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(57) Abstract: The invention concerns a system for forming
hearing protectors, an ear cup of such a system and a hearing
protector formed from such a system. The system comprises a
number of first ear cups (5a) and a number of second ear cups
(5b), the first and second ear cups having noise-reducing spaces
(11) of different size, and at least one electronic unit (30) with at
least one speaker (31 ). An inner distance (I3) in the noise-reduc-
ing space from the speaker (31 ) in the direction away from the
noise-reducing space, and a volume (V3) of a resonance space
(15) in the first ear cup are adapted to the inner distance (Ib) and
the volume (Vb) of the resonance space (15) in the second ear
cup (5b). This is done in such a manner that, when the electronic
unit is mounted in each ear cup, sound emitted by the speaker (31
) in each ear cup produces substantially the same sound charac-
teristic from the first ear cup (5a) as that from the second ear cup
(5b). This allows the same type of electronic unit to be used for
ear cups with different degrees of noise attenuation.
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SYSTEM FOR FORMING A HEARING PROTECTOR, EAR CUP IN SUCH A
SYSTEM, AND HEARING PROTECTOR FORMED BY SUCH A SYSTEM.

Field of the Invention
The present invention relates to a system for forming hearing

protectors, a hearing protector formed from such a system, and ear cups
adapted for use in a hearing protector formed from such a system. More
specifically, the invention concerns hearing protectors that in addition to a
noise-reducing function also have a sound-reproducing function associated
with the hearing protector to allow the emission of sound inside the hearing

protector.

Technical Background
Hearing protectors comprise two ear cups and a device for fastening

the hearing protector to the head of a wearer, such that the ear cups are
positioned over the wearer's ears. Ear cups used in existing hearing
protectors may function as active elements, which means that they have a
passive, sound-reducing function which is combined with the function of
actively reproducing sound inside the ear cup to allow the user to hear this
reproduced sound.

To this end, the ear cup may be provided with an electronic unit having
a speaker. The electronic unit may incorporate different functions. One type of
electronic unit may, for instance, contain a radio receiver and the electronic
circuitry required to reproduce the sound received by the radio receiver
through the speaker. Another type of electronic unit may be designed such
that it is capable of reproducing ambient sound from the vicinity of the hearing
protector. In this case, the hearing protector may be provided with a
microphone that is connected to the electronic unit. The electronic unit thus
has a function that allows it to receive the sound from the microphone and
convert it in such a manner that it is emitted by the speaker in the ear cup ata
level that is suitable for the wearer. The electronic circuitry of the electronic

unit may comprise, for example, circuits that dampen frequencies that are
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particularly disturbing to the human ear for the benefit of the frequency range

within which ordinary speech is situated. In this way, the user of an active
hearing protector of this kind is able to talk to another person in a noisy
environment without having to remove the hearing protector and without
risking any hearing damage. The electronic unit may also be designed to
have both of the functions described above.

Different types of ear cups may be designed with different degrees of
attenuation depending on the levels of noise in the environments in which
they are to be used. If a hearing protector is intended for use in environments
where noise levels are high, for example in the vicinity of aircraft taking off,
the ear cup must have a much higher degree of noise attenuation than if the
hearing protector is to be used in less noisy environments, for example in a
catering kitchen. For this reason, hearing protectors are designed to have
different noise-attenuating ability, i.e. to have noise-reducing spaces of
different size. In general, the larger the cup the better the attenuating ability.

