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THE ART OF CONNECTION

and

WBT-0147 Midline RCA type connector WBT-0145 Midline RCA type CCS
WBT-0144 Midline RCA type connector WBT-0125 Topline RCA type CCS
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In 1985 WBT introduced its first RCA type connector...machined from a solid block of material and equipped with the
adjustal:le WBT collet c}luclzing device. Today WBT offers a full range of connectors, designed and manufactured to be the
higl\est qua]ity, best souncling, connectors on the market.
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Top line connectors feature the l'nig]'xest tolerances (< 2/100 mm!). Made of the best materials (68% 5N pure copper) with
unbeatable, 5-layer supra-gold p]ated, surface teclmo]ogy. The midline range ensures solid connection tecl’mology at a

competitive price.

The banana plugs feature a one piece signal carrying plug element and set s “crimp” termination teclmique. The maximum

pressure expansion tip “locks” the banana and greatly reduces contact resistance.

WBT Linding posts feature a one piece signal carrying element and set screw “crimp” termination. Machined pressure rings

lzeep contact resistance to an absolute minimum.

Pat. NO.PCT-W091/10270 - Pat. NO.DBGM8527598 - Pat. NO.DE+4100600
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The art 0f con
WBT-USA « 2752 South 1900 West « Ogden Utah 84401 « 801-621-1500 « Fax 801-627-6980 * wwuw. whtusa.com
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32 Band True RMS
Real Time Analyzer
4-Channel Multiplex

Today’s ever improving audio standards, and increasingly
technical and creative acoustic applications, require preci-
sion realtime acoustic measurements. and documentation
more than ever before.

Whether your application is home theater, cinema,
church, or stadium installations, the pcRTA has powerful
features and solutions for you.

T'he pcRTA gives you affordable laboratory preci-
sion and quality with all the power and features of a
PC-based system. Offering 4-mic multiplexing, the
pcRTA makes surround sound alignment and spatial
averaging a snap. Moreover it provides built-in align-
ment curves for NC, SMPTE X/N, and more.
Complete with ANSI filters A,B,C,D,E and a host of
other features to numerous to mention!

PACS - The Portable Solution If your measurement
requirements demand portability, we've got the answer. The PAC3
provides a serial interface to laptop or other computers, and more... LinearX Systems Inc

9500 S.W. Tualatin-Sherwood Road
Tualatin, Oregon 97062 USA

TEL: (503) 612-9565 / FAX: (503) 6129344
www.linearx.com

©1995 Product and Trademark names are the property of their respective owners. L I N E A R x

International Dealers: Agentina:interface SRL (54-1)741-1389/ Australla:ME Technologies 61(0)65-50-2254/ Austria:Audiomax 49(0)71-31-162225/ Belglum:Belram
32(0)2-736-50-00/ Brazh:SDS Equipamentos 55(0)11-887-7597/ Canada:Gerraudio 416-696-2779/ China:HiVi Research (852)2-556 9619/ Denmark Finland:A&T
Ljudproduktion 46(0)8-623-08-70/ France:Belram 32(0)2-736-50-00/ Germany:Audiomax 49-71-31-162225/ Indonesia:Ken's Audio 62(0)21-639-5806/ Italy:Outline sne
36 30-3581341/ Korea: Sammi Sound:82(02)463-0394/ Luxembourg:Belram 32(0)2-736-50-00/ Malaysla:AUVI 65-283:2544/ New Zealand:ME Technologies 61-65-50-
2254/ Norway:AET Ljudproduktion 46(0)8-623-08-70/ Phillipines:Dai-lchi Denshi (63)2631-6980/ Poland:Inter-Americom 48(22)43-23-34/ Singapore: AUVI 65-283-
2544/ Spain:Audio Stage Design 34(94)620-27-47/ Sweden:AET Ljudproduction 46(0)8623-08-70/ Switzerland:Good Vibes Ltd. 41-56-82-5020/ Talwan:Gestion Taycan
Int! 386-2-562-3883/ Thalland:AUVI 65-283-2544/ The Netherlands:Duran Audio 3141-80-15583/ UK(England):Munro Assoc 44(0)171-403-3808. Reader Service #36

_ World Radio History

Call Today for a free
Demo Disk!
Tel: (503) 612-9565




B AMP PROTECTION
Parasound's S/PS-140 loudspeaker
selector switch allows a single power
amplifier to safely drive up to four pairs
of loudspeakers without the risk of
blowing up the amplifier's output stage.
It contains a switchable amplifier-
protection circuit that connects a 4W
precision 60€2 noninductive resistor bank
in series with the input, preventing the
amplifier from being forced to drive a
low-impedance load that could bum out
the power-output transistors. Parasound,
950 Battery St., San Francisco, CA
94111, 415-397-7100, FAX 415-397-
0144, E-mail parasound @worldnet.
att.net, Website www.parasound.com.
Reader Service #134

B TOUGH IMAGE

In addition to its 6,000 speaker reconing
parts and accessories, Image
Communications has teamed up with

Good News

< TRAP YOUR BASS

LENRD™ (Low End Node Reduction
Device), from Auralex Acoustics, is a
comer-mounted bass trap, which
incorporates the company’s acoustic
foam. Its triangular shape and dimensions
{each flat side is 12" long and each trap
is 24” high) permit fiexible mounting and
easy compatibility with other Auralex
products. Auralex Acoustics, 11571

E. 126th St., Fishers, IN 46038,
317-842-2600, 317-842-2760.
Reader Service #135

B SINGLE-ENDED
MONARCH

Monarchy Audio introduces
the SE-100 monoblocks, which
feature fully regulated power
supplies in the driver stage,
and quadrupled MOSFETSs in
the output section. Rated at

100W pure Class A on 8Q,
this amp can output 200W on
4. Monarchy Audio, PO Box
5517, S. San Francisco,
CA 94080, 650-873-3055,
FAX 650-588-0335, E-mail
monarchy @earthlink.net.
Reader Service #136

major speaker companies—such as
ElectroVoice, Eminence, and McCauley—
to supply products that meet the toughest
criteria. Products include loudspeakers,
homs, crossovers, tweeters, volume
controls, and much more. Image
Communications, 5235 W. 65th St., Unit
D, Bedford Park, IL 60638, 800-552-1639.
Reader Service #138

@ DEMO DISK
Delos Intemnational introduces the Engineer’s Choice I/ CD. It consists of
22 selections, most of which are excerpts from larger works, such as
Tchaikovsky's “1812 Overture” and Ravel's “Daphnis and Chioé.” Liner notes
include a running musical and technical commentary by top recording
engineer, John Eargle. Delos intemational. Hollywood & Vine Plaza, 1645 N.
Vine St Ste. 340, Hollywood, CA 90028.

Reader Service #140

B IMMIGRATING AMPS
RCM Akustik of Germany has made its
Detonation! subwoofer amplifiers available in
North America. For use in high-end systems
and home theater, these assembled units
feature second-order Linkwitz-Riley
(L-R) active crossovers; continuously variable
low-pass fifters; low- and high-level satellite
filters; 12dB/octave subsonic fiters; thermal
and power overload protection; and automat-
ic on/off/standby switching. All are protected
behind a flat black, brushed-aluminum panel
accented by high-quality controls and con-
nectors. Other models also available include
| the 70W DT105, 125W DT107, and 150W
DT109. Jack Bumett Associates, LLC, PO
Box 26, Dept. VCO1, W. Peterborough, NH
03468, 603-924-2383, FAX 603-924-3392,
E-mail FDTF77B@prodigy.com.
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Visit our website ot www.fero.com

BIG IMPROVEMENTS
NOW COME IN SMALL PACKAGES.

Each kit contains the right amount and
type of ferrofluid for your speaker, o wicking
cloth to exiract remaining fluid, instructions,
and o material safety dato sheet. So add per-
formance and profit to your speaker retrofits

. by calling FerroSound today at 603 /883-
These small, convenient packets enable ser-
vice centers and retrofitters to apply ferrofluids 9800 — or fox 603/883-2308.
correctly into replaceable diaphragms in the 6
field. Results: fewer problems and more profits
all along the line.

INTRODUCING FERROFLUID
RETROFIT KITS.

Now OEMs who hove already enhanced
speaker performance with FerroSound can odd
ferrofluid packets to their retrofit kits.

B RUSSIAN INVASION
Audes Speakers, from Audes Audio of Russia,
utilize formerty classified military, aeronautic,
psychoacoustic, and electronic technologies.
According to the company, they contain virtually
zero coloration, resutting in accurate reproduction,
as well as materials used in the design of the
MiG fighter planes. The cabinets feature seamiess,
rounded edges, and speaker elements are flush-
mounted, ensuring optimal dispersion. For more
information, contact Mitton Samuels Advertising
Agency, Inc., 470 Park Ave., S., New York, NY
10016, 212-532-5151, FAX 212-532-5499.
Reader Service #139

The Solution s Loud And Clear™

Ferrofluidics Corporation, 40 Simon Street, Nashua, NH 03061
© 1997. FerroSound ond related graphics are registered trodemorks of Ferrofluidics Corporotion.

Reader Service #70 |
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"We Give Your Speakers a
Second Chance"

Image Communications/Waldom Electronics

Reconing Parts Supplier

e OLDEST SUPPLIER "50 YEARS IN 1996"

e LARGEST INVENTORY OF PARTS

e ALWAYS QUALITY FIRST RUN PARTS, NEVER SECONDS

e 24-48 HOUR TURNAROUND TIME ON ORDERS

e MANUFACTURER OF OVER 4700 CUSTOM VOICE COILS
¢ SPEAKER RECONING MANUAL AVAILABLE FOR $49.95

IMAGE DISTRIBUTES TO OVER 850 AUTHORIZED REPAIR CENTERS
WORLDWIDE. CALL TODAY FOR THE ONE NEAREST YOU!

Also distributor for:

McCauley @7 o Electrooice”

6000 Series Loudspeakers and Drivers

@(// , L@ . EMINENCE
/,//{‘ WINE Qo Loudspeakers, Drivers, Diaphragms,

COMPONENTS and Recone Kits

GIZZMOS iy ......... (SFerroSound

The Solution Is Loud And Clear.™

i

—~ A \
‘ m a e 5235 W. 65th Street » Unit D » Bedford Park, IL 60638 _
(708) 563-4950 » Fax (708) 563-4956 * 1-800-552-1639 @

A Kat / '
aty Company [ 24e Sound Sewrce o




THIRD

developer kit.

910 Creel

GENERATION
CLASS-D POWER
AMPLIFIERS

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

ide Road » BuildingA * Chatt

Made

in
USA

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

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

©1946 LGT

I G I SWITCHING TECHNOLOGIES |
0 T 6 Ty ) B g B S | I

ga, TN 37406 » Email: acoustical@aol.com

Tel:423-622-1505

Fax:423-622-1485
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The peculiar evil of silencing the expression of
an opinion is, that it is robbing the human race;
posterity as well as the existing generation;
those who dissent from the opinion,
still more than those who hold it.

Jonn Stuart MiLL
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high-quality audio reproduction.
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turn postage. The staff will not answer technical
queries by telephone.
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About This Issue

As we begin our 19th year of publishing,
Speaker Builder remains the premier maga-
zine for DIYers. In the coming year, we plan
lots more building projects and modification
plans to help you construct and improve your
speaker gear. And, to assist you in choosing
which new products to purchase for your en-
deavors, we’re committed to bringing you
more in-depth reviews of products.

Regular contributor John Cockroft starts
off the new year with yet another of his
patented speaker designs. His trademark has
become the use of inexpensive components
to produce exceptional sound quality. This
one is a transmission line speaker using a
6Y4” woofer. Hop aboard the “B-Line” for
an interesting ride (p. 8).

Loudspeaker placement is a critical con-
sideration that every speaker builder must
face. Bohdan Raczynski discusses room
acoustics in the home environment and uses
a modern mathematical tool—the Finite Ele-
ment Method—to determine loudspeaker
placement (p. 16).

Tom Yeago continues his massive over-
haul of the AR-3a and offers an inside per-
spective of speaker makeup rarely pub-
lished. In the fourth of six parts in this series
(“Rebuilding the AR-3a,” p. 24), you'll
complete the woofer work and begin to tack-
le the midranges.

The Vifa dual 5” woofer kit is the focus
of this issue’s Test Drive series (p. 38). The
kit comes together under the capable hands
of veteran builder Dick Carlson, and then
pro evaluator Joe D’Appolito takes over
measuring the system. You’ll gain a clear
idea of what’s involved in the challenge and
satisfaction of building this kit from Parts
Express.

We are pleased to introduce a new series
entitled “Trade Secrets” by industry insider
Mike Klasco (p. 50). We look forward to his
useful insights on design and manufacturing
as he presents a close-up analysis of the
components that make up our speaker units.

In this issue’s report on drivers, Vance
Dickason measures the performance of the
10” CSX 257 woofer from Peerless of Den-
mark (p. 53).

Speaker Builder (US USSN 0199-7920) is published every

six weeks (eight times a year), at $32 per year, $58 for two

years; Canada add $8 per year; overseas rates $50 one

year, $90 two years; by Audio Amateur Corporation, Ed-

ward T. Dell, Jr., President, at 305 Union Street, PO Box

494, Peterborough, NH 03458-0494. Periodicals postage
paid at Peterborough, NH and an additional mailing office.

POSTMASTER:

Send address change to: '

Speaker Builder, PO Box 494 |

Peterborough, NH 03458-0494




Speaker Builder

THE LOUDSPEAKER JOURNAL

VOLUME 19 NUMBER |

JANUARY 1998

SAANANNNNNNN 3
( ;

The B-Line

BY JOHN COCKROFT

\

6 Loudspeaker Placement
BY BOHDAN RACZYNSKI

AR
-

> B
OO NNNNNY

Rebuilding the AR-3a, Part 4

BY TOM YEAGO

38 TEST DRIVE

Dual 5” Vifa Kit

REVIEWED BY RICHARD CARLSON
TESTED BY JOE D'APPOLITO

53 DRIVER REPORT
Peerless CSX 257 H

BY VANCE DICKASON

DEPARTMENTS

4 Goobp NEwsS

50 TRADE SECRETS
Low-Distortion Speakers
By MIKE KLASCO

5 CuLuss

5 CLASSIFIEDS
5 AD INDEX

58 SB MAILBOX

KEEP IN TOUCH

[T _ send leters, questions, and comments to: Speaker Builder, Editorial Dept., PO Box
494, Peterborough, NH 03458 USA, FAX (603) 924-9467, Email: editonial@audioxpress.com.

Be sure to reference the issue, title, author, and page numter of the article or letter in question; and
if you request an answer from an author, please include a self-addressed envelope (and your FAX
number and/or E-mail address, if applicable), with a loose stamp or postal coupon.

Due to the volume of carrespondence, we cannot personally acknowledge or respond to each letter
or query. All letters to the editor will be considered for publication unless you indicate otherwise
Speaker Builder reserve: the right to edit your letters or technical queries for length and danty.

Author guidelines are available by sending a self-address2d envelope with loose postage to the
above address

LCIBCULATION JN% subscriptions, renewals, back issues, or address cnanges, write 1o the Circula
ton Department (PO Box 434, Peterborough, NH 03458) or call (603) 524-9464 or FAX (603) 924-
9467. E-mail: custserv@audioxpress.com

LADVER 110100 BV O advertising inquines and information requests to the Advertising Depart
ment, Audio Amateur Corporation, PO Box 494, Peterborough, NH 034580494, voice (603) 924-
7292, FAX (603) 924-9467, E-mail: advertising@audioxpress.com.

QLL _OLD SIVITVRRESE — For product information and ordering, contact Old Colony Sound
Laboratory, PO Box 243, Peterborough, NH 03458-0243, voice (603) 9246371 and (603) 924-6526,
FAX (603) 924-9467, E-mail: custserv@audioxpress.com

Speaker Builder 1/98 7



THE B-LINE: A LOWDOWN SORT

OF A GUY

By John Cockroft

he B-Line is so

called as a tribute to é’ +10

Dr. Arthur Bailey for = +5 I
his pioneering work inwhat 2 0 X — | g e X = X % % >
I c:nsider or%e of the most & el B i H.F. RESPONSE
: ; ; 3 ~® A DEPENDS ON TWEETER
interesting and pleasing S -10 CHARACTERISTICS
corners—from a sonic 2 15 e
viewpoint, at least—of the 2 _20 /
loudspeaker-system land- o _2s

03 20 30 40 50 607080 100 200 300 400 500 1.000

scape. After almost 11 10
years of browsing and
chewing my cud in the
hybrid transmission-line

FREQUENCY (C/S)

FIGURE |: Dr. Bailey’s Fig. 9 from his October 1965 Wireless World article. This graph was responsible for
the birth of the B-Line.

pastures, I finally decided
to make a beeline back to the source.

On what was perhaps a whim, I revisited
Dr. Bailey’s original article in Wireless
World (“A Non-Resonant Loudspeaker
Enclosure Design,” Oct. 1965). | was main-
ly interested in his Fig. 9 (Fig. / henceforth
in this article), which showed the response
curve of a commercial transmission-line
(TL) system in which he was involved. He
claimed the woofer had a free-air resonance
of about 30Hz (in those days he said 30
c.p.s., since Hertz had yet to be honored).

Figure 1 shows a relatively smooth
response to about 30Hz, rolling gradually
off below that. At about 15Hz, it appears
to be down about 12dB. He remarked that
the resonant frequency of the speaker in
the TL was just below 15Hz. The —10dB
point seems to be about 0.52 F,.

[ think it likely that what he took for the
resonant point of the speaker in the TL was
the lower impedance peak. Sometimes the
upper peak in a TL is damped to the point
where it doesn’t obviously show up. (On
occasion, the upper peak shows up, but the
lower one escapes detection.)

ENCLOSURE DRAWING

I turned my attention to the drawing of the
enclosure. If the drawing is made to scale
(there is no comment to that effect; I'm
going on faith here), the TL appears to be
about 6.5 long. This coincides with a state-
ment [ seem to remember hearing, or read-
ing, from some source or other (real or
imagined) that while Bailey experimented
with an 8.8’ TL, he presented data for a 6.5’
one. I also seem to recall the source

8 Speaker Builder 1/98

expressing puzzlement as to why he didn’t
explain the discrepancy.

I'm proceeding here on the assumption
that the TL was 6.5’ long. Another assump-
tion I'm making is that he used a stuffing
density of 0.5 Ib/ft. I know that he used
wool, for at the time he was experimenting,
materials such as polyester fiber and Nylon
polyamide fiber (Acousta-Stuf, introduced
by Larry Sharp of Mahogany Sound) were
not available. Bailey didn’t actually say
he used 0.5 1b/ft3, as far as | know. He
advised using 1 b of long-fiber wool for
each 2-3ft3 of enclosure volume, but
every reference to his TLs mentions 0.5
Ib/ft3, so I’'m accepting that as fact.

In Fig. 1, F_, appears to be at 0dB.
Immediately below that, the downward
turn begins. F; appears to be at about 0.8
F,,. and F, is about 0.65 F;. The point
I'm trying to make is that Bailey’s TL
doesn’t cut off at woofer F_, but, rather,
about an octave below it.

If you accept F,, (the point where the
response curve is —10dB below the
midrange SPL) as the lowest point of real-
ly useful sound, you could then say that
the TL length should be designed to be
one-quarter the wavelength of 0.52 F,.
(Just saying one octave would really be
close enough, I suppose.)

sa’

BRADBURY’S EQUATION

Since the above was based on Bailey’s TL
and he used 0.5 Ibs/ft3, we must account
for that fact. L.J.S. Bradbury published an
equation for the speed of sound in a fibrous
tangle (“The Use of Fibrous Materials in

Loudspeaker Enclosures,” JAES. April
1976). 1 am using a version of it in which
Larry Sharp converted kg/m? to Ibs/ft® (in
Sharp’s booklet, Quick & Easy Trans-
mission Line Speaker Design, Mahogany
Sound; available from Old Colony Sound
Lab, 603-924-6371, FAX 603-924-9467):

¢’ = 1130W(1 + (PIp,) (1]

where

¢’ = the speed of sound through the line;
1130 = the speed of sound in air, presum-
ably at sea level and 72°F;

p = the density of the stuffing in the line
in Ib/ft3;

and p, = the density of air at sea level at
72°F (0.0745).

Inserting the density values into [1].
¢ = 1130N(1 + (0.5/0.0745)) = 406.9tUs

Now you have the speed of sound
through the TL loaded with fibers to a den-
sity of 0.5 Ib/ft?, and the F_, of the woofer,
30Hz, which you multiply by the factor of
0.52, arriving at 15.6Hz. Dividing the ¢’
of 406.9 by the 15.6 (= 26.1ft), and the
26.1 by 4 (because you want one-quarter
wavelength), you end up with 6.52ft.

There is a point a little farther down the
response curve in Fig. 1, beyond F;, where
the curve passes exactly through the —5dB
and 20Hz intersection. 20Hz/30Hz = 0.667
Fg,: this is the F; point. It’s probably the
most accurate reference I was able to make
from his Fig. 1.
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VIFA When designing a loudspeaker, the initial
driver considerations and final driver choice
can make or break a project. To ensure your
success - you want the most complete
information and specifications at your finger
COMPONENTS: tips - the 1997 Solen catalog

SOLEN HEPTA-LITZ
AND STANDARD
INDUCTORS AND
CAPACITORS - THE
CHOICE OF MANY
HIGH-END SPEAKER

VOLT

Order the 1997 Solen catalog - containing
a wide selection of quality drivers - with
complete manufacturer's spec sheets, as
well as applications in detail on woofers,
with predicted response in different sealed
and vented enclosures. It is a valuable

AR (e WIRE - resource th.at will flush out the possibilities
in your designs
HARDWARE: With your order we will also throw

in our components catalog FREE -
it's full of a wide selection of speaker
hardware and crossover parts

POWER RESISTORS,
L-PADS, CABLE,
ABSORBING AND
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SOLEN INC. Tel: 514.656.2759
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Now you shouid have a pretty good
sense for the Bailey TL referenced to the
speed of sound in the line and the woofer
free-air resonant frequency. By altering
the speed of sound through the line and
keeping all the rest of the relationships
intact, you could change the length of the
line and keep the performance parameters
about the same. Changing the density of
the stuffing is the means of altering the
speed of sound in the line.

LINE DESIGN

Perhaps a good way to design a B-Line
(Fig. 2; Table 1 is the parts list) is to select
what appears to be a suitable woofer, and
calculate 0.52 F_,. Consider a line length
and multiply it by 4. Multiplying the result
by 0.52 F_, gives the speed of sound in the
chosen line that will cause it to be 10dB
down at 0.52 F_,. Calculate the stuffing
density that will achieve the desired speed
of sound through the line. Finally, look over
the parameters you have worked out to see
if they are practical.

B-Lines always have a stuffing density
greater than 0.5 Ib/ft3. If they didn’t, they
would be Dr. Bailey’s line. The B-Line
presented in this article has a stuffing den-
sity of 1.047 1b/ft3. I modified my
Microline (SB 5/89) to a stuffing density

of 1.5 Ib/ft3. After some extended listen-
ing, it sounded a bit “stuffy,” so I reduced
the density to 1.375. This was an
improvement that sounds very solid with
the Wilson Audio “Discovery” organ CD.

I improved the 10”-woofer version of my
11” Unline by restuffing from a density of
1.125 to 1.8. I guess the length of the line
has something to do with it. Sound going
through high density for 11” isn’t the same
as going through the same density for sever-
al feet. The Microline was about 2" long.
This paragraph might be considered a rough
stuffing guide if you plan to play around
with B-Lines. (The above-mentioned TLs
that I modified aren’t really B-Lines, but
because of the B-Line, I decided to try to
stuff them to higher densities to see what
would happen.)

Use equation {2} to calculate the stuff-
ing density (p) for a chosen line speed:

p = .0745(1/(c1130)2 - 1) [2

Once again c” is the speed of sound
through the fibers in the line in ft/s. For
example, the stuffing density for a speed
of 291.2fUs, which is the calculated speed
of sound in this B-Line, is as follows:

p = .0745(1/(291.2/1130) — 1) = 1.047 Ib/in®
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Reader Service #69 '

MATERIAL AT HAND
When the idea of the B-Line occurred to
me, I decided I could probably realize it
with material I had already cut to build an
8” Freeline. Since I had satisfied myself
that the Freeline concept was practical
when I built the 4”7 version, | thought it
more important to try out a B-Line than to
build another Freeline.

