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Title: Device for actively reducing sound transmission, and panel

comprising such device

The invention relates to a device for actively reducing sound
transmission, provided with a first and a second wall enclosing an inner
space, wherein at least the second wall is provided with actuators, for
instance electromagnetic actuators and/or piezoelectric elements.

Such a device is known from practice, in particular in the form of a
sound transmission-reducing panel, and is, for instance, described in
international patent application W094/05005. The device may, for instance,
be used to reduce disturbing sounds from sound-producing parts of
machines, buildings, vehicles, vessels, aircraft and the like. The known
device may, for instance, be placed between two spaces in order to actively
reduce sound coming from one space such that as little of that sound as
possible can reach an adjacent space. For this purpose, the actuators of the
device can produce so-called anti-sound.

It is noted that, for the device according to the opening paragraph,

. sound reduction in a space in which, for instance, a strong sound source is

present is not of primary importance. Thus, the device according to the

opening paragraph is to be distinguished from sound-absorbing devices
known from practice which are set up along a space in order to absorb a
sound pressure prevailing in that same space.

The device known from practice is provided with actuators, for
instance electromagnetic actuators, piezoelectric elements and the like, to
actively reduce sound transmission. During use, such actuators are usually
connected to an electronié control, for instance a computer or the like, to
make these actuators carry out those movements by means of which sound

transmission reduction is effected. The reduction of sound transmission by
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means of actuators is known to a skilled person and is, for instance,
described in the international application WO 94/05005 referred to
hereinabove, which document is considered inserted in the present
application by reference. Because at least the second wall is provided with
actuators, in particular, a good reduction of the transmission of low-
frequency sound can be achieved.

A disadvantage of the known device is that, for a desired good sound
transmission reduction, it needs to be provided with relatively heavy,
complex and expensive electronics and actuators. In addition, the known
device consumes relatively much energy in order to achieve a desired sound
reduction. Thus, use of the known device in cases in which relatively little
energy is available, for instance when the energy is obtained from a battery
and/or natural energy sources such as solar and/or wind energy, is not
possible or not profitable. In addition, because of the high energy
consumption, the known device is relatively expensive in use.

The present invention contemplates a device for actively reducing
sound, which device can have a relatively inexpensive and lightweight
design and can still effect a desired great sound transmission reduction.

For this purpose, the device according to the invention is
characterized by the measures of claim 1.

It has surprisingly been found that, by means of a device whose inner
space is provided with at least one inner wall to divide this space into at
least two layers of air, which inner wall is arranged such that the layers of
air are in fluid connection with each other, a relatively great sound
transmission reduction can be effected by means of relatively light, simple
and inexpensive electronics and actuatOré. In addition, the energy
consumption of the device according to the invention, at least with a control
of the actuators which has been correctly set and/or calibrated for this
purpose, has been found to be relatively low. The setting and/or calibration

of the actuator control desired for sound transmission reduction can be
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carried out by a skilled person by means of simple standard measurements
and/or an automated feedback system. Here, the device may, for instance,
be set up between two test spaces, with sound being produced in one space,
while it is detected in the other space to what extent the device has reduced
the transmission of this sound with a certain setting of the actuator control.
It has been found that, as a result of the relatively simple construction of
the device according to the invention, the actuator control can be designed
relatively simply, for instance because the control contains a relatively
simple mathematical algorithm to control the actuators of the device via
control electronics.

The device provided by the invention can, in itself, have a relatively
simple, lightweight and inexpensive design, which is advantageous and
desired for various uses. In addition, the device according to the invention
can be used with advantage in situations in which relatively little energy is

available. In addition, use of the device according to the invention is

relatively inexpensive and environment-friendly, due to its low energy

consumption. Further, the device according to the invention can have a
relatively compact, durable and robust design, so that the device is easily
employable in various uses.

The invention has been found to particularly effect a good reduction
of the sound when the first wall is connected to the inner wall by _
substantially stiff connecting means, while the second wall is connected to
the inner wall by flexible connecting means. In this manner, the device
comprises a relatively stiff part in which the first layer of air is provided,
while the actuators and the second wall can carry out the desired
movements for reduction of the sound.

Further elaborations of the invention are described in the subclaims.
The invention will now be elucidated on the basis of an exemplary

embodiment and with reference to the drawing, in which:
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Fig. 1 shows a front view of an exemplary embodiment of the
invention; and

Fig. 2 shows a cross section over line IT-IT of the front view shown in
Fig. 1.

