EXPERIMENTS WITH
TAPERED PIPES

IE vl run into trouble, use the line
as a dog house and design either a
closed box or reflex enclosure for your
wioofer!” For champions of trans:risson
lines who are disturbed by those frivo
lous words® here is a peace pipe. Or, o
be more gpecific, a tapered pipe, Liks the
labwrinth, the tepered pipe makes use of
quarnter-wave loading. Unlike the Laby-
gty the driver is placed some dislance
from the end of the pipe.

Tapered pipes were popular in Britain
yanr 820, but excent for a sroall amonnt
of Juntipiy maters] bolind the difwer,
Py wens bazgaeeiled. To Sncd, e de
signer of one 1960s pipe enclosure said
damping material in the pipe would spail
the performance’

The stuffed tapered pipe 15 an alter-
native to those designs, Vaigt was the
first to use the 'stopped"” pipe, which is
similar in action to an organ pipe. In
1949, Ralph West developed the Decca
carney speaker. Both systerma had rela-
tively amell drivers

THEORY. The prnciple behind the
pipe is shown in Fig. 1. The sketch in

Fig. la shows relative pressure and ve-
bocity ir: a closmd pips st resoranoe. Pres
sure polnts occur at nodes, high velocs-
ty points at loops, If you mount & speak-
er &t the closed end of the pipe (Fig. 18,
it will be loeded by the high pressure at
that end, greatly increasing efficiency.
Twe problems hinder this errengement,
First, the pipe"s fondamental ireqoency
iz so strongly fevared, low frequency
performance can sound like one-ndobe
bass. Another disadvantage is odd har-
monics production. The first harmonic
is the most serious, ing at thres
timer the furdmorsiols Saguescy
s Bet. Yo corrast |, plice the difwer
ot one-third the distance from the pipe's
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PHOTD 1: The tapared mmd damped plpe systens.
stopped end [Fig id). At that point, the

pressure will become somewhan lower
than at the closed end, but stll high
enough to provide good inading at the
fundemental. At the first harmonic fre-
quency, the drive point occurs af a loop
instead of a node, and output will be
measn

Vety” topered the plpe o palom e
one-note effect and to spread the reso-

nance over & band of frequencies [Fig: Tel.
[n later versions, the throat anea wiks re-
duced to zero for smocther response and
the driver installed at the médpoint of the
Hive [Fiz !F}. Maore sbout that later

The English builders of a generation
ago designad their pipes for 8 singls-
cone 8° driver. Total cost of a driver and
enclosure for one popular mode]l was
plout 135, ar At tha mate of suchange in
those days, aboul 314, The speaker fired
upward al the rear wall so the highs dis-
persed arpund the ooom 8l 8 sudued
kel B e 7 o restorn the lst
qreeatomes, lisieass s spplied trebls bt
Some thought the arrangement's high
frequency reproduction was inadeguate,
One asked, "“"Who put the blanket ower
the cymmbals™ The probdem of haghs lost
in the reflection pooess was oom-
pounded by the voice coll indwctance in
the singlecone speaker.

British baiiders almost always used %,*
plywood to consiruct their pipes, Thick
wills weere unnecessary, they sawd, be-
cause thetr enclosures were stiffest at the
point of greatest pressure. Some sug-
gested using a slight degree of wall Aex-
ure because it would increase acoustic
eoupling near the fundamental frequan-
oy and damp air column Tesomances,
Such statements, however, made pips
desizn seem more like magic or luck
then science. Everyone ssemed to agres
on the necessity for dght joints. Omne ay-
thor said o Yy” gap m the driver moun-
umg would redace the owutpat ot 35Hz by
a factor of four?

