device and often requires an LCR conjugate 

circuit to prevent the circuit interaction.

Klippel analysis for the 10F midrange produced the Bl(X), 

Kms(X) and Bl and Kms symmetry range plots given in Figs. 
20-23. The Bl(X) curve (Fig. 20) is moderately broad and 

fairly symmetrical; however, the offset is substantial. Looking 

at the Bl symmetry range curve in Fig. 21, there is a 1.7mm 

forward (coil out) offset that goes to 1.3mm at the physical 

Xmax position (2.6mm), which would seem to indicate a 

deliberate forward offset from magnetic center. Figures 22 

and 23 give the Kms(X) and Kms symmetry range curves for 

the FR. The Kms(X) curve has some asymmetry, but because 

the application is a midrange that will most always have a 

bandpass filter associated with it, excursion will always be 

limited, making this data not so important. 

There is no offset at the rest position, and it only increas-

es to less than 0.5mm at the physical Xmax. Displacement 

limiting numbers calculated by the Klippel analyzer for the 

10  Hz 20 50 100 200 500 1K

 Sec

0

2.5m

5m

7.5m

10m

Time vs Freq

10  Hz 20 50 100 200 500 1K

 M

100u

200u

500u

1m

2m

5m

10m

Excursion vs Freq

FIGURE 18: Group delay curves for the 2.83V curves in Fig. 17.

FIGURE 19: Cone excursion curves for the 14V curves in Fig. 17.
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FIGURE 20: Klippel Analyzer Bl (X) curve for the 10F/4424G00.

FIGURE 21: Klippel Analyzer Bl symmetry range curve.

FIGURE 22: Klippel Analyzer mechanical stiffness of suspension Kms (X) 

curve for the Scan-Speak 10F/4424G00.

FIGURE 23: Klippel Analyzer Kms symmetry range curve.
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midrange were XBl at 82% Bl = 1.4mm and for XC at 

75% Cms minimum was 1.9mm, which means that for 

this 4  mid, the Bl offset is the most limiting factor for 

the prescribed distortion level of 10%, but again, when 

used in its intended application with excursion limited by 

the high-pass section of a bandpass network likely 400Hz 

or higher in frequency, will keep distortion considerably 

lower. Figure 24 gives the inductance curves L(X) for the 

10F/4424G00, which shows a very small 0.02mH induc-

tance change across the operating range.

With the Klippel testing finalized, I mounted the 10F 

midrange in an enclosure which had a 15   5  baffle 

and was filled with foam damping material and proceeded 

to measure the driver frequency response both on- and 

off-axis from 300Hz to 40kHz at 2.83V/1m using a 100-

point gated sine wave sweep. Figure 25 depicts the on-axis 

response displaying a smooth rising response to about 

1.7kHz, flattening out above that frequency. Figure 26 has 

the on- and off-axis frequency response at 0, 15, 30, and 

45 . –3dB at 30  with respect to the on-axis curve occurs at 

4.8kHz, so a 3-4kHz crossover frequency would be appro-

priate for this Scan-Speak midrange driver. And finally, Fig. 
27 gives the two-sample SPL comparisons for the 4  10F 

driver, showing a good match within the operating range.

For the last body of testing on the Scan-Speak mid-

range, I again fired up the SoundCheck analyzer (courtesy 

of Listen Inc.) and SCM microphone and power supply 

to measure distortion and generate time frequency plots. 
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FIGURE 24: Klippel Analyzer L(X) curve for the Scan-Speak 10F/4424G00.

FIGURE 25: Scan-Speak 10F/4424G00 on-axis frequency response.
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Setting up for the distortion measurement again consisted 

of mounting the woofer rigidly in free-air, and the SPL set 

to 94dB at 1m (4.4V) using a noise stimulus (SoundCheck 

has a software generator and SPL meter as two of its 

utilities), and then measuring the distortion with the SCM 

microphone placed 10cm from the dustcap. This produced 

the distortion curves shown in Fig. 28.

For the last test on the 10F, I used the SoundCheck analyzer 

to get a 2.83V/1m impulse response for this driver and import-

ed the data into Listen Inc.’s SoundMap Time/Frequency soft-

ware. The resulting CSD waterfall plot is given in Fig. 29 and 

the Wigner-Ville (for its better low-frequency performance) 

plot in Fig. 30. For more on this midrange and all the other 

great Scan-Speak drivers, visit www.scan-speak.dk.  VC
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FIGURE 26: Scan-Speak 10F/4424G00 on- and off-axis frequency response.

FIGURE 27: Scan-Speak 10F/4424G00 two-sample SPL comparison.

FIGURE 28: Scan-Speak 110F/4424G00 SoundCheck distortion plots.
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Sample Submission for Test Bench
Test Bench is an open forum for OEM driver manufacturers in the industry 

and all OEMs are invited to submit samples to Voice Coil for inclusion in 

the monthly Test Bench column. Driver samples can be for use in any sector 

of the loudspeaker market including transducers for home audio, car audio, 

pro sound, multimedia, or musical instrument applications. While many 

of the drivers featured in Voice Coil come from OEMs that have a stable 

catalog of product, this is not a necessary criterion for submission. OEM 

manufacturers are encouraged to send samples of woofers, midranges, or 

tweeters they think are representative of their work. However, please contact 

Voice Coil Editor Vance Dickason prior to submission to discuss which driv-

ers are being submitted. Samples should be sent in pairs and addressed to:

Vance Dickason Consulting

333 S. State St., #152

Lake Oswego, OR 97034

(503-557-0427)

vdc@northwest.com

All samples must include any published data on the product, patent infor-

mation, or any special information necessary to explain the functioning of the 

transducer. This should include details regarding the various 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 lead wires removed).

FIGURE 29: Scan-Speak 10F/4424G00 SoundCheck CSD waterfall plot.

FIGURE 30: Scan-Speak 10F/4424G00 SoundCheck Wigner-Ville plot.



22 VOICE COIL

Acoustic Patents 
By James Croft

�he following loudspeaker-related patents were filed 

primarily under the Office of Patent and Trademarks 

classification 181 for acoustical devices and 381 for electri-

cal-signal processing systems and HO4R for international 

patents. This also includes new patent applications that are 

published in the Patent Application Journal.  

SEAT ELECTROACOUSTICAL TRANSDUCING 

Patent Number: US 7,688,992

Granted: March 30, 2010

Inventors: Richard Aylward, Charles R. Barker, III 

(Framingham, Mass.)

Assignee: None listed

Filed: September 12, 2005

US Class: 381/388, 20 Claims, 17 drawings

ABSTRACT FROM PATENT
An acoustic device, including an acoustic enclosure and 

a first electroacoustical transducing apparatus comprising 

a motor structure providing mechanical vibration, the 

vibration having a direction of vibration, mounted in the 

acoustic enclosure. The acoustic device is constructed and 

arranged so that first pressure waves are radiated from a first 

radiation point and second pressure waves are radiated from 

a second radiation point so that the first pressure waves and 

the second pressure waves destructively interfere at observa-

tion points relatively equidistant from the first and second 

radiation points. The acoustic device is further constructed 

and arranged to be structurally combined with a seating 

device so that the first radiation point is relatively close to 

the head of an occupant of the seating device and so that 

the second radiation point is relatively far from the head of 

the occupant (Fig. 1). The acoustic device is further con-

structed and arranged to transmit the mechanical vibration 

to the seat back.

FIGURE 1: US patent 7,688,992.
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INDEPENDENT CLAIMS
“1. An acoustic device, comprising: an acoustic enclo-

sure; a first electroacoustical transducing apparatus com-

prising a motor structure providing mechanical vibration, 

the vibration having a direction of vibration, mounted in 

the acoustic enclosure; the acoustic device constructed and 

arranged so that first pressure waves are radiated from a 

first radiation point and second pressure waves are radiated 

from a second radiation point and so that the first pressure 

waves and the second pressure waves destructively interfere 

at observation points relatively equidistant from the first 

and second radiation points; the acoustic device further 

constructed and arranged to be structurally combined with 

a seating device so that the first radiation point is relatively 

close to the head of an occupant of the seating device and 

so that the second radiation point is relatively far from the 

head of the occupant; and the acoustic device further con-

structed and arranged to transmit the mechanical vibration 

to the seat back.

“13. Apparatus comprising: a seating device comprising 

a seat back; a transducer constructed and arranged to be 

structurally combined with the seating device, the trans-

ducer comprising a linear motor; wherein the linear motor 

is mechanically coupled to a pressure wave radiating dia-

phragm having a first surface and a second surface to radiate 

acoustic energy and also mechanically coupled to the seat 

back to transmit mechanical vibration of the linear motor 

to the seat back, further comprising an acoustic enclosure 

having a first radiation point and a second radiation point 

wherein the transducer is mounted in the acoustic enclosure 

so that pressure waves radiated by a first diaphragm surface 

leave the enclosure through the first radiation point and so 

that the pressure waves radiated by a second diaphragm sur-

face leave the enclosure through the second radiation point.

“15. Apparatus comprising: a seating device comprising 

a seat back; a transducer constructed and arranged to be 

structurally combined with the seating device, the trans-

ducer comprising a linear motor; wherein the linear motor 

is mechanically coupled to a pressure wave radiating dia-

phragm having a first surface and a second surface to radiate 

acoustic energy and also mechanically coupled to the seat 

back to transmit mechanical vibration of the linear motor 

to the seat back, further comprising a directional loud-

speaker, constructed and arranged to radiate sound so that 

the direction toward the position typically occupied by an 

occupant of the seat is a high radiation direction, wherein 

the transducer is constructed and arranged to radiate bass 

frequencies and to not radiate frequencies above the bass 

frequency range and wherein the directional loudspeaker is 

constructed and arranged to radiate frequencies above the 

bass frequency range.

“16. Apparatus comprising: a seating device comprising 

a seat back; a transducer constructed and arranged to be 

structurally combined with the seating device, the trans-

ducer comprising a linear motor; wherein the linear motor 

is mechanically coupled to a pressure wave radiating dia-

phragm having a first surface and a second surface to radiate 

acoustic energy and also mechanically coupled to the seat 
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back to transmit mechanical vibration of the linear motor 

to the seat back, wherein the transducer is constructed and 

arranged to radiate bass frequencies and to not radiate fre-

quencies above the bass frequency range.

“17. An acoustic enclosure comprising: structure defining a 

first chamber and a second chamber, each having an interior 

and an exit point; a mounting location for an electroacoustical 

transducer having a diaphragm having a first radiating surface 

and a second radiating surface, the mounting location config-

ured so that the first radiating surface of a transducer mounted 

in the mounting location faces the first chamber interior and 

the second radiating surface faces the second chamber interior; 

wherein the acoustic enclosure is constructed and arranged to 

be mountable to a seat having a seat back so that the first cham-

ber exit point is near the head location of a person seated in the 

seat, so that the second chamber exit is distant from the head 

location of a person seated in the seat, and so that mechanical 

vibration generated by a transducer mounted in the mounting 

location is mechanically transmitted to the seat back.”

REVIEWER COMMENTS 
The invention relates to a novel configuration based on the 

concept of near-field bass systems. Near-field woofer systems 

have been utilized in the prior art, most notably by Dr. Poh Ser 

Hsu of HSU Research, with the MBM-12 Mid-bass Module. 

The idea is to utilize a woofer (preferably below 150Hz, down 

to at least 50Hz) with placement as close to the listener’s ears 

as possible, such as being placed behind a couch, up at ear level 

and within less than a half meter from the central listener’s 

head. By substantially increasing the direct versus reflected 

sound through near-field placement, many advantages are 

achieved, including minimized room effects by way of a sub-

stantial attenuation of the audible effects of standing waves, 

and reduced distortion/greater headroom, due to reduced 

input power providing greater sound pressure level. 

These types of systems can be quite striking at reducing 

low frequency room coloration and increasing dynamic 

headroom, providing the clean mid-bass usually associated 

with high quality headphone listening. The approach is a 

very good alternative to the popular practice of multiple sub-

woofers, placed asymmetrically, to smooth the room response 

in the mid-bass range. With the use of a near-field, mid-bass 

woofer system, you can utilize a single, deep bass subwoofer, 

placed in a corner for maximum coupling efficiency, while 

avoiding the severe peaks and dips in the response that often 

occur in the mid and upper bass frequencies.

Negatives of this type of design mostly relate to the level 

differences that can be substantial with different listening 

distances from the near-field device, making it more diffi-

cult to achieve consistent mid-bass levels for multiple listen-

ers or significant changes in listener head locations. In the 

prior art, most near-field woofer systems have utilized basic 

monopole woofer architectures. The invention reviewed 

herein applies a dipole-based structure to the near-field 
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woofer concept. The main focus is not only to take advan-

tage of the performance and dynamic advantages, but to 

also create a more private listening environment. 

By using a dipole structure, with one output polarity of the 

system placed near the listener’s head, and a second, opposite 

output polarity placed somewhat further away, and oriented 

in a predetermined relationship, the invention produces high 

output at the listener’s ears, while substantially cancelling the 

sound pressure radiating at specific angles, minimizing the 

sound received by other nearby listeners positioned within 

the cancellation angles. The woofer system may be used 

with a directional upper range loudspeaker to provide a total 

system that can result in a private listening environment, 

local to a primary listener, while being arranged so that oth-

ers nearby will be located in the “null-zone path” or off-axis 

regions of the devices. Also, due to dipole cancellation at low 

frequencies, listeners at all angles in the far-field will receive 

substantially reduced sound pressure at all listening angles.

In the patent, this is illustrated and discussed mostly in 

relation to a device that can be mounted to a seating device 

or integrated into a seating device. Examples of use catego-

ries include a seat designed for use with a video game, a 

gaming device, or an amusement ride; a theater seat; a car or 

truck seat; or an easy chair for use with a multimedia home 

entertainment system.

Other configurations can be arranged to provide a car-

dioid radiation pattern, with a null in a specific direction. 

An additional feature of the system is that it is mechanically 

coupled to the seat or chair, to provide a tactile stimulation 

to the seated person to further enhance the perception of 

low frequency energy. 

Gradient, dipole, and cardioid systems of this type (but 

without mechanical coupling to the seat) constructed 

and tested in the 1990s by this reviewer were found to 

be very effective at achieving the desired advantages of 

both improved fidelity and a private listening region. Even 

though this patent was filed five years ago and has not yet 

appeared in the marketplace, it would seem to have great 

utility in many product categories of use and should eventu-

ally be seen in effective implementations. It is curious that 

the two inventors of the patent were Bose employees at the 

time of filing, and the legal firm used to prosecute the pat-

ent is a patent firm that represents Bose, but the patent was 

not assigned to Bose or any entity at the time of granting.

SOUND GENERATOR FOR  

USE IN PARAMETRIC ARRAY

Application Number: US 2010/0020990

Inventors: Won Kym Moon (Gyeongsangbuk-do, KR), 

Haksue Lee (Pohang, KR), Yub JE (Busan, KR)

Assignee: POSTECH Academy-Industry Foundation

Filed: July 22, 2009

Published: January 28, 2010

Current Class: 381/161, 11 Claims, 15 drawings
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REVIEWER COMMENTS 
Parametric loudspeakers operate over a very narrow band 

of ultrasonic frequencies, including a maximum output at 

a carrier frequency (usually fixed at approximately 50kHz) 

and falling output for sideband frequencies above and 

below the carrier frequency, usually 20kHz, requiring 

approximately 1 octave of total bandwidth and less than 

1/10 of an octave of bandwidth as defined by the -3dB 

points on each side of the carrier (Fig. 2). Historically, 

the transducer type of choice has been either piezoelectric 

Bimorphs, electrostatic (ESL) or PVDF film type devices. 

These transducer types, while being efficient at the resonant 

frequency, and capable of generating approximately 140dB 

of ultrasonic output, have tended to be amplitude limited 

either on a short term, voltage limited basis (ESL), or have 

long term thermal limitations (PVDF).

Many parametric loudspeaker practitioners have recently 

turned to a different type of transducer that offers very high 

output over a narrow band for a given diaphragm area. This 

transducer is called a Stepped-Plate transducer and was 

originally invented by Juan A. Gallego-Juarez of Spain and 

granted as US patent 5,229,175 “Electroacoustic Unit for 

Generating High Sonic and Ultrasonic Intensities in Gases 

and Interphases.” These devices are a marvel of high efficiency 

and high maximum output capability for narrow band appli-

cations. The most popular version of this design is based on a 

circular plate that is driven at the center point. 

As it is driven, its bending motion resonates at a specific 

frequency. If the plate surface is flat, then the different areas 

of the plate would be out of phase with adjacent areas on the 

plate, cancelling much of the output. By concentrically step-

ping the surface of the plate in a manner wherein each step 

has a depth corresponding to a half wavelength at the resonant 

frequency, with the spacing of the concentric steps relating to 

each alternating phase as the waveform moves outward from 

the center to the outer circumference of the circular plate. 

The combination of ½ wave steps spaced to correct for the 

phase reversals across the plate surface, the device accumulates 

summed, in-phase output from every point on the plate sur-

face and generates very high output at the design frequency.

In the parametric loudspeaker application, the design 

frequency corresponds to the carrier frequency of the para-

metric system, and generating very high output and high 

directivity at the carrier, with falling output at all frequen-

cies above and below the carrier frequency.

While many parametric loudspeaker engineers have exper-

imented with this type of device, the inventors in this patent 

have added a second set of steps set to a second frequency to 

increase bandwidth, or maximize output for specialized, dual 

carrier systems. The Stepped Plate emitter can be a very effec-

tive transducer for use with parametrics and may become 

more commonly applied in the future. While their construc-

tion is inherently quite simple, and have the potential to be 

built cost effectively, there are still design issues remaining 

that need to be overcome to realize practical units. 

A significant barrier is that the main diaphragm plate 

can become very hot due to mechanical friction from the 

significant flexure across the surface at high power outputs. 

Many of the materials applied to diaphragm plates tend 

to break down after extended use. The development of 

new diaphragm plates that optimize low loss output and 

temperature tolerance are still in development and will be 

one of the keys to making these devices practical for com-

mercial use. Upon solving the remaining issues in realizing 

practical versions of these devices they could become a 

significant key to making more capable parametric loud-

speaker systems.  VC
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Industry Watch
By Vance Dickason

�ortek-owned Linear placed three of its residential-

installation subsidiaries into a single group to increase 

collaboration and efficiencies (www.lineargroup.com). 

However, according to Linear chairman Grant Rummell, 

the companies will not merge and they will still have a 

great deal of autonomy and differentiation. The new group, 

Linear Audio, Video, and Control consists of Niles Audio, 

Xantech, and Elan Home Systems, including the Elan-

marketed Aton, Sunfire, and HomeLogic brands.

Linear-owned brands not part 

of the new group include Gefen, 

Imerge, Omnimount, Panamax, 

SpeakerCraft, and others. The new 

business unit, based in Carlsbad, Calif., 

will be led by President Mark Terry, a 

17-year Harman International veter-

an who most recently was president of 

the Harman Pro Group. Initially, the 

plan was to have Elan president/chief 

technology officer Bob Farinelli, Niles 

Audio president Frank Sterns, and 

Xantech president Graham Hallett 

report directly to Mr. Terry. Some of 

the planned combined efficiencies for 

the three companies could include 

more shared warehousing, collaborating on new-technology 

development, and coordinating trade-show exhibits so that 

each company accentuates a different area of expertise. 

“When we bought companies, they tended to operate rela-

tively independently,” Rummell said of Linear’s acquisitions 

of these and other companies. “That was the way we were 

making acquisitions at the time, and they were very different 

times. We tended to let them operate relatively independently, 

although there have always been some areas of combination.” 

Although Linear “is not unhappy” with the three companies’ 

financials, “there is an opportunity to do better,” he said.

In a written statement, Terry said he foresees benefits that 

will inevitably come from greater collaboration between 
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the brands. “Each company has a legacy of innovation 

and excellence that can be further strengthened by shar-

ing resources, information, and ideas. The end result will 

be a larger portfolio of clearly defined, integrated, and 

networked-based product offerings that bring meaningful 

innovation and value to our whole house automation, light-

ing, security, and HVAC control customers.”

SpeakerCraft CEO Jeremy Burkhardt told employees in 

an e-mail that SpeakerCraft is totally healthy and profitable 

and that Linear’s Rummell has recognized this fact and 

has guaranteed that the company will continue to operate 

autonomously. Burkhardt also said he is confident that 

Speakercraft’s most recent efforts in both product develop-

ment and business strategy have placed the company in a 

very positive position in the marketplace. 

A few days following the Linear announcement of the 

new combined group, Frank Sterns resigned his position 

as CEO of Niles Audio. Mark Terry has become interim 

president of Niles Audio following the departure of Frank 

Sterns on April 23. Sterns, an 18-year Niles veteran, said his 

decision to leave Niles was completely his own decision and 

timing and noted that “the people at [Linear parent] Nortek 

have been nothing but great to me.”  

D&M Holdings (www.dm-holdings.com) closed out 

its fiscal year reporting that it will close its Snell Acoustics 
operation and discontinue the Escient brand to focus on its 

four core brands: Denon, Marantz, McIntosh, and Boston 

Acoustics. D&M announced the decision in a statement 

that also reported that the fiscal year that ended March 31 

had a significant improvement in profitability, but no finan-

cial numbers were reported. According to D&M, the chang-

ing landscape of the speaker industry has made it extremely 

difficult for Snell to remain a viable business, noting that 

the advanced loudspeaker technologies developed at Snell, 

however, will be leveraged by other D&M brands.

Renkus-Heinz (www.renkus-heinz.com) has expanded 

their engineering staff with the appointment of Derrick Pierce 

to the position of Staff Loudspeaker Engineer. The California 

native returns to the state after more than a decade in design 

engineering and product development with loudspeaker 

manufacturers JL Audio in Florida. A designer of several 

award-winning products, Pierce has also held high-level engi-

neering positions with Niles Audio and Menlo Scientific, 
and contributed to the development of several patents. 

“I’m really pleased to be joining a company as forward-

thinking as Renkus-Heinz,” Pierce remarks. “For me, this 

is truly the ideal opportunity to maximize the skills I’ve 

acquired through my years of loudspeaker design, and 

take things to a whole new level. I’m looking forward to 

taking on the challenge of designing the next generation 

of Renkus-Heinz loudspeakers.” Pierce will be based at 

Renkus-Heinz’s headquarters in Foothill Ranch, Calif., and 

will report directly to Ralph Heinz, Senior Vice President.

Parts Express (www.parts-express.com) has announced 

on-site speaker repair and reconing service on Peavey, JBL, 

B&C, Behringer, EV, Eminence, Pioneer, MTX, and 

many other models. Service is performed at their ware-

house location and with thousands of stocked repair parts, 
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the company offers fast turn-around times on all reconing 

requests. Customers can go online at the Parts Express web-

site and use the Parts Express speaker repair lookup wizard. 

Once the user locates the speaker’s manufacturer and model 

number, the site gives an instant repair estimate. 

DBL Distributing (www.dbldistributing.com), the CE 

distribution division of Ingram Micro, has signed a deal to 

distribute Atlantic Technology’s home-theater and custom-

install speakers. Effective immediately, DBL will carry the 

full line of Atlantic Technology’s in-wall and free-standing 

speakers for home theater, architectural audio, and high-end 

music listening, the distributor said. These include their new 

7-channel surround Soundbar home-theater sound system, 

several lines of floor-standing and bookshelf home-theater 

surround systems, new in-ceiling speakers with IP address-

ability, and a variety of in-wall theater speakers, including 

some that are THX Ultra2-certified.

RadioShack may be exploring strategic alternatives that 

could include a sale of the company or a merger with Best 
Buy, the New York Post reported. The story, based on unnamed 

banking sources, rekindles rumors from earlier this month 

of a pending acquisition by an equity investment firm that 

had largely been dismissed. The Post reports that RadioShack 

has given investment bankers the go-ahead to pitch potential 

acquirers on a leveraged buyout of the chain. The sales process, 

supposedly led by JPMorgan Chase, could bring in more than 

$3 billion, the sources said. RadioShack could be seen as an 

attractive asset thanks to aggressive cost-cutting measures by 

CEO Julian Day, solid cash flow, and its strong position in 

the growing wireless market. Its more than 4,000 small-format 

stores would also play into Best Buy’s mobile strategy of rolling 

out free-standing, mall-based wireless shops.

Best Buy’s performance is a good barometer for retail sales 

in general. The good news is that Best Buy reported strong 

double-digit sales and profit gains in its global and US busi-

nesses for its fiscal fourth quarter ended Feb. 27. Net earnings 

increased 38% to $810 million and net revenue rose 12% 

to $16.6 billion for the three-month period, reflecting a 7% 

gain in comparable store sales, the addition of new stores, and 

the favorable impact of currency fluctuations. Within the US, 

net revenue rose 11% to $12.6 billion and comp store sales 

increased 7.4% due to an increase in the average purchase.

The quarter’s strongest product performers included 

notebook computers and mobile phones, which both 

saw low double-digit increases in comp store sales, and 

flat panel TVs, whose comp sales grew by the high single 

digits. The gains in these categories stemmed from unit 

growth, and notebook and TV volume was partially offset 

by declines in average selling prices. Weakest performers 

included music and movie software, which declined by the 

low double digits. The chain estimates its market share grew 

about 2.6% for the three months ended Jan. 31, with the 

most pronounced increases coming in the critical flat panel, 

notebook, mobile phone, and digital imaging categories.

For the full fiscal year, net earnings increased 35% to $1.4 

billion and total revenue grew 10% to $49.7 billion, boost-

ed by a 20% spike in online revenue, to about $2 billion. 

Looking ahead, Best Buy is projecting net revenue gains 
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of 5% to 7% for the current fiscal year, which would total 

between $52 billion and $53 billion, and comp sale increases 

of 1-3%. The revenue hikes reflect the planned opening of 

50 to 55 Best Buy stores, mostly located in the US; 75 to 

100 small-format stores, comprised largely of US Best Buy 

Mobile stores; and 10 to 15 Five Star stores in China.

The Consumer Electronics Association (CEA) has 

introduced its latest member benefit designed to grow the 

consumer electronics industry, the Electronics Industry 

Business Directory. This new online business tool will be 

available to all CEA members from a link on the CEA 

homepage (www.CE.org). The Electronics Industry Business 

Directory will feature a wide range of products and services 

exclusively for the consumer electronics industry that will 

assist CEA’s members in their purchasing decisions.

This directory will serve as an online resource for products and 

services offered by CEA members. Much like the International 

CES, this directory will help facilitate business relationships 

between CEA’s diverse membership. The Electronics Industry 

Business Directory facilitates finding products and services 

unique to the industry without the clutter of a general Internet 

search engine. Users have the option of performing keyword-

driven searches, or a category-specific search. Both methods 

produce the most industry relevant results on the Web. 

The directory also includes request for information (RFI) 

functionality. This feature allows users to contact participat-

ing suppliers with a click of their mouse. With a download-

able desktop search application available, CEA members 

can search for items directly from a small search window on 

their desktops—making the search process as convenient 

and time-efficient as possible.

Along with the option to purchase a graphically robust 

company listing, direct website hyperlink, and e-mail gen-

eration capacity, the guide allows supplier companies to 

add videos to their listings. This feature gives guide users 

immediate access to video information and promotions that 

will help them easily procure products and services specific to 

their needs. CEA partnered with MultiView Inc., an Irving, 

Texas-based publisher of electronic buyer and supplier guides, 

to develop the Electronics Industry Business Directory.

CEA has also released the 8th Annual State of the Builder 
Technology Market Study which finds positive news in the 

home technology market amid the downturn in the US hous-

ing market. CEA also released a qualitative analysis report, 

The Home Technologies Market—An In-Depth Look at Home 
Builder Perceptions and Motivations. Both studies provide home 

technology professionals with a better understanding of home-

builders’ perceptions of and motivations for installing home 

technology. Home technology, like the housing market, hit bot-

tom in 2009. Despite the sharp drop in housing stats, builders 

continued to offer technology solutions to their customers. As 

such, builders view technology as a potential key to growth as 

the economy improves and many have cemented home tech-

nology in their portfolio of home features and amenities.

Twenty-eight percent of builders said home technology 

was very important to marketing new homes in 2009, up 

from 25% in 2008. In a challenging housing market, builders 

looked for solutions to add value to a home. One-quarter of 

builders (25%) said home technologies positively impacted 

their revenues, up from 18% in 2008. The study found that 

8% of builders stated home technologies greatly increased their 

revenue, the highest level recorded in the history of the study.  

The 8th Annual State of the Builder Technology Market 
Study (March 2009) was conducted in November and 

December 2009. The Home Technologies Market—An 
In-Depth Look at Home Builder Perceptions and Motivations 
was conducted in January 2010. Both were designed and 

formulated by CEA and are available free to CEA member 

companies at http://members.CE.org. Non-members will 

be able to purchase them at myCEA.CE.org.  VC
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�he Science, Technology, Engineering, and 
Mathematics (STEM) Education Coalition (www.

STEMEdCoalition.org), co-chaired by the American 
Chemical Society and the National Science Teachers 
Association, comprises advocates from more than 
1,000 diverse groups representing all sectors of 
the technological workforce who work to support 
STEM programs for teachers and students at the 
US Department of Education, the National Science 
Foundation, and other agencies.

On Tuesday, 13 April 2010, representatives from 
seven of those organizations cosponsored a STEM-
related presentation in the Rayburn House Office 
Building.

Congressman Vernon J. Ehlers (R, Michigan; 
and co-Chair of the House of Representatives’ 
STEM education caucus) introduced featured 
lecturer Annalisa L. Weigel, MIT’s Charles Stark 
Draper Career Development Assistant Professor 
of Aeronautics and Astronautics and Engineering 
Systems.

Companies have problems attracting and 
retaining engineers, and there is the thought that 
if engineering prospects are better understood, 
engineering work and organizations can be 
redesigned to more effectively appeal to them. 
There has been little beyond anecdotal data so far.

With that in mind, Dr. Weigel has been studying 
“Engineering Students, Their Motivations and Job 
Aspirations—How Can We Grow and Retain the Next 
Generation of our Engineering Workforce?” This was 
the first public presentation of her research results.

For this initial study she focused on aerospace 
engineering students who were sophomores or 
seniors during Spring 2009, partially because it is her 

field of interest and partly because it was easier to 
collect reliably representative data from this group 
as a basis for a longitudinal study that will cover the 
seven-year span from their sophomore year to five 
years after graduation.

These students were born during the last 
two decades of the 20th century (which 
anthropologists call the Millennial generation). 
Members of this age group are starting to enter 
the workforce and will comprise the new workers 
entering industry over the next 15 years. Thus, 
with the foundation of college data it will be easier 
to retain contact with them and collect reliable 
early-job-experience data that can be correlated 
with their college information.

Other reasons Weigel started with that group 
is her recognition that previous graduates tend to 
be hard to locate and contact, partly because they 
relocate often and to diverse sites around the world, 
and partly because there are substantial questions 
regarding recall accuracy when asking about their 
college experiences. These factors make trustworthy 
data collection more difficult.

This category of engineering students differs from 
previous generations in that they generally were 
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By David J. Weinberg (Tobias Engineering)

Future Technological Workforce
Spotlight

“Companies have problems attracting and retaining engineers, and there is the thought 
that if engineering prospects are better understood, engineering work and organizations 
can be redesigned to more effectively appeal to them.”
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nurtured children, readily multitask, assume the 
ubiquitous connectivity to technology, expect to 
change jobs throughout their careers and move often, 
want to excel and move up quickly in their profession, 
and don’t consider rules as inviolate or institutions as 
relevant to their lives and jobs. These students have 
always had technology, the space shuttle, computers, 
and the Internet as part of their lives.

Weigel and her associates spent 18 months 
generating a 30-minute online survey for aerospace 
engineering sophomores and seniors, to assess their 
perceptions about their education and the industry 
plus their professional and job motivations and 
aspirations.

She hopes to follow up with the same group two 
and five years after graduation, creating a longitudinal 
data set spanning their college through early career 
years, plus providing feedback on career/work-
related adjustments made by the colleges and the 
companies.

The survey asked about pre-college experiences 
regarding what got them interested in aerospace 
engineering, including what types of activities they 
participated in and if there were family or friends 

working in aerospace.
Investigating their college education, the survey 

asked how their schooling contributed to, or 
detracted from, their skills in 18 professional 
areas, as well as whether each of 11 other college-
related factors influenced their decision to work in 
aerospace.

The survey pursued the students’ expectations 
related to how long they would stay in their first job, 
whether they want or expect to work for one or 
more companies throughout their career, how often 
they might like to change projects, whether they want 
to move up to management, if they plan to switch 
careers, as well as their anticipation for escalating 
responsibilities, promotions and salary increases 
within their career field.

The survey (http://web.MIT.edu/caspar/
aerosurvey.htm) received responses from about 600 
students at 23 schools.

The students ranked salary, job excitement, 
job location, and work/life balance as the four 
most important job attributes out of a list of 16. 
Comparing aerospace with other industries, the 
students felt salary and excitement were the most 
positive, with location and work/life balance receiving 
about equal rankings for and against.

Of the respondents, more than half considered 
jobs outside their major field of study, and almost 
60% wanted to pursue graduate school.

There is much more data analysis required, 
including gender and cultural preferences.

In discussions with her students, Dr. Weigel 
learned that they had a relatively negative reaction 
to job fairs, where they got to talk with many 
human resource people who were unable to explain 
prospective specific job duties and responsibilities; 
the students did not get to talk with engineers and 
engineering managers with whom they would likely 
be working.

The goal of her research is to make engineering 
students and professionals more productive and 
effective—to help them better meet their career 
objectives and desires, which will increase the 
likelihood that they will stay innovative and involved in 
engineering.

Companies in all technology fields might want to 
consider funding this type of research because it 
relates to their employees and work structures. E-mail 
AeroSurvey@MIT.edu for more information.  VC
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AES News
In accordance with the AES bylaws, the nominations 

committee has notified all voting members of the Audio 
Engineering Society that the following slate of candidates 
has been nominated by the committee:

President-Elect—Michael S. Fleming, Jan A. Pedersen

Vice President Eastern Region, US & Canada—Robert W. 

Breen, John D. Krivit

Vice President Western Region, US & Canada—David 

Bowles, Sean E. Olive

Vice President Northern Region, Europe—Ville Topias 

Pilkki, Joshua D. Reiss

Vice President Southern Region, Europe—No nominations 

were received for this position

Governor—Peter G. Cook, Gary Gottlieb, Veronique 

Larcher, Andres A. Mayo, Antonio Jose Oliveira, and Bruce 

Craig Olson

Treasurer-Elect—Garry Margolis

Secretary—Robert E. Lee Jr.

The AES 2010-2011 election will take place between 

July 2 and August 13. Voting materials will be sent Friday, 

July 2, from electionservicescorp.com. Please unblock this 

address from your spam filter to allow you to receive your 

election materials. Last year over 93% of the AES voting 

members voted online, and this year AES would like to 

encourage more members to vote online to continue to 

save the effect of postal delays and extra costs in the election 

procedure. For more, visit www.aes.org.

ALMA News
ALMA, the International Loudspeaker Association, 

announces its inaugural Student Loudspeaker Design 
Competition.  Entrants must be full-time students at an 

accredited college or graduate institution.  Students will 

be invited to submit their designs and measurements for 

a pair of loudspeakers by mail.  Finalists will be selected 

by an ALMA judging panel and will be invited to display 

their speakers and design data at the ALMA International 

Winter Symposium in Las Vegas, Jan. 4-5, 2011, two-days 

before the Consumer Electronics Show (CES). The final-

ists will receive free admission to ALMA International’s 

two-day Winter Symposium, and one free night at the 

Tymphany's new  
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Orleans Hotel and Resort.   The final awards will be pre-

sented at the ALMA 50th Anniversary Gala event during 

the Symposium.

Contest details will be posted by the ALMA Education 

Committee, chaired by Matt Lyons, adjunct professor at 

the Peabody Conservatory of the Johns Hopkins University, 

on the ALMA website www.almainternational.org starting 

June 1. Educators are encouraged to contact Matt Lyons 

through the ALMA website for more information.  Design 

submissions will be due to ALMA in late October.

This year’s ALMA Symposium theme “Loudspeakers: 

Yesterday, Today and Tomorrow” celebrates the 50th 

anniversary of the founding of ALMA, the only interna-

tional trade association dedicated to improving the design 

and manufacture of loudspeakers.  The 2011 program 

will highlight the 50-year legacy of ALMA and the loud-

speaker industry. Stu Lumsden, President of ALMA and 

Vice President of Engineering at Polk Audio, says, “The 

creation of this student design competition is an excel-

lent opportunity to involve students in the real practical 

challenges of loudspeaker design today and highlight 

ALMA’s 50th anniversary. This industry is one of the most 

interesting, fun and dynamic fields in which students can 

apply their engineering skills. We need the best and the 

brightest, and as an industry we want to extend a hand to 

new talent.”

The ALMA Winter Symposium is the largest event 

entirely dedicated to both the intellectual and practical 

aspects of the loudspeaker industry. It attracts visitors and 

attendees from around the world, and is an opportunity for 

loudspeaker engineers to expand their education in classes, 

seminars, and discussions led by some of the foremost 

experts in the world. It is where manufacturers of compo-

nents, materials, and test equipment, and consultants to the 

industry meet with designers to unveil and discuss the latest 

loudspeaker products and ideas. It is also a great opportu-

nity for loudspeaker OEMs to meet with senior engineers, 

purchasers, and decision-makers from loudspeaker brands 

who will be attending the CES.

To find out more about speaking, exhibiting, or attend-

ing this show, contact ALMA International at +1 (978) 

772-6977 or visit www.almainternational.org. ALMA is 

happy to issue invitations to exhibitors and visitors from 

overseas to assist attendees with obtaining a visa.

ALMA is currently looking for a member to serve as 

Treasurer on the Board of Directors of ALMA. The board is 

seeking a replacement for outgoing treasurer Laurie Crook 

of Stillwater. Her term is up and she’s retiring at the end of 

this year. The board meets in person once each year before 

the winter symposium and in the spring holds a strategic 

planning meeting. Some board members attend in person, 

others via conference call. The treasurer works closely with 

the executive director throughout the year.  Training is 

provided. This candidate will observe the process of filing 

taxes. If you or someone you know in the membership 

enjoys budgets and spreadsheets and is interested, contact 

Carol Bousquet, Executive Director, or Laurie Crook, 

Treasurer at lkcrook@kicker.com or 405-326-2396 for 

more information.

Last, a “Call for Papers” has been issued for ALMA 

International’s 2011 Winter Symposium. Technical papers 

are invited and abstracts will be evaluated on the basis of 

their overall quality and relevance to the theme of the sym-

posium, relevance and value to the loudspeaker industry, 

and practical feasibility and usage of topic and informa-

tion presented. Each paper session is scheduled to last 30 

minutes, and up to four papers will be selected. Presenters 

should submit to ALMA:

 A title

 A 75-word or less abstract/summary suitable for reprint-

ing in pre-symposium promotional literature

 The name, address, phone number, and a short biography 

of the presenter(s)

 A list of any special equipment needed

Presenters must be able to supply copies of their presen-

tation in electronic format by December 10 (Powerpoint, 

MS Word, or PDF) for inclusion on the show proceedings 

CD. Submissions should be e-mailed to management@ 

almainternational.org. The closing date for the submission 

of abstracts is August 15. For more information contact 

Carol Bousquet, Executive Director, ALMA International, 

(978) 772-6977,  Fax (617) 848-9935, or  e-mail cbous-

quet@almainternational.org.
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New Gaussmeter from Lake Shore Cryotron
Lake Shore Cryotron has recently released a new 

gaussmeter, the Model 425 (Photos 1 and 2). Designed 

to meet the demanding needs of the permanent magnet 

industry, the Lake Shore Model 425 gaussmeter provides 

high-end functionality and performance in an affordable 

desktop instrument. Magnet testing and sorting have 

never been easier. When used in combination with the 

built-in relay and audible alarm features, the Model 425 

takes the guesswork out of pass/fail criteria. Additional 

features include DC to 10kHz AC frequency response, 

maximum hold, and relative measurement for manufac-

turing, quality control, and R&D flux density measure-

ment applications. For added functionality and value, 

the Model 425 also includes a standard Lake Shore Hall 

probe.

Features include field ranges from 350mG to 350kG, 

DC measurement resolution to 4¾ digits (1 part of 

35,000), basic DC accuracy of 0.20%, DC to 10kHz 

AC frequency, USB interface, large liquid crystal display, 

sort function (displays pass/fail message), alarm with relay, 

plus the unit includes a standard Hall effect probe with 

other standard and custom probes available. For informa-

tion on the Model 425, visit the Lake Shore website www.

lakeshore.com.

JBL Offers Free Speaker Locator Calculator 
JBL Professional just released what they are calling 

the CBT Calculator software, an engineering tool that 

allows audio professionals to design JBL’s CBT Constant 

Beamwidth Technology line array column loudspeakers 

into a wide variety of applications. CBT Calculator 1.00 

predicts the vertical coverage of CBT models in venues 

via a sound level coverage display (sectional view) at user-

selectable frequencies. The program allows the modeling of 

either one or two CBT speakers in each simulation, virtual 

adjustment of their various installer-adjustable settings for 

vertical coverage (narrow or broad) and voicing (music/

flat or speech), and a dedicated EQ, if desired, for each 

speaker. Positioning and angling of the CBT speaker(s) can 

be adjusted and up to four independent listening planes can 

be added for mapping the coverage.

In addition to the sound level vertical coverage mapping 

of a proposed design, the CBT Calculator can also ascer-

tain the frequency response for up to six listener locations 

as well as provide an SPL summary of the various listener 

locations over user-defined frequency bands. This new soft-

ware allows system designers to determine the best CBT 

model, the proper vertical coverage and voicing settings, 

mounting height and down angle, enabling accurate design 

of the JBL’s CBT column line array speakers into virtually 

any application. The CBT Calculator is a free download at 

www.JBLPro.com/CBTCalculator.

Henkel Line of Cyanoacrylate Adhesives
New literature from Henkel Corporation provides com-

prehensive information on the company’s complete line 

of cyanoacrylate instant adhesives for industrial assem-

bly applications. The 16-page brochure, “Loctite Instant 

Adhesives: Instant Solutions for Your Assembly Challenges,” 

provides in-depth information on Loctite cyanoacrylate 

instant adhesives, primers, accelerators, dispensing equip-

ment, curing equipment, and technical support services. 

The brochure also surveys the most recent product inno-

vations including: toughened, thermally-resistant instant 

adhesives; toughened, light curing instant adhesives; highly 

flexible package designs; new dispense options; and pre-

filled syringes.

PHOTO 1: Lake Shore 425 front.

PHOTO 2: Lake Shore 425 rear.
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“Instant Solutions for Your Assembly Challenges” con-

tains six pages of detailed information on the newest 

cyanoacrylate adhesive innovations and the applications 

for which they are best suited. A two-page application and 

substrate-based product selector guide is designed to make 

it easier for users to select the right instant adhesive for 

their application. For a copy of “Instant Solutions for Your 

Assembly Challenges,” go to www.henkelna.com/literature 

and search for LT-4435, download a copy of the brochure 

at www.instant.loctite.com, or request a copy of brochure 

number LT-4435 by calling 888-427-3676.

Listen Inc. Turns 15!
June 2010 marks the 15th anniversary of Listen, Inc. 

Over the past 15 years the company has transformed from a 

one-man boot-strapped start-up operating out of a bedroom 

in a Fenway Park apartment to a successful small company 

with a reputation for its audio measurement systems and 

expertise. For the first time ever, Steve Temme tells the full 

company history, focusing on the challenges presented in 

the early days of an audio test and measurement company 

startup. You can read this interesting tale in the Listen Inc. 

May 2010 Newsletter, which you can subscribe to at www.

listeninc.com.

New 10  Shallow Subwoofer from Peerless
Peerless, a Tymphany OEM brand, has released a new 

10  shallow subwoofer, the P835028 (Photo 3). Features 

include a cast aluminum frame, neodymium motor located 

in front of the cone, 51.32mm diameter voice coil wound 

on a glass fiber former, and a large motor heatsink.  

Parameters for the new subwoofer are:

Revc   3.2
Fs  31Hz 
Qms  8.3
Qes  0.58
Qts  0.54
Cms  264.1 um/N
Sd  0.0117m2

Xmax  9.25mm
Sens/2.83V  85dB

For more, visit www.tymphany.com.
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PHOTO 3: Peerless P835028 shallow woofer.
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New Drivers from B&C
B&C has released a number of new OEM products. 

The first is the new CL line of stamped frame neodymium 

woofers. This includes four woofers, the 10CL51 (Photo 
4), 12CL64, 12CL76, and the 15CL76. Common features 

include a stamped frame, neo slug motor, glass fiber former 

wound with round copper wire, vented voice coil gap for 

reduced power compression, curvilinear paper cone and 

“m” type cloth surround, and a single spider. Here are the 

T/S parameters for the CL lineup:

 10CL51 12CL64 12CL76 15CL76
VC dia. 51mm 64mm 76mm 76mm
Revc 5.2  5.5  5.2  5.1
Fs 60Hz 52Hz 48Hz 42Hz
Qms 3.8 4.3 4.8 7.9
Qes 0.44 0.32 0.22 0.34
Qts 0.39 0.30 0.21 0.33
Vas 31 ltr 64 ltr 59 ltr 135 ltr
Sens.(1W/1m)  96dB 98dB 98.5dB 98.5dB
Xmax 6mm 4.5mm 6mm 7mm

Next is a new addition to the SW series (the B&C 

18SW115 was featured in May 2010 Test Bench column), 

the 18SW100 (Photo 5). Features include a double silicone 

spider, vented gap, aluminum demodulation (shorting) 

ring, cast frame, neodymium slug motor, 3000W continu-

ous power handling, 100mm (4 ) diameter voice using a 

glass fiber former wound with round copper wire, and a 

coated paper cone and dust cap. T/S parameters for this 

high power handling woofer are:

  18SW100
VC dia.  100mm  
Revc  5.3  
Fs  35Hz  
Qms  5.9  
Qes  0.40  
Qts  0.38  
Vas  180 ltr  
Sens. (1W/1m)  97dB  
Xmax  12.5mm 

And last, B&C has released three new neodymium compres-

sion drivers, the DE 5, the DE 7, and the DE 120 (Photo 6). 

All three feature mylar diaphragms, neodyminum ring magnet, 

and aluminum voice coil wire. Here is a feature list for all three:

 DE 5 DE 7 DE 120
Sensitivity  109dB 109dB 106dB
Cont. PH  20W 20W 40W
VC Dia.  25mm 25mm 36mm
Throat Dia.  0.5  0.75  1.4
Xover frequency 2.5kHz 2.5kHz 1.6kHz

For more information on these and other drivers from 

B&C, visit www.bcspeakers.com. 

NWAA Labs Announces New Measurement Facility
NWAA Labs is building a new state-of-the-art TL Suite 

and reverberation room, which at the time Voice Coil was 

being written, was scheduled to open on June 21. This new 

suite is one of the largest in the world and will be able to 

perform high SPL (>150dB) testing as well as have a very 

quiet receive room. The chamber will have a low LF cutoff 

(40-45HZ) for accurate low-frequency data for Absorption 

Testing, Scattering Testing, as well as Partition, Window, and 

Door testing. These rooms are also large enough to be able 

to do all TL testing in the far field as well as testing not only 

at standard temperatures, but will also include one cold room 

and one warm room to simulate a window or door in a “real 

world” environment. NWAA will also be opening a new test-

ing facility for loudspeakers and equipment. You can see the 

construction progress and see how the rooms are being built 

by visiting the NWAA website www.nwaalabs.com.

SPEAKER DIRECTORY
Audio Amateur’s annual loudspeaker directory, the 

Loudspeaker Industry Sourcebook 

(LIS), is now available. The 2010 

edition lists over 350 speaker-

related companies—manufac-

turers, wholesalers, and dis-

tributors—and their products 

and services. You’ll refer to this 

“must-have” comprehensive guide 

throughout the course of the 

year. It is available for $34.95 

at www.audioXpress.com. A digi-

tal version ($25) is also available  

(custserv@audioXpress.com).  VC

PHOTO 5: B&C 18SW100.

PHOTO 6: B&C DE-120.

PHOTO 4: B&C 10CL51.
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Test Bench

Tymphany/B&C
By Vance Dickason

�his month’s OEM transducer submissions to my 

office included two large diameter woofers—one a 

home audio product, the other for use in pro sound. From 

Tymphany, a new Vifa NE series neodymium 12  subwoof-

er, the NE315W-04; and from B&C a high power handling 

15  neodymium woofer, the 15BG100.

NE315W-04
From a visual point of view, the NE series incorporates 

seriously stunning ID (Industrial Design). Thus far, I have fea-

tured three other drivers in this series, the 5.25  NE149W-04 

and the 8  NE225W-04 in the December 2009 issue, and the 

2  NE65W-04 in the January 2010 issue of Voice Coil, so the 

NE315W-04 is the fourth model in this lineup for Test Bench.

Like the previously reviewed Vifa NE65W-04, 

NE149W-04, and NE225W-04, the NE315 (Photo 1) is 

part of a complete ground up model line for Vifa. While the 

small 2  NE65 is a specialized product, the rest of the lineup 

incorporates a group of similar features. Beginning with 

the basket, Vifa has designed a proprietary cast aluminum 

frame that minimizes frame reflections back into the cone, 

open cooling area below the spider mounting shelf, as well 

as providing a heatsink for the neodymium motor. The cur-

vilinear cone and dust cap are composed of a natural wood 

fiber paper slurry with added proprietary coating to improve 

clarity (damping of surface modes). This also includes Vifa’s 

Pent-cut NRSC technology for improved edge damping. 

The neodymium ring magnet motors are FEA designed 

and incorporate copper Faraday shields (shorting rings) for 

reduced distortion. The NE315, in particular, utilizes a large 

6  diameter black cloth spider with integrated flat tinsel that 

appears to be glued and stitched into the spider surface. 

All models use titanium voice coil formers terminated to a 

unique gold-plated four-way terminal block that incorpo-

rates both standard terminals and screw blocks.

I began analysis of the NE315W-04 using the LinearX 

LMS analyzer and VIBox to produce both voltage and admit-

tance (current) curves with the driver clamped to a rigid test 

fixture in free-air at 0.3V, 1V, 3V, 6V, and 10V. As has become 

the protocol for Test Bench testing, I no longer use a single 

added mass measurement and instead used actual measured 

PHOTO 1: NE315W-04.
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mass, but the manufacturer’s measured Mmd data. That 

accomplished, I post-processed all ten 550 point stepped sine 

wave sweeps for each NE315 sample and divided the voltage 

curves by the current curves (admittance) to derive imped-

ance curves, phase added by the LMS calculation method, 

and along with the accompanying voltage curves, imported 

to the LEAP 5 Enclosure Shop software. 

Because the majority of Thiele/Small data provided 

by OEM manufacturers is being produced using either a 

standard method or the LEAP 4 TSL model, I addition-

ally produced a LEAP 4 TSL model using the 1V free-air 

curves. I selected the complete data set, the multiple voltage 

impedance curves for the LTD model (see Fig. 1 for the 

1V free-air impedance curve) and the 1V impedance curve 

for the TSL model in the transducer derivation menu in 

LEAP 5, and produced the parameters for the computer 

box simulations. Table 1 compares the LEAP 5 LTD and 

TSL data and factory parameters for both NE315 samples.

LEAP parameter Qts calculation results for the NE315 

definitely showed my samples to be somewhat more damped 

(lower Qts) than the factory data; however, my data also indi-

cated significantly lower Qms compared to the factory data. 

Although the preliminary factory data showed some moder-

ate differences, I followed my usual test format and began 

setting up computer enclosure simulations using the LEAP 

LTD parameters for Sample 1. I programmed two computer 

box simulations into LEAP, one vented QB3 alignment and 

one EBS (Extended Bass Shelf ) vented alignment. The QB3 

required a 1.9ft3 enclosure tuned to 26Hz with 15% fiber-

glass fill material, and the 3.3ft3 vented enclosure, also with 

15% fiberglass fill material, and tuned to 19Hz.

Figure 2 displays the results for the NE315W-04 in the 

QB3 and EBS vented boxes at 2.83V and at a voltage level 

high enough to increase cone excursion to Xmax + 15% 

(10.4mm). This produced a F3 frequency of 46Hz (F6 = 

36Hz) for the 1.9ft3 QB3 enclosure and –3dB = 41Hz (F6 

= 30.8Hz) for the 3.3ft3 EBS vented simulation. Increasing 

the voltage input to the simulations until the maximum 

linear cone excursion was reached resulted in 116dB at 42V 

for the QB3 enclosure simulation and 112.5dB with a 30V 

input level for the larger vented box (see Figs. 3 and 4 for the 

2.83V group delay curves and the 42/30V excursion curves).

Klippel analysis for the Vifa 12  woofer (our analyzer is 

provided courtesy of Klippel GmbH), performed by Pat 

Turnmire, Red Rock Acoustics (author of the SpeaD and 

RevSpeaD software) produced the Bl(X), Kms(X) and Bl 

and Kms symmetry range plots given in Figs. 5-8.  This 
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 TSL model  LTD model  Factory
 sample 1 sample 2 sample 1 sample 2 
 
FS 19.7Hz 18.3Hz 19.2Hz 17.8Hz 20Hz      
REVC 2.84 2.82 2.84 2.82 2.8    
Sd 0.0499 0.0499 0.0499 0.0499 0.0507
QMS 11.0 10.5 8.2 6.84 15.6      
QES 0.28 0.25 0.23 0.20 0.32   
QTS 0.27 0.25 0.22 0.19 0.31        
VAS 201.7 ltr 233.8 ltr 216.0 ltr 251.0 ltr 201.7 ltr     
SPL 2.83V 89.3dB 89.4dB 90.1dB 90.4dB 88.6dB        
XMAX 9mm 9mm 9mm 9mm 9mm
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����������������������

FIGURE 1: Vifa NE315W-04 woofer free-air impedance plot.

FIGURE 2: Vifa NE315W-04 computer box simulations (A = vented 1 at 

2.83V; B = vented 2 at 2.83V; C = vented 1 at 42V; D = vented at 30V).

FIGURE 3: Group delay curves for the 2.83V curves in Fig. 2.

FIGURE 4: Cone excursion curves for the 42/30V curves in Fig. 2.
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FIGURE 5: Klippel Analyzer Bl (X) curve for the Vifa NE315W-04.

FIGURE 6: Klippel Analyzer Bl symmetry range curve for the NE315W-04.

FIGURE 7: Klippel Analyzer Mechanical stiffness of suspension Kms (X) 

curve for the Vifa NE315W-04.

FIGURE 8: Klippel Analyzer Kms symmetry range curve for the 

NE315W-04.
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data is extremely valuable for transducer engineering, so if 

you don’t own a Klippel analyzer and would like to have 

analysis done on a particular driver project, Red Rock 

Acoustics can provide Klippel analysis of most any driver for 

a nominal fee of $100 per unit (for contact info, visit www.

redrockacoustics.com).

The Bl(X) curve for the NE315 (Fig. 5) is moderately 

broad and symmetrical, and obviously with a rearward 

(coil-in) offset. Looking at the Bl symmetry plot (Fig. 
6), this curve shows a 1.7mm coil rearward offset at the 

rest position that stays constant throughout the operat-

ing range of the driver, suggesting that this would be 

easily corrected by adjusting the voice coil position in 

production. Figures 7 and 8 show the Kms(X) and Kms 

symmetry range curves. The Kms(X) curve is likewise 

very symmetrical in both directions, but also with a rear-

ward (coil-in) offset of about 2.5mm at the rest position 

decreasing to 1.4mm coil-in offset at the physical Xmax 

position.

Despite these offsets, displacement limiting numbers 

calculated for subwoofers by the Klippel analyzer were XBl 

at 70% Bl = 11.9mm and for XC at 50% Cms minimum 

was 17.9mm, both greater than the physical Xmax for this 

woofer. This also means that for this Vifa woofer, the Bl is 

the most limiting factor for prescribed distortion level of 

20%.   

Figure 9 gives the inductance curves Le(X) for the 

NE315. Inductance will typically increase in the rear 

direction from the zero rest position as the voice coil 

covers more pole area, which is what you see in the 

NE315 Le(X) curve; however, the variation is only 

0.21mH from the in and out Xmax positions, which is 

good.

Next I mounted the NE315W-04 woofer in an enclo-

sure which had an 18   14  baffle and was filled with 

damping material (foam) and then measured the trans-

ducer on- and off-axis from 300Hz to 20kHz frequency 

response at 2.83V/1m using the LinearX LMS analyzer 

set to produce a 100-point gated sine wave sweep. Figure 
10 gives the on-axis response indicating a smoothly rising 

response to about 5kHz, with the usual (for 5  woofers) 

“bump” at 1.2kHz plus a 5dB peak centered on 6Hz. 

Figure 11 displays the on- and off-axis frequency response 

at 0, 15, 30, and 45 .

Although the NE315W-04 is listed as a subwoofer, it 

also is a good choice for a full-range system. The -3dB 

frequency at 30  with respect to the on-axis curve occurs 

at 1.4kHz, so a cross point in that vicinity should be 

good for a three-way system, or two-way with a larger 

ribbon device. And finally, Fig. 12 gives the two-sample 

SPL comparisons for this 12  woofer, showing a very 

close match to within 0.5dB throughout the operating 

range.

For the remaining series of tests, I employed the Listen 

Inc. Sound Check analyzer (courtesy of Listen Inc.) to 

measure distortion and generate time frequency plots. 

For the distortion measurement, I mounted the woofer 

rigidly in free-air, and set the SPL to 94dB at 1m (5.7V) 
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FIGURE 9: Klippel Analyzer Le(X) curve for the Vifa NE315W-04.

FIGURE 10: Vifa NE315W-04 on-axis frequency response.

FIGURE 11: Vifa NE315W-04 on- and off-axis frequency response.

FIGURE 12: Vifa NE315W-04 two-sample SPL comparison.
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using a noise stimulus, and then measured the distor-

tion with the Listen Inc. SCM ¼  microphone placed 

10cm from the dust cap. This produced the distortion 

curves shown in Fig. 13. I then used Sound Check to 

FIGURE 13: Vifa NE315W-04 SoundCheck distortion plot.
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get a 2.83V/1m impulse response for this driver and 

imported the data into Listen Inc.’s Sound Map Time/

Frequency software. The resulting CSD waterfall plot 

is given in Fig. 14 and the Wigner-Ville (for its better 

low-frequency performance) plot in Fig. 15. For more 

information on these and the other new Vifa drivers, visit 

the Tymphany website www.tymphany.com.

15BG100
The last driver to be examined this month was the new 

neodymium motor B&C 15  15BG100 (Photo 2), whose 

intended application is as a high SPL and high power handling 

pro sound woofer. Somewhat similar to the 15NA100 fea-

tured in the November 2009 issue of Voice Coil, B&C’s latest 

15  driver is built on a proprietary six-spoke cast aluminum 

frame with three 20mm  25mm heat fins between each set of 

spokes for a total of 18 heat fins. Like many of B&C’s designs, 

there are ample convection cooling pathways to minimize 

compression from high voice coil temperatures. 

For the 15BG100, this takes the form of ten 12mm vents 

on the outside of the motor magnetic circuit completion 

cup with eight more 7mm vents in the top plate allowing 

air to flow from below the spider mounting shelf past the 4  

diameter voice coil. As if this wasn’t sufficient, the 15BG100 

also has an additional venting system that is formed by a 

27mm diameter center vent that opens into the area below 

the dust cap. The motor for the 15BG100 is powered by a 

single large neodymium slug magnet.