Figs. 1 and 2 show an embodiment of a device P for éctively reducing
sound transmission. The device may, for instance, be used to reduce
traﬁsmission of sound coming from a source space A, which is indicated by
arrows S in Fig. 2, to an adjoining target space B.

The device comprises a panel P, provided with a first and a second
solid, relatively stiff wall 3, 5 enclosing an inner space. Because the first
and second wall 3, 5 have a solid design, this inner space is, at least on
longitudinal sides, fluid-tightly closed off from the environment A} B. The
inner space is divided into two layers of air 1, 2 by a relatively stiff inner
wall 4 set up between tile first and second wall 3, 5. In the exemplary
embodiment, this inner wall 4, first wall 8, second wall 5 and the layers of

- air 1, 2 are substantially parallel. The second wall 5 preferablyJ ha;s a
lightweight design, for instance in that this wall 5 compriées a relatively
thin plate or the like.

The first wall 3 and the inner wall 4, which enclose the first layer of
air 1, are relatively stiffly connected to each other. For this purpose, these
walls 3, 4 may, for instance, be coﬁpled to each other via a sandwich
structure or a similar relatively open structure. Fig. 2 diagramma.tically
shows such a structure in the form of stiffening walls 8 extending between
the first wall 3 and inner wall 4, perpendicularly through the first layer of
air 1. These stiffening walls 8 divide the first layer of air 1 into
substantially separated air chambers. Preferably, this stiffening structure
contains honeycomb cores, which results in a good stiff connection between
these walls 3, 4, while the structure still has a relatively open design. The
inner wall 4 has a perforated design, so that the second layer of air 2 is in

fluid connection with the first layer of air 1, at least with the air chambers
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thereof. The second wall 5 is connected to the inner wall 4 via flexible
means 9, for instance spring means and/or elastic material. Thus, the
second wall 5 has a certain freedom of movement with respect to the inner
wall 4.

For the purpose of sound transmission reduction, the second wall 5,
preferably which faces the target space B during use, is provided with a
number of actuators 6 and sensors 7. In the exemplary embodiment, the
actuators and sensors are provided on the inside of the second wall 5, so
that these means are neatly concealed in the panel P. The actuators 6 are
particularly arranged to make this second wall 5 carry out the desired
vibrations to be able to reduce, for instance, radiated sound. Preferably, the
second wall 5 has a less stiff design than the first wall 3, so that, during use,
the actuators need relatively little energy to effect a desired sound reduction
via th‘is second wall 5. |

"The first layer of air 1 is thicker than the second layer of air 2. As a
result, the second layer of air 2 has a relatively small volume comp ared to
the first layer of air 1. The thickness of the at least first layer of air is, for
instance, larger than approximately 1 mm, while the thickness of the at

least second layer of air is, for instance, in the range of, for instance

| approximately 0.5-50 mm. _fThé thickness of the second layer of air is further

preferably such that the second wall 5 and the actuators 6 provided on it
can carry out the movements desired for the sound reduction without being
hindered by the opposite inner wall 4. .

As a result of the design described, the panel P has heen found to be
surprisingly efficient, so that it can effect a relatively great sound reduction
by means of relatively simple and inexpensive electronics and actuators 6
and with a relatively low energy consumption of the actuators 6. Further, |
relatively simple mathematical algorithms can be used compared to acousﬁc
panels known from the state of the art to obtain a desired reduction level of

the sound. Without wishing to be bound to any theory, a possible
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explanation is that the device has a relatively stiff design and has a
relatively large internal air volume, so that the actuator energy needed to
reduce radiated sound is strongly reduced.

It goes without saying that the invention is not limited to the
exemplary embodiment described. Various modifications are possible within
the scope of the invention as set forth in the following claims.

For instance, the solid walls may be designed in various manners and
in various dimensions.

Further, at least one of the layers of air can be divided into chambers
in various manners, in particular by providing a certain structure in this
layer of air, for instance a sandwich structure, a honeycomb structure,
transverse walls and/or other means. Such a structure may also serve to
relatively stiffly connect at least the first wall 3 and the inner wall 4 to each
other. Such a stiff connection can also be effected by using other connecting
means, for instance nut/bolt connections, rigid connecting elements and a
combination of the said or other connecting means.

Further, the device may, for instance, be provided with
sound-absorbing material containing at least one or a part of the layers of

air 1, 2. In that case, a surface of this material may, for instance, serve as

~ the inner wall 4 which separates the two layers of air 1, 2. |

Further, the layers of air 1, 2 may extend in different directions
relative to each other and, for instance, be substantially parallel to each
other or include certain angles.