Thus I had the wood cut prior to the

TABLE 1

PARTS AND MATERIALS LIST

MATERIALS

5/8” particleboard shelving. | think five 48” x 11%”
shelves should do. And % “ x %” molding for the cleats.
The longer cleats may be made up of several shorter
pieces, if necessary.

2ea 44" x 8" sides

2ea 48" x 9%” frontback
1ea 9%” x 9%” top

1ea 11%”x 11%”  base

1ea 2" x 44" back stiffener
1ea 2’ x 35" front stitfener
2ea 2" x 43" side stiffeners

It you have enough scrap particieboard remaining, you
could rip it into 5/8”-wide strips and substitute these for
the %” x %" molding strips.

4ea 44" (c) vertical comer cleats
3ea 4” (x) inner base cleats
6ea 2 {z) short inner base
cleats and base feet
4ea 9%” (y) outer base cleats

You may wish to redesign these for cosmetic effect—
perhaps quarter-round molding and mitered comers on
the exterior cleats.

PARTS

1ea Woofer: Dayton 295-220 6% treated
paper cone (from Parts Express) @
$18.50. Note: It shouid be possible to
successfully substitute another woofer
with similar F, (35Hz and Q,; of 0.29). It
is also possible to substitute an 8”
woofer with similar parameters. Make
sure the speaker-mounting hole is
repositioned so the bottom of the
speaker rim is 2" above the top surface
of the base. Make the front stiffener an
inch shorter so it will clear the speaker
frame.

Input terminals of your choice.

20 oz bags of polyester fibeffill. | got
mine at Wal-Mart. There will be some
fluff left over.

%" felt. ¥%2” surgical or household cotton
is OK, as is bonded acetate or the poly-
ester material used for stuffing
comforters. If this is blanket thin, use
two layers. Carpet-underlayment felt
should be readily available and is fine.
It's better than the other substitutes.
(Thank you, Barry Waldron.)

white glue

hook-up wire, 16 gauge (Radio Shack)
Mortite or duct seal to seal speaker to
enclosure

4 ea #6 x %” pan-head sheet-metal
screws to mount speaker

1pr
2ea

Miscellaneous
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design and I also had the woofer I planned
to use—the 6%” Dayton 295-220. This is
an excellent and well-mannered woofer
with a doped paper cone and a vented pole
piece. I’ve been pleased with all three
Dayton speakers I've used. They represent
an excellent value and are a fine choice for
those who desire good sound at a reason-
able price. They are sold by Parts Express,
which has pleasant folks to deal with when
ordering.

I fixed the line length at 4’, so 4" x 4
(because this was one-quarter wavelength
of some frequency) = 16”. F_, of the
Dayton speaker was about 35Hz, and 0.52
x 35Hz = 18.2Hz. This is the calculated
—10dB cut-off point. Multiplying 16" by
18.2Hz gives a speed of sound through the
line of 291.2 fi/s. I used equation [2] as
shown above to calculate the stuffing den-
sity of 1.047 Ib/ft3,

I find that with the B-Line, just as with
the Bailey-designed line, woofers with
lower Q,; sound more natural. The Dayton
woofer, with a Q,, of about 0.29, sounds
very tight, clean, and real. On more than
one occasion, I have gone to the window
to locate the source of something that
came from the speaker.

The calculated F; (0.8 F)) is 28Hz, and
F; is 23.4Hz. All I know for sure is that the
organ’s 32Hz pipe on Wilson Audiophile’s
Discovery CD (WCD-806/8419) vibrates
my floor with seemingly effortless clarity.

SUPER FOUNDATION

The B-Line adds a wonderful foundation
when used with my Super Simplines (SB
1/96) and the second-order passive line-
level crossover presented in my Simpline
Sidewinder Woofer article (SB 4/95). This
is a real bargain-basement high-end com-
bination that will appreciate the highest
quality of feeding equipment you can give
it. With the system’s low cost (two Super
Simplines, a B-Line, and the crossover for
$150 or s0), you could spend more money
on the electronics, to the betterment of
everything concerned.

The B-Line makes use of Roy Allison’s
method of coupling the bass to the room
by having the woofer as close as possible
to the floor and one wall, and as far away
as you can manage from the opposite
wall. I’ve used this successfully with

SOURCES

Marchand
PO Box 473, Webster, NY 14580
716-872-0980, FAX 716-872-1960

Parts Express

340 E. First St., Dayton, OH 45402-1257

800-338-0531

(minimum order, $20; a $3 surcharge on anything less.)
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many speakers over the years (including
the Simpline Sidewinder Woofer), and it
works just as well here.

When it’s set up correctly, you have
very little sensation that a woofer is
hooked up to the system. What you do
notice is that the instruments play their
entire register with naturalness and ease,
much as they would if they were in the
room with you. Of course, no system will
totally give that sensation, but you’d have
to go a long way up the financial scale to
beat the B-Line in this respect.

B-LINE CONSTRUCTION
The B-Line is quite simple to make, espe-
cially if you cut all four sides to the same
length and leave the top open. I had no
choice. As I mentioned earlier, I made my
B-Line from lumber salvaged from a pro-
posed 8” Freeline [ had planned to build,
so the two sides were already cut short.
For a while, lacking wood, I just left
the top open. It sounded OK. Later |
placed my phone book on top. It still
sounded OK. Finally, a friend gave me
part of an old coffee table, which I sawed
into a top and glued into place.

Fasten the stiffeners to the inside faces
of the front, back, and sides. Fasten the
sides to the back, and glue the corner
cleats in place. On the back-to-side cleats,
it’s a good idea to bevel one of the corners
so the cleat will fit squarely in place over
the bead of glue already laid down.

This isn’t necessary on the side-to-front
cleats, since they will be in place before
the front is glued on. A few C-clamps are
handy when gluing the cleats to the side-to-
front location. Make sure the cleat face is lined
up flush with the front edges of the sides.

I usually use white glue such as
Elmer’s or Wilhold. They work very well
and are about half the price of the yellow
carpenter’s glue. I usually preglue all sur-
faces of all joints ahead of time by brush-
ing on a thin coat and then letting it dry.
Some builders believe the preglued coat
shouldn’t dry before regluing and assem-
bling. However, I’ve done this for 35
years and am very happy with the results.
The final coat takes hold very quickly
when you preglue.

After the glue has dried, cut out the
woofer hole with a sabre saw or router.
Then go back and add another coat of glue
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FIGURE 2: Sectional front and top views of the B-Line.
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to all of the originally glued areas. Also,
paint a ring of white glue around the
perimeter of the speaker hole, which will
give a better surface when it becomes time
to seal the woofer in place. Now is also a
good time to put the speaker input terminals
in place and wire them. A good choice is
16-gauge or larger wire. Let the other ends
of the wire flop in the breeze for now, but
mark them for polarity.

STUFFING

The stuffing density of 1.047 Ib/ft> amounts
to about 29 oz of stuffing. You can use either
polyester fiberfill or Acousta-Stuf, inserting
most of it at this time. Ordinarily, it’s better
to leave the area behind the woofer
unstuffed, but you can stuff it now to see
how much it will take, and then remove it
later. You might do the same in the area of
the ports.

Try to place the stuffing as evenly as pos-
sible. If, when you have the B-Line all
assembled, you find that all the measured
stuffing is used up and you still need a bit
more, don’t feel guilty at reaching into the
supply bag. The ratio of stuffing changes to
sound changes is pretty much in favor of the
sound. (I confess I fudged a bit up at the top.
The amount between the vents looked
skimpy and unattractive, so I added a bit
more for cosmetic reasons.)

Now add the front panel. Be generous
with the glue, placing %" beads of it on the
front edges of both the sides and cleats. This
will cause some mess, sO use newspapers
under the B-Line. Get the front lined up and
secure before wiping up the excess glue with
a damp paper towel. It might help to remove
the lower foot or so of the stuffing before
putting the front in place. Save it intact for
later reinsertion. Let the glue dry overnight.

ADDING THE BASE

While waiting, you can assemble the base.
My prototype used short pieces of the cor-
ner-cleat material glued along the lower
edges of the sides at the corners to act as
feet. For use on hardwood floors, you
might attach rubber stick-on feet, such as
Radio Shack’s 64-2342 jumbo-size self-
stick feet. You should first brush a coat of
white glue on the area where the feet are
to go. Let it dry. If you plan to paint, or
otherwise finish your B-Lines, you might
wait until afterward to attach the feet. If
you’re into spikes, go for it.

When the glue is dry on the enclosure, set
it on the base and line it up. When satisfied,
scribe a line around the bottom of the enclo-
sure with a pencil, inside and out. After
removing it, glue the outside-rear base cleat
and one side base cleat to the base. Make
sure you have it lined up with the correct
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scribed lines. (Pregluing the base, the cleats,
and the bottom and bottom sides of the
enclosure is a good idea.)

Once you’ve secured the two cleats,
place a generous bead of white glue on the
base, between the inside and outside
scribed lines and also on the inner edges of
the two cleats. Set the enclosure in place,
making sure its rear is up against the rear
cleat. Slide the enclosure firmly up against
both cleats, making sure everything is
square. Clean off the excess glue. Now set
the remaining cleats in place.

Another way to accomplish the above is
to tum the enclosure upside down and align
the base on top of it, held down with a
weight until the glue is dry. I actually did it
this way. The advantage of the first meth-
od is that it is quicker. All the cleats are
installed, and everything is drying at the
same time.

FINISHING THE ASSEMBLY

I installed %" felt on the back, bottom, and
sides, up to a height of about 8” from the
bottom, sticking it on with the white glue. If
you can't find felt, you could use surgical
cotton from any drug store. Use a layer about
15" thick. Cut the pieces to fit between the
stiffeners and the cleats. The felt is probably
not necessary if the B-line will be crossed
over at or below 100Hz or so.

Glue on the two 4” top cleats. Center
them on the front and back panels with their
top edges flush with those of the panels.
Small C-clamps are handy to hold them in
place until the glue dries.

The final structural act is to glue on the
top. Then replace the stuffing you removed.
Now connect up the woofer, making sure the
wire connected to the positive input is also
connected to the positive speaker terminal.
Use duct seal, Mortite caulking, or foam
weather-stripping to seal the woofer, and
mount it in place using #6 %" pan-head
sheet-metal screws. Predrill the guide holes.

SIDELINES
As you must have noted by this time, the B-
Line woofer faces toward the side. This is
an important design consideration. Only
one B-Line is required for a stereo pair of
Super Simplines. If you do decide to use
two B-Lines for added power, it might be
better to place them back-to-back in the
center, rather than locate them near the
Simplines. The B-Lines are twice as tall as
the Simplines and are not acoustically
transparent. If you are using satellites that
have forward-facing speakers, this wouldn’t
be a problem (unless you placed the satel-
lites smack in front of the woofer faces).

I did not design a high-level crossover
(between the amplifier and speaker) for the

B-Line, because I find them often trouble-
some. Furthermore, I believe that a major
purpose of a subwoofer is to relieve the
satellites and their amplifiers of the bass
load, so they are better able to handle what
they do best.

With the extreme economy of the B-Line
to start with, I don’t feel that it would be an
awesome burden to locate an amplifier
(used, if necessary) of 60W or more.
Marchand makes some excellent amplifier
kits (see SB ads). Only one channel is
required. (Many current receivers have
more than two channels.)

You could use an active filter (see
Marchand again), but that would raise the
cost a fair amount. The line-level passive
crossover I designed for the Simpline
Sidewinder (see SB 4/95) is an excellent
and inexpensive substitute for an active fil-
ter. It must, however, be designed with the
input impedance of the high-pass amplifiers
in mind.

The Simpline Sidewinder crossover used
0.1uF capacitors for a crossover frequency
of about 160Hz. This proved a fine choice
for the Super Simplines and several other
satellites I tried them with. If for some rea-
son you desire a lower crossover frequency,
you merely substitute larger capacitors.
Here are a few alternatives that should han-
dle most situations:

0.122pF (0.1 and 0.022yF in parallel) 131Hz
0.133pF (0.1 and 0.033uF in parallel) 120Hz
0.147uF (0.1 and 0.047yF in parallel) 109Hz
0.200pF (two 0.1uF in parallel) 80Hz
0.222yF (two 0.1 and one 0.022uF

in parallel) 73Hz

ADJUSTING LEVELS

I find white noise or FM interstation hiss to
be useful in adjusting the levels of the
satellites and the woofer. (As a handy
source of hiss, I merely turn my FM tuner
to the extreme low end of the dial and enter
it onto a preset push-button.) With the vol-
ume control of your system set to a low
level, determine whether your woofer or
your satellites are the most efficient. You
do this by turning the level set controls of
your amplifiers to the maximum and see
which one dominates.

Leave the least efficient unit turned up.
Back off the more efficient unit until you
can no longer hear it. Gradually raise the
level until you can barely hear its sound
above that of the other unit. Move the con-
trol slowly back and forth several times
until you get the feel of when the sound just
begins to blossom forth. Leave the setting
there, and perhaps make a pencil mark as a

to page 62
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8 Nominal Impedance Z 3 Q
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Weight M 06 kg
MAGNET
Neodymium /Ferrite combination
Why we call RT2 isodynamic? Contrary to a conventional dynamic driver, this
transducer has a driving force distributed evenly ever the whole area of vibrating
element.
What is special in RT2?
The key element of RT2 is a membrane, which comsists of a Kapton® film with a ©
pattern of Aluminum conductors. The conducturs take about 90% of the whole Q_)
vibrating area. The membrane assembly is placed precisely between two rows 3
of Neodymium and Barium Ferrite bar magners The plastic mountiug flange o
with flared waveguide controls the frequency response and directivity of the -
tweeter. - -
This tweeter has large membrane area providing higher power hancling and ISOdynam lc
substantially extended low end cut-off frequency.
The clamped membrane area is cannected to the massive front meta! plate.This
combined with a special heat conductive compound provide effective cooling tweete r
of aluminum conductors, dramatically increasing dynamic range of RT2.
The vibrating element of RTZ is almost weightless in comparison to a dome
tweeter. It provides an immediate anc precise response to any transients in
original signal.
RT2 has resistive impedance in audio frequency range.This unique feature makes
RT2 an easy load for an amplifier and substantially facilitates a crossover design.
Unlike other drivers, RT2 has esserttially a linear phase response that provides
time +oherent reproduction resulting in accurate musical rhythm and imaging
Unlike other conventional tweeters, RT2 has well controlled sourd dispersion -—
in vertical plane. This feature helps to avoid disturbing floor and ceiling O
reflections in a home environment thus enhancing clarity and imaging accuracy. 3
Remarkably, you dont have to use three tweeters in home theater systems
anymore in order to achieve desired vertical directivity! Hi- Vi RESEARCH@
Considering all properties of KT2, it becomes clear why many criticai Hsteners
among audiophiles prize very high planar transducers for their unsurpassed
clarity, transparency and ability to deliver every tiniest musical detail
Since RT2 has exceptional sonic resolution and ability to reveal the dynamics of
instruments, it is recommended to match it with drivers having the similar
properties in order to maximize overall integrity of a speaker
o e, system.
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Kapton® is a registerad trademark of DuPont

ACOUSTIC TECHNOLOGY
INTERNATIONAL INC.

15 WEST PEARCE STREET UNIT 283
RICHMOND HILL, ON L4B 1H6 CANADA
Tel: (905)-889-7876  Fax: (B05)-889-9206
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LOUDSPEAKER PLACEMENT

By Bohdan Raczynski

t some point you arrive at
Athe end of your loudspeaker-
design process. It is probably
fair to assume that much effort went
into designing and building the *“per-
fect system,” possibly having ane-
choic flat frequency response from
20Hz to 20kHz and many other de-
sirable features. Once you have been
through the process, you are likely to
agree that a lot of intellectual, physi-
cal, and financial effort went into ex-
tending the low end of the system’s
frequency response and achieving
smooth, balanced mid- and high-end output.
There is one more challenge to consider
on the way to actually enjoying the music:
the listening room acoustics. Room-
acoustic issues are complex, and for many
people the learning factor is significant. Ab-
sorption, reflection, and diffusion are the is-
sues you must consider, together with ray-
tracing and modal analysis. In the worst
case, misunderstanding in this area may
obliterate most of the effort I mentioned
above, and a well-designed system will lose
much of its character.

The room characteristics can never be re-
moved from the listening experience; they
must be considered if you are serious about
what you hear. There are “rules of thumb”
and a lot of common sense involved in plac-
ing the speakers, but when it comes to

Listening Room

direct ray

is
ray will
miss the mike

MID-FREQUENCY

From a theoretical point of view, the
average listening room must be con-
sidered as a resonant cavity below
300Hz. In this frequency range, re-
flections result in standing waves,
and the room becomes a resonating
chamber. Above 300Hz, the ray-
tracing model becomes more useful.
Here I assume that the ray’s angles

Incidence Reflection
angle

FIGURE I: Incidence and reflection angles.

showing the actual pressure distribution
within the room and predicting resonances
for complex-shaped rooms, the situation is
quite different.

So, what would be this worst-case sce-
nario? Of many possible factors, I pick the
following three:

1. Wrong positioning of the loudspeakers.
2. Wrong location of the listening position.
3. Poor room acoustics.

As a minimum solution to the above
problems, I would avoid (1) and (2) and op-
timize (3). This article will proceed along
these lines, keeping the complexity on an in-
troductory level.

of incidence and reflection are
equal. In the home situation, the
shape and size of the listening room
are already fixed.

In reviewing the issues associated with
room acoustics in the mid-frequency range,
I will start with the simple case depicted in
Fig. I, assuming that only two audio paths
combine at the test microphone, the direct
ray and a single ray reflected from the
floor.! If the reflecting surface is hard, there
is no phase change between the incident and
reflected rays. Note that since the angles of
incidence and reflection are equal, only one
reflected ray will reach the microphone.

The difference in length between the di-
rect and reflected rays’ paths is 10cm,
which happens to be half the wavelength
(180° shift) of a 1.7kHz sine wave. If you
add two sine waves of the same frequency
that are shifted 180°, the result should be
total cancellation. Indeed, this is clearly de-
picted in Fig. 2. The first null occurs at

[ These distences were sot from Box

1.0000
1.0000
1.0000
1.0000
1.0000 L

Uppes Boas

Twaste
Super Tomates

Legend..
0 MdFroquancy Refleckons

These distances were set frem Box

sy 2asere [T modiejsnitic/STL Sistaacy

15.002 331176 [roe

SE L = = qj
FIGURE 2: When two sine waves of the same length are added
and shifted 180°, the result is total cancellation. FIGURE 3: Most of the distortions are due to early reflections.
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The New Shielded Systems
from ORCA & FOCAL

| CENTER SPEAKER A 200
| KIT WITHOUT CABINET $229

| Bass reflex with siot-vent
Hx W x D: 18 cm x 50 cm x 22 ¢cm (7.Y/8" x 19.2/4" x 8.5/8")

The A 200 center charnel offers very low level distortion, natural sound and high power
hancling. It features two 13 cm (5.1/4") midbass units of the same size and of the same
cone technology as on the A 100, so that the same timbre will be produces harmoniously
and consistently throughout yow whole Home Theater system. The tweeter is also the
same as on the A 100 speaker, again to blend seamlessly with the other speakers. All |
units here are carefully shielded to protect your TV or your monitor from any magnetic |

o RCA B u DG ET 6 1 /2 : interference coming from the very powerful magnets of the Focalﬁur)its‘

While there has never been a shortage of latest tachnology drive units and ot exotic transducers and systems at Za'ytron (in fact ZALYTRON is
now becoming a sort of worldwide meeca for people always on the lookout for the most innovative and the newest speaker componernits), many
of our customers, amateur Speaker Builders and OEMs alike, have been keeping on asking how about a trickle down effect of that good
technology for lower budget drive units. We could not think of anybody else to turn to about that but Kimon Bellas at ORCA. And sure enough,
Kimon who, loves designing and producing such finest like the extraordinary RAVEN tweeters, got a kick out of the idea. He only asked for
“carte blanche a'l the way". As usual. Fine we said. The results simply break the mold By working closely with the best assembly plants in the
business (we are not talking made in China here) and by focusing on a few well defined products on which we committed to large orders,
ORCA brings a new meaning to the notior of value. A perfectly shielded, fiuid cooled, full size magnet, 1 in synthetic dome tweeter with internal
dampening and a beautiful response curve for $19.00 / piece ! A superbly executed low loss polypro cast frame 6'/2 in woofer with integral
shield, full size magnet, decompressed spider mica filled polypro cone with inverted dust cap for $29.00 / piece ! f all this sounds too good to
be true that is exactly what we thought at ZALYTRON until we anxiously put the two together to make this first simple 2-way. A bargain at twice
the money we fesl so good about it that we can't wait to share the pleasure with all our customers.

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

Our warshouise is open for pick-up 10 AM to 6 PM daily, Saturday 10 AM to 5 PM
¢ UPS orders shipped same day * Minimum order $60.00

Call or Write for our latest catalog mailed FREE in the USA. Canada $5 P&H, Worldwide $10 P&H
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FIGURE 4: It is desirable to keep the lateral reflections only par-

tially absorbed by the reflecting surfaces.

analysis.

FIGURE 5: Diagram of the listening room used

for further

1.7kHz, followed by a +6dB peak at
3.4kHz, where the 10cm distance is equiva-
lent to a 360° phase shift, so both waves
combine constructively. Another null then
occurs at 5.1kHz, since the phase shift over
a 10cm distance equals 360° + 180° (a
phase reversal), and so on.

ADDING MORE RAYS

Adding more paths, each one delayed by a
different amount, produces the effect depict-
ed in Fig 3. In this example, eight rays are
added together—one direct and seven de-
layed. All delayed paths are fully reflected—
there is simply no absorption in the reflect-
ing surfaces. The resulting frequency re-
sponse is heavily distorted. You can perform
a similar analysis for any location inside the
listening room.

Are all the reflections necessarily bad?
Imagine that you have placed some perfectly
absorbent material on all the room surfaces,
so that there are no reflections whatsoever.
This is basically the situation in an anechoic
chamber—the room is acoustically dead.
Most people would shun such a room for lis-
tening purposes.

A solution seems to be in between those
two extremes. Most distortions of the curve
depicted in Fig. 3 are attributable to early re-
flections that still have sufficient amplitude
to compete with the direct ray. These are the
first-bounce reflections from the nearest
room surfaces to the listening position. You
should first look at these early reflections.
You can determine the paths of the reflected
rays using the graphical method discussed.
Then cover the reflection points with ab-
sorbing rugs or acoustical tails—depending
on the required absorption.

The next step is to examine the reflec-
tions from the side walls. It is recognized
that lateral reflections contribute to spa-
ciousness and the image of the sound stage.
It is therefore desirable that the lateral re-
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flections be only partially absorbed by the
reflecting surfaces.

This situation is depicted in Fig. 4, where
three rays representing early reflections are
90% absorbed, two lateral reflections are
50% absorbed, and the back-wall reflections
are 75% absorbed. Professional literature®>
lists absorption coefficients for a number of
common building and decorating materials.

The absorption capabilities of various ma-
terials are strongly frequency dependent. and
are best in the mid- to high-frequency range.
Porous materials, like foam and fiberglass,
are very effective at mid and high frequen-
cies, but lose efficiency at low frequencies.
Therefore, the above model and discussion
are valid only for frequencies above 300Hz.

ROOM MODES
Listening-room acoustics at the low end of
the spectrum tend to be one big compromise,
especially in small rooms. Standing waves
are a fact of life in acoustically untreated
rooms, and this of course degrades the per-
formance of a well-designed loudspeaker
system. On the other hand, installation of a
loudspeaker system capable of energizing
the lowest room modes may well reveal that
the room acoustics are less than perfect.

Room modes (natural resonant frequen-
cies) occur across the entire frequency
range. Professional treatment of the modes
involves “bass traps”—typically large ab-
sorbent elements located in corners of the
room. This may be readily implemented in a
recording-studio listening room, but in the
home it may be difficult to get all members
of the family to agree to it. If this is your sit-
uation, there are a few things you may need
to consider to avoid basic mistakes when an-
alyzing low-frequency issues of the home
listening room.

