Horn loudspeaker design

Three articles summarizing the development of design theories and
concluded with two systems for construction
by J. Dinsdale, M.A., M.Sc. Cranfield Unit for Precision Engineering
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The two designs which follow are specific examples derived from the design data and tables

provided in parts one and two of this series. Guidelines for construction are give

intended that the constructor devise his own variations, using the design data, to suit

requirements.
Much has been wrtien about the best
methods of constructing I r :n—
Closures, cspecaly regarding
e rctcafion of eaomances s feak, nd
38 far asthe horn i concerned, these ponts
are equally important. The enclos
has to stand up to onesierable acousic
stress, and any shortcomings in its manu-
facture are liable to cause more serious
aural disress than would be the case with
some othe encosures
ealy the horn should b castin circular
sec’:mn bm this form of construction is only
practical with small middle and high fre-
quency horns. The technique best adopted
by the home constructor is to castin plaster-
i ood mould and rein-
‘The calculated
rofile should be set out using plywood
lates held in place by stringers, which
be buried within the casting itself as
“reinforcement”. It i also a good plan to
provide a }in panel at the throat end for
mounting the loudspeaker, and a further
panel surrounding the mouth which will
help in securing the complete horn assembly
and fixing any decorative cloth finish.

Bass homs are almost invariably con-
structed of flat panels cut 50 as to appro;
mate to the correct flare profile. Plywood,
chipboard o blockboard are satisfactory,
either  or 4in thick. Composite sand-flled
panels consisting of two thin walls of Jin

plywod spaced 4 or lin apart and filled
with dry sand provide extrenely rigd
Tesouame e caclorures. Great

should be taken to prevent any particles of
sand, sawdust, etc. from entering the speech-
coil gap of the loudspeaker; a recent demon-
sraion pounted by theauthor s, Albans

as spoiled by distortion caused by aminute
partici of weod in onc of the e lovd.
speakers. Care must also be taken toensure
that the sand is dry, otherwise the w
panels will rot. It is advisable to bake the
sand on shallow trays in an oven toensure
that all moisture is removed. After filling, a
few minutes of organ music will help the
sand to settle down ready for “topping-
ey

he wooden panels should be fixed to-

er using wood-screws and with a iberal
application of a liquid glue along all mating
faces. This not only adds strength, but also
makes all the joints air-tight. Further
strength should be provided by triangular
Cormer filcs and “gluc-blocke" placed 1
intervals along the longer joints. In addi-
tion, smaller reflecting plates should be

though it is
particular

placed at the outside of all sh
‘ease” the wavefronts around bends, and
to help preserve the steady exponential in-
crease in horn area, as indicated in Fig. 10.
Manufacturing (olerances should not ex
ceed +fin at the throat but errors of $in
at the mouth of the bass horn are unlikely
to have any noticeable effect on the per-
formance. It is worth bearing in mind that
the-velocity of sound, on which all design
caleulatons wre utimatly based, itelf
s by as much as 5% at climatic
cxtremes,

A vital detail is to ensure that the loud-
speakers can be fitted and removed easily,
maintaining an ov all ight
tion by means of thin rubber gaskets if

bered that the highest pressures occur at the
throat, and the greatest effort to ensure
rigidity and absence of leaks should bemade
in m-s arca. As the cross-sectional area of
eases, it is @ good plan to fit
lnngnmdmll stiffening panels, made of in
lywood, across the centre of the horn,
lhereby converting the horn into two sym:
jucts. This reduces air

providing extra_ctosybe
panels that might ot
worth fitting !ongmldmll iflenrs for the
final 25% of each bass horn.

Unlike the majority of loudspeaker en-
closures, there is no need to provide any
sound absorbent material within the en-
clemurs el ex ot it she compeeaion

hamber, i fitted, which may be lined with
acoustlc wadding, Iong hair wool, etc., to
sbsoe highfrguency sound). Th teror

f the horn should have all sharp edges
mmnvm with sandpaper and all internal
corners filled with putty or a similar setting
plastic compound and smoothed down by
means of a finger. This practice, whichisnot
‘mandatory, also has the effect of sealing
any remaining air leaks. The wholeinterior
surface should be treated with a thick coat
of gloss paint.

