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(ADVERTISEMENT)

The 3 Best Capacitors
for Your Speakers

Miracle of New SETI

Audio manufacturers report the new SET/ sounds better than expensive film-and-foil caps
and oil-filled caps. Yet SETI costs far less (pricing is competitive with metallized polypropylene).

SETI brings out music’s natural liquid beauty, so recordings sound more like real live music (you
hear the same sonic magic from single ended triode power amps). SETI™ (SET InfiniCap) actually
sounds better (more musically natural) than the straight wire bypass reference!

Original InfiniCap

Since its debut last year, the original InfiniCap® has been
acclaimed as the most accurate, revealing capacitor —
far superior to 10 section multiple caps and even
premium film-and-foil caps.

New InfiniCap Signature

They said it couldn’t be done, so we did it — InfiniCap's
unique technology (pats pend) in a new film-and-foil
design. This monster is the absolute ultimate in capacitor
sound, when only the very best will do.

Critics Judge InfiniCap...

* A high end speaker system manufacturer:

“InfiniCap does amazing things for our speaker! It's far
better than all other capacitors. Compared to Hovland
MusiCap, InfiniCap is more transparent, open, faster, and
more dynamic, with better separation of instruments and
their harmonics, better inner detail, better stereo imaging
with a wider stage — and bass that's richer with more
weight, yet also tighter, faster, and better defined.”

*» Another high end speaker system manufacturer:

“SETI surpasses MultiCap RTX and Hovland MusiCap. It
gives us the most music, with the blackest background.”

* A leading high end mfr of tube and solid state electronics:

“SETI gives us the most realistic, natural music we’ve
ever heard! The difference compared to MultiCap is
astounding, just amazing, night and day! SETI is the
biggest parts improvement we’ve ever heard! It sounds
so good that your reaction is emotional; we're giddy and
swept away! SETI is fast and detailed but not hard, and it
gets music’s harmonic textures right. There's no sense of
reproduced sound; it's just like hearing real live music.”

* Another high end manufacturer of tube electronics:

“The only other cap even close to SETI is the Audio Note
Copper Foil in Oil, at 8 times the price!”

* Doug Blackburn, engineer, audio writer (his article in Stereo-
phile satirized pseudo-physics in high end audio), and regular
contributor to Positive Feedback and The Audiophile Network:

“I found a great sounding new cap — unbelievabie sounding
actually. | used to think [a highly regarded multiple section
film and foil cap} sounded pretty good, but these InfiniCaps
are unreal.”

Also: New Wonder Solder UltraClear™

“| tried them in various locations in my equipment — power
supply bypasses, in the audio signal path, etc. Unreal
sound quality. These InfiniCaps make [the multiple section
film and foil cap] sound broken! I'm not kidding! The
difference is very large.”

* Prominent audio retailer Peter Litwack, Music by Design:

“In a high end preamp we replaced very expensive
MultiCaps ($77) with an InfiniCap ($19). Ecstasy! This
preamp came stock with MultiCap’s best efforts, the deluxe
film-and-foil PPFX-S and RTX series. To get good sonic
results for the coupling cap, the preamp designer found it
necessary to use an array of three MuitiCaps: 5uF PPFX-S,
externally bypassed by .47uF PPFX-S, bypassed by .01uF
RTX. That’s 30 deluxe MultiCap sections in parallel.”

“We replaced this whole $77 MultiCap array with a single
4pF InfiniCap ($19). No external bypasses on the InfiniCap.
This single InfiniCap, at 1/4 the price, thoroughly
eclipsed the whole optimized array of MuitiCaps!
Clearly, infinity is far better than 30."

“InfiniCap took this preamp to a whole new level. Bass
became deeper, more articulate, and much less soggy. The
stereo space expanded dramatically, extending way
beyond the room walls and wrapping around the room,
almost like surround sound. Really wild! Also, musical
instruments themselves became better articulated and
more lifelike, with better resolution revealing their subtie
resonances. The overall sound becaine cleaner and faster,
even using InfiniCap's ruggedized version with no external
bypasses. Wow! InfiniCap is a home run in every way!"

* Litwack’s evaluation has since been independently confirmed
— by the preamp manufacturer himself, who has now
changed his product over to the new InfiniCap SETI.

The world’s best sounding solder is effectively free — and it makes your speaker system sound twice as

expensive! Ask for a sample and prove it for yourself.

Write to: TRT — Tomorrow’s Research Today, 408-d Mason Rd, Vista CA 92084 USA
Fax/voice mailbox:619-724-8999 http://members.aol.com/ttwonder e-mail: ttwonder@aol.com
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\t Electroswitch, we enhance sound where it starts —
at the switch. That's saying quite a lot, because we offer
you the industry's widest selection of compact analog
switches for sound equipment.

To get the finest, purest sound from today’s analog
speakers, amplifiers, tuners and musical instruments,
vou need a rotary switch. Digital switches simply don't
cutit. Electroswitch gives you a hit parade of custom
switch solutions and standard rotary switches — in 2-48
positions with 1-60 poles, and ratings from milliamps to
11 amps at 125 VAC. And we deliver your switches when
you need them, with lead times from stock 0 3 weeks.

Want the very hest sound vour

high performance equipment can & N

deliver? Start at the switch. .. -8l . v . N

Electroswitch. .
« ‘3\‘

For more information call us
TOLL FREE at 1-888-ROTARYS (768-2797)
or fax us 1-800-909-9171.

ELECTROSWITCH

0 ELECTRONIC PRODUCTS

UNIT OF ELECTRO SWITCH CORP.
P.O. Box 41129, Ralewgh, NC 27604

Reader Service #16 (919) 833-0707 Fax (919) 833-8016

E-mall: sales@electra-nc.com
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LEAP s

The Art and Science... of loudspeaker system developinent today has become more complex than ever before.
Competition is tough, and to compete each design must perform to the best of its ability, and make the most out of every
dollar's worth of transducer cost. The simple approach of choosing a combination of seemingly appropriate transducers cou-
pled with ordinary networks and filters, has given way to a painstaking process of meticulously blending selected transduc-
ers in combination with carefully devised and matched crossover designs. "

LEAP (Loudspeaker Enclosure Analysis Program) is a complete full range analysis package which provides virtually all
of the tools necessary to develop precision loudspeaker systems. for today's demanding audio markets. Whether your appli-

cations are consumer audio, car stereo, professional audio, or custom esoteric mar

Advanced Transducer/Enclosure Simulations
¥ Sealed,Vented, Bandpass, PR Simulations with multiple speaker/ port capability.
| ¥ Large signal analysis of TempVC, and Non-Linear BL/ Ports/ Compliance,
t v Acoustic Parallel or Acoustic Sertes (Isobaric) Driver Mounting,
v Port Standing Wave resonance modeling.
¥ Frequency Dependent Reve and Leve modeling, |
v Ubrary storage of 36 transducer parameters, and over 24 enclosure parameters.
v Generic transducer modeling of electro-dynamic, ribbon, and plezo devices, |

| Advanced System Analysis Features

: | Use simulation or imported actual measured SPL/Z data.
v 3 Way crossover system modeling, and more.

a | v Time offset between transducers.

| ¢ Active or Passive based crossovers.

| ¥ Hilbert-Bode transform for detiving phase.
|| ¥ 22 Passive components per xover section.
| v 16 Active filter blacks per xover section.
|/ Passive Network Optimizer for single/system msponse.
- v Active Fllter Optimizer for single/system response.
- % Frequency ranges from |Hz to 100kHz.

r Printer/Output Formats
When you wish to produce a hardcopy output of your finished
| designs and graphical data, LEAP supports a large number of
| printer standards, and even supports numerous desktop publish-
ing graphic formats in both black & white and color! |
Portrait/Landscape orientations in any custom size and aspect
| ratio are user controllable.
| v 1BM/Epson 8 Pin Dot Matrix
v Epson 24 Pin Dot Matrix
v HP LaserJet Series Printers
v HPGL Compatible Plotters
v PostSciipt EPS/TIF B&W Color
v AlAdobe llustrator B&EW,Color

- »

1

v NEC 24 Dot Matria

v TOSHIBA 24 Dot Mat
v HP DeskJet 500C

v PostScript Printers

v DXF AutoCAD

v TIFF, BMP, PCX Piots |

| ¥ Quick Cabinet Box
| ¥ Conjugate Network
| v Wire Table Calcutat,

LinearX Systems Inc 7556 SW Bridgeport Road

416696-2779/Denmark.Finland'AE T Ljudproduktion 46(0)8-62308-70 France:Belram 32(0
39-30-358134 1 /Korea:Sammit Sound.82(02)463 03¢ Luxembourg:Belram 32(0)2 73650 00,

)
If 5 Taiwan:Gestion Taycan Intl 886-2 786 3468 Thailand AUVI 65-283 2544 The Netherl.

© 1995 LinearX

Product and Trademark names are the property of their respective owners,

Wo

' TEI: 5’9

| ¥ Muitr Curve Averager
| ¢ Import Data from ASCH Files

Portland. OR 97224 USA

Internatlonal Dealers: Agentina:interface SRL (54-1)741-1389/Australia:ME Technalogies 61(0)65-50-2200/Austria:Audiomax 49(0)71 31 162225/Belgium:Belram 32(0)2-736-50 00 Canada.Gerraudio

»70/Philippines:Dai-lchi Denshi (63 263 | 69 80 Poland:inter- Americom 48(22)43 23-34 Singapore: AUVI 65283 2544 /Sweden AT | judproduction 46(0)862308-70, Switzerland Audiom

vels, LEAP provides the power, flexibility,
and accuracy to investigate every possi-
ble design permutation. The open archi-
tecture and broad spectrum of features
provided will dramatically reduce your
development time, while improving the
quality of the final result... and demon-
strates why LEAP has become the #1
choice of professional loudspeaker
designers world-wide!

Extensive Documentation
The two volume manual set comprises almost 1,000 pages of
documentation which thoroughly covers the operation of the pro-
. gram- and provides numerous examples of how to maximize your |
‘I use and understanding of the program's many features. The
| Reference Manual describes all graphs, menus, commands, and
| thelr operation. This manual explains the unique and special non- §
| linear speaker and port models, as well as proper use of the opti-
| . mizers, importing data. and the many other utilities. The
Application Manual provides many exciting examples showing |
1 how o use the powerful features of the system in a8 combined
manner to perform both simple and complex design tasks. Both |
™S novice and experienced users alike will find this information {
invaluable for exploiting the full power of the system. Additiona
information is also provided on loudspeaker measurements
design tips. filter calculations, and complete crossover system
development for both passive and active based systems.
¥ 502 Page Reference Manual v 436 Page Application Manual

i

ee Demo Disk!
3) 620-3044
Development Utllitles

Designer
Designer

! 2

¥ Crossover Network Designer

¥ Spkr Parameter Measurement
v Voltage/Current/Ilmp Calculator
¥ Motor Constants Calculator

¥ Export Data to ASCH Files

or

LINEARX

Tel: (503) 620-3044 Fax: (503) 598-9258

12 736-50 00/ Germany'Audiomax 49(0)71 31 162225 Indonesia.Ken's Audio 62(0)21 639-5806, Italy Outhne snc
Malaysia:AUVI 65283 2544/New Zealand:ME Technologies 61-65-50 2254/Norway'AET Ljudproduktion 46(0)8-
49

ands:Duran Audio 314

rld Radio History

30 1558 3/UK(England):Munro Assoc 44(0)171 4033808




Good News

> MIGHTY CABLES

MIT's iconn™ Interchangeable

Connector System eliminates

the need to buy new cables or

modify existing ones to new

equipment. MIT cables, housed

in gray jackets, feature a basic

Pin Base connector at each end,

accommodating spring-loaded

and threaded terminals.

Connectors available with the

iconn system are gold-plated

and include regular banana,

economy spade, regular spade,

and large spade. Music Interface

Technologies, 13620 Lincoln Way,

Ste. 320, Aubum, CA 95602, (916)

888-0394, FAX (916) 888-0783.
Reader Service #106

M TO SEAL AND PROTECT

Abilene Research & Development, makers of
Texturelac leather finish for speakers, announces
the relocation of its main office to Royal Oak, M.
The company has added three low-VOC clear

topcoats to its product line, which includes satin,
semi-gloss, and high-gloss non-yellowing finishes.

B CD-ROM MAGAZINE
Elektor Electronics’ CD-ROM, the CD-
Elektuur/Elektor 1995, contains all articles—
except news columns—published in the
1995 issues of the magazine. The CD-ROM
offers an overview of 11 issues and allows
you to view individual articles in a choice of
four languages—English, Dutch, French,
and German. Individual circuit diagrams,
illustrations, and PCB layouts may be
exported from the CD to other programs for
adaptation and use. Elektor Electronics
Publishing, PO Box 1414, Dorchester, UK
DT2 8YH, (+44) 1305 250 995, FAX (+44)
1305 250 996.

Reader Service #103

Designed to protect and seal painted surfaces,
these environmentally friendly glazes air dry within
one hour. Abilene Research & Development,

803 N. Main St., Royal Oak, MI 48067, (810) 545-
8042, FAX (810) 545-8833.

Reader Service #101

M THE ULTIMATE CONNECTION

D.H. Labs, maker of interconnect and speaker cables,
introduces the new Ultimate XLR connector. While the
contact pins of conventional XLR connectors are made
from brass, those of the Ultimate XLR are constructed
of OFHC copper. Nickel-free gold-plating is laid over
the base metal to prevent corrosion. D.H. Labs, PO
Box 31598, Palm Beach Gardens, FL 33420-1598,

phone/FAX (561) 625-8998.

@ CATCH THE SPIRIT

Reader Service #104

Absolute Zero, the latest addition to Soundcraft's line of Spirit console speakers, is a compact
near-field monitor rated at 75W RMS. Absolute Zero utilizes a 30mm voice coil in its woofer, while
the soft-dome tweeter is driven by a 25mm ferrofluid-cooled voice coil. The long-throw 170mm LF
driver and vented cabinet with a large rear port extend LF response and allow unrestricted bass,
even at high listening levels. Spirit by Soundcraft, Inc., 11820 Kemper Rd., Aubum, CA 95603,

(916) 888-1488, FAX (916) 888-0480.
Reader Service #107

M NEW SIMULATION VERSION
Interactive Image Technologies' Electronics Workbench
Version 5.0 is SPICE-based software that simulates the
behavior of analog, digital, and mixed circuits. Available in
10 different languages, Version 5.0 offers analyses for
transient, AC sweep, DC operating point, Fourier,
distortion and noise; schematic editing; graphical
waveforms and autoscaling graphs; a library of analog
components, device models, digital components, and ICs;
and the import and export of standard SPICE netlists.
Interactive Image Technologies Ltd., 111 Peter St., Ste.
801, Toronto, ON, Canada M5V 2H1, (416) 977-5550,
FAX (416) 977-1818.

Reader Service #102

« Reader Service #36

W MONAD MINI
Probe Audio Labs’ Monad two-way
mini-monitor loudspeaker may be used in
hi-fi and home-theater environments. The
Monad boasts a frequency response of
50Hz-20kHz, 8€2 nominal impedance,
and efficiency of 88dB/1W/1m. Available
in black or natural oak-veneer finish, the
monitor sports three drivers: a 6%2”
magnetically shielded mid/bass, a 1”
silk dome tweeter, and one 3% rear-firing
tweeter. Probe Audio Labs, 10223
NW 53rd St., Sunrise, FL 33351,
(954) 749-7344.

Reader Service #109

Capacitor
Textbook

by

Richard
Marsh

Q: What is the difference between
the Segmented Capacitor design and
the patented MultiCap?

A: Performance & Construction!

Segmented Capaator ThIS old design
now appearing as a “new” audio cap
seems to offer multiple sections. But
there are important differences
between this and the patented, true
multiple-bypass MultiCap.

Design: The segmented cap is de
signed for “fail sate” AC power appli-
cations. When one segment fails, the
overall capacitance decreases, but the
cap itself continues to function. When
all the segments have tailed, the cap
must be replaced.

Construction: The segmented cap is a
metalized-film design, constructed of
extremely thin aluminum applied in
equi-distant strips to the dielectric.
This is then wound into a capacitor ot
random-value segments.

Result: (1) Multiple internal resonances
at random frequencies = increased par-
asitics = audible distortion.

(2) Poor quality materials, not
designed for audio use, invite shorts,
increase ESR, greatly decrease both
performance and life of the capacitor.

(3) No film & foil construction possible.

Patented MultiCap: The metalized and
film & foil MultiCaps, designed for audio,
are constructed of thick polypropylene or
polystyrene, with a thick layer of metal.
Individual capacitors of equal value are
divided off as the overall capacitor is being
wound on a special, proprietary machine.
Each bypass is a specitic ratio of the
desired overall capacitance.

Result: Accuracy & musicality! A single
resonance, at a frequency well above
audio range + excellent materials &
construction = low ESR and other para-
sitics = lowest distortion & highest reso-
lution.

NOW EXCLU-
SIVELY FROM

I
Al

Tel: 31 0-946-8577 Fax: 944-7494

www.capacitors.com

Reader Service #69
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() SMALL BUT POWERFUL
Miller & Kreisel Sound designed its
S-150THX® 5.1 multichannel
discrete digital monitor for today’s
advanced home-theater Dolby
Digital AC-39 systems. M&K's
Phase-Focused crossover, featured
in the S-150THX, combines
analyses for time-domain, frequen-
cy-domain, and point-in-space (3-D,
in-room response). Delivering
musical sound quality in a small
package, the enclosure measures
12%2” H x 10%2” W x 12” D and
incorporates front-baffle foam treat-
ments and integral mounts on the
back-baffle. Miler & Kreisel Sound
Corp., 10391 Jefferson Blvd., Culver
City, CA 90232, (310) 204-2854,
FAX (310) 202-8782.

