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DESCRIPTION

Field of the Invention

[0001] The present invention relates to horn loaded loudspeakers, such as horn loudspeakers
suitable for low distortion sound reproduction at high sound pressure levels. Further, the
invention relates to a loudspeaker assembly including a multitude of horn loudspeakers.

Background of the invention.

[0002] Horn loudspeakers consist of a loudspeaker element or driver with a horn funnel
placed in front of the element. The horn serves to couple acoustic energy emitted by the
element into the surrounding air, by transforming the acoustic impedance of the element to the
impedance of the space. The advantages of the horn speaker compared with other speaker
designs, such as bass reflex, band pass and closed systems, are a high sensitivity and a good
transient response due to the good coupling properties. In addition the well-controlled
spreading of the sound may be exploited to avoid echo and feedback in public address
systems. However, a horn speaker is a complicated construction, and it is well known that
many horns designs have an inferior sound quality, with a characteristic horn sound.

Fig. 1 shows the principle followed by most horn speaker designs, with a compression
chamber in front of an element leading into a horn funnel with an exponential expansion. The
back of the element is closed by a small closed chamber.

The air in the closed back chamber will expand when the diaphragm (or cone) moves outward
and become compressed when the cone moves inward. Thus, the air will act as an elastic
spring on the cone. This is governed by the gas law pV<Y> = C where y is the adiabatic
exponent which is about 1.4 for air, p is pressure, V is volume, and C is a constant. This relates
to adiabatic conditions (no heat transfer). The loudspeaker affects the volume by pushing in
and out and the maximum volume change is Vd = Sd Xmax where Sd is the effective cone
area and Xmax is the maximum displacement of the cone. Thus the loudspeaker affects the
volume, but we sense the resulting pressure variation. The gas law shows that there is a
nonlinear relationship between volume and pressure.

[0003] The gas law can be linearized for small volume changes so that there is an
approximate linear relationship between cone displacement and the corresponding pressure
change. This is given by the compliance or inverse stiffness which is the volume change over
the pressure change: C=[Delta]V/[Delta]p. Its value can be found by differentiating the gas law
at the value of the surrounding pressure (p[theta] = 1 atmosphere). This is the assumption of
linear acoustics. In this case the air acts as a linear spring with a constant compliance.

[0004] However, for the large volume changes that can occur in horn loudspeakers at high
drive levels, the nonlinearity of the pressure - volume relationship becomes important and one
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enters the realm of nonlinear acoustics. In this case the value of the compliance will change for
positive and negative cone excursions. This is mainly an effect that affects the lower bass as
cone excursion increases with lower frequency for the same sound pressure.

[0005] The compression chamber in front of the driver has as its object to compensate for this
nonlinear stiffness/compliance. However, it will only work effectively over a limited range of
sound pressures, and the resultant colouring of the sound is responsible for the distinct horn
sound (compression and honking) disliked by many audio enthusiasts. Honking may also arise
if the horn is too short.

[0006] It has been proposed to replace the closed chamber with another horn at the back that
is identical to the normal front mounted horn. It is evident that such a solution will be unrealistic
in most, cases due to the large volume needed. And most horn speakers are very voluminous
already. Others have tried to circumvent the problem by eliminating the closed chamber
altogether (Bassmaxx) and let the driver work with an open back. Then the cone is easily
loaded too little, resulting in less control of its movement, and too large cone excursions at low
frequencies. However, this solution is an improvement over speakers with closed chambers, as
the compliance conditions will change less with increasing sound level.

[0007] In the mid/treble range horn speakers have very narrow direction diagrams, which may
be a problem in public address settings. One solution is to stack several speakers, the sub-
speakers pointing in different directions. However, such an arrangement easily leads to
interference between the sub-speakers, with the direction diagram breaking up into several
lobes (grating lobes). This is due to the large distance between individual sub-speakers and
the curved form of the wavefront of the sound leaving each sub-speaker. The sub-speakers
cannot be stacked as tightly as desired due to the large size of the closed chamber at the rear
of each sub-speaker. Normally, the horn walls and box walls have to be separate constructions
because of the too large back chamber, and this further leads to even larger distances
between sub-speakers.

[0008] From US 3,666,041 there is known a horn loudspeaker comprising a driver element
with a closed chamber on its rear side and with the horn mounted directly in front of the driver
element.

Summary of the Invention

[0009] Itis an object of the present invention to provide a loudspeaker and sound source with
improved sound quality over prior art systems, and which is compact.