Design of a “mini-horn”
The intention of the mini-horn s to pro-

is sufficiently small for use in a small living,
room, where the overall size is of course
especially important when a quadraphonic
or even a stereophonic installation s under
consideration. The room for which this

parti -horn was origi i
posed limitations of 20in asthe maximum
intrusion into the room, and an overall
height of 41; forunatly, comnr posidon-
ing was acceptabl

e cea ot only one loudspeaker
could be used, and after some thought,
the Eagle FR65 was chosen. This is aco-
axial twin-cone loudspeaker in which the
inner (tweeter) cone is itself shaped as
small horn. This subsidiary cone will handle
the extreme top of the frequency range and
beam it out axially through the treble horn.
The loudspeaker has a nominal d.iamcler
of 6:5in, a frequency range of 35 t
18,000Hz and power handiing v:apacuy
of 10 watts. It is clear that, since top
frequencies will be dealt with by the tweeter
cone, the bass horn need only cover
octaves, i.e. from 70Hz to 560Hz, and the
‘middle-frequency horn can take over at
(say) S00Hz. This middle-frequency horn
will be most efficient for 4 octaves, i.e. upto
8KkHz, at which point the tweeter
cone will already be taking over. The
complete frequency spectrum will therefore
et

Bass horn 70Hzt0 550Hz
Middle horn 500Hz to 8000Hz
Tophorn

(tweetercone) ~ 8kHz upwards

The other design consideration at this
stage is the power handling capacity. A
bass power of 03 watts at a distortion level
of up to 1% was decided.

Bass hor,

In order to derive the greatest benefit from
corner-positioning, the mouth of the bass
horn should be at floor level and shmdd
stretch horizontally from wall t

a quarant of a crcle
of 19in Tadiis eas consideed, giving 2
f 2480 Examinaion of
mouth
2rea"of 9.56 st for & homm capable of
reproducing_down to 70Hz, and dimen-
sions of 248t X 1-03ft (29-Tin X 12:5in)
were therefore chosen for the bass horn.

:)m for 1% mswman at 7 times the cut-

T frequer OHz) the power at the
hroat wil be 0007 watts/sq. cm, giving
0.3 watts total, which is the specified value.

Table 9 shows that the bass hom
will have a length of 6-18ft (exponential
contour) or 5-24ft (tractrix contour). It was
decided to adopt the tractrix so as to give



a shorter overall length, and the compicte
contour has been constructed in Fig. 12.

Treble hoin
‘The treble horn will load the front of the
loudspeaker, ¢ nominal

diaphragm area of 23 sq.n, which is s
the throat area for thls lmm The I
frequency to be handled is 500z, lnd
from Table 4 the mouth area s 1304 sq.in,
which may_conveniently be realized as
10-lin X 129in. Table 10 now gives the
hornlength as 4-42in.

It is also possible to adopt a circular

atively some degree of horizontal
directiity may be imroduced by adopting
an aspect ratio of 2:5:1 (larger dimension
horizontal). In this event the mouth dimen-

sions become 18-08in X
fare contours should be arranged o give
the appropriate expansion (see Fig. 13).

Integration and complete design
Radiation &t the hroats of the mid-
frequency and bass horns will
phase, since these horns load he romtand
back respectively of the single loudspeaker.
Since the mouths of both horns will be n the
same vertical plane, the combined length
should be an odd number of half-wave-
lengths at the crossover frequency to ensure
that radiation from both mouths is in phase
at this frequency. The total lenglh is
5:24ft plus 0-370, ie. S61ft. At SO0Hz
this length corresponds closely to o el
wavelengths as shown by Table 11. This
design thus includes  satifctory combi-
ation of hor

The cavity which couples the rear of the
loudspeaker diaphragm with the throat
of the bass horn should now be designed
to cut off radiation from the bass horn at

550Hz.
=cS,/21f
where = cavity volume. S,
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Table 12
Summary of mini-horn parameters

Bass hom
Faauency range 70Kz o 850K
Driver unit Eagle F
Postion Coor "
257 sqft
rostares  0-048 sa.ft
Tracuix
Length 524t
Cavity volume 48 cw.in (including 21 cu.in
)

Troble
ey ronge soorz s
unit FRB5.