Every room mode has an associated
acoustic pressure pattern. The pressure
varies from O (null, no sound) to maximum

(the peak of the standing wave). When
music is played in the room, the modes are
excited accordingly, and the pressure pattern
changes and shifts dramatically within the
room boundaries.

You can characterize all modes—axial,
tangential, and oblique—by the following:
(1) Bandwidth B—inversely proportional to
the reverberation time; B = 2.2/RT60. Re-
verberation time depends on absorption, so
the more absorption, the shorter the RT60
time and the wider the mode bandwidth.
(2) Decay—again, mode decay depends on
the distribution of the absorbing material in
the room. (3) Density—increases with fre-
quency. Above 300Hz, room response
smooths markedly with frequency.

Let me now define the problem: you are
the proud designer of a system capable of re-
producing sound down to 20Hz, but when
you sit down and listen to the sound, the low
end is definitely missing. Assuming the
problem is nontrivial, you are most likely
sitting in the null of the pressure pattern for
20Hz mode. The importance of knowing
your room modes and associated pressure
distribution now becomes clear.

Mathematically, if the room has a simple
rectangular shape, you can use an elegant
formula to determine the room’s natural fre-
quencies, and further work is required to de-
termine pressure distribution. If the room
has a complex shape, the problem involves
solving the Helmholtz equation in three di-
mensions, looking for eigenvalues and
eigenvectors. This process is handled very
well by the finite-element method (FEM).

If required, the FEM can be quite accu-
rate. The accuracy depends on many factors,
including the size of the element used and
the order of approximating functions. The
compromise on the other side involves com-
puter processing speed and memory require-
ments. | therefore decided to accept errors of
less than 5%, on the understanding that I'm
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dealing here with an “approximate” method.

THE FEM

Before proceeding further, a few words of
explanation on the FEM are needed. This
concept has been around for several decades
and lends itself particularly well to solving
the Helmholtz equation for complex volume
shapes. Within a volume V, enclosed by a
surface S, the pressure p must satisfy this
wave equation:

vip+(%]p=o0

where ¢ = the speed of sound and ® = vibra-
tion frequency.

On the hard surface, S, the normal veloci-
ty 8p/dn = 0. The solution to the above prob-
lem, expressed by an equivalent variational
principle, is:

svjvz (VP2 - (?/c?) pdV =0

The volume in question is divided into a
large number of smaller elements, each hav-
ing several nodes. [ concentrate on an
8-node (8-comer) “brick” element with lin-
ear shape functions approximating pressure
distribution within the element. The bricks
are placed together to approximate the re-
quired volume and shape of the room. The
solution of the problem is expected to assign
each node a pressure value for every room
mode (eigenvalue). When shape functions of
the element are introduced into the variation-
al principle, the equation is reduced to a ma-
trix eigenvalue problem:

- -

where K is the “stiffness” matrix and M is
the “inertia” or mass matrix. Now you can
solve the matrix equation by standard eigen-
problem methods.

Generally, the user of a FEM program
must depend for the proper selection of
models and algorithms on detailed knowl-
edge of the theories, algorithms, and as-
sumptions behind the program. The FEM
knowledge base is huge and readily avail-
able; however, the immediate question is
whether you need to become a FEM expert
if you only need to analyze your room
acoustics once.

ANALYZING FEM OUTPUT

In general, loudspeakers tend to proportion-
ally activate those modal frequencies that
have greater than zero pressure pattern at
this particular location. Partial mode activa-
tion is a pressure-distribution pattern similar
to the exact modal pressure pattern, but in
which the maximum modal pressure is not
attained. Conversely, room modes that have
a null at the loudspeaker location cannot be
energized. Because some absorption and
transmission losses are always present in the
room, the modes cannot develop infinite
pressure patterns and will always decay
when the source of excitation is removed.
However, as long as there are reflections in
the closed volume of the room, the modes
will be present.

The solution frequently recommended is
to install bass traps. If the economical and
aesthetic factors are on your side, the prob-
lem can be solved, or at least partially eradi-
cated. Bass traps greatly reduce reflections,
preventing the standing-waves phenomenon
from taking full effect, and you will gain

more freedom in positioning the speakers.
You simply kill the problem where it starts.

I have browsed the Internet for some help
in this area, and can testify that several com-
panies offer good solutions to this problem.
Room modes you need to look at are typical-
ly located below 100Hz, so you need to
make sure that the bass traps you wish to in-
stall are really efficient at low frequencies.

If, for whatever reasons, the bass traps
are not an option for you, I suggest careful
review of the modal pressure plots. From
this moment on, [ am not trying to solve the
problem, but rather select the “lesser evil.”
Good FEM simulation software usually cal-
culates all room modes and associated pres-
sure patterns at the same time, so when this
lengthy process is completed, you need
only flip through the list of modal frequen-
cies to get the pressure pattern displayed on
the screen. You are looking for the location
of pressure peaks and nulls for each mode
(frequency).

Larger loudspeaker systems are typically
made to stand on the floor, and for purely
aesthetic reasons you will not place them in
the middle of the room, but rather against a
wall or even in a comer. From the pressure
plots, you will notice that pressure peaks also
like walls and comers. Therefore, if you end
up energizing room modes, you may as well
energize as many as possible. If the room has
many evenly spaced modes, the sound field
tends to be smoother than in a room with
only a few well-separated modes. Such a
room sounds boomy at those frequencies.

Next, the pressure-plot analysis should re-
veal the locations of pressure nulls. This is
essential, since one of the issues of prime
importance here is to avoid cancellation of
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FIGURE 7: Pressure distribution of the 36Hz mode, which ap-
' . tl dli ing f X=3/Y=7)to(X=
sound. Having located the nulls, you at least cy, you are likely Fﬁa/? 15133)g_en ol / A

know which areas of the room to avoid for to sit in a pressure
quality listening. Many of us would accept null of another. The
some amplification rather than cancellation  question here is what frequency range is  comers A-F. The “brick element” I used (o
of sound (and our efforts). Moreover, if a  your favorite, and therefore worth preserv-  model the internal volume of the room has

particular mode is too loud. you can always  ing, and which can you sacrifice? the following dimensions: X = 0.5m. Y =
use electronic equalization to trim it down. 0.55m,and Z=0.3125m.
The downside of living with the room  LISTENING-ROOM EXAMPLE The FEM tool I used calculated room

modes is that the frequency response (loud-  For the purpose of further analysis, I select-  modes and produced the pressure-distribu-
speuker plus room) will be irregular. That is,  ed a listening room having the shape indicat-  tion patterns shown in Figs. 6—10. The
if you avoid a pressure null at one frequen-  ed in Fig 5. The floor plan is bounded by the  color-coded pressure map was adjusted in
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FIGURE 8:
Pressure distribution
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mode. It appears as a straight line between
corners C and F.

2. Figure 7 shows pressure distribution of
the 36Hz mode, which appears as a gently
curved line running from (X = 3/Y =7) to
(X=11/Y =13).

3. Figure 8 shows pressure distribution of
the 54Hz mode. The two curved lines run-
ning from the sides of the room indicate this
is the higher-order mode.

4. Figure 9 shows the 68.6Hz mode devel-
oped between the floor and ceiling.

S. Figure 10 shows the first-order tangential
mode of 73.6Hz developed between corners
A and E and the ceiling.

As | mentioned, higher modes for this
type and size of modelling element tend to
attract a small percentage of error. You can
reduce the error and increase overall accura-
cy by selecting elements of smaller size.

For the given room dimensions, the low-
est mode is 27Hz, which can develop only
if you place the loudspeaker in corner E
and select your listening position in corner
A (see Fig. 6). The area to avoid for listen-
ing is the straight line between corners C
and F. The second lowest mode is 36Hz
(see Fig. 7), and you cannot readily predict
this one without the FEM method. To ener-
gize this mode, 1 would place the second
loudspeaker right in corner F and avoid lis-
tening positions halfway along the walls
from F to E and A to F, and also the middle
of the room.

Two points need to be emphasized
strongly here. First, by placing your loud-
speakers in the comers of the room, you take
advantage of what is known as *“room gain.”
It can add as much as 10dB to your speaker
output at low-end frequencies, compared
with the “free space” response. Second,
room modes, being based on standing-wave
phenomena, also amplify the sound at spe-
cific frequencies. Therefore, you do not need
to locate your listening position at nodes
with 100% pressure. I would strongly sug-
gest you aim for 40-60% pressure-node lo-
cations, while avoiding nodes of 0% pres-
sure at all costs.

With the above in mind, you will find that
placing the subwoofers in corners F and E
and selecting your listening area framed by

AA4] |
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FIGURE 9: The 68.6Hz mode developed between the floor and FIGURE 10: First-order tangential mode of 73.6Hz developed be-
tween corners A to E and the ceiling.

ceiling.

the points (X6, Y4), (X10. Y4), (X6, Y6),
and (X 10, Y6) ensures reasonable (not per-
fect) reproduction of the lowest two modes.
As you can see, [ would recommend a satel-
lite system with two subwoofers and two
satellites, one located in comer F and the
other halfway along the F-E wall.

The higher modes shown in Figs. 8, 9,
and /0 are useful in understanding the cost
of this particular arrangement, and I sug-

gest you draw your own conclusions here.
Some of you will be tempted to take ad-
vantage of the room modes. Say that you are
interested above all in reproducing 20Hz
wavelengths because you purchased these
special woofers, designed this unique enclo-
sure, and so on. In my opinion, this is quite a
legitimate point of view. Today’s electric
bass guitars have five strings and easily gen-
erate fundamental frequencies of 20-30Hz.

Peak Instrument Go.

Special sound effects recorded on digital-
video discs are also rich in low frequencies.

If you're thinking along these lines, you
need to perform a modal analysis of your lis-
tening room, determine pressure-distribution
patterns, and only then make an educated
decision about your listening area. Having
this out of the way, you can now use the ray-
tracing method to improve your room’s per-
formance at higher frequencies.
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REBUILDING THE AR-3a, PART 4

Topics for Part 4 include the woofer assem-
bly, fiddling with the box. and beginning
work on AR’s 1%2” dome midrange.

irst of all, a woofer update. In
Fworking on a couple more 12”

woofers, I'm running into things [
didn’t remember in the disassembly
stage (Part 3). I'm finding suspensions
glued to the hardboard spacer (which is
in tumn glued to the steel frame or basket),
and sometimes it appears that
AR used hot glue, but in
other places it looks like
the same glue used on the
surround. In either case, the
best way to get the cone suspension free of
the frame is to use solvent as before. But
instead of waiting 20 minutes or so for the
solvent to work, pop the woofer in a plastic
bag, seal, and let it sit overnight.

To separate the cloth suspension flange
from the hardboard, I filed the end of a
hacksaw blade until it was like a dull knife,
not sharp. I was able to work this under the
suspension and, because it was so long, eas-
ily work it around the flange, prying and
wedging the glue joint apart. Actually, the
solvent serves to weaken the hardboard
more than soften the glue, but the two come
apart nicely. If you have trouble, it’s better
to destroy the hardboard spacer than to
waste the suspension.

FINAL ASSEMBLY, AT LAST

We’re almost, but not quite, ready for final
assembly. First, run a trial Bl by temporarily
installing the cone assembly, shimming the
motor former from the pole piece with play-
ing-card strips. Then use masking tape to
hold the spider and surround against the
frame, establishing alignment. I'm serious; I
have done this. Remove the card shims and
carefully bounce the cone a little. Probably
to your amazement, it will not rub.

Now run the Bl test, using weights and
DC through the motor coil. You should be
at Bl = 16, or just slightly more. I got Bl =
16.2 for my stamped-frame woofer. If
you’re off, I don’t know what to say. Make
sure there’s no steel “shorting” the two
magnet faces. Add more backing magnets
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FIGURE 8: The paper-
towel cores support the
cone when you add lots
of weight to hold the

foam insert in place while gluing.

in system f at 35Hz and a system Q of 0.45,

except that I have some series resistance to

factor in, so we’re coming in right
on target at a system Q of 0.5.

However, just as interesting

is that the efficiency numbers

N /(\R OF work out to a wash; i.e., we

wind up with the same effi-

ciency as the stock woofer—

the motor improvements offset the added

mass. But since this is a higher-imped-

ance woofer (R = 4.5Q, which works

out to a nice manageable 6Q in circuit),

the power sensitivity is down a dB or so.

I’ll take that any day. Table 2 shows the
woofer parameters.

MATING CONE TO FRAME

Now it’s time to mate the cone to the frame.
Give the gap, pole face, and top plate one
last cleaning with masking tape. Keep at it
inside the gap until nothing more adheres to

TABLE 2

RELEVANT DATA AND PARAMETERS: WOOFER

Mml cms 'l
Stock 82g 1.3mmN 15.5Hz
Modiied 1259 1.3mmN 12.5Hz

Ve, BL Ry Q,
340 itr 7.6T-m 25Q 0.34
340 itr 16.2T-m 45Q 0.17

to stifle fringe flux. If you're at your wit’s
end, just work with what you have, using
your best judgment to make adjustments to
M, that will give you a Q,, f,, and efficien-
cy you can live with.

I want to brag a bit here. Do you know
how impressive a 16 Bl is? If memory
serves, the 12”7 woofer in Now Hear This’s
3.3, which has been advertised in SB, has a
Bl of 12+. Look through your spec sheets.
Okay, the Now Hear This (NHT) unit has a
big cone for a 12” woofer (S = 560cm?, vs.
425cm? for this AR) and a truly prodigious
excursion capability (X, = £13mm, I
believe, versus £6.4mm for the AR).

Now you can plug in the numbers, and
you’'ll find I get a Q, = 0.17. I'm guessing
Q,,, equals 3, or thereabouts. This gives me a
Q, 0f 0.16. With a V__ of 340 Itr and a 50-Itr
box, we’re looking to multiply everything
important by ‘/(6.8 + 1), or 2.8. This results

the mastic. Clean the coil and motor former,
too, and the underside of the spider.

Use playing-card strips for shims between
the pole piece and the inside of the motor
former. Two card thicknesses worked for
me, but your woofer might be different.
Make adjustments with strips of masking
tape until the shims give a tight but slidable
fit of the motor down in the gap. You want
your shims down deep so they’ll index with
the lower portion of the pole piece. Make
sure that the spider flange just touches the
frame, with %" of the motor in front of the
top plate.

Slide the woofer cone back and forth,
double-checking that the clearance is okay.
Twist the cone so the lead attachment loops
on its bottom are aligned, one to the existing
terminal board, another to an empty ear.
Your shim strips should be spread symmetri-
cally around the inside of the former, but



make sure there’s no shim over the gap in the |

former (since it’s likely to be irregular here).

Mix up some epoxy and spread a thin
coat on the frame and the spider flange. Now
slowly slide the cone assembly in to a depth
where the flange hits the frame, but isn’t
stretched in or out. Clamp the flange to the
frame as best you can. I made do with
clothespins and a couple of layers of card-
board cut to shape.

It’s a good idea to monitor the progress of
the epoxy you mixed up but didn’t use, and
just as it begins to stiffen and set, apply pres-

sure to the joint one last time, pressing down |
with your fingers. Then replace the clamps. |

Mask off the top of the motor former with

strips of tape so nothing falls down there. |

Let it set for 24 hours.

THE SURROUND

Now for the surround. Clean off the frame ‘
flange with isopropyl and white vinegar. |

Then slide the cone forward (it’s still
shimmed, remember) so you have a little
working room between the surround flange
and frame. Spread a coat of RTV (Room
Temperature Vulcanizing) on both surfaces
and let them start to cure for two minutes or
so. Then tap the cone at the center until it
moves down and the surround flange is seat-
ed on the frame.

Now tap lightly on the front of the flange

to make sure the tacky RTV surfaces |
adhere. Keep at it a minute or two, until |

you’'re sure the surround is sitting in proper
position on the frame. Then tap the cone
1/8” or so farther in, flexing the surround
slightly and putting a little pressure on the
glue joint where the half-roll ends. Double-
check to see that everything's even. Clamp
with more cardboard and clothespins, and
let it set another 24 hours.

When the time is up, pull out the shims,
and you should have a proper, freely
mounted cone. If you have small fingers,

you might want to smear a little more RTV |

on the inside, where the half-roll meets the

frame. Use just a little RTV on a fingertip, |

reaching around up inside between frame
and cone, doing one section at a time.

FERROFLUID IN A WOOFER GAP?
I remember reading about only one speaker
with a liquid-cooled woofer. When 1 started
playing around with this AR project, 1 half
expected I'd need to resort to ferrofluid in the
gap to get the system Q down where [ wanted
it. But heatsinking the motor to the rest of the
speaker via liquid in the gap is still a very
useful feature. So I decided to put some fer-
rofluid in the gap, but only on the inside,
between the former and the center pole, and
even then I wouldn’t fill this gap full.

I'm not sure, but it stands to reason that
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FIGURE 9: My notions of how box walls become lively. It’s not the sound, but the struc-
turally borne vibrations. A depicts the dominant activity of a small box (compared to
woofer-frame size) with a strong front baffle. B shows how a larger box is more prone to

vibrate.

ferrofluid between the wire side and the top
plate would soon be sprayed out of the gap
into the structure’s innards and the spider’s
bottom. which does no good to anyone. But
the inside of the motor is just smooth former

surface, not likely to spray the fluid any-
where. Also, with my souped-up magnetic
field, the fluid has that much more incentive
to stay put.

Moreover, if I fill only half this space,

ATVu.2a. -

115 S. Victory Blvd. Burbank, CA 91502

818-846-9921 - Fax 818-846-1009
Orders Only! 800-595-9924
www.speakercity.com

is proud to announce that
we are now the exclusive
U.S. importer/distributor for

Mo
e

*Polypropelene Drivers *Woven Carbon Drivers
*Fiberglass Drivers *Neodynium Tweeters
Also available at:

Speaker Works, 1021 E. Camel Back Rd., Phoenix, Arizona 5014
602-230-0344 - Fax 602-230-8533
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the fluid should be held smack in the mid-
dle of the gap—where the field is presum-
ably strongest—and furthest away from the
ends of the motor coil, which could let the
fluid leak through to the other side, where it
would be spewed away as speculated
above. The bore in the pole piece means
that no air is trapped under the foam insert
to blow the fluid out. So the motor is par-
tially liquid-cooled and modestly damped
by the fluid. I'm guessing I have an Q__ in
the 3 range—a lot of heat, anyway. It’s a
pretty big chunk of wire.

Since you know the thickness of your
shims and the other dimensions of the gap,
you can figure out how much magnetic
fluid you need to fill the gap half full. For
me, it was only 0.35cm3, which I measured
and added to the gap using a 1 mltr (1cm?)
graduated pipette from Electronics
Goldmine’s strangely fascinating catalog.
(Cheap, too, but a $10 minimum.) It’s also
strange to see the magnetic field suck fluid
from the end of the approaching pipette.
Cover up the gap again with tape.

Now is a good time to take care of any
odd housekeeping items such as attaching
the second terminal lug and soldering onto
the terminals the flexible tinsel leads from
the woofer (those loops made on the bottom
of the cone in Part 3’s Fig. 7, remember?).
Oh, and replace that windowscreen on the
back of the magnet structure. (Recall that
you had to take it off to bolt the pole exten-
sion via the vent bore.)

FINAL ASSEMBLY

You already know the foam insert fits per-
fectly, so all you need to do is slather on the
epoxy and do it, right? Well, up to a point.
You’'re going to weight down the insert to
hold it in place, but you can’t let the weight
push the cone down so far that ferrofluid
will slurp through the former gap to the
other side, so you must support the cone.
But you can’t just use dowels or sticks.
because they might deform the cone.

1 used four cardboard cores from paper-
towel rolls, stuffed some sticks of cardboard
inside them to give more strength, flattened
them a little so they’d conform to the cone,
and inserted them pinwheel style between
the cone and frame. Thus they don’t go all
the way through, so all four cores bear their
fair share of the load (Fig. 8).

Now mix up some epoxy and spread a
generous layer on the cone. Also, daub some
on the tabs of foil/tissue at the insert’s
perimeter. Daub some more on that felt cir-
cle, around the edges where it will press
against the end of the motor former, and
give a good coat to the outside of that
exposed 2" of former.

At this point very carefully lay the foam



insert in place. Make sure the motor former
slides into the hole and doesn’t cut into the
foam. Once you’ve started it correctly, twist
the insert slowly down into position so that
the leads rest back in the grooves you made
earlier in the foam. Press down, firmly and
evenly, until the foam is seated and the little
tabs rest tightly against the cone surface.

Now lay a saucer upside down on the
skin and start piling on the weight. Keep
adding it until you're satisfied the insert is
firmly settled, but not so much that the
paper-towel-core props might give way.
Five pounds or so should do it. If any glue
oozes out past the edge of the skin, even it
out with your finger. Let it cure 24 hours.

You now have a very capable woofer—
labor intensive, sure, but ridiculously cheap.
And heavy. Mine tipped the official postal
scales at 15 Ibs.

ZOBEL THAT MOTOR

In keeping with my professed preference for
textbook crossover filters, it was necessary
to compensate the woofer to present a sim-
ple resistive load for the crossover. A rough
impedance curve indicated that the woofer
bottomed out at 6{2—a very satisfactory
result. So I Zobelled to this, experimentally,
and wound up with a 6€ resistance in series

with what I suspect is about 48UF. I say sus-
pect because I used two nominal 16uF elec-
trolytics (loose tolerances, tending toward
the low side) and four 4.7uF film caps. I get
a nice 6€2 from 400Hz, where I started mea-

suring. to about 800Hz, then a slow droop
to 5.4€Q at 1.5kHz. I believe this is suffi-
ciently resistive to allow for the textbook
crossover solution.

Now, all this seemed ordinary enough

PHOTO 9: This shows most of the minor bracmg added to the stock box. The maple
cross-brace is above the woofer cutout. Inside are the two front-to-back dowels and the
masonite plate fastened to the stock crossover board (note the relief work that allows installa-
tion of stock pots). Just visible to the left is a piece of sheetrock stuck to the side panel.

Also, note the homemade gaskets.
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TABLE 3

RELEVANT DATA AND PARAMETERS: MIDRANGE DOMES

M, Cos fy V., Bl (est.) Rye Q,’
Stock 1.59 0.4mmN 205Hz 155cm3 3.25T-m 27Q 05
Modified 179 0.4mmN 190Hz 155¢cm3 5.8T-m 4.0Q 0.24
Ry (est) Q Q,* Q. fen
Stock 1 19 04 1.0 500Hz"*
Modified 6 0.34 0.14 0.28 400Hz

* Level-setting pots, resistors, and crossover components in series with the motor coil will affect this directly. These are

free air figures up to the “cb” numbers.

**A guess here, because most of the enclosed air is coupled through the resistive restriction of the motor former/pole
piece crevice. The rough impedance curve | ran on a stock midrange also indicated 500Hz.

until I did a little ciphering and found
(according to my Radio Data Handbook)
that my motor coil should have 1.6mH of
inductance all on its own, in free air. And if
I took the simple-minded approach and
designed for 6€2, I'd get 44IF in the Zobel.
Where, [ want to know, is all the complexi-
ty? Why is my motor acting like a simple
inductance? Doesn’t the proximity of all
that steel count for anything?

Does this relatively high flux density
(about 1.2T) drive the steel in the structure
far enough toward saturation that it resists
AC flux from the motor coil? It’s not sup-
posed to be this easy—yet another argument

for expensive, high-flux speaker designs.
That reminds me: Thiel is famous for its
highly compensated first-order systems,
with short-coil motors in the better models.
This suggests relatively low flux density in
the steel. I wonder if this complicates mat-
ters when it comes to building conjugate
impedance circuits?

BOXWORK

I'll keep my comments about finishing very
brief. Suffice it to say I used scrapers (sand-
paper is idiocy when a scraper will do) and
rubbed in linseed oil. 1 cut the oil with tur-
pentine, and added a little polyurethane to the

Tel:(650) 595-8588
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ACO Pacific Microphones will!
Manufacturered to meet IEC, ANSI and ASA standards.
Stainless and Titanium Diaphragms, Quartz insulators
Aged at 150°C.

Try that with a “calibrated”consumer electret mic!

