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Exclusively from:

ORCA, Design & Manufacturing Corp.
1531 Lookout Drive

AGOURA, CA 91301

United States of America

Tel: (818) 707-1629
Fax: (818) 991-3072

For informations, call or write.
Free brochure upon request.
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Stocking distributors:

W.A.R. Audio

396 Scarborough Beach Rd. #203
Osborne Park 6017, W. Australia

Tel: (61)-9-242-5538 Fax: (61)-9-445-2579

Technologie MDB

4000 Terrasse Jean XXlII, St. Hubert
Québec J4T 3L6, Canada

Tel: (514) 891-6265 Fax: (514) 443-5485

Zalytron Industries

469 Jericho Turnpike

Mineola, NY 11501

Tel: (516) 747-3515 Fax: (515 294-1943



Good News

© SECURITY BLANKET
Insultone™ is a fine glass and synthetic microfiber blanket
which offers a wide range of OEM thermal and acoustical
applications from 0 to 250°F, The insulation combines thermal
efficiency and acoustical performance with a soft feel.
Performance is comparable to blanket insulations currently in
use. The sound absorptive and thermal control material can be
used for speakers and wall units, as well as for industrial
applications. Schuller Intemational, PO Box 625005,
Litdeton, CO 80162-5005, (800) 654-3103.

Reader Service #101

| DYNAMIC DUO

94111, (800) 822-8802, (415) 397-7100, FAX (415) 397-0144.
Reader Service #103

The Spica TC-60 is a time-coherent loudspeaker, with Gravity™ speaker
stand comprised of cylindrical support tubes for less resonance and greater
damping. The TC-60 incorporates a 6%2" polypropylene bass/imidrange
woofer and 1” impregnated cloth-dome tweeter in a ported, sloping baffle
cabinet. It handles 120W peak power and offers smooth frequency response o mdg{
from 48Hz-20kHz- 3dB, plus enhanced dynamic linearity. Gravity stands
feature steel construction, black finish, and fiexible tilt adjustment. Spica is a
subsidiary of Parasound Products, Inc., 950 Battery St., San Francisco, CA

® PROS TELL ALL

A workshop on the Theory and
Design of High Performance
Professional Loudspeakers will be
held June 22-24, 1995, at
Soundcheck, Music City, Nashville,
TN. Staff members Bruce Howze,
Don Keele, and Eugene Patronis wil
share their knowledge and experi-
ence in the areas of compression dri-
vers, coaxial systems, constant direc-
tivity, and crossover networks. An
important part of the workshop will be
specifically developed measurement
computer programs. Sponsors include Community
Loudspeakers, Systems Contractor News, and
Syn-Aud-Con. Contact Synergetic Audio Concepts,
12370 W. CR 100 N, Norman, IN 47264, (812) 995-
8212, FAX (812) 995-2110.

B AND THE WINNERIS...

A first-time-ever speaker design
competition, devised to showcase the
sonic merits of low-powered, single-
ended ampiifiers, has recently been
announced. Although the contest is
open to all designs, emphasis is on
speakers with average sensitiviies in
the 94dB+ range. Grand prize will be
the Welbome Labs Laurel Il 300B
monoblock ampiifier kit featuring
Magnequest's hand-wound output
transformers. Additional prizes will be
supplied by Parts Connection, Audio
Electronic Supply, Hovland, Positive
Feedback, and Sound Practices.
Entries are due by Sept. 31, 1995. For
rules and entry forms, send a SASE to
Colorado Audio Society, 1941 S, Grant
St., Denver, CO 80210.

@ VOLTAGE FEEDBACK OP
AMPS
The new AD8047 and AD8048 from
Analog Devices are 250MHz, wide-
banawidth, high-speed voltage feedback

ampiifiers for low-power applications. The units draw less than 6.6mA of supply current, can
drive a 50pF capacitive load with a distortion of —66dBc at 5SMHz, and are suitable for use
with low-power, high-speed analog-to-digital converters in power-sensitive video
applications. Serving a wide range of active filters, the units can also be used as IF/RF
ampiifiers or cable drivers. Analog Devices, Inc., 181 Ballardvale St.,, Wilmington, MA 01887,

(617) 937-1428, FAX (617) 821-4273.,
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Precision Development Toolr
| for

 Precision lovdspeaker Dersigns

LEAP Sysiem Response Predzctton

Actual Sustem Response Measurement

The Art and Science... of loudspeaker system development today has become more complex than ever before.
Competition is tough, and to compete each design must perform to the best of its ability, and make the most out of every
doliar's worth of transducer cost. The simple approach of choosing a combination of seemingly appropriate transducers cou-
pled with ordinary networks and filters, has given way to a painstaking process of meticulously blending selected transduc-
ers in combination with carefully devised and matched crossover designs. - 7

LEAP (Loudspeaker Enclosure Analysis Program) is a complete full range analysis package which provides virtually all
of the tools necessary to develop precision loudspeaker systems, for today's demanding audio markets. Whether your appli-
cations are consumer audio. car stereo, professlonal audio. or custom esoteric marvels, LEAP provides the power, ﬂexublhty,
and accuracy to investigate every possi-
ble design permutation. The open archi-
tecture and broad specirum of features
provided will dramatically reduce your
development time, while improving the
quality of the final result... and demon-
strates why LEAP has become the #1
choice o p?ofe:.s;,on.al.loudsp akd.r.
d%nmwoﬂd-wndg o il ,
& - 3

Advanced Transducer/Enclosure Simulations
; ¥ Sealed,Vented, Bandpass, PR Simulations with multiple speaker/ port capability.
v Large signal analysis of TempVC, and Non-Linear BL/ Ports/ Compliance.
| v Acoustic Parallel or Acoustic Series (isobaric) Driver Mounting.

| v Port Standing Wave resonance modeling.

' ¢ Frequency Dependent Revc and Leve modeling.

¢ Library storage of 36 transducer parameters, and over 24 enclosure paramelers.

v Generic transducer modeling of electro-dynamic, ribbon, and piezo devices.

ot e T Ry o g

B Advanced System Analysis Features | e

" ¢ Use simulation or imported actual measured SPL/Z data,

o P b ——

Extensive Documeniation
~ The two volume manual set comprises almost 1,000 pages of
documentation which thoroughly covers the operation of the pro- =

| v 5Way crossover system modcling, and more, ;
;. gram- and provides numerous examples of how to maximize your II\
|
i

| v Time offset between transducers.

v Active or Passive based ciossovers. usc and understanding of the program’s many features. The =

Reference Manual describes all grephs. menus, commands, and :

their operation. This manual explains the unique and special non ©
linear speaker and port madels, as well as proper use ot the opli- =
mizers, impotling data, and the many other utilities. The !
= Application Manual provides many exciting examples showing
how to use the powerful features of the system in a combined
manner 10 perform both simple and complex design tasks. Both
novice and experienced users alike will find this intonmation
invaluable lor exploiting the tull power of the system. Addiional !
information 1s also provided on loudspeaker measurements,
design tips. liller calculations, snd complete crossover system

v tlilbert-Bode transtorm for deriving phase.

v 22 Passive coinponents per xovel section.

v 16 Active filter blocks per xover section.

v Passive Network Optimizer for single/systein response.

!

v Active FFilter Optimizer (or single/system response.
v Fiequency tanges from iz to 100kHz2.

Wher you wish to produce a hardcopy output of your finished

== e 2
designs and graphical data, LEAP supports a large number of S5 =3 ARG S T e W development for both passive and active based systems.
printer standards, and even suppoits numerous desktop publish- Call fof a ,ree Dmo D‘sk’ v 502 Page Relerence Manual v 436 Page Application Manual
ing graphic formats in both black & while and color! e ——
Portrait/Landscape orientations in any custom size and aspeet 7EL. (503) 620'3044

ratio are user controliabile

v IBM/Epson 8 Pin Dol Matrix

v Epson 24 Pin Dot Matrix

v HP LaserJet Sories Printers

v 1PGL,. Compatible Platters

v PostScript EPS/TIf 136 W .Color
v Al Adobe lilstrator BEW,Color

v NEC 24 Dot Matrix prent Utilities
v TOSIHEBA 24 Dot Mat
v HP DeskJet S00C

v PostSciipt Printers

v DXF AttoCAD

v TIFIE, BMP, PCX Plots

¥ Quick Cabinet Box Designer
v Conjugate Network Designer
v Wire Table Colculator
v Muli Cuive Averager
v Import Data hiom ASCH Files

v Crossover Network Designer
v Spki Patameler Measurement
v Vollage /Cutient/hinp Calcutator
v Motor Constants Calculator

v [Expon Dala to ASCII Files

-
LINEAR

LinearX Systems Inc 7556 SW Bridgeport Road  Portland. OR 97224 (JSA Tel (503) 620-3044 Fax: (503) 598-9258

| International Dealers: Agentina:interface SRL (54-1)741-1389/Australa:ME Technologies 61(0)65-50-2200/Austria:Audiomax 49(0)71-31-162225/Belglum:Belram 32(0)2-736-50-00/Canada:Gerraudio
416-696-2779/Denmark Finland:AGT Ljudproduktion 46(0)8-623-08-70/France:Belram 32(0)2-736-50-00/Germany.Audiomax 49(0)71-31-162225/Indonesia:Ken's Audio 62(0)21-639-5806/Italy:Outline snc
39-30-358134 1/Korea:Sammi Sound:82(02)463-0394/Luxembourg:Belram 32(0)2 736-50-00/Malaysia:AUV! 65-283-2544/New Zealand:ME Technologies 61-65-50-2254/Norway:AET Ljudproduktion 46(0)8
623-08-70/Philippines:Dakichi Denshi (63)-2631-69.80/Poland:inter-Americom 48(22)43-23-34/Singapore: AUVi 65-283-2544/Sweden:AGT Ljudproduction 46(0)8-623-08-70/ Switzerland:Audiomax 49-71-31-
162225 /Talwan:Gestion Taycan Intl 886-2-786-3468, Thailand:AUV| 65-28}2544[!'he Nelhcrlands Duran Audio 3141-60—] 5583 ’UK(England) Munro Assoc 44(0)171-403-3808.

1995 LinearX World Radio History
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limbing up the ladder leading to the
‘ swimming pool’s diving boards for the

very first time imprints memories in the
mind which remain vivid and unforgettable.
“Am I really going to do this? How come I want
1o do this?” and other terrifying questions race
through the mind as your feet move up one rung
after the other. As you step onto the board, which
from the firm cement perimeter of the pool
looked so substantial, it seems to shrink and
grow narrower with each step. The water looks
very far away, even though there are two, much
higher, boards above your head. You resist the
temptation to fall to your knees and grip the sides
of the board with both hands to make a safe jour-
ney out to the matted end. Your legs feel terribly
foreign and unstable, not to mention rubbery,

Things go from bad to worse when your
friends notice your hesitation and fear. Their
shouts of encouragement tum eventually (o
exasperation and finally to jeers. In the end you
just stop thinking at all, push with all your
might, and dive. If you're lucky you hit the
water in a reasonably perpendicular angle. If
not, you leam one of the prime lessons about
diving: water is much friendlier entered with as
small a portion of the body as possible.

However much you have hesitated, and how-
ever frightened you may have been during the
agony of becoming airbomne, the realization that
you have actually done it, alone, and successful-
ly (you are still alive) is one of life’s best
moments.

The conquest of your own fear in the face of
doing something for the first time is also one of
life’s most important experiences. | receive let-
ters often from readers who write to ask *“What
happens if I. . ” Each time I am reminded of a
vignette from Richard Feynman’s early life. His
biographer reports that Feynman’s mother, usu-
ally in the middle of a Bridge game with neigh-
bors, knew that young Richard was performing
yet another experiment when she could smell
something burning. This usually meant he was
leaning out his upstairs bedroom windows gin-
gerly holding a metal trash can from which
smoke billowed. When I get a “What happens”
letter, I usually think, why not try it and see?

Feynman's rise to a place of great distinction
in the exploration of physics owed a great deal
to his willingness 1o take any risk to leam what
happens next. My most impontant electronics
diving board was a 7W integrated amplifier kit
from the Heath Co. Ordering and receiving
goods via mail order is still magical to me, even

€ Reader Sarvice #36

Editorial
KIT KICK

to this day. But the feelings on opening the box
from Heath were a combination of anticipation,
excited discovery, and a massive attack of but-
terflies somewhere in the upper colon.

Fortunately, the Heath support system pro-
vided a sure-footed way to find the end of the
board as well as the courage to plunge. It also
fumished the kind of instruction and support
which were important to my success in finishing
the amplifier. The pleasure and sense of accom-
plishment when the device you have assembled
actually works and then produces sound when
you hook up the phono and the speaker is
unique. The sensation is something more than a
triumph of courage, it breaks a wall of mystery
which too often surrounds complex devices.
Our increasingly complex technology, or, more
accurately, our perception of a more complex
technological environment, has the majority of
the population cowering in the bathhouse,
unwilling even to put on a bathing suit.

The steady decline of electronics periodicals
dedicated to building equipment, combined with
the slow evolution of Heathkit into merely Heath
with a yuppie catalog of wading pool gadgets, is
symptomatic of the declining interest and person-
al involvement in how things are assembled. The
language has changed too: techies are all auto-
matically nerds. If a book on CD-ROM technol-
ogy sets out to describe how a disk is recorded,
the authors are obliged to issue dire wamings
about the upcoming techie territory ahead.

This attitude is pretty much limited to elec-
tronics, though. I suspect the terminology is
defensive paranoia for the most part. I don’t hear
such comments about guys who modify stock
cars for racing. Are these techies too? The dif-
ferences escape me, somehow.

Fortunately, humankind can walk around
frightened for just so long. After a while our
curiosity overcomes our fears and we begin to
dabble again. Public television has been one of
the primary influences in encouraging ordinary
mortals to try handcraft skills again. Cooking
and gardening were the first camel noses under
the edge of the tent. We've gone on to upgrad-
ing houses, building fumiture, and trying craft
ideas of nearly every description. These crafts
are less frightening and thus more acceptable, so
more people can adopt them without becoming
too daunted. When the talk turns to rockets, tele-
scopes, lasers, computers or power amps, the
fear sign rises very quickly. These are not crafts,
they’re arcane, scary science for techies only.

We are just beginning to see some encouraging

signs of change, however. Science fairs are a good
omen. Technological contests for inventiveness,
lightweight aircraft, solar-powered cars, as well as
fancy kites and balloons are all excellent evidence
of a less fearful, adventurous generation.

Closer to home it is heartening (0 see more
loudspeaker kits offered from a number of
sources. Last issue we accompanied Nancy
MacArthur on a trip through one of Vance
Dickason’s Audax-based designs, with contri-
butions by Madisound and Solen. In this issue
Gary Galo updates his review of the Audio
Concepts Sapphire Il system—which I am
delighted to say is again a kit offering from that
company. The policy change is a direct result of
your letters and phone calls to Mike and Mary
Dzurko asking for a reprieve on their decision to
discontinue kits. Any number of Speaker
Builder advertisers offer speaker Kits, with or
without boxes, but usually with cabinet plans for
the asking. Obviously your positive feedback
does wonders in persuading company managers
to offer kits. Supply and demand still works
quite well.

Other good signs for the valiant builder dot
the horizon. New electronics kit offerings arc
available from Parts Connection in Toronto,
Audio Electronic Supply, Welbome Labs,
Angela Instruments, World Audio Supply in the
UK, Copeland Electronics, Curcio Electronics,
Bear Labs, and PAiA Electronics, just 1o name a
few. Kits of speaker parts are equally numerous.

