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CEDIA Expo 2010
This year’s CEDIA (Custom Electronic Design & 

Installation Association) Expo event is taking place at the 

Georgia World Congress Center on September 22-26 in 

Atlanta (Photos 1 and 2). This will be the second CEDIA 

Expo held in Atlanta; however, the next two CEDIA events 

will be back in Indianapolis for the 2011 and 2012 Expo 

shows.

As usual, CEDIA University is providing a wide selection 

of workshops; classes and seminars related to the various 

aspects of the AV install industry. Courses of interest to 

loudspeaker industry persons include:

- Fundamentals of Home Theater Design—instructed by 

Jeff Kussard—The purpose of this three-hour course is to 

educate industry personnel on the basic terms, elements, 

and requirements of home theater design.  This course 

examines the differences between custom-designed home 

theaters and retail installations. It also traces the excit-

ing progression from Mono to 7.1 and its impact on the 

industry. The course provides up-to-date information on 

By James Croft

By Vance Dickason

PHOTO 2: Closeup of CEDIA booths.

PHOTO 1: The convention floor at last year’s CEDIA.
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networking requirements and user-friendly interfaces.

- Fundamentals of Distributed Audio Systems—
Instructor: Bill Ekstrand—The purpose of this course is 

to educate people in the industry about the design and 

specification of multi-room/multi-zone audio systems. This 

course focuses on the application of the four primary ways 

that amplification is provided in distributed audio systems: 

discrete channel, shared channel, constant voltage, and local 

amplification. In addition, it provides in-depth coverage of 

the calculations necessary to determine the required ampli-

fication as well as the impedance and power distribution 

of various configurations. At the conclusion of this course, 

participants should be able to:

 Discuss the trade-offs and benefits of discrete channel, 

shared channel, constant voltage, and local amplification

 Determine the amplification necessary to achieve a 

target sound pressure level (SPL)

 Calculate the impedance and power distribution with-

in various speaker matrices

 Specify the wiring topology and settings for each 

amplification type

 Define the procedures necessary to validate and cali-

brate a distributed audio system

 Determine the required amplification, cooling/ventila-

tion, wire sizes and types, and calculate the pathways 

and junctions typically used

- Home Theater Room Design—Instructor: Sam Cavitt—

The purpose of this course is to educate industry personnel 

about such design considerations as room location, layout, 

and shape. This course examines the impact of lighting 

conditions, sightlines, and noise generating components on 

design. This course also teaches participants the importance 

of factoring in ergonomics, safety, and acoustical distortion 

into a holistically designed room. At the conclusion of this 

course, participants should be able to:

 Differentiate between a variety of physical room factors 

in determining the optimum home theater design

 Summarize fundamental acoustic principles to room 

and component layout

 Discuss lighting factors to determine best lighting con-

trol devices and video display specifications

 Describe the holistic principles necessary for room 

design and performance integration

- Advanced Distributed Audio Systems—Instructor: Joel 

Rosenblatt—The purpose of this course is to educate 

people in the industry about the design and specification 

of multi-room/multi-zone audio systems. This course cov-

ers acoustical concepts and other factors affecting optimal 

speaker selection and placement in various settings. It also 

addresses appropriate sound pressure level (SPL) and meth-

ods for achieving uniform coverage, as well as performance 

considerations, aesthetics, and control techniques. At the 

conclusion of this course, participants should be able to:

 Develop a common frame of reference with clients and 

conduct an appropriate client-needs analysis

 Design a distributed audio system incorporating 

advanced performance, aesthetics, and control/integra-

tion techniques

 Identify acoustical properties and factors influencing opti-

mal speaker selection and placement, including trade-offs 

between in-room, in-ceiling, and in-wall speakers

 Design and specify distributed audio systems that meet 

identified performance criteria

- Home Theater Audio and Acoustics Part 1—Instructor: 

Dr. Floyd Toole—The purpose of this course is to explain 

the basic dimensions of sound, sound propagation in rooms, 

and perception by listeners. This course demonstrates how 

scattering and diffusing devices and absorbers work, and 

how they interact with sound radiated by loudspeakers. It 

will explain the basics of loudspeaker measurements and 

how they relate to listener preferences.

- Home Theater Audio and Acoustics Part II—Instructor: 

Dr. Floyd Toole—The purpose of this course is to explain 

the aspects of direction and space that need to be reproduced 

in home theaters, as well as how multiple channels and loud-

speakers can be used to achieve these illusions. Topics include 

the consequences of using free-standing, in- or on-wall loud-

speakers, different configurations of surround loudspeakers, 

loudspeaker transducers and popular enclosure designs. The 

course also discusses how sound is influenced by impedance, 

damping, wire, and amplifier properties.

- Home Theater Audio and Acoustics Part III—Instructor: 

Dr. Floyd Toole—The purpose of this course is to provide 

an understanding of how acoustics and psychoacoustics 
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influence what we hear and how to take advantage of that 

knowledge to optimize the listening experience. Factors 

affecting the choice, location, and mounting of loudspeak-

ers are presented. Strategies will be shown to illustrate how 

room dimension, seat location, and multiple subwoofers can 

be manipulated to deliver similar bass to several listeners. 

Finally, guidelines for the use of equalization are reviewed.

- Comprehensive Home Theater Design Workshop—

Instructor: Jeff Gardner, CEDIA—This full-day workshop 

starts with the basics of theater design, then goes much 

further to explore all of the elements of a successful home 

cinema project, including audio and video, room design 

and construction, acoustics, aesthetics, and system control. 

Participants will learn about needs assessment and func-

tional design, as well as the importance of aesthetics and 

working with other stakeholders to develop and implement 

a complete project. It combines a wide range of practical 

knowledge into a single day of focused instruction and 

meaningful exercises and incorporates CEDIA recommend-

ed practices where applicable. This course is intended for 

industry professionals who already have some experience in 

theater design/installation, understand the basic principles 

and terminologies used in the industry, and are ready to 

expand and enhance their skill set. At the conclusion of this 

workshop, participants should be able to:

 Discuss the history (and future) of home cinema

 Recognize the value and importance of home theater 

room design as a service

 Utilize needs assessment and create a functional design

 Outline the issues and solutions associated with small 

room acoustics and sound isolation

 Apply established system design principles related to 

multi-channel audio, video display configuration, and 

system control

 Characterize the importance of home theater architec-

ture and room design, aesthetics, and lighting

 Incorporate sophisticated design documents in the 

construction process

 Communicate needed information for successful proj-

ect management

- Advanced Home Theater Design Lab—Instructor: 

Anthony Grimani, Adam Zolot, Zac Holcomb—The pur-

pose of this course is to provide advanced home theater 

designers with the opportunity to put into practice all the 

information learned in the lower and intermediate home the-

ater design courses. Participants will benefit from CEDIA’s 

recommended practices in a lab setting where a variety of 

scenarios will challenge them under the guidance of skilled 

and experienced instructors. This course provides informa-

tion about room layout and dimensioning: placement of 

seats, audio and video equipment selection: positioning of 

equipment, including screen, loudspeakers, subwoofers, 

and acoustical treatments. It is expected that participants 

will already have a substantial requisite knowledge of home 

theater design. It is strongly suggested that participants have 

already taken the prerequisites listed below. At the conclu-

sion of this course, participants should be able to:

 Design a home theater room for high performance 

audio and video in order to deliver an optimum home 

theater experience

 Predict acoustic performance and derive solutions to 

optimize audio system performance in a given acoustic 

space

 Integrate the home theater into the home in such 

a manner as to minimize any negative interaction 

between it and the rest of the house

 Document all electronic systems including audio and 

video electronics, speakers, furniture, and control systems

 Design sub-system integration so all kinds of distributed 

media are readily available to the home theater system

 Integrate the home theater into the home in such 

a manner as to minimize any negative interaction 

between it and the rest of the house

- Acoustical Treatments—Instructor: Anthony Grimani—

Believe it or not, only a small portion of the sound heard 

in a home theater comes from the speakers. Most of 

what enters the ears is actually reflected off the walls and 

other surfaces in the room. Every reflection is essentially a 

“phantom” loudspeaker adding to (or subtracting from) the 

sounds heard in the room. Discover how to identify and 

tame these sound reflections through the use of absorbers, 

diffusers, bass traps, and other specialty devices. Learn how 

to tweak a room and maximize the prime listening zone 

through proper use of acoustical treatments.

- Surround Sound Technologies—Instructor: John Dahl, 

THX, Ltd.—This course discusses all the Dolby surround 

technologies, DTS surround technologies, DVD-Audio, 

SACD, and future releases. In addition, participants will 

discuss how to explain this information to clients so that 

they can better understand what process to use and when.

