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The Short Line Array

This line array will fit your space requirements as well as your budget.

‘ve had several requests for a small :

high-sensitivity speaker good for

either hi-fi mains, control room

monitors or, most especially, home
theater (HT) center channel. One of
those requests came from me. Ever
since I outfitted my HT with TLAH
mains and a T18 sub, I haven’t been
able to hear the center channel well
enough, as the 87dB sensitivity of my
MTM center just wasn’t enough to
keep up. Obtaining more sensitivity
with a line array was the obvious an-
swer, but like most of you I also don’t :
have room for another 3’ long plus |

cabinet in my entertainment center.

I decided that the largest box I
could tolerate was 26" long, about 7”
high, and 6” deep. So was born the |
short line array (SLA). Short it may
be in size, but in sensitivity and re-

sponse it’s right up there with the big :
boys, as you can see in the SPL chart
tweeter available, some with coaxial
mounting frames that you can dis-
card.
One advantage of a line array is that
you can use many inexpensive low-
powered drivers to produce high sen-
sitivity. Another is that you can have
a very good-sounding cabinet for very
little money. When searching out driv-
ers to use in this project, check out
¢ than 1.5” diameter.
The woofers I used in the original
were 4" Pioneer “NSB” closeouts from !
. Parts Express, part # 269-568, which I
purchased for 49 cents apiece. Specs |
are fs 105Hz, Qrs .76, Vas .1ft3. The |
tweeters were Onkyo closeouts, part
# 269-780, 24 cents apiece. These
tweeters have no mounting flanges,
. ing the woofer frames literally touch-
ing each other, and with the minimal
frame width of the pincushion design,
- the outputs of the woofers integrate
: into a single cohesive wave front up
: to at least 4kHz.

(Fig. 1).
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By Bill Fitzmaurice

so you must glue them in place. There
are many variations of this Onkyo

Also note that these tweeters have
three wiring lugs; the middle lug is
not connected to the voice coil, so
ignore it. If you use different driv-
ers, it is critical that the woofers have
squared-off “pincushion” style frames
and that the tweeters are no more

A center-channel home theater
speaker is usually horizontally mount-
ed (Photo 1). This can be problematic
with all alignments, but particularly
with line arrays, which are by design
intended to be vertically mounted.
However, you can still obtain very
good results with the SLA. By hav-

Because the main output of HT cen-

ter channel is voices, with a primary
| | bandwidth from 150Hz to 5kHz, there
. is no discernible comb-filtering. Even
in music applications, combing is not
. a serious problem when this cab is
. lying down, but if at all possible it
should nonetheless be upright.

The tweeters are mounted on the

. rear of the baffle, which is normal-
. ly not preferred. However, the SLA
. uses this scheme to its advantage.
. The tweeters fire through 1” diameter
.~ holes that are chamfered with a %"
. radius quarter-round router bit, trans-
. forming each hole into a small horn.
| This increases the effective radiat-



ing plane of each driver, minimizing

the frame space between them to aid
in their wave-front integration. Even

7.5kHz, but with it they work even
better.

CONSTRUCTION

Because the woofers are so close that

their mounting holes overlap, and be-
cause of the routing of the tweeter
them and seal them to the baffle with
SLA baffle out of solid wood. Its :

micro-horns, you should make the

size is a standard 1 x 8, which ac-
: tually measures 0.75” x 7.25". Any
wood will do, though you’ll probably
without this feature, the close-spac-
ing of their acoustic centers guaran-
tees wave-front integration to at least
. but plywood or MDF is OK as well. I
used red oak for my baffle, along with
- 0.75” red oak veneer plywood for the
rim of the box and scrap plywood for
. the back.

prefer to use something that matches
the rest of your system. You can use
solid wood for the rest of the cabinet,

With the close spacing of the driv-
ers, it would be very difficult to wire

cabinet sides in place, so construct

FIGURE 2: Baffle view.
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the cabinet with a permanently in-
stalled back and a removable baffle.
This requires a bit of specialized

: hardware, though not so special that
i you can find it at any well-stocked

hardware store: threaded inserts
(Photo 2). Drill a hole in the edge of

* the box and drive in the insert with a

screwdriver or Allen wrench—depend-
ing on the design—and you have an

easy way to bolt the baffle to the rest

of the box.
Start construction by cutting out

. the baffle. Its finished size is 26" long,
. but cut it slightly longer to allow for

trimming after assembly. Draw two

PHOTO 2: A threaded insert, Allen
head bolt, and insert mounted in
the box side.

