
.. 

W098131313 PCT/GB98/00165 

,EARPLUG 

This invention relates to an earplug, i.e., to a device adapted to fit into 

an ear usually in order to provide protection against excess excessive noise. 

Manufacturing industries, such as the pharmaceutical, food and 

tobacco industries, are inherently noisy, and it is normal to use earplugs in qrder to 

protect workers from the noise. Conventional earplugs comprise a moulded article 

that is shaped to be inserted in the ear canal; two earplugs can be connected 

together with a cord or band. The earplugs reduce the pressure level of noise that 

can reach the ear drum, thereby preventing the wearer from excessive pressure 

levels of noise. Thus, the earplugs act as a hearing protector. 

, There is always a risk that an earplug will fall from the wearer's ear 

into a production line and become mixed with the products being manufactured. In 

order to deal with this problem it is usual to make earplugs detectable, so that they 

can be detected by detection equipment located in the production line. It is also 

. usual for earplugs to be coloured blue, so that they can be detected ~!~~ally. 

One of the difficulties with all existing ear plugs is the difficulty to hear 

human speech when wearing them. This is because the standard deviation (ie the 

variation in attenuation recorded by a test panel of subjects used in assessing the 

attenuation performance of the plugs in accordance with 1504869. 1) is high in the 

range 63 Hz to 1 kHz (the low frequency, vowel sounds, end of speech), causing 

distortion of the spoken word. This could compromise safety, because a wearer may .. 
not be able to hear a spoken warning or instruction. 

In US-A-3782379 there is disclosed ·a method of obtaining room 

temperature vulcanizable silicone rubber earplugs. This patent specification 

discloses a method of making earplugs, but it does not deal with the problems of 

detectability or sound attenuation. 

EP-A-0244979 discloses a pair of earplugs connected by a cord. In 

·order to make each earplug detectable, it is provided with a metal ferrule. The 

structure comprises three flanges extending from a central body. Each flange is in 

the form of a cup, and the flanges overlap one another. 
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WO-A-9001914 also discloses a pair of earplugs detected by a cord. 

In order to make each earplug detectable, it is provided with a metal, magnetic, or 

X-ray detectable ·insert. The structure comprises three flanges extending from a 

central body. Each flange is in the form of a cup, and the flanges overlap one 

another. 

EP-A-0580704 discloses an earplug having an iron powder distributed 

therein, in order to improve the detectability of the earplug. However, the use of iron 

in an earplug may cause problems with oxidation. 

We have now found a way to make an earplug detectable, which does 

not involve the use of any material that is susceptible to oxidation, and which 

provides detectability that is as good as, or superior to, the detectability reported in 

the prior art; 

According to one aspect of the present invention, we provide an 

· earplug with means to enable it to be detected by electro-magnetically operating 

detection equipment,' wherein said means comprises a electro-magnetically 

detectable material, said electro-magnetically detectable material at least partially 

comprising an alloy of copper and another metal. 

It is especially preferred that said alloy is a bronze alloy, such as an 

alloy of copper with aluminium, manganese or beryllium. In the most preferred 

embodiment said alloy is an alloy of copper and tin. The alloy may include other 

metals such as zinc and lead. 

The electro-magnetically detedable material may consist solely of a 

single copper alloy, or it may comprise a mixture of two or more different eledro­

magnetically detectable materials. In some circumstances it may be desirable for 

the eleciro-magnetically detectable material to include iron, but this is not essential. 

Advantageously, the electro-magnetically detectable material is in the 

form of a powder, which is desirably distributed throughout at least a part of the ear 

plug; the distribution of the powder is most preferably homogeneous. In practice, the 

earplug is usually moulded as an integral article, so it is preferred that the electro­

magnetically detectable material is distributed, preferably homogeneously 

distributed, throughout the-entire earplug. The homogeneous distribution of the 
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electro-magnetically detectable material allows even small fragments of the. earplug 

to be detected with conventional electro-magnetically operating detection 

equipment. 