The invention provides a loudspeaker comprising a driver element with a diaphragm, a horn
mounted directly to the front side of said driver element without any intervening compression
chamber, the horn having an acoustic impedance; and a back chamber enclosing the driver
element on the back side of said driver element. Said back chamber has a wall made of a
semi-permeable material adapted to allow air at a static pressure to pass but still provide
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acoustic resistance while preventing the build-up of high air pressures in the back chamber at
large excursions of said diaphragm, wherein the back chamber has an acoustic impedance
that matches said acoustic impedance of the horn within an active bandwidth of said horn.
Such loudspeaker is capable of producing high sound pressures with a minimum of distortion,
since the diaphragm of the driver element will perform linear movements compared to prior art
designs, since even with a back chamber of small dimensions, it is possible to ensure that the
diaphragm will move substantially in a linear motion thus preventing high amounts of non-linear
distortion and compression effects at high acoustic outputs. Further, the loudspeaker can be
produced compact since the back chamber can be made small in size, and since the driver
element is mounted directly to the horn with no expansion chamber, the total required amount
of space for a given size of horn is relaxed compared to prior art designs. Thus, the
loudspeaker according to the invention is suited e.g. for mobile high power bass loudspeakers.
Still further, such a horn loudspeaker is advantageous since it is possible to use driver
elements capable of producing larger diaphragm excursions compared to normal drivers for
horn loudspeakers which typically have drivers with very stiff suspension systems with only
small maximum possible excursions.

[0010] Still further, even though the back chamber with a semi-permeable wall prevents build-
up of high pressures, it is still possible that the back chamber can provide a substantial sound
insulation effect such that it is ensured that the acoustic power radiated in a direction opposite
the horn opening is considerably reduced. Thus, in e.g. PA systems, sound radiated backwards
towards the stage is considerably attenuated such that acoustic feedback to stage
microphones and disturbing sound for the stage performers is reduced.

[0011] Even further, the compact size of the back chamber made possible with the present
invention, enables the possibility of providing midrange and/or treble loudspeaker
embodiments suitable for stacking close together. Thus, two, three or more units stacked
together so as to form a sound source capable of covering a large horizontal angle with a
homogeneous sound field without severe "dips" even up to rather high frequencies, e.g. above
10 kHz. Hereby it is possible to better cover e.g. a large concert area. This is possible due to
the small size of the back chamber, and especially in combination with loudspeakers having
conically shaped horns, it is possible to provide loudspeakers that can be placed very close to
each other such that sound radiating from their horn openings produce a resulting sound wave
without unwanted negative interference effects that could result in a non-spherical radiation
pattern, Furthermore, since negative acoustic interference between the individual
loudspeakers can be avoided, a high resulting electrical to acoustic conversion efficiency is
achieved. It is to be understood that the phrase "wall" regarding the back chamber is not
limiting with regard to the basic function of the inventive loudspeaker, namely that the back
chamber has at least a substantial semi-permeable portion or element preventing the build-up
of high air pressures in the back chamber at large diaphragm excursions. Thus, in some
embodiments the entire back chamber can be made with one or several walls of one or more
types of semi-permeable material, or in other embodiments a part of the back chamber has a
non- permeable material while another part of the back chamber is made of semipermeable
material with dimension large enough to prevent build-up of high air pressures at large
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diaphragm excursions. In a simple embodiment the back chamber is made in one piece of
semi-permeable material.

[0012] By "semi-permeable material" is understood a material which allows air at a static
pressure to pass but still provides a substantial acoustic resistance, preferably a material

providing an acoustic resistance between 50 and 5000 Ns/m?, preferably between 150 and
3500 Ns/m3, such as between 500 and 2000 Ns/m3,

[0013] In some embodiments, acoustic damping material as known in the art, e.g. mineral
wool etc. is positioned within the back chamber.

[0014] Preferred embodiments are defined in the appended dependent claims.

Brief Description of the Drawings

[0015] The invention will now be described in detail in reference to the appended drawings, in
which

Fig. 1 is illustrating the principle used by conventional horn loaded speakers,
Fig. 2 is a Sectional view through an embodiment of the inventive horn speaker,
Fig. 3 is a perspective view of the inventive speaker with an end wall removed, and

Fig. 4 shows a treble sound source consisting of a number of stacked horn speakers.

Detailed Description of the Invention

[0016] Fig. 1 illustrates the basic design of most current horn speaker designs of prior art. A
driver element 1 is mounted facing a compression chamber 2. The compression chamber 2 is
opening into a horn 3 that conducts the sound into the surrounding space. The horn is
expanding with an exponential function, which is the most common design nowadays. In bass
speakers, the horn will be folded into a more compact unit in order to conserve space. A small
closed chamber 4 is mounted at the back side of the driver element 1.

