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Description
TECHNICAL FIELD

[0001] Aspects relate, in general, to acoustic absorb-
ing structures and more specifically, although not exclu-
sively, to structures for absorption of low frequency
broadband acoustic noise.

BACKGROUND

[0002] Insomesituations, the presence of low frequen-
cy noise can be problematic. For example, high ampli-
tude low-frequency noise can cause fatigue to be induced
on structures such as vehicular platforms (e.g., fast jet
platforms) where acoustic levels high enough to damage
equipment and the platform structure are typically gen-
erated in e.g., internal payload bays. Such high acoustic
levels can be managed by designing the geometry of the
surrounding platform structures to divert noise and to
withstand the high noise levels. However, such design
considerations add undesirable mass and complexity to
the platform in question.

[0003] Other methods for managing the presence of
undesirable low-frequency acoustic noise include the
use of materials or structures to exploit resonance ef-
fects. However, these are only suitable for narrowband
frequency ranges and are therefore generally unsuitable
for use on or in platforms where broadband frequency
control is required. Absorbers capable of broadband fre-
quency control can be used, but they typically require
spatial regions for installation that are around the same
size as the wavelength corresponding to the lowest fre-
quency of interest. That is, in order to provide a useful
broadband attenuation of unwanted acoustic noise, such
absorbers are typically large and bulky. Again, this adds
undesirable mass, weight and cost.

SUMMARY

[0004] According to an example, there is provided an
acoustic absorbing structure, comprising a surface com-
prising an array of apertures, each aperture defining an
opening for a corresponding channel, each channel form-
ing a non-resonant acoustic attenuation structure with an
axially decreasing cross-section over at least a portion
of the length of the channel. Regions of the surface be-
tween apertures are minimised whereby to reduce
acoustic impedance of the surface. In an example, the
apertures are polygonal (i.e. in two-dimensional cross-
section). In other examples, the apertures are circular.
The apertures can form a periodic or aperiodic tessella-
tion over the surface. Broadly speaking, regions between
apertures are minimised in order to present a surface to
an incident sound wave which does not introduce a large
mismatch in acoustic impedance, thereby leading to high
levels of acoustic reflection from the surface.

[0005] In an example, a channel tapers, in an axial di-
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rection, from its opening at the surface according to a
predefined tapering profile. The rate of tapering of the
channel along its length can be logarithmic. The rate of
tapering may be linear, orindeed follow any other suitable
profile. A channel can taper to a point. A channel can
taper to an opening in a side of the acoustic absorbing
structure opposite the surface.

[0006] In an example, a channel defines an acoustic
pathway, the length of which is longer than a dimension
of the acoustic absorbing structure. A channel can be
folded. That is, a channel can comprise a circuitous, sin-
uous or tortured profile. A channel can comprise a series
of baffles arranged along its length. Each baffle can ex-
tend inwardly from an inner surface of the channel and
the length and density of baffles can increase along the
length of the channel.

[0007] An opening can define a contraction region be-
tween the surface of the structure and a channel. For
example, a region of a channel can comprise a different
tapering profile compared to the rest of the channel.
[0008] In an example, a first material can be disposed
or otherwise provided within a channel, the first material
having a first density presenting a first acoustic imped-
ance. A second material can be disposed or otherwise
provided within the channel, the second material having
a second density presenting a second acoustic imped-
ance. The structure can be composed of a single material
with multiple regions of respective different densities.
[0009] According to an example, there is provided a
platform comprising a source of low frequency acoustic
noise, the platform comprising an acoustic absorbing
structure as claimed in any preceding claim so configured
as to absorb or attenuate low frequency acoustic noise.
The acoustic absorbing structure can receive the low fre-
quency acoustic noise from the source at a normal to the
surface. This enables optimal noise attenuation. In an
example, an acoustic absorbing structure may be ar-
ranged at other angles of incidence to the noise with re-
duced levels of attenuation. The acoustic absorbing
structure may be placed in a reverberant field or open or
closed cavities to reduce noise levels in those spaces.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] For a more complete understanding of the
present disclosure, reference is now made, by way of
example only, to the following descriptions taken in con-
junction with the accompanying drawings, in which:

Figure 1is a schematic representation of an acoustic
absorbing structure according to an example;
Figure 2 is a schematic representation of an acoustic
absorbing structure according to an example;
Figure 3a, 3b and 3c are schematic representations
of non-resonant acoustic attenuation structures ac-
cording to an example;

Figure 4 is a schematic representation of an acoustic
absorbing structure according to an example;
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Figure 5 is a schematic representation of an acoustic
absorbing structure according to an example; and
Figure 6 is a schematic representation of a portion
of a platform according to an example.