The earplug according to the invention is adapted to be received in 

the ear of the wearer, and to this end it is conveniently provided with an 

appropriately shaped body. 

It is preferred that the earplug further comprises a mouldable material. 

The mouldable material is preferably a polymer, and may be a plastic or rubber. It 

is especially preferred that the mouldable material is a silicone rubber or a 

thermoplastic rubber. More preferably the mouldable material is a siloxane polymer. 

Most preferably, the silicone is a methyl vinyl siloxane polymer. An example of a 

suitable thermoplastic rubber is available under the trade name Santoprene. These 

polymers are particularly useful, because they can be produced in any colour, 

especially blue, and they can be produced with low hardness. 

It is preferred that the electro-magnetically detectable material 

comprises 20 to 60 wt%, more preferably 20 to 50 wt%, and most pref~~~ly 40 to 

50 wt% of the total weight the materials from which the earplug is moulded. 

When the electro-magnetically detectable material is in powder form, 

then its type and particle size is preferably such as to be detectable in the frequency 

range 50 kHz to 600 kHz, which is a frequency range that is employed by 

conventional detection equipment. The particle size of the majority of the powder 

is preferably below 200 microns, and would usually be above 1 micron. More 

preferably the particle size of the majority of the powder is in the range 50 to 200 

microns and most preferably it is in the range in the ·range 50 to 100 microns. 

The earplug according to the invention can be made by a conventional 

silicone moulding process. One suitable process is described in US-A-3782379, but 

the skilled person will appreciate that there are many other suitable processes. The 

electro-magnetically detectable material can be added to the base materials at the 

start of the moulding process. There are no special moulding techniques needed 

to deal with the presence of the electro-magnetically detectable material. When the 

electro-magnetically detectable material is in powder form, it does not require any 
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special treatment or conditioning in order to reduce the risk of oxidation or migration 

to the surface. 

According to another aspect of the invention there we provide a 

hearing protector device comprising two earplugs, each adapted to be received in 

·. a respective one of the ears of a wearer, and connecting means for connecting the, 

earplugs together, and further comprising means to enable the device to be 

detected by electro-magnetically operating detection equipment, wherein said 

means comprises an electro-magnetically detectable material, said · electro­

magnetically detectable material at least partially comprising an alloy of copper and 

another metal. 

The electro.:.magnetically detectable material is preferably the same 

as the electro-magnetically detectable material described above. 

The connecting means may be any form of cord or band that can be 

secured to each of the earplugs, preferably at each end of the cord or band. The 

connecting means is· preferably flexible. or semi-rigid. Although the connecting 

means could be completely rigid, a hearing protection device with a rigid ~nnecting 

means is unlikely to have many practical applications. 

A fastener may be provided for fastening the connecting means to 

each earplug. 

The electro-magnetically detectable material may form part of one or 

more of the earplugs, the fasteners and the connecting means. and is preferably 

homogeneously distributed therein in powder form. 

According to another aspect of the invention we provide an earplug 

comprising a body having a portion adapted to be ins'erted into an ear, and exactly 

two attenuation flanges extending from the body. We have found that the provision 

of exactly two attenuation flanges, rather than one, three, or more,. attenuation 

flange~ gives a low standard deviation at low frequencies of 63 Hz to 1 kHz, and 

can assist in allowing speech to be understood in noisy work places. In this aspect 

of the invention, there are no other flanges projecting from the body other than the 

two attenuation flanges; this is different from the prior art, in which there are usually 

three attenuation flanges. -
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Preferably each attenuation flange is substantially cup shaped, and 

one attenuation flange is larger than another. 

The portion of the body adapted to be inserted in the ear preferably 

has the same diameter as the rest of the body. However, in one embodiment the 

end portion comprises an enlarged, solid portion. The enlarged solid portion 

preferably has a diameter less than two thirds of the diameter of either of the 

attenuation flanges. Typically, the end. portion has a diameter about half the 

diameter of the attenuation flanges. In use, the earplug will be inserted into the ear 

such that the end portion enters the ear before the flanges. 