* Provides full-featured
customizable measurement
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acoustics, noise surveys,
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and quality control.

* Flexible, portable system
advances with the latest
24bit/192kHz soundcard
converter technology.

online.

* |nformative website includes
technical articles and
downloadable demos.

* Friendly small company.
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horizontal lines on it—one 3” from the

holes for the woofers and tweeters,

- respectively. The woofer holes are 4"
top edge and one 1%” from the bot-
tom edge. These form the axes for the
. shown in Fig. 2.

diameter, 4” on center, the tweeter
holes 1” diameter, 134" on center, as

Drill the first tweeter hole with its
center 3” from one end of the baffle,
as is the first woofer hole. If you're

. building a pair of these as stereo

. mains, you should make them mirror-
images of each other. Before drilling
the tweeter holes, you need to reduce
. the thickness of the baffle where they
are to be mounted by approximately
3/16”. You can do this with a router
© or a drill-press-mounted Forstner or
spade bit.

I used a 1%” diameter spade bit,
. leaving %" of material at the edge
. of the baffle undisturbed. Then drill
out the 1” diameter tweeter holes and
. rout them from the front side with a
: %" radius quarter-round router bit.
Using the same router bit, from the
. inside of the baffle, put a chamfer
. on the woofer holes as well, without
which it would be almost impossible
to get at the woofer frames later on
- when they need to be sealed to the
baffle (Photo 3).

Now cut out the back, sides, and
. ends. Their dimensions depend on the
© thickness of the material they’re made

PHOTO 3: Baffle rear view. Note the reduction of the baffle thickness where
tweeters will be mounted, and chamfering of woofer holes.
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REMOTE CONTROLLED STEPPED ATTENUATOR KITS

Finally a remote controlled stepped attenua-
tor that doesn’t use noisey motors or dozens
of expensive relays. Our new attenuator
design is affordable, compact & modular!

- 60 Steps of Attenuation

- Mute, Balance, Power & Source Selection
- Only a single resistor in the signal path

- Available with numeric LED readout

- Single Ended or Balanced Operation

- Circuit board signal path of <1 inch

- Compact.... each circuit board 1.75” x 4.00”
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from. The back is the same nominal
size as the baffle less the thickness of
the top, bottom, and sides. Therefore,
with %" material the back will be 26"
less 1.5” long, for a net of 24.5", and 7.25
less 1.5” wide, for a net of 5.75" wide.

Cut the back perhaps a sixteenth of :

an inch undersize in both dimensions,
so that the top can be trimmed to the

exact size of the box after assembly. :
You can make the back from whatev- :

er scraps you may have, even jointing
it with a backer piece over the joint
if required. Cut the ends to the exact
width of the back by 5” deep, so in the

i case of 3" material that would be 5”
by 5.75”. They attach to either end of
the back by whatever means you pre-
fer, be it glued and screwed, nailed

and screwed, or even just glued. On

ers.
Next come the sides, cut to be as
long as the finished length of the

back/ends assembly, and 5" wide. At-

tach these to the assembly via the

- same method as with the ends (Photo
. 4). After applying the second side,

PHOTO 5: Clamps, clamps, e clamps.

. accept the inserts. Screw the inserts
in place, driving them slightly below
. the wood surface.

Design speaker boxes for any space: car, truck,
van, home hi-fi, home theater, pro sound, studio,
stage, PA and musical instruments. Import acoustic
measurements. For example, the response of a car
can be imported to simulate the in-car response.
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Sophisticated Driver Modeling and Advanced Box Design

« Multiple drivers with isobaric, push-pull and bessel options. = 3 dual voice coil
wiring options. = "Expert Mode" dynamically analyzes driver parameters. « Design
closed, vented, bandpass and passive radiator boxes.  "Suggest’ feature provides
fast box design. = All box types account for leakage losses and internal absorption.
= Advanced vent calculation. = Bandpass boxes can be single or double-tuned with 2
Open up to 10 designs at one time.
= Analyze small-signal performance with: Normalized Amplitude Response, Impedance,
Phase and Group Delay graphs. « Analyze large-signal performance with: Custom Ampli-
tude Response, Max Acoustic Power, Max Electric Input Power, Cone Displacement and
Vent Air Velocity graphs. = Includes a helpful "Design Wizard® for beginners.
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i clamp the unit thoroughly while the

glue sets (Photo 5).