Reader Service #108

Good News

W CC3IN A PRISM
B & W Loudspeakers’ CC3 is a sub-compact center-channel speak-
er housed in the company's PRISM enclosure system. PRISM
slot-ported and magnetically shielded cabinets incorporate a fourth-
order vented design with injection-molded front and rear baffles, an
inner surface comprising dozens of tapered pyramids, and molded
cross-braces. With a 1” soft-dome tweeter and a pair of 4” midbass
drivers, the CC3 achieves an 8¢2 nominal impedance, 60Hz— 20kHz
output at +3dB, and a sensitivity rating of 91dBAW/1m. B & W
Loudspeakers of America, 54 Concord St., North Reading, MA
01864-2699, (508) 664-2870, (800) 370-3740, FAX (508) 664-4109.
Reader Service #110

2 ALPHA EXPANSION
PSB Speakers’ Alpha series of home-theater loudspeakers has

expanded to include three new versions: the Alpha”'V, Alpha Mini,

and Alpha Mite. All three units employ a two-way bass-reflex
design, 14mm ('2”) polycarbonate dome tweeters, woofers with
treated fiber cones, video and magnetic shielding, and a black or
dark cherry enclosure with grille. Each design achieves 6€2
nominal impedance and runs at 60W RMS input power
(program). PSB International Inc., 633 Granite Ct., Pickering, ON,
Canada L1W 3K1, (800) 263-4641, FAX (905) 263-4633.

Reader Service #111

ELECTRONICS COMPANY

B HOWSUITEITIS
Liberty Instruments announces Version 2 of
Liberty Audiosuite (LAUD), a DSP-card-based
measurement system for loudspeakers and
audio equipment. The PC-compatible package
comprises both hardware and software to
provide MLS- and sinewave-based transfer
functions, impedance measurements, a dual-
channel oscilloscope, FFT and RTA spectrum
analyzer, and harmonic-distortion analyzer.
This upgraded version further includes a script
processor and real-time 1/3- and 1/6-octave
analyzer, while performing pass/fail testing,
automatic input-level adjustments, and display
scaling. Liberty Instruments, Inc., PO Box
1454, West Chester, OH 45071, phone/FAX
(513) 755-0252, Internet: www libinst.com.
Also available as #SOF-LAU from OId Colony
Sound Lab, PO Box 243, Peterborough, NH
03458, (603) 924-6371, FAX (603) 924-9467.
Reader Service #105
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tweeter to midbass

Pure ceramic concave
ACC UTO N by dome drive units, from super

The new line of ACCUTON is a true breakthrough in high technology applied to speakers. For the first time ever you can build
an all ceramic system, from tweeter to low frequency! All ACCUTON diaphragms are made of pure Al203 in the alpha crystal
lattice (corundum) through a unique patented process. This ultra hard material provides high internal sound velocity and pure
piston behavior, which transcribe into very low distortion and virtually no coloration. The ACCUTON ceramic units are among

the purest transducers ever made, at any price. For a detailed catalog with specs and curves, as well as system designs, please
contact ORCA. For supply, contact our stocking distributors.

ORCA Design & Manufacturing Corp.: 1531 Lookout Drive, Agoura, CA 91301. TEL (818) 707 1629 FAX(818) 991 3072
A & S Speakers, California. TEL (510) 685 6400 FAX (510) 603 2724 Speakers ETC, Arizona. TEL (602) 272
6696 FAX(602)2728633. ZALYTRON, New York. TEL(516) 747 3515 FAX(516) 294 1943. MDB Technologie,
Canada. TEL (514) 891 6265 FAX (514) 635 7526. W.A.R,, Australia. TEL 61 9 445 2422 FAX 61 9 445 2579.

C2-12 Supertweeter US$ 180.00

Efficient (close to 90 dB) 1 in. con-
cave dome high frequency unit. Lig-
uid cooled. Very wide band (2.5 to
30 KHz). Low Fs (700 Hz). It can be
used in 2 or 3-way designs with a large
variety of crossovers. One of the very
finest tweeters available today. This
is where the super hard ceramic dome
shines the most: the break up mode
happens well above the audible range

C2-23 Tweeter Us$ 22000

Efficient (close to 90 dB) 1-3/16 in.
concave dome tweeter. Liquid cooled.
Wide band (1.7 to 23 KHz). Very low
Fs (350 Hz). The ideal tweeter for 2-
way designs. The ceramic dome keeps
the upper resonance still above the
audible range, and at the same time
the tweeter can meet just about any
midrange or midbass unit where it best
performs.

Beautiful 3-1/2 in. concave dome
midrange. Liquid dampened. Extremely
wide band (200 to 6 KHz). Very low
Fs (96 Hz). This outstanding unit cov-
ers perfectly the human voice (200
to 2000 Hz). Near perfect piston func-
tioning warrants very low distortion
and virtually no coloration over the

whole spectrum. Designed to work well
in a smail tubular sub-enclosure.

\\ 7
S A A
2 A §

C2-88 Midbass US$ 270.00

The first true midbass using a ceramic
concave dome diaphragm. High-loss
rubber surround. Wide band (40 Hz to
4 KHz). This 3-1/2 in. is an amazing
bass unit and at the same time a re-
markable midrange, working as a pure
piston over its range. This will give the
designer an extraordinary degree of
freedom. Ideally suited for D’Appolito
configurations.




THIRD
GENERATION

AMPLIFIERS

Reliable, high-efficiency
switching amplifiers have
come of age...

developer kit.

CLASS-D POWER

LGT is an OEM manufacturer of high performance audio amplifiers, either turnkey
with a full feature set, or as pre-fabricated PCB assemblies. The high efficiency of
Class-D is available in several configurations and output levels. Heatsinking
requirements on all models are minimal. Contact Terry Taylor for full details and a

910 Creekside Road * BuildingA ¢ Chattanooga, TN 37406 ¢ Email: acoustical@aol.com
Tel:423-622-1505

Turnkey 500WRMS subwoofer amp with full feature
set... ready to drop in your enclosure.

©1996 LGT

I G I SWITCHING TECHNOLOGIES
o nnn

Fax:423-622-1485
Reader Service #79
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About This Issue

In the first of a three-part series, speaker
experts G.R. Koonce and R.O. Wright
document the development of their mul-
tidriver project (“A Modest-Cost Three-
Way Speaker System, Part 1,” p. 10). Not
just another three-way design, this one is
noteworthy for its low cost, simplicity
and sound quality.

Not all woofers are designed to be
downloaded; there are several factors you
should consider first. Andy Lewis mea-
sures the effects of speaker orientation
and answers the question, “Should You
Download Your Woofer?” (p. 26).

In his appropriately-named Aftershock
Subwoofer restoration project, Philip
Abbate demonstrates how to turn some
vintage drivers into a moving subsonic
experience (“The Aftershock Subwoof-
er,” p. 34).

How good are iron-core coils and how
do they affect system performance?
Roger Russell’s comprehensive coil-dis-
tortion tests take the guesswork out of
choosing which ones to use in passive
crossover networks (“Quality Issues in
Iron-Core Coils,” p. 44).

Tom Perazella offers an up-close-and-
personal look at cone movement with
some fascinating photos in “Low-Cost
Stroboscopic Spider Analysis” (p. 54).

Finally, Speaker Builder invites you to
participate in an experiment to test direc-
tionality. Does the amount of oxygen and
alignment of crystals in the manufacture
of wire make a difference? See “SB
Mailbox,” p. 60.

Speaker Builder (US USSN 0199-7929) is published
every six weeks (eight times a year), at $32 per year,
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A MODEST-COST THREE-WAY
SPEAKER SYSTEM, PART 1

his three-part article will describe the

I rather serpentine path to the develop-

ment of a moderately priced three-

way system. In addition to creating a system

that sounds good. your efforts can provide a

learning experience. We will tell you how

we developed the system and constructed
the initial prototypes.

We designed the system to accept two dit-
ferent 17 dome tweeters. so in just a few
minutes you can change the tweeter and
compare the sound of your favorite music as

By G. R. Koonce and R. O. Wright

played by a hard (aluminum) or soft (fabric)
dome. The project also has two physically
interchangeable crossovers (COs), a first-
order and a third-order. This is an idcal way
to compare the ditferences in imaging that
COs can make with no physical changes in
the acoustic system.

The cost of the system is modest, as the
drivers are all less than $40 each. The woofer
is an 8" unit produced by Eminence
(DJ840/8). (The DJ8HO/B designation is an
Eminence in-house number that we will use
throughout the arti-
cle. This woofer is

TABLE 1

available from
Madisound as the

DJ840/8 WOOFER SPECIFICATIONS

Eminence #8253,

Nominal impedance 8Q

Voice-coil diameter 2"

Magnet weight 380z

RMS electrical power 100W maximum (unverified)

Measured data on two samples and catalog data:
Unit A Unit B

f 35.1 335

4, 0.36 037

Qs 8.08 7.65

R, 6.04 6.20

Vi 1.45 1.60

SPL 88.9 884

and we have tested
samples of it to veri-
fy compatibility. The
other drivers are

available from Madi-
Catalog Units & ! <

30_35 H sound and other
0.35 ‘ companies—sce
6.97 Sources.) The mid-
?‘32 fgtg range driver is a
901 dBWIm SEAS 4.5” open-

back (MCAIT1RC).

PHOTO I: Three-way breadboard system.
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and the two tweeters
are the Audax TW0-
25MO soft dome and
the SEAS 25TAC/G
hard dome.

IT ALL BEGAN...
This project started
several years ago
with a phone conver-
sation between R.O.
Wright (ROW) and
myself (GRK) that
went something like
this:

GRK: "1 wish there
were more low Q
drivers with a low
resonance.”

ROW: I can get
you all you need
from the profession-
al ranks.”

GRK: "Yes. but

the sensitivities are so high that they force
you to use horns for the midrange and
tweeter, or else go to biamping.”

ROW: “That would not be a problem if
one driver did the whole frequency range.”

GRK: "I 'you can find such a driver, I will
build the box and we will write it up for
Speaker Builder!”

For over a year ROW sent me a variety
of drivers. I rejected them all through tests
or listening as not up to the job. I noted
near the end that a litde cheating was going
on, as L opened one box and was greeted by
a coaxial driver with built-in crossover.
This. too, was rejected.

We finally agreed that a single driver
would not do. and decided on a two-way
system with a simple crossover. The basic
goals were as follows:

I. =3dB response limits from about
H40Hz—16kHz, the typical upper limit for a
1” dome tweeter

2. A reasonably sized wooter box of, say,
less than 2ft}

3. All drivers to be fairly low-priced and
available to anyone

4. Drivers to be used as manufactured, with
no home maodifications

5. A simple crossover that others can dupli-
cate without having complex measure-
ment capability.

THE TWO-WAY SYSTEM

WOOFER RESULTS

To meet the 40Hz lower —3dB point with
any reasonable power capability. we needed
a driver of 8” or more. The box requirement
of less than 2% indicated an 8” woofer was
the best bet. We investigated a variety of
low-cost 8” woofers and selected the DJ-840
as the best candidate. Tests of a pair showed
they would meet our goal of —3dB at 40Hz

ABOUT THE AUTHORS

G.R. Koonce and R.O. Wright are both retired engi-
neers—electrical and mechanical, respectively—who
have long worked in the development of speaker sys-
tems. Mr. Koonce has built speakers as a home hobby
for about 40 years, and Mr. Wright has spent about the
same length of time working with speakers for the profes-
sional ranks.
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FIGURE 2: Woofer acoustic response on- and off-axis with 1.5kHz

in a vented box slightly over 116 (Fig. 1).

We also evaluated the wooters to estab-
lish their upper-end frequency performance.
Figure 2 shows the performance of the DJ-
840 woofer. It starts to show ripples at about
tkHz. and we deemed it usable to about
1.5kHz in a two-way system. Also shown in
Fig. 2 is the performance with a third-order
1.5kHz low-pass (L.P) crossover: note that
the performance holds up well off-axis to at
least 30°.

We listened to the woofer in a breadboard
vented box of slightly under 11t} with a
small two-way system doing the rest of the
audio band. Since we found the sound quali-
ty good. we adopted the DJ-840 as our
woofer, Now our problem was to find a
tweeter to go with it. Table | shows the DJ-
840 data.

TWEETER RESULTS

The catalogs listed some new low-resonance
1”7 dome tweeters that might be usable down
to 1kHz. We purchased three tweeters in
pairs for study (Table 2). Figiure 3 shows the
frequency response for these in the 6" baffle
(see sidebar, Testing Approach). None were
really usable to 1kHz: the summary catalog
pages had misled us in this regard. From
reading the detailed data sheets. it became
clear that a lower frequency limit of about
2.5kHz was what the manufacturers had in
mind.

The Audax TWO25V2 tweeter does go
below IkHz. but has a nasty dip in the
1.5kHz region that made its use question-
able. Since it was clearly no better than the
Audax TWO25MO unit, had a lower sensi-
tivity, and was 4£2. we dropped it from fur-
ther consideration. We listened to the
Audax TWO25MO unit (hercafter simply
called the Audax twecter) and the SEAS
tweeter in a system and found them accept-
able, although they sounded different. as
one has a soft dome and the other hard. We
decided that since they had similar imped-

ances and close to the same sensitivity, we
would use both for the two-way system.

FRONT-PANEL DEVELOPMENT

One major problem when you design a mul-
tidriver system is the effect of driver offset
(drivers not located similarly in height and in
depth on the front panel) on the performance
of the system in the region of the crossover
frequency. To inves-

tial CO frequency point at 1.5kHz. Tests
indicated that the driver responses were
causing the acoustic responses to deviate
from the clectrical CO responses.

To get a reasonable total response for the
driver pair. it was necessary to modify the
CO component values from the design val-
ues to correct tor the driver responses and
impedances. We did this and measured the

tigate this effect, you

. TABLE 2

must determine the
driver spacing on the 1” DOME TWEETER TYPES
cabinet’s front panel.

1 insist on putting IAYF!’(G# 2\ | gEAS i
a brace : N aw aker udax udax
oo ‘bot;“ ”;1‘ Model TWO2SMO  TAC5/G (H400)  TWO25V2
wooler to stifen the peagyred f, 930-950 600-610 720-740
front pancl. Thus the  Manufacturer's ratings:
two drivers cannot  fg 900 660 600
be mounted so they ~ SPLABW/mM 92 CA 87
nearl ouch. 1 Dome material textile aluminum textile

arty : Nominal Z . 8 6 4

arrived at a mini-

mum spacing of 7.5”
center-to-center for
the two drivers and
made a test insert for
the ¢’ baffle that pro-
vided this spacing. |
mounted the woofer
and tweeter in line
vertically. with the
tweeter at the top.

BAFFLE TESTS
AND CO-DEVEL-
OPMENT—TWO-
WAY SYSTEM

It was clear that we
were going to be
pushing both drivers
in terms of their fre-
quency-response
capabilities. so we
decided to use a
third-order electrical
CO. We set the ini-

PHOTO 2: Six-foot test baffle with three-way system insert.
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FIGURE 3: Acoustic responses for three tweeter types measured

at Tm.

angles.

FIGURE 4: Summation response for two-way system at various

resulting performance at various vertical
angles off the tweeter axis with the Audax
tweeter (Fig. 4).

Note that “up™ refers to an angle above
the tweeter (away from the woofer) and
“down"” refers to moving toward the woofer.
This measured response was quite good, and
the system was breadboarded and sounded
good when listened to on an axis of about
10° down. While a lot of testing and listen-
ing effort was spent on the two-way system,
we decided not to build it because:

1. The modifications to the CO to flatten
the summed response caused the system
input impedance to dip to about 2.4€2 in
the 2kHz range. The removal of this dip
resulted in inferior performance.

2. We were really pushing the tweeters too
far in terms of their low-frequency
power-handling capability.

3. We were factoring the driver responses
and impedances into the CO design, and
we doubted that others building the sys-
tem would get the same summation
response.

4. Victor Staggs informed us that his design,
which factored in the tweeter perfor-
mance, had changed with tweeter aging.

THE THREE-WAY SYSTEM

We now had tested lots of drivers, yet had no
practical system. | was not sure the world
needed another low-cost, moderate-perfor-
mance three-way system, but ROW pointed
out that we had low-resonance tweeters, and
that if we could get a midrange driver with
low resonance and wide frequency response,
perhaps we could develop a three-way sys-
tem with a first-order CO.

This was a worthwhile goal, so we began
searching for an acceptable midrange. With
our present woofer and tweeters, we thought
that to make a first-order CO possible, the
CO frequencies would have to be about
600Hz and 4kHz. The midrange would then
have to cover more than this span, with
acceptable impedance and frequency
response.

It turned out that good-sounding, wide-
band, low-cost midrange drivers are rather
scarce. We evaluated four midrange drivers

for this project (Tuble 3). Figure 5 shows
the acoustic responses of types 1-3.
Initially, we selected the drum midrange,
type 2, but I thought we could do better.
Brian Kane of Madisound suggested using
the SEAS MCAIIRC, and while I was a bit
worried that it was short on sensitivity, test-
ing and listening showed it to be a great
match with our other drivers, so it became
the midrange for this project. Its sensitivity
is such that it runs with the woofer without
padding.

FRONT-PANEL DEVELOPMENT

The SEAS midrange is open-backed, so it
needs a chamber behind it. SEAS offers a
low-cost plastic chamber, but it is so small
that it would raise the resonance too high for
this project, so we rejected it. The front-
panel design must therefore allow not only a
brace above the woofer, but also a midrange
enclosure. Figure 6 shows the minimum
front-panel spacings we arrived at. We built
a test insert with these spacings (Photo 1).
You can use either the SEAS or the Audax
tweeter with this insert.

BAFFLE TESTS

"I § Presusmcy Ressees e a3 | 0r20° AND CO-DEVEL-

| /’Q e ) OPMENT—THREE-
e %34» «,m e W

T T e : The idea of a first-
- R MR {k- order CO was inter-
l“‘" | " \f\/\ 1 i - 0:3.75" esting, but it was
% | . doubtful our drivers
‘L,, \ 8'5 would support first-
| order acoustic CO
B 7 i A i faou i ERODRER B responses. We there-
's: :;v. e QI;TMAQ [} n:-&:??ﬁ‘;riizf'én-..:i o -] 070" fore decided to
|A11€co0-02F ma-a, 6 bar. 11 Resh ' Do fis ‘ Nozg'?énss WERE CUT TO ALLOW MOUNTING EITHER deve.l()p and test both
6’ baf, B11ECB0-02F Unit A, MA, n't'r-egu" On-axis, B1MOAL I TWEETER. a flrst-order and
ALL HOLES ON SAME VERTICAL LINE. third-order CO
T T Since they both had

FIGURE 5: Response of midrange types 1

-3at 1m.