DESCRIPTION

[0011] Example embodiments are described below in
sufficient detail to enable those of ordinary skill in the art
to embody and implement the systems and processes
herein described. It is important to understand that em-
bodiments can be provided in many alternate forms and
should not be construed as limited to the examples set
forth herein. Accordingly, while embodiments can be
modified in various ways and take on various alternative
forms, specific embodiments thereof are shown in the
drawings and described in detail below as examples.
There is no intent to limitto the particular forms disclosed.
On the contrary, all modifications, equivalents, and alter-
natives falling within the scope of the appended claims
should be included. Elements of the example embodi-
ments are consistently denoted by the same reference
numerals throughout the drawings and detailed descrip-
tion where appropriate.

[0012] The terminology used herein to describe em-
bodiments is not intended to limit the scope. The articles
"a," "an," and "the" are singular in that they have a single
referent, however the use of the singular form in the
present document should not preclude the presence of
more than one referent. In other words, elements referred
to in the singular can number one or more, unless the
context clearly indicates otherwise. It will be further un-
derstood that the terms "comprises," "comprising," "in-
cludes," and/or "including," when used herein, specify
the presence of stated features, items, steps, operations,
elements, and/or components, but do not preclude the
presence or addition of one or more other features, items,
steps, operations, elements, components, and/or groups
thereof.

[0013] According to an example, there is provided an
acoustic absorbing or attenuation structure. The acoustic
absorbing structure utilises an array of channels, each
channel forming a non-resonant acoustic attenuation
structure with an axially decreasing cross-section over
at least a portion of the length of the channel. A surface
of the acoustic absorbing structure comprises an array
of apertures, with each aperture defining an opening for
a corresponding channel provided in a body of the struc-
ture. In an example, each opening can be of the order of
several millimetres wide, tapering to a point (or to another
opening) over the length of the channel. That is, the sur-
face comprises an array of holes that define the openings
of multiple channels within the body of the acoustic ab-
sorbing structure. In an example, the channels reduce in
cross-sectional area, and/or change in profile, along their
length according to a tapering profile, until they terminate
in a point (such as a dead end in the body) or another
opening, such as an opening on the opposite side of the
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structure. As an acoustic wave travels down the tapered
channel, which may be in the form of holes or slots, it is
attenuated along the length of the channel.

[0014] Figure 1 is a schematic representation of an
acoustic absorbing structure according to an example.
In the example of figure 1, which shows a cross-sectional
view of a portion of the acoustic absorbing structure 100,
asurface 101 comprises an array of apertures 103. Each
aperture 103 defines an opening for a corresponding
channel 105. Channels 105 are provided within a body
107 of the structure 100. In an example, surface 101 and
body 107 are a monolithic structure. Alternatively, sur-
face 101 and body 107 may be composed of respective
different materials, with surface 101 being adhered or
otherwise fixed or deposited to or on body 107. The spac-
ing between and the relative dimensions of elements of
the structure in figure 1, and subsequent figures de-
scribed in more detail below, has been increased/exag-
gerated to preserve clarity. In practice, channels are
closely packed which means that the openings thereof
are also closely packed, which helps to minimise reflec-
tions from the surface.

[0015] In an example, in order to prevent ingress of
debris into the channels, which may be in the form of
narrow holes or slots for example, the surface 101 can
comprise a thin membrane, mesh or other acoustically
transparent material, which may be adhered, fixed or
mounted to the body. Alternatively, surface 101 can com-
prise a layer with protected apertures. That is, surface
101 can be a layer in which the openings for channels
105 are defined by mesh (or membrane or acoustictrans-
parent material) portions of the surface 101, which por-
tions can be suitably profiled to match the size and shape
of the mouth of channels 105. The surface 101 layer can
then be fixed to body 107.

