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Perfect Harmony

The dream of a wonderful “bi-wire” system is now reality.

WABT has a perfect contact system!

Searching for the perfect loudspeaker connectors to comply
with CE regulations can be a tiring - often futile endeavor.
Relax and discover perfect harmony with the complete WBT
CE bi-wire connector systems.

WABT is an authority on CE compatible audio connectors

and has long been recognized as a leader in connector design
technology. Now, WBT is proud to announce the release of
a complete connection system for bi-wire speakers.

The WBT-0725 power bridge is available in either pure
copper or fine silver and, when used with insulated WBT
bonding posts, will allow use of both banana and spade
(1/4” or 5/16" size) connectors.

Exceptional sonic performance combined with the versatility
of the complete safety system make WBT the only choice
for perfect harmony.

WRT

-

WBT-0766

A loudspeaker begins with an idea - a treasure from the mind of a designer. In the production phase, the finest components and materials
are chosen: drivers, internal wiring, cabinet materials and finishes. But when it comes to the binding posts, compromises are made
for no good reason. Good ideas should be followed through completely and quality speakers deserve quality binding posts.

WBT is well known for producing some of the highest-quality connectors in the
audio industry anc are specialists in binding post design and construction.

Notable features on WBT binding posts include:
*High machining toleranees *Wnovative two-piece tightening knobs +Crimp or solder termination options
+Durable gold-plated finishes *Topline, Midline and Economy versions *CE compatible versions

Please contact us for more information, we have 7 models of binding posts without compromises to suit your every need and nearly every budget.
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WBT-USA - 2752 South 1900 West - Ogden Utah 84401 - 801-621-1500 - Fax 801-627-6980 - www.whtusa.com
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Fostex

) COMPONENTS

For High End Systems

Over the yms, Fostex has earned a reputation for engi-
neering innovative speaker systems. Now, for the first
time, the same high quality components that comprise
these systems are available direct from Fostex on-line at
http://store.yahoo.com/fostex.

<RP Tweeter

The RP tweeter family employs a Regulated Phase Full Surface Drive
diaphragm, which offers wide dynamic range and superb frequency response.
models: FT 7RP - 80 watts, FT 33RP - 60 watts

Mawet’

<Dome Tweeter

Fostex’s FT27D offers a scaled magnet dome tweeter with excellent
high frequency response, while the FT48D features a state-of-the-
art soft dome tweeter emploving a UFLC diaphragm. The FT27D
is suitable for AV applications.

models: FT 27D - 40 wazts, FT 48D - 50 watts

Horn Super Tweeter
The horn super tweeter features Alnico magnets and delivers high
efficiency and high transient response.
models: FT 66H - 70 watts, FT 96H - 50 watts, T 90A - 50 watts, T 925A - 50 watts

KE Series
The FE Serics offers a line of full-range speakers designed specifically for
AV applications. Their super-low magnet leakage of 0.15 gauss eliminates
video noise when placed in close proximity to video monitors

modcls: FE 87: 3" - 5 watts, FE 107: 4" - 5 watts, FE 127: 4" - 22 watts,
FE 167: 6.5" - 33 watts, FE 207:8" - 45 watts

FW Series

FW Series woofcrs feature die-cast aluminum frames and large ferrite magnets. The FW 208N and
FW 800N use composite cones, the FW 108 and FW 168 use pulp, and the FW 127

FW 187 and FW 227 use polypropylene, which are particulary well-suited for AV usc.

models: FW 108: 4" - 17 watts, FW 168: 6.5" - 34 watts, FW 208N: 8" - 34 wats,
FW 800N: 31.5" - 150 watts, FW 127: 4.5" - 50 watts, FW 187: 7" - 100 watts, FW 227 8.5" - 100 watts

Sigma Series ,
The Sigma Series is highly suitable for horn-loaded speaker systems. These
full-range speakers provide high efficiency with excellent sonic performance.

models: FE 108Z 4" - 5 watts, FE 168X 6.5" - 27 watts, FE 208% 8" - 34 watts

FOStEwaw.fostex.com

Fostex Corp. Of America » 15431 Blackbum Ave.s Norwalk, CA 90650 » Tel: 562-921-1112 Fax: 562-802-1964

)
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Design Loudspeaker Boxes @  Design Crossover Networks

Includes

with BASSBOx Pro with Xeover Pro §

State-of-the-art loudspeaker enclosure the Versatile passive network design soft-
design software that i5 easy to use and ware for crossovers, filters, impedance
has manvy professional-strength features. WORLD'S EQ and L-pads witn DCR/ESR estimator.

Full 32-bit Requires a et ——— e
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« Inciudes an innovative Design wizard. < Plot vent ‘pipe’ resonance. » Design 2-way and 3-way passive * Inc'uoesa huge driver datadase

« Inc-udes @ huge drivar database with = A 3-D drawing of the box is . - crossover networks. with the specs tor thousands
the specs for thousands of drivess. drawn to scale automatically disnensions = Design separate low-pass, band-  of drivers. (Includes tweeters.)

» Models many 20> types includirg: whengaver a bax dimension pass and high-pass filters. » Advanced algorithms use the
closed, verted, Be vented, devtile or parameter is changed. « Filters can hava 151, 2nd, 3rd or drive” Thiele-Small and box
and triple-chambe- bandpass and « Creates box drawings with for many Atr-orcer slopes. parameters to model the net
passive -adiator boxes. dimensions ard parts lists. « Filtertypes and ordees can be speaker (System) response.

= Vents can have amy shape includ:ng  * An ‘Expert” mode helps to mixed in a crossover network. * Includes 4 performance graphs:
round, square and rectangufar and «dantify "bao” parameters. thousands * Design *L-pad® attenuators. normalized amplitude respanse,
can include flared ends. = A passive netwo’k can be « Design impedancs: eqalization system mpedance, prase

+ 18 single-chamber box shap2s and inzaroorated into a design. networks (Zobe:sk response ani group dslay.

4 multi-chamber shapes are proided. e« Passive networks can be of drivers! « Impedance =Q can irclude: the  « Graphs can nclude the driver

» Acoustc measurements of bok the: imported from Xecver Pro. ' the resonance peaks of both acoust¢ and box respgnse.
driver and the listening environment e« Includes a procedvre for " driver and Box and the inductive - Schematics and compcnent lists
ca be imported frcm many popular testirg driver and passive reaciance af the vaice coil. can be printed and exported.
measurement systems, irclugin radiazor parametets. £ ‘

CLIO, MLV, JUSIA Smeat, Handles T b b * Includes a1 easy-to-use carwponent ZSR and DCR estimator.
MLSSA and TEF-20. including isobasic & bessel designs. * Includes aconvanie 1t pa'allel-semis;value calculazor.

+ Includes 9 perfonmance graphs: » Srglish and’or me'ric units can be used. Buv a FIpERE T ReRIR-COMRONPALACIOPSITIRe 0260001
normaiized and custom amplitude  Jan be customizec with user preferences. d Can import driver apd box_ datz from BassBox Pro.
response, max acoustic power, max * Inc:udes an extensive online manual with tutorials Pro Bundle = Cen bEﬁC'JSt«OmIZed m user preterence;.
electric input power, cone d splece- and sample designs with step-by-step instructions. viith both SincllAgkan edenow/e,nline an oz
mant, vant air velacity, impedance, <+ Includes contex:-sensitive balloon help. * cludes coatextual balloon help.

phase response and group delay. « Includes an ill.ustrated 204 page printed manual. BaBoEN » Includes an ilustrated 169
and Xeover Pro for page pr.nted manual.

BassBox 6 Pro: s 129'00 *Pius shipoing & haneling. Atthe time of this printing shipping and $199° and save $29! Y-over 3 Pro:
nandling fees were $7 in the LS., $9 in p
Canada and $23 for all otner destinations s 99.09

Visit us on the *Plus shipping

Also available: l‘;assmx l /ite % | worldwide web at & handling

BassBox Lite is a stream:ined version of BassBox Pro without the driver database. www.ht-audio.com

. : Our internet website includes additional
T T A T ' BassBox Lite provides 85% of the most information and support for our software.

powertul features of BassBox Pro. It offers

a streamlined user interfaca which iatagrates
the graphs into the main window and merges
the driver and box properties into a single win-
dow. Pro and Lite design files can b2 exchanged.

« Includes a full online manual with tutorials for be- P
ginners and step-by-step sample designs. A A' STECH
Design Wizard & printed manual are not included.) Harris Technologies, Inc
« Driver data can be saved in design fles andire-used Post Office Box 622
later. (The driver database is not suported.) Edwardsburg, M 49112-0622 USA.
« The 8 most popular single-chambzr box shapes are 3 | -
supported. All 4 multi-chamber shapes are supportec. Tel: 616 641-5924

« The bass boost in simple acoustical envimoments can Fax: 616-641-5738
be modeled. (Measurements cannot be imported.; Email: sales@ht-audio.com

Special discount pricing is available for licensed
users of older versions of BassBox and Xsover who
wish to upgrade. Please contact Harris Tech for details

BassBax 6 Lite: 569"00. *Plus shipping & handling.

Copyright © 2000 by Hars Teconologies, Inc. All rights reserved woridwite, BassBox is # trademark of Harris Tech. Other trademarks belong (o thelr respective companies. Harris Tech reservas 1be right 1o maks changes wiihout wotice. Reader Service #3




B NEWS BRIEFS

After 50 years in the Chicago area, Image Communications has
relocated to a 200,000t facility in Rockford, IL. The new address
is 1801 Morgan St., Rockford, IL 61102-2690, 1-800-552-1639,
1-815-490-4390, FAX 1-815-490-4391.

The 109th AES convention will take place Sept. 22-25, 2000, at

the Los Angeles Convention Center. For more information, contact
AES, 60 E. 42nd St., Rm. 2520, New York, NY 10165, 212-661-8528,
FAX 212-682-0477, E-mail HQ@aes.org, http:/Awww.aes.org.

The Hi-Fi Show 2000 will be held September 21-24 at the Novotel,
London West. For exhibit information, contact +44(0) 20 8774 0847
or FAX +44 (01) 20 8781 1158.

MCM Electronics catalog 43A is now available. Ii contains over 12,000
new items, including expanded selections in communications, computer,
professional audio, test equipment, and tools. MCM Electronics, 650
Congress Park Drive, Centerville, OH 45459-4072, (800} 543-4330,
FAX (800) 765-6960, Website www.mcmelectronics.com.

O STRIKE UP THE BAND
The Be'les Audio Nearfield Desktop System (3AND) is a CD-quality system for the
PC, audio system, or home-theater system. The BAND includes a subwoofer ard
shielded satellites finished in natural cherry, medium oak, or natural maple. The
amplifier supplies 65W to the subwoofer and 40W to the satellites. The remote-
centrolled preampli‘ier is compact enough to fit in nearly any available space. High-
quality eables are included. For more information, contact www.powermodules.com.

Reader Service #136
B SIGNATURE SERIES
RBH Sound's new loudspeaker line includes the 1266-SE, 661-SE, and the 1010 SEP, all of which feature aluminum metal cone drivers that use Kaoton voice
coil formers, an aerospace material capable of handling very high temperatures and completely resistant to electromagnetic interference. The 1~ ferrofluid fabric
dome tweeter in both the 1266-SE and the 661-SE provides excellent dispersion at high frequencies, according fo the company. RBH Sound, Inc., 976 N.
Marshall, Bldg. 2, Unit 4, Layton, UT 84041, 801-543-2200, 800-543-2205, FAX 801-543-3300, website www.rbhsound.com.
Reader Service #135

B X-CONNECT

Now you can control the input gain of your hame audio or home-theater amplifier level with X-Connect. The

latest version has no ground-loop isolator, which makes it suitable for most horme audio applicaticns, especial-

ly when you add a subwoofer or center channel amplifier and you wish to match the gain with the “other”

system components. The unit operates from 0 to 50V RMS and has gold RCA inputs and outputs. It is also

available with ground loop isolation. Harrison Labs, Inc., 303-841-5360, Harrisan_Labs.INC @ prodigy.net.
Reader Service #139

C IN-WALL SPEAKERS
Atlantic Technology has introduced the System 20, a loudspeaker package that includes a front-channel satellite
and a switchable dipole/bipole surround speaker. You can flush-mount the satelliie in a standard two-byour
studded wall with 16” centers. Attantic Technology, 343 Vanderbilt Ave., Norwood, MA 02062, 781-762-6300,
FAX 781-762-6868, www.atlantictechnology.com.

Reader Service #137

B TRIPOLE SPEAKER
Miller & Kreisel Sound has introduced the Sutround-55 Tri-
pole™ surmound channel speaker. The Surround-55 features
a near-deal point source cirect radiator on its front baffle,
with an M&K phase-focused crossover feeding its 5% woofer
and 1” soft-dome tweeter. It also includes a dipole speaker
using two unique 3” paper cone mid-tweeters treated with a
special damping compound. According to the company,
these drivers achieve optimum phase and sonic coherency,
as well as a very smooth and transparent sounc from 300Hz
through the critical midrange and above, due, in part, to their
operating without any midrange crossover. M&K, 16391
Jefferson Blvg., Culver City, CA 99232, 310-204-2854,
FAX 310-202-8782, www.mksound.com.

Reader Service #138
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About This Issue

In this issue’s lead article, veteran speaker builder Dominic Lo Iacono con-
structs a2 home for the Zerobox 109 kit contents. The results are smart-looking
enclosures for some high-quality German drivers (“Zerobox 109,” p. 8).

What really goes on in a stuffed pipe? Noted researcher G.L. Augspurg-
er tackles this question in the second of his series, which he recently pre-
sented at the NY AES convention. We're pleased to present his findings
based on computer simulations of loudspeaker design and stuffing material
(“Transmission Lines Updated,” p. 16).

Your construction skills will be put to the test in the second part of
Paul Kittinger’s Danish Delight project (p. 22). Attention to detail and di-
rections will result in a great-sounding and great-looking three-way tower
design.

In the concluding part of his series (“The Menchune MX-1,” p. 32), Jim
Moriyasu provides extensive driver measurements and construction de-
tails of the crossover and boxes. His compact satellite/subwoofer system
proves once again that good things can come in small packages.

The Jasper Audio Circle Jig addresses one of the more common, yet crit-
ical, tasks of speaker building, taking the tedium and uncertainty out of
making circle cuts (“Product Review,” p. 42).

Audio veteran Jesse W. Knight's Lexan crossover breadboard offers a
great way to lay out crossover designs (“Tools, Tips, and Techniques,” p. 54).
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This author shows you how to build a box to house the Zerobox parts and reap listening

enjoyment from this high-quality kit.

Zerohox 109

By Dominic Lo lacono

he Zerobox 109 kit is based on a
single Manger Schallwandler
(MSW) transducer and a Scan-
Speak 8” paper carbon-fiber
cone woofer. Manger speaker drivers are
unique in being able to reproduce a true
point-source bending wave with no
crossover from 170Hz to beyond 30kHz.
With a rise time of 13us, 90dB sensitivity,
nearly flat impedance, and an extremely
smooth frequency response, they are
among the best drivers on the market.
More information on the Manger follows.
I chose to get the kit without the en-
closures ($1,908), since I have been
building speaker enclosures for some
time and enjoy woodworking. Photo 1
shows the kit contents, which are listed
in Table 1. Table 2 contains the system
specifications.

THE MANGER SCHALLWANDLER
TRANSDUCER

The Manger was developed over two
decades of research by Josef Manger,
winner of Germany’s prestigious Diesel
award for excellence in engineering. It is
not a cone driver, but a flat circular
panel driven by two voice coils. The best
neodymium-iron-boron magnets are used
to achieve a high gap field of 1.3 Tesla.
Each voice coil is 16 and wired in paral-
lel to achieve the 8Q impedance. Table 3
shows the full specs for the Manger
transducer.

ABOUT THE AUTHOR

Dominic Lo lacono has been a speaker builder for 25
years and an audio electronics builder and designer for
15 years, He has a Masters degree in materials sci-

ence and works for a small high-tech company, Crystal
Associates, where his duties include scientific research
for medical and military lasers, as well as military mis-
sile waming systems. He holds four US patents.

