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(54) ACOUSTIC TRANSDUCER

(57)  An acoustic transducer (1) comprising:

- a sound source (2) adapted to emit acoustic radiations
along a prevalent emission axis (A2);

- a horn (10) coupled to the sound source (2) and having
a hollow main body (11) which extends between an inlet
opening (12) that receives said acoustic radiations and
an outlet opening (13) for their external broadcasting.
The main body (11) has walls (14-17) which delimit a
flared conduit having a variable section which allows the
propagation of the acoustic radiations between the inlet
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opening (12) and the outlet opening (13). The main body
(11) extends along a prevalent longitudinal extension ax-
is (A10) misaligned with respect to the prevalent emission
axis (A2).

The horn (10) comprises, inside the flared conduit,
obstacles (101,102) or partition elements (103) which lo-
cally narrow its section in at least two transverse direc-
tions (D11-D12) with respect to the prevalent longitudinal
extension axis (A10).
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to the technical
field of audio reproducing systems and relates to an
acoustic transducer, particularly but not exclusively for
road tunnels.

BACKGROUND ART

[0002] An acoustic transducer is a device of an audio
system adapted to convert an electrical signal into acous-
tic waves. A particular type of acoustic transducer com-
prises at least one sound source, such as for example a
compression driver and an acoustic waveguide, referred
to as a horn.

[0003] An acoustic waveguide, or horn, comprises an
internally hollow main body, which extends between an
inlet opening adapted to receive an acoustic radiation
and an outlet opening for the diffusion of said radiation
outside the acoustic waveguide. The main body of the
acoustic waveguide has inner walls which delimit a flared
conduit which allows the propagation of the acoustic ra-
diation between the inlet opening and the outlet opening.
The inlet opening is generally referred to as a throat and
the outlet opening is generally referred to as a mouth.
The main body extends along an axis having prevalent
longitudinal extension, referred to as a main axis of the
horn.

[0004] In some applications, e.g. if the acoustic trans-
ducer is installed either near or adjacent to an installation
wall and/or if two or more acoustic sources are coupled
to a single shared horn, the sound source and the horn
must be coupled so that the prevalent acoustic emission
axis of the sound source is misaligned with respect to
the horn axis. Some examples of acoustic transducers
of this type are described in US 2,135,610 A or in US
8,995,700 B2.

[0005] The aforesaid misalignment determines a de-
terioration of the sound quality with respect to an ideal
situation in which the main axis of the horn and the prev-
alent emission axis of the acoustic source are aligned,
e.g. mutually coincide. This is due to the fact that the
acoustic radiation reflections on the inner walls of the
horn allow the undesired propagation of higher acoustic
modes. This problem is felt, in particular, but not exclu-
sively, in the diffusion systems of a voice signal because
it significantly afflicts speech intelligibility, e.g. measured
by means of the STI (Speech Transmission Index) tech-
nique.

[0006] A road tunnel is a covered and confined infra-
structure intended for the transit of vehicles.

[0007] The main directives in matter of safety, on na-
tional and supranational level, require the installation of
sound diffusion systems for playing voice messages in
emergency conditions and when it is necessary to evac-
uate the tunnel.
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[0008] However, road tunnels are an acoustically hos-
tile environment for sound broadcasting, because of the
materials used for building them, their geometry, long
reverberation times, as well as the background noise
conditions generated by vehicle traffic and the ventilation
systems.

[0009] The speech intelligibility level, specifically of
voice messages played by a broadcasting system, eval-
uated by measuring the STI (Speech Transmission In-
dex), as described in international standard
IEC60268-16:2011.

[0010] Current road tunnel public address systems,
where present, consist of a succession of small-size, tra-
ditional, commercial horn transducers placed by the side
of the carriageway and mutually distanced; in general,
this solution produces very modest intelligibility values
of speech on carriageway.

[0011] Itis an object of the present invention to provide
an acoustic transducer which allows to solve or in least
in part reduce the drawbacks described above with ref-
erence to the acoustic transducers of the known art de-
scribed above.