- Intensive Home Theater Acoustics Workshop—

Instructor: Anthony Grimani—This full-day workshop is 

the most comprehensive home theater acoustics course in 

the industry. Attendees will cover the basic theory and carry 

through to the full acoustic design process. Each attendee 

will receive the 5.1 Audio Toolkit test and calibration DVD 

and an advanced copy of the book on home theater audio 

calibration written by Anthony Grimani. Meals not provid-

ed. Don’t miss the opportunity to learn from the man who 

developed the Dolby Surround and Home THX programs.

- Acoustics 101—An Introduction to How Sound Works 
in the Real World—Instructor: Dr. Bonnie Schnitta—What 

happens to sound when it strikes walls and ceiling? How 

does sound travel through walls and ceilings? Because much 

of the sound you hear in a theater system is actually reflected 

off the boundaries of the room, instead of coming directly 

from the loudspeakers, how do we manage that sound for 

the listener? These and other questions will be answered as 

an ideal acoustic environment is defined. Fundamental tools 

used in acoustic design will be presented to demonstrate 

how sound works and how an installer can control the 

negative impact of room reflections and unwanted sound 

transmission from room to room. Additionally, several 

innovative approaches to solving acoustic problems will be 

presented, such as changing the resonance of glass. This will 

include a discussion of the tools to quantify the effectiveness 
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of acoustic material or configurations for specific frequencies 

and applications. With a wider variety of theater and media 

room configurations, it is increasingly important to under-

stand the acoustical considerations in order to deliver the 

best possible experience to clients. Acoustics affects quality 

of life, and objective of LEED Certification. The USBCG 

is currently restructuring the guidelines to include acoustics 

in the overall LEED Certification process. This course is an 

excellent starting point to understanding acoustics (and how 

to profit from this knowledge), as well as prepare for the 300 

level CEDIA courses on this subject.

CEDIA Expo has no doubt become the most important 

show for home theater loudspeaker manufacturers, so much 

so, that more than a few companies have ceased exhibiting 

at CES in favor of CEDIA. However, this year’s economic 

downturn will mean fewer exhibitors attending. One of the 

largest booths at the show, Runco, will not be present. Both 

Planar (Runco) and D&M Holdings have announced that 

none of their brands will be attending (Denon, Marantz, 

McIntosh Laboratory, Boston Acoustics, Snell Acoustics, 

and Escient). Fortunately, this year’s show will still have a lot 

to offer in terms of both education and exhibitors. The list 

of loudspeaker manufacturers and other loudspeaker-related 

exhibitors at the 2010 CEDIA Expo includes Adam Audio 

USA, ARCAM, Artison, Atlantic Technology, Audyssey 

Laboratories, Audioengine, B&K Components, BG Radia 

Corps., Boston Acoustics, B&W Group, Canton, California 

Audio Technology, Cambridge Audio, Dali USA, Definitive 

Technology, Digital Cinema Sound, Earthquake Sound, 

Epson America, Focal JMLab, Genelec, Goldline/TEF, 

Harman International, Induction Dynamics, JL Audio, 

KEF America, Klipsch Group, Krell Industries, Leon 

Speakers, Marantz, Martin Logan, Mitek, MK Sound, Niles 

Audio, NuVo Technologies, Paradigm, Parasound, Parts 

Express, Phase Technology, Pioneer Electronics, Polk Audio, 

Proficient Audio, PSB Speakers, RBH Sound, Russound, 

Sausalito Audio, Sencore, Sonance, SpeakerCraft, Stealth 

Acoustics, Sunfire, Tannoy, Terra Speakers, Thiel Audio, 

THX Ltd., Totem Acoustics, Triad Speakers, TRUAudio, 

Velodyne Acoustics, WBT, Wisdom Audio, Xantech, and 

Yamaha Electronics Corporation. For more information on 

this year’s CEDIA Expo, check out www.cedia.net.

CJS Labs Seminar: Fundamentals of 
Electroacoustic Measurements

CJS Labs will host another of their excellent seminars 

titled Fundamentals of Electroacoustic Measurements on 

November 8, immediately following this year’s 129th AES 

Convention. This one-day seminar is taking place at the 

Grand Hyatt Hotel, 345 Stockton Street, San Francisco.

This course focuses on measurements of electroacous-

tic transducers (Fig. 1). The fundamentals of acoustics 

and electroacoustic measurements are presented, including 

instrumentation, data interpretation, and information on 

how to perform appropriate tests. Techniques for diagnos-

ing problems in design and QC are shown. Practical dem-

onstrations are provided throughout the course. 

This course is intended for technical persons who are 

responsible for the electroacoustical performance of loud-

speakers, microphones, headphones, telephones, hearing 

aids, or transducer-equipped media devices; R&D, Q.C/

Q.A., and production-related topics are covered. The level 

and content are appropriate for both novices and persons 

with test and measurement experience. This training will 

enable you to perform accurate measurements and provide 

you with the necessary tools to understand and correctly 

interpret the results. Course topics include:

• Basic Acoustics and Measuring Sound 

• Sound Sources, Sound Fields & Test Environments 

• Psychoacoustics, The Ear & Hearing 

• Measurement Microphones & Calibration 

• Frequency Analysis, Filters, & FFT 

• Linear System Analysis 

• Simulated Free Field Techniques 

• Directional Measurements and Polar Response 

• Impedance and Small Signal Parameters 

• Time-Frequency Analysis 

• Distortion & Non-Linearity 

• Harmonic, Intermodulation & Difference Frequency  

 Distortion Tests 

• Transducer Defect Detection 

Descriptions of the various available methods for perform-

ing a measurement of a transducer system will be described 

in detail. Traditional sine and noise based methods as well as 

MLS and TDS will be discussed. Each method differs with 

respect to measurement signal-to-noise ratio, distortion test-

ing capability, simulated free-field capability, and availability 

of complex data in both the time and frequency domains. 

Depending upon the application, one method may be more 

suitable for a particular application. 

Furthermore, it is critical to use the appropriate stimulus 

signal. A poor choice of test signal will waste both time and 

bandwidth, and will lower the measurement SNR. Learn 

about alternative test methods, stimulus signals, their appli-

cability and limitations to obtain valid measurement data. 

Examples using real measurements and data from actual 

transducers will be shown throughout to demonstrate the 

principles involved.

FIGURE 1: CJS Labs diagram for simulated free-field SPL measurements.
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The following questions will be addressed: 

• What is an LCTI system? 

• What analysis methods are serial and what methods are 

parallel? 

• What methods can provide results in both the time 

and frequency domains? 

• What are the trade-offs between measurement time 

and signal-to-noise ratio? 

• What is the difference between random error and bias 

error? 

• What is crest factor and how can it affect a measure-

ment? 

• What is the Hilbert transform? What is it used for? 

Does my measurement system have it? 

• Is there a way to obtain both the linear frequency 

response and the harmonic distortion with a single 

measurement? 

• What is complex time-domain averaging? How is it 

implemented? How does it improve measurement 

signal-to-noise ratio? 

The course instructor is Christopher J. Struck, and the 

course fee is $399 per student. Space is limited, so e-mail 

cjs@cjs-labs.com or phone (415) 923-9535 to reserve 

your place (space is not guaranteed until payment is 

received). The course fee includes beverages, lunch, and 

a printed set of the course notes. For more, visit www.

cjs-labs.com.

ALMA Asia Symposium
The ALMA Asia Symposium will take place October 16 

and 17, in Shenzhen, China at the Nan Hai Hotel. The 

theme, “East Meets West: Best Practices for Improving Profit,” 

is appropriate because at this event ALMA is formalizing a 

key industry collaboration with the Chinese Electronics and 

Acoustics Association Division (CEAD)—the China-based 

equivalent of The International Loudspeaker Association 

(ALMA). The collaboration between the two trade orga-

nizations is a commitment by both ALMA and CEAD to 

share information that will benefit the members of both 

organizations as well as the loudspeaker industry. 

CEAD is made up of loudspeaker engineers and fac-

tory directors and others in the industry, similar to ALMA. 

Collaboration around protection of intellectual property 

rights will be one of the many important issues the two 

associations have agreed to address. A board member of 

each association will become a board member of the other, 

and in the true spirit of collaboration, will begin to share 

technical knowledge through active participation in each 

other’s symposia programs.

The symposium program will feature a wide variety of 

training and commercial courses related to the loudspeaker 

manufacturing industry.  The event will include training by 

industry leaders including Phil Bunch of Phase Group, Simon 

Woollard of Prism Sound, and others. The commercial pre-

sentations will cover a wide variety of topics ranging from 

engineering, manufacturing methods, test and measurement, 
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intellectual property rights, product materials, and test equip-

ment.  There will also be an array of tabletop exhibitions by 

companies from across the spectrum of the industry. 