8 Speaker Builder 3/00

I could go on about
the impressive proper-
ties of this unique driv-
er, but I will leave it
to you to view the
www.techmdb.com/
products.htm site for
yourself, where you
will find abundant in-
formation about the
Manger. And be sure to
view the laser interfer-
ometry and the comparison of step re-
sponses to other speakers.

CROSSOVERS

The well-built crossovers use high-quality
parts. Photo 2 shows one high pass and
one low pass. Note the superior layout of
the inductors, which are all rotated by
90°, minimizing crosstalk.! It is good to
see crossover-design advancements pub-
lished in Speaker Builder used by high-
end companies.

Figure 1 shows the crossover
schematics. The crossover cutoff fre-
quency (f) is set low at 140Hz. I believe
that keeping any crossover points far
below critical midrange frequencies is a
big benefit to sonic performance. Com-
pounding this low f benefit is the lack
of the need of any more crossovers up
through 24kHz. Figure 2 shows the com-
ponent layouts and hook-up points for
the crossovers.

ASSEMBLING THE ENCLOSURE

Figure 3 shows details of the enclosure.
The construction material is 19mm (34”)
MDF or particleboard. I used the latter.
Dimensions are given in millimeters
(mm), and I left them that way, since 1
am a materials scientist and prefer using

PHOTO 1: The Zerobox 109 kit contents.

the metric system. You can convert to
the English system if you wish, but if you
have not built an enclosure using the
metric system, give it a try.

At first glance, the enclosure appears
to be rectangular, but further inspection
shows it to be a trapezoid on edge. For
further help in building these boxes, I
made detailed drawings of the parts

TABLE 1
KIT CONTENTS

Mangers, W05/1.2.216 (2)

Scan-Soeak paper carbon-fiber cone 8” woofers (2)

Assembled crossovers {2)

Mounting hardware (not shown)

Binding posts for the Manger (not shown)

Also included were enclosure details, crossover
schemafics, hookup instructions and specificatons

TABLE 2

SYSTEM SPECIFICATIONS
Frequency response 40Hz-24kHz
Crossover f 140Hz
Crossover slopes LP: -18dB, HP: -6dB
Impedance 4Q
Acoustical phase Minimum of 360° over

complete frequency range

Far-field behavior Begins at 14cm
Dimensions 49 x 26 x 36em
Weight 17kg
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- o I stuffed the enclosure
FIGURE 1: High-pass and low-pass crossover schemat- | with medium-density
ics for the Zerobox 109. damping material ob-

(Fig. 4), which you can use for cutting
the panels.

In the construction, I used Liquid
Nails glue and 38mm drywall screws. |

tained through mail
order. Be sure to fasten the damping se-
curely to the inner walls, especially in
the Manger section. The Manger cham-
ber has some special guidelines for stuff-

PHOTO 2; Detailed
view of the high-
and low-pass
crossovers for one
channel. Built by
B&R Acoustique.

4

sure. Connect the two voice coils in par-
allel to the terminal strip. Again, I used a
very thin layer of clear silicone applied
to the routed area of the enclosure to
form a seal. Photo 5 shows the finished
pair of 109s,

TESTING THE ZEROBOX

My ability to measure the performance of
the 109s is limited to an ADC SA-1 spec-
trum analyzer with only one octave-reso-
lution from 32Hz to 16kHz. The vertical

made driver cutouts by using a router ing. It has circular openings in the back, TABLE 3
and a router compass. I don’t recom- and you should be sure to avoid getting TRANSDUCER SPECIFICATIONS
mend making these mounting holes any  any damping material in those holes. In : e
other way, for they are intricate, and re- fact, the damping material should be at IFireqlagi uemy'e"'"a:"n; :mze“_’m'm"m' boron
quire router precision. ] won’t go into all  least 7Smm away from the back of the Rise time 13us
the cabinet-assembly procedures. Just Manger. This is necessary so the damp- | Sensitivity 90dB 1W/1m
use your favorite techniques. Photo 3  ing material does not interfere with its | Maximum SPL 110dB long term/
shows the rough cabinet without the bending-wave performance. 116 shart term
. . . Recommended
baffle to illustrate the way the inner par- 1 used 12GA stranded wire for the elec- amp outout 10-400W
tition panel is mounted. trical hookups. You can mount the Nominal impedance 80
After attaching the baffle and cutting crossovers inside or outside the enclo- | DC resistance 71Q
the mounting holes, I finished the cabi-  sure as you please. I chose to mount |fs B 75’1,1
net by rounding the edges with a belt them on the outside for accessibility. ko £ i
. . R . Voice-coil inductance 18uH
sander and applying a few coats of faux  Loading the Scan-Speak driver into the Air-gap energy 560mWs
stone-finish paint (Photo 4). 1 did not lower chamber is easy and straightfor- Air-gap volume 350mm?®
build grilles for this kit. Who would wish  ward. Use a thin layer of silicone to form Air-gap height 5mm
to hide those beautiful Mangers? You an airtight seal. Alr-gap width 0.95mm
. R .. i . . Voice-coil diameter 70mm
can decide for yourself, taking into con- Loading the Manger requires using a X 8Emn
sideration the drawbacks of grilles and  terminal strip attached inside the enclo- 2o
AMFM SW- MBV, capacitor 33uf ™ —
¥ Bridge
PEFE . ¥ . vrimam SR e
: / Ed E BT . A |
.88 ~[2 TT- — ; AMP+
e W ,
¥ v". L
o :
: I ~Msw+ + l
! -=
w
g 42 S § ?= E; g
1 _awe | \
Lt ¢ it R J
Component placement, HP crossover 109, Bridge
copper side down
. Component placement, LP crossover 109,
FIGURE 2: Component layout for the crossovers and electrical hook-up points.  copper side down
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effect selection on the DC-1 to
bypass, and provide amplifica-
tion with a stock Hafler DH
220. The connections from
the amp to the 109s were
#6GA pro twin leads. My lis-
tening position was 18’ away
and centered.

The source material varied
from female vocalists Anita
Baker, Tony Braxton, KD

7.4 Lang, and Sarah McLachlan, to

L ‘ﬁ\\\\\\\\\\\\\\\\\\\\

resolution is 1dB. I know some may
chuckle at this, but the SA-1 was calibrat-
ed a year ago by a friend who had access
to an Audiocontrol SA3050. The SA-1
with mike was within +1dB over its 32Hz-
16kHz range. A similar performance was
recorded for the pink-noise generator on
the SA-1.

I plan to upgrade in the near future.
The normalized frequency response for
both 109s measured at 1m is shown in
Fig. 5. From the frequency response sup-
plied with the kit (Fig. 6), you can see
that its performance matches the expec-
tations very well. The step response (Fig.
7) is very impressive, and I believe is the
main reason for the imaging and detail
performance of the 109s.

LISTENING-TEST SETUP
I auditioned the Zeroboxes using my
home-theater system with three different
configurations. Some may object to
home theater, so I first used a stereo
setup. The room is 28’ by 26/, with an 18’
vaulted ceiling. It is carpeted, and I con-
sider the room to be moderately “live.”
The first setup consisted of a Pioneer
Elite DV-05 DVD/CD player using the
digital coax output. The signal from
the DV-05 was fed into a Lexicon DC-1
upgraded to the latest software version
for digital-to-analog conversion. I set the

10 Speaker Builder 3/00

pop artists like The Cranber-
ries. I also used some Bach
and Tchaikovsky for nonvocal
evaluation. In my opinion, female vocals
are good source material for evaluations.

- 40 — FIGURE 3: Details of the Zerobox 109 enclosure construction.
PO | . - D—
SE— ) | 9196
——— . '
. 17 7
| - = [
A T /]
[} / 1
I %
% %
2 V]
4 = $35 % %
: K 277777777777777, 7
p 6 60° \N\_j
4 w 90

In addition to stereo evaluation, [ used
the 109s for front left and right channels
of my home theater with Dolby Digital
(AC3 5.1) and DTS source material. For
the AC3 5.1, I used the “Music for
Montserrat” DVD, and for the DTS
source 1 chose the Eagles’ “Hell Freezes
Over” and Bee Gee’s “One Night Only.”
A DTS version of the CD “Holst the Plan-
ets” was also included to eliminate the
video impact.

I placed the 109s at ear level (when
seated) on top of two subwoofers, which
are my own creation, designed using
Bass Box Pro. Each sub contains one JBL
2245 18” woofer loaded into a 250 ltr
vented trapezoid shaped enclosure tuned

FRONT BAFFLE SIDES BACK 1
260mm 322mm 220mm
QGr———lp P ] T ———
, o
‘ |
4ml ‘ 490mm ‘ 490mm
. I
[ E— |
' |
) —
2=
e e | a2
From top side -3.F From top side -3.F From top side +3.7
FIGURE 4: Details of the Zerobox 109 enclosure parts.
INNER PARTITION TOP and BOTTOM
o 182mm 182mm
- D —— -— &
-23.65° [
381 Smm 351.5mm [ 321.4mm
+23.69° —_— S —————
222mm 222mm
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to 16Hz. [ did not use the subs for the
first set of listening evaluations.

The second setup was similar to the
first, but with the subs added. 1 used an

PHQTO 3: T_h@ rough active crossover 24dB/octave set to
cabinets without the 60Hz, which I built as a kit from Mar-
baffles, showing the

chand Electronics, model XMIL. Again,
the Hafler DH 220 supplied the amplifi-
cation for the 109s, and the subwoofers
were powcered by a BGW 7508.

The third evaluation sctup was a full
home-theater 5.1 setup. I used the 109s
as the left and right fronts, and config-
ured them as in the second setup. The
center channel was a home-built design
using a Dvnaudio D28 twecter and two
6.5” Vifas arranged in a D’Appolito con-
figuration. The Vifas are time-adjusted by
lining up the voice coil to the D28. 1 bi-
amplified the center channel by using an-
other Marchand XM9L and an additional
DH 220. The left and right rear channels
were the same as the center speaker,
driven by another DH 220 and using
Linkwitz-Rilcy 24dB/octave passive
CTOSSOVETS.

inner partition panels.

PHOTO 4: Finished
pair of Zerobox 109
enclosures.

LISTENING-TEST RESULTS

The first and most amazing thing about
the Zerobox 109s is the soundstage. 1
and three other evaluators with “experi-

PHOTO 5: Completed enced ears” were amazed by the fact that
Zerobox 109 kit ready the sound did not seem to originate from
for testing. the 109s. The soundstage was right there

in front of you, and because of the low
transient distortion of the Mangers, it
was precise and three-dimensional. The
- only other spcakers I know that can
achiceve the sensation of not listening to
speakers at all are electrostatics. I would
rate the imaging performance of the

TS
©O 2N \¢

109s as bring equivalent to some clectro-
statics 1 have auditioned such as the
g Quads and Martin Logans.
6 Female vocals were natural and clear,
a 3 _ revealing cvery detail. The performance
| = 3 el of the 109s with classical music sources
I g f i was also impressive, with depth and pre-
5 0 cision. Never were the 109s fatiguing,
g :; I~ J' even listening to loud pop music such as
& 5 e = The Cranberries’ “Zombic.” I should
| = :g point out that the 109s are not very
-6 adept at producing any acceptable
:g acoustic levels much below 80Hz. It is
-9
-10
R REFERENCES
31 62 125 250 500 1000 2000 4000 8000 16000 1. Sanfiipo. Mark. S5 7/54, pp: 1916
FREQUENCY Hz SOURCES
B&R Acoustique
FIGURE 5: Zerobox 109 frequency response - 132 ;fg:‘fgaz:sa“ ‘é? gg:::f;t Quebec JSA 117
measured for left and right channels. (888) 825-8888

www.techmdb.com/products.htm
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obvious that the 8” Scan-Speaks are not
capable of pushing large volumes of air,
but they do match very well to the
Mangers. The impressive performance of
the 109s is mostly due to the Manger
transducer.

Not too surprising, the best perfor-
mance overall was with the addition of
the biamped subwoofers. Next was the
evaluation of the 109s in a home-theater
environment. How does a pair of speak-
ers that sounds as good as the Zerobox
109s perform in a home theater? [ would
describe the experience as nothing short
of phenomenal. The music-concert
sources became as realistic as though we
were sitting in the front row. The DTS
sources produced a soundstage and
imaging superior to anything I have
heard before.

I was not alone in this evaluation; my
other three friends also agreed it was
the best thing they had heard. Maybe it
was the surround effect, but I don’t
think so. I took out the 109s and put in
the standard left and right front speak-
ers (which were the same as the rear
ones), and the soundstage degraded and
seemed flat when compared to the
109s. Again | inserted the 109s, and the

three-dimensional soundstage
was restored.

CONCLUSIONS

At the risk of starting a debate
on LP or CD, CD or DVD, AC3
or DTS, stereo or surround, |
will say that the DTS-encoded
DVD or music CD may be the
best source out there for the
consumer. Maybe this is true
only for my particular system.
I know that some of you still
cling to those vinyl record-
ings, and I still listen to many
of my LP records. What I am
saying is that DTS is impres-
sive, and my experience with
the Zerobox 109s has raised
the level of enjoyment for my
complete musical and home-
theater experience.

I am so impressed with the
performance of the 109s,
specifically the Manger trans-
ducer, that I am in the
process of upgrading my en-
tire system to include the
Manger in all of the five-chan-
nel speaker designs. |~}
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FIGURE 6: Frequency and acoustical phase responses
for the Zerobox 109. Data measured by B&R Acous-
tique and supplied with the kit.
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FIGURE 7: Step response of the Zerobox 109. Data mea-
sured by B&R Acoustique and supplied with the kit.
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Material selection and density are critical considerations when stuffing a pipe.

Part2

Transmission Lines Updated

Stuffing Characteristics

By G. L. Augspurger

A VERY BRIEF HISTORY
OF STUFFED PIPES
n the early 1900s lightly stuffed
pipes were used as nonresonant
sound conduits or absorbers. For ex-
ample, Olson’s ribbon microphone
terminated the rear surface of the ribbon
in a tube damped with tufts of felt.

Benjamin Olney’s Acoustical Labyrinth,
patented in 19306, appears to be the first
application of damped pipes to loud-
speaker design. “A tube filled with absorb-
ing material of gradually increasing densi-
ty was first considered, but it soon be-
came evident that such a device...would
be difficult and expensive to construct.”®

Olney decided it would be more prac-
tical to use absorptive lining instead of
stuffing. His analysis suggested that both
diaphragm motion and pipe radiation
would be small at the quarter-wave fre-
quency. He expected that at an octave
higher, absorption in the tube would still
be relatively low, so pipe radiation
would reinforce cone radiation.

“If the absorbing material be properly
chosen and a sufficient quantity em-
ployed,” he wrote, “the higher-order res-
onances and antiresonances of the tube
will be suppressed, and the driving point
impedance at the higher frequencies will
be determined largely by the absorption
in the tube.” Olney was also aware that
in a pipe with losses, the speed of sound
is less than in free air. He speculated that
the wave front would gradually become
curved as it traveled through his
labyrinth.

He then built such a device and made
exhaustive measurements that confirmed
that pipe radiation substantially reinforced
cone radiation around 70Hz, and then
rolled off rapidly at higher frequencies.

14 Speaker Builder 3/00

LABYRINTH OR BOX

In fact, what Olney built, measured, and
patented was not what he described as
an acoustical labyrinth. It probably func-
tioned more like a damped vented box.
(No one seems to have noticed this.)
However, later versions built by
Stromberg-Carlson definitely were lightly
damped pipes. By then the inventor rec-
ommended that the pipe’s quarter-wave
resonance should match the speaker’s
cone resonance for linear response
down to £,

In 1965 A.R. Bailey described his ex-
periments with “nonresonant” stuffed
pipes.® He tested pipes stuffed with
fiberglass and with long-fiber wool and
decided that wool was clearly superior.
He reported that wool at a density of
0.5Ib/ft? closely matched the characteris-
tic impedance of air above 100Hz, yet
provided a high rate of sound attenua-
tion. More surprisingly, near 30Hz the
speed of sound through a wool-stuffed
pipe was slowed by about 50%. For pipe
radiation to reinforce cone radiation in
the 30Hz region, he was able to reduce
pipe length from 30" to 15

A little more than ten years later, a
paper appeared by LJ.S. Bradbury!® that
attempted to provide a scientific basis
for Bailey’s findings. Bradbury postulated
that aerodynamic drag would set fibers
in motion at low frequencies, effectively
adding mass and slowing the speed of
sound through a stuffed pipe. He devel-
oped an elaborate theoretical analysis
that allowed acoustical behavior to be
predicted from a knowledge of fiber di-
ameter, mass, and packing density.

