
 V O L U M E  2 2 ,  I S S U E  4   F E B R U A R Y  2 0 1 0

®

INDUSTRY NEWS 
AND DEVELOPMENTS

  1

TEST BENCH8
Wavecor and Reckhorn 
By Vance Dickason

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

  IN THIS ISSUE Industry News and Developments
By Vance Dickason

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

its 60th anniversary as a loudspeaker design and manufacturing com-
pany. Founded by Cliff Digre and now led by its president, Dan Digre, 
MISCO builds technologically advanced speaker solutions for the loud-
speaker industry. Cliff Digre started the Minneapolis Speaker Reconing 
Company in 1949 as a speaker reconing service repairing speakers from 
radios, TVs, and drive-in theaters. Within a short time the Minneapolis 
Speaker Company became one of the largest and most professional 
speaker reconing companies in the country. Cliff personally reconed 
hundreds of loudspeakers of most makes and types, both foreign and 
domestic. 

With the extensive knowledge he gained through reconing, Mr. 
Digre realized that the company could also design and build its own 
speakers superior in quality to what he was seeing during that time. 
The company’s first venture into manufacturing was the design of an 8  
speaker for Wright, Inc. owned by Doug Wright, one of the founders of 
Wright-DeCoster, a pioneer in loudspeaker manufacturing. At this time 
he changed the name to Minneapolis Speaker Company and registered 
the trade name MISCO.

Known as an innovative entrepreneur, Mr. Digre developed many 
“firsts” in the custom loudspeaker industry, including the first full 
line of speakers with colored cones, known as “Redline,” a registered 
trademark of MISCO. He also patented three magnetic circuit features 
that improved speaker quality, while at the same time reduced speaker 
manufacturing cost. 

MISCO has always participated in industry organizations. Both 
Cliff and his son, Dan, have been active in ALMA International, the 
international association for loudspeaker manufacturing, both serving as 
presidents and leading various industry committees for the improvement 
of custom loudspeaker design and manufacturing. That same innova-
tive spirit and concern for quality, cost, and on-time delivery that have 
been the foundations of MISCO continue today. MISCO’s attention to 
these qualities has resulted in continued company growth and product 
demand. So much so, that in 2002, MISCO built a new custom speaker 
manufacturing facility to meet the expanding demands and product 
requirements of its customers. 

The new corporate headquarters and speaker manufacturing facil-
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ity (Photo 1) is located in Minneapolis just south of the 
University of Minnesota campus and within minutes of the 
Minneapolis-St. Paul International Airport. MISCO built a 
new facility in 2001 with 20,000ft2 of space. The new loca-
tion allows MISCO to operate with increased quality and 
efficiency through lean manufacturing. Now MISCO has a 
stable, ambient environment to offer the control necessary 
for continuous manufacturing. MISCO models its quality 
system on ISO9001-2000 practices and employs a custom-
configured final QC tester for statistical verification of criti-
cal metrics, such as frequency response, polarity, sensitivity, 
distortion, and rub/buzz.  

MISCO is one of the few speaker manufacturers that 
still builds products in the United States. Onshore produc-
tion can reduce total procurement costs through smaller lot 
sizes, shorter lead times, lower-cost coordination, and the 
absence of duty costs—all accomplished through effective 
design and efficient production of high-quality products. 
MISCO also has manufacturing partnerships in Asia for 
high-volume, low-cost production with on-site logistics 
for customers who manufacture in Asia. This productive 
balance of US design and manufacturing, offshore partner-
ships, and global distribution is an important aspect of 
MISCO’s business model. Currently, MISCO manufac-
tures more than 1,500 models of speakers for hundreds of 
customers worldwide. 

One of MISCO’s more interesting new products is a 
21  pro sound subwoofer (Photo 2). This device has a 
magnet weight of 110 oz. and a rated power handling 
capacity of 1,000W. This model, the WX21W-4A, offers 
a cast aluminum frame, and is designed for the high power 
subwoofer systems used in live entertainment. Low dis-
tortion is achieved using dual opposed 8  flat spiders, an 
aluminum shorting ring, and a custom designed T-pole 

yoke. The company can also supply turnkey systems such 
as the MS-6SYS ceiling speaker. For this product, MISCO 
supplies the entire assembly, which includes a 70V trans-
former, a labor-saving barrier strip for ease of connection, 
and a stainless steel grille with enclosure (Photo 3) and is 
optimized for mass transit use, ready to install in the ceiling 
of a commuter rail car.

 MISCO has a professional engineering team led 
by chief engineer Gary Church, recognized in the 
audio industry as a loudspeaker transducer and system 
design expert. Select consultants also join the develop-
ment process. Internationally renowned acoustics and 
loudspeaker systems consultant D. Michael Shields 
joins the team when advanced acoustic, electronic, 
and system design elements are involved. MISCO 
also partners with Digital Audio Labs (DAL) on proj-
ects that include amplifier/DSP components. Like 
MISCO, DAL products carry a worldwide reputation 
for providing the highest sound quality available. 
The company’s flagship product is CardDeluxe, a 
professional 24-bit 96kHz sound card for Windows 

PHOTO 1: MISCO’s new factory headquarters.

PHOTO 2: MISCO’s new 21  woofer.

PHOTO 3: MISCO’s ceiling transit car speaker.
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PCs, which is used in a wide range of applications, 
including mastering, PC recording, studio produc-
tion, broadcasting, music editing, and more (www.
digitalaudio.com).

Through the 60 years of its existence, MISCO has 
always grounded its engineering and manufacturing 
expertise on a steady financial foundation with a plan 
for long-term growth. The company prizes its ability to 
invest in technology and infrastructure and quickly take 
advantage of advances in the industry. MISCO’s engi-
neering, manufacturing, and financial strategies all com-
bine to keep quality high and costs to customers low.

For more information about MISCO’s founder, Cliff 
Digre, go to www.miscospeakers.com, and visit the link 
to information about his recently published memoirs. 
His first-person narrative recounts his experiences as 
a ball turret gunner on a B-17 during World War II 
as well as his life during the founding of MISCO. 
Inquiries about specialized speakers for any of a wide 
variety of industries may be made to MISCO’s engi-
neering information line at (612) 825-1010, or by 
e-mail at info@miscospeakers.com. MISCO is a global 
loudspeaker design and manufacturing company with a 
technologically advanced lineup of custom subwoofers, 
woofers, mid-bass, midrange, tweeters, piezo speak-
ers, RoHS speakers and full-range coaxials, as well as 
waterproof, weatherproof, and voice communications 
transducers. 

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

its highly successful LT360 motorized turntable (Photo 4). 

According to LinearX R&D engineer Chris Strahm, “The 
original LT360 we introduced in 2006 has enjoyed excellent 
success. Recently we received many requests for additional 
capabilities and features, so we decided to enhance and 
extend the LT360 product as a new version, the LT360EX. 
Using a new discrete microstepper design, and improve-
ments in various component sourcing, we are now able to 
offer a single high performance model.” Updated features 
include:
• New Ultra High Performance Discrete Microstepping 

Controller 
• New larger motor drive current capacity increased to 7.5A 

PHOTO 4: Original LinearX LT-360 turntable.
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• New larger 100mm NEMA-23 higher torque motor 
• New precision tighter clearance C2 bearing, holds platter 

position tighter 
• Higher resolution microsteps increased from 8 to 16
• Higher maximum torque capability 
• Higher speed RPM capability

The LT360EX utilizes three embedded controllers: 
one 32-bit ARM-7 main processor, a second 8-bit 
processor dedicated for the USB interface, and a third 
specialized 16-bit 40MIPs processor which manages the 
microstepper drive. Five different universal interface 
methods are supported, serving any computer automa-
tion environment including: USB, RS-232, TTL pulse, 
analog input, and the manual button interface. The 
LR360 module is also available for remote manual con-
trol at a distance.

The LT360EX also features a universal worldwide PFC 
power supply operating from 85-265V AC, advanced 
microprocessor-controlled acceleration profiles, and a 
wide variety of interface and control options. Pre-tapped 
mount points are provided both on the platter and base 
for attachment of brackets, flanges, jigs, and other rig-
ging. You can mount the LT360EX in any orientation 
for maximum flexibility. Advanced user control is conve-
niently achieved by using RS-232 or USB communica-
tion. A general-purpose Win32 application program is 
provided, or you can quickly produce your own custom 
applications using either a Win32 DLL software inter-
face, or by direct RS-232 programming. The LT360EX 
is priced at $2895. View/download full product informa-
tion from www.linearx.com, or contact sales@linearx.com 
for more details.

