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The XM-16 Electronic Crossover Net-
work, which features a 48dB/octave filter
slope made possible by its eighth-order
constant-voltage design, has been released

by MARCHAND ELECTRONICS. The crossover =

frequency can be set between 20Hz and
5kHz using plug-in frequency modules.
Signal-to-noise ratio is better than 110dB
and harmonic distortion at 1kHz is less
than 0.001%.

The circuit incorporates a two-section,
four-stage filter network with pre and post
amplification and ambient-signal pro-
tection during startup and shutoff. Out-
put level controls are included on the
board but can be remotely located on
your control panel using the optional
XM-16 PT, a remote cable, connector,
and potentiometer assembly. The unit
usds 1% metal film resistors, 1% poly-

Good News

styrene capacitors, and gold-plated con-
nectors throughout. All components are
mounted on a 3.2” by 5.8” double-sided
circuit board with plated-through holes.
Each audio channel requires its own
XM-16.

The XM-16 is available in kit form with
detailed assembly instructions and circuit
description (XM-16-K, $59.95) or assem-
bled (XM-16-A, $79.95). For more infor-
mation, contact Marchand Electronics,
1334 Robin Hood Lane, Webster, NY
14580.

Fast Reply ¥NF1068

DESIGN ACOUSTICS, a division of Audio-Tech-
nic? US, has introduced the PS-55CV, a
full-range, two-way loudspeaker system
designed for video applications or for use
as the center channel voice in a sophisti-
cated surround-sound home theater sys-
tem. The speaker is also suited for use in
pairs as part of multi-channel audio/video
and home theater systems.

The systemis shielded to prevent inter-
ference with the video signal, which can
be caused by the proximity of unshielded
speaker magnets to the video screen. You
can place the compact (7" by 10%” by 6”)
speaker directly on a television receiver/
monitor without picture degradation.

The PS-55CV incorporates a 5% ” long-
throw woofer and a % " ferrofluid-cooled
dome tweeter, and it offers a frequency
range of 65Hz-20kHz. When used with

} €= Fast Reply #HF29
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full-range center-channel systems, it de-
livers the entire signal and can handle the
higher power levels typical of such sys-
tems. When used with a limited range
system, the PS-55CV provides clean bass
performance down to the cut-off point,
particularly important in the 100-200Hz
range.

The finish of the PS-55CV is black ash
vinyl. Pre-drilled bracket holes in the rear
of the cabinet make wall mounting the
speaker near the video screen a simple
procedure.

The PS-55CV sells for $119.95/ea. For
more information, contact Dorie Johnson
or Roxanne Ricks, Design Acoustics Divi-
sion, Audio-Technica US, Inc., 1221 Com-
merce Dr., Stow, OH 44224, (216) 686-
2600.

Fast Reply #HF22
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ROCKFORD has announced three assembly

., kits developed for industrial/vocational

students and hobby kit builders. Kits in-
clude a 10W/channel amplifier, two 6.5”,
8% satellite speakers, and a 10", 8Q sub-
woofer. Each comes with a 72-page assem-
bly workbook containing photos, illustra-
tions, glossary, and suggested quizzes.

You can assemble these kits for use with
a Walkman™ cassette tape player or
Discman™ disc player, creating a com-
plete stereo system. You can also decide
on the finishing look, colors, and mate-
rials, or select finishing materials from
Perfect Interface, Rockford’s accessory
division.

As individuals are involved with kit
assembly, they will also be exposed to
Rockford’s national Practice Safe Sound
Campaign.™ The introduction of safe
sound principles will be accomplished in
part through a series of safe sound "'tips’’
created by cartoon characters Boomer,™
Woofer™ and Tweeter™ New merchan-
dise items, including T-shirts and stickers,
supporting the Boomer™ projects are
also available.

For more information, contact Rockford
Corp., Educational Services, 613 S. River,
Tempe, AZ 85282, {602) 967-3565, ext.
3010.

Fast Roply NHF56

INFINITY has introduced the Reference E-L,
a modest-sized {11%” by 7%2” by 6%")
bookshelf loudspeaker. It uses Infinity's
polypropylene cone. The unit features a
5%” woofer and a wide dispersion, ¥2”
polycarbonate tweeter.

Frequency response of the Reference
E-Lis 70Hz-20kHz, + 3dB, with the cross-
over frequency set at 5.5kHz. Nominal im-
pedance is 6). Recommended power is
between 10and 60W RMS, with efficiency

rated at 89dB at 1W/1M. The speaker is
available in Chatsworth oak or black ash
vinyl.

The E-L sells for $169.95/pair. For more
information, contact Richard Baccigal-
uppi or James Wunderlich, Infinity Sys-
tems, Inc., 9409 Owensmouth Ave.,
Chatsworth, CA 91311, {818) 407-0228,
FAX (818) 709-9486.

Fast Reply #HF354
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OPTOELECTRONICS offers a 16-page brochure
describing the firm’'s newest handheld
and benchtop instruments. It includes
descriptions, technical data, and useful
tips on how to use frequency finding
handi-counters, universal counter-timers
for lab and field, PC-based counters with
Windows 3.0 for control and display, ac-
tive preselector bandpass filters, and an-
tennas and accessories. It is free to all in-
volved in subaudio to 3GHz.

For more information, contact Bill
Owen, Optoelectronics Inc., 5821 NE 14th
Ave., Fort Lauderdale, FL 33334, (800)
327-5912 or {305) 771-2050.

Fast Reply #HF1137
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POLYDAX has announced the DTIO1, a 1"
pure titanium dome tweeter that creates
an extended high-end performance. Us-
ing a proprietary radius compliance sur-
round technology, the DTIO1 is charac-
terized by a smooth transient response
and precise imaging. Other features in-
clude a two-layer voice coil, high-sensi-
tivity level {95dB, 1W/1M), and a heavy
duty 10 oz. magnet. The frequency range
is 5-30kHz.

Polydax has also introduced a new line
of Norsorex gaskets. A super-damped ma-
terial, Norsorex was initially developed
as surround material and is used on Poly-
dax's high-end loudspeaker components.

Fast Reply #HF1342

Placed between the loudspeaker basket
and cabinet, these gaskets help eliminate
vibrations and resonances. Available in
a variety of custom sizes, the gaskets have
been designed to fit all Polydax standard
drivers.

A test kitis available to show the differ-
ence between Norsorex gaskets and the
most common gasket material. For more
information, contact Polydax Speaker
Corp., 10 Upton Dr., Wilmington, MA
01887, (508) 658-0700.

Fast Reply #HF1345

TR I 0 A s
AUDIOACCESS has launched their six-zone
receiver, the MRX. Among its most no-
table features are compatibility with the
twisted-pair wiring format defined by the
EIA CEBUS standard, a special stereo
AM/FM tuner section, and the fact that
the MRX is the first multi-zone, multi-
source receiver to come equipped with
six 40W/channel amplifiers and six sep-
arate zone controllers, providing six zones
with independent control of source and
volume level without affecting any other
zone.

Audioaccess has also announced a
lineup of custom installation accessory
products that simplify the installation of
entire home entertainment systems. The
Source Equipment Interface {$500) mod-
ule is an infrared interface module that
lets Audioaccess control systems integrate
with most other brands of source equip-
ment without hard-wiring.

The SRM/2 {$200), an updated version
of the company's Speaker Relay Module,
provides independent on/off control of
speakers in rooms within the same zone.
Another module, the Special Interface
Module {$300) helps integrate Audioac-
cess’ control systems with any computer-
controlled equipment.

For more information, contact Richard
Frank, Frank Marketing Associates, 8
Mohave Rd., Medfield, MA 02052, {508)
359-5977, FAX (508) 359-5343.

Fast Reply #HF1354




Due to surveys at the AES in Paris and
at the Musikmesse in Frankfurt showing
that businesses most often use Speakon
loudspeaker and amplifier connectors,
NEUTRIK has intensified the automation of
its production assembly and has doubled
its capacity. Also, Neutrik is working on
a draft for an IEC standard.
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CAlIG's CRAMOLIN® ProGold 100 is a
nonabrasive/noncorrosive formula that
conditions gold connectors, thereby en-
hancing their conductivity characteristics
to transmit electrical signals efficiently.
The product coats the entire connector
surface, providing protection from abra-
sion (insertion resistance), wear, and at-
mospheric contamination.

CRAMOLIN ProGold 100 is ideal for
use on edge connectors, batteries, inter-
connecting cables, plugs, switches, sock-
ets, relays, and so on. It is available in
spray, liquid, precision dispenser, wipes,
and pen applicators.

For more information, contact Mark K.
Lohkemper, Caig Laboratories, Inc.,

16744 W. Bernardo Dr., Rancho Ber-
nardo, CA 92127, (619) 451-1799, FAX
{619) 451-2799.

Fast Reply #NF167

SESCOM has available a catalog of new
products. It includes new product areas
as well as extensions of other product
lines. Categories are isolator series, hand-
held test equipment, field pro-series, new
portables, and rack electronics. For a cat-
alog, contact Sescom, Inc., 2100 Ward
Dr., Henderson, NV 89015-4249, (702)
565-3400, FAX (702) 565-4828.
Fast Reply #HF664
Continued on page 8

SPEAKEASY has introduced Filter Designer
1.0, an electronic circuit analysis pro-
gram. Its primary emphasis is loud-
speaker crossover networks and passive
or active audio filters. It can import data
from SpeakEasy's Low Frequency De-
signer program and other sources to facil-
itate computation of a total loudspeaker
system response including effects of
driver, enclosure, and crossover. It also
functions as a basic circuit analysis pro-
gram for other types of design work.

System requirements are an IBM PC or
compatible with 640K minimum, EGA/
VGA/Hercules or AT&T graphics, and
Epson or HP compatible printer support.

Filter Designer 1.0 sells for $195. For
more information, contact SpeakEasy, 46
Cook St., Newton, MA 02158, (617)
969-1460.

Fast Reply #HF68

TRUE IMAGE has announced version 2.0 of
MacSpeakerz, a loudspeaker design appli-
cation for the Macintosh. In addition to
frequency response, this version calcu-
lates and displays cone excursion, imped-
ance, phase, and group delay responses
for loudspeaker drivers in a closed or
vented enclosure. Version 2.0 also in-
cludes an array of interactive loudspeaker
calculators, each dedicated to a particular
aspect of loudspeaker design.

The program requires 512K of memory
and one 800K disk drive. It is fully com-
patible with System 7.

MacSpeakerz 2.0 will be shown at the
Acoustical Supply International booth
during the 91st convention of the Audio
Engineering Society to be held in New
York City from October 4-7. It sells for
$299. Registered users can get upgrades
at a discount.

For more information, contact Sharon
Alsup, True Image, 349 W. Felicita Ave.,
Suite 122, Escondido, CA 92025, (619)
480-8961.
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MADE IN DENMARK
HIGH DYNAMIC TECHNOLOGY

Expertly engineered e Carefully hand-crafted e
Finest cone materials ¢ Kevlar, Polypropylene e
High acceleration large vented magnet e

High power handling
Very high dynamic ¢ Truest reproduction of music
Excellent sonic performance
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4470 Thibault Ave.

Canada

A & S Speakers

3170 23rd Street

San Francisco CA 94110
U.S.A. (415) 641-4573
FAX 415-648-5306

St-Hubert, QC J3Y 779

Madisound Speaker Components
8608 University Green, Box 4283
Madison WI 53711

U.S.A. (608) 831-3433

FAX 608-831-3771

Tel: (514) 656-2759
Fax: (514) 443-4949
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For hot voice coils, |
the cool solution.

Voice Coil Ferrofluid

Magnet

thermal stability. Offered in the low to medium viscosity range,
APG 900 terrofluids are ideal for all high efficiency speaker
systems. This Series complements our existing product line of
high viscosity ferrofluids widelv used in tweeter and mid-range
drivers. Call or fax us today. And, our in-house audio lab will help
you with the speakers you have designs on.

Introducing the APG

900 Series — ferrofluids \ '
designed specifically to
safely withstand 200
degree centigrade
temuperatures in speaker
voice coils while

J maintaining long-term

Ferrofluidics

‘ 40 Simon Street, Nashua, NH 03061 Call: (603) 883-9800 Fax: (603) 883-2308
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Speaker Builder is published bi-monthly by Ed-
ward T. Dell, Jr., PO Box 494, Peterborough, NH
03458. Copyright © 1991 by Edward T. Dell, Jr.
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About This Issue

Horn enthusiasts who dislike the harsh-
ness of the Klipschorn may approve of
Rick Steiner’'s back-loaded wall horn
project. Beginning on page 10, he pro-
vides a brief history of this type of horn,
along with construction tips and proce-
dures for building one.

Marc Bacon has named his speakers
“Intégrité" because he believes they
show integrity as truthful sound repro-
ducers. To read about his design goals
and procedures, turn to page 22.

Often articles about transmission lines
fail to mention the relationship between
stuffing density and line length.
Sharp's helpful equations help fill this
void. Turn to page 30.

Dan Ferguson, author of Killer Car
Stereo on a Budget, is again improving
the sound of car audio—this time in
his friend’s Ford Bronco. Details of the
project begin on page 32.

The Minimus 7, a popular speaker
for many years, has undergone seem-
ingly random variations in different pro-
duction runs. Beginning on page 38,
James Lin proposes a general approach
to modifying all versions.

Glen Travis, on page 40, offers sug-
gestions for helping others resolve prob-
lems they may encounter in speaker and
cabinet assembly.

Beginning on page 44, Contributing
Editor Gary Galo reviews Audio An-
thologies Volumes 2 and 3.

Finally, we welcome a new columnist
to Speaker Builder. David Moran will
be reviewing loudspeakers in the
marketplace. He introduces himself on
page 52.

On our cover: Rick Steiner’s back-
loaded wall horn speaker. Photo by
the author.

In SB 3/91, we omitted mention-
ing that the ribbon speaker gracing
Scott Wolf's system is David Graeb-
ner's Auricle 5 from SpeakerLab
(6307 Roosevelt Way NE, Seattle,
WA 98115).
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Continned from page 3

STANFORD RESEARCH SYSTEMS has announced
several products. The SR760 {$4,350) is
an FFT spectrum analyzer with a 90dB
dynamic range. Its frequency spans from
191MHz-100kHz and it has a 50kHz real-
time bandwidth. Analysis functions in-
clude THD, PSD, octave, band, and side-
band analysis. Averaging (vector, peak
hold, and RMS]) can be performed on up
to 64K scans. RS-232 and GPIB interfaces
are standard. Applications include vibra-
tions, acoustics, noise analysis, and elec-
tronic design.

The DS345 ($1,895) synthesized func-
tion generator offers digitally synthesized
waveforms to 30MHz with 1xHz resolu-

tion. Outputs can be simple sine, triangle,
ramp, or square waves or complex arbi-
trary signals with up to 16,300 points and
sampling times to 25nS. Internally syn-
thesized modulation capabilities include

NEW

>X LITTLE GRIPPER
END SPIN OUT!

call or write
for your
FREE
sample

o

PARTICLEBOARD HINGE SCREW

The “Little Gripper" is the answer to your
small fastener problems in particleboard
and MDF. With the wide spread use of these
man made woods the right fastener that
works each and every time is essential to
your production requirement.

The “Little Gripper" with it's wide spaced angled threads is
especially designed for use with your hinge application in
particleboard and MDF. Avoid the frustrating and time
consuming problem of spin out, so common with sheet-
metal screws in these man-made woods. USE THE RIGHT
FASTENER—USse the “Little Gripper” by Equality Screw Co.

