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KIkBER KABLE 
Revealing the Nature of M it s i c . 

Since 1979. KIMBER KABLE has manufactured the worlds finest and most accurate audio cables. 

Today we manufacture over a hundred types of cable for playback, recording & sound reinforcement systems. 

Each and every model is thoroughly research and engineered to deliver the highest possible fidelity. 

Discover the profound difference KIMBER KABLE can make in your system. 

2752 South 1900 West • Ogden Utah 84401 • 801-621-5530 fax 801 -627-6980 • www.kimber.com 

the art of connection 

best sounding, connectors on the market. 

NEW! WBT Spade connectors 
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Cardan SuCSp a^d feurr-

M agiereJ b*. Sian Kicker 

The Canias Frequency Sweep and Burn-in Record 

is a unique tuning tool for system set-up, 

diagnostics and maintenance. It was produced by 

George Cardas and mastered by Stan Ricker. The 

"Sweeper", in addition to the standard tones, 

includes relative and absolute polarity checks, 

vocal channel identification and frequency sweeps 

that ultrasonically clean the cartridge stylus and 

degauss the entire system. And, locked, pink noise 

grooves that repeat endlessly, blank plateaus, even 

a sync label to check platter speed. All on a 180 

gram pressing with a smiling Stan cover. 

* 
Cardas Audio Ltd. • 480 Eleventh Street, South East • Bandon, Oregon 97411 

Voice: 541.347.2484 • Fax: 541.347.2301 • eMail: sweeper@cardas.com • URL: http://www.cardas.com 
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■ DIY HOME THEATER 
Sonance has introduced five HomeTech 
entry-level, peak-performing, in-wall 
speaker systems that you may easily 
install yourself. Choose from the HT1-2, 
HT2-2, HT3-2, HT1R-2, or the HTB1-2. 
The product line includes indoor and 
outdoor in-wall/in-ceiling speakers and 
accessories, and offers you an easy-to-
understand solution that features specially 
designed flex brackets, durable 

Good News 
■ NEW BEAU 

Thomas Transducers has adopted the name Beauhom (rhymes with “blow-horn”) for its 
Virtuoso horn speakers and its Obligato single-ended Class-A valve amplifier. You may recall 
that the company was forced to relinquish its established brand name Bravura last year to avoid 
a potentially costly dispute. Thomas Transducers, Songlines, 14 Acre Lane, Three Oaks, 
Hastings TN35 4NB, United Kingdom, (+44) 1424 813888, FAX (+44) 1424 812755. 

construction, and superior fit and finish, 
according to the company. Sonance, 961 
Calle Negocio, San Clemente, CA 92673, 
(714) 492-7777, FAX (714) 366-6468. 

Reader Service #138 

■ HI-FI CONES 

Tang Band’s NWF series of paper cones were 
developed for hi-fi speaker applications. Made 
from natural wooden fiber, they are intended 
to overcome the consistency problem of 
traditional paper cones and keep the paper 
sound quality. Advantages include light 
weight, high stiffness, and good damping 
properties. Tang Band Industries Co., Ltd., 
4F, No. 8, Alley 23, Lane 91, Sec. 1, Nei Hu Rd., 
Taipei, Taiwan, R.O.C., (+886) 2-26570282, 
FAX (+886) 2-26580166, E-mail 
infotb @ mail.tangband.com.tw, Website 
http://www.tangband.com.tw. 
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■ CROSS-COUNTRY MOVE 
True Audio has moved all its 
operations from Escondido, 
CA, to 387 Duncan Lane, 
Andersonville, TN 37705, 
Voice/FAX (423) 494-3388. 

C COAXIAL ENCLOSURE 
The 115FM floor monitor from 
L-ACOUSTICS is an active two-
way enclosure featuring advanced 
coaxial technology and high output. 
Designed for touring, it is a dual¬ 
position monitor constructed from 
Baltic birch plywood, offering near 
(35°) and longer (55°) throw 
capability, with 4-pin Neutrik 
speakon connections directly 
accessible in both positions. It was 

Full Range of Reliable’s Film 
Capacitors for Audio & Video 

• AudioCap™ 
• MultiCap™ 
• Exotica™ 

Film & Foil 
Metalized Polypropylene 

High Capacitance for Speakers 
High Voltage for Tubes & Power Supplies 

.001 - 100 microfarads 
100 - 2400 volts 

For Catalog, Contact 
Finch & Marsh 

Auaio Agents for Reliable 

Tel: (530) 885-6809 
Fax:(530) 823-0156 
Please visit our website 
www.capacitors.com 
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developed to be used with the 
L-ACOUSTIC 115FM, an analog 
controller that provides consistent 
and safe operation through the use 
of an active sense return from the 
amplifier outputs. Cox Audio 
Engineering, 10741 Sherman Way, 
#7, Sun Valley, CA 91352, (818) 
503-1550, FAX (818) 503-1553, 
E-mail Coxaudio@aol.com, Website 
http://www.coxaudio.com. 
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■ COLLECTION OF CATALOGS 
McNeelys latest catalog includes an array of 
square-drive screws, drill bits, measuring and 
marking tools, cabinet hardware, sanding 
supplies, and much more. McFeely’s Square 
Drive Screws, 1620 Wythe Rd., PO Box 11169, 
Lynchburg, VA 24506-1169, (800) 443-7937, 
FAX (800) 847-7136. 

In Mouser’s most recent catalog, you’ll find 
wire and cable, resistors, capacitors, speakers, 
power supplies, cabinets, kits, and more. 
Mouser Electronics, (800) 346-6873, Website 
http://www mouser.com. 

Audio Advisor’s catalog features speaker 
cables, home-theater processors and speak¬ 
ers, speaker stands, and many other products 
for your audio needs. Audio Advisor, (800) 
942-0220. 

Finally, Crutchfield’s latest catalog includes a 
selection of speakers, VCRs, DVD players, 
subwoofers, and more. Crutchfield, 1 Crutchfield 
Park, Charlottesville, VA 22911-9097, (800) 
955-3000, Website www.crutchfield.com. 
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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: 

Image Communications 

NEW! NEW! 

iKRQDiqn QL1 a m I 
AUDIO ENGINEERING. INC. -

® Electro-Voice New - From sPain

NEW - Hot From BrazilJ_ t ( |beyma| | 
mi vin ▼ i y 1 g / 

A Katy Company 

5235 West 65th Street, Unit D 
Bedford Park, Illinois 60638 
1-708-563-4950 ♦ 1-800-552-1639 
FAX 1-708-563-4956 
E-Mail: Dave_Armon@woodsind.com 

^FerroSound 

A Katy Company 

Amphenol 
( Formerly Alcatel Components) 

® 

WALD0M AUDIO 

IllVoods 
A Katy Company 

In the world of sound, Image Communications continues to supply quality, high 
performance audio to professional and custom installers and sound contractors. We 
continue to strive to be your key supplier with affordable pr cing, impeccable response 
time and orders shipped within 48 hours of confirmation. Call us for a free catalog today! 



New Product From 
Speaker City, U.S.A. 

The Focal 7KT 
Focal of France, one of the worlds leading 

manufactures of high quality speaker 
components today, has introduced their new 
line of raw frame speaker components. From 
this, Speaker City, U.S.A, has collaborated 

with Kimon Bellas at Focal U.S.A, to produce 
a great sounding monitor system. 

Designed using Clio and SpeakEasy, this kit 
offers state of the art components, dynamic 
output performance, and superior sonic 

characteristics. 

Spécifications 

Impedance: 4 ohms nominal 
Freq. Resp.: 45-25KHz 
Sensitivity: 91 dB 1w/1m 

Woofer: 7K4211DB, Slot Ported 
Tweeter: TC120Tdx2 

Crossover: 12dB/oct. @ 2KHz 

$349.95 each 
Assembled 

Speaker City USA 115 S. Victory Blvd 
Burbank, CA 91502 

Voice 818-846-9921 Fax 818-846-1009 
www.speakercity.com 

Hours: Mon.-Sat. 10am-6pm/pst, Closed Sun. 
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The peculiar evil of silencing the expression of 
an opinion is, that it is robbing the human race; 

posterity as well as the existing generation; 
those who dissent from the opinion, 
still more than those who hold it. 

John Stuart Mill 
Speaker Builder is published 

eight times a year in the interest of 
high-quality audio reproduction. 

LEGAL NOTICE 
Each design published in Speaker Builder is the intellectual property of its 
author and is offered to readers for their personal use only. Any commercial 

use of such ideas or designs without prior written permission is an infringe¬ 

ment of the copyright protection of the work of each contributing author. 

SUBSCRIPTION/CUSTOMER SERVICE INQUIRIES 
A one year subscription costs $32. Canada please add 
$8. Overseas rate is $52 per year. 

To subscribe, renew or change address write to the Circu¬ 
lation Department (PO Box 876, Peterborough. NH 
034580876) or telephone (603) 924-9464 or FAX (603) 
924-9467 for MC/Visa/Discover charge card orders. E-
niail: custserv@audioXpress.com. 

For gift subscriptions please include gift recipient’s name 
and your own. with remittance. A gift card will be sent. 

EDITORIAL INQUIRIES 
Send editorial correspondence and manuscripts to 
Speaker Builder, Editorial Dept., PO Box 876. Peterbor¬ 
ough. NH 03458-0876. E-mail: editorial@audioX-
press.com. No responsibility is assumed for unsolicited 
manuscripts. Include a self-addressed envelope with re¬ 
turn postage. The staff will not answer technical 
queries by telephone. 

ADVERTISING RATES 8 SCHEDULES 
Contact Advertising Department. Speaker Builder. PO 
Box 876, Peterborough. NH 03458. 603-924-7292. FAX 
603-924-9467, E-mail advertising@audioXpress.com. 

Printed in the USA. Copyright © 1998 by 
Audio Amateur Corporation 

All rights reserved. 

About This Issue 

Musician and speaker designer Bill 
Fitzmaurice just keeps gliding along 
(albeit quite slowly) with his Snail se¬ 
ries. His latest horn design, entitled 
MiniSnail, proves that you don’t need to 
sacrifice good sound with a small de¬ 
sign. This PA system not only is a 
crowd-pleaser, but is also easy to trans¬ 
port to your next live performance 
(“The MiniSnail," p. 8). 

The ravages of time take a toll on 
everyone and everything, including 
speakers, which are susceptible to the 
deadly disease foam rot. David Kelley 
and P.-T. Ho offer a remedy for your 
ailing speaker (“Saving Aging Foam 
Cone Surrounds," p. 16). 

Frequent contributor and noted 
speaker expert G.R. Koonce offers a 
different approach to passive crossover 
development. Crossover modeling takes 
the tedium and drudgery out of this 
time-intensive process (“Modeling for 
Designing Passive Crossovers,” p. 20). 

In his two-part series, French author 
B. Lamy picks up where he left off with 
the construction of the innards, design¬ 
ing and assembling the box, and testing 
this sleek-looking 4-way unit with a 
servo-controlled sub ("The Force,” 
P- 32). 

In this issue’s “Kit Review” (p. 50), 
Thomas Perazella does a thorough job 
of reviewing ACI’s Titan subwoofer. 
He assembles the kit, constructs an en¬ 
closure to house the unit, and provides 
acoustic measurements. 

Happy New Year 
From The Staff Of 
Speaker Builder! 

Speaker Builder (US USSN 0199-7920) is published every 
six weeks (eight times a year), at S32 per year, S58 for two 
years; Canada add S8 per year: overseas rates S50 one 
year, S90 two years; by Audio Amateur Corporation, Ed¬ 
ward T. Dell, Jr., President, at 305 Union Street, PO Box 
876, Peterborough. NH 03458-0876. Periodicals postage 
paid at Petertxirough, NH and an additional mailing office. 

POSTMASTER: 
Send address change to: 

Speaker Builder, 305 Union Street 
Peterborough, NH 03458-0876 
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THE MINISNAIL 
By Bill Fitzmaurice 

The Snail series of folded horns (SB 
6/97, 3/98, and 4/98) has shown that 
you can obtain high efficiency and 

wide bandwidth from modestly sized cabi¬ 
nets. My latest project, the MiniSnail 
(Photo 7), is intended to demonstrate how 
small a folded-horn cabinet you can con¬ 
struct that will still outperform similarly 
sized “traditional” designs. 

I intended to build a small PA system for 
small venues that do not require running the 
bass, keyboards, or kick drums through the 
PA; a cabinet attuned primarily to the vocal 
range, 100Hz-15kHz, would be sufficient. 
However, to overcome the high SPLs of the 
stage amps, it would require high sensitivity 
in excess of lOOdB/W. At the same time, 
small size, light weight, and low cost would 
also be desirable. Could a very small Snail 
design do the job? 

BIG LITTLE SNAIL 
In fact, the MiniSnail has powerhouse per¬ 
formance in a pint-sized package. Not 
much more than 2ft3 in volume, and 
weighing only 28 lb, this diminutive 
blockbuster will easily handle small-club 
( 100 seats or less) requirements. 

This cabinet utilizes an eight-inch 
woofer from Carvin, model PS-8, which 
has a two-inch voice coil and is rated at 
200W. (Carvin drivers appear to be OEM 
units sourced from Eminence, and have 
excellent price/performance ratios.) I used 
two “twin bullet” Motorola #KSN1177 
piezo tweeters for the main high-frequency 
duties, and a Motorola #KSN1167A single 
“bullet” is mounted on one cabinet side to 
eliminate the usual high-frequency “dead 
spot” directly in front of the band. 
I mounted the twin-bullet drivers vertical¬ 
ly, since testing showed that their horizon¬ 
tal dispersion is wider when they are 
so aligned. 

The PS-8’s Thiele/Small (T/S) specs are 
an fs of 80Hz, a QTS of 0.37, a VAS of 
0.43ft3, and an SPL of 94dB/W. T/S theo¬ 
ry predicts a maximum flat response from 
a box of 0.37ft3, tuned to 82Hz, with a 
resulting f3 of 84Hz. With a sensitivity of 
94dB, it has an average output capacity, 
with 100W input, of about 114dB at Im— 

plenty for a living room, but about 6dB shy 
of that which a live performance requires. 

On the other hand, once it’s mounted 
inside the MiniSnail folded horn, the aver¬ 
age sensitivity jumps to over 102dB (Fig. 
7), which allows it to reach the required out¬ 
put levels. (I took these measurements with 
the cabinet on a stand 7' 
high, where it normally 
would be placed for 
proper dispersion. When 
it’s on either the floor or 
a platform, such as a 
stage, the response 
below 150Hz is on aver¬ 
age 4dB higher.) 

While the box fre¬ 
quency as built would be 
about 80Hz. the imped¬ 
ance graph (Fig. 7) 
shows that the horn¬ 
loading of the box-vent 
output lowers the box 
frequency to about 
60Hz, which extends the 

driver’s f3 down to 60Hz as well. The fh (a 
term I coined to denote the comer frequency 
of the horn) is noted by the impedance dip 
at 130Hz, above which the cabinet sensitivi¬ 
ty rises dramatically. 

SMALLER IS BETTER 
Why use an 8" woofer instead of a 10" or 
12"? Because the increases in sensitivity that 
horn loading provides make a larger woofer 
unnecessary by allowing better midrange 
response while keeping cabinet size, weight, 
and cost down. An 8" woofer also permits 
using a small cabinet that still has three 
“bends” of the horn, maximizing the horn’s 
length, and thus its sensitivity. 

However, more bends in the horn also 
cause high-frequency attenuation. To 
counter the attenuation effect of three horn 
bends, the throat has both an oval-shaped 
hole in the baffle, and a curved throat reflec¬ 
tor. The result is effective loading of the 
driver all the way up to 3kHz. (I consider 
that the effective loading of the driver at 
high frequencies ceases when the cabinet no 
longer has a sensitivity greater than that of 
the driver mounted on a flat baffle.) 

The listed piezo tweeters have a nominal 
low-end cutoff of 3.5kHz, which results in a 
response dip in the range from 1.5-3kHz. 
This dip is intentional, since my experience 
has shown that I must always roll off my 
equalization (EQ) no less than 6dB at 
2.5kHz to control feedback. By having a 

20 40 60 80 100 200 300 500 700 900 1A 2 5k 4k 6k 8k 10k 20k 

Hz 

FIGURE I : Impedance graph. 
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natural response dip at this point, 1 need less 
of an EQ reduction. This would be most 
beneficial to those who do not have either a 
graphic EQ or a sweepable mid EQ, which 
are often not available on inexpensive PA 
consoles. (If you desire a flat response 
curve, there are Motorola units available 
that work down to 1.8kHz.) 

For comparison’s sake, I tested the 
response of a typical commercial small PA 
unit, the Yamaha S112H. With a 12" 
woofer and dynamic horn tweeter, this 
cabinet performs well— better than the 
MiniSnail below 130Hz. However, that is a 
moot point for vocals, which don’t extend 
much below 120Hz. From 150Hz-lkHz, 
the MiniSnail is much more powerful than 
the Yamaha. At the high end, the dynamic 
tweeter of the Yamaha dies abruptly above 
10kHz. while the MiniSnail’s piezos cruise 
happily along to well above 20kHz. 

In side-by-side testing in live perfor¬ 
mance, the MiniSnail simply sounds better 
and is definitely louder. While the Yamaha 
is about the same size as the MiniSnail, its 
larger woofer and particleboard construc¬ 
tion bring its weight to 50 lb—nearly twice 
as much as the MiniSnail. The average cost 
of a speaker similar to the SI 12H ranges 
from $150-$3(X), while you can build the 
MiniSnail for as little as $100 per unit, 
depending on the materials and finish used. 

I built my MiniSnails using Vz plywood 
for all parts except the horn panels, which 
are %" plywood. You could use cheaper 
waferboard instead of the 1/z" plywood, 
though it is harder to work with. Also possi¬ 
ble are %" plywood, particleboard, or MDF, 
but the self-bracing Snail design does not 

FIGURE 2: Side view of MiniSnail. 

PHOTO 2: Creating the brace patterns. 

require heavy panels to 
eliminate vibration; all 
you’d gain would be 
more weight and addi¬ 
tional cost. You fasten 
all joints with construc¬ 
tion adhesive and dry¬ 
wall screws piloted and 
deeply countersunk to 
allow chamfering of 
the finished cabinet 
edges. Use either 1" or 
I1/«" screws, the shorter 
size where necessary 
to prevent penetrating 
exterior walls. 

FIRST STEPS 
As in all the Snails, the 
first step is to make the 
patterns for the horn 
braces. Once you have 
cut the original pattern 

TABLE 1 

PARTS LIST 

Note that all part sizes are nominal, depending on the actual material used for con¬ 
struction, and relate to the materials suggested in the text for each part. The part 
numbers (1-16) refer to the circled identifying labels on Figs. 2 and 3. 

I.Top 
2. Bottom 

3. Baffle 
4. Rear horn brace 

5. Front horn brace 
6. Rear horn plate 

7. Front horn plate 

8. Front panel 
9. Sides 
10. Upper reflector 
11. Lower reflector 

12. Lower reflector b'aces 

13. Duct 
14. Back 

15. Throat wings 
16. Reflector cap 

12"x13%" 

12"x13H" 
11 X10 % 
8" X17" (see text) 
10"x9"(seetext) 

11"x15%" 

11"xH%" 
irxiv/z 

2316" x 1316" 
10 ’Ye" 4" PVC pipe (quartered lengthwise) 
10 W'x 814" (4" or 6" plastic drainage pipe) 

5"x5" 
3" PVC pipe, 4" long 

12" x 2416" 

6"x3%" 
6"x316" 

PS-8 driver available from Carvin, (800) 854-2235, at approximately $50. Motorola 

drivers available from various sources, including Radio Shack. 

from plywood, you can trace and cut copies 
from %" plywood or %" or %" stock. If you 
are making two or more cabinets, remem¬ 
ber to trace and cut enough braces before 
you discard the pattern. 

The patterns for the rear braces and back 

FIGURE 3:Topview. 

brace are cut from a piece of plywood mea¬ 
suring at least 8" x 17". Parallel to that 
piece's longer edge, draw a line Vz from 
the right edge, and on it mark a point 216" 
from the end, followed by points every 2" 
down the line, for a total of nine (Fig. 2). 
Through all nine points, draw lines perpen¬ 
dicular to the edge. On these lines, mark off 
the following distances to the left of the 
original nine points, starting with the first 
point you marked: 214", 25/ie", 21/z", 2%", 
31/ie", 3%", 3%", 4Yie" and 5". 

Into each of those points drive a 4d or 6d 
nail. Rip a sliver of %" plywood about 1/z" 
wide and at least 18" long, and pull that 
sliver tight along the inside (the left side) 
of the curve formed by the nails, securing 
it in place with additional nails (Photo 2). 
Now trace lines along both sides of the 
sliver, and remove the sliver and the nails. 
With either a bandsaw or jigsaw, cut the 
pattern along both lines. The part contain¬ 
ing the original measuring points is the 
back brace. Cut away the selvage from this 
above and below the first and last lines 

Speaker Builder 8/98 9 



PHOT O 3: Tracing the brace locations. PHOTO 5: Tracing the baffle hole. 

PHOTO 4: Cutting the PVC pipe. 

POSITIONING THE 
PARTS 
The parts list (Table I) 
identifies by number 
(1-16) the parts discussed 
below and shown on Figs. 
2 and 3. 

Mark one cabinet side 
with the positions of all 
parts. From the top rear of 
the panel, mark a point 2" 
down and 216" in from the 
back, and mark another 
point 516" up from the bot¬ 
tom and 5" in from the 
back. Mark a further point 
on the front edge of the 
panel, 11" down from the 
top. These points delineate 

marking the tracing points, and make a 
duplicate of this pattern, one for each cabi¬ 
net you intend to build. 

Label the remaining portion of this pattern 
piece “rear horn brace.” and put it aside. The 
pattern for "front horn brace" is cut from a 
piece of 16" plywood measuring 10" x 10". 
As before, starting 16" from the right edge, 
mark a point, followed by other points every 
2", for a total of five, with one additional 
point 16" from the fifth mark. Again, through 
each point draw lines at right angles to the 
edge. Parallel to the board edge and 16" in. 
draw another line. From that line, sequential¬ 
ly from right to left, mark points on the per¬ 
pendicular lines at 0". I W, 2 %". 3%", 5%", 
and 616". 

Drive nails into the points, again securing 
the tracing sliver against the inside of the 
curve of nails, tracing the sliver’s curve, and 
cutting the two pieces thus formed. The 
“inner piece” is the front horn brace, the 
outer a cast-off you can use to trace parts 
locations on the cabinet sides. On the front 
horn-brace, draw a line 116" inside the first, 
marking the actual brace pattern, which you 
now trim to width. Trim the rear horn brace 
in similar fashion. 

the locations of the rear and front horn 
plates, and you use them to place the pattern 
pieces on the panel and trace their positions. 

There will be a %" gap between the lines 
marked by the back brace and rear horn 
brace; likewise between the lines traced 
from the front horn brace and the cast-off 
piece. From the horn plate to the cabinet’s 
top edge, draw a vertical line 16" in from the 
front edge. This denotes the position of the 
cabinet front. Mark a point on that line 4" 
down from the top of the panel, and draw a 
line from that point to the point at the top¬ 
most end of horn plate 1. This denotes the 
top edge of the baffle; a line parallel to it 
and 16" down marks the baffle's lower edge. 
Now mark the second side of the cabinet in 
mirror image to the first. 

Place the horn braces on the side piece, 
marking their intersections with the baffle, 
the front piece, and each other, and trim¬ 
ming off the excess (Photo 3). Each cabi¬ 
net will have three sets of braces, one set 
having an overlapping joint where the 
braces meet, and the other two having butt 
joints. Keeping this in mind, make from 
the patterns as many braces as you will 
need (if you anticipate building more 

cabinets in the future, as I do, save the 
original braces). 

Cut a section of 4" PVC pipe (the heavy, 
14"-wall type) about 6" long, with one end 
cut off at a 45° angle. You can do this best 
on a table saw, clamping the pipe to a miter 
gauge with an extended plywood fence 
(Photo 4). Cut the baffle to size, tracing the 
driver location on it. Using the cut section of 
PVC, trace an ellipse, centered on the driver 
location, on the inside of the PVC (Photo 5). 
Cut out this oval, and chamfer the edges of 
the hole to a 14" radius using a router with a 
%" round bit. 