Using Bradbury’s equations, Robert
Bullock developed a computer program
to design transmission-line loudspeaker

systems, but the results were less than
satisfactory. One reason may be that
Bradbury’s formula for computing the
drag coefficient was admittedly tentative.
Another is that some of his underlying as-
sumptions may be incorrect.

MATS AND BLANKETS

In 1980 Hersh and Walker published a
thorough analysis of the acoustic behav-
jor of Kevlar® mats and blankets.!! Their
findings should be applicable to any simi-
lar fibrous material. Citing previous
work, the authoss emphasized the im-
portance of fiber orientation in relation
to the direction of the sound wave as
well as interaction between fibers in de-
termining the drag coefficient. Like Brad-
bury and others, Hersh and Walker mea-
sured a dramatic reduction in sound
speed at low frequencies. However,
their theoretical model assumes that the
fibers are stationary.

An enormous amount of work has
been published regarding the acoustic
behavior of fiberglass and similar fibrous
materials. Books have been written on
the subject. However, like Hersh and
Walker’s paper, much of this material re-
lates to duct silencers, engine mufflers,
or aerospace design, and is not readily
available to loudspeaker designers. As
far as I can tell, there is sufficient evi-
dence to support the following general
statements:

¢ If the thickness of the material is
greater than a fraction of a wave-
length, then attenuation increases
with increasing frequency.

e Wave propagation through fibrous
packing slows at lower and lower fre-
quencies. This effect is associated
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Relative speed: 0.80, 0.63, 0.50, and 0.40.

FIGURE 7: Response of 100Hz pipe with varying sound speed.
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with a reactive (mass) component of
acoustic impedance.

¢ Air expansion and contraction are at
least partially isothermal, but this fac-
tor is small in relation to other effects.

e Any motion of fibers can be ignored
when you are modeling basic acousti-
cal behavior.

¢ Orientation of fibers is important. A
random tangle may behave different-
ly than a mat woven from the same
material.

SLOW SOUND — SOME CAUTIONARY
COMMENTS

Bailey’s experiments suggest that you
can cut the size of a transmission line in
half by loosely stuffing it with wool. Brad-
bury seemed to accept the idea. It seems
almost too good to be true, and it is.

Yes, the effective length of a short
stuffed pipe is equivalent to a longer
empty pipe at low frequencies, but a
change in acoustic impedance is in-
volved. More important, propagation
speed and damping are tied together. A
“slow” pipe is a damped pipe, and damp-
ing is the more important factor. More-
over, even if you speculate that wool
does slow wave propagation to half the
speed in fiberglass for the same damping
(which it does not), the net result is not
what Bailey reported.

My computer simulation allows damp-
ing and sound speed to be specified in-
dependently. Figure 7 shows what hap-
pens when damping is constant but rela-
tive sound speed is varied over the range
from 0.8 to 0.4. There is some change in
low-frequency response, but it becomes
significant only about an octave below
f3, which remains stubbornly fixed at
100Hz. In terms of transmission-line re-
sponse, trying to measure and specify
sound speed is both uncertain and un-
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necessary. It seems
that. for the past
30 years, we have
all been chasing
the wrong rabbit. \

To get a clearer
picture of what the
stuffed pipe is
doing, the loud-
speaker’s ampli-
tude and phase re-
sponse must be
climinated. Instead
of summing loud- —

100 +

speaker and pipe )
outputs, you can
use complex divi-

T

FIGURE 9: System response: flared versus tapered (bold).
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sion to derive the

pipe transfer function—pipe output in re-
lation to cone output. Now you have a
way to compare various kinds of stuffing
on various pipes regardless of the loud-
speakers used for individual tests.

A good exampile is illustrated in Fig. 8.
The two curves are unsmoothed pipe
transfer functions derived from actual
measurements. The upper curve appears
to be a lightly damped pipe. Pipe output
exceeds cone output around 40Hz, then
levels out at 60Hz, and finally rolls off
fairly rapidly above 150Hz.

The lower curve obviously shows more
damping at low frequencies. With a little
smoothing, it might represent a 40Hz,
6dB per octave low-pass filter. In the
100Hz octave band, it provides about 6dB
greater attenuation than the upper curve.

The two transfer functions also differ
in their group-delay characteristics. The
actual plots are ragged, but their general
shapes can be described. The lower
curve has a group-delay maximum of
about 10.5ms at 40Hz, followed by a
broad S-curve reaching 6.0ms at 125Hz
and then gradually averaging out to

4.0ms above 250Hz. The upper curve
generally has a similar shape, but peaks
at about 8.0ms, with a secondary bump
of about 5.0ms before joining the lower
curve at 250Hz. At 40Hz and 125Hz the
“speed of sound” is about 20% different
between the upper and lower curves.

Now, the interesting thing is that the
two sets of measurements were made on
the same 4" pipe with the same speaker
and the same stuffing! However, this
pipe has slanted sides. Its area is 21in? at
one end and 49in? at the other. The
upper curve was run with the speaker
on the small end (flared pipe) and the
lower curve with the speaker on the
large end (tapered pipe).

The difference in system response is
shown in Fig. 9. It is obvious that pipe
geometry is just as important as length
and damping in establishing transmis-
sion-line performance.

PRACTICAL DAMPING MATERIALS

The preceding example makes it clear
that theoretical analysis of damping ma-
terials may not be the best approach to
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understanding transmission line loud-
speaker systems. One purpose of this
project was to develop empirical guide-
lines based on actual measurements.
After all, it really doesn’t matter what the
damping material is if you can predict
what it will do.

So I proceeded to run response curves
on pipes stuffed with a variety of materi-
als ranging from steel wool to plastic
packing pellets. The selection was rapid-
ly narrowed to four well behaved, easily
obtained materials:

1. Ordinary fiberglass thermal blanket.
This is usually sold with paper back-
ing, which you can remove.

2. Polyester fiber stuffing. 1 used Poly
Fluff, a product of Western Synthetic
Fiber Inc., Carson, CA.

3. Microfiber stuffing — Celanese “Micro-
fill.”

4. “Acousta-Stuf” — nylon polyamide
fiber available from Mahogany Sound,
Box 9044, Mobile, AL 36691-0044.

For practical reasons, you should
avoid organic materials. However, Bailey
preferred long-fiber wool, and present-
day experimenters continue to follow
his advice. Bulk wool is not easy to find
in the US, so I tested fluffy wool yarn in-
stead. It displayed no unusual properties,
behaving roughly the same as Acousta-
Stuf. Similarly, cotton puffs are roughly
equivalent to microfiber.

Microfiber is light and fluffy. Acousta-
Stuf is ropy and fairty heavy. For equivalent
damping over a given range of frequen-
cies, the packing density of Acousta-Stuf
must be at least twice that of microfiber.
Once this is taken into account, all four
materials behave very much the same.

The reason for this happy state of af-
fairs is that, for any given system align-

ment, precise damping characteristics
are important only over a bandwidth of
about two octaves. In a practical trans-
mission-line system, useful summation
of pipe output and cone output extends
from perhaps an octave below f; to an
octave above. At higher frequencies,
pipe output continues to decrease, but
the exact rate of rolloff is not critical.
Similarly, at frequencies well below cut-
off, you can disregard any minor differ-
ences in response.

DENSITY DIFFERENCES

For comparable results, a short pipe re-
quires greater packing density than a
long one. This seems to contradict com-
mon sense, but test results demonstrate
it is true. It follows that system align-
ments must include absolute pipe length
as a design factor.

If stuffing makes a short pipe behave
somewhat like a longer pipe, can its effec-
tive length be further increased by in-
creasing stuffing density? Yes and no. Fig-
ure 10 compares transfer functions of 1.0
Ib density Acousta-Stuf in a 6’ pipe with
3.0 Ib density of the same material in a 2’
pipe. These are computer curves, but
they accurately model test results below
300Hz or so. Over a wide frequency
range, the two curves differ by no more
than 1dB.

However, although effective sound
speed is slower in the shorter pipe, it is
not slow enough to make up for the dif-
ference in path length. In a practical
transmission-line design, the cutoff fre-
quency probably will lie between 0.7
and 1.4 times f,. Within that range, ad-
justment of system response can be ac-
complished by changing loudspeaker pa-
rameters, not stuffing.

In practice, the optimum packing den-
sity for a given material is determined by

acceptable passband ripple. Once this is
done, overall system response is almost
the same for all four materials. Even with
best-fit matching, however, there are
some differences in performance. At
higher packing densities, fiberglass has
greater high-frequency versus low-fre-
quency attenuation than the other mate-
rials. On the other hand, at low densities
it seems to be more prone to unexpect-
ed glitches in response.

Figure 11 shows measured pipe trans-
fer curves of %2 Ib fiberglass and 1 Ib
Acousta-Stuf. Up to 400Hz or so, the re-
sponse of Acousta-Stuf rolls off fairly
smoothly. In contrast, the fiberglass
curve has a sag around 75Hz and a broad
bump centered near 200Hz.

This is a typical example. In contrast
to the computer model, pipe output is al-
ways lumpy, and different materials have
their own characteristic acoustic signa-
tures. In the range where pipe output
contributes to system output, these dif-
ferences may be audible.

STUFFING SPECIFICATIONS
For pipes of various lengths, it is possible
to draw up a set of charts showing equiv-
alent packing densities for the four mate-
rials tested. It turns out that a single table
is adequate for general-purpose align-
ments, because short pipes always re-
quire high damping and long pipes re-
quire relatively light damping. Such a
table is included in Part 3 of this report.
A few general rules of thumb may be
useful. For most purposes, you can con-
sider Acousta-Stuf and Poly-Fluff as
pound-for-pound equivalents. In con-
trast, the packing density of fiberglass
blanket must be half that of Poly-Fluff.
The density of microfiber should be
about a third that of Poly-Fluff, but the
actual ratio is not constant.

10 +

6’ pipe versus 3.0 Ib-density in 2’ pipe.

FIGURE 10: Acousta-Stuf transfer functions: 1.0 Ib-density in
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FIGURE 11: 6’ pipe transfer functions: 1.0 Ib-density Acous-
ta-Stuf versus 0.5 Ib-density fiberglass blanket.
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Swans 71 kit

Great news from Swans!

New beautifully cabinets for Swans M1 kits
are available in three finishes: piano black,
solid walnut and rosewood veneer.

Totally irresistible!

The Swans M1 speaker system is a two-way bass-reflex design.
The front baffle is very narrow with rounded edges to reduce
cabinet diffraction for better clarity and imaging. The internal
panel and comer reinforcement substantially reduce unwanted
cabinet vibrations. A flared port is mounted on the rear baffle for
smooth transition from the port to cabinet boundaries. This pro-
vides linear bass performance and absence of port noise. The
heavy-duty gold plated binding posts are mounted directty on
the rear panel to enable easy cable connection.

The 5-inch paper/Keviar cone woofer has a rubber surround,
cast aluminum frame and a magneticatly shielded motor system.
This driver utilizes a tentral phase plug to avoid air compres-
sion, improving frequency response and dispersion. These key
features greatly contribute to the M1 s clear transparent sound
and effortiess dynamic performance.

The tweeter is a high-tech planar isodynamic design that
employs Neodymium magnets and extremely light Kapton film,
with fiat aluminum conductors,

This unit provides an immediate and precise response to any
transients in orfginal signal, and gives the M1 an exceptional
ability to reveal the true dyndmics of instruments with a complex
high frequency spectrum.

The crossover is a second order Linkwitz-Riley type resulting in
an in-phase oonnection of the drive units. The crossover fre-
quency between the two drivers is 3.3 kHz and only high quali-
ty polypropylene capacitors are used. Each filter has its own
dedicated board moumted on a special rubber interface to
reduce vibrations and microphonic phenomenon. The filter
boards are spaced inside the loudspeaker with the inductors
positioned at right angles to minimize the interaction.

Swans M1 kit includes:

- 2x F5 paper/Keviar bass-midrange drivers,

- 2x RT1C_jsodynamic tweeters with sealing gaskets,

- 2x dedicated tweeter crossovers,

- 2x dedicated base-midrange crossovers,

- two flared ports,

- two pairs of heavy duty gold plated terminals.

The drawings of the cabinet shown here represent general
dimensions required for optimum bass performance. Rounded
comers are adwsable as they improve imaging and clarity.
Actual finish and appearance is a matter of personal taste.

Price: $410 delivered without gabinets;
$660 delivered with cabinets.
Warranty 3 years. We accept VISA,

= LoudsPeaker
oom friendly performance
...explicit, easy to listen to, effort-
less, seamless and stunning.
Emie Fisher
Swans M1 Speaker Systems Review

INNER EAR REPORT
Volume10, #3 1998

The step beyond the limits
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SPECIFICATIONS ]

Frequency_response 60Hz-35kHz.+2dB

Sensitivity, IW/1m 86 dB
(100Hz-8kHz averaged)

Nominal impedance 8 ohms
(7.2 ohms minimum at 250 Hz)
Power handling

Dimensions,HxWxD

55Hz-40kHz.-3dB
for more info please

Call:(323)-881-0606
50W nominal

90W music

310x180x250 mm

Amplifier requirements:
30W recommended minimum.

Tel: (323)-881-0606 Fax: (323)-881-0957 www.dulcet.com

W SWANS SPEAKER SYSTEM,INC.(USA) C103, 2550 Corporate Place, Monterey Park,CA 91754 USA



Which material is best? Each one
shows deviations from ideal damping
characteristics, and even with close-
matching, these deviations may be audi-
ble. However, there are other factors to
consider, such as consistency, availabili-
ty, and ease of handling.

Ordinary fiberglass thermal blanket
from three different sources seems to de-
liver consistent performance at packing
densities of 1.0 1b or greater. Its un-
packed density is about 0.6 Ib/ft3. How-
ever, it is nasty stuff to work with and
seems more likely to shed fibers than
Acousta-Stuf or polyester.

Polyester pillow stuffing seems to be
fairly generic, but I don't know whether
a batch from another manufacturer
would match the performance that I
measured using Poly Fluff. Over a useful
range of packing densities, this is the eas-
iest material to work with.

Acousta-Stuf is more expensive than
the other materials, but its characteristics
are closely specified. As delivered, it is
ropy and must be thoroughly teased, es-
pecially at low packing densities. Other-
wise, it is easy to use and does not shed.

Microfiber is like thistledown. Once
compressed to the desired density it

IS ELECTRONICS AND/OR COMPUTER TECHNOLOGY
YOUR PROFESSION OR HOBBY?

If so, Elektor Electronics is just the magazine for you! Since 1977, it has been
publishing construction projects at professional level as well as informative
articles about the developing world of elec-
tronics and computers.

The world of electronics is in constant flux.
What is new today may be obsolescent in a
very short time. Of course, the basics do
not change, but applications do. Elektor
Electronics is quick to respond to the
changing face of electronics and to adapt
itself to the varying needs of its readers.
It contains fairly easy as well as more
complex construction projects on a
wide variety of electronics subjects,
from audio & hi-fi through com-
puters and microprocessors to
test and measuring instruments.
Moreover, each issue contains
a FREE 16-page supplement
dealing with one subject only, such
as Microcontrollers, Audio & Hi-fi, Test &
Measurement, Computers, and others.