It is important that speakers arranged in hearing protectors do not emit
sound that is too loud, so that it becomes harmful to the ear of the user. For
this reason, there is an upper limit for the sound volume that can be emitted
by the electronic unit through the speaker in the ear cup. This sound
reproduction level limit is described, for instance, in the European standard
EN352. To avoid that the sound level emitted by the speaker adjacent the ear
of a user exceeds this limit, and to make sure that the user has the same type
of sound experience with all ear cups, it is desirable for active ear cups to
emit the same sound level adjacent the ear at a certain sound volume setting,
independently of the type of ear cup. To achieve this in cups with different
degrees of attenuation, i.e. with noise-reducing spaces of different size,
different electronic circuitry must be employed today to provide the same
sound-reproducing function(s) depending on the degree of attenuation of the
ear cup. When manufacturing, for example, ear cups with two different

degrees of attenuation, two versions of the circuitry required to provide the

sound-reproducing function must be developed, one for the ear cup with a

higher degree of attenuation and another for the ear cup with a lower degree

of attenuation. This means higher costs for each ear cup in the form of
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assembly, development, adaptation of the circuitry, storage etc. than would

be the case if the same circuitry could be used regardless of the degree of

attenuation of the ear cup.

Summary of the Invention
An object of the present invention is therefore to provide a solution that

eliminates the drawback described above, i.e. that provides a similar sound
experience adjacent the ear of a user with the same type of electronic
circuitry and speaker regardless of the size and degree of attenuation of the
ear cup.

The object is achieved by a system for forming hearing protectors, an
ear cup in such a system and a hearing protector formed from such a system
according to the respective independent claims.

Embodiments of the invention appear from the dependent claims and
from the following description and the appended drawings.

According to a first aspect of the invention, this object is achieved by a
system for forming hearing protectors, which comprises at least one first ear
cup (5a) and at least one second ear cup (5b), the first and second ear cups
having noise-reducing spaces (11) of different size, and at least one
electronic unit (30) with at least one speaker (31),

the ear cups (5a, 5b) being arranged to accommodate the electronic
unit,

each of the ear cups (5a, 5b) being arranged to accommodate the
speaker (31) in such a manner that an inner distance (1) is obtained in the
noise-reducing space (11) from the speaker and in the direction of the ear of
a user, when the user is wearing the ear cup,

the ear cups (5a, 5b) further having a resonance space (15), which is
arranged to function as a sounding board for sound emitted by the speaker
(31), and

the inner distance (l;) and the volume of the resonance space (Va) in
the first ear cup (5a) being adapted to the inner distance (I,) and the volume
of the resonance space (Vb)'in the second ear cup (5b5 such that, when the
electronic unit (30) is mounted in each ear cup (5a, 5b), sound emitted by the
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speaker (31) in each ear cup produces substantially the same sound

characteristic from the first ear cup (5a) as that from the second ear cup (5b).

The noise-reducing space can be defined as a space that is limited by
the inside of the ear cup and a surface that is defined by an outer,
circumferential edge on the ear cup, which edge is adapted to face the ear of
a user.

By “inner distance” is meant the distance that sound emitted by a
speaker arranged in an ear cup travels inside the noise-reducing space from
the speaker, suitably the speaker diaphragm, until it leaves the noise-
reducing space in the direction of the ear of a user, when the ear cup is
positioned against the ear of the user. This distance is suitably defined as the
distance from the speaker diaphragm to a surface that is defined by the outer,
circumferential edge of the ear cup. See reference numerals l,, Ip in Figs 2a,
3a.

By “resonance space” is meant the spatial cavity in the ear cup that is
intended to act as a sounding board for sound emitted by speakers, i.e. the
space adjacent the speaker that has a substantial impact on the emitted
sound level and sound characteristic. The resonance space is primarily
located behind the speaker, and is also called the rear volume of the speaker.

Suitable inner distances and volumes of the resonance space are
determined by laboratory testing for each type of ear cup by varying the
position of the speaker in each cup and by varying the volume of the
resonator space until substantially the same sound characteristic is obtained
for one type of cup with a noise-reducing space of a certain size as for
another type of cup having a noise-reducing space of a different size, when
using the same type of speaker and electronic circuitry in both cups. By
employing this solution, there is no need to have different circuitry for different
ear cup sizes. As a result, cups are more cost-efficient due to reduced costs
for assembly, development, adaptation of circuitry, storage etc than would be
the case if different circuitry would have to be used for different ear cup sizes.