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

wooden audio cabinets as well as finished turnkey loud-
speakers built to OEM specifications. Founded in 2001, 
the company is located in Zhejiang Province, about 90 
minutes from both the Shanghai (Pudong) Airport and 
Hangzhou Airport. While Junyu Corporation produces 
OEM drivers, OEM cabinets, and turnkey products, their 
main products are hi-fi wooden cabinets. The company 
can provide various colors/finishes or treatments, including: 
solid wood cabinets with painting, real wood veneer with 
painting, MDF with painting, single color lacquer painting 
and separate color lacquer painting, PVC vinyl, as well as 
pro and car audio carpet coverings. 

All processes undergo First Article inspection with 
tolerances on CNC wood machines held to 0.05-0.1mm. 
Junyu wood cabinets are available for various applica-
tions, such as table radio audio, mini audio desktop 
systems, 5.1 home theater systems, hi-fi two-channel, 
speaker cabinet brackets and TV racks. Moreover, the 
company has many years’ experience of manufacturing 
and assembling speaker systems according to customers’ 
designs. Junyu invites all manufacturers to send RFQs 
and drawings. For more, visit the Junyu Corporation 
website www.junyucorp.com.
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New NTi Turntable for  
Microphone Polar Plot Measurements

The NTi Audio microphone measurement system has 
been extended with a high-resolution polar plot feature. 
The newly developed NTi Audio precision turntable 
(Photo 5) enables fully automated measurement of the 
microphone’s directional response from 20Hz to 20kHz 
in arbitrary resolution. The polar plot analysis with the 

NTi Audio turntable (Fig. 1) complements the micro-
phone measurement system to an all-in-one test solution 
for development, production, and maintenance of micro-
phones. The test system software provides a complete set 
of measurements, paired with individual tolerances for the 
total quality control of individual microphone components 
or products, such as mobile phones, vocal microphones, or 
headsets.

The test system includes the high-speed RT-2M 
audio analyzer and a sophisticated software platform 
“RT-Microphone.”  Further accessories, such as reference 
microphones, reference speaker, automation interfaces, and 
the newly developed turntable complete the test solution. 
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PHOTO 5: NTI’s new microphone turntable.

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

phone turntable.
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It offers the measurement functions: frequency response, 
sensitivity, distortion, signal-to-noise ratio, polarity, direc-
tivity, and polar plot. Additionally, the PureSound measure-
ment detects any audible mechanical imperfections of the 
microphone.

The polar diagram displays the directional characteristic 
related to the measurement frequency of the microphone. 
In practice the microphone is mounted on the USB con-
trolled turntable. The adjustable mount allows placing the 
microphone capsule exactly in the center point of the turn-
table during the measurement. The measurement resolution 
and frequencies to be displayed in the polar plot can be set 
in the controlling RT-Microphone software. For detailed 
analysis, the measurement angles might be set in arbitrary 
resolution less than 1 . Pressing the GO button starts the 
fully automated polar measurements.

The high-speed audio analyzer generates a series of 
fast sweep signals, covering the complete audio band from 
20Hz–20kHz, and turns the microphone to the configured 
angles between the sweeps. The measurement time halves 
by choosing the 180° mode, which mirrors the polar image. 
Customers may add further frequencies to be shown on the 
polar diagram even after the completed measurement and set 
the diagram scaling and data smoothing. The polar plot anal-
ysis with the NTi Audio turntable complements the micro-
phone measurement system to an all-in-one solution for 
development, production, and maintenance of microphones. 
For more visit NTi Audio at www.nti-audio.com.           VC

Test Bench
By Vance Dickason

Wavecor and Reckhorn

�his month’s Test Bench drivers were designed by 
European engineers and manufactured in China facto-

ries. Wavecor, a China company, sent a new 7  subwoofer, 
the SW182BD01, and from Reckhorn, a German com-
pany, a very innovative coax driver, the C-190.

Wavecor SW182BD01
I reviewed Wavecor’s rather interesting TW030WA08 

30mm tweeter in the October issue of Voice Coil Test Bench 
and discussed the Danish origin of this China company. 
This month’s offering from Wavecor is part of their sub-
woofer series, the 7  SW182BD01 (Photos 1 and 2). The 
most striking feature of this driver is the Wavecor Balanced 
Drive system, a proprietary distortion reducing motor 
technology. 

Basically, Wavecor’s Balanced Drive Technology takes 
the form of a tapered extended pole as seen in the FEA 
diagram in Fig. 1. This happens to be the FEA used for the 
development of the SW182BD01, and also shows the dual 
tapered outlets on the pole vent, used to decrease turbulence 
in the vent. Figure 2 compares a typically standard motor 

PHOTO 1: 

Wavecor 

SW182BD01 

front.

PHOTO 2: 

SW182BD01 

back.
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with the tapered extended pole used by Wavecor. According 
to Wavecor this results in a more symmetrical Bl curve, 
which I examine further in the Klippel analysis section of 
the review.

In terms of features, the SW182 is built on an eight-
spoke cast aluminum frame that sports a completely open 
area below the spider mounting shelf for enhanced cooling. 
The SW182 cone assembly includes a very stiff straight 
edge anodized black aluminum cone and aluminum 2  
diameter convex dust cap. These are suspended by a NBR 
butyl rubber surround and a 4  diameter black cloth flat 
spider. Driving the assembly is a large (for a 7  woofer) 
1.5  diameter voice coil using round copper wire wound 
on a black non-conducting fiberglass voice coil former that 
incorporates a series of eight 4mm diameter former vents 
just below the neck joint. 

The motor itself uses two stacked 12mm  100mm 
ferrite magnets sandwiched between a shaped T-yoke and 
5mm high front plate, both with a black emissive coating 
for enhanced cooling performance. Additional cooling is 
provided by a 10mm diameter vent, and as seen in Fig. 1, 
flared at both ends. The motor also incorporates an alumi-
num faraday shield/shorting ring for distortion reduction. 
Voice coil tinsel lead wires are terminated to a set of gold-
plated terminals.

I commenced analysis of the SW182 subwoofer using the 
LinearX LMS analyzer and VIBox to produce both voltage 
and admittance (current) curves with the driver clamped 

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

FIGURE 2: Diagram comparing conventional woofer motor to the Wavecor 

Balanced Drive motor structure.
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to a rigid test fixture in free-air at 0.3V, 1V, 3V, 6V, and 
10V. As has become the protocol for Test Bench testing, 
I no longer use a single added mass measurement and 
instead used actual measured mass, but the manufacturer’s 
measured Mmd data. With most 6.5 -7  woofers, the 10V 
curves turn out so nonlinear that I end up discarding them, 
but not so with the SB182 which remained perfectly linear 
out to 10V and I suspect would have performed similarly 
at 15V; however, the test was terminated at 10V because 
that was sufficient data for the purposes of obtaining LTD 
parameters for this product. 

Next, I post-processed the ten 550 point stepped sine 
wave sweeps for each SW182 sample and divided the volt-
age curves by the current curves (admittance) to derive 
impedance curves, phase added by the LMS calculation 
method, and along with the accompanying voltage curves, 
imported to the LEAP 5 Enclosure Shop software. Because 
most Thiele/Small data provided by OEM manufacturers 
is being produced using either a standard method or the 
LEAP 4 TSL model, I additionally produced a LEAP 4 TSL 
model using the 1V free-air curves. The complete data set, 
the multiple voltage impedance curves for the LTD model 
(see Fig. 3 for the 1V free-air impedance curve) and the 1V 
impedance curve for the TSL model, were selected in the 
transducer derivation menu in LEAP 5 and the parameters 
created for the computer box simulations. Table 1 com-
pares the LEAP 5 LTD and TSL data and factory param-
eters for both SW182BD01 samples.

LEAP parameter Qts calculation results for the SW182 

were close to the factory data. I would like to note that 
Wavecor provides two parameter sets, one made without 
break-in and one made with substantial break-in. My data 
is made after a physical break-in accomplished by mechani-
cally moving the cone assembly to the hard limits of its 
travel 7 or 8 times, enough to give the initial stretch pro-
vided by typical break-in protocols. As is normal for these 
reviews, I followed my usual protocol and proceeded setting 
up computer enclosure simulations using the LEAP LTD 
parameters for Sample 1. 

I programmed two computer box simulations into LEAP, 
one sealed and one with a passive radiator. I can’t recall ever 
doing a passive radiator simulation for Test Bench in Voice 
Coil; however, because the driver parameters were not par-
ticularly suited for a vented design and Wavecor provides 
data on their own PR intended for use with the SW182, I 
used that data for the PR. This resulted in a 0.23ft3 sealed 

���������	�
�����	����������������

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

FS 30.5Hz 31.3Hz 28.9Hz 29.5Hz 31Hz      
REVC 3.33 3.33 3.33 3.33 3.2    
Sd 0.0131 0.0131 0.0131 0.0131 0.0131
QMS 14.34 10.92 10.37 13.55 17.5      
QES 0.41 0.40 0.44 0.44 0.42   
QTS 0.39 0.39 0.43 0.42 0.41         
VAS 13.4 ltr 12.8 ltr 15.1 ltr 14.5 ltr 13 ltr     
SPL 2.83V 84.6dB 84.8dB 84.0dB 84.1dB 85.5dB        
XMAX 8.0mm 8.0mm 8.0mm 8.0mm 8.0mm
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enclosure with 50% fiberglass fill material, and a 0.35ft3 PR 
enclosure simulation with 15% fiberglass fill material and a 
single 7  PR tuned to 21.3Hz.