Preferably each attenuation flange is substantially cup-shaped. One 

of the attenuation flanges is closer than the other to the end portion to be inserted 

in the ear. It is preferred that the attenuation flange closer to the ear has a maximum 

diameter less than the other attenuation flange. It is preferred that the attenuation 

flange further from the ear has two portions: a first portion which is secured to the 

body and which curves away from the body in a cup-shaped configuration; and a 

second portion which is secured to the first portion and which is substantially 

cylindrical. 

The attenuation flanges preferably have a substantially circular cross 

section. One of the attenuation flanges extends further from the body than the other 

of the attenuation flanges. Each attenuation flange preferably has a maximum 

diameter at least 50% greater than the diameter of the body. 

Preferably the body is elongate having a substantially constant cross­

section along its length. Most preferably the body is substantially cylindrical. 

Preferably the attenuation flange further from the ear has a larger 

radius of curvature.than the attenuation flange closer to the ear. 

The earplug according to this aspect of the invention may be made 

detectable by employing any combination of the features according to the first 

aspect of the invention. In addition, the earplug may be used in the hearing 

protection device according to the invention. 

Reference is made to the accompanying drawing in which: 

Fig. 1 is a side view of an embodiment of earplug according to the 
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Fig. 2 is a top view of the earplug shown in Fig. 1; 

Fig. 3 is a view along lines 3 .. 3 of Fig 1; 

Fig. 4 is a view along lines 4-4 of Fig. 1; and 
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Fig. 5 is a bottom view of the earplug· shown in Fig. 1. · 

In the drawings, an earplug generally designated 1 O comprises an 

elongate central body 12 having a solid end portion 14 adapted to be received in 

the ear of a wearer. An opposite end portion 16 is provided with a recess 18 

adapted to receive an earplug connector (not shown). The earplug connector 

enables two earplugs to be connected together. 

Two attenuation flanges 20 and 22 project from the central body 12 

intermediate the end portions 14 and 16. Each attenuation flange 20 and 22 is 

integral with the central body 1-2. 

The attenuation flange 20 is generally cup-shaped and has inner and 

outer surfaces 24 and 26 respectively. The inner and outer surfaces 24 and 26 

extend away from the body 12 along curved lines. The curve of the surf~<?es 24 and 

26 may be, for example, circular or parabolic. 

The attenuation flange 22 is also generally cup-shaped and comprises 

two portions 28 and 30. The portion 28 has inner and outer surfaces 32 and 34 

respectively. The inner and outer surfaces 32 and 34 extend away from the body 

12 along curved lines. The curve of the surfaces 32 and 34 may be, for example, 

circular or parabolic. The portion 30 has inner and outer surfaces 36 and 38 

respectively. The inner and outer surfaces are substantially cylindrical, and the axes 

of the cylindrical surfaces 36 and 38 are substantially co-linear with the longitudinal 

axis of the body 12. 

In one preferred embodiment, the length of the body 12 is in the range 

20 to 30 mm, preferably 26 to 27 mm. The diameter of the body may be 4 to 6 mm, 

preferably 5 mm. The maximum diameter of the attenuation flange 20 may be 12 to 

14 mm, preferably 13 mm, and the maximum diameter of the flange 22 may be 11 

to 13 mm, preferably 12 mm. 

In Fig. 1, the. end portion 14 of the body 12 projects beyond the 

l 
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attenuation flange 20. The end portion 14 is preferably 10% to 20%, more 

preferably 12% to 17%, most preferably 14% to 15%, of the total length of the body. 

The length of the end portion 14 is typically 3 to 4 mm. The maximum diameter of 

the attenuation flanges 20 and 22 is preferably less than 40% of the diameter of the 

body 12. 