According to one embodiment of the invention, thg ear cups have a
sup'port, which is arranged in fhe noise-reducing space and on which support
the speaker is to be mounted. This makes it possible to change the inner
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distance and the volume of the resonance space, respectively, in the ear cups

by altering the extension of the support in the direction in which sound emitted
by a speaker arranged on the support would travel in the direction of the ear
of a user, to obtain substantially the same sound characteristic in two different
ear cups with noise-reducing spaces of different size.

According to another embodiment, the resonance space in each ear
cup is formed by at least part of the noise-reducing space.

According to a further embodiment, the resonance space in each ear
cup is designed such that it is separated from the noise-reducing space when
the speaker is mounted in an ear cup. A clearly delimited resonance space is
thus obtained the volume of which can be changed relatively easily to achieve
the object of the invention. Furthermore, this makes it relatively easy to
provide a resonance space of the same size in both the right and the left ear
cup of a hearing protector, since the size of the resonance space is not
dependent on the size of the noise-reducing space, which size may not be the
same in the right ear cup and in the left ear cup depending on whether any
elements are arranged in the noise-reducing space in the right or left ear cup.

According to yet another embodiment of the invention, the support is
formed with a recess and this recess forms the resonance space in the ear
cup. This allows both the inner distance and the volume of the resonance
space to be changed by designing the support in different ways, which makes
it easier to adjust these measures to match ear cups of different sizes,
thereby to achieve the object of the invention. Moreover, the size of the
resonance space will not be dependent on the size of the noise-reducing
space, which gives the same advantages as those of the previous
embodiment.

According to another embodiment, the support in each ear cup is
arranged such that when the speaker is mounted on the support the recess is
covered in a manner that separates it completely from the noise-reducing
space. Because the space behind the speaker is separated from the space in
front of the speaker, the risk that sound emitted by the speaker will affect the
speakér itself through acoustic sﬁort-circuiting is eliminated.' Furthermore, a
closed space of this kind behind the speaker gives a better bass sound in the
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speaker than if the resonant volume and the noise-reducing space are partly

the same volume.

According to another embodiment, the inner distance (l,) in the first ear
cup is substantially the same as the inner distance (lp) in the second ear cup
and the volume (V,) of the resonance space in the first ear cup is
substantially the same as the volume (V,) of the resonance space in the
second ear cup. By the measures being the same in the two different variants
of ear cups with noise-reducing spaces of different size, the sound
characteristic is substantially the same adjacent the ear of a user from both
ear cups when similar circuitry is used in both ear cups.

According to a further embodiment, the ear cups each have an inner
cup portion, which defines the noise-reducing space and an outer cup portion,
which is arranged to accommodate at least a part of the electronic unit. By
dividing the cup in two in this way, it is possible to provide a noise-reducing
space of the same size in both the right ear cup and the left ear cup of a
hearing protector, regardless of whether the electronic unit is arranged in only
one of the ear cups or, for example, split in such a manner that the electronic
circuitry as such is arranged in one of the ear cups of the hearing protector
and the battery of the electronic unit is arranged in the other ear cup of the
hearing protector.

The invention also concerns an ear cup included in the system and a

hearing protector made up of some of the parts of the system.

Brief Description of the Drawings
Figure 1 is a perspective view of a hearing protector in which the

electronic circuitry, including speakers and lids, is illustrated in the form of an
exploded view.

Figure 2a is a cross-sectional side view of an ear cup with a large
noise-reducing space, in which the electronic circuitry, including a speaker, is
mounted.

Figure 2b is a perspective view of the ear cup in Figure 2a.

Figure 2¢ is a front view of the inside of the ear cup in Fi‘gure 2a.
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Figure 3a is a cross-sectional side view of an ear cup with a small

noise-reducing space, in which the electronic circuitry, including a speaker, is
mounted.

Figure 3b is a perspective view of the ear cup in Figure 3a.

