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BDP-95

®
oppo Universal Blu-ray Disc Player

with 3D & Network Streaming

e A universal player for audiophile users e Toroidal Power Supply

e SABRE*? Reference Audio DAC e Dedicated Stereo Output

e Blu-ray, DVD, SACD and DVD-Audio e XLR Balanced Output

e FLAC & WAV playback from USB & network e Latest Qdeo video processing
e Dual HDMI, R5232, eSATA, Wireless-N e 2U Rack Mountable

“The BDP-95 is by far the finest
Blu-ray/universal disc player OPPO
has yet produced. If you can afford
one, then put the OPPO right at the
top of your short list. If you can afford
something more expensive, strongly
consider buying the OPPO anyway.
It’s that good.” — Chris Martens, The
Perfect Vision, May 2011

For product information and availability, please visit www.oppodigital.com.

BLOCKBUSTER _ @ Dual QDEO

OMN DEMAND" B HDMI

OPPO Digital, Inc. 2629 Terminal Blvd. Suite B

www.oppodigital.com (650) 961-1118 Mountain View, CA 94043
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MANUFACTURING

USA UK
Tel: (716) 630-7030 Tel: 01256 812812
Fax: (716) 630-7042 Fax: 01256 332249
Canada Australia
Tel: (519) 822-2960 Tel: 8-8240-2244
Fax: (519) 822-0715 Fax: 8-8240-2255
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Save *10

off Loudspeaker Design Cookbook!

ry

:uild the speaker of your dreams for
“your;: Home, Car or Home Theater!

Aﬁc-l/

amateur

Back and better than ever, this 7th edition
provides everything you need to become a
better speaker designer. This newly revised
edition now includes Klippel analysis of drivers,
a chapter on loudspeaker voicing, advice on
testing and crossover changes, and so
much more! Ships complete with bonus CD
containing over 100 additional figures and

a full set of loudspeaker design tools.

A $99 value!

Yours today for just $29.95.

Shop for this book, and many
other Audio Amateur products,

at www.cc-webshop.com.

Offer good thru 9/30/11




m From the Editor's Desk

Audio Enthusiasm Worldwide

d Dell was spot-on

when he wrote last

month that the Elektor
group—which publishes

Elektor, Circuit Cellar, audioXpress,
and Voice Coil magazines, as well
as the World Tube Directory and the
Loudspeaker Industry Sourcebook—
has “major plans to strengthen and
expand audioXpress” During the
last several weeks, our staffers in
North America and Europe have
been working on this issue while
concurrently planning upcoming
issues of audioXpress. We're excited
about what we have in store for you.
Our mission is to gather,
select, and distribute need-to-know
information to audio enthusiasts
around the world on the topics
of speakers, tubes, DIY audio

applications, and audio engineering. °

Thus, in the coming months, you’ll
get more on speaker technology, more
on vintage audio, more DIY project
articles, and handy tutorials on audio
engineering topics.

In the true spirit of the Elektor
group and all of its publications,
I encourage audioXpress readers to
interact with each other, as well
as with our editorial staff. You can
easily keep up with the audioXpress
editorial department and interact
with other readers by following
@audioXP_editor on Twitter. I encourage
you to check us out at http://twitter.
com/audioXP_editor. There we’ll post
useful info such as upcoming articles,
links to relevant audio design content,
and occasional deals on products you'll
love. You'll have real-time access to this
content on your computers and mobile
devices.

Lastly, be sure to think of
audioXpress when you're working
on your audio projects. Feel free to
e-mail us article proposals as well
as interesting project photos and vid-
eos. Recently completed an innova-
tive speaker project? Let us know
about it. Just finished a tube amp
design? E-mail us some photos.
Have a few handy tips on improv-
ing home theater sound? Consider
writing a short tutorial article.

Put simply, audioXpress is your
magazine, so please share with
us your projects, theories, and
musings. In turn, we’ll help
you share your ideas with audio
aficionados around the world.

Regards,
C.J. Abate

© editor@audioxpress.com

JANTZEN AUDIO DENMARK

C-COIL POWER INDUCTOR with up
to 2.000 W capacity.

Where other coils get overhealed, you
just order Jantzen C-Coils.

Desigred for bass, subwoolers and  am-
plifiars,

CROSS COIL high-end induction coil
Absolulaly the closast lo the ideat
inductar in the World.

| WAX COIL wound of copper foil and
paper insulation

Wax impregnaled

Hard as a rock

Second to none

Superior Cap Even the finesl
nuances can be heard,

The sound naver gels over-adged,
redlly superb naturalness wilh

a somewhal bright top-end.

Silver Cap Super smoolh cap withouw
any harsh addilions lo the sound.
Absolulely neutral lonal balance.

A truly culstanding audio pan

Silver Gold Cap Mare resolution,
e sound mggéimls of dynamics.
Fast reaction, e Tealing and nalural sound.

1.6 & 1.8 mm baked wire coil
Long expected & wanted]

Mew round wire coll made of

1.6 & 1.8 mm baked wire.
Avallable as air cored coll and
wilh non-ferrite core

JA-8008 Jantzen Audio 8" driver
8 ohm, 95 dB designed

by Troels Gravesen and made by
SEAS, Nomway.

ideally mated with high efficiency,

34 mm dome Audax hweeler with
JA-waveguide

For more info: www.jantzen-audio.com
Parts available at www.parts-express.com & other Jantzen Audio dealers
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Measurement Filter for Class D

Create a filter with less distortion while coping with higher voltage

his filter is an improved ver-
sion of a filter published six
years ago in Elektor (“Passive !
9th Order Elliptical Filter, ” |
Elektor 345, 2005). At the time, this |
filter was designed for carry out mea- |
surements on a Class T power amplifier

(“ClariTy, 2 x 300 W,”  Elektor, 333,

2004). The accuracy of our measur-
ing equipment was found to get worse |
when the frequency components above '
200 kHz became too strong, hence the !
need to remove these with a very steep

filter.

The aim of the present design is to |
create a filter that has less distortion at
20 kHz and which can cope with higher
voltages, so that it also becomes suit-
able for more powerful Class D power :
amplifiers (Photo 1 and Figure 1).
The theoretical values have remained '

GENERAL CIRCUITS CO., LTD

QUALITY PCB & SERVICE
PROTOTYPE TO PRODUCTION

instant online quote
shopping cart ordering system
China competitive prices

free electrically test

web  hitp:/www.pcbeart.com

E-mail sales@pcbcart.com

Tel +86-571-87013819

Fax +86-571-87036705

Add No.76 GuCui Road, Hangzhou, China

WWW.PCBCART.COM
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ideal frequency response.

Photo 1: Prototype of the measurement filter as assembled at Elektor Labs. All induc-
tors are home made to obtain the exact inductance values required for an almost
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Figure 1: Schematic of the improved measurement filter for Class D amplifiers.
Capacitors showing a value of 0 are not used.
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© the same as those in the original circuit, !
- and the circuit itself has hardly changed.
. The biggest improvement is in the way -
the inductors are made. These are now !
. substantially larger and have an air-gap, |
- which reduces the distortion.
The number of turns for each coil !
- was derived using the stated value of the
- inductivity factor of the core material
- (A}). If you have an accurate inductance
- meter, you could measure the coil be-
- fore soldering it onto the PCB. It won't |
always be possible to obtain the exact
values for the coils because the small- !
- est change in the winding is half a turn. |
Measure the wound coil and calculate :
* the real A} value using the formula:

www.audioXpress.com

A, = L/N?

¢ where L is the measured inductance

and N is the number of windings. You
can then recalculate the number of
turns using the new A; value, which

- should give you a more accurate num-

ber. Should fewer turns be required, you
can simply remove them from the coil.
Should you need more, you can add a
new winding to a connection and con-
nect the end to a third pin. Look care-
fully at the PCB layout (can be down-
loaded freely from www.elektor.com) to
find out between which pins the coils
have to be connected (Figure 2).

On either side of the coil former

© is a row of six connection pins. Three



pins on one side are always connect- .
ed to three pins on the other side. The
most practical approach is to connect |
the ends of the coil to the two pins at |
the front, pin 1 and pin 12. When the
inductance value has to be corrected and
some turns have to be added, the extra
winding can be connected to the first !
and second (or eleventh and twelfth) !
pins. The first (twelfth) pin, to which
the coil was originally connected should '
then be cut back to the former, so that -
- ripple up to 180 kHz. The reason for
. this can be found in the lower Q factor
of the coils now used, which makes the
. graph deviate slightly from the theoreti-

it can no longer make any contact with
the PCB.

With the coils that we made for
our prototype we had to adjust three

of the four in this way. The measured !
values for L1 through L4 in our case
were: 1.16 mH, 689 pH, 555 pH, and
- band and the stop band can be seen
- in (Figure 4). The frequencies in the
band can be seen in (Figure 3). The
amplitude at 20 kHz is attenuated by '
- only 0.17 dB (compared with 1 kHz)
and 39 dB at 204 kHz. When we com- | various component tolerances, including
. those of the 1% capacitors.

sponse B from the July/August 2005
. mum output voltage of our analyzer,
~ which is 13 V. The distortion caused by
. the filter at this voltage can be seen in
. (Figure 5). The graph is just about the
: same as the bottom measurement limit
- of our analyzer.

816 uH.
The frequency response of the pass

pare the response with frequency re-

article, you can see that there is less

Figure 2: Component overlay of the circuit board designed for the filter. To make your
own board, start by downloading the complete artwork files at www.elektor.com.
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Figure 3: Passband frequency response of the reworked filter
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cal ripple that is common to elliptical
filters.
The frequency response of the pass

stop band are, apart from a little bump
around 800 kHz, attenuated by more

- than 60 dB. The bump is caused by the

We tested the filter with the maxi-

At some point in the future wed like

. to develop a separate amplifier that is
- able to output 70 V. RMS at 20 kHz
- with an extremely low distortion fig-
- ure. We'll then be back with a graph
' that shows the input voltage against
- distortion. The distortion at 1 kHz
- and a bandwidth of 22 kHz is less than
© 0.00018%. With a bandwidth of 80 kHz
the distortion plus noise (THD+N) in-
. creases slightly to about 0.00028%. The

“Audience’s Au24e interconnects
and speaker cables perform as
well as any cables |'ve heard.
What's more, they compare
favorably with other reference-
quality cables, not only as an

overall package of strengths
and weaknesses, but line by
line, in any sort of audiophile
accounting.”

Brian Damkroger - June 2010

audioXpress September 2011 9
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distortion at 20 kHz and a bandwidth of

80 kHz is about 0.0004%.

Since the filter was designed to cope
with higher voltages we had to use :
power resistors. With a voltage of 70 V

RMS across 1 kQ the power is about
5 watts; the recommended resistors in
the parts list are rated at 7 W. The input

resistor is a combination of a power re- :

sistor and a smaller resistor. We suggest

that you measure the value of R1 and
then calculate the value for R2. The sum

of their values should be 1060 Q. In our

prototype we had to replace R2 with a '
resistor of 73.2 Q, to compensate for the

tolerance of R1.

ation of 2 at 1 kHz. Capacitor C19 can

be used to compensate for the parasitic
capacitance of the cable and the input of :

the analyzer, although this has more of a
- theoretical benefit than a practical one.

When you build this filter you have :
to make sure that you buy the correct
set of cores (see the part numbers in the
- parts list.) There are other cores with
. different sizes of the air gap and there
- some without an air gap at all. We have
- chosen the biggest air gap (smallest A
- value). This means that more turns have
to be wound, with the result that the
coil can be wound closer to the required
. theoretical inductance. Another advan-
tage of the air gap is that the tolerance
in the inductivity factor (A;) is only
. £3%. Without the air gap it’s stated as

At the output of the circuit, multiturn 5
trimpot P1 can be used to set an attenu- :
. Editor’s note: This article was originally pub-
lished in Elektor, July/August 2011, page 36.

+30/-20% ! aX

Go to www.elektor.com for more information.

PARTS & COMPONENTS

Capacitors
» C1,C14,C18 = not used

Inductors (incl. materials)

e.g. RS Components #212-6772

e.g. RS Components #647-9323

Miscellaneous

Resistors

*R2 =590, 1%, 0.6 W*

» C2,C5,C11,C13 = 1nF, 1%, 500V, silver mica (Cornell Dubilier CD19FD102FO3F)
* C3,C8,C12 = 120pF, 1%, 500V, silver mica (Cornell Dubilier CD15FD121FO3F)

* C4 = 6.8pF, 1%, 500V, silver mica (Cornell Dubilier CD15CD(6.8)DO3F)

* C6,C15 = 270pE, 1%, 500V, silver mica (Cornell Dubilier CD15FD271FO3F)

* C7,C9,C17 = 680pE, 1%, 500V, silver mica (Cornell Dubilier CD19FD681FO3F)

* C10 = 180pF, 1%, 500V, silver mica (Cornell Dubilier CD15FD181FO3F)

* C16 = 220pF, 1%, 500V, silver mica (Cornell Dubilier CD15FD221FO3F)

* C19 = 5-57pF PTFE trimmer, 250V, (Vishay BCcomponents BEC2 809 08003)

*L1=1.15mH, 85 turns 20 AWG mm enameled copper wire*

e L2 = 689uH, 65.5 turns 20 AWG enameled copper wire*

* L3 = 557pH, 59 turns 20 AWG enameled copper wire*

* L4 = 802pH, 71 turns 20 AWG enameled copper wire*

« L1-L4 core = RM14 core set, 160nH (A, ) N41 (Epcos B65887E160A41),

* RM14 12-pin coil former (Epcos B65888C1512T1), e.g. RS #212-6839
* RM 14 clamp, stainless steel spring (Epcos B65888A2002X, 2 per coil),

* RM 14 isolation washer. base (Epcos B65888B2005X), e.g. RS Components #180-121
* 20 AWG enameled copper wire (Pro Power ECWO0.80). Nearest US equivalent: AWG20

* K1,K2 = BNC socket, PSB mount, angled, 75Q (Tyco Electronics 1-1478032-0)
* Locking washer, BNC/TNC (Tyco Electronics 1-1634817-0)
* Nut, BNC/TNC (Tyco Electronics 1-1634816-0)

* R1,R3 = 1kQ, 5%, 7 W (Tyco Electronics ER581K0JT)

* P1 = 1009, 10%, 0.5W, 24 turn trimpot (Vishay Spectrol M64W101KB40)

markaudio
New Aedic ﬁra’e/f'fy

We specialize in the the design and
build of full-range and wide-band
audio drivers for the custom-build
speaker market worldwide as well as
commercial OEMs and high-end
customers.