ACO Pacific, Inc.
2604 Read Ave., Belmont, CA 94002

FAX:(650) 591-2891

ACOQustics Begins With ACO™

e-mail acopac@acopacific.com
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mix early on (everyone has his crank concoc-
tions). This type of finish takes months to
build up properly. but considering the rest of
the project, you’ve got nothing but time. I
filled any nasty nicks or bumps with a putty
made of sawdust and glue. Finished like this,
walnut looks terrific.

Bracing was nothing fancy (Photo 9). 1
made sure all the joints were sound, filling
anything suspicious with gobs of my saw-
dust-glue putty. Then I improved the stock
bracing by shimming the brace ends to the
adjacent panels and to other braces, where
they were adjacent. This is tedious, but it
helps if you use masonite for the shims,
because you can easily split it to the needed
thickness. I added still more sawdust/glue to
likely spots. Then [ smeared DAP along any
joints likely to leak.

Next I added a brace to the front baffle,
over where the single stock brace is glued. 1
used 1” x %" maple and glued and screwed
it (three 24" deck screws through the baffle
into the brace below).

After that, [ firmed up the back panel by
gluing and screwing a chunk of %4” masonite
through the stock hardboard (which AR used
to mount the crossover) into the back panel.
This also reinforced the back cut-out area
where the input is hooked up. I also worked
glue into all accessible crevices, inside and
out, and tightened down the screws.

I then added two front-to-back braces,
using %” hardwood dowels, just above and
left of the woofer cut-out. The fitting must be
precise. You can even notch them on the
front to help out the front brace. Then I
predrilled panels and dowels and glued and
screwed them in place, using 3” deck screws.

FILLING THE CRACKS

I reworked the joint at the back, too. AR
used what looks like plaster in this crevice.
What was loose I replaced with my sawdust
glue. What wasn’t loose I reinforced by
working wood glue into it. One of my cabi-
nets wasn'’t stained on the back, so I fixed
that with the world’s cheapest stain—add a
dollop of roofing tar to mineral spirits.

There’s an oval cut-out in the baffle where
AR brought the wire through for connecting
the two dome units. [ filled it to grade inside
and out. Then I used a Waylands” Wood
World tip and added an aluminum angle iron
(1” legs) to the inside of the front baffle, run-
ning between the midrange and tweeter cut-
outs—three screws, plus DAP. I also cut
some slabs of wallboard (approximately 6Y2”
% 4”) and DAPed them to the middle of the
side panels.

As a convenience, | made some 8” nylon-
webbing handles, grommetted the holes, and
fixed them to the back by screwing through
the back panel into the braces with 24" deck
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FIGURE 10: Fiberglass packed into the
back corners and held with screens stapled
between the braces. The rest of the void
received 20 oz of Dacron fluff.

screws. Do this. These boxes weigh approxi-
mately 65 Ibs.

I filled in the baffle’s corners—around
the woofer—by gluing on little triangles of
15" MDF. What could it hurt? Around the
midrange and tweeter, I glued facets of
sheetrock. The mass couldn’t hurt, and what
bending friction they might offer could help.

&~ }"‘fbﬁf

The faceted surfaces,
I'm guessing, offer a
less abrupt transition
for the mids and tre-
ble as they travel
along the baffle.

Then I cut the car-
pet pieces you see
and stapled and
DAPed them on, a
concession to diffraction control (Photo 9).
It makes the speakers look great once you
peel off the grille. After installing the
crossover, | added some more dowel brac-
ing, two side-to-side pieces held just with
glue and a tight fit, since screws weren't
feasible.

BRACING PHILOSOPHY

As [ suggested, I believe most of the energy
is fed into the panels via the speaker’s
frame. After all, a good mechanical connec-

PHOTO 10: The input-connector arrangement, showing one termi-
nal strip installed and the bottom of another.

tion exists there, which means that if you
wish to stifle the panels, you must pay
attention to how the source (the speaker
frame) interacts with the box (Fig. 9). This
suggests that you need a front baffle as
small and strong as possible, concentrated
bracing near the source of vibration, and
braces across opposite walls.

A small baffle forces the speaker frame to
try to move the entire box as a unit, a simple
mass. A large box is just asking for flex. I
see mass, especially in the speaker frame, as

focused on:

 COMPETITIVE PRICE

TAIPEI 10664, TAIWAN
TEL : 886-2-2709-2500
FAX : 886-2-2755-5273
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a good thing, since the motor must move
this mass before it can flex the cabinetry.

GASKETS AND CONNECTIONS

I made my own gaskets, since anything’s
better than Mortite. I cut out circles of carpet
for the woofer and midrange, and of felt for
the tweeter, and cut holes with a %" punch.
Then | saturated all the gaskets with DAP
and used more DAP to glue the gaskets to
the baffle. When you’re cutting new gas-
kets, get them exactly right, or they’ll cause
no end of trouble. I also daubed a bit of
Mortite on the driver-mounting screws to
seal the threads.

In the connection department, I didn’t like
AR’s knurled-nut arrangement, and I wanted
the option of biamp-capable connections, so
[ mounted a four-position terminal strip on a
half-moon of masonite (Photo 10). | ran the
wiring through the two outer holes in the AR
backplate, and used the center hole to mount
the half-moon. I applied DAP to seal.

COSMETIC STUFF:

GRILLE AND CLOTH

If you intend to save the beige cloth, first
pry out all the little staples holding it and
carefully pry the fabric from the frame.
Then sew a “zig-zag” stitch twice around

“I'm confident that the CFAC Inductors
provide an interesting alternative for high-
end manufacturers to consider in their

quest for sonic truism.”

Vance Dickason, Editor
Voice Coil, Nov. 94

"The CFAC Inductor far ex-
ceeds anvthing I have used in
the past."”

Arnie Nudell, President
Genesis

"They are, simply, the best...""
Robert Grost, President
Unity Audio

Available At:

I\g hael Percy, CA
Tal:d15)669-7181

Speaker City USA, CA
Tel: (818)846-9921

Parts Express, OH
Tel: (800)338-0531

Handmade Electronics, PA
Tel: (610)432-5732

The Parts Connection, ONT.
Tel: (905)829-5858

For Catalog: Solo Electronics, 2462 Tripaldi Way, Hayward, CA 94545, USA.
Tel:(510)887-8016 Fax:(510)887-1657
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the edges so it doesn’t fall apart when you
wash it. Get the linen good and clean,
removing stains with lemon juice or any
other antistain potions. There’ll be a hole in
a corner where the badge screws into the
frame, but any other small flaws can be easi-
ly repaired by anyone who reweaves fabric.
Try a seamstress or tailor.

Stretch out the cloth as best you can and
iron it flat. Then go to work on the area in
front of the tweeter with a stiff brush. It
should be on the threadbare side to better let
the treble through, but you don’t want to be
too obvious about it. Vacuum off the fluff
and shave it clean with an electric razor.

Mend the frame as needed, paint it

| black, and drill a 1/8” hole where the badge

|
|

will attach. I stretched fiberglass win-
dowscreen across the frame, to give a little
support to the linen, which goes on next.

Carefully stretch the linen back on, get-
ting it straight and taut. Fix it in place with
a normal paper stapler, flattening the cor-
ners. You paid attention to how the comers
were done before you took the linen off,
didn’t you?

I folded up some felt into funny shapes, as
you can see (Photo 11), and stapled them to
the inside of the frame between the Velcro®
strips. This is yet another nod to the diffrac-
tion bogey. Staple on your Velcro. I stapled a
little tab on the bottom to tug on when
removing the grille.

BRASSWORK

There’s no point to this project unless you
refurbish the classy, brass gravure AR
badge. Just go at it with 400-grit wet-or-dry
paper, wetted down with isopropyl. Tape

| the paper to a flat work surface, then tape a

straightedge on top as a guide. Take off the
old finish, always rubbing with an edge
against your guide. This will retain the
brushed look of the badge. Keep at it until
you're down to clear brass. Then clean, dry,
clean again (with masking tape) and, in a
clean work area, spray on a good coat of
clear acrylic. Let it dry in a clean area—no
dust allowed.

Now pull the steel core out of a 1/8” alu-
minum pop-rivet and thread it onto the back
of the AR badge to use as a nut to hold the
badge to the frame. Take off the rivet, tap it
into the 1/8” hole in the frame and screw the
badge into it from the front; much better
than the way AR did it.

STUFFING

You have a 40-ltr box, not counting driver
intrusion. 1 figure that with stuffing the
woofer sees a 50-Itr box, driver intrusions
notwithstanding. For stuffing, I layered 5 oz
of the fiberglass I originally pulled out of the
boxes back into the two rear corners, and



kept it in place by stapling windowscreen
between the braces (Fig. 10). The rest of the
internal volume is occupied by 20 oz of
Dacron fluff. The glass wool could as easily
be confined by felt. I didn’t want to do all
my stuffing with fiberglass because I was
afraid the woofer would inhale small bits
through the bore I drilled through the pole.

I figured the fluff would filter out any
ambitious migratory fiberglass. But standing
waves weren't that big a deal because 1 was
crossing over the woofer at 500Hz or so,
where the wavelength is 27”.

MIDRANGE DOMES
Now back to the grinding work of taking
drivers apart, puzzling out their innards, and
bending them to our nefarious ends. The
midrange domes have stock specs and pa-
rameters as in Table 3. 1 know M, _because
years ago I was given a pair of much-abused
AR-5s. I cannibalized their dome units for
this project. but there was precious little to
cannibalize from the midranges because a
previous owner had unscrewed and made off
with their magnet structures. So for M__, 1
cut out the dome and half of its surround and
weighed it: 1.5g. I reckoned flux density for
the gap to be about 1.4T if everything fit.
When you take the flange-cum-dome off

the top plate, mark its alignment so it will go
back the same way. Now fill a big coffee
can or similarly sealable container 1/3 full of
acetone. Scrape off whatever glue shows
around the joints, and plop the magnet struc-
ture into the acetone to soak for a couple of
days. You might as well soak all your
midrange and tweeter assemblies at the same

time. 1 like a coffee can because I can use a
square of Al foil as a gasket between the can
and the plastic lid.

Round off the bottoms of the 8-32 screws
that hold the flange to the top plate just
enough so they’re smooth—no sharp edge
on the bottom. You do this because (assumn-
ing you have a later-type midrange, with

PHOTO I 1: The grille frame surrounding the domes and the faceted sheetrock on the baf
fle. A piece of carpet is stapled below the domes in hopes of ameliorating diffraction. The
black rectangles on the grille-frame perimeter are Velcro.
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four of these screws) you will tighten them
to pry the top plate loose from the magnet,
and if a sharp point presses against the mag-
net, it may chip off a piece, an event you
wish to avoid.

After the assemblies have soaked for 34
days in the pot of acetone, take them out and
screw in the blunted 8-32 screws until you've
popped the top plate free of the magnet. Pull
out the fiberglass from inside the magnet

structure, squeeze out the acetone, and

let the rest of the structure soak for two

39 hwg 35 AWE more days. Now you can work on the
WRE (AR W’W WIRE top plates.
F g S, 52D
ADDING STEEL

When you took off the dome and
flange, you found a plug of fiberglass

= FLEX LEAD —
Colt.
LEAD COoNNECTON = "" 05 ’
i‘f’f:. (3K OF MoTom ot (L oS 515
1/»'
i ““
5(1 Ll [N
_ﬂ’t’?’t”{—?—"v"—;{’fﬁ“*‘
2 L Gap i Former

FIGURE 1 |: Winding details for the midrange motor coil. A shows how the finish of the
first layer, F(1), is brought up through the former gap to be soldered to the start of the

second layer, S(2), drawn as a thin line. B

shows the finishing details of the third layer,

F(3), drawn as a dashed line. The wire emerges from the gap, continues around to where
S(1) begins, then is dressed up out of the magnetic gap to meet the length of 34 AWG
wire left attached to the flex lead. All is securely epoxied.

under the dome. In addition to damping, this
piece also serves as a spring, pushing the
dome forward so the motor coil is centered
in the gap. Without it, the bottom of the
motor coil is flush with the bottom of the
0.15"-thick top plate.

The motor coil is about 3mm tall and has
two layers, with 14 turns on the first
(inside) layer and 12 turns on the second. |
make it 34-gauge wire, giving an R ; of
about 2.7Q. I should mention that these,
like virtually all domes, are short-coil/long-
gap motors.

I have reservations about using a plug of
fiberglass as a locating element, and [ want-
ed more excursion capability (X, ) any-
way, so | added some steel to the bottom of
the top plate—0.05”, to be exact. That
makes the gap 0.2” tall, 5Smm for all practi-
cal purposes, and gives me an X of
+1mm; not bad.

I made the extension by drilling out the
center of a 2” fender washer, centering it on
the top plate and attaching it by drilling and
tapping the top plate for three 4-40 screws
(Photo 12). Once I had screwed and epoxied
the washer into position, I used a half-round
file to bring the hole in the washer to exactly
the same diameter as the stock hole.

The trick here is to paint the face of the
gap in the top plate with a magic marker;

Loudsp
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then, using a file whose rounded face
closely matches the curve of the gap, file
carefully until you start taking ink off the
top plate. This is easier than it sounds, and
the face of the gap isn’t finished very well
by modern standards, anyway; it’s a simple
stamping. If you have a router, chuck a
cylindrical rotary file in it and use that
instead. A file works fine, but a router
makes this operation a piece of cake. Once
you have the diameter right, check your
gap for thickness. These washers are typi-
cally 1/16” thick. You might wish to dress
the gap down closer to a total of 0.2”.

You should also make sure your top plate
is good and flat. Take a straightedge to it,
and if it's warped, you can file it down flat
by hand easily enough.

STIFFENING STEPS
First clean the back of the fabric dome.
(Understand that you just wish to have the
dome stiff here, not the fabric surround.) I
used a toothbrush and a pencil eraser. Mask
the aluminum former. Now you rub about
02 cm? of epoxy into the fabric where it will
do the most good. To give you an idea of
how much that is, a one-cent US coin’s vol-
ume is 0.36 cm?. So you're going to apply
about half a cent’s volume of epoxy.

Mix up about a “cent” of epoxy, divide it

PHOTO 12: Modified dome top plates. The assembly at the right is the midrange top plate
with front flange and dome screwed in place. Note the gap extension screwed to the bot-
tom, and the four chamfered 1/8” vent holes connecting the air under the surround with
the air under the top plate. Some 2mm vent holes in the motor former are also visible. At
left are treble top plates.

in half, and then start putting little dabs
around the edge of the dome. I used a 1/8”
steel rod, but the shaft of a drill bit would
be as good. Taking glue from only one of
your two blobs, place the dabs in a circle
about Icm apart and about 6mm from the
(masked) aluminum former. Using the rod
or dnll bit this way lets you apply dabs of

the same size, and by comparing the dwin-
dling size of your blob to the untouched
blob, you have a good idea of how much
glue you're putting on.

After applying a circle of blobs, work the
epoxy into the fabric with your finger
(clean hands!), going around in little and
big circles until it is pretty evenly spread.

Don’t believe us...

listen to your speakers!
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Then apply another series of dabs farther in,
spread with your finger, and so on until you
have a good even coat across the whole
dome. It’ll soak right in.

Note how much epoxy is left, which
should give you a feel for how much
you’ve applied. After about an hour, the
epoxy will have soaked in and set, and the
cloth will no longer look shiny. Mix up a
little more giue and apply another coat, but
now just around the edge, coming in maybe
14" from the former. This application won’t
soak into the fabric, so a little will go fur-
ther. After a day or so, your dome will be
about three times as stiff as stock, with only
0.15g or so mass penalty.

I also drilled a series of eight 5/64” holes
in the former, close to the front, to equalize
pressure differences between the under-
dome and under-surround air volumes, since
I planned to use ferrofluid in the gap. Get
these holes nice and clean. One way is to
drill them with a smaller bit and enlarge
them by twisting with a round needle file
until you're satisfied.

MORE MOTOR MEDDLING

I, of course, wanted more R, and more wire
in the gap. | was shooting for a 6£2 system
by this time, and I figured I could do a more
precise job of assembly than AR did. 1

decided to take off AR’s second layer (12
turns) and add my own layer of 13 turns,
plus a third layer of seven turns, both with
35-gauge wire. This came to 34 turns and
about 4.0Q. I calculate this to be a 0.5dB
drop in efficiency and, assuming 6 and 4Q)
units, about a 2.5dB drop in sensitivity,
assuming the flux density remains constant.
That’s good, since I still reckoned I had 2 or
3dB on the woofer.

How to wind such an addition? Well,
think about it. You wish to wind a two-layer
nested, continuous coil on top of a one-layer
coil. Check back to Fig. 1 in Part 2. There’s
no reason not to nest your two-layer coil into
the existing layer (AR’s 34 gauge).

It’s probably easiest to think about this
process as starting in the middle. That is,
feed enough wire off the main bobbin to
wind the final layer onto a second bobbin,
which you attach to the plastic flange for
later use. Then start by winding the second
layer onto the first, but winding backwards
in the sense that the first turns are actually
the finish of the second layer. When you fin-
ish winding this layer, you’ll solder it to the
finish of the (stock AR) first layer.

Then you take the second bobbin
(attached to the flange, you remember, so it
could tum with your workpiece) and wind
that third layer “frontwards,” from top to bot-

tom, the first turns being the start of the third
layer. The last tums are the finish, when you
must bring the lead back up through the gap
in the former to solder it to the lead that con-
nects it to the outside world.

PUZZLES OF COIL-WINDING

It’s difficult to explain. I can only tell you to
think it through and fool around with some-
thing like twine around a paper tube until
you understand what I'm talking about.

Assuming you'’re following, go ahead and
take off AR’s second layer. You're going to
leave a couple of inches of wire still attached
to AR’s flexible lead, so begin by lifting the
finish of AR’s second layer with a needle
and, not breaking the wire, lift two or three
inches free of the coil. Cut and tape that lead
out of the way.

Now go back to the cut end and just
unwind the rest of this layer. But when you
get to the bottom and start to unwind the last
turn of the first layer, stop. See how far
around you still must go (continuing on the
last turn of the first layer) to get to the gap in
the former, add a couple of inches, and cut.

Take these two inches and continue,
adding to the first layer, until you get to the
gap. Then go down and up through the gap
on the inside, and to that you solder your
“start” for the second layer. Clean the glue
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from this little length of wire as best you can,
and glue it in place with epoxy. Make a nice
crisp bend as you go inside and up the gap in
the former. Tape everything in place so it lies
smoothly, and wipe off excess epoxy.

Now you need a way to hold the motor
coil out far enough away from the flange so
you can get to it. and some way to mount the
flange so it will turn. Make a little jig, carv-
ing up a piece of foam so it fits the front of
the dome, then mount the jig, centered on
your drill’s rubber sanding disk. Then duct-
tape the flange hard against the sanding disk,
letting the foam cup push the motor former
out where you can get to it. Run the drill a
couple of revolutions, centering the flange,
and you’re ready.

PREPARING THE COIL

You wish to form a good nest between the
first and second layers, so clean the glue out
somewhat by “playing” the coil a few times
with a needle. Clear out the flaking bits of
glue with masking tape, do a little more
cleaning with abrasive pads, and still more
with isopropyl and tape.

Good magnification and strong light are
essential. You have only 20 turns to add, so
go slowly and steadily. Break off a couple
of lengths of 35 gauge wire so you’ll have a
feel as to how much tension it can take (not
much). Cut half a dozen small pieces of
masking tape and stick them where they’ll
be handy if you need them.

Feed about 4’ of 35-gauge wire off your
main bobbin, through the gap in the former
from the inside. Wind this wire on a small
bobbin and tape it out of the way on the
flange or what the flange is attached to.
Now epoxy this wire flat in the gap, and
secure it with tape.

After an hour this will have set, and you
can start winding the second layer off the
main bobbin. Mix up a mote of epoxy and
spread it on the coil, mount the bobbin so it
feeds freely, and start winding. Kinks in
this size of wire are a serious nuisance, so
be careful. You're winding from the bottom
up, and need to get this wire into the groove
as soon as possible.

Wind slowly and carefully, counting the
turns. You've probably noticed that AR did
not wind its coils with the turns closely
packed; this makes your job easier. Keep
good tension on the wire, but be careful.

As you finish up, the groove runs out.
There should be a little epoxy on the former
just above the coil. Keep winding part of

another turn in this epoxy (and hard against |

the first turn of the AR layer) until you
come around the gap.

ADDING A SECOND LAYER
Now, remember the wire that emerges from

the gap here and goes to your second bob-
bin? You wish that wire clear of any more
turns from the main bobbin. So detach it
from the flange, loop it down over the motor
coil, and tape the second bobbin out of the
way inside the dome. Now wind a couple of
turns off the main bobbin to hold the tension,
tape the end, and cut the main bobbin free.
You’ve just added a 13-turn second iayer
(plus a couple of extra turns to tie off).

Bend down close and inspect your work.
The turns should be tight and even, secure
in the groove. No skipping ahead or dou-
bling back or climbing over turns. Mix up
another mote of epoxy and spread it on the

Liberty Instruments, Inc.
P.O. Box 1454 West Chester, OH 45071 USA
telephone/fax (513)755-0252
email: bwaslo@one.net
web: http://www.libinst.com

call, fax, or email for brochure & free demo disk

coil, getting a good even coat.

Now it’s time to wind on the last layer.
Retrieve the second bobbin from inside the
dome and mount it so it feeds easily. You'll
be turning the former in the opposite direc-
tion from when you wound the second
layer. Get a good crisp bend in the wire
coming out of the gap, and away you go.

Now, recall that you need only seven
turns on this layer. So feed into the groove
and climb up on top of the second layer at
once. In fact, on your first tumn, skip over two
or three tums (making a steeper pitch) so that
on the second tum the wire will nestle into
the groove toward the middle. Wind five

20 bit
o

‘ﬂ" {{geach.

DSP56002 compatible!
* Multisound Pinnacle™
* Multisound Fiji™
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tight turns normally, then take another steep-
pitch turn to get to the botiom of the motor
coil. At the end of turn 7, you'll be back at
the gap. Take another turn to hold the ten-
sion, then duck through the gap and tape off
the end to the inside of the motor former.

Inspect for a good wind, smooth out any
small globs of epoxy, and pluck off any
fibers and scrape off any dust. Then give
the coil a final thin coat of epoxy, just 1o fill
in the grooves. If everything looks good, let
it set for 24 hours. Sometimes you can
repair minor problems by shoving the wire
around with a needle. Just be sure to
smooth down the finish.

TYING UP LOOSE ENDS

You still must wire the new windings into
the circuit. Connect the beginning of the
second layer to the finish of the first layer,
which emerges from the former gap at the
top of the coil. Undo your “tie off” turns
and arrange things as in Fig. //. Just don’t
strip the enamel off the wire until it’s clear
of the aluminum former and safely on the
insulating fabric. Twist, solder, clip off the
excess, dress it down flat, and hold it in
place with epoxy.

Getting the finish of the third layer con-
nected is a little more involved. First undo
the “tie off” turns and unwind until you get
to the end of tum 7. right there at the former
gap. Feed the wire inside the former and up
through the gap (there are already two runs
of wire in this gap), dressing it to lie flat.
Pull the wire through the gap in the former
so it emerges at the top of the coil. Be wary
of kinks.

Now continue making a partial turn, the
“right way” around at the top of the cail,

flush against the former and the motor coil,
until you get to where the first layer starts
with the lead in from the flexible lead. See
Fig. 11 again. This gives you a complete
number of tums on the motor. Now bend it
crisply up toward the fabric. and make sure
the partial turn is properly glued down.
Now find the length of 34-gauge wire

you left attached to the other flexible lead. |

Wind this around to meet the finish of the
third layer. scrape the insulation, twist, sol-
der, and epoxy it down on the fabric so that
everything's insulated from the former.
Note in Fig. /1 that I ran these wires along
the bottom of the fabric. Just get them clear
of the magnetic field. 1 forgot to sketch in
the holes 1 drilled in the former; they’re up
at the fabric-former junction, also well clear
of the magnetic field. Check for continuity
and that there is no short to the former.

If I were doing this over again, I'd prob-
ably make the third layer nine or ten turns
instead of seven, bringing the total to 36 or
37 twms. Double-check your work, making
sure the current is kept going the same way
around all three layers, that nothing pro-
trudes, and that your motor former is still
round. Now mount the flange and dome
assembly to the top plate, fitting for the best
clearance.