Figure 4 displays the results for the SW182 in the sealed 
and PR boxes at 2.83V and at a voltage level high enough 
to increase cone excursion to Xmax + 15% (9.2mm). This 
produced a F3 frequency of 47.5Hz with a box/driver Qtc 
of 0.71 for the 0.23ft3 sealed enclosure and –3dB = 40Hz 
for the 0.35ft3 PR simulation. Increasing the voltage input 
to the simulations until the maximum linear cone excursion 
was reached resulted in 104dB at 25V for the sealed enclo-
sure simulation and 103.5dB with a 23V input level for the 
larger PR box (see Figs. 5 and 6 for the 2.83V group delay 
curves and the 25/23V excursion curves). Klippel analysis 
for the Wavecor 7  woofer (our analyzer is provided cour-
tesy of Klippel GmbH), performed by Pat Turnmire, Red 
Rock Acoustics, produced the Bl(X), Kms(X), and Bl and 
Kms symmetry range plots given in Figs. 7-10 (visit www.
redrockacoustics.com).  

The Bl(X) curve for the SW182 (Fig. 7) is very broad 
(especially for a 7  woofer) and symmetrical, and obviously 
also with a small forward (coil-out) offset. Looking at the 
Bl symmetry plot (Fig. 8), this curve shows a 1.5mm coil 
forward offset at the rest position that decreases to 1mm at 
the physical 8mm Xmax of the driver. Figures 9 and 10 
show the Kms(X) and Kms symmetry range curves for the 
Wavecor subwoofer. 

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

directions, but also with a forward (coil-out) offset of about 
1.3mm at the rest position that decreases to 1.07mm at the 
8mm Xmax location on the graph. While these numbers 
are small, it does limit the distortion levels somewhat.  
Displacement limiting numbers calculated by the Klippel 
analyzer were XBl at 70% Bl greater than 6.5mm and for 
XC at 50% Cms minimum was 5.6mm, which means that 
the compliance is the most limiting factor for prescribed 
distortion level of 20%.       

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

FIGURE 8: 

Klippel Analyzer 

Bl symmetry 

range curve for 

the SW182BD01.
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SW182BD01.  Inductance will typically increase in the rear 
direction from the zero rest position as the voice coil cov-
ers more pole area; however, the SW182 inductance stays 
mostly constant as the coil moves in due to the shorting 
ring behavior. The inductance variation is only 0.81mH 
to 0.92mH from the in and out Xmax positions, which is 
very good.

Next I mounted the SW182 subwoofer in an enclosure 
which had a 18   8  baffle and was filled with damping 
material (foam) and then measured the DUT on- and 
off-axis from 300Hz to 10kHz frequency response at 
2.83V/1m using the LinearX LMS analyzer set to a 100 
point gated sine wave sweep. Figure 12 gives the on-axis 

response indicating a smoothly rising response to about 
2.4kHz, rising 10dB to peak at 3.2kHz before beginning 
its low-pass rolloff. Figure 13 displays the on- and off-axis 
frequency response at 0, 15, 30, and 45 . While the SW182 
is billed as a subwoofer, a crossover frequency as high as 
2kHz is certainly possible. And finally, Fig. 14 gives the 
two-sample SPL comparisons for the 7  Wavecor driver, 
showing a close match to within 0.5dB throughout the 
operating range.

For the remaining battery of tests, I employed the 
Listen Inc. SoundCheck analyzer (courtesy of Listen Inc.) 
to measure distortion and generate time frequency plots. 
For the distortion measurement, the Wavecor subwoofer 
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FIGURE 9: 

Klippel Analyzer 

mechanical 

stiffness of 

suspension Kms 

(X) curve for 

the Wavecor 

SW182BD01.

FIGURE 10: 

Klippel Analyzer 

Kms symmetry 

range curve for 

the SW182BD01.

FIGURE 11: 

Klippel Analyzer 

Le(X) curve for 

the Wavecor 

SW182BD01.

FIGURE 15: 

Wavecor 

SW182BD01 

SoundCheck dis-

tortion plots.

FIGURE 14: 

Wavecor 

SW182BD01 

two-sample SPL 

comparison.

FIGURE 13: 

Wavecor 

SW182BD01 

on- and off-

axis frequency 

response.

FIGURE 12: 

Wavecor 

SW182BD01 on-

axis frequency 

response.
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was mounted rigidly in free-air, and the SPL set to 94dB 
at 1m (14.8V) using a noise stimulus, and then the dis-
tortion measured with the Listen Inc. microphone placed 
10cm from the dust cap. This produced the distortion 
curves shown in Fig. 15. I then used SoundCheck to get 

a 2.83V/1m impulse response for this driver and imported 
the data into Listen Inc.’s SoundMap Time/Frequency soft-
ware.  The resulting CSD waterfall plot is given in Fig. 16 
and the Wigner-Ville (for its better low-frequency perfor-
mance) plot in Fig. 17.  For more, visit www.wavecor.com.

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

ment from MP3 players and earbuds, it’s always fun for me 
to see new concepts and innovative ideas in loudspeaker 
design. I think the Reckhorn C-190 falls into that “eso-
teric” category. The brainchild of German loudspeaker 
manufacturer Klaus Reck, the C-190 coax driver combines 
many patented and thus licensable technologies. If you 
scan through the pictures of the C-190 (including the FEA 
simulation—Photos 3-7), it’s readily apparent that Klaus 
has combined many design concepts into a single package. 

In terms of patents, the C-190 is covered by German pat-
ent no. 10 2006 024 054, class H04R 1/24 (2006.1) based 
on the first application dated 5/23/2006. The primary 
patent features are the mono construction of the speaker 
chassis (basket) and the wide radiation pattern of the bass-
midrange. Further patent applications include Europe 
07114327.5-2225, USA 11/858.171, Japan 2007-292799 
and China 200710164229.0.  

Manufactured for Reckhorn in China, the C-190 is built 
on a six-spoke cast aluminum frame that tapers to a 35mm 
diameter mounting ring for the tweeter motor and support 

For more information call 
1-888-924-9465

               Renew your subscription to Voice Coil  

before your subscription expires.

Qualified subscriptions to Voice Coil run for 1 year. 
Renew annually on-line at www.audioXpress.com/magsdirx/voxcoil/vcqual.htm

 

7/9/2009   2:17:26 PM

Check your envelope to 
find the expiration date

FIGURE 16: 

Wavecor 

SW182BD01 

SoundCheck 

CSD Waterfall 

plot.
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plot.
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“cylinder” for mounting the woofer motor located on the 
opposite side of the frame. The front side of the frame, 
which is reversed from the position of a conventional frame, 
also has the spider mounting shelf. Klaus has basically taken 
the concept of a front mounted neo motor woofer (like the 
Illusion car audio woofers manufactured by Cary Christie 
Jr. a few years back), reversed it so the woofer cone points 
outward away from the baffle, and included a coaxial tweet-
er mount on what normally would have been the rear of 
the frame, thus eliminating the typical horn loading from a 
Kef/Tannoy type coincident coax driver technology. Clever.  

The tweeter combines a neodymium motor with a 
copper-plated return cup and a 28mm Muller coated silk 
dome. Because the tweeter is located several inches above 
the baffle mounting area, Klaus included a 5  diameter 
felt damping ring to reduce the reflections off the frame 
and reverse-mounted cone assembly. The woofer motor 
is also neodymium powered, and likewise incorporates a 
copper-plated return cup and pole and with the addition of 
an aluminum shorting ring. This tweeter also incorporates 
a perforated voice coil former and low viscosity ferrofluid. 
Both transducers are terminated to gold-plated terminals 
mounted on a terminal strip glued to the back of the woofer 
motor.

The woofer cone, as discussed, is mounted above the 
baffle surface, a technique that tends to improve off-axis 
performance. The cone itself is of the paper corrugated 
pulp type that incorporates a series of seven asymmetrically 
aligned radial pleats. Between each pressed in pleat is a 
random angled (non-symmetrical and not patented) 1.25  
cut that has been glued back together in a fashion similar to 

PHOTO 7: FEA simulation.

PHOTO 3: Reckhorn C-190.

PHOTO 4: Driver with grille removed.

PHOTO 6: Side view.

PHOTO 5: Reverse-mount C-190 driver.



FEBRUARY 2010 15

the Scan-Speak 15W series of “orange” sliced and re-glued 
cones. Suspension is provided by a NBR rubber surround 
and a back 3.75  diameter flat spider. Driving the cone 
assembly is a 38mm voice coil wound with round copper 
wire on a glass fiber non-conductive former. Covering the 
whole above baffle assembly is an attractive black metal 
dome grille that press-fits into the frame.

