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The Hideaway TL Sub

A Danish blueprint for an “invisible” subwoofer.

By Bjorn Johannesen

nspired by Rick Schultz articles,

I made a successful transmission :

line to replace a vented sub. How-
ever, I was surprised that the reso-
nance frequency was lower than I had
expected—lower than the driver’s Fs. I

had the impression this was “forbidden,”

but I could see it was working very well
and much better than the same driver
in a vented box. Therefore, I started to
study Martin J. King’s quarterwave de-

sign. My own experience and the useful

information and supportive help from
Martin led to this article.

DISAPPOINTING SUBWOOFER

Some years ago, I made two subwoofers :

designed by my local speaker shop. The
enclosure was a bass reflex with 81 lItr
internal volume. The driver was a 10"

Beyma 10B60 (Fs 31Hz, Qts 0.36, Vas
115 ltr, and Sd 380cm?). You can find all :

the data for this discontinued driver on
www.thielesmall.com.
I was not happy with the result: noth-

ing below 30Hz, port noise, and prob-

lems with uneven frequency response due :

to room resonances. Furthermore, these
cabinets are not easy to hide away. Actu-
ally, they were hidden away. Far away.

TRANSMISSION LINE SUB

Twenty years ago, I built horns like ev-
erybody else at that time. The horns
were quarterwave designs with expand-

PHOTO 1: Completed unit, with the line
painted black to make it “disappear.”

ing pipe and a driver offset down one- !
third of the line. Quarterwave designs :

are not outdated at all, as I found out by
reading articles by Rick Schultz. I want-
ed to design and build a transmission

line (TL), which is the term I use for all .
types of quarterwave design. Because I !

had two bass reflex speakers, I would be
able to compare the TL sub against the
vented enclosure.

My idea was to mount the driver in a !

small box and let the pipe itself be small-

- er, 50 I could hide it under the couch.

Of course, this would reduce the volume

of the cabinet, and you could expect a
- was not the case.

weak bass. But because both the open-
ing and the driver are close to the floor, I

FIGURE 1: Simple and practical sub design.
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hoped to get a lift in the deep bass. With
the opening at the front, you could even
place the sub in a corner to get maximum
room gain. I ended up with this design,
using a small opening, to be able to place
the cabinet just about anywhere (Fig. 1).

The box itself should not be very vis-
ible. The size of the rest of the cabi-
net was dictated by the space under my
couch. I made the opening small, set
to about 20% of the cross section (and
thereby 10% of the derived Sd).

The total length of the pipe is 230cm,
and I assumed, the pipe was tuned to
about 37Hz. But I soon found out this

I used relatively thin material and in-
cluded a cross bracket in the box. The
front baffle is 22mm MDF. The stuffing

s relatively light in the box and for the

first line of the pipe only.
THE RESULT

Photos 1 and 2 show the working unit.

In comparison with the vented box,
¢ the Hideaway bass is lower, clearer, and



tighter. There is no noise caused by tur-
bulent air in the opening.

The cone motion is reasonable down
to 20Hz, but at 16Hz the movement
increases. There is still output at 16Hz,
even though the output drops from 20
to 16Hz. This surprised me. It was clear
that the tuning frequency of the pipe
was lower than I had expected and lower
than the driver Fs. I wanted to find out
what was happening.

TUNING FREQUENCY
I started to study the work of Martin
J. King, who has been very helpful and

PHOTO 2: The visible
part is only 32 x 32 x 32cm.

¢ which lowers the tuning frequency of
. the cabinet.

The plot from Martin’s worksheets,

Acoustic impedance of the cabinet, :

showed the tuning frequency was about
25Hz (Fig. 2). The first peak is at 25Hz,
which is the tuning frequency of the

¢ cabinet alone.