[0016] In the example of figure 1, each channel 105
forms a non-resonant acoustic attenuation structure with
an axially decreasing cross-section over at least a portion
of the length of the channel. That is, each of the channels
105 tapers in an axial direction from its opening 103 at
surface 101 to a surface 109 on the opposite side of the
structure 100. In some examples, at least some of the
channels 105 can taper to a point 111. In other examples,
atleast some of the channels 105 can taper to an opening
in surface 109. The opening in surface 109 will be smaller
than an opening 103 due to the decreasing size of the
channel in question.

[0017] A channel 105 attenuates sound as it passes
through the channel. More specifically, as an acoustic
wave passes through a channel 105 it experiences vis-
cous damping - drag is experienced at the boundaries of
the channel 105, which results in conversion of the en-
ergy from the acoustic wave to heat, which is dissipated
in the body 107 and within the channel itself. The de-
creasing channel size also reduces the speed of sound
within the channel. This reduces the acoustic wavelength
corresponding to a given frequency, in turn allowing a
channel of a given length to accommodate and thus at-
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tenuate sound of lower frequencies than would be pos-
sible in other types of absorber (such as porous material)
with the same axial length.

[0018] As the size of the channel decreases over its
length, the visco-thermal damping effect also becomes
more pronounced, whilst the provision of a gradual taper
in the channel means that there is a gradual change in
acoustic impedance tends to minimise acoustic reflec-
tions. Minimising or eliminating acoustic reflections is ad-
vantageous in order to enable an incident acoustic wave
to be attenuated or absorbed fully.

[0019] In this connection, it will be apparent that sur-
face 101 presents a discontinuity in acoustic impedance
to an incident acoustic wave. However, according to an
example, this is minimised by reducing the size and/or
number of regions of the surface between apertures 103.
That is, with reference to figure 1 for example, a region
113 of surface 101, which lies between two apertures
103a and 103b, presents a discontinuity in acoustic im-
pedance to an incident acoustic wave since the body 107
will, in general, have a different acoustic impedance to,
e.g., the air through which the acoustic wave is travelling.
By reducing the size of the region 113, the discontinuity
is reduced, thereby presenting a surface 101 that can be
substantially impedance matched to the medium though
which the acoustic is travelling, which in an example is
most likely to be air, but which could be any number of
other media, such as water and so on.

[0020] Inthis context, apertures may vary in size and/or
shape. For example, apertures may be polygonal. Aper-
tures can be arranged with a minimum region 113 be-
tween them, such that the region 113 represents, e.g., a
thin boundary between apertures rather than a larger re-
gion of surface 101. In the case that apertures are po-
lygonal for example, apertures may be tessellated to i)
maximise the number of apertures for a given region of
surface, and ii) minimise the space between apertures.
Apertures may be so sized and shaped as to provide a
periodic or aperiodic tessellation over the surface 101.
That is, apertures may be the same or shape, at least
some may comprise different shapes, and the size of
apertures may vary as desired.

[0021] According to an example, the shape of an ap-
erture can dictate the cross-sectional shape of a channel.
Conversely, a given cross-sectional shape of a channel
can dictate the shape and size of an aperture. For exam-
ple, a circular aperture can serve as the opening of a
cone shaped channel. Obviously, any number of different
shapes may be selected. For example, an aperture may
be hexagonal, with a correspondingly shaped channel
comprising six inner faces that taper to a point 111.
[0022] The cross-sectional shape of a channel can
therefore be selected and can vary as desired and, e.g.,
circular, 2D slots, triangular, square, pentagonal and so
on cross-sections are all suitable examples. In an exam-
ple, the width of the channels is small, being of the order
of, e.g., a millimetre at the opening. The tapered channel
can be either closed at the opposite end or terminated in
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a small hole. The diameter of the exit hole will influence
the acoustic performance of the system. Exit holes or
dead ends of the order of, e.g., 50 microns result in good
attenuation across a wide frequency range. However,
larger holes could be utilised in applications where a more
limited attenuation characteristic would suffice.

[0023] In an example, the shape of the channel may
vary along its length. For example, the channel may start,
atits opening, being hexagonal in cross-section, and this
may gradually change over the length of the channel to,
e.g., circular, whilst tapering. There are many different
permutations for the shapes and sizes of the apertures
and channels, including whether they are fixed in shape
(albeit tapering), or whether the shape varies long the
length of the channel. The absorption characteristics of
the structure may be tuned by altering at least one of:
the taper gradient (which need not be constant along the
length of the slit), entrance aperture and channel length.
[0024] According to an example, the cross-sectional
area of a channel varies over its length according to a
tapering profile. That is, the cross-sectional area of a
channel will gradually reduce along its length from the
opening towards the terminal point or exit hole in line with
a predetermined set of parameters. Each channel may
have a different tapering profile. In an example, a tapering
profile can define, e.g., a rate of taper of different regions
of a channel, and a form of tapering. For example, taper-
ing can be linear, logarithmic or based on any other suit-
able function. A rate of tapering may be more pronounced
(i.e., higher) ataregion of a channel nearer to the opening
103 than at the tail end of the channel near surface 109.
Accordingly, the rate of tapering can slow or reduce along
the length of the channel.

