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High Fidelity Loudspeaker Enclosures

Introduction

With the increased interest in High Fidelity, it
is obvious that there is a need for a comprehensive
handbook, with practical plans relating to loud-
speaker enclosure construction.

Suitable enclosure design for High Fidelity
reproduction has always been an art combined
with a certain amount of science and loudspeaker
manufacturers usually make available one or two
suggested enclosure designs. However, there has
not been any book available offering such a wide
choice as the present volume.

Altec. Lansing Corp.
Electro-Voice, Incorp.
General Electric Co. !
Jenson Manufacturing Co.

Klipsch and Associates ...
James B. Lansing Sound Inc.

Racon Electric Co. Inc. ...
Stromberg-Carlson Co. ...
University Loudspeakers Inc. ...

United Speaker Systems
Ete.

Classes of Enclosure '

The loudspeaker unit itself is one of the most
important links in any High Fidelity chain, but
without a suitable enclosure there is no point in
installing a high grade unit because without this
vital ancillary the loudspeaker is incapable of
proper reproduction.

There are many classes of enclosure, of these the
most important are the horn, and the direct radia-
tor. Naturally, there are many variations of both

The author would especially like to thank the
following U.S.A. Companies for making available
their suggested designs enabling him to present a
range of models from the simplest and smallest
to complicated multi-speaker enclosures, suitable
for large halls.

One reason for selecting American Designs is
because the major loudspeaker factories and
acoustical laboratories in the U.S.A. spend a very
much larger proportion of their budget in research
in this field than is the case in this country.

161, Sixth Avenue, N.Y., 13, U.S.A.

Buchanan, Michigan, U.S.A.

Electronics Park, Syrecuse, N.Y.

6601, South Laramie Ave., Chicago, 38,
Hiinois, U.S.A.

Hope, Arkansas, U.S.A.

2439, Fletcher Dr., Los Angeles, 39,
California, U.S.A. 3

3746, Boston Road, Bronx 69, N.Y.

Rochester 3, N.Y., U.S.A.

80, S. Kensico Ave., White Plains, N.Y,,
U.S.A.

34, New Street, Newark 2, N.J., U.S.A.
Ete.

of these and plans of an extensive range of both
types has been included.

With the horn system, the speaker diaphragm
is linked to the air via an impedance structure, i.e.,
the horn itself. Whereas with direct radiators the
speaker diaphragm itself is directly coupled to the
air without an intermediate step. Horn enclosures
are capable of superb reproduction, but to get a
full frequency range, a very large structure is
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necessary. This makes them much more expensive
than the direct radiator, which can itself, prove to
be a very effective design. They reproduce at
nearly as high an efficiency and with practically
as wide a frequency range as the horn enclosure
with the advantage of much lower cost and more
important still, much more compact and present-
able form.

Correctly designed horn radiators produce no
transient generation over a very wide frequency
range, resulting in much higher acoustical effici-
ency than is possible with a direct radiator.
In other words a comparatively low power is
required to feed a horn radiator compared to a
direct radiator working at the same acoustical
level. However, by careful design direct radiator
enclosures can be made free of transient generation.
An important feature of the horn radiator is the
low.distortion factor due to the low power required
to load it effectively. Amplifier distortion is likely
to be less at a low power level. However, to offset
these advantages the horn enclosure demands
much more critical construction than the direct
radiator and if required to cover the lowest
audible frequencies their physical size tends to
become unrealistic. The horn reproducer is used
mainly in theatres and large auditorium installa-
tions, where its large size is of no consequence.

Direct radiator enclosures are available in
various form such as the infinite baffle, folded
baffle, flat baffle, base reflex or labyrinth. Horn
enclosures are also found in various forms such
as the straight horn, single and double folded
horn, Klipsch horn, multicellular horn, etc. It is
possible to utilise combinations of both types of
enclosure, such as a direct radiating high-frequency
and mid-frequency speaker combined with a rear
folded horn radiator operating from the back of
the speaker, to make the most of the low fre-
quencies.

This book covers both of these principle types,
together with as many variations as possible. No
special recommendation can be given for using any
special design in preference to another.

Reproduction of sound is very similar to the
enjoyment of food, that which suits one listener’s
ear may not please another persons hearing. How-
ever, each of the designs included in this book
have been tried either by the author and his
friends, or by various research institutes and

loudspeaker manufacturers, in every case results
have given satisfaction to the majority.

It is pointed out at this juncture that most of
the designs described are patented and it must
therefore be clearly understood that because a
design is shewn in this book it does not imply a
licence to manufacture for re-sale. Single hand-
made copies of the suggested enclosures should
not, in the opinion of the author, contravene any
patent granted to the original designer.