[0012] Itis a further object of the present invention to
provide an acoustic transducer, belonging to a complete
public address systems, designed to considerably in-
crease speech intelligibility, in particular for broadcasting
emergency messages in road tunnels.

[0013] Suchobjects are achieved by an acoustic trans-
ducer as defined in general in claim 1. Alternative pre-
ferred and advantageous embodiments of the aforesaid
acoustictransducer are defined in the appended depend-
ent claims. A further object is solved by a sound and/or
voice message broadcasting system in a road tunnel, as
defined in claim 16.

[0014] The invention will be better understood by
means of the following detailed description of a particular
embodiment, made by way of example and thus not lim-
iting in any manner, with reference to the accompanying
drawings which are briefly described in the following par-
agraph.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]
Figure 1 shows a perspective view from the top of a
non-limiting embodiment of an acoustic transducer,
comprising a horn and two sound sources coupled

to the horn.

Figure 2 is a perspective view, with parts separated,
of the acoustic transducer in figure 1.

Figure 3 shows an enlarged part of figure 2.
Figure 4 shows a front plan view of a first possible

embodiment of the horn of the acoustic transducer
in figure 1.
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Figure 5 is a rear flat view of the horn in figure 4.

Figure 6 is a perspective section view of the horn in
figure 4.

Figure 7 shows a front plan view of a second possible
embodiment of the horn of the acoustic transducer
in figure 1.

Figure 8 is a perspective section view of the horn in
figure 7.

DETAILED DESCRIPTION

[0016] Figure 1 shows an embodiment by way of non-
limiting example of an acoustic transducer 1, which is an
electro-acoustic transducer in particular.

[0017] Inthe particular embodiment shown, the acous-
tic transducer 1 comprises two sound sources 2 and a
horn 10, which are mutually coupled, e.g. by means of a
mechanical coupling system. The teachings of the
present description can be applied also to an acoustic
transducer 1 which has a single sound source 2 or more
than two sound sources 2, and therefore it is possible to
say thatin a general embodiment the acoustic transducer
1 comprises at least one sound source 2. For the afore-
said reasons, in the present invention reference will be
made indifferently to an acoustic transducer 1 having a
single sound source 2 or having multiple sound sources
2.

[0018] The aforesaid sound source 2 is, for example,
a compression driver and is adapted to emit an acoustic
radiation along a prevalent emission axis A2. For exam-
ple, such an acoustic radiation is a spherical wave acous-
tic radiation centered about such an axis A2 which prop-
agates along such an axis A2 in the emission sense.
[0019] In particular, the acoustic transducer 1 is a
transducer intended to be suspended from an installation
wall, either in contact with it or at a short distance from
it, in order to reduce the effect of the reflections on the
installation wall as much as possible, as described in
patent US 2,135,610 A. For example, the aforesaid
acoustic transducer 1 is comprised in an acoustic diffu-
sion system comprising an array of acoustic transducers
installed on the upper wall or on a ceiling of a tunnel, e.
g. a road tunnel, for broadcasting sound and/or voice
messages. However, the teachings suggested here are
also applicable to other types of acoustic transducers,
therefore the scope of protection must not be understood
as limited to acoustic transducers which can be installed
on wall.

