WD 2012/ 096626PCT/ S&2011/ 000015 AUDI O APPARATUS Backgr ound of the

I nvention The' present invention -relates to an apparatus for playing audio
signals to:a user underwater, and in particular |oan apparatus ferplaying
audi o signals using bone conduction of sound. Descriptlon of the Prior Art
Ref erence iWORHR4%8Hecification to any prior publicati J¥T(620VPWihat i on
derived fromit), O to any matter which is known, is not, and should not
be taken as an acknow edgne. nt or admi ssion O any form of suggestion that
the prior publication (or information derived fromit) or knowh matter
forns part of the common general knowl edge in the field of endeavour to
Owhich this specification relates. The need for an inproved and efficient
underwat er comuni cati on recei veAUDSO ARMARETEBNncern for underwat er users
In addition, the advent use of advanced/conpl ex sel f-contai ned underwat er
breat hi ng apparatus (SCUBA) in deep/technical diving has increased the

expl orat i ofy k@3RG oF 1 1l MRlont © greater depths, -which in turn increases,
the need for an 15efficient comruni cati on system capabl e of wi thstanding
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vibrations directly to the cochlea (or inner ear) ghr ough t he gones of the
skul I, wi tHR8 PaialAs e v PRRRe dgplarine Judiopskmals Yeine 698F Catutiop sht®rdear) . 1t
bypasses the ear drum (m ddle ear) since the outer and nmddle ear is unable
to functi ﬁg ef.fici efnhlﬁ.ungerwat er. 20However, currently, there is no
product’ t HAPCTRUHIANE hrighaFhi e in deep waters using the bone conduction

t echni que,, and instead st. nodem audi g .cOn icatiop syste e 0
umdorva ok RETHSRORCCPPHET-idh i fos PRuRe G hh Ry SR . 8o
transm ssiaan mhatet Rehicarls. kdonst éadot, ahé seaiiddot e ttal@nsasi dnt ecknbylediment or

conduction to the ear _.canal where it js subsequently .conducted thrqugh the
car i um Y Gt BYBAE SHRRHE Brchy BECT RO HHAoH fdRRBgp oregvel SO
25event ualit)yr kitevisiasnd fornd had boms cafmtioh BERE kedweldd dryin threfidd af shdasvosetend.
Such under wat er . headiphqnes can only be used in fairly shallow waters, up to
certai il deptiffsihis spgsiise19) 556526 PCT/ SG2011/ 000015
The need for an improved and efﬁcient. underwater communication receiver is a prime
concern for underwater users. In addition, the advent use of advanced/complex self-contained
underwater breathing apparatus (SCUBA) in deep/technical diving has increased the

exploration range of a diver to greater depths, which in turn increases the need for an

15  efficient communication system capable of withstanding extreme pressures.

Bone conduction is the transmission of sound waves or vibrations directly to the cochlea (or
inner ear) through the bones of the skull, without travelling through air in the auditory canal
(outer ear). It bypasses the ear drum (middle ear) since the outer and middle ear is unable to

function efficiently underwater.

20  However, currently, there is no product that is able to operate in deep waters using the bone
conduction technique, and instead most modern audio communication systems employ
underwater headphones that do not use bone conduction for sound transmission to the ear.
Instead, the sound is transmitted by air conduction to the ear canal where it is subsequently
conducted through the ear-drum in the middle ear to the cochlea in the inner ear, and

25 eventually the sound vibrations are interpreted by the brain as sound. Such underwater

headphones can only be used in fairly shallow waters, up to certain depths.



Usi ng such conventional underwater headphones - which are placed on the
ears - nmay cause the swmmier-diver to receive nuffled noise. For exanple,
at significant depths underwater, U he -external .anbient pressure exerted
on nme outside face of the casing tends to force the easin i nwardly, hence
resul ting iWO@P8{&ted and reduced audio output. SignalP& ti¥iIFs 5
poor and underwater sound clarity is affected. The sealing of the internal
structure of the headphone housing is also affected by the harsh
hydrostatic pressure, causing the ingress of water. These issues can
greatly inpair the swi mrer-diver's sense of directional perception and

| ocal i sati0spg pahbowhadlayuidendeemengtheres,- whadi arg ptahel msme ehrssucly @iyst em
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to a user wpndermal aﬁmexﬁtf‘;eesamaadxastoﬂ ﬂﬁ|diﬁbldbgfaca))f ﬂletd’aaﬂg dd-mierto ffedce the

generating vibrati signals in. a cord t di 0 si gpa recei ved via
an i nput; @nag “B’Xar‘gl ¥ FgU8E ith ﬁ[j’nﬁ F%NV %O%H’Ef HIRHS rF%FHE‘ﬁ‘b(’:ser

t he housi ngobehddn@eanteduh® chaty kurpesit Tienediagal Ms tmtarn'dB §t['uchﬁe akliaw t he
vi bration S|gnal s to be conducted via theﬁ?qc}um ng and bones of t he user to
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housi ng i nglides canisaeoust bealy ¥ndalrans RAREIN:-dNRE € iRk of Imu@aallpuercteP@
acoustically transparent material is selected to mnimse an acous