0
HORN LENGTH_ (in)

mouth

Fig. 13. Flare contour for the treble section
of the mini-horn.

= frequency,  whe
5733 aun. The lume taken up by e
magnet, e, ofthe lowdspeaker i approxi
win (obtained by direct
escenen and thes the overal caviy
volume will be some 48 cu.in. The para-
meters of the minihorn have been
summarized in Table 12.

Finally, the bass horn should be folded
into a suitable shape, and the two horns
integrated together, Tn view of the rited
space available and the desire for simplicity,

a design with only one major fold may be
adopted, shown in Fig. 140) (overpage).
The mouth of the
bovom ol th cacosee boen he tro
walls, making contact with the floor. The
mouth of the midhom is plced imim-
diately above this, e plan
leading back 1o the luudspet.ker et
The loudspeaker is mounted on  smll
baffle which supports the middle-
frequeny horn at the font and the cavity
couplng o, the. throat of the bass horn
at the rear. The bass horn bends vertically
upwards almost immediately after the
throat to a point some 4ft high at whichg
oubles back on itelf down the comer!
rm the mouth. The cro
eiona sten may conveniently be made
rapesoidal, but the dasign shown wi nox
preserve “planc-ness” of wavefronts around
the bends. Fig. 14(b) (overpage) illustrates
the general arrangement only, as readers
to make modific
p reasons. The material
should be Jin chipboard, ctc, except the
side and front panels of $in plywood.

full exponential
(45°)

T T T T T T T
min bass requency 70 Ha
™
cuteott trequency 12 =soH
It cotorr wavetengtn z32781n
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Fig. 12. Flare contour for the bass section of the mini-horn.
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Fig. 14 (@) Suggestedreaizaton of e no-compromise horn (o) suggested reizaion ofthe mini-Aorn. Cros sctional detal o the

mini bass horn are given in Table 14 and for the no-compromise bass horn in Table 15.



Design of a no-compromise horn
Following the many qualifications slready
stated in this article, it must be clear that
“no-compromise” is in sl 8 misnomer
—hon design consists largely of making
the most effective compromises between
conflicting _requirements. However, this
design is aimed at the situation where the
best possible practice can be followed with-
out being unduly hampered by limitaions
of cither size or posiion. Nevertheles, it
d be someuhat poiness to des
enclosure which cannot be built without
pmfessmnll tools, facilies and matecial,
as been conducted with a
Xlrg y oo (or small hall) in mind,
and direcied towards the competent do-

it-yourself enthusiast.

In order to cover a wide frequency range,
a three-hom design has been adopted, using

meter equal to the cut-off wavelength, The
area at a series of points along the horn
(eg. every 6in) may be obtained by
reading the radius from the graph and
taking one quarter of the corresponding
area.

Middle horn

Attention should now be directed to the
‘mid-frequency horn. The cut-off frequency
of 400Hz, together with the area of the
chosen loudspeaker (13 sq.in) result in &
mouth area of 203.6 sq.in, a throat area of
13.75 sq.in and a length of 8-78in (exponen-
tial contour). Again the contour should be
constructed to a suitable scale (which may
be 11 for the mid-frequency and treble
homs). Since the throat areas of the
middle and treble homs are made equal
to their respective loudspeaker diaphragm

three separate loudspeaker unit. areas, there is no problem regarding air
Bass Horn overload di could do_little
Mid frequency Hom 400z 03 8Kz ifthere were.

reble 3.5Hzto 20Hz
Ao Sooutic power handling capacity  Trel

of 1W at a distortion level up to 2% has
chosen as being more than adequate

for the situation envisaged. A wall-

mounting design is adopted, i

ble he
In view or the throat area of 1.5 sq.in for

bass horn, to simplify the eventual position-
ing of the system. (OF course, there s 1o
reason why a design intended for wall-
mounting should not b laced in 3 corner
but it is not recommended that corner
designs be placed against a wall.)