Aboul five years ago, after having ig-
nored pipes becapse of their resem-
hlance to the infamous “adr couples” of
early US hi-fi days, 1 buik a pipe for a
! om 69 5 B e drives Sogeriop @
18 oz, magnet mrd fuam saspension. The
$7 spesker had an amazing bass re
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FIGURE 1: Warious plpe systems. See taxt.

e As A rovgh estimate, expect the re-
guired lemgth to be aboul 63% of the
galculated length,

The pipe's srossecricnal ceea will
vary from near 2¢ro 10 2ET0, 0 8 maxi-
mum of about 2.5 tumes that of the
driver's effective paston area. The pipe
aren should be abowt equal toe the cone’s
area at the drive poirs. but 3 20% is ac-
ceptable. The port area 15 ypically equal
to the cone area, or Abou T4 that of the
maximum aren-

Taper rate is one eypect of the tapered
pijiﬁ that varies with drver skee. & 47
wisder requires less than & third of the
pipe area needed by a 3° driver. If & pipe
for a 4° woofer was designed to have the
same taper rate as that for the larger
speaker, ite tptal length weould be 20,
Even if it “acted” like a 307 pipe, the
fundamental frequency would be about
100Hz. That is mo high, even Sor 8 4°
woalfer, You can neglect tapar rale as &
design factor for small drivers, bul a low
taper rate may demand more stulfing. If

sponse in the pape, bul it also had some
obrvious peaks, the worst of which oc-
curred at ¥5Hz and 220Hz. The 220Hz
pesil was probably caused by the second
harmonic which arises af five times the
pipe’s fundamental frequency. A driver
with a heavier magnet gave much
soother response in the 95Hz region,
but showed no improvement in the
highes rescnance T considared atacking
the 220Hz problem with a Helmhbaltz
resonator designed 1o absorh enesgy at
thet frequency, bul other endeavors in-
terrapbed my plan

Fecently, while digging through aban-
dened projects in my shop, [ discoarred
the old pipes and wondered how the
principle would work with better drivers
and with damping material in the line,
To save time and material, T decided fo
raak= » miniatare pips for a4 woofer,
e Badln Sheck S40-1022. [ kosw
eonild laler apply my experience to larger
systems, but first, | had to design the
enclosure.

PIPE DESIGN. To design @ tapered
pipe system, you must choose sppro-
priate dimensions for pipe length, throat
and mouth area, and drive point. The
fandamental freguency is almost totally
set by one parameter—the total line
Yength. The formula given for i labyrinth
or pipe kength is:

1= G - 1%

where 1 is the length of pipe, C is the
speed of sound in air, £ 35 the pipe's fun-
damental frequency, and r is the pipe's
radive of equivalent radius.

Thiz formula. however, produces a
longer than necessary pipe length. Op-
posing factors are at work here because
tapacing the pipe tends to raise the fun-
damental frequency, but folding and
eholdng the mouth &t the port lowers it.
A Bare pipe will semsly perforn wi
though it wers gbout 305 longes than
its measured lengtin. and when you add
darnping maberial, it can sserm ever long-

FHOTD 2: isternal canstruction ol a tapersd plpe.
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ym:pm #oy experinent with bare pipes,
use an BT driver.

1 made a quick guess at the proper
length by setting the enclosure height at
3%, which placed the drivers cloge to ear
level. Unlike the British designs, 1 de
clded to mount the deivers m e con-
verdeeme] war, on the enctonare’s frost,
To complemen: the Radio Shacik woofer
[ uzsd & Fodio Back %" teeeter |0
1376). The crossover for this simple sys
lem i nothing more than the high-pass
capacitor that comes with the bweeter

An L-pad adjusted the hwester level to
match the woofer's rather mefficient
lovel Unkke conventional systans, how-
ever, I placed the tweeter below the
woialer, & mwre which masde more of an
effect that 1 expected.

Adter droning 2 rossh detign sdetoch
I nomdoed the e pobed vt be soane-
what short of the midpoint from the
throat b the mouth, You can oaly est-
mate the pipe length; the true accustical
l#agth may be different from that esti-
mate. The formula for optimum drive

T
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point distence from the throat is:

d= N2+ JATAg

where d is the drive point distance from
ibe throed, 1 iy e pipe lemgeh, A t5 e
theuot's sosssceions) area. and A, B
the mmath's crots-fectional area

The incatth t2 defined a5 the port aoea.
The maximum area is that of the section
just before the port. As vou can see from
the shove formula, d can vary from one-
third swthere the area of the throat is
equel 1o that of the mouth, to one-half
whiens the pipe tapers fo 2ero throat arca.
Agaln, unless you use a straight pope
wru cun only ssiemis (e dores polal'y
optlmu e,

After doing some arithmetie, | found
that by starting the throat &t a point 6~
above the mouth amd using an irobial
area of 2°7 the pipe would approximate
the formula for the drive point, The max-
imiirn area would be 2457 which would
be cholked to9.25*% &t the mouth {Fig. 2.

