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Happy 24th Anniversary, Voice Coil!
November 2010 marks the beginning of Voice Coil’s 

24th year as an information resource for the loudspeaker 

industry. Voice Coil magazine started with a conversation 

between Ed Dell and myself following the Audio Amateur 

Inc. publication of the 3rd edition of the Loudspeaker Design 

Cookbook. Ed related to me a concept of producing a pub-

lication that would become an information “superhighway” 

for the loudspeaker industry. Needless to say, I considered it 

not only an outstanding concept for a new publication, but 

something I thought the industry needed badly and would 

happily support. Obviously, after 24 years, we were both 

correct in moving forward with the publication. However, I 

will have to say that it was Mr. Dell that came up with the 

name, Voice Coil, and as they say, the rest is history.

From the first issue in November 1987 until June of 

1995, Voice Coil was a monthly subscription-based black-

and-white four-page newsletter that was written entirely 

by me, with no other contributors and no advertising. 

However, the 1995 June issue jumped to 20 pages (we are 

currently about 30-40 pages each month!) of four-color 

printing on glossy paper and advertiser-driven with no sub-

scription fee. As we head into the era of digital delivery,

Voice Coil just this year became available as an Internet-

delivered subscription.

Besides the change in printing, distribution, and digital 

delivery, Voice Coil began to include other contributors such 

as Jim Croft, Mike Klasco, Pat Turnmire, Charlie Hughes, 

Steve Mowry, and many others over the years. Support has 

come not only from some of the industry’s finest engineers, 

but by the generosity of analyzer/software manufacturers 

such as Klippel GmbH, LinearX, Listen Inc., Audiomatica, 

and DRA Labs who have supplied Voice Coil with some of 

the best test equipment and loudspeaker software available.

As the loudspeaker industry has grown and matured, 

Voice Coil continues to be what its originator and publisher 

Ed Dell conceived it to be—a world-class clearing-house 

of information for loudspeaker engineers, manufacturers, 

marketers, and OEM suppliers. Evidenced by the participa-

tion of writers, advertisers, and readers, Voice Coil continues 

to be well received by the entire loudspeaker industry. Each 

year has brought increased circulation as more engineers, 

technicians, purchasing agents, and marketing experts dis-
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cover what we have to offer.

On behalf of myself, Vance Dickason, Editor; Edward T. 

Dell, Publisher; and the entire staff at Audio Amateur Inc. 

who make this publication possible, we would like to thank 

all our readers and advertisers for their continued enthusi-

asm and support.

Check Out audiobytz
AAI (Audio Amateur Inc.), the folks who bring you 

Voice Coil and Multi Media Manufacturer on the profes-

sional side, and audioXpress on the DIY side, has recently 

(Volume 1, issue 1 went out on April 1) launched a new 

Internet-delivery newsletter titled audiobytz. Captained by 

audio industry publishing veteran David Ranada (technical 

editor for such magazines as Stereo Review, High Fidelity, 

and Sound & Vision), audiobytz basically presents David’s 

relentless research into what’s going on in audio. He shares 

his results with all of us in a new twice monthly newsletter. 

While audiobytz doesn’t focus on loudspeakers the way that 

Voice Coil magazine does, it does have a lot of information 

relevant to the industry. I looked through the archives and 

was definitely impressed. Check out the following:

1. Woven Speakers (Volume 1, Number 10, August 5, 

2010)—describes research at MIT into piezoelectric fiber 

transducers and the implications for future loudspeakers.

2. Improving Cell Phone Audio (Volume 1, Number 

12—September 2, 2010)—short piece about current 

innovations designed to improve cell phone audio 

quality.

3. Online Hearing Test (Volume 1, Number 11, August 

19, 2010)—this piece talks about an interesting 

online hearing test offered by the Acoustics Lab of the 

University of New South Wales in Sydney, Australia.

4. Still Crazy After All These Years (Volume 1, Number 

8, July 8, 2010)—David talks about Sandy Gross’s 

new company GoldenEar Technology (also featured in 

Industry Watch, August Voice Coil).

5. More on Mikes (Volume 1, Number 9, July 22, 

2010)—While the article on recording microphone 

is interesting, what I picked up on was a reference to 

Audio Media magazine’s free buying guide for Studio 

Monitor Speakers, a product dear to my heart.

As you can see, audiobytz has a lot of information most of 

us would like to read about. You can sign up for this no-cost 

(as one local advertiser in Portland, Oregon, liked to pitch 

“Free is a very good price!”) at www.audioXpress.com.

FINESPL User Report
LOUDSoft’s latest low-cost R&D analyzer, FINESPL 

was sent to me for review a few months back. Due to 

various time requirements, I haven’t been able to include 

it until this month; however, it was worth the wait! At a 

mere $300 for a software FFT analyzer capable of both 

SPL and impedance measurements and designed by one of 

the industry’s premier loudspeaker engineers, it may be the 

bargain of the year.

Before I describe my experience with the FINESPL, I 

must admit that the data I took was saved directly to a USB 

key that has unfortunately turned up missing (roving black 

holes I suspect). So rather than use my original graph files, 

I’m going to be using the graphs mostly included in Peter 

Larsen’s FINESPL tutorial, but Peter’s measurements look 

pretty much the same as mine, except the speaker I used 

measured much better!

FINESPL will work with pretty much any soundcard, 

whether it’s an internal Sigma Tel type, a PCMCIA type 

such as the Digigram VXpocket V2 high performance 

sound card, or an external sound card such as the Creative 

Labs or Turtle Beach USB sound cards. Like the examples 

in Peter’s FINESPL tutorial, I used the internal soundcard, a 

Sigma Tel, in my Dell laptop. Setup is just a matter of soft-

ware installation (you must be on the Internet to confirm 

the software license key) and verifying that your soundcard 

is selected in the Control Panel utility for both playback 

and record.

Once set up, I proceeded to execute a first SPL measure-

ment. Figures 1 and 2 give the connection diagrams for 

both SPL and impedance. FINESPL is a fairly sophisticated 

analyzer and has facilities for calibrating both the soundcard 

and the microphone. Two options are provided (Fig. 3), 

either importing a calibration file such as a .txt file for your 

microphone, or via an internal loopback measurement for 

the soundcard.

Calibration accomplished and a measurement micro-
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phone plugged into the computer audio input and the 

Parasound 100W amplifier I use for measurements con-

nected to the headphone output. I performed the first 

impulse measurement by selecting “SPL” in the lower left 

hand of the screen (choices are SPL, Impedance, and TS 

Parameters) and then by hitting the “Measure” button in 

the upper right hand quadrant of the screen. The analyzer 

uses an auto delay function to compensate for an internal 

computer delay, and displays the impulse along with an 

unwindowed inverse FFT SPL curve as seen in Fig. 4. The 

impulse curve at the top of the page shows a first reflection 

at about 2.5mS, indicating that the speaker was only about 

3′ from the nearest reflection and with the microphone set 

at 1m. The program uses a 9600 sample/200mS default, 

so the SPL is pretty much the room response with all the 

associated reflections.

Moving the microphone to 0.5m and setting the cosine 

window to 10mS, you get a better semi-anechoic look at 

the speaker in Fig. 5. Note that the graph is displaying 

both the magnitude and phase of the measurement as well 

as the previous curve (the red SPL curve using a 2.5mS 

cosine window). A more obvious example of compar-

ing two curves is shown in Fig. 6, another unwindowed 

room measurement, but the red curve is on-axis and the 

red curve is 30° off-axis. Note also that this curve has the 

FINESPL smoothing algorithm applied and is a 1/3 octave 

smoothing. FINESPL gives the user the choice of either no 

smoothing, or 1/3, 1/2, or 1/1 smoothing. Note also that 

the 10dB scale has been selected, but can be reset to 5dB if 

you desire another scale.

With SPL measurements successfully accomplished, I 

next tried to do some impedance measurements using the 

setup illustrated in Fig. 2. The first impedance measure-

FIGURE 1: FINESPL SPL connection diagram.

FIGURE 2: FINESPL impedance connection diagram.

FIGURE 3: FINESPL calibration screen.

FIGURE 4: FINESPL main screen without windowing applied to the impulse response.

FIGURE 5: FINESPL main screen with windowing applied to the impulse response.
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ment was a system impedance plot show in Fig. 7.  Note 

that the series resistor employed for FINESPL is 1Ω and a 

5W resistor is probably a good idea just in case you happen 

to leave the amplifier volume wide open. Also note that the 

drop in impedance above 20kHz is just the analyzer going 

out of its operating range.

Last, I used FINESPL to perform a woofer T/S param-

eter calculation.  FINESPL will use all three types of 

methods to obtain Vas, which includes Fixed Mmd, delta 

mass, and delta volume, which can be selected in the input 

window on the right side of the screen. My favorite and the 

most accurate method is to use Fixed Mmd, but you must 

know the physically measured mass of the cone assembly 

(cone, surround, spider, voice coil, and lead wires) with 

50% of the surround, spider, and lead wires removed. 