Markaudio today produces a
diverse range of custom built audio
products. Its audio drivers are
becoming increasingly well known
for their high performance, accurate
manufacturing tolerances and near
unique design.

CHP-70 Gen 2 Natural or Black Paper
These 4" drivers were dcségnecl to make a
semi-vintage classic sound. Vocals come
across as warm and natural, pleasing to the
listener for many hours of listening.

CHBW-70 Gen 1 Black Paper
This 4" driver is designed to have a lower
extension and reproduce the vocal range with
warmth that is pleasing to the ear.

Alpair-7 Gen 3 in Grey or Gold Aluminum

This third generation Alpair-7 has a full range

_of sound up to 30kHz. With the hlp of

I'adashi Matsubara San and Lui Yi Ping , the
front and rear suspensions are greatly.

Complete specifications and kit

designs are available from our
website at www.madisound.com.

Madisound Speaker Components, Inc.
P.O. Box 44283
Madison, W1 53744-4283 U.S.A.
Tel: 608-831-3433 Fax: 608-831-3771

Jnfo@madisound.com - madisound.com}
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New De-fend circuit technology

LOUDSPEAKER PROTECTION

which has licensed this technology. D-

S o i e
Pssile Leads, The Wired Bttey Drivn
Sletor s Placed Anywbere,

Preserving The Sounds
Of A Lifetime

www.kabusa.com
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. resistors, or slow relays. Incorporating

D-fend is an all-digital, programma-
ble loudspeaker protection and attenu-
ation circuit designed to solve the age-
old problems associated with protecting
loudspeakers from excessive power con-
ditions, according to Eminence Speaker, :

such features as digital signal processing
with on-board digital filtering, a cus-
tomizable microprocessor, and MOS-
FET construction, the D-fend protec-
tion circuit enables you to use this tech-
nology prior to passive filtration and

- allows different sensitivity settings in
fend eliminates headaches for speaker
engineers—no more hassling with poly- :
switches, blown lamp filaments, lossy
. go to www.eminence.com.

NEUMANN SUBWOOFER

specific frequency bands, such as woofer
over-excursion bands or high-frequency
peak damage regions. For information,

Neumann has followed its recent an-
nouncement of the KH 120 two-way
active nearfield monitor with the launch
of a matching subwoofer, the KH 810.
According to Neumann, the KH 810

- is far more than a simple subwoofer; it
- serves as the heart of a modern moni-
. toring system. The comprehensive 7.1
High Definition Bass Management sys-

tem can be used either as a subwoofer
- dedicated to reproducing the LFE chan-

nel, or as a means of providing low-
frequency extension with an increased

 maximum SPL. With the KH 810, it is

now possible to assemble flexible moni-
toring systems for studios of different
sizes, with a response that ranges from
below 20 Hz to above 20 kHz.

The integrated 7.1 High Definition
Bass Manager is compatible with all for-
mats, from mono to the latest 7.1 high

- definition systems. Eight electronically
- balanced analog XLR inputs ensure flex-

ible interconnectivity for modern studios.
Four-mode LFE channel process-

. ing guarantees maximum compatibility

across all formats, while 4M-order cross-
overs and flexible acoustic controls allow
seamless system integration. Built-in
volume control permits centralized sys-
tem adjustment of replay levels, inde-
pendently of the source. The electron-
ics can be located remotely to reduce

. cabling, and to allow the cabinet to be

mounted flush to a wall.
State-of-the-art amplifier technolo-

. gies and acoustic components have been

used to ensure maximum accuracy of
sound reproduction. Neumann states
that a robust 10" driver, solid cabinet,
and carefully designed ports guaran-
tee tight, articulate, distortion-free, low-
frequency reproduction down to 18 Hz,
even at high playback levels.

The KH 120/810 combo can be used
for tracking, mixing, and mastering in
music, broadcasting, project, and post-

Neumann KH 810 subwoofer

State-of-the-art amplifier technology

www.audioXpress.com



m New Products

production studios. For more informa-
tion, contact Pr-Info@neumann.com.

POWERSOFT AMPS

M Series DSP+ETH amplifiers are
designed for functionality and control in
sound reinforcement and fixed installa-
tions. They feature 24-bit/48-kHz AD/
DA converters with 56 bit for internal
processing. With two inputs and outputs
each for the two-channel version and
four inputs and outputs each for the
four-channel version, the

. Butterworth, and Linkwitz-Riley, with

adjustable 6 dB to 48 dB per octave roll-
off. Because the DSP card resides inside
the amplifier, settings are safe from ac-
cidental or intentional tampering.

Each amplifier is housed in a one-
rack unit, rugged metal case weighing
16.3 Ibs (7.4 Kg).

The two four-channel models provide
up to 1250 W/channel on 4 Q loads,
while the three two-channel models

i offer a maximum output of 1500 W/

sure whether it is truly unique and pos-
sibly eligible for patent protection, the
Midwest Patent Services DVD will help
you determine whether your invention
is unique. It will walk you step by step
through the patent search process and
allow you to follow along on your com-
puter.

Three databases—the U.S. Patent
Office website, Google Patents, and
FreePatentsOnline—are covered in de-
tail so you can perform a thorough pat-
ent search, without disclosing your idea.

system offers per channel
five bi-quad filters for sys-
tem equalization, eliminat-
ing the need for outboard
equalizers, plus two cross-
overs and eight bi-quad
filters. Each channel has
dual dynamic processors with arbitrary | channel on 4-Q loads, while full range
input/output curve and adjustable time | can reach up to 360 W/channel on 8-Q
constants. - loads. For more information, visit
The high-performance DSP card of- | www.powersoft-audio.com.
fers FIR/IIR filters for accurate cross-

over control for bi-amped loudspeakers. PATENT SEARCH GUIDE

Crossover filter types include Bessel, | If you have an invention but are not

Go to www.midwestpatentservices.com
to learn more about the DVD.

_— e

: MIDWEST PATENT SERVICES, LLC

Powersoft_M Series DSP+ETH

Complete A to Z Guide to
Performing A Patent Search

Midwest Patent Services DVD
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solid state

By Robert Nance Dee

Build a BCD-Digital Potentiometer

A pot design that brings accuracy and flexibility to audio controls

y goal with

this design | =

was to control |

the level of a

circuit with as little interven-

tion as possible. I could have

traveled traditional routes and

built expensive potentiometers

with gold contacts, numerous

resistors, multiple gangs and

switches, and so on, but I have

always seen this as a flawed,

albeit brute force, method

lacking elegance. It’s basically

a poor way to address potenti-
ometer design.

I played with digital pots,

Photo 1: The completed circuit board

channel for monaural or to
control a three-terminal regu-
lator in an entirely different ap-
plication if you desire.

These relays are hermeti-
| cally sealed, washable, and
| have gold-plated contacts; their
| cost is also low—12 relays cost
under $40. The engineers at
Tyco who make the relay told
me that the mean time be-
tween failures (MTBF) is in
the millions at the low current
and voltages that audio circuits
require. Using relays and not
MOSFETs or other electronic

devices means that you have

but they introduce semicon-

ductors and add impedances into the
circuit. They are also limited by how !
much voltage—both positive and nega-

tive —they will accept.
I decided to take out a clean sheet

of paper and start from scratch to see |
whether I could make a pot that rivaled
present designs while maintaining a rea- |
sonable cost. This, then, is the result of

that inquiry (Photo 1).

I wanted flexibility—that is, I wanted |
to be able to use it in audio or any de- |
sign and I wanted to be able to manipu- :
late the value of the pot with just a few
components to simplify other applica-
tions. Also, it must have a high degree of
accuracy along with its flexibility. Next |
I wanted it to have as few—if any—
moving parts and a long life that didn't -
require any maintenance or lubrication. I !
wanted it to work as well in 10 or more |
years as it did the day I built it. I also
wanted to know what level the pot was
at all times so I could return to a specific |

point or listening level at any time.

THE DESIGN

For this design, I used an Atmel AT-
tiny2313V, 8-bit microcontroller pro-
grammed in assembly. It let me control
the LCD and the output to the relays |
and also enabled me to use a small ca- !
pacitor 0.33 F to save my settings with |
the power off so my circuit would not

14  audioXpress 9/11

draw—nor require—any external power
.~ only sees the combinations of resistors.
The design uses binary-coded deci- '
- mal (BCD) to select any level from 0 :
. to 63 by manipulating six double-pole |
relays (Table 1). This has the advantage |
of requiring only 12 resistors (although !
I will be using 18, but more about this SMD low-noise, 0.1%, 1/8-W metal
later). Of the 18 resistors, only nine are |
.~ ever in the circuit at any one level, so for
stereo I employ 18 resistors total for 64 !
levels and two channels. BCD is reflect-
ed in the program as hexadecimal, so no | 1000.13 Q (four-wire method). To make
manipulation of the data is required for
the outputs from the registers. Again,
This can be in any multiplication: 10,
I chose the relays carefully because = 20, 160, 10k, 20k, 160k, and so on. For
current draw, contact isolation, and relay
life needed to be examined for the de- |
sign to work well. The relays draw 6 mA
each. For stereo, there are 12 relays, six
per channel. You can add channels and '
have four or more channels simply by !
building more auxiliary boards. In the
- same respect, you can have only one

in the off condition.

you can see this in (Table 1).

no positive or negative voltage
limitations and the controlled circuit

It is also important to realize that no-
where in this circuit is any switch ex-
posed to outside air, thus oxidation is
not a factor.

For the resistors, I used Panasonic

film devices. With the pot at maximum
—64K in my application—the total re-
sistance error was 6 Q. At the lowest
value (1K), the measured resistance was

up the values shown in (Table 1) only
requires three resistor values: 1, 2, 16 Q.

example:

Resistor 1 =2 Q (parallel)
Resistor2 =2 Q

Resistor 4 =2 x 2 Q) (series)
Resistor 8 =2 x 16 Q (parallel)
Resistor 16 =16 Q

Resistor 32 = 2 x 16 Q (series)

TABLE 1

Resistor values : :
DT A 32 ...... 15
binary : 1 : 0
B[;D ................................
Hexadecimal 2
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You can also start the progression with
2:2, 4, 8,16, 32, 64, to give you 128 Q
total for 10 resistors using the original
two values. :

For trouble-free operation, I used :
the volume is increased over its 64 steps.
switch the relays through the micro-
¢ controller. Operating as a stereo volume

a low-cost 64-step optical encoder to

=5

LEFT ™

: Tou
; o jumper
5 oa ot

gnd pads

Figure 1: Schematic left
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Figure 2: Schematic right

UI-201-DP

Figure 3:
Potentiometer
display

control, there is no sense of “stepping” as

The complete process is smooth and
detent-free.
It is possible to isolate the relay low-

clicking noise completely, but it is not
- overbearing, and I personally enjoy the
. positive sound as I run up and down
- with the control. Most times I just
- change the volume to a new level, and
. the fact that ’'m using a sophisticated
- control is not an issue. It’s kind of neat,
actually! This control, however, is espe-
. cially suited for the most sophisticated
- hi-end audio products. I did not add
_ remote control to this design, but the
. design, by nature, lends itself well to this
- addition.

For this project, the ATtiny2313V,

- along with an AY0438 driver for the
- display, does all the work. The display
 mounts on the main board with the
- power supply. I did not isolate the sup-
- ply from the resistor boards because
. noise measurements are below what my
instruments can sense. The resistors are
- not tied into any part of the circuit, only
- the sealed relay contacts. In my stereo
- control, T used a jumper to tie the low
- leg of the pot to ground, but in all re-
- spects the resistors are autonomous.

When the power to the BCD pot is

. off, current draw from the circuit is less
than 200 nA, and the 0.33 F capacitor
- will run for weeks holding the last level
_ before going below 1.8 V—at which
. level this chip is capable of running.

Last, I included the LCD for a rela-

. tive level: 31 can be 31 Q or 310 k Q,
- 1 did not see any need to set dB output
- indications. My thinking is that volume
s set to a specific level and what is para-
- mount is knowing and returning to that
- level. This applies to instrumentation as
- well.

SOFTWARE AND OPERATION

The software was written in Atmel’s

- Studio 4 in assembly. It starts up with
. an initialization of the registers driving
- PortD, the relay port; the initial output
. is “00,” which is the lowest setting. From
. there it goes to the LCD and loads the
- same value as the outputs and sets the
- load lead hi to lock the value. If no other
input pulses come in from the encoder,
. the microcontroller goes to “wait” for
~ a change in the encoder state and pro-
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ceeds to update the outputs on PortD
and the LCD.

pin 17 (PortB,5) low sends the program
to sleep (power down mode). In this :
mode, the internal 4-MHz oscillator

turns off and the last output values are

saved. Wakeup is from a pin change !
(PortB,5 again) going high, which |
sends the program to wait for a change !
from the encoder (pin 19, PortB,7) and

the cycles repeat. The output (PortD)

drives the six 2N3904 NPN transistors
through the six 4.7k resistors, and the |
transistors in turn drive the 12-V relays

by grounding the negative side (pin 16).

When the power to the circuit is |
turned off, the 1IN4001 diode on pin !

20 of the microcontroller isolates the

tor from the LCD and the relays. In this

configuration, the only power the capac- !

itor sees is that of the microcontroller in

sleep mode; on wakeup it is recharged !
to 4.3 V (5 V minus the 0.7 V loss from '
the 1N4001 diode). Do not change this
diode to a Schottky diode because it has
too much leakage, and the voltage drop
benefit will not make up for the extra |

load on the 0.33-F capacitor.
CONSTRUCTION

four).

Build the main board first and test

the voltages before inserting the en- |
- coder or the microcontroller. Pin 20 of
When the circuit is powered down, ' the IC socket should have about 4.3 V and '
: the encoder should be just about 5 V. The :
positive side of the relay (pin 1) should
. have 12 V. These are polarized relays,
- which won't operate with B+ attached :
.~ to pin 16. The LCD should also be at- |
tached after the initial testing and have
5V on pin 1. Power for the circuit can !
- be from a 12-V transformer at 300 mA
- or 15 V DC. This is handy to allow tap-
ping off audio power when used as a
. its accuracy is far better than an audio
I placed auxiliary relay boards for |
- additional channels on 19-mm (3%")
standoffs and ran wires through the !
connector to the main circuit. Place the
- AY0438 driver chip on the underside of
microcontroller and the 0.33-F capaci- = the LCD board and the LCD on top. :
- The two SMD LEDs (I used amber) '
- light the display in low light conditions.
- T also inserted a piece of milky white .
- Lexan between the LEDs and the bot- |
tom of the display to diffuse the light
hitting its underside before I soldered
it in place. While this is not required, it !
ing it! aX
I did not build a dedicated case for
- this pot because it’s going into my latest
- audio design. This device will also work
' nicely in an active audio control along

Building the circuit is straightforward :
with a mix of SMD and through-hole | [
components (Photo 2). The only com- '
ponents not on the board are the LCD,
which attaches with a single five-pin !
90° connector, and the encoder. You can '
connect the LCD with a wire harness '
extended to a front panel if desired, as
you can with the encoder. In my case, I
attached the display to the main board '
and the encoder with wires (there are

stereo pOt.

does add a nice touch.