The dome should move in and out freely.
If not, rotate it 90° and try again. You want
nice, consistent clearance. If things seem
pretty good no matter how you mount the
flange, use a piece of paper to check for an
even clearance. Mark the parts so you can
put them back together the same way.

If you have clearance problems. it might
be some grit in the epoxy. Shave it off. If
the problem is eccentricity, you'll need to

adjust by enlarging the countersinks for the
mounlihg screws to bring things true. Just
take your time.

In Part 5. we’ll finish the midrange
domes, and start work on the treble domes,
leaving all the good stuff like listening and
testing to Part 6. »

GO AHEAD

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

—HOO—V—tA ND—
MusiCApPe

"After auditioning a wide variety of caps,
1 find these film-and-foil capacitors to be
the most musical performers—and by a
large margin. The MusiCap specializes in
textural liquidity (lack of grain) and
delicacy of treble nuances.”

Dick Otsher, Reviewer and Designer; from
November 1996 Samadhi Acoustics white paper

COMPARE NOW

The most naturally revealing capacitor. Film
and foil polypropylene construction—optimized
for fine speakers and vacuum tube electronics.
Precision made in USA. Values from .01 to 10pF.

To listen to MusiCaps for yourself, contact:
* Welborne Labs  303-470:6585
* Madisound Speaker Components 608-831-3433
* The Parts Connection  800-769-0747
* Michael Percy Audio Products 4156697181
* Hondmade Electronics  610432-5732
* Americon Audio Import, Netheriands 31-78-6510567
* Anchor Cross Co.Tokyo, Jopan 81-3-3203-5606
* Bina Putra Dotomas, Indonesia 62-21-8209126
* Octave Electronics, West Malaysio 603-793-7939
* SJS Blectroacoustics, England 44-1706-823025
» Tang Hil International Ltd., Toiwan 886-2-5813405
* Thai Audio Center, Thaikand 66-2-2260773
* OEMs contact Hovond Company at :
ph 200-966-4377 « fox 209-966-4632
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Dual 5” Vifa Kit #300-760,
Parts Express, 725 Pleas-
ant Valley Drive, Spring-
boro, OH 45066-1158,
(800) 338-0531, $199.90.

The Vifa Kit came packed
in three boxes containing
cabinet parts, grilles, dri-
Vers, Crossover compo-
nents, speaker wire—
everything. An inventory
revealed that all materials
were  accounted  for
(Photo 1). Judging by the
quality of the parts, I saw
that this project, when completed, would
represent a mid- to high-end product.

CONSTRUCTION

I advise you to read the instruction manual
before attempting to assemble the kit. This
will eliminate any surprises and avoid frus-
tration and grief later on.

I T R SR RN T
Kit Review

DUAL 5” VIFA KIT

Reviewed by Dick Carlson

Author with assembled speakers.

thick baffle not only reduces cabinet flexing
and vibration, but provides the strength nec-
essary to support the four holes for the three
drivers and the vent.

Crossover assembly instructions consist
of a diagram and about half a page of text.
In assembling the crossovers, I had to drill

extra holes on both boards to accommodate
one of the capacitors, and to enlarge sever-
al holes on the board for the larger inductor.
The crossovers took about two hours to as-
semble, including all soldering. The com-
ponents are first class. Polypropylene ca-
pacitors are used for the tweeters. Inductors

The cabinets are made
of oak-veneered %"

Loudspeaker Parameters d Amplitude Resp (dB/Hz) BassBox 5.1
MDF, with solid red- —~General Information— @B
N Company: Vifa
oak (radiused) corners. Model: P13WG-00-08 6
i i Note/SN: 5-inch woofer
s
Spline are e ~Mechanical Parameters-—- 0
construction, and al- Fs= 60.0 hertz ¥
though they make for oms o 12
sturdiness, they detract Cms=  0.167 infb -18
" Mms = 0.265 oz R
from the overall appear Rms= 4452 by/sec 24
ance. 1 prefer mitered Xmax=  0.118n -30
corners, because, when e P -3 , ,
done properly, they do —Electrical Parameters— 5Hz 10 50 100 500 1000 2000
Qes = 0.680 Frequency
not s;;'ow any surface Re = 5.5 ohms
anomalies. Le= 0.7 mH
A ; ; Internal Box Dimensions Box Parameters
. z= 8.0 ohms M -
A %”-thick shelf brace Se  4BNA B —box— /7 Custom Vented Box
reduces vibrations and in- Pe=  40.0 watls Single Vo= 0.700cuft LU
. _Combination Parar Wiring:  single Shape. Square Prism(s) Fb= 40.6 hertz
creases cabinet strength. Qe= 0480 NeZ = h= 2150 in F3= 37.6 hertz
The rear panel is made of no=  0.380% NetRe = o T ‘. Gl
%” nonveneered MDF e ox ¢ =" o= 1 (rouna)
. Dv= 275
and the front baffle is e 9.99 in

a 134"-thick piece of
nonveneered MDF. The

FIGURE |: BassBox kit calculations.
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are Perfect Layer and CFACs for low-pass
and high-pass filters. respectively (Photo 2).

I called Parts Express to ask tor woofer
parameters. since 1 was not familiar with
this one. and talked with Paul Holsopple.
who proved to be very helpful. Then, |
modeled the woofers using BassBox 5.1.
which predicted an F; of 37.6Hz. Nowhere
in the Kit manual did I find any perfor-
mance specifications.

The vent tubes furnished with the kit are
2%” in diameter. The Parts Express manual
says 1o cut the tubes to 3” in length, but
BassBox calculated 10” wbe lengths (Fig.
7). It has always amazed me that, using the
same theoretical vent-calculation algo-
rithm. the calculations can be so different.
Refer to the accompanying BassBox 5.1
data tor Thiele-Small parameters, box data.
vent calculations. and resulting low-fre-
quency prediction. Paul informed me that
the low-frequency modeling was per-
formed using L.E.A.P.

CABINET DETAILS

The cabinet fill is 2%2”-thick acoustic foam
patterned after an egg carton (Photo 3). It’s
really top-quality material. and a generous
amount is supplied with the kit. The instruc-
tions recommend using an X-acto knife to
cut the material. but a good. sharp pair of
scissors will work quite well.

The grilles are made of 3+” particleboard
(Photo 4). 1 recommend painting the grilles
flat black before wrapping them with the
supplied grille cloth (Phoro 5); otherwise.
the tan color of the particleboard shows
through the cloth. There are no instructions
for grille-cloth application or for preparing
holes for the grille snaps. Parts Express ad-
mitted to this oversight and assured me the
assembly instructions would be revised (0
include them. The grille cloth is made from
single-knit polyester. and is acoustically and
somewhat visually transparent (Photo 6).

The vent tubes are made of thin, black
plastic. slightly flared at the exterior end.
and the instructions require cutting them 10 a
specific length (a hacksaw works quite well
for this). To mount the vents, apply a bead
of silicone glue around the base of the vent
flares and press them into the batfle cutouts.

Wood screws are supplied for mounting
the drivers (Photo 7) and input cups. (I pre-
fer machine screws with T-nuts for the dri-
vers. but that's a personal matter.) If you
overdrive the wood screws. the threads will
strip out the wood material. and you are
then faced with replacing the screws with
larger ones or filling in the screw holes.

The input cups are of good quality. but
are rectangular. which requires cutting a
rectangular hole on the rear panel of each
cabinet (Photo 8). 1 prefer round input cups,

(
l
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Audio or

Ribbon Systems s cranner

< Our monopolar, minimal acaustic profile Ribbons delivar large panel
transparency and detail in more practical, more dynamic and easier to
drive speaker systems. From the R5-1to No Holds Barred, they offer
precision without fatigue and unsurpassed soundstaging.
These Ribbons lower the price of admission to high end fidelity
and open up the future for painless system upgrading.

Step up to Ribbon clarity and sweetness for $486 to $2550
per pair delivered factory direct in North America.
30 day “Let's Be Sure” guarantee. 5 year warsanty
Ask for our comprehensive Info Pack with full
systems, kits, glowing international reviews and
system design and room setup tips.

Newform Research Inc.

P.O Box 475, Midland

Ontario Canada L4R 4C3

Tel: (705) 835-9000

Fax: (705) 835-0081

Visit our large website

http:“www.barint.on.ca newform.
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Digital Storage

Oscilloscopes

and Spectrum Analyzers from $189
ATC and Pico Techunology Ltd. Modules allow your PC to
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SPECTRUM - Enhanced spectrum SW $ 39
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I because the holes are easier to cut with a
| circle cutter. The input cups did not include
the foam gaskets normally found on them,
but you can use the driver sealer left over
after mounting the drivers—more than
enough is furnished. The terminals are
large and gold-plated, and will accommo-
date large wire (10-gauge) and support the
use of single or dual banana plugs.

GLUING AND WIRING

Before gluing in the shelf brace (Photo 9),
determine which end is to be the top, then
mark the inside according to the instruc-
tions. Apply glue to both sides of the braces
to assure a permanent fill and no rattles. The
inclusion of %” dadoes on the inside of the
cabinets would be helpful to allow for a gen-
erous amount of glue for a secure fit.

The supplied internal wiring is 2-conduc-
tor, 14-gauge Sound King, high-definition,
low-loss, oxygen-free copper wire. It’s very
good wire, but in my opinion, 16-gauge
would have been better for two reasons.

Reader Service #78 | PHOTO 2: Assembled crossovers.
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First, it’s easier to manage and solder to
crossover terminals (the smaller-gauge
wire will pass through terminal holes after
tinning the ends, but 14-gauge will not. 1
had to use an awl to enlarge the terminal
lug holes on the crossovers to accommo-
date the larger-gauge wire. Second, the 16-
gauge is easier to use with the supplied wire
connectors. It was almost impossible to
crimp the connectors to the 14-gauge wire,
so I soldered the wires to the drivers.

You should be very careful to measure
the wiring to the exact length, or you will
find yourself short of speaker wire. I ran
short of the wire, so [ spliced a short length
of 16-gauge to the 14-gauge wire. Not the
best solution, but it worked.

FINGER-PAINTING

When you're applying glue, the instruc-
tions recommend using a small brush, but |
find that applying directly from the bottle,
then spreading the glue by finger works
best. Besides, the only thing that needs




PHOTO 3: All foam pieces cut to proper
length.

T—

PHOTO 4: Drilled pilot holes on baffle for
grille snaps.

PHOTO 5: Use masking tape around cab-
inet edges, then paint.

cleaning afterwards is your finger—but
keep a clean, wet rag handy to wipe off any
excess glue from veneered surfaces; other-
wise, the stain will appear a lighter color.

When [ attempted to install the baffle
(Photo 10). 1 found the cabinet dimensions
slightly decreased (probably from clamping
when installing the shelf bracing). I re-
moved /3,” from one end, and it fit per-
fectly. To prevent the cabinet dimensions
from changing, be sure to put the baffles in
place before gluing in the shelf brace.

I had to fill in a lot of cracks on the rear
panels of both cabinets, for some of the fac-
tory-applied wood filling had cracked and
fallen out. One of the cabinets had exposed
nail heads, which I countersunk, filled, and
sanded. I sanded the MDF baffles, panels,
and sides with an orbital sander using #220
sanding disks. Do not get carried away with
sanding veneered surfaces, or you'll sand
through the veneer.

GRILLE PROBLEMS

Drilling holes in the grilles to accommodate
the grille snaps is not an easy task. nor is it
fun. Novice assemblers will encounter
some frustration, while experienced
builders will complain, since the manufac-
turer does not include any assembly in-
structions for the grilles.

Drilling holes for the grille snaps re-
quires precision. The required holes for the
female pieces are 29/,”, while the male
pieces require a %" hole. This means that
if you do not already own them, you must
purchase these specialty drill bits that cost

PHOTO 6: Grilles
trimmed, and glued.

complete, nicely

about $10 each. I strongly recommend that
you first drill small pilot holes in the grilles,
then use the grilles as templates for the
holes on the cabinet faces.

Align both grilles back side down (on top
of each other) and mark the location for
each hole (four holes in all—one at each
corner). Using a small drill bit (% 44" or so).
carefully drill each hole completely through
both grilles (I used a drill press for this pro-
cedure to ensure correct alignment). For
good grille preparation, refer to my article
on “Professional Looking Grilles,” SB 2/91.
[Perhaps !/,4” pilot holes through the grille
frames into the cabinets, with the frames
taped down, would locate centers for both
frame and cabinet holes accurately. —Ed.|

It is very difficult to apply silicone
sealant on the inside joints of the front baf-
fles, especially if you have large hands. |
recommend applying silicone glue from a
tube, and. with a rubber or surgical glove,
pressing the bead of glue into the joints to
ensure a good seal. Use a mirror to confirm
your work.

I painted the front and rear baffles using
a foam roller and black gloss enamel paint,
getting by with one coat and not much
paint. Use masking tape to line the veneered
edges of the cabinets. If a little paint gets
through the tape, don’t worry: sand it off
after it has thoroughly dried. The odd thing
about this process was that the finished rear
panels had a smoother surface than the front
baffles—even after two coats of paint.

|

|
|

[ used Watco Danish Oil Finish, which is |

my personal preference, instead of the var-

!

Exclusive
Distributor of
Acoustic Research
&

NHT Parts

ARNAT

Complete in-house service:
We can test and “bring back to life”
AR and NHT speakers and equipment
using original components.

SN\ 7

800-225-9847 FAX: 508-478-9816
17A Airport Drive
Hopedale, MA 01746
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loudspeaker (ESL) by using our parts &
supplies!
It’s fast and easy
to create the ESL of your dreams using
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construction methods.
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minimum effort and the
curved see-throughs are a snap.
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of ESL parts, components, mods,
repair parts, exotic circuits, trade secrets,
and obscure technical information.
Our high volume purchasing
power allows us to stock
over 70 hard-to-find parts & materials
at the lowest possible prices.
Everything from the
KIMMEL DIRECT-DRIVE AMP
to a complete line of
true ESL transformers
EVEN AN AIRCORE MODEL !
(and it’s not a toroid)

Plus all sundry items such as Mylar®
film, bias supplies (3 models),
conductive tape, powder coated perforated
metal, etc. WE HAVE IT ALL!!
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YOU SAVE $15.05 plus you also receive
a 10% DISCOUNT COUPON!
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OAKMONT, PA 15139

42 Speaker Builder 1/98

nish the instructions suggest. The finish is
rich, but not glossy. The stain takes a few
minutes to apply using a brush, rag, or
heavy-duty paper towels (Photo 11).

LISTENING

Listening to several CDs was necessary to
support my overall evaluation. Pink noise
and warble tones are fine to establish base-
lines at various frequencies, but to make my
evaluation believable, I needed to listen to
music—all kinds of music.

I set all controls on the preamp to the
“flat” position. That is, all tone controls
were defeated and the loudness turned off. I
placed the speakers about 10 apart and toed
them in towards my seating area, which is a
full-size sofa about 8" in front of the speak-
ers. The speakers were located at least 5
from any comer and 3’ from any wall, with
grilles removed.

Following are my impressions of the
music using a variety of CDs.

o “Believer” from “Dear Sir: A Tribute to
Wayne Shorter,” by the Dale Fielder
Quartet, provided a clean definition of all
instruments. The sax and cymbals were
very clear, and the piano was precise.
However, 1 was not that impressed with
the low frequency response. Bass was
somewhat muddled.

e “Unforgettable” from “Pure Schuur,” by
Diane Schuur, provided clear and life-
like vocals. Drums were crisp and pre-
cise, and the sax was also clear and well
defined. Bass on this CD proved to be
clean and quick. Very surprising!

e “Manteca” from “Manteca Afro-Cuban
Influence,” by Shorty Roger (1958
recording on CD). Percussion was amaz-
ingly clear and precise! Brass sections
were very real and powerful. Drums had
remarkable depth and body. The overall
soundstage established by these speakers
provided a very good emulation of the
entire session in spite of the fact it was
recorded nearly 40 years ago! Incredible!
I could follow the bass throughout its
ranges. The bongos and congas sounded
clean and pure in tonality.

e The vocal in “Hyper-ballad” from
Bjork’s “Post” was crisp, but somewhat
subdued at times. Bass was present only
in the middle to upper registers. Sub bass
or lower bass was completely missing,
which reinforces my recommendation to
augment these speakers with a sub-
woofer. Instrumentation was electronic
or synthesized but had a strong presence.
That’s when | noticed some noise. At
first, it was subtle, and then it grew loud-
er with stronger portions of the cut. Per-
haps this is the way Bjork mixed the tune.

PHOTO 7: Gasket material on driver ready
to mount.

At any rate, | was a little annoyed by it.

e These speakers transformed into the
beauties they were intended to be when |
played “Summertime.” by Shelly Mann,
from the album “Shelly Mann and His
Men at the Black Hawk, Vol. 1. The
trumpet, played by Joe Gordon, was very
crisp. natural, and breathtaking. Monte
Budwig on the bass was very mellow, yet
authoritative, and 1 could clearly hear
Monty making adjustments on the bass as
he began to play. The sweet and articulate
sound of the sax, played by Richie Ka-
muka. projected so well I could hear the
reed effect while he blew a riff. Victor
Feldman’s piano, although in the back-
ground, set a club presence throughout
the cut that made me feel as though I
were sitting there watching his every
move. The sounds of the brushes against
the cymbals by the master, Shelly Mann,
were striking, and completed the awe-
some reproduction of this nearly 40-year-
old vintage recording captured so beauti-
fully on this Contemporary CD. On the
same disk, the tune *“Our Delight,” a
more upbeat and lively recording, made
these Vifa units perform to their fullest.
Such great sound stage and performance
can only be witnessed live at a club that
offers a great ensemble like this one did.
I closed my eyes and for a moment I was
there—snapping my fingers and tapping
my foot to the beat of the band. God,
what incredible speakers!

* “Concerto in G Minor for Organ, Strings,
and Timpani,” by Poulenc; Berj
Zamkochian, organist, and Everett Firth,
Timpanist: Boston Symphony Orchestra,



PHOTO 8: Input cup. Add foam gasket
material before installing (I used 1/8” x 14"
foam weather stripping, because | wasn’t sure
if there was enough gasket material supplied

with the kit).

Charles Munch, Conductor. This record-
ing was the showstopper. It seemed to
reveal any and all anomalies and quirks
of the speaker system. At first, I noticed
very good reproduction of the bass vio-
lins, and a delightful presence in the

PHOTO 9: Shelf brace.

strings section. Then all went to hell
when [ noticed the scratchy sounds com-
ing from both speakers—more notice-
able in one than the other. I muted the
system and inspected the speakers, and
found that each of the four woofers,

PHOTO 10: Front baffle glued and clamped.

when I gently depressed the woofer
cones, scraped either the magnet poles or
the sides of the voice-coil formers. Ap-
parently, these were either defective
when I received them or they overheated
during my testing.

Ask for ourfEEE FIRST ISSU
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I reported the defective-woofer dilemma
to Parts Express, and received replacement
woofers in less than a week.

My conclusion on techno music, hard
rock, and electronic or synthesized music is
simple—don’t even think about using these
speakers for this type of music, at least not
without a subwoofer and some serious low-
frequency protection. These speakers, as
good as they sound, will not stand up to the
low-frequency dynamics of this kind of
music. On their own, they cannot handle the
power. They must be protected by a high-

pass network, then augmented by a sub-
woofer.

OVERALL EVALUATION

The speakers are well designed and would
look great in any room, but speaker stands
are a must. | made my own, which place
each speaker about 15” off the floor. The
overall sound is a little heavy (too much
upper bass), and the lower bass is weak—
just not apparent. High frequencies can be
heard well on axis, so the speakers need to
be toed in towards the listener to take full
advantage of the MTM
configuration.

TABLE 1 On the whole, howev-
er, these speakers work
LOW-FREQUENCY TEST well. They have a warm
sound, but for serious
FREQUENCY 'l;’EBST#1 T;jEBST#2 T;’EBST#3 :;ESF:I\-GE listening, lhey must be
200Hz S3&3.53 ge.e? ge.s) 985 (s T e TS
160Hz 985 985 985 985 woofer. Low frequen-
125Hz 86.0 86.0 84.0 85.3 cies drop off very rapid-
100Hz 825 825 825 825 ly at about 60Hz. I rec-
80Hz 860 8.0  86.0 86.0 ommend using a high-
S B s e (120t
40Hz 735 735 735 735 at 300~-500Hz to provide
31.5Hz 67.3 66.2 67.0 66.8 adequate low-frequency
25Hz 62.0 62.0 62.0 62.0 protec[ion'
20Hz N/A* N/A® N/A® N/A® For the novice build-
* — Insignificant measurement.
TABLE 2
MIDRANGE TEST

Comments: | detected an annoying metallic or scratchy sound
from one of the speakers at 500Hz and again at 630Hz. This

was not apparent in the other speaker.

FREQUENCY TEST# TEST#2 TEST#3 AVERAGE

(dB) (dB) (dB) dB SPL
250Hz 98.0 98.5 98.0 98.2
315Hz 94.0 93.6 93.4 93.7
400Hz 94.0 93.0 94.0 93.7
500Hz 91,5 915 915 91.5
630Hz 90.0 89.6 89.0 89.5
800Hz 90.0 91.0 89.5 90.2
1kHz 89.0 89.0 88.5 88.8
1.25kHz 91.0 91.0 91.0 91.0
1.6kHz 90.0 90.0 89.5 89.8
2kHz 88.0 88.0 88.0 88.0
TABLE 3
HIGH-FREQUENCY TEST
FREQUENCY TEST#1 TEST#2 TEST#3 AVERAGE
(dB) (dB) (dB) dB SPL
2.5kHz 89.7 90.0 89.5 89.7
3.15kHz 93.0 93.0 92.8 92.9
4kHz 91.0 91.0 90.8 91.0
5kHz 91.0 90.5 90.3 90.6
6.3kHz 915 91.0 90.8 91.1
8kHz 90.5 90.5 90.3 90.4
10kHz 90.2 90.2 90.1 90.2
12.5kHz 88.0 88.0 87.9 88.0
16kHz 86.0 86.0 86.0 86.0
20kHz 80.0 80.0 80.0 80.0

PHOTO 1i1I:
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TESTING

For each test, I used a Carver Model
PM-1.5 power amplifier, a Marantz
Model 3250B preamp, a Rane true %/;-
octave real-time equalizer and spec-
trum analyzer, a Realistic sound level
meter, and the Stereophile Test CD 3,
using tracks 17, 18, and 19 to test low,
midrange, and high frequencies, re-
spectively. For the results, see Tables
1,2, and 3.

For system calibration, I used pink
noise from Stereophile Test CD2 to es-
tablish a baseline sound pressure level
(SPL) of 90dB. — DC

er, this is a good project. However, you
must be patient and forgiving. For example,
the assembly and finishing instructions are
somewhat misleading. They assume all is
perfect, but this is not the case. If you do not
possess a drill press and perhaps other
wood-working power tools, you will need
the help of someone who does. It’s not a
good project for procrastinators—it de-
mands completion of each phase to ensure
continuity of thought.

Completed speakers and grilles.



TESTING THE VIFA MTM LOUDSPEAKER KIT

By Joseph D'Appolito

I ran a series of impedance, frequency-re-
sponse, and distortion tests on the Vifa dual
5” MTM speaker kit assembled by Dick
Carlson. Figure 2 is a plot of system imped-
ance over the full audio range. Nominal im-
pedance is 4€2. The minimum impedance of
3.5Q occurs at 240Hz. The 13Q peak at
1.8kHz is caused by interaction between
woofer and tweeter crossovers, which form a
paralle] resonance at that frequency. Al-
though not shown, phase angles lie between
+40°. This should be a relatively easy load
for most amplifiers.

The system is vented. but the double-
humped impedance characteristic centered
at 75Hz is almost completely suppressed.
This indicates a very low box Q due to an
overly damped enclosure. I'll say more
about this shortly.

