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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 
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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.



8 VOICE COIL

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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FINESPL™ 
Loudspeaker measurements in any room

1 license = $ 300.00

www.loudsoft.com

Other features:
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• Room measurements:
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• Compare and save SPL curves
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A
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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, 



28 VOICE COIL

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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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, 
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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.



JULY 2010 E7

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
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