- ASSEMBLY

- When the glue has set, use a couple
my prototype I used a biscuit joint-
er, which gives very strong perfectly
~ aligned joints with no visible fasten-
spacing six to eight of them around
. the box perimeter. Using a drill bit
- the same diameter as the bolt, drill

clamps to hold the baffle in place.
On its face, mark where the attach-
ing bolts will pass through it, evenly

through the baffle and about 1” be-

yond into the box frame, preferably
using a drill press to ensure the holes
are perpendicular. Remove the baffle

and re-drill the holes in the box frame,
this time with a bit large enough to

Coat their exterior with a few drops

- of epoxy before installation to better
. secure them, but don’t use so much
~ that it oozes and fills the threads;
- if that does occur chase them clear
. after the epoxy sets with a thread
chaser/tap. Using a drill bit one size
larger than the bolt head, countersink

Need help with your speaker designs?
BassBox Pro & Xeover Pro can help!

Design crossovers with
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Design 2-way and 3-way passive crossover net-

works, high-pass, band-pass or low-pass filters,
impedance equalization, L-pads and series or par-

allel notch filters. Its Thiele-Small model provides
professional results without complex testing.
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Passive Crossover Filters and Scalable Driver Modeling
= 1st, 2nd, 3rd and 4th-order "ladder” filter topologies. » Parallel crossover
topology. = 2-way crossovers offer Bessel, Butterworth, Chebychev, Gaussian,
Legendre, Linear-Phase and Linkwitz-Riley filters. » 3-way crossovers offer All-
Pass Crossover (APC) and Constant-Power Crossover (CPC) filters. Xsover Pro's
capabilities scale to fit the amount of driver data. = A crossover, filter or L-pad can
be designed with just the nominal impedance of each driver. « With full Thiele-Small
parameters, impedance equalization can be designed and the performance graphed.
« Graphs include: Normalized Amplitude Response, Impedance, Phase & Group Delay.
= Graphs can include the full speaker response including the box. « Estimate component
resistance (ESR & DCR). » Calculate the resistance of parallel or series components.
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PHOTO 6: Cutaway of a counter-
sunk baffle bolt hole.

PHOTO 7: Masking the woofer/baffle joint for sealing.
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the holes in the baffle about halfway
through, so that even after chamfer-
ing the baffle edge the bolt heads
won’t extend beyond the surface

(Photo 6). Bolt the baffle to the box.

Use a router with a flush trim- !
ming bit to trim the baffle flush with
the box; if you don’t have one, use a
sander instead. Likewise, use a quar-

ter-round bit to chamfer the baffle

box or on the back.

port goes through %" cabinet walls,
a simple hole will do, but if it goes
through %" material, chamfer it on
the outside to a %" radius. Also de-

cide on a location for a jack or binding
posts, again depending on how you
plan to mount it, and drill the neces-
sary hole or holes in the box. Sand the
box completely and apply your finish

of choice. I did mine with Tung Oil,
which looks very good on hardwoods

and is as easy and foolproof a finish :

as you’ll find.

Remove the baffle and install the
drivers. The woofers install from the

front, attached with %" screws. The

tweeters install from the back, glued

in place with a hot-melt glue gun.
Install the tweeters first. Hold a

tweeter in place, checking its align- !
ment while looking through its hole
in the baffle, and then tack it into
position on the baffle rear with a cou-
ple of drops of glue, holding it steady
until the glue cools enough to secure
it. Then fully seal the tweeter frame to
the baffle, leaving no gaps. Do each

tweeter in kind, being sure to have

the lugs aligned in the same direc-
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has set, remove
. the masking tape

tion, and so that they don’t hit either :
the woofers nor extend into the joint
. the positive lug, but the Onkyo tweet-
When you have done the tweeters,
 mount the woofers. You may wish to
‘ spray-paint the woofer frames first. If
is 8Q, so they are wired as two series-
. wired banks of three woofers in paral-

between the baffle and the box.

so, shield the cones with masking tape,
leaving the tape in place when you're

done to protect the cones until the cabinet
© is completed. :
edges to a %" radius; otherwise, use

a sander. In either case proceed to FINISHING TOUCHES
installing a port. Depending on how
you plan to mount the cabinet, you
can put the port in either end of the

between the woofer frames and the baffle,

From the inside of

er, especially with the tweeters.
The woofers are marked with a + on

ers are not. Instead you’ll see a spot of
blue paint on the magnet near the posi-
tive lug. The impedance of the woofers

lel, for a total 5.6Q2 load.
The Onkyo tweeters are 6Q each.

