Loudspeaker The present invention relates to
| oudspeakers, and particularly relates to done-shaped
wo ecaasohseer s, for exanpl e high frequency transeQreB2006/000753
comonly referred to as "tweeters”. Hi gh frequency
dome- shaped transducers nmay be operated with or
W t hout the presence of a surrounding horn. The horn
may be a static horn, or itlmay itself be an
acoustical |y radiating di aphragm such as a cone
di aphragm for exanple. The present invention seeks to

provide a | oudspeaker uLbudlspsakgra convex dome-shaped
transducer, which has inproved acoustic properties
conmpared to known arrangenents. Accordingly, the

i nvidvet prasept dwahemnard ated $p dakesp ea@aty, i sidgaaidatarty relates
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convex dome-shaped acoustically radiating surface,
wherein: (a) a horn angle subtended between a
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The inventors of the present invention have found that

a | oudspeaker havin%_the above-defi ned combi nati on of
f cAFERTENGIS Eig dnven eneoyiges a loudspeaker comprising a horn

waveguide having a waveguide surface, and a transducer located in, or
adjacent to, a throat of the horn waveguide, the transducer having a
substantially rigid convex dome-shaped acoustically radiating surface,
wherein:

(a) a horn angle subtended between a longitudinal axis of the horn
waveguide and the waveguide surface at the throat of the horn, is in the
range 20 to 60 degrees; and

(b) an intersection angle subtended between a plane tangential to the
dome shape of the acoustically radiating surface and a plane tangential to
the waveguide surface at a point where the dome shape or an extrapolation
of the dome shape meets the waveguide surface or an extrapolation of the

waveguide surface, is in the range 85 to 110 degrees.

The inventors of the present invention have found that a loudspeaker
having the above-defined combination of features is able to generate
acoustic waves having a dramatically enhanced consistency over a greater

range of frequencies, than hitherto. Intparticular, the inventors have found



acoustic waves having a dramatically enhanced
consi stency over a greater range of frequencies, than
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t he acoustic waves generated by the | oudspeaker of the
i nvention can have a nore consi stent response over a
wi der range of frequencies and angles of direction,
t han known | oudspeakers. The-term "sphericity" (wth
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in addition to the findings referred to above)
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sphericity than those generated and propagated by known loudspeakers
comprising a convex dome-shaped transducer and a horn waveguide.

The present inventors have found that especially good acoustic results
can be achieved with loudspeakers in accordance with the invention if the
intersection angle falls within a preferred range of angles that varies with
horn angle in a particular way. Thus, in some preferred embodiments of the
invention, for horn angles in the range 20 to 40 degrees, the minimum
intersection angle of the range of intersection angles is 85 degrees.
Preferably, for horn angles in the range from 40 to 50 degrees, the minimum
intersection angle of the range of intersection angles varies substantially
linearly from 85 to 90 degrees. Preferably, for horn angles in the range from



i nvention, for horn angles in the range 20 to 40
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The dome-shaped acoustically radiating surface of the transducer of
loudspeakers according to the invention is substantially rigid. Such rigidity
may, for example, be achieved by means of the choice of material from
which the dome is formed. (Some preferred materials are referred to
below.) Additionally or alternatively, the transducer may be reinforced in
order to improve or provide its rigidity. A particularly preferred transducer
for use in the present invention is disclosed in the UK patent application filed
by the present applicant on the same date as the present application, and
entitled “Electro-acoustic Transducer”. Thus, in some preferred
embodiments of the present invention, the transducer comprises a front part i

having an acoustically radiating surface, a supporting part that supports the



bel ow.) Additionally or alternatively, the transducer
may be reinforced in order to inprove or provide its

w0 e@oadaeye A particularly preferred transducerPdDGBABE/000753
in the present invention is disclosed in the UK patent
application filed by the present applicant on the sane
date as the present application, and entitled
"El ectro-acoustic Transduce#". Thus, in sone preferred
enbodi nents of the present invention, the transducer
conprises a front part having an acoustically
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preferably, the minimum diameter of the throat of the horn waveguide is no
more than 4 mm larger than a maximum diameter of the dome of the
transducer, e.g. no more than 3 mm larger. Preferably there are
substantially no cavities exhibiting resonances in the audio range between

the transducer and the horn waveguide.