............................ (CUT OUT AND SEND)

6 X 2 phillips flathead
6 X ¥8 phillips flathead
6 X Y% phillips flathead

SPECIALIZED FASTENERS for CABINETS & COUNTERTOPS

SCREW COMPANY INC.
P.O. BOX 1645, EL CAJON, CA 92022
1-800-854-2886 B800-552-8844 (IN CALIFORNIA)
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phase continuous linear and logarithmic
frequency sweeps, as well as amplitude,
frequency, phase, and burst modulation.
The GPIB ({IEEE488) and RS-232 inter-
faces are optional ($495) and a high-sta-
bility ovenized timebase sells for $650.

The SR700 series LCR meters measure
R+Q,L+Q,C+R, and C+D at frequen-
cies ranging from 100Hz to 100kHz. The
basic accuracies of the SR715 ($1,495) and
SR720 {$2,295) are 0.2% and 0.05%, re-
spectively. Features include five selec-
table source frequencies {four for the
SR715), three drive voltages (0.1, 0.25,
and 1V}, and internal or external DC bias.
The automatic binning and limit features,
standard RS-232, and optional GPIB and
parts handler interfaces make these in-
struments ideal for production testing.
Optional SMD tweeters {$350) and Kelvin
clips {$200) are also available.

For more information, contact Stanford
Research Systems, 1290 D Reamwood
Ave., Sunnyvale, CA 94089, (408 744-
9040, FAX (408) 744-9049, TELEX
706891 SRS UD.

Fast Reply #HF1353
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ELECTRO-VOICE has introduced the S-40,
a two-way personal-sized monitor de-
signed to accommodate a variety of mon-
itoring and playback applications. It
features a 5%” direct-radiating polypro-
pylene woofer coupled with a 1” ferro-
cooled soft-dome tweeter. Its long-term
power handling is rated at 160W per EIA
standard RS-426A.

The S-40 includes EV's exclusive
PRO™ circuit protection, providing in-
dependent protection for the woofer and
tweeter. In case of overdrive, the circuit
limits the power delivered to the compo-
nents and automatically resets when the
system returns to a safe level.

Weighing 5 lbs., the S-40 has threaded
inserts in combination with optional
mounting hardware, providing a flexible
mounting system. The vented enclosure
is constructed of high-impact polystyrene
structural foam and is available in black
or white.

For more information, contact Keith
Clark, Electro-Voice, 600 Cecil St., Bu-
chanan, MI 49107, (616) 695-6831, FAX
(616) 695-1304.

Fast Reply #HF453
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TECHNICAL AUDIO DEVICES, a division of Pio-
neer Electronics {USA) Inc., has manufac-
tured the TD-4002 high-frequency com-
pression driver, its first product produced
at TAD's new manufacturing and assem-
bly facility in Long Beach, CA.

Continued on page 91



Editorial

IS AMERICA WAKING UP?

Last Monday morning, over my daily coffee and donut at the
best donut shop in America—eat your heart out Dunkin
Donuts—I came upon a most interesting news story on the front
page of USA Today's financial section (July 8, 1991). The shop
is Nonie's, which has figured in a couple of episodes of St.
Elsewhere's and makes donuts daily in the hundreds of dozens
for the lucky residents in our area.

The news story concerns 35 computer superstores, some of
which are tripling their business each year. They offer every-
thing for computers from drives to boards to software to power
supplies. I haven't visited one of these as yet but their existence,
and the promise of 51 more by the end of this year, signals a
sea change in attitude on a vital issue very close to my heart
and mind. Indeed, the existence of the magazines it is my priv-
ilege and pleasure to publish is based on a faith in the ability
of Americans to master technological detail and to manage it
with their own hands.

According to USA Today's report, Americans own 75 million
personal computers. Kathy Rebello, the story’s author, also re-
ports that the prime reason behind these new stores is com-
puter savvy. Most of the computer retailing in the US up until
now has been based on the common idea about individual ca-
pability which is taught in every business school in the coun-
try; most people are dithering idiots technically and need some-
one to hold their hand in operating anything more daunting
than a can opener.

In most areas of human endeavor, US magazine editors have
swallowed the line completely. Nowhere more thoroughly than
in the steadily shrinking number of magazines about audio and
electronics. The only growth area in audio publishing today is
in the subjective review media. And when it comes to our only
mass circulation types, we are down to one French-owned opera-
tion, which controls both Stereo Review and Audio.

While the review practices and policies in the Hachette-owned
audio periodicals have changed somewhat, the theme is most-
ly "Home, home on the range. . . . Where seldom is heard, a
discouraging word.”” And much of the time the key word is not
"seldom,’’ it's '‘never."’

If you are at all interested in seeing a contrast, pick up a copy
of PC-Magazine or PC-World. The reviews are forthright, clear,
and although sometimes less than thorough, they are not con-
cerned that some company will lose sales because of negative
comments. A new publication for corporate do-it-yourself buyers
of computing equipment was launched here in Peterborough
last month. From the beginning, these publications have been
highly critical in reviews of equipment from even their largest
advertising clients. And we are talking IBM-large for size.

Over in the audio field, you hear sobbing from the manufac-
turers whose product review earned only a “wonderful" rather
than "'stupendous.”’ It seems not to occur to audio manufactur-
ers that offering some new twist each year to help the marketing

department does not make up for the mediocrity of the product.

Why are there going to be Toys-R-Us-type computer stores
all across America within two years? Because the people who
read the computer magazines in the US have learned a great
deal about computers, far more than they can possibly have
learned from our mass circulation audio publications. Comput-
ers today are the erector sets of technology. They are complicated
and sometimes frustrating, but putting them together and get-
ting them to run well is something any reasonably intelligent
person can do. And if there is a problem, information is available
in abundance from the magazines and books on the subject.

The history of audio and electronic do-it-yourself in this coun-
try is strewn with the carcasses of dead publications who thought
Americans were incapable of doing things for themselves.
Nothing of this kind has happened in Germany where no such
assumption about the capabilities of the general population were
ever entertained by magazine managements. The result? To-
day three competing publications within Germany are dedicated
to all phases of electronic construction, each having a circula-
tion of over 100,000. Any German city of 20,000 or more popula-
tion will have an electronic parts store which will make your
local Radio Shack look like a kindergarten.

Fortunately for the future of electronics—and the human en-
deavor—the Europeans and the Japanese are happily building
all manner of electronic equipment. And they have the infor-
mation infrastructure to support and nurture it.

Evidence is building that where publishers have resisted the
business school/marketing syndrome which prefers that con-
sumers behave as ignorant proles, considerable human ac-
complishment and satisfaction are possible. Look at woodwork-
ing. That endeavor is served by several superior magazines who
balk at nothing, apparently, in publishing projects of all levels
of difficulty. Fine Woodworking and American Woodworker are
both wonderful examples encouraging an avocation which had
all but died out in America by the mid seventies.

Have a look at the offerings on public television these days.
Everything from Julia Child's cuisine to the astonishing achieve-
ments of the "'This Old House'’ or "New Yankee Workshop”
programs certainly do not betray any tendency to underestimate
the abilities and intelligence of their audiences.

This magazine offers some small bit of evidence that many
of you are rediscovering your neglected capabilities. The small
string of retailers scattered across the US who are attempting
to meet your needs for supplies and parts for your speaker
building hobby, tell me they are significantly larger than they
were 12 years ago when Speaker Builder was first published.

I believe we are finally beginning to wake up in the US. We
are rediscovering the hands we have really are quite capable
of doing things— fun things, interesting things. The day may
even come when we grow up, technically. The computer
superstores are a very good sign.—E.T.D.
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A BACK-LOADED
WALL-HORN SPEAKER

ost audio enthusiasts are familiar

with the folded bass horn loud-
speaker, usually designed for use in a
corner or along a wall. This type of loud-
speaker typically uses a 12 or 15” dy-
namic woofer, the cone's front coupled
to the horn's throat {sometimes via a
"compression chamber’’ or air volume)
and its back loaded by a ''back chamber"’
of specified volume. This type of loud-
speaker is eloquently described in Bruce
Edgar's "The Show Horn'' article (SB
2/90, p. 10).

Another class of bass horn loudspeak-
ers allows the front of the woofer cone
to radiate directly toward the listener,
with its back loaded into the horn's
throat, almost invariably using a ‘com-
pression chamber."’ This class of design
is usually referred to as the ""back-loaded
horn.”

Back-loaded horn loudspeakers have
been available for more than 50 years.
Olson and Hackley! described a "'com-
bination horn and direct radiator loud-
speaker'’ in 1936, which also appears in
Olson's classic Elements of Acoustical En-
gineering. This design's popularity seemed
greatest in the 1950s, when it typified the
medium-priced corner loudspeaker mar-
ket {a la Klipsch ''Rebel’’). A consider-
able percentage of this period's corner
back-loaded horns were home-built using
EV or University plans and components.

Why was this design popular with
amateur speaker builders? From the hi-
fi amateur’s perspective in the 1950s, the
back-loaded horn offered some of the the
fully loaded horn's benefits at a fraction
of its cost. Its principal advantages were:
¢ When used with an appropriate driver,

it offered an overall efficiency in the
low bass that seemed much greater
than the reflex design, making it match
better with a horn midrange and tre-
ble driver.
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PHOTO 1: System set up in living room.

¢ The basic back-loaded horn design was
much easier to construct than a fully
loaded bass corner horn and seemed
more tolerant of driver specifications
than the reflex design.

® A back-loaded horn allowed the
woofer to extend well into the mid-
range via direct radiation above the
horn's mass cutoff, unlike a fully
loaded bass horn. This minimized the
need for a large, expensive, low-cutoff
midrange horn.

® A back-loaded horn was potentially

more compact than a fully loaded horn

for a given size driver, since the need

for a back wave loading chamber was

obviated.

Did it sound good? As a design, it was
a barely acceptable mid-fi loudspeaker.
Unfortunately, the drivers of the day,
when loaded with a high cutoff, short
horn, often produced significant reso-
nance peaks. Compared to the atrocious
"bass-reflex’’ designs of the time, how-
ever, a back-loaded horn sounded rela-
tively smooth.

S RON

FIGURE 1: External parts layout.




What benefits does a back-loaded horn
offer today's amateur speaker builder?
All contemporary aspersions on the mer-
its of horn loading aside, some 1950's ad-
vantages are still valid: high efficiency,
potentially compact design, low price,
and relative ease of construction com-
pared to a fully loaded design. Intui-
tively, a modern, low f;, low Q. driver
in a back-loaded horn should provide
smoother response than 1950's technol-
ogy could afford.

15-YEAR PROJECT. I suppose this is
a typical speaker builder’s story. In 1975,
I purchased a set of tweeter and mid-

e horns from Speakerlab, along with
their XC3 crossover, intending to build
a high-quality horn loudspeaker system
(the tweeters are EV HT35 clones and
the midranges seem to be EV 8HD dif-
fraction horns and Atlas drivers). Three
years later, I got serious about an enclo-
sure design, having completed my col-
lege commitments.

After considering several alternatives,
I discovered it was virtually impossible
to design a fully horn-loaded woofer that
could extend to the relatively high 1kHz
midrange crossover. Rather than use a
four-way system, I considered the back-
loaded horn design as a compromise that
could minimize my investment and still
yield acceptable performance.

Not wishing to rely on optimally posi-
tioned, "'clean’’ corners in my listening
room, I chose a horn design that could
be placed along any wall and still pro-
vide acceptable coupling into the room.
As I wished to keep the horn relatively
short and I needed a large mouth area
to support the 40Hz horn cutoff, I opted
for a relatively large diameter woofer
(15”), with correspondingly large Vg,
wh%ch could support a large throat area.

I arbitrarily limited the maximum cab-
inet dimension so I could cut the outer
portion of the enclosure from a single 4’
by 8’ sheet of particle board (Fig. 1; Fig.
2 shows the inner parts laid out on two
sheets). I tapered the sides of the cabinet
to avoid standing waves in the horn and
angled the front panel slightly to direct
the axis of the midrange and tweeter
toward a seated listener. The overall di-
mensions are 44Y2” tall by 18” deep by
30” wide, including the foot and horn
mouth at the floor {Fig. 3). The enclosure
has a distinctly unconventional appear-
ance, vaguely reminiscent of an Egyptian
monolith. My sister calls them ''Darth
Vader heads.”

The mouth area is effectively fixed by
the 18" by 30” dimension and is allowed
to expand only slightly in the 90° bend
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at the floor to approximately 4 ft.z This
area is obviously much smaller than the
optimum mouth diameter of one wave-
length at the desired f. of 40Hz. This
problem is partially mitigated because a
wall horn radiates into a solid angle of
7 and not the 27 of a horn in a flat baf-
fle, thus producing an effective mouth
area of approximately 8 ft.2 Peaks in the
throat acoustical curve of more than 3dB
should still occur; however, see Olson,
paragraph 5.24.

Smaller than optimal mouth areas in
low-frequency horns have been used be-
fore, however. The Klipsch La Scala, for
example, is a highly regarded compact
horn loudspeaker that uses a 4 ft.2 mouth
area and claims a frequency response of
45Hz-17kHz (+5dB). I admire the La
Scala for its clean reproduction of per-
cussive bass sounds, as well as its re-
markable efficiency.

I decided to proceed with the design
and take my chances. I settled on a throat
area of approximately 85in.2and a length
of about 60 in., yielding an exponential
flare rate of around 35Hz. This contour
fit conveniently within my maximum di-
mension and still left enough room in the
compression chamber for the woofer. A
tractrix or hyperbolic profile might en-

hance bass loading and accommodate a
deeper driver, but I opted for the well-
understood throat-loading characteristics
of the exponential contour.

Figure 4 shows the drivers' internal ar-
rangement and the bass horn pieces. The
tweeter magnet partially obstructs the
bass horn's throat and the midrange horn
partially obstructs the first section. I
judged these obstructions to be of little
significance on overall performance, as
they restrict less than 5% of the total
cross-sectional area. (When referring to
the internal pieces of the bass horn, I will
use the numbering scheme in Fig. 5.

In 1979, I had cut out all the major
pieces from the three sheets of %" high-
density particle board. In 1980, however,
I was assured that my landlord would
never approve of these 4’ behemoths, so
I quickly slapped together an inexpensive
12" bass-reflex design that used the
tweeter and midrange horns. These
speakers served me well through four
years of naval service and two years of
condominium ownership, at which time
my wife, apparently tired of the peeling
contact paper finish, indulged me with
a pair of Magnepan SMGas, for which I
am continually grateful. This relegated
the horns to the parts bins.
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In 1989, however, I looked at the spa-
cious living room of my new home and
thought, "Now is the time." I rescued the
slightly water-damaged, 10-year-old parts
for my wall horns from my father's leaky
garage. The woofers, unfortunately, were
unrecoverable.

I now needed to select woofers that
matched the peculiar characteristics of
my enclosure. Having read Bruce Edgar’s
outstanding horn articles, I was some-
what prepared for the task.  matched my
design's 85 in.2 throat to a pair of Oaktron
T9337 15” drivers from Speaker City
(10615 Vanowen St., Burbank, CA 91505,

(818) 508-1908; $49.50 on special) with
measured Qg = 0.36 and 0.33, Qr =
0.31 and 0.31, fg = 22.5 and 20.5Hz, and
Vus = 13.7 and 17.7 {t.3, yielding the
following optimal throat size:

Sro=27 f5 Qs V,s/c=89.5 and 107.7 in?

My enclosure's drivers yield a mass cutoff
of around 125Hz:

fum = 265/ Qgs

In a fully horn-loaded design, this low
mass cutoff would have been unaccept-

] !
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FIGURE 3: Overall back-loaded wall horn dimensions.