FIGURE 6: Driver
test front panel.

spacings for three-way to support (wo

tweeter types with
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differing sensitivitics, we had to apply some
tricks to the design.

We easily handled the difference in
tweeter sensitivities by including an L-pad
on the tweeter. 1 normally will not use L-
pads, as they are very dangerous to the
health of the tweeter. ROW feared that a
low-cost L-pad might add sufficient induc-
tance to the tweeter circuit to cause a signif-
icant loss of high-frequency response.
Figure 7 shows the acoustic response of the
SEAS tweeter (without Zobel) with various
L-pad settings and a third-order high-pass
(HP) filter. There is no indication that the

Itis possible to correct an 82 L-pad to 6€2
at a single padding value (see L-pad sidebar
for equations). and we did this for a padding
value of 3dB. Note that all padding values
used in this work refer to the L-pad working
with an 8¢ load. They were read off the cali-
brated scale for the L-pads (SB 3/81, p. 30).

Figures 8 and 9 show the input imped-
ance to the two tweeter types for various L-

pad settings, with the L-pad corrected to 682
at 3dB padding. and with the compromise
Zobel. We considered the results satisfacto-
ry for use with a 6 HP CO design. The
midrange driver does not need padding, but
the first-order CO requires the tweeter and
midrange to have the same impedance, so
we Zobeled and shunt-padded the midrange
to give 6€2.

TABLE 3

FOUR MIDRANGE DRIVERS

presence of the L-pad harms the tweeter  Type ¢ 1 2 3 4
responsc. Maker Pioneer Pioneer MG SEAS
Model A11EC80-02F B11EC80-02F 410HCW MCA11RC (H143)
TWEETER IMPEDANCES Type Open back Drum Open back Open back
. . . . Measured f 105 340 170 120
We investigated the impedances of both __
: Manufacturers’ ratings:
tweeter types and developed a compromise ( 70 20 / o
Zobcl that workf:d for both. This resulted in §ominal size 45 45" 4 45"
impedances of about 6 for cach type.  Nominal Z, 8 80 80 80
Using an 8 L-pad directly would result in -~ SPLdBW/M 90 94 91 89
a CO load on the HP scction that changed ~ Usable fﬁquency ) ) . o0k
too much with L-pad setting. range (H2) gk Caln etk e
T "~ (lmedeocs Rapttuds] o oud | l . T Omostares Wagottode] ;| - .l
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FIGURE 9: Z,_ to SEAS tweeter with Zobel versus L-pad setting.

FIGURE 10: SEAS midrange Z, bare and with Zobel and padding.
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THE SPEAKER WORKS, INC.

1021 E. Camelback Rd.
Phoenix, AZ 85014
(602) 230-0344 FAX (602) 230-8533
QUALITY DANISH LOUDSPEAKERS
D19TD-05-08 3" P17WJ-00-08 612"
« High Loss Diaphram « Also in 4 ohm
« Magnetic Fluid « Magnesium Basket
« High Power Version « Mineral Filled Polycone
« Good Dispersion « High Damping Surround
Specifications « Very Smooth Response
Impedance ......... 8Q
Specifications Resonance ......... 37Hz
Impedance ... ... .. 8Q2 Frequency Range . ... 5000Hz
Resonance ......... 1700Hz SPLI/W/1/M ... .. 88DB
Frequency Range .. .. 3—20KHz Power Handling .. ... 120W
SPLT/W/T/M ... .. 89DB Qts ..o o 0.35
Power Handling . .. .. 80W Vas ... 34.7 LTR
Voice Coil . ...... .. 19mm Voice Coil ......... 32mm '
Magnet ........... 3.7 oz. $11_69 ea. Magnet ........... 14.6 oz. $33_93 ea.
D25AG-35-06 1” P21WO0-20-08 8~
¢ Aluminium Diaphram « Magnesium Basket
« Magnetic Fluid « Mineral Filled Polycone
+ Double Chamber « High Temp Voice Coil
« Flexible Voice Coil Braids Specificati « Very Smooth Response
pecifications
Impedance ......... 8Q
Specifications Resonance ......... 28Hz
Impedance . ........ 682 Frequency Range .. .. 25-4000Hz
Resonance ......... 850Hz SPLT/W/T/M ... .. 91DB
Frequency Range . ... 1.5-35KHz Power handling ... .. 150W
SPL 1/W/1I/M ... .. 89DB Qts .o 0.33
Power Handling ... .. 100W Vas ..o 113 LTR
Voice Coil ......... 25mm Voice Coil ......... 40mm
Magnet ........... . $26_00 ea. Magnet ........... 24.6 oz. $47_52 ea.
SHIELDED SPEAKERS M135G-09.08 5"
« Magnetically Shielded
« Very Smooth Response
D19TD-03-08 32” Specifications « High Damping Surround
« High Loss Diaphram Impedance ........ 8Q « Paper Cone
« Additional Magnet Resonance ........ 54Hz
« Good Dispersion Frequency Range ... 54-5000KHz
SPLT/W/T/M ... ... 88DB
Power Handling . ... 70W
Vvt Qts ... oL 0.35
Specifications V)as .............. 12 LTR
Impedance .. ...... 8Q Voice Coil 25mm
Resonance ........ 1400Hz Magnet ........... ;2 1 oz
Frequency Range ... 4-20KHz (- | O~ oot ) ’
SPLIW/IM ... ... 90.5 $31 -52 ea.
Power Handling . ... 50W ANY QUESTIONS? — CALL US
' Voice Coil . ..... .. 19mm We accept VISA - Mastercard - Check — No C.0.D.
| Magnet .......... 7.4 oz. $13.40 ea. 235 PAGE CATALOG $10.00 (USA only)
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FIGURE 12: Acoustic responses for woofer and four tweeter sam-

ples with third-order crossover.

Figure 10 shows the basic midrange dri-
ver input impedance and the resultant

impedance with the Zobel and shunt resis-
tor. The result is nearly a 6€2 load for the

TESTING APPROACH

We generated the test data presented in
this article via Liberty Audiosuite. We
mounted the drivers near the center of
a 6’-diameter wooden baffle (Photo 2)
that allowed anechoic measurements
solid down to below 400Hz and usable
to at least 200Hz. We kept the mea-
surement distance greater than three
times the span of the drivers to ensure
a valid far-field measurement.

The measurement microphone was a
33”-long unit, flat within £0.5dB over
the range 200Hz-20kHz. (Note that data
acquired before 7/10/95 was taken with
an uncorrected microphone that showed
a peak less than 2dB in the 8k—15kHz
frequency range.)

Every attempt was made to ensure

anechoic measurements. We applied no
smoothing to any of the acoustic test
results in this work; they show all the
nasties that existed. Note that “up” refers
to measurements made off-axis above
the reference axis, and “down” 10 those
below the reference axis. For a single
driver, the reference axis was the driver
center line; for the two-way system, it
was the tweeter center line; and for the
three-way system, it was the midrange
driver center line.

A minimum of acoustic data is pro-
vided on the finished systems, since my
test room simply does not support echo-
free testing of a structure the size of the
finished enclosure. Impedance data for
the finished systems is provided.

CO bandpass (BP) output down to about
300Hz. The third-order CO we used is the
Bullock positive-polarity bandpass all-pass
design with transposed midrange topology
(8B 2/85, p. 26). This all-pass CO has slight
rises in the total power response, with corre-
sponding slight dips in input impedance at
the two CO frequencies.

The transposed BP topology has a voltage
gain of unity. Using the cascaded BP topolo-
gy would have resulted in about a 2dB rise in
available midrange sensitivity, but the cas-
caded topology causes a dip in input imped-
ance throughout the midrange band, and |
have always thought the transposed topology
sounded better.

ELECTRICAL OUTPUTS

Figure 11 shows the measured electrical LP,
BP, and HP outputs from the third-order CO
with the driver loads, including Zobels and
the paddings described above. These are
really quite good, almost matching the per-
formance with resistive loads because of the
low midrange and tweeter resonant frequen-
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*_ MABISOUND'S WITGHES' BREW
OF WIGKED SPEAKER SAVINGS

Description Price

Sreco 10 ohm 25 watt Resistor, sand cast wire wound, 10%, 12mm x 13mm x 64mm 10/ $3.00

Mallory 1.33utd Mylar capacitor, 250V, 10%, 25mm L x 11mm @, Axial 43mm leads 10/ $2.00

IC 2.0ptd Mylar capacitor, 250V, 10%, 32mm L x 11mm @, Axial 41mm leads 10/ $2.00

Siemens 2.2ptd Mylar capacitor, 250V, 5%. 20mm x 10mm x 31mm, PC mount 10/ $3.00
Wima 3.3ufd Polypropylene cap., 160V, 10%, 31mm L x 16mm W x 34mm T, PC mount $1.00 each

Hitachi 4.7utd Mylar cap., 100V, 10%, 30mm L x 7mm W x 13mm T, Axial 13mm leads 10/ $4.00

Elpac 5.0utd Mylar capacitor, 50V, 10%, 30mm x 10mm x 7mm, Axial 53mm leads 10/ $4.00
Roederstein 6.8pfd Polycarbonate cap., 63V, 10%, 30mm x 10mm @, Axial 41mm leads $0.90 each
T.1. 1300ptd Electrolytic capacitor, 100V, 5%. 71mm x 30mm @, Axial 42mm leads $4.00 each
Sledgehammer 2.7mH Steel Bobbin Inductor, 15 awg, .166 DCR, 64rm @ x 44mm T $8.00 each

I NP P . T

Audax DWS0M 4 ohm tweeter, 94dB, Fs 2050, 45 Watt, 14mm direct drive poly dome with diffuser,

50mm round flange with no mounting holes, mounting ring and wedge mount availlable separately. $5.50 each
We recommend a 12dB crossover of 6.8ufd & 0.15mH coil
Audax TP1X2P0 1" x 2" HD-3P dome tweeter, Gold ion deposited piezo electric polymer film $300 / pair
direct-radiating dome, Includes 6dB 6K x-over with Solen cap and transformer $130+ below cost

Seas 25TA/D H533 1" aluminum dome tweeter with diffuser, 6 ohm, Fs 1000 Hz, 91dB, $15.00 each
60 watts, 4" @ flange, 3" cut out. Great for frequencies above 3K, smooth to 20K '

Phenolic Ring tweeter, 4.25" @ flange with metal grill & 100z magnet $5.00 each
Seas 25TAFN/QG 1" aluminum dome tweeter with metal grill and neodymium magnet, 6 ohm, Fs 1800

Hz, 89dB, 100 watt, 64mm square flange, fits in Audax wedges DAL
LPG 26TSP 1" titanium dome tweeter with cropped flange, chambered back, metal mesh grill, 8 ohm, $18.00 each
Fs 730 Hz, 90dB, 100 watt, Very smooth to 25kHz, '
At A Ahh Ags Ags Ahs afs  adse A
Peerless 821214 2* dome midrange, textile dome, chambered back, Fs 298, 89dB, 200W @1kHz, $28.00 each
134mm flange with a 106mm cutout, smooth response to SkHz '
Vita C11WG-09-08 4.5" woofer, coated paper cone, rubber surround, vented pole piece, 8 ohm, Fs $15.00 each
72Hz, 85dB, 30 watt, Vas 4.2 liters, Qts .40, frequency response from 100Hz to 10kHz. Nice for small Sat. '
Seas P11RC H454 4.5 woofer, Poly cone, rubber surround, cast frame, 8 ohm, Fs 55 Hz, 84.5dB, 60 watt, $25.00 each
Vas 5.3 liters, Qfs .34, frequency response from 75Hz to 7kHz. Great as woofer or midrange. '
Peerless 1667 5.25" Paper cone woofer, cast frame, rubber surround, 8 ohm, Fs 58 Hz, 88dB, 80 watt, $23.00 each
Vas 12.4 liters, Qts .425, F3 of 65Hz In .3 cf vented(1.5"@ x 3.7°L) or 100Hz in .25 cf sealed. Like the KO40 '
Vita C17WG-07-04 6.5" 4 ohm woofer, coated paper cone, foam surround, vented pole piece,
Fs 51Hz, Qts .54, Vas 26 liters, 50 watt, 88dB, 3mm x-max, F3 of 75Hz in 10 liters sealed. WOW only
OKAY! So you wouldn't take them at $14 each, so we made a mistake and bought something you're $10
not all excited about. | hope you can find uses for them at this price and help to restore our
confidence in making these large purchases of surplus items,
Peerless 2622 8" Poly cone woofer, foam surround, 8 ohm, Fs 26 Hz, 90dB, 100 watt, Vas 168 liters, $25.00 each
Qts .37, F3 of 50 Hz in 1 cubic foot sealed and stuffed enclosure, nice choice for a small 2-way '
Famous maker 8° woofer, paper cone, foam surround, 8 ohm, 90dB, Fs 41 Hz, @fs .37, Vas 36 liters, 50 $14.00 each
watt, F3 of 47Hz in .9 cubic foot with 2" @ port by 3.6" long '
Eminence T1040 10" Paper cone woofer, cloth accordian surround, 400z magnet, 2* VC, 92dB, $30.00 each
150 watt, Fs 24Hz, Vas 240 liters, Qts .34, F3 of 52 Hz in 2 cf sealed or F3 of 38 Hz in 3 cf vented (3"@ x 5°L) '
Stanford Acoustics 12" Paper cone woofer, treated paper cone, rubber surround, 2° voice coll, 90dB, $39.00 each

Fs 14 Hz, Vas 695 liters, Qfs .24, F3 of 40Hz in 3 cubic feet sealed or 30Hz in 4 cf vented, 3" @ x 7° L

Offer expires January 1, 1997

7 MADISOUND SPEAKER COMPONENTS
— 8608 UNIVERSITY GREEN o
P.O. BOX 44283
MADISON, WI 53744-4283 U.S A
TEL: 608-831-3433 FAX: 608-831-3771
e-mail; madisound@itis.com
Web Page: http:/www.itis.com/madisound
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FIGURE 16: Summed response with third-order crossover from up

cies. Note that while the CO frequencies are
600Hz and 4kHz. the BP response narrows
to about 6(0)-3.5kHz, which 1 will explain
shortly.

Figure 12 shows the acoustic LP
response for the woofer and the acoustic HP
responses for two each of the SEAS and
Audax tweeters, indicating the CO does
work for both tweeter types and that the test-
ed pairs match quite well. Figure 13 shows
that the HP response (SEAS tweeter load)
tracks well with L-pad settings over the
expected range (about 3—4dB padding).

The mismatches and wiggles in the
acoustic BP response for the two drum
midranges (midrange type 2) prodded us to
search for a new midrange (Fig. /4). Note
that the electrical BP response was from
600-4kHz. Similar tests with the SEAS
midranges indicted that the acoustic BP
response was wider than the electrical BP on
the upper end. The BP section was
redesigned only to cover 600-3.5kHz to
correct for this eftect. Figure 15 shows how
well the resultant acoustic response of the

SEAS midrange holds up over a consider-
able listening angle.

COMBINED PERFORMANCE

The total span of the three drivers in the 6
baftle is about 19” from the bottom of the
woofer to the top of the tweeter. Since any
acoustic measurements of combined perfor-
mance must be done from a distance exceed-
ing three times this span, we selected a value
of 60”. At this test distance. my room will
not support anechoic tests even down to
400Hz at certain listening angles. so in some
of the following curves you will note that the
low end of the response is truncated.

For the three-way system, the listening-
angle reference is the midrange axis, up
again meaning toward the twecter, and
down meaning toward the woofer, Figure
16 shows the measured acoustic response of
the three-way system (SEAS tweeter) for
every 5° of listening angle from up 5° to
down 15°. I think the performance over this
range is quite good. The woofer-to-
midrange CO is not even detectable. while

the midrange-to-tweeter CO is bounded by a
tight box.

Remember that there is no smoothing
applied to these curves: they show all ill
effects. It was doubtful that we could
match this performance with the enclosure
added. Figure 17 shows the acoustic
response for every 10° from on-axis to
down 20°; it is clear that we start getting
into trouble by down 20°. The box will be
designed for a listening angle of about
down 5°.

I became very worried about the tweeter
protection with a first-order CO. so we used
a slightly modified CO configuration, called
the cascaded two-way first-order CO, which
ofters some added tweeter protection (Fig.
18). This consists simply of two first-order
two-way COs put in cascade. L1 and CI
split the signal at 600Hz. then C2 and L2
split the first HP output at 4kHz for the true
BP and HP output. The advantage is that
below 600Hz the tweeter goes to a second-
order HP response for increased protection.

This CO does require the tweeter and

midrange to have
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the same impedance,
which explains why
we did this. We will
henceforth refer to
the cascaded two-
way first-order CO
simply as the first-
order CO. In Fig.
19, which shows the
measured perfor-
4 mance of this CO
with dummy loads.
note how the tweeter
HP goes to second-
order at low fre-

FIGURE 17: Summed response with third-order crossover from
on-axis to down 20°.

quency. Figure 20
shows the electrical
LP. BP, and HP out-

FIGURE 18: Schematic for basic cascaded
two-way first-order crossover.
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HIGH EFFICIENCY PURE RIBBON TWEETERS

ORCA is sincerely proud of introducing these exceptional high frequency transducers from France. The
RAVEN tweeter is a true ribbon tweeter, possibly the purest transducer available today. In a dome tweeter
the signal is carried through the voice coil wire, and the sound is radiated by the dome attached to the voice
coil. Here, the carrier of the electrical signal and the radiating diaphragm are one and the same part: the
ribbon itself. Furthermore, the RAVEN ribbon is 100% pure conductive material, no metalized film. To have
an idea of the high frequency performance of the RAVENS, imagine that the moving mass here is about 30
times less than a high quality dome tweeter. The music comes through effortless, almost immaterial. The
special and massive NeFeB magnet of the RAVENS is five times more powerful than a conventional magnet.
The result: the RAVEN R1 is capable of 118 dB peak with no measurable distortion (R2: 120 dB). At 10WRMS,
that is continuous power now, R1 reaches 105 dB with less than 1% distortion, and R2, 107 dB. The RAVENSs
come with a specially designed matching transformer (very low distortion, low loss and wide bandwidth)
for optimum coupling with your power amplifier. Now look carefully at the decay of these units !