Photo 2: Top view of cifcuit broard )

SPECIFICATIONS

° Noise: Less than 5 mV

e Linearity better than 0.1%

e  Maximum error less than 0.1%
e Current 110 mA peak, two channels
e Main board dimensions: ~5.7 cm W, 9 cm L, 3.8 cm H (two channels)

e Auxiliary boards ~5.7 cm W, 5.7 cm L

with an input switching circuit plugged
into a preamp.

I have placed an adjusting resistor
(R9) on the relay boards to help when
using the circuit for different applica-
tions. With my audio circuit, I simply
shorted across R9 to remove it from
the circuit, which must either have the
resistor or a short in its place.

CONCLUSION

This design turned out exception-
ally well; it works with no glitches and

circuit could ever need. I like the fact
that it acts as a smooth transition when
passing from one level to the next.

I have never understood why detents
were ever put into audio pots, especially
with many having only 24 specific lev-
els. I always seem to be listening some-
where between two detents, and mul-
tiple switch pots are no better. This pot
with 64 levels and precision metal film
resistors is hard to beat for sound or
facility. I hope you enjoy building and

utilizing it as much as I enjoyed design-

Ready, willing
and

AVEL

offering an extensive
range of ready-to-go
toroidal transformers

to please the ear, but won’t
take you for a ride.

io! Avel Lindberg Inc.
47 South End Plaza
New Milford, CT 06776
tel: 860-355-4711
fax: 860-354-8597
sales@avellindberg.com
www.avellindberg.com

16  audioXpress 9/11

www.audioXpress.com



Castle Tower Omni Speakers

Build a pair of Castle Tower speakers for your kingdom.

By Ken Bird

hile attending a recent
concert of the Seda-
lia Missouri Sym-
phony orchestra (the
second oldest in Missouri now cel-
ebrating 75 years of good music),
my intermission thoughts turned
to the sound I was hearing in the
concert hall. It was all omnidirec-
tional and there was no such thing
as a “sweet spot.” Since the advent
of stereo in the late 1950s, speak-
er builders—both professional and
amateur—have espoused the mantra
of the sweet spot and sharp imag-
ing. We strive to create that point
between the speakers where the or-
chestra or the soloists appear to be
centered. The only problem is when
you change your position or even
move your head a bit and the audio
illusion disappears. That does not
happen in the concert hall; no matter |
where you sit, you are surrounded by
music.
Speaker designers have done little
to replicate the phenomena of reflect-
ed sound. In the 1950s, Stewart Hege-

Exil S SURETSS

Photo 1: The hex-shaped Castle omnidirectional
speakers with grille screens

and moat to go with them?” fol-
lowed by “If it fails as a speaker, we
are going to have two of the best-
looking bird feeders in the neigh-
borhood.”

THE MOCK-UP

This system is not for the faint-
of-heart woodworker. Producing
a large hexagon-shaped enclosure
was a challenge with my limited
equipment and woodworking
skills, and, if not for the table saw
skills of a friend, Mr. Earl Meyer,
who once managed a commercial
woodworking shop, the project
may not have been built.

Before any wood was cut, I as-
sembled a full-size non-working
mock-up (Photo 2) using 0.5" 21/
Custom Speaker Enclosures Proj-
ects You Can Build foam insulation
board, which was easy to cut with
| a carton knife. It was held together

| with tacky craft glue and 2" nails
with the seams covered in duct
tape. It made a sturdy structure,
which I recommend for replicating

man designed many omnidirectional
speakers for Harman-Kardon. The Bose
901 system, introduced in the 1960s, was

another commercial attempt, and while !

it is still produced and helped make Mr. :

Bose a very rich man, it has not been
widely accepted by the “serious” audio-
phile community. In the engineering de-
partment of a well-known Chicago-area
audio manufacturer, where I once worked,
there was a sign on the wall—BOSE,
No Highs—No Lows.” That may have
been an indication why the 901 System
did not sell well to audio purists.

In searching online and in my library,
I could not find much on omnidirec-

tional loudspeakers. There are a few that

used an upward-facing speaker playing
into a reflector, and there are commercial
models used for paging and background
sound. Other examples include a few
do-it-yourself models designed by David
B. Weems and published in a now out-

. of-print 2/ Custom Speaker Enclosures
. Projects You Can Build (TAB Books, |
1980). One was a 30" tower with two !
8" woofers, four 3" tweeters, and a sin-
- gle piezo super tweeter. Another project |
. in the same book was called the Omni
- Hex, which used six 6" x 9" drivers in = DRIVERS
- a hexagon-shaped cabinet that doubled
- as an end table. Mr. Weems earlier de-
- signed an omni speaker called the “Plus 4"
- in the March 1975 issue of Popular |
. Electronics. The system used a single 8"
- upward-firing woofer with 5" whizzer '
. cone-equipped mid-tweeters in a unique
- triangular-shaped enclosure.
All of these efforts by others inspired
. my design of the “Castle System,” or, |
- as some of my chess-playing friends
" have called it, the “Rook” (Photo 1).
- Tl just go with the Castle, even though
- my bride commented when she say it:
- “Are you going to build a drawbridge

other odd-looking enclosure de-
signs before you commit them to wood.
The tower turret is an optional decora-
tion and is designed to just sit on the
top. You can eliminate it from the proj-
ect if you want a less medieval look.

My collection of drivers included
some very nice 6" surplus Delco Auto-
motive speakers that measured reason-
ably flat in response from 80 to about
8 kHz. Because they are no longer avail-
able, I have chosen close substitutes in
the parts list.

The tweeters are piezo types avail-
able from MCM and the woofers are
Parts Express 10" Dayton models that
work well in a ported enclosure. This is
the first system I have ever built using
a downward-firing woofer, a discussion
of which you can find in the reference
section. I did not experience any sub-
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SPEAKER SPECIAL

Photo 2: Foam board mock-up

jective changes in woofer performance |
in the downward position. The cross- !
over points are 400 and 5000 Hz with a
simple 6 dB per octave circuit (Photo 3).

CONSTRUCTION

The system is a hexagon-shaped
tower using six piezo tweeters, six 6"
mid-range speakers, and a 10" down- !
ward-firing woofer in the base |
(Figure 1). The side panels are 1 x !
8" dimensional pine, and the internal
partitions are 0.75" plywood. The 1.8 ft® |
woofer chamber is ported, while the 1.1 |
. rate miter gauge set to 30° (Photo 4).

As in my past projects, I used dimen-
sional lumber for the enclosure side pan-
els and cut 0.75" plywood for the hex- !
shaped top, partition, and woofer baffle.
I selected the number 2 grade 1" x 8"
pine, because it has fewer knot holes !
or other defects. However, there can be |
. geometry/constructions/hexagon.htm.
sional lumber which can make forming = You will need to know the width of the
an accurate hex enclosure difficult. In !
checking the lumber, I discovered that
some of the face widths were 1/8 small-
er than the nominal 7.25" of a 1" x 8" !
board. I corrected this defect by running |
all the boards through the table saw to
achieve a consistent 7.125" (7 1/8") face :
. paper or draw the hexagon directly on

The most tedious aspect of build-
ing this enclosure is the correct cutting
of the 30° bevels on the side panels. I !
achieved this by running each side of
the 12-panel boards through the table !

ft3 mid-range chamber is sealed.

variations in the face width of dimen-

width.

e Temt
_F%'/_F

The Castis Towsr Omnl
Speakar
All Panels are 1°%8°
Dimeanzlonal Lumber

Speaer Cup

]

O (0
1ol

Terminal
B0 0 rear
panel

Fort

FAUFE &

/’

¢ A Y
30Degres
Zogs

Figure 1: Castle tower schematic

Optiana] Turret Sides
1 4 lumer Make &

Photo 3: The drivers

saw and checked them with an accu-

Changing the face width of the speaker
panel also changes the rear face width,
which determines the length of the
hexagon sides.

To lay out the proper-size hexagon
pieces for the top, partition, and woofer
baffle, go to www.hstutorials.net/math/

rear face of the beveled panels—that is,
the base length of the six triangles that
will form your hexagon. Use the same
criteria for the enclosure base and the
turret top. The tutorial will take you
through the layout procedure. Produce
the hexagon pattern on stiff drawing

the plywood. You will need a 12" com-
pass for this task.

Once you have beveled the boards,
cut out the tweeter and mid-range
mounting holes along with the port,

Photo 4: Cutting panels at 30°

18
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terminal cup, and the 4" x 5" woofer !
vents in the bottom of each panel. T used
a router with a Jason Model 200 circle
jig for each round hole and a jigsaw for :
the woofer vents. The diameter of the |
speaker cutouts will vary with the drivers
you use. Mine required the tweeter holes
to be 2.25" and the mid-range 5 5/8" hole
with 0.25" countersink of 6 1/16". The
10” Dayton woofer required a 9 5/16"

hole.

the hexagon base.

ASSEMBLY

drywall screws, two per side, and coun-

in the panel using a 1/8" bit. Go only
about 0.5" into the panel. I counter-
sunk each screw 0.25". This prevents the
panel from splitting and will enable you
to fill the screw hole with plastic wood
later.

Once the top and woofer panel are in
place, mount the internal partition 14"
from the top of the panel and repeat the
screw mounting. Drill a 0.25" hole in
the internal partition to carry the wiring

Photo 7: Gluing and caulking the panels

I cut the hex-shaped top, internal par-
tition, woofer baffle, turret top, and base
from 0.25" plywood using a Skil saw. :
Cut the hole for the woofer first, then
cut the hexagon sides. Photo 5 shows a
complete set of parts for one system, less |

Begin with the back panel—the one
with the speaker terminal and portholes.
Carefully position the top and woofer |
baffle applying wood glue to each piece. :
The woofer baffle is positioned 0.5"
above the lower 4" x 5" woofer vents |
(Photo 6). Use furniture clamps to hold
it in place. To mount panels, I used 1 5/8" : :
- for the mid-range and tweeters. Once
tersunk 0.25". 1 first drilled a guide hole : the back piece is in place, add a second
- panel, carefully matching the top and
- bottom ends. Use a liberal amount of
- wood glue on the bevel ends and the
- hex forms. When you've assembled
. three panels, apply caulking to the inte-
. rior joints, and continue caulking as you
- mount each panel (Photo 7). The last |
panel will require you to apply caulk-
- ing through the woofer opening and
the mid-range openings; apply some by
: hand, because there is limited space for
- edge. This will allow you to match the
I built the optional |
M turret as a separate as- |
sembly. The sides are :
1" x 4" pine with a |
routered ogee pattern
on the bottom edge. I
cut the top crenellations :
with a jigsaw. I made the
30° edge miter cuts with
a compound miter saw. :
The turret floor hexagon

Photo 5: Castle system parts

(- 1"

Photo 6: The start of the assembly

the caulking gun.

sides are 7 1/8" wide.

The base is a piece
of 0.75" plywood and '
the hexagon sides are |
9" long. I also deco- :

rated the base edge using an Ogee bit
and router. Once you've cut the base, set
the enclosure on the base, spacing the
legs an equal distance from the edges.
Mark the letter “B” near the base edge
on which the back of the enclosure sets.
Trace each leg position with a pencil,
remove the base, and drill 0.125" pilot
holes for the mounting screws within
the center of each leg. Mark the letter
“B” on the bottom of the base referenc-
ing the original “B” mark you placed
on the top of the base near the back

base to the proper screw holes. Make
sure you don’t drill into the leg joint
between panels. Sand and finish the base
to match the enclosure.

The woofer port is a 3" piece of
2"-inside-diameter PVC plastic pipe.
Paint the ends and internal walls of the
port pipe with flat black spray paint.
Coat one end of the pipe with clear
caulking and install it flush with the
enclosure wall.

Once you have fully caulked the en-
closures and filled in the screw holes, let
them set for 12 hours before sanding the
external surfaces (Photo 8).

The choice of finish is yours. The
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non-turret versions look very modern |
painted with a high-gloss enamel. I |
thoroughly sanded my version, wiped it
down with mineral spirits, and stained it
with a mixture of two-parts walnut and
one-part mahogany Minwax stain, fol- |

lowed by two coats of high-gloss poly-

urethane. The optional turrets are held !
in place with two screws countersunk
in the top and hidden by wood plugs,
which are not glued in, to allow removal
of the turrets. Let the polyurethane dry |
for at least one day before further work

on the enclosures.

CROSSOVER

I constructed the three-way, 400-
5000 Hz, first-order crossover from
hand-wound coils, and in the case of |
the woofer coil, unwound coils. I had
some surplus iron core 9.9-mH coils, :
which I unwound until T achieved the

3.2 mH value needed for the woofer

Photo 8: A castle ready to finish

section. I wound the midrange coil on !
a blank hookup wire spool using #18
gauge magnet wire. I have included part
numbers for commercial coils in the

parts list.

I discovered that my local motor re-
- winding shop has end spools of wire |
that are too short for motor use. They
give me the end runs at no charge, and
there is usually enough wire for wind-
ing four or five sets of coils. Speaker
builders who want to wind their own
coils should consider investing in a good
¢ RCL meter. The instrument makes de-
termining coil values easy. And it is wise
. to check capacitor values. I have found |
some non-polarized capacitors to be off |

25 to 30% in value.
I mounted the woofer coil on the wall
of the woofer chamber and the mid-

WIRING THE SPEAKERS

Refer to the speaker schematic when

- wire leads soldered to the cup terminals.
. Use solder for all the speaker connec-
. tions to ensure a permanent connection.
range and tweeter components on a ter-
minal strip in the floor of the upper !
- chamber. I bench-tested all the speaker
- and crossover components before final
- assembly using an audio oscillator and |
- vacuum tube voltmeter to measure the
- crossover functions.