FIGURE 4: Internal arrangement of drivers and bass horn pieces, including the *‘foot."

able, but the back-loaded horn design
allows the woofer to act as a direct radia-
tor above the horn's mass cutoff. (I will
later discuss the effect this low-mass cut-
off has on the overall sound.) The lack
of an optimally sized back-loading cham-
ber to cancel out throat reactance near
the cutoff frequency, as described by
Bruce Edgar, undoubtedly limits the bass
extension possible with this horn, but the
overall compromise is reasonable.

THE PROJECT BEGINS. I assembled
the speakers early in 1990, fully occupy-
ing five weekends. The speaker is divided
into three major subassemblies: the front
panel, the center “snail”’ section, and the
back panel/foot. The center section re-
quired the most attention as I opted to
fill the two upper 90° corners with plas-
ter (Photo 2). This resulted in admirably
smooth transitions, but forming the
molds and pouring the plaster required
considerable time and effort—quite
frankly, a waste of time considering the
horn's mass cutoff frequency.

The back panel and foot required a
significant amount of bracing to support
approximately 100 pounds of cantilev-
ered weight. I deliberately avoided cut-
ting any wire or mounting holes in the
back panel or foot for fear of weaken-
ing them.

Dimensions for internal horn parts and
external panels, as well as driver center-

FIGURE 5: Internal horn reference numbers.

12 Speaker Builder / 4/91



PHOTO 2: Pouring plaster in the upper corners.

line dimension, are given in Figs. 6-9.
Centerline dimensions for dado cuts in
the side panels are in Figs. 10 and 11.

BITS AND BLADES. If you lack a table
saw or radial arm saw, you will be at a
disadvantage in attempting this project.
All cuts can be made with a circular saw,
and in fact most of the preliminary cuts
on the larger pieces were, but it is some-
times dangerous and is extremely dif-

PHOTO 3: Back section, including foot. | re-
commend a more substantial brace than the
1 by 3 shown here. Note water damage on the
top of the panel.

ficult to make accurate cuts on smaller
pieces with a hand-held saw. This proj-
ect will also require a router, and a screw
gun or a high torque VSR drill helps save
time (and blisters) when you are driving
screws into place.

Carbide-tipped router bits are a "'must”’
when you're cutting particle board: the
high glue content overheats cheap steel
bits and causes serious scorching along
the cut. You will need a %4” and a %"
plunge, a %" rabbet, and a %" or %"
roundover; these may be expensive, but
are handy for any work with %" parti-
cle board. Plywood blades in your table
saw will provide a smooth cut in parti-
cle board, although a 40-tooth carbide
blade may also work well.

FASTENERS. I recommend using stand-
ard No. 10 bugle head deck screws (cad-
plated with high grip thread) as they tend
not to spin out in particle board as eas-
ily as typical drywall screws or wood
screws. Use 2%2” long screws for 90°
joints and 1” long ones for fastening bat-
tens to the particle board surface.

I highly recommend using a pilot hole
to prevent drift and splitting, and coun-
tersinking the heads on outside surfaces.
Even bugle heads won't pull flush in
high-density particle board without coun-
tersinking. I always glue screwed joints
and avoid using nails in particle board
unless the screw might split the wood
(such as in rabbeted joints).

OUTER CONSTRUCTION. I cut all
flat pieces from % " high-density particle
board. For added support, you may wish
to use % ” marine plywood instead for the
back panel (Photo 3). All cuts on the back,

I

9 13/16"

20 11/16" ’

42°

_t
FIGURE 6: Side view of the parts dimensions.

front, sides, and top were made at 90°,
the angle of the sides and front is only
5° from vertical, a difference you can eas-
ily make up for by sanding.

I rabbeted the side, back, top, and
front joining edges to %" with a router.
(Once you've determined the dimen-
sions, rabbeted joints aren’t much more
trouble to assemble than butt joints and
result in a better seal and more accurate
assembly.) Then I carefully laid out a %"
dado, %" deep and cut it in the side

Continued on page 15
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FIGURE 7: Front view of the parts dimensions.
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FIGURE 9: Centerline driver positions on the
front panel—right side. Left side is mirror

image.
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FIGURE 10: Dado centerline dimensions (vert-
ical).

'4— 9 3/4"————e
|

T —e—7 5/16"—»

FIGURE 11: Dado centerline dimensions (hor-
izontal).

Continued from page 13
pieces to accept the internal panels of the
snail section. Finally, I dry fitted the top,
front, back, and side pieces and marked
each for installing battens and T-nuts.
Make any joint you may reopen (in this
case joining the front and back panels to
the center section) with 1%, (or heavier)
T-nuts and machine screws. Glue and
nail/screw 1 by 1 (actually % by %) white
pine battens around the inside surfaces
of the "stationary’’ side of each joint,
roughly ¥¢” from the inside edge of the
removable panel when it is in position.
If your lumberyard doesn’t have the ap-
propriate size battens, rip them down
from inexpensive 1 by 2 stock.
Once the glue had dried, position the
removable panel and carefully lay out
and drill holes for the machine screws
exactly %” from the edge of the remov-
able panel, going completely through the
batten. (Extra care here will save much
frustration later.) I prefer 1%, flat-head
screws, countersunk slightly below the
panel outside surface. The T-nut should
receive a squirt of RTV under the flange
before being carefully hammered into
the inside edge of the batten. The RTV
will keep the T-nut from pushing out of
the batten and falling inside the speaker
(which would inevitably happen as you
inserted the last screw during final as-
sembly). You may need to enlarge the
batten hole slightly to fit the shoulder of

the T-nut. Do not force the T-nut into the
batten as it may split the wood.

My suggested batten layout is pictured
in Fig. 12. This may seem like a lot of
time and effort when you could easily
shoot a few wood screws through the

panel. After having to open up particle
board cabinets assembled with wood
screws and spinning out more than half
of them, I am convinced it is worth the
extra few hours to make the speaker ser-
vicable. A well-crafted loudspeaker will

// \

/|

FIGURE 12: Suggested batten layout and T-nut positions.
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easily last a lifetime, so you might as
well make it something in which you
can take pride.

Once you have installed the battens
and T-nuts, you can assemble the outer
pieces without glue. This is handy for as-
sembling the internal pieces and mount-
ing the midrange driver.

INTERNAL ASSEMBLY. I carefully cut
the four internal panels slightly oversize
and trimmed them to size on the table
saw. The angles of pieces 2-4 (along the
back side of the horn) must be accurate.
Assemble these parts “dry’’ in a side
panel to check their fit. I joined internal
pieces 2 and 3 using a %" tongue and
groove, offset by the required 5° angle.
This produced a solid joint, but is more
complex than required. I recommend us-
ing a beveled miter joint, reinforced with
a %" Masonite spline; this size is conve-
nient because it fits snugly in the kerf of
most standard circular saw blades. I
have supplied miter joint angles and I as-
sume most readers who attempt this proj-
ect understand how to make a splined
miter joint.

I cut the boards connecting internal
pieces 1 and 2 from 1 by 4s. I did not rout
out dados in the side panels to accept

PHOTO 5a: Closeup of the cutouts for the mid-
range and tweeter. Center section is remov-
able to clear magnet assembly for tweeter.
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PHOTO 4: The array of router templates used to mount midrange and tweeters. Making templates
is time consuming, but is the best way to get a professional finish.

them, but it is a good idea. Once all in-
ternal pieces were trimmed to fit nicely,
I laid out and drilled pilot holes in the side
pieces for the wood screws and counter-
sunk the outside surface. Before using
any glue, dry fit all pieces (top, side, back,
front, internal pieces, and other side), us-
ing duct tape to hold joints together where
required.

I recommend gluing the internal pieces
together on one side only, namely the side
away from the midrange. This will allow
room for cutting the reliefs in the inter-
nal panels for the midrange horn and
driver. Once all pieces are glued into the
side panel, dry fit the other side in place
(you may need a mallet) and turn the en-
tire assembly upside down to shoot in
the wood screws.

When the glue dried, I reassembled
the outer pieces and placed the speaker
face up on the floor. After laying out the
driver positions on the front panel, I used
a 12" long %" diameter drill to locate the
center of the midrange. Be extremely
careful and use a small tri-square to en-
sure the hole you drilled through the in-
ternal pieces 1 and 2 is orthogonal to the
front panel surface. Any misalignment
will make final assembly difficult and any
substantial force applied in final assembly
may warp the midrange horn's flange. I
believe this long drill technique to be the
easiest and most accurate approach.

I made special router templates (Photo
4) for mounting the midrange and
tweeter flush with the front panel, add-

ing a professional touch and allowing a
wood grain grille cloth to be smoothly
stretched completely around the upper

/s .

PHOTO 5b: Closeup of midrange horn and
tweeter in front panel.



section of the speaker. Obviously, 1
made no attempt to align the acoustic
centers of the drivers, aesthetics winning
out over sonic merit. An aligned horn ar-
ray on top of the existing cabinet would
have resulted in a speaker nearly 6 tall.

With the templates, I made a few prac-
tice runs on scrap lumber before actually
cutting into the front panels. I made five
templates: one for the inside hole of the
midrange horn, one for countersinking
the outside flange, one for the inside of
the tweeter horn, one for the tweeter
flange, and one for cutting the angle relief
for the midrange horn at the top and bot-
tom of its hole. I used a brute force ap-
proach to making the templates, tracing
the outside (using a %" diameter plunge
bit). It might be wiser and faster to use
Nicholas Clifton's technique {'“Tools, Tips
& Techniques,"” SB 3/86, p. 28) for mak-
ing templates. Bolder woodworkers than
I may cut the reliefs without templates,
using straight cutting guides clamped in
position. Bon chance!

My tweeter has a nonremovable driver
with a diameter larger than the horn
flange's width. This required a section of
the front panel be removable (Photo 5a)
to seal the panel adequately. I used a
piece of Masonite, fastened to the inside
of the front panel by %, machine screws,
td which I glued a scrap of particle board

PHOTO 6: Side view of speaker during assembly, with drivers in position. Holes cut in the center
section to accommodate midrange horn/driver are more clearly shown in Photos 7 and 8.

shaped to fit snugly in the lower portion
of the midrange hole and accommodate
the midrange and tweeter horn flanges
(see Photo 6 for more detail).

I used a hole saw to cut the hole for
the midrange horn (Photo 7) in internal
piece 1 and shaped it with a half-round
rasp to fit the horn's contour. The 5” di-
ameter hole in piece 2 for the midrange
compression driver (Photo 8) was cut
with a circle cutter (fly cutter) and a slow
speed, high-torque VSR drill. Circle cut-
ters, which use a single cutting tool and
arbor, are dangerous at high speeds and
should be limited to about 400 rpm.

I mounted the woofer to a ring of ¥2”

particle board and glued and screwed it
to the inside of the font panel. The
mounting ring approach lets you set the
woofer back from the surface of the
front panel, which is handy for affixing
the grille cloth and making the product
look more professional. I cut the 16”
hole in the font panel with a saber saw
and circle cutting guide, but you could
cut it with a router. I used the %” round-
off router bit to flare the outside edge of
the woofer opening, which may mini-
mize unnecessary diffraction. I also cut
the woofer mounting ring with a saber
saw. Here's a handy hint: cut the out-
side circle of the mounting ring first.

PHOTO 7: Front of center ‘‘snail” section, fully assembled. Note hole

in panel for midrange horn.

pression driver.

'World Radio Histc

PHOTO 8: Back of center “‘snail’’ section. Note hole for midrange com-
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I trimmed the three pieces of the foot
to form a 90° angle with the back and
put them together dry to check for flat-
ness and squareness. I assembled these
parts using splined miter joints and glue.
Use extra care in this step; one of my fin-
ished speakers exhibits a little wobble
because I failed to ensure the foot was
square and the bottom flat.

With the foot glued and dry, I notched
the top section with the table saw and
a chisel to allow room for the 1 by 2
brace on the inside of the back panel. I
installed this brace first, with glue and
screws (pilot drilled to avoid splitting),
from the bottom of the back panel to
about 12" from the top. (A heavier brace,
perhaps up to 2 by 4, may be more
appropriate.)

Next, I glued and screwed the foot per-
manently in position because I didn't
think any batten or '‘remakable’’ joint
would hold up to the considerable pres-
sure placed on the foot. I used about ten
2Y2" screws per foot, shot in from the
back (pilot drilled and countersunk, of
course). | used a %" piece of Masonite
to close the bottom of the foot and glued
and screwed it into position. (You may
prefer to use ¥2" or thicker plywood or
particle board to enhance the strength
and integrity of this assembly.)

Filling the upper corners in the horn
with plaster as I did is unnecessary and
far too difficult. Bruce Edgar had implied
in casual conversation that no corner
transition is necessary if the mass cutoff
of the horn is less than 300Hz. ''Radi-
used” or '‘reflective”’ flat corner transi-
tion pieces may be a good idea if you're
lucky in your woofer selection and get
a mass cutoff over 300Hz.

After I finished the corner transitions
and completed the midrange horn and
driver holes in the internal pieces, I
glued and nailed the top section to the
side piece attached to the internal assem-
bly, then glued the other side piece to
the top and internal pieces. Next, I nailed
the top piece to this side piece and shot
screws through the side piece into the in-
ternal pieces, as before. This completed
assembly of the center snail section of
the speaker. You may need to cut the
corner transitions with a coping saw to
clear the midrange horn.

I used 3" dimpled acoustic foam on
the back surface of the compression
chamber and mounted the crossover, L-
pads, and terminals inside the compres-
sion chamber. The binding posts and
level controls are located inside the front
lower portion of the bass horn for two
reasons: they are accessible when the
grille cloth is in place and the speaker
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FIGURE 13: Individual driver and composite near-field responses.

pushed flush against the wall, and they
are not visible or tempting to young (or
not so young) curious fingers. As an
added precaution against my 3-year-old
son’s curiosity, I used metal mesh grilles
over the woofers (common sense win-
ning out over aesthetics and sonic merit).

I rounded all outside edges with a %
round router bit to minimize diffraction
and to facilitate installation and removal
of the grille cloth sock, which fits snugly
over the upper portion of the speaker
and is held in place inside the horn
mouth with strips of Velcro. I painted the
entire speaker enclosure with primer/
sealer (white shellac) inside and out and
finished it in a durable black polyureth-
ane enamel.

SOUND/MEASUREMENTS. These
speakers can play very loudly. In my
rather large living room, two-thirds vol-
ume on my 60W/channel amplifier will
produce uncomfortable levels. These
speakers’ high efficiency and dynamic
range provide an impact and realism to

percussive sounds I haven't heard in
many nonhorn systems.

Bruce Edgar and I measured overall
frequency response using his AudioCon-
trol RTA-1 octave band analyzer and a
pink noise source. We took near-field
(6”) measurements from the bass horn
mouth, woofer, midrange, and tweeter
(Fig. 13); the ""composite’ near-field re-
sponse derived by logarithmically adding
individual driver octave band levels. The
measured far-field (6’) response curve is
provided in Fig. 14.

Bass output is substantial down to
40Hz, below which the horn flare rate
cutoff and throat reactance effects pre-
vent virtually any output from the horn.
Some direct radiation occurs below the
hom cutoff frequency, but it seems to be
at least 6dB down from the horn-loaded
regime, confirmed by the far-field mea-
surements in Fig. 14. Although not im-
pressive bass on paper, it does provide
strikingly clean, effortless reproduction
of tympani and double bass. The 32Hz
pedal point on Also Sprach Zarathustra is
distinctly audible, but doesn’t have the
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FIGURE 14: Far-field (6') response in listening room.




authority of some high-power vented
systems. This lack of ultra-low bass is
not noticeable on most musical passages,
however.