RAVEN R1

KGS 1.14

LBS 2.5

@2 x 80 mm
3.63x3.15in.
Moving mass:
0.0061 g
0.0002 oz.
dB/W/m 95

2 KHz to 40 KHz

— Vim! Gizaia

Y R &S R R KGS 222

LBS 4.9

166 x 76 mm
6.54 x 2.99 in.
Moving mass:
0.013 g

0.0005 oz.
dB/W/m 98

2 KHz to 40 KHz

TARRs AY \Ersj'é\;;“ A — ﬁ;m RAVEN R2

e
.

RAVEN TRANSDUCERS are distributed worldwide

exclusively by ORCA Design & Manufacturing Corp.
1531 Lookout Drive, Agoura, CA 91301 - USA

TEL (818) 707 1629 FAX (818) 991 3072

E-Mail: orcades @ aol.com

OEMs, stocking distributors and importers inquiries

welcome. Goods now in stock in America.

CHEERISEEBIER Nk




st toeggennd 1o Ces

P
o . 1k

100

o mewory trace:
4B pad, Dunmy loads,
file ECDBP24:
4dB pad, Durwsw loads,
5 file ECDLP2A:
448 pad, Durw loads,

ist-order CO with SEAS,
ist-order CO with SEAS,

ist-order CO with SEAS,

'rnmm
L_s12] 48 .0k |

HP cut before pad
8P cutput

LP ocutput

el i Y =

ist-ora CO,
ist-orda CO,

ist-ord CO,

F’!W?“?!ﬁﬁf‘f

[fingle channel

[Z75TZE w
L 9_12‘£ "o | proet |

PROBE

FIGURE 19: Performance of cascaded two-way first-order

crossover with dummy loads.

Tutr L-Paa @ 3, Nornal co !w- E,

nenory trace:

]
HP output before L-pad, EMP4 1

file EBP]I

Tutr L-Pag @ 3, Nonul co lwe E, BP output

ELP2

file H
Tutr L-Pag ® 3, Nornal CO tupe E, LP output.

(W7 55 C7. 56 6-32.%]

|'6 THKRZ|[7 THTNDOM| 9:
Sinale channel

[ETGATN|
|- BLACKH |; /| 0.000
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puts with the drivers as loads. It is clear that
the first-order CO is bothered much more by
driver-impedance variations than was the
third-order CO.

Figure 21 shows the acoustic responses
for the first-order CO with drivers on their
own axis. We were definitely not getting an
accurate acoustic first-order CO with these
drivers. 1 believe a major improvement
could be made here by using complex
Zobels (see SB 5/94, p. 28, and 4/95, p. 24)
to limit the destructive effects of the
midrange driver and tweeter resonant
impedance rises. Such Zobels must be
designed for the individual drivers (with the
midrange in its final enclosure) and so were
outside the goals of this project.

DRIVER-OFFSET EFFECTS

In his clever approach to effects of driver
offset on various two-way CO types, Bruno
Carlsson (see SB 1/95, p. 26 and 2/95, p. 26)
shows that the first-order CO with drivers
having the same polarity is very sensitive,

while performance with one driver inverted
is much better. Testing certainly verified this
result. Figure 22 shows the total acoustic
response of the three drivers (SEAS tweeter)
hooked up at normal polarity at various lis-
tening angles. Listening tests verified that
the performance is terrible.

If the midrange is connected with invert-
ed polarity (Fig. 23), then each CO pair has
one driver inverted, and the offset effects are
greatly reduced. 1 played with the first-order
CO component values with no major
improvement. 1 also tried a straight first-
order all-pass CO, and it was even worse.
Since the first-order CO requires only four
components, we carried it on this project,
but it is nowhere nearly as accurate as the
third-order CO. The first-order CO is wired
with inverted midrange polarity. Again, the
optimum listening angle is in the down
5°-10° range.

Breadboard tests (Photo 1) in monaural
using a down 5-10° seated listening angle
indicated the third-order CO to be very

smooth and accurate. | judged sound quality
to be consistent between seated and standing
listening and over a wide angle from side to
side. The first-order CO with the midrange
inverted sounded musical, but showed some
change between seated and standing listen-
ing. The first-order CO with normal mid-
range polarity was terrible, with the lower
midrange sound missing at most vertical lis-
tening angles. Note that the breadboard sys-
tem did not match the design front-panel
driver spacings.

In general, the listening tests agreed well
with the baffle-measured data; however, the
first-order CO with inverted midrange
sounded better than 1 had expected from the
tests. The data showed that the third-order
CO performance was to a great extent free
from effects of the impedance or driver
response. This means that others building
the system should get almost the same per-
formance we did. The first-order CO is not
well isolated from driver effects, but should
be tolerant of mild variations.
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2ALYTRON
Focus on Focal!

OPEN SEASON ON FOCAL
FOR THE SPEAKER BUILDER
BARGAIN HUNTER

FOCAL is pretty secretive about whom they
supply with their famous drive units (and
Kimon Bellas the FOCAL importer sounds like
a locked bank vault when you ask him about
it), but if you visit any high-end show, you see
an awful lot of FOCAL drive units by many
very respected speaker manufacturers. Well
these high end OEMs, like any manufacturer
on earth need to change models and change
drivers. Sometimes only the paint of the frame
changes. sometimes a little stiffer spider ...
That is how you create very attractive
obsolete product. When the French woke up
form their traditional August siesta, we made
an offer to FOCAL: ZALYTRON would take alt
these brand new OEM drives (with the usual
warranty) they had on their shelves if they
would sell it to us ... at an appropriate price.
We would be hard pressed to print here that
we made a killing, just see for yourself in the
ZALYTRON tradition, we pass the benefit of
our good deals directly to our customers. If
this reads like the D.1.Y. dream list it simply is.
If only these OEMs could keep changing

models.

ITEM PIECES PRICE ITEM PIECES PRICE
TOOT! e, 48 .............. $35.00 10K617H ..ooeonoe. 34 ............ $139.00
T120TI02.............. 96 oo, 50.00 10VB17 oo 20 i 110.00
T124TD oo, 62 e, 50.00 165 CKit ...co.ee... 50 i, 135.00
T120ZLT ............ 200 ..o, 50.00 W21B ..o 110 60.00
4C211 112 e, 39.00

IF YOU WANT TO SPEND EVEN LESS,
4C212 oo 100 ...oieeeneeee. 39.00 WE HAVE THESE BLOWOUTS
B EP8G S28 2200 | SEASP17RCY/40HM ....... $29.00
6C211S ... 198 ... 39,00 | SEASCAI7RCY.......cccooviririirnn. 29.00
6C211S1 oo 270 oo, 39.00 | SEAS 382 1" Aluminum Tweeter ....15.00
6P211S .............. 108 .o 35.00 AUDAX HT130FO ... 26.00
7Cl:JIZJL'Cr) ..... ./ .......... 300 ... 45.00 | AUDAX HT130GH....oooieeel 20.00
AUDIOM 8/2 ........ 10 e, 169.00 | AUDAX HT170G2...oooiooeii 1.
8C012DBG .......... 89 ... 60.00 ve ) 21.00

AUDAX HT110GO Uncoated ....15.00
8K515 ..., 10 e, 75.00
8K511DB ..o 8 i, 80.00 | AUDAXHTI30MO ...ooooivvvninnns 15.00
Audiom 10/2 ........ 10 e, 169.00 | 3-3MFDMYLARCAPS250V.......... 3/$1

ZALYTRON INDUSTRIES CORP.
469 JERICHO TURNPIKE, MINEOLA, N.Y. 11501
TEL. (516) 747-3515 FAX (516) 294-1943

Our warehouse is open for pick-up 10AM to 6 PM daily, Saturday 10 AM to 5 PM
UPS orders shipped same day * Minimum order $50.00

Call or Write for your Latest Catalog mailed FREE in USA. Canada $5 P&H, Worldwide $10 P&H




BOX DESIGN REQUIREMENTS

The problem is now to develop a box for the
system that does not distort the performance
too much from what the baffle tests and
breadboard listening showed was available.
The requirements for the box are as follows:
Front Panel

Maintain the driver spacings used in the
testing and provide a seated listening angle
of around down 5°. To maintain the same
sound quality as heard in the breadboard
tests, you should keep the woofer relatively
low in the box and maintain the overall box
width near the breadboard value of 13.5”,
Woofer

Woofer design shows that you need a net vol-
ume of 1.1ft%. Based on an estimate for vol-
ume lost to the woofer and the port duct, and
allowing a 5% overvolume for bracing, you
need a design gross volume of about 1.2ft%,
Midrange

To give the first-order CO a chance, you
want to keep the midrange resonance as low
as possible: hence, you need a relatively big
midrange chamber.

Tweeter

Many tweeters are heavy masses with thin
mounting plates. I believe that they will
move slightly if exposed to acoustic pres-
sure, and with the short wavelengths and
slight tweeter diaphragm motions involved,
this hurts the tweeter clarity. Therefore 1
place the tweeter outside the woofer and
midrange boxes.

Port

1 am a firm believer in the diffuser port (SB
2/81, p. 16, and 2/91, p. 45), which lowers
the air velocity at the front of the port and
puts it outside the area covered by the grille
cloth. 1 also think the bass sounds better than
with a conventional port. Generally, the dif-
fuser port allows you to use a larger-diame-
ter port duct, something we both think is

Crossover

It has to go somewhere, and 1 prefer to have
it external to the acoustic portions of the box
so it does not affect box volumes, is not sub-
ject to acoustic pressures, and can be easily
modified. With this project, there are two CO
designs you must make interchangeable for
comparison purposes. You should also make
the L-pad on the tweeter easily accessible.
Bracing

As noted above, 1 insisted on a front-panel
brace that is just above the woofer. Cutting
holes in the front panel and then bolting
large masses into them makes the panel the
most likely to give trouble and therefore the
area in need of the most attention. My engi-
neering training won’t let me mount the
wooter compliantly; 1 want it tied tightly to
the front panel and the panel made rigid
around the woofer.

Resorting to thick material for the front
panel is an approach I don’t like. 1 believe
part of what results in “slow™ bass is energy
stored in the woofer box. The more mass
you put into the walls, the more energy they
can store. | prefer reasonable wall thickness
with the braces necessary to create a stiff
structure.

I also do not like to set the drivers flush
into the front panel, as 1 believe it weakens
it at this critical juncture. [ handle the fact
that the drivers are not flush-mounted in
another way, which I'll describe later.

For this project, all panels are %" particle-
board. The most important braces you can
provide in an enclosure are those tying the
opposite walls together so that the box can-
not “balloon™ with acoustic pressure. The
best way to lose all bass punch (i.c.. make
slow bass) is to fail to tie the two sides or the
front and back of the woofer box together.

The simplest way to do this is to tie the
opposite surfaces together with wooden dow-

for those walls. For this project, 1 included
dowels from the front panel to the back wall
and between the side walls. 1 would also like
to have a dowel between the top and bottom,
but the diffuser port and driver depth make
this nearly impossible, so you should keep
the top and bottom of the woofer chamber
relatively small.

Building Limits

There is no sense designing a box you can’t
build. My building skills are fairly limited,
so 1 build in a way that is tolerant of cutting
mistakes. 1 would rather have no parallel
walls in the woofer box, but 1 can’t cope
with cutting the angles required to build a
pyramid-shaped box. 1 try to minimize the
number of parallel walls while limiting the
box to simple angle cuts: i.e.. all cuts that
are not on a rectilinear X-Y grid on the
board’s surface are vertical cuts, and all cuts
at an angle other than 90° are on the X-Y
grid. This makes cutting the boards much
easier with a table or radial-arm saw.

Grille Frame

One of my construction limitations is that 1
can’t build grille frames. Thus 1 make them
part of the basic box structure by setting the
front panel back a little from the front of the
box. 1 can then simply staple the grille cloth
right on the front of the box and cover it with
some form of trim strips.

If you want to use another approach, you
will have to modify my box design. Based
on physical measurements of the drivers, 1
thought it best to set the front panel back 34”
s0 as to have the grille cloth as close as pos-
sible to the panel, yet still protect the drivers.

ACTUAL BOX DESIGN

1 wrote a BASIC program to design the
enclosure. The back of the box is vertical
and the top horizontal (Fig. 24). The front
panel and bottom board are also at right
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FIGURE 23: Summed responses for first-order crossover—inverted

midrange polarity.

of box to be used.

FIGURE 24: Basic internal configuration
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x 2 front-panel brace
to the top of the
midrange box at the
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Tlie lew Reference in Digital Plauback
Now's your chance to get on the bus. .. the I°S bus

The first transport to offer the I°S bus digital data output format providing
a jitter-free link to Alchemy's DTIePro32 or DDE v3.0

Features the new-generation Pioneer “Stable Platter” based engine

All clock signals are generated via a proprietary, high-accuracy,
ultra-low jitter (2 pS) internal master reference oscillator

External power supply utilizes four separate transformers and
\ employs 12 low-impedance regulators/buffers to provide filtered, low-noise DC

S/PDIF data - clocked to a master reference oscillator for jitter-optimized output
is provided via BNC coaxial and AES/EBU (standard), or ST glass (optional)

Controller and display interface are each enclosed in their own shielded
environments; chassis is resonance damped for additional isolation

Complete with full-function remote control and
detachable AC mains cord with integrated line filtering

{':‘%Ichemy

- 104523

DDS-Pro Digital Drive System
Compact Disc Playback Transport

ADOAIchemy

31133 Via Colinas, Suite 111 » Westlake Village, CA 91362 « vox 818 707.8504 « FAx 818 707.2610
Call for a local dealer near you.

© 1996 Audio Alchemy. Inc. DDS. DTl and DDE are trademarks of Audio Alchemy.inc




DEFLEX
SPECTRA 2)oOUS TG

Dynamics PANELS

The simplest and most cost effective way
to upgrade your existing system

V7

= You need at least 2
Deflex panels for a
pair of small bookshelf
speakers, 4 panels for
a pair of Tannoy 6's,
and at least 6 panels
for larger cabinets

o

&= ~~

=
7 (F=o =

Once you have
gained access to the
inside of the cabinet,
remove foam and/or
wool damping from
the inside of the
speaker (if fitted)

-

Place the flexible
Deflex panel thru’ the
speaker cut-out and
stick to the inside of
the cabinet using the
recommended
adhesive

-

)| ¥
/

\

Now sit back and
listen to the extra
detail in sound, and
far less distortion
when played loud

TN

—

What the experts have to say...
“...a marked improvement was obvious from the first few

bars of REM's Automatic for the people album,.."
Hi-Fi News & Record Review - March1994

"...Deflex panels seemed to give greater tightness and
control, improved internal clarity, and pitch definition -
all without deadening the sound in any way..."
Audiophile - January 1994
“...the result was sharper imaging, wider dynamics
and a more natural sound..."

CHOICE VERDICT

Sound Quality
Value for money
Hi-Fi Choice - January 1994

*...But one tocm-hDdlogpme!sm
AuBIoNIdeG - Novbmbas 1994
As,,omoo,lOurOthuProduch:

: “  ,

MICHAEL PERCY AUDIO
P.O. Box 526
Inverness, CA 94937
(415) 669-7181 Fax (415) 669-7558
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back. All this results in the woofer box having
only its sides parallel, and makes the
midrange chamber a triangular box with small
parallel ends. Thus the midrange box is a very
stiff structure supporting the front panel.

Early results from the computer program
indicated the slant needed for the front panel

8Q L-PAD MOD

Over a small range of padding, the
modified L-pad will be quite accu-
rate in both attenuation and resis-

tance. You must first establish the

actual load resistance (R and less

than 8Q) and the nominal padding

value (PdB) that you will use. You

then place a resistance (R1) across

the 8Q L-pad from input to output

and a resistance (R2) in shunt with

the load. Refer to Fig. 25.

PdB = nominal padding value in
positive dB

K =E  /E, ratio for PdB padding
R, = series resistance of L-pad at
PdB padding

R = parallel resistance of L-pad at
PdB padding

R, = actual load resistance used

R, = input resistance to modified
network = R, at PdB padding

R1 =resistance added input to out-
put on L-pad

R2 = resistance added shunting load

K=10 PdB/20
RP= 8 x K/(1-K)
R =8x (1-K)

Rl =R xR /(8-R)

R2=R xR/ /8- R)

An example of using an 8Q L-pad
with a 6€2 load in the area of 3dB
padding:

PdB = 3dB and R, = 6Q

K =10%=0.7079

RP =8 x0.7079/(1-0.7079) =
19.392Q

R, =8 X (1-0.7079) = 2.336Q2

R1 =2.336 x 6/(8—6) = 7.0092

R2 =29.392 x 6/(8-6) = 58.177Q2

When the L-pad is set to 3dB, the
actual padding is 3dB and R; = 6Q.

|
I
BOX te— POSITION BOX
REAR i oFBoTTom | |FRONT
e 13.25"
1y
/ 1
HOLE TO FIT DuCT

FIGURE 25: Schematic for L-pad
modification.

|

was greater than 1 had initially estimated,
requiring more height on the panel. 1 there-
fore had to increase the driver spacings from
those 1 had used in testing: the woofer to
midrange center-to-center up from 8.5” to
8.625”, and the midrange to tweeter up from
4.25" t0 4.3125”. Even with these increases,
tolerances for attaching things to the front
panel were tight.

Two options were available for locating
the CO, which consists of two parts. One
portion (called the Zobel board) contains the
L-pad, Zobels, and padding resistors, and is
used with either CO. The second part (called
the CO board) is the first-order or third-
order CO. One option is to put a portion of
the CO in a pedestal below the port diffuser,
but I settled on a configuration that extends
the height behind the tweeter and puts both
CO portions in this area. (Part 2 of this arti-
cle will deal further with the crossover
boards and components.)

INPUT AND OUTPUT

The input to the design program includes the
front-panel dimensions, the woofer and
midrange positions, the desired woofer vol-
ume, the actual 2 x 2 brace size and its loca-
tion on the front panel, and the front-panel
height in the tweeter area. The program out-
put the size of the various boards, the
midrange box volume, the various box
dimensions, and the listening angle, which
was based on an ear height of 42” back 10
from the midrange driver.

1 judged that a vertical height of 6.9” was
needed to package the CO. We ran the
design program with input data to provide
this distance. The resulting design used for
this project showed the final listening angle
to be down 3.9°. After sketching the box, 1
concluded 1 could use a duct up to about 8”
long, and that an inside diameter up to about
3.0” was safe.