My fnal decision concerned the build:
ing material’s type and thickness, Far
such o small pipe, YW~ plywood seemed
adequate. But, because | had a supply cof
W™ material and because using W% ply
wiond scemed like heresy, [ opted for the
thicker wills. If you wish to try a pipe
system withou! damping maternal, try a

Here is a quick summary of my con.
sruction methods, should you chogse o
follow them:

1. Cut out the parts and preparce to at-
tach the partidon to tha sides with glee
and nails.

2. To place the partition precisely, fied
set it in place on the inmer surface of
efch sgde and mark an outline aroand i,
Then, drll gaide holes for fuils dosen Bhe
center line of that outiine.

3. After reversing the side, drve a nail
intd the partition through a hole ai each
ead of the line of holes, just far encugh
o temporarily hold the partition.

4, Remowe the =ide and spread glue
on the matching surfaces. When you do
the final nailing, the pre-nailed holes will
ensure (he pasts don't slip out of place
as you drive dowen the other 2ails,

6. After the ghee setz, caulk the joints
and install the front end back pansls
weifly ellicrme volber souler and nefls The
sealer prevents air lealks on the joints you
can’l reach during internal caulking.

6. To make the top and bottom re-
rrrvable, install cleats inside the pipe to
FECEIVE SCTEwWE

T, Gasket any removahle parls wish
foam westher siripping or other sealer,

Conrsued om page 23
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Cantiiued from poge M

TEST RESULTS, In Fig & the impad-
ance curve of the &° woofer in o s
pipe looks similar to the same model
wisalar in a pefiex. As [ digcovered later,
the woofers behaved significantly dif-
ferently in some tests. Some writers call
the impedance peaks in tapered pipes
“resonances,” but Baldock claims the
berm resonance o't appropriate because
a reactive component is present’ When
1 ran an pacilloscope fest on bare pipes,
ihe ellipse chosed to a straight Lne at the
peaks and valleys of the impedance
curves, After [ added damping mﬂltﬁial.
the ellipses remained open. The lower
peak was likely produced by eone load-
ing from the air in the pipe, whils the
upper one wias likely caused by enclosed
air stiffness behind the cone.

If you analyze the curves for the woof-
er in froe air and in the pipe, you'll see
the lower pesk in the pipe oocurs al
about 37.5Hz, whereas m fecc air, the
single peak is at 53Hz or 1,41 ames that
of the pipe. This ratio tells you the air
load mass in the pipe is approximately
egual to tha mags of the cone iteelf.

On Bstening tests, the bare pipe pro-
dused 4 hollsw, faging sound, parte-
ularly on male voices. When | conducted
n rougth frequency tesl. slgnificant peaks
and valleys ocowrred in the region below
BNz, 5o, [ lined the pipe area behind
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phe wopofer with e 1° layer of acoustical
fiberglons o the sdes, bk, and under
the top of the enclosure. T then noficed
some improvement in the Gstening tests,
and a considernble difference in the 200-
SOOHz frequency response test,

1 addend Joose wads of polyeser atting
to the pipe, placing % oz. in the throat,
filling the space behind the wooler, and
then graduslly increasing the amount in
the large section of the pipe. With sach

eddden, T monliceed He gecgress with
i end listeping fests.

You can stuff the pipe until the imped
ance curve shows a single peak, liks that
ol a closed box speakes. Tha peak fre-
quency, howsder, will be bowar in the
pipe than in a closed box. In my case,
the single peak occurred at 60Hz. After
greffing and restuifing, I arrived o what
seemed to be 3 good compromise be
tween under and overstuffing: a total of
W: oz of batting My pipe's internal
volume is 0.5 i) not including the vol-
ume occupied by drivers, partitions and
cleats. Therefore, the rate of fll ks prok-
ably about § oz. per cubic fool. The im-
pedance curve for thet condibion s
shown in Fig. 4.