Much of enclosure design is based on compli-
cated mathematical formulae. Because the average
constructor has no desire to be taught or reminded
of advanced mathematics, the technical reasoning
why various dimensions are chosen has been
omitted as this is better explained in the learned
works available in the field of acoustical
engineering, ‘ e

Bass-reflex enclosures are amongst the most
popular types used for High Fidelity reproduction.
The critical factors of this design are the port or air
gap calculation and the overall enclosure dimen-
sions. These measurements are controlled by a
number of factors, the most important are the
resonant frequency of the loudspeaker and the
physical area of its cone. These standard factors
result from the original work of Helmholtz, etc.,
and to save readers extensive calculation, a num-
ber of tables have been included showing the port
size and length of tunnel dimensions, for a range
of loudspeaker sizes with various resonant fre-
quencies. Ideally the proportions of a bass-reflex
should be in the ratio of 2:3:4 with respect to
depth, width and height, two extensive tables
covering this data are included. It is strongly urged
that after constructing any bass reflex enclosure it
should be carefully tuned to the speaker or
speakers fitted. Tuning means making the port
larger or smaller to cope with individual loud-
speaker variations. This can be easily effected by
means of temporary sliding doors on the ports to
permit experimental variation of their physical
size (see Page 44).

Tables

Table A, gives the required dimensions in the
ratio of 2:3:4 that will be needed to construct an
enclosure with a volume of any desired number of
cubic feet. Table B, is similar to Table “A”,
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except that the required volume is shown in
cubic inches.

Table C, D, E and F, are to enable the reader
to assess the cubic capacity required for an en-
closure depending on the resonant frequency of
the speaker to be used. At the same time the actual
port area and port depth or tunnel length is shown.
These four tables cover 10, 12, 15 and 18” loud-
speakers.

Further information on using these tables is
given on Page 33 section headed Using Tables
A—F.

Many of the designs in this book use more than
one speaker, this is because even the most perfect
loudspeaker can produce only a limited range
of frequencies. High Fidelity reproduction over the
useful audible frequency range, i.e., from 30 cps.
to 17,500 cps., require a combination of two or
more loudspeakers. A bass unit covers the low
frequency band, i.e., 30 cps. to 5,000 cps. and a
high-frequency tweeter to reproduce 5,000 cps. up-
wards. Sometimes the audible range is split up
between three speakers. In this case a medium
size loudspeaker is used in addition to give bril-
liance to the middle register say from 1,000 to
5,000 cps.

When selecting a loudspeaker, particular atten-
tion should be given to the size and weight of the

‘magnet used. A large heavy magnet is necessary

for high acoustical efficiency. Readers should not
be misled by advertisement claims of very high
gauss, unless combined with very heavy magnet
weight, i.e., in the case of a 12” speaker a recom-
mended minimum weight of at least 48 ozs., of
magnet is suggested. Checking this point is espec-
ially important as many manufacturers simply give
the magnetic flux density, but do not state the
actual weight of magnet used in the speaker. This
is often as low as 4 to 5 ozs. 8” speakers require
a minimum magnet weight of 16 ozs., tweeters
of 2”7 to 4” diameters, 4 0zs.

Timber choice is left to the constructor, how-
ever, a thickness less than that recommended
should not be considered. Experience has proved
that high grade bonded ply is one of the best
types of material available, because it does not
suffer from distortion or warping and is usually
well seasoned before delivery to wood merchants.
Much experimenting can be carried out to improve
the response and to eliminate transients on bass-
reflex or direct radiation enclosures with damping
materials, such as fibre glass, thick felt, blanket-
ing, etc.
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500 cu.ins.

1,000
2,000
2,500
3,000
3,500
4,000
5,000
6,000
7,000
8,000
9,000
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TABLE “A”

DIMENSIONS IN INCHES TO GIVE

REQUIRED ENCLOSURE VOLUME IN CUBIC FEET.

8640

12096
13824
15552
17280
20736

86400

120960
138240
155520
172800

1505 R 80 e R 0

1728 cu. in.
3456 %
5184 "
6912 o

10368, s

24192 =,
27648
31104 ,,
34560
43200 ,,
51840 ,
60480 ,,
69120 .,

103680 .,
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TABLE

((B”

depth

8%
104
12
133
141
15
16
163
173
18
19
20
21
213
221
241
251
271
281
301
321
341
353
371
381

DIMENSIONS IN INCHES TO GIVE

REQUIRED ENCLOSURE VOLUME IN CUBIC INCHES.

(| | (|

KKK TR XX KKK R (XX

width
83
101
13}
14
15
153
161
173
19
197
203
211

MXREX R 5 XX KK KX

height
11
132
173
183
20
21
22
23%
25
261
273
282

Volume

10,000 cu. ins.