ACCESS-PANEL PLACEMENT 
Choose one of the cabinet’s sides as the site 
of the “side door” access panel, whose loca-
ton is bordered by the inner edges of the 
baffle and the front, and by a line drawn 
midway between the inner and outer edges 
of the baffle braces. Cut out this panel 
with a jig-saw, and Io each other attach 

PHOTO 6: Beginning construction. 
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Swans /hz kit Loudspeaker 
with room friendly performance 

The Swans M2 is a floorstanding model 
that features several technological 
achievements and sound quality dis¬ 
tinctions. 
The speaker system is a two-way bass¬ 
reflex design with MTM driver configu¬ 
ration. The front baffle is very narrow 
with rounded edges to reduce cabinet 
diffraction for better clarity and imaging. 
The internal panels and corner rein¬ 
forcement bars substantially suppress 
unwanted cabinet vibrations. The bot¬ 
tom part of the cabinet is sealed and 
can be filled with sand or lead shot for 
better stability and further performance 
improvement. A port is mounted on the 
rear panel. 
The drivers used n the Swans M2 rep¬ 
resent a new high performance design 
from Hi-Vi Research. The 5-inch 
paper/Kevlar cone bass-midrange has 
a rubber surround, cast aluminum 
frame and a magnetically shielded 
motor system. This driver utilizes a cen¬ 
tral phase plug to avoid air compres¬ 
sion, improving frequency response 
and dispersion. The extremely rigid 
cone is hand coated with a special 
dampening compound to further maxi¬ 
mize its performance. The cone is cou¬ 
pled to a selected grade rubber sur¬ 
round, this provides break-up free oper¬ 
ation and very low distortion even at 
high power levels. These key features 

greatly contribute to the Swans M2's clear transparent sound and 
effortless dynamic performance. Swans M2 delivers amazing bass 
without runing in “doub'ing" or Doppler distortion problems. 
The tweeter is a high-tech planar isodynamic design that employs 
Neodymium magnets and extremely light Kapton® film, with flat alu¬ 
minum conductors. 
The vibrating element of the tweeter is almost weightless in compari¬ 
son to a conventional dome driver. This unit provides an immediate 
and precise response to any transients in original signal, and gives 
the Swans M2 an exceptional ability to reveal the true dynamics of 
instruments with a complex high frequency spectrum. 
The crossover is a second order Linkwitz-Riley type resulting in an in-
phase connection of the drive units. The crossover frequency 
between the two drivers is 3.3 kHz and only high quality polypropy¬ 
lene capacitors are used. Each filter has it's own dedicated board 
mounted on a special rubber interface to reduce vibrations and micro-
phonic phenomenon. The filter boards are spaced inside the loud¬ 
speaker with the inductors positioned at right angles to minimize the 
interaction. 
Swans M2 provide very even acoustic power dispersion. The impor¬ 
tant horizontal early reflections that create spatial impression and add 
to the overall presentation have the same even spectral balance as 
the direct sound, these are crucial features of a good loudspeaker. 
On the contrary, the vertical dispersion is well controlled in the 
midrange and high frequency domain in a 15° arc symmetrically to the 
reference axis. While 15° create adequate room for adjusting a lis¬ 
tening position, the floor and ceiling reflections are well down in ampli¬ 
tude. This feature greatly contributes to the clarity of sound and imag¬ 
ing of the system. 
Swans M2 kit includes: 
- 4x F5 paper/Kevlar bass-midrange drivers. 
- 2x RT1C isodynamic tweeters with sealing gaskets. 
- 2x dedicated tweeter crossovers, 
- 2x dedicated bass-midrange crossovers. 
- two ports and two Swans logos, 
- two pairs of heavy-duty gold plated terminals. 
Cabinets are not included. 
For those who are interested in a home theater set up, the instructions 
and parts for correspondent central channel speaker are available. 
The drawings of the cabinet shown here represent general dimen¬ 
sions required for optimum bass performance. Rounded corners are 
advisable as they improve imaging and clarity. Actual finish and 
appearance is a matter of personal taste. The system should be 
installed on adjustable spikes and slightly tilted back to aim tweeter 
axis at listening position. 
Retail price: USS 530.00 ( delivered ) 
Delivery in US within 4-6 days. 
Warranty 3 years, 30 days money back guarantee. 

SWANS 
SPEAKER SYSTEMS 

The step beyond the limits 

RT1C Tweeter F5 Bass-midrange Filter 

0.62 mH (ok) 

2 20 

ACOUSTIC TECHNOLOGY 
INTERNATIONAL INC. 

15 WEST PEARCE STREET UNIT 2Ä3. 
RICHMOND HILL 

ONTARIO L4B 1H6 CANADA 
Tel: (905)-M9-7876 Fax. (905J-889-3653 

www.dulcet.com 

SPECIFICATIONS 
Frequency response 
(1m,half space) 
Sensitivity, 1W/1m 
(100Hz-8kHz averaged) 
Nominal impedance 
Harmonic distortion 

53Hz-20kHz_±2.5dB 

87.5 dB 

4 ohms 
THD less than 1% 

80W nominal, 
150W music 
920x190x230 mm 
361/4x71/2x9 inches 

At 90dB SPL, 100Hz-10kHz, 1m 
Power handling 

Dimensions.HxWxD 
(without spikes) 

Amplifier requirements: 
30W recommended minimum. 



the baffle, the front, and one set of horn 
braces (Photo 6). 

Attach the second side to this assembly. 
Cut the two throat wings somewhat higher 

PHOTO 8: Trimming the reflector-cap 
height 

than necessary (you’ll trim them later). One 
end of each of these requires a 65° angle, 
which is difficult to cut, since table saws 
adjust only up to 45°; so cut at 45° and belt¬ 
sand some material off to achieve a reason¬ 
able fit. Install them on the baffle, using lib¬ 
eral amounts of adhesive to fill the joints 
between them and the cabinet sides (Fig. 3). 

You can cut the 4" PVC throat reflector 
most easily by screwing a piece of PVC 
whose end you have trimmed to 45° directly 
to a panel-cutting jig on a table saw (Photo 
7). When cut, use it to trace the oval cut on 
the reflector cap. You cannot screw the 
reflector in place, so use a hot-melt glue gun 
to attach it to the baffle/wing assembly, and 

the reflector cap to it, using the hot-melt as 
caulking to fill all gaps. 

Place a straight piece of %" plywood or 
%" stock across the cabinet top, and use a 

router and mortising bit to level the 
tops of the throat wings and reflector 
cap (Photo 8). Attach a set of horn 
braces to the second side, and tem¬ 
porarily set the driver in place. Mark 
the remaining horn brace 1 to trim off 
enough material so it will clear the 
driver frame, and then attach the brace 
set to the baffle, to the front, and to 
each other with an overlapping joint 
(Photo 9). 

Now screw and glue the rear horn 
plate to the assembly, using long 
clamps to pull the pieces into place. 
To give the front horn plate some¬ 
thing substantial to attach to at either 
end, fasten scraps of plywood 
or stock, about V/z" wide, to 

both the lower flange of the rear horn 
plate and the front, sanded to fit the 
contour of the horn braces (Photo 
10). Attach the front horn plate to the 
assembly. After the glue has set, use a 
belt or disc sander to true and cham¬ 
fer all the joints between the horn 
plates themselves, and between them 
and the front and the baffle. 

INSTALLING THE DRIVER 
Cut strips of 1 14"-wide plywood or 
stock to size to complete the flange 
on the access door, already partially 
formed by the horn braces. Attach 
these strips to the front and the baffle, 
with the joints between all the flange 
pieces caulked with glue for a tight 
seal. Drill a 14" hole through the rear 
horn plate and run the speaker 
wire through it, caulking it with hot-
melt glue. 

Place the access door in position, 
drilling pilots for screws every four 
inches or so. Install the driver, wire it, 
rim the access flange 
with weather stripping, 
and screw the access 
panel in place. Now feed 
the cabinet with a fairly 
strong low-frequency 
signal, listening and feel¬ 
ing for leaks in the cabi¬ 
net, and sealing them 
with hot-melt glue. 
When you’ve verified 
that the cabinet is air¬ 
tight. remove the access 
door and driver. 

Now attach the top and 
bottom pieces, followed 
by the upper and lower 

horn reflectors. The upper reflector is cut 
from 4" PVC, which you can easily quarter 
on a table saw by temporarily screwing the 
pipe to a piece of plywood, using the rip 
fence on the saw and eliminating the natural 
tendency of the PVC to roll around while 
being cut. Be aware that the PVC has a ten¬ 
dency to close on the saw blade with the ini¬ 
tial cut (Photo 11). 

After you cut it to size, glue the upper 
reflector to the top, using hot-melt glue. Cut 
the lower reflector from a piece of 14"-wall 
soft plastic drainage pipe, either 4" or 6" 
diameter, 11" long by 814" measured around 
the pipe. You can easily soften the plastic to 
accommodate the required 5" radius by 
placing it in a large pot of boiling water for 
a few minutes. Cut the lower reflector 
braces from either plywood or stock, and 
glue and screw them to the cabinet bottom. 

PHOTO 9: Ready to attach the horn plates. 

PHOTO 1 0: Rear horn plate installed. 

PHOTO 7: Cutting the throat reflector. 
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THE AUDIO HOBBYIST’S DEFINITIVE PARTS SOURCE 

Order your FREE copy of 
The Parts Connection’s 
Catalog ■ Volume 4 
& BreadBoard Supplement! 
The Parts Connection’s Catalog - Volume 4 & Summer ‘98 BreadBoard “Clearance” 
Supplement are here, packed with our regular selection of high quality component 
parts, tubes, wire and cable, connectors, audio books, capacitors, resistors and more. 
As well, we have added dozens of new products and expanded existing product lines on 
100+ pages. To order your FREE copy of The Parts Connection’s Catalog Vol. 4 & 
BreadBoard, please Call, Write, Fax, or E-mail us at the address and numbers listed 
below. 
The TPC Catalog Volume 4 features new products from: 
Assemblage • Sanyo - Oscon • Nichicon Muse • Blackgate • Jensen • Audio Cap • 
Exotica Cap Elna • Valve Art • Western Electric • AWT • Tesla • Tatema • 
Ei & many more! 

The Breadboard is the Parts Connection’s FREE Bulletin for 
News, Specials, Overstock & Clearance Items! 
Published Quarterly, this issue features clearance items from 
Draloric, Roderstein, Panasonic, Solen, Philips, Siemens, 
Gold Aero, RAM, Ruby Tubes, Golden Dragon, Sovtek and 
many, many more. Nearly 1200 different parts in all. Prices 
discounted from 25% to 78%. 

10th Anniversary Specials 

»pa r 

THEPARTS 
CONNECTION 

Serving Speaker Builders Since 1988. 
The Parts Connection has been providing Speaker Builders with the highest quality audiophile parts for more than 10 years. 
Below is a small sample of our 1000’s of available products: 

MusiCap* © KINBERKABLE - ]udio(ap CADDOCK r»“““* ,, nickicon PRISMA SOLEN 

NOBLE fótica InfiniOap GOBRlz /HultiCap DH LABS Vampira oudioquest Discovery 

Toll Free Order Line 1-800-769-0747 |0.S.8 Canada onlyl * VISA 

2790 Brighton Road, Oakville, Ontario, Canada L6H 5T4 

(905) 829-5388 TPC@sonicfrontiers.com 

(905) 829-5858 

http://www.sonicfrontiers.com/TPC 
THE PARTS ' 
CONNECTION 

SONIC FOONTll«« INTBRNATIONAl. 



PHOTO 11:4" PVC quartered lengthwise. 

PHOTO I 2: Ready to attach the back. 

Glue the reflector to the 
cabinet bottom with hot-melt 
glue, augmented with screws 
every two inches. (I’ve found 
that 1M > steel framing screws, 
available from most lumber¬ 
yards, are ideal for this 
application.) Likewise, glue 
and screw the reflector to the 
braces. To do this, place a 
piece of scrap plywood across 
the cabinet back, and use 
clamps to pull the plastic in 
place against it, holding it 
securely for about half an hour 
until the glue sets. (This is 
longer than usual, since 
the heated plastic will keep 
the glue from setting at a 
normal rate.) 

BRACING THE BACK 
Next, attach the back brace, 
first cutting away any areas 
that might hit either the top or 
bottom reflectors. Glue it in 
place with hot-melt, using a 
board across the back to 
ensure proper alignment. At 
one side of the back brace, cut 
into the horn plate a 3'/a" hole 
for the duct, which is 3" PVC 
pipe, cut 4" long and secured 
in place with hot-melt glue 
(Photo 12). Fasten the back in 
place, using plenty of adhesive 
to fill all possible gaps, as well 
as 7/i6" screws to pull the 
lower reflector tightly against 
the back from the inside. 

Cut holes into the front 
panel for the tweeters (Fig. 4), 
and a hole on the side (or 
through the access door) for 
the side-firing tweeter. As¬ 
suming you are making two 
cabinets, one for each side of 

PHOTO I 3: A tight squeeze. 

the stage, “mirror-image” 
the side-firing tweeters to 
cover the area directly in 
front of the stage not cov¬ 
ered by the main tweet¬ 
ers. Also decide on a 
location for your jack of 
choice and drill or cut the 
appropriately sized hole 
for it. 

As previously noted, 
the tweeters have a low-
end cutoff at 3.5kHz. 
You may wish to use 
a different model. Motor¬ 
ola’s KSN1165A, which 
works down to 1.8kHz. If 

14 Speaker Builder 8/98 

•-12 :-» 

—• 2 in' h«— —2 1/2" •— 

8 1/2" 
«-2 1/4 " TYP. • 

1 
4 7/8" TVP. 

FIGURE 4: Front view. 

so, you will need five per cabinet, since the 
“twin bullets” used on my original are actu¬ 
ally two drive units on a single frame; you 
will need four KSN1165As to replace two 
“twin bullets.” 

Apply the finish at this point, be it paint, 
Formica®, carpet, or whatever. Line all the 
walls of the driver chamber with acoustic 
foam, and install the drivers (because of its 
light weight, I used screws on the woofer 
rather than tee-nuts and bolts). Carpet-cover¬ 
ing the cabinet will act as a gasket for the 
tweeters; otherwise, you must gasket them 
with weatherstripping for an airtight seal. 
Solder the speaker wire to the jack and to the 
woofer, and wire the tweeters together in 
daisy-chain fashion, making sure to maintain 
the polarities. 

The drivers are close enough together 
inside the chamber so that you may solder 
the 4Í2 resistor directly to the positive lead 
of the woofer on one end and to the positive 
lead of the tweeters on the other; connect 
the negative leads with a piece of wire 
(Photo 13). 

Finally, attach handles and protective cor¬ 
ners as desired, and a stand “tophat” bracket 
if you plan on stand-mounting your cabinets 
(Photo 14), and screw the access panel 
in place. 

SPEAKER PRESENCE 
When you set up your system, you’ll find 
these speakers have much lower-midrange 
presence than traditional cabinets that strive 
for flat response. Cut EQ at 25O-3OOHz to 
eliminate “muddy” response, and boost at 

Say You Saw It In 

Sneaker Builder! 



PHOTO 14: Finished MiniSnail on tripod stand. 

100Hz for a more “chesty” 
bass on male vocals. Below 
80Hz, pull the sliders all 
the way down, and engage 
the high-pass filters on 
the mike channels (if your 
board has them). 

Likewise, if your power amp 
has a high-pass filter, usually 
around 80-100Hz, engage 
it to avoid sending low-bass 
program to the speakers while 
conserving amp headroom. 
The cabinets’ uppermidrange 
“dip” froml.5-3kHz should 
help control feedback, while 
the very high sensitivity above 
5kHz means you’ll need far 
less treble boost to get a clean 
and “airy” high end. 

Aim the “twin bullets” at the 
farthest end of the room, and 
the side-mounted tweeter will 
eliminate the usual high-
frequency “dead spot” in front 
of the band. Finally, at the end 
of the night, enjoy the fact that 
you have only half the usual 
weight to deal with when 
lugging your cabs out to 
the truck. 

HEAR FOR YOURSELF 
The film capacitors chosen by 

EgglestonWorks, maker of the Andra, 
Stereophile's "Speaker of the Year." 

—H—e—V—-1—A—N— 

MusiCap ® 
"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. Silver-plated leads. Values 
from .01 to IQpF. Precision made in USA. 

To experience MusiCaps for yourself, contact: 
• Welborne Labs 3034706585 
• Madisound Speaker Components 608-831-3433 
• Tbe Parts Connection 800-769-0747 
• Michael Percy Audio Products 415669-7181 
• Handmade Electronics 610432-5732 
• J. Lefebvre & Associates 713-9884621 
• Anchor Cross Co .Tokyo, Japan 81-3-3203-5606 
• Wilmslow Audio. England 44-01455286603 
• Tang Hill International Ltd., Taiwan 8862-2-5813605 
• Hong Kong Bush. Hong Kong 852-25253227 
• Octave Electronics. West Malaysia 6057957959 
• American Audio Import. Netherlands 31-786510567 
• OEMs contact Hovland Company at : 

ph 209-9664377 • fax 209-9664632 

Reader Service »73 

SOLEN INC 

CALL TO ORDER THE 1998 SOLEN CROSSOVER 
COMPONENT CATALOG FOR $8.00 PACKAGED 
WITH THE COMPREHENSIVE 1 998 SOLEN 
SPEAKER DRIVER COMPONENTS CATALOG 

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

HARDWARE: 
POWER RESISTORS. 
L-PADS, CABLE. 
ABSORBING AND 
DAMPING MATERIALS, 
GOLD SPEAKER 
TERMINALS. GOLD 
BANANA PLUGS AND 
BINDING POSTS. GRILL 
FASTENERS. PORT 
TUBES AND TRIM 
RINGS, PAN HEAD 
SCREWS, SPIKES 
AND TEE NUTS WITH 
ALLEN HEAD BOLTS 
AND PLENTY MORE... 

SOLEN FAST CAPACITORS 
Fast Capacitors, Metalized Polypropylene 
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 
Values from .10 mH to 30 mH 
Wire Size from 1.3 mm (16AWG) to 2.6 mm (10 AWG) 7 Strands 

4470 Avenue Thibault 
St-Hubert, QC 
Canada J3Y 7T9 

CROSSOVER AND SPEAKER PARTS 
Metalized Polyester Capacitors, 1.0 pF to 47 pF, 160 VDC, Non Polar 
Electrolytic Capacitor, 22 pF to 330 pF, 100 VDC, Power Resistors 
10 W, 1.0 £2 to 82 £2, 8 £2 L-Pads plus all the hardware and supplies 
to complete any speaker project. 

Solen crossover components -
used by the most discriminating 
loudspeaker manufacturers. 

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) 

Tel: 450.656.2759 
Fax: 450.443.4949 

Email: solen@solen.ca 
WEB: http://www.solen.ca 

Reader Service »43 
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SAVING AGING FOAM 
CONE SURROUNDS 

By David L. Kelley and P.-T. Ho 

Long service eventually leads to cone¬ 
surround deterioration, often referred 
to as foam rot. The material shows 

such changes as loss of its original color and 
surface sheen, and a weak papery feel to the 
touch when you apply light pressure. In its 
final stages of deterioration, small holes 
begin to appear, followed by tearing that 
commonly occurs at the cone and frame 
junctions. 

Further use, particularly under large cone¬ 
excursion conditions, renders the driver use¬ 
less, since the surround cannot perform any 
of its design functions. It is a painful experi¬ 
ence to remove the speaker grille and dis¬ 
cover your driver’s surround is a mass of 
rents and fragments (Photo /). 

FINDING REPLACEMENTS 
For many drivers, you can purchase new 
surrounds to replace the originals, which 
works well if the replacement has the proper 
dimensions for the driver and its original 
surround, and if it is carefully installed. Ad¬ 
vertisements for replacement sources appear 
in audio periodicals such as Stereo Review 
and Audio. For those interested, we recom¬ 
mend “How to Replace Speaker Sur¬ 
rounds,’’ by Dennis Eichenberg (Stereo Re¬ 
view, June 1996, p. 69), which also identi¬ 
fies several sources for surround replace¬ 
ment kits. 

There are, however, outstanding older 
drivers for which these sources do not ap¬ 
pear to carry exact replacements. Moreover, 
some manufacturers will not supply them 
because of a policy not to maintain parts 
supplies after a driver has been replaced by 
a newer design, even if many of the origi¬ 
nal’s dimensions have been retained. 

For example, the original Dynaudio 
30W54 is a doped-pulp cone woofer with a 
foam, positive half-roll surround attached to 
the front face of the cone rim. Dynaudio 
gives its effective cone (piston) area (Sd) as 
400cm2. placing it just a little less than 
halfway between typical 10" and 12" driver¬ 
cone areas. Attempting to make do with an 
inexact replacement surround can not only 
necessitate meticulous trimming to make it 
fit the driver frame, but also face you with 
the difficulty of dealing with an improper 

PHOTO I: The original Dynaudio 21W54, 
a superb 8" driver, rendered useless from 
foam rot. Its surround had completely disinte¬ 
grated as a result of long use and exposure to 
high heat levels. Every piece of the surround 
had broken free at the cone and frame junc¬ 
tions and collected at the bottom of the grille 
frame. 

should offer low mass, durable flexibility, 
adequate adhesion, minimal shrinkage, easy 
application, and extremely low cost. The ma¬ 
terial we chose is an acrylic latex caulk con¬ 
taining silicone, named ALEX PLUS and 
manufactured by DAP in Dayton, Ohio. It 
comes in a number of colors, including our 
choice that applies white and dries clear. 
Being white upon application is useful in 
achieving uniform coatings, and drying clear 
allows you to retain the approximate original 
color, while the surface takes on an attrac¬ 
tive shine. It adheres well to the foam, but 
not to the plastic cone. The amount we used 
for a single application, front and rear, is 
very small. The manufacturer claims a dura¬ 
bility of 35 years for its recommended uses. 

APPLICATION INSTRUCTIONS 
The procedures are as follows: 

overlap of the cone rim. 
As an alternative to direct replacement, 

we offer a simple preventative method that 
essentially saves the damaged surround for 
continued use. The procedure this article de¬ 
scribes aims at completely coating the old 
surround so that its functions are transferred 
to the new flexible covering. 

DRIVER AND MATERIALS 
The driver we used in this investigation is a 
Dynaudio 30W54 in its PHA version, that 
is. a polymer/oxide formulation. It. like the 
original mentioned previously, has a foam, 
positive half-roll surround, but in this case 
attached to the rear face of the cone rim. Its 
frame appears to be exactly the same as that 
used in the original 30W54, each designed 
for front mounting. The Sd of 400cm2 is also 
retained. It has had normal in-home use for 
well over ten years and is clearly in its 
dotage. 

To superficial observation while still 
mounted on its enclosure, it did not appear 
to be torn, but upon removal, we found 
three tears at the cone-rim junction, the 
largest being about 1 'A" long, and hence re¬ 
quiring immediate treatment. This driver is 
still available, with a replacement cost in 
excess of $240. 

A material suitable for surround coating 

1. Remove the driver from its enclosure. 
2. With a soft brush, dust off the sur¬ 

round’s front and rear surfaces. If tears are 
evident, use great care! 

3. Place the driver on its magnet assem¬ 
bly, cone facing upward. 

4. If the suiTound is tom, very carefully 
reach a finger under the tom area and press 

PHOTO 2: The materials used are few. The 
brushes are artists brushes by Duncan, but 
this quality is not required. The plastic plugs 
are inserted into the frame’s mounting holes 
to elevate the frame and surround when the 
driver is facing down. 
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gently upward to inspect the tear’s length 
and resistance to further tearing. Mark the 
tear’s location on the driver’s frame, front 
and rear. 

5. Select a small brush with a long shaft 
and short, beveled, densely packed fibers. 
Coating the rear surface of the surround 
requires reaching into hard-to-reach 
spaces (Photo 2). 

6. Eject a small amount of caulk into a 
small, clear container and add a small 
amount of water to improve the flow when 
applied to the surround. Make sure it is 
evenly mixed with the caulk. 

7. Load the brush and gently apply the 
caulk along the tear, going beyond its ends. 

damental parameters. Those most likely to 
be affected are mechanical ones: moving 
mass, compliance, and mechanical resis¬ 
tance. We made standard measurements of 
the electrical impedance of the system 
using the delta-mass method. 

We used LinearX’s Loudspeaker Mea¬ 
surement System (LMS) and Loudspeaker 
Enclosure Analysis Program (LEAP). 
LMS provided a IkHz-lOHz sweep to 
measure electrical impedance. We made 
three series of measurements, one before the 
first coating, another 24 hours after the first 
coating, and a final series 24 hours after the 
second coating. 

Each series included the addition of 15g, 
Apply upward pressure to the underside of 
the tear to open it, and brush the caulk into 
the opening. For a long tear, stroke your fin¬ 
ger gently along it to move the opening 
along its length. You will feel the caulk 
on your finger as the material passes 
through the tear. Now, smooth the caulk 
over the entire length of the tear’s upper 
surface and beyond. Turn the driver 
over, and apply the caulk over and be¬ 
yond the tear from the rear. If more than 
one tear exists, repeat the process for 
each. 