Afrer the final stuffing L the
pipe speaker performance with drivers

of the same model in a closed box and
a reflex enclosure. The closed box was
clearly superior to the other twa in one
With a toral volurne of only 140
in it oocupied the Jaast amount of room
gpace. The refiex had a volume of 334
in? and was tuned to 60Hz
I then condusted nearfield microphons
bests, which ehorwed the thres Systems
performed similarly in the 80-100Hz
range. Listening trials, however, told me
a differen: story abaut bass Fange percep-
tion. The closed bax speakar was claar-
Iy moce Dmited o low frequency re-
apone. (Nearfiok ekbque dosm'? e
ister the eutput of ports removed some
distance fram the wooler.|
When hsteners compared the teflex
with the pipe, most indtally thought the
reflex had & bit more bass than the pipe.
After lonper and more careful listening,
however, their conviction waned be-
cause the pipe speaker performed pet-
ter on the lowest fraquencizs. Frequen-
Coaptindred on poge 24
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?mtin:.md from poge 22
oy response lests confirmed this condha-
siom, The reflex had slightly mors cutpat
in the T0-100Hz range, while the pipe
was clearly superior below &0Hz
An interesting way to compare speak-
er performance is 1o feed 8 20Hz square
wave Lo the speakers and chserve the
patterns produced on an oscilloscope.
This simple bexl setup is shown in Mg, 5.
The pattern will altsr acoording to the
resonance frequency of your speaker

and s degree of damping, The kowwer the
ber of oscillations that will show on the
trece. The eecillations’ E.:ftlmair hroey
ever, will also vary. 1 usad this method
o best four dentical wonler rmodels: omne
tn fres pir, then again in free air with a
blok of modeling clay [whose mass was
equzl 1o the come’'s mass] stuck to the
cone; and three other woofers in the
three Iypes of enclodures 1 mentioned
earlier,
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Before you examine my various pat-
tern photegraphs, be aware my cscillo-
scope exhibits conslderable droug when
it is fed a 20Hz square wave. Thai droop
may be cavsed by a toa small coupling
capacitar, bat whatever the reason, it is
constant, [f your instrument’s controls
are unchanged during the tests of var-
it spealkors, considor the comparisoas
walid].

The pattern in Phofns 39 and b indi-
cate, as expected, the driver core mowves
farther in free air than when installed in
an enclosure, Litlle changs ocourred in
the two free air tests, except for the k-
er resonance frequency in the one 1 con-
dochsd sfter | added mas to the cong.
The irace for the closed box woofer
[Fhoto dal shows decreasing oscillation
amplitude, but the reflex's trace [Pt
4} indlicates bitthe amplitude change. The
pipe speaker (Phofo 2| shows a single
pulse movement, about halfl a sine wave,
then very little hangever. I took Phoro 4c
after [ sdded damgping vesterial o the
pipe. but the woofer in the bare pipe's
trace was almost identical except for &
small deflection at tail's end.

To test the woofers in the three kinds
of enclosures, [ fed each a 55Hz sine
warve signal from an dudio generator
through 2 tone burst generator and an
amplifier [Photos Se-5¢). In fairness to
the reflex speaker, it had no more over
shoot than the pipe speaker at frequen-
cies above B0HE, and only slightly mors
at ToHz. The pips speaker was af |cast
equal to the others at all frequencies, ex-
cept at LBOHz whers it ahowed a bit
maore hangover.

After reviewing the experiments with

the 4° woofer, [ decided the tapered pipe
systemn deserved further testing with a
|larger weoofer. With that in mind, 1 began
to work of & pipe designed around the
Feerless TPLASF.
SECOMND DESIGN, Peefless Hats the
TP1G5F s effective piston area ot 12.45 ¥
10" square meters, ar about 200 in® 1
made the internal dimensions 5% x &7,
putting the pipe’s theoreticn] maximum
area al 52 in® By using %4 * material, the
minimum cutsids dimensions are Tia”
x 27 Because pipes are 50 compact, they
accupy very little foor spece and vet do
nol reguire stands. On mest floor sur-
faces, however, you may wish to enlarge
the bolious: board o add stability to tae
tower. Extend the beard bevond the ex-
closuey's front & poenter gramiy's pull
on the front-mounied drivers

For casy pipe construction, place the
baseter below the woofer, as shown in
Fhats 1. Iromdcally, a tall enclosurs, with
the tweeter al =ar lewvel, should have the

Cantimtesd on page D
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PHOTE 3; Squan wave tesi on 2 4 wonier in free air a), and with nass sdded o cone ).