Figure 8 shows the result which gives the typical readout 

of essential T/S parameters for box calculations.

For $300, LOUDSoft has given the industry a powerful 

low-cost FFT analyzer, easy to keep on your laptop and take 

with you any time you are out of the office, or keep handy 

as a backup analyzer, or if need be, good enough to be a 

primary instrument. For more, visit www.loudsoft.com.

ALMA 2011 Winter Symposium
The ALMA Winter Symposium and 50th Anniversary 

Gala program is finalized and promises to be a stellar 

one. This year’s theme, Loudspeakers: Yesterday, Today and 

Tomorrow celebrates the founding of ALMA 50 years ago. 

The Board of directors hopes everyone in the loudspeaker 

industry will join them in Las Vegas, January 3 to 6, for three 

days of educational papers, trainings, round-table discussions, 

standards committee meetings, exhibits and networking 

before the CES commences. One of the main highlights 

is the 50th anniversary Gala celebration, co-sponsored by 

Voice Coil magazine, where the first-ever industry recognition 

awards, “The Driver Awards” will be given out and where the 

student loudspeaker competition winners will be announced.

ALMA has come a long way in 50 years. The organi-

zation was originally founded in 1961 as the American 

Loudspeaker Manufacturers Association (ALMA), and 

in 2001 changed its name to ALMA, the International 

Loudspeaker Association® to reflect its new, geographically 

diverse membership base.

ALMA—the International Loudspeaker Association is 

the only not-for-profit trade association in the world open 

to companies that design, manufacture, sell and/or test 

loudspeakers, loudspeaker components, and loudspeaker 

systems. Individuals, academic institutions, and full-time 

students participating in this field are also eligible to join. 

Today, ALMA’s membership is global, with membership 

from North, Central, and South America, Europe, Asia, 

India, Australia, and New Zealand.

On Monday, January 3, from noon until 5:00 p.m. the 

ALMA Board of Directors will hold an annual meeting. 

This is where most of the planning for the new year is 

initiated and discussed. Members are always welcome to 

attend especially if a member may have an interest in join-

ing the Board and is curious about how the Board works. 

FIGURE 6: FINESPL main screen room analysis example.

FIGURE 7: FINESPL system impedance plot.

FIGURE 8: FINESPL T/S parameter screen.
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The Board of Directors is interested in fostering new people 

onto the Board.  This is a great way to get exposure to what 

ALMA Board membership entails. There will also be a 

“Presidents Dinner” for members only and invited guests. 

This is a first-time event and is designed so members can 

have some quality time with other members and guests.

The ALMA Board of Directors will be announcing a 

new partnership with the Chinese Electronics and Acoustics 

Association Division (CEAD) at this year’s symposium. 

CEAD is the Chinese equivalent of ALMA. This collabora-

tion is a commitment by both ALMA and CEAD to share, 

in every way possible, new and innovative information that 

will benefit the members of both organizations as well as 

the loudspeaker industry. CEAD is made up of loudspeaker 

engineers and factory directors, similar to the anatomy of 

ALMA. Collaboration around protection of intellectual 

property rights will be a focus of the two associations.

ALMA 2011’s three outstanding training sessions will begin 

early on Tuesday, January 4 and will include “Loudspeaker 

System Design” by Peter Larsen of LOUDSOFT, “How 

to Listen” by Dr. Sean Olive of Harman International and 

“Sound Quality of Audio Systems” by Dr. Prof. Wolfgang 

Klippel of Klippel GmbH (for more details on the training 

sessions, check out your October issue of Voice Coil or go 

online and get out the digital copy of the October issue).

Tuesday afternoon’s panel discussion will be moderated by 

Stu Lumsden, president of ALMA and Chief of Engineering 

at Polk Audio and is titled Industry Icons—ALMA 50th 

Commemorative. The “Industry Icons” panel discussion 

will feature Don Keele, Andy Kotsatos of Boston Acoustics 

and other notable loudspeaker industry personalities. That 

same evening ALMA will host its 50th Anniversary Gala 

Celebration Dinner with keynote speaker Shawn Dubravac, 

Chief Economist & Director of Research for the Consumer 

Electronics Association (CEA). Mr. DuBravac will provide 

crucial economic analysis to association and industry leaders 

regarding future economic activity and the relative health of 

the consumer electronics (CE) industry. He will also discuss 

research into technology trends that underpin the industry 

including the industry’s new Smartphone index, developed 

in partnership with NASDAQ, and the CE consumer con-

fidence index, created in partnership with CNET. DuBravac 

has been widely published on the topics of finance, eco-

nomics, and technology. His keen insights regarding the 

economic drivers of the global consumer electronics industry 

have made him a highly sought-after speaker and commen-

tator. Shawn travels both internationally and domestically 

to meet with CE industry leaders and make presentations 

about technology and the economy. In addition, his analysis 

has appeared in the Wall Street Journal, the New York Times, 

the Financial Times, the Los Angeles Times, Barron’s, CNN, 

MSNBC, and other media outlets.

Wednesday’s activity will include ALMA’s Soft 

Components Subcommittee, Standards and Education 

committee meetings, followed by invited papers.  This year’s 

Technical Papers include:

- A New Beryllium Dome Diaphragm for Large Format 

Compression Drivers by Marshall Buck, Ph.D

- Intro to CBT Arrays by Don Keele

- Practical Implementation of Perceptual Rub & Buzz 

Distortion by Steve Temme of Listen, Inc.

- Automatic EQ, Crossover and Alignment of Speaker 

Systems by Miguel Chavez of Analog Devices

- Detection of Air Leaks in Loudspeaker Systems by Dr. 

Prof. Wolfgang Klippel of Klippel GmbH

Following the paper presentations, the popular Round Table 

discussion will be co-chaired by Dan Digre of MISCO and 

Alan Babb of Bosch Security Systems (EV). The topic, “How 

do you see the Past, Present, and Future of Loudspeakers?” 

promises to be an interesting discussion continuing the 

theme of the symposium. Topics covered will include:

- Manufacturing Equipment and Techniques

- End of Line Testing and Quality Standards

- Loudspeaker Technology

- Loudspeaker Design Methods—Software and test and 

measurements

Loudspeaker Materials and Sources

The symposium will wrap with a panel discussion hosted 

by Dr. Sean Olive on “Listening” and features other experts 

including Laurie Fincham, Matthew Polk and others. And 

last, there will be a grand-finale networking reception where 

attendees and exhibitors will be able to catch up on any 

business left unaddressed or otherwise explore new business 

relationships made over the course of the symposium.   VC
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Test Bench
 

Pro Sound 18″ Woofers from 
Eighteen Sound and Faital
By Vance Dickason

�his month Voice Coil welcomes Eighteen Sound to 

the Test Bench column for the first time. It’s probably 

fitting that Eighteen Sound sent me one of their high per-

formance 18″ neodymium woofers, the AES 1800W power 

handling 18NLW9600. Faital Pro, another well-known 

Italian-based pro sound driver manufacturer, also sent an 

18″ neodymium woofer, the 18FH500.

18NLW9600
Eighteen Sound was founded in 1997, when AEB 

Technologies (www.aeb-srl.com) directors Ivan Paterlini 

and Vincenzo Baroni decided to diversify their electronic 

automotive control systems business by branching out 

into the professional loudspeaker market. By early 1998, 

the team had been assembled at AEB’s existing plant in 

Cavriago, near Reggio Emilia, in North Italy’s high preci-

sion industrial mechanics heartland, and then the first cone 

driver unit came off the production line.

AEB has four divisions, AEB Alternative Fuel Electronics 

(control systems for CNG and LPG auto fuel systems), 

Aquatronics Aquarium Control Systems, AEB Robotics, 

and, of course, Eighteen Sound. Because of their involve-

ment in manufacturing robotics, Eighteen Sound has two 

highly automated manufacturing lines for cone drivers and 

a separate automated line for high-frequency compression 

drivers, all of which contributes to a high level of QC.

The first driver Eighteen Sound sent to Voice Coil was 

coincidentally enough one of their 18″ extended low-

frequency woofers, the neodymium motor 18NLW9600 

(Photos 1 and 2). This is a very high power handling pro 

sound woofer with many impressive features, starting with 

a custom proprietary frame. This frame has six large spokes 

designed to handle the driver’s 27.76 lbs., and incorporates 

six 45mm × 5mm vents between the spider mounting shelf 

and the motor for cooling. The neodymium ring magnet 

motor system housing provides two additional cooling 

paths that includes 12 7mm diameter peripheral vents plus 

a central pole vent. With a 5.3″ diameter dual winding 

voice coil generating substantial heat at high SPLs, special 

attention was paid to the FEA optimization of the air flow 

over the voice coil. The unit incorporates a unique foam 

air flow diffractor in the air path to decrease audible noise 

produced by the substantial air flow.