Part 2 will describe the details of the proj-
ect’s construction. »

SOURCES

Liberty Instruments, Inc.
PO Box 1454, West Chester, OH 45071
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Martin Sound Products, Inc.
Alpha Park, Cleveland, OH 44143-2297
216-442-2286

Reader Service #38 -




DEFLEX

ACOUSTIC PANEL TECHNOLOGY

TECHNICAL SPECIFICATION

Standard Panel
Advanced polymer
Charcoal grey
Spherical concave

Surface emulation........

Sub-woofer Panel
Advanced polymer
Charcoal grey
Spherical concave

Defined radius - nominal. 200 mm 300 mm

Focal point - nominal..... 100 mm 150 mm
Thickness at centre....... 5 mm (maximum) 12 mm (maximum)
Max. edge thickness..... 12 mm 12 mm

Overall dimensions...... 280mm x 210mm 340 mm Diameter
Density / hardness....... 136/ <15°A 1.36 / <15° A
Rebound resilience...... <15% <15%

GENERAL DESCRIPTION

Deflex acoustic panels have
excellent performance
characteristics.

The polymer is specially formulated
to absorb shock and vibration, thus
minimizing cabinet resonances.

The surface emulation has been
carefully designed to help eliminate
standing waves.

The energy inside the enclosure is
controlled - NOT ABSORBED.

"...A marked improvement was obvious from
the first few bars of REM's Automatic for the
People album..."

"...Vocals took on a air of presence that was
stunning compared to what had gone
before..."

"...Rhythm was more definite and seemed to
'glue’ the musical experience together..."
HI FI News & Record Review - March
1994

"...The special surface pattern reduces
standing waves to cure boxiness and
resonance without killing the vitality of the
sound...”

"...expect tighter cleaner bass, crisper
articulation, and an increase in liveliness
without loss of control..."

"...The result was sharper imaging, wider
dynamics and a more natural sound...”
HI-FI Choice - January 1994

"...Deflex panels seemed to give greater
tightness and control, improved internal
clarity, and better pitch definition - all

" THE ONLY CURE FOR BOX NOISE AND STANDING WAVES "

CURRENT PRICE LIST

Standard Panel @ $11.00
Sub-woofer Panel @ $ 20.00

Trade inquires welcome!

each | M
each | |-
We recommend Weldbond as an adhesive. |: l‘

1) MADISOUND SPEAKER COMPONENTS
8608 UNIVERSITY GREEN =~ \
P.0.BOX 44283 Ll !
MADISON, WI 537444283 USA. - |
TEL: 608-831-3433 FAX: 608-831-3771 ’ ;
e-mail: madisound@itis.com 1
Web Page: hitp:/www.itis.com/madisound




SHOULD YOU DOWNLOAD
YOUR WOOFER?

ome audio systems include a woofer
Spoinling toward the floor. This tech-
nique is sometimes referred to as
downloading or downfiring the speaker.
Listeners describe the sound of these sys-
tems in glowing terms, as if there were an
inherent advantage to mounting a woofer in
this way. They fail to specify, however, what
this advantage is.
After considering this subject, 1 realized
that I had many questions:
¢ Can this design technique offer better
bass with a given woofer?
® Is a downfiring woofer really a selling
point?
e What are its disadvantages?
¢ How far above the floor should 1 raise the
bottom of the enclosure?
e Will a carpeted surface have an effect on
its performance?
1 decided to perform some simple tests to
answer these questions.

DOWNLOADED SYSTEM
Figure 1 shows a traditional, or standard,
system with the woofer oriented vertically
and affixed to a panel. Figure 2 shows a
woofer mounted facing down, or down-
loaded, and the enclosure supported by non-
specific “feet,” separating it from the floor.
Figure 3 shows the same downloaded sys-
tem on a carpeted surface, to see what effect
this might have on a system’s performance.

In these illustrations, the enclosure is a
simple sealed box, but in practice, the hori-
zontal orientation is used in sealed, vented,
and other systems. Although the measure-
ments presented here are outside the discus-
sion of primary loading methods (sealed ver-
sus ported, for example), we will see that
positioning a woofer downward can affect
your choice of enclosure type.

Three effects of downloading a woofer
are: (1) an apparent change in the moving

ABOUT THE AUTHOR

Andy Lewis lives in Englewood, CO, with his wife Lori
and two sons, Corey and Collin. He learned some
physics at Hastings College, plays drums professionally
in the Denver area, and has a consequent interest in
bass guitar speakers. He can be reached by E-mail at
Dadbag@aol.com.
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By Andy Lewis

mass of the cone assembly, (2) a change in
the damping characteristics (Q) of the driver,
and (3) displacement of the cone assembly
due to the force of gravity on the cone mass.
While there may be other changes in perfor-
mance, these three effects lend themselves to
easy analysis.

MASS AND DAMPING

When a woofer “fires” into a restricted air
space, as in the throat of a horn or in a down-
loaded system, the result is what horn theo-
rists refer to as a “high pressure-low veloci-
ty” situation. This is a fancy way of saying
that the air in the vicinity of the cone is mov-
ing (wind), instead of merely acting as a
medium for traveling waves (sound). As a
pressure front travels the length of a horn, of
course, it undergoes a gradual transformation
to a high velocity-low pressure condition, or
sound wave.

In a downloaded system, no provision
exists for this gradual transformation from
moving air to sound wave. Instead., it is
abrupt and unpredictable. We do know,
however, that air has mass, which, when
moving in conjunction with the speaker's
cone, could have the effect of increasing the
apparent moving mass of the driver. Horn
designers, in fact, often calculate the volume
of the air chamber behind their diaphragm
expressly to compensate for the added air
mass being “dragged” by the cone.! In a sim-
ple downloaded system, 1 had expected the
result of this added mass to be insignificant,
but this was not the case.

Also, as the speaker pushes air back and
forth between the bottom of the downloaded
system and the floor, energy is lost to fric-
tion. Frictional energy losses (damping) in
the driver are expressed as Q. and Qgg for
electrical damping. You would expect this
new loss, when added to the soup, to cause a
lowered Qyq. which would in turn lower
Qqs- A carpeted surface under the speaker
might tend to increase this loss and lower
Qs still further.

SETUP

1 figured that information about changes in
mass and damping would be easy to express
in numbers. I chose to measure the effects on

the driver itself, and once 1 quantified and
expressed the effects as a change in the pa-
rameters of the driver, then extending them
to a finished downloaded system would
become no more difficult than in a vertically
oriented system. You could simply use these

|

FIGURE |: Standard vertical configuration.

=

FIGURE 2: Downloaded (horizontal)
system.

FIGURE 3: Downloaded system over car-
peted surface.




amended driver parameters and proceed with
a design in the usual way.

Since each design has its own problems,
the changes in effective driver parameters
would provide an easy way to extend the
results into your finished system.
Consequently, 1 chose to measure without
an enclosure. | simply mounted a speaker to
a baffle, oriented the baftle in different
ways, and performed measurements in each
position.

I chose an old Electro-Voice 12” woofer |
had pulled from an ancient Knight 3-way
system. It has a fairly low-moving mass
(41gm) and a fairly high Q< (in excess of
.5). These characteristics would make any
changes in damping and effective mass more
apparent as [ made my measurements, as the
effects of downloading the speaker would
have a larger effect relative to the speaker’s
inherent mass and damping. A woofer with
high-moving mass or a very low Q4 would
be less affected on a relative basis than this
somewhat underdamped woofer with its low
moving mass.

1 mounted the woofer in the center of a
piece of %" particleboard scrap. about 20" x
30” (Photo 1. 1 soldered a length of zip cord
to the terminals, so 1 could then make my
measurements at the end of the zip cord,
rather than at the speaker terminals them-
selves. This would allow me to move the
speaker/baffle assembly to different posi-
tions as 1 made the different measurements
without adding any wire. Any measurements
of Q made with my fixed length of zip cord
would reflect the presence of this wire in the

RS .

PHOTO I: Vertical speaker baffle.

PHOTO 2: Test setup using bricks.

circuit, but the results would be reliable for
purposes of comparison.

1 could then orient this speaker/baffle
assembly in different ways to measure the
effects of downloading the woofer. With the
speaker placed in difterent positions, 1 could
isolate the effects of downloading the speak-
er as | measured the Q and resonance of the
woofer.

TESTS
1 performed tests with the speaker/baftle
assembly in six different positions:

1. With the baffle standing vertically, as in
a standard system (Photo ). This would be
the control, against which 1 would compare
other scenarios.

2. With the baffle suspended woofer-
down on bricks placed on their sides. one at
each corner, with the baffle about 3%2” above
a concrete surface. This is the first down-
loaded scenario.

3. With the baffle suspended woofer-
down on bricks lying flat, one at ecach corner,
with the baftle about 2'%4” above a concrete
surface (Photo 2). This is the second down-
loaded scenario.

4. With the baffle suspended woofer-
down on 2” x 2” blocks, one at each corner,

£ ¥
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PHOTO 3: Lowering the baffle on blocks.

with the baffle about 1¥2” above a concrete
surface (Photo 3). This is a more extreme
downloaded scenario.

5. With the baffle suspended woofer-
down on 2” x 2” blocks. one at each corner,
with the baffle about 14" above a ¥2” thick
carpeted surface (Photo 4).

6. With the speaker oriented vertically,
but with a mass of modeling clay added to
the cone’s moving mass, to simulate a mass
of moving air, and as a consequence remove
frictional loss. This is explained in greater
detail below.

These first four positions measure the
increasing effects as the baffle is lowered
toward the floor. As the tests were run, 1
hoped a pattern might emerge that would
provide a “feel” for what to expect from the
downloading technique.

In each of the six positions, 1 connected a
standard impedance-measuring setup and
measured the damping (Qs) and resonance
frequencies (fg). The resonant frequency, of
course, is the frequency of maximum imped-
ance in the bass region. Qg Qpg. and Qg
figures are derived from impedances mea-
sured at several frequencies. 1 use the stan-
dard derivation found in most popular texts.

While these tests give us a generalized
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idea of the effects of downloading, it is
important to realize that they should be per-
formed with a setup that more closely
approximates the finished system (with a
more realistic baffle size and an enclosure).
Otherwise. unpredictable results could occur.

RESULTS AND INTERPRETATION

Table | shows the measurement results.
Please note that column 8, “EBP,” lists the
calculated “Efficiency Bandwidth Product,”
which is simply the ratio of fg to Qg for the
speaker in each position. This refers to the
popular, and very concise, method for evalu-
ating whether a speaker is better-suited for a
sealed or vented enclosure.” A rule of thumb
states that an EBP around 50 indicates the
driver will probably be better-suited to a
sealed enclosure, while a value of 100 places
the speaker in a vented system.

Interestingly, the change in resonance as
the baffle is lowered toward the floor is dra-
matic. For example, going from 38.3Hz to
33.2Hz represents a change of about 13%!
We know that the compliance of the
woofer’s suspension is unchanged, so the
change in resonance must be due to the mass
of the air in the vicinity of the cone, as it
moves with the cone. We can, in tum, calcu-
late the mass of this air for each test scenario.

An accepted test exists for determining
the compliance and moving mass of a driver.
When a known mass (such as a lump of
modeling clay) is artificially added to a
speaker’s cone, the resonance is obviously
lowered. The amount by which the frequen-
cy of resonance changes reveals the speak-
er’s inherent moving mass. If we already
know the cone’s actual mass, however, we
can determine the mass added to the cone.

ADDED MASS

A woofer’s moving mass, the change in res-
onance, the speaker’s original resonance, and
the known mass of the clay (or air, in this
case) are related by the following equation’;

Mup =M /[(ts/ 153 — 1 (1)

where:
Myp= the woofer's moving mass
M’ = added test mass of clay (air}
fs = speaker's natural resonance
fs" = lowered resonance with test mass
added.

If we know the speaker’s true moving
mass, we can determine the mass of the
moving air:

M= Myp x [([fs/ fs’]z) -1] @
where:
M’ = the effective mass of air moving with
the cone.
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PHOTO 4: Testing the effects of a carpeted surface.

I made these calculations for each of the
downloaded test scenarios, using an My, of
41gm and the relevant quantities in Table 1,
and entered in column 7 the apparent mass
that has been added to the cone in each case.
As the enclosure is lowered toward the floor,
the amount of air under the baftle decreases.
but the amount of air which apparently
moves with the cone increases! 1 was sur-
prised by the amount the speaker’s reso-
nance changed in these tests.

When referring to masses of air, 1 find it
interesting to consider the actual physical
volume of the air in question. How much air
represents a gram of mass? A typical figure
for the density of air at sea level is 1.29 x
10 3gm/cm?. The volume of a gram of air,
then, would be the inverse of this figure, or
775. A gram of air occupies about 775¢cm? of
space, or about three quarters of a liter!?

Within the context of this downloaded
setup, this allows us to calculate, more or
less, the volume of air under the speaker
actually moving with the speaker’s cone. If
we multiply the mass of the air moving with
the cone (6.99gm, column 7, 2'4” bricks) by
the volume per mass (775cm¥/gm), we get a
figure of 5417cm?, effectively about 5.4
liters of moving air.

Q AND DAMPING

With regard to damping (Qs), | expected to
see a clear decrease in the figures for Q¢ as
the woofer was lowered. The extra friction
should tend o lower the Q¢ of the driver as
the air is pushed and pulled through the
restricted air space. As a general rule, when
friction goes up, Q goes down! As Qg
decreases, Qg decreases as well.

The test results, however, seem to contra-
dict my expectations. Column 4 shows that
unless carpet is added under the system to
increase friction, the relationship between
downloading and Qg is unclear at best. In
fact, the Q¢ figures in the vertically orient-
ed system and the very low (1%2”) example
change only from 5.70 to 5.71. The interim
examples seem to gyrate somewhat, and no
clear pattern occurs.

As friction is increased with the addition
of a carpeted surface, Q¢ decreases when
compared to scenario 4. From earlier experi-
ments, 1 noticed that adding mass to a speak-
er's cone generally has the effect of raising
both the Qs and Q¢ of a driver. Could it
be that the Qy,s-lowering tendency of the air
friction was being overwhelmed by the
Qpg-raising effect of the additional moving
mass of the air?

TABLE 1
MASS AND Q TEST DATA

TEST# ORIENTATION Fs (Hz) Qys Qg Qrg Gys AR EBP
1 Vertical 38.3 5.70 0.651 0.584 N/A 58.8
2 On 3%" bricks 37.3 5.90 0.676 0.607 2.23 55.2
3 On 2%” bricks 354 8.77 0.683 0.611 6.99 518
4 On 1%" blocks 345 571 0.738 0.653 9.53 46.7
5 1%” blocks, carpet 33.2 511 0.749 0.654 13.56 4.3
6 Added mass vertical ~ 34.4 6.09 0.753 0.670 N/A 457

TABLE 2

AIR LOADING VS. ADDED MASS

TEST# ORIENTATION Fs (Hz) Qys Qg Qrg Gys AR EBP
4 On 1%" blocks 345 57 0.738 0.653 9.53 46.7
6 Added mass vertical ~ 34.4 6.09 0.753 0.670 N/A 457
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ORCA is bringing to you from France a whole new and exclusive line of fine drive units specifically designed
by Kimon Bellas, ORCA, and by Gilles Brun, FOCAL SA. Why ACCESS ?

Well think of ACCESS as “entry level”, “first step”. In clear, these drive units have been designed in such a way
that any beginner using no other measuring instrument than a set of good cars should have 100% success designing
his first system. Indeed most of these units will do great without any X-over part, or at the most with a single
inductor. Now don’t be fooled, nothing is more difficult to engineer than a drive unit that is easy to use. Experts do
know that. And expert designers will be the first ones to dive into the ACCESS catalog !

Also, think of ACCESS as “affordable”. That maybe was the toughest challenge for us: to bring you this degree
of performance and ease of use at the cost of ordinary paper cone units. We did not cut corners, we cut cost through
good engineering. All units feature the finest hand coated paper cones (still an art at FOCAL), alloy cast frame and,
needless to say, the legendary quality of FOCAL craftsmanship. The same hands who are making the world renown
FOCAL drive units are making your ACCESS drive units.

Makes sense to you ? Call ORCA for your catalog,. It includes full description of each unit, large scale curves
and graphs, all parameters, and two computer simulated bass response for each ACCESS unit.

ACCESS 4A Quick, high definition 4" midrange. Wide bandwidth (up to 12 KHz !). A natural and easy match for a highly
transparent tweeter. . You pick the frequency and you pick the slope !

ACCESS 4B Potent & detailed 4" midbass. Clean up to 7 KHz. Very robust low end. Ideal for mini audio-video systems and
very small size high quality speakers.

ACCESS 5A Efficient 5" midrange. Smooth. Superb definition. It needs a good 91-92 dB tweeter for an effective match. Great
for surround systems and for high quality high output 3-way designs.

ACCESS 5B Solid 5" midbass, in the FOCAL tradition. Gentle roll-off around 4 KHz. Like most other ACCESS units, it can be
used both in sealed and in vented cabinet designs.

ACCESS 6A Efficient (92 dB +) and transparent 6" midrange. A single inductor might be all you need to get the quintessence of
this beautiful drive unit.

ACCESS 6B Surprising weight in the low end, which is powerful and well defined. This little woofer does not seem to be much
embarrassed by any signal.

ACCESS7A Extremely smooth 7" midrange/midbass. Excellent prospect for a simple efficient 2-way bass reflex, It can also be
used in surround systems main speakers, with or without a subwoofer.

ACCESS 7DB Outstanding 7" dual voice coil midbass. Powerful, crisp and efficient, this drive unit will play anything your
amplifier will throw with panache and relentless enthusiasm.

ACCESS 8A Very efficient (33 dB +) 8" midrange/midbass. One of the truly rare 8" that can be used in 2-way designs. You
will need a very good and cfficient tweeter to match this unit (at least 92 dB/W/m)

ACCESS 8DB Outstanding 8" dual voice coil midbass. Efficient, smooth and crisp sounding it is also capable of handling large
dynamics and true low frequencies with the authority of a much larger woofer.

ACCESS 10A Impact & dynamics (94 dB/W/m). If a 10" midbass can make it to the tweeter range, this is the one. Its nearly
perfect roll-off will allow direct wiring without filtering. Rare unit for 2-way 10" designs !