Replace the driver on its magnet and 
allow it to dry overnight. Note that the 
30W54 has a cast magnesium frame with 
no front-attached mounting gasket. In 
such a case, you must elevate the frame 
avoid the coated surface touching the table 
top. Plastic plug inserts (Photo 2), which 
often come attached to drivers during ship¬ 
ment. can be used for this purpose. If these 

PHOTO 3: The finished product. Note the 
lack of mounting gasket. Also see the sheen 
of the coated surround. 

TABLE 1 

MECHANICAL PARAMETERS 

BEFORE AFTER AFTER 
COATING FIRST SECOND 

COATING COATING 
Mass(g) 51.1 50.8 51.3 
Cm (mm/Newton) 1.56 1.73 1.75 

Mechanical 2.30 2.22 2.34 

resistance (kg/s) 

Next day. hold the driver up to a bright 
light source and look for the tom locations 
from the rear. Because the coatings are now 
clear, light will pass through the original 
tears, so you can easily see them. Repeat 

20g, and 35g of mass. We determined that 
each coating weighed approximately 3g, 
and the amount of added water was less 
than 1g. 

We exported measured impedance 
data from LMS to LEAP, whose single¬ 
curve impedance-fitting program calcu¬ 
lated the free-air resonance frequencies, 
mechanical Q (Qms), and electrical Q 
(Qes). From the free-air resonance fre¬ 
quencies (fs) corresponding to different 
amounts of added mass, we calculated 
the driver’s moving mass (M) before 
coating, after the first coating, and after 
the second. We found that the values of 
the moving mass—calculated using the 
three different amounts of added mass— 

agree within 3% or less in all cases. We 
then calculated compliance Cm from 
l/[M(2nfs)2]. Finally, we calculated me¬ 
chanical resistance from 2nfsM/Qms . 

The values of these parameters are listed 

to 

the coating process once again and allow are not available, wooden lifts taped to the in Table I. You can see that—within the ac¬ 
table top will do as well. 

8. Examine the tears the next day, apply¬ 
ing pressure over the treated areas, to see 
whether the tear is secured. If all is well, 
begin the first complete application to both 
surfaces of the surround. Start application in 
one direction, brushing for approximately 
two to three inches; then return to the start-

for overnight drying. We have used as 
many as three coatings with satisfactory 
outcomes, but prefer just two. The choice is 
yours. 

9. When the procedure is completed, 
place the driver on its magnet and push the 
cone downward around its dust cap if it has 
one (Photo 3). As the cone moves up and 

curacy of a few percent of the measurement 
and fitting methods—no change in the driv¬ 
er parameters took place between the two 
applications of caulk. A small but notice¬ 
able increase in the compliance, and a cor¬ 
responding decrease in the free-air reso¬ 
nance occurred after the first application, 
which is very likely the result of additional, 

ing point and repeat in the opposite direc¬ 
tion. Since transition from white to clear in 
thin layers occurs rapidly, especially in hot, 
dry climates, the alternating applications 
avoid unwanted overlapping. 

Continue in this manner until your alter¬ 
nate applications meet on the other side of 

down, listen carefully for signs of coil rub¬ 
bing. This is most unlikely, because you 
have neither touched the spider nor dis¬ 
placed the surround. If you have a signal 
generator, set its frequency to 15Hz and in¬ 
crease the gain to produce a near-maximum 
cone excursion. Photo 4 shows our repaired 

but undetected, tearing of the surround dur¬ 
ing the application process. 

For the loudspeaker designer, it is not the 
mechanical parameters, but the related 
Thiele/Small parameters which are of inter¬ 
est. The latter are tabulated in Table 2. 
Again, no significant change occurs be-

the driver, diametrically opposite your start¬ 
ing point. Brush with strokes that provide a 
smooth surface. Now turn the driver over 
and apply a coat to the rear surface. The 
driver’s basket ribs make this application 
more difficult, but be careful and make sure 
you cover the entire surround surface. If 
you should get some on the cone, carefully 
use a damp cloth to wipe it clean. Again, 
allow it to dry completely overnight. 

driver during its 12-hour 
endurance test. All was 
well. 

MEASUREMENT 
PROTOCOL AND 
FINDINGS 
We were interested in 
how the coatings might 
change the driver’s fun-

TABLE 2 

RELATED THIELE/SMALL PARAMETERS 

BEFORE COATING AFTER FIRST AFTER SECOND 
COATING COATING 

fs(Hz) 17.8 17.0 16.8 

Vœ (ltr) 383 424 429 

Qte 0.315 0.315 0.311 
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PHOTO 4: It is important to test the sur¬ 
round’s performance under moderate-term 
and large-excursion operation after the coats 
have dried completely. By attaching a small 
white dot to the surround at its cone junction, 
you can see the approximate pk-pk excursion 
as the dot moves up and down. The excur¬ 
sion was reduced for this photo to avoid 
image smearing. 

tween the two coatings, and the most no¬ 
ticeable changes after the first coating were 
in Vas (equivalent to Cm) and fs. Even the 
change in Vas in this case is only 10%, and 
the corresponding change in fs is 5%, un¬ 
likely to call for a different box design be¬ 
cause of the coating process. 

At higher frequencies, cone breakup oc¬ 
curs. The surround serves as the mechanical 
load impedance for vibrations emanating 
from the cone center. Breakup resonances 
are also affected by the cone surround, usu¬ 
ally showing up on the electrical impedance 
sweep as well. We could not study cone 
breakup in any quantitative way, and can 
only note that the electrical impedance 
above the bass resonance peak has not been 
changed by the coating process— again, 
within measurement error. 

CONCLUSION 
We suggest that you not apply coatings to 
drivers whose foam surrounds are perform¬ 
ing properly and are not showing signs of 
deterioration due to age and use. It is always 
a sound idea to inspect your drivers regular¬ 
ly, particularly woofers, because of their 
power-handling requirements and large ex¬ 
cursions. At present, there appears to be a 
trend for ever-increasing loudness levels. 
Hearing damage aside, older drivers can 
easily be overdriven in this loudness quest. 

We must make it clear that we have not 
studied coated surrounds for years and years, 
so we cannot describe long-term outcomes. 
However, it is our belief that those of you 
who would like to save older drivers in their 
inevitable declining years really have little to 
lose by trying these procedures. 

Caulk formulations are available in be¬ 
wildering variety, each suited for specific 
tasks. We have used only one of these, and 
therefore cannot comment on any of the 
other types and brands. However, we doubt 
that any of these identify cone-surround 
coating as a “recommended” use. 
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MODELING FOR DESIGNING 
PASSIVE CROSSOVERS 

By G.R. Koonce 

FIGURE I : Summation at infinity (left) versus summation at a 
fixed distance (right). 

The classic approach to pas¬ 
sive crossover (CO) devel¬ 
opment was to establish 

the acceptable frequency range 
for each driver by listening, test¬ 
ing, or guessing. You corrected 
the driver impedances to approxi¬ 
mate fixed resistors by careful 
Zobel design. Then, based on 
these resistor values, you de¬ 
signed a CO of a certain order, a 
certain topology, and at selected 
frequencies based on your experi¬ 
ence and prejudices. 

While listening to the system 
with this CO, you then “fixed” the 
design by ear. This involved modifying the 
CO from the sound the system was produc¬ 
ing to a sound you liked, and the process 
could consume a lot of time. Sometimes you 
would even give up, design a new CO, and 
start the fixing all over again. 

WHICH ORDER? 
You learned over the years what type of 
COs worked best. The first-order was great 
on paper, but required drivers with very 
wide, flat responses, and its performance 
could easily be destroyed by the drivers’ 
physical spacing. 

The second-order could prove to be very 
“dangerous.” In theory, it had a null on-axis 
when used with drivers wired with the same 
polarity, but sometimes it sounded better 
with them wired that way. The second-order 
sometimes required lots of adjustment with 
techniques to fix the sound, such as moving 
the low-pass frequency up or down relative 
to the high-pass to produce underlap or over¬ 
lap. Sometimes it seemed you just could not 
get a set of drivers to work together with a 
second-order CO. 

I learned to prefer the third-order, since it 
appeared to work more in accord with what 
the books said, without a lot of fixing. Many 
designers selected the fourth-order network, 
but I always believed the parts count was 
just too high, and that a third-order electrical 
CO had a better chance of approaching a 
fourth-order acoustic CO response. 

Then the computer-based quasianechoic 
test sets arrived, and with them anyone 

could try to test drivers. Once you got the 
test set, the only requirement was to learn to 
make good, repeatable tests. Without taking 
advantage of work already done by others 
before you, that learning exercise could take 
a couple of years. 

Once you had learned to do good tests, a 
great truth of passive CO design became 
clear: no classic CO design used with real 
drivers, spaced as drivers normally are. ever 
tests as the book predicts! Testing revealed 
that second-order COs did not always show 
the null with all drivers wired with the same 
polarity; sometimes nulls appeared when 
drivers were inverted. 

The books indicated that odd-order COs 
should have the main axis (axis of maximum 
response) in a certain direction, and that 
even-order COs should have it in a different 
direction, but when you tested the main axis, 
it was not where predicted. The only sys¬ 
tems you found in testing that had the main 
axis consistently at zero degrees—i.e., per¬ 
pendicular to the plane of the drivers—were 
those using a symmetrical driver layout. The 
classic CO designs just did not test as the 
books predicted when used with real drivers 
spaced over the front-panel area. 

OTHER DESIGN APPROACHES 
If the “classic” CO design approach is not 
producing what you had expected in testing, 
why not just develop the CO via testing? 
This is a valid approach, but it involves de¬ 
signing a bunch of COs, gathering up all the 
components to implement each design, and 

then testing the system with each 
CO design at a variety of angles. 
You learn that this approach can 
take weeks, and after the enthusi¬ 
asm of developing your first system 
this way, you start to lose interest 
and skimp on the num¬ 
ber of CO designs you try with 
each system. 

Suppose you stick with it and fi¬ 
nally develop a CO that tests in 
your system with ruler-flat response 
on the axis on which you intend to 
listen. Will the system sound good? 
The answer is maybe. First, you are 
probably testing it at about half the 

distance you will use when listening to it. 
Your room simply will not support quasi¬ 
anechoic testing at the distance you normal¬ 
ly use in listening. 

Will the system perform the same at your 
normal listening distance as it tests at the 
shorter distance? With your present limita¬ 
tions, testing can't answer this question. The 
second reason a good CO-on-listening-axis 
test does not ensure a good-sounding system 
is that the testing shows the quasianechoic 
response on one specific axis, not the total 
(power) response of the system in your 
listening area as perceived by your ears. 
Maybe the ruler-flat listening-axis response 
doesn’t in all cases produce the best¬ 
sounding system. 

CO MODELING 
So if home testing can't ensure the best CO 
design, what then? There is CO modeling. In 
this approach, you feed a computer program 
the driver-input impedance and measured 
frequency response as data files, plus the 
physical location of the drivers, and the pro¬ 
gram mixlels the quasianechoic acoustic re¬ 
sponse of the system at some point in space. 
You can enter the CO component values 
into the program, or an optimizer type of 
modeling program can compute them, and 
the program will plot the acoustic response 
of the system. 

One of the main reasons such a modeling 
program is better than testing is that it is a lot 
faster. You can try in hours more CO ideas 
than you could evaluate by testing in weeks. 
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FIGURE 2: Measured response of an 8" MCM woofer. FIGURE 3: Measured response of the Audax 1" dome tweeter. 

and you don’t need to purchase the compo¬ 
nents to implement each of the test COs. 

A second important reason is that a good 
modeling program will display the acoustic 
response at any specified distance. You can 
thus model at the same distance at which you 
can test, verify by testing that the CO works 
as modeled, and then model at your listening 
distance to be sure the system performance is 
still acceptable. A modeling program can 
thus extend the distance over which you can 
predict the system’s acoustic response be¬ 
yond that available to you via testing. 

Generally, your room also limits the 
range of angles at which you can test. As¬ 
sume that you mount the drivers in a vertical 
test baffle. To test off-axis, you must swing 
the microphone off to one side, up or down 
relative to the driver axis. This moves the 
microphone closer to one of the room 
boundaries, thus reducing the echo-free time 
you have for quasianechoic measurement. If 
you wish to test to a given low-frequency 
limit, the angle range off-axis that you can 
obtain is generally limited. No such problem 
exists with a modeling program, which, if 
sufficiently accurate, can model over a con¬ 
siderable angle range. 

acoustic response of the various drivers at 
infinity do not meet these requirements. 

Figure I shows the difference between a 
program that sums the driver responses at in¬ 
finity and one that sums them at a specified 
distance and angle referenced to a selected 
driver. Summing at infinity is much easier; it 
means all drivers show the same angle off 
their axis as the summation test angle. 

When the program sums at a fixed dis¬ 
tance and angle relative to a specified refer¬ 
ence driver, the angle off-axis for each driv¬ 
er is different and can be fairly large. When 
dealing with off-axis angles of this magni¬ 
tude, the assumption that each driver is a 
point source radiating equally in all direc¬ 
tions is not acceptable. 

Thus you must either feed the program 
response files for each driver at all the need¬ 
ed angles, which is unreasonable, or the pro¬ 
gram must model the change in each driv¬ 
er’s response as you move off its axis. In the 
latter case, you need only provide the pro¬ 
gram with an on-axis response for each driv¬ 
er in the system—along with the physical di¬ 
mensions for the driver—to enable the pro¬ 
gram to model the change in driver response 
with angles off its axis. 

problem, and so need no discussion. The 
problem is how the frequency-response files 
are handled. Two important items relative to 
these files are how the dB response range is 
handled, and what phase-shift data is used. 

As to the response range, the program 
might need the response files in true ab¬ 
solute dB or in relative dB. Absolute dB 
means the files report the actual sensitivity 
of the drivers, but the testing is more diffi¬ 
cult, since you must be sure to test the driv¬ 
ers at the same distance and with the same 
voltage level. Setting this level can be very 
difficult if you are using an MLS or other 
noise-like signal, unless all the drivers are 
tested in the same session. To produce ab¬ 
solute response files you must also have a 
calibrated microphone for which you know 
the sensitivity. 

For relative-response files, you simply 
set the basic response of each driver near 
OdB. Such files are thus much easier to gen¬ 
erate, but the program cannot set the 
padding the drivers require, since it does 
not know their relative sensitivities. The 
program might allow you to enter the facto¬ 
ry-rated sensitivity, but I have found such 
data to be rather unreliable. 

MODELING PROGRAM 
REQUIREMENTS 
There are two main requirements of a mod¬ 
eling program that would make it useful to 
me. First, it must be able to model the sys¬ 
tem in the same configurations in which I 
test and listen to it, and, second, it must 
produce results that match the test results for 
the same system. If the modeling can’t 
do these two things, then it is of no more 
use to me than designing COs via the 
“classical” approach. 

To meet these requirements, the modeling 
program must be capable of displaying the 
system acoustic response at the distance at 
which I test and over a reasonable range of 
off-axis angles. Programs that sum the 

DATA FILES FOR MODELING 
PROGRAMS 
For each driver, the modeling program re¬ 
quires a file representing the driver’s input 
impedance, including both magnitude and 
phase angle, and a file for driver on-axis fre¬ 
quency response, again with magnitude and 
phase, covering the frequency range over 
which you plan to model the system. 

It may be that a single file contains all the 
impedance and response information. Clear¬ 
ly, the data in these files must be in the for¬ 
mat expected by the modeling program, so it 
is likely that certain programs will support 
only test-data files generated by certain com¬ 
puter test software. 

The driver input impedance files are not a 

PHASE-SHIFT HANDLING 
As for the file’s phase-shift handling, when 
you measure the acoustic response of a driv¬ 
er far-field to ensure that you include all as¬ 
pects of the driver’s response, you are actu¬ 
ally measuring two components of phase 
shift. The first is the shift from electrical 
input to driver acoustic output (which you 
wish); the second is the shift caused by the 
transit time from the driver to the micro¬ 
phone (which you don’t wish). 

The transit-time phase shift is a function 
of frequency and is unfortunately not easily 
corrected. When working with a single driv¬ 
er, this shift is not a problem, but when sum¬ 
ming the response of two or more drivers, it 
is of major concern. 
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FIGURE 4: Crossover schematic. 

For example, if you test at Im, the transit¬ 
time phase shift is about 10,470° at 10kHz! 
In theory, if you could position the micro¬ 
phone with sufficient accuracy, these phase 
shifts would all subtract out, but this is not 
practical. An error of only 0.1" represents a 
27° phase error at 10kHz, and you probably 
do not know the driver’s acoustic-center lo¬ 
cation that accurately. 

To fully correct this phase shift, you 
would need to know very accurately both 
the velocity of sound and the distance from 
the driver’s acoustic center to the micro¬ 
phone’s acoustic center. The normal ap¬ 
proach to get around this problem is to re¬ 
place the measured phase shift with the 
Hilbert phase shift for the driver. 

The Hilbert phase shift is that which a 
minimum-phase network would have if it 
had the same amplitude response as your 
driver. The minimum-phase network is a 
reasonable assumption for individual drivers 
(without a whizzer), but is clearly not valid 
for a full system with a CO network. 

When you remove the transit-time phase 
shift by using the Hilbert shift, you unfortu¬ 
nately also lose information about the loca¬ 
tion of the driver’s acoustic center. Thus, a 
modeling program using the Hilbert phase 
shift would require you to enter a horizontal 
offset (toward or away from the micro¬ 
phone) for each driver to correct for the 

acoustic-center (or zero-delay-plane) posi¬ 
tion relative to the driver mounting baffle. It 
is likely that some optimization/modeling 
programs are actually generating the Hilbert 
phase shift internally, and you must take this 
into account in your work. 

ONE MODELING-PROGRAM 
APPROACH 
The extreme amount of time needed to de¬ 
velop COs by testing convinced me a better 
way was needed. I had developed a program 
called IMPPcoEq.Exe (distributed on the 
Liberty Aids disk by Old Colony Sound 
Lab) that accepted input-impedance and fre¬ 
quency-response data generated by Liberty 
Instruments’ IMP or Audiosuite tester, al¬ 
lowed you to enter a network ahead of the 
driver, and predicted the on-axis acoustic re¬ 
sponse of the driver with the network. 

This program was basically developed for 
working with the Waveguide, but had 
proven to be useful in developing a CO for a 
single driver with a desired acoustic CO 
shape. Would it be possible to develop a pro¬ 
gram that took in the same information for 
up to three drivers, plus their physical posi¬ 
tioning, and then plot the acoustic response 
of the system at a fixed distance and speci¬ 
fied angle off-axis relative to one of the driv¬ 
ers? As developed above, such a program 
would need to model the directivity (re¬ 
sponse change with angle) for each driver. 

I developed such a program, modeling 
the directivity as that of a round piston 
mounted in a baffle. Comparing the direc¬ 
tivity modeling with the off-axis test results 
for cone drivers was very encouraging. All 
you had to do was play with the piston di¬ 
ameter you entered until the modeling re¬ 
sults showed reasonable agreement with 
test results. 

Dome drivers can show a response that 
changes shape, not merely rolls off, with an¬ 
gles off axis, so the modeling was not as ef¬ 
fective with them. This is not considered a 
problem with tweeters, since you normally 

do not do a CO at the upper end of their re¬ 
sponse, but it might turn out to be a problem 
with dome midrange drivers. 

VERTICAL MOUNTING 
My program assumes you mount the drivers 
in a vertical line, entering both the center-to-
center (CTC) spacing between them and the 
distances from the driver mounting flange to 
the source of acoustic output (horizontal off¬ 
set). A major hurdle was identifying the 
proper horizontal offset for each driver, 
since the program used Hilbert phase data. 

Again, I compared the modeling results 
for a variety of CO designs with test results 
and varied the horizontal offsets to optimize 
the agreement. Based on these offset values, 
I empirically developed equations for com¬ 
puting the offset based on the driver’s physi¬ 
cal measurement. The offset values that pro¬ 
duced matching results were between where 
you would expect to find the driver’s 
acoustic center and the zero delay plane. 

This is clearly an area that needs further 
investigation, but this work showed that a 
modeling program can produce results that 
agree well with testing, which is something 
no previous CO design approach had ac¬ 
complished for me. 

My program is not an optimizer; you 
must enter the CO component values, since 
the program does not compute them. This 
means you see the change in system acoustic 
response each time you change a component 
value, which turns out to be very interesting 

My program also uses relative-response 
files, so you cannot use it to set the padding 
between drivers. You must develop the cor¬ 
rect padding value for the midrange and 
tweeter by testing or listening. While the 
program will work over the frequency 
range of 2OHz-2OkHz, my room limits test¬ 
ing to about 300Hz at the low end, so I nor¬ 
mally model over the 200Hz-20kHz range. 

MODELING EXAMPLE 
To date I have built four two-way systems 

FIGURE 5: Modeled electrical outputs of crossover sections. FIGURE 6: Modeled acoustic outputs of two drivers on-axis. 
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that had passive COs developed through 
modeling. All these systems worked out well 
when built, but 1 changed some CO compo¬ 
nent values for most of them after listening. 
The CO modeling work can get you close, 
but you still need to do final tuning by ear. 
The following is a description of one of these 
systems, showing how I handled the model¬ 
ing procedure and how it agreed with testing. 

To maintain the visibility of all the anom¬ 
alies produced by the CO, I added no 
smoothing to any of the accompanying 
quasianechoic plots. Note, however, that the 
FFT period used in quasianechoic testing 
does apply some smoothing to the low end 
of the response curves. Since the distance 
used in testing multiple drivers must increase 
over that for an individual driver—generally 
reducing the FFT period you can use—I be¬ 
lieve the modeling results are more accurate 
below about 1kHz than the multiple-driver 
testing results. 

Figure 2 shows the measured response for 
an MCM model #55-1550 carbon-fiber-cone 
8" woofer (my driver reference #115). The 
woofer holds up well to about 3kHz even to 
30° off-axis. Its main problem is that it has a 
“shelf’ in its response of about 5dB in the 
800Hz-1 kHz. range. 

I thought 1 could correct this by building 

with as narrow a front panel as possible to 
offset the shelf with the theoretical 6dB of 
diffraction rise (the 2n to n transition for a 
box sitting on the floor). I have a program— 
based on the work of Ralph Gonzalez (see 
SB 3/87, p. 44)—that will process the driver 
frequency-response data file and modify the 
response amplitude for diffraction rise for a 
specified front-panel width. 

Figure 3 shows the measured response of 
the Audax TW025V2 1" dome tweeter. This 
is a low-resonance tweeter, but it has a 
rather nasty response dip in the 1,6kHz re¬ 
gion. Using my modeling program, I devel¬ 
oped a second-order CO (Fig. 4) for this 
driver pair by trial-and-error selection of the 
CO values. The 2Q series padding resistor 
was a guess based on previous work with 
the tweeter, but it proved to be incorrect. 

Figure 5 shows the modeled electrical 
output of each CO section driving its driver. 
The low-pass is clearly under-damped (the 
Q is higher than that for a Butterworth), 
while the high-pass is close to a Butterworth 
response. Figure 6 shows the modeled 
acoustic CO on-axis response of each driver. 
The rather odd second-order networks com¬ 
bine with anomalies in the driver responses 
to produce a rather steep acoustic CO region. 

Note that the diffraction-rise modeling for 

a front-panel width of 10.75" is included in 
the woofer response used in this modeling 
work. Figures 7 and 8 show modeling-sum¬ 
mation plots at a 72" distance for angles of 
0° to up 40°—up meaning above the top¬ 
mounted tweeter, which is defined as the 
reference driver. 

Notice that over this 40° vertical range, 
there are no major dips or peaks in the re¬ 
sponse due to the CO. Those who study pub¬ 
lished tests for production speakers will rec¬ 
ognize that a 40° vertical range without 
major dip is exceptional. I obtained this re¬ 
sult for both pairs of my drivers. 

UNBELIEVABLE PERFORMANCE 
To me, this performance with a simple five-
component CO was unbelievable; I thought 
it could not be real. 1 found a test-baffle 
insert that would mount both drivers at 
nearly the design CTC distance, and gath¬ 
ered up components to implement the de¬ 
sign CO. Figure 9 shows modeling results 
at the test CTC distance, with the actual CO 
component values used, at the anticipated 
60" test distance, and without the diffrac¬ 
tion-rise modeling on the woofer response. 

Figure 10 shows the test results over the 
vertical range that my room will pennit, and, 
to my surprise, the system behaved just as 

(Dimensions in Inches) 
Bottim Dur Unofer 
Center Dur = Tweeter-Ref 
Sumi ng distance 72.080 

Polarity Pad dB Diameter 
Nor 7 MM (i OHM 
Inv 0.0008 1.0000 
B-C spacing - 6.S808 

FIGURE 7: Modeled system acoustic output—up 5° to up 35°. 