The ALMA Symposium is designed as a meeting place for 

US and Chinese companies and will offer substantial oppor-

tunities to meet local loudspeaker manufacturers. ALMA 

provides a worldwide loudspeaker industry forum for the 

exchange of technical and business information, and the par-

ticipation of US-based attendees at the China event is vital to 

the development of globally accepted standards and practices.

A “Call for Papers” has been issued for ALMA 

International’s 2010 Asia Symposium. The program will 

feature presentations within the following topic areas:

- Engineering

- Manufacturing methods

- Test and measurement

- Intellectual property rights

- Product commercialization and quality assurance.

Technical papers are invited and abstracts will be evalu-

ated on the basis of their overall quality and relevance to the 

theme of the symposium, relevance and value to the loud-

speaker industry, and practical feasibility and usage of topic 

and information presented.  Each paper session is scheduled 

to last 30 minutes, and up to four papers will be selected.

Presenters should submit to ALMA:

- Title

- A 75 word or less abstract/summary suitable for 

reprinting in pre-symposium promotional literature

- The name, address, phone number and a short biogra-

phy of the presenter

- A list of any special equipment needed

 

The closing date for the submission of abstracts is 

September 10. Notification of presenters will be by September 

15. Presenters must be able to supply copies of the presenta-

tion in electronic format by October 1. Submissions should 

be e-mailed to management@almainternational.org.

Listen Inc. SoundCheck Training Class
Listen announced a two-day SoundCheck training class 

in the San Jose area on November 1-2. At the beginning of 

AES week, the timing and location should be convenient 

to those travelling to the Bay area for the show, as well as 

those based locally. In two days, the course will guide users 

through the capabilities of SoundCheck from setup and 

calibration to advanced measurements and statistics. The 

course is recommended for any new SoundCheck users, as 

well as those seriously considering purchasing the system.

In addition, Listen will be continuing its series of online 

training webinars on the first Friday of each month. The 

current series of SoundCheck training sessions will continue 

until September, and starting in October, Listen will focus 

on testing a different type of transducer each month. For 

more, visit www.Listeninc.com for full course outlines and 

pricing information, as well as information on how to sign 

up for the free online classes.   VC
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Test Bench

Peerless Subwoofer and 
Wavecor Midbass
By Vance Dickason

�his month’s Test Bench samples are both home audio 

drivers. From Tymphany, a new Peerless shallow-mount 

10  subwoofer, the P835028; and from Wavecor, a 4.75  

midbass woofer, the WF120BD04.

Peerless P835028
One of the most pervasive trends in loudspeaker design 

in the last few years has been to produce speakers that are 

heard, but not necessarily seen. While the public once 

mostly wanted ostentatious off-wall speakers that domi-

nated a room, the market today for in-wall, on-wall, and 

in-ceiling has grown to become a large percentage of what 

is being manufactured. One of the harder problems to 

solve is how to make subwoofers “disappear.” While there 

have been many different solutions to in-wall subwoof-

ers, fitting large-diameter woofers in a 4  deep space has 

been a challenge for transducer engineers, and indeed, 

the market has produced a variety of clever methods to 

achieve this goal. Peerless has just released their solution 

to this problem with a shallow-mount 10  subwoofer, the 

P835028.

Measured from the bottom of the frame mounting sur-

face, the 10  P835028 is a mere 2.56  deep, making it easy 

to mount between two 2   4  studs in a standard framed 

wall. This is accomplished by using a neodymium motor 

mounted on the front side of the woofer, as you can see in 

Photo 1. Including the front heatsink, the driver protrudes 

1.06  from the bottom of the frame mounting surface. 

Given that, recessing the woofer into the front baffle or 

mounting from the rear of a 0.75  thick baffle would mean 

that the driver would extend only 0.3  out of the wall, easily 

covered by a slightly rounded metal grille.

In terms of features, the P835028 is built on a propri-

PHOTO 1: Peerless 835028.
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etary cast metal frame. The pole piece screws directly to the 

bottom of the frame, which incorporates a second heatsink 

with six fins to help dissipate heat from the motor. This was 

molded into the back of the frame. Because the voice coil 

is on the front side of the woofer, venting below the spider 

becomes irrelevant.

The cone assembly consists of a 10  diameter curvilinear 

paper cone.  The front surface of the cone is coated with a 

polypropylene skin, a combination which is very stiff. With 

the front mounted motor, there is, of course, no dust cap. 

Suspension is provided by a reverse roll NBR rubber sur-

round and a 5  diameter flat cloth spider. Driving all this 

is a 51.32mm (2 ) diameter voice coil wound with round 

copper wire on a non-conducting Kapton former with the 

voice coil lead wires stitched into the spider. Lead wires are 

terminated to gold-plated terminals.

Front-mounted motors have been around for many years, 

especially in car audio (Illusion Audio, a company fielded 

by Cary Christie Jr., produced the first front-mounted neo 

magnet system on the market that I can remember). The 

configuration of the Peerless P835028 attaches the voice 

coil to the front of the cone, with the pole piece facing 

forward. Using a large neo slug, the motor actually screws 

onto the pole piece and incorporates a very large heatsink 

that looks somewhat like a large gear and should effectively 

keep the motor temperature in control.

I began analysis of this shallow-mount Peerless sub-

woofer using the LinearX LMS analyzer and VIBox to 

produce both voltage and admittance (current) curves with 

the driver clamped to a rigid test fixture in free-air at 1V, 

3V, 6V, 10V, 15V, and 20V. As has become the protocol 

for Test Bench testing, I no longer use a single added mass 

measurement and instead used actual measured mass, but 

the manufacturer’s measured Mmd data. LEAP 5 was able 

to adequately curve-fit all of the different voltage curves, so 

I post-processed 12 550-point stepped sine wave sweeps for 

each P835028 and divided the voltage curves by the cur-

rent curves (admittance) to derive impedance curves, phase 

added by the LMS calculation method, and along with 

the accompanying voltage curves, imported to the LEAP 5 

Enclosure Shop software. 

Because the majority of Thiele/Small data provided 

by OEM manufacturers is being produced using either a 

standard method or the LEAP 4 TSL model, I addition-

ally produced a LEAP 4 TSL model using the 1V free-air 

curves. I selected the complete data set, the multiple volt-

age impedance curves for the LTD model (see Fig. 1 for 

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

curve for the TSL model in the transducer derivation 

menu in LEAP 5, and produced the parameters for the 

computer box simulations. Table 1 compares the LEAP 

5 LTD and TSL data and factory parameters for both 

Peerless samples.

LEAP parameter calculation results for the Peerless sub-

woofer were very similar to the factory T/S parameters, with 

a somewhat lower Vas for the measured data compared to 

the factory data. With this close an agreement, I proceeded 

to put together computer enclosure simulations using the 
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LEAP LTD parameters for Sample 1. I set up two box sim-

ulations, both sealed. This resulted in a 1.35ft3 sealed box 

with 50% fiberglass fill material, and a smaller version with 

a 0.75ft3  enclosure also with 50% fiberglass fill material.

Figure 2 gives the outcome for the Peerless P835028 

in the two sealed boxes at 2.83V and at a voltage level 

high enough to increase cone excursion to Xmax + 15% 

(10.6mm). This generated a F3 frequency of 39.4Hz with a 

box/driver Qtc of 0.70 for the 1.35ft3 sealed enclosure and 

–3dB = 45Hz for the smaller 0.75ft3 sealed box simulation.  

Increasing the voltage input to the simulations until the 

maximum linear cone excursion was achieved produced 

109dB at 28V for the larger sealed enclosure simulation and 

111dB with a 32.5V input level for the smaller sealed box 

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

28/32.5V excursion curves).

FIGURE 1: Peerless P835028 subwoofer free-air impedance plot.

FIGURE 2: P835028 computer box simulations (A = sealed 1 at 2.83V; B 

= sealed 2 at 2.83V; C = sealed 1 at 28V; D = sealed 2 at 32.5V).

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

FS 30.3Hz 30.4Hz 29.7Hz 29.7Hz 32Hz      
REVC 3.16 3.13 3.16 3.13 3.2    
Sd 0.0308 0.0308 0.0308 0.0308 0.0314
QMS 6.94 6.78 7.83 8.10 9.81      
QES 0.59 0.51 0.57 0.54 0.57 
QTS 0.54 0.47 0.54 0.51 0.54         
VAS 36.8 ltr 36.6 ltr 38.8 ltr 38.5 ltr 34.0 ltr     
SPL 2.83V 84.3dB 84.9dB 84.3dB 84.5dB 84.0dB        
XMAX 9.3mm 9.3mm 9.3mm 9.3mm 9.3mm
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Klippel analysis for the Peerless 10  subwoofer (our ana-

lyzer is provided courtesy of Klippel GmbH), performed 

by Pat Turnmire, Red Rock Acoustics (author of the SpeaD 

and RevSpeaD software) produced the Bl(X), Kms(X) and 

Bl and Kms symmetry range plots given in Figs. 5-8.  This 

data is extremely valuable for transducer engineering, so if 

you don’t own a Klippel analyzer and would like to have 

analysis done on a particular driver project, Red Rock 

Acoustics can provide Klippel analysis of most any driver for 

a nominal fee of $100 per unit (for contact info, visit www.

redrockacoustics.com).