I commenced analysis of the C-190 coax driver by exam-
ining the woofer first. Using the LinearX LMS analyzer and 
VIBox, I produced both voltage and admittance (current) 
curves with the driver clamped to a rigid test fixture in free-
air at 0.3V, 1V, 3V, and 6V. I input the manufacturer’s mea-
sured Mmd data. In this case, Klaus was thoughtful enough 
to supply me with a couple of complete cone assemblies, a 
practice I would encourage for any manufacturer submit-
ting samples for review in Test Bench. 

Next, I post-processed the eight 550 point stepped sine 
wave sweeps for each C-190 woofer sample and divided the 
voltage curves by the current curves (admittance) to derive 
impedance curves, phase added by the LMS calculation 
method, and along with the accompanying voltage curves, 
imported to the LEAP 5 Enclosure Shop software. I pro-
duced a LEAP 4 TSL model using the 1V free-air curves. 
The complete data set, the multiple voltage impedance 
curves for the LTD model (see Fig. 18 for the 1V free-air 
impedance curve) and the 1V impedance curve for the TSL 
model, were selected in the transducer derivation menu in 
LEAP 5 and the parameters produced for the computer 
box simulations. Table 2 compares the LEAP 5 LTD and 
TSL data and factory parameters for both C-190 woofer 
samples.

LEAP parameter Qts calculation results for the C-190 
woofer were close to the factory data. As is normal for these 
reviews, I followed my usual protocol and proceeded setting 
up computer enclosure simulations using the LEAP LTD 

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

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

���������������������������
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Reckhorn C-190 

woofer free-air 

impedance plot.
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parameters for Sample 1. Two computer box simulations 
were programmed into LEAP, two sealed enclosures, one 
representing a box type enclosure and the other for an in-
wall mounting. This resulted in a 0.5ft3 sealed enclosure 
with 50% fiberglass fill material, and a 3ft3 sealed enclosure 
simulation with 20% damping material.

Figure 19 displays the results for the Reckhorn C-190 
woofer in the sealed box and in-wall mounted at 2.83V and 
at a voltage level high enough to increase cone excursion to 
Xmax + 15% (6.2mm). This produced a F3 frequency of 
53Hz with a box/driver Qtc of 1.38 for the 0.5ft3 sealed 
enclosure and –3dB = 38Hz with a Qtc = 1.14 for the 
3ft3 in-wall simulation. Increasing the voltage input to 
the simulations until the maximum linear cone excursion 
was reached resulted in 10dB at 14V for the smaller sealed 
enclosure simulation and 101dB with an 8.75V input 
level for the in-wall simulation (see Figs. 20 and 21 for 
the 2.83V group delay curves and the 14/8.75V excursion 
curves). 

Klippel analysis for the Reckhorn 6.5  woofer produced 
the Bl(X), Kms(X) and Bl and Kms symmetry range plots 
given in Figs. 22-25. The Bl(X) curve for the C-190 woofer 
(Fig. 22) looks rather asymmetrical, while the Bl symmetry 
plot (Fig. 23) shows a 3.2mm coil forward offset at the rest 
position that decreases to a less significant 0.92mm at the 
physical 6mm Xmax of the driver. Figures 24 and 25 show 
the Kms(X) and Kms symmetry range curves. The Kms(X) 

curve is likewise very symmetrical in both directions with 
a small rearward (coil-in) offset of about 0.5mm at the rest 
position that decreases to 0.11 at the 6mm Xmax location 
on the graph. Displacement limiting numbers calculated by 
the Klippel analyzer were XBl at 82% Bl 4.9mm and for 
XC at 50% Cms minimum was 3.6mm, which means that 
the compliance is the most limiting factor for prescribed 
distortion level of 10%.       

Figure 26 gives the inductance curve Le(X) for the 
Reckhorn coax woofer. Inductance will typically increase 
in the rear direction from the zero rest position as the voice 
coil covers more pole area; however, the C-190 inductance 
decreases as the coil moves inward. This curve is actually 
backward, because, in order to test the C-190 woofer on the 
Klippel analyzer, the driver was mounted with the woofer 
motor facing outward, making the movement backward to 
what you normally see. Given that, the inductance increase 
in the correct direct and the inductance variation is only 
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FIGURE 19: 

C-190 woofer 

computer box 

simulations (A 

= sealed  at 

2.83V; B = in-

wall at 2.83V; C 

= sealed at 14V; 

D = inwall at 

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

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

FIGURE 20: 

Group delay 

curves for the 

2.83V curves in 

Fig. 19.

FIGURE 21: 

Cone excursion 

curves for the 

14/8.75V curves 

in Fig. 19.
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about 0.25mH from the in to the out Xmax positions, 
which is a small variance.

Next I surface-mounted the C-190 coax woofer in an 
enclosure which had an 18   8  baffle and was filled with 
damping material (foam) and then measured the DUT 
on- and off-axis from 300Hz to 10kHz frequency response 
at 2.83V/1m using the LinearX LMS analyzer set to a 100 
point gated sine wave sweep. Figure 27 gives the on-axis 
response indicating a smoothly rising response to about 
1.2kHz, rising 5dB to peak at 2kHz before beginning its 
low-pass rolloff. Figure 28 displays the on- and off-axis 
frequency response at 0, 15, 30, and 45 . With a natural 
low-pass rolloff at 2kHz, the Reckhorn website recom-
mends a crossover that lets the woofer operate without any 
network and the tweeter using a 2nd-order high-pass filter. 
And finally, Fig. 29 gives the two-sample SPL comparisons 
for the 6.5  C-190 driver, showing a close match to within 
0.5dB throughout the operating range.

For the remaining battery of tests for the woofer half of 
this coax driver, I again fired up the SoundCheck analyzer 
in order to measure distortion and generate time frequency 
plots. For the distortion measurement, I mounted the 
C-190 woofer rigidly in free-air, and set the SPL to 94dB 
at 1m (9.78V) using a noise stimulus, and then measured 
the distortion with the Listen Inc. microphone placed 
10cm from the dust cap. This produced the distortion 
curves shown in Fig. 30. I then used SoundCheck to get 
a 2.83V/1m impulse response for this driver and imported 
the data into Listen Inc.’s SoundMap Time/Frequency soft-
ware. The resulting CSD waterfall plot is given in Fig. 31 
and the Wigner-Ville plot in Fig. 32.

After characterizing the woofer section of the Reckhorn 
coax C-190, I proceeded to focus on the tweeter. Figure 
33 illustrates the impedance curve for this neo driver. The 
primary resonance is well damped due to the low-viscosity 
magnetic fluid and occurs at about 503Hz with a small 
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FIGURE 26: Klippel Analyzer Le(X) curve for the Reckhorn C-190 woofer.

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

FIGURE 27: 

Reckhorn C-190 

woofer on-axis 

frequency 

response.

FIGURE 28: 

Reckhorn C-190 

woofer on- and 

off-axis frequen-

cy response.

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

curve for the Reckhorn C-190 woofer.
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secondary resonance at 1.5kHz. Minimum impedance is 
5.57  at 2.7kHz with a measured Re = 5.25 .

Next I surface-mounted the C-190 in a small enclosure 
that had a baffle area of about 18   8  and measured the 
tweeter on- and off-axis frequency response at 2.83V/1m 
with a 100 point gated sine wave sweep from 300Hz 
to 40kHz. Figure 34 shows the on-axis response. The 
Reckhorn tweeter frequency response shows the effects of 
being mounted above the woofer frame, although I am sure 
the felt ring does help. If you ignore the dip at 3kHz which 
will likely be buried in the high-pass network response, the 
response from 2kHz-19kHz is 1.29dB.      

Figure 35 illustrates the on- and off-axis response for 
the C-190 neo tweeter. Off-axis the device is -3.5dB down 
at 10kHz from the on-axis response with respect to the 30  
off-axis curve and -9dB at 45  off-axis, again with respect to 

the on-axis response. Figure 36 illustrates the normalized 
version of Fig. 35. In terms of production consistency, the 
two-sample SPL comparison is depicted in Fig. 37, indicat-
ing the two samples were well matched. 