The cone assembly utilizes a thick-coated ribbed pulp 

cone with a large 6  diameter coated dust cap. This cone 

also features a TWP waterproof coating on both sides for 

the inclement gigs! Compliance is provided by a 1  wide 

NBR surround and a double (two spiders glued back 

to back) 6  diameter silicone impregnated cloth spider. 

Driving the assembly is a 100mm (4 ) diameter glass fiber 

voice coil former wound with round copper wire and termi-

nated to two chrome color-coded push terminals.

I started testing the 15BC100 as usual with my trusty 

LinearX LMS stepped sine wave analyzer and VIBox. I gen-

erated both voltage and admittance (current) measurements 

in free-air at 1V, 3V, 6V, 10V, 15V, 20V, and 30V. Mmd was 

provided by B&C using their laser driven Klippel analyzer 

rather than a single 1V added (delta) mass measurement. 

This device remained fairly linear in free-air at 30V such 

that I probably could have taken measurements at 40V and 

possibly 50V, but even with ear protectors, there’s only so 

much sine wave SPL this reviewer is willing to endure! You 

should also note that sine wave was run at the given sweep 

voltage level at 200Hz for a given period of time to raise the 

voice coil temperature to the 3rd time constant for that volt-

age level to better approximate actual operating conditions. 

I further processed the 14 sine wave sweeps (two at each 

voltage level for each driver sample) with the voltage curves 

divided by the current curves to produce impedance curves. 

I generated phase curves using the LEAP phase calculation 

routine. I then copy/pasted impedance magnitude and phase 

curves plus the associated voltage curves into the LEAP 5 

software’s Guide Curve library. I then used this data to cal-

culate parameters using the LEAP 5 LTD transducer model. 

Because virtually all manufacturing data is being pro-

duced 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 1V free-air curve that can also 

be compared with the manufacturer’s data (see Fig. 16 for 

the B&C 15BG100 1V free-air impedance plot). Table 2 
compares the LEAP 5 LTD and LEAP 4 TSL T/S param-

eter sets for the two 15BG100 driver samples submitted by 

B&C with the B&C factory data.

Looking at the comparative data in Table 2 for the 

15BG100, the measured data had some variance with the 

factory data. The biggest variation was the Vas, which was 

smaller. I programmed the factory data into LEAP 5, and it 

produced an enclosure simulation result virtually identical 

to sample 1 LTD data, so obviously the Fs/Qt ratios were 

practically identical. I also noted that the calculated SPL 

for the factory data was close to what I got in LEAP on the 

measured samples, although the factory quoted about 3dB 

FIGURE 14: Vifa NE315W-04 SoundCheck CSD waterfall plot.

FIGURE 15: Vifa NE315W-04 SoundCheck Wigner-Ville plot.

PHOTO 2: 15BG100.
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higher SPL based on 1W/1m data from the spec sheet. 

However, following my normal protocol, I proceeded to use 

the LEAP 5 LTD parameters for sample 1 and performed 

two vented computer enclosure simulations using box 

volumes and tuning frequencies from the LEAP cabinet 

calculator, one in a 2.0ft3 QB3 vented box alignment with 

15% fill material (fiberglass) tuned to 34Hz and a second 

EBS vented alignment in a 3.0ft3 box tuned to 30Hz.

Figure 17 gives the results for the 15BG100 in the 

two vented enclosures at 2.83V and at a voltage level 

high enough to increase cone excursion to Xmax + 15% 

(8.5mm). This resulted in a F3 of 46Hz (F6 = 37Hz) for 

the 2.0ft3 box and a -3dB for the second 3.0ft3 simulation 

of 40Hz (F6 = 30.5Hz). Increasing the voltage input to the 

simulations until the maximum linear cone excursion was 

reached, Xmax +15% resulted in 120dB at 70V for the first 

2.0ft3 enclosure simulation and 119.5dB with a 70V input 
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Loudspeaker measurements in any room

1 license = $ 300.00

www.loudsoft.com
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D

 TSL model  LTD model  Factory
 sample 1 sample 2 sample 1 sample 2

FS 34.5Hz 30.3Hz 33.1Hz 29.0Hz 36Hz      
REVC 5.03 5.04 5.03 5.04 5.1    
Sd 0.0830 0.0830 0.0830 0.0830 0.0855
QMS 6.34 4.59 5.29 4.15 5.0    
QES 0.45 0.37 0.42 0.34 0.49   
QTS 0.42 0.34 0.39 0.31 0.44        
VAS 89.0 ltr 112.8 ltr 95.1 ltr 124.5 ltr 83 ltr     
SPL 2.83V 90.8dB 91.14dB 91.1dB 91.3dB 94.5dB         
XMAX 7.75mm 7.75mm 7.75mm 7.75mm 7.75mm

�������	�������������������

FIGURE 16: B&C 15BG100 free-air impedance plot.

FIGURE 17: B&C 15BG100 computer box simulations (A = vented 1 at 

2.83V; B = vented 2 at 2.83V; C = vented 1 at 70V; D = vented 2 at 70V).
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level for the second 3.0ft3 vented box (see Figs. 18 and 

19 for the 2.83V group delay curve and the 70V excursion 

curves).  Note that 25Hz was chosen as the low frequency 

point for the maximum excursion for both box simulations.

Klippel analysis for B&C’s 15BG100 produced the 

Bl(X) and Bl symmetry plots given in Figs. 20-21 (B&C 

routinely uses a Klippel analyzer in their design and testing 

process). The Bl(X) curve for the 15BG100 in Fig. 20 has 

a degree of asymmetry in the forward going part of the 

curve, and also has a relatively shallow Bl plateau, typical 

of a medium excursion high-efficiency pro sound driver. 

Looking at the Bl symmetry curve in Fig. 21, this driver has 

about 3mm Bl forward (coil out) offset at rest which transi-

tions about 1.4mm forward offset at the physical Xmax 

excursion and decreases above that.

Figures 22 and 23 show the Kms(X) and KMS sym-

metry curves for the B&C 15  woofer. The Kms(X) curve 

looks good and is nicely symmetrical with only a small 

amount of rearward (coil-in) offset. Looking at the KMS 

symmetry curve, the displacement is only 0.35mm rearward 

offset at the rest position and only increases to about 0.6mm 

coil in offset at the physical Xmax, which for the 15BG100 

is not very significant. Displacement limiting numbers cal-

culated by the Klippel analyzer using the standard woofer 

criteria for Bl was XBl at 82% (Bl dropping to 82% of its 

maximum value) equal to 7.6mm excursion and for the 

suspension system XC at 75% (Cms dropping to 75% of its 

nominal value) was 6.6mm (about 1.1mm less than Xmax), 

which means that the compliance was the limiting factor for 

the prescribed 10% distortion level. 
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FIGURE 18: Group delay curves for the 2.83V curves in Fig. 17.

FIGURE 19: Cone excursion curves for the 70V curves in Fig. 17.

FIGURE 20: Klippel Analyzer Bl (X) curve for the B&C 15BG100. FIGURE 23: Klippel Analyzer Kms symmetry range curve for the 15BG100.

FIGURE 22: Klippel Analyzer mechanical stiffness of suspension Kms (X) 

curve for the B&C 15BG100.

FIGURE 21: Klippel Analyzer Bl symmetry range curve for the 15BG100.
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Figure 24 gives the inductance curve Le(X) for this 

transducer. Motor inductance will typically increase in the 

rear direction from the zero rest position and decrease in 

the forward direction; however, the rearward inductance 

decreases for the B&C 15  woofer. Overall, the inductance 

change is not great and exhibits only 0.22mH variation 

from full forward to full rearward travel ( 7.75mm).

With the Klippel testing completed, I mounted the 15BG100 

pro sound driver in an enclosure which had a 17   17  baffle 

and was filled with foam damping material and then measured 

the driver both on- and off-axis from 300Hz to 20kHz frequency 

response at 2.83V/1m using a 100-point gated sine wave sweep. 

Figure 25 depicts the on-axis response that is a smooth even 

response up to cone breakup peak at 1.3kHz followed by the low-

pass rolloff. Figure 26 illustrates the on- and off-axis frequency 

response at 0, 15, 30, and 45 . -3dB at 30  with respect to the on-

axis curve occurs at 1.1kHz, so a 1-1.5kHz crossover frequency 

would be appropriate for this driver. And finally, Fig. 27 gives the 

two-sample SPL comparisons for the 15  15BG100, showing a 

good match throughout the operating range of this woofer.

For the last body of testing on the B&C 15 , I again 

fired up the SoundCheck analyzer and SCM microphone 

and power supply to measure distortion and generate time 

frequency plots. Setting up for the distortion measurement 

again consisted of mounting the woofer rigidly in free-air, 

and the SPL set to 104dB at 1m (12V) using a noise stimu-

lus (SoundCheck has a software generator and SPL meter as 

two of its utilities), and then the distortion measured with 

the SCM microphone placed 10cm from the dust cap. This 

produced the distortion curves shown in Fig. 28.
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FIGURE 28: B&C 15BG100 SoundCheck distortion plots.

FIGURE 24: Klippel Analyzer Le(X) curve for the B&C 15BG100.

FIGURE 27: B&C 15BG100 two-sample SPL comparison. 

FIGURE 25: B&C 15BG100 on-axis frequency response.

FIGURE 26: B&C 15BG100 on- and off-axis frequency response.
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For the last test on the 15BG100, I used the SoundCheck 

analyzer to get a 2.83V/1m impulse response for this driver 

and imported the data into Listen Inc.’s SoundMap Time/

Frequency software. The resulting CSD waterfall plot is 

given in Fig. 29 and the Wigner-Ville plot in Fig. 30. 

For more information on this and other pro sound prod-

ucts from B&C, contact B&C Speakers N.A., National 

U.S. Sales Office, 73 Brand Street, Arlington, MA 02474, 

(781) 316-0077, Fax (781) 316-0078, e-mail rnichols@

bcspeakers.com, or visit www.bcspeakers.com.   VC

Sample Submission for Test Bench
Test Bench is an open forum for OEM driver manufacturers in the industry and 
all OEMs are invited to submit samples to Voice Coil for inclusion in the monthly 
Test Bench column. Driver samples can be for use in any sector of the loudspeaker 
market including transducers for home audio, car audio, pro sound, multimedia, or 
musical instrument applications. While many of the drivers featured in Voice Coil 
come from OEMs that have a stable catalog of product, this is not a necessary crite-
rion for submission. OEM manufacturers are encouraged to send samples of woof-
ers, midranges, or tweeters they think are representative of their work. However, 
please contact Voice Coil Editor Vance Dickason prior to submission to discuss 
which drivers are being submitted. Samples should be sent in pairs and addressed to:

Vance Dickason Consulting
333 S. State St., #152
Lake Oswego, OR 97034
(503-557-0427)
vdc@northwest.com
All samples must include any published data on the product, patent informa-

tion, or any special information necessary to explain the functioning of the trans-
ducer. This should include details regarding the various 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 lead wires removed).

FIGURE 29: B&C 15BG100 SoundCheck CSD waterfall plot.

FIGURE 30: B&C 15BG100 SoundCheck Wigner-Ville plot.
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Book Review

Current-Driving  
of Loudspeakers
Reviewed By Joseph DeMarinis

�n his book Current-Driving of Loudspeakers (avail-

able for $34.95 from Old Colony Sound Lab, www.

audioxpress.com), subtitled 

“Eliminating Major Distortion 

and Interference Effects 

by the Physically Correct 

Operation Method,” author 

Esa Meriläinen challenges the 

conventional wisdom of driv-

ing loudspeakers from ampli-

fiers that are voltage sources. 

He is clearly a very skilled 

and knowledgeable (Master’s 

degree) electrical engineer, 

resides in Finland, and has 

written this book as the result 

of a long-term hobby interest 

in the subject. Little else is 

known about him. His 342-

page treatise is very thorough and touches on just about 

every aspect of sound reproduction. It is an excellent tutorial, 

leaving no stone unturned.

Because it is well known that the current passing through 

a loudspeaker voice coil is what causes it to move, the idea of 

tightly controlling that current (rather than the voltage across 

the coil) is a very seductive topic. Current drive amplifiers 

have been possible since the invention of negative feedback 

in 1927. I am sure that over the intervening 83 years many 

audio equipment designers, in quest of a competitive advan-

tage, have experimented with the subject. Yet, the practice has 

never been adopted by the industry. The author is well aware 

of that and has poured his heart and soul and his engineering 

skill into trying to convince us all that we have gone down 

the wrong path.

This is not light reading! The book is very heavy with 

math and is an excellent refresher course in the mathematics 

of circuit and electromechanical system behavior. Whether 

you agree or disagree with his conclusions, the book is so 

detailed and thorough that it deserves serious consideration.

However, the bottom line is whether current drive truly 

results in improvements, and I was compelled to find out. I 

modified one channel of an old stereo receiver to be a cur-

rent source and ran a bunch of lab measurements and lis-

tening tests on a few available speakers. It was a much more 

complex effort than I’d anticipated. More about that later.

An ideal voltage source delivers a voltage that is held 

constant regardless of the load. In an ideal case, its source 
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impedance is zero (looks like a short circuit). An ideal cur-

rent source delivers a current that is held constant regardless 

of the load. In an ideal case, its source impedance is infinite 

(looks like an open circuit). Bear in mind, however, that 

real voltage and current sources don’t achieve those ideals.

According to conventional wisdom, there are two very 

good reasons why voltage drive is used universally: loud-

speaker resonance and damping.

Both the efficiency and impedance of a loudspeaker 

increase greatly at frequencies near its resonance. When 

driven by a constant voltage, the increased impedance 

causes a reduction of the current in the voice coil, so the 

system is approximately self-compensating. However, if the 

current is kept constant, there would be an enormously 

loud audio response peak at and near system resonance, 

because of the dual effect of higher efficiency and the 

increased power a current-drive system will deliver into the 

higher impedance near resonance.

Because a loudspeaker system is basically a mass and 

a spring, once set in motion it will continue to oscillate 

on its own, unless there is some damping mechanism to 

absorb that kinetic energy. Some of that damping is done 

by the air pressure load, design of the cone suspension, 

and the stuffing inside the enclosure. But much of the 

damping is electrical. When the coil moves, it acts as a 

generator. Because a modern voltage-drive amplifier has a 

very low source impedance, it acts as a short circuit load 

on the voice coil and quickly suppresses the unwanted 

motion.

This describes the present conventional wisdom. The 

author of this book does address those issues. He proposes 

greatly reducing the Q of the mechanical resonance, plus 

electronic equalization to compensate for any remaining 

resonance peak. He claims that electrical damping by a 

voltage-drive amplifier is ineffective at frequencies other 

than resonance and that reduction of the mechanical Q 

provides sufficient damping.

This implies that loudspeakers designed for voltage drive 

won’t necessarily work with current drive and that the 

required electrical equalization must be carefully matched 

to the speaker(s). That can become quite complicated with 

multi-driver speaker systems and is a strong incentive to 

include equalization in the built-in power amplifier or 

crossover network. In other words, implementation of these 

ideas requires a system approach, as can be done effectively 

with powered loudspeaker products.
The subjects mentioned here are those that immediately 

hit an informed reader “between the eyes.” This 342-page 

book contains a lot more!

THE BOOK ITSELF
In the preface the author makes claims that remind 

me of typical Audio advertising fluff. In chapter one, he 

compares great electrical battles, such as between Edison 

and Tesla, AM versus FM radio, and so on. After reading 

that, I was anxious to get into the meat of his case. But not 

so fast. . . Chapter two is an extensive math lesson deal-

ing with Second Order Systems. In the back of the book, 
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appendices A through E are tutorials dealing with Complex 
Numbers, Linear Systems, Frequency Content of Signals, and 

Differential Equations. Appendices F through H are pat-

terns for PCB copper. In chapters 10, 12, and 13 he pre- 

sents designs for an amplifier and special measurement 

devices. Chapter 11 discusses Loudspeaker Implementations. 
So, buried amid all the math are some practical “how to” 

instructions.

But the chapters that fascinated me the most are #3, 

Operation of the Electro-magnetic Transducer, and #7, 

Modeling & Simulation (of loudspeakers). Those are great 

analyses of the deep-down fundamentals of loudspeaker 

operation in which he reveals all manner of problems and 

reasons loudspeakers don’t work very well. Some relate 

to drive considerations, some are more general in nature. 

Those chapters enticed me into running experiments to 

investigate certain phenomena.

MAJOR ISSUES
Most of his objections to voltage drive stem from the 

back-EMF (Electro-Motive Force is another way of saying 
voltage) that is the result of the motion of the voice coil in 

its magnetic field. (Remember when you studied electric 

motors?) With a low impedance (voltage) source, that EMF 

causes reverse currents to flow in the voice coil. In an ideal 

case, those currents would be exactly out of phase with the 

driving current, would be part of the resistive component 

of the speaker’s motional impedance, and would do no 

harm. However, the motion of the cone and therefore the 

back-EMF is usually phase shifted from the drive, may be 

nonlinear, and may also be due to extraneous forces on the 

cone, such as pressure waves reflected from the rear enclo-

sure. So there is potential for distortion. With a current-

drive system, that back-EMF sees an open circuit and no 

current will flow.

However, you will see that those “unwanted” currents 

can also play an important role in suppressing spurious cone 

movement. Are they good or bad? Perhaps the answer to both 

questions is “yes.”

THE AMPLIFIER
To get started I modified the left channel of an old 

Onkyo 40W stereo receiver to achieve current drive. I 

sampled the output current through a 0.56  resistor in 

series with the speaker load and used that as the source of 

negative feedback, instead of the output voltage. I adjusted 

the amount of current feedback so that both channels deliv-

ered the same power into a 10  load, from the same input 

signal. That enabled me to do monaural A-B comparisons 

with a DPDT switch. 

Initially the amp took off at about 1.5MHz and would 

ring with an inductive load, when hit with a fast pulse. Fixing 

that required routine engineering, and, when done, I verified 

that both amplifiers had the same clean transients and very 

flat frequency response over the audio spectrum. The source 

impedance of the voltage amplifier is about 0.33 . The cur-

rent source impedance is about 1150 .

There are a few effects you notice right away when using 
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a current amplifier. One is that the output voltage skyrockets 

when the load impedance increases (as with speaker reso-

nance) and it is very easy to run it into clipping. When the 

output voltage is clipping, there is no control of the current. 

So you must continuously monitor voltage clipping. 

With a partially inductive load, the rise and fall time of 

current pulses and the subsequent audio response are much 

steeper with current drive. That steeper rise is driven by 

voltage spikes. So, once again, considerable headroom is 

needed with regard to the voltage capability of the amplifier. 

Understand that the current in the load always comes about 

because the amplifier delivers a voltage. What we call current 

drive is, in reality, a voltage source in which the voltage is 

automatically and instantaneously adjusted up or down, to 

maintain the desired current.

You should not operate a current amp with the load dis-

connected. The output voltage rises with an incredible gain 

and hits the  rails very hard. That can damage the output 

transistors. Similarly, you can damage a voltage amp by run-

ning it into a short circuit.

Also realize that while a voltage amplifier will deliver 

higher power into a low impedance load, a current ampli-

fier delivers higher power into a high impedance load. With 

current drive, a 4  speaker receives less power than an 8  

speaker. That may seem counterintuitive because you are so 

accustomed to dealing with voltage sources, be they ampli-

FIGURE 1: Aura, voltage drive.

FIGURE 2: Aura, current drive.

FIGURE 4: SEAS, current drive.

FIGURE 3: SEAS, voltage drive.

FIGURE 5: KLH woofer, voltage drive.

FIGURE 6: KLH woofer, current drive.
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fiers or household electricity. Remember that power = I2*R.

TESTS AND EXPERIMENTS
Using the modified amplifier, I ran several tests on three 

different speakers to see how they reacted to voltage or cur-

rent drive stimulus. The speakers were an old KLH (Model 

17) bookshelf system, a SEAS 5.5  woofer (W15CY-

001-E0015) in a sealed enclosure, and an Aura 3  (NS3-

193-8A) wide range transducer also in a sealed box. In the 

case of the KLH, the mike was in front of the woofer, so 

ignore the high end of those curves. I made no attempt to 

modify or equalize the speakers.

The first test compared frequency response with voltage 

and current drive. As expected, current drive made the deep 

bass louder and the treble more crisp. The increased bass 

was generally pleasant (people do love boosted bass!). The 

crisper highs were a mixed bag, depending on the source 

material. A complete design would include damping and 

equalization to render both ends of the spectrum to be flat. 

The six swept-sine response measurements are shown in 

Figs. 1-6.
As you can see, the different speakers responded to the 

change in different ways. In two of the cases there was a 

significant benefit at the low end. But the Aura is clearly 

designed to behave well with voltage drive and doesn’t like 

current drive at all.

The next test was to hit those speakers with a 600ms 

pulse and look at how their acoustic responses are damped. 

That pulse is long enough to get the entire cone structure 

moving, but not long enough to interfere with the subse-

quent response (Figs. 7-9).

Bear in mind that when hit with a transient, the cone 

will continue to vibrate (as does a drum). That, of course, is 

a distortion that can cause a “muddy” sound. So the quicker 

that movement is damped, the better. 

Here you see that with the KLH and SEAS drivers 

there isn’t much difference between voltage and current 

drive damping. For the Aura, however, the voltage-drive 

amplifier damps it significantly quicker and very effec-

tively. The frequency response data as well as impedance 

measurements (not shown here) indicate that the Aura 

has a much higher Q than the other two speakers. This 

tends to support the author’s claim that controlling the 

mechanical damping factor is effective, and, if done prop-

erly, electrical damping may not be necessary. For me, this 

was a very revealing exercise, but just one aspect of overall 

performance.

To illustrate the existence of the back-EMF and resulting 

currents, I connected the terminals of the SEAS woofer to 

a well-regulated DC supply and then broke the connec-

tion, while my oscilloscope and B&K measurement mike 

“watched” what happened during the make and break.  

Each of the charts in Figs. 10 and 11, reading from the 

top down, shows the audio response, the current, and the 

voltage.

Notice that when the very low-impedance power source 

is applied, there is an immediate audio response, but sub-

sequent cone movement is critically damped. While that 

FIGURE 7: KLH pulse.

FIGURE 8: SEAS pulse responses.

FIGURE 9: Aura pulse.

FIGURE 11: SEAS power off.

FIGURE 10: SEAS DC power on.
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is happening, the cone motion produces a back-EMF and 

the “reverse-current,” which reduces the net input current 

(just as in an electric motor). The “reverse current” does 

the damping. The externally applied and well-regulated 

terminal voltage is immovable. This illustrates a voltage-

drive situation.

When the power source is disconnected, the voice 

coil is now looking into an open circuit. There is an 

immediate audio response as the cone returns to center, 

but then it continues to move as indicated by the audio 

ringing that follows. Note that the EMF caused by the 

cone motion appears at the speaker terminals. Because 

that is now an open circuit, there is no current and no 

power transfer; therefore, no electrical damping. Note 

also that the acoustic output and back-EMF are not 

exactly out-of-phase. That is in part because the back-

EMF represents the velocity of the voice coil and not its 

position. Also, the interaction between the cone and air 

is not a simple matter, as the author attempts to explain 

in chapter 3, pages 41 and 42. Air, too, has mass and 

elasticity.

The “Power ON” response is similar to the behavior of 

the earlier pulse experiment. Even with current drive, you 

don’t see the large “Power OFF” oscillation when the pulse 

is over, in part because the amplifier is still connected. Even 

the current-drive amp has a finite source impedance and 

does some damping.

I must emphasize that this DC experiment is a “science 

demonstration” and will not occur in normal use.

Now, if you think that current drive (or voltage drive) 

will provide an iron grip on the cone movement, think 

again. The current provides the force. But the cone reacts 

to that force with a mind of its own. The author takes you 

through models of that behavior in great detail, involving 

electrical resistance and inductance of the voice coil, the 

motional impedance of mass, elasticity, and damping, and 

the interaction with air. The effect of all that is revealed 

when you look at the phase relationship of acoustic output 

versus input voltage or current, over the frequency range of 

a speaker (Fig. 12).

These are measurements made on the 5.5  SEAS 

woofer. The thick lines represent the acoustic output 

and the thin one is the electrical phase of input current. 

In both cases, the phase reference is the voltage. At reso-

nance (about 36Hz) the voltage and current are in-phase, 

as would be expected with a parallel tuned circuit. But 

the acoustic output in that region is nearly 180  out-of-

phase, becomes exactly out-of-phase below resonance, 

and drifts back in-phase as the frequency decreases or 

increases. This illustrates the point that neither the volt-

age nor current is directly controlling diaphragm motion 

and air handling.  

DISTORTION
All of this may or may not be interesting, but the rea-

son for this journey is to attempt to reduce distortion. So, 

using low power (less than 0.2W) that stressed neither the 

amplifier nor speaker, I measured acoustic distortion over 

the useful range of the SEAS woofer. The result is shown 

in Fig. 13.
The heavy line is with voltage drive and the dotted 

line is with current drive. You can see that distortion is 

quite low at the mid-range, with no significant difference 

between voltage and current drive. But it increases rapidly 

as frequency drops and cone excursion increases. Bear in 

mind that below resonance it is virtually impossible to 

get a really clean acoustic sine wave. Nonetheless, in that 

region, voltage drive seems to exert better control of the 

cone. The plot in Fig. 14 shows the SEAS acoustic wave-

forms at 20Hz.

It is interesting that when I took this data, the distortion 

of the input current was 0.5% with current drive and about 

9.6% with voltage drive. It seems that the reverse current 

generated by spurious cone movement “distorted” the volt-

age drive net current in such a way as to correct some of 

the distortion.

I performed a similar acoustic distortion measurement 

of the KLH system at 18Hz, at the same power level. The 

distortion was 12% with voltage drive and 19% with cur-

FIGURE 12: SEAS phase data.

FIGURE 14: SEAS 20Hz.

FIGURE 13: SEAS distortion.
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rent drive.

I have been in e-mail contact with the author and shared 

this finding for his comment. He was not surprised and 

pointed out that the harmonics of very low frequency 

signals can fall in the range near mechanical resonance and 

would naturally be exaggerated. He believes that reduction 

of the Q would help and also made the point that this may 

be a moot issue because there is very little sound content to 

be found at those low frequencies.

In these tests, the KLH, which has the lower Q, had less 

distortion than the SEAS. I’ve also watched the real-time 

spectrum of music on the FM band and have not seen any-

thing below about 30Hz.  

CONCLUSION
This investigation has been limited in scope because I 

could not modify the loudspeakers. I compare this to a 

weight-loss plan. To achieve the results, you must do the 

whole program. Therefore, I am going to resist the temp-

tation to draw any summary conclusions. Let the reader 

decide.

The book’s author points out many problems associ-

ated with voltage drive, and my data has pointed to some 

problems with current drive. But today’s powerful computer 

modeling and systems approaches, as well as intense com-

petitive pressure for product differentiation, could yield 

some high-end systems based on current drive. I would like 

to see that happen!   VC
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Acoustic Patents 
By James Croft

�he following loudspeaker-related patents were filed 

primarily under the Office of Patent and Trademarks 

classification 181 for acoustical devices and 381 for electri-

cal-signal processing systems and HO4R for international 

patents. This also includes new patent applications that are 

published in the Patent Application Journal.  

WAVEGUIDE PHASE PLUG

Patent Number: US 7,708,112

Granted: May 4, 2010

Inventors: Earl Russell Geddes (Northville, Mich.)

Assignee: None listed

Filed: November 10, 2005

US Class: 181/185

12 Claims, 3 drawings

ABSTRACT FROM PATENT
An improved horn for a compression driver which has an 

interior foam plug for reducing the amplitude of unwanted 

non-fundamental wave propagation and better control over 

the sound radiation pattern of the device (Fig. 1).

INDEPENDENT CLAIMS
“1. An acoustic horn for a loudspeaker comprising: a 

hollow member having an inlet opening and an outlet 

opening larger than said inlet opening at opposite longi-

tudinal ends, respectively, of said hollow member, wherein 

said hollow member has an interior wall defining a lon-

gitudinally directed conduit open to said inlet and outlet 

openings at either end, respectively, of said conduit, said 

conduit having a progressively increasing cross-sectional 

area along and transverse to a longitudinal axis from the 

inlet opening to the outlet opening, wherein the inlet-

opening end of said conduit is adapted to be acoustically 

coupled to the front side of a diaphragm or the principle 

mode output of an electrodynamic audio transducer, and 

further wherein said interior wall defines progressively 

divergent waveguide boundaries for cross-sectional expan-

sion of any sound wave passing from the inlet opening 

to the outlet opening; and, a body of porous refractory 

material contained in said conduit, said porous material 

being substantially transparent but partially absorptive to 

any sound wave directed into said material, wherein the 

volume of said body is sized to fill more than 20% of the 

volume of said conduit, and further wherein said body is 

dimensioned to completely span a cross-sectional area of 

the conduit between said waveguide boundaries at a lon-

gitudinal position of said body within said conduit, and 

has a convex shape on a surface of the body that faces the 

outlet opening.

“12. An acoustic horn for a loudspeaker compris-

ing: a hollow member having an inlet opening and an 

outlet opening larger than said inlet opening at opposite 

longitudinal ends, respectively, of said hollow member, 

wherein said hollow member has an interior wall defin-

ing a longitudinally directed conduit open to said inlet 

and outlet openings at either end, respectively, of said 

conduit, said conduit having a progressively increasing 

cross-sectional area along and transverse to a longitudinal 

axis from the inlet opening to the outlet opening, wherein 

the inlet-opening end of said conduit is adapted to be 

acoustically coupled to the front side of a diaphragm or 

the principle mode output of an electrodynamic audio 

transducer, and further wherein said interior wall defines 

progressively divergent waveguide boundaries for cross-

sectional expansion of any sound wave passing from 

the inlet opening to the outlet opening; and, a body of 

porous refractory material contained in said conduit, 

said porous material being substantially transparent but 

partially absorptive to any sound wave directed into said 

material, wherein the volume of said body is sized to 

fill more than 20% of the volume of said conduit, and 

further wherein said body is dimensioned to completely 

span a cross-sectional area of the conduit between said 

wave guide boundaries at a longitudinal position of said 

body within said conduit, and is further dimensioned 

such that its longitudinal span is sufficient to present a 

path length to any HOM wave created within said hol-

low member that is longer than any path length for any 

principle mode wave within said body.”

REVIEWER COMMENTS 
For decades, the consumer audio industry has decried 

the horn/compression driver combination as a device 

which achieves efficiency in exchange for high levels of 

audible distortion and a sonic signature that exhibits a 

distinct “horn-type” coloration. While the greatest pos-

sible efficiency and SPL are necessary in high output 

professional applications, acoustic levels of that magnitude 

are overkill in a domestic environment by a factor of 10 

or more.  

But, horns are effective at providing more than just 

efficiency advantages. Directivity control is another use-

ful attribute of horns. Because room interaction has 

FIGURE 1: US Patent 7,708,112.
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been identified as one of the more significant parameters 

affecting sound quality in small enclosed environments, 

directivity control, by way of applying a horn, (or in 

current terminology, an “acoustic waveguide”), is a very 

powerful tool.

With one of his earlier papers on the subject, “AES—

Acoustic Waveguide Theory,” inventor Earl Geddes con-

tinued his exploration and development of constant 

restricted directivity waveguides with the goal of har-

nessing the useful attribute of directivity, while at the 

same time eliminating the audible colorations associ-

ated with prior art horns. In a later AES paper “Acoustic 

Waveguides—In Practice,” 1992, and “Audibility of 

Linear Distortion with Variation in Sound Pressure 

Level and Group Delay,” 2006, and in Dr. Geddes’ book 

(see Chapter 6 of Audio Transducers, available from Old 

Colony Sound Lab, www.audioXpress.com) he intro-

duced and explored the concept of “High Order Modes” 

as generated by traditional horns and other generators of 

diffraction effects. HOMs are forms of level dependent, 

linear distortion perceived due to the way the ear reacts 

to phase delayed amplitude delays when modulated at 

higher amplitude levels.

These high order modes are most strongly generated 

within most standard constant directivity waveguides that 

have a step in the flare rate, which can cause delayed dif-

fractive effects within the waveguide. When directivity and 

smooth amplitude response are senior to efficiency, wave-

guides can be designed differently.

More recent constant directivity waveguides have a 

smooth transition flare, which reduces high order modes, 

but Geddes has shown that HOMs exist in all waveguides. 

At least one form of high order modes is caused by stand-

ing waves and portions of the wavefront represented by 

multiple reflective paths, bouncing off the sidewalls of the 

waveguide numerous times between the throat and the 

mouth exit. This acoustic energy with longer path lengths 

exits the waveguide having differing phase relationships to 

the direct wavefronts leaving the mouth and therefore caus-

ing ripple in the response; ripple that the ear finds more 

offensive at greater levels.

All of this explanation leads up to what is a simple and 

elegant solution to the problem. By substantially filling the 

waveguide with open cell polyurethane foam of appropriate 

density (20 to 50 pores per inch), the direct path flow-

ing through the material once, from throat to mouth, is 

absorbed at a loss of about 2 to 3dB efficiency. But HOM 

generating standing wave and reflective wavefronts, due to 

their passing through the material many times before exit-

ing the mouth, have comparatively a much greater attenu-

ation before being radiated into the listening environment, 

changing the signal-to-noise ratio of the main output to the 

high order mode output.

Essentially, the foam absorber can substantially parse-out 

and attenuate the undesirable effects, independent of the 

desired signals. While the reduction of system efficiency, 

and maximum output, may not be acceptable for large 

venue professional applications, it is quite reasonable as a 

trade-off, when applied in the smaller venue of a domestic 

living room or studio. 

At least one other group of inventors, Tamura and 

Sato of Pioneer, in US Patent number 4,893,695, have 

recognized the importance of a smooth reflection-free 

transmission characteristic from a waveguide. Their inven-

tion utilizes absorbing material as the actual boundary 

of the waveguide, thereby resulting in absorption of the 

energy bouncing off the walls. While this method is 

effective at reducing sidewall reflective energy, it has less 

effect on standing waves and also has the disadvantage 

of requiring a much larger device to accommodate the 

absorbing boundary. In order to work effectively, the 

absorbing member must be quite thick, which causes a 

large increase in the volume required for the waveguide 

device (and separate “capture” chambers built outside the 

waveguide). The Geddes approach reduces all forms of 

internal HOMs and is contained within the waveguide, 

eliminating any requirement to produce a larger and more 

complex device.

There are not yet standard industry methods for measur-

ing and quantifying the types of high order modes addressed 

by the teachings of this invention, but comparative (blind) 

subjective tests have shown this method to be effective at 

providing noticeable improvements in sound quality, to the 

point of representing one of the more significant advance-

ments in sound quality to be realized from the teachings of 

any other recent patent.
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HIGH EFFICIENCY AUDIO TRANSDUCER

Patent Number: US 7,702,114

Inventor: Ronaldus Maria Aarts (Eindhoven, NL)

Assignee: Koninklijke Philips Electronics N.V. (Eindhoven, NL)

Filed/Priority Date: August 30, 2004

Granted: April 20, 2010

US Class: 381/59, 5 Drawings, 11 Claims

REVIEWER COMMENTS
If you are reading this review in anticipation of find-

ing a new breakthrough technology that provides higher 

efficiency in transducers, that is what you will find, but 

the approach will most likely not serve your application. 

Disclosed is a transducer designed by Ronald Aarts of 

Philips, the inventor of the “BaryBass” system. (The 

name comes from the Greek word barus, meaning 

“low.”)

The invented transducer (Fig. 2) was developed spe-

cifically for use with the BaryBass signal processing system, 

which is a low frequency signal processing system that utiliz-

es a bass mapping algorithm that transfers all bass frequency 

amplitudes below a given frequency (usually 120Hz and 

below) to a common, single frequency (usually 55Hz). The 

concept is based on the idea that the ear is not particularly 

pitch sensitive to frequencies below 120Hz, and as long as 

the bass amplitude is appropriate, all bass frequencies can be 

mapped to single frequency (i.e., 55Hz, Fig. 3). While you 

would expect this type of system to be the worst possible 

example of what is euphemistically referred to as “one-note 

bass,” if properly implemented, the results can be much bet-

ter than many of the mistuned bass reflex enclosures that are 

unfortunately more commonly available than they should 

be. While space is not available here to go into all aspects of 

the BaryBass system, suffice to say, once the signal process-

ing is optimized utilizing a conventional woofer system, the 

next step is to develop an application specific transducer/

enclosure system to maximize the substantial enclosure size 

reduction that was the original goal of the concept.

This invention is essentially a definition of the transducer 

you might wish to develop if you were only interested in 

using it for a single frequency. The design goal is to maxi-

mize efficiency at the resonant frequency. In this case the 

transducer is designed with a system resonant frequency of 

55Hz. The patent states that the efficiency at resonance is 

optimized when the electrical-Q (Qe) equals the mechan-

ical-Q (Qm). (I expect that for a given value of Qe, any 

increase in Qm beyond the Qe value would increase output 

at the resonant frequency.)

In single frequency systems, because it is desirable to 

have a very high Qt at resonance, very low energy magnet-

ics can be implemented, and in the invented system, the 

main embodiment utilizes a moving-magnet architecture, 

with a fixed coil, which allows for much improved thermal 

capability. It is interesting that in the BaryBass system the 

transducer is used in an enclosure, but the patent makes no 

mention of enclosure matching or optimization with the 

transducer.

There are many transducer design elements explored 

in the specification, such as diaphragm, suspension, voice 

coil and magnet structures, all to optimize the system to 

maximize Xmax and single frequency efficiency, but the 

invention as stated in the independent claims is essentially 

claimed as simply a woofer optimized to resonate between 

20Hz and 100Hz and have a specified relationship 

between force factor, electrical resistance of the voice coil 

and the mechanical resistance of the suspension system. 

So, while this is not your father’s high efficiency trans-

ducer, it is one that should be useful when applied to the 

exclusive, bass mapped, single frequency, BaryBass type 

woofer system.   VC

FIGURE 2: High efficiency audio transducer.

FIGURE 3: US Patent 

7,702,114 graph.
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Industry Watch
By Vance Dickason

�ortek (www.nortek-inc.com) is still struggling to 

maintain its operations. According to Nortek’s recent 

annual report, sales decline accelerated in 2009, yet its oper-

ating losses shrank substantially despite growing losses in 

the company’s home-technology business segment. Out of 

Nortek’s four business segments, the only one that posted a 

2009 operating loss was home-technology products, whose 

20 brands include Niles, Elan, Aton, and SpeakerCraft. 
The technology segment’s operating loss of $274 million 

grew almost sevenfold from 2008’s $39.2 million operating 

loss.  In 2007, the segment posted operating earnings of 

$76 million.

Despite surging home-technology losses, company-wide 

operating losses shrank 71.2% to $165.1 million from $573.7 

million in 2008, when Nortek’s residential ventilation and 

residential HVAC segments accounted for 99% of Nortek’s 

operating losses. Nortek’s other business segment is commer-

cial HVAC. The last time Nortek posted operating earnings 

was in 2007, when earnings came to $210.3 million.

In December 2009, Nortek emerged from a prepack-

aged Chapter 11 reorganization, reducing its debt load 

from about $2.2 billion to about $885.3 million at the 

end of 2009. The company plans to file an application to 

list its stock on the New York Stock Exchange. If it doesn’t 

meet listing requirements, the company said it will file on 

another national stock exchange.

In its latest financial report, Nortek said company-wide 

net sales were off in 2009 by 20.3% to $1.81 billion fol-

lowing a 2008 decline of only 4.2%. Net sales in each of 

Nortek’s four segments fell at double-digit percentage rates, 

with home-technology sales off 22% to $400.8 million 

following a 9.8% decline in 2008 and a 17.7% gain in 

2007. Sales in other segments were off in 2009 by 18.6% 

at the low end for residential ventilation products to 22.8% 

on the high end for commercial HVAC products. Home 

technology accounted for 22.2% of company-wide sales in 

2009 and 23% of 2008. For the fourth quarter, company-

wide net sales were down 14.2% to $429 million, and the 

operating loss shrank to $31.2 million from the year-ago 

$100.7 million. 

In the short term, Nortek expects only marginal 

improvement in the residential housing market, though the 

long-term fundamentals remain solid because of a grow-

ing population and household formations. The company 

forecast single-family housing starts of 525,000 in 2010. 

Census Bureau statistics show single-family starts in 2009 

were 443,500, down from a 2005 peak of 1.72 million.

The company’s financial report also revealed that 

Richard Bready, who is also president and CEO, received 

total compensation of $9.7 million in 2009. That includes 

a $3.5 million base salary, a $500,000 cash bonus, plus 

the value of stocks, options, and other compensation. 

Other  brands in the home-technology segment include 

Proficient Audio Systems, Sunfire, Imerge, Xantech, 
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M&S Systems, Channel Plus, Panamax, Furman, 

OmniMount, OpenHouse, Channel Plus, Magenta, 

Gefen, and LiteTouch.

A third-quarter financial report shows that Harman 
International (www.harman.com) operated in the black 

for the third consecutive quarter following several quarters 

of major losses. Harman’s worldwide net sales grew 42% 

in the fiscal third quarter to $848 million and by 14% for 

the first nine months to $2.54 billion. Net income hit $18 

million in the third quarter, compared with a year-ago loss 

of $69 million, and net income for the nine-month period 

hit $25 million, compared with a year-ago loss of $427 

million. The only division to post a third-quarter operating 

loss was the consumer division, which lost $1 million for 

the quarter but posted a $6 million operating profit for the 

nine-month period. The third-quarter loss was down from 

the year-ago $8 million loss, and the $6 million nine-month 

operating profit contrasts with a year-ago loss of $35 mil-

lion.  Consumer sales were up 18% in the quarter to $81 

million and up 2% for the nine months to $292 million.

Petra Industries (www.petra.com), the distributor of 

CE and custom-installation products, mobile audio/video 

accessories, and appliance connection supplies, held its 

8th Annual Car Audio Expo on May 2. Attendees had the 

chance to meet face-to-face with vendor representatives 

from the 25 industry-leading manufacturers participating. 

These manufacturers gave hands-on demonstrations of their 

most innovative new products, including speakers, A/V 

receivers, DVD players, CD head units, navigation systems 

and accessories, subwoofers, and more.

Following the success of last year’s buying show, Petra 

once again gave attendees the chance to shop exclusive 

same-day show specials only available from the Expo 

floor.  Manufacturers in attendance included Clarion, 

Pioneer, Sirius XM, Dual, Whistler, Garmin, Atrend, 

Power Acoustik, Planet Audio, Boss, Scosche, DB Drive, 

DB Link, Cobra, PAC, iSimple, Bazooka, Roadview, 

Wilson, Avital, XpressKit, Boyo, Astra, Galaxy, Rocky 
Mountain Radar, American Terminal, Sound Storm 

Laboratories, StreetGlow, Steelmate, Pyramid, Pyle, 

Stanley, Uplink, Jensen, and Audiovox. 

Consumers who subscribe to cable-TV service will get 

a simplified home theater experience if cable operators 

adopt THX Media Director technology (www.thx.com/

consumer/thx-technology/) unveiled by THX at The Cable 

Show 2010 (http://2010.thecableshow.com). The technol-

ogy delivers metadata over a cable network to a cable set-top 

box, enabling compatible TVs and home audio systems to 

automatically select the correct aspect ratio, color space, sur-

round-sound modes, and other settings designed to ensure 

that the filmmaker’s artistic intent comes through a home 

theater system. It would also automatically switch between 

2D and 3D playback, the company said. The technology 

can be added to the installed base of set-top boxes (STB) 

via a firmware update.

Osram Sylvania (www.sylvania.com), North America’s 

number one lighting company, and Artison (www.

artisonusa.com), a leading innovator of high-end audio 

technology, have partnered to bring to market MusicLites, 

a first-of-its-kind wireless light speaker combination (Photo 
1). This groundbreaking new product 

fits existing lighting fixtures and pro-

vides the most cutting edge lighting 

and high fidelity audio available today.

The unique concept of a speaker 

and light combination was invented 

and patented in 1999 by Cary Christie, 

president and CEO of Artison. Today’s 

product is the collective result of 
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Photo 1: MusicLites, the light/

speaker combo.
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Osram Sylvania’s expertise in LED solutions and Artison’s 

creative dedication to state-of-the-art audio. MusicLites 

fits multiple applications in the commercial or consumer 

marketplace. 

The MusicLites design combines an efficient 10W 

LED light, a 70mm full-range high fidelity loudspeaker, 

and a wireless audio receiver in a module that is compat-

ible with many audio sources. MusicLites fits into 4, 5, 

or 6  recessed cans, providing light output equivalent 

to a 65W reflector bulb. The audio signal is transmitted 

via a proprietary 2.4GHz wireless transceiver and works 

with various audio sources, such as USB, smartphone, 

and portable audio devices, providing limitless light and 

audio distribution throughout any environment. Each 

MusicLites kit contains two 3.8   5.3  modules, includ-

ing a remote that controls light, including dimmers, and 

audio settings.

According to Mr. Christie, “MusicLites is the most revo-

lutionary product that I have developed in my 40 years in 

the consumer electronics industry. With our combination 

of light and sound, anyone can now enjoy functionality and 

luxury in one package. I am enthusiastic about the synergy 

of our companies working together and I am happy to see 

MusicLites become a reality. Featuring LED technology, 

MusicLites is the first of many products planned for the 

future of light and sound.”

Tivoli Audio (www.tivoliaudio.com) is marking its 

tenth anniversary with summertime shipments of its first 

standalone iPod/iPhone dock, its smallest high-perfor-

mance AM/FM table radio to date, and multiple new 

color and finish options for its existing table radios. Also 

to help celebrate its anniversary, the company is sponsor-

ing a Global Design Challenge open to anyone to design 

a tenth anniversary poster for the company. The winning 

poster with the designer’s name will appear on a digital 

billboard in Times Square from Dec. 1 until the ball drops 

on New Year’s. The winner, who also gets $3,000, will be 

announced in October.

Audiovox (www.audiovox.com) reported profits in its 

fiscal year and fiscal fourth quarter, both of which ended 

Feb. 28. Audiovox net income of $22.5 million is com-

pared with a net loss of $71 million for the prior year. Net 

income was helped by an $11.3 million net tax benefit and 

the purchase gain of $5.4 million related to the purchase 

of Schwaiger (www.schwaiger.de) that was completed in 

its fourth quarter. Net sales for fiscal 2010 were $550.7 

million, compared with net sales of $603.1 million in 

the comparable fiscal 2009 period, a decrease of 8.7%. 

Electronics sales were $375 million for fiscal 2010, com-

pared with $449.4 million in the previous year, a decrease 

of 16.6%.

Audiovox experienced lower sales volumes for the year 

compared with the prior year, due in large part to the dra-

matic reduction of car sales and also because it chose not 

to participate in marginally profitable seasonal promotions. 

Additionally, lower sales were directly related to the com-

pany’s decision in fiscal 2009 to exit various high-volume 

and low profit product categories, including flat-panel TVs, 

Audio Amateur Inc.  
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portable navigation, and GMRs. In the fiscal fourth quarter 

Audiovox reported net income of $6.6 million, compared 

with a $70 million loss in the prior year’s fourth quarter. Net 

sales for the fiscal 2010 fourth quarter were $150.3 million, 

compared with net sales of $115.7 million reported in the 

prior year period, an increase of 29.9%.

The Consumer Electronics Association (CEA, www.

ce.org), producer of the International CES, reported that 

the audited attendance for the 2010 event in Las Vegas this 

January was 126,641, a 12% increase from 2009. An inde-

pendent audit of the 2010 International CES, performed 

by Veris Consulting (www.verisconsulting.com), confirms 

CES’s status as the world’s largest consumer technology 

trade show and North America’s largest annual trade show 

of any kind. Last year’s show drew 113,085.

Veris is certified by the Exhibition and Event Industry 

Audit Commission (EEIAC) to perform audits. As part of 

the Veris audit, each CES attendee is counted only once, 

and show size is calculated using only exhibit space actually 

sold, not hallways or bartered space. 

At CES this year 2,500 global companies, including 

a record 330 first-time exhibitors, unveiled an estimated 

20,000 new technology products across 1.4 million net 

square feet of exhibit space, CEA said. Also, 24,364 interna-

tional attendees from 136 countries helped increase global 

attendance at CES by more than eight percent over last year. 

The top ten countries represented at CES were Canada, 

Korea, China, Japan, Mexico, United Kingdom, Taiwan, 

France, Brazil, and Germany.

Presidents, CEOs, and/or business owners made up 

20% of attendees. More than one-third of all attendees 

are the final decision makers when it comes to new prod-

uct purchases and partnerships within their organizations. 

More than 8,400 attendees represented companies with 

more than $500 million in total annual sales, nearly 

double the previous year. The Veris audit also shows that 

CES attracts leaders from diverse business areas, includ-

ing entertainment, retail, education, engineering, and 

venture capital. More than 12,000 retail buyers, 8,000 

manufacturers, and 3,000 engineers came to the 2010 

CES, along with more than 8,500 attendees from the 

software development/publishing, content development, 

and entertainment industries, a 41% increase over last 

year.

CEA said final audit numbers may differ from esti-

mates given on-site due to additional badge pick-ups and 

badge-reader reports. This audit complies with the industry 

standards for audits adopted by both the EEIAC and the 

International Association of Exhibition and Events (IAEE). 

The 2011 International CES is scheduled to run Jan. 6-9 

in Las Vegas.

AUDIENCE ANNOUNCES APPOINTMENTS
Audience (www.audience-av.com), designers and manu-

facturers of high-performance audio/video equipment, 

recently named Chris Field as director of marketing and 

Frank Doris as public relations specialist.

Field has been in the consumer electronics industry since 

1976 and has held marketing and sales positions at PMC 

Loudspeakers, EOSS Corporation, DCM Loudspeakers, 

Bose Corporation, NHT, AR, WorldSpace Corporation, 

and other prominent CE companies. He has domestic and 

international business experience in more than 30 coun-

tries, and has created and implemented consumer and A/V 

promotions and numerous sales training programs for US 

and international markets.

  Doris has more than 20 years experience in public 

relations and marketing communications for such compa-

nies as Audio-Technica, Korg USA, VOX Amplification, 

Harman Kardon, JBL, Marantz, Denon, Toshiba, SEAL 

Solutions, and others. In addition, he has been an audio/

video writer, reviewer, and editor for The Absolute Sound, 

Sound & Vision, Home Theater Review, musicangle.com, and 

Stereo Review.   VC
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Spotlight

Assessing Motor Topologies  
By Steve Mowry

 

�he underhung voice coil topology is universally 
considered to be the most linear motor topol-

ogy implementation with respect to displacement. 
This is where the magnetic gap height is greater than 
the voice coil wind height by definition. There are, 
however, reasonable limits on how tall the magnetic 
gap can be relative to how short the voice coil can 
be, especially in smaller transducers. The more com-
monly utilized overhung topology is then defined as 
the voice coil wind being taller than the magnetic gap 
height. This works relatively well but is inherently 
nonlinear and has mass and wind height trade-off 
limits.

Recently, there have been some interesting hybrid 
and/or compound motor topologies introduced. 
These include LMS, BLX2, and LRRP. An interesting 
alternative to these proprietary hybrid motor 
topologies, based on Burton A. Babb’s US Patent 
3,983,337 filed June 21, 1973 has the potential to 
facilitate very high linear displacement when applied 
to a decade old design using familiar tall gap motor 
topology.

The voice coil is really a flux density integrator with 
respect to its surface formed by the radius, dr and 
the wind height, dx. Starting with Gauss’s Law as it 
applies to the voice coil’s radial surface, equation 1 
illustrates the relationship between DC flux and flux 
density, B, where  is the DC magnetic flux, Tm2. 

(x)= B(x)2 drdx Tm2  (1)

where: dl = N2 dr and N is the number of turns, m (2) 
Substituting and simplifying: N (x) = Bl(x)dx Tm2 (3) 
N  is the DC flux linkage, sometimes referred to as . 
Taking the derivative of both sides of equation 3, the 
result is shown in equation 4. 

B1(x) = 
d x

dx
Tm    (4) 

Equation 4 shows that Bl(x) varies with position and 
is defined as the change in flux linkage relative to the 
wind height of the voice coil. 

The value of Bl(x) is really random in nature and 
can be evaluated based on the probability of where 
the voice coil is. Thus I have approximated the 
behavior of each motor topology using exponential 
functions that are in the form of probability density 
functions. I know the system, but I don’t quite know 
the input. The value of Bl(x) changes with voice coil 
position, but I don’t know exactly where the voice 
coil is. However, if the Bl(x) function approaches a 
constant, Bl(0), then I simply don’t care where the 
voice coil is, as long as it is between –X and X.

The following relates to the DC flux linkage 
characteristics of several voice coils within several 
similar motor topologies. 

OVERHUNG COIL 

Figure 1 is an example of overhung voice coil 
topology. The Bl(x) function for the overhung 
topology is nonlinear and resembles an inverted 
parabolic type function. Equation 5 is a generalized 
first order approximation of this phenomenon and is 
in the form of a probability density function, where m 
and n are constants related to the magnetic gap and 
voice coil geometries and e is Euler’s number. 

B1(x)  B1(0)e-mx2n Tm  (5) 

WELLHUNG COIL 

I used the wellhung topology for subwoofer designs 
back in the late 1990s. Relative to the highly overhung 
motor topology in Fig. 1, the gap is tall and the 
voice coil is also tall. In this case the voice coil wire 
was aluminum to keep moving mass at a reasonable 
value for such a tall voice coil. The peak value of Bl is 
typically reduced by the aluminum relative to copper 
wire, but the tall gap and tall voice coil result in high 
flux linkage at or about the rest position (Fig. 2). 

FIGURE 1: Sectional illustration of a highly overhung voice coil motor topology.
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This is the most efficient motor topology but 
also the most nonlinear of the topologies discussed 
here. The wellhung topology was a favorite with 
competition car audio and dB Drags several years 
ago. With the development of the Klippel DA, the 
industry focus shifted to the nonlinear parameters, 
including Bl(x) and linearity based Xmax limits. 
Figure 3 is a decade-old wellhung low-frequency 
transducer implementation. 

The following topologies can be designed to be 
linear with respect to displacement in a large signal 
sense. 

VARIABLE DENSITY COIL 

A solution to the overhung nonlinearity is to 
wind the voice coil nonlinearly. This is shown in 
equation 6 and Fig. 4. The voice coil winding density 
is increased exponentially from the center of wind 
in both the positive and negative directions (www.

audiopulse.com/products/technologies/lms/) to 
compensate for the exponential Bl decay resulting 
from displacement of the coil from the rest position, 
x = 0. 

B1(x)  B1(0)emx2n e-mx2n Tm  (6)
B1(x)  B1(0); -X>x>X

A problem with this solution is that the voice coil 
becomes massive with a wide peak cross-section at 
the end limits that requires a wide magnetic gap. It 
seems better suited for large subwoofers that are less 
sensitive to moving mass requirements and motor 
assemblies can be made large. A wide gap and a 
massive voice coil will certainly impact transducer 
sensitivity. 

UNDERHUNG COIL 

The underhung voice coil motor topology is a 
proven solution, and an example illustrated in Fig. 

5 and equation 7 shows that the flux linkage is 
inherently constant over a displacement range. It is 
linear for a range of displacement, then the Bl(x) 
value falls exponentially. 

FIGURE 2: Sectional illustration of a wellhung voice coil motor topology. FIGURE 4: Sectional illustration of variable winding density voice coil motor topology.

FIGURE 3: Sectional illustration of a decade-old wellhung voice coil 10  trans-

ducer assembly.

FIGURE 5: Sectional illustration of underhung voice coil motor topology.
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B1(x)  B1(0);-X<x<X Tm  (7)
B1(x)  B1(0)e-m( x -X)2n;-X  x  X 

Equation 8 shows the linear displacement limit 
guidelines for the following overhung topologies 
including wellhung and nonlinear wound voice coil 
and the underhung topology, where h is the voice 
coil wind height and g is the magnetic gap height, the 
difference between the gap and coil heights. 

X = 
g h

m
2

    (8)

XBL2

XBL2 is a clever hybrid dual gap underhung/
overhung voice coil motor implementation. It does 
require secondary CNC machining of the pole and 
multiple top plates. At and about the rest position, 
the voice coil links to the two gaps and is underhung 
by definition, gap taller than coil wind height, but 
as the coil is displaced into and out of the motor 
assembly, the coil becomes overhung with regard to 
each of the two-segmented gaps.

It is convenient to place a heavy aluminum 
shorting ring between the two gaps. This has been 
shown to be effective in reducing inductance related 
nonlinearity, Le(x,i) and the AC Bl(x,i). 

LRRP 

The XBL2 and STEP’s Low Reluctance Return 
Path (LRRP) topologies are very similar in function, 
but the LRRP is a more complex and physically 
larger implementation and can provide very high 
Bl due to the arraying of magnets. XBL2 and LRRP 
both utilize two gaps with one coil positioned 
between those gaps. They make efficient use of 
the voice coil wind height—see equation 10 where 
dg is the distance between the gaps. Bl(x) can be 
made linear over a range, -X to X, with the careful 
selection of appropriate geometry as equation 9 
indicates. 

B1(x)  B11(0)e-m(x-X)2n + B21(0)e-m(x+X)2n Tm (9) 
B1(x)  B1(0); -X > x > X

X  gh d
m

2
    (10) 

where the height of the voice is less than the total gap 
height, h < g. 

SDVC 

Another simple solution to the nonlinearity of 
the overhung coil is to reduce the peak flux linkage 
by removing voice coil turns where the peak values 
occur, at and about the zero or center of the 
winding position (Fig. 8). XBL2 and LRRP also do 
this by segmenting the gap into two effective gaps. 
The result for the SDVC can be approximated as 
two nonlinear functions each with a linear wound 
(constant density) voice coil summed to a linear 
function over a range, the Symmetrical Dual Voice 

FIGURE 6: Sectional illustration of BLX2 voice coil motor topology with shorting ring.

FIGURE 7: Sectional illustration of LRRP voice coil motor topology.

FIGURE 8: Sectional illustration of SDVC voice coil motor topology.
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Coil (SDVC). The dashed traces in Fig. 22 have 
complementary direction decays (rolloffs) that are 
quite linear and symmetrical about x = 0. This works 
like a flux linkage crossover between the two voice 
coils as shown in equation 11. 

The SDVC topology can utilize an aluminum 
shorting ring on the magnets’ ID and an aluminum 
basket can function as a shorting ring on the top side 
of the gap plate. Ironically, this is also the dual of the 
single shorting ring between the two effective XBL2’s 
gaps. This is shown in the illustration of an SDVC 
update example in Fig. 9. 

B1(x)  B11(0)e-m(x+X)2n + B12(0)e-m(x-X)2n Tm (11)
B1(x)  B1(0); -X > x > X

A linear displacement limit guideline for the SDVC 
topology is shown by equation 12. 

X  eg d
m

2
    (12) 

where the height of one coil is less than the gap 
height, h1 < g. 

dc is the spacing between coils and the wind 
height of one coil is h1. The SDVC makes good use 
of the gap height as does the underhung topology. 
The value of X is then obtained from simulation and 
subsequently verified with a Klippel DA.