[0025] According to an example, the required lowest
frequency of absorption dictates the overall length of a
channel 105. For example, for absorption down to ap-
proximately 200 Hz a channel length of approximately
600 mm is required. However, as noted above, and in
the context of the example shown in figure 1, such chan-
nel lengths result in a structure that may, in certain situ-
ations, be too large and/or heavy. Therefore, according
to an example, the geometry of each channel can be
folded.

[0026] Figure 2 is a schematic representation of an
acoustic absorbing structure according to an example.
In the example of figure 2, each channel 105 is folded to
provide a convoluted or circuitous acoustic pathway. That
is, each channel 105 comprises a first tapering portion
201 and a second tapering portion 205 that are joined by
a portion 203. The first tapering portion 201 starts taper-
ing from an opening 103 until it reaches portion 203. The
second tapering portion 205 starts tapering from portion
203 until it reaches its terminal point 111, which may be
provided in, on or just before surface 101 in the example
of figure 2. According to an example, portion 203, which
is the portion of the channel which links the portions 201
and 205 does not taper. As such, it does not introduce a
discontinuity into the channels. That is, as there is no
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change in the cross-sectional area of the region 203,
there is no change in the acoustic impedance in this re-
gion. Each region (201; 205) of a channel may have a
different tapering profile associated with it, as described
above. So, for example, region 201 may taper at a first
rate according to a first tapering function (e.g., logarith-
mic), whilst region 205 may taper at a second rate ac-
cording to a second tapering function (e.g., linear). The
second rate of tapering may be higher or lower than the
first rate. Of course, the rates and function associated
with the tapering for these two regions may be the same,
as desired. Furthermore, in the examples of figures 1 and
2, the channel portions comprise the same cross-sec-
tional shape. However, these regions may differ in this
respect such that different regions are shaped differently
from one another (e.g., region 201 may be cylindrical in
nature, whilst region 205 may be rectangular in nature,
and so on).

[0027] Thelength of the acoustic pathway of a channel
105 shown in figure 2 is around 2d, where d is the thick-
ness of the structure 200 from surface 101 to surface
109. So, forexample, ifd is 300 mm, the acoustic pathway
is around 600 mm, which, in an example, corresponds
to an acoustic pathlength capable of absorbing sound
with a frequency down to around 200 Hz but in half the
space of the structure depicted in figure 1 for example.
In the example of figure 2, the channels 105 are folded
once. However, it will be appreciated that the number of
folds may be more, whereby to reduce the dimension d
even further.

[0028] Figures 3a to 3c are schematic representations
of non-resonant acoustic attenuation structures accord-
ing to an example. Figure 3a shows a structure that is
similar to that depicted in figure 2. However, in the case
of figure 3a, an additional fold in the channel is provided,
thereby further increasing the length of the acoustic path-
way (coarsely represented by the dotted arrowed line) of
the channel within the available depth of the structure.
Two regions (305; 307) are non-tapering regions as de-
scribed above with reference to region 203 of figure 2.
As noted above, other regions of the structure depicted
in figure 3a may taper in different ways from one another.
The structure of figure 3a may terminate in a hole in sur-
face 109 or may end in a point (or other terminal structure)
at or before surface 109 (or 101, depending on the
number and/or nature of the folds/bends in the channel).
[0029] Figure 3b is a schematic representation of an-
other non-resonant acoustic attenuation structure ac-
cording to an example. In the example of figure 3b, the
channel comprises a series of baffles 301 arranged along
its length. Each baffle 301 extends inwardly from aninner
surface 303 of the channel, and the length and density
of baffles increases along the length of the channel in a
direction towards surface 109. That is, at the opening
103 end of the channel, a baffle 301 is provided that ex-
tends radially (R) into the channel. The entry baffle 302
nearest the opening 103 extends into the channel by the
smallest amount compared to the rest of the baffles pro-
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vided in the example of figure 3b. For example, the entry
baffle 102 may extend a quarter of the way into the chan-
nel, with subsequent baffles extending into the channel
by an increased degree compared to the entry baffle 302.
For example, each subsequent baffle may extend into
the channel by 5-25% more than the previous one. The
density of baffles, i.e., the number of baffles over a given
length of the channel, increases axially (A) from the open-
ing 103 according to a predetermined value. As such,
and as can be seen from figure 3b, the concentration of
baffles increases as surface 109 is approached, thereby
mimicking a tapering effect such as that shown in figure
3a for example. Thus, as the channel is traversed in an
axial (A) direction, further baffles are provided extending
radially into the channel. The length that a baffle extends
into the channel increases as the axial distance from the
opening 103 increases. Furthermore, the density of baf-
fles increases as the axial distance from the opening 103
increases. The acoustic pathway is again shown by the
dotted arrowed line in figure 3b.