SOUND

PRESSURE LEVEL (SPL)

The dotted line in Fig. 3 is the driver in
an infinite baffle (IB). The SPL might

- look poor, but because the driver and
¢ the opening are at the floor, there is a |

patient with my
questions (see

sidebar). 1 could

see that the tun-

ing frequency was
about 25Hz, and

by the use of Mar-

tin’s worksheets,
which can be used
for private and

non-commercial

purposes, I learned

what was going on. |

If the line had | eof —— —/—/:-:_:';;- heas S

83

been a straight =13

80 7
line, the tuning 75 .......,.-_'-._/_. s .

[
would be around :: // : .
37Hz. Actually, | & ! ],
3 rde 100 11
the Hideaway en- =
closure behaves Frequency ()
like 2 mass-loaded FIGURE 3: Room gain makes it sound better than it looks.
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good deep bass performance in the lis-

response above 100Hz, which will be
eliminated by the crossover filter.

In Fig. 4, the solid line is the driver, |
and the dotted line the opening. As you

© can see, the opening is adding at lift to
tening room. Because this is a sub, I do !
not worry about the uneven frequency :

PHOTO 3: The cabinet is
relatively thin, but there are
fittle vibrations.
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© ing causes this unique behavior of the
the bass where the driver is rolling off.
The output from the aperture is broad |
. and flat. Also notice the fall output from = |IMIPEDANCE
. the opening, with a rolloff starting at
about 85Hz. The relatively small volume
- and the mass loading by the small open-

output from the opening.

In the Fig. 5 plot, the enclosure is not
stuffed, to make the impedance peaks
more visible. With stuffing the imped-
ance curve becomes very flat, and some
of the peaks hard to see.

The dotted line is the driver in an IB.
The solid line is the combined enclosure
and driver, forming the new resonance
system. The first resonance (impedance
peak) just below 15Hz is a combination
of the air mass in the pipe combining

¢ with the moving mass of the driver cone
and voice coil oscillating on the driver’s
- suspension. Very much the same as the
' old trick of lowering the driver Fs by
adding some physical mass to the cone.

The second resonance peak about
60Hz is the original cabinet resonance,
but with the influence of the driver. The
rolloff from the opening is about 85Hz,
which corresponds to the dip in the im-
pedance curve between the second peak
at about 60Hz and the third peak at
about 98Hz.

A GENERIC DESIGN

. T have modeled several other drivers in
- the Hideaway enclosure, and while this
- versatile design does not necessarily get
- the very best of each individual driver,
. the drivers I have simulated are all doing

fine. The tuning frequency of 25Hz is a
reasonable value for drivers with a Fs of
35Hz and below. A driver with the same
Fs, but higher Qts and lower Vas has a
little improvement in the deep bass, due
to the later rolloff.

e Tia ] [T

FIGURE 4: The contribution from the
opening is shown by the dotted line.
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FIGURE 5: Impedance shown with no
stuffing.




The Peerless 830452, with the very low Qts of 0.17, is also
doing well. In this case the cabinet tuning is higher than the

driver Fs of 18.9Hz, which is a good combination for a low

Qts driver, which has an early rolloft.
CONSTRUCTION

Figure 6 gives the unit’s external dimensions. In addition, the
line length is 230cm, internal dimensions of the box are 29 x
29 x 29cm, and cross section in the pipe is 12.8 cm (width) x
15 (height). The footprint is 30 x 140cm using 10mm par-
ticleboard. Front baffle is 22mm MDF, which then extends
the footprint in this end.

The box uses 10mm particleboard, with 10mm MDF
added inside to reduce vibration. The box also has a cross

bracket inside. The “labyrinth” walls measure 150 x 14mm. I
added triangular pieces of wood in all corners. The labyrinth !

is closed on the top with 10mm particleboard (Photo 3).
The box measures 32 x 32 x 32cm externally, and by plac-
ing a piece of glass on the top, the box becomes a nice little
table. Photo 4 gives you an idea of the cabinet size. Stuffing
in the box and the first half of the labyrinth is 200g of poly-

ester wool.