A composite on-axis frequency response
for the system is shown in Fig. 3. The curve

is smoothed with 1-6 octave averaging, as
are all subsequent frequency-response plots.
Quasi-anechoic data above 250Hz taken with
the microphone placed on the tweeter axis at
a distance of 48” is combined with near-field
woofer and port data below 250Hz to obtain
the full-range curve. The plot is normalized
to m to get system sensitivity. Average sen-
sitivity in the two octaves around 1kHz is
89.2dB SPL/2.83V/Im. However, there is a
1.9dB step-up in response at 1kHz. Sensitiv-
ity in the octave below tkHz is 87.9dB. In
the octave above 1kHz it is 89.8dB.

The -3 and —6dB points on the low end
are at 90Hz and 74Hz, respectively. This
low-end extension is very poor in relation to
the ultimate capability of the Vifa 5” drivers.
A properly executed vented system using
these drivers should provide a low-end f; of
45Hz.

You see an explanation for this poor per-

formance in Fig. 4, which shows woofer and
port near-field responses and their complex
sum. A vented system should show a deep
notch in woofer output at the box-tuning fre-
quency. Notches of 15-25dB are common
(see my tests of the Audax A651 kit in
SB 6/97). At this point, almost all acoustic
output should be coming from the port. The
whole purpose of a vented system is to ex-
tend bass response while limiting low-fre-
quency cone excursion.

There is only a very mild dip in the Vifa 5”
MTM woofer response. Furthermore, the in-
crease in system output contributed by the port
is less than 4dB! This system acts more like a
closed box. Removing one of the 5” drivers, I
found the enclosure lined on all sides with 2
acoustic foam. The foam occupied roughly
70% of the total volume. This much damping
material kills the box Q.

Figure 5 is a cumulative spectral-decay
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plot of the system. This
plot shows the frequen-
cy content of the sys-
tem-decay response fol-
lowing an impulsive
input at time zero. On
this plot, frequency in-
creases from left to
right, and time moves
forward from the rear.
The first 3.2ms are
shown with a total dy-
namic range of 37dB.
The high-frequency re-
sponse decays rapidly,
being down 37dB in
about 1.2ms with no sig-
nificant ridges. The two
minor ridges appearing
at 3.5 and 5kHz about
1.8ms out in time are
down 33dB and should
be inaudible.

There is a significant
ridge just above 1kHz
lasting over 3ms. This is
associated with the re-
sponse step at 1kHz and
indicates a significant
release of stored energy
from the woofers. This
might lead to a softened
or fuzzy midrange
sound.

Figure 6 is a plot of
system step response.
You can see the initial
positive peak of the
tweeter followed some-
what later by the larger
woofer-pair  positive
peak. Separation of the
two peaks is 0.25ms.
The woofer and tweeter
are in phase, but this
system is not time-co-
herent.

A more precise view
of this behavior is found
in Fig. 7. This is a plot of
excess group delay in ms
versus frequency refer-
enced to the tweeter's
acoustic phase center.
Above 10kHz, the ex-
cess group delay is es-
sentially zero, which it
should be since it is ref-
erenced to the tweeter.
Excess group delay rises
with decreasing fre-
quency to a plateau of
0.2ims below 2kHz.
This plateau is a better
measure of woofer delay
relative to the tweeter.

This behavior is
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characteristic of the higher-order all-pass
crossover networks. Even if the drivers are
“time-adjusted,” this delay would be present.
Below 500Hz, excess group delay begins to
rise again. This is caused by the low-fre-
quency rolloff of the system.

Figures 8 and 9 examine system polar re-
sponse. Figure 8 is a waterfall plot of hori-
zontal polar response in 15° increments from
60° left to 60° right when facing the speaker.
All off-axis plots are referenced to the on-
axis response that appears as a straight line at
0°. You can see the expected rolloff in tweet-
er response at higher frequencies and larger
angles, but off-axis response out to £45° is
very smooth and similar in character to the
on-axis response.

Left-right symmetry is excellent. This
system should image very well. Off-axis re-
sponse at +60° does peak about 3.8dB at
4.3kHz relative to the on-axis response. Con-
ceivably, this could mar timbral balance in
live rooms due to side-wall reflections. but |
doubt it.

Figure 9 is a waterfall plot of vertical
polar response in 5° increments from 20°
below to 20° above the tweeter’s axis. The

* * *

The Vifa 57 MTM kit was tested in the
laboratories of Audio and Acoustics,
Ltd., using the MLSSA and CLIO PC-
based acoustic data-acquisition and
analysis systems with an ACO 7012 %”
laboratory-grade condenser micro-
phone and a custom-designed wide-
band, low-noise preamp. Polar-re-
sponse tests were conducted with the
Outline computer-driven turntable, on
foan from Old Colony Sound Laboratory.

£5° curves are within +0.8dB of the on-axis
response. The +10° curves dip 4.8dB at
4.4kHz relative to the on-axis response.

Corresponding numbers for the +15° and
+20° curves are 10.8dB and 24dB at 3.1kHz
and 2.1kHz, respectively. (This last figure
suggests a crossover frequency around
2kHz.) Although not shown, vertical polar
response at +£7.5° is within +2dB of the on-
axis response. This translates into a verti-
cal sweet spot of 2.5” extent at a listening
distance of 10'.

Figure 10 compares on-axis response
against response measured 5° below the
tweeter axis. The —5° curve is offset
10dB for clarity. The —-5° response is
much flatter. This indicates a small mis-
match in mid-bass drivers which leads to
a cancellation of response ripples in the
vertical off-axis position.

Digressing for a moment, the symmet-
ric dips in off-axis vertical response are
characteristic of an MTM system using
even-order (i.e., in-phase) crossovers.
MTM geometry has become popular for
center-channel speakers in home-theater
systems. When placed horizontally, how-
ever, the dips cause highly colored center-
channel sound for listeners who are well
off-axis. Odd-order crossovers greatly re-
duce off-axis dips, but the MTM geometry
is still best suited to vertical orientation
and L-R channel use.

Figure 11 shows the average response
of the Vifa 5” MTM above 200Hz over a
horizontal angle of 60° (£30°) in the for-
ward direction. Response is flat within
+1.6dB from 200Hz to 10kHz, and is down
3dB at 19.5kHz. This is excellent forward-
sector response. This system delivers uni-
form response over the primary listening
area. Image stability should be excellent.

Harmonic-distortion tests were run at an
average SPL of 90dB at Im. The microphone
was placed at 20” to reduce room contamina-
tion. Only the first 20ms of data were ana-
lyzed at each frequency to further reduce
room contammation,

New Audio Dealer!

BURNETT ASSOCIATES

Featuring
RCM Akustik of Germany

o

* Famous DT! Series Subwoofer Amps

* NEW Alcone® Aluminum-Cone Drivers
* BK Electronics (UK) MOSFET Amps

* And MORE!

» For DIYers, OEMs, Installers, Dealers

BURNETT ASSOCIATES

PO Box 26, Dept. SB18
W. Peterborough NH 03468 USA
603-924-2383 * Fax 603-924-3392
FDTF77B@prodigy.com
Call or write for free information!

Reader Service #17

Liquidation!

North Creek Music Systems is ceasing operation of its non-OEM Louds

aker Component Division, As such, we are liquidating our

entire stock of crossover components and accessories at dramatically reduced prices. Many of these items are limited quantity and will
not be re-stocked, so it is best to order early. Visa, MasterCard, Amex accepted.

1.0001, 1.21, 1.50, 1.82, 2.00, 2.21, 2.49, 2.74, 3.01, ASC 25.0uF Poly, reg $4.50, sale $2.50 each,

OHMITE 332402,453,49,562,6.19,6381,7.50, 806, NOS CAPS  100rmore $2.00 cach, 100 @ $1.80 cach.

POWER ResisTons 100,121, 15.0,20.0, 40.2, 49.9, 100.0, 221.00: NORTH CREEK 730P 250V Polypropylene:
noninductive 1% 10W, reg $3.75, sale $2.50 each. 0.224F $1.00 each, 3 9uF $2.50 each

Harmony 1.0uF 625VDC: reg $5.50, sale $3.95 each. MULTICORE  silver Solder, 11b, reg $42.00, sale $34.95

2.0uf: reg $4.05, sale $2.95; 3.0uf: reg $4.35, sale $3.25; 3.9uf: reg $4.75, sale $3.50; 4.7uf: reg $5.20, sale $3.95;

6.0uf: reg $5.65, sale $4.25; 10.0uf: reg $9.35, sale $6.95; 15.0uf: reg $12.75, sale 38.95; 20.0uf: reg $17.90, sale $13.50;
30uf: reg $21.50, sale $15.95; 40uf: reg $27.85, sale $19.95; S0uf: reg $34.25, sale $25.75; T5uf: reg $41.25, sale $29.95;
100uf: reg $49.80, sale $36.95; 200uf: reg $70.70, sale $49.95 each. High frequency polypropylene, matched pairs.

0.047uf: reg $6.60, sale $4.50; 0.10uf: reg $7.45, sale $4.95; 0.22uf: reg $9.60, sale $6.45; 0.47uf: reg $12.25, sale $7.95;
1.0 uF, reg $14.25, sale $9.95; 2.2uf: reg $14.75, sale $10.95;3.0 uF, reg $16.00, sale $11.95; 4.0uf: reg $17.50, sale $12.95;
5.0 uF, reg $19.00, sale $13.95; 6.0uf: reg $20.50, sale $14.95; 10.0 uF, reg $32.00, sale $23.95. Matched pairs.

ADDITIONAL DISCOUNTS FOR QUANTITY (non-mixed values): 5-9: 10%; 10-24: 15%; 25 up: 20% (please call for larger quantities).
For more information on these and other items, please access our web site at www.northcreekmusic.com.

North Creek Music Systems, PO Box 1120, Old Forge, NY 13420, Voice/Fax (315) 369-2500
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FIGURE 14: Effect of grille on frequency response.

Figure 12 plots sec-
ond-harmonic distor-
tion versus frequency
in one-sixth octave
steps. In this figure,
the upper plot is fre-
quency-response SPL
and the lower plot is
distortion SPL. Sec-
ond-harmonic distor-
tion at 50Hz is 24dB
below woofer output
level, or about 6.3%.
At 100Hz, the num-
ber is -31.4dB, or
2.7%. Distortion falls
below 1% for all
frequencies  above
130Hz. The jump in
distortion between
1.6 and 2kHz is due
to the transition from
woofer to tweeter
output. Tweeter dis-
tortion, however, is
below 0.5% at and
above 2kHz.

Third-harmonic
distortion levels are
plotted in Fig. 13.
Third-harmonic dis-
tortion at SOHz is
14dB down, or 20%.
This high level of dis-
tortion is a direct re-
sult of the over-
damped enclosure that
does little to reduce
woofer cone excur-
sion at low frequen-
cies. At 100Hz, the
figure is 34dB, or
2%. Third-harmonic
distortion is below
1% at all frequencies
above 130Hz, and at
or below 0.5% at
most  frequencies
above 300Hz. There
is a slight rise to
0.6% in the crossover
region.

Finally, all of the above tests were con-
ducted with the grille off. Figure 14 shows
the change in response over the 200Hz to
20kHz range with the grille on. Woofer re-
sponse changes by 1dB or less. The grille in-
troduces 2dB peak-to-peak ripples into the
tweeter response.
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Manufacturer’s response:

First and foremost, a thank you to Dick
Carlson for his review of the Vifa kit and to
Joe D’Appolito for thoroughly testing the
speaker. Dr. D’Appolito’s test procedures
are full of useful information on how to
properly test a loudspeaker system and will
be appreciated by anyone involved in
speaker design, whether novice or profes-
sional. Mr. Carlson’s favorable comments
regarding the sound quality of these loud-
speakers are particularly satisfying, since
great care was taken in drive-unit selection
and crossover design.

Parts Express is improving the cabinets
in the following ways. The cabinet will not
have splines, so that the veneer is wrapped
continuously around the corners, eliminat-
ing any surface abnormalities. Dado cuts
will be provided for shelf-brace installa-
tion, and, lastly, the front baffle and grille
frame will be predrilled for greatly simpli-
fied grille-frame mounting.

Regarding the low-frequency perfor-
mance of the Vifa kit, we agree it would be
greatly augmented by the addition of a sub-
woofer, and you should consider one to get
maximum performance from this system.
Also, we will begin shipping 1” foam with the
kit to reduce box damping, instead of the cur-
rently supplied 2” type.

In closing, we believe purchasers of this
system will be very satisfied with the perfor-
mance, aesthetics, and value that it provides.

Paul Holsopple
Parts Express



Loudspeaker Design Software

SOF-BAS

BassBox 5.1 For Windows  $ 99.00

JSrom Harris Technologies

A great program which aids in the design of bass loud-
speaker enclosures.

SOF-80X

BoxResponse $§ 50.00

Robert M. Bullock and Robert White

This software can be used for designing closed, vented, pas-
sive radiator and other loudspeaker types.

SOF-CAL1*

CALSOD Standard v. 1.40  $ 69.95

Witold Waldman, Audiosoft

With CALSOD, you create a data file from which all your
required system response functions are automatically cal-
culated.

SOF-CAL2*

CALSOD Professional v. 3.10  § 269.00

Witold Waldman, Audiosoft

The professional version of CALSOD adds many features to
the Standard version above including the ability to import
files from analyzers like IMP, MLSSA, LMS, System One and
SYSid.

SOF-FWK

Filter Workshop for Windows v. 1.01 § 79.95
Frank Ostrander

This program combines a useful set of passive network de-
sign tools with an instructional resource for network design.

SOF-HOR Bass Horn Design $ 19.95

A.L Senson

This program calculates dimensions for a catenoid, expo-
nential or hyperbolic bass horn and prints out in less than
a minute. It provides a horn’s general data as well as giv-
ing you the dimensions to design your enclosure.

ﬁ’om old, Co[on}/ Sound, Lab
SOF-MOD1*
Boxmodel for DOS $ 59.95
SOF-MO0D2

Boxmodel for Windows  § 74.95

Robert M. Bullock and Robert White

This great box design program does large- and small-signal
analysis of driver low-end performance. Both DOS and
Windows 3.1+ versions are available,

SOF-PSH

Professional Loudspeaker Design Powersheet

$ 69.95

This program was written to make computer-aided speaker
design accessible to everyone. It covers a wide range of in-
formation and the unprotected source code allows the user
to customize and build upon individual spreadsheets for
his own use.

SOF-QET

Quick & Easy Transmission Line Speaker Design
$8.95

A unique booklet which defines a transmission line and
lays out step-by-step how to design one that will sound
good every time. A computer worksheet diskette is in-
cluded which will do the math for you and print out your
system design information.

SOF-X0V

X*Over 2.0 for Windows  § 39.95

This package helps in the design of two-way and three-way
passive dividing networks. A wide range of design capa-
bilities are included.

* Indicates a Demo version is available.

Shipping & Handling additional. Remit in US $ drawn on
a US bank only. Checks, VISA, Mastercard, American
Express and Discover accepted. Prices and availability
subject to change.

All softwares listed here are available from Old Colony Sound Lab.

Call 1-888-924-9465 for more information or to order.
You can also reach us by fax us at 603-924-9467,
e-mail at custserv@audioxpress.com.
Ask for Your FREE Old Colony Sound Lab Catalog!

Old Colony Sound Laboratory, PO Box 243 Dept. B98, Peterborough, NH 034580243
Phone: 603-924-9464 Fax: 603-924-9467 E-mail: custserv@audioxpress.com



Trade Secrets

LOW-DISTORTION SPEAKER DESIGN

In Speaker Builder magazine, most discus-
sions relate to the construction of speaker
systems rather than to the essentials of the
components. In this series, [ will take a close
look at the components themselves, supply-
ing an inside perspective on how they work
and what makes them work better. These ar-
ticles will provide a quick overview of cone
drivers in general, followed in future issues
by a look at specific topics, such as ferroflu-
ids, magnetic systems, voice coils, tweeter
design, and so on.

Most transducers (a fancy name for a dri-
ver) are comprised of a motor, cone assem-
bly, and frame. The elements of the motor
typically include a ferrite ring magnet sand-
wiched between a steel back plate and steel
top plate. A steel rod is centered inside the
ring magnet and the top plate, forming the
voice-coil gap. A coil of wire is located in
this gap, with a cone and spider attached to
one end (Fig. 1).

A dust cap is glued to the cone or directly
to the bobbin upon which the voice coil is
wound. The spider and the surround form the
compliant suspension used to control the
movement of the cone assembly. Both the
magnetic system (“‘motor assembly”) and the
cone assembly are attached to the frame.
Each part contributes (or detracts) from the
clarity, definition, linearity, and overall
sound quality of the driver.

CONE DRIVERS
Let me begin with the cone. Most often it is
a specialist paper cone manufacturer that fab-
ricates speaker cones, but a few of the larger
speaker companies have in-house cone-pro-
duction facilities. Sheets of paper pulp, typi-
cally purchased from companies in the US or
Canada, are soaked overnight. Pieces are
then torn off and thrown into a water-filled
pulp beater.

The beating process disperses the fibers
while also refining them. Additives are
thrown in and all of this is blended. poured,

PHOTO I: Automated cone manufacturing
at Dai-1chi; this machine outputs pressed,
semi-pressed, and non-pressed cones at a
rate of over one million per month.
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By Mike Klasco

molded, and cooked. Then, the cone bodies
are trimmed and a surround is glued on.

If you are a speaker engineer de-

signing a woofer and need a
cone, then you probably have
catalogs from Rapid Die and
Molding (RDM), Hawley,
LCC, NuWay, Mogami, and
Kurt Muller on your desk.

Let’s take a closer look at
this process, since the cone is
the most critical factor in a
speaker’s sound quality. Most
cones are formed from a
stimed and beaten paper pulp that has
been mixed with many additives. A pulp’s
fiber length, density, and “secret sauce” are
all factors that affect a cone’s performance
for subwoofers, midranges, high definition,
high efficiency, high output, or somewhere
in between.

There are three common types: pressed,
semi-press, and non-press cones. In the case
of the pressed cone, the pulp slurry is
dumped into a bin and drained through a
fine mesh screen. The paper fiber solids re-
main on this screen after the liquids have
been drained out of the bin. The “carcass” is

back
plate

magnet

/pole
{ piece

top plate —

‘ \dust cap

o2 N A

basket <

FIGURE I: Cross-section of a common
low-frequency driver. (Reprinted from Vance
Dickason’s Loudspeaker Design Cookbook,

Audio Amateur Press, 1991).



PHOTO 2: This metal cone is being treated with Lord Corpora-

tion’s BL-100.

removed from the mesh and deposited onto
the cone pressing machine (Photo 1). Heat-
ed positive and negative metal cone-shaped
forms then press the pulp. Water drains out
of the pulp and the dried cone is removed
from the tool.

COMPROMISING CONDITIONS

If the cone’s density is too low, then the cone
may not be rigid enough. When the cone is
too hard and thin, breakup (“cone cry”) and
other spurious noises will be more notice-
able, especially on deep bass excursions or at
high sound levels. The cone density and pulp
composition affect the internal loss of the
cone material, which contributes to the sound
quality of the speaker. If the cone is too hard
(low internal loss), then not enough of the
mids and highs will be absorbed as this ener-
gy travels up the cone toward the surround.
Also, the dispersion narrows at higher fre-
quencies, and these factors will result in a
rougher, peaky sound quality. To soften the
cone, a flocked poly pulp is sometimes added
to the paper pulp.

The larger the voice coil is for a given size
cone, the greater the structural integrity of the
cone body, making it less susceptible to
breakup. Also, if the cone is deep, it is less
likely to “ash-can,” buckle and emit spurious
noises. The driver cone shape, or profile, is a
critical factor in the sound quality and perfor-
mance of the speaker. If the cone is straight-
sided (perhaps with concentric reinforcing
ribs molded in the cone body), it will be
strong and rigid at very low frequencies. For
woofers that must have a response extending
into the midrange, a curvilinear cone body
shape is common.

Decoupling rings, which look like ribs,
can be molded into the cone body. A cross-
section of the cone would show that while
ribs are composed of added material on the
face of the cone, decoupling rings are con-

half-roll

IV NN VN

accordian m

FIGURE 2: Three different surround profiles. (Reprinted from Richard
Honeycutt’s “Loudspeaker University,” VC October 1995, p. 27.)

centric cone corruga-
tions. These corruga-
tions allow the
cone’s effective radi-
ating area to de-
crease with rising
frequency. The off-
axis response tends
to look better over an
extended frequency
range with decou-
pling rings, allowing the designer to use a
higher crossover point between the woofer
and tweeter (or midrange).

The angle at which the cone body attach-
es to the voice-coil form is important. If the
cone meets the voice-coil former at too
sharp an angle, the high frequencies will re-
flect back rather than transconduct into the
cone body, resulting in a ragged response.
Cone body weight is also important—when
it's too light, the cone may distort and pro-
duce “cone-cry” at high sound levels or at
high excursion. If it’s too heavy, the efii-
ciency will suffer.

The recent trend of adding Kevlar® fibers
to the pulp reduces the cone body weight,
while retaining high strength. These Kevlar-
fiber paper cones are audibly cleaner, espe-
cially with wide dynamic-range music. They
have lower acoustic distortion and an extend-
ed top-end response, and are physically
stronger than identical pulp (without the
Kevlar) for the same mass and cone shape.

BL-100

Buty! Laten

CONE OPTIONS

Polypropylene cones are popular for both
high-end audio and autosound, since they do
nat absorb moisture and can have low distor-
tion. Avoiding moisture absorption is more
important than you might think; the cone
mass, Q, resonance frequency, and box tun-
ing (on vented designs) can all shift signifi-
cantly with humidity.

The conventional method of forming poly
cones is thermoforming, in which the cone is
heated until it is soft and then pressed (often
by vacuum pressure) into shape. Infinity and
other brands offer injection-molded poly
cones which are more consistent, but require
a large investment in tooling. Poly comes in
different grades and its performance is de-
pendent on additives. As with vinyl records,
if poor production runs are chopped up and

recycled into new runs, the cones’ perfor- |

mance and consistency will suffer. Much like
paper, poly uses many additives and fillers—
mica, carbon black, and talc being the most
common. The main supplier of poly sheet for
speaker cones is Transilwrap Co.

Another development is the use of woven
carbon fiber or Kevlar mat saturated with
poly or other thermoplastics. Extremely high
sound levels can be achieved with very low
distortion using this formulation. These
cones are quite expensive, but achieve very
high performance. One supplier of these
cones is Taiwan Bor Ying (“Nuance” brand)
from Taiwan.

DRIVER

SUSPENSION

The suspension is another key element in the
driver’s operation (Fig. 2). Most common is
the half-roll foam or premium rubber edge,
which provides high compliance resulting in

We're so sure you'll love
our Square Drive Screws we

will practically pay you to try
them. Return this ad with $5
and we'll send you our famous
“Try-Pack” Sampler of 100
screws (25 each of #8 x 5/8,8 x 1-
J 1/4, 8 x 1-1/2 and 8 x 2), a driver
bit for your drill, our catalog listing
350 types of Square Drive screws,
and take $6 off your first order of
$25 or more, or $10 off your first
order of $50 or more! (Limited time
offer. Available in USA only.)

“We tried a box of 1-3/4" #8 prelubricated fiat
heads with nibs from McFeely’s, which quick-
ly became our favorite fastener.” Speaker-
Enclosure Screws, Robert J. Spear and
Alexander F. Thornhill, Speaker Builder, 2/94

OMcFEELY'S

SQUARE DRIVE SCREWS

PO Box 11169 « Dept SB6F
Lynchburg ® VA » 24506-1169

Reader Service #83
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FIGURE 3: A flat spider. (Figs. 3 and 4 reprinted with permission from NuWay.)
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FIGURE 4: Bump (cup) spider.

an extended bass response. Treated fabric
edges are occasionally used with “M-
shaped” surrounds, providing good control
of the cone, good compliance, and low dis-
tortion. The larger the diameter of the roll
edge, the greater the excursion capacity. But
the downside is that with a large surround,
the edge resonance will drop in frequency.
Edge resonance usually surfaces as a notch

in the response and is caused by a standing
wave in the surround. Sound travels up the
cone, reaches and excites the surround, and
(especially over a narrow frequency range)
some energy reflects back into the cone out-
of-phase. This causes cancellation and re-
sults in the response notch. Large surrounds
have notches lower in frequency than small
surrounds—a 5” cone may have an edge res-

onance of 2kHz, while that of a woofer may
be SO0Hz.

