A project for

hi-fi perfectionists
described by

P. Atkinson

MY interest in above average” loud-
speaker design was first stmuolated way
back in 1970 by an anicle in M- News by
I, Wright! on transmission line loudspeaker
development which appeared in the Tuly
issug of that year. Both professional and
amareur designs which have materialised
since then prove that [ was not alone in
appreciating that and a subsequent article,
With the introduction of commerciaily
manufactured transmission ling loudspeakers
there followed much listening to various
models and comparisons with speakers based
on ather principles. The good and bad points
of the various principles have been dealt with
in many articles and suffice to say here that
in my apinion the oniy enclosures to perform
compictely satistactorily in the lower octaves

the drive unit in the cabinet. If the resonant
frequency of the bass driver is suficiently

low in free air, when installed it can be as

low as 20 Hz. The purpose of the wnnel or

| duct is to absarh energy radiated by the

cone's rear surface and the two factors
which are vitally important are the length of
duct and the damping built into the duct.

For a cabinet/driver combination resonznce
of 25 Hz a pipe length of approximataly
33 m is necessary o equal the quarter wave
length theoretical minimum, Practical
designs, however, are often shorter than this,
50 to make up for the deficiency it is
necessary (o introduce severe damping and a
tapered duct.

Having decided on the transmission line
principle the only remaining problems were
financial {up to £400 per unit) and domestic
{Im or more high) for commercially
available speakers. There followed a close
study of current models, hours af pondering
and many draft designs before my version
was finalised.

The basic terms of reference which T set
myzelf were as follows:

1. The total height must net exceed 90 cm
imy wile said o). In practice the height
turned out (o be 37 cm.

The length of transmission line should
be ar least equai to the larger
commerciatly available enclosures and
stouid rely more an length than heavy
damping,

3. The enclosure should be at least as
rigid 25 and preferzbly improve upon
commercizlly available enclosures.

4. The rear of both the bass and fower
mid-range units should not be allowed
to drive directly onto the outer rear
panel of the speaker (often a major

" cause of coloration and siting problems).

5. The enclosures Should be designed
effectively from a constructional point of
view in order to avoid the necessity of
maunting them on a stand, siting them
at given distances from a wall, or
suspending them from a ceiling. [n my
apinton all of thess are signs of failure
and compromise,

X

The Jower mid-range enclosure should
use the acoustic suspensicn principle

and as far as possible be of asymmetrical
design to prevent reflected radiations
reaching the back of the cone or the
establishment of standing waves.

The velume of the mid-range enclosure
should be greater than that used in
competitive designs, but should load the
B110 to reproduce the Jower middle
cleaniv and clearly.

§. Only the best drive units currently
available should be emploved, and the
number seiected to give the smoothness
of drive normally associated with
electrostatic designs.

9. Coloration and boom were not to be
tolerated.

~

11. The rigidity of the front panel should be
beyond question in order to provide
“biting” transient responses when
required.

12. Finally the fnished product must look
professional and be aesthetically
acceptable.

Several of the above considerations at
first appeared to be contradictions 1o the
dimensional restrictions imposed, However,
my final design based on the above
consideralions Zives a transmission ling of
nearly thres metres wiich is aimost double
that of some larger commercial designs and
far in excess of anything I thought possible
in such a reasonably sized enclosure.

Fig. | shows pictorially how these design
cancepls were pul inle practice and it will be
noticed that even the plinth has besn put to
use, obviating the provision of the outlet
duct between drive units as is the case in
many designs. Suwch designs considerably
weaken the rront parel with a comesponding
loss of rigidity, The mpered recess at the
rear of the plinth 15 used to accommodate
the crossover unit and controls, which is a
further useful feature since it allows
experimentation with the crossover unit
without interfering with the seaied enclosure.
Equally, if service is later required, such
accessibility will be most useful,

The drive unis selected and the reasons

i 5 fi * ¥ -
for selection are as follows: Ak =

Bass—HKEF B139 8 {2—Almost universally
approved as the best currently available and
certainly capable of handling the high inputs
which this enclosure design requires.

Lower mid-range—KEF B110 82— 5.7
Almost egually umiversally accepred as ths-
micd-range umit. [t is required by professionzl
designers o perform weil in a wide variety
of sizes and shapes of enclosure. By
providing a geometrically superior shaped
enciosure [ considered that it would now be
capable of equalling and almost certainly

ke an improvement an anything currently
available.