The cone assembly incorporates a coated and treated 

ribbed flat profile paper coat that has a final weatherproof-

ing coat applied with a likewise coated 6″ diameter paper 

dust cap. Suspension is provided by a triple roll coated 

polycotton surround and a large 8.5″ diameter Triple 

Silicon Spider (TSS). Coupling this to the motor system is 

a 5.3″ (135mm) inside/outside Interleaved Sandwich Voice 

Coil (ISV) wound with copper-clad aluminum wire on a 

non-conducting fiberglass former. The motor system also 

incorporates an aluminum shorting ring (Faraday shield) at 

the back of the magnetic circuit. Last, the tinsel lead wires 

are insulated and looped and glued to the center roll of the 

spider and terminated to a pair of chrome-plated color-

coded push terminals.

Testing for the 18NLW9600 commenced using the 

LinearX LMS and VIBox to produce both voltage and 

admittance (current) curves with the driver clamped to a 

rigid test fixture in free-air at 1V, 3V, 6V, 10V, 15V, 20V, 

and 30V. The Eighteen Sound woofer was linear in free air 

up to the 30V sweep and probably would have remained 

linear at least 40V or 50V, but even with ear protectors, and 

the test room door closed, it’s incredibly loud. Also please 

note that the LMS oscillator is set to 200Hz and turned on 

for a progressively increasing time period between sweeps, 

a procedure necessary to raise the voice coil temperature 

to the level approximating the 3rd time constant for each 

voltage step. Last, as has been become the protocol for these 

tests in the last year, I no longer use a delta mass or delta 

compliance test method to determine the driver Vas, but 

instead use the fixed Mmd gram weight supplied by the 

manufacturer.

Following the sine sweep VIBox testing, I post-processed 

the 14 550-point stepped sine wave sweeps for each sample 

and divided the voltage curves by the current curves to 

generate the multi-voltage impedance curves. I calcu-

PHOTO 2: 

18NLW9600 

bottom.

PHOTO 1: 

18NLW9600 

top.
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lated the phase and, along with the accompanying voltage 

curves, imported this data into the LEAP 5 Enclosure Shop 

software. Because virtually all T/S data provided by OEM 

manufacturers is being produced using either a standard 

method or the LEAP 4 TSL model, I additionally produced 

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

selected the complete data set, the multiple voltage imped-

ance curves for the LTD model (see Fig. 1 for the woofer 

1V free-air impedance curve) and the 1V impedance curves 

for the TSL model in the Transducer Derivation menu in 

LEAP 5, and produced the parameters for the computer 

box simulations. Table 1 compares the LEAP 5 LTD and 

TSL data and factory parameters for both Eighteen Sound 

18NLW9600 samples.

The measured data on the two 18NLW9600 8″ samples 

was satisfactorily close to the Eighteen Sound published 

data. I next used the sample 1 LTD data to program com-

puter enclosure simulations. This included two vented 

alignments. Using the LEAP 5 Quick Design utility called 

for a 0.96ft3 QB3 box tuned to 54Hz. Figuring at least a 

20″ × 20″ baffle to mount the woofer, the box depth would 

be less than the woofer’s mounting depth, so I put together 

a set of alternate vented box tunings. I set the first vented 

enclosure at 2.0ft3 with 15% fiberglass fill material tuned 

to 60Hz, while the second was a modified EBS (Extended 

Bass Shelf ) 3.0ft3 vented alignment enclosure with 15% 

fiberglass fill material and tuned to 60Hz.

Figure 2 gives the results for the 18NLW9600 in the 

2.0ft3 and 3.0ft3 EBS vented enclosures at 2.83V and at 

a voltage level high enough to increase cone excursion to 

Xmax + 15% (11.5mm). This produced a -3dB frequency 

of 61Hz (-6dB = 53Hz) for the 2.0ft3 enclosure and F3 

= 48Hz (F6 = 42Hz) for the 3.0ft3 EBS vented simula-

tion. Increasing the voltage input to the simulations until 

the maximum linear cone excursion was reached resulted 

in 125dB at 70V for the 2.0ft3 enclosure simulation and 

124dB with a 73V input level for the larger vented box (see 

Figs. 3 and 4 for the 2.83V group delay curves and the 

70/73V excursion curves). I chose the 70/73V levels because 

the excursion was exceeding the 11.5mm below 30Hz.

FIGURE 1: Eighteen Sound 18NLW9600 woofer free-air impedance plot. FIGURE 3: Group delay curves for the 2.83V curves in Fig. 2.

FIGURE 4: Cone excursion curves for the 70V/73V curves in Fig. 2.FIGURE 2: 18NLW9600 computer box simulations (A = vented 1 at 2.83V; 

B = vented 2 at 2.83V; C = vented 1 at 70V; D = vented 2 at 73V).

 TSL model  LTD model  Factory
 Sample 1 Sample 2 Sample 1 Sample 2  

FS 37.7Hz 37.7Hz 36.1Hz 36.1Hz 34Hz      
REVC 4.61 4.52 4.61 4.52 4.7    
Sd 0.116 0.116 0.116 0.116 0.114
QMS 5.75 5.82 5.09 5.04 8.7      
QES 0.30 0.29 0.27 0.26 0.29   
QTS 0.28 0.28 0.25 0.24 0.28         
VAS 127.1 ltr 127.2 ltr 140.0 ltr 140.1 ltr 149 ltr     
SPL 2.83V 95.5dB 95.5dB 95.8dB 95.9dB 97dB        
XMAX 10mm 10mm 10mm 10mm 10mm   
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Klippel analysis for the 18NLW9600 produced the 

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

in Figs. 5-8. The Bl(X) curve (Fig. 5) is very broad and 

reasonably symmetrical with some offset. The Bl symmetry 

plot (Fig. 6) shows 2.4mm of forward (coil-out) offset in 

the rest position decreasing to 1.2mm forward offset at the 

driver’s physical Xmax, and decreasing toward zero as the 

driver exceeds Xmax. Figures 7 and 8 depict the Kms(X) 

and Kms symmetry range curves. The Kms(X) curve is also 

mostly symmetrical, with a 2.7mm forward, coil out, offset 

at rest that decreases to 2.5mm at the 10mm physical Xmax. 

Displacement limiting numbers calculated by the Klippel 

analyzer were 13.2mm for XBl at 70% (Bl decreasing to 

70% of its maximum value) and 15.3mm for XC at 50% 

(compliance decreasing to 50% of its maximum value), 

which means that the Bl was the limiting factor for the 

prescribed distortion level of 20% for subwoofers.

Figure 9 displays the inductance curve L(X) for the Eighteen 

Sound pro sound woofer. Inductance will typically increase in 

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

covers more pole area unless the driver incorporates a shorting 

ring. Because the 18NLW9600 does incorporate an aluminum 

demodulation ring (shorting ring) in the motor assembly, there 

is only an extremely minor change in inductance, which has a 

maximum of only 0.15mH from Xmax in to Xmax out.

Because most 18″ woofers, such as the 18NLW9600, 

are primarily intended for frequencies below 100-150Hz, 

I dispensed with the SPL measurements. However, Fig. 10 

FIGURE 5: Klippel Analyzer Bl (X) curve for the Eighteen Sound 18NLW9600. FIGURE 8: Klippel Analyzer Kms symmetry range curve for the 

18NLW9600.

FIGURE 9: Klippel Analyzer L(X) curve for the Eighteen Sound 18NLW9600.

FIGURE 10: 18NLW9600 Factory on-axis and off-axis frequency response.

FIGURE 6: Klippel Analyzer Bl symmetry range curve for the 18NLW9600.

FIGURE 7: Klippel Analyzer mechanical stiffness of suspension Kms (X) 

curve for the Eighteen Sound 18NLW9600.
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gives the factory SPL curve both on-axis and 45° off-axis. 

Looking at this, I am sure you could produce a three-way 

with the first crossover frequency at 300Hz-400Hz with 

this woofer.

For the last test on the Eighteen Sound woofer, I used 

the Listen Inc. SoundCheck analyzer and SC-1 micro-

phone (courtesy of Listen Inc.) to measure distortion. 

Again, because I am not dealing with frequencies much 

above 100Hz as a subwoofer, I also did not use Listen 

Inc’s. SoundMap software for time frequency presentations 

and went ahead measuring the driver distortion. Setting 

up for the distortion measurement consisted of mounting 

the woofer rigidly in free-air, and setting the SPL 104dB 

at 1m (7.82V) using a noise stimulus (SoundCheck has 

a software noise generator and SPL meter as two of its 

utilities), and then measuring the distortion with the Listen 

Inc. microphone placed 10cm from the dust cap. This 

produced the distortion curves shown in Fig. 11 for the 

18NLW9600 woofer.