[0020] The horn 10 has an internally hollow main body
11 which extends between an inlet opening 12 adapted
to receive the acoustic radiation emitted by the sound
source 2 and an outlet opening 13 for broadcasting such
an acoustic radiation outside the main body 11. The inlet
opening 12 is generally referred to as a throat, while the
outlet opening 13 is generally referred to as a mouth.
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[0021] The mainbody 11 has walls 14-17 which delimit
aflared conduit, which allows the propagation of the emit-
ted acoustic radiation between the inlet opening 12 and
the outlet opening 13, i.e. between the throat and the
mouth. The main body 11 of the acoustic transducer 1
extends along a prevalent longitudinal extension axis
A10 which is misaligned with respect to the prevalent
emission axis A2 of the sound source 2. Preferably, the
outlet opening 13 has a quadrangular-shape, i.e. rectan-
gular in the example. Preferably, the inlet opening 12 has
a quadrangular-shape, i.e. rectangular in the example.
[0022] Accordingtoapreferred embodiment, the flared
conduit is delimited by two mutually opposite walls 14,16
having mutually different shape. For example, as in the
embodiment shown in the figures, one of said walls 16
is flat and the other of said walls 14 is at least partially
curved. For example, the flat wall 16 is intended to be
superimposed on an installation wall in contact with such
an installation wall or arranged as close as possible to
the latter. Preferably, the flared conduit is delimited by
two mutually opposite walls 15,17 having the same
shape. In the example, such further walls 15,17 are at
least partially curved and mutually diverging, going from
the inlet opening 12 towards the outlet opening 13.
[0023] The main body 11 may be made of plastic or
metallic material, e.g. aluminum.

[0024] The horn 10 comprises, inside the flared con-
duit, one or more obstacles 101,102 or partition elements
103 which locally narrow the section of the flared body
in at least two directions D11, D12 transverse with re-
spect to the prevalent longitudinal extension axis A10.
According to an embodiment, the horn 10 comprises at
least two obstacles 101, 102 or at least two partition el-
ements 103. The aforesaid at least two obstacles
101,102 or at least two partition elements 102 are pref-
erably arranged in mutually opposite positions with re-
spect to the prevalent longitudinal direction A10. In the
example, with reference to figures 4 and 7, it is worth
noting that the obstacles 101, 102 in figure 2 or the par-
tition elements 103 in figure 7 narrow the cross section
of the flared conduit of the main body 11 in direction D11
and in direction D12. For the purposes of the present
description, narrowing of the section in at least two di-
rections D11, D12 means either that the narrowing oc-
curs along such directions or that it occurs along a direc-
tion parallel to such directions.

[0025] If partition elements 103 are included, the nar-
rowing of the cross section of the flared conduit deter-
mines a subdivision of such a section into multiple sub-
sections.

[0026] The local narrowing of the cross section of the
horn alters the energy balance in favor of the fundamental
mode and makes the higher modes evanescent for a
wider frequency band. In the case of horn acoustic trans-
ducers for voice signal transmission, it has been ob-
served that reducing the higher modes can significantly
improve speech intelligibility measured by means of the
STI (Speech Transmission Index) technique.
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[0027] In practice, obstacles 101, 102 locally reduce
the total surface which can be crossed by the acoustic
radiation, by acting above all on the maximum pressure
points of the higher modes, approaching them and pro-
moting the evanescent mode phenomenon. The partition
elements 103 divide the total surface into smaller surfac-
es, inside which the cutoff frequencies of the higher
modes are higher.

[0028] Advantageously, if the acoustic radiation emit-
ted by the sound sources 2 has a main mode and higher
modes, the obstacles 101,102 or the partition elements
103 are such as to increase the cutoff frequency of the
higher modes.

[0029] In most of the horns for speakers, operation is
based on the propagation of the aforesaid "fundamental
mode", i.e. a sound propagation mode in which each sec-
tion of the horn is crossed by a single sound pressure
wave front, coherent in amplitude and phase.

[0030] As in other oscillatory phenomena, also in
acoustics the transverse dimension of the conduit limits
the possible oscillation modes of the means (air in this
case). The analysis is particularly simple for constant
section rectilinear conduits: in this case, only the natural
mode can propagate under a given cutoff frequency. The
same higher mode "filtering" phenomenon occurs in all
other cases - variable section conduits or with non-rec-
tilinear propagation axis -, but with features which vary
from point to point; additionally, the geometric variation
tends to introduce transverse oscillation modes which
were not present at the sound source 2. If higher oscil-
lation modes are present in the sound field which cannot
propagate because of the geometry of the conduit, these
modes become evanescent, i.e. rapidly attenuate with
exponential law, the further they are from the natural cut-
off frequency, i.e. the frequency at which propagation
becomes possible. Obstacles 101,102 or partition ele-
ments 103 are thus preferably adapted and configured
to determine and/or promote higher mode evanescence.
[0031] So, for a constant section rectilinear conduit,
the situation is the following: it is possible to identify a
fundamental mode, which can propagate independently
from signal frequency, and infinite transverse modes,
each characterized by a natural cutoff frequency, i.e. the
minimum frequency (which is thus an inferior cutoff fre-
quency) to which the mode can propagate compatibly
with the constraints, i.e. the walls of the conduit.