i mpedance affdcalisHen rRBicWednitHeED Harss Baking theruse olpusly pistea) pazandpes.
acoustically transparent nmaterial has an acoustic inpedance-of between 1.5

and 1.6. Typically the acoustically transparent material has-an
acousti c-i arycl the P‘éf’ﬁfﬂ‘c!ﬂ"r?é‘f’él y 1.56. Typicall y the acoust i caI I y

transpare rial nmet h l. ene Typi c ﬂl cl udes:
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posi ti oned;lgnalsttds]eugeauhdeywaaeﬂieragpamtﬁﬁinbmdfmge casing includes at | east one
step for recg the c8
a transducer for generatmg vibration signals in accordance with audio signals
received via an input; and,
b) a housing defining a cavity containing the transducer, the housing being adapted to be
15 positioned against a user to allow the vibration signals to be conducted via the
housing and bones of the user, to an inner ear of the user, characterised in that at least

part of the housing includes an acoustically transparent material.

Typically the acoustically transparent material is selected to minimise an acoustic impedance

difference between air and sea water.

20  Typically the acoustically transparent material has an acoustic impedance-of between 1.5 and
1.6.

Typically the acoustically transparent material has-an acoustic-impedance of approximately
1.56.

Typically the acoustically transparent material is polyoxymethylene.

25  Typically the housing includes:
a) a casing defining the cavity and a cavity opening; and,

b) a cover positioned in the cavity opening.

Typically the casing includes at least one step for receiving the cover.
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WO 2012/ 09( 616PCT/ SG2011/ 000015 Typically the casing includes first tind
second steps for receiving s and second steps of the cover. Typically the
cover, is nounted within the cavity opening so that a rimof the casing
ext ends beyond the cover to thereby define gap between the cover and the
rim ry-pi CHP2Y1249&¥al ant is provided in the gap to thdiebiF8Eq0Mhe
housi ng. Typically the housing includes a seal ant provided on at |east an
ou surface of the cover. Typically the seal ant includes a poly ethane

| ayer. Typically the sealant is bonded to the cover using an adhesi ve.
Typically the transducer is provided adjacent a wall of the housing, the
wai | of t hgphaligitegadddbeiude foesint saned stagaionsteiting fius end feopnc aagudtieng t he
vibration signals to the bone of the user, and bei ng made of the

acousti cal it ransparent material . ally the entire housing is

manuf actured from an acoustically transparent material. Typically

t r ansducerTppelatiesowrtihinoutthe withioi the faveguentyg fvathd aofim22 GheHmsing e2@n@00 Hz,
Typi cal ly .i.nput;includes. a cabl e ext.endi ng throu .aperture in the

housi ng. 1@% RAFY* Eoﬁéer% uag?? o2 BT éeélq}éencoé’%rear% ﬁk% gug'avi ty provided

adj acent the aperture, wherein the aperture cavity is filled with a seal ant
so t hats t Heypeaby e sdagneisipediied imite gpmtot thecgemhlaht hawingher eby seal the
aperture. Typically the sealant is polyurethane. Typi-cally the housing is

capabl e ofrMdokanalag ind0Mk Al ahid ofel £ES Pbu ML BAAIARSULE, and. D)

at least 1 ter pressu Typi ca e housing I ncludes a
wal | that provides a substantially circular, flat, non-slip surface, to
reduce sIfﬁ@#ﬁ@WﬁﬁSﬁﬁ%“ﬁﬁb@ﬁﬁ@mﬂﬁ#ﬁb@Vémﬁb the user's cheek in use.

Typically the sealant is bonded to the cover using an adhesive.

Typically the transducer is provided adjacent a wall of the housing, the wall of the housing.
10  being positioned against the user for conducting the vibration signals to the bone of the user,

and being made of the acoustically transparent material.

Typically the entire housing is manufactured from an acoustically transparent material. .
Typically transducer operates within the audio frequency band of 220 Hz to 20,000 Hz.
Typically input includes a cable extending through an aperture in the housing.

15 - Typically the housing includes an aperture cavity provided adjacent the aperture, wherein the
aperture cavity is filled with a sealant so that the cable is embedded within the sealant to
thereby seal the aperture.

Typically the sealant is polyurethane.

Typically the housing is capable of withstanding:
20 a) at least 40 meters of water pressure; and,

b) at least 100 meters of water pressure.

Typically the housing includes a wall that provides a substantially circular, ﬂat,lnon-élip'

surface, to reduce slipping of the housing relative to the user's cheek in use.