This is my first experience with an Eighteen Sound prod-

uct, and I am happy to report that this woofer is an intel-

ligently conceived and well-crafted design, not to mention 

being an enormously robust 18″ woofer. For more informa-

tion on this and other pro sound products from Eighteen 

Sound, contact Eighteen Sound, via dell’Industria, 20 

42025 Cavriago, Italy, (39) 052 249-4402, Fax (39) 052 

249-4410, e-mail info@eighteensound.com, or visit www.

eighteensound.com.

FIGURE 11: Eighteen Sound 18NLW9600 SoundCheck distortion plot.
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18FH500
The second driver I examined also comes from Italy, but 

this time from Faital Pro. This month I received a new 18″ 

from Faital’s 500 line of cost-effective pro sound woofers, 

the 18FH500 (Photo 3). Weighing in at a mere 10.4 lbs., 

the roadies are going to love this woofer! But don’t let the 

light weight fool you; this Faital woofer delivers good per-

formance, as you will see in the course of this explication.

Like the entire line of Faital’s neodymium motor pro 

sound woofers, the 18FH is built on a very stylish propri-

etary cast aluminum frame that is designed to also perform 

as a heatsink for the motor system. Using a series of eight 

spokes, the frame terminates in a flat mount for the rear of 

the motor magnetic return cup. If you look at the rear of 

the 18FH500 (Photo 4), you will notice a stamped metal 

cone-shaped fixture that fits to the bottom of the spider 

mounting area of the frame and encircles the motor return 

cup. This forms a substantial thermal path that exhausts 

360° around the motor return cup that contains the single 

neodymium slug style magnet. The depth of this 360° 

exhaust port is about 0.19″ with a diameter of 4.25″, for 

an area that measures about 1.25 in2, which is substantial.

The cone assembly consists of an 18″ diameter uncoated 

curved profile paper cone with a 4.5″ diameter uncoated 

paper dust cap. Compliance is provided by a three roll 

coated cloth surround and a 6.5″ diameter black cloth spi-

der. Finishing of the assembly is the 77mm (3″) diameter 

voice coil wound with round copper wire on a glass fiber 

former. Heavy insulated tinsel lead wires are terminated to 

a pair of chrome color-coded push terminals.

PHOTO 3: 

18FH500 

top.

PHOTO 4: 

18FH500 

bottom.
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Testing for the 18FH500 began as usual using the LinearX 

LMS analyzer and VIBox to produce both voltage and admit-

tance (current) curves with the driver clamped to a rigid test 

fixture in free-air at 1V, 3V, 6V, 10V, 15V, 20V, and 30V. 

The 30V curves were too nonlinear for LEAP 5 to obtain an 

accurate curve fit, so I discarded them. Following my estab-

lished protocol, I used the fixed Mmd method rather than the 

added mass method. This data was provided by Faital.

Next, I post-processed the 12 550-point stepped sine 

wave sweeps for each sample and divided the voltage curves 

by the current curves to derive impedance curves, which 

were phase calculated and, along with the accompanying 

voltage curves, imported to the LEAP 5 Enclosure Shop 

software. Obviously, this is a much more time-consuming 

process than the usual low voltage single impedance curve 

method used for deriving Thiele/Small parameters. The 

reason for this, if you haven’t been following this column 

for a few years, is that the LEAP 5 methodology results in a 

much more accurate prediction of excursion at high voltage 

levels, which is one of the real fortes of the LEAP 5 software 

and why I use it for Test Bench testing.

Because most T/S data provided by OEM manufacturers 

is being produced using either a standard method or the 

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

model using the 1V free-air curves. I selected the complete 

data set, the multiple voltage impedance curves for the LTD 

model (see Fig. 12 for the woofer 1V free-air impedance 

curve) and the 1V impedance curves for the TSL model in 

the Transducer Derivation menu in LEAP 5, and produced 

the parameters for the computer enclosure simulations. 

Table 2 compares the LEAP 5 LTD and TSL data and fac-

tory parameters for both Faital samples.

 

 TSL model  LTD model  Factory
 Sample 1 Sample 2 Sample 1 Sample 2  

FS 31.3Hz 31.5Hz 30.9Hz 30.9Hz 30Hz      
REVC 5.06 5.03 5.06 5.03 5.1
Sad 0.120 0.120 0.120 0.120 0.117
QMS 6.58 6.18 4.68 5.68 8.68      
QES 0.38 0.37 0.31 0.35 0.34   
QTS 0.36 0.35 0.29 0.33 0.33         
VAS 387.1 ltr 383.5 ltr 402.8 ltr 402.2 ltr 404.2 ltr     
SPL 2.83V 96.9dB 97.0dB 97.6dB 97.1dB 99dB 1W/1m 
XMAX 5.75mm 5.75mm 5.75mm 5.75mm 5.75mm
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FIGURE 12: Faital Pro 18FH500 woofer free-air impedance plot.
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Parameter measurement results for the 18FH500 showed 

close agreement with the factory published data, with the 

exception of the sensitivity; the difference in my data was 

sensitivity at 2.83V, while Faital’s uses the 1W/1m criteria 

with a 5″ Re and yields a larger number. Given this, I then 

programmed computer enclosure simulations using the 

LEAP LTD parameters for Sample 1. This included two 

vented alignments, a 5.48ft3 QB3 box with 15% fiberglass 

fill material tuned to 36Hz, and a 9.16ft3 EBS (Extended 

Bass Shelf ) vented alignment enclosure with 15% fiberglass 

fill material and tuned to 31Hz. Please note that although 

these fairly large volumes are the results for two discrete 

alignments, smaller enclosures are certainly possible. For 

instance, a 3ft3 enclosure tuned to the same tuning fre-

quency as the QB3 would result in about the same F3 and 

only an additional 1dB of peaking.

Figure 13 displays the results for the 18FH500 in the 

QB3 and EBS vented boxes at 2.83V and at a voltage 

level high enough to increase cone excursion to Xmax + 

15% (6.6mm). This produced a -3dB frequency of 61Hz 

(-6dB = 53Hz) for the QB3 enclosure and F3 = 37Hz (F6 

= 30Hz) for the EBS vented simulation. Increasing the 

voltage input to the simulations until the maximum linear 

cone excursion was reached resulted in 124dB at 61V for 

the QB3 enclosure simulation and 121dB with a 48V input 

level for the larger vented box (see Figs. 14 and 15 for 

the 2.83V group delay curves and the 61V/48V excursion 

curves).

Klippel analysis for the 18FH500 produced the Bl(X), 

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

in Figs. 16-19. The Bl(X) curve (Fig. 16) is moderately 

broad and symmetrical typical of a “medium” Xmax driver 

with an amount of coil out (forward) offset. Looking at 

the Bl symmetry plot (Fig. 17), this curve shows 1.5mm 

of forward (coil-out) offset in the rest position remaining 

mostly constant (1.46mm) at the driver’s physical Xmax of 

5.75mm, suggesting a slight forward bias from magnetic 

center. Figures 18 and 19 depict the Kms(X) and Kms 

symmetry range curves. The Kms(X) curve is symmetrical 

and also with a forward coil-out offset that is 2.25mm at rest 

increasing to slightly more, 2.34mm, at the driver’s physical 

Xmax, and remains mostly constant throughout the driver’s 

operating range. Displacement limiting numbers calculated 

by the Klippel analyzer were greater than 6.7mm for XBl at 

70% (Bl decreasing to 70% of its maximum value) and also 

greater than 9.3mm for XC at 50% (compliance decreasing 

to 50% of its maximum value), which means that the Bl is 

the limiting factor for the prescribed distortion level of 20% 

for using this driver as a subwoofer. This is good because the 

Bl number is beyond the physical Xmax of the driver. If you 

use the wider range 10% distortion criteria, XBl and XC are 

both 4.8mm, just shy of the physical Xmax.

Figure 20 gives the inductance curve L(X) for the Faital 

Pro pro sound subwoofer. Inductance will typically increase 

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

coil covers more pole area unless the driver incorporates a 

shorting ring. Because the 18FH500 does not incorporate 

a demodulation ring (shorting ring) in the motor assembly, 
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FIGURE 13: 18FH500 computer box simulations (A = vented 1 at 2.83V; B = 

vented 2 at 2.83V; C = vented 1 at 61V; D = vented 2 at 48V).

FIGURE 14: Group delay curves for the 2.83V curves in Fig. 13.

FIGURE 15: Cone excursion curves for the 61V/48V curves in Fig. 13.

FIGURE 16: Klippel Analyzer Bl (X) curve for the Faital Pro 18FH500.
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FIGURE 17: Klippel Analyzer Bl symmetry range curve for the 18FH500.

FIGURE 18: Klippel Analyzer mechanical stiffness of suspension Kms (X) 

curve for the Faital Pro 18FH500.

FIGURE 19: Klippel Analyzer Kms symmetry range curve for the 18FH500.