Make sure you are kept informed regularly about the
changing world of electronics by taking out a subscription (price, airmailed,
$US67.00 per year) by writing or faxing to

Elektor Electronics
World Wide Subscription Service
Unit 4, Gibbs Reed Farm
Pashley Road, Ticehurst
East Sussex, England TN5 7HE
Telephone +44 580 200 657; fax +44 580 200 616;
e-mail wws.subscription@virgin.net
Apart from the magazine, the company also produces software diskettes, pro-
grammed chips, printed-circuit boards, CD-ROMs, and publishes books on
electronics and computers. All these are available from
Old Colony Sound Lab
PO Box 876, Peterborough NH 03458-0876
Telephone (603) 924-6371; fax (603) 924-9467
e-mail custserv@audioXpress.com.
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seems to stay in place. However, loose
wisps drift around for days. If you use
the brand name Celanese “Microfill,”
then its acoustical qualities should match
my test results.

Any of these materials may be tricky
to use in a large pipe requiring low pack-
ing density. Partitioning a fat pipe into
two or more thin ones will help keep the
stuffing in place and at the same time
make the structure more rigid.

STUFFING VARIATIONS

Is there any practical way to increase
pipe output in the frequency range of
constructive summation while maintain-
ing a steep rolloff at higher frequencies?
You might follow Olney’s example and
use absorptive lining instead of stuffing.
Consider a duct silencer. It contains
very thick lining with a constricted air
space in the middle. This arrangement
provides minimal steady-state loss with
high absorption above 100Hz or so.

I made a few test runs using thick lin-
ing, but it became obvious that in pipes
of moderate size there simply isn’t
enough room to get the desired mid-
range attenuation. Moreover, in contrast
to stuffing, it is almost impossible to de-
velop general design guidelines. For
these reasons, I decided to restrict this
study to stuffed pipes. Some experi-
menters have combined lining and stuff-
ing, but I don’t see why the combination
should be any more effective than the
proper density of stuffing alone.

Graduated stuffing density is another
favorite of experimenters. Some recom-
mend higher packing density toward
the pipe exit. Others insist that density
should decrease from loudspeaker
to exit.

It has long been known that a damped
pipe can provide constant resistive load-
ing over a wide frequency range if damp-
ing is light at the throat and steadily in-
creases toward the exit. You can do this

REFERENCES
8. Benjamin Olney, “A Method of Eliminating Cavity
Resonance, Extending Low Frequency Response and
Increasing Acoustic Damping in Cabinet Type Loud-
speakers,” Journal of the Acoustical Society of Ameri-
ca, vol. 8 (Oct. 1936).

9. AR. Bailey, "A Non-Resonant Loudspeaker Enclo-
sure Design," Wireless World, (Oct. 1965).

10. L.J.S. Bradbury, “The Use of Fibrous Materials in
Loudspeaker Enclosures,” JA.E.S., vol. 24 (Apr. 1976).

11. A.S. Hersh and B. Walker, “Acoustical Behavior of
Homogeneous Bulk Materials,” presented at the AIAA
Sixth Aeroacoustics Conference, 1980, Preprint AIAA-
80-0986, American Institute of Aeronautics and Astro-
nautics, 1290 Ave. of the Americas, New York, NY
10019. :
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than homogencous stuff-
1 ing. It deserves further
1 experimentation.
| | Another interesting vari
ant is to stuff only the first
i 80% of pipe length and
1 | leave the exit region
1 empty. Once everything
-: is readjusted for accept-
able passband ripple,
1 there is no net improve-
1 ment. However, the com-
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FIGURE 12: Overdamped pipe response: fully stuffed

(bold) versus 0.8 length stuffed.

parative performance
graphed in Fig. 12 sug-
gests that this can be a
useful technique for final
tweaking after an experi-

by varying stuffing density or by using a
wedge of high-density fiberglass in place
of stuffing. The latter configuration is
often called a “terminated tube.” It simu-
lates the acoustic load of an infinite ex-
ponential horn and is used to test
high-frequency drivers.

Constant attenuation at all frequencics
is exactly what you don’t want in a trans-
mission-line loudspeaker system. Howev-
er, when I measured a pipe with a fiber-
glass wedge, its behavior was not what |
expected — not really worse or better

mental design has been
built. Once you have assembled a folded
transmission line, it is almost impossible
to adjust overall packing density. Howev-
er, it is easy to add or remove stuffing
near the pipe exit.

Experimenting with damping loca-
tion and density can yield usable varia-
tions in response, but I have found no
magic low-pass filters. The most practi-
cal way to improve transmission-line
performance is to change the shape of
the pipe, and that is what I'll discuss in
Part 3. >

HEAR FOR YOURSEL

The film capacitors chosen by many
highly acclaimed manufacturers for
use in their very best designs.

H—O——V¥—+t—AN-D

MusiCApP©

“If you want see-thru, high
definition, detail and listenability,
try the MusiCaps.*

Joe Roberts, SOUND PRACTICES, Issue 6

THE ULTIMATE CAP

The most naturally revealing capacitor. Film
and foil polypropylene construction.
Optimized for critical speakers and vacuum
tube electronics. Siver-plated leads. Values
from .01 fo 10uF. Precision made in USA.

To experience MusiCaps for yourself, contact:
* Welbome Labs  303-470-6585
* Madisound Speaker Components  408-831-3433
*» Antique Electronic Supply 480-820-5411
* Michael Percy Audio Products 4156697181
¢ The Parts Connection 800-769-0747
¢ Anchor Cross Co.Tokyo. Jopan 81-3-3203-6606
* Trevor Lees Audio, Australia 61-3-9853-2315
* Wilmsiow Audio, Englond 44-01455-286603
* Tang Hill Infernational Lid.. Taiwan 8862-2-5813605
* Hong Kong Bush, Hong Kong 85225253227
* Audio Parts, Korea 82-2-3272-2704
* Wel Audio Lab, Singapore 65-3380368
* Knopt HiFi, Germany 49-0211-33-17-76
» OEMs contact Hoviand Comparny at :
ph 209-966-4377 « fax 200-966-4632
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THE HR-2000 PC BOARD

' MIC81 AND MIC-02 MICROPHONES

CLIOQC AMPLIFIER& SWITCHBOX

CLIO, by Audiomatica, js comptéte and reliablé electro-acous:
tic PC based measurement system. CLIO fs the easiest and
less expensive way to test electronic equipment, ldudspeake¥
systems and gxecute acaustical foom analysis.

Measures rqu(:‘n state-of-the-art proprietary hardware with
+30 + <40 dBV input range (10 dBstep attenuation) and +12 +
-63 dB output level (0.1 dB step resolution).

The new 4.5 release i3, once again, a crucial stepforward addifg
new functionality to an already complete package,

Three software versions configure the system bhist for you:
= CLiOLite s the entry-level at an unbeatable price' check it!

® CLIO Standard gives you all the power of the profassional
system sojd to more than 2500 worldwide end-users.

® CLIO for Quality Control is the choice I you are running an
industriél facility; the QC software will give you no-compromise
testing of your pmductian lines at the\lowest price.

Visit us at www.audiomatica.com: detdiled technical
information, distributors list, demo' diskiand software user's
manual on-line:.E-mall; info@audiomatica.com.

CLIO 4.5 FEATURES LIST

* Programmable Signal Generator
= AC Vrms,dBu,dBV,dBspl Meter
= C & L Meter (real-time)

* Dual channel Oscilloscope

= Dual channel FFT Analysis with THD
»Sinusoidal Frequency Response

= Sinusoidal Impedance (CV,Cl,}nt)

* MSE Thiele/Small Parameters

* Polar plots with turntable control

* THD vs. Level or Power

* IMD.vs. Level (SMPTE,DIN,CCIF)

= Distortion vs. Frequency (2nd,3rd)

* True MLS Analysis

= Impulse & Step Response

» Energy Time Curve (ETC)

= Cumulative spectral decay (waterfall)
* RTA'1/3 Octave Analysis

* IASCA Score calculator

* RT60 Analysis, Reverberant Decay

= Time History, Equivalent Level (Leq)
» Quality Control Plug-in

« Help On-Line

Standard Lite

HODOONOARERO0OO0RRRORIARE

AUDIOMATICA

AUDIOMATICA Via Faentina 234/g - 50133 Florence - Italy.
Tel: +39-055-575221 - Fax: +39-055-5000402,

CLIOLite is also a\}ailabte from
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The author completes his project in this article, including final assembly and adding the

finishing touches to his 3-way tower speakers.

Part 2

By Paul L. Kittinger

ith all the parts cut out, it’s

now time to begin assem-

bling these speakers. You'll

need temporary assembly

jigs to assemble the towers. You've al-

ready cut the jigs from the 3%” MDF—one

piece 8” x 127, and four pieces each 3” x

8”. Place the larger jig (but don't glue it

in) into the top of the tower between

the side panels where the arched top

will eventually go, and the four smaller

jigs across the front and back of the

tower for clamping surfaces, substituting
for the front and rear panels.

Photo 14 shows how the two side

panel assemblies, shelf/braces, and as-

sembly jigs are clamped together while
the glue sets. I used carpenter’s wood
glue for this and clamps of various types
and sizes. I installed #8, 1%” wood
screws through countersunk holes on
the side panels into the centers of the
shelf/braces.

To start this assembly process, lay one
side panel with its outside down on your
work surface, apply glue in the slots for
the three shelf/braces, then insert the
shelf/braces. Apply glue to the other
edges of the shelf/braces and then set
the slots of the second side panel onto
them. Set in the larger assembly jig at the
top, and the four smaller jigs into the
front and back of the tower, and cinch
up the clamps. Make sure the tower is
aligned squarely and the shelf/braces are
located properly in their slots before
completely tightening the clamps and in-
stalling screws.

With care, this can all be done by one
person, but don’t be ashamed to ask for
another pair of hands to help. It would
not hurt to do a dry run first to work
out the sequence of steps. After the
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PHOTO 1 from Part 1: System front view
with grilles.

glue has set for an hour or so, you can
remove the clamps and the five assem-
bly jigs.

ATTACHING THE TOP ASSEMBLY

When the glue in the tower sides and
shelf/braces has dried for 24 hours, you
can glue on the top arch assemblies as
shown in Photo 15. Before vou do, how-
ever, attach Deflex® on the inside of the
arch, using Weldbond adhesive. Of the
three circles of Deflex listed in Table 1,
you already will have used a large por-

PHOTO 2 from Part 1: System front view
without grilles.

tion of two of them to line the inside of
part C. From the remaining one, cut out
enough pieces to line most of the under-
side of each arch assembly (you don’t
need to cover every last inch for this to
be effective).

To hold the Deflex in place on the
curved surface while the glue dries, you
can weight it down with a coffee can
full of sand or a bunch of nuts and bolts.
Make sure to center the arch assembly
exactly front-to-back on top of the
tower’s side panels. [ used carpenter’s



MADISOUND SPEAKER COMPONENTS, INC. i

W= 8608 UNIVERSITY GREEN T:;g 1
1] [ P.O. BOX 44283 NS |
15 freed MADISON, WI 53744-4283 U.S.A. et FA
{1 P TEL 608-831-3433 FAX: 608-831-3771 7 JlL b

e-mail: info@madisound.com
Web Page: http:/www.madisound.com

‘Unit Description Q Igsz dB Wat | Price

t Each

ER-4 | Air Motion Ribbon Tweeter - 1.5 to 30kHz! 6 450 92 | 100 | $285.00
19SD 1 3/4" Textile Dome Tweeter, dbl. magnet . 8 | 1100 89 80 | $53.00
25SD1 | 1" Textile Dome Tweeter, dbl. magnet 8 11000, 90 | 100 | $56.00

All Eton midranges and woofers feature Kevlar/Nomex Hexacone cones. ,
4-300 4" Kevlar Midrange / Woofer 8 57 | 88 50 | $86.00
4-300S | Shielded 4" Kevlar Mid/Woofer w/phase plug | 8 | 56 85 40 | $98.00
5-880 | 5" Kevlar Woofer | 8 | 48 87 | 70 | $100.00
7-350 | 7" Kevlar Woofer, low fs, linear response g8 33 89 | 60 | $118.00
7-360 7" Kevlar Woofer & 40 | 89 | 120 | $122.00
7-372 7" Long Throw Kevlar Woofer with heatpipe | 8 | 32 | 90 = 80 | $151.00
8-472 8" Long Throw Kevlar Woofer with heat pipe | 8 ' 24 | 89 | 90 | $187.00
8-800 8" Kevlar Woofer g8 | 3l 89 | 120 | $144.00 |
11-581 11" Kevlar Woofer 8 23 | 91 | 150 | $289.00
12-680 12” Kevlar Woofer 8 | 26 | 91 | 200 | $384.00

Eton Kits engineered by Eton in Germany
All kits include speakers, crossovers (coils as specified, poly caps in series with midrange and
tweeter, eagle MO resistors), all brass gold plated input cups, black screws, port tubes and port tube
trim rings, foam dampening pads and Acusta-Stuf (if called for) and el cheapo internal speaker
wire. Cabinet drawings are included. Cabinets are not available at this time, we will have some
made if there is enough interest. Kits are priced per pair and reflect a 10% discount from piece
prices.

Eton 7.2 Kit - Bookshelf type 2-way design using the 7" 7-350 woofer and 1” textile dome 25SD1
tweeter in a vented enclosure. Crossovers are 6dB on the woofer and 12dB on the tweeter.
The price per pair is $395.00. Adding Nordost internal wiring is an additional $16.65.

Eton 8.1 Kit - Floor standing 2-way tower design using the 8” 8-800 woofer and 1” textile dome

25SD1 tweeter in a vented enclosure. Crossovers are 6dB on the woofer and 12dB on the tweeter.

System phase compensation used at the crossover point. The cabinetis 39.3” Tx9.6”Wx 11.8”D.
The price per pair is $450.00. Adding Nordost internal wiring is an additional $19.98.

Eton 11.2Kit - Floor standing 3-way design using the 117 11-581 woofer, 5” 5-880 midbass and %”
textile dome 19SD1 tweeter in a vented enclosure. Crossovers are 12dB on the woofer, 12dB/18dB
on the midbass and 12dB on the tweeter.

The price per pair is $990.00. Adding Nordost internal wiring is an additional $33.30.

Madisound is pleased to offer the Eton line of High-End loudspeakers. Eton’s
patented HEXACONE diaphragm, sandwiches a honeycomb shaped layer of
Nomex between two layers of Kevlar. The resulting cone is extremely stiff and
rigid, eliminating distortions caused by breakup resonances. The Eton woofers
are very detailed and fast, yet smooth and natural sounding without coloration.



PHOTO 3: System rear view.

wood glue and installed two counter-
sunk #8, 1%” particleboard screws
through each side panel into the notch
on the arch’s bottom.

Now you’re ready to attach the rear
tower panel, tunnel, and front tower
panel. As you did for the sides, attach
BVD Pad rectangles to the insides of the
front and rear panels as shown in Photo
10 (see Part 1), followed by %"-thick
foam rectangles on top of these Pads
below the location of the upper
shelf/brace. Apply carpenter’s glue to
the edges of the shelf/braces, edges of
the vertical runners, and to the back of
the top arch; then clamp the rear panel
to the tower assembly (Photo 10).

Again, 1 installed one countersunk #8,
1%” wood screw into the center of each
shelf/brace. I also ran three countersunk,
#8, 1%” particleboard screws through
the top of the rear panel into the arch.
Once the glue on the rear panel has
dried, seal all its inside seams with sili-
cone sealant. Next, attach the midrange
tunnel to the inside of the rear panel,
using carpenter’s glue and clamps
(Photo 17). If you wish, you can also in-
stall some finishing nails or wood screws
through the rear panel into the edges of
the tunnel’s four sides.

Note that the tunnel is not symmetri-

TABLE 1 (FROM PART 1)
CROSSOVER AND MISCELLANEOUS COMPONENTS

cally located around the exit hole in the
rear panel; it's offset so that the bottom
edge of the tunnel top is aligned with the
top of the exit hole. The tunnel should
fit fairly tightly between the short pieces
of 1” MDF attached to the insides of the
side panels.