12,500
15,000
17,500
20,000
22,500
25,000
27,500
30,000
35,000
40,000

g 15 e R e ) S

ORI KX X XK KX X KK XK XK X X

depth
15
16
17
18
18%
193
201
21
21%
223
233

width  height

12 x 163

153 x 21

j8 - 'x 24

20 % 26

213 x 28%

221~ x 301

234u K NaD

Dy ey

26 x 34}

263 % 35%

283 x 38

30 x 40

313 x 413

323 x 43%

34 ¢ .x 45

361 x 48%

373 x 503

403 x 543

421 "= 57

A6 RG]

49T =0T 65

% %681

533 x 713

553 x 743

Sl R RER
width height
x 223 x 293
s DAt R0k
x 2532 x 34
o2 %136
x 28%F x 37%
293 x 30
x 301 x 40%
x 312 x 413
%323 ix43
x 34 x 45}
x 35F x 47%
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Fig. 1. For the first time a practical spherical
tweeter reproducer is shewn. A working model of
this assembly was demonstrated at the Hanover
Fair in 1956 and aroused considerable interest.
Since then, descriptions have appeared in German
and French radio publications. Twelve tweeters
are used and sound dispersion is completely omni-
directional. The original design used 12 TSL
Lorenz LPH 65 tweeter units, and it is recom-
mended that these should be used if the remark-
able results achieved are to be duplicated.

The finished appearance is rather similar to a
sphere of 14” dia. Mounting can be effected in a
number of ways, either on a lamp standard, so
that it is placed above the main middle and bass
enclosure or alternatively, particularly effective
results are achieved if the unit is suspended from
the ceiling, as though it were a pendant lamp.

Wood used for the original model was 1” ply
and all 12 pentagons fixed together internally in
the form of a sphere by using inexpensive minia-
ture hinges, thus making a most effective unit with
a minimum of labour and at low cost.

It is very important that the impedance com-
bination be calculated to suit the impedance
offered at the output of the amplifier.

A series-parallel arrangement is necessary, the
impedance of the LPH 65 may be taken as 5 ohms.

Fig. 2. Particularly recommended for super-
ior performance where 12” or 15” bass speakers
are used and is a combination of bass-reflex with
all the assets of a horn reproducer combined. Con-
structional details are clearly shewn, of special
interest is the pyramid reflector in the bottom por-
tion of the unit, which provides perfect diffusion.

Fig. 3. Recommended where overall size is
an important factor as with the modern living
room, It is a true example of the tuned port bass
reflex cabinet, and should be built of seasoned
timber, minimum thickness ”. Alternatively good
quality ply of similar thickness can be used. The
base legs can be made to suit individual tastes.

Height from the floor should be approximately
3”. Originally, this enclosure was constructed for
use with a 12” speaker, but with the changes in
the port size it is also suitable for speakers of
10” or 15” diameter.

Dimension A=13"x 2" for 10” loudspeakers.
o A=13"x 3” for 12” loudspeakers.
. A=13"x 5}” for 15” loudspeakers.
= B=Cut to suit speaker size.

A C is obtained by reference to depth
of port tables on Page — accord-
ing to speaker size. This dimen-
sion is also dependent on the
fundamental resonance of the
speaker used and the tables cover
this requirement.

Fig. 4. The “Library Enclosure”. This
is an efficient tuned port bass-reflex enclosure of
high quality. It is designed for use with a good
quality 8” loudspeaker, resonance about 75 cycles.
From the dimensions of this enclosure it will be
seen that it has been specially designed to fit into
book shelves without being obtrusive.

It is very simple to construct, but essential that
all timber used should have a minimum thickness
of 3”. Relevant dimensions are clearly shown on
the diagram. Particular care in fitting should be
taken with the back, top, sides and front which
should be made as airtight as possible.

Fig. 5. This Miniature Horn Loaded Reflex
enclosure is eminently suitable for small instal-
lations where space is limited. Genuine High
Fidelity is satisfactorily achieved using a loud-
speaker of 8” diameter. Due to the unique horn
loading and the tuned port, reproduction from this
enclosure will delight the most critical listener.
Because of the small physical size, it is stressed
that the minimum thickness should be $” for all
timber used for this model.

Fig. 6. The 12” Minihorn. A horn radiat-
ing unit which eliminates any tendency to
transient generation, it has very extended fre-
quency range and high acoustical efficiency. The
major asset is that the minimum quantity of timber
is used in construction because two walls of the
room are used to form the major sides of the horn
itself,

Particular care must be taken when building
this enclosure to see that the top is exactly 90°
or 1 circle in order to fit into the room walls. It
is suggested, that to obtain optimum results, faces


















































































