In preferred embodiments of the invention, the dome-shaped
acoustically radiating surface of the transducer is attached via a surround to
a support situated around the transducer, at least part of the surround being
flexible. The surround preferably comprises a generally annular web, at least
part of the width of which (i.e. in the direction perpendicular to the
longitudinal axis of the horn) is flexible, thus allowing for the substantially
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In at least some embodiments of the invention, the horn waveguide is
non-circular in cross-section perpendicular to its longitudinal axis. For
example, the horn may be oval in cross-section, or indeed substantially any
shape. However, for many embodiments of the invention, the horn
waveguide is substantially circular in cross-section perpendicular to its

longitudinal axis.

The horn waveguide may be substantially frusto-conical (i.e. the horn
waveguide may be substantially conical but truncated at the throat of the
horn). However, the horn waveguide may be flared, e.g. flared such that it
follows a substantially expenential curve, or a substantially parabolic curve,

or another flared curve, Other horn waveguide shapes are also possible.
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| ongi tudi nal axis. For exanple, the horn may be oval

in cross-section, or indeed substantially any shape.
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may be dnven substantially independently of the dome-shaped transducer,
for example such that the diaphragm is arranged to radiate acoustic waves of
generally lower frequency than is the dome-shaped transducer.
Alternatively, the diaphragm and the dome-shaped transducer may be driven
together substantially as a unit, for example. Consequently, the loudspeaker
preferably includes one or more drive units to drive the diaphragm and/or
the dome-shaped transducer. An example of a suitable arrangement (albeit
at least with a different intersection angle to the present invention) in which
the horn waveguide itself comprises an acoustically radiating diaphragm, is
disclosed in United States Patent No. 5,548,657,

The dome-shaped transducer preferably is formed from a substantially

rigid low,density material, for example a metal or metal alloy material, a



Consequently, in sone enbodi nents of the invention,
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horn wavegui de is an acoustically radiating
d'WW%ﬂ‘e‘ﬁ:é‘P%l@*WD@ formed froma plastics materi aI or a
fabric material, for exanple. Metal or paper may be

preferable in sone cases.
A second aspect of the invention provides a loudspeaker system

comprising a plurality of loudspeakers according to the first aspect of the

invention.

Other preferred and optional features of the invention are described

below and in the dependent claims.

Examples of some preferred embodiments of the invention will now be
described, by way of example, with reference to the accompanying drawings,

of which:

Figure 1 shows, schematically and in cross-section, part of a

loudspeaker according to the present invention;
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A second aspect of the invention provides a
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the invention are described below and in the dependent
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to the invention;

Figures 6(a) and 6(b) illustrate schematically some of the dimensions

of preferred loudspeakers according to the invention;

Figure 7 ((a) and (b)) shows finite element computer modelling resuits
for various relative values of particular dimensions of loudspeakers according

to the invention; and

Figure 8 shows finite element computer modelling results for a

particular example of a loudspeaker according to the invention.

Figures 1 and 2 show, schematically and in cross-section, part of a
loudspeaker 1 according to the present invention. (Both figures show only
one half of the loudspeaker on one side of a longitudinal axis 12. The
loudspeaker is symmetrical about the axis.) The loudspeaker 1 comprises a
horn waveguide 3 having a waveguide surface 5, and a convex dome-shaped
transducer 7 located generally in the throat 9 of the horn waveguide. The
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waveguide.

Figure 3 is a schematic illustration of the “intersection angle” (as
defined herein) of a loudspeaker according to the invention. As ilustrated,
the intersection angle is an angle subtended between a 33 tangential to the
spherical curvature of the acoustically radiating surface 11 and a plane 35
tangential to the waveguide surface 5 of the horn waveguide 3 at a point
where the spherical curve meets an imaginary surface 37 extrapolated from
the waveguide surface. The intersection angle illustrated in Figure 3 is 87

degrees, as indicated.
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thﬁ%@&% We%’re& fo';mﬂougspeakers according to the invention to have a
sound pressure level response over this frequency range that is as smooth
and loud as possible. As the skilled person also knows, the sound pressure
level will normally vary (for a particular loudspeaker) with the direction
relative to the loudspeaker at which the sound pressure level is measured (or
modelled). Consequently, the computer modelling of the present invention
was carried out at two principle “directions” relative to the dome-shaped

transducer, namely “on-axis” and at the waveguide surface of the horn.