SEALING THE ENCLOSURE

Before attaching the front panel to the
tower, you should install the midrange
wiring. Seal around this wire within and
on both sides of the pass-through hole
with silicone sealant. To attach the front
panel I recommend using polyurethane
glue, because you won't be able to reach
in and seal all the inside front-panel
seams with sealant after you attach the
front panel.

Polyurethane glue expands and oozes
into all nooks, crannies, and seams as it
cures, thus making a good seal. This glue
is also moisture-cured, so slightly damp-
en the surfaces to be glued with a moist
cloth or sponge and allow the moisture
to soak in for about a minute. Apply the
glue as directed on its container, then
clamp and screw the front panel to the
tower assembly (Photo 18) just as you
did the back panel. Also, from each side
of the tower and through the short piece
of 1” MDF, install one countersunk #8 or
#9, 214" wood screw all the way into the
tunnel sides.

When the glue in the towers has
dried thoroughly, turn them upside
down and locate the centers of the six

PHOTO 14: Building the tower.

DESIGNATOR/NAME VALUE, DESCRIPTION, (SUPPLIER)
L1 3.3mH, 0.22Q, 16g, ferite-core

L2 2.7mH, 0.29€2, 169, ferrite-core

L3 2.0mH, 18g, air-core

L4 0.75mH, 0.37€2, 16g, air-core

L5 1.4mH, 0.55€2, 16g, air-core

L6 0.25mH, 20g, air-core

c1 100uF, nonpolarized electrolytic

C2 504LF, nonpolarized electrolytic

C3 60uF, metallized polypropylene

C4 80uF, metallized polypropylene

C5 8.2uF, metallized polypropylene

Cé 6y F, metallized polypropylene

Cc7 7uF, metallized polypropylene

C8 12uF, metaliized polypropylene

Cc9 0.68uF, Mylar

R1,R6,R7 1€, 15W, ceramic

R2, R3 3Q, 5W, ceramic

R4 2.2€2, 10W, metal-oxide film

R5 1.8€2, 10W, metal-oxide film

R8 18€2, 10W, metal-oxide film

R9, R11 15€2. 10W, metal-oxide film

R10 2.7€2, 10W, metal-oxide film

R12 10€2. 10W, ceramic

Woofer 25W/8565-01, Scan-Speak (Vifa)
Midrange 13M/8640, Scan-Speak (Vifa)

Tweeter D2905/9300, Scan-Speak (Vifa)
Terminal cup TD-CUP

Grille fasteners Miniature male and female (ball & socket) sets (MAG)
Damping material BVD Pad, 3 sheets at 18” x 31” (MAG)
Acoustical fill Acousta-Stuf, 3 pounds (PE)
Acoustical foam 5/8” thick, 1 sheet 27” x 42" (MSC)
Acoustical absorber Deflex, “Subwoofer,” 3 at 340mmDiameter (MSC)
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mounting holes on the bottom
shelf/brace, matching them exactly to
the same hole patterns in the flat tops of
the cylinders. Drill out these holes and
prethread them for #8 wood screws. It's
also a good idea to slightly bevel the bot-
tom front edge of the tower assembly,
allowing the tower to fit the top of the
cvlinder a little better.

Locate the eventual position of the
oak sub-panels on the towers’ front pan-
¢ls, being careful to align the drivers’
cutouts in both panels with each other,
as well as centering them left to right.
With the sub-panels temporarily clamped
or taped in place, mark the locations of
the 12 perimeter fastening holes and,
with a pencil, draw the outline of the
sub-panels onto the front panels. Re-
move the sub-panels and drill and
prethread the 12 mounting holes for #8
particleboard screws. Temporarily install
the oak sub-panels with a couple of
SCICWS.

Now place the upper grille boards
around the sub-panels and clamp or
tape them to the cabinet. As you did for
the lower grille board, mark the front
panel with the locations of the four
grille-fastener holes. Remove the grille

COMPONENTS:
SOLEN HEPTA-LITZ
AND STANDARD.
INDUCTORS AND
CAPACITORS - THE
CHQICE OF MANY
HIGH-END SPEAKER
MANUFACTURERS.

HARDWARE:
POWER RESISTORS,
L-PADS, CABLE,
ABSORBING AND
DAMPING MATERIALS,
GOLD SPEAKER
TERMINALS, GOLD
BANANA PLUGS AND

board and sub-panel, then drill out the
front panel and the back of the upper
grilie board for the ball-and-socket grille
fasteners.

PRELIMINARY SANDING
Before assembling the towers
to the cylinders, you need to
sand the tower arches
and cylinder walls. If
you were very careful
during cutting and assembling, individ-
ual sections of these assemblies will be
well lined up, without any significant
peaks or valleys. But there are likely to
be some variations from one section to
the next, so it’s best to sand and fill them
now.

Do not repeat the mistake I made
when building prototypes of the Danish
Delights. If you use an electric sander
having a compressible backing pad, the
sander will ride on top of the hard glue
joints and gouge the relatively soft MDF
edges. This is the time to use the old-fash-
ioned method of sanding by hand with a
hard backing block. [Maybe a small block
plane could work, also. — Ed.)

You need to sand with the curvature
of these parts, not across the sections.

PHOTO 15: Attaching
, arch to tower.

Solen crossover components -
used by the most discriminating

loudspeaker manufacturers.

Values from .10 mH to 30 mH

SOLEN FAST CAPACITORS

Values from 0.10 pF to 330 pF
Voltage Rating: 630, 400, 250 VDC

SOLEN HEPTA-LITZ INDUCTORS
Air Cored Inductors, Litz-Wire Perfect Lay Hexagonal Winding

Wire Size from 1.3 mm (16AWG) to 2.6 mm (10 AWG) 7 Strands
SOLEN STANDARD INDUCTORS
Air Cored Inductors, Solid Wire Perfect Lay Hexagonal Winding

Values from .10 mH to 30mH
Wire Size from 0.8 mm (20AWG) to 2.6 mm (10 AWG)

Fast Capacitors, Metalized Polypropylene

. o CROSSOVER AND SPEAKER PARTS ,.&:” ¢

.T,Cgm’.;:a? Metalized Polyester Capacitors, 1.0 pF to 47 uF, 160 VDC, Non Polar = *0*
Electrolytic Capacitor, 22 uF to 330 pyF, 100 VDC, Power Resistors , v \

RINGS, PAN HEAD TOW, 1.0 Q to 82 , 8 @ L-Pads plus all the hardware and supplies p

SCREWS, Q’IKES to complete any speaker project. &

AND TEE NUTS WITH & x ‘

ALLEN HEAD BOLTS CALL TO ORDER THE 2000 SOLEN CROSSOVER 3 \ e

AND PLENTY MORE... COMPONENT CATALOG FOR $8.00 PACKAGED > \‘\::
WITH THE COMPREHENSIVE 2000 SOLEN 4 : o

o= SPEAKER DRIVER COMPONENTS CATALOG 4 ° & ° =w.

Tel: 450.656.2759
Fax: 450.243.4949

SOLEN INC.

4470 Avenue Thibault
St-Hubert, QC
Canada J3Y 779

Email: solen@solen.ca
WEB: http://www.solen.ca
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TABLE 2 (FROM PART 1)
SIZES AND QUANTITIES OF WOOD PARTS

(Quantities are for two systems; all
dimensions in inches)

SIZE QUANTITY FOR/DESCRIPTION

1” MDF

113 x 12% 24 Parts Aand B

6x 9% 12 Part F ‘

1% x3 4 Side panel tunnel brace

%” MDF

13% x 13% 6 Parts C, D, and E

8x12 1 Tower assembly jig ‘

3x8 4 Tower assembly jig ‘

12 x 26° 4 Tower side”

9% x 31 4 Tower front and back

6x 9% 12 Part G

% BBP ‘

13% x 13%2 2 Lower grille board

6 % 10%" 4 Tunnel top and bottom”

8x 10" 6 Shelffbrace*

4-% x 10%* 4 Tunnel side*

8% x 26 2 Upper grille board

1% x 11 8 Runner

1% x6 16 Runner

% MDF

8% x 9% 2 Crossover base [
Y x 5% 2 Tunnel grille board

% SOLID OAK

6-7%x 24 2 Sub-panel

*See text for correct width or length of these parts. ‘

l

PHOTO 16: Attaching back panel to tower. ‘

filler where necessary to fill scams or
low spots.

Once you're happy with the surfaces
of the cylinder and arches, fill all seams
and countersunk holes in the tower with
woaod filler (vou don’t need to do this on
the front panel of the tower where the
oak sub-panel will be located—just don’t

leave any bumps there). Sand
down smoothly all external
surfaces of the tower, add-
ing mor¢ wood filler and
sanding further as necessary.

With a router and a round-over
bit of 2" radius, round off completely the
outside edges of the tower. both front
and back, then sand them smooth.

This is a good time to drill holes in
the bottom of the cylinder base for in-
serts if vou intend to use spikes. T used
three Fowler Tiptoes®, two across the
back of the base and one in the center
of the front of the base. It might also be
a good idea at this time to install tweet-
er wiring and Acousta-Stuf”™ in the
tower. I used 30z of Acousta-Suuf in
each of the two bottom sections of the
tower betwceen the three shelf/braces.

!
—
_—

|

2
=

PHOTO 17:
Installing
the tunnel.

Yes, this takes time and is boring, but to
get a good surface, it’s the only way.
Start by sanding down any high spots,
and progress from fairly coarse, to medi-
um, then 10 fine sandpaper. Add wood
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Now vou're ready to attach the towers
to the cylinders.

MORE POLYURETHANE GLUE
For the same reason 1 used polyurcethane

glue on the front panel of the tower, |
used it to join the tower to the cvlinder.
Again, dampen the mating parts with
water, allow the moisture to soak in for
about a minute, then add the glue to once
surface. Make sure also to dampen and
use glue where the backside of the front
assembly (part D) mates with the bottom
front of the tower.

Set and center the tower left to right
on the cylinder top amd flush against the
back of part D. From the inside of the
cvlinder, insert six #8, 13" wood screws
through the cylinder top into the tower
bottom, using flat washers under the
screw heads. Make sure the tower is
centered squarely on the cvlinder top
aind against the back of part 3. Clamp as
shown in Photo 19 (both vertically and
horizontally) and tighten the six screws
firmly. Put one countersunk #8, 134”7 par-
ticleboard screw through the top center
of the parts D and E nto the bottom of
the tower front.

After this assembly has dried thor-
oughly, vou can attach the back of the
cylinder (part C). Use polyurcthane glue
again, plus clamps as shown in Photo
20. 1 also countersank several #8, 14”7
particleboard screws around the perime-
ter of part C into the cylinder walls and
the back of the tower. When using poly-
urethane glue, resist the urge 1o wipe off



FINAL SANDING AND
PREPARATION

Make sure all countersunk
holes are filled. You'll proba-
bly need to add some wood
filler along the side seams be-
tween the bottom of the
tower and the flat top of the
cylinder, as well as where the
four rounded tower corners
meet the top of the cylinder.
Take your time and be patient
with this part of the process,
because then you'll be much
happier with the final result. |
In preparation for painting, !
vacuum the cabinet surface ]
thoroughly, then wipe it
down with a tack cloth. Since
you don’t wish or need to
apply paint there, mask off
the part of the front panels

::g::)“: - that will be covered by the
front palsel oak sub-panels.
to tower.

PAINTING

In the three spike-receptacle
holes in the bottom of the base, I in-
stalled some long particleboard screws
to act as feet. These allowed me to paint

excess glue that seeps out of joints—sim-
ply let it dry. It's fairly easy to remove
later by scraping and peeling.

PHOTO 19: Mating tower to cylinder.

THE DRIVING FORCE IN LOUDSPEAKERS

Quality, Durability, Value, Variety & Availability are a few reasons to select from one of our loudspeaker manufacturers.
Image Communications proudly supplies:

((beyma)) EMINENCE p )4“@00 & Electro-Voice Q

Loudspeakers
JJ Quam ’Eﬂﬂm SELENILIM

MCCauley AUDIO ENGINEERING, INC.

Image Communications
1801 Morgan Street
Rockford, Illinois 61102

communications

4amage

A Katy Company

815.490.4390 ¢ 1.800.552.1639

Fax: 815.490.4391

E-Mail: Dave_Armon@woodsind.com

Amphenol

( Formerty Alcatel Components)
(‘ﬂf)/ome
/u/ome

(FerroSound
G

Qﬂ Industrien®

Connectors

e
p—
GR>

WALDOM AUDIC

A Katy Company

In the world of sound, Image Communications continues to supply quality,
and custom installers and sound contractors.
impeccable response time and orders shipped w

high performance audio to professional
We continue to strive to be your key supplier with affordable pricing
ithin 48 hours of confirmation. Call us for a free catalog today!

Reader Service #22
Speaker Builder 3/00 27



PHOTO 20: Attaching cylinder back.

the bottom and set the cabinet on the
floor without messing up the newly
painted area. I started with the cabinet
lying on its front or back on top of my
Workmate and temporarily removed
these three screws. [ painted the bot-
tom, sides, and fronts and backs of the
base, as well as under the cylinder at its
front and back, turning the cabinet over
on its other face as necessary. Then I re-
installed the screws in the base holes
and set the cabinet on the floor on the
screw heads for the rest of the painting.

I brushed on two coats of white
primer and sanded with fine sandpaper
after the second coat had dried thor-
oughly. With a stippling roller, I applied
three coats of white, 100% acrylic paint
over the primer, sanding very lightly be-
tween the second and third coats where
needed. Using the stippling roller gives a
textured finish that hides minor surface
imperfections. Professional painters call
these types of rollers “carpet” rollers be-
cause the material looks much like that
used for carpets.

To enhance the textured effect, 1 light-
ly rolled over the paint just as it was be-
coming tacky without adding more
paint. It takes practice to get the desired
effect, but after finishing six pairs of
speakers this way, I've become quite
good at it. In areas where it’s difficult to
use the roller, I used the edge of a damp-
ened paint-dipped sponge as a stippling
dauber (first making sure the sponge was
really clean). I allowed 72 hours drying
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time after each coat of finish paint before
applying the next coat or proceeding
with final assembly.

To finish the sanded surfaces of the
oak sub-panels, I applied two coats of
oil-based stain as directed on its can,
and, after the stain had dried for 72
hours, 1 sprayed on three coats of clear
satin polyurethane. After the clear coat
had dried, I covered the entire back sur-
faces of the sub-panels with a layer of
the BVD Pad, and trimmed away the
BVD from the driver cutouts and around
the holes for the perimeter mounting
SCrews.

After sanding, the three grille boards
for each cabinet need slightly different
finishing. The lower boards need one
coat of primer, followed by spraying
with black paint on all surfaces. The
upper boards need the same (but not on
their backsides, which you leave com-
pletely unfinished). Finally, if you make
the small grille boards for covering the
tunnel exits, they need only priming
with white paint on the front surfaces
and edges (again, leave their backsides
unfinished).

FINAL ASSEMBLY

Using grille cloth of your choice, cover
the three grille boards. I used tan cloth
for the upper and lower grille boards
and white cloth, to blend with the
paint, for the tunnel-exit grille. I prefer
to attach the cloth to the backs of the
grille boards with contact cement.

To do this, I use masking tape to tem-
porarily attach the cloth to the back of
the grille board on one side. On the op-
posite side, I brush contact cement onto
the back of the board and allow it to set
for a few minutes. Then, I stretch the
cloth and stick it onto the contact ce-
ment. With one side attached, I remove
the masking tape and attach the first
side of the cloth to the board similarly.

Don’t stretch the cloth too tightly
across the width of the upper grille
boards; if you do so, you may make its
opening too narrow to fit properly
around the oak sub-panels. Cut the cloth
for all of the grille boards to allow at
least a %" overlap on the back. On the
upper board, I overlapped the entire
width of the frame on its back (and the
same on the frame of the tunnel grille).
After the contact cement dries, you can
trim away any excess cloth with a razor
blade or hobby knife.

Insert the male (ball) parts of the
grille fasteners in the backs of the
upper and lower grille boards. On the
upper board, I cut holes in the over-

lapped cloth and inserted the balls’ fas-
teners through the cloth. I attached the
tunnel grille-board assembly by spot-
tacking it in four places with silicone
sealant. This bond is strong enough to
hold the grille securely, yet will allow
you to remove it, if necessary, without
damaging the wood of the cabinet.