The choice of loudspeaker drive units
is not straightforward there are many com-
mercial units worth using in horns, although
individual designers inevitably have their
own favourites. For this design it was
decidedtouse:

Hom  Unit Pml{W}Frluuenwﬁ hragm
Range  Area
() Nominal
sqi
Bass  KEFBI39 30  20-1k 42
Middle KEFBIT10 15 30-5k 13
Treble KEFT27 6 330k 15
Bass horn

‘The mouth area for a minimum frequency
of 40Hz is given in Table 2 as 1573 sq.f,
realized as 47in by 48in. The diaphragm
area of the B139 loudspeaker is approx-
imately 42 sqin (the diaphragm is oval
in shape) which corresponds closely with
the 8in speaker of Table 7. This table
gives a recommended throat area for the
bass hom of 0:073 sqft (68 sq.cm). The
highest frequency to be handied by this

off frequency. Fig. 9 shows that for 2%
distortion at 11 times the cut-off frequency,
the throat will handle 0-01 yats/sgem,
which for a mouth area of 68 sq.

gives 068 watts total power. The lepgth

&Ftne bass horn, o' Table 8, is 13-1
using the s contour, and is curve
to a suitable scale

may be constr

to four times the chosen thmll area (e..m
times in the case of the
terminate at & mouth radius giv giving a peri-

However, at these frequem:lu itis quite
acceptable to mount the loudspeaker
directly onto a flat baffle board without
any homn.

Integration and complete design
e three loudspeaker drive units should
drive their respective homns in phase.
Initially it will be assumed that, whereas
the middle and treble horns must load the
front of the loudspeakers (to avoid dif-
fraction effects caused by the frame and
embly at the rear), the biss horn
willin fact load the rear of the loudspeaker.
This implies that the bass loudspeaker must
be connected in anti-phase to the middle
and treble loudspeakers. If examination
of the behaviour of the bass and middle
horns at their mutual crossover  point
reveals that the radistion Is n ant-phase,

Table 13
Summary of no-compromise hom
parameters

the bass horn can be arranged to load the
front of its loudspeaker, which will then
have to be connected in phase with the other
two. In fact the total length of the bass (n‘

idle homs is 13-8ft and Table 11 sh
that ths s nearly equivalent to un ¢
number of half-wavelengths at 400Hz, the
crossover frequency. The bass loudspeaker
may therefore be reversed so that the horn
loads the front of the diaphragm; this will
also make the design of the acoustic cavity
much simpler.

The cavity between the bass loudspeaker
and its horn should be designed to give a
cut-off frequency of 440Hz. Applying the
aforementioned formula gives a volume of
51 cu.n. There is no real need to employ
a similar cavity at the crossover between
the middle and treble horns; the fact that
these horns are not folded, together with
their large throats, reduces distortion at
high frequencies to negligible proportions.

Finally, the three horns must be com-
bmed into a composite enclosure. As with

i-horn there are many wa; f
nchlcvmx this, and it would be invidious
{0 specly o parcular design to th exch-
sion of all others. Howeve in basic
Tk apply, and the following suggestions

may be of value.
rectangular mouth of the bass horn
should be placed at floor level, with the
mcnlhi of the middle and treble homs
ed above i, in the same plane. If the
Dot depth of the complete SL*

ture is at a premium, the middle and tr¢
horns may be mounted on top of the co
plete folded bass horn, giving a very high
cabinet. If, however, height is at a premium,
then the bass horn may be folded behind
the middle and top horns, thus minimizing
the overall height but increasing the width.
‘This latter approach is shown in Fig. 14(a),
and the complete design of the no-compro-
mise horn is summarized in Table 13.
Material used for constructior lock-
board, plywood, etc, and all joints should
be screwed and glued to make them air-
tight.