Utilizing three coil segments is an option, where 
extreme linear displacement is the target. However, 
the trade-offs are the same, Bl(0) for Xmax and a 
three-segment implementation would require a very 
large motor assembly in a tall package. 

SIMULATIONS 

I will perform a virtual experiment. I will simulate 
an XBL2 motor assembly, then, using the same 
magnets and basic topology, I will reconfigure the 
voice coil used in the XBL2 simulation from a 4-layer 
to an 8-layer and simulate an underhung motor 
assembly. Then I will simulate the wellhung and the 
SDVC topology using 4-layer aluminum wire voice 
coils and then plot all results. I will maintain constant 
clearances around the voice coil(s). Figures 10 
through 21 contain the voice coil models and contour 
plots of the DC magnetic simulations including 
contour plots of the magnitude of the flux density, 
|B|, and the flux distribution (flux lines).

Figure 10 contains the wellhung voice coil model. 

FIGURE 9: Sectional illustration of a 3  nominal diameter voice coil SDVC updat-

ed 10  WOW transducer assembly.

FIGURE 10: Wellhung voice coil model.

FIGURE 11: Contour plot of the simulation of the magnitude of the DC flux den-

sity, B , for the wellhung motor assembly model.
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The information from the voice coil models is used 
within the d (x)/dx command file that performs a 
voice coil sweep through the magnetic gap inside the 
finite element model. The results are plotted in Fig. 22.

The contour plots of simulations in Figs. 11 and 
12 illustrate the wellhung or mildly overhung voice 
coil links to most of the gap flux at the rest position. 
Figure 13 contains the voice coil model for one coil 
of the SDVC. Figure 16 contains the short underhung 

voice coil model.
Figures 17 and 18 illustrate that the underhung 

voice coil is within a uniform DC flux density just as 
long as the coil remains within the gap. Figure 19 
contains the XBL2 voice coil model.

The simulations of flux density illustrated in Fig. 

20 and the flux distribution in Fig. 21 clearly shows 
that the XBL2 has two magnetic gaps spaced by some 
distance, dg.

E5

FIGURE 12: Contour plot of the simulation of the DC flux distribution for the 

wellhung motor assembly model.

FIGURE 15: Contour plot of the simulation of the DC flux distribution for the 

SDVC motor assembly model.

FIGURE 16: Underhung voice coil model.

FIGURE 17: Contour plot of the simulation of the magnitude of the DC flux den-

sity, B , for the underhung motor assembly model.

FIGURE 13: Half SDVC voice coil model.

FIGURE 14: Contour plot of the simulation of the magnitude of the DC flux den-

sity, B , for the SDVC motor assembly model.
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The DC resistance and the mass are essentially 
identical for all voice coil models along with the 
magnets and the pole and the gap plates being 
essentially the same within the finite element models. 
The curves in Fig. 22 could be moved up or down by 
increasing or decreasing magnet size and perhaps the 
back plate could be thickened if the magnet size was 
increased. 

ENGINEER’S COMMENTS 

The SDVC is similar to the decade-old wellhung 
motor topology. It seems obvious now that the 
high peak Bl(0) could be traded for linear Xmax 
but that was not the design criterion back in 1998-
1999 and the Klippel DA was not widely available. 
One nice thing about the SDVC is that this topology 
is inherently very flexible with regard to target 
nonlinear design parameters and implementations. 
For a given gap height, it looks like the SDVC is the 
most linear with respect to displacement but at the 
price of peak Bl(0). This can be compensated for with 
increased magnet volume and motor redesigning. It 
is possible to get ruler flat Bl(x) functions over a very 
high peak-peak stroke with the SDVC topology. 

The challenge now shifts to suspension design 
and implementation, where 10  low-frequency 
transducers are expected to have Xmax  25mm 
(one way). For 8  low-frequency transducers, Xmax 

 20mm is a reasonable target. Larger transducers 

FIGURE 18: Contour plot of the simulation of the DC flux distribution for the 

underhung motor assembly model.

FIGURE 19: XBL2 voice coil model.

FIGURE 20: Contour plot of the simulation of the magnitude of the DC flux den-

sity, B , for the SBL2 motor assembly model.

FIGURE 21: Contour plot of the simulation of the DC flux distribution for the 

SBL2 motor assembly model.

FIGURE 22: Plots of the simulations of B1(x) for the wellhung, underhung, XBL2, 

and SDVC voice coil and the respective motor assembly models.
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can have larger Xmax targets. 
The spacing between coils within the SDVC 

topology is another degree of freedom for the 
transducer engineer/designer. My objective 
was to keep things as “equal” as possible while 
still considering my previous wellhung motor 
implementations. All four finite element models are 
identical at the OD and height dimensions. Only the 
gaps are different, and this is to accommodate the 
respective voice coil OD.

What I find intriguing is that the SDVC is the 
“dual” of XBL2. The XBL2 voice coil is underhung 
at the rest position but there are effectively two 
magnetic gaps; however, the coil when displaced from 
x = 0 is overhung with respect to each gap, whereas 
the SDVC is effectively overhung at the rest position 
with one gap and two coils. However, each coil is 
effectively underhung with regard to the single tall 
gap. At the end of the day, it’s still just another way 
to trade small signal sensitivity for Xmax.

I propose that transducer manufacturers and 
developers get a Klippel DA and evaluate the large 
signal behavior of their products and perhaps their 
competitors’ products too, and then consider new 
product development options as indicated by the 
measurement results. Low distortion, high excursion 
motor/voice coil and suspension designs and 
implementation are essential to high-performance 
low-frequency transducers.   VC

Multi Media Manufacturer
PO Box 876, Peterborough, NH 03458-0876 USA
Phone: 603-924-9464  Fax: 603-924-9467 
info@multimediamanufacturer.com
www.multimediamanufacturer.com
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personnel worldwide!

To subscribe, go to 
www.multimediamanufacturer.com 
and click on Subscribe. Your qualified  
subscription begins with the next issue.

Or call 
1-888-924-9465 
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Steve Mowry is president of S. M. Audio 
Engineering (www.s-m-audio.com). He has a BS 
degree in Business Administration from Bryant 
College and BS and MS degrees in Electrical 
Engineering with highest distinction from the 
University of Rhode Island. He has worked 
in loudspeaker R&D at BOSE, TC Sounds, 
EASTECH, and P.Audio. He was responsible 
for the design and development of BOSE’s 
2¾  plastic basket multimedia AM5/Lifestyle 
“cube” transducer in 1997-1998, “Hotshot.” 
This in raw quantity is one of the largest selling 
electrodynamic audio transducers of all time 
and is still being manufactured today. Steve is 
currently an independent researcher, lecturer, 
and consultant in transducer/loudspeaker system 
design and new product development along with 
being a frequent contributor to Voice Coil and 
Multi Media Manufacturer. 
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AES 40th Conference: Spatial Audio 
The AES 40th Conference, titled “Spatial Audio, Sense 

the Sound of Space,” will be held October 8–10 at the 

NHK Science & Technology Research Laboratories and 

Tokyo University of the Arts, both in Tokyo. The keynote 

address will be given by Angelo Farina, who will discuss the 

history and current state of the war between the two main 

approaches to surround sound: discrete speaker feeds versus 

hierarchical matrix. Thirteen paper sessions and 10 work-

shops are scheduled. Paper session topics include:

- Perception and evaluation of spatial audio 1

- Signal processing

- Spatial rendering and reproduction 

- Perception and evaluation of spatial audio 

- Surround sound with height

- Coding for spatial audio

- Applications of spatial audio

- Microphone and mixing techniques

- 3Dsound

- Spatialization and reverberation

- Monitoring of surround sound

- Perception and evaluation of spatial audio 

Workshops of interest will be Ultimate immersive audio 

experience: Surround sound with height, Spatial audio for 

music, and Spatial audio for games. And last, the invited 

lecturers will feature a presentation by Tlshiki Hanyu speak-

ing on the new theoretical model of sound field diffusion.

Following the 40th Conference in Tokyo will be the 

129th AES Convention on November 4-7, at the Moscone 

Center in San Francisco. For 

more, visit the AES website 

www.aes.org.

New Measurement 
Microphone from Audix

Audix has introduced its 

TM1 (Photo 1), a 6mm pre-

polarized condenser micro-

phone used for test and mea-

surement applications. It is 

designed to capture acoustic 

measurements for room analy-

BONUS ARTICLESBBBOOONNNUUUSSS AAARRRTTTIIICCCLLLEEESSS
Product NewsE1

By James Croft

By Vance Dickason

PHOTO 1: Audix 

TM1 microphone.
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drivers, with wood 
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sis software programs, real-time analyzers, and other sound-

control devices. The TM1, which is characterized with a 

uniformly controlled omnidirectional polar pattern and a 

frequency range over 20Hz-25kHz, is targeted for use by 

sound engineers, sound companies, and recording enthu-

siasts.

Requiring 18-52V phantom power for operation, the 

TM1 features a precision-machined 4-stage brass body 

and capsule housing, nickel-plate finish, Switchcraft XLR, 

shock-absorbent O-rings, and heavy-duty snap-to-fit mike 

clip. Optional accessories include an acoustic foam wind-

screen (WS-TM1) that threads onto the microphone 

housing for secure and stable operation, and a shockmount 

adapter (SMT-TM1).

Specifications are as follows:

Transducer type: pre-polarized condenser 

Frequency response: 20Hz - 25kHz 2dB 

Polar pattern: Omni 

Output impedance: 200  

Sensitivity: 6.5mV/Pa at 1k 

Maximum SPL: 130dB with distortion < 1% 

140dB maximum 

Signal to noise ratio: 66dB 

Equivalent noise level: 28dB (A weighted) 

Dynamic range: 112dB 

Power requirements: 18-52V phantom 

Connector: Switchcraft male XLR 

Polarity: Positive pressure on diaphragm 

produces positive voltage on pin 2 

relative to pin 3 of output XLR connector 

Housing: 4 piece precision machined brass finish nickel 

Length: 150mm/5.9  

List price for the TM1 is $299. For more, visit the Audix 

website www.audixusa.com

Fundamentals of Electroacoustic  
Measurements Seminar

CJS Labs will hold another highly informative 

Fundamentals of Electroacoustic Measurement seminar 

immediately following the 129th AES Convention on 

Monday, November 8, at the Grand Hyatt Hotel in San 

Francisco. Hosted by Chris Struck, this course focuses 

on measurements of electroacoustic transducers (Fig. 1). 

The fundamentals of acoustics and electroacoustic mea-

surements are presented, including instrumentation, data 

interpretation, and information on how to perform appro-

priate tests. Techniques for diagnosing problems in design 

and QC are shown. Practical demonstrations are provided 

throughout the course.

This course is intended for technical persons who are 

responsible for the electroacoustical performance of loud-

speakers, microphones, headphones, telephones, hearing 

aids, or transducer-equipped media devices, R&D, Q.C/

Q.A., and production-related topics. The level and content 

are appropriate for both novices and persons with test and 

measurement experience. This training will enable you to 

perform accurate measurements and provide you with the 

necessary tools to understand and correctly interpret the 

results. The basic outline of the course is as follows:

• Basic Acoustics and Measuring Sound 

• Sound Sources, Sound Fields & Test Environments 

• Psychoacoustics, The Ear & Hearing 

• Measurement Microphones & Calibration 
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FIGURE 1: CJS Labs’ measurement cycle.
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• Frequency Analysis, Filters, & FFT 

• Linear System Analysis 

• Simulated Free Field Techniques 

• Directional Measurements and Polar Response 

• Impedance and Small Signal Parameters 

• Time-Frequency Analysis 

• Distortion & Non-Linearity 

• Harmonic, Intermodulation & Difference Frequency 

Distortion Tests 

• Transducer Defect Detection 

• Special Topics 

Price for the course is $399 per person. Space is limited, so 

e-mail cjs@cjs-labs.com or phone (415) 923-9535 today to 

reserve your place. Your space is not guaranteed until pay-

ment is received. The course fee includes beverages, lunch, 

and a printed set of the course notes. For more, visit www.

cjs-labs.com.

ALMA News
ALMA, the International Loudspeaker Association, 

Board of Directors has announced a number of mid-

year accomplishments and outlined some ambitious new 

plans. This includes a new ALMA website; the creation 

of ALMA student chapters and the genesis of a student 

loudspeaker design competition; a 50th anniversary gala 

event featuring the introduction of industry award recog-

nition along with a powerful winter symposium program; 

and an important industry collaboration with a Chinese 

loudspeaker association.

ALMA management is in the process of implementing 

new association management software that includes an 

upgrade to a first-class website that will simplify, improve, 

and automate the member experience and will better facili-

tate online community needs. Carol Bousquet, ALMA’s 

new Executive Director, said, “It’s all about customer 

service—meeting the needs of our members, building com-

munity and creating a favorable member experience so that 

we can focus on what’s most important. . . our organization! 

The ALMA board of directors is committed to providing 

value in exchange for member investment; after all, they 

pay dues too and realize first-hand how important every 

organizational and member dollar is. The 50th anniversary 

of ALMA has given us a timely opportunity to review how 

we do business and how we offer world-class programs in 

order to constantly improve how we meet our members’ 

needs and grow the only professional association dedicated 

to the world-wide loudspeaker industry. This ambitious 

administrative commitment is one example; a plan for solid 

symposia programs in Asia and Europe with a stellar winter 

symposium and a blow-out gala anniversary celebration in 

Las Vegas is another!”

The winter symposium program theme this year is 

“Loudspeakers: Yesterday, Today and Tomorrow” and will 

feature a historic panel of industry icons discussing the 

highlights of their career and the industry while an excit-

ing new program, the first Student Loudspeaker Design 

Competition, will be judged during the symposium and 

awarded at the gala.

The “gala” is a first-time event for ALMA and is a depar-

ture from the traditional and coveted members-only din-

ner. The board is extremely pleased that Shawn Dubravac, 

Chief Economist & Director of Research for the Consumer 

Electronics Association, will be the keynote speaker at 

ALMA’s 50th Anniversary Gala. Specifically targeted to the 

loudspeaker industry, with the assistance of his team of 15 

researchers, he will share a retrospective, current research 

and prognostication about the future marketplace and 

consumer trends!

ALMA’s Student Loudspeaker Design Competition will 

feature qualified students who’ve submitted their designs 

and measurements for a pair of loudspeakers. Finalists will 

be selected by an ALMA judging panel and will be invited 

to display their speakers and design data at the ALMA 

International Winter Symposium in Las Vegas Jan. 4-5, 

2011, two days before the Consumer Electronics Show 

(CES). The finalists will receive free admission to ALMA 

International’s two-day winter symposium; and one free 

night at the Orleans Hotel and Resort. The final awards will 

be presented at the ALMA 50th Anniversary Gala during 

the symposium.

ALMA will also be highlighting and celebrating the 

accomplishments of the industry’s best and brightest with 

the introduction of “The Driver Award” at the gala during 

the winter symposium. The driver award will feature three 

levels—platinum, gold, and bronze. The platinum driver 

award will be reserved for board emeritus or members who 

have made significant, continued, and sustained contribu-

tions to the industry over the lifetime of their career; the 

gold award will be given to a member or institution that 

deserves recognition for a singular and more current accom-

plishment, either within the association or the industry; and 

the bronze driver award will be given for accomplishments 

worthy of recognition to the newest or youngest members 

of ALMA.

ALMA Board member and VP Asia, Jennifer Nee, 

General Manager of Phase Design, has led an effort to 

formalize a collaboration with CEAD, the Chinese loud-

speaker organization; the result being a commitment to 

sharing in every way possible new and innovative infor-

mation that will benefit all members. CEAD is made up 

of loudspeaker engineers and factory directors, similar to 

the makeup of ALMA. ALMA plans to celebrate this col-

laboration at the ALMA Asia symposium as well as at the 

ALMA Gala in January. The focus is to improve how each 

country does business with the other. A board member of 

each association will become a board member of the other, 

and in the true spirit of collaboration, will begin to share 

technical know-how through active participation in each 

other’s symposia programs.

A “Call for Papers” has been issued for ALMA 

International’s 2011 Winter Symposium. The 2011 pro-

gram will highlight the 50-year legacy of ALMA by looking 

back at historical accomplishments and projecting into the 

future.

Technical papers are invited and abstracts will be evalu-
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ated on the basis of their overall quality and relevance to the 

theme of the symposium, relevance and value to the loud-

speaker industry, and practical feasibility and usage of topic 

and information presented. Each paper session is scheduled 

to last 30 minutes, and up to four papers will be selected. 

Presenters should submit to ALMA:

� A title

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

ing in pre-symposium promotional literature

� The name, address, phone number, and a short biography 

of the presenter(s)

� A list of any special equipment needed

The closing date for the submission of abstracts is August 

15. Notification of Presenters will be by September 15. 

Presenters must be able to supply copies of presentation 

in electronic format by November 15 (PowerPoint, MS 

Word, or PDF) for inclusion on the show proceedings 

CD. Submissions should be e-mailed to management@ 

almainternational.org.  

Audio Musings: A Blog by Sean Olive
If it’s a given that all loudspeaker manufacturers should 

pursue loudspeaker designs that provide the maximum in 

musicality and listener satisfaction, then you all should be 

visiting Sean Olive’s blog titled Audio Musings on a regular 

basis (Photo 2). Audio Musings has been going strong since 

December 2008, so go to the site and spend some enjoyable 

time perusing all of Sean’s articles focused on perception of 

sound. Titles such as “Relationship between Loudspeaker 

Measurements and Listen Preferences,” “The Effect of 

Whole-body Vibrations on Preferred Bass Equalizations of 

Automotive Audio Systems,” “The Dishonesty of Sighted 

Listening Tests,” or “What Loudspeaker Specifications 

are Relevant to Sound Quality?” should be sufficient to 

pique any loudspeaker engineer’s interest. Currently in 

the June issue of Sean’s blog is “Some New Evidence that 

Generation Y May Prefer Accurate Sound Reproduction,” 

which sounds like good news to me. For more, go to http://

seanolive.blogspot.com. Thanks, Sean!   VC
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Test Bench

Tymphany/Airborne
By Vance Dickason

�his month’s Test Bench samples are both home audio 

drivers. From Tymphany, a 6.5  woofer from the new 

Vifa NE line—the NE180W-04. And from Airborne, the 

wood cone HR124B8-10L midrange (the 5.25  wood cone 

woofer version, the FR148B6-17L, was featured in the 

September 2009 issue).

NE180W-04
Like the other Vifa NE series woofers I have reviewed (Voice 

Coil featured reports on the Vifa NE149 and NE225 in the 

December 2009 issue, and the NE315 in the July 2010 issue), 

the 6.5  NE180W-04 (Photo 1) represents a completely new 

from-the-ground-up design. As with the other woofers in the 

NE series, the NE180 incorporates a group of similar features. 

Starting with the frame, Vifa has designed a proprietary cast 

aluminum frame that minimizes frame reflections back into 

the cone, open cooling area below the spider mounting shelf, 

as well as providing a heatsink for the neodymium motor. The 

cone and dust cap on all models incorporate a natural wood 

fiber paper slurry with added proprietary coating to improve 

clarity (damp surface modes).

This also includes Vifa’s Pentacone technology for 

improved edge damping. The neodymium ring magnet 

motors are FEA designed and incorporate copper Faraday 

shields (shorting rings) for reduced distortion. And as with 

the other NE woofers, the NE180 uses a titanium voice 

coil former terminated to a unique gold-plated terminal 

that incorporates both standard terminals and screw blocks. 

Cosmetically speaking, these are very good looking drivers.

I commenced analysis of the NE180W-04 using the 

LinearX LMS analyzer (soon to be available in an outboard 

chassis with USB connection) and VIBox to produce both 

voltage and admittance (current) curves with the driver 

clamped to a rigid test fixture in free-air at 0.3V, 1V, 3V, 

6V, and 10V. As with almost all 6.5  drivers, the 10V curves 

were too nonlinear for LEAP to get a reasonable curve fit 

and were discarded.

As has become the protocol for Test Bench testing, I no 

longer use a single added mass measurement and instead 

used actual measured mass, but the manufacturer’s measured 

Mmd data. Next, I post-processed the remaining eight 550 

point stepped sine wave sweeps for each NE180 sample and 

divided the voltage curves by the current curves (admittance) 

to derive impedance curves, phase added by the LMS calcu-

lation method, and along with the accompanying voltage 

curves, imported to the LEAP 5 Enclosure Shop software. 

Because most Thiele/Small data provided by the major-

ity of OEM manufacturers is generated using either the 

standard model or the LEAP 4 TSL model, I additionally 

produced a LEAP 4 TSL parameter set using the 1V free-air 

curves. I selected the complete data set, the multiple voltage 

impedance curves for the LTD model (see Fig. 1 for the 1V 

free-air impedance curve) and the 1V impedance curve for 

the TSL model in the transducer derivation menu in LEAP 

5, and produced the parameters for the computer box 

simulations. Table 1 compares the LEAP 5 LTD and TSL 

data and factory parameters for both Vifa NE180 samples.

LEAP parameter Qts calculation results for the NE180 

were reasonably close to the factory data; however, my data 

definitely showed a lower Qms compared to the factory data. 

Although the preliminary factory data showed some variation, 

I followed my usual protocol and proceeded setting up com-

puter enclosure simulations using the LEAP LTD parameters 

for Sample 1. Two computer vented box simulations were pro-

grammed into LEAP, one QB3 with a 227 in3 volume tuned 

to 61Hz and an EBS (Extended Bass Shelf ) vented enclosure 

10  Hz 20 50 100 200 500 1K 2K 5K 10K 20K

 Ohm

1

2

5

10

20

50

100
Impedance vs Freq

 TSL model  LTD model  Factory
 sample 1 sample 2 sample 1 sample 2  

FS 36.6Hz 38.1Hz 36.6Hz 35.7Hz 39Hz      
REVC 3.15 3.30 3.15 3.30 3.3    
Sd 0.0133 0.0133 0.0133 0.0133 0.0135
QMS 5.36 5.27 4.34 4.19 8.60      
QES 0.28 0.30 0.24 0.26 0.30   
QTS 0.26 0.29 0.23 0.25 0.29         
VAS 24.7 ltr 22.8 ltr 25.0 ltr 26.3 ltr 22.5 ltr     
SPL 2.83V 88.3dB 88.1dB 88.9dB 88.4dB 89.8dB        
XMAX 5.0mm 5.0mm 5.0mm 5.0mm 5.0mm

�������	�
����������������������

FIGURE 1: Vifa NE180W-04 woofer free-air impedance plot.

PHOTO 1: NE180W-04
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with a 670 in3 volume tuned to 36.5Hz, both enclosures 

simulated with 15% fiberglass damping material.

Figure 2 displays the results for the NE180W-04 in the 

two vented boxes at 2.83V and at a voltage level high enough 

to increase cone excursion to Xmax + 15% (5.75mm). This 

produced a F3 frequency of 98.6Hz (F6 = 80.5Hz) for the 

227 in3 QB3 enclosure and –3dB = 71Hz (F6 = 51Hz) for 

the 670 in3 EBS vented simulation. Increasing the voltage 

input to the simulations until the maximum linear cone 

excursion was reached resulted in 114dB at 35V for the QB3 

enclosure simulation and 107dB with a 19V input level for 

the larger vented box (see Figs. 3 and 4 for the 2.83V group 

delay curves and the 35/19V excursion curves).

made in Italy

B&C SPEAKERS NA LLC

220 W. Parkway, Unit 11 
Pompton Plains, NJ 07444 – USA
Tel. +1 973 248 0955
Fax +1 973 248 0956
E-Mail: info.usa@bcspeakers.com

www.bcspeakers.com
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FIGURE 2: NE180W-04 computer box simulations (A = vented 1 at 2.83V; 

B = vented 2 at 2.83V; C = vented 1 at 35V; D = vented 2 at 19V).

FIGURE 3: Group delay curves for the 2.83V curves in Fig. 2.

FIGURE 4: Cone excursion curves for the 35/19V curves in Fig. 2.
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Klippel analysis for the 6.5  Vifa woofer (our analyzer 

is provided courtesy of Klippel GmbH), performed by Pat 

Turnmire, Red Rock Acoustics (author of the SpeaD and 

RevSpeaD software) produced the Bl(X), Kms(X) and Bl 

and Kms symmetry range plots given in Figs. 5-8.

The Bl(X) curve for the NE180 (Fig. 5) is symmetrical 

and somewhat narrow as you would expect from a small 

driver with a somewhat above average Xmax, and obvi-

ously with a small amount rearward (coil-in) offset. The Bl 

symmetry plot (Fig. 6) shows 0 offset at the rest position 

increasing to a trivial 0.47mm coil-in offset at the rest posi-

tion that stays constant throughout the remaining operating 

range of the driver. 

Figures 7 and 8 show the Kms(X) and Kms symmetry 

range curves. The Kms(X) curve is likewise very symmetri-

cal in both directions, but with a forward (coil-out) offset 

of about 2.5mm at the rest position decreasing to 2.4mm 

coil-out offset at the physical Xmax position, which means 

it stays mostly constant suggesting a physical offset of mag-

netic center, an easy fix in production. Displacement limit-

ing numbers calculated by the Klippel analyzer were XBl at 

82% Bl = 4.2mm and for XC at 75% Cms minimum was 

2.8mm, which means that for this Vifa woofer, the compli-

ance is the most limiting factor for prescribed distortion 

level of 10%.

Figure 9 gives the inductance curves Le(X) for the 

NE180. Inductance will typically increase in the rear direc-

tion from the zero rest position as the voice coil covers more 

pole area, which is what you see in the NE180 Le(X) curve. 

However, the variation is only 0.24mH to 0.19mH from 

the in and out Xmax positions, which is very good.

Next I mounted the NE180W-04 woofer in an enclosure 

FIGURE 5: Klippel Analyzer Bl (X) curve for the Vifa NE180W-04.

FIGURE 7: Klippel Analyzer Mechanical Stiffness of Suspension Kms (X) 

curve for the Vifa NE180W-04.

FIGURE 6: Klippel Analyzer Bl symmetry range curve for the NE180W-04. FIGURE 8: Klippel Analyzer Kms symmetry range curve for the NE180W-04.
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which had a 13   6  baffle and was filled with damping 

material (foam) and then measured the DUT on- and off-

axis from 300Hz to 20kHz frequency response at 2.83V/1m 

using the LinearX LMS analyzer set to a 100 point gated 

sine wave sweep. Figure 10 gives the on-axis response indi-

cating a smoothly rising response to about 5kHz, with the 

usual (for 5.25  and 6.5  woofers) “bump” at 1.2kHz plus a 

5dB peak centered on 5Hz. Figure 11 displays the on- and 

off-axis frequency response at 0, 15, 30, and 45 . -3dB at 

30  with respect to the on-axis curve hovers between 3-4dB 

between 2.2-3kHz, so a cross point in that vicinity should 

be optimal. And finally, Fig. 12 gives the two-sample SPL 

comparisons for the 6.5  Vifa driver, showing a close match 

to within 0.5dB throughout the operating range.

For the remaining series of tests on the Vifa NE180, I 

employed the Listen Inc. SoundCheck analyzer and SCM 

microphone (courtesy of Listen Inc.) to measure distor-

tion and generate time frequency plots. For the distortion 

measurement, I mounted the Vifa woofer rigidly in free-air, 

and set the SPL to 94dB at 1m (5.2V) using a noise stimu-

lus, and then measured the distortion with the Listen Inc. 

microphone placed 10cm from the dust cap. This produced 

the distortion curves shown in Fig. 13. 

I then used SoundCheck to get a 2.83V/1m impulse 

response for this driver and imported the data into Listen 

Inc.’s SoundMap Time/Frequency software. The resulting 
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FIGURE 9: Klippel Analyzer Le(X) curve for the Vifa NE180W-04.

FIGURE 11: Vifa NE180W-04 on- and off-axis frequency response.

FIGURE 12: Vifa NE180W-04 two-sample SPL comparison.

FIGURE 13: Vifa NE180W-04 SoundCheck distortion plot.FIGURE 10: Vifa NE180W-04 on-axis frequency response.
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CSD waterfall plot is given in Fig. 14 and the Wigner-Ville 

(for its better low-frequency performance) plot in Fig. 15. 

For more on this and other Tymphany Vifa and Peerless 

drivers, visit www.tymphany.com.

HR124B8-10L
The next driver tested this month is from Airborne, 

produced in China by long-time OEM manufacturer 

and high-end audio catalog retailer, Solen Electronique, 

Canada. The HR124B8-10L 4.5  midrange (Photo 2) is 

intended for home hi-fi applications. This driver is built on 

a 6-spoke cast frame. The cone assembly consists of a cur-

vilinear wood grain fiber cone, a 1.13  diameter wood fiber 

dust cap, and is suspended by an NBR rubber surround and 

a 2.75  diameter flat cloth spider. This is driven by a 1.0  

FIGURE 14: Vifa NE180W-04 SoundCheck CSD waterfall plot.

FIGURE 15: Vifa NE180W-04 SoundCheck Wigner-Ville plot.

PHOTO 2: HR124B8-10L.
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voice coil wound with copper wire on an aluminum former. 

The motor is shielded for use near CRT’s and has the 

typical bucking magnet and cup configuration. Lead wires 

are terminated to a pair of gold-plated terminals. While I 

think the wood cones have a very unconventional appear-

ance, I have heard them incorporated into a two-way 

speaker and their subjective sound quality was very nice.

As usual, I began testing the Airborne midrange using the 

LMS analyzer and VIBox to produce both voltage and admit-

tance (current) curves with the driver clamped to a rigid test 

fixture in free-air at 0.3V, 1V, 3V, and 6V. I post-processed 

the eight 550 point stepped sine wave sweeps for each of the 

HR124 midrange samples and divided the voltage curves 

by the current curves (admittance) to produce impedance 

curves, phase added using the LMS calculation method, and 

along with the accompanying voltage curves, uploaded to the 

LEAP 5 Enclosure Shop software. In addition to the LEAP 5 

LTD model results, I also produced a LEAP 4 TSL model set 

of parameters using just the 1V free-air curves.

I selected the final data set, which includes the multiple 

voltage impedance curves for the LTD model (see Fig. 16 

for the 1V free-air impedance curve) and the 1V impedance 

curve for the TSL model, and produced the parameters in 

order to perform the computer box simulations. Table 
2 compares the LEAP 5 LTD and TSL data and factory 

parameters for both Airborne 4.5  samples.

LEAP parameter calculation results for the Airborne 4.5  

woofer was reasonably close to the Airborne factory data. 

Given this, I set up computer enclosure simulations using 

the LEAP LTD parameters for Sample 1. This included two 
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 TSL model  LTD model  Factory
 sample 1 sample 2 sample 1 sample 2  

FS 77.4Hz 79.6Hz 71.3Hz 72.5Hz 78.9Hz      
REVC 5.99 6.07 5.99 6.07 6.2    
Sd 0.0055 0.0055 0.0055 0.0055 n/a
QMS 3.20 3.00 2.79 2.81 3.53      
QES 0.59 0.60 0.59 0.62 0.60   
QTS 0.50 0.50 0.49 0.51 0.51         
VAS 3.3 ltr 3.1 ltr 3.9 ltr 3.8 ltr 4.7 ltr     
SPL 2.83V 86.0dB 86.0dB 86.0dB 85.4dB 87.7dB        
XMAX 2.0mm 2.0mm 2.0mm 2.0mm 2.0mm

FIGURE 16: Airborne HR124B8-10L free-air impedance plot.
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box simulations, both sealed. For the first closed box simu-

lation I used a 169 in3 enclosure with 50% fiberglass fill 

material, and for the second sealed box, a 100 in3 enclosure 

also with 50% fiberglass fill material.

Figure 17 displays the results for the HR124B8-10L 

in the two sealed boxes at 2.83V and at a voltage level 

high enough to increase cone excursion to Xmax + 15% 

(2.3mm). This resulted in a F3 = 104Hz with a box/driver 

Qtc of 0.69 for the 169 in3 sealed enclosure and a -3dB = 

115Hz and a box/driver Qtc of 0.80 for the 100 in3 simu-

lation. Increasing the voltage input to the two box simula-

tions until the maximum linear cone excursion was reached 

resulted in 96dB at 9V for the first sealed enclosure simu-

lation and 98dB with an 11V input level for the smaller 

sealed box (see Figs. 18 and 19 for the 2.83V group delay 

curves and the 9/11V excursion curves). Obviously, this is 

a midrange driver that is expected to have a high-pass filter 

placed somewhere between probably 400Hz-800Hz, so 

these output numbers would be considerably higher, but 

for a 4.5  driver with only 2mm Xmax, not so bad.

Klippel analysis for the Airborne woofer produced the 

Bl(X), Kms(X), and Bl and Kms symmetry range plots 

given in Figs. 20-23. The Bl(X) curve for the HR124 

(Fig. 20) is very symmetrical and narrow as you would 

expect for a short Xmax driver. This is accompanied by a 

small amount of coil-in offset of 0.08mm at rest (see the 

Bl symmetry range plot in Fig. 21) that remains fairly 

constant throughout the operating range of the midrange. 

Figures 22 and 23 give the Kms(X) and Kms symmetry 

range curves. The Kms(X) curve has good symmetry, but 

also with a small 0.08mm rearward coil-in offset that transi-

tions to a likewise trivial coil-out offset above 0.75mm of 

excursion.

Displacement limiting numbers calculated by the Klippel 

analyzer for the Airborne woofer were XBl at 82% Bl = 

0.6mm and for XC at 75% Cms minimum was 0.6mm, 

which means that for this 4.5  midrange, both factors were 

equal contributors to the 10% distortion level provided this 

driver were operating full-range, but being a midrange using 

a high-pass filter, this data is only for reference. Figure 24 
gives the inductance curves Le(X) for the Airborne FR148 

which shows the typical increase in inductance as the voice 

coil covers more of the pole piece.

Following the Klippel testing, I mounted the HR124 

midrange driver in an enclosure which had a 12   5  

baffle that was filled with foam damping material and then 

measured the driver both on- and off-axis from 300Hz 

to 20kHz frequency response at 2.83V/1m using a 100 

point gated sine wave sweep. Figure 25 depicts the on-

axis response displaying a very smooth rising response to 

about 8.2kHz, followed by an out-of-phase dip in the 

response. Figure 26 gives the on- and off-axis frequency 

response at 0, 15, 30, and 45 . -3dB at 30  with respect 

to the on-axis curve occurs at 3.8kHz, so a 4kHz crossover 

frequency would be appropriate for this driver. And finally, 

Fig. 27 gives the two-sample SPL comparisons for the 4.5  

Airborne midrange driver, showing a good match with 

some minor less than 1dB variations.
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FIGURE 17: HR124B8-10L computer box simulations (A = sealed 1 at 

2.83V; B = sealed 2 at 2.83V; C = sealed 1 at 9V; D = sealed 2 at 11V).

FIGURE 18: Group delay curves for the 2.83V curves in Fig. 17.

FIGURE 19: Cone excursion curves for the 9/11V curves in Fig. 17.

FIGURE 20: Klippel Analyzer Bl (X) curve for the Airborne HR124B8-10L.
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FIGURE 21: 

Klippel Analyzer 

Bl symmetry 

range curve for 

the HR124B8-

10L.

FIGURE 23: 

Klippel Analyzer 

Kms symmetry 

range curve for 

the HR124B8-

10L.

FIGURE 24: 

Klippel Analyzer 

Le(X) curve for 

the Airborne 

HR124B8-10L.

FIGURE 22: 

Klippel Analyzer 

mechanical 

stiffness of 

suspension Kms 

(X) curve for 

the Airborne 

HR124B8-10L.
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For the remaining testing on the Airborne HR124, I again 

fired up the Listen Inc. SoundCheck analyzer and SCM 

microphone and power supply to measure distortion and 

generate time frequency plots. Setting up for the distortion 

measurement again consisted of mounting the woofer rigidly 

in free-air, setting the SPL to 94dB at 1m (9.1V) using a noise 

stimulus (SoundCheck has a software generator and SPL 

meter as two of its utilities), and then measuring the distortion 

with the SCM microphone placed 10cm from the phase plug. 

This produced the distortion curves shown in Fig. 28.

For the last test on the Airborne HR124B8-10L, I used 

the SoundCheck analyzer to get a 2.83V/1m impulse 

response for this driver and imported the data into Listen 

Inc.’s SoundMap Time/Frequency software. The resulting 

CSD waterfall plot is given in Fig. 29 and the Wigner-Ville 

(for its better low-frequency performance) plot in Fig. 30. 

For more information on this and other Airbrorne woofers 

and tweeters, visit the Solen website www.solen.ca.    VC

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

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

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

- Adhesive coated custom cut forms and Collars.

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

8940 North Fork Drive, North Fort Myers, Florida 33903
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FIGURE 25: Airborne HR124B8-10L on-axis frequency response.

FIGURE 26: Airborne HR124B8-10L on- and off-axis frequency response.

FIGURE 27: Airborne HR124B8-10L two-sample SPL comparison.
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FIGURE 28: Airborne HR124B8-10L SoundCheck distortion plots.

FIGURE 29: Airborne HR124B8-10L SoundCheck CSD waterfall plot.

FIGURE 30: Airborne HR124B8-10L SoundCheck Wigner-Ville plot.
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Spotlight

PoleSolver Tutorial
By Patrick Turnmire

Note: The Red Rock Acoustics PoleSolver utility program 
was originally announced in the April issue of Voice Coil. This 
month, Pat Turnmire gives a more thorough explanation of 
how this highly useful computer calculator can be applied in 
transducer design.—VD

What makes a great loudspeaker design? As a good friend 

who has been in the industry for a very long time puts it, 

“It’s all about dBs per dollar.” In other words, the least 

expensive way to meet the performance goals is the best 

solution.

DESIGN GOAL
If you accept this idea, then you can translate it into engi-

neering terms by acknowledging that the best design can be 

defined as being the one with the smallest diameter voice 

coil that will meet the goals. A smaller diameter voice coil 

will always result in a lower mass, a smaller motor magnet, 

and ultimately lower cost.

The voice coil diameter lower limit can be deter-

mined by either heating (thermal compression/power 

handling) criteria or by a target motive force (BL2/Re). 

Ultimately, it’s the balance between the two that will 

make an ideal design. Coming up with the smallest coil 

diameter that can meet a target motive force is a fairly 

complex task. Half of this problem is about wire gauge 

or how much of it you need, which is the “L” and “Re” 

part of the equation. Essentially, this can be simplified 

by reducing it to how much conductor (wire volume) 

you put in the gap. 

The other half of this problem is the actual “B” value. 

“B” is the integrated gap flux that induces current into the 

conductor. Increase either factor B or L and you increase 

motive force.

The conductor part of the design is determined by 

heating, mass, materials, and other physical properties 

that can be defined by pretty simple calculations. The “B” 

part is a bit more complicated and is determined by the 

“magic” laws of magnetics. Permeance paths, saturation, 

and flux density are all concepts that are rather complex to 

deal with, even if you use them on a daily basis. Reducing 

them to the intuitive level, you can simply use a “current” 

analogy: “How big does the wire need to be to carry the 

current that you want?” In the case of the magnetic circuit: 

“How much steel do you need to get the integrated gap B 

you require?”

The term “integrated gap B” simply refers to the 

average B in a given gap with a given height and width. 

From a cross-section view of a speaker motor, this would 

be the “area” of the gap. Essentially the bigger the gap 

area the more flux (magnetic current) you need flowing 

through the metal parts. At some point the flux will 

exceed the ability of the steel to carry it. This limit is 

called the “saturation” point and is specified as the mate-

rial’s “Bmax.” In reality, Bmax is a transition point on the 

material’s BH curve, but for simplified calculations it is 

a good reference. 

Below this value you are getting the best mix of mag-

net volume to resulting B. Above this value even a large 

increase in magnet volume will give only a relatively 

small increase in B. If it’s all about dBs per dollar, then 

you want the smallest magnet to give the highest B value. 

From this, you can conclude that the smallest functional 

pole diameter will yield the smallest magnet and lowest 

cost design.

SPREADSHEET SOLUTION
Wouldn’t it be nice, then, to specify the target gap 

B and gap area, and then automatically calculate the 

minimum pole diameter (based on Bmax)? This is essen-

tially what the PoleSolver Excel sheet does. You input a 

target gap B, the top plate thickness (gap height), gap 

width, vent hole diameter, and Bmax, and Pole Solver 

then calculates all of the background magnetic formu-

las and outputs the minimum pole diameter required. 

PoleSolver can also calculate a matrix of minimum pole 

diameters based on a range of plate thicknesses and gap 

heights.

Take a look at a worked example. The target will be 
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a gap B of 1.5 tesla, which is on the high side of what 

you can expect from traditional ceramic-based motors. 

If you are attempting to build a relatively high sensitivity 

speaker, it would be a good place to start. If this is the 

goal, then it’s a given that you want a very thin (0.5mm) 

two-layer coil for good high-frequency response (low 

inductance) and a relatively thin front plate of 4mm. For 

this example, I will specify that this design will not have a 

vent hole. The value used for Bmax will be the established 

maximum flux value for 1008 type steel, which is about 

1.8 tesla.

Entering these values into the PoleSolver sheet (Fig. 
1), you quickly see that the minimum pole diameter is 

19.45mm. If you want to see other possible combina-

tions of plate thicknesses and gap widths to reach the 

target B, you can use the matrix solver. This is a quick 

method that will determine whether other coil options 

would yield higher motive force by using thicker front 

plates. For example, if you wanted a 6mm front plate, the 

minimum pole diameter would increase to 26mm for the 

same Bmax value. An 8mm plate would yield a 33mm 

pole diameter.

As a check for accuracy, the magnetic FEA computer 

simulation (using the not yet released SpeaDFEA) shows 

the 19.45mm design results in 1.8 tesla through the pole 

as predicted and an integrated gap B of 1.5 Tesla (Fig. 2). 

You can download the PoleSolver Excel utility program 

from www.redrockacoustics.com for a nominal charge of 

$25 using Paypal. Red Rock’s site also has a wide variety of 

other tools and tutorials regarding loudspeaker design, as 

well as allowing you to sign up for a transducer engineering 

monthly newsletter.   VC

FIGURE 2: SpeaDFEA FEA simulation of the PoleSolver worked example.

FIGURE 1: PoleSolver Excel main screen.
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Spotlight

The Munich High  
End Audio Fair 2010
The all-digital age has not yet arrived. 

By Ward Maas

�his year’s Munich High End Audio Fair (May 6-9) 

included 253 exhibitors from 24 countries who showed 

an overwhelming number of products within 18.373m3. 

According to Kurt W. Hecker, chairman of the committee 

of the High End Society, the organizer of the show, this 

audio fair has grown over the last years into not only the 

largest of its kind in Europe, but also into the largest exhibi-

tion of specialty consumer electronic products in the world 

(www.highendsociety.de). He also presented the results of a 

market survey held in Germany. 

This survey revealed how old current stereo systems 

were, how often people listened to music, and the most 

important factor in selecting a stereo system:

 The stereo system of a typical German is 10 years old on 

average. 15.8% of those interviewed had a stereo system 

up to 11 to 19 years old, and 13.8% had a stereo system 

more than 20 years old.

 The most important attribute when buying a stereo 

system is sound quality (62.4%), followed by longevity 

(29.4%). Design was only the most important consider-

ation for 4.8% of the interviewed.

 Music is an integral part of everyday life for Germans. 

More than half of them (50.4%) listen more than an 

hour a day. 15% of those interviewed listen for five hours 

or more. Only 4.5% go completely without music.

So there seems to be ample opportunities for the business.

PRODUCTS ON DISPLAY
At a show like this, you need to look hard for the real 

gems. Due to the sheer volume of products displayed, it’s 

easy to overlook the products of Constellation Audio. Their 

booth was far from spectacular, but their products were. 

I received a tip from Jan Didden to look at the preamp 

designed by John Curl. I was grateful that Peter Madnick 

the VP Engineering from Constellation Audio took the 

time to show me some of the Audio Precision graphs from 

the Altair and Orion products. Now you can write an 

article or even a book on these products, but the noise floor 

graph sums it up nicely (Fig. 1).

If you have any aspirations to design the best preamp in the 

world regarding specs, just forget it. John Curl put the crown 

safely out of reach—most impressive! By the way, its looks are 

not bad either (Photo 1, www.constellationaudio.com).

Having said that, when I spoke to VandenHul designer 

Jürgen Utee, he showed me their “Grail” phono preamp 

(Photo 2). A rather unusual approach of design with 
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inductors instead of capacitors for the RIAA correction. 

Besides that, it included HF material PCB, HF style PCB 

layout, custom integrated circuits, and a custom mechani-

cal vibration damper. Again, most impressive. I am looking 

forward to a listening test (www.vandenhul.com).

In another corner I found the 15  Kilimanjaro-Series 

field coil speaker (Photo 3). Just a wooden stand with two 

speakers and a stack of business cards on the floor. It turned 

out that CEO Wolf von Langa needed to attend two audio 

fairs at the same time, leaving these wonderful products to be 

discovered by those who wondered what that power supply 

connector was doing on a loudspeaker. Field coil loudspeak-

ers do have two coils—one traditional voice coil and one coil 

to generate the magnetic field. To use such loudspeakers, you 

need a power supply connected to this field coil. 

FIGURE 1: Audio Precision low-noise graph.

PHOTO 1: Constellation Audio preamp.

PHOTO 2: The Grail phono preamp from VandenHul.

PHOTO 3: The Kilimanjaro-series field coil speaker.
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The focus of the Kilimanjaro-Series speakers is mainly 

on vintage equipment. But because prices for products like 

that are becoming more and more acceptable (I did not say 

cheap), they become more and more open to experimenta-

tion. By changing the current through the field coil, you can 

change the T/S parameters. Of course, they are also ideally 

suited for listening to music (www.kilimanjaro-series.com).

A different fundamental approach to loudspeaker chassis 

design was taken by Audio Consequence. Their 190mm 

inverted coaxial loudspeaker chassis (Photo 4), which will 

be available in the third quarter of this year, is not only 

remarkable in appearance, but also offers a solution to the 

design problem in coaxial chassis where an ideal position of 

the tweeter is less ideal for the woofer and vice versa. This 

loudspeaker chassis is usable in a full-range system (20-25 

ltr) going down to 35Hz. Even 20Hz is possible with a 

limitation regarding output power. And even an Xlin of 

6mm and an Xmax of 11mm eventually comes to an 

end. Support of a woofer up to 200Hz can be a welcome 

addition (www.audioconsequence.de).

For the DIYer, the Ground Sound booth offered a large 

range of modules for active amplification: digital crossover 

modules, power amplifier modules from 100-1500W, 

power supply modules, and transformers (Photo 5). With 

their Xoverwizard II software, they demonstrated the ease 

in making a decent setup for an active version of the Focal 

Esprit loudspeaker (www.groundsound.com).

Audio Amateur Inc.  
Phone: 603-924-9464
Fax: 603-924-9467
Email: custserv@audioxpress.com

To subscribe to the 2010 Sourcebook Digital call 
1-888-924-9465 or visit www.audioxpress.com 
to start your subscription today!

It’s easy, just find the company who sources 
the products you want and click to visit their 
website or email a question.

NEW! 
THE 2010 LOUDSPEAKER  
INDUSTRY SOURCEBOOK 
is available on-line by subscription!

THE DIGITAL 2010 LOUDSPEAKER INDUSTRY SOURCEBOOK

Only $25.00 for one full year of access to the 
fully linked Sourcebook will keep the information 
ready to use on your computer.

PHOTO 4: The Audio Consequence speaker chassis.

PHOTO 5: An overview of Ground Sound products.
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Since 2005, the “Technology Stage” has offered a range 

of lectures as an integral part of the show, including a 

variety of lectures and forum discussions ranging from the 

basics of mains- and power supplies and the ins and outs 

of (a)symmetrical connections to high-end digital room 

correction. In particular, the full-hour presentation of Mr. 

Hans M. Strassner about mains supplies, mains filtering, 

and power supplies did not leave a seat free (Photo 6). It 

was remarkable to see that everything he said was soaked 

up by a very attentive audience. I hope that this part of the 

show will be extended, because there is a great need for this 

type of factual technical audio knowledge.

One of those areas where knowledge and understanding 

will lead to an improved listening experience is acoustics. 

While bad room acoustics are often to blame for a less than 

optimal listening experience, the solutions are often sought 

in new equipment, cables, or recordings. One of the com-

panies offering a wide range of products to solve acoustic 

problems is Vicoustic (www.vicoustic.com). From bass 

traps and absorption panels to diffusion panels and acces-

sories, they have it. So next time you are not satisfied with 

the overall audio quality of your audio system, you might 

consider experimenting with the room acoustics.

At a show like this you always find the products and 

displays that bring a smile to your face, like the Analog 

Domain Audio Apollo amplifier (analogdomain.eu). Rated 

4000W in 8 /or 8000W into 4 , this is truly a monster 

with a triple switched class H output stage. Or a product 

such as the “Magic Flute” loudspeaker from Swspeakers, 

which looks like a jet engine display that ran away from an 

air show (Photo 7, www.swspeakers.com).

You often see amplifiers displayed with open hoods. 

Some companies go to great lengths to show their prod-

uct’s innards. A product such as the Ayre KX-R preamp is 

definitely a beauty (Photo 8, www.ayre.com). But what to 

think of a Mark Levinson amplifier taken apart so complete-

ly  that it looks as though they’re selling the components on 

the DIY market (Photo 9, www.marklevinson.com)? 

If you truly are in audio, then you need to look at the 

products of Silent Wire (Photo 10, www.silent-wire.de). 

There are many discussions regarding cables and how 
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PHOTO 6: Mr. Hans M. Strassner explaining mains cables connection.
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audible the use of ordinary or not so ordinary materials is. 

I am confident, however, that a lot of discussion will come 

to an abrupt stop with this loudspeaker cable. Prices begin 

at 25,000 Euro (over $30,000).

WHERE’S THE DIGITAL?
Some time ago, I had the pleasure of attending an AES 

lecture at the Amsterdam conservatorium by famous record-

ing engineer and producer George Massenburg. As usual, 

his “lecture” was more a large listening session. One of 

the highlights was a song by Dawn Langstroth. It’s been a 

rather long time since I’ve heard a piece of music that gave 

me goosebumps. I found out that her album was available 

as a digital download in 24-bit 96kHz FLAC on www.

linnrecords.com. I was wondering what you would need to 

PHOTO 7: The Swspeakers “Magic Flute” ready for takeoff.
PHOTO 8: The Ayre KX-R preamp.

PHOTO 9: A disassembled Mark Levinson amp.

PHOTO 10: Pricey cables from Silent Wire.
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play back such a file in the best quality possible. Or, for that 

matter, what if the recording was in a 24 bit 192kHz format. 

You would expect to find the answer to this question at a show 

like this, with its many products on display. For instance, if 

you look at the record-breaking number of mastodon-size LP 

turntables at this show, you see that no effort is spared to get 

the best out of an “old” LP disc. I was rather disappointed that 

many efforts to play back digital audio recordings were limited 

to gadgets. Of course, with some effort you can find equip-

ment that will play back a high-quality Dawn Langstroth 

track, but it seems that more attention is given to Internet 

Radio, visual presentation, Wifi, and PC software. 

I vented my frustration to Christian Rechenbach, who 

is responsible for the German digital audio only magazine 

“Eins-Null” (meaning one-zero). He was expecting more 

high-quality digital equipment at the show as well. “May 

be more before Christmas,” he said. “Most companies do 

not want to miss the boat and are looking more to each 

other than the consumer.” But it is a “when” and not an “if.”

So at the end of the last day of the show, when all 

crews were preparing to pack the monster turntables in 

large crates, some of the workers looked rather happy. The 

Eyjafjallajokul volcano in Iceland made flying from Munich 

impossible, but as the sun was still shining after all the 

heavy lifting, at least there was some extra time to spend in 

one of those Bavarian beer gardens where the audio discus-

sions went on.   VC
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Acoustic Patents 
By James Croft

�he following loudspeaker-related patents were 

filed primarily under the Office of Patent and 

Trademarks classification 181 for acoustical devices and 

381 for electrical-signal processing systems and HO4R 

for international patents. This also includes new patent 

applications that are published in the Patent Application 

Journal.  

LOUDSPEAKER INCLUDING A CONE 

CIRCUMSCRIBED BY A STIFFENER

Patent Number: US 7,711,138

Inventor: Bruce W. Howze (Broomall, Penn.)

Assignee: None disclosed

Filed/Priority Date: February 2, 2006

Granted: May 4, 2010

US Class: 381/398, 4 Drawings, 8 Claims

REVIEWER COMMENTS
Disclosed is construction of a transducer that claims 

to provide a lower mass method for stiffening the dia-

phragm of a cone type transducer and also provides a 

larger diaphragm surface area for a given total device 

diameter (Fig. 1). There are many patented, prior 

art approaches for increasing the stiffness of a cone 

diaphragm but many of the previous methods add a 

significant amount of mass to the cone, thus lowering 

the efficiency of the transducer and in some cases, also 

reducing high frequency response.

Briefly stated, the present invention describes a cone-type 

transducer comprising a frame, a surround having a first 

end connected to the frame, and a cone having an outer 

edge in a shape of a reverse angle flange, where a front side 

of the flange is attached to a second end of the surround, 

and a reinforcing ring, preferably of carbon fiber material, 

bonded to a back side of the flange to provide greater cone 

stiffness and reliability.

Another aspect of the present invention is that of 

having the compliance of the surround being greater 

than that of the centering spider to lessen stress on 

the outer edge of the cone diaphragm. A still further 

aspect of the invention is that of having a surround 

that is of narrower profile, taller pleats in the surround 

to achieve both higher compliance and also to allow a 

larger diaphragm diameter and surface area for a given 

frame diameter.

The advantage of the invention is claimed to be that 

the combination of an edge of the cone reinforced with 

the carbon fiber ring and the narrow and tall surround 

results in an improved loudspeaker capable of increased 

cone integrity, higher efficiency and lower distortion for 

a given frame size than previously achieved with prior art 

loudspeakers. It would seem that each of these elements 

would generally provide the attributes claimed for the 

device, and it should function effectively, but it is unclear 

as to whether it would have any compelling advan-

tages over the best competitive devices using alternative 

approaches.

MICRO-SPEAKER 

Application Number: US 2009/0016563

Inventors: George Shaolin Wei (San Diego, Calif.),  

  Dai Zo Lee (Anaheim, Calif.)

Assignee: Aurasound, Inc.

Filed: July 14, 2007

Published: January 15, 2009

Current Class: 381/430, 4 Claims, 4 drawings
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FIGURE 1: Loudspeaker stiffener.
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Reviewer Comments
The voice coil of a traditional speaker is coupled to the 

diaphragm with a former (Fig. 2). Due to the orientation 

of the voice coil, a traditional speaker requires substantial 

space behind the diaphragm to accommodate its excur-

sion, including additional space for the voice coil and the 

magnet assembly. It is suggested that the space requirement 

can make the traditional design unsuitable for applications 

in very small spaces, such as those of cell phones, MP3 

players, or other devices where the volume allotted for the 

transducer is very limited.

Another problem stated in the patent application sug-

gests that with traditional speakers there is a complex-

ity of design, which renders the traditional speaker more 

expensive to produce and susceptible to mechanical failure. 

A specific example cited is the tight dimensional spacing 

requirement for the gap between the voice coil and the 

magnet where there is concern that due to the tight spacing, 

when excessive current is applied to the voice coil, it may 

rock and rub against other speaker components, potentially 

causing reliability problems.

Alternatively, the application explores planar type trans-

ducers as a solution to part of the space problem, but dis-

cusses problems and limitations of that type of device.

The present invention attempts to combine attributes 

of both a standard voice coil/cone type speaker and planar 

magnetic transducer to result in a package that exhibits 

both greater simplicity of manufacture and more effective 

miniaturization. The essential components of this inven-

tive speaker include a dome-shaped diaphragm with an 

embedded voice coil on the surface of the diaphragm, a 

suspension surrounding the diaphragm, and a magnet. 

This assembly is secured in a frame. Due to the placement 

and orientation of the voice coil, the improved transducer 

is said to be more compact, easier to manufacture, robust, 

and efficient.

The diaphragm may be composed of printed cir-

cuit boards or other lightweight material with relatively 

high rigidity. The dome in the center of the diaphragm 

enhances its rigidity. The centrally located dome segment 

of the diaphragm can be either separate or integral with 

the flatter voice coil segment. The combination of these 

characteristics are said to minimize inertia, increase tran-

FIGURE 2: Microspeaker.
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sient response and avoid buckling of the diaphragm under 

increased pressure at high volume levels. The voice coil is 

positioned as a spiral around the periphery of the dome 

shape on the flat portion of the diaphragm. It is preferably 

attached by adhesive, etching, or silk-screen to the bottom 

surface of the flatter portion of the diaphragm surrounding 

the dome.

The dome-shaped diaphragm has its embedded voice 

coil disposed on top of a permanent magnet and secured 

to the speaker frame. The diaphragm, voice coil, magnet, 

and frame are all mounted concentrically with an opening 

through the center of the frame and the magnet to provide 

ventilation for dissipating heat generated by the voice coil 

and for releasing back pressure built up by the diaphragm’s 

excursion.

Similar spiral coils in co-planer relationships with 

the magnetic circuit have been utilized in prior art 

tweeters of the 1970s, but were not developed as full 

range devices. The voice coil suspended in a parallel 

fashion over the magnetic circuit may make for a shal-

lower package, and without as-tight spacing, tolerance 

requirements may make for an easier build, but the 

claim for greater spacing between the voice coil when 

used with this type of architecture will inherently 

be limited in terms of competitive efficiency. If that  

tradeoff is acceptable, then the structure may be useful 

in micro devices as intended.   VC

Industry Watch
By Vance Dickason

�t is with deepest regrets that Voice Coil announces the 

passing of Claude D. Smith, the founder of Nuway 
Speaker Products. Mr. Smith’s speaker career began over 

53 years ago when he founded NuWay Speaker Products 

(www.nuway-speaker.com). The original plant was located 

in Franklin Park, Ill., a suburb on the northwest side of 

Chicago. NuWay’s original line of business—and still the 

mainstay of the business today—was making spiders/damp-

ers for the loudspeaker industry.

During the first 20 years, the company experienced slow 

but steady growth. By the mid-70s NuWay began to see a 

bigger increase in sales due to the startup of seamed cone pro-

duction, and in 1976 opened a second facility in Antioch, Ill., 

about 45 miles north of the original Franklin Park plant. The 

location in Antioch is now corporate headquarters.

In the early 1980s Nuway built an addition in Antioch 

to house the molded cone department and by 1985 

were in production of the company’s first molded paper 

cones.  Nuway’s growth continued at a steady (although 

considerably faster) pace and in 1995 the company built its 

newest facility in Antioch, right across the street from the 

original Antioch plant. This plant now houses the spider 

and dust cap production as well as tooling, maintenance, 



AUGUST 2010 27

warehouse, and corporate offices.

In 1998 NuWay purchased another facility in Clinton, 

North Carolina. The Clinton facility was previously owned 

by International Jenson Incorporated and manufactures 

molded paper cones and some poly cones. In 2002 NuWay 

opened their newest plant in Nogales, Sonora, Mexico.

NuWay currently has about 150 customers and is one of 

the largest soft-good component manufacturers in North 

America. NuWay is still owned and operated by the Smith 

family, with Claude formerly functioning as CEO, Dennis 

Smith as President and Jim Smith as Vice-President. Nuway 

currently has approximately 320 full-time employees com-

bined in all facilities, running two shifts. This is Claude 

Smith’s legacy. He will be missed.