[0032] In an acoustic transducer horn, which typically
defines a flared conduit having increasing cross section,
the cutoff frequencies of the transverse mode gradually
decrease proceeding from the inlet opening 12 towards
the outlet opening 13.

[0033] We will assume the following situation: a horn
10 designed to impose a given angular coverage to the
sound field, i.e. toradiate the sound towards the delimited
and well-defined portion of space. We can also assume
that design is based on the propagation of the fundamen-
tal mode only. Technical conditions may occur which
cause the onset of transverse oscillation modes on sound
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source level. A typical case is the need, dictated by tech-
nical reasons, to position the sound sources misaligned
with respect to the axis A10 of the prevalent longitudinal
extension of the horn 10. In this condition, the sound en-
ergy emitted by the sound sources 2 will tend to reflect
more on the walls 14-17 of the horn 10 and thus create
a greater number of transversal modes or higher modes.
[0034] By virtue of the obstacle 101, 102 or the partition
elements, the solution described above aims at reducing
the impact of the transverse modes on the performance
of the horn 10. The transverse modes completely cannot
be removed completely if the operating band of the horn-
source system (or horn-sources) is rather wide; the im-
pact can be limited by moving their cutoff frequencies
more upwards. In other words, the transverse mode cut-
off frequencies are displaced more upwards, leaving the
fundamental mode undisturbed in a wider frequency
band.

[0035] The obstacles 101, 102 have the purpose of
reducing the maximum transverse distances inside the
horn as much as possible. In this manner, the higher
mode cutoff frequencies are increased, making it more
difficult for the sound wave to be reflected between the
walls of the horn.

[0036] The partition elements 103 substantially obtain
the same result by acting in slightly different manner.
When two portions of a mutually offset transverse mode
are conveyed into a smaller section conduit, they become
evanescentand are exponentially attenuated. Therefore,
at the outlet of the conduits having smaller section there
is a smaller proportion of transverse modes with respect
to the inlet.

[0037] Ifthe horn 10 is provided with one or more sym-
metry planes, it is possible to consider only the modes
which respect the symmetry, whereby reducing the
number and size of the obstacles which are needed. The
horn 10 shown in the drawings is an example: by exploit-
ing the vertical symmetry plane, the obstacles 101, 102
and the partition elements 103 are designed to reduce
only the modes which respect such a symmetry.

[0038] According to a particularly advantageous em-
bodiment, the obstacles 101,102 or partition elements
103 are relatively closer to said inlet opening 12 and rel-
atively further away from said outlet opening 13. Ideally,
the obstacles 101, 102 or the partition elements 103
should extend starting from the inlet opening 12 towards
the inside of the flared conduit, but construction con-
straints may require a deviation from this ideal situation,
so that it can be asserted that it is generally convenient
to provide for the obstacles or the partition elements to
start close, or rather as close as possible, to the inlet
opening 12 or, if possible, at the inlet opening 12.
[0039] Preferably, the obstacles 101, 102 or the parti-
tion elements 103 have a maximum extension dimension
smaller than 40% of the extension dimension of the main
body 11 of the horn along the prevalent longitudinal ex-
tension axis A10, preferably lower than 30%, e.g. lower
than 20%.
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[0040] Preferably, the obstacles 101,102 are elements
which protrude from inner walls of the flared conduit and,
for example, are mechanically coupled to the main body
11 or made in one piece with such walls.

