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(54) Sound-absorbing transparent panel

(57) Sound absorbent panel of the type comprising
a frame (1) to support at least a first front sheet (2) pro-
vided with a plurality of holes (12) and at least a second
rear sheet (3) not perforated, substantially parallel with

a said first sheet, and separated from the latter by a hollow
air cavity, wherein said first sheet and said second sheet
are realised in a material at least partially transparent
The panel is characterised in that the holes of said first
front sheet are micro-holes (6).
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Description

[0001] The present invention relates to a sound ab-
sorbent and acoustic insulation panel of the type com-
prising a framework, preferably of the cornice type, suit-
able to support a perforated front sheet associated in a
parallel manner, with a rear non perforated sheet, and
having a suitable air space sandwiched between the two
sheets.
[0002] Hereafter the term "front sheet" will refer to that
sheet facing the direction of the sound source (noise
source), in other words, that sheet which is in initial con-
tact with the sound wave generated by the noise source.
[0003] In prior technical art, as opposed to more com-
mon acoustically insulated panels composed of a support
frame for a sheet coated, or composed of, a sound ab-
sorbent material (such as a polystyrene foam or an open
cell polyurethane for example), sound absorbent panels
have been produced, composed of a perforated front
sheet separated at a certain distance from a non perfo-
rated sheet, by a hollow air cavity. These panels are able
to dissipate the acoustic energy of particular frequencies
thanks to the friction which is developed during the os-
cillation of the air inside said hollow cavity between the
perforated and non perforated sheets, during the pas-
sage of the sound wave between said panels, according
to an operation pattern that can be considered similar to
that of the Helmholtz resonator.
[0004] In particular, in said panels, the dissipation of
the acoustic energy of a certain frequency of the sound
wave that strikes against the panel is at its maximum
when the air oscillation reaches the frequency of system
resonance. Since said resonance frequency is given by
the geometry of the panel (including the hole diameter),
for each panel geometry, and therefore for each hole
diameter, the attenuation, through dissipation, only of a
certain frequency of the sound wave to be attenuated.
[0005] In order to attenuate different frequencies of the
sound wave that have an impact on the same panel, and
therefore in order to reduce the noise, in prior technical
art, panels have been produced such as the type de-
scribed above, that include holes having different diam-
eters on the same front sheet.
[0006] For example, patent EP-A-0 890 679 in the
name of the Applicant DIESELBOX S.A., describes a
sound absorbent panel of the aforesaid type, wherein the
perforated sheet presents a plurality of holes of varying
diameters, able to deaden different frequencies of the
sound wave that hit the panel, by means of dissipation,
according to the principle of the Helmholtz resonator. Fur-
thermore, in said patent, the two parallel sheets that form
the panel are composed of a transparent material, for
use in installations out of doors, without creating barriers
to light, which could be potentially harmful.
[0007] However, said panels resulted as being not par-
ticularly efficient, partly because they were able to absorb
the frequencies for which they were configured only to a
limited extent, because of the reduced number of holes