Voice Coil would like to correct an error in the “Mobile 

Audio Sound System Design, Part 1” article by Mike Klasco 

and Steve Tatarunis in the May issue and apologize to Dr. 

Eugene Patronis. The article stated that Gene passed away 

a few years ago. Far from it! Dr. Patronis is most assuredly 

alive and well and still Professor Emeritus in the Physics 

Department of the Georgia Institute of Technology. Sorry, 

Gene!

Sandy Gross, a co-founder of speaker companies Polk 
Audio and Definitive Technology, is launching his third 

home-speaker company, despite what he called a challeng-

ing home audio industry. Gross will launch the new com-

pany, GoldenEar Technology (loudspeaker7@aol.com), 
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with Don Givogue, one of three co-founders of Definitive. 

Definitive was sold in 2004 to Directed Electronics, which 

also owns Polk Audio. The first products, a limited selec-

tion of in-room speakers, will be unveiled at September’s 

CEDIA Expo. 

Although starting a new speaker company is “a challeng-

ing proposition,” Gross said, the company sees an “open-

ing” for a company that will “bring back the combination 

of entrepreneurial spirit and passion for incredible sound, 

which has always driven this business and helped to create 

great companies like Polk and Definitive. We’ll create an 

exciting product that will distinguish itself with its sonic 

performance, styling and value. We will be very limited in 

terms of SKUs in order to make it as easy as possible for 

dealers to bring in GoldenEar and begin what is certain to 

become a very profitable and enjoyable relationship.”

Although Definitive was purchased in 2004, Gross 

stayed with the company until March 2009. In 1972, 

Gross teamed with Matthew Polk, George Klopfer, and 

Craig Georgi to create Polk Audio. Gross started Definitive 

in 1990.

Rockford Corp. (www.rockfordcrop.com) launched its 

first new Lightning Audio autosound products in several 

years with the rollout of 23 new amplifiers, speakers, and 

subwoofers. The lineup, which started shipping early June 

worldwide, will be sold through authorized Lightning 

dealers, some of whom also sell the company’s Rockford-
Fosgate brand. Ten amplifiers start at a retail price of 

$149.99, with seven coaxial and component speakers 

starting at $49.99, four 10 and 12  subwoofers starting 

at $79.95, and two loaded enclosures starting at $199.95. 

Lightning also plans a five-channel amp. The ampli-

fiers feature MOSFET designs in a new unibody design. 

Loudspeakers are wrapped in cast baskets in what the com-

pany said is “unique for a product in this price category.” 

The subs’ “vortex style” cones contribute to extreme rigidity 

and stiffness, according to the company.

In addition to introducing 20 new KF, JF, and QX 

Series products at InfoComm, EAW (www.EAW.com) 

announced that it has entered strategic partnerships with 

Lake, Lab.gruppen, and Powersoft. Under the terms of 

the partnerships, each of the manufacturers will integrate 

proprietary EAW DSP algorithms into a subset of their 

respective product lines. Additionally, in Q3, 2010, Lake, 

Lab.gruppen, and Powersoft will announce separate agree-

ments expanding the partnership to enable EAW to sell a 

selection of their respective product lines as components in 

EAW system sales.

An initial round of bids for RadioShack (www.

RadioShack.com) was completed sometime in June in 

an auction that could bring more than $3 billion for the 

consumer electronics chain. According to a report in the 

New York Post, the bidders include Blackstone Group and 

other large private-equity firms, and at least one “strategic” 

buyer that could be another retailer and possibly Best Buy. 

RadioShack CEO Julian Day is reportedly pressing the 
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company’s investment bank, Goldman Sachs, to complete 

the auction this summer before the European debt crisis can 

further impact the sale price. Day hired Goldman Sachs to 

explore strategic alternatives for the CE chain, the newspa-

per said, and he and other senior RadioShack executives are 

supposedly giving presentations to bidders.

IBM (www.ibm.com) released its first-ever forecast for CE 

sales, stating sales for the next three months should increase 

4% compared with 2009. IBM expects sales of CE products 

in the US in June, July, and August to total $24.6 billion. The 

data is compiled by Dr. Michael Haydock, who is a partner 

in IBM’s Global Business Services and worldwide practice 

leader, customer analytics-business analytics and optimiza-

tion. Haydock leads the business analytics and consulting 

team, which uses data supplied by the US Census Bureau.

The forecast is based on data supplied to the government 

by 43,000 retailers across the country that sell CE and 

major appliance products.  Haydock takes the data and pro-

duces an index from which his forecast is derived. While the 

report does not give data on how specific product categories 

will perform, it generally covers TVs, cell phones, personal 

computers and tablet computers, radios and stereos, refrig-

erators, dishwashers, ovens, and other devices. Businesses 

can use the report to make general assumptions about how 

future sales will go and can make the appropriate decisions 

on staffing, advertising, and inventory. Going forward, the 

report will be issued monthly to the public. Haydock’s divi-

sion also generates reports for specific paying customers.

Consumer confidence in the overall economy remained 

relatively unchanged in May, while confidence in technology 

showed a slight drop, according to the latest data released 

from the Consumer Electronics Association (CEA, www.

ce.org) and CNET (www.cnet.com).  The CEA-CNET 

Index of Consumer Expectations (ICE) rose one-tenth of a 

point to 164.2 in May. The ICE, which measures consumer 

expectations about the broader economy, is down over ten 

points from this time last year. Consumer confidence in 

technology showed a slight decrease this month. The CEA-

CNET Index of Consumer Technology Expectations (ICTE) 

fell eight tenths of a point to 71.5. The ICTE, which mea-

sures consumer expectations about technology spending, 

reached its lowest level since its all-time low in March 2009. 

The ICTE is down nearly ten points from last year.

The CEA-CNET Indexes are composed of the ICE 

and ICTE, both of which are updated on a monthly basis 

through consumer surveys.  New data is released on the 

fourth Tuesday of each month. CEA and CNET have been 

tracking index data since January 2007. To find current and 

past indexes, charts, methodology, and future release dates, 

log on to CEACNETindexes.org.

Sonance (www.sonance.com) is replacing the in-wall 

subwoofers in its Cinema Series selection with new models 

that deliver higher bass output and more bass extension 

than current models. The two new models also feature 

the micro-flange, low-profile design appearing in Visual 

Performance and Cinema Series in-wall and in-ceiling 
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speakers. The design is promoted as providing a clean, 

near-invisible appearance that doesn’t conflict with a room’s 

interior design. The flange is only 0.2  wide. The grille pro-

trudes less from a wall than many grilles on the market for a 

less obtrusive appearance, according to Sonance.

The subs, which began shipping in June, are the $700 

10  250W SUB10-250 and $1,000 12  500W SUB12-

500. Their companion enclosures are priced, respectively, 

at $700 and $1,000. Each sub is designed for use with a 

matching outboard Class D mono amp. A $700 250W 

amp is designed for the SUB10-250, and a $1,000 500W 

amp is designed for the SUB12-500. Each amp can drive 

two of the subwoofers. The 10  sub extends response down 

to 30Hz, and when used with its matching amp, produces 

108dB SPLs at 1m. The SUB12-500 extends to 25Hz and 

produces 114dB at 1m with matching amp. Their enclo-

sures fit in standard 2  4 stud bays and come with a blank 

pre-construction plate that is included for easy installation.

To deliver the rated output from a low-profile driver, 

Sonance turned in part to a 4  diameter voice coil, which is 

capable of handling continuously high levels of power. The 

large voice coil also let Sonance place dual spiders inside 

the voice coil to reduce depth and maximize the linear 

movement of each sub’s laminated carbon fiber honeycomb 

woofer cone. The inside spiders also overcame another 

drawback of shallow woofers. According to the company, 

“In most shallow woofers, due to the short distance from the 

surround to the spider, the cones have a tendency to rock. 

This rocking requires the use of a larger gap in the motor to 

reduce the output of the driver.” The outboard amps incor-

porate speaker-level high-pass filters designed specifically to 

complement the sonic characteristics of the drivers.

The subs’ enclosures are made of ½  and 1  MDF to 

isolate bass sounds and use extruded-aluminum bracing to 

minimize airflow obstructions. Mass damping of the enclo-

sures’ front and back walls, combined with fiberglass internal 

damping, dissipate standing waves, and a floating enclosure 

design minimizes vibration transfer to adjoining rooms.

Definitive Technology (www.definitivetech.com) plans 

to introduce three more super-thin speakers later this year to 

join the 1.5  deep Mythos XTR-50, a $699 two-way LCR 

designed to complement ever-thinner LED-backlit LCD 

TVs. The 27   6   1.5  XTR-50, sized for use with 46 to 

55  flat-panel TVs, can be mounted horizontally or vertically 

on walls or stands. It’s positioned as the market’s thinnest 

component speaker that can be placed up against a wall.

The additional models will be positioned above and 

below the current model in price point and length, but like 

the XTR-50, they will be only 1.5  deep at their maximum 

depth at the center of their enclosures, which become thin-

ner toward their edges. Definitive will introduce the new 

models at the CEDIA Expo in September and ship them 

later in the year. Strongly rising sales of LED-backlit LCD 

TVs are producing new opportunities to improve TV sound 

quality, especially when the TV speakers fire downward like 

many current models.

Definitive thinned out the XTR-50 using dynamic driv-

ers instead of turning to flat-panel drivers. Definitive also 

avoided electrostatic and ribbon technology for multiple 

reasons, including expense and a bipolar-radiation pattern 

that prevents them from being placed up against a wall. 

To get dynamic drivers into a 1.5  deep chassis, Definitive 

incorporated dome drivers instead of traditional cone driv-

ers, enabling the company to place the voice coil inside the 

dome to reduce depth. Another strategy was allowing small 

neodymium magnets to protrude through the enclosure’s 

back panel while remaining flush with the back of the 

enclosure. A gasket around the magnet prevents air leakage 

and conducts heat to the aluminum back panel, turning the 

back panel into a heatsink.   VC
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�he 3FE20, from FaitalPRO, is a full-range, 80mm 
driver with a basket in pressed steel, and elevated 

dynamic behavior. Nominal power is 20W continuous 
while maximum peak surround is 40W. The 3FE20 has 
a very compact magnet assembly and a 19mm voice 
coil operating in tight vicinity of the neodymium ring. 
Its frequency response starts from 100Hz and pushes 
up to 20kHz, which must work within its own dedicat-
ed closed cabinet. Also from FaitalPRO, the 15XL1400 
is a special performance subwoofer driver that can 
perform around 80-100Hz thanks to its lighter moving 
assembly. Its Qt is around 0.33, and does not require 
particular attention in the project stage. For more 
information, go to www.faitalpro.com.

Henkel Corporation has reformulated three of its 
Loctite cyanoacrylates that offer improved performance 
and stability to bond to a wide variety of substrates. 
The 4203, 4204, and 4205 Prism Instant Adhesives 
withstand temperatures up to 250  F, fixture and 
cure more rapidly, and offer excellent impact and peel 
resistance. The 4203 adhesive is a low-viscosity, clear 
cyanocrylate formulation designed to bond close-fitting 

parts, 4204 is medium-
viscosity for general-purpose 
bonding, and 4205 is a clear, 
sag-resistant gel suitable 
for vertical or overhead 
applications and for use on 
porous surfaces. To learn 
more, please go to www.
instant.loctite.com.

Usher’s Diamond 
Metal Diamond (DMD) 
tweeter features a 
proprietary metal alloy 
dome coated with an 
amorphous diamond-
like carbon layer on 
both sides. This results 
in a speaker driver 
capable of producing 
micro-dynamic detail along with low distortion. For 
more, visit www.usheraudiousa.com.

New products news from Belden include the 
Brilliance 1794A Precision Digital Video Cable, 
designed specifically to meet the requirements of 
1080p/50-60 technology, featuring a 14 AWG 
cable design. The Brilliance 1694WB is designed 
for outdoor and direct burial applications, with gel-
filled water blocking layered cables and a hard black 
polyethlyene jacket. The 1694D comprises two 1694A 
coax cables within a single construction. For more, 
visit www.belden.com.

A handheld, multichannel analog and digital device, 
the DAG5161 SurroundPro Digital Audio Generator, 
from Sencore (www.sencore.com), provides all test 
signals needed for audio testing and room acoustic 
analysis, such as variable frequency test tones, impulse 
waves, and pink noise.

Product News
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Industry News and Developments
By Vance Dickason

CEDIA Expo 2010
This year’s CEDIA (Custom Electronic Design & 

Installation Association) Expo event is taking place at the 

Georgia World Congress Center on September 22-26 in 

Atlanta (Photos 1 and 2). This will be the second CEDIA 

Expo held in Atlanta; however, the next two CEDIA events 

will be back in Indianapolis for the 2011 and 2012 Expo 

shows.

As usual, CEDIA University is providing a wide selection 

of workshops; classes and seminars related to the various 

aspects of the AV install industry. Courses of interest to 

loudspeaker industry persons include:

- Fundamentals of Home Theater Design—instructed by 

Jeff Kussard—The purpose of this three-hour course is to 

educate industry personnel on the basic terms, elements, 

and requirements of home theater design.  This course 

examines the differences between custom-designed home 

theaters and retail installations. It also traces the excit-

ing progression from Mono to 7.1 and its impact on the 

industry. The course provides up-to-date information on 

By James Croft

By Vance Dickason

PHOTO 2: Closeup of CEDIA booths.

PHOTO 1: The convention floor at last year’s CEDIA.
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networking requirements and user-friendly interfaces.

- Fundamentals of Distributed Audio Systems—
Instructor: Bill Ekstrand—The purpose of this course is 

to educate people in the industry about the design and 

specification of multi-room/multi-zone audio systems. This 

course focuses on the application of the four primary ways 

that amplification is provided in distributed audio systems: 

discrete channel, shared channel, constant voltage, and local 

amplification. In addition, it provides in-depth coverage of 

the calculations necessary to determine the required ampli-

fication as well as the impedance and power distribution 

of various configurations. At the conclusion of this course, 

participants should be able to:

 Discuss the trade-offs and benefits of discrete channel, 

shared channel, constant voltage, and local amplification

 Determine the amplification necessary to achieve a 

target sound pressure level (SPL)

 Calculate the impedance and power distribution with-

in various speaker matrices

 Specify the wiring topology and settings for each 

amplification type

 Define the procedures necessary to validate and cali-

brate a distributed audio system

 Determine the required amplification, cooling/ventila-

tion, wire sizes and types, and calculate the pathways 

and junctions typically used

- Home Theater Room Design—Instructor: Sam Cavitt—

The purpose of this course is to educate industry personnel 

about such design considerations as room location, layout, 

and shape. This course examines the impact of lighting 

conditions, sightlines, and noise generating components on 

design. This course also teaches participants the importance 

of factoring in ergonomics, safety, and acoustical distortion 

into a holistically designed room. At the conclusion of this 

course, participants should be able to:

 Differentiate between a variety of physical room factors 

in determining the optimum home theater design

 Summarize fundamental acoustic principles to room 

and component layout

 Discuss lighting factors to determine best lighting con-

trol devices and video display specifications

 Describe the holistic principles necessary for room 

design and performance integration

- Advanced Distributed Audio Systems—Instructor: Joel 

Rosenblatt—The purpose of this course is to educate 

people in the industry about the design and specification 

of multi-room/multi-zone audio systems. This course cov-

ers acoustical concepts and other factors affecting optimal 

speaker selection and placement in various settings. It also 

addresses appropriate sound pressure level (SPL) and meth-

ods for achieving uniform coverage, as well as performance 

considerations, aesthetics, and control techniques. At the 

conclusion of this course, participants should be able to:

 Develop a common frame of reference with clients and 

conduct an appropriate client-needs analysis

 Design a distributed audio system incorporating 

advanced performance, aesthetics, and control/integra-

tion techniques

 Identify acoustical properties and factors influencing opti-

mal speaker selection and placement, including trade-offs 

between in-room, in-ceiling, and in-wall speakers

 Design and specify distributed audio systems that meet 

identified performance criteria

- Home Theater Audio and Acoustics Part 1—Instructor: 

Dr. Floyd Toole—The purpose of this course is to explain 

the basic dimensions of sound, sound propagation in rooms, 

and perception by listeners. This course demonstrates how 

scattering and diffusing devices and absorbers work, and 

how they interact with sound radiated by loudspeakers. It 

will explain the basics of loudspeaker measurements and 

how they relate to listener preferences.

- Home Theater Audio and Acoustics Part II—Instructor: 

Dr. Floyd Toole—The purpose of this course is to explain 

the aspects of direction and space that need to be reproduced 

in home theaters, as well as how multiple channels and loud-

speakers can be used to achieve these illusions. Topics include 

the consequences of using free-standing, in- or on-wall loud-

speakers, different configurations of surround loudspeakers, 

loudspeaker transducers and popular enclosure designs. The 

course also discusses how sound is influenced by impedance, 

damping, wire, and amplifier properties.

- Home Theater Audio and Acoustics Part III—Instructor: 

Dr. Floyd Toole—The purpose of this course is to provide 

an understanding of how acoustics and psychoacoustics 
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influence what we hear and how to take advantage of that 

knowledge to optimize the listening experience. Factors 

affecting the choice, location, and mounting of loudspeak-

ers are presented. Strategies will be shown to illustrate how 

room dimension, seat location, and multiple subwoofers can 

be manipulated to deliver similar bass to several listeners. 

Finally, guidelines for the use of equalization are reviewed.

- Comprehensive Home Theater Design Workshop—

Instructor: Jeff Gardner, CEDIA—This full-day workshop 

starts with the basics of theater design, then goes much 

further to explore all of the elements of a successful home 

cinema project, including audio and video, room design 

and construction, acoustics, aesthetics, and system control. 

Participants will learn about needs assessment and func-

tional design, as well as the importance of aesthetics and 

working with other stakeholders to develop and implement 

a complete project. It combines a wide range of practical 

knowledge into a single day of focused instruction and 

meaningful exercises and incorporates CEDIA recommend-

ed practices where applicable. This course is intended for 

industry professionals who already have some experience in 

theater design/installation, understand the basic principles 

and terminologies used in the industry, and are ready to 

expand and enhance their skill set. At the conclusion of this 

workshop, participants should be able to:

 Discuss the history (and future) of home cinema

 Recognize the value and importance of home theater 

room design as a service

 Utilize needs assessment and create a functional design

 Outline the issues and solutions associated with small 

room acoustics and sound isolation

 Apply established system design principles related to 

multi-channel audio, video display configuration, and 

system control

 Characterize the importance of home theater architec-

ture and room design, aesthetics, and lighting

 Incorporate sophisticated design documents in the 

construction process

 Communicate needed information for successful proj-

ect management

- Advanced Home Theater Design Lab—Instructor: 

Anthony Grimani, Adam Zolot, Zac Holcomb—The pur-

pose of this course is to provide advanced home theater 

designers with the opportunity to put into practice all the 

information learned in the lower and intermediate home the-

ater design courses. Participants will benefit from CEDIA’s 

recommended practices in a lab setting where a variety of 

scenarios will challenge them under the guidance of skilled 

and experienced instructors. This course provides informa-

tion about room layout and dimensioning: placement of 

seats, audio and video equipment selection: positioning of 

equipment, including screen, loudspeakers, subwoofers, 

and acoustical treatments. It is expected that participants 

will already have a substantial requisite knowledge of home 

theater design. It is strongly suggested that participants have 

already taken the prerequisites listed below. At the conclu-

sion of this course, participants should be able to:

 Design a home theater room for high performance 

audio and video in order to deliver an optimum home 

theater experience

 Predict acoustic performance and derive solutions to 

optimize audio system performance in a given acoustic 

space

 Integrate the home theater into the home in such 

a manner as to minimize any negative interaction 

between it and the rest of the house

 Document all electronic systems including audio and 

video electronics, speakers, furniture, and control systems

 Design sub-system integration so all kinds of distributed 

media are readily available to the home theater system

 Integrate the home theater into the home in such 

a manner as to minimize any negative interaction 

between it and the rest of the house

- Acoustical Treatments—Instructor: Anthony Grimani—

Believe it or not, only a small portion of the sound heard 

in a home theater comes from the speakers. Most of 

what enters the ears is actually reflected off the walls and 

other surfaces in the room. Every reflection is essentially a 

“phantom” loudspeaker adding to (or subtracting from) the 

sounds heard in the room. Discover how to identify and 

tame these sound reflections through the use of absorbers, 

diffusers, bass traps, and other specialty devices. Learn how 

to tweak a room and maximize the prime listening zone 

through proper use of acoustical treatments.

- Surround Sound Technologies—Instructor: John Dahl, 

THX, Ltd.—This course discusses all the Dolby surround 

technologies, DTS surround technologies, DVD-Audio, 

SACD, and future releases. In addition, participants will 

discuss how to explain this information to clients so that 

they can better understand what process to use and when.

- Intensive Home Theater Acoustics Workshop—

Instructor: Anthony Grimani—This full-day workshop is 

the most comprehensive home theater acoustics course in 

the industry. Attendees will cover the basic theory and carry 

through to the full acoustic design process. Each attendee 

will receive the 5.1 Audio Toolkit test and calibration DVD 

and an advanced copy of the book on home theater audio 

calibration written by Anthony Grimani. Meals not provid-

ed. Don’t miss the opportunity to learn from the man who 

developed the Dolby Surround and Home THX programs.

- Acoustics 101—An Introduction to How Sound Works 
in the Real World—Instructor: Dr. Bonnie Schnitta—What 

happens to sound when it strikes walls and ceiling? How 

does sound travel through walls and ceilings? Because much 

of the sound you hear in a theater system is actually reflected 

off the boundaries of the room, instead of coming directly 

from the loudspeakers, how do we manage that sound for 

the listener? These and other questions will be answered as 

an ideal acoustic environment is defined. Fundamental tools 

used in acoustic design will be presented to demonstrate 

how sound works and how an installer can control the 

negative impact of room reflections and unwanted sound 

transmission from room to room. Additionally, several 

innovative approaches to solving acoustic problems will be 

presented, such as changing the resonance of glass. This will 

include a discussion of the tools to quantify the effectiveness 
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of acoustic material or configurations for specific frequencies 

and applications. With a wider variety of theater and media 

room configurations, it is increasingly important to under-

stand the acoustical considerations in order to deliver the 

best possible experience to clients. Acoustics affects quality 

of life, and objective of LEED Certification. The USBCG 

is currently restructuring the guidelines to include acoustics 

in the overall LEED Certification process. This course is an 

excellent starting point to understanding acoustics (and how 

to profit from this knowledge), as well as prepare for the 300 

level CEDIA courses on this subject.

CEDIA Expo has no doubt become the most important 

show for home theater loudspeaker manufacturers, so much 

so, that more than a few companies have ceased exhibiting 

at CES in favor of CEDIA. However, this year’s economic 

downturn will mean fewer exhibitors attending. One of the 

largest booths at the show, Runco, will not be present. Both 

Planar (Runco) and D&M Holdings have announced that 

none of their brands will be attending (Denon, Marantz, 

McIntosh Laboratory, Boston Acoustics, Snell Acoustics, 

and Escient). Fortunately, this year’s show will still have a lot 

to offer in terms of both education and exhibitors. The list 

of loudspeaker manufacturers and other loudspeaker-related 

exhibitors at the 2010 CEDIA Expo includes Adam Audio 

USA, ARCAM, Artison, Atlantic Technology, Audyssey 

Laboratories, Audioengine, B&K Components, BG Radia 

Corps., Boston Acoustics, B&W Group, Canton, California 

Audio Technology, Cambridge Audio, Dali USA, Definitive 

Technology, Digital Cinema Sound, Earthquake Sound, 

Epson America, Focal JMLab, Genelec, Goldline/TEF, 

Harman International, Induction Dynamics, JL Audio, 

KEF America, Klipsch Group, Krell Industries, Leon 

Speakers, Marantz, Martin Logan, Mitek, MK Sound, Niles 

Audio, NuVo Technologies, Paradigm, Parasound, Parts 

Express, Phase Technology, Pioneer Electronics, Polk Audio, 

Proficient Audio, PSB Speakers, RBH Sound, Russound, 

Sausalito Audio, Sencore, Sonance, SpeakerCraft, Stealth 

Acoustics, Sunfire, Tannoy, Terra Speakers, Thiel Audio, 

THX Ltd., Totem Acoustics, Triad Speakers, TRUAudio, 

Velodyne Acoustics, WBT, Wisdom Audio, Xantech, and 

Yamaha Electronics Corporation. For more information on 

this year’s CEDIA Expo, check out www.cedia.net.

CJS Labs Seminar: Fundamentals of 
Electroacoustic Measurements

CJS Labs will host another of their excellent seminars 

titled Fundamentals of Electroacoustic Measurements on 

November 8, immediately following this year’s 129th AES 

Convention. This one-day seminar is taking place at the 

Grand Hyatt Hotel, 345 Stockton Street, San Francisco.

This course focuses on measurements of electroacous-

tic transducers (Fig. 1). The fundamentals of acoustics 

and electroacoustic measurements are presented, including 

instrumentation, data interpretation, and information on 

how to perform appropriate tests. Techniques for diagnos-

ing problems in design and QC are shown. Practical dem-

onstrations are provided throughout the course. 

This course is intended for technical persons who are 

responsible for the electroacoustical performance of loud-

speakers, microphones, headphones, telephones, hearing 

aids, or transducer-equipped media devices; R&D, Q.C/

Q.A., and production-related topics are covered. The level 

and content are appropriate for both novices and persons 

with test and measurement experience. This training will 

enable you to perform accurate measurements and provide 

you with the necessary tools to understand and correctly 

interpret the results. Course topics include:

• Basic Acoustics and Measuring Sound 

• Sound Sources, Sound Fields & Test Environments 

• Psychoacoustics, The Ear & Hearing 

• Measurement Microphones & Calibration 

• Frequency Analysis, Filters, & FFT 

• Linear System Analysis 

• Simulated Free Field Techniques 

• Directional Measurements and Polar Response 

• Impedance and Small Signal Parameters 

• Time-Frequency Analysis 

• Distortion & Non-Linearity 

• Harmonic, Intermodulation & Difference Frequency  

 Distortion Tests 

• Transducer Defect Detection 

Descriptions of the various available methods for perform-

ing a measurement of a transducer system will be described 

in detail. Traditional sine and noise based methods as well as 

MLS and TDS will be discussed. Each method differs with 

respect to measurement signal-to-noise ratio, distortion test-

ing capability, simulated free-field capability, and availability 

of complex data in both the time and frequency domains. 

Depending upon the application, one method may be more 

suitable for a particular application. 

Furthermore, it is critical to use the appropriate stimulus 

signal. A poor choice of test signal will waste both time and 

bandwidth, and will lower the measurement SNR. Learn 

about alternative test methods, stimulus signals, their appli-

cability and limitations to obtain valid measurement data. 

Examples using real measurements and data from actual 

transducers will be shown throughout to demonstrate the 

principles involved.

FIGURE 1: CJS Labs diagram for simulated free-field SPL measurements.
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The following questions will be addressed: 

• What is an LCTI system? 

• What analysis methods are serial and what methods are 

parallel? 

• What methods can provide results in both the time 

and frequency domains? 

• What are the trade-offs between measurement time 

and signal-to-noise ratio? 

• What is the difference between random error and bias 

error? 

• What is crest factor and how can it affect a measure-

ment? 

• What is the Hilbert transform? What is it used for? 

Does my measurement system have it? 

• Is there a way to obtain both the linear frequency 

response and the harmonic distortion with a single 

measurement? 

• What is complex time-domain averaging? How is it 

implemented? How does it improve measurement 

signal-to-noise ratio? 

The course instructor is Christopher J. Struck, and the 

course fee is $399 per student. Space is limited, so e-mail 

cjs@cjs-labs.com or phone (415) 923-9535 to reserve 

your place (space is not guaranteed until payment is 

received). The course fee includes beverages, lunch, and 

a printed set of the course notes. For more, visit www.

cjs-labs.com.

ALMA Asia Symposium
The ALMA Asia Symposium will take place October 16 

and 17, in Shenzhen, China at the Nan Hai Hotel. The 

theme, “East Meets West: Best Practices for Improving Profit,” 

is appropriate because at this event ALMA is formalizing a 

key industry collaboration with the Chinese Electronics and 

Acoustics Association Division (CEAD)—the China-based 

equivalent of The International Loudspeaker Association 

(ALMA). The collaboration between the two trade orga-

nizations is a commitment by both ALMA and CEAD to 

share information that will benefit the members of both 

organizations as well as the loudspeaker industry. 

CEAD is made up of loudspeaker engineers and fac-

tory directors and others in the industry, similar to ALMA. 

Collaboration around protection of intellectual property 

rights will be one of the many important issues the two 

associations have agreed to address. A board member of 

each association will become a board member of the other, 

and in the true spirit of collaboration, will begin to share 

technical knowledge through active participation in each 

other’s symposia programs.

The symposium program will feature a wide variety of 

training and commercial courses related to the loudspeaker 

manufacturing industry.  The event will include training by 

industry leaders including Phil Bunch of Phase Group, Simon 

Woollard of Prism Sound, and others. The commercial pre-

sentations will cover a wide variety of topics ranging from 

engineering, manufacturing methods, test and measurement, 
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intellectual property rights, product materials, and test equip-

ment.  There will also be an array of tabletop exhibitions by 

companies from across the spectrum of the industry. 

The ALMA Symposium is designed as a meeting place for 

US and Chinese companies and will offer substantial oppor-

tunities to meet local loudspeaker manufacturers. ALMA 

provides a worldwide loudspeaker industry forum for the 

exchange of technical and business information, and the par-

ticipation of US-based attendees at the China event is vital to 

the development of globally accepted standards and practices.

A “Call for Papers” has been issued for ALMA 

International’s 2010 Asia Symposium. The program will 

feature presentations within the following topic areas:

- Engineering

- Manufacturing methods

- Test and measurement

- Intellectual property rights

- Product commercialization and quality assurance.

Technical papers are invited and abstracts will be evalu-

ated on the basis of their overall quality and relevance to the 

theme of the symposium, relevance and value to the loud-

speaker industry, and practical feasibility and usage of topic 

and information presented.  Each paper session is scheduled 

to last 30 minutes, and up to four papers will be selected.

Presenters should submit to ALMA:

- Title

- A 75 word or less abstract/summary suitable for 

reprinting in pre-symposium promotional literature

- The name, address, phone number and a short biogra-

phy of the presenter

- A list of any special equipment needed

 

The closing date for the submission of abstracts is 

September 10. Notification of presenters will be by September 

15. Presenters must be able to supply copies of the presenta-

tion in electronic format by October 1. Submissions should 

be e-mailed to management@almainternational.org.

Listen Inc. SoundCheck Training Class
Listen announced a two-day SoundCheck training class 

in the San Jose area on November 1-2. At the beginning of 

AES week, the timing and location should be convenient 

to those travelling to the Bay area for the show, as well as 

those based locally. In two days, the course will guide users 

through the capabilities of SoundCheck from setup and 

calibration to advanced measurements and statistics. The 

course is recommended for any new SoundCheck users, as 

well as those seriously considering purchasing the system.

In addition, Listen will be continuing its series of online 

training webinars on the first Friday of each month. The 

current series of SoundCheck training sessions will continue 

until September, and starting in October, Listen will focus 

on testing a different type of transducer each month. For 

more, visit www.Listeninc.com for full course outlines and 

pricing information, as well as information on how to sign 

up for the free online classes.   VC
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Test Bench

Peerless Subwoofer and 
Wavecor Midbass
By Vance Dickason

�his month’s Test Bench samples are both home audio 

drivers. From Tymphany, a new Peerless shallow-mount 

10  subwoofer, the P835028; and from Wavecor, a 4.75  

midbass woofer, the WF120BD04.

Peerless P835028
One of the most pervasive trends in loudspeaker design 

in the last few years has been to produce speakers that are 

heard, but not necessarily seen. While the public once 

mostly wanted ostentatious off-wall speakers that domi-

nated a room, the market today for in-wall, on-wall, and 

in-ceiling has grown to become a large percentage of what 

is being manufactured. One of the harder problems to 

solve is how to make subwoofers “disappear.” While there 

have been many different solutions to in-wall subwoof-

ers, fitting large-diameter woofers in a 4  deep space has 

been a challenge for transducer engineers, and indeed, 

the market has produced a variety of clever methods to 

achieve this goal. Peerless has just released their solution 

to this problem with a shallow-mount 10  subwoofer, the 

P835028.

Measured from the bottom of the frame mounting sur-

face, the 10  P835028 is a mere 2.56  deep, making it easy 

to mount between two 2   4  studs in a standard framed 

wall. This is accomplished by using a neodymium motor 

mounted on the front side of the woofer, as you can see in 

Photo 1. Including the front heatsink, the driver protrudes 

1.06  from the bottom of the frame mounting surface. 

Given that, recessing the woofer into the front baffle or 

mounting from the rear of a 0.75  thick baffle would mean 

that the driver would extend only 0.3  out of the wall, easily 

covered by a slightly rounded metal grille.

In terms of features, the P835028 is built on a propri-

PHOTO 1: Peerless 835028.
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etary cast metal frame. The pole piece screws directly to the 

bottom of the frame, which incorporates a second heatsink 

with six fins to help dissipate heat from the motor. This was 

molded into the back of the frame. Because the voice coil 

is on the front side of the woofer, venting below the spider 

becomes irrelevant.

The cone assembly consists of a 10  diameter curvilinear 

paper cone.  The front surface of the cone is coated with a 

polypropylene skin, a combination which is very stiff. With 

the front mounted motor, there is, of course, no dust cap. 

Suspension is provided by a reverse roll NBR rubber sur-

round and a 5  diameter flat cloth spider. Driving all this 

is a 51.32mm (2 ) diameter voice coil wound with round 

copper wire on a non-conducting Kapton former with the 

voice coil lead wires stitched into the spider. Lead wires are 

terminated to gold-plated terminals.

Front-mounted motors have been around for many years, 

especially in car audio (Illusion Audio, a company fielded 

by Cary Christie Jr., produced the first front-mounted neo 

magnet system on the market that I can remember). The 

configuration of the Peerless P835028 attaches the voice 

coil to the front of the cone, with the pole piece facing 

forward. Using a large neo slug, the motor actually screws 

onto the pole piece and incorporates a very large heatsink 

that looks somewhat like a large gear and should effectively 

keep the motor temperature in control.

I began analysis of this shallow-mount Peerless sub-

woofer using the LinearX LMS analyzer and VIBox to 

produce both voltage and admittance (current) curves with 

the driver clamped to a rigid test fixture in free-air at 1V, 

3V, 6V, 10V, 15V, and 20V. As has become the protocol 

for Test Bench testing, I no longer use a single added mass 

measurement and instead used actual measured mass, but 

the manufacturer’s measured Mmd data. LEAP 5 was able 

to adequately curve-fit all of the different voltage curves, so 

I post-processed 12 550-point stepped sine wave sweeps for 

each P835028 and divided the voltage curves by the cur-

rent curves (admittance) to derive impedance curves, phase 

added by the LMS calculation method, and along with 

the accompanying voltage curves, imported to the LEAP 5 

Enclosure Shop software. 

Because the majority of Thiele/Small data provided 

by OEM manufacturers is being produced using either a 

standard method or the LEAP 4 TSL model, I addition-

ally produced a LEAP 4 TSL model using the 1V free-air 

curves. I selected the complete data set, the multiple volt-

age impedance curves for the LTD model (see Fig. 1 for 

the 1V free-air impedance curve) and the 1V impedance 

curve for the TSL model in the transducer derivation 

menu in LEAP 5, and produced the parameters for the 

computer box simulations. Table 1 compares the LEAP 

5 LTD and TSL data and factory parameters for both 

Peerless samples.

LEAP parameter calculation results for the Peerless sub-

woofer were very similar to the factory T/S parameters, with 

a somewhat lower Vas for the measured data compared to 

the factory data. With this close an agreement, I proceeded 

to put together computer enclosure simulations using the 
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LEAP LTD parameters for Sample 1. I set up two box sim-

ulations, both sealed. This resulted in a 1.35ft3 sealed box 

with 50% fiberglass fill material, and a smaller version with 

a 0.75ft3  enclosure also with 50% fiberglass fill material.

Figure 2 gives the outcome for the Peerless P835028 

in the two sealed boxes at 2.83V and at a voltage level 

high enough to increase cone excursion to Xmax + 15% 

(10.6mm). This generated a F3 frequency of 39.4Hz with a 

box/driver Qtc of 0.70 for the 1.35ft3 sealed enclosure and 

–3dB = 45Hz for the smaller 0.75ft3 sealed box simulation.  

Increasing the voltage input to the simulations until the 

maximum linear cone excursion was achieved produced 

109dB at 28V for the larger sealed enclosure simulation and 

111dB with a 32.5V input level for the smaller sealed box 

(see Figs. 3 and 4 for the 2.83V group delay curves and the 

28/32.5V excursion curves).

FIGURE 1: Peerless P835028 subwoofer free-air impedance plot.

FIGURE 2: P835028 computer box simulations (A = sealed 1 at 2.83V; B 

= sealed 2 at 2.83V; C = sealed 1 at 28V; D = sealed 2 at 32.5V).

 TSL model  LTD model  Factory
 sample 1 sample 2 sample 1 sample 2  

FS 30.3Hz 30.4Hz 29.7Hz 29.7Hz 32Hz      
REVC 3.16 3.13 3.16 3.13 3.2    
Sd 0.0308 0.0308 0.0308 0.0308 0.0314
QMS 6.94 6.78 7.83 8.10 9.81      
QES 0.59 0.51 0.57 0.54 0.57 
QTS 0.54 0.47 0.54 0.51 0.54         
VAS 36.8 ltr 36.6 ltr 38.8 ltr 38.5 ltr 34.0 ltr     
SPL 2.83V 84.3dB 84.9dB 84.3dB 84.5dB 84.0dB        
XMAX 9.3mm 9.3mm 9.3mm 9.3mm 9.3mm
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Klippel analysis for the Peerless 10  subwoofer (our ana-

lyzer is provided courtesy of Klippel GmbH), performed 

by Pat Turnmire, Red Rock Acoustics (author of the SpeaD 

and RevSpeaD software) produced the Bl(X), Kms(X) and 

Bl and Kms symmetry range plots given in Figs. 5-8.  This 

data is extremely valuable for transducer engineering, so if 

you don’t own a Klippel analyzer and would like to have 

analysis done on a particular driver project, Red Rock 

Acoustics can provide Klippel analysis of most any driver for 

a nominal fee of $100 per unit (for contact info, visit www.

redrockacoustics.com).

The Bl(X) curve for the P835028 (Fig. 5) is moderately 

broad and symmetrical with a small forward (coil out) off-

set. Looking at the Bl symmetry plot (Fig. 6), this curve 

shows a coil outward offset at the rest position of about 

1.7mm that decreases to about a 0.9mm forward offset 

at the physical Xmax at 9mm of excursion and then stays 

constant throughout the remaining operating range of 

the driver. Figures 7 and 8 depict the Kms(X) and Kms 

symmetry range curves. The Kms(X) curve is also rather 

symmetrical with some minor asymmetry. There is about 

0.5mm coil out offset at the rest position, increasing to only 

0.8mm at Xmax.

Displacement limiting numbers calculated by the Klippel 

analyzer were XBl at 70% Bl greater than 8.8mm (almost 

Xmax) and for XC at 50% Cms minimum was 8.2mm, 

which means that the compliance is the most limiting factor 

for prescribed distortion level of 20%. Figure 9 gives the 

inductance curves Le(X) for the Peerless driver. Inductance 

will typically increase in the rear direction from the zero rest 

position as the voice coil covers more pole area; however, 

that mostly describes convention ferrite motors. In the case 
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FIGURE 3: Group delay curves for the 2.83V curves in Fig. 2.

FIGURE 6: Klippel Analyzer Bl symmetry range curve for the P835028.

FIGURE 7: Klippel Analyzer mechanical stiffness of suspension Kms (X) 

curve for the Peerless P835028.

FIGURE 8: Klippel Analyzer Kms symmetry range curve for the P835028.

FIGURE 4: Cone excursion curves for the 28/32.5V curves in Fig. 2.

FIGURE 5: Klippel Analyzer Bl (X) curve for the Peerless P835028.
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of the Peerless neodymium motor, the inductance decreases 

in both directions with a variation of only 0.15mH from 

Xmax to Xmax.

Even though this is a subwoofer, I generally like to take 

SPL data even though the driver would be likely crossed over 

somewhere in the vicinity of 100Hz or lower because there 

is always the possibility for any subwoofer to fit into a more 

conventional three-way format with a crossover frequency in 

the 200-400Hz range. Given that, I mounted the P835028 

woofer in an enclosure which had a 18   12  baffle (filled 

with foam damping material) and then measured the driver 

on- and off-axis from 300Hz to 10kHz frequency response 

at 2.83V/1m using the LinearX LMS analyzer set to a 100-

point gated sine wave sweep. Figure 10 depicts the Peerless 

sub’s on-axis response indicating a smoothly rising response 

to about 650Hz, with the peaking centered on 1.8kHz.

Figure 11 displays the on- and off-axis frequency 

response at 0, 15, 30, and 45 . -3dB at 30  with respect to 

the on-axis curve occurs at 1kHz, but a cross point upwards 

of 500Hz would be certainly workable for a full-range in-

wall three-way. And finally, Fig. 12 gives the two-sample 

SPL comparisons for the Peerless subwoofer, showing a very 

close match throughout the operating range to about 1kHz.

For the remaining group of tests, I used the Listen Inc. 

SoundCheck analyzer, ¼  SCM microphone and power 

supply (courtesy of Listen Inc.) to measure distortion and 

generate time frequency plots. For the distortion measure-

ment, I mounted the woofer rigidly in free-air, and set the 

SPL to 94dB (6.4V) at 1m using a noise stimulus, and then 

measured the distortion with the Listen Inc. microphone 

placed 10cm from the dust cap. This produced the distor-

tion curves shown in Fig. 13. 
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FIGURE 9: Klippel Analyzer Le(X) curve for the Peerless P835028.

FIGURE 12: Peerless P835028 two-sample SPL comparison.

FIGURE 13: Peerless P835028 SoundCheck distortion plot.

FIGURE 10: Peerless P835028 on-axis frequency response.

FIGURE 11: Peerless P835028 on- and off-axis frequency response.
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I then used SoundCheck to get a 2.83V/1m impulse 

response for this driver and imported the data into Listen 

Inc.’s SoundMap Time/Frequency software. The resulting 

CSD waterfall plot is given in Fig. 14 and the Wigner-Ville 

(for its better low-frequency performance) plot in Fig. 15. 

For more on this nicely conceived in-wall subwoofer, visit 

www.tymphany.com.

Wavecor WF120BD04
I reviewed Wavecor’s rather interesting SW182BD01 

7  subwoofer in the February 2010 issue of Voice Coil Test 

Bench and discussed the Danish origin of this Chinese 

company, but it’s an interesting story and is worth telling 

again. Wavecor has its roots in high-end Danish engineer-

ing thanks to its general manager and chairman Allan 

Isaksen and Director of Technology Per Madsen. Allan 

Isaksen started his career at Vifa A/S, Denmark in early 

1983 as a newly graduated acoustics engineer. After having 

designed numerous Vifa drivers, he was appointed engi-

neering manager at Vifa in 1987. 

In 1990 Vifa appointed Allan Isaksen as their director 

of sales and engineering with responsibility for all market-

ing, sales, and engineering activities. In 1999 Allan Isaksen 

relocated from Denmark to the GuangDong Province 

of China, where he established the Chinese production 

base for Vifa/Scan-Speak, Vifa Loudspeakers (PanYu) Ltd. 

After Vifa and Peerless merged into DST (Danish Sound 

FIGURE 14: Peerless P835028 SoundCheck CSD waterfall plot.

FIGURE 15: Peerless P835028 SoundCheck Wigner-Ville plot.
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Technology), the China production company was renamed 

DST Loudspeakers (PanYu) Ltd., which Allan Isaksen led 

as general manager until he founded Wavecor Ltd in 2005. 

Per Madsen also started his career at Vifa A/S Denmark 

in 1988 as a technical trainee, and after his graduation in 

1991 he was employed as R&D engineer at Vifa A/S, where 

his area of responsibility was mechanical driver parts. Later 

he continued working on the acoustics of drivers as well 

and designed some of the more popular drivers at Vifa/

Scan-Speak A/S through the years. In 2002 Per Madsen 

transferred to DST’s production facility in China, DST 

Loudspeakers (PanYu) Ltd., for a position as engineering 

manager. After DST was taken over by Tymphany (USA), 

Per Madsen continued working there as engineering services 

group manager until he decided to join Wavecor Ltd. as 

director of technology in 2006.

This month’s offering from Wavecor is a 4.75  paper 

cone midbass woofer, the WF120BD04 (Photo 2). Like 

the SW182, the highlight of this design is the Wavecor 

Balanced Drive system, a proprietary distortion reducing 

motor technology. Basically, Wavecor’s Balanced Drive 

Technology takes the form of a tapered extended pole 

as seen in the FEA diagram in Fig. 16. This FEA of the 

Balance Drive line motor design shows the dual tapered 

outlets on the pole vent, used to decrease turbulence in the 

vent. Figure 17 compares a typically standard motor with 

the tapered extended pole used by Wavecor. According to 

Wavecor this results in a more symmetrical Bl curve.

In terms of features, the WF120 is built on a six-spoke 

cast aluminum frame that sports a completely open area 

below the spider mounting shelf for enhanced cooling. 

The WF120 cone assembly includes a very stiff curvilinear 

black-coated semi-air-dried cone with a 1.13  diameter 

convex black-coated paper dust cap. These are suspended by 

a NBR butyl rubber surround that has a nice shallow angle 

where it attaches to the cone edge and a 3  diameter black 

conex flat spider.

Driving the assembly is a 26mm (1 ) diameter voice coil 

using round copper wire wound on a black non-conducting 

fiberglass voice coil former that incorporates a series of eight 

4mm diameter former vents just below the neck joint. The 

PHOTO 2: Wavecor WF120BD04.
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motor itself uses a single 17mm  89mm ferrite magnet 

sandwiched between a shaped T-yoke and 4mm high front 

plate, both with a black emissive coating for enhanced cool-

ing performance. The motor also incorporates an aluminum 

faraday shield/shorting ring as well as a copper cap on the top 

of the pole piece for distortion reduction. Voice coil tinsel 

lead wires are terminated to a set of gold-plated terminals.

I commenced analysis of the WF120BD04 midbass 

woofer using the LinearX LMS analyzer and VIBox to 

produce both voltage and admittance (current) curves 

with the driver clamped to a rigid test fixture in free-air at 

0.3V, 1V, 3V, 6V, and 10V. As has become the protocol 

for Test Bench testing, I no longer use a single added mass 

measurement and instead used actual measured mass, but 

the manufacturer’s measured Mmd data.  With most 4-5  

woofers, the 10V curves turn out so nonlinear that I end 

up discarding them, but not so with the WF120 which 

remained perfectly linear out to 10V in free-air. 

Next, I post-processed the ten 550-point stepped sine 

wave sweeps for each WF120 sample and divided the volt-

age curves by the current curves (admittance) to derive 

impedance curves, phase added by the LMS calculation 

method, and along with the accompanying voltage curves, 

imported to the LEAP 5 Enclosure Shop software. Because 

most Thiele/Small data provided by OEM manufacturers 

is being produced using either a standard method or the 

LEAP 4 TSL model, I additionally produced a LEAP 4 TSL 

model using the 1V free-air curves. I selected the complete 

data set, the multiple voltage impedance curves for the 

LTD model (see Fig. 18 for the 1V free-air impedance 

curve) and the 1V impedance curve for the TSL model in 
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FIGURE 16: Wavecor FEA of the Wavecor Balanced Drive motor system.

FIGURE 17: Diagram comparing conventional woofer motor to the 

Wavecor Balanced Drive motor structure.
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the transducer derivation menu in LEAP 5, and produced 

the parameters for the computer box simulations. Table 
2 compares the LEAP 5 LTD and TSL data and factory 

parameters for both WF120BD04 samples.

LEAP parameter Qts calculation results for the WF120 

were close to the factory data, except for the Fs. Note that 

Wavecor provides two parameter sets, one made without 

break-in and one made with substantial break-in. My data 

is made after a physical break-in accomplished by mechani-

cally moving the cone assembly to the hard limits of its 

travel seven or eight times, enough to give the initial stretch 

provided by typical break-in protocols, so the Wavecor fac-

tory data is their “after burn in” data. 

As is normal for these reviews, I followed my usual pro-

tocol and proceeded setting up computer enclosure simula-

tions using the LEAP LTD parameters for Sample 1. Two 

computer box simulations were programmed into LEAP, 

ENGINEERED 
TO  PERFORM...
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 TSL model  LTD model  Factory
 sample 1 sample 2 sample 1 sample 2  

FS 61.5Hz 63.2Hz 59.0Hz 61.3Hz 71.5Hz      
REVC 5.97 5.99 5.97 5.99 6.0    
Sd 0.0052 0.0052 0.0052 0.0052 0.0054
QMS 4.6 5.21 4.42 4.80 5.9      
QES 0.45 0.48 0.45 0.47 0.49   
QTS 0.41 0.44 0.41 0.43 0.45         
VAS 4.05 ltr 3.84 ltr 4.44 ltr 4.42 ltr 4.25 ltr     
SPL 2.83V 85.1dB 84.9dB 84.8dB 84.8dB 86.0dB        
XMAX 4.0mm 4.0mm 4.0mm 4.0mm 4.0mm
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FIGURE 18: Wavecor WF120BD04 free-air impedance plot.
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FIGURE 19: Wavecor WF120BD04 computer box simulations (A = sealed 

at 2.83V; B = vented at 2.83V; C = sealed at 17V; D = vented at 17V).
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FIGURE 20: Group delay curves for the 2.83V curves in Fig. 19.

FIGURE 22: Klippel Analyzer Bl (X) curve for the Wavecor WF120BD04.

FIGURE 23: Klippel Analyzer Bl symmetry range curve for the WF120BD04.FIGURE 21: Cone excursion curves for the 17V curves in Fig. 19.



SEPTEMBER 2010 19

one sealed and one vented. This resulted in a 0.07ft3 sealed 

enclosure with 50% fiberglass fill material, and a 0.12ft3 

vented Chebychev/Butterworth alignment enclosure simu-

lation with 15% fiberglass fill material and tuned to 58Hz.

Figure 19 displays the results for the WF120BD04 in the 

sealed and vented boxes at 2.83V and at a voltage level high 

enough to increase cone excursion to Xmax + 15% (4.6mm). 

This produced a F3 frequency of 99.7Hz with a box/driver 

Qtc of 0.69 for the 0.07ft3 sealed enclosure and –3dB = 

70Hz for the 0.12ft3 vented simulation. Increasing the volt-

age input to the simulations until the maximum linear cone 

excursion was reached resulted in 101dB at 17V for the 

sealed enclosure simulation and 112.5dB with a 17V input 

level for the larger ported enclosure (see Figs. 20 and 21 for 

the 2.83V group delay curves and the 17V excursion curves).

Klippel analysis for the Wavecor 4.75  woofer produced 

the Bl(X), Kms(X) and Bl and Kms symmetry range plots 

given in Figs. 22-25. The Bl(X) curve for the WF120 (Fig. 
22) is relatively broad and symmetrical, especially for a 4.75  

diameter driver, and obviously also with “tilt” that includes a 

small forward (coil-out) offset. Looking at the Bl symmetry 

plot (Fig. 23), this curve shows a 0.8mm coil forward offset 

at the rest position that decreases to 0mm at the physical 4mm 

Xmax of the driver. Figures 24 and 25 show the Kms(X) and 

Kms symmetry range curves for the Wavecor midbass woofer. 

The Kms(X) curve definitely has some asymmetry, and 

also with a minor rearward (coil-in) offset of about 0.8mm at 

the rest position that decreases to 0.25mm at the 4mm Xmax 
FIGURE 25: Klippel Analyzer Kms symmetry range curve for the WF120BD04.

FIGURE 24: Klippel Analyzer Mechanical Stiffness of Suspension Kms 

(X) curve for the Wavecor WF120BD04.



20 VOICE COIL

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

dBSPL

40

45

50

55

60

65

70

75

80

85

90

95

100
SPL vs Freq

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

dBSPL

40

45

50

55

60

65

70

75

80

85

90

95

100
SPL vs Freq

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

dBSPL

40

45

50

55

60

65

70

75

80

85

90

95

100
SPL vs Freq

FIGURE 26: Klippel Analyzer Le(X) curve for the Wavecor WF120BD04.
FIGURE 28: Wavecor WF120BD04 on- and off-axis frequency response.

FIGURE 29: Wavecor WF120BD04 two-sample SPL comparison.FIGURE 27: Wavecor WF120BD04 on-axis frequency response.
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location on the graph, and increasing somewhat out to 6mm or 

so. While these numbers are small, it does limit the distortion 

levels somewhat. Displacement limiting numbers calculated by 

the Klippel analyzer were XBl at 82% Bl greater than 4.3mm 

and for XC at 75% Cms minimum was 2.3mm, which means 

that for this Wavecor woofer, the compliance is the most limit-

ing factor for prescribed distortion level of 10%. This isn’t that 

much of an issue, especially because this woofer could easily 

find itself working as a midrange in a three-way product.     

Figure 26 gives the inductance curve Le(X) for the 

WF120BD04. Inductance will typically increase in the rear 

direction from the zero rest position as the voice coil covers 

more pole area; however, the WF120 inductance stays most-

ly constant as the coil moves in due to the dual shorting ring 

configuration. The inductance variation is only 0.05mH 

from the in and out Xmax positions, which is very good.

Next I mounted the WF120 woofer in an enclosure which 

had a 14   5  baffle and was filled with damping material 

(foam) and then measured the DUT on- and off-axis from 

300Hz to 40kHz frequency response at 2.83V/1m using 

the LinearX LMS analyzer set to a 100-point gated sine 

wave sweep. Figure 27 gives the on-axis response indicat-

ing a smoothly rising response to about 9kHz, rising 6dB at 

1Hz mostly anomaly free to the low-pass rolloff. Figure 28 

displays the on- and off-axis frequency response at 0, 15, 30, 

and 45 . -3dB at 30  off-axis with respect to the on-axis curve 

occurs at 4kHz, the recommended maximum crossover fre-

quency by Wavecor. And finally, Fig. 29 gives the two-sample 

SPL comparisons for the 4.75  Wavecor driver, showing a 

close match to within 0.5dB throughout the operating range 

(excluding a small 1dB differential centered on 1.1kHz).

For the remaining battery of tests, I employed the Listen 

Inc. SoundCheck analyzer, ¼  SCM microphone and 

power supply (courtesy of Listen Inc.) to measure distortion 

and generate time frequency plots. For the distortion mea-

Sample Submission for Test Bench
Test Bench is an open forum for OEM driver manufacturers in the industry 
and all OEMs are invited to submit samples to Voice Coil for inclusion in the 
monthly Test Bench column. Driver samples can be for use in any sector of the 
loudspeaker market including transducers for home audio, car audio, pro sound, 
multimedia, or musical instrument applications. While many of the drivers fea-
tured in Voice Coil come from OEMs that have a stable catalog of product, this 
is not a necessary criterion for submission. OEM manufacturers are encouraged 
to send samples of woofers, midranges, or tweeters they think are representative 
of their work. However, please contact Voice Coil Editor Vance Dickason prior 
to submission to discuss which drivers are being submitted. Samples should be 
sent in pairs and addressed to:

Vance Dickason Consulting
333 S. State St., #152
Lake Oswego, OR 97034
(503-557-0427)
vdc@northwest.com
All samples must include any published data on the product, patent infor-

mation, or any special information necessary to explain the functioning of the 
transducer. This should include details regarding the various 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 lead wires removed).
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surement, the Wavecor woofer was mounted rigidly in free-

air, and the SPL set to 94dB at 1m (10.6V) using a noise 

stimulus, and then the distortion measured with the Listen 

Inc. microphone placed 10cm from the dust cap. This pro-

duced the distortion curves shown in Fig. 30. I then used 

SoundCheck to get a 2.83V/1m impulse response for this 

driver and imported the data into Listen Inc.’s SoundMap 

Time/Frequency software. The resulting CSD waterfall plot 

is given in Fig. 31 and the Wigner-Ville (for its better low-

frequency performance) plot in Fig. 32. For more on this 

well-crafted driver, visit www.wavecor.com.    VC

FIGURE 30: Wavecor WF120BD04 SoundCheck distortion plots.

FIGURE 31: Wavecor WF120BD04 SoundCheck CSD waterfall plot.

FIGURE 32: Wavecor WF120BD04 SoundCheck Wigner-Ville plot.
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Acoustic Patents 
By James Croft

�he following loudspeaker-related patents were filed 

primarily under the Office of Patent and Trademarks 

classification 181 for acoustical devices and 381 for electri-

cal-signal processing systems and HO4R for international 

patents. This also includes new patent applications that are 

published in the Patent Application Journal.  

SUBWOOFER WITH CASCADED ARRAY OF  
DRIVERS ARRANGED WITH STAGGERED SPACING
Patent Number: US 7,760,899

Granted: July 20, 2010

Inventors: Curtis E. Graber (Woodburn, Ind.)

Assignee: None listed

Filed: February 27, 2006

US Class: 381/341,15 Claims, 21 drawings

ABSTRACT FROM PATENT
A single folded, expanding horn loudspeaker reproduces 

low frequency audible sound at high power output levels 

(Fig. 1). A compact enclosure houses a plurality of identical 

transducers, characterized by small vibrational surface areas. 

The throats for each transducer into the horn are acousti-

cally differentially spaced from the mouth of the horn with 

the spacing between adjacent throats progressively increas-

ing in the acoustic direction of the horn mouth from the 

throat origin.

INDEPENDENT CLAIMS
“1. A loudspeaker comprising: a horn having an elongat-

ed summing throat for input of sound energy and a mouth 

for radiating acoustic energy; a plurality of discrete ports 

into the elongated summing throat for the input of sound 

energy with the discrete ports into the summing throat 

being spaced lengthwise along the elongated summing 

throat in order, with the spacing between successive pairs 

FIGURE 1: US Patent 7,760,899.
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of discrete ports growing progressively larger in the acous-

tic direction of the mouth along the elongated summing 

throat; and an acoustic transducer arrangement for each 

of the plurality of discrete ports, the acoustic transducer 

arrangements each including a driver suitable for operation 

over a common frequency range for inserting sound energy 

into each of the plurality of discrete ports with the sound 

energy timed for constructive reinforcement of sound 

energy in the summing throat.

“13. A horn loaded loudspeaker comprising: a plurality 

of acoustic drivers suitable for operation over a common 

frequency range; a plurality of closed box baffles with 

each of the plurality of acoustic drivers mounted in one 

of the plurality of closed box baffles; a plurality of high 

pressure chambers with each of the plurality of acoustic 

drivers oriented to radiate into one of the plurality of high 

pressure chambers or high pressure throats; a plurality of 

elongated ports, including one for each of the plurality 

of high pressure chambers, coupling the plurality of high 

pressure chambers via outlets to the horn; a summing 

throat portion of the horn into which the outlets from the 

elongated ports open, the summing throat being elongated 

in a direction of acoustic propagation toward the horn 

mouth and with the outlets being distributed along the 

summing throat in its direction of elongation, the spac-

ing between successive adjacent pairs of outlets into the 

summing throat being progressively larger in the acoustic 

direction of the mouth.”