TERMINAL-CUP

INSTALLATION

Place the cabinet with its back down on
a sturdy work surface, being sure to pro-
tect its finish. In the front panels install
all eight female (socket) parts of the fas-
teners for both grilles. Then turn the cab-
inet on its face and install the terminal
cup with screws through its mounting
holes. You should atready have soldered
wires to its two pairs of binding posts
and terminated the opposite ends of the
wires properly for crossover connec-
tions. The terminal cups I used came
with a sealing gasket attached to their
mounting flanges. If you use cups with-
out such gaskets, use some adhesive-
backed foam tape for this purpose.

Turn the cabinet on its back again
and attach the oak sub-panel with 12
particleboard screws through the holes
in its perimeter. Set the midrange and
tweeter drivers into their cutouts, mark
the locations of their mounting holes
through their flanges, and then remove
them. Drill these mounting holes com-
pletely through the oak sub-panel and
the baffle, making them large enough to
accommodate T-nuts—four at 8-32 for
the twecter, and three at 6-32 for the
midrange.

Install the T-nuts by inserting them
from the rear of the holes, pulling each
one up tight with a bolt, flat washer, and
screwdriver from the front of the sub-
panel. You may need to snip off about
one-third of the circumference of the T-
nut flanges in order to have enough
clearance. Vacuum out any wood shav-
ings or dust that may have fallen into the
cabinet. If you drilled the base for spike
sockets or wish some kind of feet on the
bottom, install these now.

ATTACHING THE DRIVERS

Setting the cabinet on its base, install
the crossover with #8, 1%” particle-
board screws, and connect the wiring
for all three drivers to the crossover out-
puts. Lay the cabinet on its back again.
The woofer and tweeter must be sealed
tightly to the cabinet when they're in-
stalled. You can use adhesive-backed
foam tape for this, which is what I used
for the woofers, attaching this tape to



the cabinet or the back of the drivers’
mounting flanges.

For the midrange and tweeter, I cut
%"-wide sealing gaskets from 0.040”-
thick, adhesive-backed Neoprene rub-
ber. I attached the adhesive side of the
gaskets to the flange recesses in the oak
sub-panel and poked holes through the
gaskets for the mounting bolts. Even
though the tunnel is completely sealed
off from the rest of the cabinet, eliminat-
ing the need for a seal under the
midrange flange, this gasket provides an-
other small measure of isolation from
cabinet vibrations.

I installed more Acousta-Stuf in the
cabinet—8oz in the midrange tunnel
(densely packed), 3oz behind the
tweeter, and 60z behind the woofer
(use the wiring to the crossover to keep
the Acousta-Stuf from actually touching
the back of the woofer). The last steps
are to attach wiring to all three drivers
and mount them to the cabinet. For fu-
ture accessibility I used crimped, sol-
derless, slip-on connectors over the
woofer terminals.

I wished to do likewise on the tweeter
and midrange, but couldn’t because their
terminals were too small and flimsy. In-

stead, I soldered short lengths of wire to
their terminals and terminated the other
ends with inline, crimped, solder-less ter-
minals. Of course, the wires coming
from the crossover for these two drivers
must have mating inline terminals on
their ends.

If you don’t think you’ll have any need
or desire to easily disconnect your driv-
ers later, you can solder all connections
(the sound is supposedly better with sol
dered connections). Be very careful
when soldering to driver terminals; too
much heat can damage driver coils, espe-
cially those for tweeters. Now snap on
the front grille boards, and you're ready
to listen.

PLACEMENT AND SOUND

In my listening room I separated my two
cabinets about 6 as measured from their
centers. My “sweet spot” chair is 8" away
from the cabinets’ fronts when I locate
them about 2’ away from the wall be-
hind them. With this arrangement, toe-
ing in the cabinets until 1 can still see
some of the inner sides gives very good
results. Sitting farther away would re-
quire a smaller toe-in angle, while
spreading the cabinets further apart

would require a larger toe-in angle.

The speakers produce a soundstage
width slightly beyond their outer sides,
have good imaging and depth, and cre-
ate a surprisingly realistic illusion of the
height of the original venue. If you have
a larger room or fewer restrictions, you
may find that other arrangements pro-
duce better sound. When I play back-
ground music at fairly low volume levels,
I place the speakers against the wall. The
closeness of the wall reinforces the bass,
thus compensating for my hearing’s nat-
ural loss in the low frequencies.

I didn’t do anything special to break in
the drivers, but just played music
through them, and I didn’t keep track of
break-in hours. The tweeter's sound did
not change much over time. Both
midrange and woofer seemed to take a
fairly long time to loosen up, but both
sounded pretty good from the start. Ac-
tually, I had already thoroughly broken
in the drivers in prototypes of the Danish
Delights I'd built previously. When I
completed the version described here,
the drivers were ready to go.

PROTOTYPE PROBLEM
While the point of this article is to tell
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you about these and not the prototypes,
the prototypes did have one problem
that I eliminated in this newer design: a
big dip existed in the woofer's response
at about 125Hz, apparently resulting
from the cabinet’s internal height dimen-
sion causing a standing-wave cancella-
tion. I was able largely to eliminate the
problem by judicious use and location of
various fill materials, but the low-fre-
quency performance always seemed a lit-
tle sluggish and stifled. In this newer ver-
sion, however, the use of Deflex has
cured the problem. The close-miked
woofer measurements proved Deflex
does indeed work as advertised.

Three other changes from the proto-
type to this version offered additional
improvements: an increase of about
17% in the enclosed volume lowered
both Q¢ and f;; making the mounting
baffle for midrange and tweeter a com-
posite improved clarity; and switching

SUPPLIERS

Meniscus Audio Group (MAG)
4669 S. Division

Wyoming, MI 49548

(616) 534-9121

Madisound Speaker Components (MSC)
8606 University Green

Madison, WI 53744

(608) 831-3433

Parts Express (PE)
725 Pleasant Valley Dr.
Springboro, OH 45066
(513) 743-3000

Vifa/Scan-Speak USA (Vifa)
1860 Renaissance Blvd.
Sturtevant, Wl 53177

(414) 884-4580

from an all-second-order crossover to
the more complex one used here de-
creased distortion.

I really enjoy listening to music
played through the Danish Delights (I
really like their looks, too, but my view-
point is hardly objective). Their basic
characteristic is one of ease, without,
however, sounding rolled-off, or “siow,”
or lacking in their reproduction of per-
cussive sounds or other transients. I'm
often surprised by their ability to define
the original venue; you can “hear the
walls,” so to speak. Recordings sound
the way the recording engineers wished
them to sound. All voices and instru-
ments sound good and adequately realis-
tic, but especially percussion, piano,
and massed brass.

The downside is that defects in
recordings are more apparent; inferior
recordings aren’t glossed-over by speak-
er limitations. On the bright side,
though, superior recordings are that
much more enjoyable. Are the sounds re-

Speaker Builder
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queries, and comments.
Send correspondence to:

Speaker Builder
Editorial Dept., PO Box 876
Peterborough, NH 03458
FAX (603) 924-9467
E-mail: editorial@audioXpress.com

Speaker Builder reserves the right to edit
letters for length and clarity. Letters should

be brief and to the point.

produced by the Danish Delights worth
the difficulty in building them? I must an-
swer with a firm yes, and I don't regret a
single drop of sweat or any moment of
frustration. >
Reader inquiries can be sent directly
to the author at bpkit@uorldnet.att.net.
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After some more response testing of the satellite and subwoofer, it's time to box the drivers,

construct the crossover, and take a listen.

Part 3

The Menehune MK-1

A Compact Satellite/Subwoofer System

By Jim Moriyasu

MEASUREMENTS
full-range system measurement
is shown in Fig. 64. I accom-
plished this by splicing a gated
measurement to a ground-plane
sweep at 250Hz. Relative to 100Hz, it
looks as though the f; is 35Hz. The over-
all system response is +1dB from 35Hz to
20kHz. Compared to the simulation,
there is 0.5 to 1dB deviation in several
areas. Usually, this is because the “para-
sitic” resistances of the capacitors used
in the crossover are a little higher than
assumed in the simulation.

Figure 65 shows the satellite system
impedance, which drops as low as about
5Q at 250Hz and reaches a high of
around 16Q at 70Hz and 1.6kHz. This
also shows the difference between the
constant-voltage and constant-current
methods, the former showing an imped-
ance peak at 80Hz while the latter
shows a peak at 90Hz. The woofer im-
pedance curve is seen in Fig. 66. While

the low is at 5Q at 200Hz at the f¢, at
32.28Hz it is 5.4Q.

Reversing the tweeter phase results in
a 13dB dip at 1.8kHz. This is shown in
Fig. 67, where 1 have truncated the fre-
quency scale to show only the gated
measurement. This is reasonably close to
the simulation and may be more a func-
tion of the microphone placement.

The midbass and tweeter responses
with the crossover are shown in Fig. 68.
Compare this with the simulation in Fig.
43 (in Part 2). And although the measure-
ment is becoming ragged, it looks as
though the tweeter’s SPL response is at
55dB at 800Hz, which compares closely
with the simulation in Fig. 31 (Part 2).

SATELLITE RESPONSES

The satellite on-axis and 15° horizontal
off-axis response is shown in Fig. 69.
Less than 1dB of deviation from on-axis
occurs until 13kHz. The 30° and 45° off-
axis responses are shown against the on-

PHOTO 1: Scan-Speak D2905/9300,
Morel MW142, and Vifa M22WR ready
for SPL testing.
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FIGURE 64: Actual full-range system SPL of ground-plane
measurement splice to gated sweep at 250Hz.
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FIGURE 65: Satellite impedance measured with constant- |
voltage and constant-current method.
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axis response in Fig. 70. The 30° off-axis
response is down by 1dB starting at
1kHz, but turns up at 2.5kHz as the
tweeter response takes over. It gradually
drops by about 2dB until 12.5kHz,
where it begins a steeper decline.

The 45° off-axis response is down 2dB
starting at 1kHz; then it turns up at
2.5kHz and is down 5dB at 10kHz. These
off-axis measurements indicate a fairly
broad power response that is not very
smooth because of the abrupt increase at
2.5kHz.

At 15° above the tweeter, a narrow
6dB dip develops at 4kHz (Fig. 71). Oth-
erwise, the response is relatively smooth,
indicating that a stand-

close to 175Hz. Also, note that the mid-
bass response is at 67dB at 80Hz, which
should be low enough to avoid prob-
lems with its f.. at higher levels.

TIME-DOMAIN MEASUREMENTS

In the time domain, I made measure-
ments with Liberty Audiosuite at 1m on
the 7 lift. Since the satellite sits on the
subwoofer, it is closer to 9’ off the
ground, providing for a 14ms time win-
dow free from reflections. There are no
resonances showing in the satellite re-
sponse in the cumulative spectral-decay
plot of Fig. 77. The midbass response
dominates the plot below 2kHz. Be-

ing listener should ex-
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perience little change. = ] R EHEESEE ;
At 30° above the — i masicy —+H T A 118
tweeter, the dip shifts | F— T T 1 ..

. 0.0 + t +
lower in frequency to AL r | Bl =) |
1.8kHz, but is still rela- /\ \ 1 T «
tively shallow and nar- Rl s - : e | e ‘
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ates more below the | ! [ T TR | }‘ '
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cavity that helps to dis-
rupt the response. As

current.

FIGURE 66: Woofer impedance measured with constant

you see in Fig. 73, a
O0dB dip at 2.6kHz is

followed by a 2dB

peak at 4.7kHz, and at 14l

20° below the tweeter

axis, a relatively wide
12dB dip develops

s

T\

(Fig. 74).
The woofer's re-
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sponse is seen more

]
clearly in Fig. 75,
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where the frequency

i
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scale is truncated to ‘ I
1

1kHz. The in-phase
connection, the top
trace, shows that the
low- and high-pass re-
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FIGURE 67: Comparison of system SPL with midbass and
tweeter “hooked up” in-phase and reverse-phase.

|

sponses have summed
smoothly. Remember,
though, that this is [

with the woofer polari-

ty reversed.
The out-of-phase

connection shows a |

17dB dip null or can-

cellation, which is 5dB |

better than predicted
in the simulation in

Fig. 60 (Part 2). The

separate responses of o
the woofer and mid-

bass (Fig. 76) indicate

FIGURE 68: Comparison of midbass and tweeter SPL re-
| sponses and system SPL response.
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cause of the fourth-order crossover,
there is no sign of the mid-woofer’s reso-
nance ridge at 4kHz that was visible in
Fig. 21 (Part 2).

To evaluate the cabinet panels for res-
onances, | attached an AMP accelerome-
ter with double-stick carpet tape to the
front panel of the woofer cabinet, just
below the woofer. 1 fed the output from
this device directly into LAUD’s mike
input, and the resulting impulse was
converted into a waterfall plot. With a
60ms window, resonances showed up as
long ridges that slowly decayed.

Figure 78 shows that the WS803 cabi-
net without bracing or panel damping

has resonances at 200Hz and 800Hz.
Even though I'll use the woofer with the
XVR-1 active crossover, Fig. 79 shows
that the 200Hz resonance still could be a
problem. Figure 80 reveals that with the
addition of a U-shaped brace made of %”
x 112” MDF, the 200Hz resonance has
moved up to 300Hz and is down by
about 7dB. The 800Hz resonance is low-
ered by 7dB, but another resonance has
appeared at 1.3kHz.

However, with the XVR-1 active low-
pass crossover in place (Fig. 81), the
300Hz resonance is down by 11dB and
should not be much of a problem. Initial-
ly I tested the woofer cabinet with two

1” hardwood dowels installed between
the front and back panels (Fig. 82).
While the 200Hz resonance decreased
by 5dB, it split into two resonances that
later reformed into one!

The satellite front panel had a signifi-
cant resonance at 400Hz (Fig. 83). How-
ever, a 4%” x %” hardwood dowel
braced between the front and the back
panel and just above the woofer damps
the resonance by 10dB (Fig. 84).

HARMONIC DISTORTION

I used Liberty Audiosuite to measure har-
monic distortion. To test the woofer, |
placed it out in the driveway more than

compared to 15° horizontally off-axis.
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FIGURE 69: The satellite’s measured on-axis SPL response FIGURE 72: The satellite’s measured on-axis SPL response

compared to 30° above tweeter.
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FIGURE 70: The satellite’s measured on-axis SPL response FIGURE 73: The satellite’s measured on-axis SPL response
compared to 30° and 45° horizontally off-axis. compared to 15° below tweeter.
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compared to 15° above tweeter.

FIGURE 71: The satellite’s measured on-axis SPL response

FIGURE 74: The satellite’s measured on-axis SPL response
compared to 30° below tweeter. 1
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20’ from the workshop,
and positioned the mi-
crophone at a distance
of 1m on-axis with the
woofer, which was
tested between 20Hz
and 250Hz with 38W
of input.

Figure 85 shows the
total harmonic distor-
tion (THD) of the
woofer with 38W. The
THD remains below
10% until 30Hz, where
it begins to climb rapid-
ly until it reaches 100%
by 20Hz. However,
with the XVR-1 in place
(Fig. 86), the THD is
considerably curtailed,
since it reaches only
25% at 20Hz. Since out-
put below 35Hz is
dominated by the vent,
a larger vent would
probably result in a
lower figure.

I then measured
THD for the sub-
woofer and satellite at
16W out to 20kHz at a
99dB level. Above
100Hz, distortion re-
mains below 2% for
the most part (Fig.
87). Figure 88 shows
second- and third-har-
monic distortion. The
tweeter and woofer
have more second-har-
monic products, while
the midbass has more
third harmonics.

I then switched to a
gated measurement by
placing the subwoofer
and satellite on a 7’
stand and positioning
the microphone at a
distance of 2m on-axis
with the tweeter. Be-
cause of the gating, I
made the measurement
from 300Hz. With 16W
of input, the satellite’s
THD was mostly below
1%, with occasional
peaks above 2% (Fig.
89). Second- and third-
harmonic distortion is
shown in Fig. 90.