(Dimensions in Inches) Polarity Pad dB Diameter H Offset Dir Used 
Bottom Dur = Uoofer Nor 2 AHO 6 0008 »1 M0 Yrs 
Center Dvr = Tweeter--Ref Inu 0ÍW0H 1.0000 »0.080 Yes 
Summing distance - 72.800 B-C spacing - 6 5000 

FIGURE 8: Modeled system acoustic output-on-axis to up 40°. 

(Dimensions in Indies) Polarity Pud dB Diameter H Offset Dir Usad 
Bottom Dvr - Hoofer Hur 3.0000 6.0000 »1.540 Yaw 
Gunter Dvr “ Tweeter Ref Inv 0.0000 1.0000 »0.000 Yen 
Sunnitin distance “ 60.000 B-C Hpaciny “ 6.7500 

FIGURE 9: Modeled system acoustic output using test values. 

FIGURE I 0: Measured system response at 60". 
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modeled! The rising response at the upper 
end indicates my 2Q series padding-resistor 
guess was wrong; testing showed the proper 
value was 4Í2. Again, remember that a mod¬ 
eling program using relative-response files is 
not valid for establishing the required driver¬ 
padding values. 

Figure 11 shows the measured system re¬ 
sponse at the intended listening angle of up 
15° with the 4Q padding resistor, and it is on 
average a very flat response for a two-way 
system with five CO components. Figure 
12, showing the measured system input im¬ 
pedance, clearly indicates that the price you 
pay for a simple CO network is a non-con-
stant input impedance. 

I constructed this system in a narrow box 
with a vertical front panel. The CO section 
worked just fine, but the system clearly 
sounded bass heavy. Figure 13 shows the 
system response measured by 1/3-octave 
RTA and IW into 8Q of pink noise; the 
frequency values shown are the RTA 
band centers. 

This is a good in-room response, but sup¬ 
ports the bass-heavy nature of the sound. It 
would appear from Fig. 13 that I was getting 
only a 3dB correction for diffraction rise, 
rather than the theoretical 6dB. I have not re¬ 
solved this problem; theory clearly shows 
that the forward response should rise 6dB as 
you halve the radiating space. However, 
work by Roy Allison1 shows plots with a 
3dB rise, and the Waterhouse2-3 equations 
indicate a 3dB rise for a single boundary. 

Part of the confusion here may be the dif¬ 
ference between total driver power output 
and output level on a specific axis, but I will 
leave this problem to the experts. Being a 
firm believer in empirical results, I have 
modified my diffraction-rise modeling pro¬ 
gram to permit selecting 3 or 6dB of rise. I 
will plan on correcting a 3dB driver shelf 
only in the future, thank you. 

EVIDENCE OF PEAKING 
Figure 13 also indicates peaking in the 
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100Hz region. I have noted that all systems 
using a passive CO will have some peaking 
down in this range as a result of the woofer-

pability to verify that the drivers you use 
have the same anomalies as those I used. 

input impedance interacting with the low- WHAT CAN MODELING TELL YOU? 
pass inductor. Figure 14 shows the results of 
near-field testing on one box without the 
CO, revealing a response that is flat within 
about IdB to 200Hz, just as the box-design 
program had predicted. 

Figure 15 shows the same results with 
the CO included, indicating added peaking 

I have developed systems using CO model¬ 
ing for one year now, and I’m convinced it 
is clearly the best way. It is the only ap¬ 
proach that has produced designs that tested 
as predicted. The following are things I be¬ 
lieve CO modeling can do for you. 

and a rolloff at the upper end. Note that the 
relative level of the plots on Figs. 14 and 75 
is arbitrary; it is the shape you should com¬ 
pare. Figure 16 shows measured gain of the 
low-pass network driving the woofer. It 
clearly shows that the network peaks (goes 
above OdB), and then that it dips around 
500Hz—just as the modeling had predicted 
(Fig. 5). 

This low-end peaking brings up an area 
you should watch out for in CO develop¬ 
ment by modeling or even quasianechoic 
testing. Normally, your room limits the low 
end of your measurement capability so that 
you end up testing and modeling only the 
upper portion of the response. 

The CO developed via modeling may 
have rather strange component values com¬ 
pared to those a classical design would 
offer. These values may interact with the 
woofer in the frequency range below your 
acoustic testing limit to produce unintended 
peaks or dips. Beware of this possibility. 

Fortunately, I have a friend with a den 

1. It lets you see whether a group of driv¬ 
ers you plan to use in a system has a chance 
of working together as a system. Obtaining 
the data files before purchasing the drivers 
can save you some money. I don’t think 
modeling is a replacement for breadboard¬ 
ing the system, which I still recommend, 
but if the files are available, you can do the 
modeling before buying the drivers. 

2. It allows you to design COs with a pre¬ 
dictable response on the listening axis 
and the ability to examine the response at 
other angles. 

3. When you make changes in the CO 
based on listening tests, you can go back to 
the model to see just what areas of the ane¬ 
choic system response these changes are af¬ 
fecting. You would think testing was a better 
way to do this, but the room requirements 
for quasianechoic testing of an enclosure 
greatly exceed those for driver testing. Also, 
the testing includes effects of the box, while 
the modeling does not. Comparison of the 
two could disclose a major problem in your 

having three all¬ 
glass walls that 
make all speakers 
sound too light at 
the bottom end. 
These bass-heavy 
boxes sound very 
natural in his den. I 
do not recommend 
that you try to copy 
this system unless 
you have the test ca-

FIGURE 13: Response measured via pink noise and RTA. 
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DRIVERS: 

> AIRBORNE 

> ATC 

>AUDAX 

► DYNAUDIO 

► ETON 

> LPG 

> MOREL 

► PEERLESS 

> SCAN-SPEAK 

► SEAS 

> VIFA 

► VOLT 

COMPONENTS: 

The Process of Design. 

When designing a loudspeaker, the initial 
driver considerations and final driver choice 
can make or break a project. To ensure your 
success - you want the most complete 
information and specifications at your finger 
tips ■ the 1998 Solen catalog. 

SOLEN HEPTA-LITZ 

AND STANDARD 

INDUCTORS AND 

CAPACITORS - THE 

CHOICE OF MANY 

HIGH-END SPEAKER 

MANUFACTURERS. 

HARDWARE: 

POWER RESISTORS. 

L-PADS. CABLE, 

ABSORBING AND 

DAMPING MATERIALS, 

GOLD SPEAKER 

Order the 1998 Solen catalog - containing 
a wide selection of quality drivers - with 
complete manufacturer's spec sheets, as 
well as applications in detail on woofers, 
with predicted response in different sealed 
and vented enclosures. It is a valuable 
resource that will flush out the possibilities 
in your designs. 

With your order we will also throw 
in our components catalog FREE 

it's full of a wide selection of speaker 
Hardware and crossover parts. 

TERMINALS. GOLD 

BANANA PLUGS AND 

BINDING POSTS. GRILL 

FASTENERS. PORT 

TUBES AND TRIM 

RINGS. PAN HEAD 

SCREWS. SPIKES 

AND TEE NUTS WITH 

ALLEN HEAD BOLTS 

AND PLENTY MORE... 

CUSTOM 

COMPUTER AIDED 

CROSSOVER AND 

CABINET DESIGN 

HOW TO BOOKS 

Order the 1998 Solen Catalog for $8.00, 
refundable on your first order over $50.00. 

Fax 450-443-4949 or mail this coupon today, 
or call with your request, 450-656-2759 

Name: 

Address: 

Payment Method 

Payment Enclosed - Check or Money Order 

State/Prov: 

Zip/Postal Code:_ 

Country: _ 

Tel: _Email:__ 

_VISA Mastercard 

Card No 

Card Expiry Date: 

Signature:_ 

SOLEN INC. 
4470 Avenue Thibault 
St-Hubert, QC 
Canada J3Y 7T9 

Tel: 450.656.2759 
Fax: 450.443.4949 

Email: solen@solen.ca 
WEB: http://www.solen.ca 



FIGURE 14: Near-field measured woofer response—no crossover. 

FIGURE I 5: Near-field measured woofer response—with crossover. 

FIGURE 1 6: Measured gain of crossover low-pass network. 

FIGURE 1 7: Modeled three-way system with in-phase acoustic 
responses. 

front-panel treatment, box shaping, or grille 
structure. 

4. It permits you to develop COs with 
many fewer components than the “classic” 
CO design approach. You can often omit the 
Zobels on the drivers and use a lower-order 
CO than you had originally intended. 

5. It will bite you on occasion, as noted in 
the earlier example, because modeling can 
develop rather odd CO values that can have 
unanticipated effects in the frequency range 
below that where you can model. 

6. It allows you to predict the quasiane-
choic response of the system at ranges that 
exceed those for which your room permits 
such testing. 

7. For the system you are developing, it 
lets you select the optimum front-panel tip 
angle or stand height to place a seated listen¬ 
er on the proper axis. It also allows you to 
predict what degradation the response might 
have for a standing listener. 

8. It gives new life to the lower-order 
COs. You can see just what a first-order 
CO will provide, and whether it will be ac¬ 
ceptable. I find the second-order CO is now 
my favorite, since I can easily contour the 
response in the CO region by varying the Q 
of the networks without needing to add ad¬ 
ditional components. Note that raising the 
Q of a CO network causes the system input 
impedance to dip, so you must watch out 
for this. 

Raising the Q of the high-pass section 
can also raise the power input to the tweet¬ 
er at the low end of its frequency range, so 
beware of increased distortion or possible 
destruction. A first- or second-order low-
pass section has a single inductor in series 
with the woofer, which reduces the require¬ 
ment on coil resistance relative to the coils 
needed for a third- or fourth-order CO. 

9. It allows you to establish the angle 
range over which your system produces a 
response free of serious CO-produced dips 
or peaks. 1 have found by modeling and test¬ 
ing that if you are using a vertical array of 
drivers and a tweeter with wide radiating 
angle, such as a dome, you should be able to 
get about 25° of acceptable vertical angle. 
This range has resulted during the develop¬ 
ment of both two- and three-way systems. 

Working with a tweeter having a re¬ 
stricted vertical radiating angle, such as 
many planar tweeters, generally limits the 
usable vertical range to perhaps only 15° or 
so, making the front-panel tip angle or 
stand height rather critical. As seen in my 
example, if things work in your favor, you 
may be able to develop a system with a 
wider usable vertical-angle range. 

If you wish to ensure such a wide range, 
I recommend that you consider the sym¬ 
metrical D’ Appolito W-T-W configuration. 
Two-way systems with small woofers have 
shown about 40° of usable vertical angle, 

but I currently have no experience with 
three-way or large-woofer two-way sym¬ 
metrical systems. 

10. Since the modeling can occur before 
you design the enclosure, you can establish 
the sizes of the major CO components and 
make a good estimate of the volume you 
should allow for an internally mounted CO. 

11. If you used phony driver-impedance 
data files that represented fixed resistive 
loads, then you could use the modeling 
program to develop the electrical CO net¬ 
work shapes needed for active CO design. 

12. A modeling program also allows you 
to impose special requirements on the 
acoustic CO responses if you so desire; 
however, this may require more time to ac¬ 
complish. For example, 1 modeled a three-
way system consisting of an 8" woofer, a 
drum midrange, and a 1" dome tweeter, 
with the requirement that the acoustic re¬ 
sponses be in phase at CO. 

The bandpass and high-pass are second-
order. but the woofer did not go away grace¬ 
fully, requiring a third-order low-pass. I used 
a Zobel only on the midrange, and I used se¬ 
ries padding on both the midrange and 
tweeter, resulting in a total of 13 compo¬ 
nents in the CO. The modeled system re¬ 
sponse (Fig. 17) shows that the main re¬ 
sponse is near 0°, indicating the desired in-
phase acoustic responses. 

Of course, we know the real test of in-
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phase acoustic response is that inverting the 
midrange driver should produce bad dips at 
the CO frequencies; Fig. 18 clearly indicates 
this does happen. This example demon¬ 
strates that the “classical” rule of inverting 
the polarity of the midrange driver in a 
three-way system using second-order COs is 
not always valid. 

ATTRIBUTES OF A GOOD MODELING 
PROGRAM 
I consider the following capabilities to 
be those desirable in a modeling program. 
Some are necessary if you plan to be 
able to compare the results with testing, 

while others are simply desirable and 
useful features: 

1. The program must use actual data for 
the drivers, not ideal response shapes. Be 
sure the program will work with the type of 
files your testing setup can export. 

2. The program must allow you to posi¬ 
tion the drivers vertically (or horizontally) 
and insert forward/backward (f/b) offset. 
Perhaps someone has a way to use the actu¬ 
al measured phase shift, thus retaining the 
acoustic-center information, but if the pro¬ 
gram uses Hilbert phase shift, the results will 
not be accurate unless you enter the correct 

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. 

horizontal fib offset values. 
For predicting the final system response, 

these offset values must contain any other 
displacement effects, such as machining the 
drivers into the front panel, or intentionally 
offsetting the tweeter. If you plan to machine 
a tweeter flush into the front panel, then you 
should test it this way in the test baffle, since 
this may modify the tweeter’s response 
curve. 

3. The program must allow reasonable CO 
networks to be entered or developed by opti¬ 
mization. My program is limited to a six-
branch ladder network for each driver, where 
each branch can be a series or parallel R. L, 
and C. It would be nice to have more branch¬ 
es, and if you wish to include time-delay or 
phase-slope correction, you may require a 
program that can handle lattice networks. 

4. The program must allow you to specify 
the summation distance, so that it can pro¬ 
duce results you can compare with test re¬ 
sults. Summation at infinity is not sufficient. 

5. The program must allow summation at 
a reasonable range of angles. Summation at 
just 0° or a small range in that area is not suf¬ 
ficient. You need to establish at what angles 
peaks and dips start to develop. My program 
will plot response at every 5° from up 40° to 
down 40°. This is marginally adequate; I 
would like a range of perhaps up and down 
50°. As noted in my example, from 0° to up 
40° was acceptable. It might actually have 
been acceptable at higher up angles, but my 
program could not show this, and my room 
certainly won’t support testing at such high 
angles. 

6. As explained earlier, if you sum at a 
fixed distance, the angle each driver makes 
with the summation point is different. There¬ 
fore, the program must allow you to specify 
which driver is considered as the reference 
for defining the off-axis angle. 

7. The program must model the driver di¬ 
rectivity to produce accurate results for sum¬ 
mation at a fixed distance and to allow re¬ 
sults for a reasonable range of angles off per¬ 
pendicular to the baffle. It would be nice if 

REFERENCES 
1. Roy Allison, ‘The Influence of Room Boundaries on 
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the program would allow you to 
turn this feature on or off individu¬ 
ally for each driver. 

8. The program should allow 
electrical inversion of any driver. 

9. If the program uses relative 
dB files, it must provide a way to 
adjust the level of each driver on 
the summation plot. Even if ab¬ 
solute dB files are used, such capa¬ 
bility is needed if you do a system 
with multiple woofers. 

10. If the program is an optimiz¬ 
er, make sure it will allow you to 
change the CO values after the op¬ 
timization. Watching how the sys¬ 
tem acoustic response changes as 

FIGURE 1 8: Modeled three-way system with midrange inverted. 

er’s average response. The model¬ 
ing program should allow you to 
do this if desired. 

THE FUTURE 
I believe that CO modeling will 
eventually replace all other ap¬ 
proaches to CO design used by the 
home builder, since it clearly has 
major advantages. Commercial 
modeling programs exist for those 
who do their own driver testing. 
Review the requirements given 
above to be sure the program will 
provide what you want before you 
purchase it. 
What about those builders who do 

you change the CO component values is a 
great learning tool. 

11. As noted earlier, COs developed by 
modeling can have somewhat unusual val¬ 
ues, and thus exert a major impact on sys¬ 
tem-input impedance. It is important, there¬ 
fore, that the modeling program be able to 
plot system Zin . 

12. If you use series COs, then you may 
prefer a program that supports that configu¬ 
ration. I have had no luck developing a se¬ 
ries CO by trial and error, since changing 
any component value changes the response 

of all the drivers. I don’t know whether an 
optimizer would perform better, or just re¬ 
sult in loops that never converge. The point 
is that if you like the series CO, you may 
wish to have a modeling program that will 
support it. 

13.1 find many dome tweeters have a re¬ 
sponse shape that changes with angle off-
axis. Many show a response with mild on-
axis dips and peaks that tend to smooth out 
as you move off-axis. I find that sometimes 
modeling with the 10° or 15° off-axis re¬ 
sponse gives a better indication of the tweel-

not have test capability? My hope is that 
they too, will be able to take advantage of 
CO modeling. It would be most helpful if 
manufacturers would supply with their driv¬ 
ers the files needed for modeling. It would 
be even better if you could obtain these files 
before purchasing a driver. 

Perhaps someday a library of such files 
will be available, possibly on the WWW, so 
that you could use modeling as an aid in se¬ 
lecting drivers for your system. 1 be¬ 
lieve this is something that we should all 
work toward. 

Don’t believe us*•• . 
listen to your speakers. gobrIz 
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THE FORCE, PART 2 
By B. Lamy 

Part 1 of this article (SB 7/98) dealt with 
the design philosophy, choice of 
drivers and their measurements, and 

filter design. 

ENCLOSURE LAYOUT 
Once the crossover points were known, I 
intended to perform some simulations to 
determine the overall layout of the enclosure. 
I had a collection of 12 drivers per side, and I 
didn’t know exactly how to place them for 
best results, except that I was contemplating 
a line source. Primarily, I wished to put the 
driver enclosure on top of the sub enclosure 
(Photo 1) (better for the Allison effect, and 
more aesthetically pleasing, according to 
my spouse). 

This dictated the width of the front plate. 
Since the midranges and tweeters don’t 
require rear loading, and the P17REXs were 
to be fitted with their bowls, I sketched a 
very simple U-shaped box that I could attach 
to the top of the sub box. 

It occurred to me that the absence of a 
back plate would allow me to put the power 
amplifiers inside the U, close to the drivers, 
partly solving a serious wiring problem. But 
how was I to place the 12 drivers on my 
front baffle? To solve this, I used CALSOD, 
with the following conditions: 

• Due to the almost perfect behavior of my 
corrected gyrator, I was able to abandon 
Liberty Audiosuite’s measured frequency 
responses and to replace them with calculat¬ 
ed filter responses (filter functions 
in the speaker-module definition, for those 
familiar with CALSOD). 
• A more or less arbitrary constraint was to 
have all drivers of the same type on a vertical 
line (line-source principle). 
• As with any multidriver concept, you can 
observe only a flat response on a certain axis, 
so my positioning criterion was that the 
responses at vertical angles of-10°, -5°, 
+5°, and +10° should sum as flat as possible 
compared to the power response (i.e., with¬ 
out phase consideration) of the system. 
• The process of simulation was rather 
tedious, because CALSOD does not support 
more than seven drivers in a system. To 
overcome this limitation, I performed three 

PHOTO I : Completed prototype. 

steps. First, I chose a group composed of a 
PI7REX, an LPG50, and a D260 and simu¬ 
lated them separately in various geometrical 
configurations (lateral and vertical spacing). 
Second, I exported each of these global-
response files to create new virtual drivers 
DI,..., Dn. Finally, I made simulations using 
three D260 drivers, -

very wide aberrations, at least to the extent 
of lOdB. This is unpleasant to see, but 
remember the following: 

• In a real room, these responses tend to sum 
up, and I can tell from experiments that what 
you hear at a given location is somewhere in 
between the sum of these curves and the per¬ 
fectly flat power response of the system. 
This is the price you pay for vertical beam¬ 
ing and extended dynamics. 
• A 20dB-deep suck-out 50Hz wide causes 
less degradation than a 2dB one spread over 
three octaves (unless you listen only to 
sweep-tone test records). 
• Don’t trust too much a perfectly flat fre¬ 
quency response in commercial advertising 
before you have seen the phase response of 
the speaker. 
• Line-source speakers demand that you sit 
in the sweet spot for optimal listening, and at 
a distance at least twice the height of the sys¬ 
tem (if you do not, the summing effect will 
be excessively diminished by the distance 
discrepancies between the drivers and your 
ears). My simulations were made at a 
4m distance. 

As you will see, the Force’s electronics 
are quite important and rather complex. 
At the time I write this, the system is still in 
the prototype stage, and therefore I will not 
provide a detailed parts list or PCB layout. 

the remaining two 
LPG50s, and one 
P17REX. 

DELAYED 
RESULTS 
Hours and hours 
later, I came to the 
results presented in 
Tables 3 and 4 and 
Figs. 16 and 17, 
which correspond to 
the geometrical ar¬ 
rangement of Fig. 18 
and driver polarity. 
In Figs. 16 and 17, 
you can see that 
away from the opti¬ 
mal axis, there are 

FIGURE I 6: CALSOD responses for the single P17 + LPG50 + 
D260 group. 
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LPG50 

jg:^ ks P17REX 

D260 

BOTTOM END (SUB) 

I 7: CALSOD responses for the whole array at various angles. FIGURE 

Nevertheless, the following holds true: 

FIGURE 20: Four-way filter schematic. 

• If you decide to realize 
the system and have prob¬ 
lems, I will be glad to 
answer written questions. 

• I really designed, constructed, and 
debugged all the circuits I present here. 
• I will describe any critical points (compo-

FIGURE 1 8: Front-baffle driver-hole locations; not to scale; dimen¬ 
sions in centimeters. 

&g»v¿ Et 1-Ml 
Í8ÍÜ ff-.K 
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U2 and U3 are the 
125Hz and 1.5kHz 
L-R filters for the 
P17REX, U4 is the 
adjustable gain stage, 
and R15 and CIO are 
dedicated to remov¬ 
ing op-amp-generat¬ 
ed out-of-band noise. 
U5A and U5B are 
the gyrators that 
compensate for the 
anomalies in the 
P17REX response. 

The input of the 
filter is also connect-

FIGURE 21 : Response of the 20Hz high-pass filter for the sub. 

block diagram. As you can see, it is quite 
in accord with what I described above, 
except that the 7.5kHz low-pass section of 
the medium filter is first order instead of 
second order. This is due to the natural 
rolloff of the LPG50FA, which required 
a first-order section to combine 
into the desired acoustical Linkwitz-

ed to a delay cell 
(Fig. 22) that com¬ 

pensates for the acoustical-center misalign¬ 
ment between the P17 and the LPG50, 
which appeared to be 240|is. I copied it from 
a Speaker Builder article.6 The phase 
response almost perfectly approximates a 
pure delay in the region of interest, as shown 
in Fig. 23. The output of this delay cell feeds 
the medium and tweeter sections. 

Riley (L-R) shape. Each output is fitted 
with an adjustable gain stage that en¬ 
ables you to compensate for different 
drivers’ sensitivities. 

The schematic of the filter is shown in 
Fig. 20. U1 and the associated components 
form a fifth-order high-pass 20Hz filter, the 
purpose of which is to avoid excessive 
cone excursion of the subwoofers, espe¬ 
cially with warped vinyl records. The 
response of this filter is shown in Fig. 21. 

U6 and U7 are used for the second-order 
high-pass and first-order low-pass at 1,5kHz 
and 7.5kHz. U7 is also used for variable-gain 
cell implementation. U8 inverts the phase for 
an overall in-phase response, and U9 is the 
gyrator-correction section. 

U10 is the 7.5kHz high-pass for the tweet¬ 
er. As you may see from the R32/R31 ratio, 
this is not at all an L-R shape, but is due to 
strong interaction between the gyrator cor¬ 
rection centered on U13 and the U10 high-

FIGURE 22: 240ps delay-cell schematic. 

pass. This is caused by a particular response 
anomaly of my D260, and you will 
very likely need to change R32 if you 
use other tweeters. U12 is the variable gain 
cell, and U14 and U15 provide regulated 
±15V supplies. 

The filter sections are each followed by a 
buffer cell, which can. with very low distor¬ 
tion, feed long cable runs and the appropriate 
number of power-op-amp inputs (five for 
the midranges). 

The schematic of the buffer cell is shown 
in Fig. 24. The value of ±VCC is ±2()V, 
whereas the OPA604 is connected to the 
±15V of the filter board. Pl is intended to 
accommodate various power-amplifier input 
sensitivities in case you don’t use those 
described below. 