REVIEWER COMMENTS
Disclosed is a novel subwoofer by Curt Graber that is 

a further advancement of his 2008 patent US 7,454,030 

reviewed in Voice Coil two years ago.

The invention provides a horn-loaded loudspeak-

er incorporating multiple acoustic drivers. The horn 

includes a summing throat into which acoustic energy 

is delivered from distributed points along the summing 

throat in the direction of acoustic propagation toward 

the horn mouth. Spacing between the distributed points 

progressively increases in the direction of sound propaga-

tion. Each distribution point is represented by an acoustic 

driver that is disposed in an enclosure with a back cham-

ber, typically a closed box baffle (although designs ported 

to a front chamber are also possible). Acoustic drivers are 

positioned to radiate directly into a summing throat, or 

into front chambers, which are ported to the summing 

throat, or by way of passive radiators through a front 

chamber.

A stated key improvement of the current invention 

compared to the earlier Graber ‘030 patent lies in the 

selection of the spacing between points between the 

outlets from the drivers into the summing throat. The 

distances between successive adjacent pairs of outlets 

into the summing throat is progressively increased in the 

direction of acoustic propagation. Because the outlets are 

at different distances from the mouth of the horn and, 

as a consequence, see different output impedances, there 

will be different propagation times for the sound energy, 

the acoustic driver’s emission to the horn mouth. It is 

stated that the phase and frequency response of the horn 

will differ with respect to the different extended throats, 

sometimes in ways difficult to predict in advance for 

particular horn parameters and thus empirical evaluation 

may be required to determine the best dynamic phase 

adjustments, frequency bandwidths and rolloffs to be 

used with the “independent” drive signals for each of the 

acoustic drivers.

The extended throats are relatively constricted in area 

when constructed in the preferred compression ratio and 
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are said to function as pneumatic amplifiers, increasing 

the volume velocity of the air. Accordingly, for a given 

output, it is claimed that the movement of driver dia-

phragms can be made much smaller than is the case in 

prior art devices. At the same time, the high-pressure 

compression chambers allow much larger driver motors 

to be employed. These motors supposedly can be two 

to three times the BL compared to conventional horn 

systems.

The outlets from the drivers or extended into summing 

throat 61 are not spaced equidistantly from one another. 

From the base of the summing throat, each successive outlet 

is spaced by a greater distance from the preceding outlet. It 

is stated that system directivity has been established empiri-

cally to improve using either a logarithmic exponential or 

tractrix expansion of distances as opposed to equidistant 

spacing of the entry ports. 

It is believed that the best results will be obtained where 

the ratio of the distance between the second pair of outlets 

compared to the distance between the outlets for the first 

set of ports is 4:3 and the ratio of the distance between 

outlets from ports. In one preferred embodiment, the spac-

ing between the first two drivers may be set at 24 , and at 

32  between the second and third drivers, and 48  between 

driver 3 and driver 4. The distance ratios between successive 

adjacent pairs of outlets can have some particular relation-

ship to the expansion function of the horn in the direction 

of acoustic propagation.

Producing sound of maximum intensity from a loud-

speaker system requires that acoustic pressure waves from 

the outlets of each individual driver be synchronized at 

the points where they emerge, such that due to the dif-

ferent distances sound travels to reach the mouth from 

the driver outlets, the drive signal applied to transducers 

is time differentiated so that the sound waves maximize 

the ability to constructively reinforce one another in the 

summing section as they progress toward the mouth of 

the horn system.

System variations include having each driver location be 

represented by pairs of drivers operating in isobaric, single, 

or dual series band-pass modes. While there is the general 

claim of greater capability than the prior art, there are no 

specific claims or illustrated measurements to suggest what 

level of advantage this system may exhibit when compared 

to other architectures.

Analysis would suggest that properly aligned, the system 

should produce very high performance, but it is unclear as 

to whether the added complexity would produce a com-

mensurate gain in acoustic capability.

PORTED LOUDSPEAKER ENCLOSURE WITH 
TAPERED WAVEGUIDE ABSORBER
Application Number: US 2009/0084624

Inventor: Laurence George Dickie (Brighton, GB)

Assignee: None Listed

Filed/Priority Date: September 18, 2008

Published: April 2, 2009

US Class: 181/152, 20 Drawings,11 Claims
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REVIEWER COMMENTS 
Laurence Dickie, the inventor of this patent applica-

tion (Fig. 2), is also the creator of the B&W Nautilus 

enclosure which is basically a closed ended, tapered 

transmission line, coiled spirally, to dissipate the acousti-

cal energy emitted into an enclosure from the backside 

of a transducer. The present inventive loudspeaker 

enclosure has a first cavity, or portion of an enclosure, 

in which a driver is mounted, the driver having a first 

resonant frequency. A port is extended from the interior 

to the exterior of the enclosure. The port is tuned to a 

second frequency. A sound-absorbing element comprises 

at least one exponentially tapered reverse horn, having 

a mouth in communication with the interior of the 

enclosure. 

The horn has a cutoff frequency equal to or greater 

than the resonant frequency of the port, and in a best 

mode embodiment, preferably two to four times greater. 

The horn is defined by tapering external walls of the 

enclosure, or by structures located within the enclosure, 

which define a plurality of individual tapered horns. The 

tapered line may include damping material to further 

attenuate the internal acoustic waves transmitted down 

the length of the enclosure. The described enclosure is 

said to combine the benefits of ported enclosures with 

those of enclosures employing tapered sound absorbing 

elements.

Essentially, the enclosure is configured as a hybrid, 

bass reflex and tapered transmission line to dissipate rear 

wave energy and avoid standing waves that are normally 

generated in rectangular form loudspeaker enclosures 

while also operating as a Helmholtz, vented resonator. 

Other than the possibility of the “Q” of the Helmholtz 

resonator being reduced due to the resistive aspect of the 

tapered and damped waveguide, the system should work 

as advertised, providing effective reduction of internal 

standing waves that would normally be radiated to the 

external environment through the vent of a conventional 

vented enclosure.   VC

Industry Watch
By Vance Dickason

�he new business group formed earlier this year to 

combine three Linear-owned residential installation 

companies—Niles, Xantech, and Elan Home System—

has expanded its group-level management ranks with the 

appointment of the group’s first chief technology officer, 

finance VP, and operations VP. The business unit, renamed 

the AVC Group (www.theavcgroup.com)(Photo 1) from 

the Linear Audio Video Control Group, was formed in 

April to increase collaboration and efficiencies among the 

three brands without merging their sales and marketing 

operations. The group includes the Elan-marketed Aton 

and Sunfire brands. Linear-owned brands not part of 

the new group include Gefen, Omnimount, Panamax, 

SpeakerCraft, and others.

With the appointments, the AVC Group’s senior man-

agement team adds chief technology officer Bob Farinelli, 

who was Elan’s president/chief technology officer; finance 

VP Richard Schnell, who was SpeakerCraft’s finance VP; 

and operations VP Vipul Doshi, who was Niles’s operations 

VP. In other management changes, Paul Starkey was pro-

moted from Elan executive VP to Farinelli’s previous posi-

tion as Elan president. Mike “Sparky” Detmer, Niles sales 

and marketing VP, was promoted to the position of Niles 

president, replacing Frank Sterns, who left the company. 

Graham Hallett remains Xantech president.

The appointments were made by AVC Group president 

Mark Terry, a 17-year Harman International veteran who 

most recently was president of the Harman Pro Group. 

Following the collapse of the new-home construction 

market, Linear chairman Grant Rummell hired Terry to 

“improve collaboration and cooperation among the com-

panies, which Linear acquired over the years and allowed to 

operate relatively independently.” The company, however, 

promised not to sacrifice brand autonomy or have the same 

sales team sell all three companies’ products. Finance VP 

Schnell was responsible for all administrative activities at 

SpeakerCraft when he was finance VP there, and before 

that, he was Linear’s controller. Operations VP Doshi, 

before becoming Niles operations VP, was Vizio’s senior 

manager of strategic partner management and Kinpro 

FIGURE 2: US Application 2009/0084624.

PHOTO 1: The AVC Group (left to right): Vipul Doshi, 

Graham Hallett, Paul Starkey, Richard Schnell, Mike 

Detmer, Bob Farinelli, and Mark Terry.
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Group engineering director.

New Niles president Detmer has been with Niles since 

1999, starting as director of field operations before becom-

ing sales and marketing VP in 2003.  Previously, he was 

sales and marketing VP at Krell and Infinity product 

manager and training director. New Elan president Starkey 

joined Elan in 1993, having previously been CEO of 

online video conferencing company DataBeam. Linear 

is owned by Nortek, which last December emerged from 

a prepackaged Chapter 11 bankruptcy. Nortek, through 

its various subsidiaries, offers residential and commercial 

ventilation, HVAC, and home-technology convenience 

and security products.

Following the announcement last month of the passing 

of speaker component manufacturer NuWay’s founder 

Claude Smith, NuWay has closed its doors. All assets and 

inventory was acquired by Loudspeaker Components, 
LLC (www.loudspeakercomponents.com).

Speaker manufacturer Artison (www.artisonusa.com) 

has become the second company to unveil a wireless mul-

tizone audio system that uses combination LED-light/

speakers that screw into existing recessed-light fixtures in 

the ceiling (Klipsch was the first). The company teamed up 

with lighting maker Osram Sylvania and semiconductor 

company Eleven Engineering to develop the do-it-yourself 

four-zone system; Eleven developed the 2.4GHz wire-

less technology. At January’s International CES, Klipsch 

unveiled a two-source, two-zone multi-room-audio system 

that supports up to eight speakers for four rooms of syn-

chronized stereo playback.

Artison founder Cary Christie said his system, marketed 

under the MusicLites brand, will expand the multiroom-

audio market to renters who wouldn’t be allowed by land-

lords to install custom speakers in walls or ceilings. The 

company, however, plans to offer a MusicLites system for 

custom installers. The system could be controlled from 

home-control systems that use the ZigBee wireless stan-

dard. Artison’s system will ship in September or October 

following more input from dealers and reps, Christie said. 

Pricing hasn’t been announced. Artison also plans in-ceiling 

LED lights without speakers to match the light emitted 

by light/speakers in the same room. A table lamp is also 

planned.

Each in-ceiling light speaker operates as a left or right 

speaker, and each incorporates a 70mm driver, 25W Class 

D amp, and LED light. To supply music to the speakers, 

consumers could connect up to three AC powered wire-

less transmitters into separate audio sources, whose music 

would be transmitted up to 30m. Each transmitter could 

serve up to four speakers, but repeaters would expand that 

capacity to 16 speakers. Each transmitter would stream 

only one source at a time, and three transmitters could 

operate simultaneously when located within 50m of one 

another. 
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In addition, music in a single room could be supplied by 

an iPod Touch, iPad, or iPhone connected to a 30-pin wire-

less dongle, whose output would extend 10m and would 

override streams from a 50m transmitter. A USB dongle 

for laptops, as well as a dongle that connects to the 3.5mm 

analog headphone output, could also be used to deliver 

music to light speakers in a local room. Up to three dongle-

equipped sources could be used simultaneously, each in 

different rooms. A credit-card IR remote aimed at a speaker 

would control source selection, volume, and light dimming 

in a local zone. 

MusicLites speakers are small enough to screw into 4  

in-ceiling cans as well as into 5 and 6  cans, Christie said. 

Trim rings are provided to hide any gaps. Klipsch’s system is 

designed for use in 5 and 6  in-ceiling cans.

The Consumer Electronics Association (CEA), 

owner and producer of the International CES, announced 

the launch of a unique new online directory, the CEA 

TechHome Mediterraneo Directory, featuring listings of 

companies that design and install home electronics systems 

in France, Italy, and Spain.

“CEA’s new TechHome Mediterraneo Directory aims 

to connect consumers with the top systems integrators in 

the Southern European markets. This is an important new 

resource allowing European consumers to find systems 

integrators who can provide crucial solutions. This new 

tool also allows CEA members to share best practices 

and grow their businesses by expanding into European 

markets.”

The CEA TechHome Mediterraneo Directory, avail-

able at www.cea-thm.com/directory, is designed to help 

consumers, builders, remodelers, and architects find 

services they need using a variety of search methods 

including: 

 Geographical market served—country, region, prov-

ince, and so on. 

 Types of home served—luxury, single-family, multi-

family, vacation, and so on. 

 Types of products installed—home theater, multi-

room audio, home automation, security, and so on. 

 Specific product brands carried 

 Certifications and awards 

Premium listings also feature photo showcases of instal-

lations performed by companies. All listings will be 

presented in four languages—French, Italian, Spanish, 

and English. To connect with the CEA TechHome 

Mediterraneo Directory, visit www.cea-thm.com/ 

directory. For more information on listing your company 

or advertising on the directory, contact Leonardo Norsa at 

(818) 445-1871.

Consumer confidence in consumer electronics moved 

up sharply in June as confidence in the overall economy 

dropped to its lowest point since July 2008, according to 

the latest figures released from CEA and CNET (cnet.

com). The CEA-CNET Index of Consumer Technology 

Expectations (ICTE) climbed in June to 82.7, up 11.2 

points from last month. The ICTE, which measures con-

sumer expectations about technology spending, is down 1.7 

points from this time last year. Traditionally, the summer 

has been a strong time for tech spending. The recent news 

about the new iPhone and upgrades to video game con-

soles may have sparked renewed interest in the technology 

among consumers.

The CEA-CNET Index of Consumer Expectations 

(ICE) fell to 162.8 points this month, its lowest point 

since July 2008, when it was 162.2 points. The ICE, 

down 1.4 points from last month, measures consumer 

expectations about the broader economy. It is down 

nearly 12 points from this time last year. The latest fig-

ures demonstrate consumers’ weariness over the overall 

economy, as news programs continue to show the daily 

efforts to contain the Gulf of Mexico oil spill, consumers 

may be concerned about the impact to the affected area, 

as well as the overall country. The CEA-CNET Indexes 

are composed of the ICE and ICTE, both of which 

are updated on a monthly basis through consumer sur-

veys. New data is released on the fourth Tuesday of each 

month. CEA and CNET have been tracking index data 

since January 2007.  To find current and past indexes, 

charts, methodology and future release dates, log on to: 

CEACNETindexes.org.

The consumer electronics industry will exceed initial 

revenue projections for 2010, with growth of 3% over 

2009 and overall shipment revenues of $174.9 billion in 

the US, CEA announced. The semi-annual U.S. Consumer 
Electronics Sales and Forecast (July 2010) also projects that 

industry shipment revenues will climb 4% to an all-time 

high of more than $182 billion by 2011.

The latest forecast increases CEA’s estimates for 2010 

shipment revenues, last updated in January, by more 

than $9 billion. The CE industry will see 3% growth in 

2010, up from an earlier projection of .3%. Much of the 

growth across the industry can be attributed to a hand-

ful of product categories—3DTVs, smartphones, Blu-ray 

players, eReaders and mobile computing solutions, such 

as tablets—that will contribute billions of dollars to the 

industry’s bottom line this year. The January edition of 

the forecast was cautiously optimistic about the industry’s 

return to growth this year.

The mobile computing category is expected to have 

a strong 2010 and become the primary revenue driver 

for the CE industry by 2011. CEA projects that mobile 

computing, which includes laptops, netbooks and tablet 

computers, will reach more than $26 billion in shipment 

revenues by next year. Most of the growth in the comput-

ing category will be driven by tablet PCs as more compa-

nies enter the marketplace.

As a category, wireless handsets are also seeing contin-

ued growth. CEA projects that by 2011, wireless hand-

sets will contribute $26 billion to the industry’s bottom 

line.  Smartphones continue to be the key driver, with 

more than 54 million units expected to ship in 2010, an 

increase of nearly 31%. By 2011, more than 66 million 

smartphones will ship to dealers, generating $19.6 billion 

in revenue. 

According to the U.S. Consumer Electronics Sales and 
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Forecast (July 2010), digital displays will continue to see 

major growth with increasing unit sales but slightly less 

revenue due to fierce pricing competition.  Shipments 

of 3D displays will increase to 2.1 million this year, 

doubling the original forecast in January, and shipment 

revenue will top $2.7 billion. By 2011, more than six mil-

lion units are projected to be sold, generating more than 

$7 billion in revenue.

U.S. Consumer Electronics Sales and Forecasts 2006-2011 

(July 2011) is published twice a year, in January and July. It 

was designed and formulated by CEA, the producer of the 

International CES, where these products and trends are first 

launched. CEA is the most comprehensive source of sales 

data, forecasts, consumer research and historical trends for 

the consumer electronics industry. Please cite any informa-

tion to the Consumer Electronics Association (CEA). The 

complete report is available free to CEA member companies 

at members.CE.org.  Non-members may purchase the 

study for $2,000 exclusively at mycea.CE.org.

Custom electronics distributor AVAD (us.avad.com) 

is now offering Russound throughout the US. AVAD 

dealers will have access to Russound’s distributed A/V 

and multi-room entertainment lineup. Products available 

to AVAD dealers include Russound’s Collage powerline 

media and intercom system, which distributes networked 

music and intercom communications over a home’s electri-

cal system. Designed for retrofit projects, the expandable 

systems provide access to audio, video, and Internet media 

with metadata without the need to run new zone-to-zone 

wiring, AVAD said. Through the partnership, Russound 

will gain access to AVAD’s extensive network of certified 

dealers, significantly expanding its reach within the custom-

installation market, AVAD said.

Bowers & Wilkins (www.bowers-wilkins.com) 

announced an agreement to place its product in the 

Magnolia outlet stores. According to B&W chairman Joe 

Atkins, the company had to open up sales of its high-end 

home speakers to Magnolia Home Theater, Magnolia 

Design Center, and Magnolia Audio Video outlets to 

compensate for the shrinking base of A/V specialty deal-

ers, but the brand won’t look to online merchants to boost 

home-speaker sales. In expanding on the brand’s distribu-

tion plans, Atkins also said not all B&W speakers will go 

to all Magnolia outlets. The company, for example, will 

not sell its custom-install speakers through the more than 

350 Magnolia Home Theater (MHT) stores within Best 
Buy stores, but those speakers will be available to the eight 

larger Magnolia Design Centers within Best Buy stores as 

well as to the seven stand-alone flagship Magnolia Audio 

Video outlets in Washington state, California, and the 

Chicago area.

The MHT stores will offer the 600 series of freestanding 

vinyl-clad speakers priced up to $2,000/pair, the CM series 

of freestanding wood cabinet speakers priced up to $3,000/

pair, and the M1 sound bar. The Magnolia Design Centers 

and the freestanding Magnolia A/V stores will add the top-

end Diamond 800 series of freestanding speakers priced up 

to $25,000/pair, Atkins said. The $31,000-each Nautilus 

speaker won’t be on display at any of the Magnolia outlets, 

but the Design Centers and freestanding A/V stores will 

have access to them. Products will appear in the Magnolia 

outlets in the fall; however,  the distribution changes do 

not apply to the Classe and Rotel audio electronics brands 

owned by The B&W Group.

Thiel Audio (www.thielaudio.com) has added Amazon 

to its short list of online retailers. The high-end speaker 

supplier jumped into the online fray in May 2007 when it 

began selling through Crutchfield. Thiel later added Audio 

Advisor as its second online retailer. 

With the latest distribution announcement, Thiel will 

sell seven models of architectural speakers, bookshelf 

speakers, and subwoofers on Amazon to US consum-

ers. The decision to add another online retailer reflects 

changing consumer shopping habits, and according to 

North American sales VP Ken Dawkins, it will help pro-

mote the high-performance audio industry. Amazon has 

begun selling the following models: the PowerPlane 1.2 

and HigherPlane 1.2 in-wall and in-ceiling speakers, the 

PowerPoint 1.2 aluminum on-wall/on-ceiling speaker, the 

DewPoint outdoor speaker, the SCS4 and MCS1 book-

shelf/center-channel speakers, and new subwoofer product 

to be unveiled later this year.

Audiovox (www.audiovox.com) reported higher net sales 

and a slightly higher net profit for its fiscal first quarter, 

ended May 31. Net sales for the first quarter were $130.3 

million, an increase of 8.8%, compared with net sales of 
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$119.8 million reported in the comparable year-ago period. 

Net income was $1.1 million for the quarter, compared 

with net income of $500,000 for the first quarter of last 

year. Net income for this year’s fiscal first quarter was 

inclusive of a gain from foreign exchange contracts and a 

favorable tax settlement.

Electronics sales were $94.5 million for the 2011 fiscal 

first quarter as compared with $79 million for the 2010 

fiscal first quarter, an increase of 19.6%. Electronics sales 

were positively impacted by the addition of new OEM sales 

and customers, resulting from the company’s acquisition of 

Invision Automotive Systems, as well as higher aftermar-

ket sales in security and mobile video, and new sales of FLO 
TV automotive entertainment systems.

Offsetting this increase were declines in the company’s 

audio business and lower consumer electronics products 

both domestically and internationally as a result of con-

tinued weakness in the global economies. As a percentage 

of sales, electronics represented 72.5% for the quarter, 

compared with 65.9% in the comparable-prior year period.

Accessory sales were $35.8 million for the fiscal first 

quarter as compared with $40.8 million the same time 

last year, a decrease of 12.3%. The decline in accessory 

sales is directly attributed to lower sales of digital antenna 

products for the comparable periods, as last fiscal year’s 

first quarter included approximately $8 million of 

antenna sales related to the industrywide switch from 

analog to digital TV. The decline was also attributed to 

lower consumer spending given current market condi-

tions, and was partially offset by higher sales of interna-

tional accessory products, both in existing business and 

through the addition of the Schwaiger acquisition. As a 

percentage of net sales, accessories represented 27.5% for 

the first quarter this year and 34.1% in the prior fiscal 

first quarter.

McIntosh Laboratory (www.mcintoshlabs.com) recent-

ly introduced the XCS200 center-channel loudspeaker 

(Photo 2). The $6,000 unit can also be used as a left, right, 

or surround loudspeaker. It handles 600W of power and has 

a frequency response of 80Hz to 45kHz. Attributes include 

extruded aluminum enclosure, concave side panels to resist 

standing waves, a high-gloss piano-black finish front baffle, 

an articulating stand, and an optional wall-mount kit. 

Three sets of gold-plated input connectors allow for bi- and 

tri-amping or wiring. 

The XCS200 also has two McIntosh 8  LD/HP woofers 

mounted behind a custom baffle that houses a multi-driver 

line array. There are eight 2  titanium midrange drivers 

using neo-radial technology and five 0.75  titanium dome 

tweeter drivers, arranged in a quasi-point source array. The 

speaker began shipping late July.   VC
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Industry News and Developments
By Vance Dickason

129th AES Convention
The 129th annual Audio Engineering Society (AES) 

convention is back this year at the Moscone Center in San 

Francisco (Photo 1). The audio engineering/pro sound 

trade show will be held October 4-7, with the exhibits 

available October 5-7. This year’s program, like virtually 

all AES Conventions, has a lot to offer the loudspeaker 

industry. Between workshops, tutorials, master classes, and 

paper presentations, there will be an enormous amount of 

information available to the engineering community. Paper 

presentations of interest to the loudspeaker community at 

this year’s convention include the following:

A Reliable Procedure for Polarity Measurements on 
Line Arrays—Markus Becker; Gregor Schmidle, NTi 

Audio AG. The identification of speakers with incor-

rect polarity in line arrays can be very time consuming. 

Therefore, it is desirable to have a fast, yet reliable procedure 

to finding such defective array elements. This paper presents 

a step-by-step method to check the integrity of a line array, 

as well as root cause analysis in case of a polarity problem. 

Besides the theoretical background, a successful practical 

example case is described.

Coaxial Flat Panel Loudspeaker System with Dynamic 
Push-Pull Drive—Drazenko Sukalo, DSLab-Device 

Solution Laboratory. After the successful introduction 

of the flat television, acousticians are concerned with the 

design of a flat panel loudspeaker. A new patented flat panel 

By James Croft

By Vance Dickason

PHOTO 1: San Francisco’s Moscone center, site of this year’s AES 

Convention.

Faital’s compression driver 

and horn, p. 18.

Listen analyzer, p. 8.
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loudspeaker construction with low manufactured depth, 

consisting of an array of two conventional cone drivers and 

a transmission line and the method for driving them, is pre-

sented. The main aim was to build a small flat panel box but 

with extended low-frequency response and low-distortion 

output because of the extended linear diaphragm excursion. 

The PSpice-OrCAD® simulator was used to represent a 

distributed model of a lossy transmission line. The results 

of the simulation show the influence of the parameters of 

the transmission-line enclosure on the impedance curve and 

resonant frequency of the subwoofer driver. 

Among others, this paper is concerned with an active 

filter design for driving speaker drive units in an appropriate 

phase relationship in the low-frequency region, by means 

of implementing DPP-drive. A prototype of the flat panel 

loudspeaker is built according to the described design con-

cept and the results of sound pressure level measurement 

are presented. The design result from work performed for 

DSLab is subject to the referenced patent.

Comprehensive Performance Tests of Be Diaphragm 
Drivers on Plane Wave Tubes—Marshall Buck, 

Psychotechnology, Inc. A comprehensive set of tests of 

beryllium diaphragm compression drivers is described 

including frequency response, distortion, impedance, 

coherence, and multitone on 1, 1.5, and 2″ plane wave 

tubes. A conical adaptor was used to match the 1.5″ exit 

to the 1″ PWT for accurate high-frequency measurements. 

Additional tests were performed with the drivers mounted 

to a horn outdoors at 2m.

Listening Tests for the Effect of Speaker Directivity 
and Positioning on Auditory Scene Perception—David 

Clark, DLC Design. Using stereo playback in a typical living 

room, subjects were exposed to six speaker configurations 

under double-blind conditions and asked whether the audi-

tory scene was better or worse than that presented by a refer-

ence stereo system. For all configurations, the auditory scene 

was judged to be plausible, but mean scores were lower than 

those for the reference. The reference comprised symmetri-

cally placed conventional box speakers with subwoofers.

A Novel USB-Powered Digitally Driven Speaker System 
with Low Power Dissipation and High Fidelity—Hajime 

Ohtani; Kenzo Tsuihiji; Ryouta Suzuki; Akira Yasuda; Daigo 

Kuniyoshi, Hosei University; Junichi Okamura, Trigence 

Semiconductor. The authors propose a novel digitally driven 

speaker system (DDSP) in which a newly devised mismatch 

shaper method, multi-level noise shaping dynamic element 

matching (ML-NSDEM), is utilized to realize high fidelity, 

high sound power level (SPL), and low power dissipation. 

The ML-NSDEM unit can easily increase the number of 

sound pressure levels by using an H-bridge circuit even 

when the number of sub-speakers is fixed. It reduces the 

noise caused by quantization and speaker mismatches; it also 

decreases the switching loss. The output SPL equipped with 

six voice coils is 94dB/m when a 3.3V USB power supply is 

used exclusively. The power efficiency is 90% at 0dBFS and 

75% at -20 dBFS.

Filter Design for a Double Dipole Flat Panel 
Loudspeaker System Using Time Domain Toeplitz 
Equations—Tobias Corbach; Martin Holters; Udo Zölzer, 

Helmut-Schmidt-University Hamburg. Today flat panel 

loudspeakers are used in multiple applications. Due to 

their high directivity and their good structural integration 

properties, flat panel loudspeakers are commonly used 

for directed acoustic information. A previously proposed 

system of two parallel flat panel dipole loudspeakers with 

adapted input filtering ensures a high suppression of the 

backward radiation and only minor influences to the for-

ward radiation side. This paper presents a new approach to 

the filter computation for this application.

It makes use of the time domain convolution, realized 

by toeplitz matrices, and builds the desired filter impulse 

responses by a least squares approach. The different filter 

computations as well as the numerical and measured results 

are shown.

Detection and Localization of Air Leaks in 
Loudspeaker Enclosures—Wolfgang Klippel, Klippel 

GmbH. Air leaks in dust caps and sealed enclosures of 

loudspeaker systems generate turbulent noise which highly 

impairs the perceived sound quality like other irregular 

distortion generated by a rubbing coil, buzzing component, 

loose particles, or other loudspeaker defects. Traditional 

measurement techniques fail in the detection of air leaks 

because the noise has low energy and has similar spectral 

properties as ambient noise generated in a production 
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environment. Conventional averaging cannot be applied to 

measured signals due to the random nature of the symptom. 

The paper presents a novel measurement technique per-

forming an asynchronical demodulation of the turbulent 

noise and generating the envelope of the noise signal which 

contains the fundamental component and harmonics of the 

sinusoidal stimulus. This technique exploits the total energy 

of the air leakage noise and becomes more sensitive than a 

human ear. Furthermore, this demodulation technique can 

be combined with a cross-correlation technique to localize 

the source of the air leakage.

Near- and Far-field Control of Focused Sound 
Radiation Using A Loudspeaker Array—Sangchul Ko; 

Youngtae Kim; Jung-Woo Choi, Samsung Electronics Co. 

In this paper, a sound manipulation technique is proposed 

to prevent unwanted eavesdropping or disturbing others in 

the vicinity if a multimedia device is being used in a public 

place. This is capable of realizing a spatial region having 

highly acoustic potential energy at the listener’s position. 

The paper discusses the design of multi-channel filters with 

a given spatial directivity pattern for a given arbitrary loud-

speaker array configuration. 

First, some limitations in using the conventional beam 

forming technique are presented, and then a novel control 

strategy is suggested for reproducing a desired acoustic 

property in a spatial area of interest close to the loudspeaker 

array. In order to precisely produce a desired shape of energy 

distribution in both areas, a spatial weighting technique is 

introduced. The results are compared with those for con-

trolling each area separately.

A 3-D Sound Creation System Using Horizontally 
Arranged Loudspeakers—Keita Tanno; Akira Saji; 

Huakang Li; Jie Huang, The University of Aizu. In this 

research, the authors studied a 3-D sound creation system 

using a five-channel loudspeaker arrangement. This system 

has a great advantage in that it does not require users to pur-

chase a new audio system or to reallocate loudspeakers. The 

only change for creators of television stations, video game 

makers, and so on is to install the new proposed method for 

creation of the 3-D sound sources. 

Head-related transfer functions are used to produce the 

signals of left and right loudspeaker groups. An extended 

amplitude panning method is proposed to decide the 

amplitude ratios between and within loudspeaker groups. 

Listening experiments show that the subjects could perceive 

the elevation of sound images produced by the system well.

Practical Implementation of Perceptual Rub & Buzz 
Distortion and Its Expansion to Various Test Signals and 
Audio Test Applications—Steve Temme; Pascal Brunet, 

Listen, Inc. In a previous paper, the authors demonstrated 

how an auditory perceptual model based on an ITU stan-

dard can be used to detect audible Rub & Buzz defects on 

loudspeakers using a single tone stimulus. In this paper, 

the authors demonstrate a practical implementation using 

a stepped sine sweep stimulus and present detailed experi-

mental results on loudspeakers and headphones including 

comparison to human listeners. The authors also explain 

how this approach can be extended to other real-life trans-

ducer test applications such as tweeters and telephony by 

using different stimuli that help identify other possible 

defect mechanisms.

Loudspeaker Rub Fault Detection by Means of a 
New Nonstationary Procedure Test—German Ruiz; 

Vicent Sala; Juan Antonio Ortega; Miguel Delgado, UPC-

Universitat Politecnica de Catalunya. This paper addresses 

rub defect loudspeaker detection. The study includes a 

simulation with a rub model based on classical static cou-

lomb friction added to the loudspeaker nonlinearities para-

metric model to demonstrate the current signal viability to 

rub failure detection. The electric current signal is analyzed 

by means of Zhao-Atlas-Marks distribution (ZAMD). A 

failure extractor based on relevant harmonic ZAMD track-

ing and Mahalanobis distance is presented. The simulation 

and experimental results show the goodness and reliability 

of rub detection method presented.

Modeling Viscoelasticity of Loudspeaker Suspensions 
Using Retardation Spectra—Tobias Ritter; Finn Agerkvist, 

Technical University of Denmark. It is well known that, due 

to viscoelastic effects in the suspension, the displacement of 

the loudspeaker increases with decreasing frequency below 

the resonance. Present creep models are either not precise 

enough or purely empirical and not derived from the basis 

of physics. In this investigation, the viscoelastic retardation 

spectrum, which provides a more fundamental description 

of the suspension viscoelasticity, is first used to explain the 

accuracy of the empirical LOG creep model (Knudsen et 

al.). Then, two extensions to the LOG model are proposed 

which include the low and high frequency limit of the com-

pliance, not accounted for in the original LOG model. The 

new creep models are verified by measurements on two 5.5″ 

loudspeakers with different surrounds.

An Effective Directional Sub Array Using Simple 
Placement and Processing—Michael Smithers, Dolby 

Laboratories. Directional subwoofers are becoming more 

prevalent, especially in large-scale sound reinforcement 

where time and budgets allow for detailed system design 

and wide equipment choice: possibly including dedicated 

directional subwoofers with manufacturer supplied process-

ing. Their benefits include more even audience coverage 

and lower on-stage volume. However, in smaller systems 

and with part-time sound operators, their use is not as 

common. This paper describes, by way of example, how an 

effective directional configuration can be easily made from 

non-directional subwoofers and processors.

Ironless Motor Loudspeaker: Quantization of the 
Subjective Enhanced Sound Quality—Mathias Remy; 

Gael Guyader, Renault; Guy Lemarquand, Laboratoire 

d’Acoustique de l’Université du Maine. This paper presents a 

set of measurements realized on two automotive loudspeak-

ers, which have the exact same moving part and suspensions 

parts but different motors. The first one is equipped with 

a traditional production model motor made of ferrite and 

iron, whereas the second one gets a prototype of ironless 

motor made totally of permanent magnets. Blind listening 

tests performed with these two speakers showed a significant 

advantage of perceived sound quality for the ironless motor 
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loudspeaker. Several types of measurements have been real-

ized in order to try to quantify and explain this sound qual-

ity enhancement. Results are given in this paper.

Contributions to the Control of the Frequency 
Response of a Pleated Loudspeaker—Jaime Ramis; 

Enrique Gonzalo; Jesus Carbajo, Universidad de Alicante; 

Jose Martinez; Rita Martinez, Acustica Beyma. In this 

paper the authors describe some results that have led to the 

improvement of the response of an Air Motion Transformer 

loudspeaker. In addition, the authors have analyzed the 

influence of the thickness and the shape of perforation of 

the pole piece in the frequency response of the loudspeaker, 

as well as the effect of a slight asymmetry in the folds.

On the Anti-Aliasing Loudspeaker for Sound Field 
Synthesis Employing Linear and Circular Distributions 
of Secondary Sources—Jens Ahrens; Sascha Spors, 

Deutsche Telekom Laboratories. The theory of analytical 

approaches for sound field synthesis like wave field synthe-

sis, nearfield compensated higher order Ambisonics, and the 

spectral division method requires continuous distributions 

of secondary sources. In practice, discrete loudspeakers are 

employed and the synthesized sound field is corrupted by 

many artifacts which are commonly referred to as spatial 

aliasing. This paper presents a theoretical investigation of 

the properties of the loudspeakers which are required in 

order to suppress such spatial aliasing artifacts. The employ-

ment of such loudspeakers is not desired because the sup-

pression of spatial aliasing comes at the cost of an essential 

restriction of the reproducible spatial information.

Point-Source Loudspeaker Reversely-Attached Acoustic 
Horn: Improvement of Acoustic Characteristics and 
Application to Some Measurements— Takahiro Miura, 

Graduate School of Information Science and Technology, 

the University of Tokyo; Teruo Muraoka; Tohru Ifukube 

Research Center for Advanced Science and Technology, the 

University of Tokyo; Haruhito Shimura; Hiroshi Akino, 

Audio-Technica Corporation. It is ideal to measure acoustic 

characteristics by point-sound source. The authors proposed, 

at a previous convention, a point-source measurement loud-

speaker which is designed to attach the mouse of a hyperbolic 

horn to the diaphragm of a driver unit. The difference in 

directional intensity of the loudspeaker at the frequency 

range of 20-700Hz was within 3dB at any combination of 

azimuth and elevation. At the frequency range over 700Hz, 

differences of azimuthal or elevational directional intensity 

were within 10 or 20dB. Following these results, frequency 

correction of the loudspeaker was carried out by means of 

modification of the horn and motional feedback, and then 

the authors applied it to measurements of acoustic character-

istics of concert hall et al.

Optimal Location and Orientation for Midrange and 
High Frequency Loudspeakers in the Instrument Panel 
of an Automotive Interior—Roger Shively, Harman; 

Jerome Halley; Francois Malbos; Gabriel Ruiz. This paper 
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is a follow-up to AES Preprint 8023 (May 2010) using the 

modeling process described there for modeling loudspeak-

ers in an automotive interior. It reports on the optimization 

of midrange and of high-frequency tweeter loudspeakers’ 

positions for best acoustic performance in the driver’s side 

(left) and passenger’s side (right) of the automotive instru-

ment panel.

Virtual Acoustic Prototyping—Practical Applications 
for Loudspeaker Development—Alex Salvatti, JBL 

Professional. Acoustic simulations using Finite Elements 

have been used in loudspeaker development for over 20 

years, with complexity and accuracy accelerating in tandem 

with the increases in computing power generally available 

on the engineering desktop. Using user-friendly modern 

FEA software, the author presents an overview of methods 

to build virtual prototypes of both horns and loudspeaker 

drivers which allows a significant reduction in the number 

of physical prototypes, as well as reduced development time. 

A comparison of simulated versus measured data proves the 

validity of the methods.

An Improved Beryllium Dome Diaphragm for 
Large Format Compression Drivers—Marshall Buck, 

Psychotechnology, Inc.; Gordon Simmons; Sam Saye, 

Brush-Wellman. The authors describe the development 

and testing of a new large format compression driver 

diaphragm using a beryllium dome and new type of poly-

mer surround that exhibits improved clarity. This format 

promises to give long life and good reliability with little 

or no change in performance anticipated over the life of 

the diaphragm. A comprehensive set of tests of beryllium, 

aluminum, and titanium diaphragm compression drivers is 

described including frequency response, distortion, imped-

ance, coherence, wavelet analysis and multitone on a 2″ 

plane wave tube. Substantial differences were measured in 

the performance categories, particularly in the frequency 

range above 4kHz.

Simulation of Horn Drivers’ Response by Combination 
of Matrix Analysis and FEA—Alex Voishvillo, JBL 

Professional. To assess performance of the combination 

“compression driver + horn,” measurement of frequency 

response on-axis and off-axis must be performed. The mea-

surement process is time-consuming, especially if the three-

dimensional “balloon” is to be measured. Prediction of 

directional responses of the horn can only be performed by 

the FEA or BEA. However, the dispersion data can be used 

to assess the relative directional properties of the horn only, 

but they do not correspond to the real frequency responses 

of the horn driver because the real response depends on 

interaction of electrical, mechanical, and acoustical param-

eters of the driver, and acoustical parameters of the horn. 

Acoustical simulation of the horn alone cannot predict 

the overall behavior of the compression driver loaded by 

this horn. A new method based on combination of FEA 

and matrix analysis makes it possible to predict response of 

combinations of various drivers and horns without actually 

measuring each combination.

Quasi-Anechoic Loudspeaker Measurement Using 
Notch Filter for Impulse Shortening—Richard Stroud, 

Stroud Audio Inc. The length of the impulse response of 

a typical piston driver is largely determined by the charac-

teristic high-pass response of the driver. This time response 

makes anechoic (i.e., gated) measurement difficult in 

non-anechoic environments, because reflections must be 

suppressed to returns of 30mS or more. This paper outlines 

a quasi-anechoic frequency response warping technique 

using a tuned notch equalization that shortens the impulse 

response and allows correct full-range speaker measurement 

in moderately sized rooms.

Application of Optimized Inverse Filtering to Improve 
Time Response and Phase Linearization in Multiway 
Loudspeaker Systems—Mario Di Cola, Audio Labs 

Systems; Daniele Ponteggia, Studio Ponteggia. Digital filters 

and processing are very useful in order to improve loud-

speaker systems performances. Particularly, inverse filtering 

is a processing technique that is mainly based on FIR imple-

mentation where a specific and dedicated sequence of taps is 

generally synthesized “ad hoc” for a specific transducer and/

or for a specific loudspeaker system configuration. Most of 

the studies on this matter so far have been conducted from a 

“DSP processing” point of view, being generally focused on 

the mathematics and related numerical problems.

This study tries to focus instead on the “acoustic and 

system” side of the equation. Starting from the impulse 

response it tries to separate the part that can be referred to as 

a “two-port” model isolating the one-dimensional behaviors 

that can be effectively compensated from the speaker input 

and separating them from other acoustic behaviors that 

are generated from other phenomena or from higher order 

modes that cannot be controlled from the input. Results 

will be shown and demonstrated also with the help of the 

analysis of case studies in some practical applications.

Information on this year’s tutorials, workshops, or master 

classes was not available as this issue was going to press. 

However, as usual, presentations at AES conventions are 

generally outstanding, so plan to be there! For more, visit 

the AES website www.aes.org.

User Report: SoundCheck One
I have been planning to do a user report on the new 

SoundCheck One QC analyzer from Listen Inc. for several 

months, but actually decided to get an in person demo/

tutorial while I was in Boston in July. After spending a 

couple hours with the SoundCheck One software and 

Listen Inc. founder and president Steve Temme, I must say 

that the system delivers exactly as claimed in the ad copy: 

one minute setup, and one second to test.

SoundCheck One is a combination of the relatively new 

AmpConnect hardware and the new SoundCheck One 

software. AmpConnect is a hardware interface that com-

bines microphone input control, a built-in amplifier, and 

TTL output support for various production line require-

ments. If you look at the photo of the front panel shown in 

Fig. 1 and the rear panel given in Fig. 2, you’ll get a good 

idea of the simplicity of this instrument. The front panel 

is divided into four sections: control, input, output, and 

amplifier. The control section allows you to select operating 
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the unit from the computer screen or only from the front 

panel control surface, or both simultaneously. This section 

also has a LED monitor for the eight digital I/Os that can 

be used to trigger various production line functions. 

The input section of AmpConnect has two inputs, 

marked Reference and DUT (device under test). The refer-

ence input has its own microphone preamp, while the DUT 

input does not, but you can use these two input channels 

to toggle back and forth between inputs using the select 

switch. 

This will allow two production lines to be worked by 

one machine such that one line can be measured while 

the other is being changed. The level indicators are three 

color LEDs: Green indicates > -40dBV, yellow > +4dBV, 

and red is >+13dBV. The last control in the input section 

is the Gain switch that allows you to set the microphone 

gain from -20dB to +40dB, each independently. The Bias 

switch controls power to the microphone connected to 

the Reference channel: either none, correct voltage for 

the Listen Inc. SCM microphone, or current bias for pre-

polarized microphones.

The output section is used to configure each of the two 

output channels in AmpConnect depending on the type 

of test being initiated. The choices are Reference (mike 

signal from the Reference input), DUT (mike signal from 

the DUT channel), Z-High (1V/A across a 1Ω resistor for 

impedance testing), Z-Low (100mV/A across a 0.1Ω resis-

tor for impedance testing), AMP (-20dB signal for amplifier 

calibration), and 1V Sine (constant 1kHz sine wave at 1V).

The last section is the Amplifier section, which con-

trols the output of the 60W built-in amplifier for the 

AmpConnect. Listen has incorporated two parallel outputs 

for the amp such that the signal can be switched between 

Output A or Output B or both simultaneously, again use-

ful for such operations as switching between two separate 

production lines.

Looking at the rear panel in Fig. 2, all the jacks and plugs 

correspond to the controls on the front panel. Inputs can be 

either balanced via the female XLRs or single-ended via the 

BNCs. The two outputs and the input XLR/BNC jacks are 

goof-proof color-coded and connect to the Digital Audio 

Card Deluxe sound card installed in a computer. Amplifier 

output is through the two sets of binding posts, one for 

Output A and one for Output B. The right side of the rear 

panel has the Phoenix style 8 channel digital IO jack, the 

USB out to the controlling computer, the on/off switch, 

and the AC plug receptacle.

Connecting all this is very straightforward. Figure 3 

gives the setup for a single microphone, and Fig. 4 shows 

the connections for using a dual microphone configuration; 

again, this setup is useful for controlling two production 

lines with one AmpConnect.

If setup is simple, operation of SoundCheck One is just 

as easy. Upon starting up the software, you get a logon 

screen that has multiple levels of access to prevent lower 

level operators from altering the basic setup. From here, the 

FIGURE 1: Front panel of the Listen Inc. AmpConnect hardware.

FIGURE 2: Rear panel of the Listen Inc. AmpConnect hardware.

FIGURE 3: Setup diagram for SoundCheck One using a single microphone 

and DUT.

FIGURE 4: Setup diagram for SoundCheck One using two microphones and 

two DUTs.
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Quick Launch Menu automatically comes up (Fig. 5). This 

would be the beginning of a QC day at the factory, so the 

first menu item is Self Test, which performs a loopback test 

and verifies the analyzer is working properly and ready to 

begin the day’s work. 

Next, the operator hits the Calibrate Microphone 

button and places the microphone in a mike calibrator, 

turns on the calibrator and the program verifies proper 

microphone output. This is obviously a good step and 

prevents starting up with a bad mike. The final selection is 

titled Setup Test, which brings up the Sequence Generator 

shown in Fig. 6.

Using this menu, the day’s testing can be configured, or 

used as previously set up and ready to begin testing. The 

upper section titled Test Setup sets the frequency range, test 

voltage level, and sweep time. From there you can select and 

do basic configuration on all of the available tests. There 

are seven tests to choose from including fundamental (SPL 

test), sensitivity, THD, rub and buzz, loose particle, polar-

ity, and impedance. Each test has a ± tolerance window 

FIGURE 5: SoundCheck One Quick Launch Menu. FIGURE 6: SoundCheck One Sequence generator.
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allowing these to be set to desired levels. The menu in Fig. 
6 has the fundamental set to ±3dB, sensitivity to ±2dB, 

THD to +3%, rub and buzz to +1%, loose particle test to 

10 count, and impedance to ±1Ω. Polarity, which is based 

on an impulse measurement, has no selection because it’s 

either correct or not correct. Note that this is a basic setup 

window, and the main sequence editor can add more detail 

to these tests. For example, Fig. 7 shows the SPL tolerance 

for the fundamental SPL articulated such that the window 

is ±4dB from 8kHz to 20kHz, ±2dB from 300Hz to 8kHz, 

and ±3dB from 20Hz to 300Hz.

I ran the rub and buzz test and loose particle test using 

drivers that Steve uses for demonstration at the Listen Inc. 

office. The rub and buzz test works with 10th harmonics 

and up and works well. Listen has gone to considerable 

effort to correlate the results of this test with traditional 

manual operator type rub and buzz testing. However, 

Listen Inc. has a significantly improved perceptual rub 

and buzz test based on using a codec type algorithm titled 

CLEAR (Ceptral Loudness Enhanced Algorithm for Rub 

and Buzz), but more about that in next month’s issue of 

Voice Coil.
The loose particle test also worked well; however, 

Steve pointed out that it is necessary that the driver be 

facing downward or any loose particles in the gap area 

will fall to the back plate and not be moved enough to 

be detected during the sweep. The last item on the Test 

Setup menu is titled Measure Reference Standard button. 

This, of course, should be performed at the beginning of 

any QC run.

Now for the closer. SoundCheck One comes with a 

Chinese language version, because, let’s face it, most of these 

units will end up in Chinese factories. However, I work with 

many US brands, and one common fault is not doing a sta-

tistical QC sampling of every delivery from factories outside 

the US, so hopefully Listen Inc. will be selling a number of 

these QC analyzers that will remain in-country. For more, 

visit www.listeninc.com.FIGURE 7: SoundCheck One SPL QC tolerance graph.
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2011 ALMA International Symposium
ALMA, the International Loudspeaker Association, 

presents their Winter Symposium just before the 

Consumer Electronics Show in January in Las Vegas every 

year. This year’s event marks the 50th anniversary of the 

founding of ALMA, the only international trade associa-

tion dedicated to improving the design and manufacture 

of loudspeakers. The 2011 program will highlight the 

50-year legacy of ALMA by looking back at historical 

accomplishments and projecting into the future.

This year’s ALMA Symposium will take place January 

4-5, 2011, at the Orleans Hotel. The schedule will 

include a panel of industry icons, several training courses, 

the usual technical paper presentations, a student loud-

speaker design contest, a keynote speech about the 

speaker industry, and an award presentation session. The 

event will offer audio professionals a way to improve their 

skills as well as excellent networking opportunities and a 

small but focused exhibit hall.

The 2011 Winter Symposium’s theme is “Loudspeakers: 

Yesterday, Today and Tomorrow.” Currently confirmed 

panel members—and true industry icons—include Roy 

Allison, Laurie Fincham, Don Keele, and Dr. Floyd Toole, 

who will discuss the art and science of listening as they fill 

us in on the audio history they witnessed and made over 

their careers.

ALMA always offers interesting training courses, and 

this year is no exception. There are three courses to choose 

from: Loudspeaker System Design, How to Listen, and 

Sound Quality of Audio Systems, all taught by experts in 

their subject area.

Peter Larsen of Loudsoft returns to host his popular 

Loudspeaker System Design course which will cover 

driver measurement and selection, theory and practice of 

crossover design, practical crossover design, and a review 

of speaker types, low frequency response, and, new for 

this year will be a section on designing for flat power 

response. Peter Larsen, B.Sc. EE. began his career with 

SEAS in 1974 and was Chief Engineer for Vifa-Speak 

from 1979 to 1987. He also worked for Dynaudio (1987-

1990) and JBL (1993). Since then he has been consult-

ing, specializing in analysis of loudspeakers and manufac-

turing techniques, materials, finite element modeling and 

the development of software tools for modeling speaker 

motors, cones, and enclosures.

Dr. Sean Olive of Harman International is a newcomer 

to ALMA but a well-known scientist to the audio com-

munity from his extensive research and scholarly publica-

tions. Sean will cover why training listeners is necessary, 

and show some case studies where the performance and 

preferences of trained versus untrained listeners were 

compared. He will also conduct some classroom train-

ing using new computer-based listener training software 

called “How to Listen.” The software includes training 

exercises in timbre, spatial, distortion and dynamics and 

automatically calculates performance statistics on the 

listeners. It adapts to the ability of the listener based on 

their performance.
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Sean Olive is Director of Acoustic Research for 

Harman International, a major manufacturer of audio 

products for consumer, pro, and automotive spaces. 

He directs the Corporate R&D group, and oversees 

the subjective evaluation of new audio products includ-

ing Harman’s OEM automotive audio systems. Prior 

to 1993, he was a research scientist at the National 

Research Council of Canada where his research focused 

on the perception and measurement of loudspeakers, 

listening rooms, and microphones. Sean has a Bachelor’s 

degree in Music, and both a Masters and Ph.D in Sound 

Recording.

Prof. Dr. Wolfgang Klippel of Klippel GmBH will 

discuss the evaluation of sound systems based on objective 

measurements, an interesting counterpoint to Dr. Olive’s 

course on trained listening, which is subjective (but not 

arbitrary) by nature. The weak link in the signal chain is 

the speaker and room, so Dr. Klippel models signal distor-

tion by a variety of methods—linear, nonlinear, and time-

variant—with both lumped and distributed parameters. 

New measurement techniques based on those models are 

presented which assess playback systems while reproduc-

ing test signals and music.

The course makes the relationship between symptoms 

and physical causes of the distortion more clear, and 

discusses the impact on the perceived sound quality. This 

knowledge is important for describing loudspeaker drive 

units and complete systems by a comprehensive set of data 

based on a minimal number of measurements. The new 

methods and diagnostic tools are illustrated on drive units 

used in telecom, automotive, and pro applications.

Wolfgang Klippel studied electrical engineering at the 

University of Technology, Dresden, Germany, graduating 

with a degree in speech recognition. He engaged in the 

research of transducer modelling, acoustic measurement 

and psychoacoustics later earning a Ph.D in technical 

acoustics.

After spending a post-doctoral year at the Audio 

Research Group in Waterloo, Canada and working at 

Harman International, Northridge, Calif., he returned 

to Dresden where he founded Klippel GmbH, which 

develops novel kinds of control and measurement systems 

dedicated to loudspeakers and other transducers. He is 

professor of Electroacoustics at the University of Dresden.

Several papers have been accepted for the January 

ALMA event which cover a range of practical and interest-

ing topics to the speaker engineer. Dr. Klippel will present 

“Detection of Air Leaks in  Loudspeaker  Systems.” Air 

leaks around a dust cap and in sealed enclosures generate 

turbulent noise which degrades perceived sound quality, 

as does other irregular distortions such as a voice coil rub 

or buzz. However, air leak noises have low energy and are 

spectrally similar to ambient noise in a production envi-

ronment. Conventional averaging cannot be used since 

the signal is random. This paper presents a novel mea-

surement technique for asynchronous demodulation of 

the turbulent noise, generating the envelope of the noise 

signal containing the fundamental and harmonics of the 
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test stimulus and a way to localize the air leak.

Don Keele will discuss the background and his-

tory of his line arrays based on “Constant Beam-Width 

Transducer” (CBT) technology which he has written 

about in six AES papers. The CBT loudspeaker arrays 

provide exceptional directional control and sound-field 

coverage and can be simply implemented without sophis-

ticated signal processing. The CBT arrays provide a 

broadband 3D sound field that is extremely uniform and 

well behaved with frequency, at all distances from very 

close to far away. The CBT line-array concept dictates 

that multiple identical loudspeakers be placed evenly 

around a circular arc and that frequency-independent 

shading (simple changes in level) be applied to each 

speaker.

Steve Temme, President of Listen, Inc., will present 

the “Practical Implementation of Perceptual Rub & 

Buzz Distortion.” Listen, Inc. researchers have previ-

ously demonstrated how an auditory perceptual model 

based on an ITU standard can be used to detect audible 

rub & buzz defects on loudspeakers using a single 

tone stimulus. In this paper, they will demonstrate a 

practical implementation using a stepped sine sweep 

stimulus and present detailed experimental results on 

loudspeakers and headphones including comparison 

to human listeners. Steve will also explain how this 

approach can be extended to other real-life transducer 

test applications such as tweeters and telephony by 

using different stimuli that help identify other possible 

defect mechanisms.

Miguel Chavez Salas, of Analog Devices, will cover 

Automatic EQ, Crossover, and Alignment of Speaker 

Systems. Analog Devices has design software for 

improving such system designs within their DSP line 

of ICs. The Auto EQ for SigmaStudio is intended 

to reduce design time of a speaker design—allowing 

designers to focus on other important system design 

considerations.

Marshall Buck, PhD., President, Psychotechnology, 

Inc. has published a paper on “A New Beryllium Dome 

Diaphragm for Large Format Compression Drivers.” The 

recent development, testing and manufacturing process 

of a new beryllium compression driver diaphragm yields 

improved performance exhibiting longer life and greater 

reliability. A comprehensive set of tests of beryllium, 

aluminum, and titanium diaphragm compression driv-

ers is described including frequency response, distortion, 

impedance, coherence and wavelet analysis on a 2″ plane 

wave tube. Substantial differences were measured in the 

performance categories, particularly in the frequency 

range above 4kHz.

ALMA will be highlighting and celebrating the accom-

plishments of the industry’s best and brightest with the 

introduction of “The Driver Award” at the gala during the 
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Winter Symposium. The Driver Award will feature three 

levels—platinum, gold, and bronze. The platinum driver 

award will be reserved for Board Emeritus or members 

who have made significant, continued, and sustained con-

tributions to the industry over the lifetime of their career; 

the gold award will be given to a member or institution 

who deserves recognition for a singular and more current 

accomplishment, either within our association or the 

industry; and the bronze driver award will be given for 

accomplishments worthy of recognition to the newest or 

youngest members of ALMA.

The Symposium keynote speaker will be Shawn 

DuBravac, Chief Economist and Director of Research 

for the Consumer Electronics Association, the sponsor 

of the CES. Shawn’s talk will focus on the economics 

of the speaker industry. Further details and the cost of 

these events may be found on ALMA’s refreshed website, 

http://www.almainternational.org. If you are interested 

in the training sessions, consider registering early, as they 

tend to sell out quickly.

Rocky Mountain Audio Fest
The Rocky Mountain Audio Fest (a consumer show) 

will take place at the Denver Marriott Tech Center 

Hotel on October 15-17. Furniture will be removed 

from over 150 of the hotel’s sleeping rooms and manu-

facturers will set up complete stereo systems for attend-

ees to audition. A variety of equipment types will be 

demonstrated, ranging from affordable separates and 

systems to the ultra-expensive high end. In addition 

to the hotel rooms, most of the hotel’s larger seminar 

rooms located on the main floor and mezzanine levels 

will also contain exhibits.

Loudspeaker exhibitors include Anthony Gallo 

Acoustics, Arion Audio, Audioengine, Avalon 

Acoustics, Bamberg Audio, Canton Loudspeakers, 

Classic Audio Loudspeakers, Coincident Speaker 

Technology, Daedalus Audio, DEQX, Dynaudio, 

Fritz Frequencies, Genesis, German Physiks, Green 

Mountain Audio, Holographic Audio Arts, Induction 

Dynamics, Janszen Loudspeakers, LTD., Joseph Audio, 

Jumping Cactus Loudspeakers, Kubotek Corp., Legacy 

Audio, Legend Acoustics, Linkwitz Lab, Madisound, 

Marantz America, MBL of America, McIntosh, Merlin 

Music Systems, Naim Audio, Napa Acoustics, Odyssey, 

OMA, Orca Design & Manufacturing, Parts Express, 

PMC USA, PTE, Quad, RAAL Advanced Loudspeaker, 

RM Associates, Salk Sound, Sanders Sound Systems, 

SEAS, Silverline Audio, Sjofn Hifi, Soundsmith, 

Studio Electric, Tidal Audio, Tyler Acoustics, Uniwave 

Tek, Vandersteen Audio, Vaughn Loudspeakers, Von 

Schweikert Audio, Waterfall Audio, Wilson Audio, and 

Wood Artistry. For more, visit the Rocky Mountain 

Audio Fest website www.audiofest.net.    VC
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Test Bench

Prosound Drivers  
from B&C and Faital
By Vance Dickason

�amples submitted for this month’s Test Bench exami-

nation are both pro sound products. First, from Faital, 

a new 1.4″ compression driver, the HF144 and their 

LTH142 60 × 50 horn. B&C sent their latest 3kW power 

handling 18″ subwoofer, the 18SW100-8.

Faital HF144 and LTH142
Faital’s HF144 (Photos 1 and 2) is an interesting com-

pression driver with several unique features. This includes a 

Ketone polymer diaphragm and a magnet system made up 

of 15 0.75″ diameter neodymium slugs. Throat diameter is 

1.4″ and is coupled to a 65mm (2.56″) diameter voice coil 

wound on a Kapton former with copper clad aluminum 

wire. Other features include a case metal top with ten heat-

sink fins for cooling, and solderable push terminals. The 

horn supplied with the HF144 driver is Faital’s 1.4″ throat 

60 × 50 tractrix flare LTH142.

Testing commenced using the LinearX LMS analyzer to 

produce the 300-point stepped sine wave impedance plot 

shown in Fig. 1. Note that the solid curve shows the HF144 
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PHOTO 1: Faital HF 144 and LTH142.