Occasionally certain bass notes show
a distinct overempbhasis, noticeable only
on certain types of music and most
prevalent when the listener is seated
near a wall. Certain jazz or rock ensem-
ble pieces busy in the bass region can be
slightly confusing and rather muddy.
Symphonic music fares well, however.
Telarc's Firebird is remarkable on these
speakers. Small groups or combos come
across well, particularly if the bass line
is pronounced. This ripple in the bass
response may be due to the small mouth
area, but an uneven transition between
horn loading and direct radiation is more
likely the cause.

The frequency response ""hump’’ in
the 63-125Hz range, as shown in Figs.
14 and 15, graphically illustrates this
""bassiness.” By closely examining Fig.
14, you can see this bass hump is prob-
ably caused by reenforcement of the
bass horn response with woofer direct
radiation. Figure 15 illustrates the low-
frequency impedance characteristics,
with a distinct resonance at 64Hz.

In hindsight, the key to a successful
back-loaded horn design is a smooth tran-
sition from horn loading to direct radia-
tion. I believe this should happen at as
high a frequency as possible, but Bruce
Edgar may think otherwise (refer to his
Show Horn article). The horn's 125Hz
mass cutoff falls in the middle of the reg-
ister of most bass instruments, and bass
lines that transverse this frequency region
will understandably be muddied and con-
fusing. This explains why these speak-
ers reproduce some pieces so clearly, yet
others have a touch of "‘one note bass."

Cabinet vibrations may also play a
role, as I can feel front-panel vibrations
even at moderate levels. (I will explore

PHOTO 9: The speaker during assembly, showing driver in position.

internal bracing and damping materials
at a later date.) It is also unclear how
much of the bass ripple is due to room
resonance. Placed against a wall, these
speakers are necessarily at a node for
several modes of acoustic resonance in
the room. My living room is rather large
(approximately 17’ by 25’), with hard-
wood floors, a single throw rug, and not
much furniture. The speakers are posi-
tioned along the short wall, immediately
adjacent to a stone floor entry hall,
which acts as its own large-scale Helms-
holtz resonator. Moving the speakers
away from the wall reduces, but doesn't
eliminate, the muddiness.

Don't be misled by all this speculation
and diatribe regarding the boominess of
these speakers. As the measurements in-
dicate, this bass anomaly is limited (ap-
proximately a 6dB hump) and overall the
speakers sound very pleasant—definitely
less boomy and a lot punchier than some
BB4 ‘'bass box'' alignments I've heard.

A relatively minor flaw I've noticed is
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FIGURE 15: Low-frequency impedance characteristics.

that the lower midrange direct radiation
from the 15" woofer (500Hz-1kHz) is
very directional, much more so than the
mid and treble horns. Off axis, this re-
sults in a slight hole where male voices
ought to be and is particularly noticeable
on the spoken word. Angling the speak-
ers inward results in a good, but fairly
small "sweet spot.”

Using an audio oscillator, I've observed
both beaming and lobing {peaks and nulls
off axis), probably due to the woofer
cone's breakup modes. This problem
may not be easy to fix cheaply. I'm con-
sidering designing an acoustic lens of
open cell foam and gluing it inside the
metal grille in front of the woofer. (I re-
member JBL doing some things with cir-
cular metallic mesh acoustic lenses for
their direct radiator midranges in the
1970s.}

I have always admired midrange and
treble horns for their projection and im-
mediacy, as well as their silky reproduc-
tion of brass and strings. These horns
live up to my expectations, but are a tri-
fle harsh on female vocals. They could
probably benefit from the crossover mods
suggested by Benjamin Poehland in SB
3/86 (p. 22). Imaging is adequate, if not
particularly crisp. I have arranged the
cabinets so the midrange and horns are
at the outside edge to provide the widest
possible artificial proscenium {or sound
stage), the same technique used in my
Magnepans.

I have noticed no problem with woofer
flutter below the horn's flare rate cutoff,
even when playing Telarc's 1812 (with
cannon) at moderate levels. This surprises
me, as [ expected a problem at ultra-low
frequencies where the woofer is un-
loaded. My amp has an 18Hz subsonic
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PHOTO 10: Typical amateur speaker builder's workshop/garage.

filter, which I usually keep engaged to
be safe.

ADVICE FOR SPEAKER BUILDERS.
In selecting a driver to support this
horn's relatively large throat area, you
are confronted by the unavoidable prob-
lem of a relatively low horn mass cutoff
frequency (illustrated in Table I of Bruce
Edgar's Show Horn article).

A better compromise than the driver
I selected is possible: using a woofer with
a slightly higher f {around 40Hz), lower
Vis, and lower Qg could result in an f,,,
of around 300Hz with the same Sp.
This would change the horn-to-woofer
transition, but exactly how I don't know.
I had originally thought a high-quality,
professional woofer would be more effi-
cient and provide greater output and
detail in the low midrange, typical of the
presence peak of some musical instru-
ment drivers, which might smooth the
transition from horn loading to direct
radiation.

Overall efficiency of the Oaktron
T9337 is around 100dB/W at 1M, based
on an impromptu comparison with a
Cerwin Vega LE15 using Bruce Edgar’s
handy analyzer. Using a driver with a
high mass cutoff could arguably hinder
performance by extending the horn-to-
direct radiator transition and result in a
broader hump. Since the Oaktron T9337
is no longer available, it will be neces-
sary to experiment with alternate driv-

ers. Table 1 lists the optimal throat size
and mass cutoff of some candidate driv-
ers based on their published specs.

The midranges and tweeters I used are
currently available from parts supply
houses {such as ITC in Los Angeles) for
reasonable prices. Because of the lower
midrange beaming and lobing problem
mentioned earlier, however, I suggest
you use an Edgar Tractix midrange (SB
1/86, p. 7) placed on top of the bass cab-
inet, crossed over over around 400Hz.

Use more substantial bracing than the
single 1 by 3 I used inside the back panel
to support the weight of this speaker.
Within one month after I completed the
assembly, the back panel developed a
minor warp, resulting in less than %"
shift at the top of the speaker. I encour-
age you to brace the front panel with a
few 1 by 2s and coat all internal surfaces
with a damping material. The front is the
largest single unbraced panel, and it also
supports the woofer. Tapping on the
front panel of my finished speakers re-
veals a distinct resonance.

If you insist on using plaster in the up-
per corners, practice pour smaller pieces
first. I lined the corner in plastic and
used linoleum, duct taped and tacked at
the edges, as a mold. I found out the
hard way this doesn't have the rigidity
to hold the corner in a single pour. In-
stead, use several small pours, with the
plaster fairly soupy.

The plaster was anchored to the top

TABLE 1

POSSIBLE CANDIDATE DRIVERS FOR THE BACK-LOADED WALL HORN

Efficiency
(dB/1W at 1M)
McCauley 62244 102
EV EVM 15L 99
JBL E130 105
Cerwin Vega LE15 101

Sro fum

in.2 (Hz)
97 274
60 344
64 400
65 200

piece using partially exposed drywall
screws. Using a single, flat piece of wood
to turn the corner is probably an accept-
able alternative, considering the mass
cutoff of 125Hz, and it is far less messy.
The reflection corners employed by
Bruce Edgar in “The Show Horn' might
work nicely.

SUMMARY. Back-loaded horns should
not be wantonly disregarded by home
speaker builders simply because they are
low tech. In fact, they are extremely com-
plex. Horns in general have a bad reputa-
tion due to a handful of improperly de-
signed and poorly executed speakers.
Unfortunately, many commercially avail-
able all-horn systems aren't in produc-
tion; if an audiophile decides he doesn't
like the Klipsch sound, he assumes he
doesn't like horns.

The innovative, limited production de-
signs by JBL and Kevin Ingram are sadly
not available for audition by most audio-
philes, including me. One friend, who
particularly dislikes the harshness of
Klipschorns, was favorably impressed by
my back-loaded wall horns. He did,
however, find them a little bassy, con-
firmation of the tragic flaw I have al-
ready discussed.

I should note that a back-loaded horn
doesn't necessarily provide a smaller en-
closure or lower f; than a vented align-
ment. Using Bullock's tables (SB 3/81,
p. 18) for the drivers I selected, a QB4
alignment would require around 7.6 ft.?
(approximately a 2’ cube) and result in

Continued on page 90

ABOUT THE AUTHOR

Rick Steiner is a senior systems engineer for
a southern California aerospace firm. This is
his fourth loudspeaker project and his first bass
horn. He considers himself a "budget audio-
phile,” interested in getting maximum enjoy-
ment for minimum investment.
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INTEGRITE:

RATIONAL SPEAKER DESIGN

wo years ago, I began a project to

upgrade the quality of my living
room speakers. Dozens of paper designs
and three prototypes later, I completed
the final {for 1990} pair of speakers. I
named them Intégrité—French (since I
live in Quebec) for integrity, reflecting
my belief that they are accurate sound
reproducers.

This article will attempt to describe in
detail the systematic design choices in-
volved in building the speakers, with
somewhat less emphasis on actual con-
struction details. My intent is not that
you copy the design (although anyone is
free to build a similar speaker for non-
commercial use), but rather to introduce
neophytes to a step-by-step decision pro-
cess that will unfailingly produce good
results and so remove the fear of failure.

More companies produce speakers
than any other component of the sound
reproduction chain, with each one tout-
ing the virtues of their products. More
than any other component, speakers af-
fect the subjective quality of the repro-
duced sound, with many proprietary var-
iations designed to produce a special ef-
fect to the detriment of accurate repro-
duction. Worse, many fledgling speaker
companies have very little engineering
or quality assurance, but spend money
better devoted to R&D on advertisement,
trading substandard products for in-
creased short-term profits.

The average home builder lacks the
testing facilities to outclass reference

ABOUT THE AUTHOR

Marc Bacon, age 32, is an American father of two,
making his home in Quebec. With degrees in weld-
ing and electrical engineering, he is presently direc-
tor of manufacturing for a large custom metal
fabricator. He builds speakers to combine learn-
ing with relaxation, while obtaining pleasure from
the resulting music.
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speakers designed by reputable compan-
ies, but can approach their performance
at a fraction of the cost by paying atten-
tion to basics, purchasing high-quality
components, and building better cabi-
nets. It is feasible to make domestic
speakers subjectively better than com-
mercial units selling for $2,000/pair, al-
though you would be lucky if your home-
built units bettered $5,000/pair speakers.
Better still, the speakers you build will
reflect your budget, abilities, and personal
philosophy with regards to music repro-
duction. With that introduction, I will
begin detailing the design process used
to develop the Intégrité.

SUBJECTIVE DESIGN GOALS. It is
more important to describe the sound
you like, than to begin with the intent
of "building a transmission line using
18” woofers capable of handling 1kW/
channel.” Once you know your sound
preferences, you can choose the means
to achieve it. Although subjective words
don’t mean the same things to everyone,
listing your subjective criteria is as im-
portant to success as listing specific mea-
surable objectives. For example, Klipsch
and KEF are successful, yet they serve
different markets.

My preference is "'British’’ sound. I
love the transparency, realism, and ''dis-
appearing box'’ effect of B&W 801 Matrix
speakers, as well as the excellent imag-
ing and bass sections of KEF 104/2s with
their D'Appolito mid-tweeter sections
and bandpass subwoofers. I also like cer-
tain high-end Ellipson models for their
extremely rapid transient response, al-
though my tastes in decorating are not
as modern as Ellipson's. I therefore de-
termined to make a system delivering
that accurate sound, but better suited to
my budget and available design and test
equipment.

PHOTO 1: The Intégrité speaker system.

Specific descriptors I listed for my
preferences follow:
¢ Lack of listener fatigue. Many initially
pleasing speakers have a '‘forward’
sound that does not wear well.
¢ Clarity and detail, with no instruments
lost in massed groups.
¢ Realistic soundstage, even off-axis.
* Superlative transient response.
* Low distortion, even at high listening
levels.
e Ability to accurately reproduce piano,
the spoken male voice, classical guitar,
snare drums, organ music, and trom-
bones. Each of these makes very exact-



ing specific demands on tonal accuracy
and lack of coloration. Very few speak-
ers can do a credible job of reproducing
all of them.

OBJECTIVE DESIGN GOALS. Cost
and space are primary design considera-
tions, unless your listening room resem-
bles the grand ballroom of the Waldorf
Astoria. In that case, I suggest you pri-
vately audition the Infinity IRS and hire
a reputable acoustical engineering com-
pany to tweak the acoustic properties of
your listening area. For most of us, set-
ting cost and space criteria jointly with
our spouses has a pronounced effect on
the perceived success of the final result.

In my case, a 60-80 liter enclosure
was practical. My wife enjoys good
music as much as I enjoy tinkering with
speakers, and has become accustomed
to reasonably sized cabinets.

Cost is a problem for Canadian hob-
byists. We have only one domestic dis-
tributor for most high-end drivers and
crossover components, and their prices
reflect that fact. Buying from the US
means a 16% exchange, 7% value added
tax, and 8% duty, plus international UPS
rates. This easily adds 40% or more to
published US catalog rates. In my case,
it meant not buying the ne plus ultra in
drivers, but trying to obtain the best
sound for the buck. Specifically, it means
buying Morel tweeters instead of Dyn-
audio, and SEAS woofers and midranges
instead of Dynaudio, Focal, Eton, KEF,
or Scanspeak.

My budget did permit me to do better
than stamped-frame, small magnet units
from lower-priced suppliers. This is in
keeping with my Yamaha integrated am-
plifier, Hitachi compact disc player, JVC
cassette player, and Realistic turntable.
Lest audiophiles accustomed to Nakami-
chi, Krell and Oracle sneer, be aware
that Canadian electronic equipment also
suffers from a cost disadvantage similar
to loudspeaker components, and that dis-
cretionary income is lower due to our
more progressive personal income tax.

Your design, building, and measuring
equipment will also affect your choices.

TABLE 1

In my case, I had a PC with personally
developed spreadsheets for bass section
design and Ralph Gonzalez's excellent
LMP for crossover design (Figs. 1 and 2).
For building, I had access to typical
home woodworking tools. Testing equip-
ment was the most rudimentary, con-
sisting of a VOM, some excellent CDs,
and the combined ears/brains of my
wife, friends, and myself. Although this
does not provide objective measure-
ments, buying from a reputable speaker

supplier who provides units with repeat-
able specifications in my experience can
circumvent the need for most test equip-
ment, as long as the designer chooses to
go a tried and tested route with regard
to crossover and cabinet design.
Specific objectives for a proposed
speaker specification are made by Col-
loms in High-Performance Loudspeakers,
3rd ed. Without measuring instruments,
I cannot state whether Iindeed met those
criteria. I will, however, go through the

BASS CONTOUR EFFECT TRUTH TABLE

sLs fs fs
T SPDT CURVE (Hz) (H2)
ON “‘bypass’ 1 34 22
ON “network’’ 2 36 22
OFF  “bypass" 3 55 42
OFF  "network™ 4 70 39
ON “off”’ 5 82 50
OFF  ‘“‘off” 6 151 80
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FIGURE 1: LMP predictions: bass contour affect. Legend—on-axis, no room response: 1. mid-
bass "‘on,” subwoofer “‘bypass,” 2. (flat): midbass ‘‘on,” subwoofer ‘‘network,” 3. midbass
““off,” subwoofer ‘‘bypass,”” 4. midbass “‘off,”” subwoofer ‘‘network,” 5. midbass ‘‘on,"” sub-
woofer “‘off,”’ 6. midbass ‘‘off,” subwoofer “‘off.”