Comlfnged fromn poge Ad
tweeter above the woofer. When [
planned my design, 1 overlooked one o=
fact of placing the tweeter below the
water. Althoush, & wou will see, 1 later
solved the peoblem to my satisfaction,
consider placing the tweeter outside the
pipe, on tap of the tower. This decision
will depend on your personal prefer
ences a5 you welgh performance ageinst
appearance A consiruction ehse
lincreased the larger pipe's length in
en attermpd o extend the bass range. Ex-
cept fior Inading the driver {0 a lower fre-
gquency, however, | doubt whether it
made much lmprovement. Again, [ bad
to din somne arithreetic to estimate the op-
timurn dive polnt. My figures indicated
1 showld begin the throst about 67 aboee
P A i et it
Ty ander 3 i Yo cam-dio-Ths Ty gRaliag

om @ Lghter optimum packing density
than 1 kind nsed an fhe smaller pipe. The
fnal amount was & squars foof of 17
Bherglass on the sufaces behind the
woofer, an ounce of polyester batting in
the throat, and 5 oz. in the remainder of

the pipe Althoassh the density was loswser
than for the smaller pipe, the impedance
curve was similar (Figo 7

Thee larger systean’s bass performence
was promising from the stars, but some-
thing abowt the sound wasn't right- At
first, I was templed to blame the tweeter,
A German-made MEM255 1 obtainsd
from McGee Radio, bui later tesis
proved me wrong. As i termed out, [ had
several problems, some of which in-
yiolwed tle crossover netaark

EVOLUTION OF A CROSSIVER.
My first crossover network choice was
a secomd-order APC (all-pass crossover)|
described by Bullosck® My enclosure
Jesgn had placed the wocler-twester
center4o-center distance st 34", 5o 1
planned to put the crossover frequency
below the point where thar distance wes
erpual tn a8 wavelength, or under 2. 6kHz.
With thal in muind, 1 chose 8 crossover
frequency of 2.2kHz

At first, the system sounded loud —an
ominous symptom. The problern furned
ot to be a mse n oulpul berwoen
BWOHz-1_8kH=x, & | made a Llter to
amocth the woofer's response in that
ronge. The: fltor irensipanved the somd,
helping the speaker io wear well in long
Lstening sessaoms, Bub cne abhormalicy
remzined; the verticgl respaonse was nod
wrafarmm when 1 stood in the sound feeld
and then sat down, Even pecple who
lixed the spomaly mentioned it "kt
sounds sweeter when vou sit down,’
one person remayked

When [ chacked the fregquancy re-
sponge al varicus elevations, 1 found a
null in the 26kHz region af eas level
while listening from across the room. I
realized that when [ placed the taseeter
helow the wosfzr, 1t ipped the axds up-
ward (Fig &i. Al standing ear leerl, the
null was replaced by & smmooth respanse.
Surely, the erossover nebwork was in
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lact with the rear of the front panel.
[ ran the usuzl tests with varous
amovmts of damping material and seftled
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volved, but the problem was caused by
a combination of factors that made the
wiooder's realizend rolloff rate diffcrent
than that predicted by the second-order
fiker

I measured cach driver's responss
substituting a resistor in the crossover
network for the muted driver. Indhe 2
3kHz band, the woofer's and tweetar's
ouiput were equal.

1 had several solutions to choose from.
As oberious one was to use a higher or-
der crossover. Having already made up
i set of crossover medwaorks, 1 tied to sal
vage them with noich fillers, tuned to
3kHz. in the woofer circuil. The first
filter, made with a 0.25mH coil and an
114F capacitor, did not provide enough
cut. &3, | made up another sef, using
lmH colls and 3pF capactors. They
solved the problem, but 1 woandered
whether a simpler method could give me
an acceptable performance

Throughout the tests, 1 ied nearly
every aotion, including reversed driver
polarities. Finally, a singls, larger-than-
norraal inductance in the wonfer circuait
af¥eoed, priiraiae 3o, 1 refteed dhe gooes
over freqeency to 2kHz and made up a
third-arder fitker far the twester. When
you cansider the woofer's impedance
wilth the Zobel in its circuil is about 62,
the caloulated value for a single induc-
tence is abgnt O0.48md. Inctead of dery-
ing the value from calculations, [ set up
the speaker ouwldogrs on 2 gunet day and
ran microphoae tests with varkous vahaes
of imduetance. The one that produced the
Mattest curve turned oul to = ImH
more than bwice the Indicated value
This, however, is ot a e conclugion.