DESIGN CONSIDERATIONS

Designing a TL is a challenge, because you have many pa-
rameters to work with. But this is also the reason TL design

is great fun. I use a design idea as a starting point; I do not !
choose a driver, and try to find the best design possible. Try-

ing to achieve maximum performance of a driver most likely
would result in a cabinet size and shape you probably would
not like to place in your listening room. Designing a TL is a
recursive process, with the goal of finding the best compro-
mise.

TUNING FREQUENCY

The most important design parameter is defining the tun-
ing frequency of the cabinet. If you increase the tuning fre-

quency, the output level from the opening will increase. And !
when you lower the tuning frequency, the output level will, .

not surprisingly, decrease.
The output from the opening is a desired property of the
TL, adding a lift to bass. If your driver has a high Qts, you

PHOTO 4: The small openiﬁg at
the driver end does not make any
noise from air turbulence.
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could set the tuning frequency 5-10Hz
below driver Fs. Low Qts drivers have
an earlier rolloff; therefore, you could
set the tuning frequency higher than
driver Fs.

I use a Qts of 0.35 to distinguish
between high and low Qts. This is not
the “only truth,” and your definition
might be different. Therefore, the tun-
ing frequency is below the Fs of my
Beyma driver.

GEOMETRY

Once you have a tuning frequency in
mind, you must decide which geometry
to use. Length and geometry sets the
tuning frequency of the cabinet. Increas-
ing the volume will increase the bass.
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Increasing volume also influences the
tuning frequency a little.

The Hideaway would have had a !

tuning frequency of 37Hz if it were a
straight pipe. But the reduced volume in

the pipe and the reduced opening result

in a lower frequency. You could call it
a ported, mass loaded, tapered quarter-
wave. But the label on the design is not
important to me.

Tuning frequency is set by the length

of the line and the geometry. For a

straight line, it is simply a quarterwave
of the frequency. A tapered line (open-
ing has a smaller area than the closed
end of the pipe) is the smallest pos-
sible enclosure for the same frequency.
A tapered line is used to tame unwanted
upper harmonics. The output from the
opening is broader and with slightly less

: output, compared to the straight line.

An expanding line is the longest line
for the same tuning frequency. It has
a high output level; unfortunately, the

MARTIN J. KING'S

From Martin J. King’s website (www.
quarter-wave.com), you can down-
load the free version of MathCad 8
and Martin’s worksheets, available
for your private, non-commercial use.
I always use the “Sections” work-
sheet, and you can model the Hide-
away with your favorite driver. The
geometry definition I use is some-
what simplified. I have not defined
the corner in the pipe as a separate
section, but this is not important at
low frequencies.

The plots in this article use the fol-
lowing input, and it is very useful to
benchmark different drivers. Type in
the Thiele/Small parameters (T'SP)
for your driver, including BL. You can
use one of the worksheets to convert
from Vas to BL, if you do not know
the BL value.

I recommend you measure your
driver’s Thiele/Small parameters. You
should not expect that your driver’s
parameters will necessarily match the
ones documented by the manufac-
turer. If you do not have the ability
to measure, and you do not know
the TSP for the driver, try this site
managed by Jan Fredriksson: www.
thielesmall.com.

Note: Martin uses “d” (driver) in-
stead of “s” (speaker), so Vad = Vas,
and so on. I find Martin’s terminology
more logical than the original TSP
abbreviations. Set n_closed := 0 and
n_open:= 3 in the worksheet. Then
define the geometry.

MATHCAD WORKSHEETS

~

Driver to closed end:

LengTH ~ CROSS SECTION CROSS SECTION  STUFFING
START Enp

5.5” 2.21 Sd 2.21 Sd Y

Driver to open end:

LeneTH  CRoSS SECTION CRoSS SECTION  STUFFING
START Enp

5.5” 2.21 Sd 2.21 Sd Y

39.5” 0.51 Sd 0.51 Sd Y

39.5” 0.51 Sd 0.51 Sd N

0.6” 0.11 Sd 0.11 Sd N

The last section is the opening,
with the length = dimension of the
wood used. Total line length is 90.6".
Stuffing is 0.3 Ib per ft3. The pipe is
divided into two sections to distribute
the stuffing. I used 200g of polyester
wool in the box and the first half of
the line.