FILTER CONSTRUCTION 
CONSIDERATIONS 
• Op-amp selection: Looking at the Fig. 20 
schematic would drive addicts of single-
ended triode amplifiers crazy. A handful of 
op amps is a crime against music. Although I 
may point out that before the recorded signal 

TABLE 3 

CALSOD SIMULATION FOR P17, 
LPG50, AND D260 

CIRCUIT 

SPK 1 0 I 0 0.15 0 positive 
SPK 2 0 1 0.12 0 0 negative 
SPK 301 -0.045 0 0 positive 

DRIVER 1 
LOWMID 

SOUND PRESSURE 
i 
SEN 92 DB 

i 
BUT 120 2 HIGHPASS 
LKR 1100 2 LOWPASS 

DRIVER 2 
MEDIUM 

SOUND PRESSURE 

SEN 92 DB 
i 
LKR 1100 2 HIGHPASS 
LKR 7500 2 LOWPASS 

DRIVER 3 
TWEETER 

SOUND PRESSURE 
i 
SEN 92 DB 

i 
LKR 7500 2 HIGHPASS 

i 
TARGET SPL 
SEN 92 DB 
RAB 1001 active 

34 Speaker Builder 8/98 



FIGURE 23: Phase response of a half-delay cell (120ps). 

is fed to a precious triode, it has travelled 
through dozens of op amps, I admit that this 
type of all electronic filtering requires some 
precautions. The gyrators are espe¬ 
cially sensitive to amp voltage and 
current noise (they feature a noise gain 
inversely proportional to the series resistor 
of the simulated inductor), and they also 
require wide open-loop bandwidth. 
Therefore, I recommend the excellent 
OPA604/OPA2604 from Burr-Brown. 
Analog Devices’ AD829 and AD797 

FIGURE 24: Filter output buffer schematic. 

• All potentiometers are ten-turn Cermets. 
• The BUF634 buffers must be cooled 
with appropriate (7°Kelvin/W) power 
heatsinks. Take care that the -VCC supply is 
connected internally to the case. Decouple 
each BUF634 with two low-ESR 
220pF capacitors. 

SERVO SUB 
In the schematic of the servo loop (Fig. 25) 
UI A is the acceleration-speed converter of 
the input signal and UIB is that for the mike 
signal path. UIC is the differential amplifier 
that feeds the power amplifier centered on 
U9, a rugged NS LM 12. 

Box-response compensation is provided 
by C45, R42, and R43 (for frequencies 

are also excellent 
choices, but they 
are more expensive. 
Don’t use low-cost 
TL074s or the like, 

or you will have excessive noise and poor 
sound performance. 
• Decoupling is also most important. On my 
prototype, I bypassed each amp with two 
low-ESR I OpF capacitors. I also recommend 
a two-layer PCB, with the upper face used as 
a ground plane. 
• All resistors are 1% 'AW metal film. 
• Capacitors (except decoupling) are 5% 
polystyrene for values below 22nF; 1% 
polystyrene for the delay cell; and Siemens 
MKT above 22nF. 

FREE > 
ATALOG' 

MCM Electronics 

CODE: SB51 

Over 200 Different Woofer Types 
Pre-assembled Crossovers and Crossover Components 
Enclosure Design Reference Books and Software 

Sub-Woofer Power Amp Module 
•Provides 110W RMS @ 4ohm, 75W RMS @ 8ohm 

•Accepts speaker or line level input 

•Auto power on k j 

•Internal 12dB crossover, 
continuously variable from 60-160Hz 

•Fits into 10" X 7" cut out 

Order #50-4465 
Reg. Price $185.00 

For over 20 years. MCM has been a leading supplier to audio enthusiasts, 
professional autosound installers and repair centers. Our broad selection, 
competitive prices and huge inventory make us the best source for speaker 
components. Discover the MCM Difference, Call today for your free catalog! 

Prices effective from December 30.1998 to January 29.1999 

MCM ELECTRONICS* 
650 CONGRESS PARK OR. 
CENTERVILLE. OH 45-459 
A PREMIER FARNELL Company 

www.mcmelectronics.com 

-543-433 
[SOURCE CODE: SB511 
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FIGURE 25: Servo control for the subwoofer schematic. 

■ I From the publishers of Voice Coil | Loudspeaker 
INDUSTRY SOURCEBOOK 

LOUDSPEAKER INDUSTRY SUPPLIERS!! 
Target your market for a full year 
with an ad in the 1999 edition. 

Brought to you by the publishers of Voice Coil, the Loudspeaker Industry Sourcebook is the most comprehensive 
collection of listings on loudspeaker materials ever assembled. It is designed to help engineers, designers, purchasing 
managers and key executives locate the resources that are essential to their loudspeaker manufacturing operations. 

Fully updated each year for accuracy, this valuable information source is sought after by loudspeaker companies 
across the globe. Don’t miss this once-a-year opportunity to place your own custom advertising message in front of 
the most targeted audience of industry buyers available. Space is sold first-come-first-serve, so call today. 

For more information contact us at 
800-524-9464 (603) 924-7292, Fax (603) 924-9467 

E-mail: advertising@audioXpress.com 
DEADLINES: SPACE CLOSI NG , 5/11/99; MATERIAL DUE, 5/18/99 
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FIGURE 26: Power-amplifier schematic. 

PHOTO 2: Closeup showing mike-mounting detail. 

FIGURE 27: Speaker-protection-circuit schematic. 

above 1 OOHz) and phase stability at the low-
frequency cutoff of the loop is ensured by 
the simulated inductor created by U2A (for 

frequencies below 5Hz). 
U6 and U7 form a super-gyrator (simulat¬ 

ing a l/f’ impedance) to avoid very low-fre¬ 

quency external signals, such as door 
and window openings, affecting the loop 
and making drivers bottom severely. Just 

Dim« Fs.oertw: 

1K» -<x* 

Most Major 
Credit Cards 

Accepted 

V //WISTECH W 
■ Harris Technologies, Inc. W 
F Post Office Box 622 ■ 
F Edwardsburg, Ml 49112-0622 U.S.A. 1 

Tel 616-641-5924 
Fax: 616-641-5738 • Email: harristech@csi.com 

eat DeS ' Boxes 

with BassBox 6 Pro 
BassBox 6 Pro includes a "design 
wizard" and 9 performance graphs, 
making box design easy and accurate. 

X*OVer 3 Pro: $99'®® 'Plus shipping & handling 

* Graphs can include 

box response. 

• Estimate ESR & OCR. 

• Parallel-series value 
calculator. 

• Color code decoder. 
• Print schematics & 

parts lists. 

SAVE. 

Designed for 
Windows 
95/98 j 

with X*over 3 Pro 
X-over 3 Pro designs passive filters 

and networks including 2 and 3-way 
crossovers, impedance EQ and L-pads. 

• Design 2 & 3-way passive 
crossover networks, 

filters and L-pads. 

•1st, 2nd, 3rd, 4th-orders. 
• Impedance equalization. 

• Includes database w/ specs 
for thousands of drivers. 

• Four performance graphs. 

Easy-to-use Design Wizard. 

Includes database with specs 

for thousands of drivers. 

Design many types of boxes: 
closed, vented, vented with 

active filter (Be), bandpass, 
passive radiator. 
Nine performance graphs. 

• Import acoustic data. 
• Driver test procedure. 

• Include passive 

network response 
• Handles multi-driver 

& isobaric designs. 
• Create box drawings 

& parts lists. 

Both include 
illustrated 
manuals 

.SAVE 

BassBox 6 Pro: $129*»»’ ‘Plus shipping & handling. 

|<1.. II—M OW 
L* •—* t*« 

SOFTWARE 

Buy 

BOTH 

BassBox 

and X«over 

for $199* and 

save 23%! And 

fora limited time 

receive a free' high-

quality BassBox Design' 

Team T-Shirt. 
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ESCAPE 
the twilight zone of pre¬ 
historic speaker technolo¬ 
gy and join the age of 

enlightenment - electro¬ 
static loudspeakers 

(ESLs). Save thousands of 
dollars with any of our 
kits that surpass the 
audio performance of 

anything on the market -
no matter what the price. 
Stop wasting your pre¬ 
cious time and money 
with woofer's, tweeters, 
midranges, planar mag¬ 

netics & silly boxes. These 
overpriced contraptions 
are robbing you of the 
superior music quality 

you deserve. Quit believ¬ 
ing the nonsense that you 
read in ads, reviews, and 
magazine articles that 

only put you on a never 
ending merry-go-round 
of spending, join the elite 
group of audiophiles that 
are “in the know" - they 
get true high-end audio 

at the lowest possible cost 
by building one of our 

ESL kits. It's fast and easy 
to create the ESL of your 

dreams using our mod¬ 
em hi-tech construction 

methods. Any size, 
shape, or design is possi¬ 
ble with minimum effort 

and the curved see-
throughs are a snap. We 
are the worlds largest 
supplier of ESL kits, 

parts, components, mods, 
repair parts, exotic cir¬ 
cuits, trade secrets & 
obscure technical info. 
Our high volume pur¬ 

chasing power allows us 
to stock over 100 kits, 

parts and materials at the 
lowest possible prices. 
How's $199. sound for a 
complete ESL kit! Find 
out about SHOCKWAVE 
- the worlds first & only 
true ESL subwoofer. Plus 
we also carry Ionic & 
Plasma kits, plans, & 
info. Leave the Dark 

Ages of overpriced primi¬ 
tive speaker technology 
by ordering our latest cat-
alog/start-up manual. 
Plus you also receive a 
10% discount coupon! 

SEND (U.S.) $ 5.00 
TODAY! 

Make checks payable to: 

DAVID LUCAS 
924 Hulton St. 

Oakmont PA 15139 

TABLE 4 

SIMULATION FOR COMPLETE ARRAY 

CIRCUIT 
¡GMA n!41 
SPK 101000 negative RAB 4501 Active 
i RAB 4 10 0 1 Active 
¡GMA ni42 RAB 4-501 Active 
SPK 2 0 1 0 0.31 0 positive RAB 4 -10 0 1 Active 

¡GMA n&3 
SPK 3 0 1 0 -0.31 0 positive 

¡Medium du haut 
SPK 4 0 1 0.12 0.62 0 positive 
I 
¡Medium du bas 
SPK 5 0 1 0.12 -0.62 0 negative 

¡grave du bas 
SPK 6 0 1 0.12 -0.46 0 positive 

DRIVER 1 

SOUND PRESSURE 

SEN 0 DB 

FILE impf rd c:\calsod\ber\enceinte\GMA_NM.FRD 0.0 0.0 SECONDS 0.0 DB 
i 
DRIVER 2 

SOUND PRESSURE 

SEN 0 DB 

FILE impf rd c: \calsod\ber\enceinte\GMA_NM.FRD 0.0 0.0 SECONDS 0.0 DB 

DRIVER 3 
i 
SOUND PRESSURE 

SEN 0 DB 

FILE impf rd c: \calsod\ber\enceinte\GMA_NM.FRD 0.0 0.0 SECONDS 0.0 DB 

DRIVER 4 

SOUND PRESSURE 
i 
SEN 92 DB 
LKR 1100 2 HIGHPASS 
LKR 7500 2 LOWPASS 

DRIVER 5 

SEN 92 DB 
LKR 1100 2 HIGHPASS 
LKR 7500 2 LOWPASS 
i 

DRIVER 6 
I 
SOUND PRESSURE 

i 
SEN 92 DB 

i 
BUT 120 2 HIGHPASS 
LKR 1100 2 LOWPASS 

TARGET SPL 

SEN 92 DB 
i 
RAB 4 0 0 1 Active (continued at top of column) 
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PHOTO 3: Inside The Force. 

a fast opening of a door can easily reach 
150dB SPL, but you can’t hear it at very 
low frequencies. 

U8 provides biasing in case you prefer to 
use electrets, but can be omitted if you use 
Shures. You can obtain optimal noise per¬ 
formance by replacing U6 and U7 with an 
OPA604 (the reason for not having integrat¬ 
ed U6, U7. and U8 in a TL074 package). 

U5 is a third-order filter that is really a 
part of the complete filter described above, 
but is physically installed on the servo 
board. P2 is dedicated to gain adjustment 

of the loop to the 
mikes; Pl controls 
the input gain for 
level adjustment with 
the other drivers; and 
you should adjust P3 
for optimal transient 
response. 

The sub's power 
supply, not shown on 
the schematic, consists 
of a traditional 50Hz 
[European] trans¬ 
former, plus a diode 
bridge and two 
2(),OOO|1F 50V capaci¬ 
tors with 20A slow-
blow fuses. 

A relay (not shown) 
activated by the mains 
switch connects the 
LM12 and the speak¬ 
ers to avoid power-on 
“chumps.” Mike con¬ 
nection is through 
low-noise shielded 
wire. All four voice 
coils are wired in par¬ 
allel (which results in 
2Í2 impedance at the 
LM12 terminals). FIGURE 28: 30V switchmode power-supply schematic. 

i}hismdig oaaíjÍj^ ths Apcaks/i building JwlhgiAl! 

ese^rc nc. 

2412L lOtk St., Wick-til Palls, Tx. 7Ó3OQ 

phone: 94-O-723-79OO px: 9^0-723-2200 (open M"P IOam-5pm centrai time) 
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SPECTRA 
Dynamics 

DEFLEX 
acyusilc 
PANELS 

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

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

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

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

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

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

bars of REM's Automatic for the people album.. ." 
HI-FI News & Record Review - Marchi994 

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

all without deadening the sound in any way..." 
Audiophile - January 1994 

"...the result was sharper imaging, wider dynamics 
and a more natural sound..." 

CHOICE VERDICT 
Sound Quality 
Value for money ■■■■□ 
Hi-Fi Choice - January 1994 

"...But one things for sure - the Deflex panels are 
no gimmick. They work.. ." 

Audio Video - November 1994 

Some Of Our Other Products: 
*MIT MultiCaps... Better selection and 
the best prices anywhere! 
•InfiniCap, Solen, SCR/ASON, Rel-Cap, 
etc., premium grade film capacitors. 
•Kimber, Cardas, MIT, XLO, Acrotec, 
ultra high performance chassis wires. 
•Non-inductive wirewound and power 
resistors from Mills, Caddock, others 
•SOLO Copper Foil Air Core Inductors 
for no-compromise crossover designs. 
‘Cardas, Edison Price, Vampire, XLO, 
binding posts, banana plugs, etc. 

Send for FREE catalog today! 

MICHAEL PERCY AUDIO 
P.O. Box 526 

Inverness, CA 94937 
(415)669-7181 Fax (415) 669-7558 
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SERVO CONSTRUCTION 
CONSIDERATIONS 
• The components are the same as for the fil¬ 
ter, except that a single-sided PCB without a 
ground plane is sufficient. The LM12 drives 
a low impedance (2Í2) and requires a large 
heatsink (2°K/W maximum), as well as a big 
power-supply transformer and rectifier 
capable of delivering 15A (see Supply 
Connections, following). 
• The mikes are on an aluminum bar 
screwed in front of the 1O2O7DVC (Photo 
2). If you use electret mikes, to avoid unde¬ 
sirable distortion caused by connection wire 
movements, you must use very thin wire and 
make two or three mechanical release turns 
(see Mitey Mike article in SB 4/97. p. 10). 

AMPLIFIERS 
Figure 26 shows the power amplifiers, with 
the schematic derived from an Elektor arti¬ 
cle, “Etage de Sortie Audio Robuste,” July, 
August ’94, pp. 104/105. These amps have a 
somewhat unusual structure, but feature low 
price and very pleasant performance (espe¬ 
cially the constant distortion from 
10Hz-20kHz rising from 0.006% at IW to 
0.1% at full power). I had built two of them 
for a previous project and found their sound 
so good that I build 22 more for The Force. 

QI and Q2 form the voltage-gain stage. 
They are loaded by a common base stage 
made of Q3 and Q4, ensuring a wide open¬ 
loop bandwidth (which in turn leads to the 
frequency-flat distortion curves). Q7 and Q9 
are common emitter predriver stages that 
drive the output transistors QI 1 and QI2. 
Q8 and Q10 act with R19 and R20 to set 
the idle current. Pl allows fine-tuning of 
the offset voltage, and P2 is used for idle cur¬ 
rent adjustment. 

POWER-AMPLIFIER CONSTRUCTION 
CONSIDERATIONS 
• All resistors are 1% ’AW metal film, 
except R11, which is rated 3W to avoid ther¬ 
mal distortion at low frequencies. 
• All capacitors are MKT, except the 
lOOpFs, which are ceramic; Cl, which is a 
high-quality nonpolar (Nichicon); and Cll 
and Cl2, which are low-ESR electrolytics. 
• Q7 and Q9 are cooled by a single 
5°K/W heatsink. 
• The 12 amplifiers required for an enclosure 
are mounted on a single 1°KW, 40" long 
heatsink (Photo 3). This means very high 
thermal time constant, and initially it caused 
a thermal runout problem. To avoid this, you 
must mount Q8 and Q10 not on the heatsink, 
but on top of QI 1 and QI2. The mounting 
screw goes through the holes of both transis¬ 
tors, and the plastic face of Q8/Q10 is in 
contact with the upper side of the metal plate 
of Ql 1/Q12. Naturally, QI 1 and Q12 should 

be insulated from the heatsink with mica 
insulators coated with thermal grease. 
• Ground and ±35V power distribution is 
ensured by Vi" copper tubes, inserted in three 
holes through small wood blocks screwed to 
the heatsink (Photo 3). This provides low-
loss power distribution and also helps to fix 
in place the various cables running to and 
from the amplifiers. Nevertheless, beware of 
short circuits! Trying to discharge 12 
20,(XX)pF capacitors charged to 30V in Ips 
with a pair of pliers can be very dangerous. 

SPEAKER PROTECTION 
Considering the amount of money represent¬ 
ed by the various drivers, I thought it wise to 
provide some sort of protection in case the 
power supplies or a power amplifier should 
fail. It never proved necessary up to now, but 
you never know. 

The speaker-protection cell presented in 
Fig. 27 is very simple. RI and Cl provide an 
input filter that eliminates audio frequencies, 
so Q1 and Q2 can detect only a DC compo¬ 
nent in the amplifier output. This covers 
99% of the possible supply and amp failures; 
it does not, however, cover high-frequency 
parasitic oscillation within the amplifier. 

If the DC component is positive, QI con¬ 
ducts; if it’s negative, Q2 does so. In either 
case, Q3 switches off, and the relay opens, 
protecting the speaker. It is obvious that this 
can be efficient only if the VCC supply is 
independent of the main power supply. 

The only critical point here is the choice 
of relay, which must withstand at least 
20A, and also provide good low-level con¬ 
tact quality. Siemens and Omron provide 
excellent models for this application. 

PHOTO 4: Back side of the enclosure. 
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POWER SUPPLIES 
Most of the time, except for sound-rein¬ 
forcement applications, audio power ampli¬ 
fiers make use of linear—often unregulat¬ 
ed—power supplies. For this project, I pre¬ 
ferred regulated power supplies, for the fol¬ 
lowing reasons: 

• The multiamplification benefits of 
diminishing amplifier constraints by split¬ 
ting the reproduced spectrum may be 
spoiled if the power supplies of one section 
(low) influence those of other sections 
(mid and high). You can avoid this either 
by having separate unregulated supplies or 
one common well-regulated supply. 
• Power amplifiers always sound better 
when fed by a regulated supply. 
•You cannot match unregulated supplies 
better than roughly IV between positive 
and negative sections, and the amplifiers 
described previously show an offset drift if 
supplies are not closely matched. 

Then comes the following problem: if 1 
had used a linear supply, power dissipation 
would have been terrific. Let’s imagine the 
average level of each amplifier is 10W for 
realistic level listening; this means each 
amplifier draws 1.1 A RMS, and that is a 
total of 13 A per enclosure, which means 13 
X 30, or about 400W delivered by the sup¬ 

plies. As a rule of thumb, a linear supply 
would dissipate the same amount of energy 
that is delivered, roughly 500W. This 
would lead to unacceptable heatsink size, 
requiring fans and causing noise. 

SWITCHABLE SUPPLY 
1 decided to go for a switchmode power 
supply, which has the benefits of low loss 
(I achieved an efficiency of 97% for 500W 
output); very low ripple, due to high 
switching frequency; and very good 
transient regulation. 

I rejected supplies based on switching 
directly to the mains line, because of 
breadboarding security concerns (all who 
have tried know what I mean) and also 
because of the EC standards on mains 
spectral pollution caused by switching tran¬ 
sients. I chose a traditional 50Hz power 
transformer with rectifier and capacitors, 
followed by a step-down converter. The 
schematic appears in Fig. 28. 

U2A/U2B is the oscillator, which 
delivers a triangular waveform at about 
50kHz. U3 is a high-speed comparator, 
which compares the triangular wave with 
the error signal coming from U2C. The 
resulting fixed-frequency variable 
duty-cycle square wave is forwarded to 
the QI and Q2 transistors that drive 

the gates of the MOSFET switching tran¬ 
sistors (IRF540). D2 limits the voltage 
excursion on the gates. 
The sources of the IRF540 are 

connected through current-sensing resistors 
(R14-R17) to the inductor and recovery 
diode (40CPQ100). C12 is a low-ESR out¬ 
put capacitor. C7 and R18 form a snubber 
network that limits high-frequency 
spurious emissions. 

U4A compares the output voltage to a 
reference voltage (D5 zener diode), and 
drives the U5 optocoupler to produce the 
error signal. You can adjust output voltage 
with P2. Q3 and D4 extract the U4 supply 
from the output voltage. 

U2D compares the voltage across 
the current-sensing resistor to a reference 
value derived from the 15V auxiliary sup¬ 
ply, and, in case of current excess, reduces 
the output voltage by lowering the duty 
cycle of U3. Pl adjusts the current limit. 

POWER-SUPPLY CONSTRUCTION 
CONSIDERATIONS 
All this is quite simple, but requires very 
careful construction. The main points are the 
following: 

• The ground of the auxiliary 15V power 
supply is connected to the sources of Q5 and 

MANGER* 
Finally: the perfect representation of music. 

Manger drivers are simply the best available. Operating from 170Hz to 33kHz as a true 
point source bending wave driver, the Manger is renowned throughout Europe for its 
utterly natural sound and transient perfection. Manger drivers, speaker kits, and finished 
speakers are now distributed in North America by B&R Acoustique. 

The Manger driver is extremely simple to use, requiring only a subwoofer to round out the 
bottom end. It requires no crossovers in the midrange and treble , so even beginning 
speaker builders can achieve better time, transient, and phase response than with any other 
multiway loudspeaker. Two decades and millions of dollars of research have “built-in “ 
perfection into these drivers. 

The concept is simple, the result extraordinarily satisfying. Finished Manger systems and kits show the same exacting attention to 
psychoacoustics, engineering, and quality control as the drivers themselves. Nothing is left out, no pains are spared to ensure your system 
will perform exactly as did the laboratory standard. These are easy kits to build, yet true reference systems. 

Efficiency is 90db 1 W/lm. Recommended box volume is only 8-10 liters for the 8 inch drivers. Driver depth is under 2 inches, allowing 
for in-wall or in-ceiling mounting. Rise time only 0.014 milliseconds; ringing is non-existent; waterfall plots unmatched; dispersion 
carefully controlled. These drivers have no audible timbre of their own, reproducing original events with unmatched precision . 

Contact us or stop by to listen at the 1999 International CES in Las Vegas, Alexis Park, suite API654, January 7-10. We will be showing 
the very affordable Zerobox 109 near field monitor, the widely acclaimed Zerobox 108 reference, and several other world-class sytems. 

You will hear nothing but music for the very first time. 

Toll-free (888) 825-8888 

B&R Acoustique 
Fax (450) 635-7526 www.techmdb.com E-mail:techmdb@MSN.com 
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FIGURE 29: Switchmode-supply controller/sequencer. 

Q6, and not to the output ground. 
• All high-current paths (DC input, Q5 and 
Q6. R14-R17, LI and Cl2) must be very 
large traces on the PCB (a minimum of 'A ). 
• Do not replace U4 with another amp in 
which the common-mode voltage does not 
include ground, or the supply will not start. 
• C8, R19, R23, U5, R8, C5, C4, and R9 are 
carefully chosen for optimal transient 
response. Do not replace them with other 
types or values. 
• You should mount Q5, Q6, and D6 on 
proper heatsinks (3°K/W is enough), 
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although they remain cool even at very high 
output (this is the reason for choosing a low 
50kHz switching frequency). 
• LI is an air-core inductor in my prototype 
(two layers, 80 turns on a 1 inner diameter). 
If you use a core, be sure it’s one with a very 
low loss; otherwise the inductor will saturate, 
and Q5 and Q6 will overheat. 
• To avoid RF interference problems, 
you should follow these high-cur¬ 
rent, high-frequency rules: ground planes on 
PCBs; short leads on switching parts; proper 
grounding (don’t forget the heatsinks that 

easily become efficient antennas); short and 
large PCB traces for high-current paths; 
shielding of the whole. To accommodate 
EC rules for RFI/EMI, my prototype 
includes a 0.05 -thick steel case, with an 
additional 0.1 -thick aluminum case for the 
coreless inductor. 