ACCESS 10B Deep and musical 10" woofer. Ideal for medium size 3-way systems , with one of the 4%, 5" or 6" ACCESS
midranges. A classic.
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ANOTHER TEST

This apparent conflict between two opposing
consequences of downloading the woofer
suggested the last test scenario, in which the
woofer is oriented vertically, but with extra
mass added to the cone to simulate a mass of
moving air. By artificially lowering the
effective fg to the point of resonance in the
downloaded example, you can effectively
remove the frictional loss and measure the
effects of added mass independently of the
air friction.

Because the speaker is not firing into a
restricted air space in this added-mass test,
the friction of creating wind under the baf-
fle is removed. Additionally, if you used a
test mass similar to one of the previous
downloaded examples, this added-mass test

could isolate any Qy,¢-decreasing effect of

air friction associated with the woofer’s
downloading itself. 1 chose the third down-
loaded setup (#4) to simulate in this fash-
ion. I simply added the modeling clay to the
cone to decrease the resonant frequency to
the desired point and to simulate the mass
of the added air in the equivalent down-
loaded setup.

With the speaker oriented vertically and
the correct mass added to the cone, | per-
formed the (#6) test (Table 2). The #4 and #6
figures for fg don’t quite match, due to the

limitations of the accuracy of my work and
equipment. A difference between 34.4Hz
and 34.5Hz is probably less than my mea-
surement error itself, and I chose to ignore it.

But, when you compare the results of
these two tests, the frictional loss in test #4
does appear to lower Q,,¢ substantially.
When the frictional loss is removed, as in
test #6, Qg is increased from 5.71 to 6.09.
In the downloaded system, with the loss in
place, Qg is decreased from .670 in test #6
to .653 in test #4. I characterize this change
as substantial. Apparently, the frictional
loss associated with downloading itself is
significant; however, it tends to be obscured
by the more influential effect of an increase
in effective moving mass. resulting in a
general increase in Qrg when a woofer is
downloaded.

EFFECT OF DISPLACEMENT

A woofer in its position of equilibrium, or
zero excursion, in a standard vertical orienta-
tion (Fig. 4) normally is manufactured with
its voice coil centered in the magnetic gap
(note the position of the voice coil as indicat-
ed by the arrow). One effect of mounting the
speaker face-down (or face-up) is that the
earth’s gravitational ficld exerts a force on
the moving system of the unit, which tends
to pull the voice coil out of its centered posi-

following models:

Manufacturer | Model
B&C | DE-16
DE-45
|| DE75 |
Electro Voice | DH-1A |
I _NDYM-1_|
Radian | 450, 455
4450, 4455 |
| 735,750
| |4735,4750 |
Eminence ! 1” exit

b FerroSoiina
The Solution Is Loud And Clear”

FerroSound ferrofluid retrofit kits for tweeter, midrange and compres-
sion drivers are now available through the Parts Express catalog. The
generic tweeter kit contains a low viscosity ferrofluid in sufficient
quantity for most 1” and smaller dome tweeters. Application specific
kits for popular professional compression drivers are available for the

Parts Express Customer Service

1-800-338-0531

Ny

CALL TOLL
FREE

Parts
Express-

30 Speaker Builder 6/96

/ -

FIGURE 4: Voice coil centered in gap in

~

vertically oriented mounting.

FIGURE 5: Voice coil pulled from center
position when mounted horizontally.

tion. Figure 5 shows a driver face-down,
with the inset showing the voice coil slightly
displaced from center (arrow).

The magnetic field of the speaker’s mag-
net is concentrated in the magnetic gap. The
turns of wire that make up the voice coil are
immersed in this field. As electrical current
passes through the voice coil, the magnetic
field exerts a force on each turn of wire. The
cquation describing the force on a conductor
in a magnetic field is:

F =BIi 3
where:
F =force on the conductor
B = magnetic field strength
| =length of the conductor immersed in the
magnetic field
i =electrical current in the conductor

You can see from this equation that when
Bl remains constant, force is proportional to
current. The length of the conductor in the
field, in the special case of a loudspeaker, is
equal to the length of each turn of wire times
the number of turns in the gap. As long as
the number of turns remains constant, the
“Bl product”™ will be a constant as well, and
the speaker will work as it should, with force
on the voice coil in direct proportion to cur-
rent through the wire voice coil.

In extreme situations, when a speaker is
required to reproduce signals with long
woofer excursions, a voice coil will some-
times move far enough to exceed the length
of the windings. This over-cxcursion causes




the number of s of wire in the gap to be
reduced from that when the driver is in its

cquilibrium position (Fig. 5). When this hap-
pens. the B product is reduced. because as
the number of actual turns decreases when
excursion is long. the effective length of wire
n the field decreases.

As the Bl product decreases. the force on
the voice coil is no fonger in direct propor-
tion to input current. and the performance of
the motor is nonlinear. i.e.. distortion or
breakup occurs. The X, parameter
describes one-way linear excursion limit.

Small and others* have described “dis-
placement-limited power handling™ in terms
of the volume of air displaced at maximum
lincar excursion:

Pan =f* x V2 /(3 x 108) 4)
where:

P g = displacement-limited power handling

Vp = volume of air displaced at maximum

linear excursion

f, = 3dB down point
In turn.

Vo =Xyax % Sgp ®)
where:

Xyyax = Maximum linear excursion

Sgp =cone area

Consequently.

Pa = f3* X (Xyax X Sgp)?/ 3% 108)  (6)

Actual displacement-limited power han-

dling is proportional to the square of

Xatax- soany reduction in Xy, will have
a disproportionate effect on actual system
power handling. As gravity exerts a force
on the speaker’s moving assembly, and the
voice coil is in turn displaced from its cen-
tered position, power handling can be
reduced.

POWER-HANDLING REDUCTION
Gravity's force on a speaker’s moving
assembly is equal to the mass of the moving
system times the acceleration due to the
carth’s gravitational field:

Fup =Myp x4 7
where:
Fup = force on the moving system in
dynes
Mo = the speaker's moving mass in
grams
g = acceleration due to the earth’s
gravity

=9.80 m/s? = 9.80 x 102 dyn/gm

(uyen (raealk

Silver Streak is the ideal interconnect for all “up-scale” audio
applications. It will deliver years of exacting audio performance, that

gets you closer to the “being there” experience.

SilverStreak incorporates many advanced KIMBER KABLE technolo-
gies, as found in our most costly reference models. Proven tri-braid—
VariStrand™ cable geometry, advanced

metallurgy and custom

Teflon™ dielectrics, synergistically combine to deliver superior per-
formance in a package that's modestly priced.

/

The heart of the balanced
SilverStreak features twin AG
VariStrand™ conductors, fabri-
cated from hyper-pure silver.

The ground plane is comprised
of asingle TESS conductor with
all Teflon™ dielectric.

Precision “studio grade” XIR
connectors for perfect fit and
peak performance.

The heart of SilverStreak features
a single AG VariStrand™ con-
ductor, fabricated from hyper-
pure silver.

N\

The ground plane is comprised
of twin TCSS conductors with all
Teflon™

dielectrics.

UltraPlate™ RCA connectors fea-
ture precision machined crafts-
manship for perfect fit and peak
performance.

| KIMBER KABL

2752 S 1900 W e Ogden Utah 84401
| 801-621-5530  Fax 801-627-6980

www.kimber.com
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Displacement due to gravity then will be
equal to the downward force on the cone
times the compliance of the speaker’s sus-
pension:

Ds =Fup* Cus ©
where:
Dg = displacement due to gravity in cm
Cys = speaker compliance in cm/dyn

Amended Xy, would then be equal to
the original linear excursion minus displace-
ment due to gravity.

Xaaax = Xuax — Dg ©
where:
Xuax = amended linear excursion limit

Since displacement-limited power han-
dling is proportional to the square of Xy, +.
the factor relating vertical and downloaded
power-handling figures will be equal to the
square of the ratio of the two:

RTINS PR R (10}
where:
Par = amended displacement-
limited power handling.

8" Carbon Fiirer Vivoler
Woven Carbon Fiber Cone
*High Compliance Rubber Surround
*Rounded Over Front Steel Basket
*24Hz~5KHz Response
*8 ohm, 75W/150W

RMS/Peak Capacity

A Save

%

Speaker
Builder
Readers
Only!

You must supply this

special price code: m

#55-1550

Reg. $34.95....sale 324. 50
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TABLE 3

POWER-HANDLING REDUCTION IN SEVERAL DRIVERS

DRIVER Muo Fuo Cus Cus DISP Xpax Xyax ParPan
(gm}  (dyn) (m/N) (cmidyn) (cm) (cm)  (cm)

Audax

HM100X0 3.23 31654 0.00225 0.00000225 0.0071 0.23 02229  0.939
Peerless

1599 122 11956 0.00015 0.00000015 0.0018 03 02982  0.988
Eton

11-580 23 22540 0.000094 0.000000094  0.0021 04 0.3979  0.989
Audax

PR300MO 33 32340 0.000264 0.000000264  0.0085 0.44 04315  0.962
Dynaudio

30 W-100 352 34496 0.000121 0.000000121 0.0042 0.8 0.7958 0.990
Madisound

12204 106 103880 0.00000048 0.0499 06 0.5501 0.841
Audax

PR380MO 115 112700  0.000062 0.000000062  0.0070 0.38 03730  0.964
Madisound

15254 160 156800 0.00000048 0.0753 0.55 04747 0745

Using these equations, along with a speak-
er's mass and compliance data. you can then
see what effect gravity can have on power
handling in a downloaded system. Without

In the event you need to determine your
own figures, here is the simple mathematical
relationship between mass, compliance, and
resonant frequency:

linear-excursion data (X, ,x) for my old
Electro-Voice. | used the manufacturer’s
data for several drivers to calculate the antic-
ipated loss in linear excursion and displace-
ment-limited power handling (Table 3).

fg=1/[2x X (Mypx Cys)”] 1

You can derive compliance from figures
provided for resonance and moving mass:

High Performance ...
Good Looks Ly
Great Price!

MCM Electronics is the undisputed leader for
supplying top quality speaker components at
unbeatable prices. Take advantage of this
tremendous offer, available for a limited
time, only to Speaker Builder readers.

Call today to order; or for
your free catalog . . .

1-800-543-4330

CATALOG
v'_ . \ b 3 <
Quasar / Technics MCM ELECTRONICS®

650 CONGRESS PARK DR.
CENTERVILLE, OH 45459-4072

A PREMIER Company

nen/H

Premier Distributor
Hours: M~F 7 a.m.~ 9 p.m., Sat. 9a.m.~ 6 p.m. EST.

Reader Service #11

Price effective Dctober 8 through
November 23, 1996

Fast delivery from distribution centers
near Reno, NV and Dayton, DH.




Cys = 1/1@x mx 152 x Myl (12)

Make sure you use consistent units. For
example, in Table 3 1 converted n/N in col-
umn 4 to cm/dyn in column 5. This infor-
mation indicates that the effects of gravity
on voice-coil centering range from signifi-
cant to inconsequential. The two woofers
most affected (the two Madisound models)
both exhibit high-moving masses and high
compliances, as you'd expect.

Keep in mind that these calculations are
parameter related, and indicate nothing
about the relative quality of any of the units
listed. They may, however, provide an
insight into their relative usefulness for
downloading.

As a rule of thumb, when evaluating a
woofer’s suitability for downloading, high
mass and compliance are your enemies, if
high power handling is a consideration. A
high figure for a speaker’s X,;,y is your
friend. as gravitational displacement will be
smaller compared with the original X4, .

CONCLUSIONS

These tests demonstrate that downloading a
woofer can change a woofer’s apparent pa-
rameters. As a system is oriented horizontal-
ly and lowered toward the floor. the driver’s
frequency of resonance decreases due to an
apparent increase in moving mass, as air in
the cone’s vicinity moves with the cone
itself. This added mass results in an increase
in driver Q. which the frictional loss asso-
ciated with the movement of this air some-
what mitigates.

As the speaker designer, you can antici-
pate a moderate increase in effective Qqg
and a decrease in apparent fg when you
download a woofer. The best conditions
involve a woofer with a somewhat low Q¢
or one with a somewhat high inherent fg. In
practice, this would suggest a speaker with
an EBP that needs to be decreased, or that
might become more useful through a
reduction in EBP. In addition, using such a
system over a carpeted or other “lossy”
surface can significantly affect damping.
and can lower Q. or at least reduce the
increase in Q..
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From this look at the effects on mass and
damping, it is clear that to proceed with a
design of this type without some careful
consideration could produce a system that
does not operate as intended. If you capri-
ciously apply this technique to a wooter
without accounting for its effects, you'll be
working with design goals that could be
vague, and achieve an unpredictable result.
When carefully used, however, download-
ing can change effective driver parameters
in special cases, i.c.. when the driver could

Another effect of downloading is that the
force of gravity tends to pull the voice coil
from its centered position, resulting in a
decrease in maximum linear excursion for
the driver and a decrease in displacement-
limited power handling. This effect will
vary in importance from woofer to woofer,
and will be most harmful in drivers exhibit-
ing high compliance, large moving mass,
and short inherent linear-excursion capabil-
ity. Be sure to evaluate the effect gravity
will have on the woofer before choosing

be helped by a lower fg. higher Qp¢, or  your driver. »
lower EBP.
Al - )
] it will
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THE AFTERSHOCK SUBWOOFER

By Philip E. Abbate

ne night I was screening the True

Lies laserdisc at theater-reference

volume. This means that the va-
rooom during the THX logo at the beginning
of the disc peaks at 105dB. During a very
loud passage, | could swear I felt the house
move. | replayed the passage and was con-
vinced that what 1 felt was in the movie. |
mentally noted the time.

I found out the next day that there had
been a 2.7 aftershock on the Northridge fault
at that moment. Using this information to
calibrate the sensation, I predict that my sub-
woofer (Photo 1) could mask a 2.0 Richter-
Scale quake at the epicenter—thus the name
Aftershock.

My Aftershock subwoofer uses two re-
coned, 15”7 Altec Lansing 421-8H bass
speakers in a 111-ltr vented Isobarik cabinet.
The Woofer Wizard Subwoofer Crossover
(SB 6/92, p. 16, Old Colony PN KF-7A)
sums left, right, and preamp outputs into a
mono feed that rolls off the highs starting at
60Hz. and the lows starting at 18Hz. A vin-
tage Yamaha M4 power amplifier delivers
120W to each driver’s 8Q load. The
Wizard's underdamped 20Hz high-pass filter
adds 9dB of gain at 20Hz to effect a sixth-
order system that cranks out a full 108dB at
20Hz in my living room when placed appro-
priately in a corner.

A BLAST FROM THE PAST
My circa 1970 Altec woofers (Photo 2) are
typical of many models from past years and
some that are currently manufactured for the
professional stage. When a friend dusted
them off and showed them to me. I fell in
love with them. When he gave them to me, |
almost fainted. He knew I would somehow
make these beautics sing again.

Everything about the speakers is heavy

ABOUT THE AUTHOR

Phil Abbate, a registered professional electrical engineer,
was inspired to build his first speaker cabinet in 1969 when
his uncle introduced him to John Karlson, designer of the
Karison enclosure. Phil Abbate's Karlson cabinets were
the first in a long line of folded and straight hom speakers
built for live-music production and reinforcement. Having
taken a break from audio to raise two children and eam
B.S. and M.S. degrees, he refound his first love when he
discovered Speaker Builder three years ago.
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PHOTO I: Aftershock complete.

duty. They weigh 26 Ibs cach: I can flick the
dust cap with my finger without phasing it.
Comparing these drivers with today’s typical
hi-fi models would be like comparing a 1970
Coupe de Ville to a Ford Festiva.

The 42175 heavy cast-aluminum frame
minimizes energy transfer to the enclosure,
and the 17 lip facilitates mating of the two
drivers in a face-to-face Isobarik configura-
tion—outside of the enclosure! The driver
uses a massive aluminum nickel cobalt
(alnico) magnet. The force ficld this magnet
develops. in conjunction with the underhung
3" edgewound aluminum voice coil, makes
this a very efficient driver.

The large top plate assures that the voice
coil stays in the gap throughout the X,y
excursion, providing superior lincarity and
low distortion because the coil is always dri-
ven by a constant magactic field. Also, since
the coil is totally enclosed by a large amount
of steel and the speaker has a rear-vented
pole piece, the driver unit has good thermal
stability, high power handling (200W all day
long). and dynamic capability. The fabric
surround keeps the system aligned despite
the force the motor can exert. and it should
last longer than the generations of Star Trek.

COLLECTING THE FACTS
Initial tests revealed an open voice coil in
onc of the 421s. 1 decided to attempt to

s

design an enclosure with one
speaker and then repair the sec-
ond if necessary. I located
Altec Lansing in Oklahoma (of
all places) and found out that
ElectroVoice had absorbed its
pro-audio division. Steven
Upchurch, an original Aliec
employee from California,
was kind enough to provide
me with the specifications for
the 421-8H and its near win,
the 421-LF. He told me that if
I wasn™t satisfied with the
421-8H. I could re-cone the
blown speaker with 421-LF
parts, which would fit the 421-
8H frame.

I mcasured my working
421-8H’s Thiele/Small param-
cters using the constant-current method as
described in Bullock on Boxes (from Old
Colony. PO Box 243, Peterborough, NH
03458, 603-924-6371, FAX 603-924-9467,
#BKAAB). The factory specifications, my
measurements, and the averages I used for
input into the modeling programs appear in
Table 1.

PRELIMINARY DESIGN HOMEWORK
To design a box of appropriate size, 1 used
my 421-8H's f and Q measurements with

PHOTO 2: Altec 421 drivers.




TABLE 1

SPEAKER PARAMETERS
REF: 1 2 3 4 5 6
f 315 275 44.23 344 34.7 345
Vs (1) 361 569 258 139 181 80*
Ors 0.25 0.25 0.4341 0.47 0.524 0.497
Qs 0.27 0.28 0.534 0.548 0.61 0579
Qus 26 275 2.323 3.29 3n 35
Xypax (MM) 13, 13, 13, 13, 13, 13,
SO (cc) 858 858 858 858 858 858
Re (€2) 55 55 5.3 5.1 5.1 5.1

1 = Factory, 421-8H

2 = Factory, 421-LF
3= My 421-8H

4 = First 421-LF recone

5 = Second 421-LF recone
6 = Values plugged into BoxModel

* Average/2 used as Isobarik Vg

the 361-lr V¢ supplied by the factory as
input to Ralph Gonzalez's LMP box pro-
gram (shareware downloaded from the
Madisound BBS). LMP determined that
the size of an optimal SBB4 aligned ported
box was 303 Itr for an f. of 71Hz and an f;
of 72Hz.