The Bl(X) curve for the P835028 (Fig. 5) is moderately 

broad and symmetrical with a small forward (coil out) off-

set. Looking at the Bl symmetry plot (Fig. 6), this curve 

shows a coil outward offset at the rest position of about 

1.7mm that decreases to about a 0.9mm forward offset 

at the physical Xmax at 9mm of excursion and then stays 

constant throughout the remaining operating range of 

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

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

symmetrical with some minor asymmetry. There is about 

0.5mm coil out offset at the rest position, increasing to only 

0.8mm at Xmax.

Displacement limiting numbers calculated by the Klippel 

analyzer were XBl at 70% Bl greater than 8.8mm (almost 

Xmax) and for XC at 50% Cms minimum was 8.2mm, 

which means that the compliance is the most limiting factor 

for prescribed distortion level of 20%. Figure 9 gives the 

inductance curves Le(X) for the Peerless driver. Inductance 

will typically increase in the rear direction from the zero rest 

position as the voice coil covers more pole area; however, 

that mostly describes convention ferrite motors. In the case 
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FIGURE 3: Group delay curves for the 2.83V curves in Fig. 2.

FIGURE 6: Klippel Analyzer Bl symmetry range curve for the P835028.

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

curve for the Peerless P835028.

FIGURE 8: Klippel Analyzer Kms symmetry range curve for the P835028.

FIGURE 4: Cone excursion curves for the 28/32.5V curves in Fig. 2.

FIGURE 5: Klippel Analyzer Bl (X) curve for the Peerless P835028.



SEPTEMBER 2010 13

of the Peerless neodymium motor, the inductance decreases 

in both directions with a variation of only 0.15mH from 

Xmax to Xmax.

Even though this is a subwoofer, I generally like to take 

SPL data even though the driver would be likely crossed over 

somewhere in the vicinity of 100Hz or lower because there 

is always the possibility for any subwoofer to fit into a more 

conventional three-way format with a crossover frequency in 

the 200-400Hz range. Given that, I mounted the P835028 

woofer in an enclosure which had a 18   12  baffle (filled 

with foam damping material) and then measured the driver 

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

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

point gated sine wave sweep. Figure 10 depicts the Peerless 

sub’s on-axis response indicating a smoothly rising response 

to about 650Hz, with the peaking centered on 1.8kHz.

Figure 11 displays the on- and off-axis frequency 

response at 0, 15, 30, and 45 . -3dB at 30  with respect to 

the on-axis curve occurs at 1kHz, but a cross point upwards 

of 500Hz would be certainly workable for a full-range in-

wall three-way. And finally, Fig. 12 gives the two-sample 

SPL comparisons for the Peerless subwoofer, showing a very 

close match throughout the operating range to about 1kHz.

For the remaining group of tests, I used the Listen Inc. 

SoundCheck analyzer, ¼  SCM microphone and power 

supply (courtesy of Listen Inc.) to measure distortion and 

generate time frequency plots. For the distortion measure-

ment, I mounted the woofer rigidly in free-air, and set the 

SPL to 94dB (6.4V) at 1m using a noise stimulus, and then 

measured the distortion with the Listen Inc. microphone 

placed 10cm from the dust cap. This produced the distor-

tion curves shown in Fig. 13. 

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

dBSPL

40

45

50

55

60

65

70

75

80

85

90

95

100
SPL vs Freq

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

dBSPL

40

45

50

55

60

65

70

75

80

85

90

95

100
SPL vs Freq

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

dBSPL

40

45

50

55

60

65

70

75

80

85

90

95

100
SPL vs Freq

FIGURE 9: Klippel Analyzer Le(X) curve for the Peerless P835028.

FIGURE 12: Peerless P835028 two-sample SPL comparison.

FIGURE 13: Peerless P835028 SoundCheck distortion plot.

FIGURE 10: Peerless P835028 on-axis frequency response.

FIGURE 11: Peerless P835028 on- and off-axis frequency response.
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I then used SoundCheck to get a 2.83V/1m impulse 

response for this driver and imported the data into Listen 

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

CSD waterfall plot is given in Fig. 14 and the Wigner-Ville 

(for its better low-frequency performance) plot in Fig. 15. 

For more on this nicely conceived in-wall subwoofer, visit 

www.tymphany.com.

Wavecor WF120BD04
I reviewed Wavecor’s rather interesting SW182BD01 

7  subwoofer in the February 2010 issue of Voice Coil Test 

Bench and discussed the Danish origin of this Chinese 

company, but it’s an interesting story and is worth telling 

again. Wavecor has its roots in high-end Danish engineer-

ing thanks to its general manager and chairman Allan 

Isaksen and Director of Technology Per Madsen. Allan 

Isaksen started his career at Vifa A/S, Denmark in early 

1983 as a newly graduated acoustics engineer. After having 

designed numerous Vifa drivers, he was appointed engi-

neering manager at Vifa in 1987. 

In 1990 Vifa appointed Allan Isaksen as their director 

of sales and engineering with responsibility for all market-

ing, sales, and engineering activities. In 1999 Allan Isaksen 

relocated from Denmark to the GuangDong Province 

of China, where he established the Chinese production 

base for Vifa/Scan-Speak, Vifa Loudspeakers (PanYu) Ltd. 

After Vifa and Peerless merged into DST (Danish Sound 

FIGURE 14: Peerless P835028 SoundCheck CSD waterfall plot.

FIGURE 15: Peerless P835028 SoundCheck Wigner-Ville plot.
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Technology), the China production company was renamed 

DST Loudspeakers (PanYu) Ltd., which Allan Isaksen led 

as general manager until he founded Wavecor Ltd in 2005. 

Per Madsen also started his career at Vifa A/S Denmark 

in 1988 as a technical trainee, and after his graduation in 

1991 he was employed as R&D engineer at Vifa A/S, where 

his area of responsibility was mechanical driver parts. Later 

he continued working on the acoustics of drivers as well 

and designed some of the more popular drivers at Vifa/

Scan-Speak A/S through the years. In 2002 Per Madsen 

transferred to DST’s production facility in China, DST 

Loudspeakers (PanYu) Ltd., for a position as engineering 

manager. After DST was taken over by Tymphany (USA), 

Per Madsen continued working there as engineering services 

group manager until he decided to join Wavecor Ltd. as 

director of technology in 2006.

This month’s offering from Wavecor is a 4.75  paper 

cone midbass woofer, the WF120BD04 (Photo 2). Like 

the SW182, the highlight of this design is the Wavecor 

Balanced Drive system, a proprietary distortion reducing 

motor technology. Basically, Wavecor’s Balanced Drive 

Technology takes the form of a tapered extended pole 

as seen in the FEA diagram in Fig. 16. This FEA of the 

Balance Drive line motor design shows the dual tapered 

outlets on the pole vent, used to decrease turbulence in the 

vent. Figure 17 compares a typically standard motor with 

the tapered extended pole used by Wavecor. According to 

Wavecor this results in a more symmetrical Bl curve.

In terms of features, the WF120 is built on a six-spoke 

cast aluminum frame that sports a completely open area 

below the spider mounting shelf for enhanced cooling. 

The WF120 cone assembly includes a very stiff curvilinear 

black-coated semi-air-dried cone with a 1.13  diameter 

convex black-coated paper dust cap. These are suspended by 

a NBR butyl rubber surround that has a nice shallow angle 

where it attaches to the cone edge and a 3  diameter black 

conex flat spider.

Driving the assembly is a 26mm (1 ) diameter voice coil 

using round copper wire wound on a black non-conducting 

fiberglass voice coil former that incorporates a series of eight 

4mm diameter former vents just below the neck joint. The 

PHOTO 2: Wavecor WF120BD04.
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motor itself uses a single 17mm  89mm ferrite magnet 

sandwiched between a shaped T-yoke and 4mm high front 

plate, both with a black emissive coating for enhanced cool-

ing performance. The motor also incorporates an aluminum 

faraday shield/shorting ring as well as a copper cap on the top 

of the pole piece for distortion reduction. Voice coil tinsel 

lead wires are terminated to a set of gold-plated terminals.

