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In the Central Hall, House Research Institute (for-
merly House Ear Institute) will present a free hearing 
health education and screening service to InfoComm 
attendees and exhibitors through its Sound Partners 
hearing-loss prevention program. House Research 
Institute, a nonprofit 501(c)(3) hearing health research 
and educational organization, works in partnership with 

InfoComm 2013: Collaborate, 
Communicate, and Connect 

InfoComm International is the largest professional 
audiovisual communications trade show in the world. 
InfoComm 2013 will be held June 8–14, 2013. The 
exhibits take place June 12–14 at the Orange County 
Convention Center, Orlando, FL. This year’s theme, 
“Collaborate, Communicate, and Connect,” highlights 
a trade show that is attended by 68% service provid-
ers (e.g., consultants, dealers, integrators, designers, 
and manufacturer representatives) and 32% technol-
ogy users (e.g., corporations, universities, entertain-
ment and hospitality venues, healthcare facilities, 
houses of worship, and government agencies). This 
year’s organizers expect more than 34,000 attendees 
and more than 925 exhibitors. Photo 1 shows the 
setup for last year’s show.

This year’s show will feature seven technol-
ogy pavilions: Audio, Technologies for Worship, 
Security Solutions, Tech Zone, Unified Collaborative 
Conferencing, Digital Signage, and Lighting and 
Staging. The Audio pavilion, sponsored again this 
year by Renkus-Heinz, will feature loudspeakers, 
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By Mike Klasco and Nora Wong

TEST BENCH 
Two Low-Frequency Woofers 
from Dayton Audio and RCF
By Vance Dickason

INDUSTRY WATCH
By Vance Dickason

Photo 1: InfoComm International is the world’s largest 
professional audiovisual communications trade show. 
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ABSTRACT 

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

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

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

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

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

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

aluminum, and titanium diaphragm compression drivers is described including 

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

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

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

 

1.  INTRODUCTION 

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

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

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

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

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

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

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

behavior of the three diaphragms. 

 

2.   HISTORY OF BERYLLIUM AS A DIAPHRAGM MATERIAL 

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

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

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

the deepest laws of nature, satellite structures and aircraft components.   

BeX™ Be4016 in Radian 950PB Compression Driver

Peter J. Andrews, Sr. Electro-Acoustics Engineer

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

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

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

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

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

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

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

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

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

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

+3dB near 5kHz).  

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

 

 

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

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

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

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

onset of break-up.

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

gives us a clearer view of what’s happening.
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Tuning Forks:  Let Your Ears Do Th e Math!

Peter J. Andrews, Sr. Electro-Acoustics Engineer

While many audiophiles and engineers are aware that beryllium is the lightest and stiff est metal for electro-acoustic transducers, it is 

perhaps not easy to grasp the vast performance advantages it has over other common ‘lightweight’ metals from a theoretical discussion 

like our white paper 1.  For an easily audible demonstration, we machined three tuning forks to the exact same dimensions; one made of 

aluminum, one of titanium, and one of beryllium.  We hope you had a chance to ‘ping’ these at a recent trade show demonstration.

              

Th e fi rst thing you might notice when picking up the three forks is the diff erence in weight, with the titanium feeling much heavier in 

your hands compared to the other two.  Titanium, of course, has a relatively high density, at 4.50g/cm3.  Th e aluminum fork is defi nitely 

lighter, at 2.70g/cm3,  and the beryllium fork even lighter than that, only 1.85g/cm3.  Th e actual masses of our example tuning forks are:

  Aluminum Fork = 55.7 g (2.0 oz.)

  Titanium Fork = 93.7 g (3.3 oz.)

  Beryllium Fork = 38.5 g (1.4 oz.)

Th e next thing you might notice is that the aluminum and titanium forks ring at nearly the same pitch (roughly C5) when struck on a 

hard surface, but the beryllium rings at a much higher pitch (roughly E6).  Even though titanium is ~1.6x stiff er than aluminum, it is 

also ~1.7x heavier, giving essentially the same resonant frequency in both materials.
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Properties
Genuine
Beryllium

AlBeMet® Composite
Metal Matrix

Magnesium Titanium Aluminum

Physical Properties

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

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

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

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

Mechanical Properties

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

YS  Yield Strength, MPa 240 321 480 105 275 75.8

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

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

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



pure power.

Innovative driver solutions
European fi nest quality drivers 
for professional and high-end 
loudspeaker applications
Worldwide largest manufacturer 
of premium compression drivers

Ultra low Distortion Cone Drivers 

The ultra low distortion technology was developed by BMS after 
years of fundamental research and development focused on 
the science of transducers and represents our commitment to 
technological excellence. 

The innovative design improves transient response for exceptional 
attack resulting in outstanding tight bass performance.

BMS Speakers GmbH
Hannover – Germany

www.bmsspeakers.com

EUROPEAN HIGH QUALITY SPEAKERS
Point Sources Coaxial compression 

drivers
Annular diaphragm
compression drivers

Planar wave drivers
for line arrays
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InfoComm and Listen Technologies. For more informa-
tion, e-mail info@houseresearch.org. Free screenings 
will be offered by appointment during regular show 
hours.

Loudspeaker and measurement equipment 
manufacturers exhibiting at InfoComm 2013 include: 
AmpliVox, Atlas Sound, BeStar Technologies, Bogen, 
Bose, Community Professional Loudspeakers, 
Crestron, Danley Sound Labs, DJ Tech Professional, 
Duran Audio, Earthworks, Eminence, Epson America, 
FaitalPro, FBT USA, Fostex, Frank Audio, Fulcrum 
Acoustic, FZ Audio, Galaxy Audio, Harman, Holosonics, 
Innovox Audio, JBL Professional, Klipsch Group, KSI 
Professional, L-ACOUSTICS, Lencore Acoustics, Leon 
Speakers, Martin Audio, Meyer Sound Laboratories, 
Nady Systems, Neutrik USA, NTI Americas, Outline,
Parts Express, Peavey Electronics, Penton Audio, 
PreSonus, QSC Audio, Radian Audio Engineering, 
Rational Acoustics, RCF USA, Renkus-Heinz, Roland 
Systems Group, Sonance, SoundSphere, SoundTube 
Entertainment, Spectr Audio, Stealth Acoustics, 
Tannoy, Turbosound, TOA Electronics, Waves, Worx 
Audio Technologies, Yamaha Commercial Audio 
Systems, and Yorkville Sound. For more information, 
visit www.infocommshow.org.

Capital Audiofest 2013
Capital Audiofest is a regional high-end audio show 

for consumers. This year marks the fourth Capital 

Audiofest, which is being held July 26–28, 2013, at the 
Sheraton Hotel, Silver Springs, MD (see Photo 2). The 
list of loudspeaker manufacturers includes: Abingdon 
Music, Audio Note UK, Auditorium 23, Audience AV, Bob 
Carver, Carnegie Acoustics, Classic Audio Loudspeakers, 
Daedalus Audio, DeVore Fidelity, Joseph Audio, MBL 
North America, Philharmonic Audio, Polk Audio, Sonist 
Loudspeakers, Sophia Electric, Soundfield Audio, Surreal 
Sound Audio, The Voice That Is, Thoress, and Volti 
Audio.

In 1978, I was an exhibitor with a high-end loudspeaker
product produced by my company Speaker Research 

Photo 2: Organizers are preparing for Capital Audiofest 
2013, set for July 26–28, 2013.
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Visit midwestaudiofest.com
for more event information and registration.