A distinct difference in both electronics and
speaker Kkits is clearly evident, however. In the
past kits were often “economy versions” of the
commercial counterpart, but today, kits are quite
often indistinguishable from the equivalent
high-end product. The price may differ signifi-
cantly, but the parts are very often identical.

This trend fits exactly into the underlying pur-
poses of the three magazines published by this
company: upgrading stock equipment for better
performance (in Audio Amateur it is Progressive
Optimization Of Generic Equipment, or
POOGE). Then why should kits enter the world
at the bottom rung of the ladder? No reason, |
suppose, just shortsighted thinking,

As an encouraging starting point, kits make
great diving boards for this avocation. They are
more than a mere economy move, however.
They educate. They build confidence. They
build bridges to new territory. But they arc the
beginning of a journey through more experi-
ence, more leamning, and better and better
sound.—E.T.D.
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éDesign a PWM
switching power

amplifier into your
next powered audio
product... and do it
'without R&D.

|
|
|
|

| Made
| LGT Technologies provides OEM .
| power solutions for audio designers
requiring small size, ultralight weight,
and clean high-efficiency output.

| n
USA

This Class-D 200W-8Q audio amp is available OEM.

We offer a range of power modules, with ratings of 150 to 500 watts*...

optimized for full-range or low-frequency reproduction... with conventional

linear power supplies or switching mode supplies. We can incorporate custom
| circuitry for your specific design onto the same circuit board... such as an active
| filter network or special processing.... all with little or no R&D expense.

LGT Class-D amps are stable and reliable, providing low distortion, and |
excellent frequency response. Contact Terry Taylor for full details and a

development kit with demo board. [
©1995 ASI

Sales Agent: ACOUSTICA L=yt
SUPPLY ————S T
INTERNATIONAL =
615-756-086

|
|
\
|
\
?
|
|
|

*1Q

895 Cherokee Boulevard Chattanooga, TN 37405

5-756-0706

6 1

Fax:

Reader Service #79

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
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In Memoriam

Raymond E. Cooke
1925-1995

We were saddened to hear of the passing of
KEF founder, Raymond Edgar Cooke, 70, on
March 19. He received an OBE (Order of the
British Empire) for his service 1o the British
audio industry and served as president of the
Audio Engineering Society in 1983.

His interest, at an early age, in music and
gramophones soon evolved to loudspeaker
and amplifier design. His first job was as an
analytical chemist for the London North
Eastern Railroad, but it was in the Navy that
his audio interest flourished. He served in
World War II as a radar technician and
began to design and build amplifiers.

At the age of about 22, he took up formal
study of electronics, radio, and loudspeaker
research at Battersea Polytechnic (later part
of Surrey University), from which he
obtained a BSc in electrical engineering. His
work impressed Gilbert Briggs, and he
became a consultant to Wharfedale and col-
laborated with Briggs on several of his
books. He worked with the BBC in the
design and manufacture of disk and tape
recording equipment. In 1955, Cooke joined
the Wharfedale company in a full-time posi-
tion as technical manager, and, while there,
is credited with inventing the acoustic filter,
as well as with his work on enclosure design
and high-frequency units.

After six years, he left Wharfedale and
started KEF (Kent Engineering Foundry)
Electronics in 1961. His pioneer work in
diaphragm design (from paper to plastic) as
well as his attention to system integration in
producing “‘matched” speaker pairs led to the
success and high regard of the company,
which is headquartered in Tovil, England,
about 40 miles south of London.

The company introduced new materials,
chiefly plastics, and, with input from
Bradford University and Hewlett-Packard in
Califomia, developed revolutionary new
measurement techniques using early com-
puters. The research led to a number of semi-
nal loudspeaker designs in the 70s and early
80s, all as successful commercially as they
were acoustically, and are still to be heard
today in the KEF Reference Series of loud-
speakers.

He is survived by his second wife, Jennie
Goossens, a son and daughter by his previ-
ous marriage, and two grandchildren.



Speaker Builder

THE LOUDSPEAKER JOURNAL

VOLUNME 16 NUMBER 3 APRIL 1995

§  Satellites For a New System
BY MATTHEW EVERIST

| ' “ |4 Box Models: Benson Versus Small
BY G.R. KOONCE

11 From Sad to Sparkle: A SAAB Story,
Part 2

BY MARK FLORIAN

8 A Compact Two-Way PA, Part 2

BY BILL FITZMAURICE

40 PRODUCT REVIEW
Sapphire III Reference Monitor

BY GARY A. GALO
:7 \ 49  BOOK REPORT

The Complete Guide to High-End

7\L % Audio

BY GARY A. GALO

| 40

DEPARTMENTS

3 GoobD NEWS 54  Ask SB
BY DICK PIERCE

5 EDITORIAL Kit Kick
51  Toors, Tirs & TECHNIQUES
BY PHIL BAMBERG AND ALAN ERSEN

37 WAYLAND'S WOOD WORLD
BY BOB WAYLAND

48 VINTAGE DESIGNS 58 SB MAILBOX
53  READING ROOM 6/ CLASSIFIED
10  Ap INDEX

Speaker Builder 3/95 7




SATELLITES FOR A NEW SYSTEM

y speaker building started in the
M‘60s, when I became interested in

rock-"n’-roll music. Like many
young people, I had visions of becoming a
star performer. With a little help from my
friends, I learned to play bass guitar and
attempted backup singing. Little did I realize
then that this youthful experience would
spark a lifelong interest in electronics and
building my own speakers. By the way, my
career as a rock-"n’-roll star eammed me about
$100 for three sock hops.

My first stereo system consisted of a
Dynaco (I think) amp and preamp that I built
from kits, along with drivers from an old
Fender bass guitar amplifier. I didn’t even
put the drivers in separate cabinets; I

By Matthew Everist

planned to position my subs in comers or
built into end tables, so their size would not
cause any problems. I intended to place the
center channel on the top or the bottom of
the TV, and the satellites in some small area,
such as a bookcase, a wall, a corner, or on
stands in a corner. After I determined their
locations, I would optimize each speaker’s
Crossover.

With these parameters in mind, I started
looking through catalogs and talking to sup-
pliers. I also purchased the latest edition of
The Loudspeaker Design Cookbook and
Ralph Gonzalez's Loudspeaker Modeling
Program—both outstanding tools for ama-
teur speaker builders (both are available

from Old Colony Sound Lab, PO Box 243,
Peterborough, NH 03458 (603) 924-6371,
FAX (603) 924-9467).

COMPONENT SELECTION
After reading Mark Rumreich’s “Box
Design and Woofer Selection: A New
Approach” (§B 192, p. 9), I chose a pair of
JBL 128Hs (12” woofers) from my old
speakers to use as the subwoofers. I decided
to put one of the subs in the lower corner of
a ceiling-high wall-unit bookcase with a
usable volume of 4.68 fi3. I used the entire
area, and as you can see from the calcula-
tions (Table 1), f3 will be about 27-29Hz.
The only discrepancy I encountered
between the calculations and com-

simply wired each driver to its appro-

puter-generated charts was the vent

priate amplifier channel. [ believe Leo  Vein Vein lengths. I have no test gear with
Fender used modified JBLs in those 4 - which to tune the cabinet, so I com-
days. Needless to say, it had very little Round over promised by using a 3” long port
high-frequency content. with a 3” diameter. I decided to use
My first full-range system included Top& bottom affies inside sides oy one sub and leave the other one
JBL drivers and assembled crossovers Baffie board affixes outside sides & until I finished the satellites. Maybe I
that were offered to speaker builders '°p&b°“°m_ o will have test gear by then and be
in the late 1970s. These drivers lasted (] Egt?;:!ﬁxes L b U able to tune them correctly, although
in various boxes until late 1991, when the one sub sounds very good as it is.
I burned out both tweeters. In my Per Cabinet The drivers for the satellites and
search for replacements (the tweeters f:f%gd;y’s’zo%s(“k) the center channel will not handle
were repairable, but for $50 apiece), | 1 botlom @ 8 x 5 (particiebrd) ) any low-frequency information (the
discovered Speaker Builder magazine. 1 back @ -7/8 x 5 (particiebrd subs will handle below 80 or
With two years of back issues and a l.g?me board @ 1261 {osk 100Hz), which allows me to keep
current subscription, I set out to design 0.158856 {t? volume them compact. I chose the Focal
and build my first full-fledged speaker 5KO13L and the Morel MDT30 dri-
system. ] ves ] vers, both of which have good
Wookes ZDP response curves and reasonable
SYSTEM REQUIREMENTS power-handling capabilities. I read
I chose a speaker system best-suited for positive things about both in SB arti-
music, but I also needed a system con- \ cles. With these drivers in mind, 1
sisting of a center channel with four proceeded to design my cabinels.
satellites and two subwoofers for my
Dolby Pro Logic video setup. The \ %" Round CABINET DESIGN
satellites and center channel speakers ) Over As a novice speaker builder, I did not
need the same sonic signature, which is find anything intuitive about the
one of the most important criteria in a whole project, but I did borrow a few
stereo/surround setup. What better way P ideas from my reading to incorporate
to accomplish this goal than to build the into my design:
speakers with the same drivers. 1. Concerned with phase shifting

Finding room for two subwoofers
can be difficult in a normal-sized living
room, but they provide a more bal-

Vein

FIGURE 1: Cabinet design and specs.

and lobing problems, because of non-
coincidental radiation from the two
drivers, I considered a stepped baffle,
but did not like its looks nor its con-

anced sound—no hot spots or nulls. I

8 Speaker Builder 3/95



FIGURE 2: Program printout showing stuffed /unstuffed responses.

struction difficulty. I also considered using
the crossover to handle the time delay prob-
lems, but felt this would be too involved for
my first design. Instead, I decided on a
sloped baffle board.

2. Much of my reading mentioned stand-
ing wave problems (I understand the princi-
ple, but am not surc what a speaker with a
bad standing wave sounds like), and I fig-

TABLE 1
DESIGN CHART

Parameters JBL128
fs Driver free air resonance (Hz) 20.00
Qgs  Driver electrical Q at fg 0.250
Qys  Driver mechanical Q at fg 7.000
Re Driver voice coit resistance (€2) 5.70
Rg Added resistance in driver circuit (Q2) 0.200
Qg5 Corrected Qg for addition of Ry 0.25%
Qs Drivertotal Qatfg 0.250
V,s  Driver compliance volume (in ft%) 9.900

(in liters) 279.48
Vg Enclosure netvolume (in 1t} 4679

(inliters) 132,09
a System V s to Vg ratio 2116
fy System —3dB frequency (Hz) 2781
fa Box tuned frequency (Hz) 2528
Rh System has a response anomaly of; -2.000B

Note: +Rh indicates a peak in response, —Rh indicates a dip.

JBL128 VENT DESIGN
Vent Diameter Vent Length
(inches) (inches)
2.00 1.39
225 1.96
2.50 263
2.75 3.38
3.00 422
3.25 5.15
3.50 6.17
375 7.28
4.00 8.48
4.25 9.77
450 11.15

box freq (fg) = fob x 0.39 = 31.2Hz

opt box freq (fob) = 1/Q7g = 80Hz

opt freq vol (vol) = V,¢/Qqs2 = 0.619

fixed box freq (ffb) = fg x V5" = 62.93

fixed freq (vi) = V¢ X 2= 3,960

Vg = Vi 2= 468 18

fy = oV = 29.04Hz

Port length 3” Dia. = 2*%92 07320 = 2
g %Vs

ured enclosure stuffing and a sloped baffle
would help with this problem.

3. Flush-mounting both drivers helps
with diffraction effects caused by protrusions
on the baffle board. I even designed the cabi-
nets without grille covers, eliminating asso-
ciated protrusions. The tweeter was easy 0
flush-mount, but the irregularly shaped mid-
woofer proved too difficult to handle.

4. 1 needed to maintain as small a dis-
tance as possible between both drivers, and
also keep the baffle board small with respect
to the drivers. This helps with the speaker
imaging, and also with interference between
the drivers’ outputs at and around the
crossover frequencies.

5. I liked the look of rounded-off edges,
which might also provide a smoother
response.

6. My goal was to achieve a sealed cabi-
net with a Q¢ of around 0.71 to produce
close 1o the lowest f; point attainable. Also,
of the systems I have heard, I prefer ones
with the cleaner and more detailed midbass
that a Q- of 0.71 produces.

7. The design should allow a -3dB point
of between 80 and 100Hz; the subs would
handle the rest.

CONSTRUCTION

Most people have access to the tools I used
to construct the cabinets, except maybe a
portable table saw (although they are not
very expensive). I extensively used a T
square, clamps, a router with a circle-cutting
adapter, and an oscillating hand sander,
among other usual tools. In most construc-
tion projects, it is very important 1o use sharp
saw blades that are adjusted correctly and
squared up with the table. It’s best to make
all similar cuts at one time, so all the pieces
end up the same and you avoid any surpriscs
when you assemble the cabinets. It is also a
very good idea to measure at least three
times. Of course, I discovered this after wast-
ing some wood.

After many calculations, drawings, and
wadded-up paper, I arrived at a cabinet
design that met my parameters (Fig. /). My
design presents a usable volume of 4.5I,
which easily lets me meet my —3dB point. I

Response Chart
Frequency 1ACB (dB, Q¢ =.71)

(Hz)

20 -25.57 1ACBQ =071

25 -21.7 {5 =51.50Hz

30 -18.57 Qrg=0.420

35 -15.94 Vys = 0.407 18

40 -13.70 Vg=021918

45 -11.76 o =1862

50 -10.07 f,=86.77Hz

55 861 fo=87.12Hz

60 -7.33

65 -6.23

70 —5.28  Driver Data System Data
75 ~447  Priss2591 1ACB

80 378  f=51.50Hz Q=071
90 -270 Qig=0420  Vg=02191°
100 -194 v, =0411%  Vy=6.1771it
110 141 v, =11500it  f,=86.77Hz
125 -0.89 o =1.862
150 —045 fc=87.12Hz
175 024

200 -0.14

used biscuits to join the sides with the back
and the bottom (Photo 1).1 also attached the
baffle board with biscuits, and the top with
glue. Glue blocks on the entire length of all
:the joints (Photo 2) ensure strength and an
airtight cabinet.

I used %" red oak board from the local
hardware store. This wood, after sanding,
sealing, and staining (if desired), does not
require any other treatment for a very pro-
fessional look. I learned from this project
that it is not a good idea to use two different
types of wood on one cabinet. The bottoms
and backs are particleboard, and no matter
how many times you sand the joints smooth,
the two wood types will contract and
expand with humidity at different rates,
regardless of how well you scal them.

Displeased with the way the oak looked
at the joints (the grain abruptly changed
directions), I used a router and a small vein
bit to cut a groove where the tops, sides, and
the baffle boards are joined. I painted this
groove black, which helped break up the
changing direction of the grain and pro-
duced a better look (Photo 3).

All T needed to flush-mount the tweeter,
with its round shape, was a router with a cir-
cle guide attachment. But the midwoofer
with its irregular shape proved too difficult
to flush-mount. I tried making a template, as
well as freehand, but nothing worked to my
satisfaction. Any suggestions from readers?

After building all four satellite enclosures

ABOUT THE AUTHOR

Matthew Everist lives in Orlando, FL, with his wife of nine
years and their very active 5-year-old son. Matthew has
an AS degree in electronics, and has been a sales rep
for a bus parts company for 14 years. Other than working
with his hands, he enjoys going to the beach and trying
to keep up with his son.
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. PHOTO |: Biscuits join the sides with the back
and the bottom.

minus their baffle boards, I reexamined the
intended drivers. Because of some cash-flow
problems, I was unable to purchase these dri-
vers. But in my supplier catalogs, I found
very good substitutes that would fit in the
enclosures 1 built.