I commenced analysis of the WF120BD04 midbass 

woofer using the LinearX LMS analyzer and VIBox to 

produce both voltage and admittance (current) curves 

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

0.3V, 1V, 3V, 6V, and 10V. As has become the protocol 

for Test Bench testing, I no longer use a single added mass 

measurement and instead used actual measured mass, but 

the manufacturer’s measured Mmd data.  With most 4-5  

woofers, the 10V curves turn out so nonlinear that I end 

up discarding them, but not so with the WF120 which 

remained perfectly linear out to 10V in free-air. 

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

wave sweeps for each WF120 sample and divided the volt-

age curves by the current curves (admittance) to derive 

impedance curves, phase added by the LMS calculation 

method, and along with the accompanying voltage curves, 

imported to the LEAP 5 Enclosure Shop software. Because 

most Thiele/Small data provided by OEM manufacturers 

is being produced using either a standard method or the 

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

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

data set, the multiple voltage impedance curves for the 

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

curve) and the 1V impedance curve for the TSL model in 
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FIGURE 16: Wavecor FEA of the Wavecor Balanced Drive motor system.

FIGURE 17: Diagram comparing conventional woofer motor to the 

Wavecor Balanced Drive motor structure.
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the transducer derivation menu in LEAP 5, and produced 

the parameters for the computer box simulations. Table 
2 compares the LEAP 5 LTD and TSL data and factory 

parameters for both WF120BD04 samples.

LEAP parameter Qts calculation results for the WF120 

were close to the factory data, except for the Fs. Note that 

Wavecor provides two parameter sets, one made without 

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

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

cally moving the cone assembly to the hard limits of its 

travel seven or eight times, enough to give the initial stretch 

provided by typical break-in protocols, so the Wavecor fac-

tory data is their “after burn in” data. 

As is normal for these reviews, I followed my usual pro-

tocol and proceeded setting up computer enclosure simula-

tions using the LEAP LTD parameters for Sample 1. Two 

computer box simulations were programmed into LEAP, 
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 TSL model  LTD model  Factory
 sample 1 sample 2 sample 1 sample 2  

FS 61.5Hz 63.2Hz 59.0Hz 61.3Hz 71.5Hz      
REVC 5.97 5.99 5.97 5.99 6.0    
Sd 0.0052 0.0052 0.0052 0.0052 0.0054
QMS 4.6 5.21 4.42 4.80 5.9      
QES 0.45 0.48 0.45 0.47 0.49   
QTS 0.41 0.44 0.41 0.43 0.45         
VAS 4.05 ltr 3.84 ltr 4.44 ltr 4.42 ltr 4.25 ltr     
SPL 2.83V 85.1dB 84.9dB 84.8dB 84.8dB 86.0dB        
XMAX 4.0mm 4.0mm 4.0mm 4.0mm 4.0mm
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FIGURE 18: Wavecor WF120BD04 free-air impedance plot.
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FIGURE 19: Wavecor WF120BD04 computer box simulations (A = sealed 

at 2.83V; B = vented at 2.83V; C = sealed at 17V; D = vented at 17V).
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FIGURE 20: Group delay curves for the 2.83V curves in Fig. 19.

FIGURE 22: Klippel Analyzer Bl (X) curve for the Wavecor WF120BD04.

FIGURE 23: Klippel Analyzer Bl symmetry range curve for the WF120BD04.FIGURE 21: Cone excursion curves for the 17V curves in Fig. 19.
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one sealed and one vented. This resulted in a 0.07ft3 sealed 

enclosure with 50% fiberglass fill material, and a 0.12ft3 

vented Chebychev/Butterworth alignment enclosure simu-

lation with 15% fiberglass fill material and tuned to 58Hz.

Figure 19 displays the results for the WF120BD04 in the 

sealed and vented boxes at 2.83V and at a voltage level high 

enough to increase cone excursion to Xmax + 15% (4.6mm). 

This produced a F3 frequency of 99.7Hz with a box/driver 

Qtc of 0.69 for the 0.07ft3 sealed enclosure and –3dB = 

70Hz for the 0.12ft3 vented simulation. Increasing the volt-

age input to the simulations until the maximum linear cone 

excursion was reached resulted in 101dB at 17V for the 

sealed enclosure simulation and 112.5dB with a 17V input 

level for the larger ported enclosure (see Figs. 20 and 21 for 

the 2.83V group delay curves and the 17V excursion curves).

Klippel analysis for the Wavecor 4.75  woofer produced 

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

given in Figs. 22-25. The Bl(X) curve for the WF120 (Fig. 
22) is relatively broad and symmetrical, especially for a 4.75  

diameter driver, and obviously also with “tilt” that includes a 

small forward (coil-out) offset. Looking at the Bl symmetry 

plot (Fig. 23), this curve shows a 0.8mm coil forward offset 

at the rest position that decreases to 0mm at the physical 4mm 

Xmax of the driver. Figures 24 and 25 show the Kms(X) and 

Kms symmetry range curves for the Wavecor midbass woofer. 

The Kms(X) curve definitely has some asymmetry, and 

also with a minor rearward (coil-in) offset of about 0.8mm at 

the rest position that decreases to 0.25mm at the 4mm Xmax 
FIGURE 25: Klippel Analyzer Kms symmetry range curve for the WF120BD04.

FIGURE 24: Klippel Analyzer Mechanical Stiffness of Suspension Kms 

(X) curve for the Wavecor WF120BD04.
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FIGURE 26: Klippel Analyzer Le(X) curve for the Wavecor WF120BD04.
FIGURE 28: Wavecor WF120BD04 on- and off-axis frequency response.

FIGURE 29: Wavecor WF120BD04 two-sample SPL comparison.FIGURE 27: Wavecor WF120BD04 on-axis frequency response.
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location on the graph, and increasing somewhat out to 6mm or 

so. While these numbers are small, it does limit the distortion 

levels somewhat. Displacement limiting numbers calculated by 

the Klippel analyzer were XBl at 82% Bl greater than 4.3mm 

and for XC at 75% Cms minimum was 2.3mm, which means 

that for this Wavecor woofer, the compliance is the most limit-

ing factor for prescribed distortion level of 10%. This isn’t that 

much of an issue, especially because this woofer could easily 

find itself working as a midrange in a three-way product.     

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

WF120BD04. Inductance will typically increase in the rear 

direction from the zero rest position as the voice coil covers 

more pole area; however, the WF120 inductance stays most-

ly constant as the coil moves in due to the dual shorting ring 

configuration. The inductance variation is only 0.05mH 

from the in and out Xmax positions, which is very good.

Next I mounted the WF120 woofer in an enclosure which 

had a 14   5  baffle and was filled with damping material 

(foam) and then measured the DUT on- and off-axis from 

300Hz to 40kHz frequency response at 2.83V/1m using 

the LinearX LMS analyzer set to a 100-point gated sine 

wave sweep. Figure 27 gives the on-axis response indicat-

ing a smoothly rising response to about 9kHz, rising 6dB at 

1Hz mostly anomaly free to the low-pass rolloff. Figure 28 

displays the on- and off-axis frequency response at 0, 15, 30, 

and 45 . -3dB at 30  off-axis with respect to the on-axis curve 

occurs at 4kHz, the recommended maximum crossover fre-

quency by Wavecor. And finally, Fig. 29 gives the two-sample 

SPL comparisons for the 4.75  Wavecor driver, showing a 

close match to within 0.5dB throughout the operating range 

(excluding a small 1dB differential centered on 1.1kHz).

For the remaining battery of tests, I employed the Listen 

Inc. SoundCheck analyzer, ¼  SCM microphone and 

power supply (courtesy of Listen Inc.) to measure distortion 

and generate time frequency plots. For the distortion mea-

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

Vance Dickason Consulting
333 S. State St., #152
Lake Oswego, OR 97034
(503-557-0427)
vdc@northwest.com
All samples must include any published data on the product, patent infor-

mation, or any special information necessary to explain the functioning of the 
transducer. This should include details regarding the various materials used to 
construct the transducer such as cone material, voice coil former material, and 
voice coil wire type. For woofers and midrange drivers, please include the voice 
coil height, gap height, RMS power handling, and physically measured Mmd 
(complete cone assembly including the cone, surround, spider, and voice coil 
with 50% of the spider, surround, and lead wires removed).
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surement, the Wavecor woofer was mounted rigidly in free-

air, and the SPL set to 94dB at 1m (10.6V) using a noise 

stimulus, and then the distortion measured with the Listen 

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

duced the distortion curves shown in Fig. 30. I then used 

SoundCheck to get a 2.83V/1m impulse response for this 

driver and imported the data into Listen Inc.’s SoundMap 

Time/Frequency software. The resulting CSD waterfall plot 

is given in Fig. 31 and the Wigner-Ville (for its better low-

frequency performance) plot in Fig. 32. For more on this 

well-crafted driver, visit www.wavecor.com.    VC

FIGURE 30: Wavecor WF120BD04 SoundCheck distortion plots.