LMP also suggested larger. retrigerator-
size boxes for other ported alignments,
which in my estimation would yield equally
disappointing bass. LMP predicted that a

204-1tr closed box would have a poor fi- of

44.2. Looking at the massive driver and
doubting LMP’s prediction, | confirmed

LMP with Boxmodel V2.1 (Old Colony
SOF-MOD3B5G) and concluded that the
421-8H would not produce sufticient quanti-
ties of bass under 30Hz to satisfy my sub-
woofer requirements.

What bothered me most was that my f
and Q measurements were significantly dif-
ferent from Altec’s spees. which made me
also suspect its V¢ specification. 1 thought
the drivers” Thiele/Small (T/S) parameters
might have changed in use or in its ten-year
hibernation three miles from a Southern
California beach. [ just couldn’t believe that
this beautiful massive driver was unable to

PHOTO 3: Prototype design.

produce more low bass than the 8” Focal
drivers currently in my system.

At this point, [ decided that since I had
not yet invested any money. [ could aftord
to buy a 4" x 8" piece of MDF. build the
largest box possible from it measure V .
and listen to this driver. The prototype box
(Photo 3) would be 166 ltr and measure 18”
x 247 x 33”.
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I continued to wonder what would hap-
pen to my design by plugging the factory
specs for the 421-LF into Boxmodel using a
constant 166-1tr volume and evaluating
closed-box and various ported and lsobarik
alignments. My Isobarik evaluation
assumed 1 would compound-load the two
drivers face to face, and that V¢ for the
pair would be half the average of the two
V¢ figures.

At this point, I must admit, 1 had not real-
ized what a sixth-order alignment could do
for me, so the best 1 could do was synthesize
a couple of Isobarik ported alignments with
the 166-Itr box that extended to 20Hz. The
output level was attenuated about 9dB at
60Hz and falling rapidly. 1 reasoned that,
since 1 would cross over the subwoofer
below 60Hz and the Altecs’ efficiency was
relatively high, 1 would be able to realize a
believable 20Hz sound-pressure level out of
a 166-ltr box.

At the time | was designing my 166-Itr
prototype box, 1 was intrigued by Matt
Federoff’s birdhouse (“The Birdhouse: A
Sound Reinforcement Subwoofer.” SB 2/94,
p. 36). Maw’s Carvin driver was similar to
my Altec. Augspurger’s recommendation
that bass enthusiasts interpolate the designs
in his article (“More About The Birdhouse
Bandpass,” SB 4/94) influenced me to make

a modular prototype box approximately the
same size as Federoff's. What's more, the
modular design of my box would be suitable
for measuring V 4.

PROTOTYPE ENCLOSURE

With Aftershock’s modular enclosure, 1
could experiment with the Altecs in a vari-
ety of configurations. The enclosure had a
55-ltr chamber and a 111-ltr chamber with
removable side covers, and a baffle board
with a hole in the center to fit an Altec,
dividing the enclosure into two sections.
The outside end of the 55-Itr section eventu-
ally evolved into a second baftle, with a
hole cut to fit an Altec.

Since Aftershock was going to a cutoff
below 70Hz. 1 figured that configurations
with the rear of the Altec firing out into the
room or into an uncovered chamber would
not sound much different than the typical
subwoofer configuration with the front of a
driver firing into a wall or the floor.

CONSTRUCTION

I used the butt-joint. screw, glue, and batten
construction technique to build the proto-
type (Photo 3). 1 ripped kiln-dried 2”7 x 4”
studs into three equal strips on the radial-
arm saw and used them for the battens. All
the sides were anchored to the battens with
screws piercing the 3%” medium-density

The test enclosure enabled me to measure  fiberboard (MDF).
Vs which' appears in Ta.ble [. My experi-
mental configurations are listed below. U —T—T 7
R \t—EOtJALIZER RESPONSE
¢ Fifth-order bandpass with a sealed 55-lir ) /

NVA N

box firing into a 111-ltr ported enclosure,
and a sealed 111-ltr enclosure firing into a

L RESPONSE WITH EO
i L1 L L

55-It.r ported enclosure. . \ l = I509ARIC CONFIGURATION
e Sixth-order bandpass with both the 55 and ]
11 1-ltr ends ported. X T
e Sealed 55. 111, and 166-Itr enclosures. 15
e Ported 111. 55, and 166-Itr enclosures. 18 P
10 20 40 60 80100 150200 300400

e Ported Isobarik with 111-ltr volume and
the 55-Itr volume acting as a compression
chamber.

FREQUENCY {H2)
FIGURE |: Sixth-order design.
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1 cut the panels for the box with a 7.25”
circular saw because the wood was too large
to control on the radial-arm saw table.

To assemble the prototype, I laid the two
largest pieces (327 x 18”) across the sawhors-
es and clamped glue-coated battens to the
sides, 3" from the four edges. Once I'd set a
batten with clamps. 1 flipped over the MDF
sheet and screwed it to the batten with 27
drywall screws. | also installed a batten for
attaching the parting baffle.

Next I cut the three 24”7 x 18" pieces. 1
selected one as the parting baftle, cut the
speaker hole in it with a jig saw, and
installed T-nuts so I could easily remove
and replace the driver. [ installed two bat-
tens 34" from the edges of all three of these
pieces on the 247 sides. | then glued and
screwed the two 18”7 x 247 sides and the 18”
x 24" parting baftle to the two 327 x 18"
pieces. 1 glued and screwed the 24”7 x 327
back to the framework of battens, which
completed the box except for the side cov-
ers. All the screws pierced the MDF,
anchoring it to the battens.

1 attached the removable side covers with
T-nuts, laying the covers into the cabinet and
drilling slightly undersized pilot holes
through the covers into the battens to be sure
the holes registered with the T-nuts.

Removing the covers, I held each T-nut
behind the batten and threaded an oiled 4"
cap-head screw with a washer on the cap
side into the T-nut. 1 tightened the cap-head
screw with an allen wrench, pulling the T-
nut into the undersized pilot hole and thus
seating it into the batten. When all the T-nuts
were seated, 1 attached a ¥2” strip of adhe-
sive-backed. open-cell weather strip to the
batten to seal the cabinet when 1 installed the
side covers. Finally, 1 sealed all of the inter-
nal batten joints with 100% silicon sealant.

INITIAL TESTS

I installed the original 421-8H in the center
baftle and sealed the side cover of the 111-ltr
chamber. 1 then measured the original 421-
8H’s T/S parameters in the sealed box so 1
could calculate V ¢ using the closed-box
method described in paragraph 8.70 of
Vance Dickason’s The Loudspeaker Design
Cookbook.

Before taking serious measurements, 1
swept the cabinet with sine waves from
15Hz to 1kHz to check the test box for rat-
tling or buzzing noises. 1 also checked for air
leaks using a 30Hz tone to excite the cabinet,
and running the flame of a lighter along all
the joints. Since the flame was not disturbed,
1 was sure there were no air leaks. 1 found f.

TABLE 2

BOXMODEL INPUT PARAMETERS

Fs 35.4Hz Vg 11
Vs 80.0 Itr Fg 255
Qg 0.579 Filter order  second
Qs 3.500 Cnr 20Hz
Re 51Q Dmp 0.4587
Sp 858 Vent diameter 10.6cm
Pe 200W Ventlength  29.9cm
Xpax 7.1mm

Qps 28

Qs 14

Qps 28

with the box sealed, remeasured the Qs in
the box, and calculated V ,q.

I couldn’t wait to listen to the speaker, so
I rigged up a 12dB/octave LP crossover
using a handy 13mH choke and 75puF
capacitor, and connected the sealed cabinet
and crossover across the left-channel output
from my amplifier. The sub’s output was
3dB more efficient than the pair of Focal
8V01/4 and T90Ti 91dB+ satellites, but
subjectively no bass extension was added to
the soundstage.

I decided to port the enclosure to squeeze
some low bass out of the subwoofer and
measure V , ¢ with the vented-box method to

HIGH PERFORMANCE ELECTRONIC CROSSOVER NETWORKS
THESE COMPONENTS AVAILABLE FULLY ASSEMBLED OR AS KITS

XMS Crossover Network * 24 dB/octave
slope * fourth-order constant-voltage
design * Outputs in phase ® Low noise *
Controls on circuit board or panel ¢
Settable crossover frequency from
20-5,000 Hz.

XM16 Crossover Network * 48 dB/octave
slope * Eighth-order constant-voltage
design  Outputs in phase ® Low noise ®
Controls on circuit board or panel ¢
Settable crossover frequency from
20-5,000 Hz.

XM26 Tube Electronic Crossover provides
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power-on/power-off. Plug-in frequency
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PM21 and PM22 Power Amplifier Modules
provide 75 watts RMS into 8 ohms ® Com-
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and over-temperature protection ¢ Class A
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confirm my closed-box method measure-
ments. To port the enclosure. | removed the
side cover and used my radial-arm saw to cut
a hole '/~ smaller than the 3” diameter
shipping tube Tintended to use as the port.

I used a razor to seribe a line aound the
shipping tube 3" from the end. and pecled
off layers of cardbourd until the end of the
tube would fit into the hole in the baftle. The
uncut end butted up against the baffle. seal-
ing the hole. My initial experiments had the
tube on the outside of the cabinet to facilitate
rapid adjustments and A/B testing. [ used a
pair of §”-long 3”-diameter tubes to measure
Fyy. Fypand FlLand caleulated V ¢ using the
vented-box method. As I suspected. the aver-
age measured vented/closed box results for
Vg (Tuble 1. ret 3) were very different-
fortunately for the better—{rom those speci-
tied by the manufacturer.

Iused my new V¢ value and Boxmaodel
to caleulate suitable vent lengths, and tried
various arrangements of bandpass designs,
but was not satisfied with the sound. Using
the signal generator. 1 could generate 110dB
SPL at 25Hz in a standing wave peak. but
while this sub was connected to the same
amp that was driving my satellite, there was
no appaurent extension to the sub bass—just
an increase in volume of the mid bass, which
was completely rolled oftf at around 40Hz.

NEW LIFE

I called Eddie’s Re-Coning Service (840
Cypress Ave., Los Angeles, CA 90065, 213-
221-3714) and talked with Chico, who had
been re-coning speakers at Eddie’s since the
business opened. He listened to what T want-
ed 10 do 1o the speaker and said, “Trust me-
you will like it when 1'm done!™ He re-coned

Design low-fr ncy
er enclosures
fast and accurately
with BassBox software.
Uses both.Jhiefe-Smail

Rws, BL) parameters with
equal ease.
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the blown 421 with the cone/surround
(Waldom pn w5758) and spider kit for the
421-LF, as both the 421 and 421-LF use the
same voice coil.

The cone on the 421-LF is heavier than
that of the 421-8H’s, and the suspension is
not as stiff. A popular misconception these
days is that a very light cone is necessary to
attain adequate speaker speed. In general.
this is true. but the transient response of
woofers with heavy cones. coupled with
very large and powerful magnets, can attain
the same speed as lighter cones coupled with
less powerful magnets.

I broke in my new re-coned speaker by
running 20Hz through it for a day. It mea-
sured as far from the factory 421-LF specifi-
cations as the 421-8H did (Table 1. ref. 4).
Some Boxmodel plots I ran with the mea-
sured parameters looked much more promis-
ing than the previous plots.

I used Boxmodel to align the enclosure
with the 421-LF. The new speaker and align-
ment were much better, but it still was not
what I wanted.

BIAMPING AND EQUALIZATION

I decided that I needed to biamp the system
to achieve my goal. I removed a 90W ampli-
fier from a powered subwooter and used it
on the 421-LF in the 111-Itr ported prototype
cabinet. The powered subwooter amplifier
allowed me to sum left and right channels
and adequately roll off the highs. It also let
me compensate for the efficiency differences
between the sub and the satellites.

I liked the resulting big. powertul bass
and listened to it for weeks. Eventually
becoming critical of the sound. 1 felt the
extreme low registers were lingering longer

¢ Hi-res mode
¢ Low price

Design Types:
Optimum Vented
Extended Bass
Custom Vented

Band-Pass with
Double or Triple
Chambers

Passive Radiator
Optimum Closed
Custom Closed

All designs can use
multiple woofers
(including Isobaric)

Copyright © 1996 by Hams Technologies. All rights reserved workdwide. BasSBOX %3 tdeniaik of Harris Technologies Other trademarks are the property of their respactive companies. Computer and loudspeakers ot included

Box Design Software with huge

than the signal was present at the source.
This was especially evident on TKO. track 8
on Dave Grusin's Migration CD (GRD-
9592). I suspected that something other than
the low-pass filter. L/R summing. and gain
control was responsible for the improve-
ments [ heard. [ decided to measure the
transfer function of the powered subwoofer
amplifier.

The input-to-output measurements
revealed some serious (+14dB @24Hz)
shelving EQ was being applied below 70Hz.
There was no apparent rolloff other than the
amplifier’s inability to work to DC. Now
that I knew equalization was responsible for
my success. | noticed in Stereophile articles
that top-of-the-line Infinity, B&W. and
Genesis speakers used active bass equaliza-
tion, and that with Boxmodel I could design
systems using B6 alignments.

I synthesized the design shown in Figure

PHOTO 4: Aftershock in position.
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Examine several different
loudspeakers in the same box
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2.83-V amplitude, acoustic
power, impedance, phase and
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room intenor acoustic response,

Use English or metric units.
Save and recall designs

Built-In Test Procedures:
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Test and calculate passive radiator parameters®
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for Microsoft e
; loudspeaker database. e $9900
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Tel: 616-641-5924
Fax: 616-641-5738

Email: 72674.514@ CompuServe,com

Harris Technologies, Inc.
P.0 Box 622
Edwardsburg, MI
49112-0622 U S.A

Also available

Xeover 2.1 passive cross-
over program for Windows.
Xeover calculates the component values
for 1st. 2nd, 3rd and 4th-order 2-way
and 3-way networks. load compensat
ing networks and L-pads Regular price:
$39. (829 of purchased with BassBox )

Minimum System Requirements

4 MBytes of RAM) 75 MBytes
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! by entering the parameters in Tuble 2 into
Boxmodel. Rather than build an electronic
crossover. | bought Dan Ferguson's
Subwoofer Wizard. tuned it by injecting a
20H/ signal (you can use the signal from any
of the test CDs il you don’t have a signal
generator) and adjusted the Trequency pot
until the output peaked. | then adjusted the
damping pot for the maximum (9dB) gain.

I connected the output to one channel of &
Yamaha MJ power amp and auditioned the
system. The sound was much more extended
and controlled than with the shelving equal-
izer from my commercial subwooter ampli-
fier. 1 could now hear the individual plucks
on TKO. I atribute the improvement to the
high-pass action of the B6 alighment and the
application of the EQ to only the lowest fre-
quencies. The Subwooter Wizard also had a
steeper rolloft on the high end. which made
it much more difticult to hear the placement
ol the subwooter’s location in the room.

To complete the biamping. [ installed |

capacitors in series, with the input to the
power amplifier driving the left and right
satellite speakers. [ determined the capaci-
tor value using the reciprocal of (2m) X
(crossover frequency) x (amp input Z).

assuming the specified input impedance of

the amplifier was accurate. 1 fine-tuned the
value by measuring the amplifier output
and noting the =3dB power point at 70H..
I matched the 70Hz —6dB filter by adjust-
ing the LP control on the Subwoofer Wiz-
ard to 50112 with a test tone and finding
the =3dB point.

[ then line-tuned the crossover by car. |
tweaked the filters untl 1 could twn up the
volume without the 87 Focal 8V01/4
woofers bottoming out and the subwoofer
putting out incredible bass. A great test for
low bass is the title track of Bela Fleck's
“Flight of the Cosmic Hippo™ (Warner Bros.
9-26562-2). At this point [ was satisfied. and
over the next couple of months | listened to
my CD collection. caught up on my laserdise
movie watching. and found the pertect loca-
tion for the subwooter.

IN SEARCH OF THE SWEET SPOT
My criteria for locating the subwooter in my
listening room were:

e to minimize perceptual localization of the
sub-bass emanations:

e to maximize the excitation of all room
modes so as to have as many standing wave
peaks at as many frequencies in as many
places as possible:

o to find a location my family could live
with.

[ read Tom Nousaine's “Subwoofer
Seerets™ article (Stereo Review 1/95. p. 97)

and decided [ would place my sub in my
two favorite listening positions and then
walk around the room. determine the hottest
spots. and try the subwoofer there.

Nousaine's theory is that the generation of

standing waves would reciprocate as the lis-
tening position and the subwoofer were
exchanged. and exciting my room this way
seemed to work.

Using a bass warble-tone CD track. |
found the best spot in the room was in front
of the main entrance to my house. When my
wife came home and saw this. her patience
evaporated and she said. “Either your sub-
woofer goes, or 1 go!™ (I'm gonna miss her.)
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O MEASURED RESPONSE WITH ISOBARIC
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FIGURE 2: SPL predictions and measure-
ments.
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1 tried a corner at the rear of the room, and
for a while 1 thought 1 could tell the sound
was coming from the corner. However, after
surprising several pcople who listened to the
system without knowledge of the subwoofer
or its location, 1 was convinced there was no
problem (Photo 4).

COOL SYSTEM IDEAS
FROM DRIVER DESIGN

A tight little 6-liter vented minimonitor
with the V5/12R 5-1/4" midbass plus
your favorite 90-dB tweeter! Xover
3.0-3.5 KHz

A sweet but tough 10-liter sealed-box

ISOBARIK
I returned to the re-coning shop and left the
working Altec 421-8H also to be re-coned
as a 421-LF. | installed the second 421-LF
in the end of the 55-ltr chamber (Photo 2).
This resulted in one Altec’s rear, loaded by
the 111-ltr ported enclosure, firing into the
55-1tr chamber, and the second Altec’s front
firing into the dacron-lined 55-ltr chamber,
with its rear facing outward. The 55-Itr
chamber was sealed to form an Isobarik or
constant-pressure zone between the two
speakers that were driven out of phase. 1
used Boxmodel again, with
the values shown in Tuble I,

listening position with the 20Hz warbles
from the test CD before my M4 amp begins
to clip. 1 was so pleased that 1 moved the
ports inside the box, stuffed it with dacron,
and listened to this configuration for several
months.