Upper-mid-range—2 Celestion HF130s—
Praised by all reviewers for their smooth
output in the upper-mid range. Listening to
various speakers suggested that they were at
their best in Ditton 295, but on exploring the
market [ found that while these were readily
available in the 15 () form they were
unabtainable as 8 12 units. As [ had no wish
to introduce matching transformers or
balancing resistors in the crossover circuitry

[ decided ta use two 15 £ units wired in
parallel to give an effective impedance of
T5[l. Asa bonus the power handling
capacity would be increased, a wide angle of
dispersion would result and the extra
smaothness of suitably located drivers in
tandem would be available, £52

Tweeter—KEF TZ7 8 {1—To continue this
smoothness into the tweeter range | retained
the T 27 which performs so well in my

infinite baffle speakers, giving a treble sound
which [ consider to be superior to either the
Cuoles 4000 ar the HF 2000, which are often

are based on the transmission line principle. 10. Driw_zri. must be sited 50 as not (o create used as the next on up from the Celestion
Unlike ather systems the transmission line phasing pmblems_ and must be in HF 1300,

can actually lower the resonant freguency of suitable juxtaposition.
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(E-uper Tweeter—Coles 4001 K § [1—
To perfect delivery in the upper range
through into the ulirasonic this excelient
little unit was coupled to the T 27, Many
speaker designers seem unawars that i is
availabie in the 4001 K B L1 form, the 4001 G
15 £ being almost universally adopted even
to the extent of coupling this through a
matching transformer, which seems a waste
of money—and the introduction of a possible
source of trouble.

All but the HF 13005 are readily available
as front mounting drivers and although
Celestion do apparently produce front
mounted 13005 | was unable 1o obtain this
model. This was overcome by mounting the
two 30 on a common piece of paxaolin
together with suitable spacers, In order 1o
bring the centres more closely together 11 was
necessary to form flats on the mounting
flanges of the drive umirs.

When finally mounted all the drivers were
sealed with mastic as used by builders and
readily available from builders’ merchants.

The final remaining design consideration
was the crossover circuil. An article by
John Crabbe® in Hi-ff News of March 1972
solved the problem. His design produeced an
excellent impedance curve and provided a
bass/mid-range crossover frequency of
235 Hz, and a mid-range/treble crossover at
3-5 kHz, figures which [ found attractive on
two counts. Firstly it means that the range
1o which the ear is most sensitive is handled
without interruption by the B110 and
secondly my Sansu AL 99 amplifier has
selectable bass turnover frequencies, one of
which is 200 Hz. Thus, should it be necessary
to modify the drive 1o the B13%, the two
crossover figures would match admirably.

The oniv modifications to the Crabbe
circuitry are the removal of all attenuations
to the B139, provision for a five-way spiit
and the substitution of constant impedance
& {1 attenuvators for the HF 13005 and T 27.
In my listening room best results are
obtained with these contrals slightly below
maximum.

I retained the slight step in the drive 1o the
B110 which Mr. Crabbe intraduced to
overcome diffraction in his bass horn/[E
arrangement and although, as it happens,

I have no similar problem with the
units mouwnted in one vertical plane,
subjectively [ found the arrangement highly
satisfactory. I have experimenied with
various other crossovers including the
Frishy® variations on the same theme but I
always return to the circuit dizgram which is
shown in fig. 2. Long fibre wool was used
on the strength of both the recommendation
given by Dr. A. R Bailey and the convenience
with which it can be installed at varying
densities.

i Materials required include:

High density 12 and 19 mm chipboard.
FEesin W PYA Adhesive for all wood joints
which are also held in place by 1dinx= Mo, &
countersunk screws (300 per speaker], the
Formica is secured with Dunlop Thix-o-Fix,
the BAF Wadding can be glued with Copwdex
latex rubber adhesive and, the Velcro strips
which secure the grilles in place are best
stuck with Araldite, The sides, top and
front rim of the main housing were venecred

\

using Handi-Pak iron-on teak venecer which
was subsequently finished with Ranseal
Satin Polyurethane but this can be made o
swit individual tastes, The main grille
comprises & 19 = 19> 3 mm alumimium

FlG. |

frame with 16 mm square wood on to which
is fixed the grille cloth, The grille to the

outiet duct is slightly different in so much as

the aluminium angle frame is fixed 1o the §
frant of the duct and the grille cloth

| attached to 2 2 mm hardbeard former

which is & good fit inside the angle housing,
Velero was found 1o be unnecessary for this
small grilie.