I bought the Peerless 130WR (4€Q2) and
the Vifa DI9TD-05 (8€2) drivers from
Madisound Speaker Components. I chose

TABLE 2

SYSTEM RESPONSE

Without stuffing With stuffing

Qe =0.7907 Q¢ =0.707

o =25486 a =18336

fofls =1.8826 ffs =16833

ffle =0.9075 ftfe. =10

Vg =V,ga =451 Vg =Vda =6.27

fo =(d)xlg=97Hz 1,

S (fclfs) X 'S =87Hz
ty  =(fflc)xf.=88Hz f,

= (lflc) xf, =87Hz

the 42 midwoofer because the sensitivity of
the two drivers matches better, and I would
not nced any attenuation circuits in the
crossover for the tweeter. The Vifa twecter
provided good performance and required the
same size cutout as the Morel tweeters, in
casc | wanted to update them later.

STUFFING RESPONSES

Other than the obvious suppression of inter-
nal standing waves, enclosure stuffing with
certain types of material has a definite effect
on system performance. The most important
is the increase in compliance, which is the
equivalent of increasing the enclosure vol-
ume, which, in turn, lowers the Qq.
Without any way to test the response, 1
assumed that the Q. dropped by 10% when

10 Speaker Builder 3/95

PHOTO 2: Glue blocks on the length of all
joints.

I stuffed my enclosures (a valid assump-
tion?) and calculated both with and without
stuffing (Table 2). 1 filled my enclosures
about 75% with standard R19 fiberglass (the
amount is difficult to judge because fiber-
glass is very casily compressed).

As you can see from the Table 2 results,
stuffing my enclosures did not make much
difference. The resonant frequency of the
enclosure drops almost 10% (does this make
for more detailed bass?), but the f; point of
the enclosure hardly changes. When 1 test
my speakers, I will know if my assumptions
are correct, but in the meantime, I will
assume that I have attained a closed box with
aQqcof 0.71 and an f; of 87Hz (Fig. 2).

CROSSOVERS
Throughout this construction project, I used
the Loudspeaker Modeling Program. As
with any computer program, it is only as
good as your input data. After carefully
modeling the drivers’ parameters (Table 3)
and cntering that information, I startcd work-
ing toward a crossover that would enable an
acceptable frequency response.

I needed at least a second-order crossover,
a first-order wouldn’t provide enough pro-
tection for the tweeter, and a third- or fourth-
order would be 100 complicated for my first
design. After many iterations, 1 discovered a
suitable crossover (Table 3), which, along
with the input data of the drivers, results in a
theoretical frequency response shown in Fig.
3. On the midwoofers, I used an impedance
equalization circuit, which I mounted across
their terminals. This placement makes more
sense o me, because if 1 ever move the dri-
ver somewhere else, the equalization circuit
will go with it.

Since I planned to mount the front satel-

PHOTO 3: A groove improves the appearance of
the joints.

lites in the wall/bookcase, the books sur-
rounding the speakers act as an exiension of
the baffle board, so I made no adjustments
in the crossovers for the response step that
Ralph Gonzalez has discussed in various
articles. Also, putting the front satellites in
the bookcase helps with any wall-reflection
problems. The unevenness of the books
scatiers reflections randomly throughout my
listening room. I placed the rear satellites in
the rear upper corners, which act like the
bookcase, and require no adjustments for the
Tesponse step.

I mounted the crossover components on
two separate boards with tie wraps. The sep-
arate boards keep any interaction between
the inductors at a minimum, and the tie
wraps make it easy to change components.

IDEAL CROSSOVER

I anticipated I would need to change
crossover component values to spread the
knees of the crossovers’ frequencies to pro-
duce a smooth theoretical frequency
response. But I was wrong. After adjusting
the crossovers to produce the frequency
response shown in the graph (Fig. 3), I cal-
culated their Q values. The Q value for the
tweeter crossover was 0.54, and 0.49 for the
midwoofer crossover.
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FIGURE 3: System's crossover and frequency response. FIGURE 4: Measurement after loading the drivers in the cabinets.
. TABLE 3
From my reading, I learned that a Q value
of 0.50 is ideal for a two-way Linkwitz- MODELING PROGRAM INPUT
Riley second-order crossover with the dri- : —
vers —6dB down at the crossover frequency, g’!"zr g;%‘:;‘t';gi‘esrfafg oofer (PEERLESS 832591) Number of drivers in model: 2
. . . e river des b 10-Wi r
assgmmg no driver offset (')ccur’s. This ideal You may <TAB> o next driver
crossover sums the two drivers’ outputs for Low frequency corner (Hz) 52 Low frequency DR/Q 1.190
a flat frequency response. High frequency corner (Hz) 5000 High Frequency DR/Q 0.500
I cannot attribute this almost perfect High freq. rolloff order (2 or 4) 4 Sensitivity (dB) 89
crossover to blind luck and/or knowledge. Polarity inversion (Y/N) N Response step freq (Hz) 0

Without test equipment, getting this close to
the ideal would have been impossible if not
for the Loudspeaker Modeling Program
(LMP). I recommend it to anybody just get-
ting started, and even to more experienced
builders.

After loading the drivers in the cabinets, I
measured again and found that the driver
ZDPs were not aligned. The tweeter was
0.25” behind the midwoofer. After entering
this information into LMP, I ran another
graph (Fig. 4). I was afraid my mistake
would ruin my hard work, but the graph tells
a different story.

My surround decoder has a second-order
12dB/octave crossover for a subwoofer built
into it. It has a two-position switch for
crossover frequencies of 80Hz or 150Hz. 1
am using the 80Hz setting, and it sounds
wonderful with the satellites, but someday I
will design my own active crossover for the
entire system.

LISTENING TESTS

Placing speakers on their sides is not ordinar-
ily done, but I don’t understand why. I
achicved my goals using the sloped baffle
board, and the distance between each driver
and my cars is the same from a vertical or
horizontal speaker placement position. With
such a small spcaker, it does not sound as
though I have traded a tall sound for a wide
sound; the drivers are so close they almost
sound like a coaxial driver. The shape of my
cabinets gives me a natural toe-in position, so
the tweeters are pointed just in front of my
listening area. This shape also keeps the mid-
woofers’ output pointed away from walls,
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Depth displacement (inches) 0

Response step height (dB) 0

2nd-order Lowpass _L (r2)__
L2) O Hu L St
Cik1) C Ck1> kO (LOAD>
k0 (LOAD) 7=
Ci1 W 5‘£L
R1

Load description: 5” mid-woofer (Peerless 832591)

Drive #1 Crossover components
k0 4.000Q
k17.000pF
k2 0.400mH
C135.000uF
R15.000Q

Driver # 2 parameter entry

Driver description: %" Dome Tweeter (D19TD-05-08)
You may <TAB> to next driver

Low frequency corner (Hz) 1700

High frequency corner (Hz) 22000

High freq. rolloff order(2 or 4) 4

Polarity inversion (Y/N) N

Depth displacement (inches) -25

2nd-order Highpass
c(k2)
L(k1)
kO (load)

Number of drivers in model: 2

Low frequency DR/Q 0.704
High frequency DR/Q 0.625
Sensitivity (dB) 89

Response step freq. (Hz) 0
Response step height (dB) 0

/

Zu
—_— L =2>

‘ﬂ_—\ .

(kl > KO (LOAD)

Load description: %" dome tweeter (D19TD-05-08)

Driver #2 Crossover Components

KO 8.000Q
k1 0.400mH
k2 3.000uF

which, in turn, reduces boundary-induced
interference.

I entered into this project with many
reservations, but because of help from
Madisound Speaker Components and the
information from The Loudspeaker Design
Cookbook and Speaker Builder, I feel more

confident about this project and have a bet-
ter understanding of speaker building in
general. I have enjoyed many hours of lis-
tening to my speakers, which is our speaker
building goal. I look forward next to build-
ing the subwoofers and center channel
speaker for my system. »
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BOX MODELS:
BENSON VERSUS SMALL

or many yecars I used R.H. Small’s
Fcnclosure models in my software and

design work. When I received the
book The Theory and Design of
Loudspeaker Enclosures by Dr. J.E. Benson,
I decided to try his model. I had hoped R.M.
Bullock’s excellent review of the Benson
book (SB 6/94, p. 48) would describe the dif-
ferences between the Benson and Small
models. But, Bullock always worked with an
independently developed model that was, in
effect, the same as Benson used, so he did
not discuss differences between models
(although he includes a section on model dif-
ferences in the AES preprint covering his
model).! I will discuss the differences and
software for both modcls.

VENTED BOX Q FACTOR

Part 1 of Small’s work on the vented box
(VB) outlines assumptions in developing his
model, which secms to be the standard for
home speaker design.? The Small VB has a
single Q factor, identified as Q, associated
with leakage losses from the box. For conve-
nience, most people simply refer to it as Q.
Small discusses two other Q factors fora VB
enclosure and explains why you may omit
them from your design with little error.

The concept of Q, or quality factor, which
may seem mysterious to some speaker
builders, is simply a number applied to how
well the system conserves energy refercnced
to a specified frequency. The higher the loss-
es, the lower the Q. Small’s model has its
single Qg defined at the box tuned frequency
fg, and much of the software and many
alignment tables assume a Q value of 7 for
design purposes.

When I first started using a more scientif-
ic approach for speaker design, there were an
intimidating number of Q factors to consid-
er: three (Qgg, Qs and Qq5) applicd to the
driver, with one (Qp) for the Small model
enclosure. Now the Benson model and
Bullock’s work add two more to the system:

1. Q, is associated with the absorption of
energy in the box. Benson called this Qj, but
I will label it Q, to avoid confusion with the
general Qg of the Small model.

2. Qp applies to losses due to vent or pas-
sive-radiator effects.
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By G.R. Koonce

The three Q factors in the Benson model
are defined at the frequency fj;, whereas for
design purposes Bullock defines them at f,
since f; is not known at the time of data
entry and the differences are not great
(“Boxmodel: An Aid to Woofer System
Design,” SB 6/90, p. 26).

LEAKY OUTPUT
Which is correct: a VB system model with
three Q factors or one with one Q factor? No

one would argue that the Benson model with
three Q factors is more accurate. The Small
VB model is a simplified version based on
Small’s work, showing that:

1. If you assume all the losses are associ-
ated with leakage, the model will produce
the basically correct response shape.

2. Even though the losses are attributed to
leakage, the amount of leakage from a rea-
sonably designed enclosure is slight and con-
tributes little to the system output.

Systen ——

8.2 8.4 8.6 8.8

Normatized Frequency - f/fs

1 2 4 ) f
0 for Options: »

FIGURE I: Closed box system responses via Benson.Exe, default Q values.
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FIGURE 2: Closed box system responses via Benson.Exe, high leakage loss.




This second item seems to present a dif-
ference between VB models and may cause
some confusion, since Benson’s equations
clearly include leakage contribution to the
system response (i.c., leakage represents a
loss of energy, but is also an enclosure out-
put just like that of the driver or port). The
driver, the port, and leakage all contribute to
total system output. Working with the VB
system response equation of Benson, [ let the
values for Q, and Q, go to infinity, remov-
ing absorption and port losses. The resultant
cquation was the same as the one used with
the Small model. Thus there is no basic dif-
ference in the leakage contribution to system
output with the two VB models.

OTHER SYSTEM TYPES

Benson’s model and equations for the pas-
sive-radiator (PR) system also contain Q,,
Q. and Q, factors. Small’s PR system work
is basically equivalent to his approach with
the VB; he assumes all losses are associated

with leakage, giving a single Q, (or Q) fac-
tor. He developed alignment charts with Q
=7 from lossless alignment charts by manip-
ulation based on his carlier VB analysis. The
synthesis model and system response equa-
tion in Small’s PR work do not maich, since
the equation is for the lossless case (no Q,,
Q.. orQp).?

The PR system response equation that fits
the Small synthesis model (Q, included, but
not Q, or Q;) is in “Computing Box
Responses” (SB 391, p. 88). Again, I let Q,
and Q, in the Benson equation go to infinity;
the results agreed with the Small synthesis
model equation containing Q, (or simply
Qg). This also shows no basic difference in
how the two models handle leakage contri-
bution to output. Keep in mind that the sys-
tem responsc cquation in reference 3 is for a
lossless enclosure.

The models and equations for the closed
box (CB) system are the simplest, but also
the most confusing. Small’s CB analysis

Systen

f.2 8.4

8.6 8.8 1 2 4 6 8
Normalized Frequency - f/fs

U for Uptions: =

FIGURE 3: Vented box system responses via Benson.Exe, default Q values.
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FIGURE 4: Vented box system responses via Benson.Exe, high port losses.

work includes absorption loss, but not leak-
age.* However, most published design for-
mulas and software (including mine) based
on the Small model assume that the total
system Q (Q . at ) is related to the total
driver Q (Qg at f) by the same factor that
relates system resonant frequency (fe) to dri-
ver resonant frequency (fg). This assump-
tion, which Small uses in his CB synthesis
cxamples’, effectively sets absorption losses
to zero (Q,, = infinity).

Generally, a CB system is designed for a
total sysiem Q.- value in the range 0.5 to
justover 1. Omitting Q, is thus quite reason-
able unless you intentionally introduce major
absorption loss. If you use such equations to
design CB systems and then fill these sys-
tems with damping material, you should
review Small’s work, which details how to
account for such stuffing. In summary, the
Small CB model includes absorption losses
but not leakage effects, while most CB
designs based on the Small model assume a
lossless enclosure.

Benson's model and equations contain Q,
and Q, factors, whose definitions change
somewhat. For the CB system they are
defined at driver resonance f, rather than at
the box tuned frequency f;, which has no
meaning for a CB system.

The Benson and Small models differ for
the CB systems, since leakage contributes to
system output with the Benson model. CB
systems plotted with Benson’s equations can
show a difference between system output

The following products in this article are avail-
able from Old Colony Sound Lab (PO Box 243,
Peterborough, NH 03458, (603) 924-6371, FAX
(603) 924-9467).

SOF-BENIBXG — Benson.Exe and SmallPit.
Exe programs on 1 x DS/DD disk. Specify disk
size. Requires 1BM-compatible with 640 x 480
16-color VGA. $9.95

BKSAl — The Theory and Design of
Loudspeaker Enclosures by J.E. Benson. $24.95

BKSA1/S — BKSAl book and SOF-
BENIBXG sofiware. Specify disk size. $29.95

SOF-MOD4BXG — Venion 3.0 of BoxModel
program on 1 x DS/DD disk. Specify disk size.
For IBM-compatible computer with CGA,
EGA, or VGA graphics. $59.95

SOF-MOD4BXGD — Demo of BoxMode!
program for IBM on | x DS/DD disk. Specify
disk size. (Usable as credit toward purchase of
full package.) $5.00

SOF-MOD4BUP — BoxModel 3.0 upgrade
from previous version (provide Old Colony
invoice number or photocopy of original disk
label). Specify disk size. $29.95

SHIPPING: $3 US, $5 Canada, $10 other sur-
face, $20 other air
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DESIGN SOFTWARE

Old Colony offers Benson.Exe and
SmallPlt.Exe on a single disk. These plotting
programs do not design the enclosure, but
require you to enter the box size and tuning
information. Unlike some software,
SmallPlt.Exe does not work at a fixed Qg
value for VB and PR systems, but allows
you to enter any real (it can have a decimal
portion) Qj value.