Join thousands of audio enthusiasts at the 
Parts Express Springboro, Ohio headquarters 
for the lowest prices of the year. There will be 
huge discounts on everything in our Retail Store 
during the Tent Sale, as well as unbelievable 
savings on factory buyouts, scratch & dent items, 
and one of a kind samples. The Audio Swap 
Meet will be back this year by popular demand, 
giving you the opportunity to buy and swap 
anything and everything audio! Experience the 
���������	�
�������������
���	�����	
����������
in the Speaker Design Competition. Hear some 
chest pounding audio systems at the Auto Sound 
Challenge. Make your plans now to join us for a 
day of giveaways, food, vendor displays,
and incredible deals!

Saturday July 13th 
8:00 AM to 5:00 PM

Springboro, Ohio

Join the Largest 
Premier Gathering for 

Audio Enthusiasts!

4 Events, 1 Day Only!

725 Pleasant Valley Drive
Springboro, OH 45066-1158
1-800-338-0531

Add Midwest Audiofest 
to your Facebook events
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Associates (SRA) in the “Jockey Club” Esoteric exhibit 
at CES, so I certainly have a soft place in my heart for 
these intrepid audio warriors striving to produce the 
ultimate musical loudspeaker. For more information, 
visit www.capitalaudiofest.com.

Candidates for AES 2013–2014 Elections
In accordance with the Audio Engineering Society 

(AES) bylaws, the Nominations Committee hereby 
notifies all voting members that the following slate of 
candidates has been nominated by the committee:

�� President-Elect—Kimio Hamasaki and Andres Mayo
�� Vice President Eastern Region, US and Canada—

Michael Fleming and Gary Gottlieb
�� Vice President Central Region, US and Canada—

David Bowles and Jonathan Novick
�� Vice President Central Region, Europe—Janos Gyori 

and Nadja Wallaszkovits
�� Vice President Latin American Region—Angel 

Gonzalez Espana and Valeria Palomino
�� Vice President International Region—Toru Kamekawa 

and John Oh
�� Governor—David Bowles, Jason Corey, James David 

Johnston, Josh Reiss, Kyle P. Snyder, and Shusen 
Wang

The AES 2012–2013 Election will take place 
between May 31 and July 12, 2013. Voting materials 

were sent Friday, May 31. Last year, more than 96% 
of the AES voting members voted online. This year, 
more members are encouraged to vote online, saving 
possible postal delays and extra costs in the election 
procedure. Visit www.aes.org or e-mail aeshelp@elec-
tionservicescorp.com for more information. 

Winter Symposium 2014 
The Association of Loudspeaker Manufacturing & 

Acoustics International (ALMA) has issued a “Call for 
Papers” for the 2014 Winter Symposium, “Suppliers 
Unchained: Maximizing Value from Your Acoustic 
Component Sources.” The 25th annual symposium will 
be held January 4–5, 2014, at The Tuscany Suites 
& Casino in Las Vegas, NV. This symposium will 
focus on loudspeaker component suppliers—spiders, 
cones, baskets, voice coils, magnets, and so forth. 
Additionally, ALMA standards and test and measure-
ment technologies will focus on cost-effective quality 
control and standardization. This year, there will also 
be a one-day break between the Winter Symposium 
and the Consumer Electronics Show (CES), which runs 
January 7–10. The extra day gives participants time 
to prepare for the CES. Papers, tutorials, seminars, 
and exhibits will demonstrate how the coordination 
and application of standards and measurements can 
achieve cost-effective quality control from suppliers 
worldwide.  

Papers, tutorials, and seminar topics are welcome. 
Abstracts will be evaluated on the basis of their over-
all quality and relevance to the syposium’s theme, 
relevance and value to the industry, and practical fea-
sibility and usage of topic and information presented. 
Papers and tutorials are scheduled to last 30 min. 
Presenters should submit to ALMA:

�� a title
�� a 75-word or less abstract/summary suitable for 

reprinting in pre-symposium promotional literature
�� a name, address, phone number, and short biogra-

phy of each presenter

The ALMA Winter Symposium is being co-chaired by 
Mark Beach, of Dyne Analytics,  and Peter Andrews, 
of Materion Electrofusion. Contact Beach (mark@
dyneanalytics.com) and Andrews (Peter.Andrews@
materion.com) to discuss the program further.

The closing date for submissions is October 15, 
2013. Presenters will be notified by October 31, 2013. 
Presenters must supply copies of their presentations 
in an electronic format (e.g., PowerPoint, MS Word, or 
PDF) by December 15, 2013. Submissions should be 
e-mailed to management@almainternational.org. 

Klippel’s New Test and Measurement 
Training (Part 2)

Voice Coil’s April 2013 issue featured the first 
part in the series of an outstanding new free online 
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This is what great 
sourcing in Asia looks like.
Tymphany’s team of design, engineering and production experts get 
your leading-edge products to market on time—and on budget.

 Western leadership
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has a Klippel analyzer, you can follow the training 
doing actual measurements; however, this is not 
required.

Students who do not have a Klippel analyzer 
can download the analyzer software, dBLAB (this 
is free), and database data (also no cost) from 
a measurement made on a Klippel analyzer. The 
chapter for the Vibration and Radiation Behavior 
of Loudspeaker’s Membrane training course, 
using the Klippel laser scanner, begins as follows:

Introduction—At low frequencies, the loud-
speaker’s motor and mechanical system can be 
modeled by an equivalent circuit using lumped 
parameters. The electrical signals (voltage u and 
current i) at the terminals generate the electro-
dynamical force FCOIL driving the moving mass 
MMS, stiffness of the suspension KMS and mechani-
cal resistance RMS, and generating the voice coil 
velocity vCOIL. An electrical signal (e.g., voltage u) 
and a mechanical signal (e.g., velocity v) describe the 
transfer of the audio signal in a one-dimensional 
signal path (see Figure 1). At higher frequen-
cies a distributed model comprising a multitude 
of parameters and state variables is required 
to describe the vibration of the diaphragm and 
suspension system. The velocity v(rC) in normal 
direction at any point rC on the radiating surface 
generates the sound pressure values p(rN) and 
p(rA) in the near and far field, respectively.
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Figure 2: The Magnitude of Transfer function Hx(jω, rC) between the 
input voltage and displacement at point rC
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Although mechanical vibration plays an impor-
tant role in the generation of the reproduced 
sound, its measurement has been much more 
difficult in the past than the measurement of 
electrical input signals and acoustical output 
signals. Modern laser scanning techniques mea-
sure the mechanical vibration and the geometry 
of the cone at high accuracy. The SCN analysis 
software supports the visualization and anima-
tion of the measured data and provides new 
kinds of analysis of cone vibration and prediction 
of the radiated sound pressure.

Displacement Transfer Function—The laser 
scanner provides the complex transfer function:

H  j ,r  = 
X j ,r

jX C
Cω

ω
ω

( ) ( )
( )U [1]

between the voltage signal u at the loudspeakers ter-
minal and the displacement x at an arbitrary point rc
on the radiating surface. 

The exact position of the measuring points is 
recorded and describes the geometry of the mem-
brane surface. The number of scanning points on the 
measured grid varies between 50 to 3,200, depending 
on the application. 

Figure 2 shows an example of a loudspeaker’s 
transfer function response. The red arrow indicates the 
resonance frequency of the woofer at fS ������#<�����;�
the resonance, the transducer generates constant 
voice coil displacement because the entire excitation 
force flows into the mechanical suspension assuming 
constant stiffness. Above the resonance, the response 
������ �*� ��� ��������� ���	�]������*<� "����� �� ��#'�
there are significant deviations due to vibration modes 
breaking up on the cone, which will be discussed in the 
following sections. 