In addition, the inner wall 4 and the first and second wall 3, 5 may
each be manufactured from various materials, for instance from a metal,
alloy, glass, plastic, an optionally fiber-reinforced material, wood or a
combination of these or other materials.

In addition, the first wall 3 of the device may also be provided with
actuators in order to reduce the sound transmission of sound coming from

an opposite direction. In that case, the first wall 3 may, for instance, directly
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adjoin the second layer of air 2, or, conversely, be separated from the second
layer of air 2 by a third layer of air, while a second inner wall is provided
between this third layer of air and the second layer of air.

Further, the actuators 6 may, for instance, be coupled to the second
wall 5 in a fixed manner or via flexible connections. In addition, the
actuators may effect sound transmission reduction via movement of this
second wall 5 or, conversely, substantially independent of movements of this
second wall 5.

Further, each at least first layer of air may have a thickness which is
larger than, equal to or smaller than the thickness of the at least second
layer of air.

In addition, the device may be designed in different manners and be
provided with a control to reduce transmission of sound of relatively low
and/or relatively high frequencies.

Further, the sensors can be provided in various positions in the
panel P, for instance on the first wall, inner wall, second wall or in another
position.

The device P is also usable in combination with sensors disposed at a
distance from the second wall 5 in the target space B.

The sensors may, for instance, comprise vibration, strain,
acceleration and/or sound sensors. These sound sensors may, for instance,
be mounted outside the panel P in the target space B, for instance in that
these sensors are disposed on an outside of the second wall facing away from

the inner space.
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CLAIMS

1. . A device for actively reducing sound transmission, provided with a
first and a seco‘n.»d wall (3, 5) enclosing an inner space (1, 2), wherein at least
the second waﬂ (5) is provided with actuators (6), for instance
electromagnetic actuators and/or piezoelectric elements, characterized in
that the said inner space is provided with at least one inner wall (4) to
divide this space into at least two layers of air (1, 2), which inner wall (4) is
arranged such that the layers of air (1, 2) are in fluid connection with each
other.

2. A device according to claim 1, wherein the at least first layer of air (1)
has a thickness (M) which is larger than the thickness (N) of the at least
second layer of air (2). '

3. A device according to claim 1 or 2, wherein the second wall (5)

extends along the second layer of air (2).

4, A device according to any one of the preceding claims, wherein the
actuators (6) are provided on an inside of the second wall (5).

5. A device according to any one of the preceding claims, wherein the
first wall (3) is connected to the inner wall (4) by substantially stiff
connecting means (8).

6. A device according to at least claim 5, wherein the said substantially
stiff connecting means are provided with stiffening walls (8) extending
between this ﬁrst.wall (3) and inner wall (4).

7. A device according to at least claim 5, wherein the said connecting
means comprise a sandwich structure.

8. A device according to any one of the preceding claims, wherein the
second wall (5) is connected to the inner wall (4) by flexible connecting

means (9), for instance spring means and/or elastic material.
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9. A device according to any one of the preceding claims, wherein the
second wall (5) is set up at such a distance from the inner wall (4) that this
second wall (5) and the actuators (6) can carry out the movements desired
for the sound reduction substantially without being hindered by the
opposite inner wall (4).

10. A device according to any one of the preceding claims, wherein the
thickness (M) of the at least first layer of air is larger than approximately
1 mm.

11. A device according to any one of the preceding claims, wherein the
thickness (N) of the at least second layer of air is in the range of
approximately 0.5-50 mm.

12. A device according to at least claim 1, wherein the inner wail (4)
comprises a perforated wall.

13. A device according to at least claim 1, wherein at least the first and/or
second wall (3, 5) has a substantially solid design. |

14. A device according to any one of the preceding claims, vvheréin the.
first wall (3), secdnd wall (5) and the inner wall (4) are substantially

parallel.

15. A device according to any one of the preceding claims, wherein the

- device is provided with sensors (7), in particular vibration, strain,

acceleration and/or sound sensors. '

16. A device according to claim 15, wherein the said actuators (6) and
sensors (7) are disposed at least in or near the same layer of air (2).

17.  A.device according to at least claim 15, wherein the device is provided
with sound sensors disposed on a side of the second wall (5) facing away
from the said inner space (1, 2).

18. A device according to any one of the preceding claims, wherein at
least the second wall comprises a lightweight plate.

19. A panel, comprising a device according to any one of the preceding

claims.
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