Construction should commence with the
lower mid-range chamber followed by the
inper-core of the transmission line, All the
baffle plates and the back and base must be
exactly the same width and not less than the
nominal 33 cm. The rear curved surface in
the mid-range housing ean be formed by

~

hand from Polyfilla which adheres very
securely to chipboard. BAF wadding and
long haired wool should be installed in the

| mid-range housing.

I it is decided 1o dispenss with the
alurminium angle frame for the main grille
then provision must be made 1o receive a
woeden structure by increasing the width of
top, sides and base, forming a deeper recess
at the front.

The top and vertical webs should be cut
shightly oversize, fixed in piace and then
planed flush with the ouler panels. The
vertical webs can be glued to the Formica
lining at the back using Thix-o-Fix. Two
separate pieces of 3 mm hardboard are used
to face the 19 mm chipboard front panet in
order to provide a smooth outer surface—
a very rigid laminaton and an easy means of
ensuring that all drive unis are recessed 1o
the correct depth.

The outer skin of Formica on the rear
panel should be fixed after the back has been
finally secured to the cabinet but before the
weneer 15 used, Dwring construction
provision must be made for the internal
wiring of the drive units. The lower base
unit was sealed and lined with car bady
underseal.

I consider a power drill 1o be essential and
1 found my jig-saw, circular saw and orbital
sanding attachments of immense value.

Pilot holes are essential for all screws in

chipboard which in turn must be opened up
1o clearance and countersunk, An excellent
tacl for the secondary operation is a Stanley

| Screwmate. The wood should be sprayed

with Cooper's moth-proofing solution.

All assemblies and sub-assemblies should
be tried and any corrections made before
attempting o glue. The hardboard front
should be sprayed or painted mar: Black
before assembly, Screw heads and/or holes
should be filled with Rawlplug Plastic Wood
and sanded before the cabinet is veneered,
Several coats of Ronseal should be applied,
rubbing down all intermediate coats with
steel weenl, while the final coat should be
thinned with turps substitute.

While it i5 impossible to provide
constructional detaiis in full in a singie
article the views and notes given should
provide sufficient information for the
enclosures to be construcied by an

experienced DULY. enthusiast, to page 77
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STATE OF THE ART L.s.

zijdeglane vernis
aluminium hoekstrip
Gura kmeedbaar hout
matzwarte lak

Onderdelen voor 2 speakers. Onderdelen voor 2 acheidings-
filters. SIGEE 'ﬂf the Art
3  Kaf Bl}ﬂz"" He;chcnt jnvesﬁga_:li?%s rll:?;.-l the
N i = : author of our Apri articla on
2 Kef Bl10-5PL1057 2 S mH HP 0,9 mm .:.E.?:TJ.E‘ESPDEI the asove LS have shown that,
2 Kef T27 2 9 mf 0,63 mm ferrietspoel while the amount and location of
4 Celestion 0 lﬁﬂﬂ 15 ohm af o CI',I'S mH '31.75 mm lu::htspoel .the ﬁ?mping_linatfrial ur-_rscrihe_ri
: st an'® om 2 0,5 a 0,75 um luchtepoel | ¥ el of much woer
2 Coles 4001EK = 8 ohm 2 0,35 mH 0,5 mm luchtapoel frequency balance and efficiency
) ) 2 A0 uF hinalaire elea of the system can be changed
2 = kg, J}r.EailE}"’S lﬂﬂghalr 3 RO uf hp lai l without reduction in quality by
1l meter x 1.40 m Baf it s eleo its complete remaval. This has
] ¥ : : 2 20 uF bipolairs eleco the effact of significantly in-
2 100 x 45 em luidspr. doek 4 2,7 uF polyest i creasing the relative bass out-
: % 5 polyester cond. e . !
1 meter Veloro klitband Mo D e B traak d put, which might be useful in
2 entrée's df 2 kroonstrips ] o ST O, some rooms, and subjectively
- : 4 1,5 uF polyester cond. impraving the overall efficiency.
met 10 units 2 1 uF polyester cond. Partial removal of damping
5 2.9 e material from the enclosure aniy
houtlijm P G‘h-m- 5 watt weerstand resuits in a droo in guality,
s B 2 15 ohm 5 watt weerstand . although it is pessible ta adjust
giliconenkit 4 L Pada 30 watt Of: the reiative efficiency of the mid-
£00 houtschroeven 4,:] x 4 mm VE 1 ) = range ilndﬂpenu'cﬂtl?r af the bass
&0 houbael aoan 25 x 3 mm VK 4 2'2 ohm 5 watt weerstand en by adding or removing damping.
fineer of deurplaten van 3 mm 4 15 ohm 5 watt weerstand