Figure 3c is a front view of the inside of the ear cup in Figure 3a.

Figure 4 is an exploded view of part of an ear cup and a speaker.

Description of Preferred Embodiments
Figure 1 shows a hearing protector 1 which has two ear cups 5. The

ear cups are connected to each other by a strap 4 for mounting the hearing
protector on the head of a user. The strap is fastened to the ear cups with the
aid of fastening devices 3. In one alternative embodiment, instead of the strap
4 the two ear cups 5 may have another device for connecting the ear cups
with each other, for example each of the cups may be provided with a holder,
which is provided for attachement to a helmet or the like which is to be worn
on the head of a user. Each of the ear cups 5 has an inner cup portion 10 and
an outer cup portion 20, which are made of, for example, rigid plastic.
Mounted on the edge 12 of the inner cup portion (see for example Figure 2b)
is a sealing ring 6, which is arranged to be in close contact with the head of a
user in the area around one ear of the user. Advantageously, the ear cups 5
have noise-reducing spaces of equal size, so that the reduction of noise is the
same for the right ear and for the left ear of the user.

Figures 2a-2c show a first ear cup 5a with a large noise-reducing
space 11 and Figures 3a-3c show a second ear cup 5b with a small noise-
reducing space 11. Both the first and the second ear cup have the features
described below.

The inner cup portion 10 delimits the noise-reducing space 11. The
inner cup portion 10 has an outer, circumferential edge 12, which is arranged
to face the user when the user is wearing the ear cup. The outer,
circumferential edge 12 is designed such that it allows the arrangement of a
sealing ring thereon. The outer cup portion 20 and a lid 40 define an outer
space 21 intended to accommodate, inter alia, parts of an electronic unit 30.

The electronic unit comprises: electronic circuitry for providing a sound-



10

15

20

25

30

WO 2008/100197 PCT/SE2008/000098

8
reproducing function, for example an FM radio, and/or an mp3 player and/or

electronic circuitry for reproducing ambient sound; at least one speaker and a
current source. In a hearing protector, the electronic unit is either mounted in
one of the ear cups or split between both ear cups, for example by the current
source being arranged in one ear cup and the circuitry in the other ear cup.
Speakers are advantageously arranged such that there is one speaker in
each ear cup.

The inner cup portion 10 and the outer cup portion 20 are separated by
a partition 13, which may be made in one piece with the inner cup portion 10.
In the noise-reducing space 11, a support 14 which extends from the partition
is arranged to accommodate a speaker 31. The support has a recess 15,
which forms a resonance space for the speaker. The support 14 and the
speaker 31 are designed in such manner that when the speaker is mounted
on the support 14 the recess 15 is sealed by the speaker, so that the
resonance space formed is separated from the noise-reducing space 11. The
partition 13 further has a hole 16 through which a wire (not shown) connecting
the speaker 31 to the electronic circuitry 30 is passed.

According to the invention, the first ear cup 5a is formed with a large
noise-reducing space 11 and the second ear cup 5b with a small noise-
reducing space 11, so that an inner distance | is obtained from the speaker
when mounted on the support 14 to a surface defined by the circumferential
edge 12. This inner distance l, in the first cup 5a and the volume V, of the
resonance space 15 of the first cup are then adjusted to match the
corresponding inner distance |, and volume V,, of the second cup 5b, so that
when the same type of electronic circuitry 30 is arranged in the first cup 5a
and the second cup 5b, respectively, substantially the same sound
characteristic is obtained at the surface defined by the circumferential edge
12 for sound emitted by a speaker 31 mounted on the support 14. The
adjustment is made by testing different distances and resonance space
volumes until a ratio is found which gives substantially the same sound
characteristic for both ear cups. _