100

dB lw/1m

PHASE ANGLE
=]

-90

-180

FIGURE 2: LMP predictions: bass contour “flat’ position. Legend: 1-5 on axis, 1. bandpass
subwoofer, 2. acoustic suspension woofer, 3. midrange, 4. tweeter, 5. composite response,
A. 30° off-axis, B. 60° off-axis, C. typical room response (bass).
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TABLE 2
ACOUSTIC SUSPENSION MIDBASS sl i o gl S e B
SEAS P21 REX-DD ing with little distortion to an f; of 34Hz
with subsonic cone control.
Qus 2.4 2. Off-axis response: +10° vertical
gss g-;;z within 2dB of axial, +30° lateral within
i 33Hz 4dB of axial.
Vas 69l The D'Appolito configuration and use
Given SPL 91dB 1W/1M of low crossover points with small driv-
Chosen Vg 30.491 ers gives good control in the vertical
2.26 & &
g 0.430 plane and exceptional off-axis linearity.
G 3. Harmonic distortion (90dB):
With both drivers in paraliel 100Hz-20kHz < 0.3%, below 100Hz <
Re 3.05 2.0%.
853, gi?g Use of dual midranges, a high-power
Cate. SPL 88.2dB 1W/1M tweeter with ferrofluid damping, and
Qrc 0.75 large magnet drivers keeps cone motion
fg 59.6Hz well controlled in the midrange. Using
f3 56.4Hz dual woofers, with the subwoofer work-

Damping ratio 0.667

With subwoofer bypassed

Re 6.1
Qgs’ 0.471
Qrs’ 0.394
Calc. SPL 88.8dB
f 59.5Hz
fs 59.5Hz

Damping ratio 0.7

list, describing whether the design ‘‘on
paper” and subjective results met Col-
loms' proposals.

1. Axial pressure response: 60Hz-
15kHz +2dB (sine), 100Hz-10kHz + 1dB
(octave averaged), response below 60Hz
tailored to boundary conditions.

My design on LMP provides 50Hz-
20kHz + 1dB, with six different options
for tailoring the bass response below
200Hz to boundary conditions. The stag-
gered heights of the different drivers
above the floor help to avoid problems
in the 150-400Hz range due to cancella-
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ing in a bandpass enclosure, large mag-
nets, and the SEAS "'dynamic damping"’
graduated suspension stiffness feature,
makes for clean bass. Distortion caused
by subsonic excursion is inaudible, as the
acoustic suspension and bandpass en-
closures control subsonic movement.

4. Harmonic distortion (96dB}:
100Hz-20kHz < 0.5%, below 100Hz <
6%.

Due to the factors mentioned in item
three above, the chosen enclosure vol-
umes, and the high power handling ca-
pabilities of the individual drivers, X,y
is not exceeded at 96dB. I chose to use
an acoustic suspension enclosure as the
low-pass filter for the midrange units,
however, with no capacitor in the signal
path, meaning that near their box reso-
nant frequency of 149Hz, heavily ampli-
fied synthesizer-based percussion causes
the small cones to pant visibly, but the
effect is inaudible.

5. Sensitivity (2.83V/1M): greater than
88dB.

TABLE 3
BANDPASS SUBWOOFER
SEAS P21 REX-DD
Qus 24
Qes 0.44
Qrs 0.372
5 33Hz
Vas 691
Given SPL 91dB 1W/1M
Chosen Vegont 11.891
Chosen Vgean 20.61
Chosen VTOTAL 32.491
B 1.1548
fg 68.8Hz
With both drivers in paraliel
Rg 0.430
Re 3.050Q
Qgs’ 0.502
Qrs’ 0.415
Calc. SPL 88.2dB 1W/MM
S 0.5
SPL in box 85.7dB 1W/1M
QT 0.866
fs/Qrs’ 79.48
f, 34.9Hz
fy 135.9Hz
Damping ratio 0.5774
Vent length for 6.25"

6.28 sq. in. vent

With crossover bypassed

Rg 0.0Q
Re 6.1
QES’ 0.44
Qrg’ 0.372
Calc. SPL 89.3dB
S 0.558
SPL in box 86.8dB
QT 0.776
fs/Qrg’ 88.71
f/ 42Hz
fh 133Hz
Damping ratio 0.644
Vent length for 6.25"

6.28 sq. in. vent

The Intégrité speaker has a calculated
sensitivity of 90dB 1W/IM. A speaker
with 88dB sensitivity would require
1.58W of power to produce 90dB.

6. Power rating: at least 100W peak
program power.

This speaker has nominal rated music
power of 200W for all drivers, assuming
6dB/octave slope at 500Hz for midrange
drivers. Using a 149Hz corner frequency
for the midrange causes a downrating,
but it is safe to assume the speakers can
handle more than 100/1.58 = 63W of
power. (I lack the money to do destruc-
tive testing.) Listeners will leave the room
with no sign of strain from my 35W/
channel amplifier with its 3dB dynamic
headroom.

7. Impedance: 8Q nominal, 6Q < Z
< 209, phase angle of 30°, 100Hz-
20kHz.
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TABLE 4
ACOUSTIC SUSPENSION MIDRANGE
SEAS 13F-GMBX
Qus 22
QES 0.41
Qrs 0.346
s 75Hz
Vas 7!
Given SPL 92dB 1W/1M
Chosen g 2.39!
o 2.92
Rg 0.20
With both drivers in series
Re 12.20
Qes’ 0.417
Qrs’ 0.35
Calc. SPL 90.3dB 1W/1M
Qrc 0.694
fB 148.6Hz
fg 151.4Hz

Damping ratio 0.72

These speakers do poorly with regards
to constant impedance. Avoiding active
circuitry to achieve bass contouring
means nominal impedance of 4-82 for
bass section (actually considerably higher
due to resonance peak), 162 for mid-
range, and 8 for tweeter. They should
not be paralleled with other speakers for
most amplifiers. I did use a Zobel in the
midrange section to achieve predictable
crossover response. Use of 6dB filters
means a straight phase response with
frequency rise predicted by LMP.

8. Maximum SPL: 105dB, 1M for
domestic use.

This calculates to 31.6W input power,
which is far below the calculated X,y
limits. The speakers play so cleanly at
high levels that you are tempted to turn
them up, which is not good for the ears.
Unlike many speakers, they don't be-
come annoying at high SPLs.

9. Size: 25-50! for domestic use.

The Intégrité is larger than what Col-
lom's suggested, as I chose additional
bass extension, using a dual woofer for-
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FIGURE 4a: Satellite crossover.

mat to reduce distortion, and using a
D' Appolito midrange/tweeter/midrange
configuration to achieve precise imaging.
Also, the midrange/tweeter section is
larger than the required box volume, due
to the use of considerable foam filler to
control box resonances. The overall size
still meets with my wife's ideas of
aesthetics.

CABINET AND CROSSOVER. I chose
a D'Appolito MTM configuration, hav-
ing first been introduced to it listening
to KEF 104/2s, and having built two
D'Appolito speakers previously. In ad-

dition to the excellent imaging character-

istics due to limiting vertical dispersion
and good polar response, the use of two
midranges effectively cuts cone excur-
sion in half. This was important to me,
as I chose not to have a low-pass elec-
trical crossover to the midranges, and
wished to lower possible IM distortion.
Like Tannoy and KEF concentric drivers,
the D'Appolito approximates a true point
source. Not only is this good for theory,
but it makes music believable and three-
dimensional.

The downside of the MTM arrange-
ment is that you must buy two mid-
ranges instead of one. Also, I've found
that using larger 8” bass-midrange driv-
ers in an attempt to get a D'Appolito
two-way configuration is subjectively
disappointing, as the sound comes from
too tall an area in the vertical plane to
be believable, even if the crossover fre-
quency is kept low.

I chose a first-order crossover through-
out. It makes large demands on the
drivers, especially the tweeter, but the
transient response and subjective depth
given to the music make it worthwhile.
I believe the depth results from the
phase relationships between the drivers.
A word to the wise, however. Unless you
have access to a computer and a cross-
over simulation program, use a third-
order or higher filter to avoid response
irregularities. For example, I had to
spread crossover frequencies consider-
ably to avoid a hump in response be-
tween 1 and 2kHz. Without LMP, this
would not have been easy.

Bass section contouring to fit boundary
conditions is important. It avoids room
placement problems and boomy or thin
bass. Ideally, you would incorporate neg-
ative feedback/electronic control of the
woofer cone with a bass contouring cir-
cuit and biamplification. My budget did
not permit this, so I designed passive bass
contouring around a combination of elec-
trical and acoustical high-pass filters for

PHOTO 2: Wire connections on the back.

a total of six contour positions. The design
has proven to be extremely satisfactory.

DRIVERS. I chose SEAS 13F-GMBX
midranges for their wide, flat response
and similarity of on-axis to off-axis
curves, indicative of controlled cone
breakup. These drivers have a large mag-
net system, excellent acceleration, and
a low {75Hz) resonant frequency. Al-
though they use a stamped steel frame
instead of die-casting, it is of a very
heavy gauge. The rated sensitivity is
high, permitting use in series for a higher
impedance and better damping factor,
further improving transient response.

Subjectively, the speakers are superb.
Their only drawbacks are the rather
short excursion limits and the fact that
a poorly damped rear enclosure will
reflect through the light cones. I prefer
these paper cones to many plastic ones,
as they don't mask detail. SEAS has done
an excellent job of cone doping and
matching surrounds.

Morel MDT-30s were chosen for tweet-
ers. Although nearly identical to their
Dynaudio D-28 counterparts, they cost
approximately 60% as much. Use of hex-
acoil, ferrofluid, and stranded tinsel wire
leads results in high power handling and
good resonance damping, while their
double chamber lowers the resonant fre-
quency and provides a smooth shallow
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rolloff from 2kHz. The units have an ex-
cellent off-axis response as well, without
the large peaks indicative of major break-
ups at frequencies departing from piston
behavior.

An excellent way to evaluate tweeters
subjectively is to play them alone through
a single polypropylene capacitor {6dB/
octave filter) with values chosen to allow
as low a crossover frequency as prac-
tical. When you do this with the Morel
units, you can hear astounding depth,
clarity, and realism. Many competitive
drivers sound tinny and sibilant when
unsupported by other drivers in lower
ranges.

Finally, I used dual 8” woofers, since
I didn't require 20Hz bass, didn't wish
to have refrigerator-sized cabinets, yet
wished to hear most bass fundamentals.
I selected SEAS P21 REX-DD units as
their stiff, yet well-ventilated die-cast
magnesium frame, large magnets, grad-
uated suspension stiffness, and low IM
distortion make them a lot of speaker for
the money. Also, they are very smooth
up to 500Hz and quite good up to 3kHz,
although my design didn't require that ex-
tension. This allows a predictable cross-
over response.

T/S AND CROSSOVER DESIGN.
Thiele/Small design is quite simple, as
detailed in Tables 2-4 for the acoustic sus-
pension woofer, midrange enclosures,
and bandpass subwoofer. Note, however,
that the value of series resistances in the
crossover must be accounted for in the
driver Q calculations and driver sen-
sitivities. The process is iterative as
follows:

1. Unless you have enough equipment
to run response curves, use a photocopier
to enlarge published response curves to
fill an 8%2” by 11” sheet of paper. It is
much easier to work from large-scale
curves.

2. Model each driver's response using
LMP or a similar crossover/driver model-
ing program with no crossover. Be as ac-
curate as possible.

TABLE §

MIDRANGE/TWEETER MODULE MATERIAL LIST

(Two per stereo pair)
146" exotic plywood
(veneer-faced particle board)
top: 734" x 103"
bottom: 734" x 9"
sides (2): 73" x 18114¢"
front/back (1 ea.): 9" x 18"

34" cork
front: 874" x 1774"

%" square cleats: four 9" pieces

The" x %" quarter round trim
two 1034" pieces
two 193" pieces

Misceilaneous hardware
four ball connectors
two 2.39 liter plastic flower pots

one can spray-in urethane foam
silicone caulking

white glue

iron-on tape to match veneer
four rubber stick-on feet

Radio Shack fiberglass

hot melt glue

solder

wood screws

engraved nameplate

Crossover parts
one gold-plated binding post
one 3mH, 0.2Q, iron-core inductor
two 10uF, 5% polypropylene capacitors
one 5.6uF, 5% polypropylene capacitor
one 159, 25W, 5% power resistor
two SEAS 13F-GMBX midranges
one Morel MDT-30 tweeter
16-gauge stranded wire
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3. In accordance with your design ob-
jectives, choose crossover points and
curves that will let you design a "text-
book'’ crossover.

4. Look up typical inductor series losses
for the values selected, include them in
driver Q calculations, and check to en-
sure that the box doesn't get too large.
Also, check the effect of series losses on
driver sensitivities.

5. Model the complete crossover.

6. Change component values for de-
sired frequency and phase response.
With each change, repeat step 4.

7. If reverberant response is important,
model it as well using the component
values selected.

A spreadsheet or programmable calcu-
lator is essential to evaluate driver Q and
sensitivity changes quickly with series
resistances. Note that if you choose to
use a passive bass contouring scheme as
I did, you must calculate Thiele/Small
parameters for each contour switch posi-
tion. The configuration shown (Fig. 3)
has the advantage of reducing individual
Q when drivers are paralleled for bass
emphasis. Thus, although overall bass
level is increased paradoxically transient
response is also improved.

Examination of the crossover shows
the basic design's simplicity. The ''sub-
woofer" is an acoustic 12dB/octave filter
with a 69Hz center frequency. The bass

boost switch allows it to be switched to
one of three positions:

1. Working in series with a 10mH in-
ductor for an 18dB/octave cutoff and a
damping factor (S} of 0.5.

2. Working directly connected to the
amplifier, with only an acoustical filter,
for a 12dB/octave cutoff and an S of
0.558. You can use an optional 1mH coil
to avoid excessively low impedance in
the midrange for sensitive amplifiers.

3. Turned off.

The acoustic suspension vroofer can
either be switched on to work through
the 10mH coil, or simply turned off. The
20uF capacitor is used to smooth a small
ripple in the midrange predicted by
LMP, which is not audible, as far as I
can tell. It does not constitute a true 12dB/
octave filter. No Zobels are used on the
woofer sections, as they are cut off be-
fore any appreciable rise in impedance
due to voice coil inductance.

The two midranges have no capacitor
in the signal path, relying instead on their
boxes to limit cone excursion. The high-
pass cutoff is provided by a single 3mH
inductor. A Zobel consisting of two poly-
proplyene capacitors in parallel {15.6uF)
and a 15Q, 25W resistor ensures the cross-
over works as predicted. Note also the
absence of level-setting resistors due to
the matched sensitivities of the driv-
ers. Such resistors typically increase the

driver Q and hurt transient response. A
better solution is to choose drivers with
smaller magnets and lower sensitivity.

The tweeter works through a single
10uF capacitor for a 6dB electrical cross-
over at 2kHz in addition to its natural
rolloff. With the calculated midrange
corner frequency near 1kHz, true acous-
tical crossover occurs at a very low
1.4kHz. The tweeter is robust, however,
and performs well due to its 700Hz reso-
nant frequency and ferrofluid damping.
Accordingly, I chose not to include im-
pedance compensation for resonance.

Strangely enough, to get good phase
and frequency response, you must invert
the midrange driver's leads. Without
LMP, this would not have been intui-
tively evident.

ENCLOSURE DESIGN. The midrange/
tweeter enclosure (Figs. 4b and c) is sep-
arate from the woofer enclosure to per-
mit easy angular orientation toward the
listener and to avoid colorations in the
midrange caused by woofer-induced cab-
inet vibrations. Furthermore, this avoids
the danger of a leak between woofer and
midrange cavities, which can cause ser-
ious colorations, as well as damage to the

midrange at high levels.
I used %” cork for the front panels,
bonded to 146" exotic plywood. Cork is
Continued on page 29
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LET US KNOW!

0ld Colony will soon be offering a
number of its kits in assembled
form. If you have seen a good can-
didate in our ads or cataiog,
please be sure to let us know of
your interest. Every vote counts!