Cross section is defined by Sd be-
cause it is easier to type in and also
gives me a good feeling of the size
of the cabinet. In my example, Sd =
380cm?. You can adjust the input to
your drivers. The pipe tuning is 25Hz.
You can check your input in the first
plot in MathCad: In the acoustic im-
pedance the first, and highest, peak is
at 25Hz.

Internal geometry of the cross sec-
tion is:

2.21 3d 29c¢m x 29c¢m 47" x 1.47°
0.51 Sd 12.8cm x 15cm 5.039” x 5.906”
0.11 Sd 2.8cm x 15¢m 1.102” x 5.906”

J
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frequency curve is very uneven. If you :
mass-load the straight line—by making
the area of the opening smaller than the
cross section—the line will be shorter :
than the straight line for the same tun-
ing frequency. Volume will, in general, -
increase the bass and also lower the tun- |
ing frequency a bit.

PROBLEMS WITH TL

The resonance of the pipe is what you '
want. The other, higher resonances cause
dips and peaks in the SPL and are defi-
nitely unwanted. A common way to tame
the upper harmonics is to use a driver off-
set down one-third of the pipe. This was

not an option in the Hideaway design.
Stuffing is also used to damp the un-

- even SPL and to smooth the impedance
curve. On the other hand, I do not want :
- to attenuate the opening. Therefore, I = up much space.
use light damping in the box and only :

¢ for the pipe to be hidden.

half of the line. In a sub the crossover

will get rid of the ripples, anyway. :
. Please note that damping has very
little to do with the acoustic imped-
ance (tuning frequency) of the cabinet.
- In fact, your local altitude above sea | very good for an enclosure of this size.
- level and the temperature of the air has
- more impact on the speed of sound, and
- thereby the resulting tuning frequency,
* than stuffing.

~
BEYMA IN BASS REFLEX

had the opportunity to compare

the Hideaway with a vented design
with the same driver. The bass reflex
has a higher SPL, but output dropped
from 35Hz to 30Hz, and below 30Hz
there was no sound. The cone ex-
cursion increased under 35Hz, and
this construction should have had a
highpass filter. Compared to this bass
reflex, the cone motion of the Hide-

away TL is very well damped.

This sound pressure level might
look impressive (Fig. 7), but the fre-
quency is very elevated due to room
gain, and this “boomy” sound is not
nice at all. There is no deep bass, and
the rolloff is like falling off a cliff.
Furthermore, this construction suf-
fered from port noise.

FIGURE 7: The 1
old bass reflex | *| s o]
had problems | ;; T T
with elevated | | - _
response | | . T !
causedby | [ | & 5
REEIERE el o 100 116
Hz
Frequency (Ha)

N
hobbyist involved in building amplifiers

i

. CONCLUSION
The Hideaway TL has some very useful
. properties:

* It is very practical, and does not take
e The location of the opening allows

e Allows for placement against the
wall or in a corner.

* With the opening and the driver
close to the floor, the deep bass SPL is

* Can be used with a variety of drivers
with Fs at 35Hz and below.

* Very good damping of the cone ex-
cursion.

Bjorn Johannesen is an avid DIY

and loudspeakers. His speaker designs have
included horns, full-range, and transmis-
sion lines. The interest in quarterwave de-
signs has accelerated in the last few years,
thanks to audioXpress, www.t-linespeakers.

i org, and www.quarter-wave.com. Bjorn is
. living in Denmark, just outside Copenha-
. gen. His e-mail address is bjohannesen@post.

cybercity.dk.
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