WO 2012/ 1196626PCT/ SG2011/ 000015 Typically the housing is adapted to be
hel d in position against a cheek of a user using a strap and sliding
mounting. In a second broad formthe present invention seeks to provide a
nmet hod of constructing apparatus for playing audio signals to a user

under wat er ,\ WPR&2{4#86 od i ncl udi ng: a) providing a housi FFTEEPHINYIA cavity,
t he housi ng being adapted to be positioned against a user to allow

vi bration signals to be conducted through the housing and bones to an inner
ear of the user, characterised in that at |east part of the housing

i ncl udes an acoustically transparent material; b) providing a transducer;
and, .. 10Gypjcatiptipltiongng hediptainsdadeld it poamon agpintt a dretledia et wannyg sttdpe
transducegmh%iﬁgng$%%%Avibration signals in accordance with audi o signals
received via { eglnpufg‘TypicaIIy t he housi ng i ncludes a casing defining
the cavity and a cavity opening and wherein the nmethod includes: a)

mount i ng tlher tacams dwee form thehmressay invynticarmdsks1® ropdovi rithed af cowsémcting t he

cavity openi ically.. i i ncil - . -*%erein t he

nmet hod i nc h%éss%%@F@?%ﬁ%%égﬁﬁé?gﬁgg?}@ﬁkﬁﬂg”éﬁ%%%&@§6?§§f y the casing

i ncl udess hi tt) andider endudas defgnigt epsyityanic: Wwhsingibeinghelapted ho de i positingels
positioning the cover by aligning. first d,second. cover of the cover
Wih 20second e8emg wrvisealdsitton Tpal E SSERAE T RbeR i Bofine

cavity openi ngbsaestthaih ifinetiead of the heereasdrmgerdxd éndst belyanngatt he thoUeuside0

define a gap between the cover and a rim.of the casing, and wherein the
met hod i ncl udeén%‘fd(%i”b?cﬁbméa@etéarnél?ﬁreqtﬁlafaﬁl ‘gap to thereby seal the housing.

b) providing a transducer; and;
10 ¢) coupling the transducer to an input thereby allowing the transducer to generaté

vibration signals in accordance with audio signals received via the input.

Typically the housing includes a casing defining the cavity and a cavity opening and wherein
the method includes:
a) mounting the transducer in the cavity; and,

15 b) providing a cover in the cavity opening.

Typically the casing includes a step, and wherein the method includes positioning the-cover

on the step.

Typically the casing includes first and second casing steps, and wherein the method includes
positioning the cover by aligning first and second cover steps of the cover with the first and

20  second casing steps.

Typically the cover is mounted within the cavity opening so that a rim of the casing extends
beyond the cover to define a gap between the cover and a rim of the casing, and wherein the

method includes providing a sealant in the gap to thereby seal the housing.
Typically the sealant includes a polyurethane layer.

25 Typically the method includes applying an adhesive to the cover to thereby bond the sealant

to the cover.

Typically the method includes:
a) inserting the cable through an aperture in the housing; and,
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Typically the seal ant includes a pol yurethane | ayer. Typically the nmethod

i ncl udes applying an adhesive to the cover to thereby bond the sealant to
the cover. Typically the nmethod includes: a) inserting the cable through an
aperture in the housing; and, 4 WD 2012/094616PCT/ SC2011/ 000015 b)

el ectrical I'YyO2on{&®¥4 ng the cable to the transducer. TyiT¢di20)1/00¢HE housi ng
i ncl udes an aperture cavity provided adjacent the aperture, wherein the

nmet hod includes tilling the aperture cavity with a sealant so that the
cable is enbedded in the sealant to thereby seal the aperture. 5Apparatus
for playing audio sipals to a user underwater, the apparatus being

subst anti al | ) asecheniy nbvetemne tidesbleitdad tantdhcaref er ence to t he acconpanyi ng
drawi ngs: A nethod of constructing apparatus for playing audio signals to a

wth ref or gty detfoutEL ISREANBAYI I AN SN ARIRIE DRRLE, SndiEmile o
' Dr awi ngs mﬂhwmnjnﬂa fdfing ﬁne aperexsfemvitjf mientsedmtwp Habthe delge s dyelgbduéc i the

reference Lo q acconpany. gnuramnngs in which: - - Figure 1 is a
schemati c 5 3%% uéiratp the conponents of an exanpl e of apparatus

for playlng audlo S|gnals to a user underwat er;
Apparatus for playing audio signals to a user underwater, 'the apparatus being substantially as

hereinbefore described with reference to the accompanying drawings.

A method of constructing apparatus for playing audio signals to a user underwater, the
method being substantially as hereinbefore described with reference to the accompanying

drawings.

10  Brief Description of the Drawings

An example of the present invention will now be described With reference to the
accompanying drawings, in which: -
Figure 1 is a schematic diagram illustrating the components of an example of apparatus for
playing audio signals to a user underwater;
15  Figure 2A is a schematic exploded perspective view of the apparatus of Figure1;
Figure 2B is a schematic perspective view of the apparatus of Figure 1;
Figures 3A to 3C are schematic plan, cross sectional and side views of the apparatus of
Figure 1; ’ |
Figures 4A and 4B are schematic views of the apparatus of Figure 1 as worn by a user;
20  Figure 5A is a schematic cross-sectional view of a rear cover of an alternative example of
apparatus for playing audio signals to a user underwater;
Figure 5B is a schematic cross-sectional view of the casing of the alternative example of
apparatus for playing audio signals to a user underwater; and,

Figure 5C is a schematic plan view of the casing of Figure 5B.

25  Detailed Description of the Preferred Embodiments

An example of apparatus for playing audio signals to a user underwater will now be

described with reference to Figures 1 to 4.