SWITCHMODE CONTROLLER/ 
SEQUENCER 
The high currents of the SMPS required 
some additional electronics for failure pro¬ 
tection and for capacitor-life preservation. 



With 12 amplifiers connected in parallel, 
each supply sees 12 x 20,000 = 
240,000pF. and the sudden application of 
mains voltage would cause damaging cur¬ 
rent surge and possibly blow the fuse. 

Referring to the schematic of Fig. 29, 
the controller contains two more or less 
identical sections (one for positive supply, 
and one for negative). At start-up, relay 
RL1 is open, and the primary DC supply 
voltage (+bridge input) rises. This +bridge 
voltage is connected through a 2Q resistor 
to the +Regin switchmode regulator input 
(Fig. 30). UI A controls the value of this 
voltage, with the 5V reference provided by 
U7. Once it has risen above 52V, RL1 
closes. The same mechanism is true for the 
negative part, with U2D and RL2. 

The output of the regulators (+Regout 
and -Regout) are checked by U1C, U1D. 
U2A, and U2B. If the output is not 
between 28V and 35V (short-circuit condi¬ 
tion or switching-transistor failure), Q2 
remains off, and RL3 prevents any connec¬ 
tion to the output. Q4 and U4 provide iso¬ 
lation between the positive and negative 
sections. When RL1 is closed and the reg¬ 
ulator output voltages are correct, Q2 is on 
and RL3 is closed. 

The outputs of the regulators are then 
connected to Q6 and Q7, current sources 
that gently charge the power amplifiers’ 
filter capacitors. U1B and U2C control this 
charging process. When the final voltage is 
reached, Q5 comes on and RL4 closes, 
connecting the regulators’ outputs to the 
output terminals (+Out and -Out). 

Auxiliary power supplies are used (one 
for positive, and one for negative). Their 
grounds are not connected, since that of 
the positive one is connected to the output 
ground and the ground of the positive 
regulator, whereas that of the negative 
one is connected to the output of the 
negative regulator. This may seem 
complex, but it is required for maximum 
failure protection. 

There are no special construction con¬ 
siderations, except that some PCB traces 
should be able to sustain 40A currents ('/a" 
width), and that the relays must also sus¬ 
tain high current values. R4, RI4, R21, 
and R30 are high-power wirewound resis¬ 
tors. You can use almost any optocoupler 
for U4 and U5, provided the current-trans¬ 
fer ratio is at least 100%. 

SUPPLY CONNECTIONS 
Figure 30 gives the general connection plan 
for the various (and numerous) supplies. 
The important points to note are: 

• This schematic is given for one enclosure 
(left or right). 

CROSSTECH AUDIO INC. 

PREMIUM HIGH POWER 12dB PASSIVE 
CROSSOVER NETWORKS 

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

(No resistors to distort sound quality) 
CUSTOM FREQUENCIES NOTA PROBLEM 
30 Francine Lane Staten Island N.Y. 10314 
Phone (718) 370-8399 Fax (718) 370-8297 

www.crosstechaudio.com 
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FIGURE 30: Connecting global supplies. 

• EMI filters are used both for mains input 
and output terminals for the SMPS, to 
provide adequate attenuation of spurious 
emissions. These filters should sustain 20A 
for the mains and 50A for the output, with 
at least 40dB attenuation in thelOMHz-
300MHz range. They are not cheap. 
• T3 and T4 must feature a secondary-to-
secondary voltage isolation of at least 

150V; if you can’t find such transformers, 
you can split each of them into two ordi¬ 
nary single secondary 15V transformers. 
• C2, C4, C5, and C6 may be made of sev¬ 
eral 20,000pF items connected in parallel. 
• Note the use of a delayed relay for activa¬ 
tion of the speaker-protection cells; this 
avoids any turn-on chumps and is an addi¬ 
tional protection against supply failure. 

• Make sure to use appropriate heavy¬ 
gauge wire where specified, and be careful 
to ground the metallic cases. 

THE SUB ENCLOSURE 
Building the enclosure of the sub is quite 
straightforward. It is a rectangular box of about 
2.5ft3, with the following characteristics: 
• made of 2" MDF; 

FIGURE 3 1: 10207 response in 2.5ft3 closed box, without servo. FIGURE 32: 10207 response in 2.5ft3 closed box, with servo. 
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FIGURE 33: 10207 response in 2.5ft3 closed box, with 
servo and 20Hz and 150Hz filters. 

lèk _TL • Stop M Pos: 200.0ms ACQUISITION 

CH1 200mV CH2 50.0V M 5ms CH1 / 36.0mV 

FIGURE 34: Close-field 30Hz square-wave response of 
the servo sub. 

• external dimensions 16" x 12" x 24"; 
• butt-joint assembly glued and screwed 
with dry-wall screws; 
• corner bracing and heavy face-to-face 
bracing with 2x2 solid oak; 
• vertical edges rounded with a 1 quarter¬ 
round routing bit; 

• polyester filling, 1 oz per ft3. 

Very carefully caulk the 
enclosure to ensure it is airtight. 
This is important, first because 
leakage would change the phase 
response of the drivers and 
cause loop instability, and sec¬ 
ond since the 200W delivered 
by the LM 12 can easily destroy 
the voice coils by mechanical 
bottoming. The air spring of the 
closed box is the best protection 
against such disaster. 

Also, don’t forget to caulk the 
back of the drivers’ faceplates 
before installing them. You can 
recess the drivers’ holes with a 
router to mount the drivers flush 
with the front plate, but this is 
not mandatory. 

The voice coils are connected 
with heavy-gauge wire to female 
banana plugs located on the rear 
part of the top face. As already 
mentioned, the mikes are fas¬ 
tened to a U-shaped aluminum 
bar screwed in front of the 
10207; hence, the mike-to-driver 
distance is about 3" with the 
electrets, and you can reduce this 
with the much larger Beta 57s. 

MAIN ENCLOSURE 
The main enclosure is located on top of 
the sub enclosure, onto which it is attached 
with two !6" machine screws fitted in 
two brass inserts. This allows for easy 
separation and transport. This enclosure is 

simply a rectangular box without a rear 
cover; you can build it in the follow¬ 
ing way: 
• Cut a 54 x 16 panel of 1 MDF for the 
front face. Locate the drivers’ centers 
according to Photo 4, and make a recessed 
cut of adequate depth with a router fitted 

Exclusive 
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Acoustic Research 
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NHT Parts 

KbHT 
We can bring your speakers 
and equipment back to life 

using the original components. 

800-225-9847 FAX: 508478-9816 
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supravox 
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Tel: 33 (0) 2 47 32 9100 Fax: 33 (0) 2 47 32 9955 
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basket in aluminum and paper cone 

Serie Mélomane 
170 medium high. 200 • 19000 Hz. 101 dB «215 RTF 
64 • 60 to 10000Hz ± 2dB. • 98 dB. • 45W RMS power. 
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speakers by reducing cabinet resonance and 

baffle diffraction. Transform the acoustics of 

your listening room. Make your car or studio 

whisper quiet. Coustasheet, a .083" thick, 1 lb. 

per sq. ft. loaded vinyl, will do all this for only 

$2.98 per sq. ft. (12 min.) plus $5 handling. 

FREE SHIPPING in USA. 

Gasoline Alley, L.L.C. 
1700 East Iron, Salina, KS 67401 
1.800.326.8372 
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with a straight bit so that the various 
drivers mount flush. Round the edges of 
this panel (except the lower one that 
corresponds to the top of the sub enclosure) 
with a 1 quarter-round routing bit. 
• Prepare the glass bowls by cutting 
cable passages with a continuous-
edge diamond disk, and glue them to the 
backs of the front plates with special 
glass silicone. 
• Cut two 54 X 12 pieces of !ó MDF for 
the sides, and two 14 x 12 pieces for the 
top and bottom. 
• On the left side panel, prepare holes for 
the brass inserts that will support the power 
amplifiers’ heatsink screws (two for 
the main amplifiers and two for the 
sub amplifier). 
• Assemble the enclosure with a butt-joint 
technique, using glue and drywall screws. 1 
added comer bracing to improve rigidity. If 
you wish, you can also damp the side pan¬ 
els with Acousta-Stuf. 
• Once the box is assembled, you can 
screw the drivers in place (don’t forget the 
silicone for the P17REX). install the ampli¬ 
fiers, and make the connections. 
• The rear view of the prototype is shown 
in Photo 4. You can see the glass bowls 
of the P17REXs and the large heatsink 
on the left. 

BIG IMPROVEMENTS 
NOW COME IN SMALL PACKAGES. 
INTRODUCING FERROFLUID 

RETROFIT KITS. 
Now OEMs who have already enhanced 

speaker performance with FerroSound can add 
ferrofluid packets to their retrofit kits. 

These small, convenient packets enable ser¬ 
vice centers and retrofitters to apply ferrofluids 
correctly into replaceable diaphragms in the 
field. Results: fewer problems and more profits 
all along the line. 

Each kit contains the right amount and 
type of ferrofluid for your speaker, a wicking 
cloth to extract remaining fluid, instructions, 
and a material safety data sheet. So add per¬ 
formance and profit to your speaker retrofits 
by calling FerroSound today at 603/883-
9800 —or fax 603/883-2308 

ò FerroSound 
The Solution Is Loud And Clear' 

Ferrofluidics Corporation, 40 Simon Street, Nashua, NH 03061 

© 1997. FerroSound and related graphics are registered trademarks oi Ferrofluidics Corporation. 
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TUNING THE SYSTEM 
In the following description of the adjust¬ 
ments to the system, when I mention a 
potentiometer with the pointer connected to 
one end. the phrase “turned to minimum” 
means the pointer is towards the end it is 
connected to (and this situation corresponds 
to maximum resistance.) 

The first step is to have correctly adjust¬ 
ed power supplies. The only tuning points 
in all system supplies are the SMPS output 
voltage and the current limit. 

Connect the 60V transformer, bridge, 
and capacitors to the regulators (check 
polarity), switch on the mains, and read the 
output voltage with a voltmeter; adjust P2 
to obtain 30V. Then connect a 1.5Q/3OOW 
resistor to the terminals and adjust Pl so 
that you just reach the trip point at which 
voltage falls. Do the same for all four regu¬ 
lators. You can then connect the controller 
boards to check whether everything is OK 
(all relays should close). 

Now, connect the power supplies to 
the power amplifiers (all with P2 to 
minimum) and check again. You should 
see that relay RL3 on the controller board 
closes only after one or two seconds, due 
to the presence of the amplifiers’ capaci¬ 
tors. If RL3 doesn’t close, switch off 
immediately, for this indicates a possible 
short-circuit on the supplies. 

Once this is OK, you can connect the 
rest of the supplies. This is rather long and 
tedious, but quite easy. 

SERVO SUB 
To adjust the servo sub, put Pl to mid, 
P2 to maximum, and P3 to minimum. 
Connect a 30Hz IV pp square wave to 
the input, and switch on the mains power. 
With an oscilloscope, observe the voltage 
on U1D. pin 14. Slowly turn P2 to de¬ 
crease its value, up to the point where 
the servo loop oscillates (you will hear it). 
Then, turn P3 and adjust for an optimal 
(small overshoot) waveform on the 
oscilloscope. You can adjust P2 later if 
necessary (level-matching with the 
P17REX). I recommend you let the 
woofers break in on a 10Hz low-level sine 
wave for eight hours before making those 
adjustments. 

Figure 31 shows the response of the 
10207 in the enclosure, which is very close 
to what Boxmodel predicted. You can 
see that in the 20-100Hz zone, the response 
follows the theoretical ódB/octave slope, 
which is compensated by R42/C45. 

Figures 32 and 33 show the response of 
the closed loop, perfectly flat from 
2-15OHz, showing efficient loop action. 
Finally, Fig. 34 shows the square-wave 
response of the sub for 30Hz input; little 
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FIGURE 35: P1 7REX response, with gyrator correction without 
filters. 

FIGURE 36: P17REX response, with gyrator correction with filters. 

FIGURE 37: P17 and sub combined response. 

FIGURE 38: LPG50 response, with gyrator correction and filters. 

overshoot indicates good loop phase mar¬ 
gin. (Note that the main system filter con¬ 
tains a 20Hz high-pass filter, described pre¬ 
viously; these figures do not include the 
influence of this filter.) 

POWER AMPLIFIERS 
Turn all P2 potentiometers to minimum 
and set all Pls to mid. Connect the power 
and switch on. For each amplifier, 
you should connect a voltmeter across 

R19 and slowly turn P2 until you read 
100mV. Once that’s done, connect the 
voltmeter between output and ground, and 
adjust Pl to null the offset. 

Do the same for the 12 amplifiers, and 

Acousti-Soft 
www.acoustisoft.com 

1-800-301-1423 
9:00 am - 5:00 pm EST 

Agent: Doug Plumb 

AcoustLSoft is pleased to introduce new loudspeaker measurement and simulation packages for Windows™ 95/NT 
written by Dr. Earl Geddes. These new applications are the product of nearly 20 years of continuous code 
development. 

Fit_32 is a new loudspeaker measurement application that will increase productivity through new T/S parameter 
measurement and new polar response measurement methods (patents pending). Fit_32, when used with Speak_32 
offers new' extended capabilities in modeling loudspeaker systems using a common Microsoft™ Jet™ database 
engine. 

Speak 32 offers significant increase in capabilities over earlier Speak and WinSpeak versions and the modeling of 
the Acoustic Lever™ Loudspeaker Enclosure by Dr. Geddes (patent pending). 

Speak 32 introductory beta version 299." USD. 
FHJ32 available Jan. I, 1999.'399.“' usd. 
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FIGURE 4 I : D25O 1m response, combined with LPG50. 

FIGURE 42: Filter electrical response for the four-ways (relative 
levels not to scale). 

let it heat for one hour. Then make a new 
final adjustment, and it’s finished. 

FILTERS 
Warning: you cannot tune the filters with¬ 
out a measurement tool (IMP, Audiosuite, 
MLSSA, or the like). 

For all the next steps, connect the input 
of the filter to the signal output probe of 
the response analyzer, with a level of 
approximately 1V pp. 

For the sub filter, connect the test probe 
to the “sub” output and measure the fre¬ 
quency response; adjust Pl so that the 
curve is perfectly flat before rolloff. If you 
see garbage on your screen, the value of P1 
is too high, and the filter oscillates. 

P17REX FILTER 
Place the test mike 1" from the P17REX, 
on-axis. Tum P2 and P3 to minimum, and 
P4 and P5 to maximum. Set P7. P8. P9. and 
PIO to mid. First adjust P7, P8, P9, 
and PIO to obtain the flattest possible 
response (Figs. 35 and 36); all adjustments 
are coupled together, but after a few 
minutes, you will be at ease with 
the process. 

Note that P8 and PIO are related to the 

spectral sharpness of 
the response anomaly 
to be corrected.where-
as P7 and P9 are 
linked to the center 
frequency of the 
anomaly. 

Once the response 
is flat, you should 
connect the sub. 
Place your mike 3m 
from the enclosure, 
and measure the fre-
quecy response from 

FIGURE 43: In-room ’/s-octave response, pink noise (measured at 
listening position, 4m). 

20- 200Hz. Adjust P2 
on the servo board so 
that the level in the 
50Hz region and in 
the 200Hz region are the same. When 
doing this, be careful to avoid any response 
peak or dip due to room interaction. 

Adjust the sub level. Now, you need 
a second mike. Place the first mike at 1" 
from the P17REX center and the second 
in the same vertical plane, on one of the 
10207’s axes. Unless your measurement 
system features several mike inputs, you 
will need to breadboard a small sum¬ 
ming amplifier that will add the signal of 

both mikes to enable double-source, close-
field measurement. 

Without touching the sub’s level adjust¬ 
ment, adjust P2 and P3 until the summed 
response is flat (Fig. 37). 

LP50 FILTER 
Place the test mike 1" from the LPG50, on-
axis. Set Pl 1, P13, and P14 to mid. Adjust 
Pl3 and P14 for maximum flatness in the 
l-8kHz band (Fig. 38). 
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Now you must carry out the same 
summed response process as you did for 
the sub and Pl7. First, adjust Pl 1 for equal 
levels at 4()0Hz and 3kHz. then adjust P4 
and P5 for flat summed response (Fig. 39). 
Placing the two test mikes in the same ver¬ 
tical plane is very important in having cor¬ 
rect relative phase. 

D260 FILTER 
Again, place the test mike 1" from the 
D260, on-axis. Adjust Pl6 and P17 to the 
flattest possible response from 7-20kHz 
(Fig. 40). Again, if your tweeters are OK, 
you should be able to remove U13 and the 
associated components. 

For adjusting P15, I didn’t use the dou¬ 
ble-mike setup, since close-field measure¬ 
ment is not as representative of in-room 
response, mainly because of interaction 
between the three tweeters. I chose a Im 
single-mike measurement, and adjusted 
P15 to achieve the flattest possible 
response (Fig. 41). 

The final response of the tuned filter for 
my prototype is shown in Fig. 42. 

IN ROOM 
Measuring in-room response of multiple 
driver systems is always difficult, and is 
likely to produce strange results not in 
accordance with your ears’ perception. 
Nevertheless, I have made a spatially 
averaged (30° horizontal window, 10° 
vertical) pink-noise measurement: the 
result is quite satisfying, as can be seen in 
Fig. 43. You should note that below 
300Hz, I used a 1/3-octave equalizer to 
control room response. 

It is also important to notice that 
the CALSOD predictions were quite 
accurate concerning vertical-angle 
response variations. 

1 know that some readers may be disap¬ 
pointed by the absence of lOHz-resolution 
in-room response curves, but in my opin¬ 

ion they are almost meaningless for multi¬ 
ple driver systems. 
_b 
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Kit Review 
ACI TITAN SUBWOOFER KIT 

Reviewed by Thomas Perazella 

Titan Subwoofer Kit, Audio Concepts, Inc., 
901 S. 4th St., La Crosse, WI54601, $529. 

THE KIT ADVANTAGE 
The assembled Titan has a retail price of 
$1599, but buying directly from the factory 

THE DRIVER 
The woofer has a stamped frame, rubber sur¬ 
round, large ceramic magnet, and long 

Audio Concepts (ACI), a company based in 
La Crosse, Wisconsin, produces both com-

will cost you $799. The kit has a suggested 
price of $529, but my last visit to ACI’s 

throw. I made no T/S-parameter measure¬ 
ments, but checked a few key items. Right 

píete speakers and speaker kits. One of those 
products, the ACI Titan subwoofer kit, is its 
answer to the need for a high-performance 

Website (www.audioc.com) showed it on 
sale at $499. Since the two versions are the 
same except for the enclosure, you can spend 

out of the box. the woofer (Photo 1) had an 
fs of 19Hz. To break it in, 1 mounted it to a 
baffle and drove it with a frequency of 19Hz 

subwoofer that appeals to the home builder. at a level of 1OV for over 40 hours, using a 
According to Webster, the defini¬ 
tion of a titan is “any person or 
thing of great size or power.” 
How does the ACI Titan stack 
up to this description? Let’s 
find out. 

Audio Concepts’ philosophy for 
its kits is to provide the builder with the 
drivers and other components such as 
crossovers and amplifiers necessary to pro¬ 
duce a finished product, less the actual hous¬ 
ing or housing components. Plans for build¬ 
ing a kit enclosure similar to those supplied 
with the factory-built units are available from 

test amplifier (not the unit supplied 
with the kit). At the end of the 
break-in period, I rechecked 
the fs and found it was 16Hz. 
Not a bad start. 

During the initial tests, it became 
very clear that this is one tough 

woofer! Nearly any test signa' that was 
even remotely sane failed to provoke the toe¬ 
curling sounds that portend imminent failure. 

I noted dynamic offset at different fre¬ 
quencies, using a stroboscope set slightly 
lower than the test frequency. Viewing the 
speaker then reveals its movement in “slow 

ACI, but assembled and finished enclosures 
are not. 

PHOTO I: Titan 12" woofer. motion.” Below 30Hz, there was no visible 
offset. From 40-60Hz, an offset existed in 

At first, this may appear to be a stumbling 
block for the inexperienced builder, but in 
reality, at least with the Titan, the enclosure 
design is relatively simple and straightfor¬ 
ward. The design requires a 2ft3 sealed box, 
which makes the construction simpler and 
more flexible in terms of tailoring the box 

the $300 savings on the materials of your 
choice, with any balance remaining in your 
bank account. 

What do you get for your $499? The kit is 
built around a 12", single-voice-coil woofer 
and a special mono-power amplifier rated at 
25OW. In addition to the woofer and amp, 

the outward direction. Above 70Hz, it was in 
the inward direction. Maximum impedance 
was 31,3Q at 16Hz, with a minimum of 6.5Í2 
at 82Hz—results consistent with an 8Q nom¬ 
inal impedance. DC resistance was 4.8Q. 

THE AMPLIFIER 
dimensions to suit your needs. 

Being able to design 
the shape of the box 
to fit into your decor 
is one of the main ad¬ 
vantages of building 
your own enclosure. 
Need a tall shape with 
a small footprint? Build 
it that way. Need a low¬ 
boy shape to fit behind a 
couch? No problem. 
Want to use some exotic 
veneer for a drop-dead 
look? Do it. If woodwork¬ 
ing is your hobby and you 
enjoy the time spent in de¬ 
sign and construction, you 
can save money by building 

you get stuffing for 
the box, sealant tape 
for the woofer and 
amp, three RCA plugs 
with color-coded red 
and black leads to 
make your own atten¬ 
uators for speaker¬ 
level amp connec¬ 
tions, two spade lug 
terminals to connect 
the amp output to the 
woofer, and instruc¬ 
tions for assembling the 
kit and using the com¬ 
pleted sub. 

PHOTO 2: Titan power amplifier—front 
your own enclosure. view. 

The amplifier is very interesting (Photo 2). It 
is typical of the newer sub amps in that all 
components are mounted on a rectangular 
plate, with all active circuitry on one side 
(facing in), and the heatsink, connections, 
and controls on the other side (facing out). 
Three RCA jacks are provided: left/sub, cen¬ 
ter, and right. These are line-level inputs for 
connections to a preamp output. For speaker¬ 
level signals, you must make resistive atten¬ 
uators for connection to the terminals of your 
main amplifier or speakers. 

In addition to the inputs, the amp contains 
a power switch (there Ls an auto-on feature as 
well), a phase-reversal switch, an input-level 
control, and an adjustable low-pass filter that 
is calibrated from 5O-18OHz. 

Major components on the circuit side are a 
hefty toroidal power transformer and two 
modestly sized filter capacitors. Two circuit 
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PHOTO 3: Titan power amplifier—rear 
view. 

TABLE 1 

AMP TEST WITH 8Q RESISTIVE LOAD 

FREQUENCY INPUT LEVEL OUTPUT LEVEL 

100Hz 60m V 17V 

100Hz 300m V 22 V 

100Hz 2V 23V 

20Hz 60m V 12.5V 

20Hz 120mV 13.8V 

20Hz 300mV 14V 

20Hz 2 V 14V 

10Hz 60m V 9.8 V 

10Hz 120mV 10V 

10Hz 300m V 9.5V 

10Hz 2V 8.7V 

boards contain most of the active compo¬ 
nents, with the output devices hidden under a 
V-shaped bracket attached to the chassis/ 
heatsink (Photo 3). 

The literature states that the amp will de¬ 
liver 250W and has an output that is tailored 
to reduce the drive levels at low frequencies 
as the average power level rises. This reduc¬ 
tion at low frequencies prevents excessive 
cone excursion at high drive levels and low 
frequencies, reducing the chances of damag¬ 
ing the driver. Testing the amp confirmed the 
power reduction at low frequencies, but 
turned up some rather unusual characteristics. 

TESTING THE AMP 
I chose an 8Q resistive load for the first test 
of the amp. The signal source was a low-dis¬ 
tortion sine-wave generator, and I took mea¬ 
surements with an oscilloscope and a true 
RMS-measuring AC voltmeter. I set the 
amp’s input to a crossover point of 180Hz 
and gain to maximum. I ran the tests at three 
frequencies and a range of drive levels. Table 
I shows the results. 

The data makes it clear that there is signal 
compression at low frequencies at all drive 
levels, and also that the amp cannot deliver 

PHOTO 4: Amp output— 100Hz, 10V/cm, 
no limiting. 

PHOTO 5: Amp output— 100Hz, 10V/cm, 
limiting. 

PHOTO 6: Amp output—20Hz, lOV/cm, 
limiting. 