[0041] In the particular example shown, the obstacles
101, 102 on a plane perpendicular to the prevalent lon-
gitudinal extension axis A10 have a triangular section.
Preferably, said obstacles 101,102 on a plane parallel to
the prevalent longitudinal extension axis A10 of the horn
10 have a trapezoidal section.

[0042] Preferably, at least one of said obstacles, such
as the obstacles 102, is arranged at angular positions of
the flared conduit.

[0043] In the embodiment in figures 7 and 8 alterna-
tively to the obstacles described above, partition ele-
ments 103 are included which divide the cross section
of the conduit into two or more sub-sections in a limited
portion. Preferably, said partition elements 103 comprise
at least one tubular element 103 fixed inside the flared
conduit. In the example shown in figures 7 and 8, the
partition elements 103 are two tubular elements placed
mutually side-by-side.

[0044] According to a preferred embodiment, the tu-
bular elements 103 have walls, each of which is parallel
to a respective wall portion 14-17 of the main body 11.
[0045] According to an embodiment, coherent with the
example shown in figures 7 and 8, the horn 10 comprises
spacer elements 104, 105 adapted and configured to dis-
tance the tubular elements 103 of the walls 14-17 of the
main body 11.

[0046] According to a preferred embodiment, the
acoustic transducer 1 comprises a transition 3, opera-
tively interposed between the sound source 2 and the
horn 10, and in particular between the sound source 2
and the inlet opening 12. According to a preferred em-
bodiment, such a transition comprises a curved conduit.
Such a transition 3 preferably comprises at least one cir-
cular inlet port 30 facing the sound source 2 and at least
one quadrangular outlet port 31, rectangular 31 in the
example, facing towards the inlet opening 12 of the horn
10. A curved conduit extends preferably between the cir-
cular inlet port 30 and the quadrangular outlet port 31.
Since two sound sources 2 are provided in the example
shown in the figures, the transition 3 comprises two cir-
cular inlet ports 30 and two curved conduits which con-
verge into the quadrangular outlet port 31.

[0047] According to an advantageous embodiment,
the transition 3 precedes the aforesaid obstacles 101,
102 or the aforesaid partition elements 103. In other
words, the obstacles or the partition elements do not ex-
tend inside the transition 3 but only inside the horn 10.
[0048] According to an advantageous embodiment,
the acoustic transducer 1 comprises a coupling flange 4
operatively interposed between the transition 3 and the
horn 10. Preferably, the coupling flange 4 comprises a
conduit which extends between two opposite openings
40, 41 which lay on two mutually inclined planes. For the
mechanical coupling between the sound sources 2, the
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transition 3, the coupling flange 4 and the horn 10 the
acoustic transducer 1 may comprise coupling elements,
such as for example screws or bolts known to a person
skilled in the art and for this reason not described in fur-
ther detail.

[0049] As mentioned, the aforesaid acoustic transduc-
er may be advantageously used in a sound broadcasting
system installed in a road tunnel, including an array of
transducers of the type described above installed along
the course of the road tunnel on the upper wall of the
road tunnel. For example, the acoustic transducers are
mutually interposed at a distance comprised between 50
meters and 100 meters, e.g. equal to 75 meters. The
acoustic broadcasting system comprises a plurality of
amplifiers provided for supplying the sound sources of
the acoustic speakers. Furthermore, the acoustic broad-
casting system may comprise a microphone, or a plurality
of microphones, to allow the system to detect the envi-
ronmental noise in the tunnels and adjust the emitted
sound power.

[0050] From the above, it is apparent that an acoustic
transducer 1 of the type described above allows to fully
achieve the set objects in terms of overcoming the draw-
backs of the prior art.

[0051] [0058] Notwithstanding the principle of the in-
vention, embodiments and details may be greatly varied
with respect to those described and disclosed herein ex-
clusively by way of non-limiting example without depart-
ing from the scope of the invention as defined in the ap-
pended claims.