Example 1 

An earplug having the structure of the earplug 10 in the drawings was 

made from a mixture of 45 parts by weight spherical particles of tin bronze powder 

with 55 parts by weight of a silicone. The particles of the bronze powder had a size 

of 300 mesh. 

The earplug was moulded by injection moulding (as an alternative, it 

eould have been moulded by transfer moulding), and was blue in colour - the blue 

colour was provided by the addition of a blue pigment. 

The detectability of the earplug was measured using stan?~rd testing 

procedures which give the detectability in terms of an equivalent size of a non­

ferrous sphere. The detectability of the earplug corresponded to a non-ferrous 

sphere having a dia·meter of 1.5 mm. This compares very favourably with the 

silicone plug described in the example of EP-A-0580704, where the detectability 

corresponded to a metal sphere with a diameter of 2.5 mm. 

Example 2 

The attenuation properties of the earplug of Example 1 were testing 

in accordance with BS EN 24869-1: ISO 4869-1, which specifies a subjective 

method for measuring the attenuation of hearing protectors at the threshold of 

hearing. 

Thirty four samples of the earplug 10 were supplied. Each tester 

picked one pair of earplugs at random, and the attenuation was tested once for 

each subject at a variety of frequencies (in accordance with the procedures 

specified in BS EN 24869-1 :- ISO 4869.1 ). There were a total of sixteen testers. The 
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results were as follows are given in Table 1, anq show the attenuation in dB for 

each tester over a variety of frequencies. . .· .. 

. The same test was repeated with a commercially available earplug 

having three attenuation flanges. The results of the standard deviation obtained with 

this earplug are given in Table 2. 

TABLE 1 

Sample 63Hz 125Hz 250Hz 500Hz 1 kHz 2kHz 4kHz 5kHz 

1 20 15 20 22 19 26 26 20 

2 19 20 18 18 21 30 34 38 

3 30 28 26 29 31 39 46 38 

4 16 18 19 19 18 28 31 30 

5 28 24 28 28 26 30 43 30 

·a 31 32 28 28 30 39 44 39 

7 18 22 22 18 24 34 38 32 

8 12 15 14 16 24 36 41 42 

9 28 30 21 26 26 32 29 18 

10 17 27 24 21 28 37 27 34 

11 20 20- 20 21 19 32 34 26 

12 24 22 21 20 26 35 34 .32 

13 27 25 23 24 20 31 33 26 

14 25 22 22 16 22 34 32 29 

15 35 28 24 26 25 41 37 40 

16 14 19 19 20 21 34 25 35 

Mean 22.8 22.9 21.8 22 23.8 33.6 34.6 31.8 

S.D. 6.7 5.1 3.7 5.1 4.0 4.2 6.5 7.0 

TABLE2 

S3Hz 125Hz 250Hz SOOHz 1 kHz 2kHz 4kHz SkHz 

s.o. 6.4 7.9 8.2 7.6 5.6 5.5 7.5 5.9 

The last two rows in Table 1 show the mean and standard deviation 
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for the results. A comparison of the standard deviations in Tables 1 and 2 shows 

clearly that the present invention provides a relatively low standard deviation over 

the frequency range 63 Hz to 1 kHz, which corresponds to human speech. 

Modifications can be made to the invention described above. For 

example, the attenuation flange 22 could have been provided with a continuously 

curved surface, instead of a curved portion and a cylindrical portion. 
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Claims 

1. An earplug comprising a body having a portion adapted to be inserted into 

-an ear, wherein the earplug is provided with an electro-magnetically detectable 

means to enable the earplug to be detected electro-magnetically, said means 

comprising an alloy of copper with at least one other metal. 

2. · An earplug according tp claim 1, wherein the or each other metal is 

aluminium, manganese, beryllium and/or tin. · 

3. An earplug according to claim 1 or 2, wherein said alloy comprises an alloy 

of copper and tin. 

