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HIGH FIDELITY LOUDSPEAKER ENCLOSURES

With the tremendous interest in High Fidelity, it is obvious that there

1s a need for a comprehensive handbook with practical plans relating to
loudspeaker enclosure construction.

Suitable enclosure design for High Fidelity reproduction has always been
an art combined with a certain amount of science and loudspeaker manu-
facturers 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,

The author would especially like to thank the following U.S.A. companies
for making available thelir 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 loud=
speaker factories and acoustical laboratories in the U.S.A. spend a

" very much larger proportion of their budget in research in this {ield

than is the case in this country:-

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 LOUDSPEAKER INC,
UNITED SPEAKER SYSTEMS

CLASSES OF ENCLOSURE

The loudspeaker unit itself 1s one of the most Important links in any High
Fidelity chain, but without a suitable enclosure there is no point in instal-
ling a high grade unit because without this vital ancillary the loudspeaker
1s incapable of proper reproduction.

There are many classes of enclosure, of these the most important are
the horn, and the direct radiator, Naturally, there are many variations
of both 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 {s directly coupled to the alr without an in-
termediate step. Horn enclosures are capable of superb reproduction,
but to get a full frequency range, a very large structure is 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 im-
portant still, much more compact and presentable form.






speaker or speakers fitted. Tuning means making the port larger or
smaller to cope with individual loudspeaker variations. This canbe

_easlly effected by means of temporary sliding doors on the ports to

permit experimental variation of their physical size, See section on
tuning. :

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 num-
ber of cubic feet Table B, is similar to Table A
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 cap=-
aclty required for an enclosure depending on the resonant {requency 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" loudspeakers.

Further information an using these tables is given in the 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 lim-

ited 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, 1.e. 30 cps to 5,000 cps and a high-frequency
tweeter to reproduce 5,000 cps upwards. Sometimes the audible

range is split up between three speakers. In this case, a medium

size loudspeaker is used in addition to give brilliance to the middle
register say from 1,000 to 5,000 cps.

When selecting a loudspeaker, particular attention should be given to
the size and weight of the magnet used. A large heavy magnet is nec=
essary 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 especially important as many manufacturers
simply give the magnetic flux density, but do not state the actual

weight of magnet used in the speaker. This {s oftenaslowas4to 5
0zs. 8"'speakers require a minimum magnet weight of 16 ozs., twe=
cters of 2" to 4" diameters, 4 ozs.

Timber choice is left to the constructor, however, 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
avallable because it does not suffer from distortion or warping and is
usually well seasoned before delivery to wood merchants. Much exp=
erimenting can be carried out to Improve the response and to elimin-
ate transients on bass-reflex or direct radiation enclosures with dam-
ping materials, such as fibre glass, thick felt, blanketing etc.

I-‘ig. 1. For the {irst time a practical spherical tweeter reproducer is
shown. A working model of this assembly was demonstrated at the Han-
over Fair in 1956 and aroused considerable interest. Since then, descri-
ptions have appeared in German and French radio publications. Twelve
tweeters are used and sound dispersion is completely omni-directional.
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, part-
icularly effective results are achieved if the unit is suspended from the
celling, as though it were a pendant lamp.






oym ‘bs g vy Ja00 01 0t siL 0ot

g sL0 0T sy ol s6

Joywodspnoy 0L S0 ST st 9 06

“s1 stz 05 06 58

Op TIAVE sLO. 0 sy 0L 0u 08

LY STy §9 001 sL

S TRESTE R ST ¢S oL

ST SL'T 05 06 59

SO S1 Slt Sy stL 0u 09

0T 0T STE SLY 0L sro1 ss

0t 0y S§S sTL sor  sst 0§

0T 05 s9 s8 Ol (12

S0  SE€  §8  S0I- O€El oy

stz 09  sEl sy vy §ySury . SE

ST 59 su ot
ST 09 SU 00 PUIY, 310 30 3on([ sT
08 0€l 02 (174
o 0 o0 SI o 6 3 L 9 s vy st CcT (4 ...u....................