15Figure 2A is a schematic expl oded perspective view of the apparatus of
Figure-1; Figure 2B is L9. schematic perspective view of the apparatus of
Figure 1; Figures 3.Ato 3C are schematic plan, cross sectional and side
views of the apparatus of Figure 1; Figures 4A and 4B are schematic

vi ews of tHEOAPpEMatous of Figure 1 as worn by a user; Z6FiS§Ed/08RIFs a
schemati c cross-sectional view of a rear cover of an alternative exanple of
apparatus for playing audio signals to a user underwater; Figure 5B is a
schematic cross-sectional view of the casing of the alternative exanple of
apparatus for playing audio signals to a user underwater; and, Figure 5Cis
a schemat ila tjgh axanvil€whofudihglagask agpaoftusHilguneudsBa Hoetiag Il €t dBesey & ptvign of

t he Preferred_Enbodi ts. WD 2012/ 096626Peri SC 2(100015. I n thi s exanpl e,
the audi o Biaf BACR I SLFSHIE 4 GO TIET Helr EISEtar g oo s iR a iRy 1 y
111. The- caivi dudiolsidhbisGedetvad MSmbart iR SAOIC ERe t20duckOI20g@née at kmgapprdprate on
signals in accordance wth audio. Sirials recejved froman input 130. The

t r ansducer®T2 e hOBEXFEP &Y 2 &PHFE ST 5 E’h\"gl"‘ ise3 AT RE RO él@#ﬁf’ &aUFL g
passi ve denigheoWhbe thelitrkdshSes 120 d ivbritg saudi 04Si GAaakndy teatsegaethitiaphr agm
on the transducer 120 to vi brat,e,n:’;l!;#1 an_ audi o freqélé cy, .th rﬁg enerating
a cor r espGRAFREYRSY AT R sigRay HANINAE FHOP EraicRiYdieg PE%%’J%@ 0 ﬁa?zof 220 Hz
to 20,000 Hz. In this exanple, the input 130 is in the formof a cable for
connect i ngntiige | ahdispdi0B 0ti0 irekt Esriabf £EA0E fop Bbitheiiy theppardtor 100 to
generating the audio signals._ Wilst the input is g@gv\n as a .Cable in this
exanpl e, %R FlegpnicsIrRaicat BHERRING e Ud1g Sigatls e SOUH PRINPULR 1M hat i ve
inputs 10 ARY iberiyseehplo immmed@,tpﬁeéﬁte@ t84t3R8li$ notSUERHAS ardl MickeHiO8 Snputs
conmmuni cation system However,, the use of a cable 130 can be advant ageous
as thi¥ almaws sadtoaprdyige 8idnairaals suPeas s BHEES HBRBYIEHY! passt vECYFShsducer

120 wit hoqfle LA 4 LG L QunaRPaR AlikSous Q0mid Q1WAGRE RASLRNAR @adikional
power supply, thereby mnimsing, the need for electronic conponents wthin

t he housi rgwilthe prakilvhdgantdacanoldsi Wighawe eetedringnilp |apparatus=100-to incorporate an

additional power supply, thereby minimising the need for electronic components within the

housing 110, making the housing needed smaller.

15 It will be appreciated that the audio signals can be generated by any suitable electronic
equipment, such as an underwater communication system, audio player, audio guidance

system, or the like.

In use, the housing 110 is adapted to be positioned against a part of the user’s head, and
typically the cheek, to allow the vibration signals to be conducted through the housing 110

20  and bones to the inner ear of the user.

In one example, the audio playback apparatus 100 can be mounted to the user's head H using
a strap 150, as shown for example in Figures 4A and 4B. In this arrangement, the strap 150
is coupled to a sliding mounting 151 attached to thé housing 110, thereby allowing the éudio
playback apparatus 100 to be slid along the strap 150 until a desired position is reached, and
25  then held in place against the user's cheek. In one specific example, the transducer 120 is
mounted within the cavity 111 adjacent a wall 110.1 of the housing 110 which is in turn
positioned against the cheek of the user's head H, thereby allowing the vibration signals to
propagate through the cheek bone and directly to the user’s inner ear for interpretation. This
enables the audio playback apparatus 100 to produce undistorted audio signals, even at

30 ° extreme depths.



151t will be appreciated that the audi o signals can be generated by any
suitabl e el ectronic equi pnent, such as an underwat er communi cati on system
audi o pl ayer, audi o gui dance system or the like. In use, the housing
110 is adapted to be positioned against a part of the-user's head, and
typically tWe28R8e%26t0 allow the vibration signals to BT eRtd¥PEd t hr ough
the housing 110 20and bones to the inner ear of the user, in one exanple,

t he audi o pl ayback apparatus 100 can be nounted to the user's head H using
a strap 150, as shown for exanple in Figures 4A and 4a in this arrangenent,
the strap 150 is coupled to a sliding nmounting 151 attached to the housing
110, ther ebymakihow thg trudyenialai @ sphraly beledst appaf @t hsusiQO1 pafkemstd gpahlong t he

sunp 150 unti| a desirge osition is reached, and.the in e

agai nst t & ?1‘13‘8? h%us%]e@f Pnlcﬁl’dﬁ%@ %‘68%1°$1?yc9%‘§8%5‘3é?atﬁ?2 (‘?‘fgﬂs d’d’cgﬁﬁ%‘ i's
mount ed Wi tdidhiddranevdl that hids in adhatenipedanvald) tAdkQs dindhr tdhiat Hi0wsivitger110
which is in METI positioned agai ,nf,t t he cq_g,eﬁ of the user's head H, thereby
al | owi ng t HE agpwfisiTeifasicgharstergl s Loy BhiWadt t he cheek bone and
directly to the user's ipnej.ear for interpretation. This enables the audio
pl ayback apparatus 100 to_produce undi storted audio signals, even at
30extreme depths. WO 20¥290966IBPEATIEEITLY 000015 To naxi ni se t he

transm ssion of sound, at |easf RalklocRf of PendIQUSE REedd0, and nore typically
all of the housing 110, includes an acoustically transparent materi al