of each diameter present on the sheet, and partially be-
cause, being based on the principle of the Helmholtz res-
onator which substantially provides for the absorption of
the frequencies of the sound wave only for those oscil-
lations able to induce a resonance frequency in the sys-
tem composed of the small volume of air present between
each hole and the non-perforated wall.
[0008] Furthermore, in this type of panel, the vibrations
induced in the casing which supports the sheets gener-
ally transmit noise, in other words, sound at frequencies
which it is intended to deaden with this type of panel.
[0009] Therefore an aim of the present invention is to
produce a panel of the aforesaid type, wherein the draw-
backs present in prior technical art, do not occur, or are
at least reduced.
[0010] In particular, one aim of the present invention
is to produce a sound absorbent and acoustic insulation
panel of the type comprising a frame that supports at
least two transparent sheets, parallel with each other, of
which, one is perforated and the other is solid, and which
demonstrate considerable efficiency in reducing the
noise at the required frequencies during the project de-
sign stage, which is simple to construct, does not require
complicated maintenance, and at the same time, does
not form an undesirable barrier to light transmission.
[0011] Another aim of the present invention is to pro-
duce sound-proof barriers for use along roadways, com-
posed of one or more of the aforesaid panels, which are
efficient in reducing noise and which at the same time
have a low impact on the environment.
[0012] These and other aims are achieved by the
sound absorbent panel according to the first independent
claim and the following subordinate claims.
[0013] The sound absorbent panel, according to the
present invention, comprises a support frame for a first
front sheet, being at least partially transparent, perforated
with a plurality of holes, and a second rear sheet, also
partially transparent, not perforated, substantially parallel
to the said first perforated sheet, and separated from it
by a hollow air cavity (i.e. a air space). Advantageously,
the panel of the present invention envisages that the
holes of said first front sheet are micro-holes.
[0014] It should be noted that the term "at least partially
transparent sheet", refers to the fact that the relative
sheet is transparent for at least a certain set of light wave-
lengths and that therefore, the sheet may be coloured,
but not opaque.
[0015] It should also be noted that hereinafter, the term
"micro-holes" refers to holes, similar to those generally
cylindrical with a circular section, having a size (and in
particular the diameter) comparable to the size of the
acoustic boundary layer. In this case the noise absorption
no longer occurs mainly due to energetic dissipation at
the resonance frequency of the system (like the Helm-
holtz resonator.), but more because of damping caused
by non adiabatic variations of the state of the air in prox-
imity to the perforated walls, and by the force of the vis-
cous friction between shear layers of the air flow.
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[0016] Given the diameter and the density of the micro-
holes (if we consider the preferable distance between
adjacent micro-holes as ranging between 3mm and
12mm), sometimes the term "porosity" may be used to
describe the perforations on the aforesaid micro-perfo-
rated sheet.
[0017] Naturally, the coupling of at least one micro-
perforated sheet with a solid sheet, set in a parallel po-
sition thereto, according to the present invention, does
not prevent an additional damping from occurring,
caused by the resonance in the chamber defined be-
tween said sheets, according to the principle of the Helm-
holtz resonator. In other words the panel according to
the present invention, would seem to combine both the
aforesaid principles for noise reduction, in other words,
the damping of the acoustic energy above all caused by
the viscous friction in the micro-holes and, although only
partially, the energetic dissipation of the resonance fre-
quency of the system (Helmholtz).
[0018] The use of said micro-holes, generally having
a diameter less than or equal to 2mm and preferably hav-
ing a diameter less than 1mm in sheets with a thickness
between 1.5mm and 7mm, implicates some physical be-
haviour by the panel of the present invention which differs
from the behaviour based on the principle of the Helm-
holtz resonator of the non-micro-perforated sheets, com-
mon to technical state of the art; physical behaviour
which, in the panel of the present invention, has resulted
far more efficient in noise reduction than the behaviour
of panels according to the prior art.
[0019] Furthermore, according to a preferred embod-
iment of the present invention, the sound absorbent pan-
els comprise one or more further transparent micro-per-
forated sheets, sandwiched at fixed distances between
and parallel with said first front micro-perforated sheet
and with said second rear sheet. Each of the perforated
sheets of said panel can also advantageously present a
plurality of micro-holes having the same constant diam-
eter, and wherein said constant diameter of the micro-
holes of each sheet is different from the diameter of the
micro-holes of every other sheet.
[0020] According to another embodiment of the
present invention, the panel comprises parallel sheets,
preferably made of polycarbonate, metacrylate, acrylic,
or other synthetic material, with at least a partially curved
surface, which have resulted as being not only efficient
in noise reduction, but also adaptable for use with the
particular geometries required in certain areas where the
panels are to be installed.
[0021] Furthermore, according to a preferred embod-
iment of panel according to the present invention, the
frame for the transparent sheets, preferably specifically
shaped in cornice form, is produced in, or comprises tra-
ditional sound absorbent material, such as polyurethane
or glass fibre or mineral fibre etc., in order to limit potential
noise diffusion through said frame.
[0022] According to a particularly advantageous em-
bodiment said frame metal for example, inside which tra-

ditional sound absorbent material is inserted.
[0023] According to another particularly advantageous
embodiment of the present invention, the frame for the
transparent sheets comprises at least one element with
a surface having a plurality of holes, or micro-holes, cou-
pled at a set distance with another solid surface to provide
sound absorbent capacity according to the principle of
the Helmholtz resonator (if holes with a large diameter
are used, for example, larger than 2mm), and/or the same
principle (damping through viscous friction and attenua-
tion of resonance frequency) of the transparent micro-
perforated sheets coupled with the non perforated sheets
described in the following claims.
[0024] Below is a description, provided simply as a non
limiting explanation, of several embodiments of the
sound absorbent panel according to the present inven-
tion, with reference to the enclosed figures, wherein:

Figure 1 shows a front view of a sound absorbent
panel according to a particular aspect of the present
invention;
Figures 2a and 2b show a cross section and a profile
view respectively of the panel shown in figure 1;
Figure 3 shows a side section view of part of a micro-
perforated sheet of the panel shown in figure 1, il-
lustrating a micro-hole;
Figure 4 shows a cross section view of part of the
frame of a sound absorbent panel, according to an-
other aspect of the present invention; and
Figures 5a and 5b show views in cross section and
profile respectively of a sound absorbent panel ac-
cording to a particular aspect of the present inven-
tion, with curved sheets;
Figure 6 shows a profile view of a sound absorbent
panel according to a further aspect of the present
invention, with sheets only partially curved;
Figure 7 shows a front view of a soundproof barrier
for use on roadways comprising a plurality of sound
absorbent panels, according to another specific as-
pect of the present invention.