250W into 8Í2 at any of the test frequencies. 
At 100Hz, where the output was highest, the 
amp still delivered only 23V, which calcu¬ 
lates to slightly over 66W. 

Photos of the oscilloscope traces show the 
limiting at 100Hz and 20Hz. Photo 4 shows 
the signal at 100Hz before limiting occurs. 
Note the clean shape of the waveform. Photo 
5 shows the 100Hz signal at a higher drive 
level. The action of the limiting circuit is 
clear in the fall-off of the signal voltage as the 
peak is reached and passed. It appears that 
there is some sort of time/drive-level integra¬ 
tion going on. The good thing is that the amp 
does not go into hard clipping, but exhibits a 
rather soft limiting. 

Photo 6 shows the 20Hz signal at a drive 
level high enough to introduce limiting. The 
limiting is now quite pronounced, and al-
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though there is no hard clip¬ 
ping, the sharp bends in the 
curve at the maximum 
points indicate the produc¬ 
tion here of some higher-
order harmonics. 

Even if the power were 
rated at 4Q and the amp 
were the perfect voltage 
source (that is, it could 
maintain the same drive 
voltage into lower imped¬ 
ance loads), the power into 
4Q would be double, or 
around 132W, well short of 
ACI’s claim. 

To test the amp’s ability 
to deliver the same voltage 
into lower impedances, I 
then connected it to a 4Q re-

GLUING THE PIECES 
I started the assembly by 
gluing both sides onto the 
front piece. Once the sides 
had set, I glued the top and 
bottom plates into place. 
Assembling even simple 
enclosures such as this can 
take a long time if you 
have only a few clamps. 
Think of clamps as 
money—you can never 
have too many. 

ACI’s drawings speci¬ 
fied the internal braces. I 
cut them from the MDF 
sheet in 2"-wide strips, 
with lengths to match the 
inside dimensions of the 
partially completed en-

sistive load. If it had ideal characteristics, the 
first test at 100Hz should produce the same 
23V across this load, for a power level of 
132W. Then came the big surprise: the volt¬ 
age level into the 4Q load was actually close 
to 38V at clipping, which represents around 
360W. The trace also revealed that hard clip¬ 
ping into this load did occur. It had more the 
appearance of a conventional amp. 

This trend was also apparent at 20Hz and 
10Hz with maximum drive levels of 25V and 
18V, respectively. Apparently, the control 
circuitry for the amp has a sensing function 
that increases the drive as the impedance de¬ 
creases. Time to reevaluate. 

With the speaker’s minimum impedance 
being 6.5Í2 at 82Hz, if you change the load 
bank to 6.5Í2 and use 100Hz as a test fre¬ 
quency—since the limiting is less there—can 
the amp develop 250W? To do that, it would 
need to provide just over 40V. And the re¬ 
sults? Nice try, but no brass ring. The output 
was 30V, or around 145W. This limiting will 
certainly help protect the driver, but it will 
also limit the output level, perhaps more than 
it should. 

BUILDING THE ENCLOSURE 
The next step was to build the enclosure. The 
configuration I used was that suggested by 
ACI, since it emulates the enclosure provid¬ 
ed with the assembled Titan. This would be a 
good test, not only of the kit results, but also 
of their correlation with those of the assem¬ 
bled product. 

ACI specified %" MDF as the best choice 
of material, so I used it for the main panels 
and braces of the enclosure. Orientation is 
vertical, with the woofer firing downward 
from the bottom. The main housing is raised 
from a flat base by four dowel sections, 1 " in 
diameter and W  long, to provide an exit 
path for the woofer output. The outside di¬ 
mensions, less the base and supports, but in¬ 

cluding a %" trim plate for the woofer, are 
24" H X 15" D X 13'/2" W. The base dimen¬ 
sions match the main housing. 

The enclosure comprises eight main 
pieces, plus internal braces and the dowel 
spacers for the base. To simplify construc¬ 
tion, I made all four walls 1316" W x 
2314" H, and the top and bottom 
pieces also equal in size, 
at 12"Wxl3!6"L. 
The base plate and 
trim plate for the 
woofer were both 
13!6"Wx 15" L. 

I cut all pieces, 
including the internal 
braces, from a single 
sheet of MDF. Before 
assembly, you need 
to cut holes in three 
pieces—the bottom, 
the woofer trim plate, 
and the back panel. 
That in the bottom 
plate, to which the woo¬ 
fer mounts, is 11 1/8" in di¬ 
ameter, cut in the center. The 
trim plate, which fits around the out¬ 
side of the woofer, has a hole 12*4" in di¬ 

closure, and then glued them into place. 
Photos 8 and 9 are two different views of the 
enclosure at this stage. Note that the braces 
nearest the driver opening do not extend 
across the amplifier opening. This allows 
the amplifier to fit, unobstructed, inside 

the enclosure. 
The final major piece to add was 

the back. Before fixing 
it on the enclosure, I 
temporarily placed 
the power amp over 
the opening in the 
back and marked the 
mounting-hole posi¬ 
tions. I then removed 
the amp and drilled the 
pilot holes for the 
mounting screws, posi¬ 
tioned the back, and 
glued it in place as 
shown in Photo 10. 
To make sure the base 

would fit properly with 
the enclosure, I aligned it 

PHOTO 8: Enclosure before 
back is added. 

PHOTO 9: View into enclosure. 

ameter, also cut in the center. For 
mounting the amplifier, the opening 
in the back plate is rectangular, 6" W 
x 8 *4" H. Again to simplify con¬ 
struction, I rounded the edges only 
of the woofer trim plate and the 
base plate. 

Photo 7 shows the pieces of the 
enclosure, without the braces, be¬ 
fore assembly. They are (from top 
to bottom and left to right) the top 
plate, the four body panels, with 
the back panel on the right, the bot¬ 
tom plate, the woofer trim plate, and 
the base plate. 
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PHOTO 10: Enclosure without 
base and trim plate. 

with the trim plate before assembly. I marked 
pilot holes for the base mounting screws and 
drilled through both pieces at the same time. 
Separating the pieces, I enlarged the pilot 
holes for the #10 x 3" flat-head mounting 
screws in the base to provide clearance, 
countersinking them to allow the screw 
heads to rest slightly below the surface of the 
base. I also drilled the four dowel spacers 
with clearance holes for the mounting 
screws. Since I intended to paint the base and 
dowels black. I now primed them and set 
them aside. 

FITTING THE TRIM PLATE 
Before mounting the driver, 1 placed it on 
the bottom of the enclosure and positioned 
the trim plate to mount flush with all 
sides. If the driver holes were drilled with¬ 
out the trim plate in place, any misalignment 
would cause it to overhang one or two sides 
Once I’d marked the pilot holes, I re¬ 
moved the trim plate and driver and drilled 
the pilot holes. 

The plans supplied were not clear as to 
whether the trim plate was to be glued to the 
bottom or held in place only with the 
mounting screws. For the sake of additional 
rigidity, 1 glued it. The assembly directions 
also specify mounting the amp in place be¬ 
fore the driver. I found it easier to reverse 
that sequence. 

Before mounting the driver, I placed the 
supplied gasket material in position around 
the woofer opening. It is important to make 
sure there are no voids in the gasket materi¬ 
al and that its inside edge does not extend 
past the mounting holes; otherwise there will 
be air leaks. 1 placed the stuffing material in 
the box and mounted the woofer. Photo II 
shows the woofer mounted in the bottom 
opening of the enclosure. 

PHOTO I I : Enclosure with trim 
plate and woofer. 

I assembled the base to the enclosure by 
inserting the four mounting screws through 
the bottom of the base and then through the 
four dowel spacers. I aligned the screws with 
the pilot holes previously drilled into the trim 
plate and tightened them. Photo 12 shows the 
mounted base. 

The final assembly step was to connect 
and mount the amp. 1 crimped the supplied 
spade lugs onto the speaker leads from the 
amp, and then applied gasket material to the 
inside edge of the amp, being careful to elim¬ 
inate any spaces that could produce air leaks. 
Finally, I placed the amp in the opening on 
the back of the enclosure and fastened it with 
six #8 X %" screws. Photo 13 shows the 
completed sub before the finishing process. 

MEASUREMENTS 
I made the acoustic measurements with an 
ACO Pacific model 7012 microphone cap¬ 
sule. an ACO PS9200 power supply/pre-
amp, a custom interface switch/attenuator 
feeding a Turtle Beach Fiji capture board, 
and Liberty Instruments’ LAUD V2.2 
software running on a Pentium PC. 

The first tests were nearfield bass response 
based on an MLS signal. I ran three output 
levels from approximately 90dB to 105dB 
maximum to determine the response from 
10-400Hz and the effect of the amplifier’s 
limiting circuitry. The amp crossover point 
and gain were both set to maximum values. 

Figure 1 shows the frequency response 
with a level of approximately 90dB at 70Hz. 
The response is admirably flat from 
30-l(X)Hz. and is down 6dB around 23Hz. 
Response drops off rapidly below that point, 
although there is still some useful output 
below 20Hz. 

Figure 2 shows the change in the response 
curve as the 70Hz level is increased to ap-
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proximately 97dB. It is 
clear that the relatively 
flat response area be¬ 
tween 30Hz and 70Hz 
that existed at the 90dB 
level is replaced by a 
more rapidly decreasing 
output below 70Hz. 
This is consistent with 
the stated performance 
characteristics from 
ACI. 

In Fig. 3, the level at 
70Hz was increased to 
approximately 104dB. 
The drop in output 
level below 70Hz 
makes this curve look 
almost like a classic 
second-order high-pass 
filter. 

HARMONIC DIS¬ 
TORTION 
1 also measured har¬ 
monic distortion at three 
output levels, with a fre¬ 
quency sweep from 
20-200HZ for each test. 
The resulting graphs 

FIGURE I : Frequency response with 90dB at 70Hz. 

FIGURE 2: Frequency response with level at about 
97dB. 

FIGURE 3: Frequency response with level increased to 
104dB. 

FIGURE 4: Distortion with a peak of 76dB at 70Hz. 
show the output level as 
the heavier line and the distortion level as the indicates that at this level, the Titan is acting drivers mounted on a flat baffle and driven 
lighter line. The distortion level is raised on 
the graph by 20dB, so where the two curves 
intersect, the distortion is actually down by 
20dB, representing 10% distortion. 

The first test (Fig. 4) produced a peak 
output of approximately 76dB at 70Hz. 
Even at 20Hz, where the output level was 
approximately 70dB, the distortion was 
below 10%, and at just above 50Hz, it 
dropped below 1%. These are pretty low 
output levels, but they are a good base line 
for comparison. 

The story changed quite a bit when I al¬ 
tered the output level to give a peak of 88dB 
at 70Hz (Fig. 5). Because of the limiting ac¬ 
tion of the design, the low-frequency output 
increase was not as great as that of the upper 
bass. However, the distortion increase at 
20Hz almost matched the level gain at the 
upper-bass frequencies. As a result, the per¬ 
centage of distortion at 20Hz increased, ex¬ 
ceeding 10% at 35Hz. Output at that point 
was around 84dB, so this is quite a bit of dis¬ 
tortion for that frequency at that level. 

The last test was done with a peak level of 
just under KXklB (Fig. 6). The level at 20Hz 
increased only a few dB, but the distortion in¬ 
creased markedly. The 10% distortion level 
now occurred at a relatively high 55Hz, and 
that at an output of around 95dB. The distor¬ 
tion level also remains fairly close to 10% for 
the balance of the sweep. This performance 

more like a woofer than a sub, and not an es¬ 
pecially good woofer at that. 

by a modified Hafler DH500 amplifier. 
High frequencies are the domain of two 

Heil Air Motion transformers, mounted on 
LISTENING the same baffle as the mids and driven by a 
Before making any measurements, I per¬ 
formed initial listening tests with a factory-
assembled Titan that ACI sent me. I did the 
tests using the Titan in three different sys¬ 
tems: my reference system, in conjunction 
with a pair of Sequerra Met 7s, and with a 
pair of Radio Shack Optimus LX5s with 

Parasound HCA-800II amplifier. All drivers 
are directly connected to their respective am¬ 
plifiers, with frequency division done ahead 
of the amplifiers by a custom 12dB/octave 
electronic crossover. 

When I used the Titan with the reference 
system, I fed the drive from the electronic 

PHOTO 12: Completed 
enclosure without the amp. 

crossover to the input of the 
Titan with its crossover point 
set to the highest frequency. 
The main crossover provided 
the low-pass function, result¬ 
ing in the best integration 
with the rest of the system. 
The Titan amp still provid¬ 
ed the power and frequency/ 
level limiting. 

SOME PERSPECTIVE 
A bit of perspective is in 
order. Putting any sub into the 
reference system in place of 
the native sub requires you to 
understand that you should not 
view the results in a compara¬ 
tive light. Realistically, com¬ 
mercial subs, because of size and 
cost considerations, cannot pro-

Lineaum tweeters. 
My reference system 

consists of a home-made 
sub (see “True Bass” in 
SB 5/96) that has eight 
model DVI 2 12" 
woofers from ACI in a 
450ft3 infinite-baffle en¬ 
closure (a loft closet), 
powered by a modified 
Phase Linear 400. Bass is 
handled by two 10" CC 
line woofers from Peer¬ 
less, each in a 3ft3 infinite-
baffle enclosure, and is 
powered by another Phase 
Linear 400. The midrange 
is provided by two 7" Eton 
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FIGURE 5 : Distortion with 88dB at 70Hz. 

FIGURE 6: Distortion with a peak level of nearly 
lOOdBat 90Hz. 

vide the extension, low distortion, or output 
levels of the reference. The value of the sub¬ 
stitution is that performing against 
a standard can help reveal differences in 
many parameters that otherwise might not 
be apparent. 

I first auditioned the Titan at relatively low 
volume levels, similar to those you might use 
for casual listening while working. I was 
pleased with the results, since the Titan had a 
characteristic similar to the reference. There 
was even a taste of really low bass that I did 

PHOTO 13: Completed kit before fnal 
finishing. 

not expect from such a small en¬ 
closure. 

As I increased the volume, the 
Titan began to show its character. 
The taste of low bass previously 
present was now just a memory. 
There was bass, but not the real 
shuddering kind of low stuff that 
marks the heavy-duty players in 
the subwoofer arena. Most of the 
sins were of omission, rather than 
commission. There was still a lot 
of bass, but not as much of the 
very deep variety. 

With volume levels measuring 
in the low lOOdB range from the 
reference system (and it can play 
at quite loud levels with low dis¬ 
tortion), the low bass really started 
to go away. The low-pass filter in 
the reference system was passing 
only frequencies below 45Hz to 
the sub. but the Titan attenuated 
them severely. 

KIT TESTING 
I conducted the rest of the listen¬ 
ing tests with the kit version of the 
sub, first inserting it back into the 
reference system. As I recalled, 
the results were the same as for the 

factory-built version, but I did not conduct a 
side-by-side comparison, since I had already 
returned the factory version. Because most 
of you would be utilizing the Titan in con¬ 
junction with smaller speakers of the monitor 
variety, 1 did most of the listening with the 
Met 7 and Optimus speakers. 

To take full advantage of the sub, I first 
passed the signal to the monitor speakers 
through a second-order high-pass filter to 
relieve the smaller speakers of the job of re¬ 
producing the low frequencies. For this task, 
1 used a pair of Orban model 672A para¬ 
metric equalizers having a variable high-
pass function, with the output fed to a Para¬ 
sound HCA-800II to drive the monitors. I 
used a wide range of CD source material for 
the auditions. 

The Met 7s were the first partner for the 
Titan. I set the crossover point between the 
sub and monitor to 80Hz. The overall bal¬ 
ance was quite good. When I was listening to 
the Eagles’ Hotel California, my notes in¬ 
cluded “good drum sound,” “clean mid¬ 
range,” and “punchy mid-bass.” 

I played two cuts from the Brasiliern 
album by Sergio Mendes. The first, “Fanfar¬ 
ra,” has some explosive drum work. At low 
levels, the Titan did a good job. At higher 
levels, where the sound can become uncan¬ 
nily real if reproduced properly, the drums 
tended to recede. The second cut, “What Is 
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PRO LX-five owners; do-it-yourself upgrades 
starting at approximately $25 each. Factory 
modification also available. Significant improve¬ 
ments in mid-range clarity even with the $25 
package. For info send $2 cash or check to Ac-
cuMill, PO Box 1107, Pine Valley, CA 91962, 
phone (619) 473-9049, FAX (619) 473-9855. 

FOR SALE 

Pair JBL LE175DLH horns, $150; CM Labs 
three-way electronic crossover 12dB per oc¬ 
tave, adjustable L/H, 60 to 17k in 22 steps, M/H 
480 to 19k in 20 steps, $200; Pioneer Elite se¬ 
ries preamp audio/video model C90, $300, 
(916) 726-7039. 

Twelve-inch Carbonneau subwoofers with cabi¬ 
nets. Local pick-up, (734) 525-0820. 

Perreaux 1150B power amp; Pioneer LDS-I ref¬ 
erence laser-disc player (no CDs); Pioneer 
Spec 1 preamp; Spec 4 power amp; Crown EQ2 
equalizer; Altec 288; 291 drivers; 811 horns; 
1285 crossovers (user selectable 500, 800, 
1200Hz); 418B woofers; JBL LE85, drivers, H91 
horns, empty C-38 lowboy cabinets, (914) 688-
5024. 

I --1 

Audiophile Collector’s Estate Sale 
Some items are new (N). Others are like new (M). 

Most in original cartons and packing. 

NAD517 five-disc CDplayer N $350 
Two Adcom G FA-565 
power amplifiers N $1200 (pair) 

(with fans) 
Rotel 865BX CD player M $320 
Marantz 7T preamp $500 
db Systems DBR 15B/2A 
in walnut cabinets M $700 

Adcom GFP-565 pteamp N $550 
NEC T710BU tuner M $160 
Marantz 15 amplifier $500 
Adcom GFP-555II preamp M $350 
NAD 1020 preamp $75 
Adcom GFA-555II amplifier M $550 
Adcom GTP-50II preamp/tuner M $350 
Variance Hi-Fi (Germany) 
FM tuner/headphones N $60 

William, 603-642-4338 (Lv. message on machine if 
necessary), up till 10:30PM EST; 
P.O. Box 666, Danville, NH 03819. 

OF NOTE IN 
Audio Electronics 

Issue 6, 1998 

• DI Y Op Amps, Part I 

• Jitter Reduction for Philips-Based 
Players 

• Rebuilding the DCD 10l5 

OF NOTE IN 

Audio Electronics 

• A 24-Bit DAC 

• The Power Tube, Part 2 

• Cascode Power Amplifier Cicuits, 
Part 2 

Speaker Builder [ 
Encourages reader feedback I 

in the form of letters. 
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 

Be sure to reference the issue, title, 
author, and page number of the article or 
letter in question; and, if you request a 
response, please include a self addressed 

envelop (or FAX number and E-mail 
address, as applicable) with a loose stamp 
or postal coupon. Also, be sure to include 

your name and address. 

All letters will be considered for 
publication unless you indicate otherwise. 
However, submission does not guarantee 

publication. 

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

should be brief and to the point. 

BEST 
CAPS 
for your system! 
Audio pros rate InfiniCap® 
SET I “ and Signature caps 
better than Teflon® caps, better 
than oil-filled caps, better than 
premium film-foil caps! Yet 
SET I and Signature cost less 
than these other caps! 

Hear more of your music! Ask 
today for info on these caps that 
everyone raves about, and the 
new Wonder Solder UltraClear 
that’s taking the world by storm! 

Tomorrow's Research Today 
408 Mason Rd, Vista CA 92084 
Voice mail/fax: 760-724-8999 
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0 WANTED: Help readers find equipment or services. 
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from page 55 
This?” has some strong low bass about 2*/2 
minutes in. At higher levels, that bass got 
weak, but there was no sense of overload dis¬ 
tortion. 

Next, with the Talking Heads’ “Psycho 
Killer,” the lower passages were good, but 
the higher-level passages went flat dynami¬ 
cally. My notes included “no objectionable 
distortion” and “takes the heart out of the 
piece.” 

A very difficult CD for any sub because of 
wide dynamic range, low bass, and good bass 
definition is Ibuki from Kodo, from which I 
played two cuts. The first, “Akabanah,” has 
some low drum notes at the beginning that 
sound almost soft, but very strong. The char¬ 
acter of this piece was very different from the 
reference, with the fundamentals almost to¬ 
tally gone, hardening the sound. This piece 
was one of several that prevented the moni-
tor/sub from approaching the reference sys¬ 
tem. The second selection, “The Hunted,” 
does not have bass as low, but is very dy¬ 
namic. The overall character was there, but 
the dynamics were limited. 

Clark Terry’s Live at the Village Gate has 
some good string bass work by Marcus 
McLauren. With the Met 7/Titan combina¬ 
tion, that bass was a little fat. Sax on that 
album was good, however. 

LOW BASS 
For really low bass, 1 use two references, 
“Jurassic Lunch,” from the Great Fantasy 
Adventure Album, and “Patchwork Über 
Einen Gregorianischen Choral," from Stere¬ 
oplay’s Avantgarde Edition. The first has 
12Hz bass during the initial T-Rex footsteps 
that are usually totally absent from most 
speakers. With the Titan, they were almost 
totally gone, being heard more as harmonics 
that felt like fundamentals. The second has a 
16Hz organ that was again almost absent 
with higher harmonics present. 

For use with the Optimus speakers, I 
raised the crossover point to 110Hz. Clean, 
deep, well-defined bass is not a strong point 
of that speaker. Unloading the bass duties 
from the little boomer made quite a consider¬ 
able improvement. 

The first test was the Knock Out CD from 
Charlie Antolini. The improvement in the 
drums was dramatic. Although the lower 
bass was a little weak, there was lots of 
upper-bass detail. The LX5s could never 
sound like that by themselves. 

I next auditioned Garth Brooks’ The 
Thunder Rolls. Well, the thunder didn’t roll 
very much, but the bass guitar sounded good. 
Again, relieving the bass duty from the small 
LX5 bass/mid driver did wonders for the 
midrange. 

Appropriately enough, the last two cuts 
were from the Pink Floyd CD. The Final Cut. 
There is a jet-plane flyby and explosion in 
"Get Your Filthy Hands off My Desert" that 
sounded OK at very low levels. However, 
very low levels are not what Pink Floyd is 
about. When played at higher levels, the deep 
bass was again shy. The upper bass was 
good, but a little on the fat side. With 
“Southampton Dock,” the upper bass was 
again a little fat. 

EVALUATION 
Forming a single overall opinion of the Titan 
is difficult. Going back to Webster’s defini¬ 
tion, the ACI Titan is not a thing of great size. 
That’s good. You can follow the ACI design 
and take up little floor space, or redesign as 
you wish, with not many cubic feet needed. 

As far as being a thing of great power, cer¬ 
tainly at low frequencies, the Titan is no titan. 
That is not to say that you cannot make sig¬ 
nificant improvements by matching it with a 
good-quality monitor, assuming that you re¬ 
lieve the monitor of the bass duties through a 
high-pass filter, preferably before the main 
amplifier. This is a generic benefit of a sepa¬ 
rate woofer or sub. However, the Titan be¬ 
haves more like a woofer than subwoofer, es¬ 
pecially when levels go up. 

ACTs limiting philosophy has a very pos-

Call toll-free in US 1-800-924-9465 
Old Colony Sound Laboratory, PO Box 876 Dept. B98, Peterborough, NH 03458-0876 

Phone: 603-924-6371 Fax: 603-924-9467 E-mail: custserv@audioXpress.com 

• True MLS analysis 
• Impulse response 
• Energy time curve (ETC) 
• RTA 1/3 octave analysis 
• Help on-line 

CLIOLite includes many of the important 
features of the professional CLIO including: 

• Programmable signal generator 
• AC Vrms, dBu, dBV, dBspl meter 
• C & L meter (real-time) 
• Dual channel oscilloscope 
• Sinusoidal frequency response 
• Sinusoidal impedance (CV,CI, Int) 
• MSE Thiele/Small parameters 
• Distortion vs. frequency (2nd, 3rd) 

hsk 

The CLIOLite measurement 
system package is a great value 
and is introductory priced at $599! For those who 
already own a testing microphone, the introductory 
price is $489! (Upgrades to the full CLIO v.4.0 are 
also available to CLIOLite purchasers.) A demo 
disk is available. 
CLIOLite software, HR-2000 PC Board & Miley Mike II 
calibrated microphone & wand. 
Shipping wt: 4 lbs. 

KC-CLIOM.$ 599 00

KC-CLIO 

CLIOLite software & HR-2000 PC Board only. 
Shipping wt: 3 lbs. 

Now Distributed by OLD COLONY! 

NOTE: These products available in North America and selected other countries only. Call for availability in your area. 