Both programs are developmental and
may still contain bugs, so be warned to ques-
tion results. Each program contains informa-
tion screens indicating where the equations
come from and what assumptions were made
in program development. Be sure to read and
become familiar with then.

These programs feature an unusual text-
based interface, with the computer in VGA
graphics mode at all times. As a result, and
due to the complexity of the equations, they
run very slowly on a slow computer, so |
recommend a fast computer with a coproces-
sor. Both programs are IBM-compatible,
require 640 x 480 16-color VGA, run under
DOS, and lack mouse support.

Benson.Exe: Based on the Benson model
and cquations, this program allows you to
enter the T/S parameters for a single driver,
including added resistance Rg if Qgss Qusr
and R are entered. You may then define up
to three systems (CB, VB, or PR) for this
driver. You can define Q values for leakage,
port (not used in CB designs), and absorp-
tion; reasonable default values that produce
response shapes nearly identical to those of a
Small model, with Q = 7, arc provided. The
program then plots smail-signal response
magnitude, or phase or system group delay.

Low-amplitude-signal response plots
show the driver (cone), system, and port/PR
responses individually. With a single key-
stroke, you can call other plots for any valid
system or call up the screens to edit driver or
system data. This program plots in frequency
normalized to fg, but provides tabular print-
out of data in actual frequency. It contains no
provision to print the plots, so you must load
a VGA screen-dump program prior (o run-
ning. Outputs display a Qy value useful for

comparison with the Small model and com-
puted as follows:

ForaCB: Qg= 1/(1/Q, +1/Q,)
ForaVBor PR: Qg = 1/(1/Q, + 1/Q + 1/Qp)

SmallPlt.Exe: This program is based on
the Small models and equations, and accepts
the T/S parameters for a single driver with
the same Benson.Exe options. It will option-
ally take large-signal driver paramelters.
Again, you can define up to three systems
(CB, VB, or PR). CB plots are for a lossless
enclosure.

Each VB or PR sysiem has a single Qy
value. You can thus define the same system
with up to three different Qp values and
quickly compare the results. The program
plots the small-signal frequency response
magnitude and the input impedance magni-
tude and phase (Qgg, Qpg» and R must be
properly entered), and will plot driver and
PR displacement functions and maximum
input or output power capability. Again, a
single keystroke allows you to move
between curves or call up screens to edit
driver or system parameters. This program
plots in actual frequency and provides
tabular printout if you can’t screen-dump
the plots.

BoxModel version 3.0 for IBM-compat-
ible computers (by R.M. Bullock and R.
White): This DOS-based program designs
CB, VB, and PR systems with a model
matching that of Benson and supports
CGA, EGA, or VGA display capability. It
provides port length calculations; absorp-
tion, port/PR, and lcakage losses; filter-
assisted alignments; equalized alignments
through eighth-order; and file save/recall
capability. Plotting capability includes max-
imum and relative SPL, voice coil imped-
ance magnitude and phase, acoustic phase
response, vent air speed, driver and PR
cxcursion, transicnt response, and group
delay. The program allows series and paral-
lel compound and isobaric designs, and has
graphics printing capability for over 300
printer types.

Other publishers of loudspeaker design
software include:

Access Acoustics & Signal Processing
Jacob Canisstraat 60

NL-6521 HW Nijmegen

The Netherlands

011 31 80 233360

Boxdraw

Acoustical Supply
895 Cherokee Blvd.
Chattanooga, TN 37405
(615) 756-0706

Cleo & Speakerphile

Blaupunkt Division of Bosch Corp.
2800 S. 25th Ave.

Broadview, IL 60153

Blaubox

C & S Audio Labs
8036 Camerado Ct.
Jessup, MD 20794
(310) 498-8737
The Woofer Tester

Installer Institute
460 Walker St.
Holly Hill, FL 32117
(800) 354-6782
Porta-Calc

Maximum Effort Software
2701 Cedarwood Ave.
Bellingham, WA 98225
Loudspeaker 6.0

MicroAcoustics

2553 Carpenter St.
Thousand Oaks, CA 91362
(805) 495-8945

PC Audiolab

Pyle Industries

PO Box 620
Huntington, IN 46750
(219) 356-1200
Pyle's Pro Designer

SpeakEasy

46 Cook St.

Newton, MA 02158

(617) 969-1460

Low Frequency Designer

True Image Audio

349 West Felicita Ave., Suite 122
Escondito, CA 92025

(800) 621-4411

The Speaker Design Toolbox

and driver output response shapes if there is
high enclosure leakage (i.e., Q_ is low). If
you let Q, and Q, go to infinity in the
Benson system response equation (lossless
enclosure), then it reduces to the same equa-
tion normally used for the Small model.

You will usually not experience trouble
with any of the Small models if you keep
enclosure leakage to a small value and intro-
duce no extreme intentional losses into the
acoustic system. | would prefer the Benson
(or equivalent Bullock) model for a better
understanding of what was happening if 1
were filling the enclosure with material-
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causing losses, developing intentional port
losses for a VB (“Acoustic Resistance-
Tuned Enclosure,” SB 5/92, p. 10), or per-
mitting intentional leakage through the
enclosure/driver.

BENSON.EXE

Table 2 (denominator) and Table 3 (numera-
tor) in part | of Benson’s book provide the
coefficients for response equations fitting his
model and usable for CB, VB, or PR sys-
tems. For VB or CB systems simplify the
cocfficients by eliminating terms associated
with the PR unit or VB vent, respectively.

Benson's equations provide the responses of
the driver (which Benson calls cone), the vent
or PR (if used), and the total system indepen-
dently. My program, Benson.Exe, plots the
responses based on Benson’s equations
(available from Old Colony Sound Lab).

In a typical CB response, using
Benson.Exe default values for leakage and
absorption losses, the driver (cone) and sys-
tem responses arc nearly identical, and are
about the same results predicted by the stan-
dard CB response equation (Fig. 1).
However, when the box has high leakage
(Q, is set to the low value of 2), the respons-
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RARE EARTH
MAGNET
TWEETERS

66-25Neo/8F

49-25Neo/8F

REPLACEABLE DOME/VOICE COIL

Specifications
Impedance: ..........cccccvvveevvieviennnnns 8 Ohm
Resonance Freq: Fs.................... 1500 Hz
Frequency Response: ............... 20,000 Hz
Dome Material: ................. Drawn Titanium
SUSPENSION: .....oecvveriiecrieerieens Suprony!
Voice COoil: ...ccevrierecenrrieivennnenns 25,4 mm
LAYErS: .oooooiiiiiiiiieerr e 2
Winding Length: .......cccccceernrecrnnnnne 2.0 mm
Former: .......ccccoevvevnnniineecienenes Titanium
Magnet: ................ Rare Earth Neodymium
SPL: et 80dB 1/W/iM
Rated Power: ..........ccccooiereecnnenen. *100 W
*Music Power
2:ln‘mi>~4\9.;;ﬁ—j
13.5mm
.
— A
49-25Neo/8F
DISTRIBUTED BY
Speaker Clty The Speaker Works

115 S. Victory « Burbank, CA 91502
Tel. (818) 848-9921 + Fax (818) 846-1009

1021 E. Camelback * Phoenix, AZ 85014
Tel. (602) 230-0344 « Fax (602) 230-8533

The introduction and utilization of
the new rare earth Neodymium
magnet allows for the production
of much smaller drivers without
any compromise in quality. The
Neodymium material produces a
magnet at least ten times the
strength of the conventional
ferrites and also does not require
the top and rear plates.

Now and only now can the tweeter
be brought in close proximity to
the woofer and if necessary be
placed in the cabinet corner for
those desiring this type of design.

The Versa-Tronics Neodymium is
constructed of a one piece drawn
Titanium voice coil-former combi-
nation. This allows us to bypass
the normal glue joint between the
voice coil and the dome. There
are 3 versions so as to provide the
necessary configuration as
required by the various system
designs. All are Ferrofiuid cooled.

Toutant Electronics
246 E. 131st Street * Cleveland, OH 44108
Tel. (216) 451-6325 ¢ Fax (216) 451-0226




es arc not identical and clearly do not match
typical equation predictions (Fig. 2). As you
would expect, leakage has affected the sys-
tem response. You can combine independent
plotting of system and driver responses with
ncar-ficld testing to produce a useful trou-
bleshooting tool if your CB system is not
behaving according to chart or software data
basced on no enclosure fosses.

When plotting a VB system, Benson.Exe
produces three curves: driver response, vent
response, and system response (Fig. 3). It's
interesting to sce what produces the system
response in various portions of the frequency
band. Figure 4 shows the results for the
same system with vent loss (Q, is low) due
to obstruction in the port duct.

If you obtain a near-field driver response
for a VB system that does not show a very
pronounced dip at fg, you should suspect
losses arc being introduced. If these losses

TABLE 1
GRILLE CLOTH EFFECTS
Grille Cloth over Port Near-field Dip at fg Approx. Q_ to Match
None ~25.1dB 100
Hanging 0.6” from end -24.4dB 55
Hanging 0.3” from end -22.7d8 25
Hanging right at end -18.0dB 73
Tight on end -16.2dB 3.8

are unwanied, playing with Benson.Exe until
you get driver and vent responses that match
your measurcments can help determine the
problem. Remember when you compare
Benson.Exe plots with real near-field data
you must correct the near-field data for rela-
tive sizes of the driver and port. Certainly,
you can determine this with other methods;
Benson.Exe is simply one more computer-
aided design tool.
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FIGURE 5: Passive radiator system responses via Benson.Exe, default Q values.
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FIGURE 6: Near-field test results on vented box system, no added losses.
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Finally, Fig. 5 illustrates the unusual PR
system response shape in certain alignments.
Benson.Exe lets you play with the effects of
losses on the PR system to determine just
when the PR unit versus the driver domi-
nates the system output. Use this, or another
troubleshooting program, if your PR systcm
does not behave as expected. Bullock reports
on a possible minor error in the Benson
cquations relating to the PR compliance
ratio, which would affect Benson.Exe.

EXTENDED VB BASS POWER

FederofT produced a clever double-vented
bandpass system (“The Birdhouse,” SB 2/94,
p. 36) that extends power capability near cut-
oft" with a port rather than the driver produc-
ing the system output at lower frequencies,
where driver cone excursion becomes a
problem. This same effect occurs in VB sys-
tems, and I have been using alignments
which optimize the effect with small drivers
to get fairly high playing levels.

In the area about f; the system output con-
tribution is from the port, not the driver (Fig.
3). The driver displacement is greatly
reduced in this region, allowing the system
to play louder than you would think possible.
Stenton considered this in his design (“The
System III Loudspeaker,” SB 5/94, p. 8).
You must be careful that the driver doesn’t
overload for frequencies well below T
(always a problem in VB systems). I have
used this approach to produce systems with
f, down ncar 40Hz with 6.5” woofers that
play quite loudly, without a problem with
reasonable program material input.

Benson.Exe shows just where the port
output dominates. Any software-such as
SmallPlt.Exe and BoxModel 3.0 (both
described later)—that plots maximum system
output and identifies whether driver
displacement or electrical power limit is set-
ting the output timit can provide this same
information.

DO MODELS WORK?

Models are fine for developing equations for
computational purposes, and [ believe they
represent quite well what really happens.
When I started designing VB systems using
cquations and alignment tables based on the
Small model, T tested the finished systems.



DEFLEX

ACOUSTIC PANEL TECHNOLOGY

TECHNICAL SPECIFICATION

Standard Panel
Advanced polymer
Charcoal grey
Spherical concave

Surface emulation........

Sub-woofer Panel
Advanced polymer
Charcoal grey
Spherical concave

Defined radius - nominal. 200 mm 300 mm

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

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

GENERAL DESCRIPTION

Deflex acoustic panels have
excellent performance
characteristics.

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

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

The energy inside the enclosure is
controlled - NOT ABSORBED.

Independent tests on MLSSA show an
energy gain of over 50%.

DEFLEX panels are purposely
designed, Hi-Tech speaker linings,
and are not by-products from any
other industry.

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

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

“...Rhythm was more definite and seemed to
'glue’ the musical experience together..."
HI FI News & Record Review - March
1994
"...The special surface pattern reduces
standing waves to cure boxiness and
resonance without killing the vitality of the
sound..."

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

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

" THE ONLY CURE FOR BOX NOISE AND STANDING WAVES "

CURRENT PRICE LIST

| Madisound Speaker Components
(8608 University Green)

Standard Panel @ $13.00 each P.0. Box 44283
Sub-woofer Panel @ $22.00 each Madison, WI 53744-4283 U.S.A
Panel adhesive @ $ 8.00 200 ml Voice: 608-831-3433

Trade inquires welcome!

Fax: 608-831-3771

Reader Service #1
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| ILE]

10 20

100

4 wenory trace:

Nearfield response for Driver - normal port
¢ file GCDURS:

Nearfield response for Driver - Grill cloth hung 0.6" fron end of port
X file GCDUR?:

Nearfield response for Driver - Grill cloth hung 0.3" from end of port
O file GCDUR9:

Nearfield response for Driver - grill cloth hanging right at end of port
¥ file GCDUR3:

Nearfield response for Driver - Grill cloth tight against port

FIGURE 8: Near-field test results on vented box system, effects of grille cloth over port.

In the old days this difficult test involved cal-
ibrating two mikes against each other, mea-
suring the driver and port near-field outputs
and the phase shift between them, and then
manually calculating the system response at
each desired frequency.

The results agreed with the performance
calculated with the Small model, and today [
avoid testing unless the system does not per-
form as expected. Remember that the mod-
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els and matching near-field testing predict
the anechoic response into 27 steradian (sr)
half-space. You must independently account
for where the system radiation changes from
47 st to 21 sr and other live room effects.

I have had much less experience with the
Benson model, but to date it has predicted
accurately. Figure 6 shows the measured
near-field driver and port outputs for the
10” driver in Fig. 3, with the port response

plot lowered to match the driver response at
low frequencies. I generated these curves
with the IMP Audio Analyzer using the
MLS test signal.

The agrecment between test and model is
good, with the driver response dip at f, =
31Hz even lower in the test, indicating the
total box losses are lower than represented
by the default Q values of Benson.Exe. This
is probably due to the driver being in a stiff
test box with no acoustic wall lining and
tuned via a 3” ID duct only 4” long.

I plugged 3” thick fiberglass into the port
to introduce port losses. This converted the
system to a poor CB. I thinned the fiberglass
plug until I obtained the results in Fig. 7, a
fairly good match to Fig. 4. The fiberglass
plug was now only about 1/8” thick, and I
could see through it.

If this thin piece of fiberglass has so
much effect, how does grille cloth over the
vent affect port Q value? Figure 8 shows
some results for the same system with the
thin black grille cloth sold by Radio Shack
over the port. The worst case occurs when
you tie the cloth tightly over the end of the
port duct. In the other cases the grille cloth
hangs from a rod and is weighted to stretch
taut, and set at the indicated distance from
the end of the port duct.

Table 1 shows the results from these tests,
indicating the driver response dip at f; from
the IMP near-field tests and the approximate
Q; from Benson.Exe, which gives the same
dip. For the modeling work, Q, was taken as
100 for the normal open port, and the other
losses reduced until the correct dip resulted.
The Q values were Q_ =25 and Q, = 50. For
comparison, fine mesh window screen
directly against the end of the port duct pro-
duced results about the same as with the
grille cloth hanging 0.6” from the duct end.
Keep in mind that the system response does
not vary nearly as radically as the driver
near-field response with the port losses
(compare Fig. 3 to Fig. 4).