[0025] With reference first of all to figures from 1 to 4,
the sound absorbent panel, according to a particular as-
pect of the present invention, comprises a framework 1,
preferably in the form of a cornice suitable to support at
least one front sheet 2, with the entire surface perforated
with micro-holes, that is, holes 12 having a diameter (d)
comparable to the viscous boundary layer of the air in
the same holes 12, and a rear, non perforated sheet 3,
positioned parallel and at a certain distance from the
aforesaid micro-perforated front sheet 2, thus forming a
hollow cavity filled with air between said sheets 2, and
3. The sheets 2 and 3 are advantageously not opaque
in order to permit the passage of light through the panel.
[0026] With regard to this aspect, the sheets 2 and 3
can be made from transparent or at least partially trans-
parent materials (and therefore coloured) such as poly-
carbonate, metacrylate, acrylic, glass.
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[0027] As stated previously, in order to ensure that the
absorption of the sound waves on the front sheet 2 is
mainly caused by damping of the oscillation due to the
change in the state of the air, and above all due to the
viscous type friction between the fluid layers in the holes
12, the diameter (d) of each micro-hole 6, in sheets 2
having a thickness (s) preferably ranging between 1,5mm
and 7mm (and at most as far as 10mm), must substan-
tially be equal to or less than 2mm and, preferably, be
less than or equal to 1 mm.
[0028] However, it has been discovered that in the pan-
el of the present invention described above, part of the
noise reduction, in any case, would also seem to be linked
to the principle of the Helmholtz resonator between the
micro-perforated sheet 2 and the solid sheet 3. According
to a preferred embodiment of the present invention, the
diameter of the micro-holes ranges between 0.5mm and
2mm, the distance between the sheets 2 and 3 can be
equal to 3.5cm, or more, and the (radial) distance be-
tween adjacent micro-holes on the sheet 2 can be equal
to 4.2mm.
[0029] In the specific embodiment illustrated in the fig-
ures from 1 to 4, the sound absorbent panel comprises
at least two additional sheets 4 and 5, also micro-perfo-
rated, parallel to the sheets 2 and 3, and positioned at a
distance between the latter to provide the space for the
relative hollow air cavities between one sheet and the
next. The sheets 2 and 3 are also partially transparent
to permit the light to pass through the panel, and can be
produced in a material selected among polycarbonate,
metacrylate, acrylic, glass.
[0030] Moreover, as can be seen in detail in figure 2a
and figure 2b, the sheets 2, 3, 4, 5 which together with
frame 1 form the sound absorbent panel described here-
in, are substantially plane/flat sheets.
[0031] According to another particularly advantageous
aspect of the present invention, each micro-perforated
sheet 2, 4, 5 comprises a plurality of micro-holes 12, po-
sitioned in a regular manner over the whole surface and
having a constant diameter (d) said constant diameter
(d) can vary from sheet to sheet, to permit easy deaden-
ing of a wide band of sound frequencies by the panel
according to the present invention.
[0032] In particular, said diameter (d) of the micro-
holes can be reduced from one sheet to the next, begin-
ning from the front most external micro-perforated sheet
(2) as far as the most internal micro-perforated sheet (5).
[0033] Moreover, according to another aspect of the
present invention, the distance between the adjacent mi-
cro-holes of each micro-perforated sheet 2, 4, 5, can dif-
fer from sheet to sheet and in particular said distance
can be increasing passing from the micro-perforated
sheet 2 positioned furthest from the solid sheet 3 to the
micro-perforated sheet 5 closest to the solid sheet 3. The
(radial) distance between adjacent micro-holes in the mi-
cro-perforated sheets 2, 4, 5 for example, can be equal
to 4.2mm, 6.5mm and 10.9mm respectively, beginning
from the most external sheet 2 (in other words- that sheet