‘When converting from a basic parameter
demgn, s deseibed in his secton. (o
comj 2 drawings, the temptation
R press on rapidly and adopt
certain he

Bass
Femeney range 4ot 0 a40ms
Driver 8139
osit v
Moutharea 1573 sat
roat 0073sqft
Contour Tractrin
31

Length
Cavityvolume 51 cu.n (directy at front of
loudspeaker)

Micte born

4000z 10 30z

the
final construction is a "once only™ event,

become apparent during lstening tests. It

Table 14
Cross section details for the mini bass
homn

Sec. Langth Ares “Rasized

o
b 2 | complex

S0 135 [ secton

60 261 26x10h

5 30 2a7a28mg

xezommoawy,
s
&




Table 15
Cross section details for the no-
compromise bass horn

Sec. Realized
tin)___(sqin) _Gin)
. o 106 108
15 170 17
c 30 278 278
o 40 380 38
E 50 540 54
F 6 750 75
9 75 122
H 94 2
J 104 318 x 23 high
K 113 426 135x 31-5high
L 120 580 17x 31.5high
M 125 630 17x 37high
N 132 790 21x 37high
P 139 1125 28x 40high
R 153 2265 47 x 48high

is therefore strongly recommended that the
final design takes place over an extend

period, with several alternative approaches
being worked on simultaneously until one
of them emerges as the right solution for
the parametrs aod overal conceptn .

reproducer. Although the pioneer develop-
ment work was conducted between 50 and

with the aid of computers to construct a
mathematical model for the analysis of
con ractical horn (38, 39). It
must emphasized again that first-cl
results may be obtained by following the
basic design data and constructional advice
given in this article. Loudspeakers in
Sencral, and horns in prtiular e contro.
Versal subjects, and | have no doubt hat
many will wish to challenge some of the
statements 1 have made. I hope that this
article, together with any discussion, will
stimulate many audio entusists 0 dsign
and make their own horn:
ibout the resuls 50 that il may beneht
from their findings.

inally, I acknowledge with thanks the
helpul advice given by M Glber Telfer,
whose experience of the design and manu-
facture of horns has been a constant

The thre
nected Va suitabie filers so that sach

andles  frequencies only within its
npproprme pass-band. The simplest way
of achieving this is by means of passive
crossover networks at the output of the
power amplificr. However, this method
reduces the beneficial effects of electro-
m

impedance cr the ampller, and & betier
se three separate power
nhﬁers whose inputs are fed via acive
and low pass filters, as outlined in
Part2.
It is well-worth experimenting over an
extended listening period unti the optimum
bandwidth and sensitivity of each horn has

been realized, paying particular attention
tothe crossover poins.
Conclusi

usions
article has taken the form of a critical
iew of work which took place largely
Between 20 and 30 years ago. The author
f such reviews benefits from hindsight,
but inevitably loses much of the excitement
and impact of the original work. I have
been in contact with many individuals who
vere personally invlved wilhth develop-
ent of horns, in both amateur and pro-
fessiona capactes 1 thank them al for
thel advice and comments, a1d hope tht
Thave done justice to their suggestions.

In spite of the obvious disadvantages of
large size and high cost, and the difficulties
o realzing an adequate design, the expon-

horn loudspeaker st has many
cnthusiasic users - the - present author
among them. The clear advantages con-
ferred by the hor in terms of presence,
clear bass, low distor ind sheer realism,
mbine to make horn m\lhuxllst: redouble
r efforts to design a better horn rather
toadoptanalternativetypeof enclosure.
1t will be clear to readers of this articl.
that, € possible exception of straigh
horns of circular section constructed in a
vy Stll mateia, the simple horns de
here can only appr. simate to the
bk peformance ored by this gene of
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