- ~

MITEY MIKE TEST MICROPHONE KD-2
Joseph D'Appolito $149
At long last, a top-quality test mike at a great price! Mitey Mike is the
answer to many an audiophile’s loudspeaker testing dreams, providing
flat free-field frequency response; high, undistorted SPL capability; ex-
cellent measurement repeatability; and guaranteed long-term stability.
Plus, it's a snap to build! Typical specs—response (rel. 1kHz): * 1dB,
20Hz-10kHz; *+2dB, 10kHz-20kHz; - 3dB @ 3Hz and 25kHz; sensitiv-
ity: 39mV/Pa, *2dB; max. undistorted SPL: > 120dBA; wideband noise
level: <42dBA; power consumption: 5mW typ.; 7mW max.
Unassembled kit comes complete with PC board, mike cartridge, cus-
tom brass wand, all components, and (undrilled) blue case. For greater
accuracy, a mike calibration service is available at a small additional
charge (details come with kit), although most users do not find this step
necessary. Tripod, 9V battery not included. From SB 6/90.
Other purchasing options available:
KD-2AM Assembled Mitey Mike with calibrated cartridge
KMW-1 Unassembled KD-2 (above) plus unassembled compan-
ion KK-3 Warbler Oscillator (case included; please see
complete KK-3 specs elsewhere in this section), at a sav-
ings of $19!
Assembled KD-2 with calibrated cartridge plus assem-
bled KK-3, at a savings of $29!
Unassembled KD-2 (above) plus unassembled compa-
nion KK-3 Warbler Oscillator (case included) plus unas-
sembled companion KSBK-E4 Super Switchable White/
Pink Noise Generator (case included; please see com-
plete KSBK-E4 specs elsewhere in this section), at a sav-
ings of $38!
Assembled KD-2 with calibrated cartridge plus assem-
bled KK-3 plus assembled KSBK-E4, at a savings of $58! $449

$229

$229

KMW-1AM
$349

KMWP-1

$289
KMWP-1AM

Yes! Please send me
# @$

]
-2

THE WARBLER OSCILLATOR KK-3
Dick Crawford $99

This unit will produce a swept signal covering any '3 octave between
16Hz and 20kHz. The total harmonic distortion at the output is less than
1.5%, and the output voltage is adjustable from 0 to 1V. When used with
a microphone, the Warbler is more effective than a pink noise source in
evaluating speaker system performance. It also reveals the listening en-
vironment's effect on sound through reflection and absorption. The sweep
rate is set at about 5Hz. The kit includes 3 % ” x 3 %" PC board, trans-
former, all parts, and article reprint. Case included. This device is the
most accurate tool available for determining a speaker system's actual
performance in a room. From TAA 1/79

Other purchasing options available:

KK-3A Assembled Warbler $149
KMW-1, ALSO AVAILABLE IN COMBINATION WITH MITEY
KMWP-1 MIKE TEST MICROPHONE AND SUPER SWITCHABLE
WHITE/PINK NOISE GENERATOR. PLEASE REFER
TO KIT KD-2 ELSEWHERE IN THIS SECTION.
SUPER SWITCHABLE WHITE/PINK NOISE GENERATOR KSBK-E4

Bernhard Muller $79

This unique kit features a stereo/mono/reverse-polarity switch that
distinguishes it from other generators. CMOS digital circuits form a
pseudo-random bit stream generator switchable between mono, stereo,
and stereo reverse, and another switch selects pink or white noise out-
put. Pink noise rolls off between 16Hz and 20kHz at 3dB/octave and at
6dB/octave above 20kHz, while white noise is constant through the
16Hz-20kHz range. The unit is powered by a 9V battery, not included.
Included is an article reprint outlining the generator’s use in audio system
evaluation; the article is especially helpful with speaker evaluation
methods and room placement problems. The kit comes complete with
4 1" x 2 ¥%,” PC board, ICs, precision resistors and capacitors, and
switches. Case included. From SB 4/84.

Other purchasing options available:

KSBK-E4R  Assembled White/Pink Noise Generator $129

KMWP-1 ALSO AVAILABLE IN COMBINATION WITH MITEY
MIKE TEST MICROPHONE AND WARBLER OSCILLA-
TOR! PLEASE REFER TO KIT KD-2 ELSEWHERE IN
THIS SECTION.

ADCOM POWER SUPPLY REGULATOR KY-2

Kit Ryan $99 per chan.

This popular mod was designed for taming Adcom'’s GFA-555, but it
adds sweetness and definition to just about any amp in the 80V-in, 60V-
out, 10A-regulated family. Mounts in existing case; complete with PCB,
custom heatsink, and Japanese transistors. Two usually needed. From
TAA 4/89.

NAME T MAGIC NO
# @$ =
4 @$ _ STREET - )
SHIPPING cr T STATE ZF
e OLD COLONY SOUND LAB
PO Box 243, Dept. B91 MCVISA T EXP DATE

SHIPPING: Postpaid in U.S. In Canada, please add
10% for surface; others, 20% for surface. Airmail:

Please inquire. 24-hour FAX:

Peterborough, NH 03458 USA
24-hour telephone: (603) 924-9464

CALL OR WRITE FOR YOUR FREE CATALOG!

(603) 924-9467 DEALER INQUIRIES INVITED.



Continued from page 27

a natural for front panels. It is easily
routed to shape, provides a somewhat
resilient mounting surface to decouple
the drivers slightly from the cabinet, and
provides a nonreflective front panel of
a rich appearance. Exotic plywood is a
name for extremely dense particle board
with a thin veneer of real wood. Not be-
ing a professional woodworker, I found
it easier to work with this material than
to apply veneer to raw particle board.

I screwed all drivers in place and
sealed them with silicone. I made the
grille frame from %" by %" quarter
round molding, which barely projects
(*%16”) above the cork, providing rounder
edges to avoid reflections of high fre-
quencies. The rear panel is %" particle
board. The front panel size is similar to
the one I used to test the midranges, to
avoid response irregularities due to dif-
fraction effects.

Simple plastic flower pots were used
for rear acoustic suspension enclosures.
They are inexpensive and come in many
sizes. Besides providing nonparallel

TABLE 6

BASS MODULE MATERIAL LIST

(Two per stereo pair)

146" exotic plywood
(veneer-faced particle board)
top: 144" x 144"
bottom: 123" x 144"
sides (2): 14" x 27%¢"
duct: 4%6” x 5%¢”
front/back (1 each): 123" x 2654”
large divider: 19”7 x 123"
small divider: 1234” x 1274¢"

%" particle board
10%” x 134"

3" square cleats
cut to suit, sealing all joints

2" quarter round trim
two pieces

Miscellaneous hardware
silicone caulking
Radio Shack fiberglass
white glue
iron-on tape to match veneer
spikes (optional for carpet)
hot melt glue
solder
wood screws

Crossover parts
one gold-plated binding post
one 10mH, 0.43Q, iron core inductor
one 1mH, 0.34Q, air core inductor (optional,
see text)
one SPDT, center off, 120V AC, 5A
one SPST, 120V AC, 5A
two SEAS P21 REX-DD woofers
one 20xF, 5% polyproplyene capacitor
16-gauge stranded wire

walls, they can simply be held in place
with silicone glue, and require almost no
labor. I used a small amount of Radio
Shack acoustical fiberglass in each flower
pot, melted a hole through the rear to pass
leads, and sealed drainage holes with
silicone. To avoid ringing of the thin
flower pots, I filled the space around
them with spray-in urethane foam to a
depth of approximately 3”. This provided
extremely rigid, nonresonant enclosures,
with no need to caulk the wood joints or
provide more corner cleats than neces-
sary for assembly. The enclosures sit on
four rubber stick-on feet to isolate them
from the woofer modules.

The acoustic suspension woofer and
bandpass subwoofer are housed in a
common enclosure (Figs. 5a and b). Both
acoustic suspension and bandpass enclo-
sures provide a natural 12dB/octave roll-
off below resonance and control of sub-
sonic excursion, as well as subjectively
good transient response. I chose the
bandpass subwoofer to provide a selec-
tion of bass contours, as well as for the
reduced distortion provided by damping
the cone in both directions. Also, the
acoustic low-pass filter eliminates distor-
tion products, providing a more fun-
damentally pure sound. The vent is tri-
angular to reduce self-resonance.

I oriented the internal bracing at 45°
angles to avoid standing waves and to
rigidly brace the enclosure. I cannot
overemphasize the importance of proper
cabinet bracing and damping. Over the
years, I have built two sand-filled de-
signs, one of which was with very cheap
drivers. Many people prefer the dead
cabinets with inexpensive components to
conventional cabinets with better drivers.
This is one area where home builders
can far outclass commercial designs—
companies simply can’t afford the time
needed to build a "dead” enclosure.

Sand filling, however, increases the
time required to build the enclosures, the
total weight, and the overall cabinet vol-
ume. Hence, for these units, I thought
it wiser to use heavy internal bracing
and cleats in every corner. Sealing was
accomplished by caulking all joints with
""Mono"’ brand sealant. All material was
again 'Y” exotic plywood, with an ad-
ditional ¥2” particle board on the front
panel around the woofer.

Although the P21 REX-DD woofers
provide excellent sound, they have bulg-
ing surrounds, which make flush-mount-
ing a problem unless the grille cloths are
mounted away from the front panel.
Since cavity resonances are not a prob-
lem at the low frequencies involved in
this design, I chose the %" particle board

surround. A simple perimeter of Y%2”
quarter round holds the grille in place.
Stainless steel wood screws serve as
spikes to couple the speakers to the floor.
Lining walls of the acoustic suspension
enclosure and the rear volume of the
bandpass enclosure with fiberglass as
well as some volume filling helps further
reduce standing waves.

RESULTS. In my obviously biased opin-
ion and that of my close acquaintances,
the sound is very good, even better than
their prototypes. Even nonaudiophiles
give unsolicited praise when listening to
them. Of course, like most of this mag-
azine’s readers, I hope to build even bet-
ter speakers with time. Meanwhile, these
provide enjoyment for the entire family.

In summary, remember the steps to
success for the homebuilder:

1. Define subjective design goals in
terms of commercial speakers you like
and specific sound qualities you find
pleasing in live performances.

2. Define objective goals in terms of
cost, size, available design, construction,
and testing instruments, and commonly
accepted engineering criteria.

3. Choose an enclosure configuration.

Continued on page 90
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Performance Computer
System with a Kit from
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OPTIMIZING TRANSMISSION
LINE LENGTHS

In recent years, many articles have ap-
peared in SB concerning transmission
line designs. While most have been in-
formative, only a few have mentioned the
obvious relationship between stuffing
density and line length. A lack of math-
ematical equations defining TL charac-
teristics has probably kept many from
attempting this type of speaker design.

A certain amount of math is involved,
but don't let the equations scare you.
Work them through, and you'll see
where I'm going. When you're finished,
I think you will understand TLs better.

THE MATH. Many builders calculate
transrnission line length using the follow-
ing formula:!

1,130 ft./sec.
YWh=———"/4
f, (Hz)

The length this method determines is
correct for an undamped line. When the
line is filled with a damping fiber, like
wool or Acousta-Stuf® , it ceases to be an
acoustical labyrinth and becomes a low-
pass filter. This requires an equation
modification. We must find the speed of
sound through fiber.

The speed of sound through air at 0°C
is 1,087 feet per second. To find the
speed of sound at any temperature, use
the formula below:2

ABOUT THE AUTHOR

Larry Sharp is the owner of Mahogany Sound in
Mobile, AL. He has been involved in audio since
1966 when he built a Carlson enclosure for his
hi-fi system. He served in the Navy as an elec-
tronics technician during the Vietnam War, then
spent seven years as a broadcast engineer. Today,
he also works as a process control technician in
the pulp and paper industry. He is married and
has two children.
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1,087 x v273 + t°C

16.52

C =

Since 72°F = 22.3°C, you can see that
the speed of sound at 72°F is 1,130 feet
per second.

Bradbury's equation for the speed of
sound through a fibrous material like
wool or Acousta-Stuf follows:3

C

C/ =
v1 + (P,/P)

where ¢’ is the speed of sound through
fiber, c is the speed of sound through air
at 72°F (1,130 ft./sec.), P, is the density
of the stuffing material (0.5 lb./ft.3), and
P is the density of air at 72°F (0.0745
lb./ft.3).

In the Loudspeaker Design Cookbook,?
Vance Dickason lists the density of air
as 1.18 kg./cubic meter (0.0736 lb./ft.3),
which is correct for 76°F. However, 1
am attempting to standardize all values
at 72°F for the convenience of using the
1,130 ft./sec. speed of sound.

Bradbury's equation using a stuffing
density of 0.5 lb./ft.3 of fiber provides the
following results:

1,130
c' =
V1 + (0.5/0.0745)
1,130 1,130
= —— = — = 408 ft./sec.
NoXg 2.77

Now try 0.75 lb./ft.3:

1,130

C/

V1 + (0.75/0.0745)

1,130 1,130
= —— = — = 339 ft./sec
v11.1 3.33
And 1 lb./ft.3 is:
1.130
c' = —
V1 + {1/ 0.0745)
1,130 1,130
=— = —— = 298 ft./sec.
144 3.80

Now, instead of 1,130 ft./sec., replace
XXX in the formula below with speeds
of 408, 339, and 298 for quarter wave-
length lines:

XXX ft./sec.
— /4 =L’
f, (Hz)

This lets you calculate line length at
various cutoff frequencies. Table 1 and
Fig. 1 indicate the length of transmission
lines at frequencies from 20-50Hz and
stuffing densities of 0.5, 0.75, and 1
pound per cubic foot of enclosure vol-
ume.

DESIGNING YOUR TL. Now that
you've done the math and see the re-
sults, you may question those numbers.
After all, can you really expect a 50” long
line to go down to 25Hz? Using a woofer
with a low f;, I don't see why this fig-
ure can't be met. If you don't trust the
equations, add 25% to your TL; it won't
hurt anything.

The other considerations you should
look at are woofer Qs and cross-
sectional area of line. After selecting a
woofer, consult Table 1 for an appropri-
ate line length. Use a minimum cross-



TABLE 1

QUARTER WAVELENGTH TRANSMISSION LINE LENGTHS
USING BRADBURY'S EQUATION

Freq. 0.5 lb./ft.3
(Hz) 408 ft./sec.
20 5.10 61.2
25 4.08 489
30 3.40 40.8
35 291 349
40 2,55 306
45 226 271
50 204 245

0.75 b.Ht.3 1 Ib.Ht3
339 ft./sec. 298 ft./sec.
4.24 50.9 3.72 446
3.39 40.7 298 358
2.82 33.8 248 298
2.42 29.1 212 254
212 25.4 1.86 223
1.88 22.6 1.65 198
1.69 20.3 143 179

sectional area (CS1) behind the woofer
at least 25% greater than the effective
cone radiation area (Sp). Most 8” woof-
ers have an Sp of about 33.3in?, so a
minimum of 42in? would be good.

John Cockroft* recommends increas-
ing the cross-sectional area of a TL for
stuffing densities above 0.5 Ib./ft3, so to
use the 0.75 lb./ft? or the 1 lb./ft? den-
sity lengths from Table 1, you probably
should increase the minimum cross-sec-
tional area by 40-60% greater than Sp,
respectively.

John also addresses the issue of driver
Qys. He believes a shorter line should
use a woofer with a higher Q. Lines
longer than 41” can use a Qg of 0.4 or
less, while lines 25-40” long should use
a woofer Qs of 0.4-0.6, and for lines
shorter than 24", a Qp of 0.6-0.75
should work well.