closest to the sound source) as far as the most internal
sheet 5.
[0034] The Applicant was able to establish that this
specific conformation of the micro-holes in the sheets
resulted as extremely important in order to increase the
noise reduction efficiency, since it is able to increase the
efficacy of the energetic attenuation of the sound wave
caused by the principle of the Helmholtz resonator.
[0035] With special reference to Figure 4, the sheets
2, 3, 4 and 5 of the panel described up to this point, are
held together by a frame 1, having a cornice configura-
tion, composed of a plurality of structural elements suit-
able to support said sheets 2, 3, 4, 5, on the ground. The
Applicant was able to establish that when said structural
elements 1, are produced in or associated with a tradi-
tional acoustic insulation (or sound absorbent) material,
this makes a considerable contribution towards reducing
the impact of sound waves and therefore in reducing the
noise.
[0036] In particular, said structural elements of frame
1 can be built using tubular bodies, produced in steel,
aluminium, plastic wood, plain or reinforced concrete, in-
side which at least one acoustically absorbent (or insu-
lating) material 11 can be inserted. This material can be
glass or rock wool, polystyrene foam, open or closed cell
polyurethane materials, fibre, polyester or bitumen ma-
terials, or other types of sound absorbent granular ma-
terials.
[0037] This solution which basically prevents the noise
from being diffused through the frame 1 of the panel,
makes the sound absorbent panels of the present inven-
tion particularly effective.
[0038] Alternatively, or used together with traditional
acoustic insulation materials, one or more of the struc-
tural elements of frame 1 can include a first front surface,
in other words, placed on the front micro-perforated sheet
2, equipped with holes or micro-holes, according to the
meaning herein attributed to this term, and a second solid
rear surface, positioned at a certain distance from the
aforesaid first perforated or micro-perforated surface, in
order to provide a hollow air cavity between the two sur-
faces.
[0039] Those skilled in the art will understand that this
specific conformation of frame 1, or of some of its struc-
tural elements, employs the principle of the Helmholtz
resonator, in the case of holes having a large diameter,
over 2mm for example, or the principle of viscous dissi-
pation of the acoustic energy through the use of micro-
holes, to contribute towards reducing noise even further,
basically preventing sound diffusion through the frame 1.
[0040] Furthermore, the structural elements of frame
1, can advantageously include non-permanent means of
fixation for the sheets 2, 3, 4 and 5; such means, in the
embodiment shown in figure 4, can include guide chan-
nels 7, 8, 9 and 10, inside which the respective sheets
2, 3, 4, 5 are inserted by sliding. In more detail, said chan-
nels 7, 8, 9, 10 can also be grooved into the two uprights
of the frame 1, in a specular way, opposite one other.
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The sheets 2, 3, 4, 5 can therefore be inserted between
the uprights from at least one of the sides that forms the
cross bar on frame 1. By removing one or other of the
cross bars of the frame 1, at the top or the bottom, the
sheets 2, 3, 4, 5, can be easily replaced or removed for
maintenance. In fact, once one of the cross bars has
been removed, said sheets 2, 3, 4, 5 can be simply slid
out from the frame 1 along the guide channels 7,8,9 and
10.
[0041] According to another aspect of the present in-
vention, not illustrated in the figures, the sound absorbent
panel object of the present invention, can comprise
means for washing said sheets 2, 3. 4, 5, preferably po-
sitioned inside the panel next to the sheets themselves,
conceived not only to guarantee at least partial transpar-
ency of the sheets 2, 3, 4, 5, but also to ensure that the
holes 12 do not become clogged with dust or dirt present
in the air.
[0042] In the specific embodiment of the present in-
vention illustrated herein, said washing means, can in-
clude piping for a washing fluid which passes inside the
cavities of the tubular elements of frame 1, as well as
nozzles, included in the same tubular elements posi-
tioned inside the air cavities between the successive
sheets, and configured to permit the washing liquid to
circulate as far as the sheets inside the panel.
[0043] In another embodiment of the sound absorbent
panel according to the present invention shown sche-
matically in the figures 5a and 5b, said panel can com-
prise a frame 101 with a substantially curved configura-
tion, suitable to support the sheets 102, 103, 104 and
105, which also form a curved surface.
[0044] Alternatively, as shown in figure 6, the sound
absorbent panel can comprise a frame 201, with relative
sheets, only partially curved.
[0045] The use of sheets and frames at least partially
curved, makes it easier to adapt the geometry of the
sound absorbent panels according to the present inven-
tion for installation on sites having a complex geometry.
[0046] Lastly, figure 7 shows a sound absorbent panel
according to another aspect of the present invention, in
which a frame 301, preferably sound absorbent or cou-
pled with traditional sound absorbent materials, is spe-
cifically shaped to support several front transparent mi-
cro-perforated panels 302a, 302b, 302c, overlaid on top
of one another (or placed side by side).
[0047] The sound absorbent panels described above,
and in particular the panels of the last embodiment shown
in figure 7, result as being particularly efficient as sound-
proof barriers for roadways, partly for their capacity to
absorb noise, partly for their transparent aspect, as well
as for their simple installation and maintenance, and their
very high mechanical resistance.