PHOTO 2: Faital HF 144.
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mounted on the LTH142 horn and the dashed curve repre-

sents the compression driver without the horn. The minimum 

impedance of the HF144/LTH142 was 7.7Ω and at 4.6kHz.

For the next test sequence, I mounted the HF144/

LTH142 in an enclosure with a 15″ × 14″ baffle and pro-

ceeded to measure both the horizontal and vertical on- and 

off-axis at 2.83V/1m using a 100-point gated sine wave 

sweep. Figure 2 displays the on-axis of the compression 

driver/horn combination and shows the sensitivity to be 

about 110dB, as specified in Faital’s published data. The 

SPL profile is a flat ±2.2dB from 550Hz to 10kHz (recom-

mended crossover frequency for the HF144 is a minimum 

of 900Hz with a 2nd-order network). Because the coverage 

of this horn is 60 × 50, you wouldn’t expect much of a dif-

ference in the horizontal and vertical off-axis plots, which is 

indeed true as seen in Fig. 3 for the horizontal orientation 

FIGURE 1: Faital HF144 free-air impedance plot.

FIGURE 2: Faital HF144 on-axis response.

FIGURE 3: Faital HF144 horizontal on- and off-axis frequency response 

(A = 0°; B = 15°; C = 30°; D = 45°; E = 60°).
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FIGURE 4: Faital HF144 vertical on- and off-axis frequency response (A 

= 0°; B = 15°; C = 30°; D = 45°; E = 60°).

FIGURE 5: Faital HF144 two-sample SPL comparison.

FIGURE 6: Faital HF144 SoundCheck distortion plots.
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and Fig. 4 for the vertical orientation. Figure 5 gives the 

two-sample SPL comparison, showing both samples to be 

closely matched.

For the remaining battery of tests, I employed the Listen 

Inc. SoundCheck analyzer, ¼″ SCM microphone, and 

power supply (courtesy of Listen Inc.) to measure distor-

tion and generate time frequency plots. For the distortion 

measurement, I used the same baffle as for the frequency 

response measurements, and set the SPL to 104dB at 

1m (2V) using a noise stimulus, and then measured the 

distortion with the Listen Inc. microphone placed 10cm 

from the mouth of the horn. This produced the distortion 

curves shown in Fig. 6. I then used SoundCheck to get a 

2.83V/1m impulse response for this driver and imported 

the data into Listen Inc.’s SoundMap Time/Frequency 

software. The resulting CSD waterfall plot is given in Fig. 
7 and the STFT (Short Time Fourier Transform) plot in 

Fig. 8.

While I haven’t had a chance to verify this, I have been 

told that the Ketone polymer diaphragm yields a smooth 

subjective performance. For more about this and all the 

other new Faital pro sound products, visit www.faitalpro.

com.

B&C 18SW100-8
B&C’s latest 18″ subwoofer, the 18SW100-8 (Photos 

3 and 4), is an ever so slightly scaled back version of the 

FIGURE 7: Faital HF144 SoundCheck CSD waterfall plot.

FIGURE 8: Faital HF144 SoundCheck Wigner-Ville plot.
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recently released 18SW115-4 featured in the May Test 

Bench column, and has a similar feature set. Using the 

same proprietary cast frame as the 18SW115, and like 

most of B&C’s neodymium motor drivers, it’s obvi-

ous that the frame is very much part of the neo motor 

cooling system. This frame has six double spokes, or 12 

spokes thermally coupled to the large neo ring magnet 

motor structure. Venting is fairly complex and includes 

six 38mm × 8mm vents around the peripheral of the 

base of the frame, an outwardly tapered 35mm to 55mm 

pole vent, plus eight peripheral 10mm diameter vent 

holes on the back of the motor cup, which combine 

to provide substantial air flow throughout the motor 

structure.

The cone assembly consists of a ribbed 18″ cone that 

is coated on both sides plus a large 6.75″ diameter convex 

coated dust cap. This coating (called TWP in the B&C 

literature) is waterproof. Compliance is provided by a triple 

roll coated cloth surround and a double silicone coated 

cloth spider assembly. Coupling the cone assembly to the 

motor is a 4″ (only 0.5″ smaller than the 18SW115) diam-

eter glass fiber split winding voice coil wound with round 

copper wire.

“B” for this 22 lb. pro sound sub is provided by a large 

neodymium ring magnet. Other motor features include a 

T-shaped pole and an aluminum demodulation ring (oth-

erwise known as a shorting ring or Faraday shield). Last, 

the voice coil tinsel wires are connected to a set of chrome 

color-coded push terminals.

Testing for the 18SW100-8 began using the LinearX 

LMS and VIBox to produce both voltage and admit-

tance (current) curves with the driver clamped to a rigid 

test fixture in free-air at 1V, 3V, 6V, 10V, 15V, 20V, and 

30V. Note that the driver remained linear in free air up 

to the 30V sweep and probably would have remained 

linear up to 40V or 50V. Also, you should be aware that 

the LMS oscillator is set to 200Hz and turned on for a 

progressively increasing time period between sweeps, a 

procedure necessary to raise the voice coil temperature 

to the level approximating the 3rd time constant for 

each voltage step. Last, rather than use a delta mass or 

delta compliance test method to determine the driver 

Vas, I use the fixed Mmd supplied by the manufacturer, 

and in this case B&C uses their Klippel analyzer to get 

this data.

Next, I post-processed the 14 550 point stepped sine 

wave sweeps for each sample and divided the voltage 

curves by the current curves to derive impedance curves, 

phase calculated and, along with the accompanying volt-

age curves, imported to the LEAP 5 Enclosure Shop soft-

ware. Because most T/S data provided by OEM manufac-

turers is being produced using either a standard method 

or the LEAP 4 TSL model, I additionally produced a 

LEAP 4 TSL model using the 1V free-air curves. I selected 

the complete data set, the multiple voltage impedance 

curves for the LTD model (see Fig. 9 for the woofer 1V 

free-air impedance curve) and the 1V impedance curves 

for the TSL model in the Transducer Derivation menu in 

 TSL model  LTD model  Factory
 sample 1 sample 2 sample 1 sample 2  

FS 36.6Hz 34.5Hz 33.6Hz 31Hz 35Hz      
REVC 5.37 5.40 5.37 5.4 5.3    
Sd 0.118 0.118 0.118 0.118 0.121
QMS 5.98 5.73 5.21 4.49 5.9      
QES 0.46 0.44 0.40 0.38 0.4   
QTS 0.43 0.41 0.37 0.35 0.38         
VAS 159.6 ltr 179.4 ltr 190.8 ltr 224.3 ltr 180 ltr     
SPL 2.83V 94.1dB 94.1dB 94.4dB 94.4dB 97.0dB        
XMAX 9mm 9mm 9mm 9mm 9mm    
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FIGURE 9: B&C 18SW100-8 woofer free-air impedance plot.

PHOTO 3: B&C 18SW100-8 front.

PHOTO 4: B&C 

18SW100 back.
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LEAP 5, and produced the parameters for the computer 

enclosure simulations. Table 1 compares the LEAP 5 

LTD and TSL data and factory parameters for both B&C 

18SW100 samples.

Overall, the measured data on the two 18SW100-8 

samples were close to the factory published data. Note the 

sensitivity published by B&C is a 1W/1m rating whereas 

the LEAP 5 data is set to 2.83V. Using the LTD data 

for sample 1, I proceeded to set up computer enclosure 

simulations. This included two vented alignments, a 

4.4ft3 QB3 box with 15% fiberglass fill material tuned to 

36.6Hz, and a 5.5ft3 EBS (Extended Bass Shelf ) vented 

alignment enclosure with 15% fiberglass fill material and 

tuned to 37Hz.

Figure 10 displays the results for the 18SW100-8 

in the QB3 and EBS vented boxes at 2.83V and at a 

voltage level high enough to increase cone excursion 

to Xmax + 15% (10.35mm). This produced a -3dB 

frequency of 45Hz (-6dB = 36Hz) for the 4.4ft3 QB3 

enclosure and F3 = 39Hz (F6 = 33Hz) for the 5.5ft3 

EBS vented simulation. Increasing the voltage input to 

the simulations until the maximum linear cone excur-

sion was reached resulted in 124dB at 75V for the QB3 

enclosure simulation and 12.5dB with a 75V input 

level for the larger vented box (see Figs. 11 and 12 for 

the 2.83V group delay curves and the 75V excursion 

curves). The 75V level was chosen as the excursion 

was exceeding the 10.4mm below 30Hz. With 3kW 

nominal power handling, using a 23-30Hz highpass, 

this driver would more likely be thermal limited than 

excursion limited.

Klippel analysis for the 18SW100-8 produced the 

Bl(X), Kms(X) and Bl and Kms symmetry range plots 

given in Figs. 13-16. The Bl(X) curve (Fig. 13) is very 

broad and extremely symmetrical and nearly as good as 

the previously reviewed 18SW115-4. Looking at the Bl 

symmetry plot (Fig. 14), this curve shows small 1.6mm 

of forward (coil-out) offset in the rest position decreas-

ing to about less than 0.3mm forward offset at 4mm 

of excursion, and remains negligible throughout the 

operating range of this driver. Figures 15 and 16 depict 

the Kms(X) and Kms symmetry range curves for the 

18SW100. The Kms(X) curve is also very symmetrical, 

with nearly zero offset at any coil position which is further 

confirmed by the Kms symmetry curve, almost a straight 

line at the zero rest position, again very much the same 

as the 18SW115.

Displacement limiting numbers calculated by the 

Klippel analyzer for the 18SW100 showed that XBl 

at 70% (Bl decreasing to 70% of its maximum value) 

was greater than 12.6mm, and XC at 50% (compliance 

decreasing to 50% of its maximum value) was also greater 

than 14.6mm, which means that the Bl was the limiting 

factor for the prescribed distortion level of 20% for sub-

woofers.

Figure 17 gives the inductance curve L(X) for the 

B&C pro sound subwoofer. Inductance will typically 

increase in the rear direction from the zero rest position 
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FIGURE 10: 18SW00-8 computer box simulations (A = vented 1 at 2.83V; 

B = vented 2 at 2.83V; C = vented 1 at 75V; D = vented 2 at 75V).

FIGURE 11: Group delay curves for the 2.83V curves in Fig. 10.

FIGURE 12: Cone excursion curves for the 75V curves in Fig. 10.

FIGURE 13: Klippel Analyzer Bl (X) curve for the B&C 18SW100-8.
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FIGURE 14: Klippel Analyzer Bl symmetry range curve for the 18SW100-8.

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

curve for the B&C 18SW100-8.

FIGURE 16: Klippel Analyzer Kms symmetry range curve for the 

18SW100-8.

FIGURE 17: Klippel Analyzer L(X) curve for the B&C 18SW100-8.
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as the voice coil covers more pole area unless the driver 

incorporates a shorting ring. Because the 18SW100 does 

incorporate an aluminum demodulation ring (shorting 

ring) in the motor assembly, there is only an extremely 

minor change in inductance, about 0.1mH, from Xmax 

in to Xmax out.

Like the 18SW115-4, the 18SW100 is a subwoofer 

intended primarily for frequencies below 100-150Hz, 

so I dispensed with the SPL measurements. However, 

Figure 18 gives the factory SPL curve, and obviously 

you could cross over the product higher than 100Hz. 

Without the off-axis response it’s not possible to know 

exactly what that frequency would be, but probably 300-

500Hz would be appropriate.

Because I decided not to perform SPL measurements, 

I then moved on to the last group of tests which I per-

formed using the Listen Inc. SoundCheck analyzer and 

SC-1 microphone (courtesy of Listen Inc.) to measure 

distortion, and again, because we are not dealing with 

frequencies much above 100Hz as a subwoofer, I also 

did not use Listen Inc’s. SoundMap software for time 

frequency presentations. Setting up for the distortion 

measurement consisted of mounting the woofer rigidly 

in free-air and setting the SPL to 104dB at 1m (13.1V) 

using a noise stimulus (SoundCheck has a software 

noise generator and SPL meter as two of its utilities), 

and then measuring the distortion with the Listen Inc. 

microphone placed 10cm from the dust cap. This pro-

duced the distortion curves shown in Fig. 19 for the 

woofer.

Like the 18SW115, the 18SW100 is a well-crafted 

design and is an extremely robust 18″ woofer. For more 

information on this and other pro sound products from 

B&C, contact B&C Speakers N.A., National U.S. Sales 

Office, 73 Brand Street, Arlington, MA 02474, (781) 316-

0077, Fax (781) 316-0078, e-mail rnichols@bcspeakers.

com, or visit www.bcspeakers.com.    VC

FIGURE 18: B&C 18SW100-8 factory on-axis frequency response.
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Sample Submission for Test Bench
Test Bench is an open forum for OEM driver manufacturers 
in the industry and all OEMs are invited to submit samples 
to Voice Coil for inclusion in the monthly Test Bench column. 
Driver samples can be for use in any sector of the loudspeaker 
market including transducers for home audio, car audio, pro 
sound, multimedia, or musical instrument applications. While 
many of the drivers featured in Voice Coil come from OEMs 
that have a stable catalog of product, this is not a necessary 
criterion for submission. OEM manufacturers are encouraged 
to send samples of woofers, midranges, or tweeters they think 
are representative of their work. However, please contact Voice 
Coil Editor Vance Dickason prior to submission to discuss 
which drivers are being submitted. Samples should be sent in 
pairs and addressed to:

Vance Dickason Consulting
333 S. State St., #152
Lake Oswego, OR 97034
(503-557-0427)
vdc@northwest.com
All samples must include any published data on the prod-

uct, patent information, or any special information necessary 
to explain the functioning of the transducer. This should 
include details regarding the various 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 lead wires removed).

FIGURE 19: B&C 18SW100-8 SoundCheck distortion plot.
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Acoustic Patents 
By James Croft

�he following loudspeaker-related patents were 

filed primarily under the Office of Patent and 

Trademarks classification 181 for acoustical devices and 

381 for electrical-signal processing systems and HO4R 

for international patents. This also includes new 

patent applications that are published in the Patent 

Application Journal.  

Bass Sound Box with Linkage of 

  Multiple Resonance Points

Patent Number: CN1917716 (China)

Inventors: Xu Yaozhong [China]

Assignee: Xu Yaozhong [China]

Filed: August 16, 2005

Published: 2007-02-21

International Class: H04R1/28, 5 Claims, 9 drawings

Reviewer Comments 
While pursuing a patent search for a new type of 

subwoofer system I have in development, I came 

across an interesting Chinese application for a similar 

device. This woofer system has numerous embodi-����������������	
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ments, but the core concept is that of a singular 

woofer motor structure that is connected to a second 

passive diaphragm to be able to realize a woofer sys-

tem that can have four diaphragm surfaces drive four 

separate, parallel Helmholtz chambers to achieve a 

bandpass woofer system that has four resonant tun-

ings with four frequencies with reduced diaphragm 

excursion and increased output. The first active 

woofer includes a vented pole piece that has a diam-

eter sufficient in diameter to include a rigid rod that 

connects the active woofer diaphragm to a second 

“passive” diaphragm that allows the energizing of two 

additional chambers.

Theoretically, this architecture can make for an 

effective, high output system with reduced cone excur-

sion, but it is difficult to realize. The main difficulty 

is due to the requirement for the connecting rod to 

operate through at least one wall of the enclosure. It 

must have a substantially sealed transition through 

the enclosure wall, while also minimizing resistive 

losses while moving within some form of bearing or 

sealed washer isolation assembly. This type of sealed 

wall penetrating rod structure has been developed 

many times in prior art systems, such as the original 

Heil woofer system of the 1970s, and most recently 

the Tymphany LAT (Linear Array Transducer) multi-

diaphragm device.

Besides the frictional or leakage losses at the through-

hole point, there is also the problem of back-force from 

the rod causing rocking in the voice coil during large 

excursions.

Assuming the above mentioned difficulties (along 

with many other pesky issues) are solved, the system 

has the potential to realize high output while main-

taining reduced cone excursion over a broad band of 

frequencies.

It will be interesting to see whether a commercial prod-

uct is realized and brought to the market by the inventors. 
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Considering that it was filed five years ago and has not 

yet appeared suggests that there just may be a few little 

wrinkles remaining to be worked out.

LOUDSPEAKER

Patent Number: US 7,558,395

Inventor: Philip Derek Eduard (Amsterdam, NL)

Assignee: Alcons Audio B.V. (Zwaag, NL)

Filed/Priority Date: March 03, 2004

Granted: July 7, 2009

US Class: 381/338, 4 Drawings, 7 Claims

INDEPENDENT CLAIMS
“1. A loudspeaker comprising a housing provided 

with a magnet unit that generates a magnetic field and 

a flexible membrane which is mounted in a frame and 

which is provided with an electrical conductor arranged 

in a pattern on a central part of the membrane, which 

membrane is positioned in the magnetic field in such 

a manner that a force is exerted when current is fed 

through the conductor pattern on the membrane, 

which force is capable of setting the membrane in 

motion so as to produce sound, said conductor pat-

tern being provided on the membrane in at least two 

spaced-apart vibrating regions, the loudspeaker being 

provided with at least two sound channels each extend-

ing between one of said electrical conductor patterns 

in each of the vibrating regions and the outer side of 

the housing, wherein the central axes of the at least 

two sound channels, which are located between the 

outer wall and the inner wall of each channel, incline 

toward each other over a particular distance from the 

membrane.”

REVIEWER COMMENTS 
Disclosed is a planar magnetic loudspeaker compris-

ing a main housing that incorporates a planar film 

membrane diaphragm, with an electrical conductor 

arranged in a pattern on the diaphragm in two spaced-

Multi Media Manufacturer
PO Box 876, Peterborough, NH 03458-0876 USA
Phone: 603-924-9464  Fax: 603-924-9467 
info@multimediamanufacturer.com
www.multimediamanufacturer.com

Free to qualified industry 
personnel worldwide!

To subscribe, go to 
www.multimediamanufacturer.com 
and click on Subscribe. Your qualified  
subscription begins with the next issue.

Or call 
1-888-924-9465 
to find out more about the new digital magazine.

NOW AVAILABLE IN A  
DIGITAL EDITION

FIGURE 1: Patent number CN1917716. 
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apart vibrating regions, three rows of magnets on the 

front side of the diaphragm and three rows of rectan-

gular bar magnets on the back side of the diaphragm, 

the device operating as a so-called push-pull planar 

magnetic transducer. The loudspeaker is provided 

with at least two sound channels extending from the 

two vibrating regions, through the open spaces on 

each side of the center row of the three rows of mag-

nets and exiting the front side of the housing. This 

has become a standard format in the world of planar 

magnetic transducers, particularly high output planar 

magnetic transducers that are used in the professional 

audio market.

In exchange for greater focusing of the fringe flux 

of the magnetic fields, and increased efficiency com-

pared to a single-ended planar magnetic device, this 

layout requires that the waveforms generated by the 

diaphragm exit through two spaced apart “tunnels” on 

each side of the center magnet, with the spaced apart 

relationship of the two apertures being at least as wide 

as the center magnet.

While the problems associated with this dual aper-

ture exit from the diaphragm can be minimized in the 

lighter duty consumer designs, with smaller magnetic 

structures, the magnet sizes required to be competitive 

with compression drivers in the Pro market is substan-

tial, even with high energy neodymium bar stock, and 

therefore can cause a non ideal acoustic path to the 

environment external to the device.

The core invention of the patent is essentially the 

inclusion of an additional structure that guides the two 

sound channels each extending from one of the electri-

cal conductor patterns in each of the vibrating regions 

on the diaphragm, through the magnet structure to 

the outer side of the housing, wherein the central axes 

of the at least two sound channels exit and the inner 

wall of each channel, incline toward each other over a 

specified distance from the membrane, converging the 

two channels into a single channel. Ultimately, it is a 

form of phase plug converging multiple sources into a 

single in-phase exit. This has value in minimizing off-

axis lobing and widening dispersion due to the single 

source having reduced width compared to multiple, 

spaced sources. Additionally, this waveguide/phase 

plug is used to couple the output of the two space 

sources into the throat of a horn to increase output and 

control directivity.

The application of this type of structure works well 

and solves the problems as intended. This has been 

shown to be the case by much earlier works of many 

loudspeaker engineers, including work done in the 

early 1990s by Cliff Henricksen, modifying the large 

area full-range ribbons while at the US Sound division 

of Carver Corporation (now at Bose Corporation). 

Additional disclosures can be found in earlier work 

done in Japan. Whether or not it is novel, it is a very 

effective improvement to push-pull planar magnetic 

devices. VC

ENGINEERED 
TO  PERFORM...

...THE BEAUTY 
OF MUSIC.
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Industry Watch
By Vance Dickason

� t is with great sad-

ness that I must 

report that Eugene 

“Gene” Czerwinski 

(Photo 1), the founder 

of Cerwin-Vega (www.

cerwinvega.com) in 

1954, passed away 

August 6 at the age of 

83. Initially an aero-

space engineer, Czerwinski founded the company as Vega 
Associates in the mid-1950s, soon moving into ampli-

fiers and speakers for home use, based around solid-state 

technology, including the world’s first solid-state ampli-

fier, rated at 125 RMS, in 1957.

As rock n’ roll took off in the 1960s, the company 

began supplying sizable loudspeakers to companies such 

as Fender and Vox. The 1970s found Cerwin-Vega 

working with name acts such as The Rolling Stones, 

The Boomtown Rats, David Bowie, Peter Frampton, 

and Emerson, Lake & Palmer. The company also won 

an Oscar® (“Special Technical Achievement”) in 1974 

PHOTO 1: Gene Czerwinski.



OCTOBER 2010 33

for its work developing “Sensurround,” a sound format 

developed for the disaster epic Earthquake. Cerwin-Vega 

produced large bass cabinets whose aim was to shake the 

movie theater, adding to the intensity of the earthquake 

on-screen.

The following was written by Drew Daniels for Mix 
Magazine (http://mixonline.com): “Let it be known 

that Gene was an engineer’s engineer. His mastery of 

solid state, AC, DC, electromagnetics and thermody-

namics was top flight. It was routine for Gene to draw 

an amplifier schematic on one side of an A size quadrille 

page using only a slide rule and some reference books 

and charts. He would simply hand me the sheet of 

paper and say, “Go build this.” The designs included a 

small tri-filar transformer between the front-end gain 

stage and the output stage. The transformer was based 

around a standard core and bobbin, and the instruc-

tions to use two gauges of wire, to start all three wind-

ings together and stop the primary at so many turns, 

continuing the secondaries to a final number of turns. 

The thermistors were the only components purchased 

new. Gene would hold a power transformer in his hand 

and declare, “This should be good for about 160 watts,” 

and within a percent, the amp’s output power would 

track his prediction. These amplifiers worked every 

time, and rarely even needed tweaking of the bias pots. 

I still consider that feat amazing inasmuch as it required 

From our first ferrofluid-based manufacturing solutions in the 1970s, Ferrotec’s ferrofluid 
products have been recognized for their unparalleled quality and performance. When
we introduced Ferrosound® ferrofluid for audio speakers in the 70’s, Ferrosound quickly 
became the gold standard for audio speaker enhancement, and we’re continually 
innovating to keep pace with advances in speaker performance. 

Ferrotec’s success rate is unmatched—Ferrotec® audio fluids stay in the air gap of 
speakers better, offering a host of benefits.

© 2007 Ferrotec (USA) Corp. Ferrotec, Ferrosound and the Ferrotec logo are registered trademarks of the Ferrotec Corporation.

With standard and custom options that optimize viscosity and magnetic properties for 
most speaker sizes and configurations, Ferrotec can work with you to specify the right 
solution for your unique requirements. 

To learn more about Ferrosound solutions, visit our website at www.ferrotec.com or 
call us at 800-258-1788. 

• Higher speaker production yields
• Extended speaker life

• Superior sound quality
• Reduced power compression

Ferrofluid

Voice Coil

30 years and millions of speakers later,
customers still depend on Ferrotec 

Using Ferrofluid to fill air gaps 

in speakers, centers the assembly 

and reduces the need for tight 

tolerances. Ferrofluid also acts 

as a vibration damper and an 

excellent heat dissipation medium. 
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such a deep and innate understanding of the amplifier 

circuit, topology and little peculiarities, like thermal 

behavior.”

During Gene’s earlier aerospace career at Bendix, 

he built some of the first solid-state power amps, one 

of which he described as an all-germanium 20,000W 

pulse amp used for SONAR buoys towed by helicopter. 

He loved to relate the tale of the helicopter pilot who 

tested the SONAR buoy the first time out. The amplifier 

pulse drew so much alternator power that the helicopter 

dropped 10′, scaring the hell out of the pilot and causing 

the instant re-design of the amplifier with an added large 

capacitor bank to store up and supply the power for the 

pulses.

Gene also knew all the things I later heard repeated 

by engineers at JBL, where I went to work in the late 

70s; such as line array physics, infinite line arrays, 

bass coupling characteristics, tuned pipe and horn 

acoustics, the psychoacoustics of music and musical 

and auditory illusions, and on and on—a complete 

intellect.

Czerwinski sold Cerwin-Vega in 2002 to the 

Stanton Group, which moved it to Florida. Current-

day CEO, Timothy Dowart, said, “On behalf of 

Cerwin-Vega and the Stanton Group, we would like to 

express our sadness on the passing of Gene Czerwinski, 

the founder of Cerwin-Vega. Gene’s original and 
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inspired work in the development of audio technology 

has been responsible for some of the greatest achieve-

ments in the industry. These innovations continue to 

entertain and enthrall people all over the world. His 

work inspired performers to be their best, and gave 

music fans the tools they needed to get the most out 

of recorded music. He leaves a lasting legacy for all of 

us at Cerwin-Vega to live up to. Gene Czerwinski’s 

passing is a great loss and we wish to extend our sin-

cerest condolences to his family and friends.” He will 

be missed.

Nortek (http://nortek-inc.com), parent of multiple 

residential and commercial system suppliers, returned 

to profitability in its second quarter but still posted a 

net loss in its first half. For the second quarter, ended 

July 3, sales rose 4.3% from the year-ago period to 

$509 million, with first-half sales rising 1.4% to $940 

million. Net earnings for the quarter hit $300,000 

compared with a year-ago net loss of $245.4 million. 

For the half, the company posted a net loss of $13.1 

million compared with a year-ago net loss of $278.1 

million. Operating earnings, on the other hand, hit 

$27.1 million in the quarter compared with a year-

ago loss of $215.7 million. Operating earnings for 

the half hit $31.3 million compared with a year-ago 

operating loss of $201.1 million. The company didn’t 

break out sales and profits by residential or commer-

cial use. 
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to dramatically enhance surface transmittance and refractive characteris-

tics of CDs and DVDs. It also protects discs from common contaminants 

such as oils from your hands and accidental contact with water.

When a disc is treated with Esoteric 3D-X, an optical coating is created 

that acts similarly to the lens coating of a fine camera. The optical signal-

to-noise ratio is improved, and there is less jitter in the original datastream 

off the disc causing less frequent activation of your player’s error-cancella-

tion circuitry.

Although not designed to restore damaged discs, it will clean mild filth 

and most previously applied coatings from CDs, DVDs, and most SACDs. 

Available in a  4 oz. standard kit featuring a handy metal carry case. In-

cludes disc enhancer cream, non-latex applicator sponges, lint-free optical 

quality polishing pads, and a plastic box to hold applicator sponge when 

not in use. Also available in 2 oz. mini kit packaged in a cardboard box.

Old Colony Sound Laboratory  PO Box 876   

Peterborough NH 03458-0876 USA

E-mail: custserv@audioXpress.com    

www.audioXpress.com 

Toll-free: 888-924-9465   

Phone: 603-924-9464   

Fax: 603-924-9467

To order call 1-888-924-9465  
or order on-line at 

www.audioXpress.com



OCTOBER 2010 37

Late last year, a US Bankruptcy Court approved 

Nortek’s prepackaged Chapter 11 filing, eliminating 

about $1.3 billion out of a total $2.05 billion in debt. 

Nortek’s brands market residential and commercial ven-

tilation and HVAC systems as well as residential tech-

nology, convenience, and security products. The com-

pany’s residential brands include Niles Audio, Xantech 
Elan Home Systems, Gefen, Omnimount, Panamax, 

SpeakerCraft, and others.

The AVC Group (www.theavcgroup.com), mar-

keter of the Aton, Elan Home Systems, Niles Audio, 

Sunfire, and Xantech brands, has opened 35,000 

ft2 North American headquarters in Carlsbad, Calif. 

The facility, at 1969 Kellogg Ave., will handle all 

administration, finance, sales, marketing, and support 

operations for the brands, according to Mark Terry, 

president of AVC Group. Research and development 

offices will be maintained in Lexington, Ky., and 

Marblehead, Mass. 

Operational brand facilities in Miami; Lexington, 

Ky.; Sylmar, Calif.; and Snohomish, Wash., will be 

closed by the end of the year. Once the relocation is 

completed, it is expected that the AVC Group will 

initially employ a total of 120 people between its 

facilities in Carlsbad, Marblehead, and Lexington. 

Terry emphasized that while this new business model 

shares many support resources, separate sales, train-

ing, customer service, and product teams will remain 

dedicated to each brand. According to Terry, “The 

move to a new centralized corporate headquarters will 

dramatically strengthen long-term inter-brand collab-

oration, while significantly improving the operational 

efficiencies of the group. This is a move that will bet-

ter enable our brands to develop the next-generation 

of complementary audio, video, and control system 

solutions that bring new value and new opportunities 

to our dealers in both the residential and commercial 

markets.” 

AuraSound Inc. (www.aurasound.com) has com-

pleted its acquisition of substantially all of the business 

assets and certain liabilities of ASI Holdings Limited, 

a Hong Kong corporation (“ASI Holdings”) and its 

wholly owned subsidiary, ASI Audio Technologies, 
LLC, an Arizona limited liability company (“ASI 

Arizona”). Simultaneous with the closing of the ASI 

transaction, the company named Harald Weisshaupt 

as the new President and CEO, effective immediately. 

Weisshaupt was previously president and founder of 

ASI and has 20 years of management experience 

leading both multi-national companies and start-ups. 

Weisshaupt was also appointed to serve as a mem-

ber of AuraSound’s board of directors. Arthur Liu, 

AuraSound’s prior Chairman and CEO resigned effec-

tive with the closing of the ASI transaction. Earlier this 

year, GGEC, Guangzhou, China, became the majority 

stockholder of Aurasound.

Circuit City and its creditors have apparently cleared 

the way to settle claims from the chain’s 20-month-old 
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bankruptcy filing. According to the Richmond-Times 
Dispatch, the two sides ironed out their differences over 

how the creditors will be paid during a court-ordered 

mediation session in late July.

Harman International Industries (www.harman.

com) said net sales increased 18% to $3.4 billion 

for the fiscal year, ended June 30. The company 

also reported its fiscal fourth-quarter results. On a 

GAAP (Generally Accepted Accounting Principles) 

basis, operating profit from continuing operations 

was $86 million, compared with an operating loss of 

$504 million in fiscal 2009. Excluding non-recurring 

items, annual operating profit from continuing opera-

tions was $116 million, compared with a non-GAAP 

operating loss of $86 million in the prior year, it said. 

Net sales for the quarter, also ended June 30, were 

$851 million, an increase of 29% compared with the 

prior-year period. They increased by 35% when foreign 

currency translation is excluded.

Fourth-quarter operating income was $26 million, 

an improvement of $109 million versus a prior year 

loss of $84 million. Excluding non-recurring items, 

operating profit from continuing operations in the 

fourth quarter was $30 million, compared with a 

non-GAAP operating loss of $35 million in the same 

period last year. In conjunction with its earnings 

statement, Harman announced it had been awarded 
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a multiyear contract to supply integrated infotain-

ment systems for Chrysler Group and Fiat vehicles 

sold worldwide. The new award is based on Harman’s 

scalable, next-generation infotainment platform and 

includes advanced connectivity, integrated onboard 

navigation and audio tuning capabilities, the company 

said in a statement.

For the quarter and full fiscal year, Harman’s con-

sumer division posted worldwide sales gains and a 

narrower operating loss. Fourth-quarter sales rose 

15%, including the effects of currency fluctuations, 

to $81 million, and the division’s operating loss nar-

rowed to $11 million from $15 million. For the full 

year, sales rose 5%, including currency fluctuations, to 

$373 million, and the operating loss narrowed to $5 

million from $49 million. Full-year gross margin rose 

on a non-GAAP basis by 26.6%, up by 3.3 percentage 

points.

In the fourth quarter, consumer division SG&A 

expenses rose on a non-GAAP basis to $26 million from 

the year-ago $23 million, “primarily due to investments 

in advertising and marketing-related activities,” the com-

pany said. The division launched 88 new products in 

the fiscal year, supported by ads in such magazines as 

Esquire, Rolling Stone, Modern Luxury, Fast Company, 
and Dwell. One of the division’s most successful launches 

was JBL’s MS-8 aftermarket digital processor for the car. 
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The processor connects to OEM and aftermarket head 

units to tune a sound system to a particular car’s interior 

acoustics.

Logitech International (www.logitech.com) 

announced strong year-over-year sales that resulted 

in a $20 million net profit in the first quarter of fis-

cal 2011. Sales reached $479 million, up 47% from 

$326 million in the same quarter last year. Excluding 

the unfavorable impact of exchange rate changes, 

the company said sales increased by 50%. Operating 

income was $12 million, compared with an operating 

loss of $35 million in the same quarter a year ago. Net 

income was $20 million, compared with a net loss one 

year ago of $37 million. Gross margin was 35.3%, up 

from 23.9% in last year’s Q1. Retail sales grew by 39% 

year over year, with sales up by 66% in the Americas, 

24% in Asia, and 21% in EMEA. OEM sales increased 

by 38%.

The consumer electronics industry will exceed initial 

revenue projections for 2010, the Consumer Electronics 
Association (CEA, www.ce.org) said as part of its 

sales forecast. The US Consumer Electronics Sales and 

Forecast, released semiannually by CEA, projected 

growth of 3% over 2009, up from the original projection 

of 0.3%, and overall shipment revenues of $174.9 billion 

in the US. It also predicted industry shipment revenues 

will climb 4% to reach an all-time high of more than 

$182 billion by 2011. According to CEA, much of the 

growth can be attributed to a handful of product catego-

ries—3DTVs, smartphones, Blu-ray players, e-readers, 

and tablets.    VC
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Harman International introduces two 5.1-channel 

home entertainment solutions, the HKTS 20 and 

HKTS 30. Featuring a 200W powered 8″ subwoofer 

and five two-way loudspeakers, these systems also 

include four voice-matched, two-way satellite loud-

speakers, video-shielding, and a music-sense trigger. 

The HKTS 30 incorporates a dual 75mm mid-

range configuration, while the HKTS 20 uses a 

single midrange. For more information, go to www. 

harmankardon.com.

The TH-118, from Danley Sound Labs (www.

danleysoundlabs.com), is a tapped horn subwoofer that 

delivers flat, low, and powerful bass from relatively light-

weight, compact enclosures. Modifying the company’s 

TH-115 subwoofer with an 18″ driver, the TH-118 

comes in a 4Ω or 8Ω model. Both versions deliver 146dB 

at 134Hz with input power rates of 1800W continuous 
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and 3600W program. With sensitivities of 114dB and 

111dB at 134Hz for the 4Ω and 8Ω models, respectively, 

both units output from 40 to 250Hz with only 3dB of 

deviance. 

In new product news from FaitalPRO, the HF144 

is a high-frequency compression driver with a 65mm 

voice coil, 2.5″, 1.4″ mouth, and a Ketone Polymer 

dome diaphragm. It is provided with an annular phase 

plug, and has dynamic range of 110dB and frequency 

response extending from 0.7-18kHz. With extended 

response up to 18kHz and minimum crossover fre-

quency equal to 900Hz, the HF144 uses 80W nominal 

power and is very light. A second version of this driver, 

the HF204, has a 2″ exit, and withstands 80W nomi-

nal power and is characterized by 109dB efficiency and 

50Hz to 18kHz frequency range. For more, visit www.

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

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

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

- Adhesive coated custom cut forms and Collars.

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

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

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

Visit us on the web at www.precisioneconowind.com

- Highest quality domestic or imported coils.

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

audio, home theater, and automotive aftermarket
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CE Industry Career Center 
Looking to hire? Post your CE job on the CE Industry 

Career Center and reach qualified industry professionals. 

Register as a CEA member and save! You can: 

1. Create your CE Industry Career Center account—

CEA members, remember to click “yes” to member status 

for your discount

2. Post your CE jobs

3. Browse professional profiles

For more, see www.ce.org.

austriamicrosystems released the AS3410 and AS3430 

Active Noice Cancelling ICs, fully analog devices used 

to enhance speech or music intelligibility by reduc-

ing low-frequency noise on the receive path. The 

AS3410 is suited for feed-forward topology enabling 

small, cost-effective solutions targeting on-ear and 

in-ear devices, and is available in a 24-pin 4 × 4mm 

QFN package. Housed in a 32-pin 5 × 5mm QFN 

package, the AS3430 addresses feedback topologies 

resulting in end products with superiour noise can-

celling capabilities and a more complex design. Both 

units operate from a 1.0 to 1.8V supply over a tem-

perature range of –20 to +85° C, and include mike 

preamps, filter op amps, LED driver, and mike gain 

calibration. For further information, please visit www. 

austriamicrosystems.com/ANC.

New from TB-speaker (www.tb-speaker.com) are a num-

ber of full-range models, ranging from 3″ to 6.5″ (W3-

1878-3″, W4-1879-4″, W5-1880-5″, and W6-1916-

6.5″), featuring underhung design, multi-neo magnet, 

all in a die-cast basket. They also include low harmonic 

W3-1878 W4-1879
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distortion, microphone shape phase plug to help with 

dispersion, and a bamboo fiber filled paper cone. The 

W6-1914S is a 6.5″ midrange, with a flat aluminum 

sandwich cone, extremely wide dispersion, and 2.5″ voice 

coil. 

Fisnar Inc. presents its 500 Series Dispensing 

Components brochure, which includes a new series of 

Micron-S precision needle nozzles for positive displace-

ment and automatic dispensing. A new brand of bench 

dispensing aids, PolySpense products have new ideas 

in dispensing bottles and disposable accessories, which 

assist in the safe handling of volatile liquids. Other prod-

ucts in the brochure are new dipit™ touch pumps, flux 

pens, and bottles. To receive this free brochure, contact 

dbeutel@fisnar.com.

Audio Amateur Inc. Phone: 603-924-9464 Fax: 603-924-9467 custserv@audioxpress.com

To subscribe to the 2010 Sourcebook Digital call 
1-888-924-9465 or visit www.audioxpress.com 
to start your subscription today!

NEW! 
THE 2010 LOUDSPEAKER  
INDUSTRY SOURCEBOOK 
is available on-line by subscription!

W5-1880 W6-1916

W6-1914S
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Belden has recently released a new line of Compression 

Connectors, with fine-tuned tolerances to ensure max-

imum signal reliability and performance. Ensuring 

a secure, positive compression, the Compression 

Connector Tool results in quicker installations. These 

solutions include an ergonomically designed tool with 

increased strength and durability, and two stripping 

tools (one for standard cable, and a lighter model for 

more delicate cable). For more information, visit www.

belden.com.    VC
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Understanding Horn 
Directivity Control 
By Charlie Hughes

Industry News and Developments
By Vance Dickason

Happy 24th Anniversary, Voice Coil!
November 2010 marks the beginning of Voice Coil’s 

24th year as an information resource for the loudspeaker 

industry. Voice Coil magazine started with a conversation 

between Ed Dell and myself following the Audio Amateur 

Inc. publication of the 3rd edition of the Loudspeaker Design 
Cookbook. Ed related to me a concept of producing a pub-

lication that would become an information “superhighway” 

for the loudspeaker industry. Needless to say, I considered it 

not only an outstanding concept for a new publication, but 

something I thought the industry needed badly and would 

happily support. Obviously, after 24 years, we were both 

correct in moving forward with the publication. However, I 

will have to say that it was Mr. Dell that came up with the 

name, Voice Coil, and as they say, the rest is history.

From the first issue in November 1987 until June of 

1995, Voice Coil was a monthly subscription-based black-

and-white four-page newsletter that was written entirely 

by me, with no other contributors and no advertising. 

However, the 1995 June issue jumped to 20 pages (we are 

currently about 30-40 pages each month!) of four-color 

printing on glossy paper and advertiser-driven with no sub-

scription fee. As we head into the era of digital delivery,

Voice Coil just this year became available as an Internet-

delivered subscription.

Besides the change in printing, distribution, and digital 

delivery, Voice Coil began to include other contributors such 

as Jim Croft, Mike Klasco, Pat Turnmire, Charlie Hughes, 

Steve Mowry, and many others over the years. Support has 

come not only from some of the industry’s finest engineers, 

but by the generosity of analyzer/software manufacturers 

such as Klippel GmbH, LinearX, Listen Inc., Audiomatica, 

and DRA Labs who have supplied Voice Coil with some of 

the best test equipment and loudspeaker software available.

As the loudspeaker industry has grown and matured, 

Voice Coil continues to be what its originator and publisher 

Ed Dell conceived it to be—a world-class clearing-house 

of information for loudspeaker engineers, manufacturers, 

marketers, and OEM suppliers. Evidenced by the participa-

tion of writers, advertisers, and readers, Voice Coil continues 

to be well received by the entire loudspeaker industry. Each 

year has brought increased circulation as more engineers, 

technicians, purchasing agents, and marketing experts dis-

Horn Directivity, p. 17.

18NLW9600, p. 8.

By James Croft

By Vance Dickason

Horn Directivity, p. 17.
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cover what we have to offer.

On behalf of myself, Vance Dickason, Editor; Edward T. 

Dell, Publisher; and the entire staff at Audio Amateur Inc. 

who make this publication possible, we would like to thank 

all our readers and advertisers for their continued enthusi-

asm and support.

Check Out audiobytz
AAI (Audio Amateur Inc.), the folks who bring you 

Voice Coil and Multi Media Manufacturer on the profes-

sional side, and audioXpress on the DIY side, has recently 

(Volume 1, issue 1 went out on April 1) launched a new 

Internet-delivery newsletter titled audiobytz. Captained by 

audio industry publishing veteran David Ranada (technical 

editor for such magazines as Stereo Review, High Fidelity, 
and Sound & Vision), audiobytz basically presents David’s 

relentless research into what’s going on in audio. He shares 

his results with all of us in a new twice monthly newsletter. 

While audiobytz doesn’t focus on loudspeakers the way that 

Voice Coil magazine does, it does have a lot of information 

relevant to the industry. I looked through the archives and 

was definitely impressed. Check out the following:

1. Woven Speakers (Volume 1, Number 10, August 5, 

2010)—describes research at MIT into piezoelectric fiber 

transducers and the implications for future loudspeakers.

2. Improving Cell Phone Audio (Volume 1, Number 

12—September 2, 2010)—short piece about current 

innovations designed to improve cell phone audio 

quality.

3. Online Hearing Test (Volume 1, Number 11, August 

19, 2010)—this piece talks about an interesting 

online hearing test offered by the Acoustics Lab of the 

University of New South Wales in Sydney, Australia.

4. Still Crazy After All These Years (Volume 1, Number 

8, July 8, 2010)—David talks about Sandy Gross’s 

new company GoldenEar Technology (also featured in 

Industry Watch, August Voice Coil).
5. More on Mikes (Volume 1, Number 9, July 22, 

2010)—While the article on recording microphone 

is interesting, what I picked up on was a reference to 
Audio Media magazine’s free buying guide for Studio 

Monitor Speakers, a product dear to my heart.

As you can see, audiobytz has a lot of information most of 

us would like to read about. You can sign up for this no-cost 

(as one local advertiser in Portland, Oregon, liked to pitch 

“Free is a very good price!”) at www.audioXpress.com.

FINESPL User Report
LOUDSoft’s latest low-cost R&D analyzer, FINESPL 

was sent to me for review a few months back. Due to 

various time requirements, I haven’t been able to include 

it until this month; however, it was worth the wait! At a 

mere $300 for a software FFT analyzer capable of both 

SPL and impedance measurements and designed by one of 

the industry’s premier loudspeaker engineers, it may be the 

bargain of the year.

Before I describe my experience with the FINESPL, I 

must admit that the data I took was saved directly to a USB 

key that has unfortunately turned up missing (roving black 

holes I suspect). So rather than use my original graph files, 

I’m going to be using the graphs mostly included in Peter 

Larsen’s FINESPL tutorial, but Peter’s measurements look 

pretty much the same as mine, except the speaker I used 

measured much better!

FINESPL will work with pretty much any soundcard, 

whether it’s an internal Sigma Tel type, a PCMCIA type 

such as the Digigram VXpocket V2 high performance 

sound card, or an external sound card such as the Creative 

Labs or Turtle Beach USB sound cards. Like the examples 

in Peter’s FINESPL tutorial, I used the internal soundcard, a 

Sigma Tel, in my Dell laptop. Setup is just a matter of soft-

ware installation (you must be on the Internet to confirm 

the software license key) and verifying that your soundcard 

is selected in the Control Panel utility for both playback 

and record.

Once set up, I proceeded to execute a first SPL measure-

ment. Figures 1 and 2 give the connection diagrams for 

both SPL and impedance. FINESPL is a fairly sophisticated 

analyzer and has facilities for calibrating both the soundcard 

and the microphone. Two options are provided (Fig. 3), 

either importing a calibration file such as a .txt file for your 

microphone, or via an internal loopback measurement for 

the soundcard.

Calibration accomplished and a measurement micro-
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phone plugged into the computer audio input and the 

Parasound 100W amplifier I use for measurements con-

nected to the headphone output. I performed the first 

impulse measurement by selecting “SPL” in the lower left 

hand of the screen (choices are SPL, Impedance, and TS 

Parameters) and then by hitting the “Measure” button in 

the upper right hand quadrant of the screen. The analyzer 

uses an auto delay function to compensate for an internal 

computer delay, and displays the impulse along with an 

unwindowed inverse FFT SPL curve as seen in Fig. 4. The 

impulse curve at the top of the page shows a first reflection 

at about 2.5mS, indicating that the speaker was only about 

3′ from the nearest reflection and with the microphone set 

at 1m. The program uses a 9600 sample/200mS default, 

so the SPL is pretty much the room response with all the 

associated reflections.

Moving the microphone to 0.5m and setting the cosine 

window to 10mS, you get a better semi-anechoic look at 

the speaker in Fig. 5. Note that the graph is displaying 

both the magnitude and phase of the measurement as well 

as the previous curve (the red SPL curve using a 2.5mS 

cosine window). A more obvious example of compar-

ing two curves is shown in Fig. 6, another unwindowed 

room measurement, but the red curve is on-axis and the 

red curve is 30° off-axis. Note also that this curve has the 

FINESPL smoothing algorithm applied and is a 1/3 octave 

smoothing. FINESPL gives the user the choice of either no 

smoothing, or 1/3, 1/2, or 1/1 smoothing. Note also that 

the 10dB scale has been selected, but can be reset to 5dB if 

you desire another scale.

With SPL measurements successfully accomplished, I 

next tried to do some impedance measurements using the 

setup illustrated in Fig. 2. The first impedance measure-

FIGURE 1: FINESPL SPL connection diagram.

FIGURE 2: FINESPL impedance connection diagram.

FIGURE 3: FINESPL calibration screen.

FIGURE 4: FINESPL main screen without windowing applied to the impulse response.

FIGURE 5: FINESPL main screen with windowing applied to the impulse response.
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ment was a system impedance plot show in Fig. 7.  Note 

that the series resistor employed for FINESPL is 1Ω and a 

5W resistor is probably a good idea just in case you happen 

to leave the amplifier volume wide open. Also note that the 

drop in impedance above 20kHz is just the analyzer going 

out of its operating range.

Last, I used FINESPL to perform a woofer T/S param-

eter calculation.  FINESPL will use all three types of 

methods to obtain Vas, which includes Fixed Mmd, delta 

mass, and delta volume, which can be selected in the input 

window on the right side of the screen. My favorite and the 

most accurate method is to use Fixed Mmd, but you must 

know the physically measured mass of the cone assembly 

(cone, surround, spider, voice coil, and lead wires) with 

50% of the surround, spider, and lead wires removed. 

Figure 8 shows the result which gives the typical readout 

of essential T/S parameters for box calculations.

For $300, LOUDSoft has given the industry a powerful 

low-cost FFT analyzer, easy to keep on your laptop and take 

with you any time you are out of the office, or keep handy 

as a backup analyzer, or if need be, good enough to be a 

primary instrument. For more, visit www.loudsoft.com.

ALMA 2011 Winter Symposium
The ALMA Winter Symposium and 50th Anniversary 

Gala program is finalized and promises to be a stellar 

one. This year’s theme, Loudspeakers: Yesterday, Today and 

Tomorrow celebrates the founding of ALMA 50 years ago. 

The Board of directors hopes everyone in the loudspeaker 

industry will join them in Las Vegas, January 3 to 6, for three 

days of educational papers, trainings, round-table discussions, 

standards committee meetings, exhibits and networking 

before the CES commences. One of the main highlights 

is the 50th anniversary Gala celebration, co-sponsored by 

Voice Coil magazine, where the first-ever industry recognition 

awards, “The Driver Awards” will be given out and where the 

student loudspeaker competition winners will be announced.

ALMA has come a long way in 50 years. The organi-

zation was originally founded in 1961 as the American 

Loudspeaker Manufacturers Association (ALMA), and 

in 2001 changed its name to ALMA, the International 

Loudspeaker Association® to reflect its new, geographically 

diverse membership base.

ALMA—the International Loudspeaker Association is 

the only not-for-profit trade association in the world open 

to companies that design, manufacture, sell and/or test 

loudspeakers, loudspeaker components, and loudspeaker 

systems. Individuals, academic institutions, and full-time 

students participating in this field are also eligible to join. 

Today, ALMA’s membership is global, with membership 

from North, Central, and South America, Europe, Asia, 

India, Australia, and New Zealand.

On Monday, January 3, from noon until 5:00 p.m. the 

ALMA Board of Directors will hold an annual meeting. 

This is where most of the planning for the new year is 

initiated and discussed. Members are always welcome to 

attend especially if a member may have an interest in join-

ing the Board and is curious about how the Board works. 

FIGURE 6: FINESPL main screen room analysis example.

FIGURE 7: FINESPL system impedance plot.

FIGURE 8: FINESPL T/S parameter screen.
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The Board of Directors is interested in fostering new people 

onto the Board.  This is a great way to get exposure to what 

ALMA Board membership entails. There will also be a 

“Presidents Dinner” for members only and invited guests. 

This is a first-time event and is designed so members can 

have some quality time with other members and guests.

The ALMA Board of Directors will be announcing a 

new partnership with the Chinese Electronics and Acoustics 

Association Division (CEAD) at this year’s symposium. 

CEAD is the Chinese equivalent of ALMA. This collabora-

tion is a commitment by both ALMA and CEAD to share, 

in every way possible, new and innovative information that 

will benefit the members of both organizations as well as 

the loudspeaker industry. CEAD is made up of loudspeaker 

engineers and factory directors, similar to the anatomy of 

ALMA. Collaboration around protection of intellectual 

property rights will be a focus of the two associations.

ALMA 2011’s three outstanding training sessions will begin 

early on Tuesday, January 4 and will include “Loudspeaker 

System Design” by Peter Larsen of LOUDSOFT, “How 

to Listen” by Dr. Sean Olive of Harman International and 

“Sound Quality of Audio Systems” by Dr. Prof. Wolfgang 

Klippel of Klippel GmbH (for more details on the training 

sessions, check out your October issue of Voice Coil or go 

online and get out the digital copy of the October issue).

Tuesday afternoon’s panel discussion will be moderated by 

Stu Lumsden, president of ALMA and Chief of Engineering 

at Polk Audio and is titled Industry Icons—ALMA 50th 

Commemorative. The “Industry Icons” panel discussion 

will feature Don Keele, Andy Kotsatos of Boston Acoustics 

and other notable loudspeaker industry personalities. That 

same evening ALMA will host its 50th Anniversary Gala 

Celebration Dinner with keynote speaker Shawn Dubravac, 

Chief Economist & Director of Research for the Consumer 

Electronics Association (CEA). Mr. DuBravac will provide 

crucial economic analysis to association and industry leaders 

regarding future economic activity and the relative health of 

the consumer electronics (CE) industry. He will also discuss 

research into technology trends that underpin the industry 

including the industry’s new Smartphone index, developed 

in partnership with NASDAQ, and the CE consumer con-

fidence index, created in partnership with CNET. DuBravac 

has been widely published on the topics of finance, eco-

nomics, and technology. His keen insights regarding the 

economic drivers of the global consumer electronics industry 

have made him a highly sought-after speaker and commen-

tator. Shawn travels both internationally and domestically 

to meet with CE industry leaders and make presentations 

about technology and the economy. In addition, his analysis 

has appeared in the Wall Street Journal, the New York Times, 
the Financial Times, the Los Angeles Times, Barron’s, CNN, 

MSNBC, and other media outlets.

Wednesday’s activity will include ALMA’s Soft 

Components Subcommittee, Standards and Education 

committee meetings, followed by invited papers.  This year’s 

Technical Papers include:

- A New Beryllium Dome Diaphragm for Large Format 

Compression Drivers by Marshall Buck, Ph.D

- Intro to CBT Arrays by Don Keele

- Practical Implementation of Perceptual Rub & Buzz 

Distortion by Steve Temme of Listen, Inc.

- Automatic EQ, Crossover and Alignment of Speaker 

Systems by Miguel Chavez of Analog Devices

- Detection of Air Leaks in Loudspeaker Systems by Dr. 

Prof. Wolfgang Klippel of Klippel GmbH

Following the paper presentations, the popular Round Table 

discussion will be co-chaired by Dan Digre of MISCO and 

Alan Babb of Bosch Security Systems (EV). The topic, “How 

do you see the Past, Present, and Future of Loudspeakers?” 

promises to be an interesting discussion continuing the 

theme of the symposium. Topics covered will include:

- Manufacturing Equipment and Techniques

- End of Line Testing and Quality Standards

- Loudspeaker Technology

- Loudspeaker Design Methods—Software and test and 

measurements

Loudspeaker Materials and Sources

The symposium will wrap with a panel discussion hosted 

by Dr. Sean Olive on “Listening” and features other experts 

including Laurie Fincham, Matthew Polk and others. And 

last, there will be a grand-finale networking reception where 

attendees and exhibitors will be able to catch up on any 

business left unaddressed or otherwise explore new business 

relationships made over the course of the symposium.   VC
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Test Bench
 

Pro Sound 18″ Woofers from 
Eighteen Sound and Faital
By Vance Dickason

�his month Voice Coil welcomes Eighteen Sound to 

the Test Bench column for the first time. It’s probably 

fitting that Eighteen Sound sent me one of their high per-

formance 18″ neodymium woofers, the AES 1800W power 

handling 18NLW9600. Faital Pro, another well-known 

Italian-based pro sound driver manufacturer, also sent an 

18″ neodymium woofer, the 18FH500.

18NLW9600
Eighteen Sound was founded in 1997, when AEB 

Technologies (www.aeb-srl.com) directors Ivan Paterlini 

and Vincenzo Baroni decided to diversify their electronic 

automotive control systems business by branching out 

into the professional loudspeaker market. By early 1998, 

the team had been assembled at AEB’s existing plant in 

Cavriago, near Reggio Emilia, in North Italy’s high preci-

sion industrial mechanics heartland, and then the first cone 

driver unit came off the production line.

AEB has four divisions, AEB Alternative Fuel Electronics 

(control systems for CNG and LPG auto fuel systems), 

Aquatronics Aquarium Control Systems, AEB Robotics, 

and, of course, Eighteen Sound. Because of their involve-

ment in manufacturing robotics, Eighteen Sound has two 

highly automated manufacturing lines for cone drivers and 

a separate automated line for high-frequency compression 

drivers, all of which contributes to a high level of QC.

The first driver Eighteen Sound sent to Voice Coil was 

coincidentally enough one of their 18″ extended low-

frequency woofers, the neodymium motor 18NLW9600 

(Photos 1 and 2). This is a very high power handling pro 

sound woofer with many impressive features, starting with 

a custom proprietary frame. This frame has six large spokes 

designed to handle the driver’s 27.76 lbs., and incorporates 

six 45mm × 5mm vents between the spider mounting shelf 

and the motor for cooling. The neodymium ring magnet 

motor system housing provides two additional cooling 

paths that includes 12 7mm diameter peripheral vents plus 

a central pole vent. With a 5.3″ diameter dual winding 

voice coil generating substantial heat at high SPLs, special 

attention was paid to the FEA optimization of the air flow 

over the voice coil. The unit incorporates a unique foam 

air flow diffractor in the air path to decrease audible noise 

produced by the substantial air flow.

The cone assembly incorporates a coated and treated 

ribbed flat profile paper coat that has a final weatherproof-

ing coat applied with a likewise coated 6″ diameter paper 

dust cap. Suspension is provided by a triple roll coated 

polycotton surround and a large 8.5″ diameter Triple 

Silicon Spider (TSS). Coupling this to the motor system is 

a 5.3″ (135mm) inside/outside Interleaved Sandwich Voice 

Coil (ISV) wound with copper-clad aluminum wire on a 

non-conducting fiberglass former. The motor system also 

incorporates an aluminum shorting ring (Faraday shield) at 

the back of the magnetic circuit. Last, the tinsel lead wires 

are insulated and looped and glued to the center roll of the 

spider and terminated to a pair of chrome-plated color-

coded push terminals.

Testing for the 18NLW9600 commenced using the 

LinearX LMS and VIBox to produce both voltage and 

admittance (current) curves with the driver clamped to a 

rigid test fixture in free-air at 1V, 3V, 6V, 10V, 15V, 20V, 

and 30V. The Eighteen Sound woofer was linear in free air 

up to the 30V sweep and probably would have remained 

linear at least 40V or 50V, but even with ear protectors, and 

the test room door closed, it’s incredibly loud. Also please 

note that the LMS oscillator is set to 200Hz and turned on 

for a progressively increasing time period between sweeps, 

a procedure necessary to raise the voice coil temperature 

to the level approximating the 3rd time constant for each 

voltage step. Last, as has been become the protocol for these 

tests in the last year, I no longer use a delta mass or delta 

compliance test method to determine the driver Vas, but 

instead use the fixed Mmd gram weight supplied by the 

manufacturer.

Following the sine sweep VIBox testing, I post-processed 

the 14 550-point stepped sine wave sweeps for each sample 

and divided the voltage curves by the current curves to 

generate the multi-voltage impedance curves. I calcu-

PHOTO 2: 

18NLW9600 

bottom.

PHOTO 1: 

18NLW9600 

top.
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lated the phase and, along with the accompanying voltage 

curves, imported this data into the LEAP 5 Enclosure Shop 

software. Because virtually all T/S data provided by OEM 

manufacturers is being produced using either a standard 

method or the LEAP 4 TSL model, I additionally produced 

a LEAP 4 TSL model using the single 1V free-air curves. I 

selected the complete data set, the multiple voltage imped-

ance curves for the LTD model (see Fig. 1 for the woofer 

1V free-air impedance curve) and the 1V impedance curves 

for the TSL model in the Transducer Derivation menu in 

LEAP 5, and produced the parameters for the computer 

box simulations. Table 1 compares the LEAP 5 LTD and 

TSL data and factory parameters for both Eighteen Sound 

18NLW9600 samples.