[0030] Intheexample offigure 3b, relatively thin baffles
are shown but alternative shapes may be utilised provid-
ing that the channel that the acoustic wave passes
through gradually reduces in size in order to achieve a
gradual change in the acousticimpedance and avoid un-
desirable step changes which will degrade the acoustic
performance of the attenuator.

[0031] In the case that the channel of figure 3b is a
slot, for example, baffles 301 may extend from a side
wall (303) and be joined to front and rear walls of the
channel (in the sense of the representation of figure 3b,
front and rear walls not shown) to prevent acoustic leak-
age within the channel. If the channel were cylindrical,
for example, baffles 301 can be in the form of annular
discs that are attached to or otherwise part of the inner
surface of the channel. In this case, the apertures formed
by the annular baffles can be positioned at, e.g., opposite
sides of successive baffles to create a snaking path as
shown in figure 3b for example.

[0032] Inthe case of other channel shapes, the baffles
can be so profiled as to match the profile of the inner wall
of the channel. For example, a hexagonal channel would
lead to use of hexagonally shaped baffles (with holes
through the centre in order to maintain the acoustic path-
way, which holes in the baffles need not be the same
shape as the outer edge of the baffle - i.e., the outer edge
of a baffle could be hexagonal to match the profile of a
portion of a channel, whereas the hole in the baffle could
be circular and so on). Similar considerations with re-
spect to the positioning of the aperture in a baffle relative
to the aperture in a succeeding and/or preceding baffle
apply as noted above. While the side wall 303 of the
channel proximate the opening 103 is shown to be ver-
tical, in other embodiments it is sloped. For example, the
side wall 303 in the embodiment of figure 3b may be
arranged similarly to as described with reference to figure
2, such that the channel narrows along its length.
[0033] Figure 3c is a schematic representation of an-
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other non-resonant acoustic attenuation structure ac-
cording to an example. In the example of figure 3c, the
channel is segmented or divided by way of a structure
309. Structure 309 has a flared component or compo-
nents that extend axially in the channel and which flare
in a direction from opening 103. That s, in an axial direc-
tion from opening 103, structure 309 flares whereby to
present multiple acoustic pathways for anincident acous-
tic wave. Each acoustic pathway tapers, initially in a di-
rection away from opening 103, and then in a direction
towards opening 103, as shown in figure 3c.

[0034] The example of figure 3cis shown in cross-sec-
tion. In three dimensions there are various form factors
for the channel and structure 309 that could be imple-
mented. For example, the channel could be a slit in the
body of the acoustic absorbing structure, with structure
309 comprising two arms stemming from a point that flare
as shown in figure 3c. Alternatively, for example, the
channel could be cylindrical, in which case structure 309
could be in the form of a hollowed cone whose cross-
section is as depicted in figure 3c. It will be appreciated
that other geometric constructs utilising multiple acoustic
pathways can be used. Furthermore, any of the examples
described with reference to figures 3a-3c can be com-
bined with another.