- can find this type of wire at auto parts
- stores, and the obvious color-coding

- Feed the longer lead through the 0.25"
- hole into the upper chamber and use the
- shorter lead for the woofer. Mount the
: - woofer coil on the wall of the enclosure
- wiring the system. The piezo tweeters
- require a 50° 1-W resistor be wired in |
- series with each tweeter. I used two 100°

I 1-W resistors in parallel mounted on step is complete. Line the walls of the

Photo 9: Making midrange grilles

Turn the enclosures upside down, less
the turrets, resting them on a section of
scrap carpet or other non-marring sur-
face. Wire the terminal cups with two

I used 18-gauge zip cord molded with
one lead black and the other red. You

makes installation easier.
Make one lead 36" and the other 15".

near the woofer and wire the positive
lead (red) in series with the coil.
Don’t wire the woofer until the next

. each driver (Figure 2). . woofer chamber with 1" of polyester
Cross over frequency 400
Hz & 5000 Hz
MCM PIEZD Twesters
53820 2.5Kh 20Kh
)
4uF
207uH &8 uF
| Reszistors
]l 50 Ohm 2 watt
\:[( L[( 8 Ohm 10 watts
& Inch Mid-range
€8 Ohm DELCO
Surplus Automotive

F8 T8 Hz

QTs. 5

Vas 3

4 Ohm J'

J 32uH
- YT

Figure 2: Castle tower Wiring

speaker wiring

The Castle Omni
Speaker

Dayton DC 250-8
FE25 Hz
Qre 25
Vas 150

£ Chm
T0 watts

J Ten Inch Woofer
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blanket batting available from craft :
stores or your local WalMart. Staple the
batting, being careful not to staple the
speaker wires. Keep the port pipe clear |
of the batting. Once you've installed
the batting, attach the woofer wires |
and mount the woofer, first coating the
mounting ring with the clear silicone | terminal strip mounted on the floor of
caulking. Use 1" drywall screws to hold = the upper speaker chamber. This makes
the woofer in place. it easier to attach the respective speak-
Before proceeding, test the woofer by | ers to the proper terminal by working
connecting your amplifier to the termi- | through the speaker holes.
nal cup. Play some music with low-fre- |~ With so many drivers to install, it
quency content or use an audio oscillator . is best that you pre-wire each speaker
and run it up and down at a moderate . with a 12" lead. I started with a red
volume level. Listen for any vibration or | lead to the positive terminal of the first
other non-speaker sounds. - speaker in the group of three that are
Attach the base after you finish the = wired in parallel. Then I attached a
enclosures and install the woofer. Orient | black wire to the negative terminal of
the letter “B” you placed on the bottom | the other speakers in the group. You
of the base with the back of the enclo- | will wire each black wire to the positive
sure. Carefully match predrilled screw | terminal of the next.
holes with the legs. Use 1/14 screws and | Begin with the tweeters, using a bead

no glue, so you can remove the base for
servicing the woofer. Once the base is
installed, set the enclosures right side
up for installation of the mid-range and
tweeters.

I wired the crossover components
for the mid-range and tweeters to a

Ohime T2 WT'-J'IH il
L: 1 1aa®
80| — | e
ol \\ - \ll\ e, Do
B o
Fit =120
A T
5
o
b2
0
18]
w A N
5|
D"\. o =0 =0 100 200 s00 &y ik =k '|{Eh- 2{“-
Table 1: Castle speaker impedance.
e .f: TrueRTA
5 e A1
1n/f
]
-0
T
-8
-850
0
a0
]
=100
110
ki ]
130
=140
Fasl =1e] 100 FaE SO0 ThHE Fal Sk 10 a0
WS T i
1 Progecr Faeraess O e Soms s 1) (T s s Date soikerel Sidae 0T 005 AN

Table 2: In-room response

- of silicone caulk on the back of each

unit. I drilled starter holes with a 1/16"
bit and then used 1" drywood screws to
mount the tweeters.

Once the tweeter wiring is complete,
connect the black wires to the common
on the terminal strip, and the red leads

- to the tweeter capacitor mounted on the
- terminal strip. Test the tweeters with a
. signal applied to the speaker terminal
. cup, making sure you have sound from
. each driver.

Prewire and install the mid-range

PARTS LIST FOR TWO
ENCLOSURES
* 12 each 1" X 8" X 4’ clear pine or
hardwood of choice for side panels
e 3 each 2" x 4’ 34" plywood panels
¢ 1 each 1 x 4 X 8 pine or hard-
wood (for optional tower turrets)
* 100 each 14" drywall screws
* 120 each 1" drywall screws for
speaker mounting
¢ 2 each 3" long sections of 2" ID
PVC for ports
¢ 2 tubes window caulking—white
or brown
¢ 1 tube clear silicone caulk
* Additional items: sandpaper, car-
penter’'s glue, wood stain, polyethyl-
ene varnish, or paint of choice.
Drivers
* 12 piezo tweeters; MCM part num-
ber 563-820
* 12 each 50° 2W resistors for
tweeter circuit (or use two 100° in
parallel)
* 2 each 8° 20W resistor
¢ 12 each 6" mid-range speakers;
MCM 55-2970 or Parts Express 299-
(0]0)
e 2 each 10" woofer; Parts Express
DC250-8
* 2 each speaker terminals; Parts
Express 260-285
* 25" 18-gauge zip cord for speaker
wiring
Crossover Components
¢ 2 each 3.2 mH inductor; Part Ex-
press 266-840
¢ 2 each 0.22 mH inductor; Parts
Express 266-808
e 2 each 68 mF capacitors; Parts
Express 037-356

2 each 027-330 capacitors; Parts
Express 027-330
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speakers the same way as the tweet-
ers. The difference is that you must at-
tach the wires to the last speaker, then
wire the black leads to the common
on the terminal and the red leads to
the mid-range capacitor before install-
ing the speaker. Attach the wires and
run a bead of clear silicone caulking on
the rim of each speaker as you install
them. Before installing the last speaker,

of polyester pillow stuffing, taking care
not to disturb the speaker wiring. Once
you've installed the speakers, perform a

This experimental system has con-

' REFERENCES

- tional sound in spite of the omni pat- :
tern of the drivers. The strings are still
- on the left, the brass is the middle, and
. the basses on the right. Depending on
. the placement and room acoustics, many
. sweet spots are apparent with an omni |
- speaker system. The large number of = Books, 1980.
- drivers produced low distortion, and

. the downward-firing woofer spreads the | SOURCES
. lows evenly throughout the room.
I stuffed the upper chamber with 8 oz.
- vinced me that you don’t always need a |
- focused “sweet spot” system to experi-
. ence realistic sound reproduction. aX

A. Lewis, “Should You Download Your

Woofer?,” Speaker Builder,1996.

D. Weems, 21 Custom Speaker En-
closures Project You Can Build, TAB

MCM Electronics

i www.mcmelecctronics.com

Parts Express

WWW.paI'tS—CXpI'CSS.COHI

speakers seem to work, don't do any fur-
ther testing for at least four hours, giving !

the silicone caulk time to cure.

You can leave the mid-range drivers
bare, but I preferred to cover them with
a protective grille made from fiberglass
screen door material. Commercial grilles
are available from both the MCM and |
Parts Express catalogs. I used a router !
to cut out 7"circles from 3/16 plywood, |
painted them black, and then stapled the
screen to the rear (Photo 9). They are :
held in place with small pieces of Velcro |

sticky pads.

I ran an impedance curve using the
WT3 Woofer Tester, which showed an
fB of 30 Hz (Table 1), somewhat lower !
than the 35 Hz the Thiele/Small calcu-

lations. I also ran an in-room response !

test using the RTA program (Table 2).

Subjective testing with a number of
non-audiophile listeners produced posi- !
tive comments all around. The sound
transparent,” !
magical,” “rich,” and “crystal :
clear.” I had to agree with most of them. |
Omnidirectional sound is definitely dif- :
ferent, and it certainly does open up
the sound stage. It seems as though you
are sitting in the orchestra. The mid-
range is well detailed, especially noticed :
on horns, woodwinds, and strings. The
treble sparkles in the high-end, and on '
orchestral or organ recordings, the bass !
is both thunderous at times and tight as

» o«

was described as “airy,

» «

“wide,

need be on other passages.

The system places the listener in
the recoding venues, rather than the :
sound seeming to come from two left |
and right windows, as in a traditionally- :
focused stereo system. Solo instruments :
and voices are not as diffuse as expected, |
and there is still a semblance of posi-

NOW AVAILABLE
FROM EMINENCE.
THE WORLD’S FIRST
SPEAKER WITH
BUILT-IN, ANALOG
TONE CONTROL.

This revolutionary, all-analog technology puts a new twist on guitar tone. Just

s modulator kno
U find that

electronics

output and amplifier int
o tube tone but at a me
anes. More attenuation
ime and brightness

just a speaker, from Eminence

Mo available in the Patriot® and Red Coat® lines of Eminence guitar speak

<dvi
EMINENCE’

The Art and Science of Sound

WwWw.EMINENCE.coM
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Legacy Audio Focus SE Speaker
Legacy Audio

3023 E. Sangamon Ave.
Springfield, IL 62702

(217) 544-3178
www.legacyaudio.com
info@legacyaudio.com
service@legacyaudio.com

$8,750/pr in natural cherry,
$9,250/pr in rosewood or black pearl

already-solid Focus design package.

Special Edition (SE), a speaker that has

changed in more ways than Dudleston

(Photo 1).

he Legacy Audio Focus has |

been a superb loudspeaker

that has not only garnered :

excellent reviews over the |
years, but has also begun to be used
more as a studio monitor for mastering -
purposes. Still, designer Bill Dudleston
knows that the speaker could be made
even better as better drivers emerge in
the marketplace. Despite the success of |
the previous incarnation of the Focus
design, the Focus 20/20, Dudleston
rolled up his sleeves and went to work
in his laboratory, to see whether the '
new generation of drivers could lead '
to evolutionary improvements to the |

The first fruit of his labors was the
Focus HD, a worthy successor to the
20/20. But Dudleston was not done. He
envisioned a speaker that would take the |
design of the Focus HD and push it to -
new sonic and aesthetic heights. The
end result of his quest is the new Focus

ever imagined when he first contem- :
plated implementing those evolution- .
ary improvements to the Focus design !

Taking the Focus HD as his start-
ing point, Dudleston reshaped the
cabinet, making it a bit narrower but |
deeper, plus stiffening and angling the
sidewalls, front baffle, and top to avoid !
parallel surfaces and potential standing

waves. The Focus HD looks much like |

Photo 1: Legacy Audio’s Focus Special Edition rosewood speakers

. the previous generations of Focus speak- |
© ers, albeit with different drivers. The SE,
. however, with its beveled surfaces and
. beautiful finishes, makes an indelibly
striking first impression of quality. To my
eye, at least, the design of the SE is remi- :
. niscent of Cadillac’s “Art and Science” |
design aesthetic, especially in its remark- |
Focus SE (and HD) are of a newer

The SE uses the same drivers as the
HD, but are more precisely tested and
selected, being matched to $0.25 dB. |
The SE crossover uses Solen metalized
. polypropylene capacitors imported from

able black pearl finish.

France as bypasses in the high-frequen-
cy network and braided silver cable
by Ray Kimber to the upper ribbon
(Photo 2). Dudleston then hand-tuned
the final crossover network personally,
before signing the Silver Edition own-
er’s certificate.

As I mentioned, the drivers in the

vintage and design than those used in
the previous-generation Focus 20/20.
For the treble frequencies, the 20/20
employed a 1.25" upper midrange dome
and a ribbon tweeter. The SE replaces
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these two units with two new neo-rib- !
bon drivers. The very top end of the
sonic spectrum is handled by a 1" Kap-
ton pleated ribbon with a custom-ma-
chined acoustic chamber, a shaped lens
to control dispersion, and a neodymium
motor structure.

Dudleston noted that the develop-
ment of this driver was essential to the
new Focus design, since no other ribbon
previously available could match the dy-
namic requirements of high sensitivity,
high output, and transient performance '
needed to meet his design ideals and
match well to the rest of the system. |
The 3" mid-ribbon features a push-pull
neodymium magnetic structure with an !
ultra-low-mass vapor-deposited Kapton
diaphragm. This driver operates below
8 kHz to provide a transition to the
cone midrange drivers.

The two 7" midrange drivers are |
the same size as those in the 20/20, !
but are quite different in construction.
The Kevlar units in the 20/20 have
been superseded in the SE by drivers |
in which threads of silver are woven !
into a carbon fiber diaphragm to dis-
tribute bending modes across the spec-
trum, and then backed with a layer
of ultra-light Rohacell. According to '
Dudleston, this new driver exhibits a
smooth response over seven octaves, .
and a high sensitivity of 95 dB owing
to the complex motor structure, which
adds a secondary reversion magnet of |

Photo 2: The Focus SE's internal parts

neodymium under the front phase plug

(Figures 1-3). i

The two 12" bass drivers on the front
panel are also different from those used .
in the 20/20 (which actually employed |

three 12" drivers, one of which provides

some phase cancellation to flatten the

overall response). The new 12" alumi-
num cone woofers employ the patented

AURA motor technology, which fea-

Impedance vs Fregq

T '|"|
|
- L

IR
(11N |
Ebestrienl EEEEEHES
Impedanre e
entmty | EEFEAN
S I =

Figure 1: Electrical impedance (A = switches up; B = switches down)
(All measurement data supplied by manufacturer)

Acaualic Ctpin

Dirver Penshands

Fulshons

— 7 Midranges

— 1" Wealers

= Rcar Poim

Figure 2: Acoustic output. Driver passbands (A = rear ports; B = 12" woofers; C=7"

midranges; D =ribbons)

rriuesiy
Bapaans

SPL vs Freq
= [ 1151
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Figure 3: Frequency response (on tweeter

axis; 2.5 and 3.5 meter averaged)
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Reliable Reviews

Photo 3: Aura motor cutaway

tures a totally enclosed magnetic struc-
ture that provides excellent electrical :
damping (Photo 3). By achieving more |
magnetic uniformity in the gap, displace- :
ments up to 1" remain tightly controlled
and linear. Accompanied by Legacy’s :
proprietary stepped voltage crossover, |
the woofers are immune to DC offset.
Two vents are mounted in the rear of the |
cabinet, but according to Dudleston, the |
SE does not use a traditional vented bass :
alignment; instead, the ports are utilized
to lower the tuning frequency of the en-
closure before electrical transformation is

employed on the bass drivers.

version at 55" H x 15.5" W x 13" D and | from bass to treble, whisper
195 Ibs. Sensitivity is rated at 94.5 dB. |
Overall frequency is specified as -2 dB at
- might attempt to enjoy
- such powerful music in
My listening sessions took place in a
speakers is truly sad. This
- is music that can only be

a Philips DVD player used for CD play-

30 kHz and 18 Hz. Impedance is speci-
fied at 4 Q.

room measuring approximately 14 W x
24 D x 8 H, with a system that includes

back, a Legacy Audio StreamLine pre-

amp, and an Audio by Van Alstine Fet |

Valve 550 HC power amp. The speakers

are positioned about 3' from the short '

wall, very slightly toed in.
LISTENING TESTS

I have spent many, many hours listen-
ing to these speakers, and I continue to
be impressed. They play music with an
amazing amount of nuance and detail,
but without that overly etched, bright
quality that some audiophile speakers
tend to impart to the sound. Dynamics
seem virtually unlimited, and bass con-

- trol and power are exemplary.
. As much as I enjoyed the Focus |
20/20s, the SEs are better. The SEs
- sound more open in the midrange, more
i natural in the treble, and more con- :
- trolled and powerful on the bottom end.
. They present a sense of crispness without
. the brightness that word often entails.
. Tt has been a delight pulling out some
- older recordings that I had not listened
. to for a while and hearing how good | JSE 1s and 2s, Carver Amazings, and
they sound through these speakers. For |
example, I have always enjoyed a DG
recording of Leonard Bernstein con- | Legacy Audio Focus SEs offer the best
ducting the Shostakovich Symphonies |
listening room, combining clarity and

Bernstein takes the first at a slower :
pace than most conductors, making the
piece sound less like a romp and more |
like a major statement, punctuated by
some bass drum whacks that the SEs
be sure, but rest assured that the Focus

A relatively new recording that espe-
cially shows off the capabilities of the
Focus SEs to great effect is Fordlandia
- by Johann Johansson, which combines

Exterior dimensions and weight of the :
SE are virtually identical to the previous :

Nos. 1 and 7.

reproduce with power and impact.

electronic and acoustic
sounds covering the gamut

of Peter, Paul, and Mary, and was de-

lighted to hear their old (or should I say
“young?”) familiar voices in such star-
tling sonic clarity. Talk about bringing
back memories!