(ATM. An Armis a "matching” material that has an acoustic inpedance (2)
that i s oi FHel8Pusis IPREENGSOlSBR WHE BrePPrPREERH bop a0 ??Fﬁféﬁ%%ét SRstpatedtor | al

i s gover negd byoithgpeauati iy thz_h%u\)!}i%rl@o ip fhisrichie ot eni Avdemsid kst the
velocity of sound’'in the nateri al e acoustic. i npedance of sea water is
appr oxidratiglpgdances & witbindbe s1@F gl 1o, 14t areBore parellofs anprXimsel typi <l |y

all of the [ 101d j : PUSHICo :

i npedance elxgﬁay\n&tdglqns ﬁé‘%éé Ir%gfr\{fl@ﬂf ggst ée%(%%{%mgwgﬁ%%n%? %31?3%? C aﬁié;?ciogﬁnonly,

appr oxi mattefegred 56. apnPeiarmplealse bnoyai taabpreetahTIvolyAedtal d 8s-polyformaldehyde).

a- pol yoxyr C . i jis coti r : s POM
and af o PR Kl ARimpBie B foplol AR R o TSy o ol

Pol yoxy- mednkd yekentlenti mensicengitatdey. thgelyheniimpiha stecleanghehprapdriiest suigblb fag hyse
stiffness,. |low .friction,and excel lent di i LY,

maki ng?fhemrf'éaénﬁ%ﬁﬁ%ea{)tl %‘F 8%%5%‘% g@ N &Cp arg?%”i?%? sﬁ@%ﬁeﬁf %%htﬁa%?%ao °the
housi ng 11figh whisctes asedstet o/ithauisudribe iredvep yateesi [ i ent to wit hstand the high

pressures associ ated with subnersion in deep water.

By using an ATM whose acoustic impedance is approximately equal to that of sea water, this
minimises the acoustic impedance difference between air and water, which in turn allows
essentially 100 % transmission of sounds through the material. In"such circumstances, the
20  user will have the ability to detect sounds in their surroundings concurrently while the audio
signals are being supplied from their electronic system through the audio playback apparatus.
Furthermore, by using an ATM whose acoustic impedance is matched to the acoustic
impedance of sea water, signals are transmitted from the source (or transducer) to the target

(or cochlea) with minimal reflection and attenuation.

25  Whilst the entire housing may be constructed from an ATM, this is not essential, and in one
example at least the wall 110.1 is manufactured from the ATM, thereby ensuring good

conduction of vibration signals to the inner ear of the user.

In one specific example, the housing 110 includes a casing 112, defining the cavity 111 and a
cavity opening 113, and a cover 114 positioned in the cavity opening 113. The housing 110

30  can include a step 116 provided in the cavity opening 113 to assist in positioning of the cover

7



By using an ATM whose acoustic inpedance is approxi mtely equal to that of
sea water, this mnimse,: the acoustic inpedance Sifference between air
and water, which in turn Slows essentially 100 % transm ssion of sounds
through the material. [if such cireunttanees, the 20 user will have the
ability to Wegek9sgunds in their surroundi ngs concurr &ftV3FHHIY¥1 he audio
signals are being supplied fromtheir electronic systemthrough the audio
pl ayback apparatus. Furthei nore, by using an ATM whose acousti c i npedance
is matched to the acoustic inpedance of sea water, sigials are transmtted
fromthe source (or transducer) to the target (or cochlea) with m nimal

refl ecti onllaradab tpesveaatthonovehil4 sthtetibpethe nhvite | Nousinntge maylideeorc ohsttemelt ed

froman AM thi sot- essential,. and i ..exanpl e. at t the wall 110.1 is
manuf act urBe¥Fpm THEP entﬂﬁeeafpgﬁrﬁ&éﬁg(glrsil gggSS(gl S@%n%ﬁg‘ti on of vibration

signals to the inner ear of the user, in one specific exanple, the housing
110 i ncl udedlitonedsitingstdd 26 def hnisad te hesitganvtht pdvearid4 avithin theaavity opén ng
113, and over.. 114 i ti,oned | cavi i G sing 110
30can | no UGS Tt aln 116 hFBorant T R St RE LA i T T BB, ¢
posi ti oni nig 8dfetwdre thoverer 1WDa20 12 686 PHPAUGERA4iMd 112.4almdng o spalevetntbet he