Figures 4 (a) to 4 () show the results of the modelling for a horn
waveguide having a horn angle of 20, 30, 35, 40, 50 and 60 degrees,
respectively, and at various differing intersection angles for each horn angle.
In each case, as mentioned above, the sound pressure level ("SPL") was
modelled on the longitudinal: axis of the horn (“on-axis”), and at the
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Additionally, the normal tilt (inclination) of each SPL plot has been
substantially levelled by applying a 6 dB octave slope to the plot, so that any
departures from a substantially straight line plot are clearly shown.

The modelling results illustrated graphically in Figure 4 clearly show
that for the modelled loudspeakers that fall within the scope of the present
invention, i.e. having an intersection angle in the range of 85 degrees to 110
degrees and a horn angle in the range of 20 to 60 degrees, the sound
pressure level response both “on-axis” and at the horn waveguide surface is
significantly smoother than it is for those modelled loudspeakers falling
outside the defined range of intersection angles, i.e. outside the scope of the

invention. For those intérsection angles falling within the preferred ranges of
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preferred ranges are illustrated graphically in Figure 5. The preferred
intersection angles at each horn angle fall at the boundary of, or within, the

area shown on the graph.

Figures 6(a) and 6(b) illustrate schematically some of the dimensions
of preferred loudspeakers according to the invention. Figure 6(a) shows the
diameter D1 of the dome-shaped acoustically radiating surface of the
transducer, the diameter D2 of the throat of the horn waveguide at the
waveguide surface, and the diameter D3 of the support situated around the
transducer and to which the surround is attached. Figure 6(b) shows a
separation (or gap) G (which is equal to (D2 - D1)/2) between the dome-
shaped acoustically radiating surface of the transducer and the throat of the
horn waveguide at the waveguide surface. Figure 6(b) also shows a
separation W (which is equal to (D3 - D1)/2) between the dorne-shaped



substantially linearly from90 to 100 degrees. For
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i ntersection angles preferably varies substantially

linearly from 100 to 110 degrees. For horn angles in

the range 45 to 60 degrees, the nmaxi mnum i ntersection
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graphically in Figure 5. The preferred intersection
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support and the dome- shaped surface of the transducer, i.e. (D3 - D1)/2.
The plots of modelled sound pressure level (SPL, in dB) versus sound
frequency (in Hz) show that for separations W of 2.5 mm or less (i.e. D3 -
D1 is 5 mm or less) the SPL response is much smoother (i.e. much closer to
being constant) than it is for separations W of 3 mm or 4 mm (i.e. D3 - D1 is
& mm or 8 mm) up to at least 20 kHz. (It should be noted that although
D3=D1 is an ideal acoustical case it is a mechanically difficult (or perhaps

impossible) design to achieve.)

Figure 8 shows finite element computer modelling results for a
loudspeaker according to the invention, having a dome-shaped transducer
with a diameter of 45 mm in a horn waveguide, having an intersection angle
of 87.5 degrees, a horn angle (at the throat) of 40 degrees, and the horn

waveguide having an exponential flare with a flare rate implying a cut-on
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or claim 2, orn 4 . .
f r ordesyees 50 degr ees, the mininmumintersection

2. A loudspeaker according to claim 1, in which, for horn angles in the

range 20 to 40 degrees, the minimum intersection angle is 85 degrees.

3. A loudspeaker according to claim 1 or claim 2, in which, for horn
angles in the range from 40 to 50 degrees, the minimum intersection
angle varies substantially linearly from 85 to 90 degrees.

4. A loudspeaker according to any preceding claim, in which, for horn
angles in the range from 50 to 60 degrees, the minimum intersection
angle varies substantially linearly from 90 to 100 degrees.

5. A loudspeaker according to any preceding claim, in which, for horn
angles in the range from 20 to 45 degrees, the maximum intersection
angle varies substantially linearly from 100 to 110 degrees.



angl e varies substantially linearly from85 to 90

degrees. 4. A | oudspeaker according to any preceding
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to 60 degrees, the mninmumintersection angle varies

substantially linearly from90 to 100 degrees. 5. A

| oudspeaker according to ang-preceding claim in

whi ch, for horn angles in the range from20 to 45

degrees, the maxi mumintersection angle varies
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throat of the horn waveguide at the waveguide surface and the dome-
shaped acoustically radiating surface of the transducer, is no greater

than 2.5 mm,.

