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(57) Abstract: A hearing protector has two closed muffs (2) which sealingly abut 
against the wearer's head, so that there is formed a closed space in each muff (2) and 
about the user's ear. A loudspeaker (4) is disposed interiorly in the muff and has a

• membrane (5) whose one side is turned to face towards the user's ear, and whose op­
posing side is turned to face towards a closed volume which is defined by the mem­
brane and an enclosure. In order to improve the base reproduction in listening to 
music, the interior of the enclosure is, via at least one hole or one duct, in communi­
cation with the ambient surroundings outside the closed space of the muff (2). In 
one preferred embodiment, the enclosure comprises a capsule (7) which is integrat­
ed part of the loudspeaker (4).

Fig 1
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HEARING PROTECTOR

TECHNICAL FIELD

5 The present invention relates to a hearing protector with loudspeakers.

BACKGROUND ART

One type of hearing protector with loud speakers comprises a closed muff disposed at

10 each ear of a user, the muff sealingly abutting against the user’s head, whereby there is 

formed an enclosed space in the muff and around the user’s ear, one loudspeaker 

disposed in at least one of the muffs and displaying a membrane whose one side is 

turned to face towards the ear of the user and whose opposing side is turned to face 

towards a closed volume which is defined by the membrane and an enclosure, and a

15 drive unit for driving the loudspeaker.

Hearing protectors of this general type are often employed in noisy environments in 

order to protect the hearing of the user. The hearing protector is as a rule provided with 

a passive noise absorbent inside the muffs which are included in the hearing protector.

20 The volume of the muffs and the nature of the noise absorbent may be adapted in 

response to the nature of the noise from which the user is to be protected.

The loudspeakers disposed in the hearing protectors may be a part of a communications 

system, may be connected to an installation for music reproduction, but may also be

25 connected to a microphone located outside the hearing protectors in order to convey to 

the user ambient sound such as speech, and instructions from a person in the proximity, 

or also warning signals.

As regards oral comprehension, the prior art hearing protectors of this type are often

30 fully sufficient, since the frequency path within that range which encompasses the

majority of human speech is sufficiently good.
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The loudspeaker element that is traditionally employed in these practical applications 

may have a diameter of the order of magnitude of 20 to 30 mm. In order to avoid 

acoustic shorting of the loudspeaker element, it is necessary to enclose the rear side of 

the loudspeaker element in a capsule which prevents pressure equalisation between both

5 sides of the membrane. However, the volume in this capsule is so slight that the 

frequency path, or sound pressure curve, in the base range, i.e. frequencies of below 

approx. 300 H, is negatively affected. In listening to music, this is a major shortcoming, 

which is particularly manifest when listening to popular music, since a base lift is often 

desirable in such circumstances.

10

Reference to any prior art in the specification is not, and should not be taken as, an 

acknowledgment or any form of suggestion that this prior art forms part of the common 

general knowledge in Australia or any other jurisdiction or that this prior art could 

reasonably be expected to be ascertained, understood and regarded as relevant by a

15 person skilled in the art.

As used herein, except where the context requires otherwise, the term "comprise" and 

variations of the term, such as "comprising", "comprises" and "comprised", are not 

intended to exclude further additives, components, integers or steps.

20

It would be desirable to provide a hearing protector having an improved frequency path 

in the base range and/or a lift in the frequency range of 20 to 300 Hz.

Alternatively or additionally, it would be desirable to provide a hearing protector that

25 realises sought-for improvements at low cost and with a marginal deterioration in 

damping.
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SUMMARY OF THE INVENTION

In one aspect the present invention provides a hearing protector comprising, a closed 

muff adapted to be disposed at each ear of a user, the muff configured to sealingly abut

5 against the user's head such that a closed space is formed in the muff around the user's 

ear; one loudspeaker disposed in at least one of the muffs; the loudspeaker comprising 

a membrane whose one side is turned to face towards the ear of the user and whose 

opposing side is turned to face towards a closed volume which is defined by the 

membrane and an enclosure; and a drive unit for driving the loudspeaker, wherein the

10 interior of the enclosure is, via at least one hole or duct in a defining wall of the

enclosure, in communication with the ambient surroundings outside the closed space of 

the muff, wherein the total area (A) of the hole/holes or duct/ducts lies in the range of

5.5 > A > 0.1 mm2.