FIGURE 20: Klippel Analyzer L(X) curve for the Faital Pro 18FH500.
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this is the inductance profile. However, the inductance 

variation is small—only 0.2mH from rest to Xmax in either 

direction—so the total inductance variance is 0.4mH.

Because the 18FH500, like many 18″ woofers, is intended 

for use mostly below 100-200Hz, I dispensed with the SPL 

measurements, but also because I don’t keep 18″ or 21″ size 

cabinets in my inventory of test fixtures. However, Fig. 21 

gives the factory SPL on-axis and 45° off-axis curves. Looking 

at the off-axis response, certainly 300Hz-500Hz would be 

possible for a three-way configuration with this driver.

Because I eliminated SPL measurements for the 18FH500 

report, I then moved on to the last test which I performed 

again using the Listen Inc. SoundCheck analyzer and SC-1 

microphone (courtesy of Listen Inc.) to measure distortion. 

As with the 18NLW9600, I also did not use Listen Inc’s. 

SoundMap software for time frequency presentations. Setting 

up for the distortion measurement consisted of mounting the 

woofer rigidly in free-air, and setting the SPL to 104dB at 1m 

(5.77V) using a noise stimulus (SoundCheck has a software 

noise generator and SPL meter as two of its utilities), and then 

measuring the distortion with the Listen Inc. microphone 

placed 10cm from the dust cap. This produced the distortion 

curves shown in Fig. 22 for the woofer.

As you can see from the above data, Faital Pro’s “budget” 

18″ woofer has very respectable performance. For more infor-

mation on this and other pro sound products from Faital Pro, 

contact Faital S.p.A., via B. Buozzi, 12 20097 San Donato 

Milanese, Italy, (39) 02 527-7031, Fax: (39) 02 523-1130, or 

in the US, contact Keith Gronsbell, (516) 779-0649, e-mail 

kgronsbell@failtal.com, or visit www.faitalpro.com.   VC
FIGURE 21: 18FH500 factory on-axis and off-axis frequency response.

FIGURE 22: 18FH500 SoundCheck distortion plot.

Sample Submission for Test Bench
Test Bench is an open forum for OEM driver manufac-
turers in the industry and all OEMs are invited to sub-
mit samples to Voice Coil for inclusion in the monthly 
Test Bench column. Driver samples can be for use in 
any sector of the loudspeaker market including transduc-
ers for home audio, car audio, pro sound, multimedia, 
or musical instrument applications. While many of the 
drivers featured in Voice Coil come from OEMs that have 
a stable catalog of product, this is not a necessary crite-
rion for submission. OEM manufacturers are encour-
aged to send samples of woofers, midranges, or tweeters 
they think are representative of their work. However, 
please contact Voice Coil Editor Vance Dickason prior to 
submission to discuss which drivers are being submitted. 
Samples should be sent in pairs and addressed to:

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

All samples must include any published data on the 
product, patent information, or any special informa-
tion necessary to explain the functioning of the trans-
ducer. This should include details regarding the various 
materials used to construct the transducer such as cone 
material, voice coil former material, and voice coil wire 
type. For woofers and midrange drivers, please include 
the voice coil height, gap height, RMS power handling, 
and physically measured Mmd (complete cone assembly 
including the cone, surround, spider, and voice coil with 
50% of the spider, surround, and lead wires removed).
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Spotlight
 

Understanding Horn  
Directivity Control
By Charlie Hughes

�orns are often used in loudspeaker systems for a 

variety of reasons. One may be to provide increased 

acoustical loading to the driver attached to the horn. This 

helps to increase the sensitivity/efficiency. Another may 

be to provide some control over the radiation pattern 

of the driver attached to the horn. It is this directivity 

control aspect upon which I will focus attention for this 

article.

In 1975 Don Keele presented a paper at the 51st 

Convention of the Audio Engineering Society that intro-

duced the modern Constant Directivity horn. This new 

horn design (new at that time) combined an exponential 

throat section, to provide good loading at lower frequencies, 

with a conical or straight wall section that provided a more 

uniform coverage pattern in the higher frequency region 

than a pure exponential horn. In this paper he noted the 

relationship between the coverage angle of the horn, the low 

frequency loss of directivity control, and the horn mouth 

size, so Equation 1 is d = K/(Θ × fΘ). Where:

d = the mouth dimension of the horn (either horizontal or 

vertical)

Θ = the coverage angle of the horn (horizontal or vertical)

FΘ = the low frequency loss of directivity control, Θ (hori-

zontal or vertical)

and K is a constant with an empirically derived value or 1 × 

106″ × deg × Hz of 2.54 × 104m × deg × Hz.

From this equation you can determine the horn mouth 

dimension necessary to yield directivity control down to 

a certain frequency. For a fixed coverage angle, a larger 

mouth dimension is required to maintain this coverage 

to a lower frequency. For every octave lower you want 

directivity control (halving of frequency) the mouth 

dimension must double. Similarly, if the coverage angle is 

made smaller, the horn mouth dimension must increase 

to maintain this coverage angle to a given frequency. For 

every halving of the coverage angle the mouth dimension 

must double.

This larger mouth size for a smaller coverage angle 

seems counterintuitive to many people when they are 

first presented with it. However, due to those pesky laws 

of physics this is the way things work. It is not unlike the 

same principles that govern the behavior of a line array. To 

have the narrow vertical coverage angle, which most of us 

associate with line arrays, to a low frequency requires a long 

line array.

If you have a horn with a known coverage angle and 

you also know the mouth dimension, you can rewrite 

this equation to solve for low frequency loss of directivity 



18 VOICE COIL

control, which gives Equation 2, fΘ = K/(Θ × d). Above 

this frequency the coverage angle, or beamwidth, should 

be fairly constant. Below this frequency, however, the 

beamwidth should increase as you lose directivity control. 

This is an extremely important point to keep in mind when 

evaluating potential loudspeakers for use in system designs 

where good directivity control is required. Loudspeaker 

spec sheets all too often reference a nominal coverage pat-

tern with little qualification as to the frequency region 

over which this beamwidth is actually maintained. As you 

will see later, omitting this information and an erroneous 

assumption on the designer’s part may yield less than desir-

able end results.

To determine the coverage of a horn below the fre-

quency at which it starts to lose directivity control, you 

can once again rewrite Equation 1 solving for the cover-

age angle to get Equation 3, Θ = K/(d × f ). Note that I 

have substituted any frequency, f, for the low frequency 

loss of directivity control, fΘ. This is valid as long as you 

restrict it to frequencies lower than the low frequency loss 

of directivity control. At frequencies higher than this, the 

beamwidth should be relatively constant at the design 

coverage angle.

Graphing Equation 3 will indicate how the loss of direc-

tivity control progresses with decreasing frequency. This is 

shown in Fig. 1 for a hypothetical horn with horizontal 

and vertical coverage angles of 90° and 45°, respectively. 

The horn has a 12″ (30cm) square mouth. A real horn 

might not be quite as well behaved in the region around 

the initial loss of directivity control frequency. This is 

intentionally not shown because its cause is beyond the 

scope of this article and to simplify the presentation of the 

relevant topic.

As you can see in the graph, the horizontal beamwidth 

of 90° begins to increase at just above 900Hz. The 45°
vertical beamwidth begins to increase at approximately 

1.8kHz. Referring back to Equation 2, you can see why 

this occurs. The vertical beamwidth is half the value of the 

horizontal beamwidth. The horn mouth is 12″ (30cm) in 

both the horizontal and vertical planes, and d is constant. 

Thus, the vertical loss of directivity control frequency, fΘV, 

is twice that of the horizontal loss of directivity control 

frequency, fΘH.

This is also illustrated in the directivity balloons shown 

in Fig. 2. At 4kHz the 90° × 45° coverage pattern is well 
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FIGURE 1: 12″ × 12″ square mouth horn with 90° horizontal and 45° vertical 

beamwidth.
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maintained. At 1kHz the loss of vertical directivity control 

can be appreciated as the coverage pattern appears almost 

axisymmetric. This behavior is also suggested by the beam-

width graphs in Fig. 1. At 1kHz the horizontal and vertical 

beamwidth are both approximately 90°.

In general, square mouth horns will have a ratio of the 

frequencies for horizontal to vertical loss of directivity 

control that is the same as the ratio of the vertical to hori-

zontal coverage angle. For my example of 90° and 45° this 

is exactly the case as the ratio is 2:1. If the horn, with the 

same 12″ square mouth, had a vertical beamwidth of 60°, 

you would expect the ratio to be 3:2 for the 90° × 60° horn. 

This would place the vertical loss of directivity control fre-

quency at a bit over 1.35kHz.