The measured data on the two 18NLW9600 8″ samples 

was satisfactorily close to the Eighteen Sound published 

data. I next used the sample 1 LTD data to program com-

puter enclosure simulations. This included two vented 

alignments. Using the LEAP 5 Quick Design utility called 

for a 0.96ft3 QB3 box tuned to 54Hz. Figuring at least a 

20″ × 20″ baffle to mount the woofer, the box depth would 

be less than the woofer’s mounting depth, so I put together 

a set of alternate vented box tunings. I set the first vented 

enclosure at 2.0ft3 with 15% fiberglass fill material tuned 

to 60Hz, while the second was a modified EBS (Extended 

Bass Shelf ) 3.0ft3 vented alignment enclosure with 15% 

fiberglass fill material and tuned to 60Hz.

Figure 2 gives the results for the 18NLW9600 in the 

2.0ft3 and 3.0ft3 EBS vented enclosures at 2.83V and at 

a voltage level high enough to increase cone excursion to 

Xmax + 15% (11.5mm). This produced a -3dB frequency 

of 61Hz (-6dB = 53Hz) for the 2.0ft3 enclosure and F3 

= 48Hz (F6 = 42Hz) for the 3.0ft3 EBS vented simula-

tion. Increasing the voltage input to the simulations until 

the maximum linear cone excursion was reached resulted 

in 125dB at 70V for the 2.0ft3 enclosure simulation and 

124dB with a 73V input level for the larger vented box (see 

Figs. 3 and 4 for the 2.83V group delay curves and the 

70/73V excursion curves). I chose the 70/73V levels because 

the excursion was exceeding the 11.5mm below 30Hz.

FIGURE 1: Eighteen Sound 18NLW9600 woofer free-air impedance plot. FIGURE 3: Group delay curves for the 2.83V curves in Fig. 2.

FIGURE 4: Cone excursion curves for the 70V/73V curves in Fig. 2.FIGURE 2: 18NLW9600 computer box simulations (A = vented 1 at 2.83V; 

B = vented 2 at 2.83V; C = vented 1 at 70V; D = vented 2 at 73V).

 TSL model  LTD model  Factory
 Sample 1 Sample 2 Sample 1 Sample 2  

FS 37.7Hz 37.7Hz 36.1Hz 36.1Hz 34Hz      
REVC 4.61 4.52 4.61 4.52 4.7    
Sd 0.116 0.116 0.116 0.116 0.114
QMS 5.75 5.82 5.09 5.04 8.7      
QES 0.30 0.29 0.27 0.26 0.29   
QTS 0.28 0.28 0.25 0.24 0.28         
VAS 127.1 ltr 127.2 ltr 140.0 ltr 140.1 ltr 149 ltr     
SPL 2.83V 95.5dB 95.5dB 95.8dB 95.9dB 97dB        
XMAX 10mm 10mm 10mm 10mm 10mm   
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Klippel analysis for the 18NLW9600 produced the 

Bl(X), Kms(X) and Bl and Kms symmetry range plots given 

in Figs. 5-8. The Bl(X) curve (Fig. 5) is very broad and 

reasonably symmetrical with some offset. The Bl symmetry 

plot (Fig. 6) shows 2.4mm of forward (coil-out) offset in 

the rest position decreasing to 1.2mm forward offset at the 

driver’s physical Xmax, and decreasing toward zero as the 

driver exceeds Xmax. Figures 7 and 8 depict the Kms(X) 

and Kms symmetry range curves. The Kms(X) curve is also 

mostly symmetrical, with a 2.7mm forward, coil out, offset 

at rest that decreases to 2.5mm at the 10mm physical Xmax. 

Displacement limiting numbers calculated by the Klippel 

analyzer were 13.2mm for XBl at 70% (Bl decreasing to 

70% of its maximum value) and 15.3mm for XC at 50% 

(compliance decreasing to 50% of its maximum value), 

which means that the Bl was the limiting factor for the 

prescribed distortion level of 20% for subwoofers.

Figure 9 displays the inductance curve L(X) for the Eighteen 

Sound pro sound woofer. Inductance will typically increase in 

the rear direction from the zero rest position as the voice coil 

covers more pole area unless the driver incorporates a shorting 

ring. Because the 18NLW9600 does incorporate an aluminum 

demodulation ring (shorting ring) in the motor assembly, there 

is only an extremely minor change in inductance, which has a 

maximum of only 0.15mH from Xmax in to Xmax out.

Because most 18″ woofers, such as the 18NLW9600, 

are primarily intended for frequencies below 100-150Hz, 

I dispensed with the SPL measurements. However, Fig. 10 

FIGURE 5: Klippel Analyzer Bl (X) curve for the Eighteen Sound 18NLW9600. FIGURE 8: Klippel Analyzer Kms symmetry range curve for the 

18NLW9600.

FIGURE 9: Klippel Analyzer L(X) curve for the Eighteen Sound 18NLW9600.

FIGURE 10: 18NLW9600 Factory on-axis and off-axis frequency response.

FIGURE 6: Klippel Analyzer Bl symmetry range curve for the 18NLW9600.

FIGURE 7: Klippel Analyzer mechanical stiffness of suspension Kms (X) 

curve for the Eighteen Sound 18NLW9600.
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gives the factory SPL curve both on-axis and 45° off-axis. 

Looking at this, I am sure you could produce a three-way 

with the first crossover frequency at 300Hz-400Hz with 

this woofer.

For the last test on the Eighteen Sound woofer, I used 

the Listen Inc. SoundCheck analyzer and SC-1 micro-

phone (courtesy of Listen Inc.) to measure distortion. 

Again, because I am not dealing with frequencies much 

above 100Hz as a subwoofer, I also did not use Listen 

Inc’s. SoundMap software for time frequency presentations 

and went ahead measuring the driver distortion. Setting 

up for the distortion measurement consisted of mounting 

the woofer rigidly in free-air, and setting the SPL 104dB 

at 1m (7.82V) using a noise stimulus (SoundCheck has 

a software noise generator and SPL meter as two of its 

utilities), and then measuring the distortion with the Listen 

Inc. microphone placed 10cm from the dust cap. This 

produced the distortion curves shown in Fig. 11 for the 

18NLW9600 woofer.

This is my first experience with an Eighteen Sound prod-

uct, and I am happy to report that this woofer is an intel-

ligently conceived and well-crafted design, not to mention 

being an enormously robust 18″ woofer. For more informa-

tion on this and other pro sound products from Eighteen 

Sound, contact Eighteen Sound, via dell’Industria, 20 

42025 Cavriago, Italy, (39) 052 249-4402, Fax (39) 052 

249-4410, e-mail info@eighteensound.com, or visit www.

eighteensound.com.

FIGURE 11: Eighteen Sound 18NLW9600 SoundCheck distortion plot.
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18FH500
The second driver I examined also comes from Italy, but 

this time from Faital Pro. This month I received a new 18″ 

from Faital’s 500 line of cost-effective pro sound woofers, 

the 18FH500 (Photo 3). Weighing in at a mere 10.4 lbs., 

the roadies are going to love this woofer! But don’t let the 

light weight fool you; this Faital woofer delivers good per-

formance, as you will see in the course of this explication.

Like the entire line of Faital’s neodymium motor pro 

sound woofers, the 18FH is built on a very stylish propri-

etary cast aluminum frame that is designed to also perform 

as a heatsink for the motor system. Using a series of eight 

spokes, the frame terminates in a flat mount for the rear of 

the motor magnetic return cup. If you look at the rear of 

the 18FH500 (Photo 4), you will notice a stamped metal 

cone-shaped fixture that fits to the bottom of the spider 

mounting area of the frame and encircles the motor return 

cup. This forms a substantial thermal path that exhausts 

360° around the motor return cup that contains the single 

neodymium slug style magnet. The depth of this 360° 

exhaust port is about 0.19″ with a diameter of 4.25″, for 

an area that measures about 1.25 in2, which is substantial.

The cone assembly consists of an 18″ diameter uncoated 

curved profile paper cone with a 4.5″ diameter uncoated 

paper dust cap. Compliance is provided by a three roll 

coated cloth surround and a 6.5″ diameter black cloth spi-

der. Finishing of the assembly is the 77mm (3″) diameter 

voice coil wound with round copper wire on a glass fiber 

former. Heavy insulated tinsel lead wires are terminated to 

a pair of chrome color-coded push terminals.

PHOTO 3: 

18FH500 

top.

PHOTO 4: 

18FH500 

bottom.
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Testing for the 18FH500 began as usual using the LinearX 

LMS analyzer and VIBox to produce both voltage and admit-

tance (current) curves with the driver clamped to a rigid test 

fixture in free-air at 1V, 3V, 6V, 10V, 15V, 20V, and 30V. 

The 30V curves were too nonlinear for LEAP 5 to obtain an 

accurate curve fit, so I discarded them. Following my estab-

lished protocol, I used the fixed Mmd method rather than the 

added mass method. This data was provided by Faital.

Next, I post-processed the 12 550-point stepped sine 

wave sweeps for each sample and divided the voltage curves 

by the current curves to derive impedance curves, which 

were phase calculated and, along with the accompanying 

voltage curves, imported to the LEAP 5 Enclosure Shop 

software. Obviously, this is a much more time-consuming 

process than the usual low voltage single impedance curve 

method used for deriving Thiele/Small parameters. The 

reason for this, if you haven’t been following this column 

for a few years, is that the LEAP 5 methodology results in a 

much more accurate prediction of excursion at high voltage 

levels, which is one of the real fortes of the LEAP 5 software 

and why I use it for Test Bench testing.

Because most T/S data provided by OEM manufacturers 

is being produced using either a standard method or the 

LEAP 4 TSL model, I additionally produced a LEAP 4 TSL 

model using the 1V free-air curves. I selected the complete 

data set, the multiple voltage impedance curves for the LTD 

model (see Fig. 12 for the woofer 1V free-air impedance 

curve) and the 1V impedance curves for the TSL model in 

the Transducer Derivation menu in LEAP 5, and produced 

the parameters for the computer enclosure simulations. 

Table 2 compares the LEAP 5 LTD and TSL data and fac-

tory parameters for both Faital samples.

 

 TSL model  LTD model  Factory
 Sample 1 Sample 2 Sample 1 Sample 2  

FS 31.3Hz 31.5Hz 30.9Hz 30.9Hz 30Hz      
REVC 5.06 5.03 5.06 5.03 5.1
Sad 0.120 0.120 0.120 0.120 0.117
QMS 6.58 6.18 4.68 5.68 8.68      
QES 0.38 0.37 0.31 0.35 0.34   
QTS 0.36 0.35 0.29 0.33 0.33         
VAS 387.1 ltr 383.5 ltr 402.8 ltr 402.2 ltr 404.2 ltr     
SPL 2.83V 96.9dB 97.0dB 97.6dB 97.1dB 99dB 1W/1m 
XMAX 5.75mm 5.75mm 5.75mm 5.75mm 5.75mm
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FIGURE 12: Faital Pro 18FH500 woofer free-air impedance plot.
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Parameter measurement results for the 18FH500 showed 

close agreement with the factory published data, with the 

exception of the sensitivity; the difference in my data was 

sensitivity at 2.83V, while Faital’s uses the 1W/1m criteria 

with a 5″ Re and yields a larger number. Given this, I then 

programmed computer enclosure simulations using the 

LEAP LTD parameters for Sample 1. This included two 

vented alignments, a 5.48ft3 QB3 box with 15% fiberglass 

fill material tuned to 36Hz, and a 9.16ft3 EBS (Extended 

Bass Shelf ) vented alignment enclosure with 15% fiberglass 

fill material and tuned to 31Hz. Please note that although 

these fairly large volumes are the results for two discrete 

alignments, smaller enclosures are certainly possible. For 

instance, a 3ft3 enclosure tuned to the same tuning fre-

quency as the QB3 would result in about the same F3 and 

only an additional 1dB of peaking.

Figure 13 displays the results for the 18FH500 in the 

QB3 and EBS vented boxes at 2.83V and at a voltage 

level high enough to increase cone excursion to Xmax + 

15% (6.6mm). This produced a -3dB frequency of 61Hz 

(-6dB = 53Hz) for the QB3 enclosure and F3 = 37Hz (F6 

= 30Hz) for the EBS vented simulation. Increasing the 

voltage input to the simulations until the maximum linear 

cone excursion was reached resulted in 124dB at 61V for 

the QB3 enclosure simulation and 121dB with a 48V input 

level for the larger vented box (see Figs. 14 and 15 for 

the 2.83V group delay curves and the 61V/48V excursion 

curves).

Klippel analysis for the 18FH500 produced the Bl(X), 

Kms(X), and Bl and Kms symmetry range plots given 

in Figs. 16-19. The Bl(X) curve (Fig. 16) is moderately 

broad and symmetrical typical of a “medium” Xmax driver 

with an amount of coil out (forward) offset. Looking at 

the Bl symmetry plot (Fig. 17), this curve shows 1.5mm 

of forward (coil-out) offset in the rest position remaining 

mostly constant (1.46mm) at the driver’s physical Xmax of 

5.75mm, suggesting a slight forward bias from magnetic 

center. Figures 18 and 19 depict the Kms(X) and Kms 

symmetry range curves. The Kms(X) curve is symmetrical 

and also with a forward coil-out offset that is 2.25mm at rest 

increasing to slightly more, 2.34mm, at the driver’s physical 

Xmax, and remains mostly constant throughout the driver’s 

operating range. Displacement limiting numbers calculated 

by the Klippel analyzer were greater than 6.7mm for XBl at 

70% (Bl decreasing to 70% of its maximum value) and also 

greater than 9.3mm for XC at 50% (compliance decreasing 

to 50% of its maximum value), which means that the Bl is 

the limiting factor for the prescribed distortion level of 20% 

for using this driver as a subwoofer. This is good because the 

Bl number is beyond the physical Xmax of the driver. If you 

use the wider range 10% distortion criteria, XBl and XC are 

both 4.8mm, just shy of the physical Xmax.

Figure 20 gives the inductance curve L(X) for the Faital 

Pro pro sound subwoofer. Inductance will typically increase 

in the rear direction from the zero rest position as the voice 

coil covers more pole area unless the driver incorporates a 

shorting ring. Because the 18FH500 does not incorporate 

a demodulation ring (shorting ring) in the motor assembly, 
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FIGURE 13: 18FH500 computer box simulations (A = vented 1 at 2.83V; B = 

vented 2 at 2.83V; C = vented 1 at 61V; D = vented 2 at 48V).

FIGURE 14: Group delay curves for the 2.83V curves in Fig. 13.

FIGURE 15: Cone excursion curves for the 61V/48V curves in Fig. 13.

FIGURE 16: Klippel Analyzer Bl (X) curve for the Faital Pro 18FH500.
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FIGURE 17: Klippel Analyzer Bl symmetry range curve for the 18FH500.

FIGURE 18: Klippel Analyzer mechanical stiffness of suspension Kms (X) 

curve for the Faital Pro 18FH500.

FIGURE 19: Klippel Analyzer Kms symmetry range curve for the 18FH500.

FIGURE 20: Klippel Analyzer L(X) curve for the Faital Pro 18FH500.
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this is the inductance profile. However, the inductance 

variation is small—only 0.2mH from rest to Xmax in either 

direction—so the total inductance variance is 0.4mH.

Because the 18FH500, like many 18″ woofers, is intended 

for use mostly below 100-200Hz, I dispensed with the SPL 

measurements, but also because I don’t keep 18″ or 21″ size 

cabinets in my inventory of test fixtures. However, Fig. 21 

gives the factory SPL on-axis and 45° off-axis curves. Looking 

at the off-axis response, certainly 300Hz-500Hz would be 

possible for a three-way configuration with this driver.

Because I eliminated SPL measurements for the 18FH500 

report, I then moved on to the last test which I performed 

again using the Listen Inc. SoundCheck analyzer and SC-1 

microphone (courtesy of Listen Inc.) to measure distortion. 

As with the 18NLW9600, I also did not use Listen Inc’s. 

SoundMap software for time frequency presentations. Setting 

up for the distortion measurement consisted of mounting the 

woofer rigidly in free-air, and setting the SPL to 104dB at 1m 

(5.77V) using a noise stimulus (SoundCheck has a software 

noise generator and SPL meter as two of its utilities), and then 

measuring the distortion with the Listen Inc. microphone 

placed 10cm from the dust cap. This produced the distortion 

curves shown in Fig. 22 for the woofer.

As you can see from the above data, Faital Pro’s “budget” 

18″ woofer has very respectable performance. For more infor-

mation on this and other pro sound products from Faital Pro, 

contact Faital S.p.A., via B. Buozzi, 12 20097 San Donato 

Milanese, Italy, (39) 02 527-7031, Fax: (39) 02 523-1130, or 

in the US, contact Keith Gronsbell, (516) 779-0649, e-mail 

kgronsbell@failtal.com, or visit www.faitalpro.com.   VC
FIGURE 21: 18FH500 factory on-axis and off-axis frequency response.

FIGURE 22: 18FH500 SoundCheck distortion plot.

Sample Submission for Test Bench
Test Bench is an open forum for OEM driver manufac-
turers in the industry and all OEMs are invited to sub-
mit 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 transduc-
ers for home audio, car audio, pro sound, multimedia, 
or musical instrument applications. While many of the 
drivers featured in Voice Coil come from OEMs that have 
a stable catalog of product, this is not a necessary crite-
rion for submission. OEM manufacturers are encour-
aged to send samples of woofers, midranges, or tweeters 
they think are representative of their work. However, 
please contact Voice Coil Editor Vance Dickason prior to 
submission to discuss which drivers are being submitted. 
Samples should be sent in pairs and addressed to:

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

All samples must include any published data on the 
product, patent information, or any special informa-
tion necessary to explain the functioning of the trans-
ducer. This should include details regarding the various 
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 lead wires removed).
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Spotlight
 

Understanding Horn  
Directivity Control
By Charlie Hughes

�orns are often used in loudspeaker systems for a 

variety of reasons. One may be to provide increased 

acoustical loading to the driver attached to the horn. This 

helps to increase the sensitivity/efficiency. Another may 

be to provide some control over the radiation pattern 

of the driver attached to the horn. It is this directivity 

control aspect upon which I will focus attention for this 

article.

In 1975 Don Keele presented a paper at the 51st 

Convention of the Audio Engineering Society that intro-

duced the modern Constant Directivity horn. This new 

horn design (new at that time) combined an exponential 

throat section, to provide good loading at lower frequencies, 

with a conical or straight wall section that provided a more 

uniform coverage pattern in the higher frequency region 

than a pure exponential horn. In this paper he noted the 

relationship between the coverage angle of the horn, the low 

frequency loss of directivity control, and the horn mouth 

size, so Equation 1 is d = K/(Θ × fΘ). Where:

d = the mouth dimension of the horn (either horizontal or 

vertical)

Θ = the coverage angle of the horn (horizontal or vertical)

FΘ = the low frequency loss of directivity control, Θ (hori-

zontal or vertical)

and K is a constant with an empirically derived value or 1 × 

106″ × deg × Hz of 2.54 × 104m × deg × Hz.

From this equation you can determine the horn mouth 

dimension necessary to yield directivity control down to 

a certain frequency. For a fixed coverage angle, a larger 

mouth dimension is required to maintain this coverage 

to a lower frequency. For every octave lower you want 

directivity control (halving of frequency) the mouth 

dimension must double. Similarly, if the coverage angle is 

made smaller, the horn mouth dimension must increase 

to maintain this coverage angle to a given frequency. For 

every halving of the coverage angle the mouth dimension 

must double.

This larger mouth size for a smaller coverage angle 

seems counterintuitive to many people when they are 

first presented with it. However, due to those pesky laws 

of physics this is the way things work. It is not unlike the 

same principles that govern the behavior of a line array. To 

have the narrow vertical coverage angle, which most of us 

associate with line arrays, to a low frequency requires a long 

line array.

If you have a horn with a known coverage angle and 

you also know the mouth dimension, you can rewrite 

this equation to solve for low frequency loss of directivity 
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control, which gives Equation 2, fΘ = K/(Θ × d). Above 

this frequency the coverage angle, or beamwidth, should 

be fairly constant. Below this frequency, however, the 

beamwidth should increase as you lose directivity control. 

This is an extremely important point to keep in mind when 

evaluating potential loudspeakers for use in system designs 

where good directivity control is required. Loudspeaker 

spec sheets all too often reference a nominal coverage pat-

tern with little qualification as to the frequency region 

over which this beamwidth is actually maintained. As you 

will see later, omitting this information and an erroneous 

assumption on the designer’s part may yield less than desir-

able end results.

To determine the coverage of a horn below the fre-

quency at which it starts to lose directivity control, you 

can once again rewrite Equation 1 solving for the cover-

age angle to get Equation 3, Θ = K/(d × f ). Note that I 

have substituted any frequency, f, for the low frequency 

loss of directivity control, fΘ. This is valid as long as you 

restrict it to frequencies lower than the low frequency loss 

of directivity control. At frequencies higher than this, the 

beamwidth should be relatively constant at the design 

coverage angle.

Graphing Equation 3 will indicate how the loss of direc-

tivity control progresses with decreasing frequency. This is 

shown in Fig. 1 for a hypothetical horn with horizontal 

and vertical coverage angles of 90° and 45°, respectively. 

The horn has a 12″ (30cm) square mouth. A real horn 

might not be quite as well behaved in the region around 

the initial loss of directivity control frequency. This is 

intentionally not shown because its cause is beyond the 

scope of this article and to simplify the presentation of the 

relevant topic.

As you can see in the graph, the horizontal beamwidth 

of 90° begins to increase at just above 900Hz. The 45°
vertical beamwidth begins to increase at approximately 

1.8kHz. Referring back to Equation 2, you can see why 

this occurs. The vertical beamwidth is half the value of the 

horizontal beamwidth. The horn mouth is 12″ (30cm) in 

both the horizontal and vertical planes, and d is constant. 

Thus, the vertical loss of directivity control frequency, fΘV, 

is twice that of the horizontal loss of directivity control 

frequency, fΘH.

This is also illustrated in the directivity balloons shown 

in Fig. 2. At 4kHz the 90° × 45° coverage pattern is well 
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FIGURE 1: 12″ × 12″ square mouth horn with 90° horizontal and 45° vertical 

beamwidth.
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maintained. At 1kHz the loss of vertical directivity control 

can be appreciated as the coverage pattern appears almost 

axisymmetric. This behavior is also suggested by the beam-

width graphs in Fig. 1. At 1kHz the horizontal and vertical 

beamwidth are both approximately 90°.

In general, square mouth horns will have a ratio of the 

frequencies for horizontal to vertical loss of directivity 

control that is the same as the ratio of the vertical to hori-

zontal coverage angle. For my example of 90° and 45° this 

is exactly the case as the ratio is 2:1. If the horn, with the 

same 12″ square mouth, had a vertical beamwidth of 60°, 

you would expect the ratio to be 3:2 for the 90° × 60° horn. 

This would place the vertical loss of directivity control fre-

quency at a bit over 1.35kHz.

In order for the loss of directivity control frequencies to 

be the same for both the horizontal and vertical beamwidth, 

the more narrow coverage angle must have a mouth dimen-

sion that is larger by the ratio of the coverage angles. Let’s 

say that you want to modify the example horn for this to 

occur. The coverage angle ratio of 2:1 would mean the ver-

tical mouth dimension, height, would need to be twice that 

of the horizontal mouth dimension, width. So you would 

now have a horn mouth that is 12″ (30cm) wide and 24″ 

(61cm) high.

This can be verified by employing Equation 1 to 

calculate the new required height dimension. With this 

new height, Equation 3 may again be used to graph the 

beamwidth (Fig. 3). The directivity balloons for this 24″ 

tall horn (Fig. 4) show the improved directivity control at 

1kHz compared to the 12″ tall horn (Fig. 2).

What about a more commonly seen horn, one with 

a height much smaller than the width? For 90° × 45° 

horns from some manufacturers, mouth dimensions of 

12″ (30cm) × 6″ (15cm) would not be out of the ordi-
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FIGURE 2: Directivity balloons for 12″ × 12″ square mouth horn.

FIGURE 3: 12″ × 24″ mouth horn with 90° horizontal and 45° vertical 

beamwidth.
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nary. Again, I will use Equation 2 to calculate the new 

frequency for the vertical loss of directivity control with 

the more commonly dimensioned horn. This turns out 

to be 3.7kHz. Using Equation 3 to graph the beamwidth 

yields Fig. 5.

Here you see something very interesting not present in 

the previous graphs. Below 2kHz the vertical beamwidth 

is actually greater than the horizontal beamwidth! This 

is sometimes referred to as “pattern flip.” The vertical 

coverage pattern of the horn, which is supposed to be 

narrower than the horizontal coverage pattern, is now 

the broader coverage angle. In other words, the hori-

zontal and vertical beamwidth have flipped with respect 

to which is greater and which is lesser. This is particu-

larly noticeable when examining the directivity balloons 

shown in Fig. 6.

As mentioned earlier, if the spec sheet for a loudspeaker 

using a horn of similar dimensions merely gave the intend-

ed, or nominal, coverage angles with little or no informa-

tion as to the frequency range over which the coverage 

angles were maintained, you might erroneously believe that 

the stated beamwidth is valid for a much larger frequency 

range than is actually possible. As such, the loudspeaker 

performance shown in Figs. 5 and 6 may not work well 

for applications requiring good directivity control in order 

to facilitate adequate speech intelligibility. The intended 

vertical beamwidth of 45° is only achieved above 3.7kHz. 

Below this frequency quite a bit of acoustical energy could 

be put into areas where it is not desired. This will become 

noticeable when mapping the coverage of a loudspeaker FIGURE 5: 12″ × 6″ mouth horn with 90° horizontal and 45° vertical beamwidth.

FIGURE 4: Directivity balloons for 12″ × 24″ mouth horn.
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using one of these types of horns in a room. The other item 

that may be observed is that below 2kHz the loudspeaker 

may perform better if it was turned on its side. This is also 

seen in Fig. 6.

As with most engineering exercises, there are several 

items that must be balanced when it comes to the direc-

tional performance of horns: narrow coverage angle, the 

desired low frequency for maintaining the coverage angle, 

and small horn size; pick any two. The two that you choose 

will dictate what the third must be. You can’t arbitrarily 

have all three at the same time.

I hope this has helped to explain a bit about how the 

frequency dependent directivity of a horn relates to its 

size. Small horns simply can’t yield small coverage angles at 

low frequencies. Beware of those that attempt to advise, or 

advertise, differently.   VC

Acoustic Patents
By James Croft

Here's a more detailed look at a patent we pub-
lished last month.—Eds.

�he following loudspeaker-related patents were filed 

primarily under the Office of Patent and Trademarks 

classification 181 for acoustical devices and 381 for electri-

cal-signal processing systems and HO4R for international 

patents. This also includes new patent applications that are 

published in the Patent Application Journal.

LOUDSPEAKER

Patent Number: US 7,558,395

Inventor: Philip Derek Eduard De Haan (Amsterdam, NL)

Assignee: Alcons Audio B.V. (Zwaag, NL)

Filed/Priority Date: March 3, 2004

Granted: July 7, 2009

US Class: 381/338, 4 Drawings, 7 Claims

ABSTRACT FROM PATENT
A loudspeaker comprising a housing provided with a 

magnet unit that generates a magnetic field and a membrane 

which is mounted in a frame and which is provided with an 

electrical conductor arranged in a pattern on the membrane, FIGURE 6: Directivity balloons for 12″ × 6″ mouth horn.
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which membrane is positioned in the magnetic field in such 

a manner that a force is exerted when current is fed through 

the conductor pattern on the membrane, which force is 

capable of setting the membrane in motion so as to produce 

sound, wherein the conductor pattern is provided on the 

membrane in at least two spaced-apart vibrating regions, 

wherein the loudspeaker is provided with at least two sound 

channels extending between the two vibrating regions and 

the outer side of the housing, and wherein the central axes 

of the two sound channels, which are located between the 

outer wall and the inner wall of each channel, incline toward 

each other over a particular distance from the membrane.

INDEPENDENT CLAIMS
“1. A loudspeaker comprising a housing provided with a 

magnet unit that generates a magnetic field and a flexible 

membrane which is mounted in a frame and which is pro-

vided with an electrical conductor arranged in a pattern on a 

central part of the membrane, which membrane is positioned 

in the magnetic field in such a manner that a force is exerted 

when current is fed through the conductor pattern on the 

membrane, which force is capable of setting the membrane 

in motion so as to produce sound, said conductor pattern 

being provided on the membrane in at least two spaced-apart 

vibrating regions, the loudspeaker being provided with at least 

two sound channels each extending between one of said elec-

trical conductor patterns in each of the vibrating regions and 

the outer side of the housing, wherein the central axes of the 

at least two sound channels, which are located between the 

outer wall and the inner wall of each channel, incline toward 

each other over a particular distance from the membrane.”

REVIEWER COMMENTS
Disclosed is a planar magnetic loudspeaker comprising 

a main housing that incorporates a planar film membrane 

diaphragm, with an electrical conductor arranged in a 

pattern on the diaphragm in two spaced-apart vibrating 

regions, three rows of magnets on the front side of the 

diaphragm and three rows of rectangular bar magnets on 

the back side of the diaphragm, the device operating as a 

so-called push-pull planar magnetic transducer. The loud-

speaker is provided with at least two sound channels extend-

ing from the two vibrating regions, through the open spaces 

on each side of the center row of the three rows of magnets 

and exiting the front side of the housing. This has become a 

standard format in the world of planar magnetic transduc-

FIGURE 1: US Patent 7,558,395.

FIGURE 2: Dutch loudspeaker.
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ers, particularly high output planar magnetic transducers 

that are used in the professional audio market.

In exchange for greater focusing of the fringe flux of the 

magnetic fields and increased efficiency compared to a sin-

gle-ended planar magnetic device, this layout requires that 

the waveforms generated by the diaphragm exit through 

two spaced apart “tunnels” on each side of the center mag-

net, with the spaced apart relationship of the two apertures 

being at least as wide as the center magnet.

While the problems associated with this dual aperture 

exit from the diaphragm can be minimized in the lighter 

duty consumer designs, with smaller magnetic structures, 

the magnet sizes required to be competitive with compres-

sion drivers in the Pro market is substantial, even with high 

energy neodymium bar stock, and therefore can cause a non 

ideal acoustic path to the environment external to the device.

The core invention of the patent is essentially the inclu-

sion of an additional structure that guides the two sound 

channels each extending from one of the electrical conductor 

patterns in each of the vibrating regions on the diaphragm, 

through the magnet structure to the outer side of the hous-

ing, wherein the central axes of the at least two sound chan-

nels exit and the inner wall of each channel, incline toward 

each other over a specified distance from the membrane, 

converging the two channels into a single channel.

Ultimately, it is a form of phase plug converging multiple 

sources into a single in-phase exit. This has value in mini-

mizing off-axis lobing and widening dispersion due to the 

single source having reduced width compared to multiple 

spaced sources. Additionally, this waveguide/phase plug is 

used to couple the output of the two space sources into the 

throat of a horn to increase output and control directivity.

The application of this type of structure works well and 

solves the problems as intended. This has been shown to 

be the case by much earlier works of many loudspeaker 

engineers, including work done in the early 1990s by Cliff 

Henricksen, modifying the large area full-range ribbons 

while at the US Sound division of Carver Corporation 

(now at Bose Corporation). Additional disclosures can be 

found in earlier work done in Japan. Whether or not it is 

novel, it is a very effective improvement to push-pull planar 

magnetic devices.

OPTIMUM DRIVER SPACING FOR A LINE  

ARRAY WITH A MINIMUM NUMBER OF 

RADIATING ELEMENTS

Patent Number: 7,260,228

Inventors: Charles Emory Hughes, Kirk Samuel 

Lombardo (Milford, Penn.)

Assignee: Altec Lansing, a division of Plantronics, Inc.    

  (Milford, Penn.)

Filed: March 10, 2004

Granted: August 21, 2007

Current U.S. Class: 381/89, 13 Claims, 6 drawings
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ABSTRACT FROM PATENT
The loudspeaker has a first pair of drivers arranged in a line, 

a center point along the line, wherein the pair of drivers are 

substantially centered about the center point with a center-to-

center distance, d.sub.0, between the drivers in the first pair of 

drivers, whereby the maximum frequency without high ampli-

tude side lobes is equal to c/2d.sub.0, and at least a subsequent 

pair of drivers arranged in the line array with the first pair 

of drivers and substantially centered about the center point, 

wherein the subsequent pair of drivers are spaced such that 

the center-to-center distance between each driver in the sub-

sequent pair, d.sub.n, is equal to 4nd.sub.0, where n=0 at the 

innermost pair of drivers and n increases by 1 with each pair 

of drivers sequentially added. Each pair of drivers for n>0 has a 

first order low-pass filter with a frequency equal to 2c/d.sub.n.

INDEPENDENT CLAIMS
“1. A loudspeaker system having a line array of drivers 

comprising: a first pair of drivers configured to receive a sig-

nal from a sound source; a center point along the line array, 

wherein the first pair of drivers are substantially centered about 

the center point with a center-to-center distance of d.sub.0 

between the first pair of drivers; at least a subsequent pair of 

drivers arranged in the line array with the first pair of drivers 

and substantially centered about the center point, wherein the 

subsequent pair of drivers are spaced such that the center-to-

center distance between each at least a subsequent pair of driv-

ers, d.sub.n, is equal to 4nd.sub.0, where n=0 at the first pair 

of drivers and n increases by 1 for each at least a subsequent 

pair of drivers, wherein a low-pass filter is associated with each 

of the at least a subsequent pair of drivers, and wherein the 

corner frequency, f.sub.n, of each such low-pass filter is equal 

to 2c/d.sub.n, where c is the speed of sound.

“5. A transducer spacing arrangement in an array, the 

arrangement comprising: a first pair of transducers having 

a first distance, d.sub.0, between the center points of the 

transducers in the first pair of transducers, wherein the 

transducers are configured to receive a signal from a sound 

source; a second pair of transducers arranged in the array 

with the first pair of transducers and having a second dis-

tance, d.sub.1, between the center points of the transducers 

in the second pair of transducers, wherein the midpoint of 

d.sub.0 is the same midpoint of d.sub.1, and wherein the 

second distance, d.sub.1, is equal to 4d.sub.0; a low-pass fil-

ter of first-order on the second pair of transducers, wherein 

the first pair of transducers receives a signal comprising 

a first frequency band and the second pair of transducers 

receives a signal comprising a second frequency band, and 

wherein the corner frequency, f.sub.n, of each such low-pass 

filter is equal to 2c/d.sub.n, where c is the speed of sound.

“10. A method for optimizing a radiation pattern of drivers 

in a line on a loudspeaker, the method comprising: selecting 

a spacing, d.sub.0, between the centers of a pair of innermost 

drivers according to the formula d.sub.0=c/2f wherein c is 

the speed of sound and f is the maximum desired operational 

frequency and wherein the pair of innermost drivers receive a 

signal comprising a frequency band z.sub.0; selecting a center 

point in the line, wherein the center point is the same posi-

tion on the line as d.sub.0/2; and determining the spacing 

of at least one additional pair of drivers in the line wherein 

each driver of the additional pair of drivers is added to the 

outermost positions of the line, wherein the distance, d.sub.n, 

between the centers of the additional drivers is according to 

the formula d.sub.n=4nd.sub.0 where n=0 at the innermost 

pair of drivers and n increases by 1 with each pair of drivers 

sequentially added along the array, and wherein the at least 

one additional pair of drivers receive a signal comprising a 

frequency band z.sub.n; wherein each of the frequency bands 

z.sub.0 through z.sub.n comprise a common frequency band 

at a common level of attenuation, wherein the at least one 

additional pair of drivers are used in conjunction with low 

pass filtering, and wherein the corner frequency, f.sub.n, of 

the low-pass filters for each pair of drivers is calculated accord-

ing to the calculation f.sub.n=2c/d.sub.n.

Reviewer Comments
Disclosed is a new type of line array loudspeaker topol-

ogy. Normally, in a line array, the transducers are mounted 

close together with the maximum amount of transducers 

packed within the end-to-end points of the length of the 

array. This is to ensure that the array simulates a seamless 

line source providing as much as possible, an ideal one-

dimensional plane wave. An additional benefit with a stan-

dard line array with the inclusion of the maximum number 

of drivers is the ability to achieve very high acoustic outputs.

Where maximum output is not necessarily required, 

such as consumer or studio monitor system in a small 

room, fewer drivers may be required to achieve the required 

output, but reducing driver count may compromise direc-

tivity or cause off-axis lobes in the radiation pattern. This 

invention provides a method for implementing a sparse 

array, while maintaining consistent directivity control as a 

function of frequency by defining the minimum number of 
FIGURE 3: Patent 7,260,228.
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radiating elements required for a given line length.

This is accomplished by way of optimal spacing and driv-

ing function of the radiating elements. The system utilizes a 

line concentric spacing arrangement of pairs of the radiating 

elements in an array that is neither logarithmic nor equidis-

tantly spaced as has been disclosed in some prior art arrange-

ments attempting similar results (see Cuomo, US Pat. No. 

4,363,115; Flanagan, US Pat. No. 4,653,606, and De Vries, 

US Pat. No. 6,128,395). Instead, the spacing of each pair of 

drivers increases along the array by a factor of 4n. The mid-

point of each pair is coincident with the center of the array. 

For the same number of drivers, this spacing provides a lower 

frequency to which directivity control is maintained than 

equally spaced drivers. Similarly, fewer drivers are required to 

maintain directivity control to the same low-frequency limit.

The spacing between the innermost pair of drivers, 

d.sub.0, determines the uppermost frequency to which the 

array will function without the effects of comb filtering as 

one moves off-axis, i.e., reducing high amplitude side lobes. 

This frequency, f, may be determined as f=c/2d.sub.0 where 

c is the speed of sound. Subsequent pairs of drivers should 

be spaced along the line according to the equation d.sub.

n=4nd.sub.0 where n=1, 2, 3, and so on, such that n=0 at 

the innermost pair of drivers and n increases by 1 with each 

pair of drivers sequentially added along the array.

In accordance with this spacing formula, the next 

most innermost drivers have a center-to-center distance 

of d.sub.1, where n=1 and d.sub.1=4d.sub.0. Accordingly, 

the next set of drivers have a center-to-center spacing of 

d.sub.2, where n=2 and d.sub.2=8d.sub.0. To simplify, the 

center-most pair of drivers are spaced close to each other, 

with their center-to-center spacing representing the highest 

frequency that the array can operate without lobing as one 

moves off-axis. Those drivers are spaced at ½ wavelength of 

the highest frequency of operation. The second pair of driv-

ers would be spaced equally apart from the center speakers, 

and they would be four times the distance center-to-center 

as the first pair. The third pair would be twice the center-to-

center distance of the second pair.

An example would be with the drivers each having a 

radius of 0.4″, the two innermost drivers would have a 

center-to-center distance, of 1.200″.  Because d.sub.0 is 

1.200″, the next two innermost drivers have a center-to-

center distance of 4.800″. The outermost drivers have a 

center-to-center distance of 9.600″. The preferred embodi-

ments have six drivers on a given baffle, although the system 

can be extended to any number of drivers.

A second part of the formula is to apply an independent 

first- or second-order low-pass filter to each of the driver 

pairs, other than the first pair. The frequency of the filter 

is determined according to the following equation: f.sub.

n=2c/d.sub.n. Accordingly, the second pair of drivers has a 

first-order low-pass filter of 6kHz. The third, or outer pair 

of drivers, has a first-order low-pass filter of 2kHz.

The frequency below which no side lobes occur is 

5650Hz. The inventors state that overall directional char-

acteristics of the array improve when the frequency of the 

low-pass filter for the outermost pair of drivers is decreased 

by a factor of two. In this version of my example, the outer-

most pair of drivers would have the low-pass filter frequency 

decreased to 1kHz. This sacrifices some of the directivity 

control at lower frequencies in order to suppress the ampli-

tude of side lobes at higher frequencies. By decreasing the 

low-pass filter frequency of the outermost pair of drivers, 

the amplitude of the side lobes is acceptable to well above 

the frequency of 5650Hz. It is claimed to be preferred to 

have the frequency of the low-pass filter of the outermost 

drivers lower than the frequency as calculated for those driv-

ers in the given equation, so it would seem that the system 

requires some post design tweaking to get the effect desired.

Actual directivity at the lower frequencies will also be 

determined by the size of the baffle that the sparse line array 

is mounted. While some other systems, such as Keele’s CBT 

arrays, may be able to provide more consistent directivity 

control through more complex structures, considering the 

simplicity and driver count, this is a clever system that can 

provide very effective results, particularly in systems where 

low cost is a priority and very high outputs are not required.

Some of the inventors’ recommended applications are 

for small devices, including a personal computer, a televi-

sion, a game console, or a portable audio device such as 

an MP3 player. While it should certainly perform well for 

those uses, it would seem that it could also be effective in 

larger scale consumer applications, such as stereo and home 

theater systems.   VC
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Industry Watch
By Vance Dickason

�he Custom Electronic Design and Installation 

Association (CEDIA, www.cedia.net) has announced 

the 2010 inductees into its prestigious Fellows program, 

which honors longtime CEDIA members and volunteers 

who have contributed significantly to the association’s suc-

cess. The 2010 honorees join the first group of ten CEDIA 

Fellows, who were inducted in 2009. The 2010 inductees 

were recognized at the annual Electronic Lifestyles Awards 

Banquet, Sept. 25, during CEDIA EXPO 2010 at the 

Georgia World Congress Center in Atlanta. Here are two 

of the 2010 inductees who have worked in the loudspeaker 

industry:

Frederick J. Ampel—

Fred (Photo 1) has been 

involved in the professional 

A/V industry for nearly 

40 years. His career has 

included work in live sound 

reinforcement, broadcast 

audio production, residen-

tial system integration, and 

sales and marketing. He has 

served in an editorial capac-

ity at several prominent industry publications and has 

been published in numerous industry journals. In 1991, 

he founded Technology Visions, a consultancy special-

izing in marketing, business, and technology development 

for the A/V industry. Ampel was the principal editor for 

CEDIA’s 1997 Home Theater Manual and helped create 

and produce CEDIA’s Garden of High Definition Delight 

from 1997–2002. He chaired CEDIA’s Certification Task 

Force, has served on the CEDIA education council, and 

is a longtime CEDIA Certified Instructor. Ampel holds a 

Master of Science degree in Electrical Engineering from 

Boston University and a B.A. in English/Music from Long 

Island University.

Anthony Grimani—

Tony’s (Photo 2) 25 years 

of experience in the audio 

industry include positions at 

Dolby and Lucasfilm THX. 

While at Dolby, Anthony 

was involved in the devel-

opment of surround sound 

for consumer applications. 

At THX, he managed the 

THX consumer licensing 

program and the technology 

development program. Anthony is now President and Lead 

Consultant of Performance Media Industries, Ltd. (PMI), PHOTO 1: Fred Ampel.

PHOTO 2: Tony Grimani.
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a consulting firm specializing in multi-channel A/V system 

design. Anthony also heads up Media Specialty Resources 

Inc. (MSR), which distributes specialty A/V tools. Anthony 

has taught at every CEDIA EXPO since 1990. He has 

a bachelor’s degree in Electrical Engineering from the 

University of California at Davis.

Kicker (www.kicker.com) announced that its new 

visitors’ center is now ready and open to the public. 

Part of the Kicker World Headquarters, the visitors’ 

center (Photo 3) features products, exhibits, and demo 

vehicles for the public. It features a motion-activated 

Sound-Wave Wall with 19 synchronized 15″ Solo-Baric 

subwoofers, and a 40′ Art of Install exhibit. The Wall 

of Boom display has 28 subwoofers and 46 additional 

speakers, with 18 amps powering them, Kicker said. 

It reportedly stands more than 14′ tall and 20′ wide. 

Custom demo vehicles include the 1964 Kicker/Monster 

Energy Impala, the Polaris SnoKat UTV, and the refined 

1960 Kicker Metropolitan. The World Headquarters 

and Visitors Center is located at 3100 North Husband in 

Stillwater, OK. It’s open to the public Monday through 

Friday, 9:00 a.m. to 4:00 p.m.

The Mobile Electronics Retailers Association (MERA, 

www.merausa.org) announced two additions to its 

KnowledgeFest 2010 roster: JL Audio and Aamp of 

America. The KnowledgeFest trade show was held Oct. 

10-12 at the Gaylord Texan Hotel in Dallas. Other exhibi-

tors included Aquatic Marine, Avidworx, Dice Electronics, 

Dual Electronics, Got2BeWireless, InstallerNet, Memphis 

Audio, Metra, Nav-TV, and Scosche.

Listen Inc. (www.listeninc.com) has an upcoming 

Internet seminar titled “Loudspeakers: A Look into 

the Many Options for Measuring Loudspeakers in 

SoundCheck.” Applications include R&D versus produc-

tion measurements, measuring distortion, and testing 

frequency response without an anechoic chamber. The 

seminar will be hosted by Amandio Neves, and will be 
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held January 14, 2011, at 9a.m. and 1p.m. EST.

In the continuing saga of the demise of the Circuit 

City retail chain, a federal bankruptcy court has approved 

a final liquidation plan that will pay Circuit City’s unse-

cured creditors at least 10% on their claims. According to 

reports by the Richmond Times-Dispatch and Bloomberg 
News, a court-appointed trustee will disperse about $450 

million in payments on about $1.8 billion in claims once 

the plan goes into effect later this month. Most of the 

secured creditors have already been paid. Circuit City 

filed for bankruptcy in November 2008 and shut its last 

stores in March 2009, taking about 34,000 jobs with it. 

The liquidation plan had been sidelined for nine months 

by procedural issues and squabbles between the company 

and a creditors committee over payment details.

The Conference Board Consumer Confidence Index, 

which declined in July, improved moderately in August. 

The Index now stands at 53.5, up from 51 in July. The 

Present Situation Index decreased to 24.9 from 26.4. 

The Expectations Index increased to 72.5 from 67.5 

last month. Consumers’ appraisal of current conditions 

continued to weaken in August. Those claiming business 

conditions are “good” decreased to 8.7% from 8.8%. 

However, those stating business conditions are “bad” 

declined to 41.9% from 43.3%. Consumers’ assessment 

of the labor market deteriorated further. Those saying 

jobs are “hard to get” increased to 45.7% from 45.1%, 
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while those claiming jobs are “plentiful” declined to 3.8% 

from 4.4%.

Consumers’ expectations improved moderately in 

August, but, overall, they remain pessimistic. Those 

anticipating an improvement in business conditions over 

the next six months increased to 17% from 15.8%, while 

those anticipating conditions will worsen declined to 

13.4% from 15.3%. The Consumer Confidence Survey is 

based on a representative sample of 5,000 US households. 

The monthly survey is conducted for The Conference 

Board by TNS. The cutoff date for August’s preliminary 

results was August 24.

According to figures released by the Consumer 

Electronics Association (CEA) and CNET, consumer 

confidence in the economy increased by half a point in 

August. Confidence in consumer electronics fell more 

than two points to 79.8, but remains higher over the same 

period a year ago. The CEA-CNET Index of Consumer 

Expectations (ICE) rose to 157.8 this month. The ICE, 

which measures consumer expectations about the broader 

economy, is up by half a point over July and down more 

than 14 points from this time last year.

Consumer confidence in technology decreased 

slightly this month. The CEA-CNET Index of 

Consumer Technology Expectations (ICTE), which 

measures consumer expectations about technology 

spending, is down 2.2 points from July but is still 

2.1% higher than this time last year. The CEA-CNET 

Indexes are composed of the ICE and ICTE, both 

of which are updated on a monthly basis through 

consumer surveys. New data is released on the fourth 

Tuesday of each month. CEA and CNET have been 

tracking index data since January 2007. To find cur-

rent and past indexes, charts, methodology, and future 

release dates, log on to www.CEACNETindexes.org.

CEA, DIGITALEUROPE, and the Japanese 

Green Procurement Survey Standardization Initiative 

(JGPSSI) announced the release of the revised “Joint 

Industry Guide—Material Composition Declaration for 

Electrotechnical Products—JIG-101 Ed. 3.1,” an indus-

try materials declaration guide that facilitates the report-

ing of material content information in electrotechnical 

products across the global supply chain. This document 

sets minimum requirements for material declaration for 

electrotechnical products but does not preclude com-

panies from inquiring about the presence of additional 

substances when necessary for their needs.

JIG-101 Ed. 3.1 is an interim update, incorporating 

three of the Substances of Very High Concern (SVHC) 

that have been added to the candidate list for authoriza-

tion on June 18 by the European Chemicals Agency 

for the European Union’s Registration, Evaluation, 

Authorization and Restriction of Chemical Substances 

(REACH) Regulation. For more information or to par-

ticipate in the next annual update, please contact CEA 

Secretariat Amy Dempster (CEA) at +1-703-907-7631, 

or adempster@CE.org. The JIG can be downloaded free 

at CE.org/JIG.   VC
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Audio Testing With Noise 
By Ron Tipton

Industry News and Developments
By Vance Dickason

CES 2011
The 2011 International Consumer Electronics Show 

(Photo 1) will take place from January 6-9, in Las Vegas. 

This year’s International CES will feature the product 

debuts from more than 2000 exhibitors, covering more 

than 30 product areas, including the latest in content, 

wireless, digital imaging, mobile electronics, home theater 

and audio, and a focus on electric vehicles and in-vehicle 

technology. With a focus on green vehicle technology, 

it’s interesting to note that the Consumer Electronics 

Association (CEA) announced that the 2009 International 

CES was named North America’s Greenest Show by Trade 
Show Executive Magazine. CEA was awarded the highly cov-

eted “Leader in Green Initiatives” Gold Grand Award for 

outstanding green presence in producing the world’s largest 

consumer technology trade show, the International CES.

Building upon its green initiatives, the 2011 CES will 

again feature the Sustainable Planet TechZone, sponsored 

by Earth 911, which will showcase world-changing tech-

nologies that benefit the environment, utilize new forms of 

sustainable energy, renew resources, and contribute to the 

global development. This exhibit area will feature products 

and services that make it possible for everyone to stay con-

nected, informed, and live sustainable lifestyles. The Electric 

Vehicle TechZone will also highlight the latest technology 

behind electric vehicles for consumers seeking to live more 

sustainably through alternative transportation.

Also featured will be more than 175 conference sessions 

Who will win? See p. 6.

Measuring with vintage 

electronic gear, p. 23.

By James Croft

By Vance Dickason

PHOTO 1: Last year’s International CES.
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designed to help educate attendees on the latest consumer 

electronic trends. This year’s show is expected to be some-

what larger than last year’s (2700 exhibitors in 2009 and 

2500 for 2010), with about 120,000 persons expected to 

attend (2010 was 120,000, 2009’s about 110,000, and 

141,150 in 2008). CES will now be centralized at the 

Las Vegas Convention Center (LVCC) and the Las Vegas 

Hilton, with the Sands Convention Center no longer being 

part of the 2011 show. The Venetian will still provide dis-

play space for high-performance audio.

Keynote speakers at this year’s show will include Steve 

Ballmer, CEO of Microsoft, Gary Shapiro, CEO of the 

Consumer Electronics Association, Verizon CEO Ivan 

Seidenberg, Rupert Stadler (AUDI AG Chairman of 

the Board of Management), Boo-Keun Yoon (Samsung 

President and General Manager of Visual Display Business), 
Alan Mulally (Ford Motor Company President and CEO), 

Julius Genachowski, FCC Chairman, and Zhou Houjian, 

Hisense Chairman.

A partial list of loudspeaker manufacturers and other 

relevant exhibitors includes Aamp of America, Acousticom, 

Acoustic Innovation Limited, Acoustic Technologies, 

Alpine Electronics, Altec Lansing, American Sound 

Works, Anthony Gallo Acoustics, Arcam, Audio Physic, 

Audiopipe, Audiovox, Avalon Acoustics, B&W, Cadence 

Acoustics Ltd., Cambridge Audio, CDT Audio, Cerwin 

Vega mobile, Clarion, DeVore Fidelity Ltd., Dynaudio, 

Earthquake Sound, Eggleston Works, Ethereal Home 

Theater, Focal-JMLab, Focus Audio, Forgings Industries, 

Frank Audio Co., Genesis Advanced Technologies, Gibson 

Guitar Corp., GoldenEar Technology, Goldwood Sound, 

Hansen Audio, IASCA, JL Audio, Joseph Audio, KEF 

America, Kenwood USA, Kicker, Kiso Acoustic, Klipsch 

Group, Lawrence Audio, Legacy Audio, Logitech, LoudSoft, 

Meiloon Industrial, Meridian American, Magico LLC, 

MBL America, Memphis Car Audio, Meridian America, 

Merlon Audio, Mitek, Mission, Monster, Mordaunt-Short, 

Monitor Audio, Morel, Naim Audio, New Transducers Ltd. 

(NXT), Nola Speakers, NTTAudiolab, Onkyo USA, Opera 

Loudspeakers, Orca Electronics/Focal America, Paradigm 

Electronics, Parasound, Peerless Fabrikkerne (India) Ltd., 

Plastoform Industries, Polk Audio, PowerBass USA, Power 

Acoustik, Prism Technology, Proac USA, PSB Speakers, 

Pyle Audio, Quad, Raidho Acoustics, Revolver Audio, 

Russound, Shanghai Silver Flute, Sonavox, Sony, Swans 

Speaker System, Symposium Acoustics, Thiel Audio, THX 

Ltd., Tivoli Audio, Totem Acoustics, Triad Speakers, Usher 

Audio, Vandersteen Audio, Vienna Acoustics, Waterfall 

Audio, WBT USA, Westlake Audio, Wharfedale, Wisdom 

Audio, YG Acoustics, Zealth Audio Loudspeakers, and 

Zylux Acoustic Corporation. Going through this list, you 

can readily see that many of the “usual suspects” will again 

be absent this year. For more on this year’s CES, visit www.

cesweb.com.

SoundCheck 9.1 and CLEAR
SoundCheck 9.1 is the latest version of Listen Inc.’s analyz-

er. The most interesting addition, however, is the new CLEAR 

perceptual distortion algorithm for rub and buzz measure-

ments. CLEAR stands for Cepstral Loudness Enhanced 

Algorithm. This new algorithm uses a simplified auditory per-

ceptual model to measure the perceived loudness of the Rub 

& Buzz distortion in phons rather than the more traditional 

dB SPL and % distortion units. This model better identifies 

whether distortion due to manufacturing defects can be heard 

by the listener than conventional measurements. In addition 

to a result which corresponds more accurately to the human 

ear, this new test method also offers significant advantages for 

use on the production line. It is less sensitive to transient back-

ground noises than traditional methods, therefore is reliable in 

noisy environments. In addition, it is easier to set up. Because 

it analyzes all harmonics, the user does not need to select the 

harmonics to be analyzed, and limit setting is simpler because 

a flat line can be used regardless of frequency and level (rather 

than measurement relative to a reference standard as is neces-

sary with conventional distortion measurements). Full details 

of the research leading to the development of this algorithm 

are given in the paper “Practical Measurement of Loudspeaker 

Distortion Using a Simplified Auditory Perceptual Model” 

presented at the 127th AES in October 2009 (available on the 

Listen website).

Figure 1 compares a more traditional Rub & Buzz 

methodology to Listen Inc.’s new CLEAR algorithm. 

Perceptual Rub & Buzz using the CLEAR algorithm shows 
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audible distortion more clearly. According to Listen Inc., 

traditional Rub & Buzz measurements do not take into 

account the insensitivity of the human ear to low and high 

frequencies, therefore making it more difficult to identify 

problem areas and set limits on a production line. This 

speaker clearly shows audible distortion below resonance 

(<100Hz) and at cone breakup (750Hz). Both curves are 

shown on a 60dB scale for easier comparison even though 

the units are different (perceptual distortion in phons and 

traditional distortion in %).

Other features in the new version of SoundCheck ana-

lyzer software include:

• Refined RTA—The RTA has been re-designed to offer 

improved performance. The filters have been improved 

and fully tested for compliance with ANSI S1.11-2004, 

and the averaging time is more accurate. In addition, it is 

also now compatible with NI cards.

• Device Selection—A device can now be selected in the 

hardware editor using its device ID rather than its name. 

This is useful for testing USB and Bluetooth devices 

where Windows software automatically changes the 

device name each time it is connected. Using the device 

ID instead of the name simplifies automation of tests for 

production line use.

• NIDAQmx drivers—Digital I/O cards with NIDAQmx 

drivers are now supported.

• Windows 7 Compatibility—SoundCheck 9.1 has been 

fully tested for compatibility with both the 32-bit and 

64-bit versions of Windows 7. Please consult Listen for 

Windows 7 Soundcard compatibility.

• Hardware Key Number Display—The hardware key 

number is now displayed on the main panel. This facili-

tates vendor inspection of test software.

For more, visit www.listeninc.com.

ALMA Celebrates 50th Gala in Las Vegas!
ALMA is celebrating a number of accomplishments: 

one is the 50th anniversary of the association’s founding; 

the other the introduction of its new website! The two 

relate because the new website allows us to invite you, the 

loudspeaker-related public, to participate as a community 

in suggesting who you think deserves industry recognition!

ALMA will be celebrating the accomplishments of the 

industry’s best and brightest with the introduction of “The 

Driver Award” (Photo 2) at the ALMA 50th Anniversary 

Gala celebration during the Winter Symposium in Las Vegas, 

January 3 to 5, 2011. The 

Driver Award features three 

levels—Gold, Silver, and 

Bronze. The Gold Driver 

Award will be reserved for 

Board Emeritus, ALMA 

members or others who have 

made significant, continued, 

and sustained contributions 

to the industry over the 

lifetime of their career; the 

Silver award will be given 

to a member or institution 

who deserves recognition 

for a singular and more 

current accomplishment, 

either within our associa-

tion or the industry; and the 

Bronze Driver Award will be 

given for accomplishments 

worthy of recognition to the newest or youngest members of 

ALMA or the industry at large. The awards will be given as 

recognition of accomplishments, improvements, and contribu-

tions that have “driven” the industry.

The committee thought it best to involve everyone in 

the world in making suggestions for the recognition as a 

means of ensuring no one is left out of consideration. ALMA 

President Stu Lumsden said, “We are loath to leave anyone 

out! We realize there are many who’ve made amazing contri-

butions over long careers. But in the spirit of ALMA’s 50th 

anniversary celebration, we recognize an opportunity to do 

something new. This year’s great symposium program fea-

tures participation by some of the industry’s most iconic fig-

ures in the history of the loudspeaker industry. It’s important 

and timely that we shine the light on those who deserve it!”

The award committee will make the final selections to be 

given the evening of ALMA’s 50th Anniversary Gala to be 

held January 4, at The Orleans Hotel in Las Vegas. We look 

forward to feting the recipients and reporting in January 

who they are! To register to attend or exhibit at the Winter 

Symposium, to see the full program schedule and for hotel 

information visit www.almainternational.org. To make your 

suggestions for these awards, be sure to visit “Forums” 

under “Services” on the main menu bar.  

LMS 5 Update
Voice Coil featured an announcement in the June 2010 

issue that LinearX was starting on a project to update the 

successful LMS analyzer to be an outboard hardware analyzer 

with a USB interface. While the new LMS-5 would have 

many improvements over the current LMS analyzer, LMS-5 

was basically going to be the same circuit design and was to 

utilize the same plug-in Vices. This meant that Linear was 

planning on offering an upgrade program that made use of 

current LMS board’s Vices. While this would have given the 

industry the same great analyzer interfaced via USB rather 

than an ISA slot, the company has changed directions and 

the analyzer that will succeed LMS is now called the LX-500.