Accumulated Acceleration Level (AAL)—The amplitude 
of the vibration of the radiator may be summarized in 
an AAL defined by: 

AAL r
r

pA
A

O

( ) ( )⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

 = 20log 
P

 dBAA

2 [2]
using the sound pressure potential:

P rAA A( ) ( )
−∫ = P  

v r
r   r

 dS0 C

A CS
C

C

ω
π2 [3]

with:

�0 density of air
SC surface of the membrane
rC point in the surface element dSC
rA observation point in the far field
p0 reference sound pressure

and the velocity: 

v j r j H j r u jC X Cω ω ω ω, ,( ) ( ) ( ) = [4]
expressed by using the terminal voltage u and the 
�	�����	��
��������x(j�,rc) measured by laser scanning.

The sound pressure potential pAA describes the 
maximal sound pressure at point rA in the far field 
while neglecting phase information due to the distance 
|rA – rC| and considering only the magnitude of velocity 
v. Therefore, the AAL is always larger than the sound 
pressure level (SPL), which is shown in Figure 3.

"����;��	�X
������'�����;�������	����
��^��������#_'�
the SPL is identical with the AAL. At higher frequen-
cies, the AAL reveals distinct peaks that correspond 
to modal resonances on the cone. The reaction is 
contrary to the SPL response. At higher frequencies, 
the SPL response shows significant dips, which directly 
correspond to destructive interferences in the acousti-
cal radiation. For more information on this series, visit 
www.klippel.de. VC

Rigid body mode

[d
B]

80

Figure 3: A comparison of AAL and SPL curves at the same 
observation point rA
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 Spotlight
Actran’s Acoustic and 
Vibration Simulation Software
By David Burd, PhD (MSC Software)

Most speaker designers use some kind of simulation 
software to validate their designs before commit-

ting to prototypes and production runs. Today’s most 
popular simulation tools are fairly low-level finite ele-
ment analysis (FEA) applications. Designers choose 
them because they’re inexpensive, easy to use, and 
operate on standard desktop computers. These tools 
provide basic one- and two-dimensional modeling and 
simulation. For years, designers have created outstand-
ing products using these simple simulation tools to 
supplement their knowledge of acoustics, design, and 
materials. So how much better could their products 
be if they paired their knowledge and experience with 
heavyweight simulation tools?

It’s not a hypothetical question anymore. The kind 
of acoustic simulation tools that were once the exclu-
sive province of automotive and aerospace engineers 
are now available to loudspeaker designers. A speaker 
designer working in a home studio can design a new 
enclosure or ported box using the same simulation tech-
nology automotive engineers use to design quiet auto 

interiors or, more precisely, almost the same simula-
tion technology. The important difference is that these 
new high-end simulation tools are accessible to any 
designer, not just highly trained analysts with doctoral 

Cone

Voice coil

Suspension

Microphones

Transmission line box

Air (inside and 
surrounding the loudspeaker)

Figure 1: The sound pressure level at the front microphone 
is due to unit load on voice coil.

Figure 2: The Actran model shows a transmission line 
box loudspeaker.
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degrees and six-figure budgets. A growing 
number of reasonably priced, user-friendly 
simulation solutions put high-end acoustic 
analysis within the reach of designers who 
can benefit from high-end analysis but don’t 
want to make a career out of learning how to 
use new tools.

Actran, a member of the MSC Software 
portfolio of products, offers one of these 
solutions. MSC is best known for the high-
end simulation and analysis software that 
helped the Apollo space missions travel to the 
moon and back. However, the company has 
been working for years to simplify simulation 
software and make it accessible to a broader 
range of users without reducing its power. 

Consumer product designers use Actran 
MSC’s suite of acoustic and vibration simulation software 
to create audio devices (e.g., telephones, hearing aids, 
musical instruments, and loudspeakers). Actran enables 
engineers to create 3-D simulations of the following:

� sound radiation by vibrating structures (e.g.,
speaker drivers)

� sound absorption within enclosures
� leakage through enclosure walls
� absorption by porous materials
� specific materials’ properties
� sound propagation in narrow ports and cavities

Actran enables loudspeaker engineers to take a 
broader view of speaker design including the finite 
elements (e.g., the drivers and enclosures), the infi-
nite elements (e.g., sound wave emissions), and the 
underlying physics. With Actran, engineers can model 
3-D designs to bring drivers and enclosures into phase 
for optimal sound. It shows the whole sound field so 
you can evaluate the physics and make modifications 
for higher performing products. Designers have tackled 
these tasks with mathematical modeling in the past, 
but they’ve been limited by the accuracy of basic 1-D 
and 2-D simulation software. Mathematically modeling 
a transmission box in one or two dimension does not 
realistically simulate how sound will travel through the 
transmission box when it’s an actual 3-D object.  

Three-dimensional modeling with a simulation solution 
such as Actran is much more accurate. Engineers can 

create 3-D CAD models and mesh in a free tool (e.g., 
Gmsh), then Actran can read the mesh directly from 
Gmsh. The user does not have to mathematically model 
the design, which increases accuracy while reducing 
simulation time and cost. 

Engineers can model an enclosure, (e.g., a transmis-
sion line box) and change the internal configuration to 
manipulate sound transmission paths. Engineers can 
create sophisticated designs without making them too 
complicated to simulate and optimize. They can also 
experiment with different materials from the integrated 
material library. Actran can accurately simulate the 

Figure 3: The pressure map inside and surrounding the 
loudspeaker is displayed at 240 Hz.
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acoustic behavior of laminates, the most commonly 
used enclosure material. Few simulation applications 
can handle laminates, and none can do it with Actran’s 
simplicity and accuracy.  

Figures 1–4 show a complex transmission line box 
design and the effects of adding porous materials to 
the inside. If there’s a problem with the design (e.g., a 
sound leak through the enclosure), the designer can use 
Actran to simulate the sound path through the enclosure 
and identify the leak’s source. They can then iterate 
the design to eliminate the problem. Simulating and 
analyzing every iteration shows the designer the best 
possible solution. Actran’s shared and distributed paral-
lel processing capabilities enable engineers to quickly 
solve problems. 

Running simulations faster enables loudspeaker 
designers to modify their designs for optimal perfor-
mance without increasing prototyping and production 
costs or time to market. Actran users can create simple 
scripts to test a variety of material properties, eliminat-
ing repetitive manual processes. Actran also enables 
them to automate computation chains with a specific 
material property varying among 100 different values to 
determine the value for optimum acoustic performance. 
These optimization capabilities represent a significant 
reduction in prototyping costs. A major loudspeaker 
manufacturer might build and discard 20 prototypes a 
week to perfect a design. Actran simulation can reduce 
that number to just one or two.  

Designers working with low-end tools can also locate 
problems—if they know what to look for and where to 
look. If they don’t, 1-D and 2-D views aren’t much help. 
Actran’s 3-D simulation models depict the entire design, 
not just a single plotted result. They reveal where the 
problem is and how it is generated. It’s a more accurate 
approach that yields superior results.

Speaker designers can use Actran to simulate any 
material available to them—and even some that aren’t. 
For example, consider a designer trying to perfect a 
new port box shape. He experiments with a variety of 
dimensions, enclosures, and dampening materials. The 
shape holds promise but doesn’t deliver the sound he 
suspects it could. Using Actran, he can determine what 
properties he needs from an enclosure material and tell 
his supplier what he needs. This kind of functionality has 
been available for years, but now it’s accessible to non-
PhD engineers working on standard computer hardware. 
Getting a plot is as simple as right-clicking on the simu-
lation model. Loudspeaker designers who embrace high-
end simulation technology will have an advantage over 
competitors: The ability to freely experiment with new 
designs and materials without inflating costs or delaying 
production schedules. The ultimate goal—better prod-
ucts that lead to higher sales—is the inevitable end. VC

Editor's Note: Dr. David Burd is manager of engineer-
ing and technical support at Free Field Technologies, an 
MSC Software company.
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 Spotlight
AV-Leader
A Unique High-End Vendor
By Mike Klasco and Nora Wong 
�������	
�����
�

Continuing Voice Coil’s expanded focus on headphones 
and microphones, this month’s profile is on AV-Leader, 

a large and well-known ODM/OEM manufacturers of 
professional microphones. The company has recently 
expanded its headphone offerings. Founded by CEO and 
owner Linda Kuo in April 1988, this company is a special-
ized vendor with corporate and R&D offices located in 
Taipei Hsien, Taiwan. Its production base, Subic Technics, 
was established in Subic Bay, the Philippines, in 1994. 