I will continue to build VB systems in
which the port is outside the grille-cloth-cov-
ered enclosure area. I'll also use the diffuser
port approach (“The Diffuser Port For Small
Boxes,” SB 2/81, p. 16, and “The Diffuser
Port,” SB 2/91, p. 45), which greatly reduces
the vent air velocity at the front of the cabi-
net. On VB systems be sure to attach the
grille cloth loosely over the port end and use
as large a port area as possible. Also, keep
the grille cloth back from the port end as far
as practical and, if possible, locate the port
end outside the enclosure’s grille area.

Very little obstruction in the port is
required to greatly reduce the port Q value
and produce a VB system that does not
work quite as you intended. A program
working with the Benson model can be very



useful in helping to diagnose the problem
and apply numbers to the effects of port or
other losses. With its individual driver and
port responses along with the system
response, the Benson.Exe plots are ideal for
comparison with near-field test data without
performing the vector summation to obtain
the system response.

SUMMARY

The Benson VB and PR models and equa-
tions account for enclosure losses associated
with leakage, absorption, and the port/PR
unit. The Small VB and PR models are
“simplified” versions of the Benson model.
Small has verified that the response shape is
basically correct if all enclosure loss is attrib-
uted to leakage, and that for most systems
leakage does not significantly contribute to
the system output.

The Small CB model takes enclosure
absorption loss into account, but not leakage
loss and its contribution to the system output,
while Benson’s model and equations include
both losses and the leakage contribution to
the CB output. However, most CB design
software and equations based on Small’s
model assume a lossless enclosure. The
Benson (or equivalent Bullock) model is
beneficial if you intentionally introduce leak-
age, absorption, or port/PR losses to the
enclosure, or as a troubleshooting aid.

Benson.Exe is a plotting program based
on the Benson model and equations showing
system, driver, and port/PR output indepen-
dently. Its companion program, Small-
Plt.Exe, uses the Small models and equa-
tions, and lets you enter real values of Q, for
VB and PR systiems. BoxModel is a design
program that uses the Benson model and
provides most of the information available
from Benson.Exe and SmallPlt.Exe, but dis-
played differently. »
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manufacturing to assure quality production and customer satisfaction.

Successful candidate will possess a degree in Electrical or Mechanical Engineering
with a background in numerical analytical or design techniques. Prior experience
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Part 2

FROM SAD TO SPARKLE:
A SAAB STORY

“enclosure” quiet and well-damped. With
this done, I was ready to proceed to the
next step: designing and installing a system.

My vehicle came equipped with a 4" dri-
ver installed in each front-dash spcaker
plate, as shown last time in Photo 6. These
plates are casily removed by undoing two
screws and prying loose a couple of clips.
wasn’t very impressed with the small tweet-
ers I had added several years ago (more
about this later). The factory locations
accommodated 4 x 10s on each side of the
rear package shelf, but I abandoned these in
favor of Infinity 6 x 9s which I installed
under the shelf.

The woofers had stopped producing bass
in favor of rattles, because the foam sur-
rounds had disintegrated. Infinity had said
that reconing wasn'’t an option, so I thought I
was out of luck.

Typical auto sound drivers don’t impress
me: lightweight magnets and frames, foam
surrounds, poor sound, and outrageous
prices. For example, the V2" Coustic tweeter
had previously installed had a DC imped-

In Part 1, I described how I made the car

PHOTO 7: The Vifa ensemble arranged according to placement. Top left:
Audax hinged wedge mount; back chamber for Vifa 4" midrange. Second
row: Vifa 1" neodymium tweeter; Audax TWO14B5 tweeter; Vifa 4"

By Mark Florian

ance of 42 and a 2.2uF factory-installed cap.
The crossover point of 18kHz (1/[2 x 3.14 x
4 x 0.0000022]) means the response was
down 6dB at 9kHz. No wonder I couldn’t
hear anything out of them!

I picked up copies of Madisound’s cata-
log and Dan Ferguson’s Killer Car Stereo on
a Budger.! Having been sold on the
satellite/subwoofer concept by the Swans, [
decided to use the same approach for the
SAAB. The many accolades for Vifa drivers
convinced me to build an all-Vifa system. I
would use their 4" M10MD394 midrange in
the front on both sides with either a 14mm
Audax TWOI4BS tweeter or 1" Vifa
D26NCO5 in a hinged wedge mount to free
it from the dash and place it on-axis with the
passengers. For the rears, I opted for Vifa’s
5" P13WH04 woofer and %" D20TD05
tweeter in a small ported box where the fac-
tory 4 x 10s had been.

To top it all off, I added one of Vifa’s 8"
M22WR29DVC woofers. These units, rec-
ommended by Bryan at Madisound, feature

dual 2", vented, 4Q voice coils, a very stiff

paper cone, and rubber surround. They han-
dle 200W, Qg is
0.66, Vg is 19 liters,
XMAx is llmm
(P/P), and the price a
mere $63. I had ini-
tially considered a
Madisound woofer,

' . but the Qg was 100

midrange. Third row: Vifa %" D20TDO5 dome tweeter. Fourth row: Vifa =

P13WHO04 5" woofer; Vifa M22WR29DVC 8" woofer.
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low for a free-air installation. (The 10" ver-
sion was a bit too tight to squecze in.)
Madisound provided the necessary
Crossovers.

FRONT SPEAKERS

Within two weeks, UPS had delivered a
rather large, heavy box to my doorstep. Afier
unpacking it, I inspected the contents. Each
well-built speaker featured a magnesium cast
frame, heavy magnet assembly, rubber sur-
round, and polypropylene cone (except the
sub). Photo 7 shows the drivers laid out in
their respective places. My challenge was to
fit them in, plus wiring, and create a neat,
good-sounding installation.

To begin, I unscrewed the front-dash
access plates and removed the small tweeter
and 4" midrange. I intended to install the
tweeters on-axis, using small hinged mounts
so they could be aimed for a better, more
focused sound. Vifa sells a fixed wedge
mount, which I wasn’t surc would work in
my application. Audax and LPG, however,
offer hinged mounts that also swivel; I
ordered both to see which would work best.

First, though, I had to decide which tweet-
er to use: Audax or Vifa. With the appropri-
ate cap in place, [ wired up the units for a lis-
ten. The Vifa sounded much smoother and
more open than the smaller Audax, and I
thought it would blend better with the 4"
midrange. Even though it was also twice the
price, [ believed it would be worth it.

PHOTO 8: Apply several light coats of spray enamel for the best finish.



PHOTO 9: A scroll saw comes in handy for
cutting out circles on small parts.

The LPG mounts with Vifa tweeters were
the best combination. By wrapping a few
layers of black clectrical tape around the
body of the tweeters, they would fit snugly
in the LPG mount. I decided to attach the
mounts to the plates rather than the dash.
The best location was where the former
tweeters had been flush-mounted, but first [
needed to close the hole.

FILLING THE GAP

Alter considering various options, | elected
1o cover the hole from the rear with a picce
of plastic laminate held in place with hot
glue. I would then fill the “crater” with water
putty and sand it smooth.

To prepare the plastic laminate, I sanded it
with 100-grit paper and scratched lines into it
with an X-acto knife so the hot glue and
water putty could better grip the slick surface.
When the glue was hot, Lapplied a thick layer
1o the back of the speaker panel, quickly
pressed the laminate into position, and
clamped it with a couple of spring clamps.

PHOTO I1: A completed front plate. showing
the Vifa tweeter mounted in the LPG hinged
mount. Black tape wrapped around the tweeter
housing helps ensure a snug fit.

PHOTO 10: The midrange driver was mounted to the plywood using small #6 x %" screws. This is

then held to the plate with the original metal clips.

Depending on the temperature, hot glue sets
rather fast—usually within five minutes.

Now it was time o0 mix up some water
putty. I used Durham’s Rock Hard Water
Puuty, a light-colored powder that mixes
easily with water to form a moldable sub-
stance which is, in fact, rock hard when
fully set. This is my kind of product: it's
casy to work with and cleans up with water.
Using a small plastic cup and a popsicle
stick, I mixed a small amount for the two
“craters.”

Smooth the surface as much as possible
before the filler sets, when it is much casier
to work with. Go over it with a wet putty
knife, or place clear plastic wrap on top of it,
gently pushing out the air bubbles and draw-
ing it smoothly across the top. Allow it to sit
ovemight before doing any further work.

Next I sanded with 100-grit disks chucked
into a Dremel Moto-tool. You can tell here
how good a job you did when the stuff was
wet. After the surface was smooth, I made a
mask from a picce of cardboard and sprayed
the patch with flat black paint (Phoro &). 1
applied three light coats and then set the pan-
cls in the sun to dry thoroughly.

As you can see in Photo 6, the square
frame of the original 4" OEM driver was
held 10 the access plate with four metal clips.
Because the Vifa driver has a round flange,
1o use the clips I needed to make a plate. 1
accomplished this easily enough by cutting a
small picce of %" plywood the same outer
dimensions as the square OEM frame, then
cut a circle into which the Vifa driver would
fit using a scroll saw (Photo 9). The driver
mounts to the plywood plate via screw holes
in the flange, and the metal clips hold the
assembly in place.

I drilled two small holes in the “crater”
area for the tweeter: one for the mounting

bolt and another for the wires. Lockwashers
ensure that vibration won't loosen anything.
Photo 10 shows the bottom of a completed
plate prior 1o mounting the 4" midrange. A
dab of hot glue holds the tweeter cap in
place. The completed plate, ready to be rein-
stalled in the dash, is shown in Phorto 11.

Incidentally, throughout this project I used
crimp terminals to allow removal of the vari-
ous parts, and polarized the plugs so they
could be reinstalled only one way. These
plates also provide access 10 the dashboard
instruments and blower motor; quick-discon-
nects allow the service mechanic to remove
them so they are out of the way. Some of the
connectors were very tight, especially on the
drivers, so I used some Cramolin Blue to
lubricate and prevent oxidation.

ROAD TEST

With new speakers in the front dash and all
the rattles suppressed, 1 took a short trip to
check out my handiwork. For the first time |
actually had an auto audio soundstage. What
an improvement! I could imagine that a little
band was playing on my dashboard. I lis-
tened to a few cuts from Streisand’s
Broadway CD: her voice sounded clean and
natural—very Swanlike. Even her breaths
were distinet. Then I switched to James
Newton Howard’s She, a real tweeter tester.
The wind chimes were crisp without being
overbearing.

The Vifa tweeters sound great: very open
and musical, and not harsh, brittle, or
screechy. Of course, since they are only 2' or
0 away on-axis, they can also be very loud.
In order to balance them with the midranges,
I would need to add a clean resistor.
Furthermore, I was hearing this great music
in a quiet, rattle-free environment—even in
traffic. My carlier work had definitely paid
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PHOTO 12: The first prototype is shown on the left, the final design on the right. The cabinets are the
same length overall; however, the right cabinet has a larger volume due to the reduction in overhang.

off. Enthused by my positive results, I started
planning for the rear speakers.

ASSAULT ON THE REARS

My plan was to install two-way speakers
where the original factory 4 x 10s had becn.
I also intended to use an enclosure so the
sound would not change when the rear seat
was lowered. Vifa suggested a 5 Itr ported
box, but I wasn’t sure there would be
cnough room. Lying on my back inside the
car with the rear seat folded down, I mea-
sured out a cardboard template. So far so
good. But when I lowered the trunk lid, 1

i T
LACK !, DECK " 1
rred

PHOTO 13: For construction plans on making
your own clear circle cutting jig, see Spielman’s
book.
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realized the spring arms were about to crush
my plans: I couldn’t close the trunk. Back to
the graph paper.

I thought enough clearance might be pro-
vided by cutting out a lower section of the
box to allow for the spring arm, although I
would lose some volume. To test my idea, I
made a text box from 5/8” particleboard
shelving material. Carrying the prototype, |
crawled into the trunk and pulled in my legs.
While both hands supported the box over my
head, I held the trunk ncarly closed with my
foot on the latch. The box cleared the trunk
arm—but by too wide a margin. I could
regain some necded volume by decreasing
the length of the shelf.

The upper spring arm was also digging
into the side of the box. I raised and lowered
the lid several times until a groove was
worn; the rest I would remove with my

router. I also shaved off part of a corner
(Photo 12). Initially, I used a wood rasp, but
found it tough going. Then I remembered a
Stanley saw I had recently purchased which
is perfect for cutting thick MDF or industrial
particleboard. It has a firm, steel-topped
blade like a miter saw, so it will not bow,
and very aggressive offset teeth. Do not usc
the side of your thumb to start a cut with this
saw or it will look like a shark bite. I highly
recommend this saw when you need to notch
particlcboard. I made two angled cuts to
allow clearance for the trunk spring arm.

Once I had made the necessary modifica-
tions to the box, I laid out the baffles and cut
the holes with a router (Photo 13). 1 then
used one of these prepared baffles to trim the
car’s rear deck, so nonc of the cone would be
obstructed. After scribing a line with a pen-
cil, T turned to the trusty Moto-tool with a
small saw blade for the cutting. I also
marked and drilled the mounting holes for
the t-nuts that attach the boxes to the deck.
These holes penetrate the boxcs, but the
backs of the t-nuts arc also sealed so the cab-
inets do not leak air. It was for this rcason
that I didn’t mount the t-nuts inside, because
they would leak cven with screws in them.

I glued the t-nuts to the cabincts and uscd
short screws so the scals were not punctured.
Washers under the screw heads dissipate
some of the load. As one edge of the cabinet
would sit on the wheel well in the trunk, this
helped support it from below. The screw
heads would then be covered by the speaker
grille. Rope caulk ensures an air-tight seal of
the drivers and the fronts to the boxes.

The completed rear speakers are shown in

PHOTO 14: Completed rear speakers. Note the three t-nuts used to anchor each box to the under-

side of the rear deck.
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YOUR ONE STOP SHOPPING CENTER

FOTAL. TR
@ Polydax (seas)

PO - - PHILIPS

'atelier audio

ZALYTRON PRESENTS THE NEW LINE
OF HOME THEATER KITS FROM FOCAL

SURROUND SPEAKER A 100

Bass reflex with slot-vent
HxWxD:31ecmx20¢cm x 12¢m
(12.1/4" x 7.7/8" x 4.3'4")

Don't be fooled, this is a small but

very potent home theater two way

unit. You can use it as a front
and/or rear speaker in any of the
popular surround sound systems

The speaker mounted on a wall

can generate a wide range of

frequencies with surprising power
thanks to a few special Focal

Features

* The 5N 412-DBL mid bass drive
unit is one of the best Focal
makes, combining dynamics
(dual voice coil wiring) and
natural sound.

* The TC 90 tweeter unit is of the
latest generation of concave
dome units with field replaceable
moving assembly.

» The slot-vent open on the top of
the enclosure couples with the

CENTER SPEAKER A 200

Bass reflex with front slot-vent

Hx W x D: 18 cm x 50 cm x 22 cm (7.7/8" x 19.3'4" x 8.5/8")

The A200 center channel offers very low distortion, natural sound
and high power handling, It features two 13 cm (5.1/4") midbass
units of the same size and of the same cone technology as on
the A 100, so that the same timbre will be produced harmoniously
and consitently throughout your whole Home Theater system
The tweeter is also the same as on the A100 speaker, again to
blend seamlessly with the other speakers. All units here are
carefully shielded to protect your TV or your monitor from any
magnetic interference coming from the very powerful magnets of
the Focal units.

wall and ceiling to naturally
increase the bass output. o

COMPACT B 300

Bass reflex with front slot-vent

HxWxD:34cmx 18 cm x 27 cm (13.3/8" x 7.1/8" x 10.5/8")
Certainly a small bookshelf speaker by it size, the B 300 is a
real size performer, thanks to its unique dual voice coil mid
bass unit and to the special crossover designed by Focal
which uses the second voice coil in parallel with the first for a
natural bass extension. In a 8.5I net internal volume (0.3 cu.
ft.), this unique arrangement provides a -3dB response at 60
Hz! The tweeter is from the latest generation of Titanium
dioxide concave dome tweeters with field replaceable moving
assembly A unique impedance adaptation device, positioned
in front of the dome, controls its high frequency dome break
up for an extended and sweeter, almost “silky”, treble. This
system will play loud enought for most mid size listening
rooms. without ever become fatiguing. Ail crossover
components have been carefully selected (we use high
quality metalised polupropylene caps)

Send stamped self addresed envelope for a Focal Kit Brochure showing all their new kits.