In one émbodiment, the first and tﬁe second ear cup are designed

such that the inner distance |, in the first ear cup is substantially the same as
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the inner distance I, in the second ear cup, and that volume V, of the

resonance space in the first ear cup 5a is substantially the same as the
volume V,, of the resonance space 15 in the second ear cup 5b. As a result,
the sound characteristic is substantially the same adjacent the ear of a user.
To achieve the same resonance space volume and, at the same time, the
same inner distance in cups with noise-reducing spaces 11 of different size,
the speaker must be located further away from the inside of the noise-
reducing space (i.e. the surface of the partition 13) in the first cup 5a than in
the second cup 5b for the speaker to be located at the same distance from
the surface defined by the circumferential edge 12 in both the first and the
second cup. Accordingly, the support 14 is made higher, i.e. it has a greater
extension length in the first cup 5a than in the second cup 5b. In this
connection, the resonance space 15 is adapted so that it has the same size in
the first cup 5a as in the second cup 5b.

According to one embodiment, which is illustrated in Figures 2a and
3a, the support 14 may have the form of a cylinder which rests on the inside
of the inner cup portion 10, against the partition 13, and extends towards the
surface defined by the circumferential edge 12. The cylinder has an upper
surface located furthest away from the partition, which face forms an bearing
surface for the speaker, in that the speaker is adapted to be arranged on this
bearing surface. The resonance space 15 is thus formed by the space
delimited by the cylinder 14, the partition 13 and the surface defined by the
bearing surface. In the embodiment where the first and the second cup have
the same inner distances | and volumes of the resonance space V, the
resonance space is then formed such that the cylinder 14 of the first ear cup
5a with a larger noise-reducing space 11 has a greater extension and more
narrow cross-sectional area than that of the second ear cup 5b with a smaller
noise-reducing space. In this way, the cups will have the same inner
distances | and the same volumes of the resonance space V.

The invention also concerns a system for forming a hearing protector.
The system comprises a number first ear cups 5a with a large noise—reducing
space 11, a number of second ear cups 5b With a small noise-reducing space

11 and a number of electronic units 30 of the same type with at least one
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speaker 31 each. To form a hearing protector from this system, two copies of

the same type of ear cup, two speakers and one electronic unit are
advantageously selected, which are then assembled. For example, a hearing
protector for use in extremely noisy environments is, suitably made up of two
copies of the first ear cup with a large noise-reducing space and an electronic
unit with two speakers, one for each ear cup. In the same way, a hearing
protector intended for less noisy environments is suitably made up of two
units of the second ear cup with a small noise-reducing space and an
electronic unit with two speakers, one for each ear cup, the electronic unit,
including the speakers, being of the same type for both hearing protectors.

The system does not exclude forming of hearing protectors comprising
a first ear cup with a large noise-reducing space and a second ear cup with a
small noise-reducing space and an electronic unit with two speakers. It is also
conceivable to have embodiments of hearing protectors in which only one of
the ear cups is equipped with speakers, and thus acts as a passive ear cup.

As well as having two different types of ear cups, the system may also
have three or more types of ear cups of different size, which can be used to
form hearing protectors with a large number of noise-reducing spaces of
different size and, thus, with different noise-reducing abilities.

As described above, the same type of speaker may be used in cups
with noise-reducing spaces of different size. Figure 4 shows how a speaker
can be adapted for mounting on supports of different sizes. Figure 4
illustrates, in the form of an exploded view, the speaker 31, a sealing ring 32
and the support. By using an adapter device, which may be, for example, a
sealing ring 32, the size of the speaker 31 can be adapted. The sealing ring
32 is provided in different sizes depending on the size of the support 14, to
allow mounting of the speaker on the support. Advantageously, the sealing
ring is designed such that when the sealing ring 32 has received the speaker
31 and they have been positioned on the support 14, the speaker and the
sealing ring 32 cover the recess 15 in the support 14 regardless of the cross-
sectional area of thg recess 15, which results @n the recess 15 that forms_the

resonance space being separated from the noise-reducing space. This allows
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the same type of speaker to be used for different types of ear cups regardless

of the size of the support.