Anyone serious about sound has probably used one of 
AV-Leader’s microphones, headphones, or other profes-
sional audio products. Most of the leading European micro-
phone brands use AV-Leader as a crucial parts vendor and 
for its labor-intensive quality microphones. 

Getting to Know Kuo
Preparing this profile, we realized that AV-Leader’s 

supply chain and operation are different from the almost 

universal Taiwan transplant model that utilizes Chinese 
production. To understand AV-Leader means getting to 
know Kuo. In the 1980s, Kuo was the marketing manager 
at a large microphone factory. She recognized the oppor-
tunity to make “real” professional microphones, including 
measurement microphones (see Figure 1). 

Kuo did not like what she saw as many companies 
began shifting production to China. The lack of trustwor-
thy subcontract vendors and ever-changing engineering 
teams (along with the intellectual property control issues 
as engineers changed companies) convinced her to base 
AV-Leader’s production in the Philippines (see Photo 1). 

During Mike Klasco’s first visit to AV-Leader about 

Figure 1: AV-Leader is a well-known professional 
measurement microphone manufacturer. Two measure-
ment microphone models and their features are shown. 
(Information courtesy of AV-Leader)

Photo 1: Workers sit in the production area at AV-Leader’s 
facility in the Philippines. (Photo courtesy of AV-Leader)
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with for decades, and the components they machine for 
AV-Leader are inspected, staged, and shipped to the Subic 
Bay operation for final assembly. Once the components 
arrive, 100% of them receive anechoic chamber testing. 
AV-Leader’s facilities in Taiwan and Subic Bay have sophis-
ticated equipment (e.g., anechoic chambers, Bruel & Kjaer 
audio analyzers, and Sunlight sound testing equipment). 
In 1993, AV-Leader was one of the first companies to 
introduce an online anechoic chamber on its production 
line.

Headphones and Earphones 
Over the years, AV-Leader has become known for 

its exceptional microphone work; however, its lat-
est efforts have focused on headphone and earphone 

20 years ago, he was horrified to see what he thought 
were perfect counterfeits of many quality brands. He 
asked Kuo—someone with great integrity—how she could 
rationalize building for pirates. She responded that she 
had no interest in counterfeiters, and they had no inter-
est in her products because they are too expensive. 
Everything being built was for the actual brands. Back 
in September 2002, Mike wrote a Voice Coil profile on 
AV-Leader, calling Kuo “the Queen of Microphones.” While 
much has changed, much is also the same.

Kuo is a perfectionist. She is loved by her staff but she 
is very demanding. Going to lunch with Kuo is a treat—she 
immediately takes charge. After everyone sits down, she 
heads to the kitchen for final “outgoing quality control”— 
the dishes need to be clean, vegetables fresh with not too 
much oil, and meat properly cooked. But the best indi-
cation of Kuo’s personality was watching her inspect 
the production of a German brand’s professional 
microphones as she questioned various aspects of the 
run. A tall, gray-haired engineer from the customer’s 
company finally yelled to her in his thick German 
accent: “Linda, it is good enough!” Her standards are 
extremely high. 

AV-Leader and Dai-ichi are the only firms in the 
Philippines audio business and the companies have 
collaborated on several projects. Kuo’s supply chain 
consists primarily of small custom craftsman shops 
near her Taipei Hsien office on the outskirts of Taipei. 
These are trusted long-term vendors she has worked 

Figure 2: The E24C is one of AV-Leader’s professional in-ear 
monitor (IEM) products. (Information courtesy of AV-Leader)
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Photo 2: Some audiophiles prefer over-the-ear headphones 
(e.g., the AH-53).  (Photo courtesy of AV-Leader)

products. In-ear monitors (IEMs) are a recent introduc-
tion (see Figure 2). Audiophiles also seem to prefer these 
upscale multidriver headphones (see Photo 2). Although 
AV-Leader is focusing on OEM products co-developed with 
its customers, it also offers a range of open headphone and 
earphone tooling to new customers who want a short time 
to market with minimal development costs. Products with 
open tooling include DJ, broadcast, active noise canceling 
(ANC), audiophile, and fashion headphones. Headphone 
drivers include in-house and high-grade, Japanese-sourced 
components.

 The US Naval Base Subic Bay was a major ship-repair, 

supply, and rest and recreation facility for the US military. 
In fact, the naval base was the US’s largest overseas 
military installation after Clark Air Base in the Philippines. 
However, the base “officially” closed in 1991. Following 
its closure, the naval base was converted into the Subic 
Bay Freeport Zone (SBFZ), a tax- and duty-free zone.  
AV-Leader moved its operations there in 1995. 

However, there is still a strong US presence in the area, 
a feeling reinforced because English is the Philippines’s 
business language. In June 2012, the Philippine govern-
ment said the US military could use the base, as long as 
prior approval was granted by the Philippine government. 
Today, Subic Bay hosts US ships, aircraft, and personnel 
on a semi-permanent basis.

Visiting AV-Leader
Getting to Taiwan or the Philippines from the US is easy. 

Most international carriers have service to that region. You 
will likely find yourself on a nonstop EVA Air flight from the 
West Coast, even if you book on US Air or other EVA co-
share partners. EVA Air recently entered the Star Alliance 
(i.e., United, Continental, Lufthansa, and so forth). You 
can also get to AV-Leader’s factory from Hong Kong, 
Taipei, or Singapore.  

AV-Leader is located at No. 24, Lane 90, Kuei-Yang 
Street, Tai-San District, New Taipei City 24355, Taiwan. 
Linda Kuo can be reached at sales@avleader.com.tw, or 
by telephone at 886-2-2908-0859. For more information, 
visit www.avleader.com.tw. VC
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Vance Dickason Consulting has been developing award 
winning products for numerous high profile brand 
names for over 20 years… experience that’s hard to find! 

With extensive experience in high-end off-wall, in-wall, 
on-wall, ceiling and subwoofer products plus close 
relationships with some of the worlds best speaker 
OEM’s and you have a combination of services that 
will accelerate your next product lineup.

We have all the best toys (Klippel, LEAP 5,
LMS, CLIO, MLSSA, LSPCad, FEA), so 
whether its multimedia, car audio, MI, 
Pro, two-channel or Home Theater 
(including THX®), VDC has the solutions.

Add to that an available design team that includes 
some of the best transducers engineers, industrial 
designers and marketing experts I know of in the 
industry and you have a winning combination that 
would cost well over $750,000 a year to keep in house.
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this data and the LEAP 5 LTD transducer model to cal-
culate parameters. Because most manufacturing data 
is produced using either a standard transducer model 
or the LEAP 4 TSL model, I also used 1-V free air to 
generate LEAP 4 TSL model parameters that can be 
compared with the manufacturer’s data. Figure 1
shows the UM12-22’s 1-V free-air impedance plot. 
Table 1 compares the LEAP 5 LTD and the LEAP 4 TSL 
Thiele-Small (T-S) parameter sets for the UM12-22 
driver samples along with Dayton Audio’s factory data. 