"SHHONI "1D J0 SUNVSAOHE NI JANIIVD J0 ANAT0A






sorou] 'bs §§T TNV HOX 0z Ss_|oor

sLo 0§ s6

Joyeadspnoy 9T sz 06 06

srr 0§ 8

|, TTAVE sT1 st 06 08

srr” oste oL sL

oz oy oL O oL

os sL 0uU 9

so s8 0 09

5 sTe 0¥ (14

ser 0% os

sc1 05 SU (17

0z 0s S6 00T oy

sL1 sLe  s9  oo1 0Lt soqouy wy ey (14

co o0c s9 s6 o s6l 0
0¢  ss 06 sy OU 0% [Puumy, 0 30 3ou( z
S~OI sl 0 oz
oo 09 05 Oy SE 0 T ® st o1 6 8 L [ s S w..”....z.h....

L s

*SAHONI "0 0 EZQWDOE NI IANISVO J0 FTNNTO0A

I






Wood used for the original model was 3" ply.and all 12 pentagons fixed to-
gether internally in the form of a sphere by using inexpensive miniature
hinges, thus making a most effective unit with a minimum of 1abour and at
low cost. See Page 40 to 42
It is very important that the impedance combination be calculated to suit
the impedance offered at the output of the ampu(ler. A series-parallel

. arrangement is necessary.

Fig. 2. Particularly recommended for superior 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. Constructional detalls are clearly
shown, of special interest is the pyramid reflector in the bottom portion of
the unit, which provides perfect dif{usion. See Page 43 to 45

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 cab-
inet, and should be built of seasoned timber, minimum thickness 7/8",
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 {or use with a 12" speaker, but with the changes$ in the port
size it is also suilable for speakers of 10" or 15" diameter. See Page 46

Dimension A = 13" x 2" for 10" loudspeakers
Dimension A = 13" x 3" for 12" loudspeakers
Dimension A = 13" x 53" for 15" loudspeakers
Dimension B = Cut to suit speaker size
Dimension C = Is obtained by reference to depth of port
tables on Page ~ according to speaker size,
This dimension 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 qua-
lity 8" loudspeaker, resonance about 75 cycles. From the dimensions
of this enclosure it will be seen that it has been specially designed to {it
into book selves without being obtrusive. See Page 47
It is very simple to construct but essential that all timber used should
be a minimum thickness of ." 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 suit-
able for small installations where space is limited. Genuine High Fid-
elity is satisfactorily achieved using a loudspeaker of 8" diameter, Due
to the unique horn loading and the tuned port, reproduction {rom this
enclosure will delight the most critical listener. Because of the small
physical size, it is stressed that the minimum thickness should be 3" for
all timber used for this model. See Page 48 to 49

Fig. 6. The 12" Minthorn. A horn radiating unit which eliminates any
tendency to transient generation, it has very extended frequency range
and high acoustical efficiency. The major asset is that the minimum
quantity of timber 1s used in construction because two walls of the room
are used to form the major sides of the horn itself.
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Dimension Speaker Size

8" . 10" 12"
A" To suit tweeter diameter
B 63" 8 7/16" 10 7 /8"
"en 18" 22%u 24"
mn 24" 30" 36"
" 12" 15" 18"
npn 8" 10" 12"
nG" g ]0;" 12"
"H" 5" " 7in
nyw 5" 6%" 'éu

Fig. 18. For outstanding reproduction and where cost is not a vital
factor, this folded horn design will satisfy the most exacting require-
ments. Two 15" speakers are used and careful assembly is most
important as the rear loading has been mathematically and acousti=-
cally calculated. Irrespective of size or price, it would be difficult
to improve on the results obtained from this design. Adequate inter-
for damping must be provided by using fibre glass of not less than 1"
thickness, {irmly secured to the rear wall of the circular sloping
exit chute. Unless the prospective constructor is an expert wood-
worker, the author suggests that this design be given to a professional
cabinet maker to construct, as perfect rigidity must be secured.