In several issues of SB, readers have
commented on the equations that Mr.
Cockroft developed for '"The Unline."”
On page 83 of SB 3/90, he made a state-
ment we all should read. He simply says,
“Consider the article a road sign: it

points out the direction, but it doesn't
walk the road for you.”

I agree with his statement. Don't let
the fear that you may not know enough
about transmission lines stop you from
proceeding with what will probably turn
out to be the most satisfying speaker
project you ever attempt. Sit down with
a pad of quadrille graph paper, and us-
ing the tables and equations that have
appeared in these articles, make a scale
drawing of the ideas that come into your
head. Then, cut the wood and build your
TL design. You will probably be amazed
at how good your transmission line
speaker system sounds.

WHETHER TO TAPER. Some articles
have recommended maintaining a con-
stant cross-sectional area along the en-
tire length of a transmission line.!/s
While this works well, I must point out
that lines with parallel wall surfaces will
invariably cause standing waves and res-
onances to occur somewhere along the
length of the line at various frequencies.

Several articles have recommended
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FIGURE 1: Transmission line length using 0.5, 0.75, and 1 Ib./ft3

tapering the line,578 and I believe this is
the ideal approach. Tapering a TL elim-
inates the possibility of major resonances
and standing waves, which slightly im-
proves the efficiency of your TL and re-
duces the enclosure’s overall size. In fact,
the TL design shown in A.R. Bailey's
original article® was a tapered line.
Taper the line to no less than 50-60%
of Sy at the terminus area. You can
taper a TL continuously by using angled
baffles so only the side walls of the box
are parallel, or you can taper in pro-
gressively smaller steps as Craig Cushing
did with his compact TL subwoofer.®

FIBER'S ACOUSTIC PROPERTIES.
A damping material inside a speaker en-
closure absorbs midrange reflections that
would otherwise bounce around inside
the box and cause secondary emission
from the driver cone. Without damping
material, a speaker will be loud and col-
ored in the midrange. In a transmission
line, the damping fiber acts as a low-pass
filter that eliminates all frequencies but
the deepest bass. The woofer's output in
the lower octaves is reinforced by the out-
put at the terminus.

Most audiophiles agree that wool out-
performs polyester as a damping mate-
rial, and those who have tried Acousta-
Stuf swear this is far superior to wool.
But what makes one fiber sound better
than another? The answer lies in basic
physics.

Sound consists of a complex series of
waves composed of compression and
rarefaction of air molecules caused by
the vibration of the speaker cone.
[Among other things.—FEd.] The surface
area of a damping material greatly deter-
mines what the material's absorption
coefficient will be. A fiber with more

Continued on page 90
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UPGRADING
A BRONCO'S SOUND SYSTEM

hen a co-worker, Steve, pur-

chased a new Ford Bronco with
a premium sound system, I was in-
terested in hearing what Ford had been
doing for Bronco sound. After a parking
lot audition, I concluded the system could
be described as *'inoffensive.’’ Not wish-
ing to insult the proud new owner, I sug-
gested he listen to the relatively inexpen-
sive system in my humble 1980 Toyota
pickup. After hearing the dramatic dif-
ference, he began to consider the possi-
bilities and costs involved. Over a period
of time, we developed a design for a
system upgrade that met his needs at a
total cost for materials of $400.

Eventually, the system was an unqual-
ified success. I say eventually because it
took two modification sessions to achieve
the final result. In the end, however, the
system sounded wonderful and Steve
was pleased with the results.

For me, the fun was in designing an
upgrade for yet another vehicle applica-
tion I had not seen before. The experience
was even more enjoyable because this
type of system was not commercially
available at any price, let alone the mod-
est cost of the upgrade.

STARTING POINT. Original equip-
ment in the Bronco consisted of a high-
quality DIN-sized (flat face) dash unit and
four speakers. The front drivers were
round, 4¥2” diameter units with whizzer
cones mounted in the upper forward

ABOUT THE AUTHOR

Dan Ferguson has a Master's Degree in mechan-
ical engineering from Clemson University. He is
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quadrant of the doors—a preferred loca-
tion. The rear 6” by 8” oval drivers were
mounted in an equally good location in
the walls approximately 2%z’ behind the
front seat and approximately 18~ above
the rear floor—nearly the same elevation
as the fronts. Because of these favorable
speaker locations, stereo imaging and bal-
ance was very good, much better than
dash and package shelf setups in most
sedans.

The Ford deck has the following fea-
tures: AM/FM stereo radio with seek and
scan; 5SW/channel x 4; Dolby-B tape
noise reduction; auto-reverse tape trans-
port with buttons for tape direction, fast-
forward, and reverse; LCD displays;
clock; and bass, treble, volume, balance,
and front-rear fader. The sound of this
equipment was, as I said earlier, inoffen-
sive. The single most descriptive word
would be “smooth.” I heard no trace of
harshness when boosting the treble to
compensate for the lack of tweeters. The
original oval speakers have very good
(perhaps even prominent) midbass, giv-
ing the impression of real bass. After a
thorough listening test, during which I
played all my favorite test tapes, I was
convinced the system had good potential
for upgrading.

UPGRADE DESIGN. The first step in

any upgrade is to understand the objec-

tives. Here are the ones Steve and I de-

veloped for his Bronco:

® No interior vehicle modifications.

¢ System must be attractive and comple-
ment interior design.

® Cargo space utility must not be ad-
versely affected.

¢ Budget limited to $500.

MAIN SPEAKERS. The first step in de-
signing a quality autosound system is to
determine which components you can
save and reuse. I was certain we would
retain the factory deck, but we had some
work to do to check out the speakers.
Because the Bronco's front door-
mounted speakers were difficult to re-
move and the rears easy, we chose to base
most of our decisions on evaluations
made on the rear speakers. Also, the
front and rear speaker’s basic sound is
quite similar. Finally, the owner (under-
standably) chose to not remove the front
door panels unless absolutely necessary.
(We didn't find it necessary.) Four screws
later, I was holding an impressive-look-
ing 6” by 8” driver. It was fairly heavy,
especially for original equipment, and
had a paper cone with cloth roll sur-
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FIGURE 1: Frequency response of stock Ford 6" by 8” speakers in a 1989 Bronco.




PHOTO 1: Finished front tweeter installation.

round and a whizzer cone for improved
high-frequency response.

We unplugged the leads, attached my
signal generator, and set the driver back
in its mounting hole. Using a Radio
Shack sound level meter placed on the

A

PHOTO 3: Finished left subwoofer cabinet.

PHOTO 4: Nearly complete right subwoofer
cabinet with power amplifier.

PHOTO 2: Finished rear tweeter installation.

center console, we developed the in-ve-
hicle frequency response shown in Fig.
1. The graph, however, bears little re-
semblance to what I thought I was hear-
ing as it wasn't very smooth. In general,
vehicle space resonances color speaker
frequency responses, which perhaps was
the case with the Bronco. As you will see
later, it became a major factor in tun-
ing the upper-bass response. In any case,
the original factory speakers sounded
considerably better than the frequency
response graph indicated. One last "'ex-
cuse’’ for the frequency response irreg-
ularities could be because my measure-
ment equipment is crude at best.
Having made enough excuses for the
data, I trusted my ears and opted to re-
tain the original rear drivers. It followed,
then, that we would add tweeters to the
rear units. We needed to make a similar
decision about the front speakers. We
were running out of time at this first ses-
sion, and the only way to get to the front
speakers’ leads for testing was to pull the
deck. Again, relying on my ears, I elected
to at least try to retain the original front
speakers and add tweeters there also.

ADDING TWEETERS. For cost effec-
tiveness, great sound, and ease of in-
stallation, I selected the venerable Poly-
dax TW-60s, in wedge mounts, supplied
with 5.5uF Mylar caps. We installed
these on the front door panels and rear
walls as shown in Photos 1 and 2. Up
front, we attached the tweeters to the
plastic door panels with a single sheet
metal screw and a drop of silicone caulk.
In the rear, we attached them with one
of the existing speaker mounting screws.
This limited interior modifications to two
small holes drilled in the front door
panels.

SUBWOOFER CONFIGURATION.
Next, we determined where to place the
subwoofers. I had a preconceived notion
they would fit under the rear seat. How-
ever, after examining that area, I con-
cluded that nothing would fit there, as the
seat sits flat on an elevated floor plan.
Also, the only convenient place to mount
the power amplifier(s) was the large con-
sole, which would reduce the storage
area. It also had the potential to generate
excessive heat from the powertrain.

I retreated to the cargo area. We also
had to overcome problems here as the
volume was quite large compared to the
driver's space. This created the possibil-
ity for poor acoustic coupling to the front
of the vehicle. Then the system would
have the typical problem of projecting
cleanly past the large, rear seat, which
would subdue bass attack. Finally, a tra-
ditional box system would occupy much
of the cargo area, which was also objec-
tionable.

Sitting in the driver's seat, I noticed a
large gap between the rear seat back and
the vehicle side walls. By building two
shallow cabinets and mounting them
vertically, a vertical slot-loaded design
could project cleanly through the gap in
this location. Since there seemed to be
no other good prospect, we settled on
this design. It turned out to be a good
choice.

The Bronco cargo area has two trape-
zoidal recesses in both rear side walls.
The available net volume there, however,
was only 200 in? We decided to use that
volume as part of a larger enclosure as
it permitted reducing cabinet depth by 1”.

Since the wheel wells intruded into the
compartment, we would make the cab-
inet the same depth. Doing rough math
ahead of time, we set the tailgate, side
window sill, and wheel well as natural
boundaries for the cabinets. The shape
of the cabinets, after-a series of trial-and-
error attempts, became a pair of trape-
zoids—a smaller trapezoid to fit inside
the vehicle wall recess and a larger one
for the main cabinet. Aesthetically, this
suited the Bronco well. Photo 3 shows
the final results.

To be sure our measurements were
correct and the cabinet design looked
right, we installed full-size cardboard
mock-ups. The right side cabinet included
additional space to house the relatively
large power amplifier since no other lo-
cation was available (Photo 4).

Luckily, the cabinets had sufficient
space to accommodate my favorite sub-
woofer design, a Thiele/Small sixth-order
alignment. Through some tight maneu-
vering, we directed the ports and slot-

Speaker Builder / 4/91 33



PHOTO 5: Left subwoofer cabinet with top removed.

loaded speakers to fire in the same direc-
tion through the gaps between the rear
seat back and vehicle side walls. To fa-
cilitate pressure-coupling the woofers’
front wave to the slots, I designed a baf-
fle to seal off the woofer's rear and bot-
tom, Photos 5-7. I chose the Madisound
81524 DVC woofers for this alignment.
These speakers with porous dust caps
have a loss factor (Q,) of about 5 (rela-
tively high); but in a T/S sixth-order
alignment, they have an f; of 32Hz in a
0.7 ft? box. At $25 each, they are an im-
pressive bargain.

Figure 2 shows final box details. Since
the net box volume is approximately 6%
less than theoretical, I increased f; to
34Hz and planned to do an in-vehicle
tuning of the electronic filter for a —3dB

point of about 34Hz as well, or less
depending on the results.

THE ACTIVES. For electronics, we
would use only two components (I
thought)—one of my handbuilt sub-
woofer filter/crossovers and a single
power amplifier. For the latter, I chose
a 65W RMS per channel Hi-Comp model
HCBO0865 from Crutchfield. Although it
is unfortunately not in their current cat-
alog, it is an absolute best buy at $130,
considering it is a full-featured unit with
a 0.05% THD rating at full power.
The subwoofer filter construction de-
tails, shown in Killer Car Stereo on a
Budget,* are beyond the scope of this ar-
ticle. The theoretical tuning for the fil-
ter's high-pass section from Bullock's

alignment tables? is Qr = 1.814, with a
characteristic frequency of 31.8Hz. How-
ever, as you will see later, we altered this
significantly due to the large vehicle res-
onance at about 43Hz.

The recommended subwoofer filter
sums both right and left channels and
provides a mono output to the power am-
plifier. It also has a low-pass filter with
adjustable crossover frequency. This fea-
ture, along with adjustable gain, lets you
obtain a seamless blend between the sub-
woofer and the vehicle's main speakers.
Because of the input configuration, you
can use the filter on either high- or low-
level signals from the dash unit. The cir-
cuit topology is plain vanilla—straight out
of Walt Jung's book.3 All parts are stocked
at Radio Shack. (A handbuilt prototype
is available from the author for $75.)

BOOSTER AMPLIFIERS. During my
initial listening tests, I determined that
external power amplifiers (or boosters)
were unnecessary for the main speakers
as the original system played loudly and
cleanly. It had far greater output than the
owner would ever require. However, we
later found that the capacitor-coupled
outputs from the Ford deck limited low-
bass response to 50Hz. Eventually we
added an 18W/channel Hi-Comp, model
HCB-8036 to the rear channels to pro-
vide a 1002 dummy load for the deck's
1,000uF output capacitors. This extended
the rear channel's bass response nicely
and provided the proper signal content
for the input to the subwoofer filter. This

PHOTO 6: Front of right subwoofer cabinet.
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PHOTO 7: Completed subwoofer cabinets ready for mounting.

'World Radio Histo




modification increased the system cost
by only $50.

— 7%

CONSTRUCTION. When all materials
were on order, except the small power
amplifier for the rear speakers, it was
time to go to work. We spent one after-
noon cutting out the pieces for the two 3
subwoofer cabinets. Starting with a 4’ by 3 ‘ SN
8’ sheet of %” high-density particle y ‘

board, we were eventually left with two
piles of relatively small pieces and al-
most no waste. Since we didn't plan the
cut sequence ahead of time, we have no
record of what we actually did, so be
prepared to run out of material if you're
not careful.

The next day, Steve spent eight hours
dry-fitting all the pieces and determin-
ing the relative location of the subenclo-
sures on the main enclosures. It took
another four hours to disassemble the
enclosures, cut the openings with a saber
saw, and reassemble them with copious
amounts of Elmer’s glue. (We attached
the cabinet tops with only silicone caulk

SR

Y p— S—
Volume (V) —23: o _j
= [(23.0 - 0.75 - 0.75)(18.25 - 0.75 -0.75) — (0.5)(8.25 — 0.75)(8.0 - 0.75))(3)
= [(21.5)(16.75) — (0.5{7.50%7.25)|(3) = (360.13 - 27.19)(3) = (332.94)3) = 998.8 im?
Volume (V,}
={(17.75 - 0.75 - 0.75)9.25 - 0.75 - 0.75) ~ (0.545.25 — 0.75§4.5 — 0.75))(2)
= [(16.25)(7.75) - (0.5{4.5)(3.75)|(2) = (125.9 - 8.4)}2) = (117.5)(2) = 235 in?
Total Volume = 998.8 + 235 = 1,233.8 in? = V,

FIGURE 2: Subwoofer cabinet details. Port dimensions equal 2” diameter by 8” long.

and screws to permit removal if we
needed to access the speakers.) After the
glue dried, we routed most of the cabinet
edges, as shown in Fig. 2 and the photos,
to facilitate carpet installation.

Next, we lined the cabinets with fiber-

glass from Radio Shack and installed the
speakers, wiring, ports, and terminal
cups. We sealed the ports and cups with
silicone caulk and installed the speakers
with #8 x 1” panhead sheet metal screws
and Mortite rope caulk.

WIRING. Steve ran wiring in the Bronco

as listed below:

¢ One #10 {red) from the fender-mounted
starter relay ""hot” terminal through
the firewall and along the right door

sill to the rear cargo area.

MAIN POWER FROM BAT TERY
CHASSIS POWER GROUND
SIGNAL GROUND
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FIGURE 3: System schematic.
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PHOTO 8: Tweeter wiring ready for hookup.