I have been listening to music in the
same room for more than 30 years. And,

my speakers have included DCM Time
¢ Windows, KEF 105s, B&W 802s, and

several iterations of Vandersteen 2Cs,

Legacy Focus.
For now, suffice it to say that the

sound overall I have ever heard in my

transparency with flat, smooth frequency
response and an overall sense of ease in
producing music whether that music
whispers or thunders its message.

Yes, $8,750 is a big hunk of change, to

SEs offer excellent value for the money.
In both appearance and performance,
these speakers set a high standard and
offer excellent value. rr

to roar.
The thought that some

MP3 format through 37

truly appreciated in all its
. sonic and musical glory on
speakers such as the Lega-
- cy Focus SEs.

That is not to say that
- the SEs shine only on
‘large-scale recordings.
- They also serve well pro-
- ducing the subtle nuances
: of Paul Motian’s drum-
- ming, Bill Evans’s ballad-
éeering, and Miles being
- Miles on the jazz CDs that
T have had in heavy rota-
‘ tion recently. I picked up

Amplifiers
Phono Preamps
Custom Design

XM26 2-way crosscver

www.marchandelec.com
875 East Main Street, Rochester, NY 14605

(585) 423 0462

' a compilation of the best
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Impedance Matching Transformers

By Angel Luis Rivera PA-C

essentially a short-circuit.

Because a solid-state amplifier cannot
work into an extremely low impedance
load without sustaining damage from :
excess current output, some DIYers sim-
ply place a power resistor at the ribbon
speaker’s input. While workable, this ap-
proach may be wasteful of power. Roger :
Sanders (of INNERSOUND fame and

orking on impedance !
matching transformers
for ribbon speakers was |
actually the impetus for |
an ESL step-up transformer. But the
impedance characteristics of a ribbon
speaker are different from and opposite
that of an ESL. Whereas an ESL has
super-high impedances at low frequen-
cies and super-low impedances at high
frequencies (along with high capacitive
reactance), a ribbon speaker has a resis-
tive impedance load that is so low it is

for Ribbon Speakers

Design and build transformers for ribbon speakers that match the amplifier impedance to ribbon impedance
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Table 1: Example 1 values

currently Sanders Sound Systems, www.

sanderssoundsystems.com) noted that
a passive crossover between the ampli- :
fier and ribbon speaker might provide !

enough of an impedance to make it safe

for the amp. I believe that a crossover of
- design an impedance matching trans-
- former for the ribbon speaker. The goal
is to match the 4/8/16-Q) impedance of
. the amp’s speaker outputs to the nigh |
' - ing transformers. There are several de-

several orders could be designed with
the inductor(s) having high resistance by

using small diameter magnet-wire. You

could also use resistors in L-pad forma-

tion to augment resistance, as well as to
© to avoid destroying the amplifier. Rather :
. than refer to these transformers as step- |
- down transformers (which they are), T
- than enough for you to “roll your own”
spreadsheets.

. The benefit is that since the ribbon

. speaker would be crossed over at 2 kHz, | TRANSFORMER DESIGN
- smaller transformers can be pressed into |
. service to this end, as at that frequency |
- the “Supplemental Materials” section of
- the audioXpress website.

Photo 1: Sample ribbon
transformer

to the bass/mid woofer.

A BETTER WAY

An alternative, better method is to

zero impedance of the ribbon speaker

- call them impedance matching trans-
- formers.

- the transformer would have ample and
. robust power handling capacity—see

the examples. You can use smaller size,
- lower power amplifiers to drive the rib- | values from Line 1 (Table 1) and enter
- bons as well. Of course, you can build '

. larger transformers with greater power :

control the ribbon’s volume level relative |
- more powerful amplifiers. Bear in mind,
- however, that there is a point at which,
- though the transformer might survive,
. the ribbon itself might not if too much

handling capabilities to drive with

current is passed through it.

For this article, I make use of spread-
sheets to expedite the calculations neces-
sary for the design of impedance match-

sign examples accompanied by text to

guide you through the process. The text
and formulae I provide should be more

Table 1 and Table 2—referred to
throughout this article—are available in
Select a small transformer by using

those values. The tables in this article
are based, in part, on information found
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Table 2: Example 2 values

duestépodher

REPAIR

in the chapter on designing audio trans- :

formers in Coil Design and Construc-
tion Manual by B. B. Babani, published
in England by Babani Electronics !
Books. First, you must decide what size
transformer (Photo 1) would meet your
requirements of size and power han- !

dling at 2 kHz to know what wattage
the transformer can tolerate. Low-fre-
quency cutoff is somewhat superfluous
but still comforting to know the trans-
former’s low-end range.

Bear in mind that ribbon speakers

are not made to go low in frequency !

and are essentially used in the treble,
supplemented by woofer(s) for bass and
midrange frequencies.

Select a small transformer by using
the Table 1 values from Line 1 and enter
those values into the required spread-
sheet cell areas. While entry of the “Line
Number Used,” “Center Leg Width,”
and “Core Stack Height” is unnecessary
for the calculations, they are included to
keep track of the values you select.

* Line Number Used.......ccccooviviiiiiininiiininiccnns 1
* Center Leg Width.......ccccvvviviniiiicn 0.75
* Core Stack Height.......ccooovviniiiinin 0.75
* Turns Factor 1000 Q.....covuvieiniecincicinicanes 750
* Maximum Power Handling at 50 Hz............ 1.75
* Maximum Power Handling at 200 Hz............. 28
* Low-Frequency Cutoff Hz........cccccecvuinnnne 90

Do the same with Table 2 values and
enter them into the appropriate cells.
Use Line 1 there as well.

* Line Number Used.......cccorurinirririreerererecceeene 1
« Turns Multiplied By......ooocoorooorescessoeese 125
* Maximum Power Multiplied By.........c.ccc.c....... 1.5
* Low-Frequency Cutoff Divided By.................. 15

. Once you enter those values, the
- spreadsheet will calculate the necessary
winding factors, which are then used
. to compute the number of transformer
- windings for the “number of primary
turns” and the “number of secondary
. turns.”
You need to decide which impedance '
your amplifier will be most comfortable
- with. Although I have provided many
- extra calculated values under “primary
impedance ohms,” the most practical
values will be those associated with the !
most familiar and standard 4 Q) and 8 Q
 values for solid-state amplifiers. Howev-
- er, there are some tube amplifiers which
- are mostly content with higher imped-
- ances such as 16 Q. Design the “primary
turns” for the most appropriate imped-
© ance interface for your amplifier.
For the secondaries, remember that
- a ribbon speaker is essentially a short. !
This is the raison d’étre for this arti-
- cle and hence the design of impedance
- matching transformers for ribbon speak-
ers. You can design the transformer for !
- very low secondary impedance such as |
£ 0.01 Q. Or, you can add a series resis-
tor of whatever impedance value you
- desire—such as 4 Q, 8 Q, or 16 O—and
- match the transformer to that value. The

-Real Wood Cone Woofers
-JBL LE25, 035TIA and
Peerless Copy Tweeters

nhow available

Please Visit our Website for
Specs and Pricing.
www.midwestspeaker.com

DIY Kits Available
2 Way and 3 Way

Speaker Repair * Refoam Kits
Guitar Speakers * Speaker Cloth
Replacements Speaker * Wire
Diaphragms * Hardware

Midwest Speaker Repair
2812 Fairview Ave N
Roseville, MN 55113
Tel: 651-645-7385
Fax: 651-645-1110

www.midwestspeaker.com
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spreadsheet will give you the appropriate

in series with the ribbon speaker, you
as per Roger Sanders’ suggestion noted

itself would impart an impedance value

by virtue of any inductors and resistors :

included in the circuit.

DESIGN EXAMPLE 1

Using the selected values from Table 1
line 1:

* Center Leg Width......cococviviiiiiiine 0.75"
* Turns Factor 1000 Q......coovvvvivieciicicicncnnens 750
* Maximum Power Handling at 50 Hz........... .
* Maximum Power Handling at 200 Hz............ 28
* Low-Frequency Cutoft Hz........cccovcurininnne. 90

Using the values from Table 2 line 1:

* Turns Multiplied By.......ccccoevviiiirinicicicnnes 1.25
* Maximum Power Multiplied By..........cccc.c...... 15
* Low-Frequency Cutoff Divided By............... 15
Calculations:

* Turns Factor.......ccooveveennee. 750 x1.25 = 937.5
* Max Power at 50 Hz........ 1.75x1.5 = 2.625W
* Max Power at 200 Hz............... 28x1.5 =42W
* Low-Frequency Cutoff............... 90/1.5 =60 Hz

Observe that transformer power han-
dling of 42 W at 200 Hz becomes 420 W
at 2 kHz. Also note that final figures are !

. rounded off in the “calculated winding
“number of secondary turns.” Alternate- | factors” section of Table 2. So, 937.5
ly, instead of simply adding a resistor |
. W becomes 3 W. Here are three ex-
can design a passive crossover network,
primary turns:
in the beginning of this article, which '

turns rounds up to 938 turns, and 2.625

amples of 1000-Hz normalization to

©« 4 0V(4/1000) = 0.0632455 x 937.5 =
. 59 Primary Turns
-+ 8 0Y (8/1000) = 0.089443 x 937.5 -
: 84 Primary Turns

- =16 OV (16/1000) = 0.126491 x 937.5 =

119 Primary Turns

Here are six examples of 1000 Hz

. normalization to secondary turns (just
- for giggles, in the event you want to add
- a series resistor of 1, 4, 8,16 Q or any-
thing in between):

- +0.010¥(0.01/1000) = 0.0031623 x 937.5 = 3

Secondary Turns

- +0.1Q V(0.1/1000) =0.01 x 937.5 =9

Secondary Turns

- +1.0(1/1000) =0.031623 x 937.5 = 30

Secondary Turns

<40 Y (4/1000) = 0.063246 x 937.5 = 59

Secondary Turns

- =80V (8/1000) = 0.0894427 x2 937.5 = 84

Secondary Turns

- +16Q V (16/1000) = 0.126491 x 937.5 = 119

Secondary Turns

I used green magnet wire for the pri-
mary and secondary windings because
that gauge type is used as the primary
on Radio Shack’s power transform-

cers. I figure if
- that gauge can
- withstand the
£ 110-120 V and
. the current from
- the AC outlet, it
- should be able
- to stand up to a
- moderate-sized,
- moderate-pow-
- ered amplifier’s
. output.

- the number of
. turns as you wind
. your transformer
- coil (Photo 2). As
- youre winding, if
- you find that you
. run out of trans-
- former “window”
- space without getting all your desired
. primary turns done, then use the spread-
- sheet to recalculate the final turns by
- experimenting with smaller values on
- Table 2’s lines. The number of primary
- turns will consequently be smaller, as
. will the secondary turns, and you can
- reconcile your actual physical turns with
- any new primary and secondary turns
. yielded by recalculation.

Photo 2: Intact coil
and bobbin

Keep track of

Photo 3: Hollow caoil
bobbin

. DESIGN EXAMPLE 2

As a matter of fact, I used a trans-

former with center leg width and core
- stack height of 0.75", so the coil bob-
: bin’s hollow area (Photo 3) measured

WB\)ECOI"

High-end speaker units
for OEM and DIY

www.wavecor.com
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0.75 Q 0.75". I initially wanted to use :
Table 2’s line 8 values. However, fora 4 :
Q load on the amplifier side, this would
have required 195 primary turns (and 10
secondary turns for the ribbon speaker
side). Because I was doing the windings :
by hand, I just didn’t feel like winding :
195 primary turns; I also didn’t want to
run out of transformer “window” space.
Instead, I used Table 2’s line 4 values,
yielding a more reasonable 95 primary
turns for a 4-Q load on the amplifier side
(and five secondary turns for the ribbon
speaker side).

Using the same selected values as in
Table 1 line 1, you can improve trans- |
former performance as follows. Use the
same selected values from Table 1 line 1;

then go to Table 2 line 4:

L™

£

"V.__ -

Photo 4: Sample coil and bobbin

be crossed over from a woofer), power- |
handling capacity at 2 kHz will be 10
times that of 200 Hz: 1,120 W! This is :
because a transformer’s power-handling :
. capabilities increase linearly as frequency |
is scaled up. If biamping, this means !
you can use a larger power amplifier to |
drive the ribbon speaker directly. The
extended low-frequency response of the '
. transformer to 23 Hz is somewhat aca- |
- demic because the ribbon speaker would '
never be used at so low a frequency; !
but it would simply lower distortion or
saturation of the transformer within the |
- 2kHz and up range.
. Here are three examples of 1000-Hz !