Claims

1. Sound absorbent panel of the type comprising a

frame (1) to support at least a first front sheet (2)
provided with a plurality of holes (12) and at least a
second rear sheet (3) not perforated, substantially
parallel with a said first sheet, and separated from
the latter by a hollow air cavity, said first sheet, and
said second sheet being realised in a material at least
partially transparent, characterised in that the
holes of said first front sheet are micro-holes (6).

2. Panel according to claim 1, characterised in that
it comprises one or more additional sheets (4, 5) at
least partially transparent, micro-perforated, parallel
with said first and said second sheet, and sand-
wiched at a set distance between said first sheet and
said second sheet.

3. Sound absorbent panel according to claim 1 or 2,
wherein said micro-holes (6) have a diameter less
than or equal to 2mm.

4. Panel according to any one of the previous claims,
wherein each of said sheets has a thickness ranging
between 1.5mm and 7mm.

5. Panel according to any one of the previous claims,
characterised in that each of said micro-perforated
sheets presents a plurality of micro-holes (12) having
the same constant diameter (d) .

6. Panel according to claims 2 and 5, wherein said con-
stant diameter of the micro-holes of each sheet dif-
fers from that of the micro-holes of at least one other
micro-perforated sheet.

7. Panel according to any one of the previous claims
in combination with claim 2, characterised in that
the distance between adjacent micro-holes on one
micro-perforated sheet differs from that of at least
another micro-perforated sheet.

8. Panel according to claim 7, wherein said distance
between adjacent micro-holes on said micro-perfo-
rated sheets increases as it passes from the most
external sheet to the sheet closest to said non per-
forated sheet.

9. Panel according to any one of the previous claims,
wherein each of said sheets has a plane surface.

10. Panel according to any one of the claims from 1 to
8, wherein each of said sheets has a surface that is
at least partially curved

11. Panel according to any one of the previous claims,
characterised in that said sheets are made from a
material chosen among polycarbonate, metacrylate,
glass, acrylic.
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12. Panel according to any one of the previous claims,
characterised in that said frame has a cornice con-
figuration.

13. Panel according to any one of the previous claims,
characterised in that said frame comprises at least
one structural element to support said panels.

14. Panel according to claim 13, wherein said frame is
produced in a material selected among steel, alu-
minium, plastic, wood, plain and reinforced concrete.

15. Panel according to any one of the previous claims,
characterised in that said frame is at least in part
sound absorbent.

16. Panel according to claim 15, characterised in that
said frame comprises at least a sound absorbent (11)
material.

17. Panel according to claim 15 or 16, characterised
in that said frame comprises at least one tubular
element, said tubular element being filled internally
with said sound absorbent (11) material.

18. Panel according to claim 15, 16 or 17, wherein said
sound absorbent material is chosen among glass or
rock wool, polystyrene foam, open or closed cell
polyurethane material, fibre, polyester, bitumen ma-
terial or granular sound absorbent material.

19. Panel according to claim 15, wherein said frame
comprises at least one element with a first surface
having a plurality of holes and a second surface, set
opposite said first surface and at a certain distance
from the latter, which is not perforated with holes.

20. Panel according to claim 19, wherein said holes are
micro-holes.

21. Panel according to any one of the previous claims,
wherein said frame comprises means for the non
permanent fixation of said sheets.

22. Panel according to claim 21, wherein said non per-
manent fixation means comprise at least a guide
channel (7,89, 10) to retain at least one of said
sheets.

23. Panel according to any one of the previous claims,
characterised in that it comprises means for wash-
ing said sheets positioned between the said sheets
to be washed.

24. Panel according to any one of the previous claims,
wherein said frame (301) supports two or more front
sheets (302a, 302b, 302c) perforated with a plurality
of micro-holes, placed alongside and/or on top of

one another, and two or more corresponding non
perforated rear sheets, substantially parallel to said
front sheets, and separated from each other by a
relative hollow air cavity, said front and rear sheets
being produced in a transparent material.

25. Sound-proof barrier of the type used for roadways
comprising one or more panels, according to any
one of the previous claims.
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