In one alternative embodiment, the ear cup may be formed without a
separate resonance space. In this case, the whole noise-reducing space, or
at least the part of the noise-reducing space that is located behind the
speaker, serves as a resonance space. In this case, the ear cup may be
designed, for example, such that the speaker is mounted on a support in the
form of two pins on which the speaker rests.

In another ailternative embodiment, the cups may have a single cup
portion, in which the electronic circuitry is to be mounted in the noise-reducing

space.
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CLAIMS

1. A system for forming hearing protectors, characterised in that it
comprises at least one first ear cup (5a) and at least one second ear cup (5b),
the first and second ear cups having noise-reducing spaces (11) of different
size, and at least one electronic unit (30) with at least one speaker (31),

the ear cups (5a, 5b) being arranged to accommodate the electronic
unit,

each of the ear cups (5a, 5b) being arranged to accommodate the
speaker (31) in such a manner that an inner distance (l) is obtained in the
noise-reducing space (11) from the speaker and in the direction of the ear of
a user, when the user is wearing the ear cup,

the ear cups (5a, 5b) further having a resonance space (15), which is
arranged to function as a sounding board for sound emitted by the speaker
(31), and

the inner distance (I) and the volume of the resonance space (V) of
the first ear cup (5a) being adapted to the inner distance (Ib) and the volume
of the resonance space (Vb) of the second ear cup (5b) such that, when the
electronic unit (30) is mounted in each ear cup (53, 5b), sound emitted by the
speaker (31) in each ear cup produces substantially the same sound
characteristic from the first ear cup (5a) as that from the second ear cup (5b).

2. A system according to claim 1, wherein each ear cup (5a, 5b)
has an outer, circumferential edge (12), which is arranged to face the ear of a
user, the inside of the cup and a surface defined by the outer, circumferential
edge (12) defining the noise-reducing space (11),
and the inner distance (1) is a distance from the speaker to the

surface defined by the outer, circumferential edge.

3. A system according to claim 1 or 2, wherein each ear cup (5a,
5b) has a support (14) which is arranged in the noise-reducing space (11), on

which support the speaker (31) is to be arranged.
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4. A system according to any one of claims 1-3, wherein the

resonance space (15) in each ear cup (5a, 5b) is formed by at least part of

the noise-reducing space (11).

5. A system according to any one of claims 1-3, wherein the
resonance space (15) in each ear cup (5a, 5b) is designed such that it is
separated from the noise-reducing space (11) when the speaker (31) is

mounted in an ear cup.

6. A system according to any one of claims 3-5, wherein the
support (14) in each ear cup (5a, 5b) has a recess (15) and this recess forms

the resonance space in the ear cup.

7. A system according to claim 6, wherein the support (14) in each
ear cup (5a, 5b) is so arranged that when the speaker (31) is mounted on the
support (14) the recess (15) is covered in a manner that separates it

completely from the noise-reducing space (11).

8. A system according to any one of claims 1-7, wherein the inner
distance (l,) in the first ear cup (5a) is substantially the same as the inner
distance (lp) in the second ear cup (5b), and the volume (V,) of the resonance
space (15) in the first ear cup (5a) is substantially the same as the volume

(Vp) of the resonance space (15) in the second ear cup (5b).

9. A system according to any one of claims 1-8, wherein at least
one of the at least one first ear cup (5a) and the at least one second ear cup
(5b) has an inner cup portion (10), which defines the noise-reducing space
and an outer cup portion (20) which is arranged to accommodate at least a
part of the electronic unit (30).

10.  An ear cup (5) included in the system according to claims 1-9.

11. A hearing protector (1) made up of:
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14 ,
two ear cups (5a or 5b) included in the system according to claims 1-9,

which have noise-reducing spaces (11) of the same size,
an electronic unit (30) with at least one speaker (31), and
a device (4) for connecting the ear cups to one another, the device

5 being arranged to fasten the hearing protector to the head of a user.
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Fig. 2b

Fig. 2a
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