TEL. (516) 747-3515

ZALYTRON INDUSTRIES CORP.
469 JERICHO TURNPIKE, MINEOLA, N.Y. 11501

Our warehouse Is open for pick-up 10AM to 6 PM daily, Monday thru Saturday — UPS orders shipped same day » Minimum order $50.00
CALL ORWRITE FOR OUR LATEST CATALOG

FAX (516) 294-1943




PHOTO 15: Original SAAB/Clarion equalizer.

Photo 14. Each is held securely in place by
threc #10 x 24 screws. | used Belden #8719
100% shielded, 16-gauge cable to wire them.
The shicld, which prevents the signal in the
wires from interfering with the automotive
electronics, is grounded at the tape deck. At
$0.26/1, it’s also casy on the wallet.

With the rear speakers in place and all
four comers emitting sound, it was time for
another road test. The rears added depth, and
I obtained a good balance by adjusting the
front/rear fader. In fact, I was overwhelmed
by the clarity of the sound. The old system
could play loudly, but over time it grated on
the nerves. This system, on the other hand, is
very open, relaxed, and pleasing, even at
high volume levels.

The lower octaves, however, were defi-
nitely lacking. The cabinet box volume had
to be reduced to provide clearance, and I was
listening at 90° off-axis. In the future, I plan
to take some measurements and try different
component values to see whether the sound
can be improved. For now, though, it’s so
much better than what I'm used to that I'll
leave it as is.

PHOTO |7: Completed Vifa subwoofer ready
to be installed. Both holes were enlarged to
ensure the rubber surround would not contact
the plywood during large excursions.
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PHOTO [6: Completed subwoofer crossover. The knob on the left con-
trols volume, the one on the right frequency.

TROLLING FOR DEEP BASS

The SAAB OEM radio package came
cquipped with a graphic equalizer (Photo
15). Since I couldn’t get it working again, |
thought it would make a perfect chassis for
one of Ferguson’s crossover units. The fin-
ished product is shown in Photo 16.

Basically, I removed the equalizer board,
front panel, and DIN connector, and drilled
the lower metal panel to accept a Radio
Shack board with standoffs. I tried to locate a
piece of black ABS or PVC plastic to retain
the dark front panel, but to no avail. Instead,
I took some clear scrap polycarbonate 1 had
used to make router bases. With a sanding
block and 100-grit paper, I scratched up one
side so paint would stick to it, and sprayed
on several light coats of flat black.

I installed this piece with the painted side
facing away from the front of the panel, so
you look at the back of the painted side
through the clear polycarbonate. Mounted in
this way, the black surface cannot be
scratched and the panel has the appearance
of depth. The front panel can be any color
you wish. I backed up the panel with a picce
of %" plywood, also sprayed black, and used
black Allen head screws to attach both
pieces to the metal frame.

The active crossover circuit received a
few additions: 0.01uF stacked film caps
across each of the op amp’s supply and
ground pins; a reverse-biased 14V zener
from the positive rail to ground to shunt any
inductive spikes to ground; a phono input
jack to the rear panel for easier hook-up of
an audio oscillator; and a small LED and
current limiting resistor so I can tell when the
crossover power is on, as there is no switch.
In addition, I used multi-pin connectors to
attach the signal and power lines to facilitate
disconnecting the filter.

I took advantage of the black pancl when
installing the LED by drilling a same-size

hole in the plywood and a few millimeters
into the polycarbonate. The LED is wedged
into the plywood, but it shines through the
polycarbonate when power is applied. When
power is off, it cannot be seen. Other “black-
out” indicators could be made in this way,
and the front panel would protect them.
Since I used the original chassis, installation
was a snap.

SUBWOOFER MOUNTING

The M22WR29DVC woofer is quite heavy,
weighing in at over 2%2 Ibs. The SAAB’s
rear deck is made from a heavy fiberboard
material about 5/16” thick. It is braced along
the front width by a metal pole and along the
rear with rivets. I considered completely
removing the deck and constructing a new
one out of oak plywood laminated to MDF.
This would involve far more work than 1
was ready to invest though, so I looked for a
way to strengthen the existing deck.

First, using #8 x 34" metal screws, I bot-
tom-mounted the woofer onto a piece of %"
plywood with an appropriate-size hole cut
out for the cone. I then cut a 6 x 9 oval into a
14" oak plywood sheet, and widened the
cutout so the rubber surround would not
touch the top piece, as shown in Photo 17.
These boards are as deep as the shelf and
approximately 14” wide. Four screws
through the top into the bottom secure the
two pieces without hitting the woofer frame;
four more screws (#8 x 1”) with washers
attach the woofer board to the rear deck.

Additional support is provided by metal
pipe strap, which shifts most of the weight
onto the rear metal railing and front support
tube. To tighten it, T used a small bottle jack
inside the cargo space to raise the rear deck
until it was level and then attached the pipe
strap with shect metal screws. The strap car-
ries most of the weight and prevents the deck
from sagging.



«\
PHOTO 18: The pipe strapping supports the
bottom and provides some protection from items
loaded into the trunk. Note the large vent on the
magnet.

Photo 18 shows the woofer mounted
under the rear deck. Just to the right, you can
see one of the black rear enclosures. The
other 6 x 9 hole is blocked off by a similar-
sized piece of ¥4" plywood held in place with
four #8 x 1" wood screws. With black oak
visible from the top, and covered with a sim-
ilar grille finish as the sub, no one will know
itis a blank.

CUSTOMIZED GRILLES
What with a rather large amount of material
removed from the outboard boxes, and holes
in the rear deck, of course the factory grilles
wouldn’t fit. Once again, I thought of several
options, but settled on fashioning frames
from 4" plywood and covering them with
cloth from a fabric store.

For the rear outboard boxes, I started with
a large piece of cardboard. I drew a rough
shape with a pencil, making sure all screw
heads were covered and the grille would
conform to the rear windshield and side
headliner contours. The results are shown in
Photo 19.

SOURCE

Madisound Speaker Components

PO Box 44283

Madisound, WI 53744-4283

(608) 831-3433

Vifa drivers, LPG hinged mounts, crossover
design and components

REFERENCE

1. D.L. Ferguson, Killer Car Stereo On a
Budget: An Easy Cure for Ho-Hum Auto Sound
(Audio Amateur Press, 1989). [Available from
Old Colony Sound Lab as BKAA4 for $9.95
plus $3 SH in the US)

RECOMMENDED READING

Patrick Spielman, Router Jigs and Techniques
(Sterling, 1988), p. 193.

PHOTO [9: Left and right speaker grille
frames. Fine-mesh window screen is shown to the
left. The grille frames were held to the rear deck
by Velcro tabs.

After cutting the pattern, [ traced the out-
line onto scrap %" plywood and cut the lines
with my band saw. The next step was a thor-
ough sanding to prevent snagging the fabric.
The unexpected snag proved 10 be finding a
suitable fabric. Calls to several varieties of
fabric end-users didn’t tum up any sources
of light tan, open-weave polyester.

Then one day, in the painting section of a
large do-it-yourself supply store, I noticed
the wide assortment of spray paint colors. 1
picked up one I thought would match and
also purchased some plastic window screen:
I could stretch the screen over the frame and
spray it the appropriate color (similar to the
metal grilles used on in-wall speakers). The
fine-mesh screen is shown on the far left in
Photo 19.

This technique works very well, and the
wide variety of spray paint offers many
options to match interior color. To attach the
frames to the rear deck, I used small Velcro®
hook-and-loop fasteners. Depending on the
type of material in your auto’s interior, you
may only need to use the hook piece mount-
ed on the underside of the grille frame, using
the deck fabric as the corresponding loop.

IT'S A WRAP

After reinstalling the interior parts and clean-
ing up, it was time for a little listening...OK,
a lot of listening. The subwoofer adds those
necessary, previously missing lower octaves,
and provides a solid foundation for the rest
of the music. Thanks to the “enclosure”
work, rattles and boominess are absent.

I enjoy being able to adjust the bass active
subwoofer filter for volume and frequency,
as recording methods—and especially quali-
ty—vary greatly. The front soundstage
seems (o float above the dashboard. By using
the balance controls, I can move it to just
behind the front seats for added depth. The
sound scems to come from the windshield,
rather than the front dash speakers.

The other day I was driving home in traf-
fic and listening to Handel’s Water Music,
enveloped in the sound. Although outside it
was very hot, with heavy traffic and lots of
noise, inside it was so quiet and the music
was so relaxing that I was already unwind-
ing. I knew then that all the work and time
invested had been well worth it.

Of course, this is all Joe D’ Appolito and
Jim Bock’s fault. If they hadn’t designed the
wonderful Swan IV system, I wouldn’t have
realized such transparent, spacious, and
three-dimensional sound could exist—and I
could afford it!

I was able to meet my design objective: a
system which would fit in the SAAB and
still allow me to carry plenty of cargo and
fold down the rear seats. Thanks to the
enclosed boxes, the sound is the same when
the rear seat is folded down.

The sub doesn’t work well with the rear
seat down, however, so I tum it down. I've
also found that the rear headrests greatly
affect the sound from the rear, so I keep
them stored in the trunk for easy access. For
those of you with SAABs, I highly recom-
mend this system. It will greatly improve
your listening enjoyment while on the road.

»

Digital Storage Oscilloscope

2?2

And much, much more!
0-Scope I turns PC-ATs into DSO,Spectrum
Analyzer, Frequency Counter, DVM. DC-50K Hz

Sinewave Sweep

Spectrum

Actual O-Scope | Captured Signals
For Orders and Inquiries Call: 1-800-980-9806
For Technical Assistance: 1-713-777-0401

Allison Technology Corporation
8343 Carvel, Houston, TX 77036
FAX and BBS 1-713-777-4746
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Part 2

A COMPACT TWO-WAY PA

By Bill Fitzmaurice

aditionally, PA speakers
Tlave resembled oversized
home units, as we saw in
Part 1 (SB 2/95, p. 14). But
mounting high- and low-frequen-
cy drivers in the same box severe-
ly restricts a PA system’s flexibili-
ty. The usual result of using multi-
driver cabinets to cover a large
areca is an assortment of hot and
dead spots, especially in the treble.
The audience will routinely be
either blasted by 120dB barrages
or unable to hear any top end.
Ofien, only a few feet make all the
difference. Another approach to
PA construction is needed for
even high-frequency distribution
over a large area.

OVER THEIR HEADS
The top box resolves the problem
with a multiple-driver, high-fre-
quency unit (Photo 7). A high-
efficiency hom provides power
projection at long distances, while
two cone drivers offer wide-angle
coverage close to the stage. Mounting the
top box on a pole anchored to the bass bins
allows you to aim the horn driver and
achieve unimpeded projection over the audi-
ence members’ heads.

The main unit is a JBL 2426 driver cou-
pled to a JBL 2370A horn (Fig. 5). A nomi-

PHOTO 7: Assembled top box.

nal efficiency of 110dB allows operation
with at least 6dB less input power than the
bins for equal output. Its 50W rating
is thus a good maich for the bins’ 200W. The
2426 is available in either 8 or 16£2 imped-
ance; the latter is preferable for the top box.
The sidefill drivers are Pyle MH-516s,

which have a frequency response
reasonably close to the JBLs,
Their combination of low imped-
ance and efficiency works well
for our purposes (Photo 8).

The keys to this system’s opera-
tion are the polar patierns and the
drivers’ relative outputs. The
horn’s narrow beam (90° x 40°)
focuses its high output to the rear
of the audience, while the cone
driver’s 100° spread enables wide
coverage at low levels close to the
sides, where standard arrays can-
not reach.

CUTTING TIME

Construction is the utmost in
simplicity (Table 2). Heavy, tight
cabinetry is unnecessary, be-
cause only high-end is fed to the
drivers. First, cut the top and bot-
tom pieces. To determine the
exact lengths of the back and
sides, draw their layout on the
top and bottom pieces, then cut
them from 7” wide stock. Note
that the sides stop ¥2” shy of the cabinet
front (Fig. 6).

Cut 1 x 1 stock (34” x 34" actual) for the
horn flange and attach the parts with either
nails or screws and glue. For the jack and
swilch plates, cut holes of appropriate size in
the bottom, and in the sides for the Pyles. A

piece of scrap wood, glued

I+ 12+ |

and screwed to the inside bot-
tom as thick as clearance

3 LN e allows and drilled with a 1%4”
CABINET TOP bit, forms a receiver socket for
the mounting pole. An addi-
50000 tional piece of %" plywood on
*  MOUNTING . L
BOLT—~> “T* NUT the outside bottom maximizes
the socket’s depth. To deter-
//////// mine the location of the sock-
JBL2370A HORN // et, trial-mount the drivers and
FLANGE find the box’s center of gravi-
CABINET SIDE .
1 1ot | ty (balance point).
" . For protection, cover the
TOP VIEW

FIGURE 5: Top box parts layout. Overall height: 714" side,

=~

back pieces cut 7” high; Pyle MH-516s front-mounted in center of

side panels; cabinet is not sealed; all edges rounded %" radius.

FIGURE 6: Mounting details (side view).

cabinet with carpet and add
rubber feet. A simple hole in
the top serves as an adequate
handle (Photo 9).
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Announcing
The First Ever

Efficient Speaker Design Competition

GRAND PRIZE

Welborne Labs
Laurel || 300B Amplifier Kit

featuring
MagneQuest

"First Series"
@ Hand wound
Output Transformers f

Kimber Kable

/ Interconnects _
S e ey, &
[ e 2% ﬁ Speaker Cable OD =20
Runner Up Prize Runner Up Prize
The Parts Connection Audio Electronic Supply
Assemblage DAC-1 D/A Converter Kit AE-1 Dual Mono Preamplifier Kit

Plus many other exciting prizes including Hovland MusiCaps, and subscriptions to Sound Practices, Positive
Feedback, and Speaker Builder. Everyone is a Winner!

Since our decade is shaping up to be the era of the low-powered single-ended amplifier, what could be more timely than a contest
devised to spotlight efficient speakers that can showcase the dynamics, power, and sonic glory these wondrous little amps can
provide? Mainstream speaker manufacturers are saying that it can't be done, but you know it can!!! So break out those driver
catalogs and sharpen your table saws, the competition is about to begin!

All judging will be performed by the prestigious Colorado, Oregon, and Philadelphia audio societies
Construction articles for the winning designs to be published in Speaker Builder, Positive Feedback & Sound Practices

Entries must be received by September 31, 1995
For ground rules and entry form, send a stamped, self-addressed, business size envelope to one of these audio clubs:

Oregon Triode Society Philadelphia Audio Society Colorado Audio Society
4106 N.E. Glisan P.O. Box 91 1941 S. Grant Street
Portland, OR 97232 Devon;PA 19333 Denver, CO 80210



PHOTO 8: Pyle MH-516 side-firing driver with
protective grille.