Table 1’s comparative data shows all four param-
eter sets for the two samples were reasonably similar. 
At first glance, there was some deviation from the fac-
tory data. However, when I programmed the factory 
data into LEAP and performed a sealed-box simula-
tion, I received the exact same F3 results as the LTD 
Model’s Sample 1 data. 

I followed my normal Test Bench protocols. I used the 
Sample 1 LEAP 5 LTD parameters and set up two com-
puter box simulations, one in a 1.75-ft3 Butterworth-type 
sealed enclosure with 50% fill material (fiberglass) and 

Test Bench

 TSL Model LTD Model  Factory

Sample 1 Sample 2 Sample 1 Sample 2

FS 21.9 Hz 20.8 Hz 19.9 Hz 19 Hz 24.9 Hz

REVC  (series) 3.25 3.25 3.25 3.25 3.3

Sd 0.0491 0.0491 0.0491 0.0491 0.0491

QMS 2.55 2.42 2.32 2.22 3.45

QES 0.52 0.49 0.49 0.45 0.71

QTS 0.44 0.41 0.4 0.37 0.59

VAS 93.6 ltr 103.7 ltr 115.5 ltr 126.6 ltr 71.6 ltr

SPL 2.83 V 84.6 dB 84.7 dB 84.4 dB 84.7 dB 84 dB 

XMAX 19 mm 19 mm 19 mm 19 mm 19 mm

Table 1: Dayton Audio UM12-22 subwoofer data

Photo 1: Dayton Audio’s UM12-22 subwoofer top view (a) 
and bottom view (b)

Two Low-Frequency Woofers 
from Dayton Audio and RCF 
By Vance Dickason

For this month’s tests, I received two new low-
frequency transducers—Dayton Audio’s 12” sub-

woofer, the dual voice coil UM12-22, and RCF’s 18” 
pro sound high power handling woofer, the LF18X401.

The UM12-22
The first driver, the UM12-22, is a new 12” sub-

woofer from OEM and consumer-direct driver manu-
facturer Dayton Audio (see Photo 1). The UM12-22 
has an impressive feature set that includes a 12-spoke 
cast aluminum frame that has 12 12-mm × 14-mm 
screened vents below the spider mounting shelf for 
cooling across the top plate. The is a 12” stiff, shallow 
“bowl” (20-mm height) cone. The UM12-22 compris-
es a Nomex honeycomb-covered, woven glass-fiber 
sandwich driven by a short (26-mm height) paper 
flat-edge cone, a tall (22-mm height) nitrile butadiene 
rubber (NBR) high-excursion surround, and dual 6.5” 
diameter flat cloth spiders that have the lead wires 
woven into the body of the spider (damper) for both 
opposite-mounted terminal sets.  

A 63.5-mm diameter (2.5”) dual two-layer voice coil 
wound with round wire on a black anodized aluminum 
former drives the woofer. The motor system power-
ing the cone assembly utilizes two stacked 25-mm 
thick, 155-mm diameter ferrite magnets sandwiched 
between a black 9-mm thick front plate and a 12-mm 
T-yoke that incorporates a 25-mm diameter pole vent. 
This motor incorporates the dual copper shorting rings 
(pole cap and sleeve). The two sets of braided voice 
coil lead wires terminate to a pair of chrome color-
coded push terminals.

I used the LinearX LMS analyzer and VIBox to char-
acterize the new Dayton UM12-22 12” subwoofer. Both 
voltage and admittance (current) measurements were 
generated in free air at 1, 3, 6, 10, 15, 20, and 30 V. 
������ ���� ?���`��� 
���� �;�� �`�� ������ �����'� ������
were connected in series for the parameter measure-
ments. (This is also true of the Dayton Audio factory 
data.) This multi-voltage parameter test procedure 
also involves heating the voice coil between sweeps 
for progressively longer periods to simulate operating 
temperatures at that voltage level (raising the tem-
perature to the third time constant). 

Each woofer’s 14 sine wave sweeps were further 
processed with the voltage curves divided by the cur-
rent curves to produce impedance curves. I used the 
LEAP phase calculation routine to generate the phase 
curves. Then I copied/pasted the impedance magnitude 
and phase curves and the associated voltage curves 
into the LEAP 5 software’s Guide Curve library. I used 
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Figure 1: Dayton Audio UM12-22 subwoofer 1-V free-air 
impedance plot

a) b)
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Figure 2: Dayton Audio UM12-22 computer box simula-
tions (black solid = sealed at 2.83 V; blue dash = vented 
at 2.83 V; black solid = sealed at 70 V; blue dash = 
vented at 85 V)
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Figure 3: Group delay curves for the 2.83-V curves 
shown in Figure 2

Figure 4: Cone excursion curves for the 70-V and 85-V 
curves shown in Figure 2
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Figure 5: Klippel analyzer Bl (X) curve for the Dayton 
Audio UM12-22

a second vented box Chebychev/Butterworth align-
ment in a 2.71-ft3 box with 15% fill material and tuned 
to 20.6 Hz. 

Figure 2 provides the results for the Dayton Audio 



22 VOICE COIL

UM12-22 in the sealed and vented enclosures at 
2.83 V and at a voltage level high enough to increase 
cone excursion to XMAX + 15% (21.9 mm for UM12-22). 
This resulted in a F3 of 34.2 Hz (–6 dB = 28 Hz) with 
a 0.71 QTC for the 1.75-ft3 closed box and a –3 dB for 
the QB3 vented simulation of 30 Hz (–6 dB = 24 Hz).  
I increased the voltage input to the simulations until 
I reached the approximate XMAX + 15% maximum 
linear cone excursion point, resulting in 115.5 dB at 
70 V for the sealed enclosure simulation and 116 dB 
with a 85-V input level for the larger vented box. See 
Figure 3 and Figure 4 for the 2.83-V group delay 
curves and the 70-V/85-V excursion curves, respec-
tively). 

Klippel analysis for the Dayton Audio UM12-22 12” 
subwoofer produced the Klippel data graphs shown 
in Figures 5–8). Klippel provided the analyzer and 
Patrick Turnmire, Redrock Acoustics president and 
author of the SpeaD and RevSpeaD transducer simu-
lation software, performed the tests. If you do not 
own a Klippel analyzer and would like this type of 
data on any transducer, Redrock Acoustics can provide
Klippel analysis. (For contact information, visit www.
redrockacoustics.com.)

The UM12-22’s Bl(X) curve shown in Figure 5 is 
broad and symmetrical (with a slight tilt) which is typi-
cal for a driver with substantial XMAX. The Bl symmetry 
curve in Figure 6 shows 6-mm Bl coil out (forward) 
offset at rest, which transitions to a near zero offset 

at 13 mm of excursion; however, ignore this. Because 
the Bl curve has almost no offset at all, the analyzer 
has difficulty resolving this at small amounts of excur-
sion (0 to 8 mm). The gray area represents the degree 
of uncertainty in the measurement.

Figure 7 and Figure 8 show the subwoofer’s KMS(X)
and KMS symmetry curves. The KMS stiffness of compli-
ance curve shown in Figure 7 definitely has a degree 
of asymmetry with some obvious coil-out offset. The 
KMS symmetry range curve shown in Figure 8 indicates 
a 6.2-mm offset, a high degree of certainty at the 
7-mm excursion point, then a decrease to 3.7 mm 
at the driver’s physical XMAX (19 mm). However, the 
Klippel analyzer used the subwoofer criteria for Bl to 
calculate the UM12-22’s displacement-limiting num-
bers. XBl at 70% (Bl dropped to 70% of its maximum 
value) was equal to or greater than 22 mm (somewhat 
greater than the physical 19-mm XMAX for this driver) 
for the prescribed 20% distortion level (the criterion 
for subwoofers). For the compliance, XC at 50% CMS
minimum was 21.9 mm (also greater than this driver’s 
physical XMAX), which means Dayton Audio subwoofer’s 
compliance is the slightly more limiting factor for get-
ting to the 20% distortion level. This is good perfor-
mance, despite the compliance offset. 