[0035] Figure 4 is a schematic representation of an
acoustic absorbing structure according to an example.
The example of figure 4 shows an alternative (or addi-
tional) mechanism that can be used to minimise regions
113 between apertures 103. As noted, before, minimising
the regions between apertures helps to avoid acoustic
reflections and maximise the area for an acoustic wave
to enter the non-resonant acoustic attenuation structure.
In the example of figure 4, a relatively short contraction
section 401 is provided that extends from the surface 101
to the rest of the non-resonant acoustic attenuation struc-
ture 403. The region 401 is shown as a straight surface
but it will be appreciated that a curved profile (e.g., with
its own tapering profile) could be used to produce a more
gradual change in the acoustic impedance to further min-
imise reflections resulting in a better attenuation charac-
teristic.

[0036] In the example of figure 4, the contraction sec-
tion 401 is shorter than the tapered section 403, but
where space permits the contraction section 401 could
be lengthened to minimise the reflections even more. It
will be appreciated that a contraction section could be
combined with any of the examples described above,
such as those described with reference to any one or
more of figures 1 to 3.

[0037] A broadband absorber/attenuator can be pro-
duced using one or more of the examples described
above that is able to operate down to around at least
200Hz with an overall thickness of around 100mm or less.
[0038] An acoustic absorbing structure according to
examples can be used in space critical applications such
as aircraft and other transport applications. Other appli-
cations, where space is less critical but a small absorber
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is beneficial, may include, e.g., internal spaces in build-
ings where control of the acoustic environment is re-
quired. These may include, but are not limited to, enter-
tainment venues such as theatres, concert halls, cine-
mas, recording studios and other spaces such as offices,
restaurants etc.

[0039] According to an example, achannel may be de-
fined by a cavity in the body of the acoustic absorbing
structure. That is, a channel may be an opening in the
body of the structure. In an example, a channel may be
partially or fully filled or composed of another material
(that differs from the material used for the body and/or
which is not free space). For example, a channel may be
partially of fully filled or composed from an aerogel or
other porous material. The density of the material used
to fill the channel may be varied axially and/or radially in
order to alter the acoustic impedance of the channel. For
example, a channel can be partially filled (from the region
adjacent the surface 109 upwards towards surface 101,
or vice versa) with a material such as an aerogel. The
material can have a constant or varying density. For ex-
ample, in the latter case, the density of the material can
increase towards surface 109. As such, with a relatively
lower density closer to the opening 103, the acoustic im-
pedance mismatch between the material and, e.g., air or
another material in the rest of the channel can be regu-
lated in order to minimise reflections from the surface of
the material in the channel.

[0040] Figure 5 is a schematic representation of an
acoustic absorbing structure according to an example.
In the example of figure 5, a material is provided within
channels of the structure. Material 501, which can be an
aerogel for example, is provided in the channels at a first
density (presenting a first acoustic impedance). As sec-
ond material 503 is provided at a second density (pre-
senting a second acoustic impedance). The density and
thus the acoustic impedance of the second material is
selected to be less than that of the first material in order
to provide a gradual transition in acoustic impedance
from the opening of the channel. The first and second
materials may be the same or different. Note that the
second material is only shown in one channel in figure
5, although it can be provided in any number of the chan-
nels. Furthermore, it will be appreciated that multiple dif-
ferent layers of material or materials each presenting re-
spective different acoustic impedances can be provided
in a channel. In an example, a material or materials in a
channel and the body 107 of the structure may be the
same. For example, the body may be composed of the
same material as materials 501, 503, but at a different
(e.g., higher) density in order to present a different (e.g.,
higher) acoustic impedance. As such, given that the
acoustic impedance of the body will be higher than that
of the material(s) in the channels, an acoustic wave in-
cident on the surface 101 will follow an acoustic pathway
down a channel and be attenuated or absorbed as it does
so. Put another way, an acoustic absorbing structure ac-
cording to an example can comprise a monolithic struc-
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ture with regions of differing acoustic impedance derived
from, e.g., differences in material density.

[0041] In this connection, in an example, body 107
and/or channels 105 can comprise a porous material,
such as aluminium sponge for example. The porous ma-
terial can vary in density. For example, the body of the
acoustic absorbing structure can comprise porous ma-
terial with afirst density, whilst the channels can comprise
porous material with a second density which is lower than
the first density and so on. So, for example, the whole
acoustic absorbing structure can be composed from one
material with differing densities whereby to define the
channels and body regions of the structure. The material
used may be the same or may differ (e.g., aluminium
sponge for the body, aerogel for the channels and so on,
or aluminium sponge of a first density for the body, and
aluminium sponge of a second (lower) density for the
channels).