4. An earplug according to claim 1, wherein said alloy is a copper".'containing 

bronze alloy. 

5. An earplug according to claim 1, 2, 3 or 4, wherein the electro-magnetically 

detectable means is substantially homogeneously distributed throughout the body. 

6. An earplug according to any preceding claim, wherein the electro­

magnetically detectable means is provided in the form of a powder, and wherein tl"ie 

· particle size of the majority of the particles in the powder is in the range 1 to 200 

microns. 

7. An earplug according to any preceding claim, wherein the body is made of 

a mouldable material mixed with the electro-magnetically detectable means. 

8. An earplug according to claim 7, wherein the mouldable material comprises 

a silicone polymer. 

9. An earplug accordiflg to claim 7 or 8, wherein the mouldable material 

:U/I 
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, 1111111 """ 11111 1111111 1111 * C L M S * comprises a methyl vinyl siloxane polymer. 

1 o. An earplug according to any preceding claim, wherein the body comprises 

20 to 50 wt% of said electro-magnetically detectable means. 

11. An earplug according to any preceding claims, further comprising at least one 

attenuation flange extending from the body. 

12. An earplug according to claim 11, further comprising exactly two attenuation 

flanges extending from the body. 

13. An e'arplug according to claim 11 or 12, wherein said electro-magnetically 

detectable means is substantially homogeneously distributed throughout the or 

each attenuation flange. 

14. A hearing protector comprising two earplugs, each adapt~d to be 

received in a respective one of the ears of a wearer, and connecting means for 

connecting the earplugs together, and further comprising means to enable the 

device to be detected by electro-magnetically operating detection equipment, 

wherein said means comprises an electro-magnetically detectable material, said 

electro-magnetically detectable material at least partially comprising an alloy of 

copper and another metal. 

15. A hearing protector according to claim 14, wherein said electro­

magnetically detectable material is provided on or in at least one of the earplugs 

and/or the means for connected the earplugs together. 

16. A hearing protector according to. claim 14 or 15, wherein said 

electromagnetically detectable material comprises a powder that is substantially 

homogeneously distributed throughout at least part of at least one of the earplugs 

and/or at least part of the means for connecting the earplugs together. 
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17. A hearing protector according to claim 14, 15 or 16~ wherein the or each · 

other metal comprises aluminium, manganese, beryllium or tin. 

18. A hearing protector according to claim 14; 15or16, wherein said alloy is a 

copper-containing bronze alloy. 

19. A hearing protection device according tc:> any one Of claims 14 to 18, wherein 

the connecting means is a flexible cord or band adapted to be secured to each 

earplug. 

20. An earplug comprising an body having a portion adapted to be inserted into 

an ear, and exactly two attenuation flanges extending from the body. 

21. ·· An earplug according to claim 20, wherein at least part of the surface of each 

attenuation flange is curved in a direction extending away from the body. 

22. An earplug according to claim 20 or 21, wherein at least part of the surface 

of at least one attenuation flange is substantially cylindrical. 

23. An earplug according to claim 20, 21 or 22, wherein the attenuation flanges 

have a substantially circular cross section. 

24. An earplug according to any one of claims 20 to 23, wherein one of the 

attenuation flanges extends further from the body than the other of the attenuation 

flanges. 

25. An earplug according to claim 24, wherein the attenuation flange that extends 

further from the body has a radius of curvature greater than a radius of curvature 

·of the other attenuation flange. 

26. An earplug according to any one of claims 20 to 25, wherein each attenuation 

·1m: JJ 
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flange has a maximum diameter at least 50% greater than the diameter of the body. 

27. An earplug according to any one of claims 20 to 26, wherein the body is 

elongate and has a substantially constant cross-section along its length. 

28. An earplug according to any on of claims 20 to 27, wherein the end of the 

body that is adapted to be received in an ear projects outwardly from the attenuation 

flange disposed closest to said end. 