They run a bit less sensitive than
the woofers, so they're wired as four
It’s likely that there will be some gaps |
tweeters, giving an impedance of
so use masking tape to fully cover those
. gaps (Photo 7).

The port is simply a 2" diameter
hole; there is no duct required. If your
' the joints of the

parallel-wired banks of three series

4.5Q and matching the sensitivity of

FIGURE 3: Wiring schematic.

each other as well.
A small tube of al-
mond tub and tile
caulk works fine.
After the caulk

the cabinet, caulk ?
 woofers and baf- T (5
T 0

OO0
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. from the front of
: the ba:ffle. FIGURE 4: Crossover schematic.
Wire the
drivers, using 3rd Order Butterworth
. polarized loud-
speaker wire. 6000 Hertz
Connectors are 4.5 Ohm Tweeter / 5.3 Ohm Woofer
. OK, but I prefer
soldered joints, <1 cz
and that’s much ? = Parts List
easier to do if &.am{_’.mm '
you stay with 16 Cl=393uF
or even 18 gauge C2=1179 uF
. . C3=6.67uF
wire. There’s not ¥ Tt i
enough current L1=0.09 mH
o ; L2=021mH
‘ flowing in this 15=007aH
- box to justify $8-2586-04

anything heavi-
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the tweeter line to that of the woofer
line (Fig. 3).

The crossover is a third-order at
6kHz (Fig. 4). When ordering your
components, you can safely go within
10% of the listed values. C1 and C2
must be poly caps, but since C3 is
merely a shunt you may use a less ex-
pensive electrolytic there if you wish.

None of the inductors are of a high
enough value that their DCR is of
much concern, so 18 to 20 gauge air
core coils will do just fine. Using hot-
melt glue, mount the crossover com-
ponents in the box, keeping the coils
well apart and oriented on different
axes to minimize crosstalk (Photo
8). Wire the crossover input to your
input jack/binding posts, and use a
pair of fairly long wires to connect the
outputs to the drivers.

Reflections inside the cabinet will
cause ragged response, so loosely
fill it with polyester pillow stuffing
to damp them. Place the baffle over
the box and check to be sure that no
wires or driver lugs are caught in the
joint between the baffle and the box.

If the fit is not quite perfect, use a
strip of thin foam weather strip to en-
sure an airtight connection. Bolt the
baffle in place. It’s done.

For center channel use, the f3 at
125Hz is quite adequate. For music
or for HT mains, SLAs must be used
with a sub, with a crossover between
100 and 125Hz for the most part. How-
ever, if your sub happens to be a Tuba
18 it has much higher sensitivity in
the crossover area than the SLA, so
you will find that
setting the low-
pass frequency
on the sub amp at
80Hz or even less
will give the best
results.

The woofers I
used have shield-
ed magnets, ob-
viously intended
for center-chan-
nel duty, but the
tweeters do not.
As small as they
are, the tweeter

magnets still are strong enough to
disturb a CRT if placed too close,
especially if you don’t add bucking
magnets. To help prevent this, place
the tweeter line to the outboard side
of the cabinet with reference to the
TV screen. In my case no amount of
fiddling prevented the speaker from
interfering with the TV until I put
it above the screen and laid it on its
back, aimed upward. Interestingly
enough, it sounds just fine.  aX
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-No matter what your requirements are, pcX has what you need. Whether

it be vacuum tubes (NEW, New Old Stock or 0S), sockets, transformers, capacitors, resistors,

connectors, hook-up wire, etc...we've got a world class selection of all the best brands...and
more arriving every month!

Visit our website and sign up for our quarterly eConneXion Newsletter!
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NOTE: No "on-site/walk-in" business at this time

audioXpress December 2005 23



	Back: 