In order for the loss of directivity control frequencies to 

be the same for both the horizontal and vertical beamwidth, 

the more narrow coverage angle must have a mouth dimen-

sion that is larger by the ratio of the coverage angles. Let’s 

say that you want to modify the example horn for this to 

occur. The coverage angle ratio of 2:1 would mean the ver-

tical mouth dimension, height, would need to be twice that 

of the horizontal mouth dimension, width. So you would 

now have a horn mouth that is 12″ (30cm) wide and 24″ 

(61cm) high.

This can be verified by employing Equation 1 to 

calculate the new required height dimension. With this 

new height, Equation 3 may again be used to graph the 

beamwidth (Fig. 3). The directivity balloons for this 24″ 

tall horn (Fig. 4) show the improved directivity control at 

1kHz compared to the 12″ tall horn (Fig. 2).

What about a more commonly seen horn, one with 

a height much smaller than the width? For 90° × 45° 

horns from some manufacturers, mouth dimensions of 

12″ (30cm) × 6″ (15cm) would not be out of the ordi-
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FIGURE 2: Directivity balloons for 12″ × 12″ square mouth horn.

FIGURE 3: 12″ × 24″ mouth horn with 90° horizontal and 45° vertical 

beamwidth.



20 VOICE COIL

nary. Again, I will use Equation 2 to calculate the new 

frequency for the vertical loss of directivity control with 

the more commonly dimensioned horn. This turns out 

to be 3.7kHz. Using Equation 3 to graph the beamwidth 

yields Fig. 5.

Here you see something very interesting not present in 

the previous graphs. Below 2kHz the vertical beamwidth 

is actually greater than the horizontal beamwidth! This 

is sometimes referred to as “pattern flip.” The vertical 

coverage pattern of the horn, which is supposed to be 

narrower than the horizontal coverage pattern, is now 

the broader coverage angle. In other words, the hori-

zontal and vertical beamwidth have flipped with respect 

to which is greater and which is lesser. This is particu-

larly noticeable when examining the directivity balloons 

shown in Fig. 6.

As mentioned earlier, if the spec sheet for a loudspeaker 

using a horn of similar dimensions merely gave the intend-

ed, or nominal, coverage angles with little or no informa-

tion as to the frequency range over which the coverage 

angles were maintained, you might erroneously believe that 

the stated beamwidth is valid for a much larger frequency 

range than is actually possible. As such, the loudspeaker 

performance shown in Figs. 5 and 6 may not work well 

for applications requiring good directivity control in order 

to facilitate adequate speech intelligibility. The intended 

vertical beamwidth of 45° is only achieved above 3.7kHz. 

Below this frequency quite a bit of acoustical energy could 

be put into areas where it is not desired. This will become 

noticeable when mapping the coverage of a loudspeaker FIGURE 5: 12″ × 6″ mouth horn with 90° horizontal and 45° vertical beamwidth.

FIGURE 4: Directivity balloons for 12″ × 24″ mouth horn.
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using one of these types of horns in a room. The other item 

that may be observed is that below 2kHz the loudspeaker 

may perform better if it was turned on its side. This is also 

seen in Fig. 6.

As with most engineering exercises, there are several 

items that must be balanced when it comes to the direc-

tional performance of horns: narrow coverage angle, the 

desired low frequency for maintaining the coverage angle, 

and small horn size; pick any two. The two that you choose 

will dictate what the third must be. You can’t arbitrarily 

have all three at the same time.

I hope this has helped to explain a bit about how the 

frequency dependent directivity of a horn relates to its 

size. Small horns simply can’t yield small coverage angles at 

low frequencies. Beware of those that attempt to advise, or 

advertise, differently.   VC

Acoustic Patents
By James Croft

Here's a more detailed look at a patent we pub-
lished last month.—Eds.

�he following loudspeaker-related patents were filed 

primarily under the Office of Patent and Trademarks 

classification 181 for acoustical devices and 381 for electri-

cal-signal processing systems and HO4R for international 

patents. This also includes new patent applications that are 

published in the Patent Application Journal.

LOUDSPEAKER

Patent Number: US 7,558,395

Inventor: Philip Derek Eduard De Haan (Amsterdam, NL)

Assignee: Alcons Audio B.V. (Zwaag, NL)

Filed/Priority Date: March 3, 2004

Granted: July 7, 2009

US Class: 381/338, 4 Drawings, 7 Claims

ABSTRACT FROM PATENT
A loudspeaker comprising a housing provided with a 

magnet unit that generates a magnetic field and a membrane 

which is mounted in a frame and which is provided with an 

electrical conductor arranged in a pattern on the membrane, FIGURE 6: Directivity balloons for 12″ × 6″ mouth horn.
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which membrane is positioned in the magnetic field in such 

a manner that a force is exerted when current is fed through 

the conductor pattern on the membrane, which force is 

capable of setting the membrane in motion so as to produce 

sound, wherein the conductor pattern is provided on the 

membrane in at least two spaced-apart vibrating regions, 

wherein the loudspeaker is provided with at least two sound 

channels extending between the two vibrating regions and 

the outer side of the housing, and wherein the central axes 

of the two sound channels, which are located between the 

outer wall and the inner wall of each channel, incline toward 

each other over a particular distance from the membrane.

INDEPENDENT CLAIMS
“1. A loudspeaker comprising a housing provided with a 

magnet unit that generates a magnetic field and a flexible 

membrane which is mounted in a frame and which is pro-

vided with an electrical conductor arranged in a pattern on a 

central part of the membrane, which membrane is positioned 

in the magnetic field in such a manner that a force is exerted 

when current is fed through the conductor pattern on the 

membrane, which force is capable of setting the membrane 

in motion so as to produce sound, said conductor pattern 

being provided on the membrane in at least two spaced-apart 

vibrating regions, the loudspeaker being provided with at least 

two sound channels each extending between one of said elec-

trical conductor patterns in each of the vibrating regions and 

the outer side of the housing, wherein the central axes of the 

at least two sound channels, which are located between the 

outer wall and the inner wall of each channel, incline toward 

each other over a particular distance from the membrane.”

REVIEWER COMMENTS
Disclosed is a planar magnetic loudspeaker comprising 

a main housing that incorporates a planar film membrane 

diaphragm, with an electrical conductor arranged in a 

pattern on the diaphragm in two spaced-apart vibrating 

regions, three rows of magnets on the front side of the 

diaphragm and three rows of rectangular bar magnets on 

the back side of the diaphragm, the device operating as a 

so-called push-pull planar magnetic transducer. The loud-

speaker is provided with at least two sound channels extend-

ing from the two vibrating regions, through the open spaces 

on each side of the center row of the three rows of magnets 

and exiting the front side of the housing. This has become a 

standard format in the world of planar magnetic transduc-

FIGURE 1: US Patent 7,558,395.

FIGURE 2: Dutch loudspeaker.
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ers, particularly high output planar magnetic transducers 

that are used in the professional audio market.

In exchange for greater focusing of the fringe flux of the 

magnetic fields and increased efficiency compared to a sin-

gle-ended planar magnetic device, this layout requires that 

the waveforms generated by the diaphragm exit through 

two spaced apart “tunnels” on each side of the center mag-

net, with the spaced apart relationship of the two apertures 

being at least as wide as the center magnet.

While the problems associated with this dual aperture 

exit from the diaphragm can be minimized in the lighter 

duty consumer designs, with smaller magnetic structures, 

the magnet sizes required to be competitive with compres-

sion drivers in the Pro market is substantial, even with high 

energy neodymium bar stock, and therefore can cause a non 

ideal acoustic path to the environment external to the device.

The core invention of the patent is essentially the inclu-

sion of an additional structure that guides the two sound 

channels each extending from one of the electrical conductor 

patterns in each of the vibrating regions on the diaphragm, 

through the magnet structure to the outer side of the hous-

ing, wherein the central axes of the at least two sound chan-

nels exit and the inner wall of each channel, incline toward 

each other over a specified distance from the membrane, 

converging the two channels into a single channel.

Ultimately, it is a form of phase plug converging multiple 

sources into a single in-phase exit. This has value in mini-

mizing off-axis lobing and widening dispersion due to the 

single source having reduced width compared to multiple 

spaced sources. Additionally, this waveguide/phase plug is 

used to couple the output of the two space sources into the 

throat of a horn to increase output and control directivity.

The application of this type of structure works well and 

solves the problems as intended. This has been shown to 

be the case by much earlier works of many loudspeaker 

engineers, including work done in the early 1990s by Cliff 

Henricksen, modifying the large area full-range ribbons 

while at the US Sound division of Carver Corporation 

(now at Bose Corporation). Additional disclosures can be 

found in earlier work done in Japan. Whether or not it is 

novel, it is a very effective improvement to push-pull planar 

magnetic devices.

OPTIMUM DRIVER SPACING FOR A LINE  

ARRAY WITH A MINIMUM NUMBER OF 

RADIATING ELEMENTS

Patent Number: 7,260,228

Inventors: Charles Emory Hughes, Kirk Samuel 

Lombardo (Milford, Penn.)