After I finished the LMS set of measurements, I then 
once more set up the SoundCheck analyzer and measured 
the impulse response with the Reckhorn tweeter. Importing 
this data in the SoundMap software yielded the cumulative 
spectral decay plot (waterfall) shown in Fig. 38. Figure 39 
gives the short time fourier transform (STFT) displayed as 
a multi-color surface plot. Last, I set the 1m SPL to 94dB 
(7.7V), and the analyzer range to 2kHz-20kHz and mea-
sured the 2nd and 3rd harmonic distortion at 10cm, shown 
in Fig. 40. For more information on this interesting and 
fascinating coax driver, visit the Reckhorn website at www.
reckhorn.com.                    VC

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

dBSPL

35

40

45

50

55

60

65

70

75

80

85

90

95
SPL vs Freq

10  Hz 20 50 100 200 500 1K 2K 5K 10K 20K 40K

 Ohm

1

2

3

4

5

6

7

8
9

10

20

30

40

50
Impedance vs Freq

300  Hz 500 1K 2K 5K 10K 20K 40K

dBSPL

35

40

45

50

55

60

65

70

75

80

85

90

95
SPL vs Freq

300  Hz 500 1K 2K 5K 10K 20K 40K

dBSPL

35

40

45

50

55

60

65

70

75

80

85

90

95
SPL vs Freq

B
AC

D

300  Hz 500 1K 2K 5K 10K 20K 40K

dBR

-40

-35

-30

-25

-20

-15

-10

-5

0

5

10
Ratio vs Freq

A

B
C

D

FIGURE 29: 

Reckhorn C-190 

woofer two-

sample SPL 

comparison.

FIGURE 33: 

Reckhorn C-190 

tweeter free-air 

impedance plot.

FIGURE 34: 

Reckhorn C-190 

tweeter on-axis 

response.

FIGURE 35: 

Reckhorn C-190 

tweeter horizon-

tal on- and off-

axis frequency 

response (A = 

0 ; B = 15 ; C = 

30 ; D = 45 ).

FIGURE 36: 

Reckhorn C-190 

tweeter normal-

ized on- and off-

axis frequency 

response (A = 

0 ; B = 15 ; C = 

30 ; D = 45 ).

FIGURE 30: 

Reckhorn 

C-190 woofer 

SoundCheck dis-

tortion plots.

FIGURE 31: 

Reckhorn 

C-190 woofer 

SoundCheck 

CSD Waterfall 

plot.

FIGURE 32: 

Reckhorn 

C-190 woofer 

SoundCheck 

Wigner-Ville 

plot.
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FIGURE 37: 

Reckhorn C-190 

tweeter two-

sample SPL 

comparison.

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

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

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

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

�ll-pass filters are perhaps one of the most overlooked 
and misunderstood tools for the general audio prac-

titioner. John Murray has written about their use to yield 
more linear phase response through the majority of a loud-
speaker’s passband. They can also be used to optimize the 
directivity and magnitude response of a loudspeaker system. 
Perhaps you should first look at just exactly what an all-pass 
filter is.

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

high-pass filters. As their names imply, they pass one part of 
the audio spectrum while attenuating the others. They are 
the basis for loudspeaker crossovers. As with any analog fil-
ter, there is phase shift associated with the change in output 
magnitude of these filters.  Examples of these are shown in 
Fig. 1 as fourth-order Linkwitz-Riley filters. 

If you were to add the output of these filters back togeth-
er, essentially combining them with a unity gain mixer, you 
would get the response in Fig. 2. Here you see that the 
magnitude response is perfectly flat; it passes all portions of 
the audio spectrum, thus the name all-pass. However, the 
phase response is not flat. There is phase shift associated 
with this all-pass behavior. This phase shift is due to the 
contributions of the low-pass and high-pass filters that were 
combined (mixed).

There are, of course, other ways to construct all-pass 
filters. They can be defined mathematically, just as low-pass 
and high-pass filters can be. They can be of different orders 
(i.e., 1st, 2nd, 3rd, and so on) and have specific alignments 
(Butterworth, Bessel, Linkwitz-Riley, and more). These 
alignments are not defined by the shape of the magnitude 
response at the corner frequency of the all-pass—as you 

typically think of low-pass and high-pass filters—but by 
the shape of their phase response at the corner frequency. 
Low-pass and high-pass filter alignments can also be defined 
this way. 

One difference about all-pass filters is that for each order 
there is 180  of total phase shift. Low-pass and high-pass 
filters have only 90  of total phase shift for each order. The 
importance of this distinction will become clear later.

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

filter, let’s put one to good use. Suppose that you have a 
two-way loudspeaker system composed of a high-frequency 
horn and dual 12  woofers as illustrated in Fig. 3. The horn 
is located at the top of the baffle. One woofer is directly 
below the horn. The second woofer is directly below the 
first. This is a fairly typical configuration. 

To keep things simple, I will model these components as 
point sources. This will make it easier to see anomalies in 
the directivity response of the system when the individual 
sources are combined. The horizontal symmetry of my 
example loudspeaker assures me that nothing spectacu-
lar will occur in the horizontal plane. Having the sound 
sources displaced vertically will yield some interesting 
behavior.

Because all of the good stuff will happen in the vertical 
plane, I will be looking primarily at vertical directivity maps 
and a few polar plots. The nice thing about a directivity 
map is that it allows you to look at the relative level of dif-

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

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

they are both identical.)

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

Linkwitz-Riley low-pass and high-pass filters from Fig. 1.
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ferent radiation angles at 
all frequencies at the same 
time, whereas polar plots 
allow you to see the rela-
tive level of different radia-
tion angles at only a single 
frequency. Ideally you 
should see the same level 
at all frequencies and at 
all angles because you are 
using point sources (which 
have no inherent directiv-
ity). This will not be the 
case due to the vertically 
spaced sources. 

Incidentally, all of the 
modeling was performed 
by, and most of the graphs 
generated with, the new 
SpeakerLab/GLL software 
from AFMG (www.afmg.
eu). It allows for some very 

nice investigation and optimization work to be carried out 
and displayed.

I have ideal textbook sources, so I will use fourth-order 
Linkwitz-Riley low-pass and high-pass filters with a corner 
frequency of 1kHz for the crossover. The on-axis summa-
tion of the sources in the far field with these filters is shown 
in Fig. 4. This is exactly what you would expect. 

FIGURE 3: Example dual 12  woofer, two-

way loudspeaker system. 

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

tem with 1kHz Linkwitz-Riley crossover.

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

Linkwitz-Riley crossover. 
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The low-frequency level is +6dB compared to the high 
frequency with a smooth transition in the crossover region. 
This level change is because of the two woofers compared 
to the one horn (the point sources you are using each have 
identical output). You also notice 360  total phase shift due 
to the fourth-order filters. You get 90  of phase shift for 
each filter order.

Looking at the off-axis response shown in Fig. 5, you 
see that things are not quite as well behaved. There is 
considerable cancellation off-axis from 500Hz up through 
the crossover region. The directivity map has frequency 
plotted on one axis and the vertical radiation angle on the 
other axis. The output level is shown both as color varia-
tion and as elevation above the frequency-radiation angle 
plane. 

All of the off-axis response data is normalized to the 
on-axis response. A slice through this surface at a given 
frequency will yield the polar response at that frequency. 
Similarly, a slice through any radiation angle will yield 
the frequency response at that angle relative to the on-axis 
response. 

For reference, polar plots at 500Hz and 1kHz are shown 
in Fig. 6. Notice the deep nulls at +90  and –90  (straight 
up and down) in the 500Hz polar and the same depressions 
in the directivity map (-20dB green region). Also, at 1kHz 
the level drops quickly at off-axis angles, increases a bit, 
drops again, and then increases back to full level. You can 

see this in the rippling of the directivity map. Compare this 
to the 1kHz polar plot.

The cause of this destructive (cancellation) and construc-
tive (addition) interference is that multiple sources in dif-
ferent locations are radiating in the same frequency region. 
At crossover (1kHz) all three devices are active. The largest 
separation of sources is between the horn and the bottom 
woofer. This distance is 26 , which is almost exactly two 
wavelengths at 1kHz. 

The distance between the horn and the top woofer is 
13 , as is the distance between the two woofers. This is 
almost exactly one wavelength at 1kHz. This is why there 
is such good summation above and below (+90  and –90 ) 
the loudspeaker. The woofer spacing is the cause of the 
decrease in output above and below the loudspeaker at 
500Hz. This distance is almost exactly one-half wavelength 
at this frequency.  

To minimize these directivity problems, you need to 
minimize the interference by attenuating a source so that 
only one is active within a given frequency region. You 
can do this with the woofers by placing another low-pass 
filter on the bottom woofer (in addition to the existing 
1kHz low-pass filter used for the crossover—this is com-
monly known as a 2.5-way design). I’ll use a second-order 
Butterworth low-pass filter at 300Hz to roll off the higher 
frequency output of the bottom woofer. The effect of this 
on the vertical directivity is shown in Fig. 7. 

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

Linkwitz-Riley crossover.

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

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

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

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

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

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

1st-order 300Hz AP filters on the top woofer and horn. 
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The two off-axis cancellations (depressions) around 
1kHz are due to the crossover in this region between 
the top woofer and horn. The only way to eliminate 
these cancellations is to eliminate the spacing between 
the top woofer and horn. That is, they would need to 
occupy the same point in space, which is clearly impos-
sible. Arranging them coaxially would not eliminate the 
cancellations, but it would change the angles at which 
they occur. 