Claims
1. An acoustic transducer (1) comprising:

- a sound source (2) adapted to emit an acoustic
radiation along a prevalent emission axis (A2);
- a horn (10) operatively coupled to the sound
source (2) and having an internally hollow main
body (11) which extends between an inlet open-
ing (12), adapted to receive said acoustic radi-
ation, and an outlet opening (13) for the external
broadcasting of said radiation, wherein the main
body (11) has walls (14-17) which delimitaflared
conduit having a variable section which allows
the propagation of the acoustic radiation be-
tween the inlet opening (12) and the outlet open-
ing (13), wherein the main body (11) extends
along a prevalent longitudinal extension axis
(A10) which is misaligned with respect to the
prevalentemission axis (A2) of the sound source

(2);

characterized in that

the horn (10) comprises, inside the flared conduit,
one or more obstacles (101,102) or partition ele-
ments (103) which locally narrow the section of the
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flared body in atleast two transverse directions (D11-
D12) with respect to the prevalent longitudinal ex-
tension axis (A10).

An acoustic transducer (1) according to claim 1,
wherein said acoustic radiation has a main mode
and superior modes, wherein said obstacles
(101,102) or said partition elements (103) are such
as to increase the cutoff frequency of the superior
modes in the horn (10).

An acoustic transducer (1) according to claim 1 or
2, wherein said obstacles (101,102) or partition ele-
ments (103) are relatively closer to said inlet opening
(12) and relatively further from said outlet opening
(13).

An acoustic transducer (1) according to any one of
the preceding claims, wherein said obstacles
(101,102) are elements which protrude from inner
walls of the flared conduit.

An acoustic transducer (1) according to claim 4,
wherein said obstacles (101,102) have a triangular
section on a plane perpendicular to said prevalent
longitudinal extension axis (A10) and preferably
have a trapezoidal section on a plane parallel to said
prevalent longitudinal extension axis (A10).

An acoustic transducer (1) according to claims 4 or
5, wherein one or more of said obstacles (101, 102)
are arranged at angular portions of the flared conduit.

An acoustic transducer (1) according to any one of
the claims from 1 to 3, wherein said partition ele-
ments (103) divide the section of the conduit into two
ormore sub-sections, in alimited portion of the flared
conduit.

An acoustic transducer (1) according to claim 7,
wherein said partition elements (103) comprise at
least one tubular element fixed inside the flared con-
duit.

An acoustic transducer (1) according to claim 8,
wherein said partition elements (103) are two tubular
elements placed side-by-side.

An acoustic transducer (1) according to any one of
the preceding claims, wherein said flared conduit is
delimited by two mutually opposite walls (14,16) hav-
ing a mutually different shape, wherein one of said
walls (16) is preferably flat and the other of said walls
(14) is at least partially curved.

An acoustic transducer (1) according to claim 10,
wherein said flared conduit is delimited by two fur-
ther, mutually opposite walls (15,17) having the
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12.

13.

14.

15.

16.

same shape.

An acoustic transducer (1) according to any one of
the preceding claims, wherein said outlet opening
(13) is quadrangular in shape.

An acoustic transducer (1) according to any one of
the preceding claims, wherein said obstacles (101,
102) or partition elements (103) have a maximum
extension dimension which less than 40% of the ex-
tension dimension of the main body (11) of the horn
along said prevalent longitudinal extension axis
(A10).

An acoustic transducer (1) according to any one of
the preceding claims, wherein the horn (10) compris-
es at least two of said obstacles (101,102) or at least
two of said partition elements (103).

An acoustic transducer according to any one of the
preceding claims, comprising a transition (3) opera-
tively interposed between the sound source (2) and
the horn (10), and in particular between the sound
source (2) and the inlet opening (12), and wherein
such a transition comprises a curved conduit.

A sound and/or voice message broadcasting system
in a road tunnel, comprising an array of acoustic
transducers (1) according to any one of the preced-
ing claims, installed on an inner wall of the road tun-
nel.
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