cover 114 ent.eri.ng the cavit u t he applJj.cation_of external pressure
when t he aPﬁ?)‘é’t&eft ﬂghel%?é’ tP%j s il ngﬂrh%eegm\ﬁﬁ‘g‘er%%bﬁ?}f-?uétﬁglfls§la?m{t NeYst%p 116
can be usagded,on peSéda@le thbecaloy aiclulidda whliethatdBy@awhicy capeabogicd k3 tigo t hat
arim1ll7 of tH$ easl n%@%lz ext ends b%ond.the cover 114. This defines a

gap 118 beCWEen? LHBE RHIEFSRFOBAET R 8TFT {8 4 he easing 112, allowing a

sealant to be provided in the gap to thereby further seal the housing.
Wi | st anyrtstiotiabd el(sealatsatindade deapased cavity Oepredéeipddgactitehs egdriant 115

i ncl udes a, pol.yuret hane | ayer,. which c be bonded.tpo the cov 114 usi ng
an' adntei JRPOBEN NI B S IaD TSI R APYTERS SR TSI SR eHh B so

i ECl Udﬁ aﬁp&iﬁeé ﬁw@ 1&9&6 Elegtgﬂea%pfsaélaﬂagqea%mam it hevidpetd e gaplgﬂ. s

t hr oug ich the ca . iS |nserted. e aperture cavity 1 i S open,
al | owi ng tRSTEIES f‘?.'i’llee13§éiﬁ‘f‘?ﬁdﬁ‘gw’tt]6‘n6k§ SF?IF‘Fte@e’\%X ?Faé%&‘ﬁﬁi’er%ﬁ%ﬁlir he seal ant
is provided in the gap 118. This ensures the cable 130 is enbedded within

t he seal anith tther ebsnhgsealtj nig: tahéoapiaytadk eappafatus Wdnh b hsisplar cagesedthy t he

audto Pl ayback apheral s can, e, TBLY, SonStEucted B REBLb oI e

aperturse 115, and electrically connecting the cable 130 to the transducer 120. Following this, the
cover 114 is positioned on the étep 116 so that the rim 117 of the casing 112 extends beyond
the cover 114 to define the gap 118. The adhesive promoter is applied to the cover 114,
before sealant is provided in the gap 118 and aperture cavity 119, thereby hermetically
sealing the housing 110.

20  The above described construction therefore ensures that the cavity 111 is hermetically sealed,
thereby preventing the ingress of water into the housing 110 under extreme pressure, and
protecting the transducer 120 within. In this regard, the housing 110 is typically shaped so
that the transducer 120 fits snugly within the cavity 111, thereby equalising the hydrostatic

pressure on all surfaces thereby reducing the likelihood of housing failure.

25  In one example, the housing 110 includes a wall 110.1 that provides a substantially circular,
flat, non-slip surface, to reduce slipping of the housing 110 relative to the user's cheek in use,

for example when the user is diving at extreme depths.

In an alternative example, the step 116 is replaced with a dual step arrangement, as will now

be described with reference to Figures SA to 5C.

8



15 115, and electrically connecting the cable 130 to the transducer 120.
Follow ng this, the cover 114 is positioned on the step 116 so that the rim
117 of the casing 112 extends beyond the cover 114 to define the gap 118.
The adhesive pronoter is applied to the cover 114, before sealant is
provi ded i n"VPRRI2§E(526118 and aperture cavity 119, ther etRFTHEPAER0AF| v
seal ing the housing 110. 20The abOve descri bed construction therefore
ensures that the cavity 111 is hem eneally seal ed, thereby preventing the
ingress of water into the hQising 110 under extrene' pressure, and
protecting the transducer '120 w4thin, In this regard, the housing 110 is
typi cal | y Bhapecagolet tratautihepleybars dueertusli20iufdst s reenagley L.t twivmet fist eadsi ty
111, therep ual i drastat.i ¢ r fac reby
reduci ng. ¢ HEPTHATI RB0A br: honsi g Tt Lie PS8 froChe Asont SR iR Bls ng
110 i ncl udgs.2a @B}le}wﬂelﬂlelcohﬁg\hramm(vﬁ e sudio @lalybatcamppakthylscsubmthtmﬂy aklpat ,

non- slipsrfa educe sl | in f t he housi.n 1 ive, to.the
user's chetgﬁ a’i’cﬁ? PB%E“[( AP AE% L@‘B&e ¢ ﬁ‘b?‘ﬁee Jev g%?a\%“ t o hyrefer
dept hs.s W2 26:kb096626RGE 862011/ 000015 In this ennple, audl o pl ayback
rapparatus includes a rear cover 114, having . first and second cover steps

514 1, 514 a a casing.112, havin eon @asjn s 516.1,
516.2. O h@%"v&“&gge& ?{éanggﬂ‘?‘]tﬁmgovg 6lgmtfb esttablf dro® p ay gnc‘l %‘pglr.ra %T’E“ g
subst ant i adahys@s ipedsutifethatitie ecap kayback siappaicatyusitiid thedesty bbmh@bmney and