Figure 9 shows this transducer’s inductance curve 
Le(X). Motor inductance typically increases in the rear 
direction from the zero rest position and decreases in 
the forward direction as the voice coil moves out of the 
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Figure 6: Klippel analyzer Bl symmetry range curve for 
the Dayton Audio UM12-22

Figure 7: Klippel analyzer mechanical stiffness of suspen-
sion KMS (X) curve for the Dayton Audio UM12-22

Figure 8: Klippel analyzer KMS symmetry range curve for 
the Dayton Audio UM12-22

Figure 9: Klippel analyzer Le(X) curve for the Dayton 
Audio UM12-22

gap and has less pole coverage. However, that doesn’t 
happen here. There is almost no inductance variation 
from full-in to full-out travel, which is the goal. It’s 
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Figure 11: Dayton Audio UM12-22 SoundCheck distortion 
plots

curve with an appropriate X-axis scale. Interpreting 
the conventional distortion curves’ subjective value 
is almost impossible; however, it is valuable to look 
at the relationship of the second- to third-harmonic 
distortion curves. 

The UM12-22 is a well designed subwoofer trans-
ducer from Dayton Audio. For more information, visit 
www.daytonaudio.com.

The LF18X401
I examined my first RCF transducer, the RCF ND950 

1.4 neodymium compression driver along with the 
HF950 injection-molded composite horn in Voice 
Coil’s April 2013 issue. This month, I received the 
LF18X401, one of RCF’s high power handling 18” pro 
sound woofers. The Italian-based RCF has a rich his-
tory that extends back to the company’s founding in 
1949 by a group of Italian electroacoustic engineers. 
RCF initially made microphones, amplifiers, and related 
products for public-address applications. However, 

during the 1950s and 
1960s, RCF established 
itself as an OEM trans-
ducer manufacturer. 
By the mid-1960s, the 
company had become 
the first in Europe to 
have a high-level trans-
ducer research center. 
In 1996, the company 
launched the ART series 
of active composite-
molded pro audio cabi-
nets. This technology—
used at the time by only 
a handful of manufac-
turers in the world—
instantly positioned RCF 
as a global player in the 
pro audio loudspeaker 
market.

In 2004, a new era 
began for RCF, with 
fresh investment in 
research and develop-
ment and a renewed 
commitment to manu-
facturing in Italy. Since 
then, the company has 
designed, put into pro-
duction, and delivered 

a substantial number of new products every year. 
Prominent among them is the TT+ High Definition 
Touring and Theatre Series, which became an instant 
success thanks to innovative amplifiers equipped with 
DSP, along with state-of-the-art transducer technology. 
Starting in July of 2007, RCF Group (the company that 
comprises RCF and AEB Industriale, which owns the 

easy to see the UM12-22’s dual copper shorting rings 
benefits, with only a 0.014-mH change in inductance 
over the full range of motion, which is outstanding.

Typically, I would mount the driver in a box and mea-
sure the on- and off-axis sound pressure level (SPL). 
However, I generally do not do this for subwoofers, as 
they usually crossover at 100 Hz or lower. Figure 10
provides the factory SPL. It certainly would be possible 
to cross this device as high as any 12” woofer, likely 
somewhere between 300 to 800 Hz.

Next, I used the Listen SoundCheck analyzer to 
perform distortion analysis. As usual, I dispensed 
with time-frequency analysis, as the data is not really 
significant below 100 Hz for subwoofers. For distor-
tion measurements, I mounted the driver in free-air 
and increased the voltage until the driver produced a 
1-m SPL of 94 dB (3.9 V), which is my SPL standard 
for home audio driver distortion measurement. I took 
the distortion measurement with the microphone 
placed near-field (10 cm) from the cone’s center 
point. Figure 11 shows the 12” Dayton subwoofer’s 
results. Figure 11’s top graph shows the standard 
fundamental SPL curve with the second- and third-
harmonic curves. Figure 11’s bottom graph shows 
the second- and third-harmonic curves plus the THD 

Figure 10: Dayton Audio UM12-22 factory on-axis 
frequency response

Photo 2: RCF’s LF18X401 18” 
pro sound woofer shown in a 
top view (a), bottom view (b), 
and side view (c)

a)

b)

c)
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brand dBtechnologies) was listed on the Italian Stock 
Exchange.

RCF’s 18” woofer, the recently released LF18X401, 
is a high continuous power handling rated pro sound 
woofer/subwoofer (see Photo 2). Anything that goes 
much lower than 35 to 45 Hz is pretty much a sub-
woofer in the pro sound world. The LF18X401 is rated 
at 3-kW continuous program material. Two of RCF’s 
other new products, the LF18X451 and the LF21X451, 
are rated at 3.6 and 4 kW, respectively. As is the 
trend for pro sound driver manufacturers, RCF has a 
neodymium version of these three ferrite motor, high 
power handling woofers. They are all rated somewhat 
lower in power handling. Neodymium’s popularity has 
waned somewhat, mostly due to the cost. However, 
the weight difference isn’t always as significant as you 
would expect. The LF18N401’s neodymium version 
weighs 21.8 lb, while the ferrite LF18X401 is just 7.5 lb 
heavier at 29.3 lb. 

The LF18N401’s feature set is substantial, starting 
with a proprietary cast frame. Like many high-power 
pro sound drivers and high-power car audio woofers, 
the frame is very much part of the cooling system. 
This frame has eight spokes, thermally coupled to the 
large ceramic ring magnet motor structure. Venting is 
fairly complex and includes six 40-mm × 11-mm vents 
around the peripheral of the frame’s base that couple 
air to the area between the spider mounting shelf and 
the front plate. Surrounding these six vents are 60 
short 10-mm tall heatsink fins. A flared 60-mm diam-
eter pole vent provides additional cooling; however, this 
large vent has a restrictor plate that has six small vents 
about 10 mm × 5 mm. RCF calls this restriction the RCF 

dual-forced, hyper-venting system. It limits the air flow 
out the pole vent exhaust to force more air into the gap 
area. Last, there are six peripheral 12-mm diameter 
vent holes on the back of the motor cup, which, when 
taken together, provide substantial air flow throughout 
the motor structure. 

The cone assembly consists of a ribbed 18” fiber-
loaded flat profile cone that is coated on the front side 
plus a large 6” diameter convex coated dust cap. A 
triple roll coated cloth surround and a double silicone 
coated cloth spider assembly provide compliance. A 4” 
(100-mm) diameter two-layer voice coil built on a glass 
fiber former with a split inside/outside winding wound 
with round copper wire couples the cone assembly to 
the motor.

A large 25-mm thick, 225-mm diameter ceramic fer-
rite ring magnet provides the LF18X401’s horsepower. 
Other motor features include a T-shaped pole with 
bump out and an aluminum demodulation ring (i.e., 
shorting ring or Faraday shield). Last, the voice coil tin-
sel wires are connected to a set of solderable terminals.