15 Also described herein is a hearing protector with loud speakers and comprising a closed 

muff disposed at each ear of a user, the muff sealingly abutting against the user’s head, 

whereby there is formed an enclosed space in the muff and around the user’s ear, one 

loudspeaker disposed in at least one of the muffs and displaying a membrane whose one 

side is turned to face towards the ear of the user and whose opposing side is turned to

20 face towards a closed volume which is defined by the membrane and an enclosure, and 

a drive unit for driving the loudspeaker, wherein the interior of the enclosure is, via at 

least one hole or duct, in communication with the ambient surroundings outside the 

closed space of the muff.

25 BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS

The present invention will now be described in greater detail herein below, with 

reference to the accompanying Drawings and Diagrams. In the accompanying 

Drawings:

30
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Fig. 1 is a simplified cross section through a first embodiment of a muff included 
in a protector according to the present invention;

Fig. 2 shows a modified embodiment of the present invention; and
5

Table 1 shows the frequency path in a relatively small muff, on the one hand
according to the prior art technology and on the other hand in a number of 
variations of the present invention; and

10 Table 2 shows the frequency path in a relatively large muff in analogy with, the 
frequency path according to Table 1.

DESCRIPTION OF PREFERRED EMBODIMENT

15 Referring to the Drawings, Fig. 1 is a vertical cross section through a muff 1 included in 
the hearing protector according to the present invention. Normally, use is made of two 
muffs, one for each ear of the user, the muffs being interconnected by means of a 
resilient or flexible crown connection strap or by other means so that the muffs remain 
in position on and are urged with suitable force against the head of the user. The muffs

20 may possibly also be integrated in a safety helmet. The muff 1 includes a muff section 2
and a covering section 3. The muff section 2 has, along its periphery, a sealing ring (not 
shown on the Drawings), which is intended to resiliently and sealingly abut against the 
user’s head, around the ears. This implies that the muff section 2, the sealing ring and 
the user’s head define a closed volume in which the user’s ears are located.

25
The covering section 3 need not be tightly sealed against the ambient surroundings, but 
is merely intended for accommodating electronics, radio receiver, current source and the 
like, which are required for driving the loudspeaker element 4 interiorly disposed in the 
closed volume in the muff section 2. The loudspeaker element for use in the hearing

3 0 protector of the type under consideration here may have a diameter of the order of 
magnitude of 2 to 3 cm.
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While not being apparent from Fig. 1, there is disposed, interiorly in the muff section 2, 
inside its closed volume, a noise absorbent for passive damping of extraneous noise, the 
noise absorbent preferably consisting of foamed material displaying open foam 
structure. In the region between the loudspeaker element 4 and the user’s ears, there is

5 however an open area without damping material, so that direct sound from the
loudspeaker element 4 may impinge on the user’s ears, which gives optimum sound 
reproduction. However, it is also possible to dispose a minor amount of damping 
material, or a damping material displaying less damping, between the loudspeaker 
element 4 and the user’s ear. The noise absorbent has also proved to have a favourable

10 effect on the frequency path at approx. 2000 Hz, where a marked dip would otherwise 
occur.

The amount of damping material disposed in the muff section 2 and also the 
dimensioning of the muff section 2, i.e. the enclosed volume, may vary from one case to

15 another, depending on which damping characteristic is intended for passive noise
damping.

The loudspeaker element 4 has a membrane 5 which is drivable under the action of a 
magnet system 6 or other drive means, such as a piezoelectric drive means. In such

20 instance, the membrane 5 will move in a direction from left to right in Fig. 1, i.e.
towards and away from the user’s ear. The side of the membrane 5 facing towards the 
user’s ear may be considered as the front side of the membrane, while the opposing side 
of the membrane may be considered as its rear side. In order to prevent acoustic 
shorting of the loudspeaker element 4, the rear side of the membrane works towards a

25 closed volume which is thus discrete and separate from the region in front of the front
side of the membrane 5. This closed volume is defined on the one hand by the 
membrane and on the other hand by the enclosure. The enclosure may be a capsule 7 
integrated in the loudspeaker 4, but may also be a separate unit or be wholly or partly 
integrated in the hearing protector, principally its muff section 2.

30
The embodiments of the loudspeaker element 4 shown on the Drawings are of a 
commercially available type. In this loudspeaker, both the membrane and the magnet
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system are mounted in a capsule 7, with a front wall 8 facing towards the user’s ear, the 
wall being foraminated or perforated in order to permit sound generated by the 
membrane to reach the user’s ear. The front wall 8 may also in certain embodiments be 
replaced by a more or less dense latticework or possibly by a sound permeable piece of 
protective material.

The real* (i.e. to the right in Fig. 1) located portion of the capsule 7 encloses an air 
volume which must be separate and discrete from the region immediately in front of the 
membrane 5 in order to avoid acoustic shorting of the loudspeaker element 4. Because 
of the small dimensions of the loudspeaker element 4 and the capsule, this enclosed air 
volume will be slight, which negatively affects the base reproduction.