Assignee: Altec Lansing, a division of Plantronics, Inc.    

  (Milford, Penn.)

Filed: March 10, 2004

Granted: August 21, 2007

Current U.S. Class: 381/89, 13 Claims, 6 drawings



24 VOICE COIL

ABSTRACT FROM PATENT
The loudspeaker has a first pair of drivers arranged in a line, 

a center point along the line, wherein the pair of drivers are 

substantially centered about the center point with a center-to-

center distance, d.sub.0, between the drivers in the first pair of 

drivers, whereby the maximum frequency without high ampli-

tude side lobes is equal to c/2d.sub.0, and at least a subsequent 

pair of drivers arranged in the line array with the first pair 

of drivers and substantially centered about the center point, 

wherein the subsequent pair of drivers are spaced such that 

the center-to-center distance between each driver in the sub-

sequent pair, d.sub.n, is equal to 4nd.sub.0, where n=0 at the 

innermost pair of drivers and n increases by 1 with each pair 

of drivers sequentially added. Each pair of drivers for n>0 has a 

first order low-pass filter with a frequency equal to 2c/d.sub.n.

INDEPENDENT CLAIMS
“1. A loudspeaker system having a line array of drivers 

comprising: a first pair of drivers configured to receive a sig-

nal from a sound source; a center point along the line array, 

wherein the first pair of drivers are substantially centered about 

the center point with a center-to-center distance of d.sub.0 

between the first pair of drivers; at least a subsequent pair of 

drivers arranged in the line array with the first pair of drivers 

and substantially centered about the center point, wherein the 

subsequent pair of drivers are spaced such that the center-to-

center distance between each at least a subsequent pair of driv-

ers, d.sub.n, is equal to 4nd.sub.0, where n=0 at the first pair 

of drivers and n increases by 1 for each at least a subsequent 

pair of drivers, wherein a low-pass filter is associated with each 

of the at least a subsequent pair of drivers, and wherein the 

corner frequency, f.sub.n, of each such low-pass filter is equal 

to 2c/d.sub.n, where c is the speed of sound.

“5. A transducer spacing arrangement in an array, the 

arrangement comprising: a first pair of transducers having 

a first distance, d.sub.0, between the center points of the 

transducers in the first pair of transducers, wherein the 

transducers are configured to receive a signal from a sound 

source; a second pair of transducers arranged in the array 

with the first pair of transducers and having a second dis-

tance, d.sub.1, between the center points of the transducers 

in the second pair of transducers, wherein the midpoint of 

d.sub.0 is the same midpoint of d.sub.1, and wherein the 

second distance, d.sub.1, is equal to 4d.sub.0; a low-pass fil-

ter of first-order on the second pair of transducers, wherein 

the first pair of transducers receives a signal comprising 

a first frequency band and the second pair of transducers 

receives a signal comprising a second frequency band, and 

wherein the corner frequency, f.sub.n, of each such low-pass 

filter is equal to 2c/d.sub.n, where c is the speed of sound.

“10. A method for optimizing a radiation pattern of drivers 

in a line on a loudspeaker, the method comprising: selecting 

a spacing, d.sub.0, between the centers of a pair of innermost 

drivers according to the formula d.sub.0=c/2f wherein c is 

the speed of sound and f is the maximum desired operational 

frequency and wherein the pair of innermost drivers receive a 

signal comprising a frequency band z.sub.0; selecting a center 

point in the line, wherein the center point is the same posi-

tion on the line as d.sub.0/2; and determining the spacing 

of at least one additional pair of drivers in the line wherein 

each driver of the additional pair of drivers is added to the 

outermost positions of the line, wherein the distance, d.sub.n, 

between the centers of the additional drivers is according to 

the formula d.sub.n=4nd.sub.0 where n=0 at the innermost 

pair of drivers and n increases by 1 with each pair of drivers 

sequentially added along the array, and wherein the at least 

one additional pair of drivers receive a signal comprising a 

frequency band z.sub.n; wherein each of the frequency bands 

z.sub.0 through z.sub.n comprise a common frequency band 

at a common level of attenuation, wherein the at least one 

additional pair of drivers are used in conjunction with low 

pass filtering, and wherein the corner frequency, f.sub.n, of 

the low-pass filters for each pair of drivers is calculated accord-

ing to the calculation f.sub.n=2c/d.sub.n.

Reviewer Comments
Disclosed is a new type of line array loudspeaker topol-

ogy. Normally, in a line array, the transducers are mounted 

close together with the maximum amount of transducers 

packed within the end-to-end points of the length of the 

array. This is to ensure that the array simulates a seamless 

line source providing as much as possible, an ideal one-

dimensional plane wave. An additional benefit with a stan-

dard line array with the inclusion of the maximum number 

of drivers is the ability to achieve very high acoustic outputs.

Where maximum output is not necessarily required, 

such as consumer or studio monitor system in a small 

room, fewer drivers may be required to achieve the required 

output, but reducing driver count may compromise direc-

tivity or cause off-axis lobes in the radiation pattern. This 

invention provides a method for implementing a sparse 

array, while maintaining consistent directivity control as a 

function of frequency by defining the minimum number of 
FIGURE 3: Patent 7,260,228.
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radiating elements required for a given line length.

This is accomplished by way of optimal spacing and driv-

ing function of the radiating elements. The system utilizes a 

line concentric spacing arrangement of pairs of the radiating 

elements in an array that is neither logarithmic nor equidis-

tantly spaced as has been disclosed in some prior art arrange-

ments attempting similar results (see Cuomo, US Pat. No. 

4,363,115; Flanagan, US Pat. No. 4,653,606, and De Vries, 

US Pat. No. 6,128,395). Instead, the spacing of each pair of 

drivers increases along the array by a factor of 4n. The mid-

point of each pair is coincident with the center of the array. 

For the same number of drivers, this spacing provides a lower 

frequency to which directivity control is maintained than 

equally spaced drivers. Similarly, fewer drivers are required to 

maintain directivity control to the same low-frequency limit.

The spacing between the innermost pair of drivers, 

d.sub.0, determines the uppermost frequency to which the 

array will function without the effects of comb filtering as 

one moves off-axis, i.e., reducing high amplitude side lobes. 

This frequency, f, may be determined as f=c/2d.sub.0 where 

c is the speed of sound. Subsequent pairs of drivers should 

be spaced along the line according to the equation d.sub.

n=4nd.sub.0 where n=1, 2, 3, and so on, such that n=0 at 

the innermost pair of drivers and n increases by 1 with each 

pair of drivers sequentially added along the array.

In accordance with this spacing formula, the next 

most innermost drivers have a center-to-center distance 

of d.sub.1, where n=1 and d.sub.1=4d.sub.0. Accordingly, 

the next set of drivers have a center-to-center spacing of 

d.sub.2, where n=2 and d.sub.2=8d.sub.0. To simplify, the 

center-most pair of drivers are spaced close to each other, 

with their center-to-center spacing representing the highest 

frequency that the array can operate without lobing as one 

moves off-axis. Those drivers are spaced at ½ wavelength of 

the highest frequency of operation. The second pair of driv-

ers would be spaced equally apart from the center speakers, 

and they would be four times the distance center-to-center 

as the first pair. The third pair would be twice the center-to-

center distance of the second pair.

An example would be with the drivers each having a 

radius of 0.4″, the two innermost drivers would have a 

center-to-center distance, of 1.200″.  Because d.sub.0 is 

1.200″, the next two innermost drivers have a center-to-

center distance of 4.800″. The outermost drivers have a 

center-to-center distance of 9.600″. The preferred embodi-

ments have six drivers on a given baffle, although the system 

can be extended to any number of drivers.

A second part of the formula is to apply an independent 

first- or second-order low-pass filter to each of the driver 

pairs, other than the first pair. The frequency of the filter 

is determined according to the following equation: f.sub.

n=2c/d.sub.n. Accordingly, the second pair of drivers has a 

first-order low-pass filter of 6kHz. The third, or outer pair 

of drivers, has a first-order low-pass filter of 2kHz.

The frequency below which no side lobes occur is 

5650Hz. The inventors state that overall directional char-

acteristics of the array improve when the frequency of the 

low-pass filter for the outermost pair of drivers is decreased 

by a factor of two. In this version of my example, the outer-

most pair of drivers would have the low-pass filter frequency 

decreased to 1kHz. This sacrifices some of the directivity 

control at lower frequencies in order to suppress the ampli-

tude of side lobes at higher frequencies. By decreasing the 

low-pass filter frequency of the outermost pair of drivers, 

the amplitude of the side lobes is acceptable to well above 

the frequency of 5650Hz. It is claimed to be preferred to 

have the frequency of the low-pass filter of the outermost 

drivers lower than the frequency as calculated for those driv-

ers in the given equation, so it would seem that the system 

requires some post design tweaking to get the effect desired.