TAKE AIM
The Pyles’ on/off switches make it possible
for only those drivers needed for listening
arca coverage to be actually switched into
the circuit. The 4€2 total draw when both
Pyles are engaged pulls power away from
the JBL. While this is perfect in a small club,
it’s undesirable when you need maximum
long-throw SPLs, such as an outdoor gig.
With the switches, you can tailor the system
to the venue.

While there is no crossover per s¢ with

s A L ' PLUS FREE
ADHESIVE!
MARKERFOAM“‘ ACOUSTIC FOAM
GIANT 54" x 54"
| immediate Shipping |

2" Reg. $29.95 Now $19.99 = 3" Reg
$39.95 Now $29.99! KILL NOISE QUICK!
Markorfoam,

meFoun—MliCaubg specs & free samples
ISA.MC AMEX, COD, PO's, QUANTITY DISCOUNTS.

MARKERTEK JUMBO
~ SOUND ABSORB BLANKETS

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

PHOTO 9: The box atop its mounting pole viewed from below. Note the %" input jack and fuse,
and switches for the MH-516s. (The third switch went to the JBLs on the prototype: | found it unnec-
essary.) Also note the rubber feet to protect the cabinet and switches when traveling.

biamping, the JBL drivers should be protect-
ed against amp failure and errant low-fre-
quency pulses with a 20uF 250V Mylar®
cap. A 4A fuse is also a good idea. The
Pyles, rated for SOW full-range, don’t need
protection (Fig. 7).

You have some flexibility in setting the
active crossover point: 650Hz-1kHz is the
acceptable range, with a 24dB/octave slope.
The determining factor will be the relative
size of your power amp. My rack has
175W/channel for the bass bins and
100W/channel for the top boxes; a crossover
at 800Hz provides equal headroom in both
amps. Adjust your crossover point to the

TABLE 2

TOP BOX PARTS LIST

MARKERTEK BLADE TILES™
HIGH PERFORMANCE
LOW, LOW COST!
$3.49 por tile, 16x16x2".
America's best acoustic tile
vailue, only from Markertek!
Charcoal. Also available 16x
16x3" as shown, $4.48 each,
MARKERSTIK™ toam adhe-

sve. FREE with any Foam pur-
chase in this ad! Limited ofter.

SONEX

A $5.95 per tube value.
All the colors and sizes

=
% plus great prices!

* Get our FREE 149-page catalog

of over 6,000 exclusive and hard-
to-find supplies for audio & video.

800-522- 2025 Amoﬂmmocrunlquo

FAX: 914-246-1757 for eudio & video!

ERTEK

VIDEO SUPPLY
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(Per unit; double for a pair.)

JBL 2426 driver, 16Q

JBL 2370A homn

Pyle MH-516 drivers (2)

1" plywood for box top and bottom

%" plywood for sides and back

1 x 1 stock for horn flange

Scrap stock for pole socket

%" phone facks

20uF, 250V Mylar cap

4A fuse

14-gauge hook-up wire

5" metal grilles for Pyles

SPST switches, jack plates, fuse post, carpet covering,
nails, glue, spray glue for carpet. Rubber feet, if desired;
switch and jack mounting plates, driver mounting bolts,
and T-nuts.

(Note: JBL has recently introduced some new components

of which | do not yet have specs. The 2426 may be super-
seded by a newer model.)

same end—there’s no sense in one amp clip-
ping while the other is barely breathing.

Once you’ve tried this system, you’ll love
how easily it sets up. Just place the stacks on
each side of the stage and aim the JBLs at
the farthest point in the room. Where audi-
ence seating exists to the side of the stacks,
switch on the appropriate Pyle to cover.

The most notorious dead spot is directly
in front of the stage, too close for the main
PA. The inboard Pyles cover this area, but
with a low enough level to avoid overpower-
ing the audience or causing microphone
feedback. When you need maximum power,
leave the Pyles off and the JBLs will give
you 125dB+ with only SOW.

At the end of the gig, when the real work
begins—tearing down and packing up—
you'll be glad you don’t have to haul a 150
b monster out to a semi. At 3 a.m. every-
body agrees that smaller is better. -]

1/4" PHONE JACK INPUT

{+) HOT (~IGROUND
V, ¥
A FUSE
\ SPST
SPST 20 uF

zsov
Pt
MH-516 MH- 515
LEFT RIGHT

JBL2426-2370A

FIGURE 7: Top box wiring diagram.
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April Showers
Bring

Madisound

Sale Expires
July 31, 1995

QTY ) ’ ESCRIPTION a i | PRICE
4,000 |100hm 5 watt 5% Wirc wound Resistor,Sand cast 3/8" Sq x 7/8" long, 1-1/2" leads, axial 10 for $1.00 4
13,000 | ERO 2.2mfd Mylar Capacitor 250V, 10%, 7/16"D x | 3/16" long Green, 1 -3/4" long solid leads, axial |10 for $5.00
7.0 4.7mfd Mylar Hitach: Cap. 100V, 1/4" x 1/2" oval by 1-3/16" long B 172" long solid Icads, axial _LIO for $4.00
20‘000_ Smfd Myvlar Elpac Capacitor 50V, 10%, 1/4" x }l_! oval by 1-1/4" long 2-1/8" long solid leads, axial ‘710 for $4.00
1,000 LNPC 10mfd Mylar Capacitor 100V, 10%, 1 3/16" Tx 9/16" W, 1 1/4" L . __Black, PC mount | 10 for $6.00
500 B T.L. 25mfd Electrolytic Cagacilor 100V, 2%, l_/5" QD x 1" long . _ PC mount |10 for S4.QQ ?
750 KSC 500mfd Elcctrolytic Capacitor 100V, 10%, 7/8" @ x 1 5/8" long — Radial, 7/8" lcad and 1 1/4" lead $2.00 cach
200 _J.ISmIl Iron core Inductor; 2dawg wire on an iron bar a - - 12"Dx2"long | 10 for $5.00
1500 |.2m1 Air core Inductor, |9awg wirc on a plastic bobbin - 1-172°D x 1-1/8" tall 110 for $6.00
800 | 2.0mH Air core Inductor; |9awg wire, bobbinless - . - 2"Dx 1"all | $1.50 each
100 _l’Stl! 25TF H456 1" Damped Textile dome tweeter; 104mm glassfibre/plastic flange, 72mm cut out, Fs 1000t 1z, 6ohm, 91.5dB, 50W, 26mm VC | $12.00 each ]
168 | Europa 23 SurfnceiMounl Autosound tweeter module, 6dB mylar filter, 1" soft dome, 4 ohm, 70mm T x 60mm D x 68mm W, sloped front. 25 watt $15.00 pair ]
200 i Klipsch K82K Hom Twecters; 4" x 10" Exponential; Fs 1500; 100dB; 16€; use a 12dB x-over at 3K; 3 to 17.5K; Exceptional valuc. | $20.00 cachi
200 | MB Quart MCD-25S Titanium dome tweetcr, Single magnet version of MCD-25M, Fs 1000, 90dB. 8 ohm, 100W @12db/3K, 3 3/4” square flange _'_320.00 each
14 _| Focal T120KT 17 inverted kevlar dome tweeter, Bohm, Vented pole piece(must be chambered!), Fs 680, 93.5dB. 120mm square, 96mm magnet, 20mm VC | $59.00 cach
a2 1‘ Eton 4-203/25HEX 4" Kevlar midrange, cast frame , foam surround, yellow kevlar hexacone. Fs 59, 92dB, Qts .26, Vas 6 ltrs, 70 watts, F3 150 in 1ltr scaled {$70.00 cach |
(1o | Eton 5-80/28HEX 5" Kevlar woofer, cast frame, rubber surround, yellow kevlar hexacone, Fs 57, Qts .36, Vas 8.3 Itrs, 88dB, 70W, 8ohm, X-max 3mm pk.. $80.00 cach
I _| Very smooth response with gradual rolloff to 7K. F3 of 110Hz in Jvltm sealed, F3 of 70tz in 5 liters vented, 1.5"@ vent by 5.5" long. An excellent driver! |

350 | Audax IN130WO0 5.25" Carbon fiber cone autosound woofer, 4 ohm, 90dB, Fs 69Hz, Qts 0.82, Vas 9.1ltrs, F3 60Hz in small scaled cnclosure or 70Hz free air | $15.00 each

110 | Dynaudio 19W38 4Q2 Poly cone woofer, 89dB, Fs 46Hz, Vas 17.6 Itrs, Qts .37, X-max 3mm, Maximum excursion 13mm, 70W, 1.5" VC, F3 of 88 Hz in 7 Itrs | $55.00 cach
| sealed. F3 of 54Hz in 11 ltrs vented. smooth to SKHz, special purchase. The normal price of this driver is $84, take advantage o_t‘lhis special price.

100 Eminence 1213214 Car Woofcr, 12" Cast Frame, 3" voice coil, Paper cone , Rubber surround, 800z magnet, 95 dB, Fs 32iiz, DCR 3.44 ohm, Vas 130 liters, | $90.00 cach §
| Qms 10.75, Qes .34, Qts :34, 150W, F3 of 40Hz in 2 cf vented cabinet, 4"@x6.7"long. 123 8" Digx!lcerl 1 /8% cutout This woofer is an exceptional dcal!!!

*** Vifa speakers are regarded as an exceptional combination of high quality and moderate price. Madisound has

been able to make a special purchase of surplus inventory from Vifa, and we would like to oj;er the following items to

you at a price far below replt?lcement cost. Please note that quantities are limited. i )

124 | D26TG-00-06 Onc_inch Textile dome tweetcr, identical to the D26TGOS but without ferrofluid. Fs 1200 Hz, 92dB, 6 ohm, 60W @12dB 3K, 3-30K Response. | $9.00 each

194 | D25AG-65-06 One inch Aluminum dome tweeter, samc as D25TG0S but with ferrofluid and braided tinsel eads., Fs 1500 Hz, 90dB, 100W @12dB 3K $13.00 cach
277 M10MD39-04 3.5" Midrange that Madisound regularly stocks, but at a bargain price. 4 ohms, Fs 1104z, Cast frame, Damped paper cone with rubber $10.00 cach i

_ surround, 110mm flange size with 8 1mm cutout. Must be chambercd. recommended crossover frequency of 700Hz 1n 1 liter scaled and stuffed. ! i
200 | Isolation chamber for MIOMD39; .45 liter - B 1»S 1.00 each I
139 P13WG-00-04 5" Woofer 4 ohms, Cast frame, rubber surround, Poly cone, 8.50z magnct, !40mm flange @, | 12mm cutout, Fs 60Hz, vas 10 Itrs, Qts .48, $16.00 cach

;| suitabie for cither sealed or vented boxes. Smooth response both on and off axis. Frequency range 60 - 5,000Hz. 70W music power. F3 of 85Hz in 5-9 ltrs

110 M21WJ-09-08 8" Woofer 8ohm, dam, paxcr cone, rubber surround, cast frame. Fs 29, Vas 136 itrs, Qts .36, 91dB, 80Watt, 32mm voice coil, 4mm X-max. | $20.00 each
__| For bass reflex enclosures of 28 to 60 liters. Alignment of 1.3 cf gives an F3 of 49Hz, 20 vent by 3.2” long, F3 of 60Hz in | cf sealed enclosure.

70 M25WO-49-08 10" Woofer 8ohm, Pam cone, rubber surround, cast frame. Fs 25, Vas 164 Itrs, Qts .29, 90dB, 80 Watt, 40mm voice coil, X-max 4mm, $30.00 each
124.60z magnet, 260mm flange with 230mm cutout. For bass reflex designs of 40 to 70 liters. QB3 alignment of 47 ltrs, F3 42Hz, 30 vent x 7" long. | o
M26WO-45-08 10™ Woofer, 8ohm, damped paper cone, Cast magnesium frame, rubber surround, 370z magnet, 6.5mm X-max long throw, 40mm voice coil. $40.00 cach

Fs 24, Vas 136 ltrs, Qts .29. 260mm flange with 230mm cutout. For bass reflex designs of 35 to 65 liters, B4 alignment of 47 liters, F3 39Hz, 3"0 vent x 7.8"L

Madisound Speaker Components; P.O. Box 44283, Madison WI 53744 Tel:608-831-3433, Fax:608-831-3771
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Wayland’s Wood World

BRACING FOR SHAKING

By Bob Wayland

ow many times have you
built an enclosure, only to
determine the structure

acted like a second speaker? The
muddled sound from such a monster
can be difficult to correct. The best
way, of course, is never to let it hap-

CLAMP IN

/ PLACE
SCRAP

WOO0D A

comn\

BRACE X RIGHT ANGLE
\ PRESSURE )IG

braces face-to-face to form a right
angle pressure jig (Photo 4).
(Construct different sizes of these
handy clamping aids for other proj-
ects.) Apply glue to the two sides of
the brace that will adjoin the comer
joint. Now, using a right angle pres-

on any piece of the structure that can

pen in the first place by using braces
be forced to vibrate. You can correct %

\ PANEL

joint, position the glued brace. Place

sure jig on the exterior cdge of the
% the pressure fixture along the back of

this problem after you have built the
enclosure, or, better yet, make the
enclosure structurally solid during
construction.

CORNER BRACES
The first step in designing and build-
ing the enclosure is ensuring structur-

X

A
MMAL
oWy

PRESSURE
FIXTURE

FIGURE I: Bracing a joint not at a corner.

APPLY PRESSURE ACROSS
A + A" WITH A C-CLAMP

the brace and clamp one end with a
C-clamp (Photo 4). Do the same on
the other end of the joint.

PANEL BRACES

If you are fastening a brace for a joint
that is not at a comer (where a shelf
meets a side, for example), you need

al integrity. One of the weakest areas
is the joints, especially in the comers.
If you use butt joints, you'll neced a comer
brace, which is also good insurance for any
type of joint.

Your choice of material is not critical.
The very high dimensional stability of medi-
um-density fiberboard (MDF) and plywood
lets you employ most woods with equal
effectiveness if the grain of the brace is along
the joint. If you use solid wood, you should
also use it for the braces. Larger enclosures
require braces the most, and I suggest 8/4
(2”) lumber.

First, cut square pieces of stock the length
of the joints. Simply set the cutoff width
using the material itself (Photo 1). You'll
need half as many squares as comers, plus
one extra. We will use one of the pieces to

PHOTO |I: Setting cutoff for making the braces.
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make a clamping brace, a pressure fixture.
With a hand plane or a taper cutting jig for
your table saw, make a set of back-to-back
tapers so one side of the pressure fixture
forms a very flattened V-shape (Photo 2).
Cutting one of the square pieces lengthwise
along a diagonal (Photo 3) produces the actu-
al comer brace (you'll need four).

You must clamp the comer brace firmly in
place during gluing. The problem is how to
apply pressure to the center of the brace with-
out buying some incredibly expensive
long-throated clamps. Before I show you
how to use the pressure fixture, you need one
additional fixture.

On a small (2" x 3", for example) piece of
plywood, glue some scrap 45° right angle

to construct an artificial comer to
clamp across. Usually you can do
this by clamping a scrap of wood in place and
using a right angle pressure jig (Fig. I).
Problems occur when you can’t use C-
clamps, as for interior joints. The solution is
to clamp a bit of scrap so that you can insert
another scrap stick between it and the comer
brace. Cut the scrap stick a little long and tap
it into place, sliding it along the brace.
Clearly, the more complex the shape of your
enclosure, the more ingenious you must
become in devising fastening arrangements.
We'll also use this type of clamping with the
flattened V pressure fixture in the other
wooden braces described below.
You can use square comer braces if you
don’t have access to a table saw. There are
some problems with this, however. First, it

PHOTO 2: The V-tapered clamping brace.