[0017] As mentioned in the introduction, this speaker construction has a number of
disadvantages which are remedied in the present inventive construction depicted in Fig. 2. In
this construction, the driver element 21 is mounted facing a horn 23. No compression chamber
is present, and thus a more compact interface to the horn 23 is provided.

[0018] Behind the driver 21 there is a small "leaky" back chamber 24 with semipermeable
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walls. The walls may be made from a material with small perforations, the number of
perforations per unit area and their size determining its acoustic properties, or from a
continuous foam or fibrous similar properties. The foam in question may be cell foam with open
structure. The leakiness of a fibrous material is determined by its density and thickness. The
use of such a material will prevent the build-up of pressure in the back chamber 24.
Acoustically, the material therefore ensures that the cone meets almost constant compliance
regardless of displacement.

[0019] Two additional examples of semi-permeable materials to be used as wall or walls in the
back chamber 24 are: 1) filters (such as for filtration of gases or liquids) formed by thin sheets
(<1 mm thick) of a non-woven, sintered, stainless steel fibre matrix for filtration levels from 5 to
50 micron, 2) Feltmetal(R) Acoustic Media which is an engineered, porous material made of
sintered metal fibres with diameters between 6 and 150 microns. Fibre size, porosity and
thickness combine to control the desired flow.

[0020] Still, other types of material may be used as the semi-permeable material if providing
the acoustically semi-permeable effect. Further, layers of two or more different types of
material may be used.

[0021] The conformity between driver and horn may be measured by exciting the driver with a
signal from an audio generator and observing the cone excursion. With a back chamber with
the correct acoustical properties, the compliance will be identical for positive and negative
excursions, i.e. the loudspeaker will operate in the linear regime for as high cone excursions as
possible. Then, the cone will move symmetrically around the resting position, thus resulting in
lower distortion at high sound levels. The cone excursion may be observed with laser
interferometry, or any other suitably method.

[0022] The back chamber may be matched to the horn at a specific frequency.

[0023] Alternatively, the matching may be measured at a number of frequencies, and the
acoustical properties of the wall material, i.e. its density, varied until a mean error is achieved.
Outside the active bandwidth, any mismatch will be of no consequence.

[0024] The driver is delivering the sound directly into the horn, without any interfering
pressure chamber. This is made possible by the symmetric loading of the driver and ensures
low distortion even at high sound pressure levels.

[0025] Physically, the loudspeaker enclosure is made with walls and partitions 26 of wooden
panels, chipboard or plywood. The walls/partitions 26 are fastened to end walls (not shown).
The shape defined by the wooden panels is modified by adding flexible plates 27, 28, 29, or
pre formed plates which have been through a rolling mill. The plates are made from a metal,
such as aluminium, a plastic or fibre reinforced plastic. The plates may form bends in the
enclosure, such as the parts 27, 29, and are fastened to the wooden parts with any suitable
fastener, such as screws, nails or glue. The voids between the wooden parts and the plates
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are filed with foam 36, such as hardening expansion foam of polyethylene (PE) or
polyurethane (PU). This particular construction of wood, flexible or pre formed plates and foam
are light in weight, mechanically strong and acoustically dead.

[0026] The enclosure is in addition reinforced with aluminium tubes 30, 31, 32 between the
end walls. The tube 32 is placed at the mouth of the horn, in which there is a large span with
no wall or partition plate, and where vibrations may easily occur. The tubes 30, 31 serve as
handles during transport and give a measure of protection for the driver 21. The chamber 24 is
also covered by a protective perforated plate 34, of a metal such as aluminium, or plastic. The
plate will affect the acoustical properties of the chamber, which must be taken into account
when fitting the chamber 24 to the horn. Lastly, the enclosure may be equipped with castors 35
making it possibly to move the speaker single-handled.

[0027] Fig. 3 has been added to give an impression of the finished enclosure. One end wall
has been removed to show the interior of the enclosure.

[0028] Fig. 4 shows a part of a sound source with omni-directional, or at least cylindrical
sound radiation. The sound source can serve as midrange, treble or combined midrange and
treble sound source, and it comprises a multitude of stacked sub-speakers. At treble
frequencies speakers are designed with straight horns, as the small dimensions of the funnel
make this feasible. Thus, the design in Fig. 4 includes a number of sub-speakers, each with a
straight conical horn 43a-c. The opening angle of the conical horns in the illustrated
embodiment is approximately 40[deg.] for each sub-speaker, but in other embodiments the
opening angle may be in the range 5[deg.] to 120[deg.]. The opening angle preferably should
be designed so that the highest frequency to be reproduced will fill the entire horn without
beaming. Conical horns have been chosen over other designs as this design gives less
distortion, although at the cost of a slightly lower efficiency. Behind each driver element 41a-c
there is mounted a small resistance chamber 44a-c. As explained above, this resistance
chamber 44a-c, as well as the avoidance of a compression chamber in 1 front of the driver
41a-c, means an improvement in sound quality at high sound pressure levels. The small size
of the resistance chamber means that the sub-speakers may be stacked tightly; thus
preventing the formation of grating lobes. Another effect of this design is that the front of the
sound waves at the mouth of the horn is very flat. Then, the sound waves from adjacent sub-
speakers will superimpose with nearly no destructive interference. Altogether, this means a
very clean sound pattern from this source and a more uniform pattern at higher frequencies
(1/2-2 octaves higher) than prior art stackable horn systems.