- normalization to primary turns:

* Turns Multiplied By.......ccoooiviniiiniiiiiccns 2
* Maximum Power Multiplied By.........ccccccucunnces 4
* Low-Frequency Cutoff Divided By.................... 4
Calculations:

* Turns Factor .....cccceeeveveeeveennns 750 x 2=1500
* Maximum Power at 50 Hz........... 1.75x4=7W :
* Maximum Power at 200 Hz......... 28x4=112W
* Low-Frequency Cutoff ................... 90/4 =23 Hz

Notice the big improvement in the
transformer’s power handling capacity |
(almost tripled) at 200 Hz. Further note :
that by 2 kHz (which, as Roger Sand-

ers pointed out to me, is the beginning

range for even a large ribbon speaker to

.......................................................................................................................................................................................................................................................................................................................................

* 4 Q. (4/1000) = 0.0632455 x 1500 = 95

- secondary turns in the first example):

- 0,01 2V(0.01/1000) = 0.0031623 x 1500 = 5

Secondary Turns

+0.1. 2V (0.1/1000) = 0.01 x 1500 = 15
Secondary Turns

+ 1.0 (1/1000) = 0.031623 x 1500 = 47
Secondary Turns

* 4 (4/1000) = 0.063246 x 1500 = 95
Secondary Turns

+ 8 QV (8/1000) = 0.0894427 x 1500 = 134
Secondary Turns

<160V (16/1000) = 0.126491 x 1500 = 190

Secondary Turns

DESIGN EXAMPLE 3

Use the third design example, with
spreadsheet, to build a larger transform-
er, but with greater power handling capac-
ity. Use the values from Table 1 on line 4.

* Center Leg Width......cccociininiiiiiiiiics 1"
* Turns Factor 1000 Q.....cocvveiiciniciiciciene 770
* Maximum Power Handling at 50 Hz................. 7

* Maximum Power Handling at 200 Hz........ .. 110

* Low-Frequency Cutoff Hz.........ccccocvvviiinnnnc. 65

Using the selected values from Table 2

Primary Turns ¢ line 8:
+ 8.0V (8/1000) = 0.089443 x 1500 = 134 :
Primary Turns -« Turns Multiplied By...........ccceerererrerrrrrrrrrrreeneeee 4
*16 QO (16/1000) = 0.126491 x 1500 = 190 * Maximum Power Multiplied By...........cc.c........ 16
Primary Turns * Low-Frequency Cutoff Divided By.................. 16
Here are six examples of 1000-Hz | Calculations:
normalization to secondary turns (com-
. paring them to the required primary and |« Turns Factor. ..o 770 x 4 =3080

Win7, Vista, XP,

2k, ME, 98  Thiele imall
Terting

WinMe
inTH
Winke

HIMfzr*
Terster

Woofer Tester 2

Scientific-grade measurements at a budget price

L,

Kot Ao Lnream Aiwi

Smith and Larson Audio

www.woofertester.com

$159.95

Highly accurate RLC Meter

Precision Thiele-Small Measurement
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WVAS Test with Phase Plug Area Calculation
Thiele-Small Simulator: closed and vented boxes
Automatic Box Analysis and Alignment
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Low Power AC/DC Compression Testing
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* Maximum Power 50 Hz............... 7x16=112W
* Maximum Power 200 Hz..... 110 x 16 = 1760 W !

* Low-Frequency Cutoff................... 65/16 =4 Hz

There is an even bigger improvement
in the transformer’s power handling ca-
pacity in design Example 3 in compari-
son to design Example 1, going from
3 W to 112 W at 50 Hz (increased 37
times!), and from 42 W at 200 Hz to :
1,760 W! Power handling at 200 Hz is
increased 42 times! Even more dramatic

is the power handling at 2 kHz: 17,600 W!

Notice also that this results in an in-

crease in the number of primary turns
and secondary turns (depending on the :
desired impedance interface). Such is !
the price of excellence. Here are three
examples of 1000-Hz normalization to

primary turns:

« 4.0 (4/1000) = 0.0632455 x 3080 = 195

Primary Turns

+8.0 Y (8/1000) = 0.089443 x 3080 = 275
Primary Turns

*16 Q (16/1000) = 0.126491 x 3080 = 390
Primary Turns

normalization to secondary turns (to

add a series resistor of 1, 4, 8, 16 Q or

some other impedance value):

+0.01 ©V(0.01/1000) = 0.0031623 x 3080 = 10

Secondary Turns

+0.1 @ (0.1/1000) = 0.01 x 3080 = 31
Secondary Turns

«1.0 (1/1000) = 0.031623 x 3080 = 97
Secondary Turns

« 4.0 (4/1000) = 0.063246 x 3080 = 195
Secondary Turns

+ 8 Q (8/1000) = 0.0894427 x 3080 = 275
Secondary Turns

*16 @ (16/1000) = 0.126491 x 3080 = 390
Secondary Turns

The 0.75 x 0.75" coil bobbin I used
(Photo 4) can accept a layer of 25 wind-

- on eddy currents which would
- be wasteful of power.

. now, notice that the transform-
- er does not need to be a “step-
. down” transformer per se if you
- design the primary and sec-
Here are six examples of 1000-H :
- with the same impedance at each end by
the use of a resistor at the ribbon speak-
- er’s input. This would be one way to cut
- down on the amount of current fed to |
. the ribbon. Recall that in a step-down
- transformer the voltage will be stepped
. down but the current will increase. :
. Another approach is to design for 4 Q
on the primary (amplifier) side, and 8 or
- 16 Q on the secondary (ribbon speaker)
- side through the use of an 8 or 16 Q.
. input resistor, thus effectively making :
. the transformer a step-up transformer
_in this case, and consequently, the volt-
- age would be stepped up but the current :
- would decrease. A
. Because ribbon speakers are used only :
in the treble region, better-quality trans-
former laminations would be called for,

- such as RADIOMETAL or MUMET-

ings of the green magnet wire. I an- |
chored the wire on completion of a layer | AL or GOSS (Grain Oriented Silicon |
and painted the windings liberally with :
nail polish enamel. I un-anchored the
wire, continued winding the next layer
and repeated the same with each subse- |
quent layer until the 95 primary wind-
ings were completed. I nail-polished
that last layer as well. I then wrapped !

tape around those windings.

primary and secondary sides.

- Steel), which are used in high-quality
Next, I wound the five secondary
- windings and painted them with the |
. enamel as well; the secondary wind- !
ings were also wrapped with tape. Note
that the primary and secondary termi- |
nal wires were placed on opposite sides
of the coil bobbin to separate them as | FINAL WORD
much as possible in order to avoid any
possible arcing from the difference in
electrical/voltage potentials between the :
- tus Verhagen’s Ribbon Loudspeakers. 1
After the above was accomplished,
- 1 began filling the coil bobbin’s hollow !
. center with the transformer laminates |
- (Photo 5). I stacked them by alternat- |
ing the direction that the Es and Is were
facing. T applied a thin coating of white | I'd had on hand for years and which I
glue, which dries to a clear plastic—by
. electrically isolating the thin laminates
- from each other; it cuts down

70 V and audio/output transformers.
This contrasts with the lower-quality
standard iron found in a power trans-
former, which does not have high audio

frequency applicability.

To encourage DIYers—commercial
ribbon speaker transformers can cost
several hundred dollars, as noted in Jus-

paid about $2 for the audio transformer
whose laminations, bobbin, and wrap-
ping tape were used for this project. The
green magnet-wire came from a small
Radio Shack power transformer which

probably got for free. The only other
costs were for white glue and nail polish
enamel I got from my wife.

If you haven't deduced it by

Photo 5: Eand |
transformer laminates

Everything else was simply
an investment of time in dis-
mantling the transformers,
winding the primary and sec-
ondary coils, and reconstruct-
ing the audio transformer
laminates as I described

ondary windings to interface

above. For less than $103—a
far cry from several hundred dollars—I
have a custom-made impedance match-
ing ribbon speaker transformer.

I need to complete the work I started
on a 3" ribbon speaker this transformer
is intended. I also have a video demon-

© strating how to easily dismantle trans-

formers, with an accompanying article.
I am also re-working an article which
details some novel approaches to design-
ing step-up transformers for ESLs.

I would like to close by expressing
my gratitude and appreciation to Roger
Sanders for the time he has taken to
respond to my e-mails and tutor me. I

- thank Roger for his support and for all

he has taught me, both through his book
The Electrostatic Loudspeaker Design
Cookbook. 1 regard Roger as a mentor
because he has patiently taught me and
also for being an inspiration to me. aX

necessary to cause ventricular fibrillation.

CAUTION: Under no circumstances should you handle the transformer and its wires while
they are attached to an amplifier that is turned on. Nor should you connect or disconnect
the transformer to or from the ribbon speaker (or any loudspeaker, for that matter) while the
amplifier is playing music. Amplifiers can put out significant voltage and current—enough
to stop a heart—especially when the signal is processed by a transformer. Only 50 mA is
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Wavecor Full-Range Driver and
Eminence Guitar Speaker

Testing a full-range driver and a variable guitar speaker

his month’s driver submis- |
sions are both unique but
from nearly opposite ends :
of the transducer spectrum.
From Wavecor, a 2.75" diameter full-
range driver intended for high-quality
multimedia and lifestyle (iPod docking :
stations) products, the FRO70WAO1,
and from Eminence a new and ex-
tremely clever variable Bl 12" diameter

guitar speaker, the Maverick.

The Wavecor FRO70WAOQ1 is a 2.75"
diameter full-range driver built on an
injection molded polymer frame that is |
fully vented below the spider mounting
shelf for enhanced cooling. The cone
assembly consists of a black anodized
aluminum cone with a 1" diameter an-

odized aluminum dust cap. Suspending
the cone and dust cap are a low loss
NBR surround and a Conex spider. The
FRO70 has a 22-mm diameter voice :
coil wound on a vented black glass fiber

non-conducting former and terminated

to a pair of gold plated terminals. Pow-
ering this structure is a dual neodym-
ium motor that includes a copper ca
on the center pole and black colore
motor parts (return cup) for better he:
transfer to the surrounding air. I shoul
also note that Wavecor makes a com-
panion 2.75" subwoofer for this driver, :
the SWO70WA. §
I commenced testing the FR-
070WAO1 full-range using the Lin-
earX LMS analyzer and VIBox to cre-
ate both voltage '

Table 1 Wavecor FRO70WAO1 full-range

and admittance :

TSL model
sample 1

LTD model

sample 2 sample 1

Sd £ 0.0021

SPL2.83V - 83.7dB : 83.2dB
i

X

121H:

- 82.9d8
]

:2.0mm

(current) curves
with the driver
clamped to a
rigid test fixture
in free-air at 0.3
V,1V,3V,and 6 :
V. As has become
the protocol for
Test Bench test-
ing, I no lon-
ger use a single |
added mass mea-
surement and |
instead used ac- |

Factory
sample 2

© 120Hz

0.0021 0.0021

- 86.5dB
]

tual measured

Impedance vs Freq

mass, but the

manufacturers
measured Mmd
data.

Next, the
eight 550-point
stepped sine :
wave sweeps
for each FR070
samples were
post-processed
and the voltage '

Figure 1: Wavecor FRO70WAO1 free-air impedance plot.

curves divided
by the current

h S |

| wavecor |

Photo 2: FRO7 top

curves (admittance) to produce the im-

pedance curves, phase generated by the
- LMS calculation method, and along
¢ with the accompanying voltage curves,

- imported to the LEAP 5 Enclosure

Shop software. Since most Thiele-Small
data provided by OEM manufacturers is

- being produced using either a standard
. method or the LEAP 4 TSL model,
I additionally created a LEAP 4 TSL

model using the 1-V free-air curves. The
complete data set, the multiple voltage

- impedance curves for the LD model

(see Figure 1 for the 1-V free-air im-

- pedance curve) and the 1-V impedance

curve for the T'SL model were selected

. in the transducer derivation menu in

LEAP 5 and the parameters created for

. the computer box simulations. Table 1
- compares the LEAP 5 LTD and TSL
- data and factory parameters for both of
- FRO70WAO1 samples.

LEAP parameter calculation results

- for the FRO70WAO1 were close to the
factory data, except for the Sensitivity,
- however, mine is a calculated midband

sensitivity that is part of the TS calcula-
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tion routine and Wavecor uses average
SPL in the 400 Hz to 1 kHz range.
However, I followed my usual proto-
col and preceded setting up computer
enclosure simulations using the LEAP |
LTD parameters for Sample 1. Two
computer sealed box simulations were |
programmed into LEAP, a 60—cubic—§
inch Butterworth alignment and a'
10-cubic-inch Chebychev-type align-
ment. Figure 2 displays the results for |
the Wavecor full-range driver in the two !
sealed box simulations at 2.83 V and at a |
voltage level sufficiently high enough to
increase cone excursion to Xmax + 15% !
(2.3 mm for the FR070). This produced
a F3 frequency of 133 Hz with a box/ |
driver Qtc of 0.72 for the 60-cubic-inch |
=205 Hz '
with a Qtc = 1.0 for the 10-cubic-inch |
simulation. Increasing the voltage input |
to the simulations until the maximum
linear cone excursion was reached re-
sulted in 92.5 dB at 6 V for the larger
sealed enclosure simulation and 100.5 !
dB with a 13.5 V input level for the
smaller sealed enclosure (see Figures 3
and 4 for the 2.83 V group delay curves
. filled with damp-

Klippel analysis for the Wavecor 2.75" |
full-range (our analyzer is provided :
courtesy of Klippel GmbH), and testing |
performed by Pat Turnmire, Red Rock%
Acoustics (author of the SpeaD and Rev-
SpeaD software) produced the BI(X), :
Kms(X) and Bl and Kms Symmetry
Range plots given in Figures 5-8. The |
BI(X) curve for the FR070 (see Figure :
5) is relatively broad and symmetrical, :
especially for a short Xmax 2.75" diam-
eter driver. Looking at the Bl Symmetry
plot (see Figure 8), this curve shows a
trivial 0.11 mm coil-in offset at the rest
position that decreases to 0.09 mm at the
_response to about

Figure 7 and 8 show the Kms(X) and
Kms Symmetry Range curves for the
Wavecor full-range driver. The Kms(X) |
curve is definitely very symmetrical, and
has a very minor forward (coil-out) off-
set of less than 0.5 mm at the rest po- :
sition. Displacement limiting numbers
calculated by the Klippel analyzer for !
the FRO70 were XBl @ 82% Bl is 1.7
mm and for XC at 75% Cms minimum |
was 1.1 mm, which means that for this
Wavecor woofer, the compliance is the
most limiting factor for prescribed dis- :

sealed enclosure and -3 dB

and the 6/13.5 V excursion curves).

physical 2.0 mm Xmax of the driver.
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tortion level of 10%.