AEON 250 VDC 5% FINE CAP

Metallized polypropylene capacitors for loudspeaker passive network.

Another brand of metallized polypropylene capacitors ? Well, not ex-
actly ... At Orca we have been thinking for a while about how to make
polypro caps more affordable for a larger number of speaker builders,
people who use caps only for speaker passive X-over network. We thought
that it would be tremendous if we could offer a line of polypro caps that would
be so affordable that people would have no reason to use cheap mylar, as they would
be able to get for not much more money a much much better cap. As you know, even
extremely powerful solid state amps (we are talking KW here) can barely produce rail voltage
higher than 60 V. So it is safe to assume that a 100 VDC cap would be a pretty robust cap to use in a passive
loudspeaker network. So to be really safe, we decided to make all the AXON cap of our FINE CAP basic line 250
VDC. Now that's about where the compromises start and stop. On the other hand for example, you may or may
not know that when a cap value is said to be 10.0 uF with 5% precision, it means that the manufacturer of caps sets
its winding machine to 9.7 puF and then produces this series with 2% tolerance (not very difficult with numeric
controlled winding machines). The result: the manufacturer saves more than 3% in material, the precision is
respected, but chances are all your caps will measure on the low side ! Orca made the special arrangement that all
the AXON caps were to be wound with 5% precision with the target value set at exactly the nominal value. That
means now, as most of you do, and rightly so, expect, that you should find a much greater proportion of caps very
close to exactly 10.0 pF, if not 10.0 pF exactly! As for the rest, we could display here all sorts of figures and graphs
that would only makes sense to 1% of our customers, but what for ? We can simply tell you this is the first polypro
cap at a price closing on mylar caps. It is made by the same company that makes all our high voltage and very
high voltage SCR caps, as well as our film and foil caps. Some of the best loudspeaker manufacturers have already
made that easy choice. Now see for yourself and ... let your ears make the call.

Value Diameter Length SRP Value Diameter Length SRP
uF mm mm ussS uF mm mm us$
1.0 1 21 1.23 120 25 33 3.56
XS 12 22 1.44 150 25 38 4.18
1.8 13 22 1.49 200 29 38 516
22 15 22 1.58 240 29 43 5.98
2.7 14 25 1.67 300 32 43 7.30
3.0 15 25 1.73 330 32 48 7.74
3.3 16 25 1.78 410 35 48 9.32
3.9 16 25 1.83 500 37 53 10.96
4.7 18 27 1.96 510 37 53 11.16
5.6 18 30 2.10 560 39 53 12.00
6.0 19 30 220 620 39 53 12.98
6.8 20 30 2.33 750 43 58 156.12
8.0 20 33 2.91 820 45 58 16.28
82 21 33 2.97 91.0 47 58 17.50
9.1 22 33 3.08 100.0 49 58 18.76
100 23 33 3.23 1200 81 63 21.98
1.0 24 33 3.38 1300 &4 63 23.38
STOCKING DISTRIBUTORS: NOW AVAILABLE:
W.A.R. AUDIO AUSTRALIA FILM / FOIL 630 VDC CAPS for
tel:(61)-9-242-5538 fax:(61)-9-445-2579 electronics and bypass from
SPEAKERS ETC... 0.1 yuF to 1.0 uF.
tel: (602) 944 1878 fax: (602) 371 0605 POLYPRO ULTRA HIGH
TECHNOLOGIE MDB VOLTAGE
tel: (514) 526 8851 fax: (514) 443 5485 1200 VDC 20 uF
ZALYTRON INDUSTRIES for power supply & tube

tel: (516) 747 3515 fax: (516) 294 1943 electronics
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PHOTO 3: Cutting a corner brace on a table saw. | removed the blade guard for this
illustration. Be very careful and use push sticks to make the cut.

looks horrible and decidedly unprofessional,
although it is on the inside and you can’t sec
it. You can construct a quick and casy right
angle pressure jig from short picces of comner
molding, but it is not very strong. Also, the
sound from an enclosure with square braces

e S

PHOTO 4: Clamping the corner brace in
place using a right angle pressure jig and a
tapered pressure fixture. If you clamp a cor-
ner that doesn’t form a right angle, make the
pressure jig fit the angle.

PHOTO 5: The fully housed dado joint.
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sometimes has annoying overtones, although
I can’t prove this.

Itis good protection to “buck up” (strength-
en) large panels. Of course, the best time to do
this is during construction. The brace doesn’t
need to be massive, but it should add stiffness
to the panel. This is most easily accomplished
with a rib attached perpendicularly to the
panel’s surface. The rib can be of uniform
height or have a triangular peak; it really is not
critical. However, I avoid the triangle-shaped
braces, which are harder to clamp.

There are three basic designs: fully housed
dado, tongue and groove, and spline joints.
Each has advantages and disadvantages.

FULLY HOUSED DADO
This is a very simple joint made with dado cut-
ters set to the width of the rib. The depth of the
dado should be one-third the thickness of the
panel. The dado cut should be clean and flat.
After applying glue to the surfaces of the
dado, clamp the rib into place. You can use
the tapered clamping brace method described
above. A completed joint is shown in Photo
5. I avoid this joint because the shoulders of
the dado are not reinforced and can fail, espe-
cially in particleboard and MDF. If you use
comer braces, this is not a problem, but it
complicates construction.

TONGUE AND GROOVE

This joint is very similar to the dado joint, but
the edges of the groove are reinforced.
Instead of making the groove the thickness of
the rib, it should be about one-half its thick-
ness. (The following construction techniques
arc for a much narrower groove.)

First, set the depth of the saw blade to
one-third the thickness of the panel (Photo 6).
Cut the groove along onc edge of the marked
channel. A good practice is to mark the mate-
ria] 1o be cut out with Xs to remind you on
which side of the line to cut.

Reset the saw fence to cut the other side of
the groove (Photo 7). Then move the fence,
making filling cuts until the groove is clean-

cut (Photo 8). Clean and smooth the bottom
of the groove with a chisel, or with dado cut-
ters. To form the tongue, first center the rib
over the groove (Photo 9), carefully mark the
width, and clearly place Xs on the material to
be removed. With the saw blade depth still at
one-third the panel thickness, use the marked
rib to set the saw fence to cut out the waste
material (Photo 10).

If you have perfectly centered the tongue
on the rib, rotate the rib and cut the other side.
Of course, you should check the position of

PHOTO 6: Setting the depth of cut for the
groove in a tongue-and-groove joint.

e

PHOTO 8: Cleaning out the center of a
groove.



SOLEN SPEAKER COMPONENTS
Davis G CTsoenseax Vi3

=Y

MAUDIO“”

Peecless

LB CERRTEC oy D

¥ CERATEC YMIEL

CROSSOVER, SPEAKER COMPONENTS

FAST CAPACITORS

Metallized Polypropylene (Non-Polarized)
Values from 1.0 mfd to 200 mfd.
Voltage Rating: 250 VDC / 150 VAC

SOLEN INDUCTORS

Perfect Lay Hexagonal Winding Air Cored
Values from .10 mH to 30 mH

Wire sizes from #20 AWG to #10 AWG

HEPTA-LITZ INDUCTORS

Seven Strands Litz-Wire Constructions
Values from .10 mH to 30 mH

Wire sizes from #16 AWG to #12 AWG

SOLEN CROSSOVERS

Custom Computer Design

Passive Crossover for Professional, Hi-Fi and
Car Hi-Fi, Power up to 1000 Watt

CROSSOVER, SPEAKER PARTS
Gold Speaker Terminals, Gold Banana Plugs
Gold Binding Posts, Crossover Terminals
Power Resistors, Mylar Capacitors,
Bi-Polar Capacitors, Plastic Grille Fasteners,
k Nylon Ties, Car Speaker Grilles, Speaker Books,
N Speaker Kit Brochure, Miscellaneous Parts

SOLEN INC. COMPUTER AIDED DESIGN FOR
dao Thizaly Wve. ENCLOSURE AND CROSSOVER

Srrubert, QG JSY 7T9 T AVAILABLE TO CUSTOMER

Tel.: (514) 656-2759

Catalog $6.00 ref ,
Fax: (514) 443-4949 atalog $6.00 refundable
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the second cut against the marked position. If
it is imperfect, adjust the fence and then make
the second cut. Test your settings on a scrap
piece until you are sure they are correct.

With the rib on its side, set the depth of
the saw blade, using the top of the cut as a
gauge. Next, set the fence so the cut will
remove the marked waste (again, one-third
the thickness of the panel). Tum the rib over
and, if the tongue was not exactly centered,
readjust the depth of the saw blade.

By forming the tongue this way, you will
have a clean shoulder that ensures a strong
joint. Don’t be tempted to make a series of

cuts with the rib in the vertical position.
Shoulders formed by this method will not be
smooth and tight-fitting even if you clean up
the ridges left by the top of the saw cuts. If
you cut the tongue a fraction fat, a quick
sanding will provide a perfect fit. After coat-
ing the joint surfaces with glue, clamp the rib
into place, using the tapered clamping brace,
if needed. A completed tongue-and-groove
joint is shown in Photo 11.

COMPOSITION BOARD
You will most likely be making solid wood
braces when using particleboard or MDF.

Increase your
electronics know-how
and skills

The speed and intensity with which electronics penetrates our
daily lives at home. at work. or in our car. tends to make us
forget that we can use electronics creatively by building

designs with a practical application and having the satisfaction of
a successfully finished project. Elektor Electronics, which is
distributed all over the world, can help you achieve these goals.
Throughout the year, the magazine features original construction
projects, informative articles and news on the gamut of
electronics, science & technology, book reviews and information
on new products. The past 11 issues contained 80 major and 97
minor construction articles, 21 articles of an educative or
instructional nature, and 10 articles dealing with Science &
Technology.
If you wish to increase your electronics know-how and skills,
take out an annual subscription to Elektor Electronics by writing
or faxing to
World Wide Subscription Service Ltd
Unit 4, Gibbs Reed Farm
Pashley Road, Ticehurst
East Sussex TN5 7HE, England
Telephone +44 580 200 657; Fax +44 580 616
You will then have the convenience of having the magazine
delivered to your home. and the peace of mind that you will not
miss any issue. The current rate for an annual subscription
(11 issues) is $US 57.00 (post paid - airspeeded).

PHOTO | 0: Setting up the cut for the first
pass for making the tongue.

There are also a number of Elektor Electronics books geared to
the electronics enthusiast — professional or amateur. These
include data books and circuit books, which have proved highly
popular. Two new books (published November 1993) are
305 Circuits and SMT Projects. Books, printed-circuit boards.
programmed EPROMs and diskettes are available from
Old Colony Sound Lab
PO Box 243, Peterborough NH 03458
Telephone (603) 924-6371, 924-6526
Fax (603) 924-9467

PHOTO | 1: Completed tongue-and-groove
joint.
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PHOTO 12: Completed spline joint.

However, there will be times when, for sta-
bility or availability, you will need to use par-
ticleboard or MDF, which is not the best for
joints. They lack durability because of the
stress on the corers, and can cause early fail-
ure of the joint. A good joint for this applica-
tion is a plywood spline joint.

Using the board as a guide, set the fence
on your saw to the board’s thickness. Cut a
strip of plywood as long as the brace. For %"

PHOTO 13: Using an aluminum right-angle brace. | applied a layer of silicone seatant

between the aluminum and the panel.

material, I use %" plywood, which you can
use as the guide for cutting the groove for
the spline. This procedure follows the
tongue-and-groove method used above; the
thickness of the tongue equals the thickness
of the spline. The depth of the groove should
be one-third the thickness of the material.
Next we need to cut the groove for the
spline in the brace. Determine the depth by
putting the spline in the groove in the panel
board and setting your depth gauge, or mea-
suring it. Carefully set your saw to this mea-
sured dimension. With a piece of scrap wood,
set the rip fence on your saw, so that when
you first cut the groove in one direction and
then rotate the brace 180° and make a second

cut, the groove is exactly centered. The
results are shown in Photo 12.

This procedure involves trial-and-error, as
well as quite a bit of patience. If the bottom of
the groove is not flat, you can smooth it with
a small chisel, or with the edge of a small mill
file. Complete the joint by gluing the spline
and clamping the brace firmly to the panel.

HARDWARE BRACES

What do you do if, after you have built a
speaker, you discover that a panel is vibrat-
ing? Establish the problem’s location (i.c., the
position of the vibration on the surfaces of the
enclosure). If you feed a signal of the fre-
quency that produces the greatest vibration

Home Theater that wont
mess up your listening room.

room of your house?

The Sennheiser 580s are
probably the worlds best all
around headphone. 3299

Why spend all that money messing
up your listening room with five speakers
and a sub when HeadRoom will get you a
great video listening experience---in any

Oh ... did we mention great head-

phone listening for music too?

The Home HeadRoom sounds wonderful at $599. And together with the
Sennheiser 580s at 8799, it's a system that you just can’t pass up.

(\' Head Room

Factory direct, just give us a call at

for our 24 page White Paper, 32 page
Manual, and color Brochure, 1t’s FREE!
FAX + 406 587 9484 For Overseas Orders.

1-800-828-8184

HeadRoom 1s located at 521 E. Peach Ave., Bozeman MT 59715. Send meil to POB 6549, Bozeman MT 59771, Quiside USA and CANADA, call 406-587-9466, or FAX 406-587-9484
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At Last! The Ultimate

60"".?-. .."'O'

Reference Book on High-
Quality Music Reproduction!

The Complete Guide
to High-end Audio

by Robert Harley

Robert Harley, Consulting Technical Editor of Stereophile
magazine, tells you everything you need to know a{mut
buying and enjoving high-quality hi-fi. In 13 fact-filled
chapters and 3 appendices, vou will discover how to set

up vour system for the best sound; how to identify the weak
links in your system and upgrade where it will do the most good; and most of
all, how to become a more perceptive and appreciative listener.

For the more advanced audio enthusiast, The Complete Guide to High-cnd Audio is
acked with detailed technical explanations of how the compact disc works, why
E)udspcakcr cables can sound difterent, what DSP room correction is, how an
R/2R ladder digital-to-analog converter works—and much more! This massive,
oversized volume—spanning more than 450 pages and 200+ photographs and
illustrations—covers in depth every aspect of reproduced sound.

“Destined to become the tome of our hobby. The Complete Guide to High-end Audio
is a must have addition to every music lover’s library. For less than the price of 3
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into your speaker, you can usually feel just
where the maximum is.

For some idca of the patiern of the vibra-
tion, turn the vibrating panel horizontal and
sprinkle a very light coat of fine sand on the
surface. A few seconds of sound will normal-
ly produce a clearly discernible patiern. With
this information, decide where to place a
brace to stop or reduce the vibration.

An casy-to-apply brace is a length of angle,
either aluminum or iron. It is inexpensive and
can be cut quickly to fit. Drill holes in the apex
every few inches and attach it to the panel with
screws that stop just short of coming through
the panel. To eliminate buzzing, coat the con-
tact between the metal and the panel with sili-
cone sealant (Photo 13). You can also use this
type of brace instead of the wooden ones.

CONCLUSION

I have not referred to techniques using
routers, with which you can produce good
tongue-and-groove and spline joints. I'll re-
turn to this topic in a later column. Some cas-
ily made jigs make this approach uscful.

I hope these techniques provide a simple
starting point for your efforts. This is a sub-
ject with many different and often difficult
approaches. You will seldom be able to get it
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