FIGURE 31: Wavecor WF120BD04 SoundCheck CSD waterfall plot.

FIGURE 32: Wavecor WF120BD04 SoundCheck Wigner-Ville plot.
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Acoustic Patents 
By James Croft

�he following loudspeaker-related patents were filed 

primarily under the Office of Patent and Trademarks 

classification 181 for acoustical devices and 381 for electri-

cal-signal processing systems and HO4R for international 

patents. This also includes new patent applications that are 

published in the Patent Application Journal.  

SUBWOOFER WITH CASCADED ARRAY OF  
DRIVERS ARRANGED WITH STAGGERED SPACING
Patent Number: US 7,760,899

Granted: July 20, 2010

Inventors: Curtis E. Graber (Woodburn, Ind.)

Assignee: None listed

Filed: February 27, 2006

US Class: 381/341,15 Claims, 21 drawings

ABSTRACT FROM PATENT
A single folded, expanding horn loudspeaker reproduces 

low frequency audible sound at high power output levels 

(Fig. 1). A compact enclosure houses a plurality of identical 

transducers, characterized by small vibrational surface areas. 

The throats for each transducer into the horn are acousti-

cally differentially spaced from the mouth of the horn with 

the spacing between adjacent throats progressively increas-

ing in the acoustic direction of the horn mouth from the 

throat origin.

INDEPENDENT CLAIMS
“1. A loudspeaker comprising: a horn having an elongat-

ed summing throat for input of sound energy and a mouth 

for radiating acoustic energy; a plurality of discrete ports 

into the elongated summing throat for the input of sound 

energy with the discrete ports into the summing throat 

being spaced lengthwise along the elongated summing 

throat in order, with the spacing between successive pairs 

FIGURE 1: US Patent 7,760,899.
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of discrete ports growing progressively larger in the acous-

tic direction of the mouth along the elongated summing 

throat; and an acoustic transducer arrangement for each 

of the plurality of discrete ports, the acoustic transducer 

arrangements each including a driver suitable for operation 

over a common frequency range for inserting sound energy 

into each of the plurality of discrete ports with the sound 

energy timed for constructive reinforcement of sound 

energy in the summing throat.

“13. A horn loaded loudspeaker comprising: a plurality 

of acoustic drivers suitable for operation over a common 

frequency range; a plurality of closed box baffles with 

each of the plurality of acoustic drivers mounted in one 

of the plurality of closed box baffles; a plurality of high 

pressure chambers with each of the plurality of acoustic 

drivers oriented to radiate into one of the plurality of high 

pressure chambers or high pressure throats; a plurality of 

elongated ports, including one for each of the plurality 

of high pressure chambers, coupling the plurality of high 

pressure chambers via outlets to the horn; a summing 

throat portion of the horn into which the outlets from the 

elongated ports open, the summing throat being elongated 

in a direction of acoustic propagation toward the horn 

mouth and with the outlets being distributed along the 

summing throat in its direction of elongation, the spac-

ing between successive adjacent pairs of outlets into the 

summing throat being progressively larger in the acoustic 

direction of the mouth.”

REVIEWER COMMENTS
Disclosed is a novel subwoofer by Curt Graber that is 

a further advancement of his 2008 patent US 7,454,030 

reviewed in Voice Coil two years ago.

The invention provides a horn-loaded loudspeak-

er incorporating multiple acoustic drivers. The horn 

includes a summing throat into which acoustic energy 

is delivered from distributed points along the summing 

throat in the direction of acoustic propagation toward 

the horn mouth. Spacing between the distributed points 

progressively increases in the direction of sound propaga-

tion. Each distribution point is represented by an acoustic 

driver that is disposed in an enclosure with a back cham-

ber, typically a closed box baffle (although designs ported 

to a front chamber are also possible). Acoustic drivers are 

positioned to radiate directly into a summing throat, or 

into front chambers, which are ported to the summing 

throat, or by way of passive radiators through a front 

chamber.

A stated key improvement of the current invention 

compared to the earlier Graber ‘030 patent lies in the 

selection of the spacing between points between the 

outlets from the drivers into the summing throat. The 

distances between successive adjacent pairs of outlets 

into the summing throat is progressively increased in the 

direction of acoustic propagation. Because the outlets are 

at different distances from the mouth of the horn and, 

as a consequence, see different output impedances, there 

will be different propagation times for the sound energy, 

the acoustic driver’s emission to the horn mouth. It is 

stated that the phase and frequency response of the horn 

will differ with respect to the different extended throats, 

sometimes in ways difficult to predict in advance for 

particular horn parameters and thus empirical evaluation 

may be required to determine the best dynamic phase 

adjustments, frequency bandwidths and rolloffs to be 

used with the “independent” drive signals for each of the 

acoustic drivers.

The extended throats are relatively constricted in area 

when constructed in the preferred compression ratio and 
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are said to function as pneumatic amplifiers, increasing 

the volume velocity of the air. Accordingly, for a given 

output, it is claimed that the movement of driver dia-

phragms can be made much smaller than is the case in 

prior art devices. At the same time, the high-pressure 

compression chambers allow much larger driver motors 

to be employed. These motors supposedly can be two 

to three times the BL compared to conventional horn 

systems.

The outlets from the drivers or extended into summing 

throat 61 are not spaced equidistantly from one another. 

From the base of the summing throat, each successive outlet 

is spaced by a greater distance from the preceding outlet. It 

is stated that system directivity has been established empiri-

cally to improve using either a logarithmic exponential or 

tractrix expansion of distances as opposed to equidistant 

spacing of the entry ports. 

It is believed that the best results will be obtained where 

the ratio of the distance between the second pair of outlets 

compared to the distance between the outlets for the first 

set of ports is 4:3 and the ratio of the distance between 

outlets from ports. In one preferred embodiment, the spac-

ing between the first two drivers may be set at 24 , and at 

32  between the second and third drivers, and 48  between 

driver 3 and driver 4. The distance ratios between successive 

adjacent pairs of outlets can have some particular relation-

ship to the expansion function of the horn in the direction 

of acoustic propagation.

Producing sound of maximum intensity from a loud-

speaker system requires that acoustic pressure waves from 

the outlets of each individual driver be synchronized at 

the points where they emerge, such that due to the dif-

ferent distances sound travels to reach the mouth from 

the driver outlets, the drive signal applied to transducers 

is time differentiated so that the sound waves maximize 

the ability to constructively reinforce one another in the 

summing section as they progress toward the mouth of 

the horn system.

System variations include having each driver location be 

represented by pairs of drivers operating in isobaric, single, 

or dual series band-pass modes. While there is the general 

claim of greater capability than the prior art, there are no 

specific claims or illustrated measurements to suggest what 

level of advantage this system may exhibit when compared 

to other architectures.

Analysis would suggest that properly aligned, the system 

should produce very high performance, but it is unclear as 

to whether the added complexity would produce a com-

mensurate gain in acoustic capability.

PORTED LOUDSPEAKER ENCLOSURE WITH 
TAPERED WAVEGUIDE ABSORBER
Application Number: US 2009/0084624

Inventor: Laurence George Dickie (Brighton, GB)

Assignee: None Listed

Filed/Priority Date: September 18, 2008

Published: April 2, 2009

US Class: 181/152, 20 Drawings,11 Claims
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REVIEWER COMMENTS 
Laurence Dickie, the inventor of this patent applica-

tion (Fig. 2), is also the creator of the B&W Nautilus 

enclosure which is basically a closed ended, tapered 

transmission line, coiled spirally, to dissipate the acousti-

cal energy emitted into an enclosure from the backside 

of a transducer. The present inventive loudspeaker 

enclosure has a first cavity, or portion of an enclosure, 

in which a driver is mounted, the driver having a first 

resonant frequency. A port is extended from the interior 

to the exterior of the enclosure. The port is tuned to a 

second frequency. A sound-absorbing element comprises 

at least one exponentially tapered reverse horn, having 

a mouth in communication with the interior of the 

enclosure. 

The horn has a cutoff frequency equal to or greater 

than the resonant frequency of the port, and in a best 

mode embodiment, preferably two to four times greater. 

The horn is defined by tapering external walls of the 

enclosure, or by structures located within the enclosure, 

which define a plurality of individual tapered horns. The 

tapered line may include damping material to further 

attenuate the internal acoustic waves transmitted down 

the length of the enclosure. The described enclosure is 

said to combine the benefits of ported enclosures with 

those of enclosures employing tapered sound absorbing 

elements.