=emai | - Mug, f eat Wil t theref 5 cribe |n an er tail.
~The. dua TR I ERLAEREE CX 5Poe] Tk AR ogr Hatler rt e ARl el e
the arran gﬁ@fﬁﬂtca&ﬁﬁ s@6SH 5. 1,1 N6enguhd Bgidghal. tS’teorfd%arthdiﬂV)elTsmiﬂo‘f tbd Huble

perfectly within_ the caV|ty ope: 113 by having.the first and second
cover & ep¥ers pgnfiguragipy progides o E’&vg‘f"’t}i‘i‘i‘l ')él SHROT R TRe PFFst gn‘éﬁ@éhond

casing steps fﬁekﬁoé'det‘éﬂf@au%n@faﬁ;}‘)en BASH flicAedor prB@EORHdMions.he provi sion of
14

t he doubl e st ep configuration: provides a funi: foothold to support the
rear cover a nst conpr essi on/ def amati on in _harsh und wat er
D essur o CBRAFGRALS SAERBRWoRE FTHE: CONF SOrat PbHELobhes it Dl Ebhe
seepage 0f11\4/atne&{1mgﬁa%@ sdcBhOcdshe sep\i1bY abibhs ah Bdditins] (B Mesrick hﬁw&t@ﬁond
casing step 516.2 acts as _an additional (third barrl er .to-water incursion,

after the BafHPRraliehihs haaads P dee telbe aralant fad ihio st FatngcHeR ngo-&i s

516. 1. ;sThi§erefbae HRBE ehAhE PRLBS FMEL B&HaRY 816 Nhe WanElucSEePRAMdEN kRtrddhe
fransdicer 136 under extrele. underwet of ¥@r§ostat| c pressure at great

dept hs. ThHuserwaies hydrastetiferrespaistat gieaitdephe b e i B egent fhabtheierlait éBlse d
confi gur at i, 0, Wy eﬁ'cgﬂﬁ%ld Ly 4 Iﬁﬁl&ﬁﬂ} Fgauéé QW Rty ¥88Er P G teBGHCRYI LY

by trappi ng water aI on ce 5 A further benefit of the dual
step conf|mpmglvmfﬁr|abmghmfacﬁt51@&m ncr ease the thickness of housi ng 20 110,
t hereby providing a nore robust structure.

A further benefit of the dual step configuration is that it can increase the thickness of housing

20 110, thereby providing a more robust structure.

Accordingly, both of the above described audio playback apparatus arrangements provide a
robust casing fabricated with an ATM of an appropriate thickness thereby allowing the
playback of high fidelity sound underwater at depths. In this regard, it will be appreciated
that the thickness of the housing 110, including the casing 112 and the rear cover 114 are
25  selected depending on the intended use of the audio playback apparatus 100, and in particular
the intended operating depth. In particular, the thickness is selected to be proportional to the
pressure underwater and they are designed such that no water seeps into the interval cavity of
the structure at the required depth. This allows the audio playback apparatus to withstand the
harsh ambient hydrostatic pressure in deep waters, thereby allowing clear playback of audio

30  signals to users at depth of up to at least 40 meters, which is the limit of recreational diving
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Accordingly, both of the above described audi o pl ayback apparatus
arrangenents provide a robust casing fabricated with an ATM of an
appropriate thickness thereby> all ow ng the playback of high fidelity sound
underwater at depths. In this regard, it will be appreciated that the

t hi ckness OYO2H&M6i¥si ng 1: 10, including the casing 11ZEARE20HEWEAr cover
.114 are 25 selected depending on the intended use of the audi o playback
apparatus 100, and in particular the intended operating depth. In
particular, the thickness is selected to be proportional to the pressure
underwat er and they are designed such that no water seeps into the interval
cavity of wiheustenuichgirey ddcotpessieqpiocadrededoheveT his shathiadwssstdifehabdismg

pl ayback aratus to withstand, the harsh anbi ent. hydrostatic, pressyre in
Geon wat erdd SPRes et mPbbiHg e P ol DB R o O re BB R e E e "
dept h of upctmesasf thehsisindQ 10etebsincwhied pramoritdaelly baved oother @ptheatinea@ld
diving WD 2012;096626PCUSC200 W thout requiring a econpr essi on

bt ot odur oS5 HETER diiove thr ey Ak eaptr it Y RoboRltu e Tean e tarate

pr opor tsi onab nteeerd, g dayslrdesdndiresBiopldes S b&uintng D&iteble Butiiresesk Honges wag gr, the
t hi ckness of the housing 110 'can be increased proportionally based on the
dept h of i"it%ended use, thereby allow ng the audi o playback apparatus 100 to

be used at depths of dreater than 5 100 neters, for deep, deconpression

di vi ng, assufid agnels uhd allieplitack agssatof ishiugBdang, Ad0wbm bs ed. uskNo®BLh

exanmpl e, the audio playback apparat i.s dyplicated, and worn by the user

on each cKEEK: asa%‘o?ﬁ gpgs ﬁgé’ﬁgég’ 5&“&%“ g@‘ﬂ chngl e Endh &t b?:ﬁ‘élﬁﬂé‘i’