® One #10 (black) from an electrical
chassis ground strap terminal under
the hood—same routing as the red.

* Three #18 red and black pairs from the
dash to the console.

® One #18 green pair from the dash to
the console.

® Two #18 red and black pairs from the
console to the rear cargo area.

¢ One shielded cable from the console
to the rear cargo area.

After mounting the various compon-
ents, we installed the interconnecting
wiring (Fig. 3). Removing the radio (or
deck unit) was quite easy. The entire trim
plate for the radio and heater controls
pops off under gentle prying and the radio
is secured with four sheet metal screws.

Wiring the front tweeters was difficult
since Steve elected not to remove the
door panels and risk rattles. Instead, he
carefully pried off the power door lock
escutcheon plates and the rubber cable
boots in the lower front door edges and
fished a red/black #18 pair down through
the door panels to the rubber cable boot.
We made a parallel, soldered (as always)
splice to the front speaker leads in very
close quarters in the rubber boot area.

We filed a notch in the front edges of
each power door lock plate large enough
to accommodate the #18 zip cord. When
we snapped the lock plate and rubber
boot back in, the wiring installation was
invisible except for the protruding leads
(Photo 8). All internal wiring, including
the tweeter's capacitor, was hidden in-
side the wedge. Photo 1 shows the fin-
ished installation.

Wiring the rear tweeters was much eas-
ier. Removing four sheet metal screws
puts the rear 6” by 8” ovals in your hand
with plenty of slack in the wiring to make
a hookup. We removed the drivers from
their grilles and drilled two small holes
in each one’s plastic mounting ring so
the tweeter leads could pass between the
ring and the plastic grille. We then in-
stalled a pair of 20-gauge wires in each
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side and spliced into the factory speakers
leads {Photos 9 and 10).

Looking at the response curve, you
can see that the rear speakers have sig-
nificant output above 7kHz, the tweet-
ers' crossover point. A pair of 0.10mH
chokes were readily available and since
this was approximately the correct val-
ue, I installed them in series with the
rear speakers. Subjectively, Steve and I
agreed it made the rear speakers sound
smoother, so we used them.

After soldering and taping all connec-
tions, we reassembled the rear drivers
and tweeters. Note to all speaker build-
ers: given no time constraints, I would
have done a more rigorous crossover
design including impedance plots, Zo-
bels, and so on. If you attempt a similar
mod, this design has plenty of room for
refinement.

INITIAL TESTING. We powered up
the system after each modification to en-
sure we'd made no errors, and if we had
to correct them before proceeding to the
next step. The hookup, however, was
fine. With all circuits roughed in and the
uncarpeted cabinets lying on the floor, we
had again run out of time; Steve used the
system for a week while he decided how
to secure them vertically to the cargo
walls. Eventually, he removed the plastic
window trim molding and found suitable
body anchor points. Then, using alumi-
num angle material, he attached the
cabinets at the top, bottom, and front
with sheet metal screws.

Prolonged listening tests revealed a
substantial dip in the upper bass. Clean,
low bass was over-abundant; however,
upper bass was weak and lacked attack.
This was especially evident on kick
drums; the slap was not there.

Back in my shop, we ran a frequency
response test on the filter/subwoofer sys-
tem using a signal generator, frequency
counter, and Radio Shack sound level
meter. Figure 4 shows the results. While
the subwoofer had sounded smooth in
the shop earlier, it now had an irregular

TABLE 1

ITEMIZED COSTS

Hi-Comp HCB-865 power amp $130
Hi-Comp HCB-8036 power amp 40
Madisound 81524 DVC woofers 50
Polydax TW-60 W/wedge mounts 40
Audo Sound Lab subwoofer filter 75
Particle board 10
Wiring, glue, screw, and so on 50

Total $395

PHOTO 9: Tweeter wiring installed in rear coax
spacer.

response with a large peak at 43Hz fol-
lowed by a dip at 65Hz. I had no expla-
nation for this until I later read Tom
Nousaine's article ''The Battle of the
Boxes.''* Using a Ford Aerostar Van as
a test vehicle for comparing four full-
range box systems, Mr. Nousaine en-
countered similar response anomalies.
While free-air tests of the boxes were rel-
atively smooth, the in-vehicle's bass re-
sponses were all similar to the Bronco's.
Also, the April 1990 issue of Voice Coil
reports the same findings for sedans.5

By trial-and-error tuning, I improved
the subwoofer's response to the solid
curve in Fig. 4. This was audibly super-
ior, but still less than perfect. The final
filter setting was Q; = 0.69 at 50Hz,
but this was partly because I ran out of
pot range and time. I believe a pot value

PHOTO 10: Rear speaker ready for tweeter
installation.
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FIGURE 4: Bronco’s subwoofer response.

change to lower the filter's Q to about
0.50 will yield further system improve-
ment, a modification we are planing to
do. Because the Ford factory speakers
had prominent midbass, it also became
necessary to cut the bass control about
20% to create natural-sounding male
voices.

While all these changes produced pos-
itive results, the system still had insuffi-
cient midbass attack, which I concluded
was due to the capacitor-coupled Ford
deck. It took a trip to the local authorized
repair center to look at the deck's sche-
matic. Sure enough, it showed the stand-
ard pair of dual IC power amplifier chips.

However, where many other designs use
these chips in bridged, direct-couple
pairs, Ford has opted for four indepen-
dent output channels. Without the benefit
of bridging, the biased outputs must have
series-coupling capacitors to function.
The math dictates that a 1,000uF capaci-
tor connected to the 3.2Q speaker yields
an f; of 50Hz.

The final step of installing the Hi-Comp
booster amp for the rear main speakers
was successful. Bass attack was now
quite natural, while everything else
stayed the same. The bottom line is that
this upgrade sounds very good. It has
plenty of headroom, smooth highs, and

extended lows. The Ford deck is a nice
piece of equipment and sounds like it,
now that it has been unleashed.

Two final notes: After extended use,
Steve liked the 18W booster amp's im-
proved punch so much he installed one
on the front channels as well and re-
ported improved clarity and front sound
staging. Ford owners should plan to in-
stall a four-channel booster amp or two
stereo amps as the best configuration for
upgrading one of these systems. That
will certainly be my approach on future
Ford upgrades.

The Bronco's bass response dip is ap-
parently a common problem and looks
like a good candidate for a parametric
equalizer. I suppose it's time to get back
to Jung's op amp books and dust off the
breadboard. >
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A VERSATILE MOD
FOR ALL MINIMUS 7s

adio Shack's Minimus 7 has been

popular, inexpensive speaker sys-

tem for the past ten years or more. Al-

though quite good for the price, its de-

sign contains problems that are obvious
candidates for improvement.

The basic speaker configuration has
remained the same over the years and
is shown in Fig. 1. As you can see, the
tweeter has a 12dB/octave crossover at
a nominal frequency of 2.5kHz, but the
woofer is run full range. As William
Hoffman noted (SB 1/88, p. 36}, the lack
of a woofer crossover means the woof-
er's ragged high-frequency response is
not rolled off and therefore interferes
with the tweeter response, adversely af-
fecting the sound. Also, the tweeter is
about 3dB more efficient than the
woofer, exacerbating the light tonal bal-
ance expected in a speaker with a limited
low-frequency response.

On the surface, the solution would
seem obvious: add a woofer crossover
and pad down the tweeter. However, al-
though the model number has remained
unchanged, the Minimus 7 has under-
gone several changes as various sources
were used for the woofer, tweeter, and
other parts. Such changes are common
in any product with a long production
life, as one source becomes unavailable
or, in the best case, as component im-
provements are incorporated into pro-
duction for cheaper vendors are used. —Ed.].

In many cases, substituted parts are
simply chosen because they do not re-
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FIGURE 1: Stock Minimus 7 crossover.

quire much, if any, redesign—for exam-
ple, substituting the same value capacitor
from a different manufacturer. In the
case of the Minimus 7, the low cost
would indicate that Radio Shack proba-
bly has not redesigned the speaker, but
has simply substituted ''suitable’’ parts
based on cost considerations.

Given this, you can assume that, re-
gardless of tweeter variations, the tweeter
impedance in the crossover region has
remained relatively stable and close to
the nominal 8Q value so it will interface
reasonably well with the crossover. Un-
fortunately, because of the lack of a low-
frequency crossover, the woofer imped-
ance has no such constraint on variations
aside from the nominal 8Q specification,
and significant variations in woofer voice
coil inductance can and do occur (''Mail-
box,"" SB 6/89, p. 74).

These variations require you to change
any proposed woofer crossover. Since
the woofer changes have not been ac-
companied by a change in model num-
ber, it is impossible to take a cookbook
approach and say ''use this crossover
with this Minimus 7 and that crossover
with that one.” When I first suggested
an article on modifying the Minimus 7,
Editor/Publisher Ed Dell pointed out the
numerous reports in SB of seemingly
random variations in Radio Shack prod-
ucts and concluded it was impossible to
modify a Minimus 7 because ''there is
no such thing as a Minimus 7," or more

precisely, several possible Minimus 7s
hide under the same name.

A GENERAL APPROACH. Having
argued it is impossible to design a mod-
ification for the Minimus 7, I will now
propose a slightly more general approach
to such a modification, which I believe
you can apply to all versions of this
speaker. Because of the woofer varia-
tions, however, the modification requires
that you make measurements on your
speakers’ woofer, as I will discuss below.

Figure 2 contains my suggested modi-
fication, which consists of three changes.
First, I added a Zobel (a series RC cir-
cuit) in parallel across the woofer. These
components cancel the voice coil induc-
tance, so the woofer/Zobel combination
will have a flat, resistive impedance
through the crossover that is approxi-
mately the DC resistance. The Minimus
7, specifically the woofer, has a nominal
impedance of 8Q, which means all ver-
sions of the woofer should have a DC
resistance of 6§, with only small varia-
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FIGURE 2: Suggested crossover modification.
See text for details on how to calculate R and
C for the Zobel across the woofer terminals.

TABLE 1

MINIMUS 7 PARTS LIST

3.31), 2W carbon film

12Q, 2W carbon film

5W wire-wound resistor (see text)
nonpolar electrolytic capacitor (see text)
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FIGURE 3: Setup for measuring speaker impedance. Adjust the amplifier volume control for
an output of 10V across the 1k} resistor when the speaker terminals are shorted out. Then
hook up the speaker and measure the voltage across its terminals. A 1002 impedance should
give 100mV, a 2002 impedance 200mV, and so on.

tions. Thus, adding a proper Zobel across
any version of the woofer will remove
the problem of large variations in woofer
impedance due to varying voice coil in-
ductance, leaving only the small varia-
tions due to differences in voice coil
resistance.

This allows the second change, the
shift of the coil in the existing crossover
from the tweeter circuit to the woofer
circuit, to give a 6dB/octave rolloff in the
2.5kHz range for all versions of the
woofer. Since a low-order crossover is
relatively forgiving of variations in com-
ponents, the small variations in woofer
voice coil resistance should not lead to
any problems. The coil is shown in the
negative leg of the crossover simply be-
cause it is easier to implement this way.
This change also reduces the tweeter
crossover to 6dB/octave.

For the third change, I added a 3.3 and
12Q L-pad resistor combination to the
tweeter circuit to reduce its efficiency so
it would match the woofer efficiency
more closely. This L-pad also reduces
variations in the tweeter impedance,
stabilizing the high-frequency crossover
point; ¥2W carbon film resistors will
work fine.

ZOBEL CHANGES. All these changes
are cookbook except for the Zobel. As

mentioned, the different woofers used in
this speaker have varied in their coil in-
ductances, and thus require different
Zobels. To obtain the proper R and C for
your speaker Zobel, measure the woof-
er's impedance curve alone up to 7-

8kHz, along with its DC resistance.
To make this measurement, use the

setup in Fig. 3. If you do not have a sine
wave generator, use a CD player and a
CD test disc with spot sinewave frequen-
cies to measure the impedance at various
frequencies, then draw a smooth curve
between them. R should be a 5W re-
sistor with the closest value at or above
the DC resistance; if the DC resistance
is 5.9Q, pick R = 6.2Q. To obtain C, find
the frequency (f) at which the impedance
is 1.414 times the DC resistance and
calculate C = Y2«Rf. This is not a preci-
sion calculation, and taking the closest
standard capacitance will probably be
adequate.

If this lack of precision offends you,
I will point out the above calculation as-
sumes an overly simple resistor plus in-
ductor model of speaker impedance. If
you try to fit this model to the measured
impedance curve at different frequen-
cies, you will find that the calculated in-
ductance easily varies by a factor of 50%
or more. For my woofers, which have
the same impedance curve as in Mr.
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FIGURE 4: Frequency response (using pink noise and Heathkit ¥2-octave analyzer at about
10" with the speaker sitting on a tripod in the middle of the room) and impedance curve of

the modified Minimus 7.

Hoffman's article (SB 1/88, p. 36), 1
found R = 6.2@ and C = 22uF. I recom-
mend using a SW wire-wound resistor
for R.

A nonpolar electrolytic is inexpensive,
adequate, and in keeping with the qual-
ity of the drivers. You should solder the
Zobel directly across the woofer termi-
nals, avoiding the tips where the push-
on terminals fit. You may wish to con-
firm the result by measuring the woof-
er's impedance curve with the Zobel in
place.

THE FINAL TOUCHES. Implement
the remaining changes at the crossover,
which is contained on the plastic input
terminal plate. Screws hold this plate in
place inside the cabinet and you can eas-
ily remove it once you have removed the
drivers and fiberglass damping. The
physical configuration of this piece has
changed over the years, so a diagram of
my crossover may not match yours.
However, I suggest the following general
procedure.

First, locate all the crossover parts and
terminals. Desolder the coil wire from the
terminal where it connects with the ca-
pacitor and the positive (blue) tweeter
wire. Desolder the negative (black)
woofer wire from the negative (black) in-
put terminal and solder it to the free end
of the coil. Insulate the junction with
tape or heat-shrink tubing. Then, de-
solder the capacitor where it connects
with the positive (blue) tweeter wire ter-
minal, and solder a 3.3Q, ¥2W resistor
between the capacitor and the tweeter
wire terminal and a 129, ¥2W resistor
between this tweeter terminal and the
negative input terminal. You may also
wish to experiment with damping the
cabinet with a thin layer of Mortite or
Duxseal lining the inside.

Now reassemble the speaker, taking
care to ensure that the woofer and
tweeter wires go to the correct drivers.
(Recall that in the stock speaker, both
black wires come from the negative in-
put terminal, but in the revised cross-

Continued on page 90
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Digi-Key

701 Brook Ave. South

PO Box 677

Thief River Falls, MN 56701-0677
(800) 344-4539

Mouser Electronics
2401 Hwy. 287 North
Mansfield, TX 76063
(800) 346-6873
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SIMPLIFYING CABINET ASSEMBLY

Leaming is always easier when you
can use the comments of others as
guides for evaluating your own ques-
tions. Here are a few of mine you may
find helpful.

MEASUREMENTS. Near-field mea-
surements are suitable for mid and high
frequencies, but will not give a true rep-
resentation of low frequencies. If our ears
were positioned where the near field
microphone was, the measurements
would almost be valid. It still wouldn't
account for low frequencies coming from
a cabinet's vent or port.

Small speakers can look good when
you take measurements a few inches
from the speaker, but in a large room,
the bass response ceases to exist. To
have bass frequencies reproduced effec-
tively at listenable levels in a large room,
air in quantity must be moved. This re-
quires that the small speakers have the
same cone area as large speakers. It can't
be. It's a law of physics. I've never seen
formulas that give the relationship of
total air volume movement to room vol-
ume for a specific frequency. A room
must have a minimum volume and
proper dimensional measurements, and
your ear or other listening device must
be positio