You also see something very peculiar. In the 250–
500Hz region the directivity map is not symmetrical. 
There is a large region of cancellation above the loud-
speaker. This is also shown in the polar plots of Fig. 
8. Notice the output is greater below the loudspeaker 
than it is on-axis.

Some practitioners may be thinking, “No big deal, 
I want more output directed down toward the audi-
ence from flown loudspeakers anyway.” This is true, 
which is why flown or elevated loudspeakers are usu-
ally tilted downward and aimed at the audience. This 
“downward lobe” remains pointing along the vertical 
axis of the enclosure. When tilted down, this axis is 
usually pointing toward the stage area. Starting to see 
the problem?

How many line array cabinets on the market have 
dual woofers or midrange drivers placed on opposite 
sides of the enclosure? These same directivity problems 
will also plague these line array cabinets, but because 

the drivers are offset horizontally they will occur in the 
horizontal plane, not the vertical. I certainly don’t want 
to try to cover an audience area with a loudspeaker 
system that suffers from horizontal asymmetry over 
only a portion of its passband. This asymmetry of the 
directivity response is not caused by one of the woofers 
having more output than the other. The bottom woofer 
is the one that has been attenuated and the main lobe is 
pointed down, not up.

This lobe and its asymmetry are caused by the phase 
shift introduced by the additional low-pass filter on 
the bottom woofer. The bottom woofer now has a 
different, and non-complementary, phase response 
compared to the top woofer and the horn. To correct 
this all three components need to have complementary 
phase response.

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

horn without altering their magnitude response. This 
is when you grab an all-pass filter. The 300Hz low-pass 
filter is second-order, yielding 180  of additional phase 
shift. To match this you need a first-order all-pass filter 
for the top woofer and the horn. When you apply these 
filters, you get the results shown in Fig. 9. The vertical 
directivity is once again symmetrical. The off-axis can-
cellations have been greatly improved when compared 
to Fig. 5 and Fig. 7.
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You can further improve this by using a higher order 
low-pass filter on the bottom woofer to more rapidly 
attenuate its higher frequency output. I will change 
from the second-order Butterworth to a fourth-order 
Butterworth filter. You must also change the all-pass 
filters on the top woofer and horn from first-order 
to second-order Butterworth. Once you use an all-
pass filter greater than first-order, you must be sure 
to match its alignment, or Q, to that of the low-pass 
filter so the phase response of the low-pass and all-pass 
filters is identical. These changes give the results in 
Fig. 10.

The on-axis magnitude response for these final filter 
parameters is shown in Fig. 11. Compared to Fig. 4 
there are only two differences. The transition from +6 
to 0dB output occurs in the 250–630Hz region instead 
of the 630Hz–2kHz region. The other is that there is 
one additional phase rotation in the transfer function 
of the loudspeaker system. While this latter difference 
is not ideal, it is certainly a small price to pay for the 
improvement in directivity response from that of Fig. 
5 to Fig. 10. I hope this has helped to illustrate one 
application of all-pass filters being used effectively to 
improve the directivity response of multi-driver loud-
speaker systems.                VC
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FIGURE 11: On-axis magnitude and phase response of example loudspeaker sys-

tem with 1kHz Linkwitz-Riley crossover, 4th-order 300Hz LP filter on the bottom 

woofer, and 2nd-order 300Hz AP filters on the top woofer and horn.

FIGURE 10: Vertical directivity map of example loudspeaker system with 1kHz 

Linkwitz-Riley crossover, 4th-order 300Hz LP filter on the bottom woofer and 

2nd-order 300Hz AP filters on the top woofer and horn.
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Acoustic Patents 
By James Croft

�he following loudspeaker-related patents were filed 
primarily under the Office of Patent and Trademarks 

classification 181 for acoustical devices and 381 for electri-
cal-signal processing systems and HO4R for international 
patents. This also includes new patent applications that are 
published in the Patent Application Journal.  

Enclosure For Symbiotic Active/Passive  
    Operation Of An Acoustic Driver

Patent Number: US 7,624,839
Granted: December 1, 2009
Inventor: Curtis E. Graber (Woodburn, Ind.)
Assignee: None
Filed: May 12, 2006
US Class: 381/156, 12 drawings

ABSTRACT FROM PATENT
A compact loudspeaker enclosure combines planar type 

devices for high frequency sound reproduction and cone 
type active devices for low frequency sound reproduction. 
The low frequency cone type transducers are mounted in 
baffles between forward and rear enclosed spaces and thus 
do not directly radiate into the environment. The first 
enclosed space is acoustically coupled to the environment 
by the planar device which is mounted between the first 
enclosed space and the environment with one major face 
mounted to radiate either directly into the environment or 
to be horn loaded. The planar operates as a passive radiator 
to the LF devices at low frequencies and an active device 
above a crossover frequency.

INDEPENDENT CLAIMS FROM PATENT
“1. A speaker system comprising: an enclosure defining 

an interior space; an internal baffle arrangement disposed 
in the interior space to divide the interior space into a front 
common-chamber and a rear chamber; first and second 
active transducers mounted to the internal baffle arrange-

- Custom coils available in:
 Multi-layer wire configurations
 Multiple lead configurations
 Round and Flat Wire
 Custom lead-out attachments

 Free standing coils
 Multiple wire types
 Bifilar or Edgewound
 Custom bobbin wound coils
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FIGURE 1: US Patent 7,624,839.
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ment in an orientation to radiate sound energy into the 
front common-chamber and rear chamber, the first and 
second active transducers providing for generating sound 
energy predominantly in a low frequency range; and a 
planar based acoustic radiator mounted to the enclosure 
adjacent to the front chamber, the planar based acoustic 
radiator being disposed at an oblique angle relative to the 
first and second active transducers and coupling low fre-
quency sound from the first and second active transducers 
to outside the enclosure, the planar based acoustic radiator 
further incorporating a transducer providing for generating 
sound energy in a frequency range above the low frequency 
range of the first and second active transducers. 

“7. A loudspeaker system comprising: a sealed multi-
chamber enclosure; a low frequency loudspeaker mounted 
between first and second chambers of the multi-chamber 
enclosure to radiate sound energy into the first and second 
chambers; a planar radiator mounted on an exterior of the 
sealed multi-chamber to acoustically couple sound energy 
from the first chamber to the environment, the radiator 
having an active operating range at higher frequencies 
than the low frequency loudspeaker; and the planar radia-
tor being disposed obliquely relative to the low frequency 
loudspeaker.”

REVIEWER COMMENTS
Disclosed is a loudspeaker system for use with planar 

film type transducers for the purpose of enhancing the 
low frequency response of the planar film transducer, such 
as planar magnetic transducers, when operated as a full 
range device, above a woofer system, most often must be 
designed to a compromise between a number of perfor-
mance factors. These systems most often incorporate a flat, 
tensioned film diaphragm, with the tension being tight 
enough to keep the diaphragm from buzzing while at the 
same time not being so tight as to reduce the compliance 
and raise the fundamental resonant frequency above a 
desired cutoff frequency.  

A related parameter is that of transducer width, wherein 
you wish to have a diaphragm that is adequately wide to 
operate to a low enough resonant frequency while at the 
same time being narrow enough to maintain adequate 
dispersion at high frequencies. To maintain reasonable 
dispersion for most applications requires that the radiating 
diaphragm width be held to less than 50mm. A practical 
planar film transducer of less than 50mm diaphragm width, 

when properly tensioned, will tend to have a fundamental 
resonance in the range of 220Hz to 500Hz. While the 
planar film devices can be extended in length, producing a 
line source of considerable diaphragm surface area, allowing 
greater output, the narrow width dimension still dominates 
the suspended compliance and therefore substantially deter-
mines the resonant frequency.

Often it is desired to have “satellite systems” be able to 
operate down to, and crossover to, a singular subwoofer 
system, with approximately 80Hz as a preferred crossover 
frequency. Historically, with planar film systems, “mid-bass 
coupler” per channel has been deployed to bridge the gap 
between the low frequency cutoff of the planar film device 
and a subwoofer, with the mid-bass coupler generally oper-
ating between 80Hz and 300Hz. In many applications, this 
mid-bass coupler will be perceived as sonically discontinu-
ous relative to blending with the planar film device. Often 
it is suggested that the  mid-bass coupler cone type woofer 
is “slower” than the low mass planar film device. The real 
reason for sonic discontinuity is usually due to dramatic 
shifts in radiation pattern and power response between the 
planar and cone systems, particularly when the elements 
are configured as a planar line source and a monopole cone 
system.