There are various ways a speaker design-
er may attempt to minimize this problem.
You may put damping solution on the sur-
round, use an adhesive with good damping
characteristics between the edge and cone,
select a heavier and “more dead” cone that
will absorb more of the highs before they
reach the cone termination, and so on. One
effective treatment is Lord’s BL-100, which
can be applied even to assembled drivers
(Photo 2).

THE SPIDER

The spider, or damper, is the part of the sus-
pension found at the apex of the cone, where
it meets the bobbin, called the neck joint. The
spider is usually made of woven linen treated
with phenolic adhesive. Cotton is the most
common and least stable material, poly cot-
ton has become more popular for better dri-
vers, and higher budget types that require
long-term performance are using polyamide
aramid fibers such as Nomex®.

Under heat and pressure, the spider’s con-
tours are formed. The spider is a key element
in keeping the voice coil centered as well as
providing the cone assembly’s restoring
force. Spiders are either flat (Fig. 3) or
bumped (Fig. 4) on the outside edge.
Bumped spiders may not have linear com-
pliance when going forward or backward,
which results in higher third-harmonic dis-
tortion. The largest US supplier of spiders is
NuWay, with over 90% of the business.

Next issue, I will take a look at the driver’s
motor: the magnetic system and the voice

coil. »
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Driver Report

PEERLESS CSX 257 H 10” WOOFER

This driver report explores the Peerless
(Denmark) CSX 257 H 10” woofer.

Features: The CSX 257 H is part of Peer-
less’ CSX lineup and includes such charac-
teristics as the company’s new “sandwich”
cone (layered multiple-material cone com-
position), thick steel frames with low-profile
surface-mounting capability (countersink
not required), linear restoring force spider
(flat spider), inverted dustcap, and alu-
minum shorting ring for lower second- and
third-harmonic distortion (Photo 1).

Measurements: 1 used LMS to generate the
impedance plot in Fig. I, and exported the
data to LEAP software for T/S-parameter
calculation. Table I shows a comparison of
measured parameters for the two samples
submitted and the manufacturer’s published
specifications. The specifications measured
using the LEAP-curve fit methodology were
very close to the Peerless factory data ob-
tained using the Bruel and Kjaer laser veloc-

By Vance Dickason

I then used this data to perform comput-
er-box simulations showing the function of

this driver in both a sealed and a vented box.
Figure 2 demonstrates the frequency re-

PHOTO I: The
CSX 257 H drivers
from Peerless

. Denmark).
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FIGURE I: Peerless CSX 257 H impedance plot.

TABLE 1

LEAP MEASUREMENTS COMPARED TO FACTORY SPECS

MODEL

SAMPLE A
44.8Hz

5.83

2.39

0.60

0.48

21 Ir

87.8dB

2mm

64.6Hz
5.82
3.03
0.59
0.49
6.6 itr
87.7dB
3.5mm

$97051

SAMPLE B
44 3Hz

5.81

247

0.61

0.49

21t

87.7dB

2mm

831965

63.1Hz
5.82
297
0.56
047
7.1 ltr
87.9dB
3.5mm

FACTORY
45.1Hz

6.0

252

0.65

052

21

87d8

2mm

68.6Hz
6.0
3.26
0.58
0.49
6.3 1tr
88d8
3.5mm
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sponse of the woofer simulated in a 1.45ft3
sealed box at 2.83V and 10V. The f; at
2.83V is 45Hz with a —3dB phase angle of
94°, roughly equating to a system Q¢ of 0.8
using a 0.5€2 series resistance to represent
network and lead-wire DCR. The 10V curve
at about 100dB represents the maximum lin-
ear operating envelope of the driver, as il-
lustrated by the group-delay and cone-ex-
cursion curves in Fig. 3. Maximum excur-
sion at 10V is 4.8mm, just slightly over the
Xmax + 15% criteria for 3% THD.

Figure 4 displays the woofer’s 2.83V and
10V performance in a 2.35ft3 vented enclo-

sure tuned to 27Hz (a QB3 type of align-
ment). The f; is 31Hz at 2.83V, while the
output at 10V is up to 101dB at the peak be-
fore rolloff. Figure 5 depicts the group-
delay and cone-excursion curves with the
Xmax + 15% criteria for maximum linear
output occurring at a low frequency of about
23Hz, which is below 90% of most program
material.

I measured the frequency response of this
driver for both on- and off-axis on a 33” x
12" baffle (Fig. 6). The response is quite
smooth and free of annoying cone- and
edge-resonance break-up problems. Cross-

over to a high-frequency driver could be ex-
ecuted as high as 1.5kHz with this driver, al-
though two-way 10” speakers are not as
popular anymore.

Figure 7 compares the SPL for the two
samples, showing a very close frequency re-
sponse match in this high-quality driver. For
more information, contact Peerless Fab-
rikkerne A/S, Motorgangen 2-4, DK-2690
Karlslunde, Denmark, (+45) 4-615-3311,
FAX (+45) 4-615-1171. The CSX 257 H is
available to consumers from: Madisound
Speaker Components, (608) 831-3433, and
Circle Sound, (213) 384-1137. )
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FIGURE 2: Sealed-box simulation (solid = 2.83V, dot = 10V).

FIGURE 5: Group-delay and cone-excursion curves for Fig. 4 (solid

= 2.83V, dot = 10V).
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FIGURE 6: Frequency-response curves (solid = 0°, dot = 15°, dash

= 30°, dash/dot = 45°).
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FIGURE 4: Vented-box simulation (solid = 2.83V, dot <, 10V).

FIGURE 7: CSX 257 H SPL comparison for two samples.




ARIZONA
Arizona Audiophile Society
Attn.. Member Chairman
PO Box 13058, Scottsdale, AZ 85267
(602) 417-0223

CALIFORNIA

Bay Area Audiophile Society
Dennis Davis

(415) 381-4228

E-mail bluedeer@a.crl.com

Greater South Bay Audiophile
Society

Larry Fisher/Dave Clark

(310) 599-6579/(310) 427-4207

Los Angeles Loudspeaker Designers

Group
Geoffrey/Eduard
(213) 965-0449/(310) 395-5196

San Diego Audio Artisans
Wendell
(619) 538-6946, evenings

Tube Audio Enthusiasts
John Atwood

65 Washington St. #137
Santa Clara, CA 95050

FAX (408) 985-2006

West Valley Audie Society
Barry Kohan
(805) 375-2629

COLORADO

Colorado Audio Society
1941 S. Grant St., Denver, CO 80210
(303) 733-1613

CONNECTICUT

Connecticut Audio Society
Charles King

PO Box 116, East Berlin, CT 06023
(860) 665-2881

James Addison
171 Hartford Rd. A-7
New Britain, CT 06053

FLORIDA

Gulf Coast Audiophile Society
John R, Chait

5746 S. Lockwood Ridge Rd.
Sarasota, FL 34231

(813) 925-1070

GEORGIA

Atlanta Audio Society, Inc.

John Morrison/Chuck Bruce

1160 Cumberland Rd. NE

Atlanta, GA 30306

(770) 491-1553/(404) 876-5659
E-mail chucksaudio@mindspring.com

ILLINOIS
Chicago Audio Society
Brian Walsh
PO Box 313, Barrington, IL 60011
(708) 382-8433
E-mail sysop@nybble.com

Prairie State Audio Construction
Society
Tom

20 Wildwood Tr., Cary, IL 60013

(708) 248-3377 days/(708) 516-0170 eves.

INDIANA

Tube Sound

c/o William Schumacher
5417 Armstrong Ct.
Indianapolis, IN 46237-2318

LOUISIANA

New Orleans High End Audio
Society

PO Box 50231

New Orleans, LA 70150-0231

MASSACHUSETTS

The Boston Audio Society

E. Brad Meyer

PO Box 211, Boston, MA 02126-0002
Phone/FAX (617) 259-9684

E-mail 72365.75@compuserve.com

MICHIGAN

Southeastern Michigan Woofer and

Tweeter Marching Society

PO Box 721464

Berkley, MI 48072-0464

(248) 544-8453

E-mail djcarist@oakland.edu

Website www.concentric.net/~arnyk/
smwtms.htm

MINNESOTA

Audio Society of Minnesota
PO Box 32293, Fridley, MN 55432
(612) 825-6806

Website www.wavefront.com/~asm

MISSOURI

Greater Osage Thermionic Warming
Group

James Guillebeau

7454 E. Fox Trot Ln.

Rogersville, MO 65742

(417) 889-3355

NEW JERSEY

New Jersey Audio Society

Frank J. Alles/Valerie Kurtychek

209 Second St., Middlesex, NJ 08846
(908) 424-0463/(908) 206-0924

NEW YORK

The Audio Syndrome
Roy Harris

Nassau and Suffolk Counties
(516) 489-9576

Long Island/Westchester County
Publio Morera
(516) 868-8863

Catskill and Adirondack Audio
Society

PO Box 144, Hannacroix, NY 12087
(518) 756-9894

New York Audio Society
Robert Kreisler

136-69 71 Rd., Flushing, NY 11367
(718) 544-1222

The Gotham City Audio Society
/o David Schwartz, President

375 11th St., Brooklyn, NY 11215
(718) 788-0917

Western New York Audio Society
PO Box 312, N. Tonawanda, NY 14150

NORTH CAROLINA

Piedmont Audio Society

Kevin Carter

1004 Olive Chapel Rd., Apex, NC 27502
(919) 387-0911

TENNESSEE

Memphis Area Audio Society
J.J. McBride

8182 Wind Valley Cove

Memphis, TN 38125

(901) 756-6831

UTAH

Wasatch Audio
Edward Aho
(801) 364-4204

WASHINGTON

Pacificnorthwest Audio Society
Ed Yang/Gill Loring

Box 435, Mercer Island, WA 98040
(206) 232-6466/(206) 937-4705

ARGENTINA

Buenos Aires Audio Club
Willy Pastrana

Rincén 476, Buenos Aires 1081
(011) 54-943-0007

Figaro

Esteban Bikic

Esparta 1680, 5000 Res.
Olivos Cordoba

(011) 54-51-684251

BELGIUM

West Europe Lowther Club
Victor Meurisse

Avenue Plissart, 16

Brussels 1040

(011) 32-2-736-73%

BRAZIL

Audio Club de Sao Paulo

Av. Ver. José Diniz 3135 ¢j 92

Campo Belo, S3o Paulo, SP 04603-020
(011) 530 1472, FAX (011) 530 8465
E-mail techmark@dialdata.com.br

CANADA

Montreal Speaker Builder Club
Andrew McCrae

4701 Jeanne Mance

Montreal, PQ H2V 4J5

(514) 281-7954

Toronto Area DIY Speaker Club
Michael Mansor

(416) 626-9132

E-mail james.Icr@sympatico.ca

CHILE

Christian Bargsted
Presidente Kennedy 3650
Apt. 101, Vitacura, Santiago
(011) 562-207-0673

FAX (011) 562-538-0638
E-mail centroac@chilnet.cl

FRANCE

Sound Reinforcement Club of Paris

Laurent Bonnet

11 rue de la fontaine du but, Paris 75018
Phone/FAX (011) 33-1-42-23-71-47

GERMANY

ESL Builders Group
Gunter Roehricht
Bihlerstr. 21, Boblingen 71034

Profi Club Visaton

Bettina Schaaf

Visaton Lautsprecher

Ohligser Str. 29-31, Haan 42781
(011) 49-2129-522-0

FAX (011) 49-2129-522-10

INDONESIA

Silo Uttac Audio Society

Febri Arianto

PO Box 6567/SMS, Semarang 50065
(011) 62-811-280060

FAX (011) 62-24-7621647

Tube Audio Enthusiasts
Ignatius Chen

(011) 62-22-213277

FAX (011) 62-21-3868074

ISRAEL

Audio Center

¢/o Kobi Cohen

11, Hayey Adam St., Tel-Aviv 67499
(011) 972-3-696-5054

E-mail audio_c@inter.net.il

NETHERLANDS
Audio Vereniging Midden
Nederland
B. Doppenberg
Brinkersweg 16, Nunspeet 8071 GT
(011) 31-3412-57848

SOUTH AFRICA

Hi-Fi Club (Cape Town)
Chris Clarke
PO Box 18262, Wynberg 7824
(011) 27-21-7618862
E-mail chrisc@iafrica.com
Website http/users.iafrica.com/j/je/
jessica/hificlub
TURKEY

Istanbul Hi Fi Club
Adnan Arduman

(011) 90-216-310-44-70
FAX (011) 90-216-343-42-01

UNITED KINGDOM

London Live DIY Hi-Fi Circle
Brian Stenning
(011) 44-181-748-7489

-

i If your club is not represented, if you .
1 have changes to the above information, or !
i if you are interested in starting up a club,
¢ simply send the information (club name,
i contact person, address, phone/ FAX

i number, and E-mail/Website address) to:

{ Audio Amateur Corporation, Clubs
{ PO Box 576

i Peterborough, NH 03458-0576

i FAX (603) 924-9467

i E-mail editorial@audioxpress.com

S




VENDORS

SILVER SONIC™

High Performance Audio Cables
You can aftord the best!

Silver Sonic T-14 Speaker Cable
Silver Sonic BL-1 Series 2 Interconnect
Silver Sonic D-110 AES/EBU Digital
Sitver Sonic D-75 Digital
See the review in Speaker Builder, issue 4/94.

D.H. Labs
P.O. Box 31598
Palm Beach Gardens, FL 33420

(561) 625-8998 (phone/fax)

Reader Service #7

INVENTORY reduction: Audio Control SA3050
1/3-octave analyzer with options, $599; Hafler
Pro P1500 TransNova power amp, $375;
NAD302 integrated amp, $199; ADCOM
GFA5400 HEXFET power amp, $509; B+K
ST140 MOSFET power amp, $269; Peerless
831729 10” woofers, $50 ea.; Vifa P/3WH 5",
$25 ea.; Audax DTW100T25 1” soft-dome
tweeters, $9 ea. (New equipment!) Rick, (610)
693-6167, audioarts@enter.net.

ELECTROSTATIC electronics, transformers,
Mylar®, information. From author ROGER
SANDERS, (505) 759-3822.

WE RECONE all home, auto, pro, and vintage
speakers. TRI-STATE LOUDSPEAKER, www.
nauticom.net/www/speakers, (412) 375-9203.

FOR SALE

3/8 polymer dome tweeters from Germany, di-
mensions A—2 3/8, B—1 7/8, C—7/8, D—1
9/16, $2.75 each. 3,570 pieces available. K.
Dombovari, (702) 828-1989.

WELBORNE LABS

OUR NEW 1997 CATALOG IS NOW AVARLABLE
HIGH QUALITY AUDIO KITS and SUPPLIESINl
Vacuum Tube and Transistor Power Ampiﬁor% Passive-

5 " L o & ” / cn‘ d

Power Supplies, Line Conditioners and many more Kits.

Parts and Supplies

Hoviand MusiCaps, Kimber Kaps, MuliCaps, Solen, WIMA
and ELNA Cerafines; Caddock, Hoico, Mills and Resista
Golden Dragon, NOS, RAM Labs, Sovtsk and Sveana
tubes; Cardas, DH Labs, Kimber Kable, Neutrik, Vampire
and WBT connectors and wire; Alps, Noble and Stepped
Vob C 3 Books, and other

Supplies for DiY'ers. International Orders Weicome. For a
copy of our 200 Page Catalog, send $12 (US/Canada), $18
(nternational) or call us (303) 470-6585, fax (303) 791-5783
o-mail: wiabs@ix.netcom.com. Visa & Mastercard Accepted
Catalog Charge Refunded with Orders over $200.

P.0. Box 260198, Littiston, CO 80126-0198

Visit our Website for more info. hitp:/Awww.welbomelabs.com

Reader Service #95
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Classifieds

[

Use

this convenient list to request the products and services that
you need fast. Don’t forget to mention Speaker Builder!

COMPANY PRODUCT FAX

Acoustic Technology Int!. Hi-End Drivers 1-905-889-9296
Antique Electronic Supply Tubes, Transformers, Books, More! 1-602-820-4643 ||
Gasoline Alley L.L.C. Acoustasheet 1-785-827-9337
Goertz Inductors 1-203-384-0586
Harris Technologies, Inc. BassBox and X*over 1-616-641-5738

Kimber Kable Speaker Cables, Interconnecls, Elc. 1-801-627-6980
LinearX Systems Inc. LMS 15036129344 |
Markertek Video Supply Unique & Hard-To-Find Accessories 1-914-246-1757
Morel Acoustics USA Loudspeaker Drivers, Car Speakers 1-617-277-2415
Mouser Electronics Free Electronic Components Catalog 1-817-483-0931
Newform Research Inc. 5%, 8", 15" and 30” Ribbon Kits 1-705-835-0081
Solo Electronics CFAC Inductor 1-510-887-1657
Don’t Delay, Fax Today!
AD INDEX
RS# ADVERTISER PAGE RS# ADVERTISER PAGE
55...ABTech Services .............. 41 *....North Creek Music Systems ...... 47
90...ACO Pacificinc. ............... 28 Old Colony Sound Lab
64 ... AcousticControl ............... 46 *.... AdRatesand Schedules ....... 61
35. .. Acoustic Technology Int'l ......... i5 * Loudspeaker Design Software .. .49
78. .. Allison Technology Corp. ......... 40 * Loudspeaker Projects #1 . ... ... 34
88 . . . Antique Electronic Supply ........ 62 76...0Orca Design & Mfg. Corp. ........ 19
* . ... Audio Electronics Subscription Offer 43 Parts Express Int'l, Inc
23...Audiomaticas.rl. ............... 27 19... Speaker Kits and Cabinets ....CV3
17...Bumett Associates .. ............ 47 91... TheWooferTester ............ 23
85. .. Crosstech Audio, Inc. ... ......... 57 17...RCMAkustik .................. 47
David Lucas Inc. 69. .. Reliable Capacitor .............. 10
* Electrostatic Books ........... 11 Solen Inc.
* ElectrostaticKits ............. 25 43... Crossover Components ........ 31
R Electrostatic Parts .. .......... 42 24... Speakers and Components ...... 9
13. .. Elytone Electronic Co., Ltd. ....... 29 40...SoloElectronics ................ 30
£7/60 0 SUF 66 a8E 000000000000 a0 0060600 58 *.... Speaker Builder Back Issues .. .36, 37
70. . . Ferrofiuidics Corporation .......... 4 27...SpeakerCity, US.A. ............ 26
81...Gasoline Alley L.LC. ............ 61 *....SpeakerWorks ................ 62
74...Goentz ... i 33 8....SystemiDLabs ................ 52
3....Harris Technologies ............. A e LU 8 858 8006000000000 00003004 57
* ....HiFi News/Record Review ....... 22 45... Zalytron Industries Corp. ......... 17
73...Hovland Company .............. 37
22...Image Communications ........... 5 CLASSIFIEDS
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65...KimberKable ................ Cv2 7....DH.Labs .................... 56
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79...LGT Technologies ............... 6 *....RogerR.Sanders .............. 56
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* . Loudspeaker Industry Sourcebook * ....Warren Gregoire & AssoC. ........ 57
Adinfo ........... ... .. .. 32 95...WelbornelLabs ................ 56
0" Mahogany Sound .. ...\ "'4 GOODNEWS/NEW PRODUCTS
10. .. Markertek Video Supply . ......... 46 139..AudesAudio ................... 4
83. .. McFeely’s Square Drive Screws ...51 135.. Auralex Acoustics ............... 4
11...MCM Electronics ............... 21 137..Bumett Associates . .............. 4
12...Meniscus ..................... 39 140.. Delos International . .............. 4
21. .. Michael Percy Audio Products . .. .. 59 138..Image Communications ........... 4
15... Morel Acoustics USA .......... Cv4 136..Monarchy Audio . ................ 4
30. .. Mouser Electronics ............. 40 134..Parasound ..................... 4
25... Newform Research Inc. .......... 39




Audiophile Collector’s Estate Sale

Some items are new (N). Others are like new (M).
Most in original cartons and packing.
NAD517 five-disc CD player N $350

Two Adcom GFA-565

power amplifiers N $1200 (pair)

{with fans)

Rotel 8658X CD player M $320
Marantz 7T preamp $500
db Systems DBR 158/2A

in walnut cabinets M $700
Adcom GFP-565 preamp N $550
NEC T710BU tuner M $160
Marantz 15 amplifier $500
Adcom GFP-555l preamp M $350
NAD 1020 preamp $75
Adcom GFA-555!1 amplifier M $550
Adcom GTP-50l preamp/tuner M $350
Variance Hi-Fi (Germany)

FM tuner/headphones N $60
William, 603-642-4338 (Lv. message on machine if
necessary), up till 10:30PM EST;

P.O. Box 666, Danville, NH 03819.

Dynaudio MDY-4 speaker kit from Madi-
sound, $225. Two-way system includes 6'%”
17W75EXT bass-mid, commercially built oak
cabinet, Dynaudio crossover. Needs pair of
D28/2 tweeters. From Madisound, this kit
costs $620. Also selling Klipsch powered
subwoofer, $150. Contact Jerry, jaguar@exec-
pc.com, (414) 784-4726.

La Palma Engineering
Audio and Acoustic Consultants
5462 Bransford Dr.

La Palma, CA 90623-1125
(714) 523-5337 — PE #E13138
E-mail: LPENG@PACBELL.NET

Cleaning my attic: full sets of Speaker Builder
{(premiere issue onward) and Audio Amateur
(also with #1), Speaker Builder, $50; Audio Am-
ateur, $75; or both for $100. All in A-1 condition.
You pay shipping! Bill Schweber, PO Box 543,
Sharon, MA 02067 or FAX (781) 784-8874.

Bag End Infrasub 18 powered subwoofer,
400W integral amp, crossover, plays 8Hz, mint,
can ship, $1,250 plus shipping. Nakamichi
6702X cassette player, rack mount, black, top
quality, $450; Pioneer Spec IV power amp,
Altec 816 horn-loaded speakers with 515G,
299, 1285B; Sonic Frontiers CD transport.
(914) 688-5024.

WORLD’S SMALLEST ?

TRANSMISSION LINE SYSTEM
3.5"x4.0" x 1.25" Enclosure. Single, One-Inch Driver
covers 120Hz- 18kHz. Startiing Transparency. Stable
Imaging. Lively Dynamics. Sounds better than
many larger systems. Enjoy it “stand-alone,” or as
wide bandwidth mid-range driver . Only $ 19% each,
plus S&H -LIMITED QUANTITY- VISA/MC/DISC/
AMEX - PHONE ORDERS -30-DAY MONEY BACK .

CALL NOW - TOLL FREE
1-800-634-0094 (510) 6739393,
FAX (510) 673-0538 Warren Gregoire & Associates

229 El Pueblo Place, Clayton, CA 94517, USA

http://mwww.warrengregoire.com/tls.htm

WANTED

Plans for Dick Olsher's Poly Natalia speaker
system; need cabinet specs, material list, etc.
Daryl, (508) 366-8949. Call coliect before 9
p.m. Leave message and number if no answer
and | will return your call.

One Altec 8118 and one Altec 802D or equiva-
lent. All manner of equipment or cash to offer in
exchange. Jack Rumora, (216) 997-8977 or
(614) 685-2612.

Strathern speakers (ribbon) as used in Infinity
QRS systems working or not. (714) 901-4956,
leave message when to call back.

JBL Century L-100 speakers, three sets of Alni-
co drivers, all pristine, $500/set; JBL L*50
three-way speakers, new woofers, pristine,
$450; Bose 901 Series | speakers, all new driv-
ers, pristine, $400; Sansui receiver 9090
110W/channel, large transformer, mint, $300;
four JBL 2404 H bi-radial hom drivers, high-fre-
quency with JBL 13%” aluminum diaphragm,
mint, $125 each. (301) 596-5637.

for your system!

Audio pros rate InfiniCap®
SETI"™ and Signature caps
better than Teflon® caps, better
than oil-filled caps, better than
premium film-foil caps! Yet
SETI and Signature cost less
than these other caps!