10. A loudspeaker according to any preceding claim, in which a minimum
diameter of the throat of the horn waveguide at the waveguide surface
is no more than 5 mm larger than a maximum diameter of the dome-

shaped acoustically radiating surface of the transducer.

11. A loudspeaker according to any preceding claim, in which the dome-
shaped acoustically radiating surface of the transducer is attached via
a surround to a support situated around the transducer, at least part
of the surround being flexible.

12. A loudspeaker according to claim 11, in which the dome-shaped

acoustically radiating surface of the transducer is spaced apart from
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or evkstangaly i peRENEisuRrmtAi Hifn ngipdiRal opxishef the horn

supmpbg@ugugge@ RAbRM LA P& fhansducer is no nore than
5 mmlarger than a nmaxi num di aneter of the done-shaped

acoustically radiating surface of the transducer. 14.
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whi ch the horn wavegui de has an axial [ength of
| eaéuametsrtqfw%@ ﬁlh%DQfélnglatQﬁ arpendighe pnsdecer ls no more

tra 1 I C t [ 4
I e R P A
| ea@ftOL@tloaMy h@fsaWr@swéa@mpf gfe traasdines. of the
transducer. 16. A |oudspeaker according to any
preceding claim in which the horn waveguide is
14nonA clordspenker reaspudisg decanyrprpeegisgdilaim afn tvhich $he horn

| o2 nRXE? okl 1edhYIIPRAKE L SGALAIAG BN the

sub@Qrantqfatheyrmsduuérar in cross-section per pendl cul ar
to its longitudinal axis. 18. A | oudspeaker according
to any preceding claim in which the horn
15. A loudspeaker according to claim 14, in which the horn waveguide has

an axial length of at least 2.0 times the height of the dome of the

transducer.

16. A loudspeaker according to any preceding claim, in which the horn
waveguide is non-circular in cross-section perpendicular to its

longitudinal axis.

17. A loudspeaker according to any one of claims 1 to 15, in which the
horn waveguide is substantially circular in cross-section perpendicular

to its longitudinal axis.

18. A loudspeaker according to any preceding claim, in which the horn

waveduide is substantially frusto-conical.

19. A loudspeaker according to any preceding claim, in which the horn

waveguide is flared.



wavegui de is substantially frusto-conical. 19. A
| oudspeaker according to any preceding claim in which
wao b@elogaon wavegui de is flared. 20. A | oudspeakePCT/GB2006/000753
according to any preceding claim in which the horn
wavegui de conprises a driven acoustically radiating
di aphragm 21. A | oudspeaker according to claim20, in
whi ch the diaphragmis driuén substantially
i ndependently of the done-shaped transducer. 22. A
| oudspeaker according to claim21, in which the
20di a,phlbagmé&eararcangﬁdgtt@ Earzlipareeeaaguelbinc wawesclofthe horn

[yl - th th
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i n which the di aphragm and the done- shaped transducer
are oget her.. subst anti S .a uni
ek SO ETTng TRoCa) Dnd ofiiel Smgiansregmps driven
l Ncdubdt i AydhH¥Serttintyt 6F el denméipageapimaite?d. A '

| oudspeaker according to any preceding claim
including a drive unit to drive the done-shaped

221" ams@ueereak%é aécdr@ih@s PEak8im aggorifi Mido tﬂé‘Ydraphragm is
precedi ng claim including one or nore further

t r AHERAAREH 50 aRdiptR 280 nWaveust iaearrd v luyestragrency than

di aplthagie-difapdh LraHdaRgaker system comprising a
plurality of |oudspeakers according to any preceding

claim
23. A loudspeaker according to claim 20, in which the diaphragm and the

dome-shaped transducer are driven together substantially as a unit.

24. A loudspeaker according to any one of claims 20 to 23, including a
drive unit to drive the diaphragm.

25. A loudspeaker according to any preceding claim, including a drive unit

to drive the dome-shaped transducer.

26. A loudspeaker according to any preceding claim, including one or more
further transducers and/or driven acoustically radiating diaphragms.

27. A loudspeaker system comprising a plurality of loudspeakers according

to any preceding claim.