REMODELING

I decided to remodel the prototype to
improve its look. 1 needed to eliminate the
second chamber, make a baffle strong
enough to mount both the Altecs face-to-
face, thicken the box to reduce cabinet reso-

reference 6, to design new

porting for the Isobarik box

31172

(Fig. 2).
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nance, permanently close up the side covers,
and beautify the cabinet with red-oak veneer
and trim strips.

I decided to have the second layer of
MDF overlap the baffle enough to cover the
protruding Altecs. The driver end was open,
facing the wall in the corner. The design
would also support standing Aftershock on
end. with the speaker pointing downward on
an added 2” x 4” frame stand.

Working on a sheet of scrap carpet to pre-
vent damaging the cabinet, I cut the 55-ltr
chamber and the parting baffle out of the
prototype using a jig saw. | flattened the
MDF and batten surface where the parting
baffle had been with a belt sander using 36-
grit paper. 1 cut three new 18” x 24” MDF
sheets, cut the holes for the speaker and ports
in each, and recessed the inside piece to
accommodate the binding posts for the
inside speaker. I floated each baffle onto the
prototype box with the technique described
in the next section. When the new baftles
were glued up, | installed T-nuts and glued
and caulked the port tubes.

MDF FLOATERS

1 bonded the three baffle boards and a sec-
ond layer of 3” MDF onto the prototype
using Franklin Titebond Aliphatic Resin as
the primary agent. In a variation of the
method described by Spear and Thornhill
(*A Prize-Winning Three-Way TL.,” SB
1/93, p. 44) 10 attach the 3" MDF, 1 used
screws rather than clamps to hold the second
layer in place while the glue dried.

I smoothed all uneven protrusions and
enhanced the bonding surface by belt-sand-
ing the test cabinet. To ensure continuous
bonding of the two layers of MDF, I coated
both of them with resin. To prevent the two
sheets of MDF from floating while I
installed the first screws, 1 drilled pilot holes
in the outside layer and cleaned off all chips
from the inside surface prior to applying the
resin. These holes located the second sheet
on the test box and also prevented the addi-
tional drywall screws—installed without the
aid of pilot holes—from pulling the second
layer of MDF away from the first.

All of the 3%2” drywall screws used to
attach the second layer of MDF pierced both
layers and pulled them into the battens. After
securing the edges of the new MDF panels
to the battens, [ installed several 1%4” screws
in the centers of the panels to pull the layers
together while the glue dried (Fig. 3).

FINISHING TOUCHES

Veneering: Considering veneer and formica
too expensive, I decided to cover Aftershock
with a $14 sheet of 1/8” red-oak plywood. 1
needed to veneer only the top, front, and
two sides of the cabinet. I ignored waste in

favor of aesthetics when deciding how to cut
up the 4" x 8 oak sheet (Fig. 4). The sheet
consisted of six laminated strips that made
three similar patierns along the 8" length. 1
wanted one of the patterns to run through
the center of Aftershock’s top and then con-
tinue down the front piece. Each side would
also contain the same pattern, facing in the
same direction as the top. | marked the areas
to be cut with 1” overlap on each dimension,
and ripped them out with a jig saw. After
cutting each piece, | marked its orientation
on the inside to aid me when laminating it.
On the bottom, | used a scrap of 1/8”
mahogany door skin.

I sanded the sides lightly, vacuumed them
clean, and did the same for the veneer pieces.
I coated the veneer and cabinet surfaces with
Elmer’s Latex Contact Cement.

Using three scrap MDF strips as stand-
offs along the width of the cabinet, I regis-
tered the veneer panel on the strips so there
was even overlap at cach edge of the cabi-
net. Then 1 removed one of the end stand-
offs and pushed the veneer into the cabinet
with a piece of carpet fastened to a %"
MDF scrap. | removed the other standoff
strips and pressed the sheet until it was
completely laminated to Aftershock. To
ensure that the edges of the veneer were
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bonded to Aftershock, 1 hammered the car-
pet-covered MDF around the edge.

After laminating each panel. 1 used my
router with a roller-bearing edging-trimmer
bit to make the veneer flush with
Aftershock’s edge. To avoid splintering the
veneer, I moved the router along the surface
from right to left. When all four edges were
done, 1 sanded with 100-grit paper from the
center of the cabinet outward to smooth the
edge. This was important, since rough edges
could catch in the carpet when [ worked on
the other side.

Trimmings: If | had to start over, I would
follow Spear’s and Thornhill’s advice and

align the second layer of MDF so 1 could use
sections of 1”7 hardwood board for the trim
strip. Instead, 1 butted the corners of the 3"
MDF where the trim strip was to be installed
(Fig. 5). Once the 1/8” panel was glued into
place, this required a 7/;” trim strip.
Unfortunately, that meant 1 had to find a
15/, red-oak board instead of a standard 1”
board (which measures exactly 3”) to cut
the trim strips from. 1 sanded a slight cham-
fer on the inside edge of the trim strips so
they would center themselves flush to the
two side edges.

Finishing: Before installing the veneer, |
painted the batfle flat black. With the veneer
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THE NEXT 12 ISSUES FOR

$65.00 USA $75.00 CANADA
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FIGURE 4: Getting the wood pattern right.

and trim completed, 1 sanded and then
stained Aftershock with two coats of
MinWax #245 Golden Pecan wood finish,
applied four hours apart. Twenty-four hours
later 1 applied three coats of MinWax fast-
drying clear-satin polyurethane. | waited tfour
hours between applications to sand, vacuum,
and recoat.

BACK IN BUSINESS

When the finishes were dry, [ installed a
piece of closed-cell foam rubber on the rear
of the enclosure, opposite the battle. and fas-
tened a sheet of AC foam to the brace to pre-
vent reflections from bouncing out of the
cabinet through the cones. I lined the entire
box except for the baftle with 17 of Dacron
blanket batting and loosely stufted the cabi-
net with about 2 Ibs of AC Stuft. | installed
one Altec magnet in and the other out and
secured them with eight 3'2” cap-head
machine bolts.

The inside speaker connects to the ampli-
tier's speaker cables through 2-inch-long
banana jacks in the baffle, with the connec-
tions to the banana plugs supplied by 12-
AWG monster cable. The outside speaker is
connected directly to the amplifier’s 12-
AWG speaker cable. 1 checked the seal
between the two drivers with my lighter, dri-
ving both speakers with a 30Hz in-phase
tone. There were no air leaks.

I reversed the leads on the outward fac-
ing speaker, and Aftershock was in service

| again. I could not detect any significant dif-
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to page 65

15/16" o

1/8" OAK PANELING
<

0AK STOCK-—-.I' 3/4"  jo—

Y ii :

A

316"
3/4" MDF

<
374" MOF B E
A

T T

Ty

Si
TITT

YL HC

Ty

LH
A*A

B- 2" DRYWALL SCREW L~ A

FIGURE 5: Joint section.




Speaker Builder is on the Internet!

AuNioWeb

* Netscape - [AudioWeb Newstand]

CLIO: A NEW SPEAKER TEST SYSTEM
FIVE. 1995

Lgve@keerlder

THE LOUDSPEAKERJOURNAL

DESIGN A HORN
WITH YOUR PC

THE FREELINE:

ATINYTL

A MIKE/PROBE
PREAMP

SPEAKER STANDS
YOU CAN MAKE

MAKING ODD-BALL
DRIVER CUTOUTS

webmasteridaudiowed.com
Copyright © 1995 (‘RC Internet Group Inc

i

www.audioweb.com

For advertising and editorial information, please contact:
AudioWeb
c/o CRC Internet Group, Inc.
230 Sherman Avenue
Berkeley Heights, NJ 07922
908.464.7307
info@audioweb.com



QUALITY ISSUES
IN IRON-CORE COILS

tf you plan to use iron-

core coils in a passive

crossover network, the
quality of those coils can
make or break the sound of
your speaker system. This
article describes a method
you can use to measure coil
distortion as well as conduct
an effective listening test.
Then it’s easy to tell which
ones o use.

1 selected various types of
coils from well-known sup-
pliers to see how they would
perform. Some iron-core
coils are surprisingly good up
to very high power, while
others are very good up to
moderate power. A few are
not acceptable at all.

EXPENSIVE COPPER

Why even consider using
iron-core coils when there
are air-core coils and even
active crossovers that don’t have a core dis-
tortion problem? First, there’s the problem
of cost. Active crossovers are expensive,
and they also require one or two extra
power amplifiers to drive the remainder of
the system.

By Roger Russell

PHOTO |I: The group of coils used for the tests (identified in Table 2).

Air-core coils are also costly because
copper wire is expensive, and they require
more turns of heavier wire to give the same
inductance and DC resistance (DCR) as
comparable iron-core coils. Large-induc-
tance air-core coils can also be very big and

heavy. Moreover, if you use a
third- or fourth-order network
for the woofer, you need two
series coils, requiring even
lower DCR for each one.
Adding a simple, low-cost
iron core can reduce the
amount of expensive copper
wire needed. Figure | shows
how you can reduce the num-
ber of turns of wire for the
same inductance by inserting
an iron core in the center of
an air-core coil. At 3mH, for
example, you can reduce 425
turns to 280. Figure 2 shows
that the corresponding weight
of the wire is reduced from
0.5751b to 0.331b. A further
benefit of adding the iron
core is that at 3mH it reduces
the DC resistance from 1.38Q
to 0.87€2, as shown in Fig. 3.

Iron cores come in a variety
of sizes, shapes, and materials.
There are plain cylindrical
“slugs’™ and I-shaped (bobbin) cores, usually
made by the sintering process, which
squeezes iron powder or granules under high
pressure into a desired shape. There are also
laminated cores made with layers of thin iron
strips. Finally, there are toroid cores.
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The disadvantage of iron-core coils is
that the material used can become saturated.
As the core approaches saturation, distortion
increases more rapidly. The type of core
material, its shape, and the current levels
that pass through the coil determine how
soon the saturation will occur.

THE TEST SETUP

You can measure coil distortion using the test
setup shown in Fig. 4. An oscillator drives a
low-distortion power amplifier. Although it
isn’t mandatory, you can use a frequency
counter for accurate and repeatable settings
of the oscillator. A high-wattage load resistor
replaces a speaker. and you connect the coil
you're testing in series with the resistor. A
distortion analyzer connected across the
resistor then measures the coil distortion.

ABOUT THE AUTHOR

Roger Russell has a degree in electrical engineering
from Rensselaer Polytechnic Institute. He has written
several articles about loudspeaker design, testing, and
other audio devices. Several patents have been awarded
for some of his designs. He is a member of the Audio
Engineering Society and the International Society for
General Semantics. His interests range from stereo
sound to photography, new-age music, computers, and
science fiction.

The power amplifier you use for the coil

test should be the one you plan to use to TABLE 1

drive the ﬁ.nished speak;r system. Be sure SAMPLE FORM

your amplifier can deliver the necessary

sustained sine-wave power for the time it COIL DATE _

takes to make each distortion test. It's a  INDUCTANCE ____mH TYPE

good idea to check with the manufacturer DCR OHMS ~ WIRE SIZE

first. You ca.n_chgck for cli.pping in case the PWATTS | V1 |%20Hz |%-100Hz | %-250Hz

power amplifier is overdriven by connect- 1,13 3 I

ing an oscilloscope across the power-ampli-  3.13 5

fier output. 7.03 75 B R R
Be certain to use heavy hookup wire ;g‘? %g _—

between the coil, load resistor, and amplifier. g 20

1 used about ten feet of #12 speaker wire. 113 30 1

The value of the load resistor you select 200 40

should be the same as the nominal imped- %15(3) % S

ance of the system in which you plan to use 33 70 I

the coil. 1 use an 8€2,

100W resistor, placed
in a container of water
to keep it cool. OSCILLOSCOPE L

You can make a I <
. +
form (Table 1) to POWER 4
, i OSCILLATOR e AMPLIFIER |- f t RLoap
select the powers and -
voltages you plan to ' ¢
o N FREQUENCY AC
use. The measure- COUNTER VOLTMETER
ments you make

should start at I'W and
proceed in convenient

. coil to be tested.
steps up to the maxi-

DISTORTION
ANALYZER

FIGURE 4: Block diagram for the distortion-test setup. L is the

SOLEN

CROSSOVER COMPONENTS CATALOG

HEPTA-LITZ INDUCTORS

Values from .10 mH to 30 mH

STANDARD INDUCTORS

Values from .10 mH to 30 mH

FAST CAPACITORS

Fast Capacitors, Metallized Polypropylene
Values from 0.10 pF to 300 pF

Voltage Rating: 630, 400, 250 VDC

SOLEN INC.
4470 Ave. Thibault

St-Hubert QC J3Y 779 Canada
Tel: 514-656-2759 Fax: 514-443-4949

CROSSOVER & SPEAKER PARTS

Air Cored Inductors, Litz-Wire Perfect Lay Hexagonal Winding

Wire Sizes from 1.3 mm (16 AWG) to 2.0 mm (12 AWG) 7 Strands

Air Cored Inductors, Solid Wire Perfect Lay Hexagonal Winding

Wire Sizes from 0.8 mm (20 AWG) to 2.6 mm (10 AWG)

Metalized Polyester Capacitors, 1.0 uF to 47 pF, 160 VDC

Non Polar Electrolytic Capacitors, 22 pyF to 300 pF, 1
Power Resistors 10 W, 1.0 2 to 82 Q, 8 Q L-Pads,

00 VDC

Gold Speaker Terminals, Gold Banana Plugs, Gold Binding Posts,

Crossover Terminals, Port Tube & Trim Ring, Grill Fasteners,
Car Speaker Grills, Screws, Nylon Ties, Speaker Books, Etc.

Speake
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GO AHEAD

Ask top engineers and music lovers
worldwide what capacitors they
choose for their ultimate designs. l

H—O- V¥t A ND

MusiCAp©®

The most naturally revealing capacitor.
Film and foil polypropylene construction -
optimized for fine speakers and vacuum
tube electronics. Precision made in the
USA

Values from .01uF to 10uF.
Listen and compare for yourself.

UPGRADE NOW i

" If you want see-thru, high definition,
detail and listenability, try the Musicaps.”
Joe Roberts, SOUND PRACTICES, ISSUE 6 I

To order contact one of the following:
* Welborne Labs 303-470-6585

* The Parts Connection 800-769-0747 ‘
* A & S Speakers 510-685-5252
* Allpass Technologies, Inc. 407-786-0623
* Anchor Cross Co., Japan, 81-3-3203-5606
* SJS Electroacoustics, England 44-1706-823025
¢ Tang Hill International Ltd., 886-2-5813605
* Audio Kinetik Pte. Ltd., 65-339-9789
* OEMSs contact Hovland Company at :

ph 209-966-4377 « fax 209-966-4632
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PLUS FREE
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ADHESIVE!
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A% | Immediate Shipping|
PRPZ 2" Reg. $29.95 Now $19.99 ¢ 3" Reg.
F§ $39.95 Now $29.99. KILL NOISE QUICK!
\ High performance, full-size sheels of
super high density Markertoam. EZ
mount. Blus or gray. Super-effeclive sound absorption for studics.
Markerfoam offers best value, looks professionai & is proven in studios world-
wide. Request Foam Buyers Guide/Catalog, specs & free sampies today.

MARKERTEK JUMBO

X SOUNO ABSORB BLANKETS
757, Heavy-duty 72"x80" padded blankets
7 |
b o absorb sound wherever they're hung or
Z22>~" draped. Fabulous for stage, studio and
5 .;J/ fiebld use. Top professional quality at a super
saver price! Weight: 6 Ibs. Black. $19.99

MARKERTEK BLADE TILES™
HIGH PERFORMANCE - LOW, LOW COST!!!
Amarica’s best acoustic tile value

only from Markertek!

$3.49 per tile, 16"x16"x2", charcoal or blue

$4.49 per tile, 16"x16™x3", charcoal or blue

$5.49 per tile, 16"x16™x4", charcoal

MARKERSTIK™ FOAM ADHESIVE
FREE with any foam purchase in this ad!
Limited offer. A $4.00 per tube value

ES

daUsUE SONEX
E“ElL:“ All the colors and sizes

plus great prices!
FREE Amenca’s most unique catalog featunng 320 pages of over

6,000 exclusive and hard-to-find Supphes for Pro Audio,
MAR’(ERTEK

Broadcas! Video, Autio Visual & Multimedia production.
VIDEO SUPPLY

4 High St., Box 397, Saugerties, NY (USA) 12477
800-522-2025 » Fax: 914-246-1757
World Wide Web: hitp://www.markertek.com
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mum power safely available from your
amplifier. Figure 5 shows the relationship of
voltage and power for four different values
of load resistance. This is derived from the
formula V=V(PR), where V is the voltage at
the power-amplifier output terminals, P is
the power in watts, and R is the load resis-
tance in ochms.

You can then use the AC voltmeter to
indicate the corresponding power level you
need when running the test. Since 1 own a
McIntosh MC7300 that 1 can connect for
600W in mono operation, 1 was curious to
see what the coils would do, both at “nor-
mal™ and extra high power.

The coils I chose all had about the same
value of inductance, which allows a better
comparison of the various types of core and
construction. When making the test., be

| careful not to place the coil on a metal sur-

face, which could affect the test results. |
placed mine on a wooden test bench.

Coil distortion doesn’t remain the same at
all frequencies. You can use several test fre-
quencies, starting at 20Hz for the lower limit.
Figure 6 shows the upper test-frequency
limit for four different values of load resis-
tance. This comes from the formula L =
R/(2rf) x 1000, where L is the inductance in
millihenries (mH), f is the frequency in hertz,
and R is the load resistance in ohms.

For example. the upper limit for a SmH
coil and an 8€2 load is 250Hz, the actual
crossover frequency for these component
values in a first-order network. 1 selected
100Hz as an intermediate frequency. You
can choose other test frequencies if you so
desire.

TEST RESULTS
Figures 7-15 show the distortion curves for
each of the ni