See Page 76 to 79
Fig. 19. One of the latest developments in High Fidelity is the dis-
tributed port enclosure. A "Distributed Port' enclosure is a reflex in
which back and front radiation are added at low {requencies. Low fre-
quency response and the power handling ability are both improved by
using this system. It differs from most reflex enclosures in that the
response and impedance characteristics are controlled by the addition
of a specific amount of acoustic resistance.
There is no cancelling between the front and back radiation at high fre-
quencles due to the fact that the reflex action has an inherent back rad-
fation high frequency cut off characteristic,
Three models are shown, ten six and three cu. {t. capacity, respect-
ively. Ply wood of not less than %" thickness is used for the 3 and 6
cu.ft sizes and 5/8"' for the 10 cu, ft.model. Line the back, bottom and
one side of the 3 cu.ft. enclosure with 1" thick fibre glass or good qua-
lity felt, Line bottom and two rear sides of the 6 and 10 cu.ft. enclos-
ures with 2" thick fibre glass or equivalent acoustical damping material.
Glue and screw all joints and make the {ront or back removeable, if
the speaker is to be mounted on the inside surface of the mounting board.
The 1' x 2" brace is to prevent reverberation in the front panel which
would ruin the low frequency performance.
The shape of the enclosure may be altered to suit the user, provided
the Internal volume and configuration of the front panel is maintained.
This enclosure has been designed to use speakers up to 12" diameter,
if a larger unit {s used, the power handling capacity will rise, but
poorer low frequency response will result. Speakers of smaller dia-
meter will give a better low frequency response but poorer power hand-
ling capacity. Loudspeaker units exceeding 12" diameter should not be
in the 3 cu.ft. enclosure, neither should units less than 12" diameter be
used with the 10 cu.ft, enclosure. See Page 80 to 82
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The resistors were vertically mounted in a standard equipment case
measuring 9 x 6 5-8 x § 5-8 inches deep. Ventilation was provided in
the form of louvres in the sides and two rows of % inch diameter holes
along the back panel. This is necessary to keep the temperature rise of
the resistors within acceptable limits.

Both sides of the loads are isolated from the case to reduce to a minimum
the possibilities of shorts and instability. Care must be taken with all
connections to ensure low residual resistance. No special layout is
necessary but the wiring for each channel should be kept separate to
facilitate assembly,

The further three positions on the load selector switch are brought out
to terminals on the front panel of the unit. These can be used for
connecting capacitors across the output of the amplifier for stability
tests or for connecting various speaker systems. The latter facility

is very useful when it is desired to make a subjective comparison
between speaker systems, by switching rapidly from one to the other.
In regard to stability tests, current standards require that they be

made with no load across the output, other than the nominated values
of capacitor. The load box thus satisfies this requirement.

Another facility is a pair of monitor terminals. These can be switched
to either channel and permit the easy connection of a CRO, voltmeter
or other measuring device to the channelunder test. The switch is a
two-pole, two-position unit with “make-after-break contacts. A switch
with “make-before-break’ contacts must not be used because both
channels of the amplifier would be connected in parallel at switch-over.
In many amplifiers this is a sure formula for destruction.

The unit in its final form is suitable for all normal amplifier tests such
as power output, frequency response, cross-talk, and stability. Damping
factor measurements can be made easily by disconnecting the load.

One point to be kept in mind when using the dummy load is that the
loads should not be switched when operating at a high power level.
This is to avoid damage to the switches and also to the amplifier.
This precaution is not necessary when making comparison tests of
speakers because these tests are made at a relatively low power level.
PARTS LIST i
1 metal case, 9 in x 6-5/8 x 5-5/8 in.
1 front panel to suit, .
1 carrying handle.
4 8-ohm resistors (5% or better).
4 4-ohm resistors (5% or better).
2 2-pole, seven-position switches.
1 2-pole, two-position switch, with “make-after-break" contacts.
9 red terminals.

+ 9 black terminals.
3 pointer knobs.
4 rubber feet, screws, nuts, hook-up wire, solder, etc.
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For construction of Pentagon drqw a circle
5'Rad. With Compass set to 475" mark 5 points
around the circumference of the circle.

Join together with a straight line each mark
thereby producing an equal sided figure.

Constructed with Plywood L thickness.
12 pieces required. 2

FIG 1
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