RESONANT PEAK FILTERS The
MBM238 gave a good performance, but

LP_asiE or wvorse coins
L

FRDKT OF EHCLGSURE

FIOURE F: Wieen tha twieisr b Installid belew the
mlq,uiumhﬁlﬂlhﬂlmhhlﬂd

FHOTE 4; Square wave iesl o 4° woafed n ciosed hox (&), s reflaa (), and in tapered sipe (o),

[ found it had one peculiar teait, Bven
with a third-order network, a conasder-
atile ool from the bwerter occurred
at 1.1kHz—its resonance frequency. The
abvicus fu seemed 10 be & rescnant peak
filter. )

The [owdspeaker Desigr Cookbook
(LI} lists thee fallonwing formule for s
vasanl _Fn:;.'lk hliera

Cm1N5Zf
L = L2048 0
R = appreadmate rated driver impedance

Flieey woduced by this forela ane of-
fecfive in removing the peak, bat they
can also effert a lower than desired im-
pedance in the octave gbove resonance.
In those cases, you need a higher . A
formmala that usually works well 1s:
C = /6
oA

Yom i ecmapabe the sther values from

e LOC fowrmlas, I pogsibie, chooss <he
final velues by axperimenting. | used the
formula above to sake un the REFs (res
emant peik fAlters) suggesied in the cross.
over diagram (Fig Sz). You will need a
different BFF (Fig. 9! for the MCD2 50
the more expensive ttanium tweeter
made by the MBM235's German manu.
facturer. For either tweeter model, the
combined impedance of the RPF, L-pad
and tweeter is aboul 61, 50 the same
crossover values will work on both.
While the winng disgram shows re-
vergod polarities for the deivers, pufting
the drivers m phimse will make for &
sbightly more uniform responss at cross
over. Unforfunately, it alsao raises the lev-
el a bit at 1.8kHz, Gong back tn the re-
wersed condition will shaft the boost up-
ward on the axis, leaving 8 slight dip at
srosscver ot car level when you'ne lston
ing while sitting Unlike the earlier prob-
lem, howeyer, the dip is 1oo shallow o
be notced by most lstepsrs. Anothes

Speskes Bullder [ 2087 3T
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snlulion is {0 Frows the mester g & pasi-

on on top of the enclosure. A small baf-
fle here shoald give you mmproved han-
zontal distribution.

The tapered pipe, with its kow cost and
canstructvon eage, ghoold be 4 contender
in the enclosure race. [t does require a
Bkl mare timkecing with -.'J't|11[_. g wliT-
ial than a simpk box, but challenge is
parl wf the game.

The damped pipe has severz] advan
tages ower the bare pipe. including cae
that enighl not be obvaoas. In 1963, Alan
Lovell, news editor of the British maga.
Tire The Tope Recorgler, heard unusual
noisas eorming from one of his tepersd
pipe cnclosures. After analyzing the
soumd, he fouand his cat had crawled in-
Lo thie phpe and was stuck. He callad ang
called, the cat howled and hoaled, bus
it dede’t muve. Wi, Lowell had to take
his enclosure apart to get the cat o
Another builder reported the first ime
his gt saw & tapered pipe, i went right,
info it

A% & résuli of ithese incidents, warn-
ings were issued for builders to place
screens over thelr pipes” pots, 5o, of vou
r'.l.n imtd trowble, dom't expect 1o wse the
digearded pipe as a cat residence. But
if you know anyone who has a pet
s, B
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#7740, ihe FOF0T and s peohile g ApagisR e
ol i mony periodicalt inclsdivg Popuiar Me-
chorizs. e by tAe gt of Herw b Desipn,
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