Actual directivity at the lower frequencies will also be 

determined by the size of the baffle that the sparse line array 

is mounted. While some other systems, such as Keele’s CBT 

arrays, may be able to provide more consistent directivity 

control through more complex structures, considering the 

simplicity and driver count, this is a clever system that can 

provide very effective results, particularly in systems where 

low cost is a priority and very high outputs are not required.

Some of the inventors’ recommended applications are 

for small devices, including a personal computer, a televi-

sion, a game console, or a portable audio device such as 

an MP3 player. While it should certainly perform well for 

those uses, it would seem that it could also be effective in 

larger scale consumer applications, such as stereo and home 

theater systems.   VC
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Industry Watch
By Vance Dickason

�he Custom Electronic Design and Installation 

Association (CEDIA, www.cedia.net) has announced 

the 2010 inductees into its prestigious Fellows program, 

which honors longtime CEDIA members and volunteers 

who have contributed significantly to the association’s suc-

cess. The 2010 honorees join the first group of ten CEDIA 

Fellows, who were inducted in 2009. The 2010 inductees 

were recognized at the annual Electronic Lifestyles Awards 

Banquet, Sept. 25, during CEDIA EXPO 2010 at the 

Georgia World Congress Center in Atlanta. Here are two 

of the 2010 inductees who have worked in the loudspeaker 

industry:

Frederick J. Ampel—

Fred (Photo 1) has been 

involved in the professional 

A/V industry for nearly 

40 years. His career has 

included work in live sound 

reinforcement, broadcast 

audio production, residen-

tial system integration, and 

sales and marketing. He has 

served in an editorial capac-

ity at several prominent industry publications and has 

been published in numerous industry journals. In 1991, 

he founded Technology Visions, a consultancy special-

izing in marketing, business, and technology development 

for the A/V industry. Ampel was the principal editor for 

CEDIA’s 1997 Home Theater Manual and helped create 

and produce CEDIA’s Garden of High Definition Delight 

from 1997–2002. He chaired CEDIA’s Certification Task 

Force, has served on the CEDIA education council, and 

is a longtime CEDIA Certified Instructor. Ampel holds a 

Master of Science degree in Electrical Engineering from 

Boston University and a B.A. in English/Music from Long 

Island University.

Anthony Grimani—

Tony’s (Photo 2) 25 years 

of experience in the audio 

industry include positions at 

Dolby and Lucasfilm THX. 

While at Dolby, Anthony 

was involved in the devel-

opment of surround sound 

for consumer applications. 

At THX, he managed the 

THX consumer licensing 

program and the technology 

development program. Anthony is now President and Lead 

Consultant of Performance Media Industries, Ltd. (PMI), PHOTO 1: Fred Ampel.

PHOTO 2: Tony Grimani.
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a consulting firm specializing in multi-channel A/V system 

design. Anthony also heads up Media Specialty Resources 

Inc. (MSR), which distributes specialty A/V tools. Anthony 

has taught at every CEDIA EXPO since 1990. He has 

a bachelor’s degree in Electrical Engineering from the 

University of California at Davis.

Kicker (www.kicker.com) announced that its new 

visitors’ center is now ready and open to the public. 

Part of the Kicker World Headquarters, the visitors’ 

center (Photo 3) features products, exhibits, and demo 

vehicles for the public. It features a motion-activated 

Sound-Wave Wall with 19 synchronized 15″ Solo-Baric 

subwoofers, and a 40′ Art of Install exhibit. The Wall 

of Boom display has 28 subwoofers and 46 additional 

speakers, with 18 amps powering them, Kicker said. 

It reportedly stands more than 14′ tall and 20′ wide. 

Custom demo vehicles include the 1964 Kicker/Monster 

Energy Impala, the Polaris SnoKat UTV, and the refined 

1960 Kicker Metropolitan. The World Headquarters 

and Visitors Center is located at 3100 North Husband in 

Stillwater, OK. It’s open to the public Monday through 

Friday, 9:00 a.m. to 4:00 p.m.

The Mobile Electronics Retailers Association (MERA, 

www.merausa.org) announced two additions to its 

KnowledgeFest 2010 roster: JL Audio and Aamp of 

America. The KnowledgeFest trade show was held Oct. 

10-12 at the Gaylord Texan Hotel in Dallas. Other exhibi-

tors included Aquatic Marine, Avidworx, Dice Electronics, 

Dual Electronics, Got2BeWireless, InstallerNet, Memphis 

Audio, Metra, Nav-TV, and Scosche.

Listen Inc. (www.listeninc.com) has an upcoming 

Internet seminar titled “Loudspeakers: A Look into 

the Many Options for Measuring Loudspeakers in 

SoundCheck.” Applications include R&D versus produc-

tion measurements, measuring distortion, and testing 

frequency response without an anechoic chamber. The 

seminar will be hosted by Amandio Neves, and will be 
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held January 14, 2011, at 9a.m. and 1p.m. EST.

In the continuing saga of the demise of the Circuit 

City retail chain, a federal bankruptcy court has approved 

a final liquidation plan that will pay Circuit City’s unse-

cured creditors at least 10% on their claims. According to 

reports by the Richmond Times-Dispatch and Bloomberg 

News, a court-appointed trustee will disperse about $450 

million in payments on about $1.8 billion in claims once 

the plan goes into effect later this month. Most of the 

secured creditors have already been paid. Circuit City 

filed for bankruptcy in November 2008 and shut its last 

stores in March 2009, taking about 34,000 jobs with it. 

The liquidation plan had been sidelined for nine months 

by procedural issues and squabbles between the company 

and a creditors committee over payment details.

The Conference Board Consumer Confidence Index, 

which declined in July, improved moderately in August. 

The Index now stands at 53.5, up from 51 in July. The 

Present Situation Index decreased to 24.9 from 26.4. 

The Expectations Index increased to 72.5 from 67.5 

last month. Consumers’ appraisal of current conditions 

continued to weaken in August. Those claiming business 

conditions are “good” decreased to 8.7% from 8.8%. 

However, those stating business conditions are “bad” 

declined to 41.9% from 43.3%. Consumers’ assessment 

of the labor market deteriorated further. Those saying 

jobs are “hard to get” increased to 45.7% from 45.1%, 
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while those claiming jobs are “plentiful” declined to 3.8% 

from 4.4%.

Consumers’ expectations improved moderately in 

August, but, overall, they remain pessimistic. Those 

anticipating an improvement in business conditions over 

the next six months increased to 17% from 15.8%, while 

those anticipating conditions will worsen declined to 

13.4% from 15.3%. The Consumer Confidence Survey is 

based on a representative sample of 5,000 US households. 

The monthly survey is conducted for The Conference 

Board by TNS. The cutoff date for August’s preliminary 

results was August 24.

According to figures released by the Consumer 

Electronics Association (CEA) and CNET, consumer 

confidence in the economy increased by half a point in 

August. Confidence in consumer electronics fell more 

than two points to 79.8, but remains higher over the same 

period a year ago. The CEA-CNET Index of Consumer 

Expectations (ICE) rose to 157.8 this month. The ICE, 

which measures consumer expectations about the broader 

economy, is up by half a point over July and down more 

than 14 points from this time last year.

Consumer confidence in technology decreased 

slightly this month. The CEA-CNET Index of 

Consumer Technology Expectations (ICTE), which 

measures consumer expectations about technology 

spending, is down 2.2 points from July but is still 

2.1% higher than this time last year. The CEA-CNET 

Indexes are composed of the ICE and ICTE, both 

of which are updated on a monthly basis through 

consumer surveys. New data is released on the fourth 

Tuesday of each month. CEA and CNET have been 

tracking index data since January 2007. To find cur-

rent and past indexes, charts, methodology, and future 

release dates, log on to www.CEACNETindexes.org.

CEA, DIGITALEUROPE, and the Japanese 

Green Procurement Survey Standardization Initiative 

(JGPSSI) announced the release of the revised “Joint 

Industry Guide—Material Composition Declaration for 

Electrotechnical Products—JIG-101 Ed. 3.1,” an indus-

try materials declaration guide that facilitates the report-

ing of material content information in electrotechnical 

products across the global supply chain. This document 

sets minimum requirements for material declaration for 

electrotechnical products but does not preclude com-

panies from inquiring about the presence of additional 

substances when necessary for their needs.

JIG-101 Ed. 3.1 is an interim update, incorporating 

three of the Substances of Very High Concern (SVHC) 

that have been added to the candidate list for authoriza-

tion on June 18 by the European Chemicals Agency 

for the European Union’s Registration, Evaluation, 

Authorization and Restriction of Chemical Substances 

(REACH) Regulation. For more information or to par-

ticipate in the next annual update, please contact CEA 

Secretariat Amy Dempster (CEA) at +1-703-907-7631, 

or adempster@CE.org. The JIG can be downloaded free 

at CE.org/JIG.   VC
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