Figure 9 gives
the inductance
curve Le(X) for the
FRO70WAO1. In-
ductance will typi-
cally increase in the
rear direction from
the zero rest posi-
tion as the voice
coil covers more
pole area; however
the FR070 induc-
tance stays mostly
constant as the coil
moves in due to
the copper short-
ing ring. The in-
ductance variation
is only 0.05mH
from the in and out
Xmax positions,
which is very good.

Next, I mounted
the FRO70 full-
range in an enclo-
sure which had a 9"
x 4" baffle and was

ing material (foam)
and measured the
transducer on- and
off-axis from 300
Hz to 40 kHz fre-
quency response at
2.83 V/1 m using
the LinearX LMS
analyzer set to a
100 point gated
sine wave sweep.
Figure 10 gives the
FRO70’s on-axis re-
sponse indicating
a smoothly rising

4 kHz, decreasing
7 dB to 10 kHz
and some break-
up peaking at 25
kHz the highpass
roll-off. However, it
definitely has a re-
sponse on-axis out
to 25 kHz, as ad-
vertised!

Figure 11 dis-
plays the on- and
off-axis frequency

SPL vs Freqg

Figure 2: FRO70WAO1 computer box simulations (A = sealed 1 at 2.83 V;
B = sealed 2 at 2.83 V; C = sealed 1 at 6 V; D = sealed 2 at 13.5 V)

Time vs Freq

Figure 3: Group delay curves for the 2.83 V curves in Figure 2

Excursion vs Freq

LEAR|

Figure 4: Cone excursion curves for the 6/13.5 V curves in Figure 2
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Figure 5: Klippel Analyzer Bl (X) curve for the Wavecor FRO70WAO1.
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Figure 6: Klippel Analyzer Bl symmetry range curve for the FRO70WAO1
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Figure 7: Klippel Analyzer mechanical stiffness of suspension Kms (X)
curve for the Wavecor FRO70WAO01
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Figure 8: Klippel Analyzer Kms symmetry range curve for the FRO70WAO01

SPL vs Freq
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Figure10: Wavecor FRO70WAD1 on-axis frequency response
SPL vs Freq

Figure 11: Wavecor FRO70WAO1 on- and off-axis frequency response
SPL vs Freq

Figure 12: Wavecor FRO70WAOQ1 two-sample SPL comparison
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Figure 9: Klippel Analyzer Le(X) curve for the Wavecor FRO70WAOQ1
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Figure 13: Wavecor FRO70WAOQ1 SoundCheck
distortion plot
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Figure 14:
Wavecor
FRO70WAO1
SoundCheck
CSD Waterfall
plot

Figure 15:

Impedance vs Freq

s

Figure 16: Eminence Maverick free-air impedance plot

Xmax 00mm 00Tmm 00Tem (00Tem : 0047mm

SPL vs Freq

LEAR

Figure 17: Eminence Maverick computer box simulations (A = sealed at
2.83 V: B = hented at 2.83 V; C = sealed at 10 V; D= vented at 10 V)

Wavecor
FRO70WAO1
SoundCheck
Wigner-Ville
plot
Table 2: Eminence Maveric Guitar Speaker
TSL model LTD model Factory
sample 1 sample 2 sample 1 sample 2
G B W w2 |
o LU I LU LU L |
S, D0 000 000 DD G065
s mooon L o L.
B W M e I U
B o LU AL m :
Vas (TS Y O (K1 5321 Bw |

Table 3: Comparison of TSL Parameters for three FDM Positions for Sample 1

Full Volume 50% Volume Max Attenuation

Foo B igge
Bee o EW L
L I 1 T om0
o B oy o
L % LU
s oy L
Vs imew e LI
L o S EL Y
PLIBN 954D 90468 4768

Time vs Freq

Figure 18: Group delay curves for the 2.83V curves in Figure 17
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Figure 19: Klippel Analyzer Bl (X) curve for the Eminence Maverick
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response at 0, 15, 30 and 45°. The roll- | not be aware of certain techniques used
- to get some of the unique sounds artists
get out of a guitar amplifier and speaker. !
Basically, you need to understand that
tube guitar amplifiers sound different at
different volume levels. When a guitar :
. tube amplifier is turned up to 10 on
- the volume control (11 for Spinal Tap),
- and tubes are at maximum output (gee, |
. with the plates starting to glow), you get
- some really desirable distortion charac- -
. teristics that have become the signature
- of blues and rock guitar playing. The
problem comes into play when you just
want to practice in your living room,
or when you are in the studio. Play- :
. ing that loud just isn’t necessarily com-
- fortable in those situations, so guitarists
idly in free-air, and the SPL set to 94 dB | needed a way to stress the tubes in a !
guitar amp, but not be loud. A device
that has been on the market for a num-
ber of years is called a power attenuator :
and is electrically connected between
- the tube amplifier and the speaker to
attenuate the high-voltage output of a
tube amplifier and decrease the volume :
of the speaker. Examples of these guitar
. toys are the Marshall Power Break and
CSD waterfall plot is given in Figure | the THD Hot Plate attenuators. That !
. said, the new Eminence FDM technol-
- ogy is essentially a tricked-out guitar
speaker that accomplishes the same task,
turning down the volume of the speaker :
- when the amplifier is turned up loud. If
- you look at the photos provided for the
- Maverick, you see that the speaker has :
plications. For more information, on this | a knob located behind the back plate

well-crafted driver, visit the Wavecor that is labeled FULL VOLUME turned
- full right, and MAX ATTENUATION !
- turned full left. As you can guess, this |
very clever invention somehow controls
the Bl of the speaker, and even though :
I know exactly how it is doing this, and
because this invention is still patent
pending, I'm going to leave it to readers

off at 30” off-axis is almost as good as !
a 1" dome, so I would expect the full- :
range fidelity of this driver to be quite |
good. And the last SPL measurement '
is given in Figure 12, the two-sample

SPL comparison for the 2.75" Wavecor

driver, showing a close match to within
less than 1 dB throughout the operating

range.

For the remaining series of tests, I

employed the Listen, Inc. SoundCheck
analyzer with the Listen, Inc. 0.25"

SCM microphone and power supply

(courtesy of Listen, Inc.) to measure

distortion and generate time frequency

plots. For the distortion measurement,
the Wavecor woofer was mounted rig-

at 1 m (4.1V) using a noise stimulus,
and the distortion measured at with the
microphone placed 10cm from the dust
cap. This produced the distortion curves |

shown in Figure 13. I used Sound-

Check to get a 2.83 V/1m impulse
response for this driver and imported !
the data into Listen Inc.’s SoundMap
Time/Frequency software. The resulting

14 and the Wigner-Ville (for its bet-

ter low-frequency performance) plot in !
Figure 15. While the intended application
for this Wavecor 2.75" full-range driver

is multi-media and lifestyle speakers,
I would also suggest that this would
make a great driver for line-source ap-

website at www.wavecor.com.

I don’t often examine MI (Musical

Instrument) speakers, in fact, the last

guitar speakers I had in Voice Coil Test
Bench were a 12" Eminence Red Fang !
(Eminence’s answer to the Celestion
G12 alnico Blue “Dog” used in early
Vox AC-30 guitar amplifiers) and a !
10" Eminence BP102 bass guitar/PA
speaker, and these were the first guitar |

speaker featured in 17 years of publi-

cation. However a totally unique new
guitar speaker from Eminence was just |
too interesting to pass up. The speaker
is the 12" Eminence Maverick, a speaker !
from the Eminence Patriot series that

uses their new FDM technology (Flux

Density Modulation). Before explain-

ing Eminence patent-pending FDM

technology, all of you reading this may

to figure it out on their own.

Disregarding the FDM control knob,
the Eminence Maverick is a typical gui-
. tar speaker constructed on a stamped !
frame. The cone assembly consists of an |
uncoated and ribbed paper cone with an
integrated M shaped paper surround, :
and a 3.5" diameter Zurette porous
cloth dust cap. Remaining compliance
is provided by an elevated cloth spi- :
- der. The cone assembly is driven by a
- 1.75" voice coil using round copper wire
: wound on a non-conducting polyimide

7052PH

Phantom Powered
Measurement Mic System

NOW 4Hz to 25+kHz

<18dBA >135dBSPL
IEC61094-4
Compliant 1dB/div
[T

i 30

A

S ————

~ Titaniun
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www.acopacific.com
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Figure 20: Klippel Analyzer B1 symmetry range curve for the Maverick
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Figure 24: Klippel Analyzer BI (x) curve for the 50% volume FDM setting
on the Maverick
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Figure 21: Klippel Analyzer mechanical stiffness of suspension Kms (X)
curve for the Eminence Maverick
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Figure 25: Klippel Analyzer Bl (x) curve for the maximum attenuation FDM
setting on the Maverick
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Figure 22: Klippel Analyzer Kms symmetry range curve for the Maverick

SPL vs Freq

Figure 26: Eminence Maverick on-axis frequency response
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Figure 23: Klippel Analyzer Le(X) curve for the Eminence Maverick
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Figure 27: Eminence Maverick on- and off-axis frequency response.
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former. Powering all this is a 38-oz.
130 mm x 19 mm ferrite magnet, sand-
wiched between the black-coated plates.

Setting up for the initial test proto-

col, I clamped the driver to a rigid test :
3, which compares
. the TSL parameter
at1 V,3V,6V,10V,and 15 V. All ten :
' the
set at full volume,
. 50% volume and
' maximum attenua-
tion, both SPL and
- Bl decrease as the
¢ knob is advanced
| to max attenua-
. tion, while the Qts
CAD program. Because most TS data !
- stantial amount of
attenuation is the
LEAP 4 TSL model, I additionally cre- = key to what makes
ated a LEAP 4 TSL model using the 1-V | this unconventional
- technique do ex-
- actly what a guitar
for the LTD model (see Figure 16 for = player needs, a way
- to decrease volume
of the woofer when
model were selected in the transducer !
derivation menu in LEAP 5 and the pa-
rameters created (using the fixed Mmd
method) for the computer box simula- !
tions. Table 2 compares the LEAP 5
LTD and TSL data and factory param-
eters for both Maverick samples set a :
Full Volume on the FDM control. I also
did TSL parameter measurements with
the control set at 50% full volume and
at maximum attenuation. All three TSL
parameter sets—full volume, 50% vol-
ume, and maximum attenuation—are

fixture in free-air, and generated both
voltage and admittance (current) curves

10 Hz to 20 kHz 550-point stepped sine
wave curve pairs for each driver were
post-processed and the voltage curves
divided by the current curves to create
the six impedance curves. The imped-
ance curves each had the LMS phase
calculation procedure applied and along
with the voltage curve for each sweep,
imported to the LEAP 5 Enclosure Shop

provided by OEM manufacturers em-
ploy either a standard TS model or the
free-air curves. The complete curve set,

the multiple-voltage impedance curves

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

compared in Table 3.

Thiele-Small parameter results for
the Eminence 12" woofer were close to
the factory data, with some variance be-
tween my two samples, but the FS/Qt
ratios are close. Please note that the SPL
difference is due to two different calcula- :
tion methods. The LEAP 5 SPL data is |
a calculated number that is intended to |
represent mid-band sensitivity. Eminence
sensitivities are expressed as the average
output across the usable frequency range |
when applying 1 W/1 M into the nomi-
nal impedance (2.83 V/8 Q,4 V/16 O, etc.),
which is perhaps a more accurate pre-
sentation of overall sensitivity of a driver |
than the calculated sensitivity method.
Either way, it is less of an issue with a *

: guitar speaker than
. a full-range speaker
. that does not use a
. crossover.

Looking at Table

calculations with

FDM knob

increases. The sub-

tube amplifier is

SPL vs Freq

Figure 28: Eminence Maverick two-sample SPL comparison

SPL vs Freq

s

Figure 29: Eminence Maverick near-field frequency response
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turned up.

I programmed computer enclosure
simulations using the LEAP LTD pa-
rameters for Sample 1 using a different
technique that I normally apply in this

are used in open-back cabinets, I decided
to use a typical cabinet size and simulate
the speaker in full-space with a flat baffle
equal to the area of the front baffle of the
guitar amplifier baffle plus the distance
to the open back part of the enclosure.
For this example, I used the measure-

. single 12" speaker
- guitar amplifier. This
. yielded a total baffle

area of 34" x 27",

- which is what I used
circumstance. Since many guitar speakers |

for the first simula-
tion (LEAP 5 will
simulate almost any
possible baffle and
box configuration).
For the second simu-
lation, I assumed this

: same guitar amplifier
ments from a Fender Deluxe reverb, a :

to have a closed back.

110

dBSPL A 300" knob turn offers warmer tones and nearly 9 dB of attenuation.
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Figure 31: Eminence Maverick SoundCheck distortion plot for the full volume FDM setting

),
i ¥
1000 10000

THO L] ~
2nd Horm Dk (1)
Sedt Harm Dist (L]

Response and Harmonlecs

130+
120~
110+

Wt
0-
P =

571 [d3re 20uPa]

s ]
50 =} o E
PRl == ==

0- |
= 100 1000

Distartion

10000 20000

Fundamental [L] ~
Harmenic 2 [L]
Harmen 3 (L] ™~

Figure 32: Eminence Maverick SoundCheck distortion plot for the 50% volume FDM setting
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Figure 33: Eminence Maverick SoundCheck Distortion plot for the maximum attenuation FDM setting
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Valve amplifiers have alively, deep, clear, expres-
sive and dynamically sourd and they do not
appear to have any limitations. Menno van der
Veen imvestigates in a systematic theoretical
approach, the reasons for these beautiful pro-
perties. He develops new models for power
valves and transformers, thus enabling the
designer to determine the properties of the
amplifier during the design process. You will ne-
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THE WINGS OF MUSIC

Albome is proud to introduce a new [ine of
Air Motion Transducers and Ribbon Twester
Including the smallest AMT in the world and
an open back type Planar Ribbon.

andvery good dispersion, The models we
propose are closed back type for ease of
usage.

The Planar Ribbon is very small and is an
open back type, which is very good for line
arrays and open baffle applications.
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RT-20021 3xHz to 40KkHz, 8db.