I used the LinearX LMS and VIBox to produce both 
voltage and admittance (current) curves, with the driv-
er clamped to a rigid test fixture in free air at 1, 3, 6, 
10, 15, 20, and 30 V. I used a procedure that attempts 
to achieve the third time constant on each sweep so the 
LMS oscillator is turned on for a progressively increas-
ing time period between sweeps. Following established 
Test Bench test protocol, I no longer use a single added 

Figure 12: RCF LF18X401 woofer free-air impedance plot
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 TSL Model LTD Model  Factory

Sample 1 Sample 2 Sample 1 Sample 2

FS 31.8 Hz 29.5 Hz 30.7 Hz 27.8 Hz 30 Hz

REVC  (series) 5.65 5.58 5.65 5.58 5.4

Sd 0.123 0.123 0.123 0.123 0.122

QMS 5.83 4.47 5.05 3.76 7.4

QES 0.34 0.33 0.31 0.28 0.31

QTS 0.32 0.3 0.29 0.26 0.3

VAS 247.9 ltr 288.2 ltr 268.3 ltr 328.4 ltr 274 ltr

SPL 2.83 V 95.5 dB 95.5 dB 95.8 dB 95.8 dB 97.5 dB 

XMAX 11 mm 11 mm 11 mm 11 mm 11 mm

Table 2: RCF LF18X401 woofer data

For more information visit www.ALMAInternational.org
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Figure 14: Group delay curves for the 2.83-V curves 
shown in Figure 13
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Figure 15: Cone excursion curves for the 70-V curves 
shown in Figure 13
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mass measurement. Instead, I used the actual mea-
sured cone assembly weight provided by RCF. 

Next, I post-processed the 16 550-point stepped sine 
wave sweeps for each sample and divided the volt-
age curves by the current curves to derive impedance 
curves. I imported the phase-calculated data along 
with the accompanying voltage curves to the LEAP 5 
Enclosure Shop software. This is a more time-consum-
ing process that the usual low-voltage impedance curve 
used to derive T-S parameters. The reason for this is 
that the LEAP 5 LTD transducer model methodology 
results in a more accurate prediction of excursion at 
high voltage levels, one of the LEAP 5 software’s fortes. 

Because most OEM manufacturers use either a 
standard method or the LEAP 4 TSL model to produce 

Figure 13: RCF LF18X401 computer box simulations 
(black solid = vented 1 at 2.83 V; blue dash = vented 2 
at 2.83 V; black solid = vented 1 at 70 V; blue dash = 
vented 2 at 70 V)
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the data, I also used the 1-V free-air curves to cre-
ate a LEAP 4 TSL model. The complete data set, the 
LTD model’s multiple voltage impedance curves and 
the TSL model’s 1-V impedance curves were selected 
in the Transducer Derivation menu in LEAP 5 and the 
parameters created for the computer enclosure simu-
lations. Figure 12 shows the woofer’s 1-V free-air 
impedance curve. Table 2 compares the LEAP 5 LTD, 
TSL data and the factory parameters for both RCF 
LF18X401 samples.

The LF18X401’s parameter measurement results 
showed reasonable agreement for the QTS and VAS
number. The sensitivity data I derived was 1.7 to 2 dB 
lower than the factory data; however, my sensitiv-
ity rating is derived from parameter calculation at 
2.83 V. The RCF factory sensitivity was measured 
with pink noise at 2.83-V band-limited to 500 Hz to 
2.5 kHz. While not absolutely identical, my parameter 
measurements were close to the factory data. This 
is typical when I measure pro sound products, which 
speaks to the excellent group of transducer engineers 
at these companies. RCF is a perfect example. I used 
the LEAP LTD parameters for Sample 1 to set up two 
computer enclosure simulations. This included two 
vented alignments, a 2.6-ft3 QB3 box alignment with 
15% fiberglass fill material tuned to 40.5 Hz, and an 
extended bass shelf (EBS) 5.3-ft3 vented enclosure 
with 15% fiberglass fill material tuned to 30.7 Hz.

Figure 13 shows the results for the RCF LF18X401 
in the QB3 and EBS vented boxes at 2.83 V and at a 
voltage level high enough to increase cone excursion to 

XMAX + 15% (8.6 mm for the LF18X401). This produced 
a –3-dB frequency of 64.0 Hz (–6 dB = 50 Hz) for the 
2.6-ft3 QB3 enclosure and F3 = 52 Hz (F6 = 36 Hz) for 
the 5.3-ft3 EBS vented simulation. Increasing the volt-
age input to the simulations until the maximum linear 
cone excursion was reached resulted in 123.5 dB at 
60 V for the QB3 enclosure simulation and 122 dB at 
the same 60-V input level for the larger vented box. 
(See Figure 14 and Figure 15 for the 2.83-V group 
delay curves and the 60-V excursion curves.) I cut the 
simulation off at 60 V, mostly because the excursion 
curve reached 8.6 mm in the mid-20-Hz region.

Klippel analysis for the RCF LF18X401 produced 
the Bl(X), KMS(X), Bl, and KMS symmetry range plots 
shown in Figures 16–19. I should mention that RCF, 
like most really good pro sound OEMs, uses a Klippel 
analyzer. In fact, RCF sent me its LF18X401’s Klippel 
data. I should note that it closely matched the data 
Redrock Acoustics provided.

The LF18X401’s Bl(X) curve is nicely broad and 
generally symmetrical (see Figure 16). The offset 
curve in the Bl symmetry plot is close to 0 at the rest 
position and progresses to a 0.54-mm coil out offset 
at the driver’s physical XMAX, which is quite good (see  
Figure 17). Figure 18 and Figure 19 depict the RDF 
18” woofer’s  KMS(X) and KMS symmetry range curves. 
The KMS(X) curve is mostly symmetrical, but with some 
obvious forward coil-out offset. The forward offset in the 
KMS symmetry range curve is about 1.4 mm at rest and 
stays constant throughout the operating range, sug-
gesting a small physical offset from magnetic center.

Figure 18: Klippel analyzer mechanical stiffness of sus-
pension KMS (X) curve for the RCF LF18X401

Figure 17: Klippel analyzer Bl symmetry range curve for 
the RCF LF18X401

Figure 16: Klippel analyzer Bl (X) curve for the RCF 
LF18X401

Figure 19: Klippel analyzer KMS symmetry range curve for 
the RCF LF18X401
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locate the woofer low-pass crossover as high as 500 
to 800 Hz. 

Since I decided not to perform SPL measurements, I 
used Listen’s SoundCheck analyzer, SC-1 microphone, 
and SoundConnect power supply to measure distor-
tion. Because I did not have an available enclosure, I 
also did not use Listen’s SoundMap software for time-
frequency presentations. 

I mounted the woofer rigidly in free air and used 
a noise stimulus to set the SPL to 104 dB at 1 m. 
SoundCheck’s utilities include a software generator and 
SPL meter. I then placed the microphone 10 cm from 
the dust cap to measure the distortion (see Figure 22). 

RCF is offering a well designed and robust 18” woofer 
with interesting proprietary features for pro sound appli-
cations. For more information, visit www.rcf.it. VC

Figure 20: Klippel analyzer L(X) curve for the RCF 
LF18X401

Figure 21: RCF LF18X401 factory on-axis frequency 
response

Figure 22: RCF LF18X401 SoundCheck distortion plot

Test Bench is an open forum for OEM driver manu-
facturers in the industry. All OEMs are invited to 
submit samples to Voice Coil for inclusion in the Test 
Bench column. 

Driver samples can include any sector of the loud-
speaker market, including transducers for home audio, 
car audio, pro sound, multimedia, or musical instru-
ment applications. Contact Voice Coil Editor Vance 
Dickason to discuss which drivers are being submitted. 

All samples must include any published data on the 
product, patent information, or any special information 
to explain the functioning of the transducer. Include 
details on the materials used to construct the trans-
ducer (e.g., cone material, voice coil former material, 
and voice coil wire type). For woofers and midrange 
drivers, include the voice coil height, gap height, RMS 
power handling, and physically measured Mmd (com-
plete cone assembly, including the cone, surround, 
spider, and voice coil with 50% of the spider, surround, 
and lead wires removed). Samples should be sent in 
pairs to:

Vance Dickason Consulting
333 South State Street, #152
Lake Oswego, OR 97034
(503-557-0427)
vdconsult@comcast.net

Submit Samples to Test Bench

The Klippel analyzer calculated the LF18X401’s dis-
placement-limiting numbers. XBl at 70% (Bl decreas-
ing to 70% of its maximum value) was greater than 
10.3 mm and for XC at 50% (compliance decreasing 
to 50% of its maximum value) was 7.7 mm (just 
beyond the physical XMAX). For this RCF 18” woofer, 
the compliance is the most limiting factor for the pre-
scribed 20% distortion level, but for either element, 
the contribution is beyond the physical XMAX.