Essentially, the enclosure is configured as a hybrid, 

bass reflex and tapered transmission line to dissipate rear 

wave energy and avoid standing waves that are normally 

generated in rectangular form loudspeaker enclosures 

while also operating as a Helmholtz, vented resonator. 

Other than the possibility of the “Q” of the Helmholtz 

resonator being reduced due to the resistive aspect of the 

tapered and damped waveguide, the system should work 

as advertised, providing effective reduction of internal 

standing waves that would normally be radiated to the 

external environment through the vent of a conventional 

vented enclosure.   VC

Industry Watch
By Vance Dickason

�he new business group formed earlier this year to 

combine three Linear-owned residential installation 

companies—Niles, Xantech, and Elan Home System—

has expanded its group-level management ranks with the 

appointment of the group’s first chief technology officer, 

finance VP, and operations VP. The business unit, renamed 

the AVC Group (www.theavcgroup.com)(Photo 1) from 

the Linear Audio Video Control Group, was formed in 

April to increase collaboration and efficiencies among the 

three brands without merging their sales and marketing 

operations. The group includes the Elan-marketed Aton 

and Sunfire brands. Linear-owned brands not part of 

the new group include Gefen, Omnimount, Panamax, 

SpeakerCraft, and others.

With the appointments, the AVC Group’s senior man-

agement team adds chief technology officer Bob Farinelli, 

who was Elan’s president/chief technology officer; finance 

VP Richard Schnell, who was SpeakerCraft’s finance VP; 

and operations VP Vipul Doshi, who was Niles’s operations 

VP. In other management changes, Paul Starkey was pro-

moted from Elan executive VP to Farinelli’s previous posi-

tion as Elan president. Mike “Sparky” Detmer, Niles sales 

and marketing VP, was promoted to the position of Niles 

president, replacing Frank Sterns, who left the company. 

Graham Hallett remains Xantech president.

The appointments were made by AVC Group president 

Mark Terry, a 17-year Harman International veteran who 

most recently was president of the Harman Pro Group. 

Following the collapse of the new-home construction 

market, Linear chairman Grant Rummell hired Terry to 

“improve collaboration and cooperation among the com-

panies, which Linear acquired over the years and allowed to 

operate relatively independently.” The company, however, 

promised not to sacrifice brand autonomy or have the same 

sales team sell all three companies’ products. Finance VP 

Schnell was responsible for all administrative activities at 

SpeakerCraft when he was finance VP there, and before 

that, he was Linear’s controller. Operations VP Doshi, 

before becoming Niles operations VP, was Vizio’s senior 

manager of strategic partner management and Kinpro 

FIGURE 2: US Application 2009/0084624.

PHOTO 1: The AVC Group (left to right): Vipul Doshi, 

Graham Hallett, Paul Starkey, Richard Schnell, Mike 

Detmer, Bob Farinelli, and Mark Terry.
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Group engineering director.

New Niles president Detmer has been with Niles since 

1999, starting as director of field operations before becom-

ing sales and marketing VP in 2003.  Previously, he was 

sales and marketing VP at Krell and Infinity product 

manager and training director. New Elan president Starkey 

joined Elan in 1993, having previously been CEO of 

online video conferencing company DataBeam. Linear 

is owned by Nortek, which last December emerged from 

a prepackaged Chapter 11 bankruptcy. Nortek, through 

its various subsidiaries, offers residential and commercial 

ventilation, HVAC, and home-technology convenience 

and security products.

Following the announcement last month of the passing 

of speaker component manufacturer NuWay’s founder 

Claude Smith, NuWay has closed its doors. All assets and 

inventory was acquired by Loudspeaker Components, 
LLC (www.loudspeakercomponents.com).

Speaker manufacturer Artison (www.artisonusa.com) 

has become the second company to unveil a wireless mul-

tizone audio system that uses combination LED-light/

speakers that screw into existing recessed-light fixtures in 

the ceiling (Klipsch was the first). The company teamed up 

with lighting maker Osram Sylvania and semiconductor 

company Eleven Engineering to develop the do-it-yourself 

four-zone system; Eleven developed the 2.4GHz wire-

less technology. At January’s International CES, Klipsch 

unveiled a two-source, two-zone multi-room-audio system 

that supports up to eight speakers for four rooms of syn-

chronized stereo playback.

Artison founder Cary Christie said his system, marketed 

under the MusicLites brand, will expand the multiroom-

audio market to renters who wouldn’t be allowed by land-

lords to install custom speakers in walls or ceilings. The 

company, however, plans to offer a MusicLites system for 

custom installers. The system could be controlled from 

home-control systems that use the ZigBee wireless stan-

dard. Artison’s system will ship in September or October 

following more input from dealers and reps, Christie said. 

Pricing hasn’t been announced. Artison also plans in-ceiling 

LED lights without speakers to match the light emitted 

by light/speakers in the same room. A table lamp is also 

planned.

Each in-ceiling light speaker operates as a left or right 

speaker, and each incorporates a 70mm driver, 25W Class 

D amp, and LED light. To supply music to the speakers, 

consumers could connect up to three AC powered wire-

less transmitters into separate audio sources, whose music 

would be transmitted up to 30m. Each transmitter could 

serve up to four speakers, but repeaters would expand that 

capacity to 16 speakers. Each transmitter would stream 

only one source at a time, and three transmitters could 

operate simultaneously when located within 50m of one 

another. 
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In addition, music in a single room could be supplied by 

an iPod Touch, iPad, or iPhone connected to a 30-pin wire-

less dongle, whose output would extend 10m and would 

override streams from a 50m transmitter. A USB dongle 

for laptops, as well as a dongle that connects to the 3.5mm 

analog headphone output, could also be used to deliver 

music to light speakers in a local room. Up to three dongle-

equipped sources could be used simultaneously, each in 

different rooms. A credit-card IR remote aimed at a speaker 

would control source selection, volume, and light dimming 

in a local zone. 

MusicLites speakers are small enough to screw into 4  

in-ceiling cans as well as into 5 and 6  cans, Christie said. 

Trim rings are provided to hide any gaps. Klipsch’s system is 

designed for use in 5 and 6  in-ceiling cans.

The Consumer Electronics Association (CEA), 

owner and producer of the International CES, announced 

the launch of a unique new online directory, the CEA 

TechHome Mediterraneo Directory, featuring listings of 

companies that design and install home electronics systems 

in France, Italy, and Spain.

“CEA’s new TechHome Mediterraneo Directory aims 

to connect consumers with the top systems integrators in 

the Southern European markets. This is an important new 

resource allowing European consumers to find systems 

integrators who can provide crucial solutions. This new 

tool also allows CEA members to share best practices 

and grow their businesses by expanding into European 

markets.”

The CEA TechHome Mediterraneo Directory, avail-

able at www.cea-thm.com/directory, is designed to help 

consumers, builders, remodelers, and architects find 

services they need using a variety of search methods 

including: 

 Geographical market served—country, region, prov-

ince, and so on. 

 Types of home served—luxury, single-family, multi-

family, vacation, and so on. 

 Types of products installed—home theater, multi-

room audio, home automation, security, and so on. 

 Specific product brands carried 

 Certifications and awards 

Premium listings also feature photo showcases of instal-

lations performed by companies. All listings will be 

presented in four languages—French, Italian, Spanish, 

and English. To connect with the CEA TechHome 

Mediterraneo Directory, visit www.cea-thm.com/ 

directory. For more information on listing your company 

or advertising on the directory, contact Leonardo Norsa at 

(818) 445-1871.

Consumer confidence in consumer electronics moved 

up sharply in June as confidence in the overall economy 

dropped to its lowest point since July 2008, according to 

the latest figures released from CEA and CNET (cnet.

com). The CEA-CNET Index of Consumer Technology 

Expectations (ICTE) climbed in June to 82.7, up 11.2 

points from last month. The ICTE, which measures con-

sumer expectations about technology spending, is down 1.7 

points from this time last year. Traditionally, the summer 

has been a strong time for tech spending. The recent news 

about the new iPhone and upgrades to video game con-

soles may have sparked renewed interest in the technology 

among consumers.

The CEA-CNET Index of Consumer Expectations 

(ICE) fell to 162.8 points this month, its lowest point 

since July 2008, when it was 162.2 points. The ICE, 

down 1.4 points from last month, measures consumer 

expectations about the broader economy. It is down 

nearly 12 points from this time last year. The latest fig-

ures demonstrate consumers’ weariness over the overall 

economy, as news programs continue to show the daily 

efforts to contain the Gulf of Mexico oil spill, consumers 

may be concerned about the impact to the affected area, 

as well as the overall country. The CEA-CNET Indexes 

are composed of the ICE and ICTE, both of which 

are updated on a monthly basis through consumer sur-

veys. New data is released on the fourth Tuesday of each 

month. CEA and CNET have been tracking index data 

since January 2007.  To find current and past indexes, 

charts, methodology and future release dates, log on to: 

CEACNETindexes.org.