All of this leads up to the solution provided by 
the recently prolific Curt Graber (see US 7,621,369, 
“Acoustic energy projection system,” US 7,530,424 
“Sonic boom simulator,” US 7,454,030 “Subwoofer with 
cascaded linear array of drivers”). The disclosed inven-
tion essentially restructures and repositions the “mid-bass 
coupler” as an equal length line array, behind the planar 
film speaker line source array, with a substantially sealed 
chamber between the two systems. For frequencies down 
to the free air resonant frequency of the planar film device 
(approximately 300Hz) the film device operates actively 
as if it was in an enclosure the size of the sealed chamber 
between the two systems. Below 300Hz, the lower fre-
quency, cone, mid-woofer system is activated to operate 
down to at least 80Hz, coupling to, and driving the planar 
film diaphragms to generate output in the range of 80Hz 
to 300Hz, below their free air resonant frequency. The 
system can be thought of as either the equivalent of a dual 
transducer, isobaric type device, with one low mass low 
compliance transducer coupled to a higher mass, higher 
compliance transducer; or, it can be considered that the 
planar film diaphragm operates as a low compliance “pas-
sive radiator” driven by the dynamic woofer from 300Hz 
on down to the desired low frequency cutoff. Which is 
the more valid description depends on whether the planar 
film device is actively driven down to at least the system 
cutoff frequency, or alternatively, by a high pass filter with 
a corner frequency matching and crossing over to the low 
pass filter of the mid-woofer system, at approximately 
300Hz. The latter system is disclosed as the preferred 
embodiment of the inventor with the planar film dia-
phragms being driven as passive radiators over the range 
of 80Hz to 300Hz.  

With this type of system there is no discontinuity of 
FIGURE 2: Graphing 7,624,839.
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radiation pattern and when properly phased, no interfer-
ence effects.

From a small signal standpoint, this type of architecture 
can be quite effective at both providing an audibly seam-
less transition from planar film transducers to a mid-bass 
coupler system, and, driving the planar film diaphragms to 
operate effectively two octaves below their free air resonant 
frequency. The main concern is the large signal limitation 
imposed by the Xmax mobility limits of the planar film 
diaphragms, which, when tensioned properly across their 
width dimension to set a 300Hz resonant frequency, will 
tend to have very little excursion capability without substan-
tial compression imposed by the diaphragm reaching elastic 
limits and producing an unusual form of distortion caused 
by nonlinear compliance and diaphragm area wherein the 
Sd and CMS of the driver express a level dependent change 
as the elastic limits are approached. With a tensioned dia-
phragm, elastic limits are reached at very small excursions.

This limitation can, of course, be overcome by increasing 
the surface area of the planar film diaphragms by way of 
increasing the length of the line source, or producing a wider 
or a horizontal array of film devices. These are straightfor-
ward engineering choices that impact total size, cost, and 
horizontal directivity. By choosing the best balance/compro-
mise, depending on the application, the invention should be 
able to be deployed effectively to offer real world advantages 
over standard planar film/mid-bass coupler systems. 

LAUTSPRECHER 
Inventors: Not Listed
Assignee: ELAC ELECTROACUSTIC GMBH [DE]
Filed: July 14, 2007, Publication: June 9, 2007
International Class: H04R9/06, 23 Claims, 17 drawings

Reviewer Comments
This recent German patent application discloses what 

is potentially a very significant invention relating to 
transducer cone diaphragm structures. Working from 
German to English translations of limited quality, com-
bined with ELAC’s commercial presentations, and test 
reports of products using the technology, it would appear 
that these devices may have a unique and useful set of 
capabilities.

The technology is dubbed “Crystal Membrane” which 
refers to the crystalline embossed, multifaceted appear-
ance of an aluminum foil layer that is attached in a 
proprietary manner to a primary cone diaphragm and 
voice coil. The novelty of the Crystal Membrane is that 
the specially formed aluminum foil layer is pressed in 
predetermined shape, looking like a cross between a fin-
ished crystal and the surface of a geodesic dome, and then 
attached to the primary cone through an intermediate 
strut with special adhesives. The majority of aluminum 
membrane surface is unattached and suspended at vary-
ing distances from the primary diaphragm. This com-
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posite structure is claimed to offer far more rigidity than 
standard cone materials. 

  Their claim of at least an octave of greater bandwidth 
without breakup of the composite diaphragm and signifi-
cantly reduced coloration, if true, is certainly a positive, but 
the most interesting aspect of the new structure is that, due 
to its multi-faceted surface, it is said to maintain substan-
tially constant directivity even at the upper range of the 
device. This claim appears to be supported by test reports 
of polar responses maintaining a mere 1dB deviation across 
a ±30° angle over the majority of the operating range of the 
transducer.

There have been many diaphragm technologies in the 
past that have somewhat successfully controlled upper 
frequency resonances by way of greater rigidity, but those 
approaches have almost universally been accompanied 
by increasingly high directivity with increased frequency.  
If this technology can achieve wide bandwidth without 
breakup modes, and can maintain constant directivity over 
the majority of its operating range, it represents a significant 
advancement that should influence how future cone trans-
ducers are constructed. 

MAGNET RETENTION SYSTEM  
    IN PLANAR LOUDSPEAKERS

Patent Number: US 7,627,134
Inventors: David B. Garner (Indianapolis, Ind.), and 

   Richard J. Herold (Martinsville, Ind.)
Assignee: Harman International Industries, 
   Incorporated (Northridge, Calif.) 
Filed: September 16, 2004
Granted: December 1, 2009
Current US Class: 381/433, 19 Claims, 46 drawings

Reviewer Comments
Disclosed is a planar magnetic loudspeaker which 

includes a ferrous, pan type, perforated mounting frame, 
a set of elongated magnets and a diaphragm with conduc-
tive runs, mounted on the frame. The pan/frame includes 
a substantially flat portion defining a magnet-mounting 
surface further including a plurality of half-shear protru-
sions extending from the magnet-mounting surface. The 
magnet is attracted to the body portion of the frame and 
restricted from movement along the magnet-mounting 
surface by at least one half-shear protrusion. The dia-
phragm is spaced apart from the magnet and coupled to 
the frame.

The claims focus mainly on the half-shears that protrude 
from the surface of the frame pan. Those protrusions are a 
convenient way to capture and hold elongated neodymium 
magnets in place both expediting manufacturing and allow-
ing low cost stamped steel frames as the main structural 
component.

While this has proven to be a very effective magnet 
capture system, as far as I know, it was originated by David 
Michno and David Graebener (currently at Wisdom 
Audio), formerly at American Technology Corporation, 
the company that licensed the fundamental planar mag-
netic technology to Harman International and trained 
them in manufacturing processes relating to the licensed 
planar magnetic technology. It is my understanding that 
the ATC usage of half-shear protrusions for magnet reten-
tion was developed before the filing date of the current 
patent, by different inventors, so there is some question 
of ownership. It is possible that the listed inventors were 
not in attendance at the ATC presentations, and therefore 
not privy to the ATC teachings and came up with the 
technique independently, albeit after the fact. Regardless of 
who owns the rights, the technique is an excellent one that 
has proven itself effective in planar magnetic structures for 
many years.       VC

FIGURE 4: US Patent 7,627,134.

FIGURE 3: Lautsprecher.
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Industry Watch
By Vance Dickason

�he US Bankruptcy Court for the District of Delaware 
approved Nortek’s prepackaged Chapter 11 filing 

(http://nortek-inc.com/). Nortek expects to emerge from 
bankruptcy as a reorganized company as expeditiously as pos-
sible according to the owner of multiple custom-installation 
companies. The plan will eliminate about $1.3 billion out of 
a total $2.05 billion in debt, the company said. Nortek also 
has a commitment for a $250 million asset-backed credit 
facility that will be available for general business operations 
after the company emerges from Chapter 11. Nortek previ-
ously stated that it has no plans to sell any of its subsidiaries 
and anticipates no Nortek management changes. 

In late October, the court approved multiple Nortek 
requests, including permission to pay trade creditors any bal-
ances incurred before the Oct. 21 Chapter 11 filing, pay all 
salaries and wages to employees, honor all customer programs 
and product warranties, and continue to use cash on hand for 
general business operations. Nortek owns multiple companies 
that sell products for commercial and residential installation. 
In home technology, the company’s brands include many of 
the major powers in the residential custom-install industry, 
such as Aton, Channel Plus, Elan, Gefen, Imerge, M&S, 
Niles, OmniMount, Panamax, SpeakerCraft, Sunfire, and 
Xantech. The company also owns residential HVAC and 
ventilation companies and commercial HVAC suppliers.

The Custom Electronic Design & Installation Association 
(CEDIA) has announced that after one more year in Atlanta 
in 2010, its annual tradeshow, CEDIA EXPO, will move back 
to Indianapolis, one of its original host locations.  CEDIA 
EXPO will take place September 22-26, in Atlanta, then will 
be held September 7-11, 2011, and September 5-9, 2012, 
in Indianapolis. While CEDIA is based in Indianapolis, the 
association operates internationally, and its annual trade show 
draws tens of thousands of attendees from dozens of coun-
tries. Indianapolis hosted CEDIA EXPO from 1999-2001 
and again from 2003-2005. The expansion of the Indiana 
Convention Center includes the addition of more than 
250,000ft2 of exhibit/meeting space and a brand new Marriott 
Place hotel complex with more than 1,300 rooms. Registration 
for CEDIA EXPO 2010 in Atlanta will open June 1. More 
information may be found at www.cedia.org/expo.