According to the present invention, the capsule 7 has a circumferential, peripheral wall 
which interconnects the rear portion 13 of the capsule 7 with the front wall 8 and which 
has a circumferential groove 9. The muff section 2 has a rear wall 10 with a tubular 
collar 11 directed towards the user’s ears, and having, at its free end, an inwardly 
directed, circumferential bead 12 which is accommodated in or snapped into the groove 
9 of the capsule 7. The connection between the peripheral, circumferential wall of the 
capsule 7 and the collar 11 or the bead 12, respectively, is tight so that no air flow can 
take place between the interior of the muff section 2 and its ambient surroundings.

According to the present invention, the air volume enclosed behind the membrane 5 
interiorly in the capsule 7 or in the above-mentioned enclosure is in flow 
communication with the surroundings outside the closed space of the muff section 2. 
This is realised in that there are provided, in the rear capsule wall 13 of the capsule or in 
the defining wall of the enclosure, one or more holes or apertures which discharge 
interiorly in the covering section 3, whose enclosed volume is in flow communication 
with the ambient surroundings outside the muff 1. Longer or shorter, tubular ducts or 
channels may also come into consideration here.

The number of holes in the rear capsule wall 13, as well as the size of each one of them 
may vary, but it should be observed that but a single small hole of a diameter of 0.3 mm
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does not affect the frequency path to such an extent that any difference will be clearly 
tangible on measurement. On the other hand, already a hole of a diameter of 0.5 mm 
plus a hole of diameter of 0.3 mm will make it possible to achieve a considerable 
increase of the level at low frequencies. This applies regardless of whether measurement

5 is carried out on a muff with a slight volume or on a muff with a large volume (thus the 
volume enclosed in the muff section 2 separate and discrete from the ambient 
surroundings). See further Tables 1 and 2.

The difference in frequency path between a muff of large volume in relation to a muff
10 with a small volume is quite small, but the base lift at the lowest frequencies is slightly 

smaller in the large muff. In both large and small muffs, a very large hole (diameter >
2.5 mm) does not give much more base lift on the really low frequencies (20-40 Hz) 
than do three to four holes of a diameter of 0.5 mm. On the other hand, the lift in 
volume is greater in the frequency range from 50 to 300 Hz.

15
In the foregoing, it was mentioned that the number and size of the holes or the apertures 
affect the frequency path. After measurements and listening tests, it was established that 
excessively large, total hole areas A (mm2) should be avoided, since the level increase 
then extends too far up in frequency, in order subsequently to give a dip in the range of

20 immediately below 1000 Hz, i.e. in the lower part of the speech frequency range. In
addition, the base predominates and damping deteriorates. An upper limit of approx. 5.5 
mm2 should not be exceeded. However, extremely good results have been attained at 
approx. 0.2 mm2.

25 As was mentioned above, too small a hole will give no or excessively poor effect, where 
approx. 0.1 mm2 is an absolute minimum but more appropriately not less than approx. 
0.2 mm2.

Listening tests have shown that most people included in a listening panel think that a
30 “moderately large base lift” is achieved employing a hole of a diameter of 0. 3 mm 

together with a hole with a diameter of 0.5 mm. This implies a total hole area A of 
approx. 0.27 mm2.
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With the above-disclosed limits for the total hole area, the conclusion will be, in 
loudspeakers of different sizes with diameters in the region between 20 and 30 mm, that 
the total hole area should be less than approx 2% of the membrane area, but preferably 
also less than approx. 1% thereof.

5
Fig. 2 shows a slightly modified embodiment of the hearing protector according to the 
present invention. In this embodiment, the rear wall 10 of the muff section 2 has a 
smaller aperture 14, in which a retainer 15 of resilient, possibly elastic rube-like 
material is secured. The retainer 15 surrounds at least partly and seals against the

10 outside of the capsule of the loudspeaker element 4. Also in this embodiment, the front 
wall 8 of the capsule is foraminated, perforated or otherwise open for the sound that is 
generated by the membrane 5 of the loudspeaker element 4.