Figure 20 provides the RCF pro sound woof-
er’s inductance curve L(X). Inductance will typically 
increase in the rear direction from the zero rest posi-
tion as the voice coil covers more pole area unless the 
driver incorporates a shorting ring. This is a pretty 
typical inductance profile. 

I dispensed with the SPL measurements for the 
LF18X401, mostly because I don’t keep 18” or 21” 
size cabinets in my test fixture inventory. However, 
Figure 21 shows the factory SPL curve, and you could 
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Howard Doctor (1954–2013)
Howard Doctor described 

himself as an aspiring boule-
vardier (see Photo 2). In his 
formative years, he partici-
pated in pirate radio, became 
a skilled concert sound engi-
neer, and taught at Grant 
MacEwan University, in Alberta, 
Canada. Howard spent many 
years designing and refining 
transducers for professional, hi-fi, and automotive appli-
cations. As a founder of AVI Sound International, he 
created a family of exceptional drivers that utilized 
advanced composites and low-distortion magnetics. 
His designs can be identified by their performance and 
remarkable market acceptance.

Howard provided guidance to dozens of manufactur-
ers regarding advanced materials, a task that required 
auditing 390 different manufacturing operations, world-
wide. These audits provided a wealth of information on 
their strengths and limitations, resulting in a database 
of 4,600 sources, encompassing every facet of product 
design, development, production, and quality control. 
Howard’s skill set included industrial design elements, 
materials science, structural, mechanical, magnetic, 
electrical, thermal, and acoustic engineering. He pub-
lished 170 articles and contributed to textbooks about 
loudspeaker adhesives and voice coils. He will be missed.

It is with regret that Voice Coil announces the passing 
of two of our highly esteemed colleagues, Denis Ouellet 
and Howard Doctor.

Denis Ouellet (1949–2013)
Denis Ouellet, owner 

of Solen Electronique and 
a long-standing Audio 
Engineering Society member, 
was a man of many talents 
(see Photo 1). He led a full 
life, nurturing his many inter-
ests. His hobby as an aviator 
and years as a commercial 
pilot enabled Denis to visit 
many interesting places and 
experience adventures, both 
in the air and on the ground. 

Denis provided many colorful anecdotes of his experi-
ences and he had a thirst for knowledge. Solen, a leading 
producer of “high-end” crossover components based in 
Quebec, Canada, remains a testament to Denis’s lifelong 
commitment to his endeavors and pursuits. Denis influ-
enced and inspired many people during his life and he will 
be missed by his family and many friends.

Industry Watch
By Vance Dickason

Photo 1: Denis Ouellet

Photo 2: Howard Doctor
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stations, rate songs, 
and bookmark songs 
for later purchase. The 
rear USB port pro-
vides high-speed USB 
connections to music 
libraries stored on an 
iPod, an iPhone, or 
a USB drive. TuneIt 
users can add their 
vehicle’s make, model, 
and speaker locations 
to their smartphones. 
Sound-system settings can then be downloaded to the 
vehicle. For more information, visit www.alpine-usa.com.

Audio Education Conference
AES 50th International Conference: Audio Education 

is the Audio Engineering Society’s (AES) first confer-
ence dedicated specifically to audio education. The 
conference—which is set for July 25–27, 2013, at Middle 
Tennessee State University (MTSU), Murfreesboro, TN—
will focus on teaching methods, instructional resourc-
es, learning outcomes, technical operations, areas for 
research, and topics relevant to organizations and indi-
viduals that provide theoretical and practical training in 
audio engineering.

Audio education has expanded significantly worldwide, 
with many colleges and universities, career schools, 
high schools, and manufacturers now offering a range 
of audio courses. However, administrators and faculty 
face practical questions managing audio as a discipline 
within educational institutions. The conference’s aim is 
to address these questions and related topics through a 
series of presentations, papers, workshops, case stud-
ies, and discussions among professional audio educators, 
trainers, and administrators. The conference will be peer 
driven and its outcomes will include a collection of formal 
papers, historical documents, survey instruments, and 
potential recommendations for resource management 
and development.

More than 30 peer-reviewed papers and posters have 
been accepted for presentation along with eight work-
shops and tutorials focusing on the following topics:

�� Pedagogy, curricular design, and instructional resources
�� Internships, partnerships, employment, and career 

counseling
�� Industry and professional organizations partnerships
�� Outcomes for secondary, tertiary, and graduate level 

programs

Murfreesboro is approximately 30 miles southeast of 
Nashville, TN, an internationally recognized center for 
music and recording. MTSU’s recording industry program 
was founded in 1973, making it one of this country’s 
oldest programs of its kind. For more information, visit 
www.aes.org. VC

Soundcast Systems’s Sale Stalls
The Soundcast Systems’s high-profile sale to former 

SpeakerCraft CEO and industry icon Jeremy Burkhardt 
has been canceled. However, Soundcast’s original own-
ers are moving forward with new financing, additional 
staff, and aggressive product plans. The agreement to 
sell Soundcast to Burkhardt, announced in late February 
2013, included an aggressive and multifaceted 90-day 
fast-track sale with a short window of exclusivity. 
Unfortunately, Burkhardt did not close the transaction 
within the timeline. Soundcast’s owners and leadership 
team had the option to extend the deadline. Instead, 
they decided to raise the capital necessary for expansion 
internally. These new resources will accelerate the 2013 
new products-to-market, future product development, 
increased staff, multimarket expansion, infrastructure 
enhancements, and the support necessary to execute the 
aggressive business plan currently underway.

The company’s first new employee is former 
SpeakerCraft employee Nick Berry (brought in by 
Burkhardt), who will head up Soundcast’s in-house sales 
team as director of sales. The company also unveiled two 
new products in April and will continue its accelerated 
development of new wireless products, with a number 
of new models slated for 2013 and 2014. Soundcast, a 
wireless loudspeaker manufacturer, has one of the most 
comprehensive patent portfolios for wireless audio. The 
owners plan to aggressively protect the company’s intel-
lectual property of its wireless audio, digital amplification, 
and proprietary high-performance battery technologies.

Alpine Launches New App
Alpine Electronics recently launched the Alpine TuneIt 

app. This unique app is compatible with Alpine’s new 
CDE-147BT CD receiver with advanced Bluetooth wire-
less technology (see Photo 3). Sound tuning has always 
been available in aftermarket products, but it is usually 
used by enthusiasts willing to invest the time to tweak 
their systems. The Alpine TuneIt app takes traditional 
sound-tuning functions and makes them accessible via a 
smartphone app. The new app has full Pandora Internet 
radio control, enabling users to create new Pandora 

Photo 3: Alpine’s new TuneIt 
app is compatible with its 
CDE-147BT CD receiver.
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All books are now 15% off.  
From tube amplifier designs to hi-fi circuit analysis, speaker building to 

speaker testing, these tools will help you master audio electronics at any 
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Seems like all of a sudden,
compact arrays are big

business. So talk to
Celestion about our range

of high performance,
small-format drivers.  

It’s another
innovation in sound

from Celestion.

Find us on Facebook

www.celestion.com

We’re thinking small

AN2075 50mm/2"    AN2775 70mm/2.75"         AN3510 88mm/3.5"