FIGURE 1: Comparison of standard Rub & Buzz response with 

Listen Inc.’s new CLEAR algorithm.

PHOTO 2: The ALMA Anniversary Driver Award.
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The LX-500 is not your father’s LMS and has an entirely 

new and different circuit layout (see Fig. 2 for a block 

diagram of the LX-500) and will not use the Vices (Voltage 

Controlled Amplifier) methodology that the original LMS 

uses. While the LX-500 will perform all the measurements 

of the LMS analyzer, using the same analog stepped sine 

wave SPL and impedance measurements, that’s only the 

beginning. The really big news is that the LX-500 will incor-

porate an 8-pole filter array that is programmable for low-

pass, highpass, and bandpass configurations. This effectively 

gives the LX-500 extremely good distortion measuring capa-

bility to a background noise level of 0.003%. Let me repeat 

that, 0.003%. This means that, along with the capability of 

the previous LMS (Loudspeaker Measurement System), you 

will now receive a high performance distortion analyzer with 

an on-board noise generator! Here’s what LinearX had to say 

about the distortion capability of the LX-500:

“There is a fundamental difference between obtaining 

accurate measurements in either low noise or high noise 

systems. Instrumentation designed for measurements where 

noise is assumed to be small often performs poorly in 

high noise situations. Electroacoustic measurements often 

involve high background noise and/or distortion which can 

create specific problems for many types of instrumentation.

“For example, common measurements on most electri-

cal audio equipment easily achieve 100dB signal-to-noise 

ratios (SNR). However, acoustic measurements are often 

performed where the signal level is perhaps 90dBspl and the 

background noise level is 60dBspl. This is an SNR of only 

30dB, and presents vastly different problems for instrumen-

tation than measuring a system with 100dB SNR.

“The architecture of the LX500™ was specifically cre-

ated for accurate signal measurement in high noise systems 

where background noise is substantially large and SNR is 

low. For example, the Phase detector in the LX500™ was 

designed based on SNR values of merely 10dB, yet produc-

ing only 0.4 degrees phase error. The background noise 

is effectively averaged out. Conversely, many other phase 

meters produce wildly erratic and grossly inaccurate results 

when signals contain even modest amounts of noise.

“The LX500™ features narrow band highly selective filter-

ing in order to measure harmonic distortion. Large amounts 

of background noise are therefore eliminated. The advanced 

programmable filters in the LX500™ utilize 8 pole 1/6 octave 

Bandpass filters to isolate each harmonic, producing 90dB 

of attenuation in one octave. Thus enabling individual har-

monic distortion measurements down to 0.003% residual.”

Features for the LX-500 are as follows:

• Support and extension of all previous LMS capabilities 

and hardware/software features

• Pure Analog, High Performance, Accurate, Frequency 

Domain Measurements, 10Hz-100kHz

• Full Custom Discrete Ultra High Performance 

Multiplying DAC architecture

• True RMS wideband level detector, both for accurate 

noise and signal measurements 

• True Phase detector with High Noise Immunity and 

360° continuous phase

• Low Distortion Programmable Sine Wave Oscillator, 

10Hz-100kHz, 0.001% 

• Precision Noise Generator, extremely flat (0.05dB) Pink 

filter, 10Hz-40kHz 

• 8-Pole programmable filter array configurable for 

Lowpass, Highpass, Bandpass 

• Filter array can be inserted in output path for bandwidth 

FIGURE 2: Block diagram for the LinearX LX-500.
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limited noise generation

• Extensive 4th-Order Highpass Bandwidth Limiting 

Filters: 10Hz, 20Hz, 22.4Hz, 400Hz 

• Extensive 4th-Order Lowpass Bandwidth Limiting 

Filters: 20kHz, 22.4kHz, 30kHz, 80kHz 

• Extensive Weighting Filters: ANSI-A, ANSI-B, ANSI-C, 

ANSI-D, ITU-R-ARM, ITU-R-468

• Triple Multi Function Inputs: Balanced, LVP Interface, 

+48V Phantom Power

• Wide Dynamic Range of 140dB, input noise floor 

-120dBm, max signal input +20dBm

• Windows Application software with USB driver 

• Multiplexed measurements for single pass multiple curves

• OpenGL 3D graphics visualization of polar x/y/z spatial 

3D data

• Additional software and macro QC features, including 

multiple LT360 Turntable support 

• Digital Interface Control, 16 lines I/O on DB25M for 

control of relays, servos, and so on.

• Onboard Flash Memory storage of all calibration data 

with traceable calibration 

• Power Supply: 12V DC/1A, Universal 100-260V AC 

adapter IEC-320-C8, Car +12V, Battery +12V

• Chassis: Height 1.75″, Width 4.5″, Length 9.0″, 1.5 lbs.

There is no release date set for LX-500 at the moment, but I 

will keep you posted as the time gets closer. For now, check 

out the LinearX website www.linearX.com.

New Loctite Magnet Bonding Guide
Available both online and in print, the new Loctite Magnet 

Bonding Guide from Henkel Corporation provides in-depth 

information on adhesives and equipment specifically designed 

for bonding ferrite, neodymium/iron, and alnico magnets 

used in electric motors, speakers, small engines, computer 

storage devices, power hand tools, and other applications. This 

six-page, full-color brochure provides a detailed selector guide 

on nine Loctite structural and epoxy adhesives for magnet 

bonding, including top choice products Loctite 331 Structural 

Adhesive, Loctite 3060 Structural Adhesive, and Loctite 

E-220IC Hysol Epoxy Adhesive. These acid-free, noncorro-

sive adhesives provide faster fixture times, higher temperature 

resistance, greater impact strength, improved moisture resis-

tance, easier processing, extended shelf life, and higher shear 

strength than other magnet bonding technologies.

The product selector guide in the literature provides 

performance details for each of the magnet bonding adhe-

sives, and also details package sizes available from 30ml 

cartridges to 19 liter pails. The brochure also includes a 

Magnet Bonding Equipment Selector Guide that highlights 

manual, semi-automated, and automated dispensing and 

curing equipment designed for use with these Loctite adhe-

sives. For more information and to download a copy of the 

Loctite Magnet Bonding Guide, go to www.henkelna.com/

magnetbonding. Or request a copy of brochure number 

LT-4914 by calling 1-888-427-3676 or e-mailing litera-

ture@loctite.com.   VC
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Test Bench
By Vance Dickason

Home and Pro Drivers from 
Wavecor and 18 Sound

�his month’s driver submissions came from high-end 

OEM/DIY China-based manufacturer Wavecor and 

Italian Pro Sound OEM 18 Sound. From Wavecor I 

received a new 6″ midwoofer, the WF152BD03/04, and 

from 18 Sound, a high performance neodymium compres-

sion driver, the NSD1095N, mated with 18 Sound’s con-

stant coverage elliptical shaped horn, the XT1086.

Wavecor WF152BD03/04
This month’s offering from Wavecor is a 6″ paper cone 

midbass woofer, the WF152BD03/04 (Photos 1 and 2). 

Like the previously reviewed Wavecor WF120 (September 

2010 Voice Coil), the highlight of this design is the Wavecor 

Balanced Drive system, a proprietary distortion reducing 

motor technology. Basically, Wavecor’s Balanced Drive 

Technology takes the form of a tapered extended pole 

as seen in the FEA diagram in Fig. 1. This FEA of the 

Balance Drive line motor design shows the dual tapered 

outlets on the pole vent, used to decrease turbulence in 

Get a hands-on 
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Room C at the  

Flamingo Casino & Hotel

DYNE ANALYTICS, LLC
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please inquire at  
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F

is
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To THIS 
in Minutes! DYNE ANALYTICS
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software       

PHOTO 2: Wavecor WF152B back.

PHOTO 1: Wavecor WF152B front.
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the vent. Figure 2 compares a typically standard motor 

with the tapered extended pole denoting the Balance Drive 

technology. According to Wavecor, this results in a more 

symmetrical Bl curve.

In terms of features, like the WF120BD04, the WF152 

is built on a six-spoke cast aluminum frame that sports a 

completely open area below the spider mounting shelf for 

enhanced cooling. The WF152 cone assembly includes a 

very stiff curvilinear black coated semi air dried cone with 

a 1.5″ diameter convex black coated paper dust cap. These 

are suspended by an NBR butyl rubber surround that has a 

nice shallow angle where it attaches to the cone edge and a 

4″ diameter black convex flat spider.

Driving the assembly is a 32mm (1.25″) diameter voice 

coil using round copper wire wound on a black non-

conducting fiberglass voice coil former that incorporates a 

series of eight 4mm diameter former vents just below the 

neck joint. The motor uses a single 17mm × 107mm ferrite 

magnet sandwiched between a shaped T-yoke and 5mm 

high front plate, both with a black emissive coating for 

enhanced cooling performance. For additional cooling, the 

T-yoke incorporates a dual flare 8mm diameter pole vent. 

The motor also incorporates an aluminum Faraday shield/

shorting ring as well as a copper cap on the top of the pole 

piece for distortion reduction. Voice coil tinsel lead wires 

are terminated to a set of gold-plated terminals.

I began testing the WF152BD03/04 midbass woofer 

using the LinearX LMS analyzer and VIBox to produce 

both voltage and admittance (current) curves with the driv-

er clamped to a rigid test fixture in free-air at 0.3V, 1V, 3V, 

FIGURE 2: Diagram comparing conventional woofer motor to the Wavecor 

Balanced Drive motor structure.

FIGURE 1: Wavecor FEA of the Wavecor Balanced Drive motor system.
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6V, and 10V. As has become the protocol for Test Bench 

testing, I no longer use a single added mass measurement 

and instead used actual measured mass, but the manufac-

turer’s measured Mmd data. The 10V curves were just non-

linear enough to prevent a good curve fit, so I eliminated 

them. Next, I post-processed the eight 550-point stepped 

sine wave sweeps for each WF152 sample and divided the 

voltage curves by the current curves (admittance) to derive 

impedance curves, phase added by the LMS calculation 

method, and, along with the accompanying voltage curves, 

imported to the LEAP 5 Enclosure Shop software. Because 

most Thiele/Small data provided by OEM manufacturers 

is produced using either a standard method or the LEAP 4 

TSL model, I additionally produced a LEAP 4 TSL model 

using the 1V free-air curves. I selected the complete data set, 

the multiple voltage impedance curves for the LTD model 

(see Fig. 3 for the 1V free-air impedance curve) and the 

1V impedance curve for the TSL model in the transducer 

derivation menu in LEAP 5, and produced the parameters 

for the computer box simulations. Table 1 compares the 

LEAP 5 LTD and TSL data and factory parameters for both 

WF152BD03/04 samples.

LEAP parameter Qts calculation results for the WF152 

were close to the factory data, except for the sensitivity; 

however, mine is a calculated midband sensitivity that is 

part of the T/S calculation routine and Wavecor uses aver-

age SPL in the 300Hz-1kHz range. As is normal for these 

reviews, I followed my usual protocol and set up computer 

enclosure simulations using the LEAP LTD parameters for 

Sample 1. I programmed two computer box simulations 
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FIGURE 3: Wavecor WF152BD03/04 free-air impedance plot.
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 TSL model  LTD model  Factory
 sample 1 sample 2 sample 1 sample 2  

FS 51.6Hz 52.4Hz 50.6Hz 51.8Hz 50Hz      
REVC 3.31 3.32 3.31 3.32 3.2    
Sd 0.0093 0.0093 0.0093 0.0093 0.0093
QMS 9.43 9.29 8.61 8.63 8.90      
QES 0.36 0.36 0.34 0.37 0.36   
QTS 0.35 0.36 0.33 0.35 0.35        
VAS 10.7 ltr 10.4 ltr 11.2 ltr 10.7 ltr 11.4 ltr     
SPL 2.83V 88.0dB 87.9dB 88.1dB 87.9dB 91dB        
XMAX 4.5mm 4.5mm 4.5mm 4.5mm 4.5mm



14 VOICE COIL

into LEAP, one sealed and one vented. This resulted in a 

0.085ft3 Butterworth sealed enclosure with 50% fiberglass 

fill material, and a 0.146ft3 vented QB3 alignment enclo-

sure simulation with 15% fiberglass fill material and tuned 

to 60Hz.

Figure 4 displays the results for the WF152BD03 in 

the sealed and vented boxes at 2.83V and at a voltage level 

high enough to increase cone excursion to Xmax + 15% 

(5.2mm). This produced a F3 frequency of 109Hz with 

a box/driver Qtc of 0.69 for the 0.085ft3 sealed enclosure 

and –3dB = 86Hz for the 0.146ft3 vented simulation. 

Increasing the voltage input to the simulations until the 

maximum linear cone excursion was reached resulted in 

108dB at 20V for the sealed enclosure simulation and 

110dB with a 20.5V input level for the larger ported enclo-

sure (see Figs. 5 and 6 for the 2.83V group delay curves 

and the 20/20.5V excursion curves). Note that excursion 

begins increasing below 45Hz, so a high-pass filter below 

this frequency would greatly increase the power handling, 

which is true of most vented designs.

Klippel analysis for the Wavecor 6″ woofer (our ana-

lyzer is provided courtesy of Klippel GmbH), performed 

by Pat Turnmire, Red Rock Acoustics, produced the Bl(X), 

Kms(X), and Bl and Kms symmetry range plots given in 

Figs. 7-10. The Bl(X) curve for the WF152 (Fig. 7) is 

relatively broad, especially for a 6″ diameter driver, and 

obviously also with “tilt” that includes a forward (coil-out) 

offset. The Bl symmetry plot curve (Fig. 8) shows a 2mm 
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FIGURE 4: Wavecor WF152BD03/04 computer box simulations (A = sealed 

at 2.83V; B = vented at 2.83V; C = sealed at 20V; D = vented at 20.5V).

FIGURE 5: Group delay curves for the 2.83V curves in Fig. 4.
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coil forward offset at the rest position that decreases to 

1.4mm at the physical 4.5mm Xmax of the driver. This 

might be an assembly error, as being set forward 2mm is a 

large amount compared to the Xmax of 4.5mm to be on 

purpose, but I have a lot of respect for the guys at Wavecor, 

and this is easy to correct.

Figures 9 and 10 show the Kms(X) and Kms symmetry 

range curves for the Wavecor midbass woofer. The Kms(X) 

curve is definitely very symmetrical, and has a very minor 

rearward (coil-in) offset of less than 0.4mm at the rest 

position that decreases to 0mm at the 4.5mm Xmax loca-

tion on the graph, which is trivial. Displacement limiting 

numbers calculated by the Klippel analyzer for the WF152 

showed XBl at 82%, Bl is 3.7mm, and for XC at 75% Cms 

minimum was 4.2mm, which means that the Bl is the most 

limiting factor for prescribed distortion level of 10%.

Figure 11 gives the inductance curve Le(X) for the 

WF152BD03/04. Inductance will typically increase in the 

rear direction from the zero rest position as the voice coil 

covers more pole area; however, the WF152 inductance 

stays mostly constant as the coil moves in due to the dual 

shorting ring configuration. The inductance variation is 

only 0.04mH from the in and out Xmax positions, which 

is very good.

Next, I mounted the WF152 woofer in an enclosure 

which had a 16″ × 7″ baffle and was filled with damping 

material (foam) and then measured the DUT on- and off-

axis from 300Hz to 40kHz frequency response at 2.83V/1m 
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FIGURE 6: Cone excursion curves for the 20V/20.5V curves in Fig. 4.

FIGURE 7: Klippel Analyzer Bl (X) curve for the Wavecor WF152BD03/04.
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using the LinearX LMS analyzer set to a 100-point gated 

sine wave sweep. Figure 12 gives the on-axis response indi-

cating a smoothly rising response to about 8kHz, rising 6dB 

at 1kHz and some break-up peaking at the highpass rolloff. 

Figure 13 displays the on- and off-axis frequency response 

at 0, 15, 30, and 45°. -3dB at 30° off-axis with respect to 

the on-axis curve occurs at 2.9kHz, so a crossover in the 

3kHz region would be appropriate (Wavecor recommends 

a 3.5kHz upper limit for this driver). And finally, Fig. 14
gives the two-sample SPL comparisons for the 6″ Wavecor 

driver, showing a close match to within 0.5dB throughout 

the operating range (excluding a small 1dB differential 

centered on 3.5kHz).

For the remaining battery of tests, I employed the Listen 

Inc. SoundCheck analyzer and ¼″ SCM microphone and 
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FIGURE 8: Klippel Analyzer Bl symmetry range curve.

FIGURE 10: Klippel Analyzer Kms symmetry range curve.

FIGURE 9: Klippel Analyzer Mechanical stiffness of suspension Kms (X) 

curve for the Wavecor WF152BD03/04.
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FIGURE 11: Klippel Analyzer Le(X) curve for the Wavecor WF152BD03/04.

FIGURE 12: Wavecor WF152BD03/04 on-axis frequency response.

FIGURE 13: Wavecor WF152BD03/04 on- and off-axis frequency response.

FIGURE 14: Wavecor WF152BD03/04 two-sample SPL comparison.
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FIGURE 15: Wavecor WF152BD03/04 SoundCheck distortion plots.

FIGURE 16: Wavecor WF152BD03/04 SoundCheck CSD waterfall plot.

FIGURE 17: Wavecor WF152BD03/04 SoundCheck Wigner-Ville plot.
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power supply (courtesy of Listen Inc.) to measure distortion 

and generate time frequency plots. For the distortion mea-

surement, I mounted the Wavecor woofer rigidly in free-air, 

and set the SPL to 94dB at 1m (3.8V) using a noise stimulus, 

and then measured the distortion with the Listen Inc. micro-

phone placed 10cm from the dust cap. This produced the dis-

tortion curves shown in Fig. 15. I then used SoundCheck to 

get a 2.83V/1m impulse response for this driver and imported 

the data into Listen Inc.’s SoundMap Time/Frequency soft-

ware. The resulting CSD waterfall plot is given in Fig. 16 and 

the Wigner-Ville (for its better low-frequency performance) 

plot in Fig. 17. For more on this well-crafted driver, visit the 

Wavecor website www.wavecor.com.

18 Sound NSD1095N
18 Sound’s NSD1095N (Photo 3) is a neodymium 

compression driver that has several unique features includ-

ing a True Piston Motion (TPM) titanium diaphragm that 

has been subjected to a nitrogen treatment process. This a 

proprietary technology developed by 18 Sound. The coat-

ing is realized in a PVD (Physical Vapor Deposition) vacu-

um chamber. With its very high value of elasticity modulus 

(six times higher than titanium and two times higher than 

beryllium), the nitride thin film is capable of doubling the 

diaphragm overall stiffness with obvious benefits in terms of 

impulse response and intermodulation distortion reduction. 

The frequency response is then extended by 25%, showing 

a predictable, ideal pistonic behavior, avoiding top-end 

spurious resonances.

Throat diameter is 1.0″ and the TiN diaphragm is cou-

pled to a 45mm (1.75″) diameter voice coil, wound with 

edge-wound copper-clad aluminum wire on a proprietary 

treated Nomex former. Nomex shows a 30% higher value of 

tensile elongation at a working operative temperature (200° 

C) when compared to Kapton. Moreover, this proprietary 

former material is also suitable for use in high moisture 

content environments.

The NSD1095N is powered by a neodymium ring 

magnet assembly that develops 20KGauss in the gap. A 

copper ring on the pole piece reduces inductance above 

10kHz and, according to 18 Sound, improves phase and 

impedance linearization. There is a custom designed O-ring 

Just open the box and start testing in minutes!
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integrators, acoustic engineers, and A/V installers. It 

was developed in collaboration with Liberty Audio, 
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OmniMic provides quick and accurate measurements 

that will reduce installation time, saving you both labor 

and money. Test signals may be initiated from the host 

computer, or from any audio CD player. System includes 

calibrated USB microphone, mic clip, software and 

test signal discs, 6 ft. USB cable, and carrying case. 

Compatible with Windows XP, Vista, and Windows 7.

Distributed By:

Tel:800-338-0531
725 Pleasant Valley Dr.
Springboro, OH 45066

In Europe:

intertechnik.de

In Asia:

baysidenet.jp

In Canada:

solen.caparts-express.com/vcm

PHOTO 3: 18 Sound NSD1095 compression driver and horn.
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that produces a tight seal between the plate and the cover 

assuring appropriately sealed air chamber loading. Heat dis-

sipation and thermal exchange are enhanced by the direct 

contact between the magnetic structure and the aluminum 

heatsink cover. A special treatment has been applied to the 

magnet and the top and back plates of the magnetic struc-

ture making the driver more resistant to the corrosive effects 

of salts and oxidization.

Other features include a proprietary phase plug design 

and solderable terminals. The horn supplied with the 

NSD1095N driver is 18 Sound’s 1.0″ throat elliptical flare 

XT1086 horn, which maintains nominal 80° horizontal × 

60° vertical pattern control and provides consistent on-axis 

and off-axis frequency response from 1.4kHz to 16kHz in 

the horizontal plane and from 1.5kHz to 16kHz in the 

vertical plane. Horn directivity is constant from 1.4kHz. 

Thanks to its compact vertical mouth dimension, the 

XT1086 can easily be mounted vertically when lower fre-

quency control is required.

The main innovation that the XT1086 introduces is the 

ribbed external shape that provides high structural rigidity. 

This die-cast aluminum horn provides low distortion and a 

spherical wave-front. The die-cast aluminum construction 
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Sample Submission for Test Bench
Test Bench is an open forum for OEM driver manufac-

turers in the industry and all OEMs are invited to sub-

mit 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 transduc-

ers for home audio, car audio, pro sound, multimedia, 

or musical instrument applications. While many of the 

drivers featured in Voice Coil come from OEMs that have 

a stable catalog of product, this is not a necessary crite-

rion for submission. OEM manufacturers are encour-

aged to send samples of woofers, midranges, or tweeters 

they think are representative of their work. However, 

please contact Voice Coil Editor Vance Dickason prior to 

submission to discuss which drivers are being submitted. 

Samples should be sent in pairs and addressed to:

Vance Dickason Consulting

333 S. State St., #152

Lake Oswego, OR 97034

(503-557-0427)

vdc@northwest.com

All samples must include any published data on the 

product, patent information, or any special informa-

tion necessary to explain the functioning of the trans-

ducer. This should include details regarding the various 

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 lead wires removed).

FIGURE 18: 18 Sound NSD1095N free-air impedance plot.

FIGURE 19: 18 Sound NSD1095N on-axis response.

FIGURE 20: 18 Sound NSD1095N horizontal on- and off-axis frequency 

response (A = 0°; B = 15°; C = 30°; D = 45°; E = 60°).

FIGURE 21: 18 Sound NSD1095N horizontal on- and off-axis frequency 

response (A = 0°; B = 15°; C = 30°; D = 45°; E = 60°).
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also provides optimum heat transfer, lowering the compres-

sion driver power compression and improving its general 

power handling capability.

Testing commenced using the LinearX LMS analyzer to 

produce the 300-point stepped sine wave impedance plot in 

Fig. 18. Note that the solid curve shows the NSD1095N 

mounted on the XT1096 horn and the dashed curve 

represents the compression driver without the horn. The 

minimum impedance of the NSD1095N/XT1096 combi-

nation was 6.5Ω and at 6.4kHz.

For the next test sequence, I mounted the NSD1095N/

XT1096 on top of an enclosure with a 15″ × 14″ baffle and 

proceeded to measure both the horizontal and vertical on- 

and off-axis at 2.83V/1m using a 100-point gated sine wave 

sweep. Figure 19 displays the on-axis of the compression 

driver/horn combination and shows the sensitivity to be 

about 110dB, as specified in the 18 Sound published data. 

-3dB at the bottom end of the response is about 1.1kHz, 

��������™ 
R & D Measurement system
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FIGURE 22: 18 Sound NSD1095N two-sample SPL comparison.

FIGURE 23: 18 Sound NSD1095N SoundCheck distortion plots.
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with the company recommending a 1.6kHz minimum 

crossover frequency. Figure 20 gives the horizontal on- and 

off-axis response out to 60° off-axis, and Fig. 21 displays 

the vertical response. Figure 22 gives the two-sample SPL 

comparison, showing both samples to be closely matched 

to within 1dB.

For the remaining battery of tests, I again fired up 

the SoundCheck analyzer, ¼″ SCM microphone (cour-

tesy of Listen Inc.) to measure distortion and generate 

time frequency plots. For the distortion measurement, I 

mounted the NSD1095N/XT1096 combination on the 

same baffle as used for the frequency response measure-

ments, with the SPL set to 104dB at 1m (2.2V) using a 

noise stimulus, and then measured the distortion with the 

Listen Inc. microphone placed 10cm from the mouth of 

the horn, which in this case was about even with the out-

side edge of the flair. This produced the distortion curves 

shown in Fig. 23. I then used SoundCheck to get a 

2.83V/1m impulse response for this driver and imported 

the data into Listen Inc.’s SoundMap Time/Frequency 

software. The resulting CSD waterfall plot is given in 

Fig. 24 and the STFT (Short Time Fourier Transform) 

plot in Fig. 25.

All things taken together, this second product I have 

received from 18 Sound (the November issue featured 

the 18 Sound 18NLW9600 woofer) shows solid engi-

neering and excellent build quality. For more, visit www.

eighteensound.com.   VC

FIGURE 24: 18 Sound NSD1095N SoundCheck CSD waterfall plot.

FIGURE 25: 18 Sound NSD1095N SoundCheck Wigner-Ville plot.
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Spotlight

Audio Testing With Noise
By Ron Tipton

�sually we think of noise as a signal to be eliminated, 

or at least reduced, in any audio system. However, 

noise can be a very useful test signal because it is inherently 

broadband, which is faster and perhaps more accurate than 

spot or swept frequency testing. Using “spot” frequencies 

spaced 1.0Hz or even 5.0Hz apart would be ridiculously 

time consuming, but “pink” noise (equal energy in each fre-

quency octave) can make this test in a short time. It has also 

been my experience that a swept frequency measurement 

does not have as high a dynamic range as a noise test (Fig. 
1). Noise generators come in two basic flavors: random and 

pseudo-random.

RANDOM NOISE
The sound of rain on a metal roof, the sound of a water-

fall, static between radio stations, and the “snow” on a TV 

screen not tuned to an active channel are all examples of 

random noise. Generally, these would not be useful for 

making measurements.

To be useful for measurements you need a known fre-

quency spectrum: white, pink1, or other shape that has a 

known amplitude density—you hope it’s Gaussian (the 

bell-shaped curve) with a near-zero mean value and another 

item I will cover later. However, you can’t know what the 

next amplitude value is going to be. If you sampled the 

noise waveform for a lifetime you still wouldn’t be able to 

predict the next value with any degree of certainty. That’s 

because random noise is. . . random.

The other feature that makes the output signal of a random 

noise generator useful is stationarity. Without all the math, 

this simply means that the mean and mean-square amplitude 

values don’t change, in the statistical sense, with time.

FIGURE 1: Comparison of a swept frequency response (upper trace) with a 

pink noise response. This figure shows the lower dynamic range of the swept 

frequency measurement. TrueRTA software with 1/24-octave analysis and 

10,000 point averaging.
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In 1965 I did a study on the stationarity of laboratory 

random noise generators using long-time averaging (inte-

gration) of the mean and mean-square output voltages2. 

I took data from three commonly available generators of 

that time: Allison Laboratories model 655, Brüel and Kjaer 

model 1402, and General Radio Company model 1390-

A. My conclusion stated: “Within experimental limita-

tions imposed by the measuring system, the noise sources 

evaluated were found to be sufficiently stationary for many 

laboratory uses.” In practice, this means that if I make a 

measurement today with a certain random noise genera-

tor and I make the same measurement tomorrow with the 

same generator, the results will be the same within a known 

percentage.

The Allison model was solid-state in an encapsulated 

module, so I have no knowledge of the circuit. The B&K 

used a pair of zener diodes for the noise generation in an 

otherwise all-vacuum-tube design, and the General Radio 

used a diode-connected triode in a magnetic field to gener-

ate the noise in an all-vacuum-tube circuit. I have no doubt 

that modern generators are as good as—if not better than—

these vintage models.

FIGURE 2: Model 131 random noise generation circuit, white noise output. 

The pink filter is the same as the model 109. The zener diodes (D2 and 

D3) must be tested in this circuit and be discarded if they exhibit low-fre-

quency “popcorn noise.” You will understand the name if you listen to it!

FIGURE 3: Model 108 20-stage shift-register circuit diagram. These 

days it’s easier to program a microprocessor for this function.
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I have designed and built a prototype of a very good 

random noise generator, the TDL model 131. It is not in 

production because I suspect little sales interest—pseudo-

random generators are more popular. You will see in the 

Applications section that random and pseudo-random 

(P-R) pink noise produce similar results. I have included 

the noise generation circuit diagram of the 131 as Fig. 2. 

Summing the noise voltages from the two zener diodes (D2 

and D3) is required for equal positive and negative noise 

peaks. Random noise is also used for some types of encryp-

tion—coin toss simulators and the like—and it was used 

extensively for electrical and electromechanical measure-

ments in the days before P-R generators.

PSEUDO-RANDOM NOISE
Due to its popularity, much noise testing these days is 

done with P-R noise because it repeats, like a sine or square 

wave, yet it retains broadband. Because it repeats, it has a 

“line spectrum” rather than a continuous spectrum (like 

random noise). The “lines” are spaced in frequency equal 

to the reciprocal of the repetition time so the line spac-

ing can be made to approach a continuous spectrum by 

lengthening the repetition time. But even for a repetition 

time of 200ms, the lines are spaced only 5Hz apart, which 

is adequate for many tests.

P-R noise is easily generated with shift registers, which 

became practical with the development of integrated circuit 

(IC) logic. I built P-R generators in the 1970s, first with 

RTL logic, and then with 7400-series TTL logic. Photo 1 
shows one of these, the TDL model 108, and Fig. 3 is its 

shift-register circuit diagram.

The model 108 used four 5-bit shift-registers (IC1-IC4) 

connected to generate a maximal-length P-R sequence of 

1,048,575 bits (ones and zeroes) before repeating. With a 
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PHOTO 1: Model 108 front panel. The 108-series enclosures were from 

Buckeye Stamping Company; they were very reasonably priced. . . then.
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1MHz clock, the sequence will repeat approximately once 

per second with a spectral line spacing of about 1Hz within 

the 50kHz lowpass bandwidth. This illustrates another rela-

tionship that is part of the trade-off in designing P-R gen-

erators: the –3dB bandwidth is equal to the clock frequency 

divided by the shift-register length. In this case: 1MHz/20 

= 50kHz. This ratio has been found to give the best “fit” 

between the generator’s amplitude probability density and 

the desired Gaussian (bell-shaped) curve3, 4.

Output from the first and 16th flip-flops are exclusively-

ORed (XOR), and this output is XORed with the XOR 

output from the 17th and 20th flip-flops in IC7. This 

output is inverted by IC8 to produce the feedback into the 

first flip-flop. This is one maximal-length, linear feedback 

arrangement for a 20-stage P-R register. Testing showed 

that this feedback produced a noise output with a flatter 

spectrum than any of the other possibilities for a 20-stage 

register. There are tables of maximal-length, P-R regis-

ters showing the length and feedback. I like the tables in 

Appendix C of this book5. But, as I found out with the 

20-stage resistor, not all the table entries have a sufficiently 

flat frequency spectrum, so testing is required.

The remaining part of the generator consists of a level 

shifter circuit (for equal positive and negative peaks), an 

analog four-pole Butterworth lowpass filter (white noise 

output), and a “pink” lowpass filter for a spectrum with an 

equal energy per octave. 

These days, the P-R sequence is perhaps easily gener-

ated with a microprocessor (μP). The TDL model 109 

generator uses a Scenix—now Ubicom (www.ubicom.

com)—SX28AC mP to simulate a 21-bit S-R clocked at 

1MHz. (The SX28AC runs at 25MHz to clock the S-R 

at 1MHz.) This gives a bandwidth of about 50kHz and 

a spectral line spacing of 0.5Hz (a repetition time of two 

seconds)6. Figure 4 shows the pink noise spectra from a 

model 109 and a model 131. The P-R noise is perhaps a bit 

smoother, but there is not much difference.

MEASUREMENT APPLICATIONS
1. An electronic filter’s amplitude response is easily mea-

sured because the broadband signal traces the response on 

the screen of a spectrum analyzer. Spectrum analysis soft-

ware is readily available. I have a preference for TrueRTA7, 

which is a constant percentage bandwidth analyzer. If you 
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FIGURE 4: Pink noise spectra from a model 109 (upper trace) and a model 131.
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prefer a constant bandwidth, take a look at Audiotester8. 

Multi-Instrument9 offers both bandwidth options. 

Figure 5 shows the measurement setup. Figures 6 and 

7 show the responses for active bandpass and lowpass filters 

measured with pink random noise from a model 131, while 

Figs. 8 and 9 show the responses measured with pink P-R 

noise from a model 109. P-R noise may produce a slightly 

smoother curve but the difference is small. To get a smooth 

curve the analysis program needs to be set to average a large 

number of points. (These four figures were produced with 

TrueRTA, 1/24-octave analysis and 10,000 point averaging).

You can also use this method to measure the response of 

amplifiers, but you need to observe one caution. The crest 

factor (peak voltage divided by the RMS value) is about 3.5 

for both random and P-R noise, so be careful to not over-

drive the amplifier. This is a peak-to-peak voltage of at least 

seven times the RMS. This caution would also apply if the 

filter has higher than unity gain.
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FIGURE 5: Setup diagram for a filter or amplifier response measurement using noise.

FIGURE 6: Response of a 1/3-octave active bandpass filter using pink random 

noise from a model 131.

FIGURE 7: Response of a 100Hz active lowpass filter using pink random 

noise from a model 131.

FIGURE 8: Response of the same 1/3-octave active bandpass filter using pink 

P-R noise from a model 109.

FIGURE 9: Response of the same 100Hz active lowpass filter using pink P-R 

noise from a model 109.
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2. In the early 1970s an East Coast company contacted 

TDL looking for a gated P-R noise generator. That is, they 

needed a generator that when commanded by an external trig-

ger would turn on for a set time, then go off and wait for the 

next trigger. This company had a contract to seal abandoned 

coal mines and then demonstrate that the seal was airtight.

They intended to place several large loudspeakers in 

the mine before sealing it with the cables to the speakers 

embedded in the seal. Then they would send the “noise 

bursts” from the gated generator to the speakers through a 

large power amplifier. Using gated noise would allow their 

measuring equipment to average out the background noise 

from wind, bird song, traffic, and so on.

To meet their need, we designed and built several model 

108-M4 generators (Photos 2 and 3). All the 108-series 

generators were designed around a group of uniform-size 

PHOTO 3: Model 108-M4 internal construction. The connectors 

and guides for the plug-in circuit boards were part of the Buckeye 

enclosure system.

PHOTO 2: Model 108-M4 rear panel. The customer requested that 

all controls and connectors be on the rear panel. This model was 

supplied in an adaptor for rack mounting.
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plug-in circuit boards (Photo 4), so it was fairly easy to 

produce a new generator model by putting the needed 

circuits on a new board or boards. The 0.5 and 0.75 second 

bursts were done with a preset counter board whose output 

reset the P-R shift-register. Thus the same sequence repeated 

every time the generator was triggered.

3. This example is not strictly an audio application, but 

it illustrates a method of using noise to evaluate a whole 

system, input to output. This could certainly apply to audio 

systems and I included it for that reason.

In the early 1960s Lyle Taylor and I worked on devel-

oping a new method using shaped white noise to measure 

the errors in a telemetry system10. We used low-pass 

filtering as the “shape” to simulate actual in-flight vibra-

tion data. We knew the analysis had to be based on an 

invariant of white noise. The mean (average) voltage is 

invariant and so is its square, assuming a stationary gen-

erator output, so we chose to integrate the squared voltage 

because it always has a positive value. (We used a random 

noise generator, a General Radio model 1390-A. Would 

P-R noise have been better? Maybe, but we didn’t have 

that option at the time.)

The block diagram of the measurement system is shown 

in Fig. 10. The system is calibrated by running the mea-

surement on just the noise generator output. Then the 

vibration measuring part of the telemetry system is driven 

by the noise and the system output is measured. The result 

is two graphs of integrated voltage versus frequency. (If we 

were doing this today, we would have digitized the inte-

grator output and the corresponding spectrum analyzer 

PHOTO 4: A typical 108-series plug-in circuit board. The gold-plated 

connector pins were crimped and soldered to the board conductors. 

The boards measure 4.6″ wide × 4.7″ high.
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frequency and stored the data in a PC table. In 1961 that 

option was not readily available!)

Leaving out all of the math, which is included in our 

paper on this project, we found the telemetry system intro-

duced a 29.5% total error in the simulated vibration data. 

Our paper, “Measurement of Telemetry System Errors,” 

was presented at and published in the Proceeding of the 

National Telemetry Conference11.

Photo 5 shows the measurement system (showing a lot 

of vintage electronic equipment).

4. P-R noise is a good substitute for music when you 

need a time-stable signal for making a measurement or 

adjustment. For example, the TDL model 4011 compan-

ion to the model 4010 “Restoration Preamplifier” lets you 

balance the left and right phono cartridge output voltage 

using a front-panel meter. But the circuit itself needs to be 

adjusted so that it has same response in both channels. In 

particular, there is a bandpass filter in each channel which 

is built using ±1% resistors and ±5% capacitors so there is a 

small variation between the two passbands. Applying equal 

pink noise voltages to left and right channel inputs makes 

this adjustment easy. “Real” music is not sufficiently time-

stable to do the job.

5. Measuring a loudspeaker’s response is difficult unless 

you have access to an anechoic chamber (minimal sound 

reflection but very expensive) or do the testing outdoors 

with its problems of environmental noise. Reflections 

from the room is a problem, so a large room with acousti-

FIGURE 10: Block diagram of the telemetry error mea-

surement system. Some of the key components are 

identified in Photo 5.
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cally deadened ceiling, walls, and floor is the next best 

testing location, but most of us don’t have this option. 

But useful testing in a smaller room is possible with some 

preplanning.

Sound travels at about 1100′ per second with some 

dependence on temperature and atmospheric pressure, but 

1.1′ per millisecond is close enough. You can use a pink 

noise burst from a “gated” P-R generator if you pay attention 

to the room size and pulse duration. The setup is shown in 

Fig. 11. You can use a room as small as 12 × 14′ if the floor 

is carpeted, the ceiling has acoustical tile, and some sound 

absorption is used on the walls12. Or, search the Internet for 

acoustical room treatment or the like. 

A noise burst of 10ms should work here, and you can 

increase this if more sound absorption is added. A 10ms 

burst doesn’t have much energy, so the room needs to be 

as quiet as possible. Turn off fans and other background 

noise before making the measurement. Another help is 

to use the Multi-Instrument software9 and select Linear-

averaging and Forever as the averaging time. This lets you 

accumulate the energy from a series of noise bursts spaced 

a second or more apart (to allow the room reflections to 

die out).

In Fig. 11, the speaker to microphone distance is 2-3′ 
maximum. This “near-field” measurement will accurately 

show the speaker’s response assuming a microphone and 

preamplifier with flat frequency responses. A “far-field” 

measurement always shows the response of the speaker 

and the room, but this, too, can be useful. Positioning the 

microphone at your listening position in your listening 

room can give you insights on adding sound absorption 

or speaker repositioning. You can use a longer noise burst, 

200-300ms, because you are going to hear the room reflec-

tions in your music, so you may as well see them in the 

noise spectrum. Your goal is to flatten the spectrum, or at 

least reduce narrow peaks and valleys.

During the 1970s I built noise burst P-R generators 

(models 108-M5 and 108-M9) for two well-known speaker 

manufacturers, so I know this method has a history of com-

mercial use. I also built 1/3-octave band spectrum analysis 

filters for one of the companies, so this is a clue to setting 

up the spectrum analyzer in Fig. 11.

6. Microphone calibration by comparison to a refer-

ence microphone can also be done with pink burst noise 

using the setup shown in Fig. 12. Place the reference 

and un-calibrated mikes side-by-side and in-line with the 

speaker cone as shown in Photo 6. You can use a noise 

burst duration of 300ms because both mikes will “hear” 

the same reflections. This calibration is best done with the 

PHOTO 5: Telemetry error measurement system. The General Radio 

model 1390-A Random Noise Generator is the upper-most unit on 

the left side. The voltage integrator is behind the unmounted rack 

panel in the center (on the cart), and the tall rack enclosure houses 

the Technical Products Company spectrum analyzer.

FIGURE 11: Block diagram of the loudspeaker measurement setup. The sync pulse 

out of the noise generator has the same duration as the pink noise burst.

FIGURE 12: Block diagram of the microphone comparison setup. Speaker 

cone to microphone distance is not critical and 15-18″ works fine.
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TrueRTA software7 because you can save both the refer-

ence mike response and the un-calibrated mike response 

to the Workbench and then take their difference to get the 

calibration response.

The speaker’s frequency response does not affect the 

measurement because both mikes receive the same signal. 

It is important to keep the power input to the speaker 

and the preamplifier gain constant for both measure-

ments. If the mike sensitivities are different, you can 

correct this by using the Shift command in the TrueRTA 

Utilities Menu. Shift the lower curve up until you get the 

best fit to the upper curve and then take the Difference 

(also on the Utilities Menu). Third-octave band analysis 

is a good starting point. Because of the mechanical design 

of microphones, you should get a smooth difference 

(calibration) curve.

FINAL REMARKS
Noise can be a useful measurement tool. It is probably 

under-used because of a lack of understanding, so I hope 

this article will give you some new measurement ideas. It 

appears that it may be difficult to find a gated P-R noise 

generator at this time, so I am designing the TDL model 

110. It will produce white and pink noise, have a step and 

fine output attenuator, and produce noise bursts in 10ms 

steps from 10ms to 490ms with a sync output. Please watch 

our website (www.tdl-tech.com) for more information.   VC

PHOTO 6: Microphone placement for calibration-by-comparison. The two 

mikes can be held side-by-side with masking tape with their front ends 

aligned to an equal distance from the speaker cone.
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Ron Tipton has degrees in electrical engineering from New 

Mexico State University and is retired from an engineering 
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Acoustic Patents 
By James Croft

�he following loudspeaker-related patents were filed 

primarily under the Office of Patent and Trademarks 

classification 181 for acoustical devices and 381 for electri-

cal-signal processing systems and HO4R for international 

patents. This also includes new patent applications that are 

published in the Patent Application Journal.  

RECTANGULAR HORN FOR  
VARIED ACOUSTIC DRIVERS
Patent Number: US 7,773,765

Granted: August 10, 2010

Inventors: Curtis E. Graber (Woodburn, Ind.)

Assignee: None listed

Filed: July 25, 2006

US Class: 381/342, 12 Claims, 6 drawings
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Patent 7,773,765.
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ABSTRACT FROM PATENT
A loudspeaker assembly is described suitable for flown 

arrays and incorporating a horn load planar or ribbon trans-

ducer. Planar acoustic transducers have a relatively limited 

power output capacity. Addition of a horn suitable for an 

elongated source effectively amplifies the power output 

capacity of the planar devices.

INDEPENDENT CLAIMS
“1. A loudspeaker system comprising: a rectangular horn 

having a rectangular throat, a rectangular mouth and a first 

pair of opposed sides exhibiting an hyperbolic or exponen-

tial flare; first and second line arrays of discrete acoustic 

transducers disposed in the first pair of opposed sides of 

the rectangular horn, the first and second line arrays being 

located parallel to one another, displaced from the rectan-

gular throat, equidistant from the rectangular mouth and 

tangential to opposed sides locally to be partially directed 

out of the rectangular mouth; and a planar electroacoustic 

transducer having a direction of elongation disposed across 

the rectangular throat parallel to the first and second arrays 

in its direction of elongation. 

“6. A modular sound reproduction system allowing essen-

tially indeterminate extension, the modular sound reproduc-

tion system comprising: an elongated housing defining a 

rectangular horn with a throat and a mouth, and first and 

second pairs of opposed sides; a planar acoustical loudspeak-

er located across the throat of the rectangular horn aligned 

on the direction of elongation of the elongated housing; the 

first pair of opposed sides extending outwardly from long 

edges of the throat with an exponential or hyperbolic flare; 

and first and second line arrays of discrete acoustic transduc-

ers disposed in the first pair of opposed sides of the elongated 

housing parallel to one another, displaced from the throat, 

equidistant from the mouth and tangential to the opposed 

sides locally to be partially directed out of the mouth.” 

REVIEWER COMMENTS 
Disclosed is one of the latest patents from the recently 

prolific Curt Graber. According to the invention, there is a 

loudspeaker system comprising a rectangular horn having 

a rectangular throat, a rectangular mouth and a first pair 

of opposed sides exhibiting a tractrix exponential flare. A 

planar magnetic transducer is disposed lengthwise, in a 

line-source format, in the throat of the rectangular horn. 

The first pair of opposed sides end in rounded edges 

where they form two sides of the mouth and continue in 

a low-diffraction form. The planar magnetic transducer 

may be slightly curved to form a large radius curve length-

wise. Where this is done, the rectangular horn would also 

conform to the same radius curve of the planar magnetic 

transducer.

First and second line arrays of discrete low frequency 

transducers may be placed opposite one another in the 

first pair of opposed sides of the rectangular horn. The line 

source system may be stacked in multiples to produce an 

even longer line source and may be “flown” in airborne 
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arrays for use in large venues. Planar magnetic transduc-

ers are most often—particularly in high level profes-

sional systems—crossed over to a lower frequency system 

at frequencies below approximately 1500Hz and therefore 

with the short wavelengths associated with that high of a 

crossover frequency, the low frequency drivers need to be 

fairly intimate with the planar magnetic device. This type 

of structure would be very effective at maintaining a closely 

coupled relationship at crossover, while providing efficiency 

and directivity enhancement from the horn coupling for the 

planar magnetic device.

In some embodiments the top and bottom of the rect-

angular horn structure would be capped, while in others 

it may have an open top and bottom, with waveguide 

control only in the horizontal plane. You might argue 

that prior art devices such as US Pat. No. 5,526,456 

“Multiple-driver single horn loudspeaker” patented by 

Ralph Heinz (not sited), or US Pat. No. 6,411,718, 

“Sound Reproduction Employing Unity Summation 

Aperture Loudspeakers” patented by Thomas Danley 

(sited and argued) would be considered obvious and bar-

ing art against a structure of this type. The novelty appears 

to be that of using a planar magnetic, continuous film 

line source device at the throat as opposed to an array 

of line-source-waveguide compression drivers. However, 

independent of whether the system is considered novel, it 

would most likely be a very useful device, capable of state-

of-the-art performance.   VC

Industry Watch
By Vance Dickason

Mark Graham, formerly president of 

Crown International, has joined Loud 
Technologies (www.loudtechinc.com) 

as CEO. Graham (Photo 1) succeeds 

Rodney Olson, who, over his two-year 

tenure as CEO, successfully steered Loud 

(parent company of Mackie, EAW, and 

Martin Audio, among others) through 

supply chain disruptions and the world-

wide economic downturn. Graham, a 

20-year industry veteran, remarked, “As 

both a former competitor, as well as audio industry veteran, 

I’ve closely followed LOUD’s moves over the years and have 

great admiration for the company’s brands and their lauded 

market positions. I look forward to joining the LOUD 

management team and working with them to build on the 

solid momentum they have begun. It is truly exciting to be 

joining the LOUD team which has such great potential to 

deliver compelling and innovative new products and solu-

tions to our customers.”

The Audio Engineering Society (AES, www.aes.org) 

recently announced the results of this year’s AES elections. 

Here are the new 2010-2011 officers who took charge of 

the organization as of November 14, 2010:

From our first ferrofluid-based manufacturing solutions in the 1970s, Ferrotec’s ferrofluid 
products have been recognized for their unparalleled quality and performance. When
we introduced Ferrosound® ferrofluid for audio speakers in the 70’s, Ferrosound quickly 
became the gold standard for audio speaker enhancement, and we’re continually 
innovating to keep pace with advances in speaker performance. 

Ferrotec’s success rate is unmatched—Ferrotec® audio fluids stay in the air gap of 
speakers better, offering a host of benefits.

© 2007 Ferrotec (USA) Corp. Ferrotec, Ferrosound and the Ferrotec logo are registered trademarks of the Ferrotec Corporation.

With standard and custom options that optimize viscosity and magnetic properties for 
most speaker sizes and configurations, Ferrotec can work with you to specify the right 
solution for your unique requirements. 

To learn more about Ferrosound solutions, visit our website at www.ferrotec.com or 
call us at 800-258-1788. 

• Higher speaker production yields
• Extended speaker life

• Superior sound quality
• Reduced power compression

Ferrofluid

Voice Coil

30 years and millions of speakers later,
customers still depend on Ferrotec 

Using Ferrofluid to fill air gaps 

in speakers, centers the assembly 

and reduces the need for tight 

tolerances. Ferrofluid also acts 

as a vibration damper and an 

excellent heat dissipation medium. 

®

PHOTO 1: LOUD Technologies 

CEO Mark Graham.
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- President Elect: Jan Abildgaard 

Pedersen (Photo 2)

- Secretary: Robert E. Lee Jr.

- Treasurer-Elect: Garry Margolis

- Vice President Eastern US and 

Canada: Robert W. Breen

- Vice President Western US and 

Canada: Sean E. Olive

- Vice President Northern Europe: Ville 

Pulkki

- Vice President Southern Europe: No 

nominations were received for this 

position

- Governors: Veronique Larcher, Peter G. Cook, and Bruce 

Craig Olson

Speaker supplier NHT (www.nhthifi.com), which last 

year adopted a web-only business model that combines 

B to C and B to B marketing, is rebuilding sales, running 

30% ahead of last year, and expects 20% gains in 2011, 

according to co-owner Chris Byrne. In part, the company 

is simply regaining ground lost after the company went 

“quiet” for several months last year to remake its business 

model, which launched in June 2009. But the increase also 

partly reflects a rebuilt dealer base of about 250 dealers, 

mostly installers but also independent and online retailers. 

About 50 of them signed up at the recent CEDIA Expo.

Additional gains are coming from the addition last year 

of complementary brands to the company’s website. Those 

products, including AudioQuest cables and Sanus stands, 

are sold only to consumers, not to dealers, and the brands’ 

suppliers fulfill consumers’ orders. Earlier this year, NHT 

added select Sherwood Newcastle receivers to the site, and 

the company is considering the addition of two more elec-

tronics lines, Byrne said. Other brands sold on the site are 

Omnimount and HRT USB-powered DACs. New NHT 

products will also contribute to growth. In late October, 

NHT announced the availability of four new speakers that, 

along with a new tower introduced earlier this year, mark the 

company’s first product introductions in about three years. 

 These and other NHT speakers are sold under a web-only 

B to B and B to C sales strategy. Although NHT sells 

direct to consumers via its website, the company also sells 

indirectly to consumers through installers and through 

online and brick-and-mortar retailers who are not required 

to stock NHT inventory. When an account sells an NHT 

product to a consumer, NHT will ship the product directly 

to the consumer who purchased it. Installers, who represent 

a majority of NHT’s accounts, can also opt to take delivery 

at their place of business before they begin an install. Only 

a handful of online and brick-and-mortar retailers carry 

NHT inventory. The company’s percentage of sales to deal-

ers is running at about 70%. This business model, accord-

ing to NHT, appeals to dealers because dealers don’t need 

to invest in inventory. The model also appeals to installers 

who are used to purchasing product only when it’s ready 

to be installed. Installs are also accustomed to purchasing 

products via credit card.

PHOTO 2: AES President-

Elect Jan Pedersen.
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Krell co-founder Dan D’Agostino launched a new com-

pany and the company’s first new product. The company, 

called Dan D’Agostino Inc. (www.dagostinoinc.com), 

launched the Momentum monoblock amplifier, said to 

combine extremely high power output in a compact 4 

× 12.5 × 18″ chassis with low power consumption. The 

Momentum will ship this fall at a suggested $42,000 per 

pair and will soon be followed by the Momentum preamp. 

That product is said to combine the functions of a tradi-

tional analog preamplifier and a digital media server.

D’Agostino resigned from Krell’s board in March, a 

D’Agostino spokesperson said. Late last year, he and Krell 

co-founder Rondo D’Agostino filed a lawsuit against 

private-equity fund KP Capital Partners and current 

KP-allied Krell executives to regain their management roles 

at the high-end audio company they founded in 1980. The 

suit is ongoing and Rondi D’Agostino remains on the Krell 

board.

In this difficult economy, which is an understatement, 

loudspeaker manufacturers are reaching for new sales 

programs to stimulate business. Meridian (www.meridian-

audio.com) plans to offer the minimum value trade-up price 

to existing Meridian loudspeaker customers against the 

purchase of its latest digital active models. The promotion 

will last until Dec. 31. All consumer owners of Meridian 

floor-standing, stand-mounting, center-channel, and book-

shelf loudspeakers will be offered an opportunity to trade 

up to the current range of Digital Active Loudspeakers, 

the company said. The promotion applies to the follow-

ing models: DSP6000, DSP7000, DSP5500, DSP5000, 

DSP3100, DSP33, D6000, D600, D10, D2500, D1500, 

M3100, M33, M60, M100, M30, M20, M10, M3, M2, 

M1, M2500, M1500, A500, A3, A2, and A1.

Along the same type of promotion lines, Rockford 
Fosgate (www.rockfordfosgate.com) announced the launch 

of its What’s Your Volume 2.0 video contest and sales pro-

motion. Consumers are invited to create a video explain-

ing why they are the “Ultimate Car Audio Fanatic.” The 

grand-prize winner will receive a Suzuki GSX-R600 sport 

bike, $5000 in Rockford Fosgate audio gear, a ContourHD 

video prize pack, and a spot in Rockford Fosgate Volume 
Magazine. First-place winners will receive a $2500 prize 

package, while second place receives a $1000 prize package, 

and third gets a $500 prize package. Those who receive the 

votes for fourth through 25th will receive a pair of Punch 

Plug in-ear monitors. The contest began Oct. 1 and runs 

through Nov. 1. Voting for participants starts Nov.2 and 

ends Dec. 31.

The 12-Volt Initiative (www.12voltinitiative.com), 

formed in 2008 to raise awareness of the car electronics 

aftermarket, said it will reinvent itself and develop a “new 

business model for a category marketing campaign” follow-

ing the launch last year of a viral Internet video campaign 

that drew mixed reviews from industry members. “We 

learned from 2009’s viral Internet campaign that com-

mitted industry companies and stakeholders can work 

together for the common good of the industry,” said Steve 

Witt, executive VP of Dice Electronics and a member of 
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the Initiative’s working group. The group was pleased with 

overall performance, especially as proof of concept, but the 

campaign also generated a great deal of feedback from the 

12-volt industry.

The working group also said it is actively seeking sup-

port from a broader group of businesses that have a stake 

in the aftermarket industry. The group’s members consist 

of representatives from Alpine, Clarion, Dice, Pioneer, 
and Sony. “With the difficult economic conditions we are 

facing,” said Larry Rougas, marketing and product planning 

VP of Pioneer, “we need to band together as an industry 

and make it easier for 12-volt manufacturers, retailers, and 

other interested parties to participate with the Initiative in 

the development and implementation of the next phase.” 

The Initiative also announced a change in management 

structure, with Steve Witt no longer serving as acting chair 

or Pioneer’s Larry Rougas serving as vice chair. The two 

have rejoined the interim working group as equal members.

The group has been working to determine the most 

viable business model for a category marketing campaign, 

and its next step is to issue a request for proposals to a vari-

ety of marketing/PR companies to develop a strategy for the 

next campaign, the group said. Elements of the strategy will 

be implemented by participating members in their own PR 

campaigns to make certain a similar message is communi-

cated to the end consumer, the group noted. The Initiative 

also said it is looking for management companies that spe-

cialize in non-profit organizations for additional support.

Audiovox (www.audiovox.com) reported slightly higher 

sales but lower net income in its fiscal second quarter, ended 

Aug. 31. Net sales for the second quarter were $129.3 mil-

lion, an increase of 3.5% compared with net sales of $124.9 

million reported in the comparable year-ago period. Net 

income for the quarter was $600,000, compared with net 

income of $2.8 million a year ago. Net income for the prior 

year included an income tax benefit of $1.6 million.

Holiday retail sales will increase 2.3% this year, to 

$447.1 billion, the National Retail Federation said. Such 

an increase would mark an improvement from both 2009 

and 2008, which saw a 0.4% increase and a 3.9% decrease, 

respectively. Retailers are expected to focus on supply-chain 

efficiencies and inventory control this holiday season to 

limit their exposure to excess merchandise and unplanned 

markdowns. Not surprisingly, consumers will once again 

pay strong attention to prices. Jack Kleinhenz, NRF chief 

economist, expected retailers to compensate for this by 

offering “significant promotions throughout the holiday 

season and emphasizing value throughout their marketing 

efforts.” NRF (www.nrf.com) bases its holiday sales forecast 

on such indicators as employment, industrial production, 

disposable personal income, and previous monthly retail 

sales reports.

Depending upon the survey being followed, con-

sumer confidence was either up or down for September. 
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According to a study released on Sept. 28 by the 

Consumer Electronics Association (CEA, www.ce.org) 

and CNET (www.cnet.com), consumer confidence in the 

economy climbed more than five points in September. 

Confidence in consumer electronics rose slightly, by more 

than one point, as well. However, the Conference Board’s 

Consumer Confidence Index for September (www.con-

ference-board.org), also issued on Sept. 28, saw confi-

dence fall to 48.5, down from 53.2 in August. The above 

figure is based on the organization’s measuring system, in 

which figure of 1985 equals 100%. The study is based on 

a sample of 5,000 US households and is updated monthly. 

The CEA-CNET Index of Consumer Expectations (ICE) 

rose more than five points in September to 163.4. The 

ICE, which measures consumer expectations in the overall 

economy, has rebounded in the past two months since the 

index reached an all-time low of 157.3 points in July. The 

ICE, however, is down nearly six points from this time 

last year.

MartinLogan (www.martinlogan.com) is bringing 

electrostatic speaker technology below $2000/pair in its 

lineup with the CEDIA Expo introduction of the $1995/

pair ElectroMotion ESL (Photo 3), scheduled for March 

shipment. The speaker, the first in a series that will include 

center-channel and surround speakers, features a full-size 

34″ tall curvilinear XStat electrostatic transducer, whereas 

the current opening price electrostatic speaker at $2195/

pair features a 28″ panel, as does a $3295/pair model. A 

speaker with a 40″ panel retails for $4295/pair. The com-

pany’s electrostatic speakers 

are priced up to $21,832/pair 

for a model with a 57″ panel. 

This new speaker, according to 

MartinLogan, establishes a new 

benchmark for price versus per-

formance and represents a bold 

new direction for electrostatic 

loudspeaker design. It’s also 

the most affordable full-size 

XStat electrostatic transducer 

designed.   

The ESL’s high- and mid-

frequency electrostatic panel is 

coupled with an 8″ high-excur-

sion, doped fiber-cone woofer. 

The speaker features AirFrame 

technology similar to that of the 

company’s flagship electrostatic 

speakers to make the electrostat-

ic panel rigid without obstruct-

ing the playable surface area or 

interfering with dipole sound 

radiation. The Xstat electrostatic 

transducer was designed in a way 

to reduce the thickness of the 

panel’s steel stators to make the 

panel very visually transparent, 

the company added.   VC
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