RT-4001 2kHzto 27KHz, 89db.
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&
&

42  audioXpress 9/11

SULEN Eectrenique (nG.
4470 fw. Thibault
St-Hubert, QC J3Y 772
Canada

Tal: 450-655-2759

Fax.: 450-443-4949
Email. solan@sclen.ca
httpalivivavs. sclen.ca

.Ihlr'l
)

b L L]

Figure 34: Eminence Maverick
SoundCheck CSD Waterfall plot

¢ This volume was roughly equal to half | given in Figures 19 to 22. The BI(X)
- of a dual 12" closed-back Fender Band-
- Master cabinet, or about a 2 ft3 closed
- box with 25% fiberglass fill material.
. Figure 17 depicts the results for the
. Maverick in the 34" x 27" flat baffle and | with a small amount of coil-in offset.
. the 2 ft> sealed box at both 2.83 V and : Looking at the Bl Symmetry plot (see
an arbitrary 10 V, mostly since this is an
- equal hung (coil length is about the same
- as the gap) configuration. This calcula-
. tion resulted in a F3 frequency of 68 Hz -

AMT are known for their fast transient speed . .
. . for the open-back simulation and for the

- 2 6% sealed closed-back enclosure a —3 dB
= 86 Hz. Looking at excursion curves
- for a driver who is considered at its best
- when it is distorting substantially is prob-
- ably not particularly relevant. For this
. reason, I just arbitrarily set the voltage to
© 10 V and show the resulting SPL, which
was 107 dB for the open-back simulation :
and likewise 107 dB for the closed-back :
. simulation (see Figure 18 2.83 V group
. delay curves).
Klippel analysis for the Eminence !
- Maverick produced the BI(X), Kms(X)
- and Bl and Kms Symmetry Range plots -

curve for the Eminence woofer (see
Figure 19) is fairly narrow, as would be
expected for a very short Xmax driver,

- but it is also moderately symmetrical

Figure 20), the rearward coil-in offset
is only 0.54 mm. Figures 21 and 22
give the Kms(X) and Kms Symmetry
Range curves for the 12" woofer. The

: Kms(X) curve is very symmetrical with

a very small amount of coil-out offset.
Looking at the Kms Symmetry Range
curve, there is only 0.15 mm offset at
rest out to 4 mm. Displacement limit-

- ing numbers calculated by the Klippel

analyzer for the Maverick guitar speaker

- were XBI at 82% Bl = 2.4 mm and for
© XC at 75%, Cms minimum was 4.1mm,

which means that for the Maverick, the
Bl is the most limiting factor at the pre-

- scribed distortion level of 10%. Figure

23 gives the inductance curves Le(X) for
the Eminence guitar speaker. Inductance

- will typically increase in the rear direc-
. tion from the zero rest position as the
- voice coil covers more pole area, which is
- what you see with the Maverick.

Patrick also did Klippel measure-

- ments with the FDM knob set at 50%
- and at Max Attenuation. Figures 24 and
- 25 show the BI(X) curves, respectively.
" You can see both the magnitude and
- shape of the Bl curve change as the “vol-
- ume”is turned down.

Next, I mounted the Maverick guitar

speaker in an enclosure which had a 14"
x 14" baffle and was filled with damping
- material (foam) and measured the trans-

-umﬂ :

Figure 35: Eminence Maverick SoundCheck Wigner-Ville plot
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ducer on- and off-axis from 300 Hz to :

40 kHz frequency response at 2.83 V/1
m using the LinearX LMS analyzer se
to a 100-point gated sine wave sweep
Figure 26 gives the Maverick’s on-axis
response, but there is no point comment-
ing on the SPL of this type of speaker as
often the anomalies are the reason gui-
tarists like the sound quality! Figure 27
displays the on- and oft-axis frequency
response at 0, 15, 30 and 45°. Figure 28
gives the two sample comparison, show-
ing this pair to be well matched.

I also did a series of near-field mea-
surements to get a better look at the
driver Q_changes as the FDM knob
is rotated. I normalized the curves to
the full-volume setting to create the
graph in Figure 29. As can be seen
when the volume is lowered, the Q_o
the driver goes up. You can get a better
overall look at this with the full-range
plot done by Eminence in Figure 30
Here you can easily see the EQ_effect
as volume is lowered, making the driver
less “bright”, which in guitar guy terms
means “warmer.”

For the remaining series of tests, I
employed the Listen, Inc. SoundCheck
analyzer with the Listen, Inc. 0.25'
SCM microphone and power supply
(courtesy of Listen, Inc.) to measure
distortion and generate time frequen-
cy plots. For the distortion measure-
ment, the Eminence guitar speaker was
mounted rigidly in free-air, and the
SPL set to 104 dB at 1 m (5.8 V) using
a noise stimulus. The distortion was
measured with the microphone placed
10 cm from the dust cap. This pro-
duced the distortion curves shown in
Figure 31 for the full-volume setting
Figures 32 and 33, give the distortion
plots for the 50% volume setting and
the maximum attenuation setting re-
spectively. I used SoundCheck to get a
2.83 V/1 m impulse response for this
driver and imported the data into Listen
Inc’s SoundMap Time/Frequency soft-
ware. The resulting CSD waterfall plo
is given in Figure 34 and the Wigner-
Ville plot (for its better low-frequency
performance) in Figure 35. Hope you
enjoyed looking at this very unique and
clever driver from Eminence. For more
information on this and other Emi-
nence Pro drivers, visit the website a
www.eminence.com. aX
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THANK YOU, ED

I am holding in my hand the summer
1970 issue of Audio Amateur, addressed to
Lynn Olson at Story House, Claremont
Men’s College, in Claremont, California.
I was 20 then, and 61 now—college and
a full career at Audionics, Tektronix, and
writing for various magazines has gone by. |
If T recall right, I've subscribed to Audio
Amateur, Speaker Builder, Glass Audio, and
now audioXpress for just about all of that :
time—filling a five-foot shelf. I also want
to thank you for the opportunity to edit

CONFERENCE

| “V&T News—that was a fun experience.

I don't know if I was any good as an editor,
but I enjoyed myself, and played a small
role in getting J] Electronics to produce

think they would have considered it oth-

transformers into the USA, and that was a
positive development as well.
Most of all, I admire that you've resisted

Qctober 20-23, 2011

EXHIBITS

October 21-23, 2011

onvention Centér
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* the horrific corruption in the high-end
press that’s happened over the last 25 years.
- You've kept it honest in an industry that
is filled with scandal—all well hidden, but
the ECC99 tube (a modern version of the
7119 with a 12AU7 pinout). That was
thanks to the V&T News position. I don't
. low point of vacuum-tube manufactur-
erwise. The editorship of V&T News may
have played a small role in getting Lundahl |
. the nineties would have happened without
. Glass Audio getting there five years earlier.
The DIY movement in the English-speak-

¢ ing audio world owes an enormous debt

well-known to insiders.
It took incredible courage to publish
Glass Audio in the late eighties, at the

ing and prestige in the English-speaking
audio world. I doubt the triode revival of

to your publications—and you were going
- against a headwind from the rest of high-
end industry for many years.

Thank you for four decades of enlight-

ening, informative, and fun-to-read publi-
© cations, which I always looked forward to
reading when it arrives in the mail. I don’t
know if you know it or not, but you've
changed the face of audio in the English-
. speaking world, and I want to thank you
for that as well.—ZLynn Olson (Erie, CO)

A NOTE TO ED DELL

I read your note about the sale of your

publications in the latest audioXpress with
- some sadness, simply because I've been
a subscriber for a very long time. I know
I wasn't an inaugural subscriber to Audio
Amateur, because at some point I remem-
: ber purchasing the back issues that pre-
- ceded my subscription. T found your publi-
cation some time between 1971 and 1974,
. probably, shortly after I arrived in Ann
Arbor for graduate school. I can remember
sitting on the floor in my rented room,
- reading AA—odd how some images per-
sist in memory. I've got a full collection of

AA and AX on paper.

In any event, your publication has

- brought information and knowledge to
this very non-engineering amateur for
. many years, for which I'm very grateful.
My first amateur undertaking was hooking
up my suitcase-portable RCA two tube
- mono “record player” to the 12" speaker of
. the 1937 Zenith radio I had begged from
- my grandfather’s basement. Wait—the first
undertaking was building a bass reflex en-
. closure for the speaker, using a book from
the library, since an uncle had extracted the
radio and speaker from the original con-

sole and had put the speaker in a wall PA
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| speaker enclosure. (Tt worked better if T had 1 llV L 0 W N 0 i S e D | ﬂl J F E T

the radio on so the B+ voltage energized ! ]
the speaker’s field coil.) I've been chasing
good sound—the real goal—on the cheap
ever since. And your magazines have been a |
joy. Thank you.—Chris Campbell (Traverse
City, MI)

2.5J ............ ., ___________ _._ ___________
7 ! : 1

finl

LLSK 389
PLEASING NEWS | te Series - ¢+ [INEAR SYSTEMS
I am really pleased to hear of Elektor’s . :

acquisition of Audio Amateur, Inc., and {0hz 100hz {khz 10khz 100khz
q ‘

all its publications. From an editorial and FqutFEI'IL'IjI'

content standpoint, I can’t think of any !

publisher better suited to take over Ed’s ‘

operation. It seems a natural and excit- !-Gw N[]ISE < 1 n‘ll'

ing defvgcc)lpgeﬁ:c. 1As you may 'know, {lam Mﬂnﬂ“th'{: Duu]

one o ell’s longest-running authors, : ; .

having started with him some 30 years Tlghter |dss Mut[:hmg

ago. He’s been a great editor and friend, | Nun’ow |dss ﬁrﬂdes

but I'm glad that he will finally be able to :

enjoy a well-deserved retirement. I'm confi- [ﬂw C-u pu Citu nece: chf
dent that audioXpress will be in good hands Fu nc‘“ ﬂnul Rep | ucement f{”‘ 25K5 Bq

under your direction and I look forward to !

Moise - En (nvy hz)
T

— r
— T —=

my continued association with the maga- :

zine, and to working with you.—Gary Galo ] W| | ﬂ E{] TSVSIE ms Eﬂ'm BDU a 5 59 . ‘102 5

(Potsdam, NY)

Be more thon o
subscriber, be an

audioXpress
author! |

Contact C. J. Abate today to
discuss the DIY audio projects
you’ve been working on and yo
article could be featured rﬁ an '
upcoming issue of audioXpress. ™

- Get published.
Get paid.

Email editorial@audioxpress.com for details.
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AudioClassics.com Buys—Sells—Trades—

Repairs—Appraises Mclntosh & other High
End and Vintage Audio Equipment 800-
321-2834.

A
BILLINGTON

EXPORT i LIMITED

All types of audio tubes. 300B 6DJ8
ECC81 ECC83 KT88 Mullard GEC
Minimum order £100.00

Discount for large quantity.
Billington UK. Tel (0)1403 784961.
Fax (0)1403 783519.

Email/website www.bel-tubes.co.uk

Electronic and Electro-mechanical Devices,
Parts and Supplies. Many unique items.

www.allelectronics.com

Free 96 page catalog
1-800-826-5432

SUBSCRIBE AND SAVE!

BYMTHESIZED MASE For Your Medordings

SAVE NEARLY $50
OFF THE COVER PRICE!

Call B58-929-9465
or subscriba on-line &l
W BUi DX press.com.
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Contributors

Ken Bird (“Castle Tower Omni Speakers,” p. 17) has had a 40-year career in
engineering and product management in consumer, industrial, and telecommunications
electronics. Ken has since retired to his native Missouri and now pursues his interests
in building speakers and tube amplifiers, along with model railroading, amateur radio,
(WOKLB), and digital photography.

Robert Nance Dee (“Build a BCD-Digital Potentiometer,” p. 14) is a retired
electronics engineer. He worked with the first military computers, has several patents,
and has written many magazine articles. He enjoys machining, watch making, bicycling,
cabinet making, and philosophy. He is an amateur arborist, an environmentalist, and
a vegetarian who thinks his life is a hobby. His passion for audio, in every form, spans
50 years and started in high school while working part time in a radio television repair
shop. He lives off the grid in a house he built surrounded by animals and fruit trees
in the Catskill Mountains. His audio projects are named after his animals and friends.

Vance Dickason (Test Bench: “Wavecor Full-Range Driver and Eminence Guitar
Speaker,” p. 33) has been working as a professional in the loudspeaker industry
since 1974. He is the author of the Loudspeaker Design Cookbook—which is now in its
seventh edition and published in English, French, German, Dutch, Italian, Spanish, and
Portuguese—and The Loudspeaker Recipes. Vance is currently the editor of Voice Colil,
The Magazine for the Loudspeaker Industry, which is published on a monthly basis. For
several years, Vance has been working as an engineering design consultant for various
speaker manufacturers and is responsible for numerous award winning designs,
including twenty THX home theater certifications. Speakers that Vance designed that
have won magazine and industry design awards include the Artison Portrait, Atlantic
170, 270, 370, 450 and 8200, and the coNEXTion Sonoma 10 and z600c.

Ton Giesberts (“Measurement Filter for Class D,” p. 8) of Elektor Labs started
working at Elektor in 1987. His technical interests include analog design and audio
power amplifiers. Ton bikes to work (about 4.2 miles, or 6.3 km ) because of his care
for the environment. When he isn't working, Ton enjoys watching movies, especially
sci-fi films.

Robert W. Nehring (Reliable Review: “Legacy Audio Focus SE Speaker,” p. 24)
is a music lover who served as the editor of The $ensible Sound for many years, but
who hesitates to be identified as an audiophile because of the negative connotations
associated with that term. He enjoys music of all sorts and wishes he had musical
talent.

Angel Luis Rivera PA-C (“Impedance Matching Transformers for Ribbon
Speakers,” p. 28) has been a physician assistant for 26 years and has worked for The
Veterans Administration in surgery for the last 12 years. Several of his articles have
been published in Speaker Builder and audioXpress since 1990.
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Your #1 Source

for
NEW & NOS Vacuum Tubes,
DIY Parts & Components
and

Sales: Inquiries:
order@partsconnexion.com ‘&= %= info@partsconnexion.com
£ 905-631-5777 Visa, Mastercard, Amex, PayPal, Money Order & Bank Draft

5109 Harvester Rd, Unit B2, Burlington, Ontario, Canada L7L 5Y4
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HiWave ™ exciter technology is designed to transform
ordinary surfaces and materials into amazing, high quality
loudspeakers:using patented Distributed Mode-
Loudspeaker™ technology. From low power exciters
small enough to add audio to small scale devices, to the
robust weatherproof Extreme Exciter designed to go
anywhere while withstanding the rigors of the “great
outdoors”, HiWave™ offers you infinite audio possibilities.
HiWave ™ exciters are the latest sound sensation—you'll
soon be discovering endless ways to transform everyday:
objects and surfaces into great speakers. Contact Parts
Express today and take your sound to the next level!

-

Weatherproof
Extreme Exciter

Standard Range of High Power Standard Housed High Power Quadpod Self-Amplified
Moving Coil Exciters Balanced Exciter Exciter Housed Exciter Sound Exciter

Distributed By:
T 725 Pleasant Valley Dr.
AR Springboro, OH 45066
Tel:800.338.0531

parts-express.com/axm
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