As in the above-described embodiment, the capsule according to Fig. 2 has a rear
15 capsule wall 13 which is located a distance from a corresponding rear wall 16 in the 

retainer 15 so that there is formed a cavity 17 between both of the walls in which the 
above-mentioned apertures, holes or ducts through the rear wall 13 of the cavity 
discharge. The cavity 17 is, via an aperture in the fixing portion 18 of the retainer 15, in 
flow communication with the interior of the covering section 3 which in turn is in flow

20 communication with the ambient surroundings outside the closed space of the muff
section 2. The above-mentioned aperture in the fixing portion 18 may, according to the 
present invention, also be employed to lead in those lines or conductors that are required 
for driving the magnet system 6 of the loudspeaker element.
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Table 1 (Small muff)

Hole area + number (0 mm)

Measuring
frequency

(Hz)

0 1 x 0,3 1 x 0,5 +
1 x 0,3

2 x 0,5 +
1 x 0,3

3 x 0,5 +
1 x0,3

4 x 0,5 +
1 x 0,3

1 x 2,5 +
4 x 0,5 +
1 x 0,3

30 56 57 67 68 70 71 72
60 57 57 63 65 68 71 72
100 57 57 60 62 65 66 70
200 58 58 58 58 60 62 66

Table 2 (Large muff)

Hole area + number (0 mm)

Measuring
frequency

(Hz)

0 1 x0,3 1 x 0,5 +
1 x 0,3

2 x 0,5 + 
1x0,3

3 x 0,5 +
1 x0,3

4 x 0,5 +
1 x 0,3

1 x 2,5 +
4 x 0,5 +
1 x0,3

30 54 54 64 67 68 69 70
60 55 55 60 65 67 68 71
100 55 55 57 61 64 66 72
200 56 56 56 57 58 60 68
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WHAT IS CLAIMED IS:

1. A hearing protector comprising:

a closed muff adapted to be disposed at each ear of a user, the muff 

5 configured to sealingly abut against the user's head such that an enclosed space is

formed in the muff around the user's ear;

one loudspeaker disposed in at least one of the muffs, the loudspeaker

comprising a membrane whose one side is turned to face towards the ear of the user and 

whose opposing side is turned to face towards a closed volume which is defined by the

10 membrane and an enclosure; and

a drive unit for driving the loudspeaker,

wherein the interior of the enclosure is, via at least one hole or duct in a defining wall of 

the enclosure, in communication with the ambient surroundings outside the closed space 

of the muff, wherein the total area (A) of the hole/holes or duct/ducts lies in the range of

15 5.5 > A >0.1 mm2.

2. The hearing protector as claimed in Claim 1, wherein the enclosure 

comprises a capsule which is an integrated part of the loudspeaker.

20 3. The hearing protector as claimed in Claim 1, wherein the enclosure is at

least partly a part of the muff.

4. The hearing protector as claimed in any of Claims 1 to 3, wherein there is 

disposed, interiorly in the closed space of the muff, a noise absorbent, and that, in the

25 region located to be between the loudspeaker and the user's ear, there is a region without 

noise absorbent or a region with a noise absorbent with lower damping.

5. The hearing protector as claimed in Claim 1, wherein the area (A) lies in 

the range of 0.5>A>0.1mm2.

30

6. The hearing protector as claimed in Claim 1, wherein the area (A) is less 

than 2% of the membrane area of the loudspeaker.
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7. The hearing protector as claimed in Claim 1, wherein the area (A) is less 

than 1 % of the membrane area of the loudspeaker.

8. The hearing protector as claimed in Claim 2 or any one of Claims 4 to 7 

5 when dependent on Claim 2, wherein the muff has an outer wall for facing away from

the user's ear, and having an aperture in which the capsule of the loudspeaker is 

sealingly accommodated.

9. The hearing protector as claimed in Claim 8, wherein there is disposed 

10 around the aperture a collar adapted to extend towards the user's ear and having a

radially inwardly directed bead along the free end, the bead being accommodated or 

snapped into a corresponding circumferential groove along the periphery of the capsule.

10. The hearing protector as claimed in Claim 2, or any one of Claims 4 to 7 

15 when dependent on Claim 2, wherein the muff has an outer wall for facing away from

the user's ear, and having an aperture in which is sealingly inserted a fixing portion on a 

retainer in which the capsule of the loudspeaker is sealingly accommodated, there being 

disposed, interiorly in the retainer, a cavity in which the aperture or duct of the capsule 

discharges, and the cavity being in communication with the ambient surroundings

20 outside the closed space of the muff by the intermediary of an aperture or duct in the 

fixing portion.

11. The hearing protector as claimed in Claim 10, wherein the retainer 

consists of a resilient, possibly elastic rubber-like material.

25

12. The hearing protector as claimed in Claim 10 or 11, wherein the retainer 

has a sleeve-shaped portion which surrounds and sealingly abuts against a peripheral, 

circumferential region of the capsule.

13. A hearing protector substantially as hereinbefore described with reference 

to Figure 1.

30
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