Hear more of your music! Ask
today for info on these caps that
everyone raves about, and the

new Wonder Solder UltraClear

For information about that's taking the world by storm!
submitting a Classified ad, Tomorrow’s Research Today
please refer to page 61. 408 Mason Rd, Vista CA 92084

Voice mail/fax: 760-724-8999

. _ Reader Service #54
|CROSSTECH AUDIO INC.
]

PREMIUM HIGH POWER 12dB PASSIVE
CROSSOVER NETWORKS

We manufacture and supply the loudspeaker industry with the highest
quality crossover networks. The components such as polypropylene fast
capacitors, perfect lay air cored inductors, and printed circuit boards are
used to manufacture our crossovers that handle from 300 to 1000 watts.

(No resistors to distort sound quality)
CUSTOM FREQUENCIES NOT A FROBLEM

30 Francine Lane Staten Island N.Y. 10314
Phone (718) 370-8399 Fax (718) 370-8297

Reader Service #85
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" THE PARADE GOES ON

I hate to rain on anybody’s parade, but Jeffrey
Viola made some errors in his construction of
the Daline (“Doing the Daline,” SB 8/97).

First, he said he used a Focal T90ti02, yet
the picture shows a Focal TC90Tdx. While
functionally these are probably identical,
anyone looking to build this system might be
confused.

He also chose to disregard the cabinet
plans and build an extra-thick version. This is
not a bad idea, but if he was impressed with
the review he saw on this system, why
change anything? He also chose to alter the
crossover by using different parts than speci-
fied in the Orca plans. If I have learned any-
thing about speaker building, it is don’t mess
with what works. Lower-resistance coils may
seem like a good idea. but designers usually
choose their components for a reason. The
upshot is now he needs the Zobel network,
which was not part of the original plans.

Last, he stated that the system sounded ter-
rible when he first listened to it, and seeing
the woofers moving rapidly in and out, he
surmised they needed to break in. Speaker
break-in takes about one minute, not hours.
That he perceived it as sounding better later
is more a sign of Mr. Viola getting used to

SB Mailbox

the sound of the speakers rather than the
speakers being played for several hours.

Mike McKelvy
Mikeylikst@aol.com

Jeffrey Viola responds:

Good catch, Mike—the tweeter in my Daline
Speaker is a TC90Tdx! Two years ago when
1 ordered T90TiO2s from Zalytron, they were
kind enough to give me the latest version—
the TC90Tdx. However, the boxes were
marked T90TiO2, so [ was none the wiser!

As far as “disregarding the cabinet
plans,” the internal dimensions, particularly
the line, upper chamber, and rear port, were
exactly the same as the original plans—down
to the French millimeter! This being my first
speaker, I was not about 1o tinker with those.
However, | did feel confident in trying to
build a better cabinet, since we all know any
commercial speaker is built to a “price
point”; that is, engineered using tradeoffs in
drivers, cabinet, and crossover-parts quality
and construction. 1 was inspired by Za-
Iytron’s version of the Daline 6.1, which has
a 2"-thick cabinet.

As far as the crossover mods, I, like you,
learned that designers choose their compo-

nents for a reason. However, you could argue
that I improved upon the original design by
adding the Zobel, which is a pretty standard
thing. It certainly sounds better with it!

I assure you that the woofers took more
than a “couple of minutes” to break in. I
would estimate that I played tracks from ten
albums over two nights before excess cone
movement ended. Once it did, the sound
“locked in”; even my nonaudiophile wife
heard the difference! I mentioned it in the ar-
ticle only because it caught me by surprise.

Finally, 1 embarked upon this project for
three reasons: 1o build something useful with
my own two hands, to have fun doing it, and
to learn.

Not only did I accomplish all of the above,
but now | have a pair of great-sounding
speakers. And with what I've learned, my
next ones will be even better!

“SUPER” SPEAKERS

I recently finished installing John Cockroft’s
crossover circuit in the Super Simplines (SB
1/96). I have always appreciated the beautiful
musical quality of these unique speakers, and
it was a pleasant surprise to learn they could
be even better. Would Mr. Cockroft explain
his new circuit, the differences between it

energy time frequency

- Room Resonance

* ETF Room Acoustic Analysis
measuring - Early and Late Reflections

- Frequency Response

- Loudspeaker Distortion

- Reverberation Time Analysis
* A calibrated microphone and pre-amplifier is also available for $ 199.95 US

The complete ETF System lists for $199.95Us
Visit www.etfacoustic.com
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and the original crossover, and why it sounds
so much better?

I strongly encourage fellow speaker
builders to build these deceptively simple,
yet elegant-sounding speakers. They go
down to an amazing 40Hz or 45Hz and have
an exceptionally clean and coherent sound.

I liked the sound so much that I decided
to try Caddock resistors in the tweeter circuit.
I hesitated before putting $10 resistors in a
circuit that uses a $6 tweeter, but I was not
disappointed. I guess the Caddock’s ability to
keep both current and voltage in-phase in that
application is very important. For compari-
son, I should note that the Super Simplines,
with the new crossover, are equal to my high-
ly upgraded $3,600 transmission-line speak-
ers, except in the bass. Even my wife prefers
Mr. Cockroft’s “little beauties.” With the
new and highly recommended Bybee Quan-
tum Speaker filters, the Super Simplines far
surpass the big speakers without the filters. I
know, $600 filters on $150 speakers seems
pretty counterintuitive. But, remember the
Caddocks.

I congratulate John Cockroft on an excep-
tional design and his ability to ferret out
those inexpensive components with extraor-
dinary sound quality.

Gordon Burkhart-Schultz
Castro Valley, CA

John Cockroft responds:

Thanks for your kind words regarding my
Super Simplines and my new crossover (Fig.
1). I'm very pleased that the results are re-
producible. 1 should add to avoid reader con-
fusion that the crossover discussed here is in-
deed a new one. It isn’t the one I wrote about
in “Tools, Tips, & Techniques” (SB 2/97)
(although you may salvage and use the coil,
as well as the 38 resistor, from that one in
this new one).

The new crossover is one of several retro-
fitted crossovers I have designed for my var-
ious speaker systems as a result of a conver-
sation I had with Totem Acoustique CEQO and
designer, Vince Bruzzese. In his latest cre-
ations, Vince uses an inductor in parallel
with his tweeters, rather than a capacitor in
series. The most important advantage of this
is that all signals that go through the speak-
ers come directly from the amplifier. All of
the signal-shaping reactive components
carry their cargo to ground in silent bliss.
This being the real world, there is a 352 re-
sistor in series with the tweeter to bring
things into sonic balance. The sound of this
crossover rivals the sound of an active
crossover I once used on the Simpline in a
past incarnation.

Since the part of the signal that goes

R1

"
10W 3
L1 2
0.15mH
L.
T %

The new Super

FIGURE I:
crossover.,

Simpline

through the inductor and capacitor goes to
ground, 1 see no reason to choose expensive
components for these units. In a similar
crossover I tried both a 14-gauge Perfect
Lay inductor and a 21-gauge cheapie induc-
tor. At the levels I play music in my apart-
ment, both inductors presented the same
sound. It might be prudent, if sound levels
will be quite high (on a larger system than
the Simpline), to use a heftier coil or capac-
itor than the smallest and cheapest variety.
But if your tastes are less than robust and
you have a pocketbook to match, you should
probably spend your cash more strategic-
ally than on an expensive coil or cap. I used
the specified CFAC coil for the Simpline be-
cause it was the actual unit in the previous
Simpline crossover, where it was in series
with the woofer.

But perhaps there is another side to this.
An article (“Inductors for Crossover Net-
works,” SB 7/96) by Richard and Erin Hon-
eycutt shows a comparison of low- and high-
Q coils (Fig. 3, p. 37). The higher one rolls
off in the classic asymptotic manner, while
the lower begins rolling off at a shallower
rate after starting out in correct fashion.
Since the part of the signal that goes to the
speakers should be the inverse function of
what gets rolled off to ground (I assume), it
makes sense to use the coil with the most ac-
curate roll-off rate.

I've made another assumption that with a
normal first-order crossover (series cap in
the high-pass section and a series inductor in

R
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FIGURE 2: New speaker orientation.
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The simplest and most cost effective way
to upgrade your existing system

V

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

2

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

| Place the flexible

| Deflex panel thru' the
speaker cut-out and
stick to the inside of
the cabinet using the
recommended
adhesive

Now sit back and
listen to the extra
detail in sound, and
far less distortion
when played loud |
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What the experts have to say...
*...a marked improvement was obvious from the first few

bars of REM's Automatic fot the e album..."
Hi-Fi News & Record Review - March1994

*...Deflex panels seemed to give greater tightness and
control, improved internal clarRy, and pitch definition -
all without deadoning the sound in any way..."
Audiophile Jmulry 994

"...the result was sh [ wider dt
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Sound Quality I
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MICHAEL PERCY AUDIO
P.O. Box 526
Inverness, CA 94937
(415) 669-7181 Fax (415) 669-7558
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the low-pass section), there is a 90° phase
lead in the high-pass section. [ think this is
because the signal going to the speakers
passes through the reactive elements. I be-
lieve that this doesn’t occur in the crossover
of this discussion. If this is so, in effect it push-
es the acoustic center of the tweeter back 90°
towards the woofer’s acoustic center, bring-
ing the two centers into closer alignment.
This could be another reason for the sound’s
clarity when using this type of crossover.

With this in mind, | rotated a Super Sim-
pline 90° from its normal position. Instead of
the tweeter body sticking out into the room
(which gives it a longer path to the wall than
the woofer to partially adjust for the 90°
lead), it now rests parallel with the wall (Fig.
2). Its path length is now the same as that of
the woofer.

Again with this in mind, I used, on anoth-
er larger system, a crossover of this type. |
used a 6% woofer and Vifa tweeter with the
horn-loaded 1” dome (with the double mag-
net). The sound was some of the most natur-
al I've heard. The woofer, by the way, was a
6%” MCM woven carbon fiber cone woofer.
This is one of the most beautiful sounding
raw speakers at any price, and it rolls off
nicely with no help. It works beautifully with
the above-mentioned Vifa tweeter (especially
if the Vifa is modified as described in a

LOUDSPEAKER

PRODUCTION MANAGER

with speaker building
experience and line
management skills for
leading speaker
manufacturer in
South Florida. JL AUDIO
website://www.jlaudio.com/
Fax resume with salary
requirements to:
HR Dept. 954-981-4889
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“Tools, Tips, & Techniques” piece by Larry
Van Wormer in SB 7/96).

As you know, [ brought my Simplines to
you and listened to your souped-up ones as
well. I was quite pleased at the way your Sim-
plines responded to all the high-end type,
high-quality additions you surrounded them
with. I realized that they are creatures of true
blood and that they can run with the royalest
of the royal.

You hadn’t yet added the Caddock resis-
tors, so I didn’t hear them. I think they might
have improved things. I'm not as certain
that their addition to a stock Super Simpline
(when you realize a single Caddock repre-
sents 25% of the entire cost of a Simpline)
would be as worthwhile. The improvement
would probably be masked by the line impu-
rities you bought all the other equipment 1o
remove.

Adding 3600 filters and $10 resistors to
$40 speakers adds up 10 3650, and I don't
know of a 3650 speaker that can do what
your $650 Super Simplines can do. (But we
both know that the $40 stock Super Simplines
come mighty close.)

If you have a Super Simpline modified 10
the standard shown in SB 2/97, you have to
remove only the current coil and capacitor.
The 32 resistor can stay. You can reuse the
0.15mH coil, but hook it up in parallel across
the tweeter terminals and hook the new
2.3UUF capacitor across the woofer terminals.
I used a 2.2\F Solen cap and a 0.]1pF poly
cap, although using all poly caps should
work as well.

If you plan to build the Simplines from
scratch, I refer you to SB 2/93 for the origi-
nal Simpline article, SB 3/93 for a letter that
points out the mistakes in the article, SB
1796 for the Super Simpline article (which
adds the tweeter), and finally SB 2/97 for
the Super Simpline Phoenix upgrade (which
performs an electronic appendectomy and
adds some more stuffing).

HELP WANTED

I am a speaker-building hobbyist and wish to
ask some questions and offer a suggestion.

I am interested in finding more informa-
tion about subwoofer designs that utilize the
servo-control technology, which uses a sen-
sor on the voice coil with a computer-moni-
toring circuit and a feedback mechanism that
interacts with the subwoofer amp that is of
the “switching” design variety. Other than
Velodyne and Infinity, I am not aware of any
other speaker manufacturers that use this
technology. Unfortunately, I have not seen
much about this technology in SB. Do you
know of any speaker manufacturers that will
sell servo-controlled raw drivers and the nec-
essary amplifier or amplifier-interface equip-

ment? Where can I find more information on
this topic?

Although SB often features interesting and
controversial speaker-design articles and
projects, I wish to see more information
about new technologies and high-end, large-
diaphragm bass speaker designs. I rarely see
articles about projects utilizing drivers larger
than 12”, but when I do, they’re often geared
to professional or sound-reinforcement appli-
cations. I can’t remember an article using an
18” driver. Although speaker designs utiliz-
ing large bass drivers involve large box vol-
umes, isobaric, servo-controlled, or mass-
loaded designs can often bring box size back
into reason.

I also wish to see more information about
speaker-design technology, such as the Para-
sound GMAS, with a claimed 12Hz frequen-
cy response. How did they do that? How
about the Paragon Acoustics Vargas speaker
that claims 12Hz response +1dB! How is this
possible? Using BassBox, I can’t get any
driver in any size box to do this gracefully.
How about Bob Carver’s new subwoofer?

Zane N. Edge
9500 Red Bird Lane
Alpharetta, GA 30202

I am only recently smitten with the bug to de-
sign and build my own speakers, and to bring
first-quality home theater to my house.

To this end, most of the steps ahead of me
are fairly clear, but  am at a loss to determine
how to select the drivers around which to
build my enclosures. The problem is this:
since the parameters of the enclosure are de-
pendent upon the specs of the drivers, I want
to be sure that I have selected high-quality
drivers before going any further, and I find
there is a bewildering array of drivers of all
types with ostensibly good specifications, yet
some are three times the price of the others
that would appear to be equivalent (in print).
This seems to be true even within the stock of
a single manufacturer, let alone among dif-
ferent manufacturers.

Can you recommend a source of in-depth
information regarding the differences between
driver types, models, and manufacturers?

I notice that a large number of high-end
speaker-system manufacturers use ‘“‘soft
dome” tweeters, which leads me to surmise
that these are a superior type for some reason.
However, I also notice that titanium tweeters
cost significantly more. Why?

Arlen Grainger
graingera@rwcl.scitexdv.com

Readers with information about these topics
are encouraged to respond directly to the let-
ter writers at the address provided —Fds. %
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Improve the imaging and clarity of your
speakers by reducing cabinet resonance and
baffle diffraction. Transform the acoustics of
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(602) 820.5411

HIBES-PHRTS-BO0KS-SUPPLIES

FAX (800) 706.6789

FIND EVERYTHING YOU NEED
WITHOUT BEING TAKEN FOR A RIDE.

Where can I find a 6550
replacement audio tube?

Call or fax today
for our new 60
page FREE catalog
of vintage tubes,
hard to lind parts,
hooks and supplies.
We have evervthing
vou need to build
new or repair classic
audio equipment at
prices you haven't

seen in decades.

ouUTH MAPLE AVENUE

a4 u.s.A.

85283

FACTORY AUTHORIZED FOR:
ADS, Advent, Altec, BelsC
Venturi, EPI, E-V, Cerwin-Vega,
Infinity, JBL Pro & Consumer

REPLACEMENT GRILLES for
Altec, Bel+C, Cerwin-Vega, JBL
& Marantz, Plus CUSTOM Work

AND REPLACEMENT GRILLES

WE BUY BLOWN SPEAKERS: ALTEC, E-V & JBL

REPAIR

WE SELL Grille Cloth, Dust Caps,
Adhesives, Cones and Spiders.

REFOAM KITS FOR MOST
SPEAKERS - only $25 (JBL
slightly higher). Repair Kit For
Two Speakers Includes Shims,
Dust Caps & Two Adhesives

1-800-526-8879win

NO CATALOG AVAILABLE

CALL US FOR HARD TO FIND DISCONTINUED PARTS
4732 South Mingo / Tulsa, Oklahoma / 74146
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| The B-Line

I
|

Continued from page 14

locating reference. This should be quite
close to the correct listening setting.

Begin your evaluation by listening to
something with which you are very familiar.
Carefully listen to the upper bass and lower
midrange areas. Do these areas sound as clear
and clean as you remember? If they don’t,
you have the woofer level a bit too high.

With the smallest movements you can
make. begin to turn the woofer level down.
Listen carefully after each small adjust-
ment. At the first location where the upper
bass and midrange sound right to you, make
another pencil mark. Leave the level in this
position until you have done a lot of listen-
ing with a lot of material. Then let your
conscience and taste be your guide.

If. at the beginning, the upper bass and
midrange did sound as clean and clear as
you remember they should, raise the woofer
level the smallest amount you can and listen
carefully. Continue this until the upper bass
and midrange first begin to sound muddy,
then back off just a hair until they sound
right. Again. mark the location with a pen-
cil and listen to a lot of samples. adjusting
according to your taste. At this point, [
leave you on your own.

PLACING THE SPEAKERS

If you intend to use the B-Line with a pair
of Super Simplines. a good way to start is
to place the Simplines 7" to 8’ apart. and.
if possible, 3’ or more from any side walls
(this last isn’t a terribly important consid-
eration). Place the B-Line between them.
somewhere near the center, with its back
close to the wall. The woofer can face to
either side you wish.

Now it appears that 1 put the cart before
the horse. I should have told you how to set
the speakers up before discussing the adjust-
ment process. but I think you'll get the idea.
In my setup. the Super Simplines work best
when wired up in opposite polarity to the B-
Line. I hope you enjoy your B-Line system
as much as I have enjoyed mine. »
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ELECTRONICS & MORE

Parts Express Speaker Kits

Each kit includes the loudspeaker drivers, unfinished cabinet plus grill
frame and 1 yard black gnill cloth, grill guide kit, pre-routed baftle
board, pre-cut internal brace, port tube, acoustic foam, premium air
core inductors, Solen polypropylene capacitors, crossover PC board,
internal wiring, terminal cup, F-disconnects, black oxide screws, and
cabinet/crossover assembly instructions. Each unfinished cabinet fea-
tures 1-3/4" thick medium density fiberboard front baffle(!), 3/4" thick
MDF shell, oak laminate veneer finish, and solid oak rounded corners.
To compiete the project requires the following steps: ®Assemble and
solder crossover components to the printed circuit board €Cut hoie for
terminal cup ®Glue n internal brace ®Mount crossover PC board to
cabinet wall ®Install internal wiring ®Cut acoustic foam and put in
place ®Glue in baffle board ®Finish cabinets to your preference
®Install port tube and terminal cup ®Wire and mount the drivers ®And
that's it; you're now ready to enjoy your new speaker system! Note:
Basic woodworking and soldering skills are recommended.

FOR MORE INFORMATION ON ALL OF OUR

2 Way, 5" Morel System

Pertect for smaller rooms or for use in a
home theatre system, this loudspeaker is
housed in a diminutive .22 cubic ft. enclo-
sure. It offers the soundstaging and su-
perb imaging reminiscent of the classic
British mini-monitors. Combines the im-
pressive Morel MW 142, 5 woofer and
MDT 20, 1° soft dome tweeter. The MW
142 features a huge 3" voice coil for very
low distortion and exceptional control.

The port tube is mounted on the rear
panel (port hole is not pre-cut). The
crossover features 6 components; one 16
gauge CFAC air core inductor, one 14
gauge air core inductor, two Solen
polypropylene capacitors, and two wirewound resistors. Frequency response:
63-20,000 Hz (+/-3 dB). SPL: 85 dB w/2.83V @ 1 meter. Crossover fre-
quency: 2,400 Hz. Impedance: 8 ohms. Power handling: 150 watts RMS.
Dimensions: 12" H x 8" W x 8" D. Net weight: 15 Ibs.

#SB-300-750..c...coccciriiiininircininencenenane $184.50

EACH

Dayton Loudspeaker Co.” Cabinets

Why Our Cabinets Are Better

| V4 MDF BaMle Saard: Since the front baffle receives the highest
amount of mechanical energy, reducing this energy by utilizing 1-3/4*
thick medium density fiberboard material is critical to ensuring low levels
of coloration.

B 30 MOF Shei Medium density fiberboard outperforms conventionat
particleboard in strength and vibration damping ability.

W Hcooeg  To further reduce panel resonance’s, all of our cabinets
include a 3/4" MDF “shelf” brace.

Speaker Kits & Cabinets

EAKER KITS CALL FOR YOUR

2 Way, Dual 5" Vifa System

Dual 5" wooters mounted in the popular
D’Appolito configuration allows this system to
produce a superior vertical frequency re-
sponse as well as lowered distortion in the
bass frequencies. It uses the Vifa D27TG-
05-06, 1" silk dome tweeter for extended
highs and the P13WG-00-08, 5" woofers for
neutral midrange reproduction and good
bass definttion. The six companent cross-
over netwark includes one 16 gauge CFAC
air core inductor, one 14 gauge air core in
ductor. two Solen polypropylene capacitors,
and two wirewound resistors. The system is
contained in a .70 cubic ft. enclosure. Fre-
quency response: 55-22,00Q Hz (+/- 3 dB).
SPL: 89 dB w/2.83V @ 1m. Crossover fre-
quency: 3,000 Hz. Impedance: 4 ohms.
Power handling: 60 watts RMS. Dimensions:
23"Hx 9" Wx 10" D. Netweight: 28 ibs.

#SB-300-760 ....ocvvvermmarrserren reererenieeseseseesees $199.90,,

R Supesior Jowery Dado and slot joinery are used throughout to
provide incredible strength.

B Oas _ominate Veaner High qualty, real oak iaminate veneer can be
stainad and finished to your liking.

B Sowd Oak Corners Solid nak corner quarter rounds compliment the
oak laminate veneer for beautiful appearance and added strength.

Each speaker cabinet is shipped unfinished and rs suitable for staining
and/or painting. Includes grili frame (‘abric not included). Pre-cut nternal
brace and front baffle board must be glued in using carpenters gwe, not
mcluded. Basic woodworking and firushing skills are highly recommended.

Part # Description Price
$8-300-700 .22 Cubic ft. bookshelf cabinet $40.50
SB-300-705 .46 Cubic ft. bookshelf cabinet 45.50
S$B-300-710 .70 Cubic ft. cabinet 65.50
SB-300-715 .96 Cubic ft. cabinet 71.50
SB-300-720 1.55 Cubic ft. cahinst 75.50
SB-300-725 2.70 Cubic ft. subwoofer cabnet 91.50
S$B-300-730 3.04 Cubic ft. tower cabinet 132.00
S$B-300-735 3.29 Cubic ft cabinet 139.95

Call Toll Free:

1-800-338-0531

For your free
Full-Line Catalog!

340 E. FIRST ST, DAYTON OH 45402-1257
PHONE: 937-222-0173 ® FAX: 937-222-4644
WEB SITE: http://www.parts-express.com
E-MAIL: sales@ parts-express.com
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Twenty Years and More. ..

The 1978 C.E.S. in Chicago was the very first time that Morel Acoustics USA, Inc.
presented their product to the public. It became clear, early on, that the loudspeaker in-
dustry was in need of high quality speaker drivers. Shortly thereafter we introduced
several drivers and established the MDT-28/30 as one of the most popular and highly
demanded tweeters on the market.

Through the course of the years Morel brought many unique and innovative products
to the speaker industry. The introduction of the 3” voice coil in a 5” basket, using
hexagonal shaped aluminum wire, utilizing a double magnet system and ducted de-
sign woofers and mid-basses are a few examples of the company’s breakthroughs.
Also introduced were the Integra concept (single motor system for both the tweeter
and woofer) and the Push-Pull 8” and 10” subwoofers (dual motor system, dual voice
coils with a single cone).
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Integra Push-Pull Double Magnet

Morel Acoustics USA, Inc. has come a long way since 1978. Currently, the company has
a diverse line of exciting products which includes over 40 models of tweeters, midranges,
mid-basses, woofers and subwoofers. Being a leader in the field of speaker design, for
our 20th year anniversary we are scheduled to launch several new products that are sure
to attract attention.
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For further information please contact:

morel acoustics usa, inc.
414 Harvard Street

Brookline, MA 02146 USA

Tel: ++ 617-277-6663

Fax: ++ 617-277-2415

E-mail: morelusa@gis.net
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