State of the Art Loudspeahker

The required finish was only obtained
after some experimentation but the final
product in no way looks "homemade' as the

" ilfustration shows. They have been accepted
into the househeld by the lady of the house
and are regularly anointed with Tealk Ol
along with the rest of the furniture.

Strength and rigidity are beyond question and
it is difficult to imagine how this could be
improved upon. Each speaker weighs aver

45 kg 5o #hat neither concrete lining or
stands are required,

And what of the results?

Efficiency is low as it always is with this
type of speaker and any room large snough
1o enable the lower octaves 1o be produced
will require an ampiifier of at least 35 watts
RMS per channel. My own room is
9-2% 3-Tx 2-6 m and the 50 watt per channel
Sansui 15 quite adeguate. [n common with
most of the better designs available today the
AL 9% has a direct coupled {no cutput
capacitor) power amplifier, This feature is a
great asset when it is required to provide
high power at low frequencies. The usuval
lighting flex leads from amplifier to speakers
ishou!d be replaced by leads of lower
impedance. Thirteen amp cable i3 much
better. A high damping factor is another
very desirable amplifier attribute.

Given these conditions bass is smooth,
deep and beautifully clear. Mo boom, no
excess upper bass, and distortion is
undetectable. The separation of the lower

HI-FI MEWS3 & RECORD REYIEW

| register instruments is excellent and the record

! produced by JBL and suppiied to dealers to

demonstrate JBL spezkers might have been
macde for my units. The individual
instruments and combinations recorded an
Side 2 are exciting to listen to, whereas on
my IB enclosures the record sounds very
ardinary,

The lower mid-range performance fulfils
all my expectations, The human vaice i3
reproduced most naturally and the problem
of sibiiants experienced with the BL10 in a
symmetrical enclosure no longer exists.

Compared with the performance of
simifar drive units mounted in the [B
enclasure there is a vast improvement all
round. The upper-mid, tweeter and super
tweeter outpuls are 35 smooth and untiring
as expected, with wide dispersion at all
frequencies. [t seems impossible to induce
listening fatizue and (ransients are lerrific,
At first the output seems [less “warm” than
the 1B counterpart but continued listening
shows up none of the mid-range prominence
50 often associated with B110s in conventional
symmetrical [B enclosures.

Professional musicians have been delighted
with the realism with which individual
instruments are reproduced.,

Stereo image is firm and often three-
dimensional. The speakers can deal with
the most delicate of sounds or handle the
mightiest organ or orchestral passage. [ have
tried the speakers with various hi-fi
combinations and am delighted with the

results obtained {rom an ADC XLM

APRIL 1974 .| ;TV“_‘ {T | {'\l
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cartridge mounted in the fixed headshell of
an SME arm on a Thorens TS0 deck
through the AL 999 ampiifier.

With top quality supporting egquipment
there is no evidence of the “terrible trip"—
muddle, beaming and coloration.

However, those who have grown accustomed
to booming bass may at first think there is
something lacking in the lower octaves, but
it is s00n obvious that it is oniy the boom
which is nat there. When there is bass on the
record it is reproduced faithfully and in the
case of test recordings this can be well

beiow 20 Hz,

To those prepared to spend the necessary
time on the construction of these speakers
I would suggest that here is an oppartunity
1o produce transducers (o a standard at
least as high as that which can be purchased
at conziderably greater expense and in .

| considerably larger packages.
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