Prior sales of MM II excluded from this special pricing. HR-2000 PC Board not available separately. 

58 Speaker Builder 8/98 



itive aspect. It seems to be nearly impossible 
to damage the Titan with any kind of even 
remotely reasonable input. Trying to push it 
into areas the designer did not intend it to go 
results in limiting rather than bad noises ac¬ 
companied by smoke and flames. However, 
the limiting results in a taste of true sub per¬ 
formance at low levels, and then, alas, a loss 
of that low bass as you try to get to more ac¬ 
ceptable listening levels. 

As for the bottom-line benefits, you can 
build your own relatively small, simple en¬ 
closure any way you want, including your 
own choice of finish. The admission fee is 
not outlandish, if you don’t count your own 
time. If this is your first attempt at building 
from scratch, the chance of success is pretty 
high, and your kids will probably not be able 
to blow it up. 

Drawbacks? Although there are no 
“killer” subs in the price range of the Titan 
kit, there are some assembled subs that will 
do as much or more than the Titan that you 
can buy at store sales for the same price as 
the kit. Perhaps the biggest drawback is that 
once you get a taste of the low frequencies 
the Titan can produce at low levels, you’ll 
never be satisfied with its performance at 
high levels. Because of the design, getting 
that low bass with multiple Titans will not be 
as cost efficient as either going to another de¬ 
sign of your own or purchasing one of the 
other higher-priced commercial subs. 

Despite all this, my time with the Titan 
was enjoyable, and if the benefits listed out¬ 
weigh the drawbacks, you might wish to get 
in touch with the folks at ACI. 

Manufacturer’s response: 

Thanks to Tom Perazella and SB for taking 
the time and providing the space for a de¬ 
tailed review of the ACI Titan powered sub. 
Tom does a very thorough job of testing for 
distortion and output. Unfortunately, 1 think 
Tom misses the point of the Titan. The Titan 
was never designed to be the loudest sub, just 
the best sounding. If you 're looking for a sub 
that will play loudly in home-theater appli¬ 
cations, there are lots of better alternatives. 
But if you're looking for a sub that will serve 
the music (for instance piano, or string 
bass), many have judged the Titan to be of 
reference quality. 

The Titan has been in production for over 
four years. The assembled Titan is supported 
by a money-back guarantee, yet of all the as¬ 
sembled Titans sold, less than I % have been 
returned for a refund! As for the other 99%, 
the buyers have carefully compared the 
Titan to just about every other sub on the 
market and have decided to keep it. 

We’ve sent out five Titans for review. 
Tom Perazella and Tom Nousaine of Stereo 

Review gave it lukewarm reviews on the 
basis of output. However, Stereophile gave 
the Titan high marks and placed it in Class 
C of recommended components (the least 
expensive sub in Class C). John Potis at 
SMR Home Theater gave the Titan his high¬ 
est recommendation and bought the review 
Titan we sent him as his new reference. 
Greg Smith at Soundstage! also loved the 
Titan and purchased his as well! Anyone 
with experience in this industry knows re¬ 
viewers don’t buy products unless they real- i 
ly like them. 

Tom doesn ’t even discuss three aspects of I 
the design that are responsible for the sonic I 
quality of the Titan. First, the limiting system 
integral to the Titan not only makes it virtu¬ 
ally bulletproof, but it is a main reason that 
the Titan can be seamlessly integrated with 
"difficult" speakers, such as electrostatics 
or planar magnetics. Many customers have 
told us that the Titan is the only sub they 
could seamlessly transition to speakers with 
which they'd unsuccessfully auditioned lots 
of other subs. 

Second, the low-Q system design (less 
than 0.6) means it has less phase shift and 
greater transient accuracy than subs with 
higher output and higher Qs. Many power 
subs use higher Q as a way of gaining exten¬ 
sion and output. 

Third, the Titan cabinet design has sever¬ 
al advantages over that of many subs. It is 
very solid and nonresonant. Its 70 lbs is 
more than the weight of many larger subs— 
just read the subwoofer evaluations in Stereo 
Review. This solidity and nonresonance 
means there is far less out-of-phase “cabinet 
talk" to muddy the upper bass and transition 
to the main speakers. Also, its relatively 
small size, proportions, and construction 
make it an ideal end table—far easier to in¬ 
tegrate aesthetically into a room than a big 
black box. Finally, you can build it yourself, 
which will save you money and allow you to 
customize it to your requirements. 

Is the Titan the sub you want to build? If 
you want extremely high output and have the 
room to make a big box, you can probably 
come up with better alternatives. However, if 
you ’re looking for the highest sound quality, 
particularly on music, the Titan should be a 
prime candidate. 

Ultimately, we believe you should decide 
for yourself if it’s the right sub. But what 
about a kit for which you 've already built a 
cabinet? Well, we can’t take parts kits back, 
but we can make arrangements for you to try 
a demo assembled Titan to first confirm it 
has the sound quality you want. Just E-mail, 
call, or write. 

Mike Dzurko, President, ACI 
audioc@ Ise.ful ¡feed, com, http://audioc. com 

MAHOGANY SOUND 
The Transmission Line Specialist 

P.O. Box 9044 
Mobile, AL 36691-0044 

334-633-2054 

Acousta-Stuf 
The Very Best Damping Material For 
Speaker Systems. It Produces Deeper 

Bass, Cleaner Mids, And Greater 
Dynamic Range. Acousta-Stuf Costs 

$9.50 Per Pound UPS Paid. 

Q&ETLD 
Ouick & Easy Transmission Line 
Speaker Design Booklet & LOTUS 
1-2-3 Software. Learn How To 

Design Optimizes 1/4 Wavelength 
TL Speakers. Q&ETLD Costs 

$0.95 Plus $2.05 P&H. 

Acousta-Tubes 
Round Paper Tubes For Building 
Cylindrical Speaker Enclosures. 

Please Note Our New Address 
& Area Code 

Call Or Write For A Free Catalog 
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Electronic Crossovers 
Tube 

Solid State 
Powered 

Passive Preamps 
46 Step Attenuator 
Power Amps 
100% MOSFET 

XP59 Power Electronic Crossover 

All available as kit also 
Free Catalog: 

Marchand Electronics Inc. 
PO Box 473 

Webster, NY 14580 
Phone (716) 872 0980 
FAX (716) 872 1980 

info @ marchandelec.com 
http://www.marchandelec.com 
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SB Mailbox 
CROSS MEASUREMENTS 

This letter concerns Joe D’Appolito’s mea¬ 
surements of cross-modulation distortion on 
the Aria, SB 6/98, p. 53, and on the Audax. 
SB 4/98, p. 48. On the Aria, he measured 
0.3%, considered this a high value, and of¬ 
fered the following explanation, "But in 
practice, cross-coupling in the crossover 
networks and the common return wire intro¬ 
duce low frequencies into the tweeter, and 
high frequencies into the woofer. This 
makes for biwiring. On the Audax. he mea¬ 
sured 0.08%, and considered this an accept¬ 
able value. 

On reading the text describing these two 
speakers, I note that the Audax has separate 
high-pass and low-pass filter boards, mount¬ 
ed on opposite sides of the cabinet. The 
Aria, on the other hand, has one filter board 
on which all of the crossover components 
are mounted; neither is described as being 
biwired. 

Of the two reasons offered for the Aria 
exhibiting a relatively high value of IM dis¬ 
tortion, lack of biwiring does not appear to 

be the cause. The other possible reason of¬ 
fered: cross-coupling in the crossover net¬ 
works appears to be the more likely. 
(Related readings include "Cable and Sound 
Delivery,” P. Newell/K. Holland. SB 6/91; 
and "Magnetic Crosstalk in Passive Cross¬ 
overs." Mike Chin, SB 5/90.) Does Mr. 
D’Appolito have any comments? 

David J. Meraner 
Scotia, NY 

Joe D’Appolito responds: 

It is standard practice when biwiring to use 
separate boards for the low- and high-fre¬ 
quency crossovers and to place these hoards 
well apart. Any other approach would po¬ 
tentially negate the benefits of biwiring. 
Thus biwiring as practiced eliminates both 
causes of interdriver coupling. 

TWEAKING THE TWEETER 
The Reference Monitor project in Speaker 

Builder's Loudspeaker Projects Hl (p. 37) is 
of interest to me; however, the crossover 
plans do not seem right. 

The project offers the option of using 
either the Scan-speak D2905/9900 or 
D2905/970O, and provides the different 
component values of C2 and L2 if the 
Revelator D2905/9900 is used. Figure 2 
(circuit diagram of crossover network) 
gives the C2 and L2, as well as the R1 and 
R2 values for the D2905/970O tweeter. The 
R1 and R2 resistors form a fixed L-type at¬ 
tenuator in the tweeter circuit to match the 
output level of the tweeter (89dB for the 
D2905/9700 and the 91 dB D2905/9900) to 
the woofer, which is 89dB. As you can see, 
the dB (sensitivity) of the two tweeters is 
different, with that of the D29O5/97(X) 
being the same as the 18W8546/01 woofer. 
Therefore, the R1 and R2 L-pad would not 
be needed with the D2905/9700, yet it is in¬ 
cluded in the diagram. 

I found the driver specifications through 
my own research, as well as what the 
crossover network’s various components 
represent. The article does not even give the 

Speaker Builder Back Issues Continued 
inimizing Room Effects • A Flexible Four-Way System • Extending IMP: A Program Set • 
) REVIEW: My Disc From Sheffield Lab • The Freeline: An Open-Pipe Transmission Line 
Computer-Aided Bass Horn Design • A Mike/Probe Preamp For Sound-Card 
easurements • Four-Poster Speaker Stands • Mining For Gold On the Madisound BBS • 
)FTWARE REVIEW: CLIO Test System • The Waveguide Path to Deep Bass. Pt 1-3 • 
ereo Bass: True or False? • A Morning Glory Midrange Horn • Testing a Simple Focused 
ray • PRODUCT REVIEW: LinearX's pcRTA • A Self-Powered Subwoofer for Audio/Video 
four Car’s (and Living Room’s) Bass Boost • Driver Temp and T/S • SOFTWARE REPORT: 
rundBlaster 16 • A Push-Pull Planer Speaker Quest • PC Sound Overview • Design a 
iree-Way TL with PC Aud.oLab, Pt 1 • PRODUCT REVIEW: Audio Control C-101 • SOFT-
ARE REVIEW: Electronics Workbench • 

A Dual-Baffle Balanced Reverberant Response • The Super Simpline • Build an 
Active Crossover Network • Speaker Design and the Internet • SOFTWARE 

•VIEW: Pyle Pro Designer V1.0 • Design a Three-Way TL with PC Audiolab • Make A Better 
leaker Cable • The XVR-1 Two-Way Electronic Crossover • Baekgaard Revisited • SOFT-
ARE REVIEW: X'over 2.0 • BOOK REPORT: Advanced Speaker Systems • A Pilgrim's 
ogress • The Squatline, HDOLLP & All • The Adria: A Satellite Subwoofer System • 
ipacitors: Why They Matter • Measuring Driver Flux Density • SOFTWARE REVIEW: Room 
isign Powersheet • T-Rex: A Quarter-Wavelength Reflex Transmission Line • Choosing the 
ist Filter Coils • Tubular Speakers • A Push/Pull Planar Speaker Quest, Pt 2 • SOFTWARE 
EVIEW: MAC SLM: A Sound-Measuring Tool for the Macintosh • True Bass • Reflecting on 
hoes and the Cepstrum • The Convertible Monitor • The Opposite Moduli (0M) Speaker 
ibinet • A Modest-Cost Three-Way Speaker System, Pt 1-3 • SOFTWARE REVIEW: Visual 

Ears • Should You Download Your Woofer? • The Aftershock Subwoofer • Quality Issues in 
Iron-Core Coils • Low-Cost Stroboscopic Spider Analysis • BOOK REPORT: The Loudspeaker 
Design Cookbook, 5th Edition • 9Hz in a Barrel • Time Frequency, Phase, and Delay • Inductors 
for Crossover Networks • A Musician's Speaker • A Simple Phase Tester • An Eight-Inch 
Subwoofer Test Box • SOFTWARE REVIEW: TopBox 1.0 • 

Dynamic Cha-acteristics of Driver Impedance • Mitey Mike Goes Mobile • 
Monitors for Nonenvironment Rooms • Software Review: Netcalc • The Pre-Cut 

Speaker • Waveform Phase Distortion • Active Equalization of Loudspeakers «Building a 
Toy Soldering Iron • Software Review: JBL Speakershop 1.0 • LF Wavelengths: An Update 
• My First Upgrade and Other Disasters • S'mple Surround Speakers • An Engineer's View 
—The Ideal Loudspeaker • Measuring Loudspeaker Impedance • Product Review: 
AudioControl Spectrum Analyzer • A Shielded Trio • Side Saddle: A New Two-Way • 
Product Reviews: Speaker-Knife, Spectra Plus Pro Edition 3.0 • An Insulated Diaphragm 
Electrostatic • Mitey Mike II • Of Mass and Resistance • A Speaker Builder's Travel Guide • 
Book Report: Ultimate Auto Sound • Active Shelving Room Equalization • Book Report: 
Designing. Building and Testing Your Own Speakers • Enhancing Ambience with an 
Auxiliary Speaker • I soba ri k Tower • The Phase Redeemer • Product Review: Woofer Tester 
• Test Drives: Audax A651 Loudspeaker, Dynaudio Gemini, Newform NHB Speakers • 
Crossovers and Resistors • From Caterpillar to Butterfly • Driver Reports: Morel Tweeters, 
Audax Drivers, Two Woofers from Scan-Speak • The Snail Horn • Low-Budget Two-Way 
with Top-Mounted Tweeter • Filters: Plain and Simple • Rebuilding the AR-3A, Pt 2-3 • The 
Karlson Speaker Enclosure • Book Report: Loudspeakers: AES Anthologies, Vols. 1-4 • 
Simple High-Quality Computer Speakers • Doing the Daline • Music on the Beach • 

996 

1997 

Speaker Builder 8/98 61 



o JI f d PLUS FREE ORLE, ADHESIVE! 
MARKERFOAM” ACOUSTIC FOAM 

GIANT 54” X 54” 
Immediate Shipping 

r Reg. $29 95 No* $19.99 • 3' Reg. 
$39 95 Now $29 99. KILL NOISE QUICK! 
High performance, full-size sheets of 
super high density Markerfoam. EZ 

mount. Blue or gray. Super-effective sound absorption for studios. 
Markerfoam offers best value, looks professional & is proven in studios world¬ 

wide. Request Foam Buyers Guide/Catalog. specs & free samples today. 

MARKERTEK JUMBO 
S0UND ABSORB blankets 

Heavy-duty 72"x80" padded blankets 
absorb sound wherever they're hung or 
draped. Fabulous for stage, studio and 

field use Top professional quality at a super 
saver price! Weight: 6 lbs. Black $19.99 

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

MARKERTEK BLADE TILES 
HIGH PERFORMANCE - LOW, LOW COST!!! 

America 's best acoustic tile value 

only from Markertek! 

$3.49 per tile. 16"x16"x2", charcoal or blue 
$4.49 per tile. 16”x16”x3". charcoal or blue 
$5.49 per tile, 16"x16"x4", charcoal 

SONEX 
All the colors and sizes 

plus great prices! 

FRF F America's most unique catalog featuring 328 pages of over 
FrM 6.000 exclusive and hard-to-fmd supplies for Pro Audio. 
I Broadcast Video. Audio Visual & Multimedia production 

MARKERTEK 
^.VIDEO SUPPLY 

4 High St.. Box 397. Saugerties. NY (USA) 12477 
800-522-2025 • Fax: 914-246-1757 

Web: www markertek.com • E-Mail: markertek@markertek com 

Reader Service #10 

sensitivity for the monitors, something that 
would be very useful to those trying to 
match the speakers with their amp. How 
did the designer intend the crossover? 

In addition, the crossover is a single¬ 
wire setup, yet Figure 3 shows a biwired 
binding post, and what looks like a single¬ 
wire completed crossover mounted on a 
PC board utilizing low-cost inductors and 
caps. 1 would think that anyone who would 
use such expensive drivers as in this de¬ 
sign would want to use high-quality low 
DCR air-cored inductors and polywhatev-
er film in foil caps. Hard wired! Yet again, 
the text makes no reference to any such 
thing. 

In the construction plans (Fig. 1), the 
size of the tweeter cutout is for the 
D2905/9700; the Revelator has a larger 
mounting flange, which would not fit in 
conjunction with the cutout or the 
78mmx 100mm axis for such a cutout. 
Judging from the photo on page 37 of the 
finished speaker with the Revelator tweet¬ 
er. the mounting axis is different than that 
given in Fig. 1, yet again there is no refer¬ 
ence to this in the text. 

Marc Price 
actinic@hotmail.com 

Rolph Smolders responds: 

1. The reflex port has an outer diameter of 
50mm. an inner diameter of 42mm, and 
must be filled with straws. 

2. In the tuning of a BR system, the DC 
resistance of the series inductance is taken 
into account. Mr. Price's suggestion of 
lowering it by 0.16R does not appear to 
serve any purpose to alter the port dimen¬ 
sions on the basis of computations. This is 
because the consequent lower value of Qe 
will lie within the manufacturing tolerances 
of the 18W8546. It would become useful 
only if the units were measured individual¬ 
ly and the enclosure tuning optimized on 
the basis of the T/S parameters so deter¬ 
mined. 

3. Lowering the DC resistance of the 
shunt inductor for high frequencies is not 
advisable, since it would increase the Q of 
the circuit with the series capacitor, which 
might lead to spurious oscillations. 

4. The quality of the Audyn capacitors is 
certainly on a par with that of Hovland or 
Multicap capacitors. 

5. A S.E.T. with the 3OOB delivers rela¬ 
tively low power. Listening tests have shown 
that the Reference Monitor performs much 
better with a higher-power amplifier. 

THE HR-2000 PC BOARD MIC-01 AND MIC-02 MICROPHONES CLIOQC AMPLIFIER&SWITCHBOX 

AUDIOMATICA 

CLIO, by Audiomatica, is a complete and reliable electro¬ 
acoustic measurement system. CLIO is the easiest and less 
expensive way to test electronic equipment, loudspeaker 
systems and execute acoustical room analysis. 
Measures rely on state-of-the-art proprietary hardware with 
+30 + -40 dBV input range (10 dB step attenuation) and +12 
+ -63 dB output level (0.1 dB step resolution). 
The new 4.0 software release is a crucial step forward 
adding new functionality to an already complete package; 
included is also the control for external hardware likeatumtable 
or the CLIOQC Amplifier&Switchbox; two basic versions 
are tailored for your needs: 
CLIOLite is the entry-level at an unbeatable price: check it! 
CLIO Standard gives you all the power of the professional 
system sold to thousands of world-wide end-users. If you 
are running an industrial facility the QC software plug-in will 
give you no-compromise testing of production lines. 

Visit us at www.mclink.it/com/audiomatica: detailed 
technical information, distributors list, demo disk and software 
user's manual on-line. E-mail: audiomatica@mclink.it. 
AUDIOMATICA, Via Faentina 244/g - 50133 Florence - Italy. 
Tel:+39-55-575221 - Fax:+39-55-5000402 

CLIO 4.0 FEATURES LIST Standard Lit© 
* Programmable Signal Generator 0 0 
■ AC Vrms,dBu,dBV,dBspl Meter 0 0 
■ C & L Meter (real-time) 0 0 
• Dual channel Oscilloscope 0 0 
■ Dual channel FFT Analysis with THD 0 □ 
■ Sinusoidal Frequency Response 0 0 
■ Sinusoidal Impedance (CV,Cl,Int) 0 0 
■ MSE Thiele/Small Parameters 0 0 
• Polar plots with turntable control 0 □ 
• THD vs. Level or Power 0 □ 
■ IMD vs. Level (SMPTE.DIN.CCIF) 0 □ 
■ Distortion vs. Frequency (2nd,3rd) 0 0 
• True MLS Analysis 0 0 
• Impulse Response 0 0 
• Energy Time Curve (ETC) 0 0 
• Cumulative spectral decay (waterfall) 0 □ 
• RTA1/3 Octave Analysis 0 0 
■ IASCA Score calculator 
■ RT60 Analysis, Reverberant Decay 0 □ 
■ Time History, Equivalent Level (Leq) 0 □ 
■ Quality Control Plug-in 0 □ 
• Help On-Line 0 0 

CLIOLite is also available from 
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Dayton Loudspeaker Co.® 

handling. 
We assembled a team of the best speaker designers in the industry with one thought in mind ... to build the finest home theater subwoofer on the 

The Dayton Loudspeaker Company is proud to introduce the 
Titanic 1200 Subwoofer. We feel Webster's definition of Titanic as “of great size, 

strength, or power”; “of or like the Titans", perfectly describes this driver! With 
specifications like 16Hz Fs, 14mm Xmax (linear), 90dB SPL (2.83V) and 350W power 
ere sure you will agree that this subwoofer is truly, Titanic! 

market! These engineers were chosen because of their expertise and pioneering designs of long excursion, h gh output subwoofers. A dozen prototypes 
were built and rigorously tested before we were satisfied with the final design parameters. 

The latest state-of-the-art manufacturing equipment and the finest materials available are used to ensure that each driver is bu-1t to the highest 
standards of quality. CAD design and CNC machining allow for precision fit and close tolerance alignment to increase flux density and enhance heat 
transfer. Only the finest components are utilized: a heavy cast aluminum basket to control unwante'd resonance, a talc-filled polypropylene cone to 
ensure stable, non resonant operation, Santoprene-" rubber surround for extended life and long excursion, an ultra high power voice coil assembly with 
a high temperature resistant Apical” former (which is far superior to standard Kapton ). and quality, high tech adhesives to hold it all together. Steel 
Èarts are coated with a black high emissivity coating (originally developed 
>r NASA) which improves heat dissipation and lowers distortion. All of 

these components cost more, but are worth it! 

VISIT OUR WEBSITE 
♦ Technical Discussion Board 
♦ 24 Hour Secure On-line Ordering 
♦ Internet Specials 
www.parts-express.cor 

Although the 12" Titanic vias designed primarily as a sealed oox woofer, we 
found it is also well suited for 4th order bandpass enclosures. One possible 
design is a 4.5 cubic foot bandpass that yields a frequency bandwidth of 17.5Hz -
70Hz (-3dB). This design produces an output of 112dB and remains linear down 
to 28Hz at full power! 

You will be overwhelmed by the incredibly realistic low . 
frequency that this driver will produce. We feel there is 
no other home theater subwoofer on the market to- . ¿r 
day (at any price) that can outpedorm the Titanic! 
Go ahead, put the T/S parameters into your favor- Jr' 
ite box design software program and see for / 
yourself what the Titanic 1200 can do! 1

FREE CATALOG k 
CALL TOLL FREE i 

Thiel-Small Parameters 
♦ Power handling: 350 watts RMS/ 450 
watts max. ♦ Voice coil diamerer: 2" ♦ Voice ' 
coil inductance: 1.96 mH ♦Nominal imped¬ 
ance: 4 ohms ♦DC resistance: 3.66 ohms 
♦ Frequency response: 16-400 Hz ♦Magnet 
weight: 84 oz. ♦Fs: 16 Hz ♦SPL:90dB 2.83V/1m 
♦Vas: 9.894 cubic ft. ♦Qms: B.22 ♦Qes: .42 ♦Qts: 
.407 ♦Xmax: 14.2 mm ♦Net we-ght: 
14.6 lbs. ♦Dimensions: A: 12-178", B: 11-1/8". 5 
C: 6-9/16”, D: 6”, E: 2-3/4” V-

Bass Box 5.1 Normalized Amplitude Response (dB/Hz) 

5 Hz 10 500 1000 2000 50 100 
Frequency 

SPEAKER CABINET NOT INCLUDED 

Try it for 30 days ... If you don't feel 
this is the best home theater 
subwoofer you've ever heard, we ll 
refund your money! The Titanic 
1200 is covered by our uncondi¬ 
tional 5 year replacement warranty. 

725 Pleasant Valley Dr., 
Springboro, OH 45066-1158 
Phone: 513/743-3000 ♦ FAX: 513/743-1677 
E-Mail: sales@parts-express.com 

1-800-338-0531 

KEY CODE: SBM Reade 



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

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

Double Magnet Integra 

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

Hexatech 
Voice Coil 

Typical double magnet ducted woofer. 

For further information please contact: 

r A 

») 
morel* 
<_/ 

morel acoustics usa, inc. 
414 Harvard Street 
Brookline, MA 02446 USA 
Tel: ++617-277-6663 
Fax: ++ 617-277-2415 
E-mail: morelusa@gis.net 
Website: www.gis.net/~morelusa 
Product Distribution Center 
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