The woofer’s and
satellite’s step re-
sponse (Fig. 91) shows

/
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FIGURE 75: Comparison of system SPL with woofer

“hooked up” in-phase and reverse-phase.
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FIGURE 76: Comparison of midbass and woofer SPL re-

sponses and system SPL response.

FIGURE 77: Cumulative spectral-decay plot of system
measured at Im.
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FIGURE 78: Cumulative spectral-decay plot

of woofer
cabinet without bracing and without active crossover.
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the time delay caused by the physical
differences in the drivers as well as the
delay caused by the higher-order
crossover. The midbass lags the tweeter
by about 275ps. Since the measured
physical time delay was 63ps, this sug:
gests the crossover adds more than
200ys of delay.

The broad dip of the woofer, which is
between 2 and 4ms, shows that it is con-
nected reverse-phase. Measured group
delay (Fig. 92) shows that the midbass
lags the tweeter by 200-250us.

Finally, I measured the satellites’ re-
sponse with their grilles in place and
compared that to their response without

grilles (Fig. 93). As you would expect,
the 0.75”-thick grille causes the response
to vary by plus or minus 2dB except at
3kHz, where it causes a 7dB cancellation.

THE SATELLITE ENCLOSURE
Using a fly cutter on a 16” drill press, cut
a 3%” hole for the Scan-Speak 2905/9300
315" down from the top and centered 4”
from each side of the Woodstyle WS602
cabinet. The hole for the Morel MW 142
is 41%6” in diameter, up 3%se” from the
bottom of the cabinet, and centered 4”
from each side of the cabinet. See Fig. 94
for details.

With a rabbeting bit, cut a ¥%"-wide by

vs”-deep rabbet along the face of the
tweeter and midbass holes. The tweeter
will sit flush; the midbass will be up just
slightly, but since its edge is slightly ra-
diused, it will look okay. The Woodstyle
cabinets are already painted a glossy
black, but the rabbeting will leave an un-
finished edge. I like a clean look, so 1
masked off the rest of the cabinet and
sprayed the front with flat black latex
enamel.

Drill 74" holes for the input cups.
Madisound supplies a GB-Cup input
panel with gold-plated binding posts.
The Woodstyle cabinets come with
holes for the input cups. Solder the con-

Ta60.0na

FIGURE 79: Cumulative spectral-decay plot of woofer cabinet
without bracing but with active crossover.

FIGURE 82: Cumulative spectral-decay plot of woofer cabinet
with two '»” hardwood dowels and without active crossover.

FIGURE 80: Cumulative spectral-decay plot of woofer cabi-
net with U-shaped brace and without active crossover.

FIGURE 83: Cumulative spectral-decay plot of satellite cabinet
without bracing and without active crossover.

T=60.4ne

FIGURE 81: Cumulative spectral-decay plot of woofer cabinet
with U-shaped brace and with active crossover.

FIGURE 84: Cumulative spectral-decay plot of satellite cabinet
with front-to-back %" dowel and without active crossover.

36 Speaker Builder 3/00



L Distortion
Total Harmonic Distortion
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FIGURE 85: Ground-plane measurement of unfiltered woofer's
total harmonic distortion at 1m with 38W.
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FIGURE 89: Gated measurement of system’s total harmonic
distortion at 1m with 16W with active “rumble” filter.

Distortion
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FIGURE 86: Ground-plane measurement of woofer’s total har-
monic distortion at 1m with 38W with active “rumble” filter.
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FIGURE 90: Gated measurement of system’s second- and third-
harmonic distortion at 1m with 16W with active “rumble” filter.
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FIGURE 87: Ground-plane measurement of system'’s total har-
monic distortion at 1m with 16W with active “rumble” filter.
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FIGURE 91: System step response measured at 2m on 7’
stand.

FIGURE 88: Ground-plane measurement of system’s second-
and third-harmonic distortion at 1m with 16W with active
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FIGURE 92: System group delay measured at 2m on 7’ stand.

“rumble” filter.
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to make sure the 3”
ABS pipe fits snugly in

the hole (Fig. 95).
The ports for the

M22WR are made out

B , ' “ | of black 3” ABS pipe
BT ~ = [ * and are supposed to be
| -1 - T 11" 16%” long; however,
[ I £4 HH ! HHEE 41 1. | since the cabinet is

shallow, only 8%”

deep, I used a 90° long-

-
1"1&

I o * Trewuency £ 18K

| FIGURE 93: Net changes to SPL caused by grille frame.

-108
[

sweep elbow. Don’t
confuse it with the

shorter elbow, which,

necting wires to the binding posts, mak-
ing sure you get the correct polarity
with the wire color or marking. and at-
tach the cups with four #06, 3" screws. (1
would get them from Madisound or
Meniscus when you order drivers and
Crossover parts.)

To help damp front-panel resonances,
install a 434" x 12” hardwood dowel be-
tween the front and back panel just
above the woofer. I damped the cabinets
by placing 90 grams of Acousta-Stuf
evenly into the enclosure.

THE SUBWOOFER ENCLOSURE

Center the 73"-diameter hole for the Vifa
M22WR 6” from either side and 6” down
from the top of the cabinet. I again used
my fly cutter on the 16” drill press.

The hole for the port is centered 67
from each side and 3%” up from the bot-
tom on the front of the cabinet. It is
33164", just Yesd” less than 3'2. 1 suggest
you drill some test holes in scrap wood

because of its abrupt-
ness, will produce more disturbances to
the air flow through the port.

For the front piece that sits flush with
the face of the cabinet, cut a 2%” piece
of 3”7 ABS, using a 6” band saw if avail-
able. Then lay a sheet of 100-grit sandpa-
per on a flat surface and run the 2%”
picce over it to smooth the cut surface;
follow that procedure with 230-grit.
Since this edge of the port will be flush
with the front baffle, it would be nice to
have it smooth. Bevel the other end of
the picce lightly with a medium file to
make it easier to push into a hole.

Installing the port is fairly straightfor-
ward, but I recommend you try inserting
the 23%” piece only 3” into the front baf-
fle, then bringing the elbow up from in-
side the cabinet. Tap the 233" piece
down just 35" so the bottom is flush with
the inside of the front panel. Then, hold-
ing the elbow up to the 2%” piece, tap
the top of it until it goes into the elbow
and is flush with the cabinet front; I used

- 8 -
- 4 -
)
31/2
Sca_+;nspeak A
Hote' 3.126"
) 12
/ // \\\\
| + '
|\ MorelMWia2 |/
Hole: 4 11116" 31/2

FIGURE 94: Satellite construction
details.

12

Vifa M22WR '

Hole: 7.375"
Brace: 105" x 15"

Hole: 33184°

FIGURE 95: Woofer construction
details.

a little three-in-one oil to keep the pieces
from binding.

FITTING THE PORT

The pipes fit tightly, but I recommend a
little wood glue or instant glue to fill the
seams. For a nice cosmetic touch, I used
a %" rounding-over bit in a hand-held
router along the inside edge of the port.
The tiny flare probably has minimal im-
pact on the airflow. I actually ordered a
pair of flared ports but found they were
an odd dimension (2'27), and 1 couldn’t
find a suitable ¢lbow at the hardware
store. Anyway, an ¢lbow probably de-
feats the purpose of a flared port, which
is to optimize airflow.

Calculating the correct length for the
port is a problem because of the elbow. [
averaged the length of the long side of
the port with the short end to come up
with 6%”. Since the front picce is 2%”
and you need 16%” to tune the cabinet
to 32.5Hz, cut the second piece to 7%”. 1

TABLE 1
PARTS LIST

2 Scan-Speak D2905/9300, 1” tweeter,
from Meniscus

2 Morel MW142, 5” midbass, from Meniscus

2 Vifa M22WR, 8” woofer, from Meniscus

2 Woodstyle WS803, .88ft* cabinet, clear finish,
from Madisound

2 Woodstyle WS602, .189ft* cabinet, clear finish,
from Madisound

4 GB cup, input panel, from Madisound

1 Sheet of 1” open cell foam for damping,
hardware store

1 Acousta-Stuf, 1 Ib, Mahogany Sound

1 3” black ABS plumbing pipe (usually 8"
length), hardware store

2 90°, long-sweep, elbow, 3” ABS plumbing
pipe, hardware store

24  #6 x 34" black screws, from Meniscus

12 #8 x 1” black screws, from Meniscus

1 Roll of foam weather-stripping tape,

from Meniscus

1 8’ of 16-gauge wire, red/black jacket,
from Parts Express

CROSSOVER PARTS (FROM MENISCUS)

2 L1, 1.0mH, 16 ga, .11€2, 500W,
Quantum super ferite

2 C1, 9.0uF, 250V, 5%, Solen

2 R1, 7Q, 15W, 5%, wirewound sand filled

2 C2, 22uF, 100V, 10%, nonpolar electrolytic

2 C3,6.2uF, 250V, 5%, Solen

2 C3, 1.0uF, 250V, 5%, Solen

2 C3, 0.22uF, 250V, 5%, Solen

2 L2, .3mH, 16 ga, .23€2, 500W, air-core

2 C4,12.0uF, 250V, 5%, Solen

2 C4, 2.0uF, 250V, 5%, Solen

2 C5, 3.01F, 250V, 5%, Solen

4 R2,56Q, 10W, 2%, Lynx

2 R3, 10€2, 10W, 2%, Lynx

2 R3, 1Q, 10W, 2%, Lynx

Note: C3, C4, and R2 are paralleled to produce the
specified value

ELECTRONIC CROSSOVER

XVR-1, from Audio Arts
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took several impedance measurements
to verify the correct length.

Install a 10'2" x 1'2” x 34" brace on the
inside of the front panel. It should have
the %” face connected to the front panel
for stiffness. A healthy amount of yellow
glue and two C-clamps do the trick.
Then glue into place two 634" x 112" x
34" braces onto each side panel, forming
a U-shaped brace that stiffens each side
and the front panel.

Linc the cabinet with 1”7 open-cell
foam; I purchased a 30” x 72” sheet
from Eagle Hardware for $12. If you size
the picces properly, they should hold
themselves in place; for example, the
picce that covers the top pancl should
be held up by the pieces that cover the
sides.

Photo 2 shaws the speaker system on
my Load Jockey 350, a manual forklift
commonly used by the air-conditioning
installation industry to install ducts
Hence, they are commonly called “duct”

PHOTO 2: Subwoofer/satellite system on
Load Jockey 350.

American Bass VFL Cast Woofers

e Dual voice coil on a
3" high strength black
anodized aluminum ) -
former. = :

¢ Dual 2Q nominal
voice coil windings
of large gauge copper
clad aluminum wire.
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¢ Dual mirror image
spiders to maintain
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coil alignment during ,
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» Symmetrical magnetic field and hyper extended pole piece.
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/‘\ i
American Bass @i
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lifts. It has a 350 Ib capacity and a lift
range of 37 to 7.

Photo 3 shows the LMS M-31 micro-
phone mounted at the end of a %7 x 30”
aluminum tube attached to the top of a

PHOTO 3: LMS M-31 mike cn homemade
mike stand.

stand I made from a telescoping exten-
sion pole that is commonly used for do-
mestic cleaning and often found in hard-
ware stores. The mike stand can extend
from 6’ to 12’ in height.

CROSSOVER CONSTRUCTION TIPS
Since the satellite enclosures are relative-
ly small, I installed the crossover parts for
the tweeter and the mid-bass on separate
vs” plywood boards, the midbass section
measuring 3.5” x 4” and the tweeter sec-
tion 3.5” x 6" (Figs. 96 and 97). [ soldered
the parts to terminal strips attached to
the plywood with '4” screws, and tied
the inductors into place with some cop-
per magnet wire, since I've found that
plastic ties fail after a few years. I also
glued the capacitors and resistors with
hot-melt glue to minimize vibration ef-
fects. Place the crossover boards on the
sides of the speaker and hold them in
place with two %" wood screws.

To minimize inductor coupling, posi-
tion the coils as shown in the diagrams
and orient the boards as indicated.

Since the speakers are too small to ac-
commodate an electric drill, I fashioned
a hand drill out of some scrap wood and
a couple of drill-stop collars (Fig. 98). |
drilled a %" hole in the wood block to
hold the bit while 1 twirled it with the
stop collars.

I built the XVR-1 as a kit. Since I've
had some experience over the years
with electronic Kits, it took about four
hours to complete. It was relatively easy
to build, and except for the oscillation
caused by R8 and R9, has worked flaw-
lessly for over a year.

LISTENING TESTS

Hooking up a biamped system requires a
little more work and concentration than
normal. First of all, you must remember
to reverse the phase to the woofer,
which 1 did at the speaker-input panel.
Then you need to make sure you proper-
ly connect the XVR-1 to the preamp and
then connect it to each power amp. Fi-
nally, each power amp must be connect-
ed to the satellite or subwoofer.

My system is composed of a Van Al-
stine Transcendence Series Two pre-
amp, a pair of Van Alstine MOSFET 120D
power amps, and a Van Alstine FET 3 CD
player. While not the most expensive or
highly touted, Van Alstine equipment is
wisely engineered, ruggedly built, and
reasonably priced, producing very musi-
cal and enjoyable sound.

I must admit being pleasantly sur-
prised by the sound of the Menehune
MX-1. Since I had experience with the
prototype, 1 expected this system to be
similar, but while the bass is the same,
it’s clear that the new satellite drivers are
superior. Highs are smoother, and there
is much more detail. They re-create the
musical experience more realistically.

This project has proved to me that de-
signing loudspeakers requires both engi-
neering and art. With solid engineering
techniques, you can optimize power
handling, low-frequency extension, dis-
persion, system impedance, and
crossover phasing. Driver and cabinet
resonances can be measured and treat-
ed, or avoided. Power response and on-
axis frequency response can be
smoothed and flattened. Engineering, at
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TABLE 2

MEASUREMENT EQUIPMENT
AND CAD SOFTWARE USED

Liberty Audiosuite (LAUD) from Liberty Instruments

Loudspeaker Measurement System (LMS) from
LinearX

Loudspeaker Enclosure Analysis Program (LEAP)
from LinearX

least, can strive to eliminate the measur-
able problems.

When all the engineering is complet-
ed, it becomes a matter of art as to
whether or not the loudspeaker pro-
duces music. After all, no measurement
made using LMS or LAUD or LEAP sim-
ulation could have told me that the
Scan-Speak D2905/Morel MW 142 com-
bination would sound better than the
Morel MDT30/Vifa P13 pair. Overall it
is the best system I've put together and
is certainly befitting of its Hawaiian
namesake. >
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219-931-5406

(actually, contact your local air-conditioning
equipment wholesaler)
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Designed by Menno Vanderveen,
these impedance matching toroidal
transformers utilize the same
technology as PLITRON's acclaimed
wide bandwidth toroidal output

Primary DC Resistance 0.1 ohms 0.1 ohms
Secondary DC Resistance 190 ohms 273 chms

transformers for tube amplifiers.
7
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Stap-up Rado 1:50 175 | Piitron has supplied toroidai vansformers to
Power, Nominal 80 wats 80 watts ’ high-end equipment manufasturers.
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w’.m'"'m A o5 MANUFACTURING INC
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Eleckostatic Speaker Cap.  10nF 10F - A
ResonarceFrog, oo 3152k 2520k | 8,601 Magnetic Drive
Q factor 0.601 0642 | Toronto, Ontario, Canada M3J 3J
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Accuracy, Stability, Repeatability

Will your microphones be accurate tomorrow?

Next Week? Next Year? After baking them in the car???
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

Tel: (650) 595-8588  FAX: (650) 591-2891  e-mail acopac@acopacific.com

ACOustics Begins With ACO™
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Product Review

JASPER CIRCLE CUTTER

Jasper Circle Jig Model 200 for cutting
circles, mortises, and arcs with a plunge
router. $49.95 plus shipping. Jasper
Audio, 3612 Mangum Rd. #101, Hous-
ton, TX 77092, 713-681-9912, FAX 713-
681-0576, E-mail jaspera@flash.net, Web
site www jasperaudio.com.