[0029] The compact design of the horn loudspeakers allowing closely stacking can especially
be obtained in embodiments where walls forming sides of the conical horn also serves as
surrounding housing or box serving to protect the loudspeaker, such as it is the case with the
embodiment in Fig. 4. Further, since the walls serve two purposes, namely constitute part of
the horn as well as part of the housing, material is saved compared to forming the loudspeaker
with a separate horn and a separate housing. Thus, such loudspeakers can be made very light
weight, thereby facilitating its handling during installation.
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Patentkrav

1. Hgjttaler, der omfatter:
et driverelement (21) med en membran,

et horn (23), der er anbragt direkte pa forsiden af driverelementet uden et
mellemliggende trykkammer, hvor hornet har en akustisk impedans; og

et bagkammer (24), der omgiver driverelementet pé bagsiden af

driverelementet,

kendetegnet ved, at bagkammeret har en vaeg, der er fremstillet af et
semipermeabelt materiale, som er indrettet til at tillade luft ved et statisk
tryk at passere, men som stadig tilvejebringer akustisk modstand, samtidig
med at man forhindrer opbygningen af hgjt lufttryk i bagkammeret ved
store udsving af membranen, hvor bagkammeret har en akustisk
impedans, der stemmer overens med den akustiske impedans af hornet

inden for en aktiv bdndbredde af hornet.

2. Hgjttaler ifglge krav 1, hvor vaeggen af bagkammeret (24) er fremstillet af et

perforeret materiale.

3. Hgijttaler ifglge krav 1, hvor vaeggen af bagkammeret (24) er fremstillet af et
skum eller et teet fibermateriale.

4. Hgjttaler ifglge krav 3, hvor vaeggen af bagkammeret (24) er fremstillet af

celleskum med en &ben struktur.

5. Hgijttaler ifglge et hvilket som helst af de foregdende krav, hvor bagkammeret
(24) har to eller flere vaegge af et semipermeabelt materiale.

6. Hgijttaler ifglge et hvilket som helst af de foregédende krav, der indbefatter en
portion af akustisk deempningsmateriale, som er anbragt indeni bagkammeret
(24).
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2

7. Hgjttaler ifglge krav 3, hvor et beskyttende hus (34) af perforeret metal eller
plast deekker bagkammeret (24).

8. Hgijttaler ifglge et hvilket som helst af de foregdende krav, hvor hornet har en i
det vaesentlige konisk form, elle hvor hornet er foldet.

9. Hgjttaleranordning,
kendetegnet ved, at hgjttaleranordningen indbefatter et antal hgjttalere ifglge
et hvilket som helst af kravene 1-8, som er stablet taet sammen.

10. Hgjttaleranordning ifglge krav 9, hvor hornet for hver af hgjttalerne har en i
det vaesentlige konisk form.

11. Hgjttaleranordning ifglge krav 10, hvor frie luftdbninger pa hornene for
antallet af hgjttalere er anbragt sammen for at tillade generering af et blgdt
akustisk bglgemgnster fra hgjttaleranordningen.

12. Hgijttaleranordning ifglge et hvilket som helst af kravene 9-11, der indbefatter
to hgjttalere, som er anbragt sammen.

13. Hgijttaleranordning ifglge et hvilket som helst af kravene 9-11, der indbefatter

tre hgjttalere, som er anbragt sammen.

14. Hgjttaleranordning ifglge krav 10, hvor den koniske form af hornene beskrives
ved en abningsvinkel i omrédet fra 5° til 120°, fortrinsvis i omradet fra 25° til
450°,

15. Hgjttaleranordning ifglge et hvilket som helst af kravene 9-14, hvor hver af
antallet af hgjttalere indbefatter et hus, der tjener til beskyttelse, og hvor i det
mindste en vaeg, der danner del af huset, ogsé tjener som en vaeg, der danner

hornet.
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Fig. 2
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Fig. 4
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