The consumer electronics industry will exceed initial 

revenue projections for 2010, with growth of 3% over 

2009 and overall shipment revenues of $174.9 billion in 

the US, CEA announced. The semi-annual U.S. Consumer 
Electronics Sales and Forecast (July 2010) also projects that 

industry shipment revenues will climb 4% to an all-time 

high of more than $182 billion by 2011.

The latest forecast increases CEA’s estimates for 2010 

shipment revenues, last updated in January, by more 

than $9 billion. The CE industry will see 3% growth in 

2010, up from an earlier projection of .3%. Much of the 

growth across the industry can be attributed to a hand-

ful of product categories—3DTVs, smartphones, Blu-ray 

players, eReaders and mobile computing solutions, such 

as tablets—that will contribute billions of dollars to the 

industry’s bottom line this year. The January edition of 

the forecast was cautiously optimistic about the industry’s 

return to growth this year.

The mobile computing category is expected to have 

a strong 2010 and become the primary revenue driver 

for the CE industry by 2011. CEA projects that mobile 

computing, which includes laptops, netbooks and tablet 

computers, will reach more than $26 billion in shipment 

revenues by next year. Most of the growth in the comput-

ing category will be driven by tablet PCs as more compa-

nies enter the marketplace.

As a category, wireless handsets are also seeing contin-

ued growth. CEA projects that by 2011, wireless hand-

sets will contribute $26 billion to the industry’s bottom 

line.  Smartphones continue to be the key driver, with 

more than 54 million units expected to ship in 2010, an 

increase of nearly 31%. By 2011, more than 66 million 

smartphones will ship to dealers, generating $19.6 billion 

in revenue. 

According to the U.S. Consumer Electronics Sales and 
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Forecast (July 2010), digital displays will continue to see 

major growth with increasing unit sales but slightly less 

revenue due to fierce pricing competition.  Shipments 

of 3D displays will increase to 2.1 million this year, 

doubling the original forecast in January, and shipment 

revenue will top $2.7 billion. By 2011, more than six mil-

lion units are projected to be sold, generating more than 

$7 billion in revenue.

U.S. Consumer Electronics Sales and Forecasts 2006-2011 

(July 2011) is published twice a year, in January and July. It 

was designed and formulated by CEA, the producer of the 

International CES, where these products and trends are first 

launched. CEA is the most comprehensive source of sales 

data, forecasts, consumer research and historical trends for 

the consumer electronics industry. Please cite any informa-

tion to the Consumer Electronics Association (CEA). The 

complete report is available free to CEA member companies 

at members.CE.org.  Non-members may purchase the 

study for $2,000 exclusively at mycea.CE.org.

Custom electronics distributor AVAD (us.avad.com) 

is now offering Russound throughout the US. AVAD 

dealers will have access to Russound’s distributed A/V 

and multi-room entertainment lineup. Products available 

to AVAD dealers include Russound’s Collage powerline 

media and intercom system, which distributes networked 

music and intercom communications over a home’s electri-

cal system. Designed for retrofit projects, the expandable 

systems provide access to audio, video, and Internet media 

with metadata without the need to run new zone-to-zone 

wiring, AVAD said. Through the partnership, Russound 

will gain access to AVAD’s extensive network of certified 

dealers, significantly expanding its reach within the custom-

installation market, AVAD said.

Bowers & Wilkins (www.bowers-wilkins.com) 

announced an agreement to place its product in the 

Magnolia outlet stores. According to B&W chairman Joe 

Atkins, the company had to open up sales of its high-end 

home speakers to Magnolia Home Theater, Magnolia 

Design Center, and Magnolia Audio Video outlets to 

compensate for the shrinking base of A/V specialty deal-

ers, but the brand won’t look to online merchants to boost 

home-speaker sales. In expanding on the brand’s distribu-

tion plans, Atkins also said not all B&W speakers will go 

to all Magnolia outlets. The company, for example, will 

not sell its custom-install speakers through the more than 

350 Magnolia Home Theater (MHT) stores within Best 
Buy stores, but those speakers will be available to the eight 

larger Magnolia Design Centers within Best Buy stores as 

well as to the seven stand-alone flagship Magnolia Audio 

Video outlets in Washington state, California, and the 

Chicago area.

The MHT stores will offer the 600 series of freestanding 

vinyl-clad speakers priced up to $2,000/pair, the CM series 

of freestanding wood cabinet speakers priced up to $3,000/

pair, and the M1 sound bar. The Magnolia Design Centers 

and the freestanding Magnolia A/V stores will add the top-

end Diamond 800 series of freestanding speakers priced up 

to $25,000/pair, Atkins said. The $31,000-each Nautilus 

speaker won’t be on display at any of the Magnolia outlets, 

but the Design Centers and freestanding A/V stores will 

have access to them. Products will appear in the Magnolia 

outlets in the fall; however,  the distribution changes do 

not apply to the Classe and Rotel audio electronics brands 

owned by The B&W Group.

Thiel Audio (www.thielaudio.com) has added Amazon 

to its short list of online retailers. The high-end speaker 

supplier jumped into the online fray in May 2007 when it 

began selling through Crutchfield. Thiel later added Audio 

Advisor as its second online retailer. 

With the latest distribution announcement, Thiel will 

sell seven models of architectural speakers, bookshelf 

speakers, and subwoofers on Amazon to US consum-

ers. The decision to add another online retailer reflects 

changing consumer shopping habits, and according to 

North American sales VP Ken Dawkins, it will help pro-

mote the high-performance audio industry. Amazon has 

begun selling the following models: the PowerPlane 1.2 

and HigherPlane 1.2 in-wall and in-ceiling speakers, the 

PowerPoint 1.2 aluminum on-wall/on-ceiling speaker, the 

DewPoint outdoor speaker, the SCS4 and MCS1 book-

shelf/center-channel speakers, and new subwoofer product 

to be unveiled later this year.

Audiovox (www.audiovox.com) reported higher net sales 

and a slightly higher net profit for its fiscal first quarter, 

ended May 31. Net sales for the first quarter were $130.3 

million, an increase of 8.8%, compared with net sales of 
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$119.8 million reported in the comparable year-ago period. 

Net income was $1.1 million for the quarter, compared 

with net income of $500,000 for the first quarter of last 

year. Net income for this year’s fiscal first quarter was 

inclusive of a gain from foreign exchange contracts and a 

favorable tax settlement.

Electronics sales were $94.5 million for the 2011 fiscal 

first quarter as compared with $79 million for the 2010 

fiscal first quarter, an increase of 19.6%. Electronics sales 

were positively impacted by the addition of new OEM sales 

and customers, resulting from the company’s acquisition of 

Invision Automotive Systems, as well as higher aftermar-

ket sales in security and mobile video, and new sales of FLO 
TV automotive entertainment systems.

Offsetting this increase were declines in the company’s 

audio business and lower consumer electronics products 

both domestically and internationally as a result of con-

tinued weakness in the global economies. As a percentage 

of sales, electronics represented 72.5% for the quarter, 

compared with 65.9% in the comparable-prior year period.

Accessory sales were $35.8 million for the fiscal first 

quarter as compared with $40.8 million the same time 

last year, a decrease of 12.3%. The decline in accessory 

sales is directly attributed to lower sales of digital antenna 

products for the comparable periods, as last fiscal year’s 

first quarter included approximately $8 million of 

antenna sales related to the industrywide switch from 

analog to digital TV. The decline was also attributed to 

lower consumer spending given current market condi-

tions, and was partially offset by higher sales of interna-

tional accessory products, both in existing business and 

through the addition of the Schwaiger acquisition. As a 

percentage of net sales, accessories represented 27.5% for 

the first quarter this year and 34.1% in the prior fiscal 

first quarter.

McIntosh Laboratory (www.mcintoshlabs.com) recent-

ly introduced the XCS200 center-channel loudspeaker 

(Photo 2). The $6,000 unit can also be used as a left, right, 

or surround loudspeaker. It handles 600W of power and has 

a frequency response of 80Hz to 45kHz. Attributes include 

extruded aluminum enclosure, concave side panels to resist 

standing waves, a high-gloss piano-black finish front baffle, 

an articulating stand, and an optional wall-mount kit. 

Three sets of gold-plated input connectors allow for bi- and 

tri-amping or wiring. 

The XCS200 also has two McIntosh 8  LD/HP woofers 

mounted behind a custom baffle that houses a multi-driver 

line array. There are eight 2  titanium midrange drivers 

using neo-radial technology and five 0.75  titanium dome 

tweeter drivers, arranged in a quasi-point source array. The 

speaker began shipping late July.   VC
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