Krell (www.krellonline.com) founders Dan and Rondi 
D’Agostino have filed a lawsuit against private-equity fund 
KP Capital Partners (http://thekpfund.com) and current 
KP-allied Krell executives to regain their management roles at 
the high-end audio company they founded in 1980. In their 
lawsuit, the founders contend they were locked out of the com-
pany’s Orange, Conn., offices about three months ago in viola-
tion of their employment agreements after trying to assert their 
right to fire a KP-backed executive. They also contend that KP 
used fraudulent, overreaching, and unconscionable tactics in a 
scheme to usurp the assets of old Krell [owned 100% by the 
D’Agostinos] at a discount, and exert complete control of new 
Krell, despite only purchasing a minority ownership interest. 

KP Capital Partners, a New York City private-equity fund, 
purchased a 40% stake in Krell Industries in April. Dan and 
Rondi D’Agostino continued to hold the other 60% and 
were to remain CEO and president, respectively, the suit 
said. Dan D’Agostino was also to stay on as chief product 
designer. Both founders also held two of five board seats. 

KP executive Ling Kwok, however, “improperly terminat-
ed the employment of each of the founders, and effectively 
terminated their ownership and roles as minority managers, 
literally locking them out of the company,” the suit said.

In another development, KP filed its own suit against 
the D’Agostinos, said Walter Schneider, who the company 
promoted from COO to the position of president. KP’s 
lawsuit states clearly the reasons this situation has gone sour 
and states some of the misrepresentations that related to the 
original purchase, he said. Obviously some seller’s remorse 
set in. Schneider said Krell is focusing on business and let-
ting the lawyers work on the issues between the investors 
and the founders. At Krell, he said, there is stability, and 
the company plans to introduce its first Blu-ray player and 
other products at January’s CES. 

According to Krell, Todd Eichenbaum has been pro-
moted to Krell’s director of engineering and new product 
development. Eichenbaum has been lead engineer on more 
than 50 Krell products during the past decade. Peter McKay 
continues as international sales and marketing VP, and Bill 
McKiegan remains US sales and marketing VP. 

The Mission speaker brand will return to the US 
through startup importer Mission USA (www.missionusa.
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com), which is owned here by a local retailer. Mission USA 
relaunched the brand at International CES, where it exhib-
ited current and new products to selected reps, distributors, 
and retailers. The brand offers a broad line of mid- to high-
end in-room speakers, including compact, bookshelf, and 
floor-standing models, along with powered subwoofers and 
home theater speaker packages. 

The Mission brand left the US market about four to 
five years ago, returned about two years ago through an 
importer, then left the market again about a year ago. For five 
years ending in 2002, Denon (www.denon.com) marketed 
Mission speakers in the US, after which Mission resumed 
marketing for awhile. China-based IAG Group (www.
internationalaudiogroup.com) purchased Mission in 2005 and 
added it to its stable of UK audio brands, including Wharfedale, 
Quad, AudioLabs, and Castle Acoustics home audio brands. 
IAG also markets professional audio and lighting equipment. 

The Consumer Electronics Association (CEA, www.
ce.org) conducted a study that found that 85% of con-
sumers are satisfied with their shopping experience for car 
electronics products. The findings differ somewhat from 
results of a study commissioned by the 12-Volt Initiative 
(www.12voltinitiative.com) car stereo group last year. That 
study determined that many consumers did not trust car 
stereo shops to work on their car. It also found that nearly a 
third of consumers could not name a car stereo brand and 
a quarter could not name a car stereo retailer. 

The CEA study looked at consumers who already owned 
at least one car stereo item. It studied 1,000 respondents 
through Internet interviews this fall and found the average 
consumer in the pool owned more than two car electronics 
items. Forty-four percent of the respondents said they owned 
a portable or handheld GPS product, and 23% owned an 
in-dash navigation system. In addition, 12% owned HD 
Radio, and 18% owned an amplifier. Also, 26% owned an 
in-dash car stereo with an iPod or MP3 connection, 14% 
had a vehicle tracking system, and 10% had a video system. 
  A third of the respondents shop online for car electronics 
products; 63% said they shop at a general electronics store 
such as Best Buy (www.BestBuy.com); 42% said they shop 
at mass merchants such as Walmart (www.walmart.com); 
and 32% said they shop at automobile electronics stores. 
Nearly half of those making a purchase comparison shop 
and many considered their purchases for months before 
buying and also looked forward to the purchase. While 
85% were satisfied with their purchasing experience, only 
49% were satisfied with the installation experience. About 
a third of the consumers studied were highly engaged with 
the products and more likely to be younger males that are 
very interested in cars. They were also likely to be a member 
of a minority group and with a fairly high income.  

Results from the car stereo viral video promotion launched 
Nov. 20 are positive, with views of the “Car Dance Mob” video 
on track to meet the planned goal of 59,000 views according 
to Steve Witt, chairman of the 12-Volt Initiative’s governing 
board, who confirmed the industry is starting work on a sec-
ond video. The board of the 12-Volt Initiative, a consortium 
of industry members, met on Nov. 30 and approved work on 
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a second viral video to be released in the January/February time 
frame.  To date, the 12-Volt Initiative has spent approximately 
$100,000 for the video, website, and promotion. 

While the video, enacting a quasi-impromptu scene of 
dancing to music in cars, was panned by a few industry 
members on industry websites and YouTube, Witt dis-
missed the critics as people who were expecting a typical 
advertisement. One retailer told TWICE he was withdraw-
ing his campaign support, while Witt said new retailers 
have since joined the campaign. In January, the board will 
review the results of the video after it has “aired” for 30 days. 
Retailers may join the campaign by paying $99.  

JL Audio (www.jlaudio.com) will be the first vendor partner 
of the new Mobile Electronics Specialists of America (MESA, 
http://mespecialists.com) car audio group, announced MESA. 
The group was launched to offer volume discounts on advertis-
ing and promotions and other benefits. It hopes to attract 50 
car audio retailers and additional vendor partners. According 
to Andy Oxenhorn, president of JL Audio, MESA has set 
strong standards that will be positive for its retailer members 
and for JL Audio, its reps, and customers. MESA president 
Mike Cofield is also president of Custom Sounds (www.
customsounds.com), Austin, Tex. Other MESA members 
include Stereo King (www.stereoking.com), Portland, Ore.; 
Car Fi (www.car-fi.com), Springfield, Miss.; The Specialists 
(www.specialistscaraudio.com), Tucson, Ariz.; and Sound of 
Tri State (www.soundoftristate.com), Claymont, Del. 

ALMA (www.almainternational.org) has re-launched its 
online forums to offer a year-round networking and discussion 
meeting place. Various forums and sub-sections offer places to 
discuss standards, education, events, technical subjects, feed-
back to ALMA, and more. There is also a marketplace section 
that people may use to post jobs, services, and products. The 
new system is entirely managed by the user. Every user needs 
to register with his/her own login and password. Once this is 

validated by ALMA management (only ALMA members will 
have their registration approved), the user has total control of 
the forum experience, with the ability to set up profiles, ava-
tars, tickers, post files, and share information. All forums are 
visible to the general public, but only ALMA members may 
start or answer posts. Help us make the ALMA forums the 
place for networking in the loudspeaker industry.

ALMA has a new Standards Committee chair—Spiro 
Iraclianos,  Director of Global Transducer Engineering 
with Harman International’s automotive division (www.
harman.com).  He has been involved in the loudspeaker 
segment of the audio industry since 1986.  During his 
career, he has developed and managed the development of 
high-quality loudspeaker systems and loudspeaker trans-
ducers.  His product development activities have spanned 
the consumer home hi-fi, professional/musical instrument, 
aftermarket automotive, and OEM automotive industry 
segments. He is a member of the Audio Engineering Society 
and the Society of Automotive Engineers. Please join me 
in welcoming Spiro Iraclianos to this new position. ALMA 
would also like to take this opportunity to thank its outgo-
ing Standards Committee chair, Dan Field, also of Harman 
Becker Automotive (www.harmanbecker.com), for his 
many years of dedicated service to the organization and the 
industry.

The United Nations Standard Products and Services 
Code (www.unspc.org) is a hierarchical convention that is 
used to classify all products and services in the global market-
place. ALMA has joined UNSPSC as an industry organiza-
tion in order that our opinions can be heard. ALMA involve-
ment is an opportunity to steer the global taxonomy of loud-
speaker components and services in the right direction. If you 
are interested in participating in the ALMA change request to 
the UNSPSC, please respond to the post by John Busenitz in 
the STANDARDS section of the ALMA forum.      VC
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