[0042] Figure 6 is a schematic representation of a por-
tion of a platform according to an example. The platform
of figure 6 can be a vehicular platform, such as an aer-
oplane for example. Portion 601 of the platform can be
part of a fuselage for example. A source of low frequency
acoustic noise 603 generates an acoustic signal 605 to
be absorbed or attenuated. The source 603 may be sit-
uated in the portion 601, or elsewhere in the platform. An
acoustic absorbing structure 607 as described herein is
provided and so configured as to absorb or attenuate the
low frequency acoustic signal 605 from source 603. In
an example, the acoustic absorbing structure is arranged
to receive the low frequency acoustic signal 605 from the
source 603 at a normal to the surface. That is, the struc-
ture is position so that the signal 605 is incident on the
surface 101 such that the wavefront of the signal 605 is
directly incident on the structure 607 ratherthan atagraz-
ing angle (although the structure will function in such cir-
cumstances, it is most efficient when the signal is pre-
sented a normal incidence to the surface 101 in the case
that the channels are arranged as depicted in the previ-
ous figures). In situations where this is not possible, the
channels of the structure may be oriented such that the
acoustic pathway thereof is parallel to the direction of
travel of the signal 605.

[0043] As signal 605 is incident on the surface 101 of
structure 607, it travels into the channels where it expe-
riences a gradual reduction in the cross-section of the
channel. Due to visco-thermal effects, the signal is thus
absorbed along the length of the channel. As noted
above, due to the various possible implementations in
the way in which the acoustic pathways of channels may
be increased without increasing a dimension (e.g., the
depth, d) of the structure, the structure 607 can be effec-
tive in absorbing the sound within the portion of the plat-
form 601 whilst taking up much less space than would
otherwise be the case. Unless otherwise defined, all
terms (including technical and scientific terms) used
herein are to be interpreted as is customary in the art. It
will be further understood that terms in common usage
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should also be interpreted as is customary in the relevant
art and not in an idealized or overly formal sense unless
expressly so defined herein.

Claims

1. An acoustic absorbing structure, comprising:
a surface comprising an array of apertures, each ap-
erture defining an opening for a corresponding chan-
nel, each channel forming a non-resonant acoustic
attenuation structure with an axially decreasing
cross-section over at least a portion of the length of
the channel.

2. The acoustic absorbing structure as claimed in claim
1, wherein regions of the surface between apertures
are minimised whereby to reduce acoustic imped-
ance of the surface.

3. The acoustic absorbing structure as claimed in claim
1 or 2, wherein the apertures are polygonal.

4. The acoustic absorbing structure as claimed in any
preceding claim, wherein a channel tapers, in an ax-
ial direction, from its opening at the surface accord-
ing to a predefined tapering profile.

5. The acoustic absorbing structure as claimed in claim
4, wherein the rate of tapering of the channel along
its length is logarithmic.

6. The acoustic absorbing structure as claimed in claim
4 or 5, wherein the channel tapers to a point.

7. The acoustic absorbing structure as claimed in claim
4 or 5, wherein the channel tapers to an opening in
a side of the acoustic absorbing structure opposite
the surface.

8. The acoustic absorbing structure as claimed in any
preceding claim, wherein a channel defines an
acoustic pathway, the length of which is longer than
a dimension of the acoustic absorbing structure.

9. The acoustic absorbing structure as claimed in any
preceding claim, wherein a channel is folded.

10. The acoustic absorbing structure as claimed in any
preceding claim, wherein a channel further compris-
es a series of baffles arranged along its length.

11. The acoustic absorbing structure as claimed in claim
10, wherein each baffle extends inwardly from an
inner surface of the channel and wherein the length
and density of baffles increases along the length of
the channel.



12.

13.

14.

15.

13 EP 4 068 276 A1

The acoustic absorbing structure as claimed in any
preceding claim, wherein an opening defines a con-
traction region between the surface of the structure
and a channel.

The acoustic absorbing structure as claimed in any
preceding claim, further comprising a first material
disposed or otherwise provided within a channel, the
first material having a first density presenting a first
acoustic impedance.

The acoustic absorbing structure as claimed in claim
13, further comprising a second material disposed
or otherwise provided within the channel, the second
material having a second density presenting a sec-
ond acoustic impedance.

The acoustic absorbing structure as claimed in any
preceding claim, wherein the structure is composed
of a single material with multiple regions of respec-
tive different densities.
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