CUTTING CIRCLES THE OLD WAY
Speaker building requires a router,
which is indispensable for flush trim-
ming, contouring, and circle cutting. For
years | have used a Porter Cable #690
router for these operations. For cutting
circles [ used the Porter Cable Magic Cir-
cle and Edge guide, which was quick to
set up and easy to adjust. But it had its
drawbacks.

To set the radius, 1 first measured the
distance from the guide pin to the bit.
For cutting an inside circle, I measured
from the outside of the bit to the center
of the guide pin. For an outside circle, 1
measured to the inside of the bit. Next |
set the cutting depth to only about %e”
for the first test cut. (This was because |
wasn't sure that the diameter would be
correct. In fact, [ usually drew the circle
in place to make it obvious when I made
a big mistake.)

After measuring the actual diameter
cut by the router, | fine-tuned the radius
again. I also checked the depth of cut,
then set the depth gauge to match. Only
when [ was confident of the diameter
and depth would I continue with the ac-
tual routing of the circle. Even then,
things could change without notice; for
example, the thumbscrews could loosen
and change the radius.

Since the router was suspended
above the circle guide a little, the cut-
ting depth might not be consistent. I de-
veloped the technique of swinging the

ABOUT THE AUTHOR

Philip Bamberg is an electrical/mechanical engineer

and president of Bamberg Engineering Sound Lab, a
high-end loudspeaker development and consulting
company.

Reviewed by Philip E. Bamberg

guide around the hole, and not the
router itself. Otherwise, the depth
might be too deep. Needless to say, |
also always cut holes starting from the
backside of the piece.

ENTER THE JASPER JIG

Always on the lookout for a better
mousetrap, I decided to give the Jasper
Jig a try. Here is why it is so much better
than my previous circle guide:

1. The large jig plate bolts onto the bot-
tom of the router base. No more
“springy” depth uncertainty.

2. All the circle diameters are marked
on the bottom of the plate. What you
see is what you get. No more measur-
ing the radius to the bit, and no more
test cuts required. You may not be able
to obtain a diameter to Va” accuracy,
but you'll find that every %6” diameter
is more than sufficient.

I decided to try the jig with a Black &
Decker 4" collet router that was not get-
ting much use. Because the plate holes
are calibrated for a %” diameter router
bit. I bought a new 4" spiral bit for $18.
Now this old %" collet B&D router was
not looking so useless after all!

The Jasper Jig fits many different
routers, but the B&D, unfortunately, is
not one of them. Undaunted, 1 decided
to adapt the plate to the bottom of its
base anyway. By studying the pattern of
the mounting holes while rotating the
plate around the router base, I discov-
ered a combination of two holes that
match the threaded holes in the base, yet

still keep the plate centered. I screwed
the plate in place at these two holes,
then verified that the collet was perfectly
centered to the plate by measuring.
Once 1 was satisfied that this would
work, I marked, punched, drilled, and
tapped the third mounting hole into the
router base.

Note that Jasper only recommends
using its jig on routers for which they
have an existing mounting-hole pattern,
and only for plunge routers. Having ¢x-
perience with the Porter Cable guide, 1
was willing to trv the Jasper jig on my
non-plunge router and adapt it to its
base. And the results were good.

TEST DRIVE

Although [ usually have someone else
cut all my cabinets for me, [ still need to
cut circles for woofer test boxes and for
other custom speaker cabinets. The first
cuts I made were for a few test boxes for
measuring T/S parameters with the delta-
compliance method.

Did you know that Black & Decker
also makes two other indispensable
tools for speaker building? These are
their cordless screwdriver and Work-
mate. First I secured the medium-density
fiberboard (MDF) panel in the Work-
mate and drilled the %7 center hole. (It
is best to drill this hole with a drill press,
because the guide pin fits the accurate
and perpendicular holes in the jig plate
perfectly. If the centering hole through
the material is not exactly perpendicu-
lar, the guide pin will bind in the plate
or may wobble out the plate hole. A
hand drill with bailt-in bubble is a viable
alternative.)

I set the cutting depth to one-third the
thickness of the material. Next I pushed
the guide pin into the appropriate hole
marked for the circle diameter. I made
sure the pin stuck out from the plate
more than the bit did.

Finally, I turned on the router and
eased the guide pin into the hole in the
panel. From there it was just a matter of
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swinging the router around to cut the
circle. Near the end of the cut, I main-
tained a slight twisting backpressure
against the router back to ensure that the
bit cut into the scrap disc piece instead
of the work piece. Once the disc was
free, 1 ground off the little nub that re-
mained where the bit began and ended
around the circle.

Lately, I set the final cutting depth to
leave a wafer-thin amount of material,
thus holding the scrap disc in place. (if
I'm careful, I dial-down the final cutting
depth while the router is running, be-
cause the depth is set by a rack and pin-
ion.) Then I just break out the disc and
touch up the hole with sandpaper.

THE JASPER MANUAL

This is the same method 1 use for the
Porter Cable guide, but is not recom-
mended by Jasper when using a plunge
router. Jasper’s 10-page instruction man-
ual explicitly describes how to secure
the work piece with double-sided car-
pet tape against a large scrap piece of
MDF that is ready to accept the guide
pin. Next, the manual explains how to
calculate the proper pivot-hole selec-
tion, including if mortising (flush
mounting) will be required. Finally, it
describes the procedure to switch on
the router and plunge it into the work
to route the circle.

Obviously, the Jasper-recommended
method features much more control and
safety. But for test-box holes or other less
critical jobs, my quick-and-dirty method
works fine.

For those who wonder whether V6”
increments in circle diameter are suffi-
cient for accuracy, let me assure you
they are. The excellent Jasper manual
provides a terrific example of routing in
the cuts for flush-mounting a 104.5mm
diameter Scan-Speak tweeter.

First, convert the flange diameter to
English units. Next choose a mortising
bit of 1.25” diameter. The manual deter-
mined that the 34" pivot-hole circle pro-
vides clearance for the tweeter flange,
but by only 0.005” all around the flange.
The 3%s6” pivot hole yields 0.037” clear-
ance all around, which is realistically bet-
ter for tolerances, paint buildup, and so
on. For typical woofer holes, tolerance is
even less of an issue.

You are reminded to consider the
compressed gasket thickness when set-
ting the mortise depth. The manual even
describes in detail how to make clear-
ance cut for the asymmetrical piece that
protects the tweeter’s terminals. Finally,
the Appendix describes how to calcu-

late the pivot hole for router bits other
than %4”.

There is no reason for you not to leave
the Jasper jig on the router most of the
time, even for non-circle routing opera-
tions. I found that the large flat base can
even help with some special jobs such as
when you need to route on a minimum-
size baffle that already has driver holes
and rounded edges. There is not much
flat surface left from which to guide the
router without tipping. The large over-
hanging Jasper base just gives you anoth-
er means of control during these precari-
ous operations.

Since the pivot holes are all silk-
screened onto the upper side and pro-
tected with a durable coat of paint, there
is no risk of them ever wearing off. Some
users may complain that they cannot see
the pivot holes from the topside. This is
a minor inconvenience compared to the
prospect of the silk-screening wearing
off over time.

I found it helpful to put a small piece
of masking tape on the jig’s upper side,
next to the selected pivot hole. With a
pen mark pointing to the correct hole, |
can leave the guide pin in the work, but
not make a fundamental mistake when
starting to cut the circle.

All in all, the Jasper jig simplifies one
of the most common operations re-
quired for building speakers, while other
guides make this procedure tricky. With
the time you save and the accuracy you
gain, you'll regard Jasper’s jig a required
tool for your collection.

Manufacturer’s response:

The Jasper Circle Jig Model 200 was designed
specifically to make speaker cutouts. The jig
mounts to 20 different models of plunge
routers, including Porter Cable 7539, 693, 7529,
DeWalt 621, 625, Skil 1823, 1835, Bosch 1613,
1615, Hitachi M8V, TR12, M12V, all Sears,
Ryobi, Makita, and Freud plunge routers.

The jig was designed for use with plunge
routers. We do not recommend using a non-
plunged router with this product. The Model
200 is manufactured on a CNC machine to in-
sure that the router mounting holes and the
array of pivot hole are located precisely with re-
spect to each other. The accuracy of the jig re-
lies on precise location of the router mounting
holes and the pivot holes.

Jasper Audio would like to thank Mr. Bamberg
for taking time to write this article. <)

Bill Jasper
Jasper Audio
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SB Mailbox

SHAPING UP

I was very pleased with the presentation
of my article “Determining Optimum
Box Dimensions” (SB 2/00, p. 42). I wish
to thank you for adding the excellent
sidebar concerning the Golden Ratio in
mathematics. I am very glad you includ-
ed it with the article.

In the past, I have hesitated to include
any information that may discourage ama-
teurs from attempting to use information
in my articles. I feared (perhaps unfound-
ed) that they would quickly determine
the material was too technical for them
to follow. Apparently | was mistaken.

I also enjoyed G.L. Augspurger’s Part 1
article Transmission Lines Updated (p.
24) and look forward to the second part

Powerful, versatile,
affordable, multi-function
loudspeaker test system

]

} 7 A il it }/

Liberty Instruments, Inc.
www libinst.com
Phone/Fax: (513) 755-0252

P.O. Box 1454, West Chester, OH 45071 USA

Reader Service #67

of this excellent series. He has made a
full-blown research operation on trans-
mission lines.

The Danish Delight article by Paul L.
Kittinger was also very interesting. I have
been in contact with Peter van Vegchel in
the Netherlands, who has a pair of unique
folded horns, which he built for himself
and for a dealer who wished to use them
to demonstrate his vacuum tube ampli-
fiers. He was gracious enough to send me
a couple of photographs of his horns,
which are indeed beautiful. (They may be
seen at “Amateur/DIY horns and sys-
tems”.) Construction involved consider-
able bandsawing and sanding.

1 was reminded of my early days build-
ing 18-foot Chris-Craft utility boats in
Caruthersville, MO. I worked in the
woodmill and usually ran a dual-head
shaper. 1 also built jigs and fixtures for
the shapers.

Shaping would be the ideal way to ac-
complish many operations in speaker
building, especially such units as Mr. Fitz-
maurice’s Snail horns. Even the Danish
Delight would be considerably easier to
construct by making more use of a spin-
die shaper. Please keep up the good
work at Speaker Builder!

Louis C. McClure, Sr.
Van Buren, AR

DEBATING SPEAKER
DESIGN

I'd like to make a few comments with re-
spect to Mark Wheeler’s series (“Navigat-
ing Speaker Design,” SB 6-8/99), as |
have investigated many of these same is-
sues myself. I'll take them in turn.

First, I agree with Mr. Wheeler that
there’s little sense in purchasing a driver
without a substantial amount of pub-
lished specifications, including Thiele/
Small parameters, frequency response,
and impedance curves. It's too easy and
inexpensive to make such measurements
for any legitimate manufacturer not to
provide this type of information! My ex-

perience is that manufacturer’s pub-
lished data is at least reasonably accurate
and serves as a good starting point for a
design.

I believe that the reason companies
such as Madisound continue to play a
large role in our market, as opposed to
companies such as McGee Radio (now
defunct for ten years, but at one time the
biggest speaker wholesaler in the coun-
try), is largely because of the quantity
and quality of information they supplied
to customers. Madisound has always pro-
vided as much information as it could.
McGee starved its customers of informa-
tion and went out of business. Personal-
ly, I'm glad that the marketplace reward-
ed Madisound for its way of thinking.

Anyway, the focus of Mr. Wheeler’s
discussion is resolution, dynamics, and
their relationship to the parameter
Gamma “acceleration factor.” I have
studied this myself and would like to re-
late it also to his comments about cone
materials.

Initially I thought the same about ac-
celeration factor. However, further study
has shown me that “resolution and dy-
namics” better correlate to other factors.
Let me explain.

I spent about three years designing
drivers at Jensen, and had plenty of time
to experiment with a myriad of driver de-
sign variables. I have some different inter-
pretations of Wheeler’s experiments.
Gamma = BL/Mmd, or motor strength per
applied current divided by moving mass.
And it is correctly described as “the rate
at which the drive unit’s moving parts
can accelerate when a given signal is ap-
plied to the voice coil.” However, 1 dis-
agree in interpreting its correlation to a
driver’s accuracy in following a signal.

“Resolution” is a very subjective
term, but I relate it to three measurable
characteristics:

1. Extended high-frequency response

2. Accurate impulse response with ab-
sence of “ringing”

3. Absence of distortion
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For a driver operating in its passband
(above resonance and below its upper
high-frequency limit), acceleration is es-
sentially constant with frequency. In an
ideal piston driver, it is exactly constant
with frequency. So Gamma is related to
sensitivity, not resolution. Empirically,
you can measure acceleration with an ac-
celerometer or calculate it based on SPL
and surface area. Simply put, Gamma is
not directly related to any of these three
characteristics.

Mr. Wheeler compares two speakers
with the same cone, chassis and magnet
parts, but different Gamma parameters
(due to different voice coils). He reports
one driver sounded more detailed, more
transparent, more dynamic, and hypoth-
esizes that the higher Gamma results in
the differences.

However, I believe this is because the
lower-Gamma driver had a longer voice
coil with more inductance, and attenuat-
ed high-frequency response compared to
the other. A difference of only 1-2dB in
the upper octave or two of this driver
would certainly explain what was heard
in the comparison. I firmly believe that
most verifiable differences between
audio components are differences in fre-
quency response.

The motor system contributes to a
speaker’s performance in three ways:

1. It determines the sensitivity of the
driver, as well as the intertwined Thiele/
Small parameters.

2. It determines the excursion limits
Xmax) and nonlinearity (distortion dur-
ing long excursions).

3. It affects midrange distortion due to
magnetic saturation of the pole piece as
voice-coil current fluctuates. (“Copper
Caps” and “Magnetic Shorting Rings,”
often found on more expensive drivers,
are designed to combat this. When used,
they also extend high-frequency re-
sponse by as much as an octave by re-
ducing voice-coil inductance.) Gamma
affects only item #1.

My own experience indicates that by
far the greatest determinant of a speak-
er’s “signature” is its cone and moving
parts, and their collective resonances.

At high frequencies, a speaker cone
does not move as a piston, but rather
sound waves propagate from the center
to the edge. A speaker’s response and
impulse response are mostly affected by
how effectively the wave is absorbed by
the surround when it gets to the edge of
the cone. The more the wave is reflect-
ed back into the cone, the more fre-

quency/impulse response problems
(and, subjectively, “resolution” prob-
lems) there will be.

I should add that the cone material per
se has little to do with this. I've done con-
siderable experimentation with many
paper, plastic, and metal cones. You can’t
categorically say that Kevlar is better than
paper, for example, or that paper is bet-
ter than metal. Let me explain why:

1. All of these materials are dramatical-
ly different from each other.

2. How well they serve as speaker
cones depends entirely on how well
matched they are to the surround, as
well as the cone and surround geometry.
The whole system is an interdependent,
complex equation.

3. Saying that “Polypropylene cones
are best” is like saying that “Italian
women make the best wives.” I think
we'd all agree that the perfect wife de-
pends very, very heavily on the husband
she’s married to!

There is no “perfect husband” or “per-
fect wife.” There are only good matches.
(To be specific, good husbands and
wives adapt to each other and become
good matches.)

And likewise, there are no “perfect” or
“ideal” cone materials. There are only
characteristics that designers specifically
choose to start with, then they tweak
and refine their designs until the various
parts are “married” together successfully.

Cone and surround material differ-
ences really boil down to a few basic
physical parameters:

¢ Density

¢ Young’s modulus (an inverse measure
of elasticity)

e Linearity of elasticity (which is elusive
tO measure)

¢ Internal losses and damping

In a good driver, the impedance of the
surround and cone are sufficiently well
matched to provide very smooth re-
sponse from resonance all the way to
2-3 octaves above the “piston” range of
the driver. And such a driver will have
excellent “resolution” regardless of the
moving mass or BL of the motor.

Finally, as for matching drivers to one
anoth