?r r angenﬁﬂ‘@r_ éx)@mbl% P _rauwvldwpl%%mk ex Biﬂglr@l (tstaaea%%@w,)ts@allal amhask tﬁfussin ﬂs’%’lﬁr al
st ereophoni c) ,- signals. This can be us i exanpl.e, t0Q enhance the

di r ect Pon&KapRf-ceSEIBR° BF FHEITeLPr R ate/ﬂ)aiqﬁa R Pt 51%?@%1&11&!8&% he

user' s | efiic @nds khahd rigalsrs deRandlh0g 1NstNEodisRkisn Or i entation. Thus, die
above descri bed audi o playback apparatuscan provide audio sound directly to

the i nner ear (cqchl ea) .by havi it worn on the cheeks (in ;fraont of both-
ears) of t &%é‘éﬁ ?Ses)aﬁl rau *Prfggﬁbﬁ?}‘e%i’é’?@wséiﬁ% BrovE é‘@é"’ Sg’Hféi directly to the
SW Nuner - ghnéeearScRBles) BYhWeR it R bn @R, chtde (Bheak S bdd daRbead fimaer-t he

ears. No additional headgear_ or equipnment is required by the sw mer-diver,
hence savitH§'tHE SVFTPRe AW VEresT HE hagsicedor hadeny Peadd Gst isechidad gear

and eqyi prRRld dubh Ak the Ml Y&titiotRER&H el o é?rﬁiﬂnﬁb‘ﬁﬁkt Te@itrdd BY He S8Smmer-
encunbrances to the diving experience. e audi o pl ayback apparatus can
be Used i 81Vl |hegen eybre Be spimuadéivovatie rhasshi abagnelitv pdigst the dead) eparaand
commer Ci alyuifi bt @EY, 1 AL Sh ' Rer. . skilled
in the.arfqﬁﬁkkhég%%%gﬁggggpﬁ%?ﬂﬁéﬁgggﬁgmggf|atl%ﬁi&ggﬂgﬁgg§ﬁ§é§f@§ﬁ wi ||
become appspegiance. Al |l such variations and nodifications which becone
apparent to persons skilled in the art should be considered to fall within

the spiri trpanghis Sﬁ%‘acgfap%eﬂ&ué E‘éﬁe&tdsﬁ’é‘ixpilpéaqééléﬁédo&e&%&%té‘@@iﬁ%ﬁ@di&ﬁ I in

nore detail herein:. 251t I1s to be preciated that reference to "one

exanpl28" 6¥chan cexmaysiab mibfary, fear¢mandescon apé reqsetignalle i n an excl usi ve sense.
Accordi ngly, one exanple may exenplify certain aspects of the invention,

whi | St Ot DekoASREEUSIARE sAXGIPAbR At th: Rudlbhe v aikiopX AP hRainthsse anaml es

are intended to assist the skill person in performng the invention and
are not i REWHEEPPEENY A Fuck Hartaigey ald medifpeions vihird hesgmaEPEENL fo agryonsay

unl ess the aontent & §801dYod QALGALES: PHDNREMLSEe spirit and scope of the invention

broadly appearing and described in more detail herein.

25 Itis to be appreciated that reference to "one example” or "an example" of the invention is not
made in an exclusive sense. Accordingly, one example may exemplify certain aspects of the
invention, whilst other aspects are exemplified in a different example. These examples are
intended to assist the skilled person in performing the invention and are not intended to limit

the overall scope of the invention in any way unless the context clearly indicates otherwise.
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WO 20121096626PCTS&2011/ 00001. 5 Features that are conmon to the art are not
explained. in any detail. as they are deened to be easily understood hy.the
skiIIed per son. Simlarly, throughout this specification, the term
"conprising' : and its grammatical equivalents shall he taken to have an

i ncl usi ve d%ﬁﬁ?ﬁ@mmﬂhless the context of use clearly i FHTCAPRY/08tMenvi sa.

WO 20121096626Pcr, ' s(; 201 1/000tH 5 THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE.

AS FOLLONE: 1) Apparatus for playing audio signals to a user underwater

the apparatus a) a transducer (120) for generating vibration signals in
accordance wth audio signals received via an input (130); and, b) a

housi ng ( ]Pla@t)zmsieﬁdt arengran@anitheyar( drk hpt egitiaidnn agy ddel asttha)nsrdwcenec( 2@) , the

housi ng (110 n e oS tlone a w t he

vi bration %ﬁ‘n%? Sgﬁﬁq@Pﬁﬁ h@?éﬁ“@? $Fﬂ%d%ousg%6)? ﬁ%’%%ﬁqé 7™ he
user, to aompiefig"ead ifgriliRatitaEEquitiarsadible ibe Sgdn ith htmadn atlukieastcapapt of

t he housi n i ncl des a acoustically transparent material. 10n)
Apparatus‘g%%%&ﬁcﬁﬂﬁyﬁ’E#ﬁ? 1 Indigates g ﬁ% acoustical ly transparent
material is selected to mnimse an acoustic inpedance difference between
air and sea. water. 3) Apparatus according to claim1 or claim?2, wherein
the acoustically transparent material has an acoustic inpedance of between
1.5 and 1.6. 4) Apparatus according to any one of the clains 1 to 3,
wherein the acoustically transparent 15material has an acoustic inpedance
of approximately 1.56, 5) Apparatus according to any one:of the clains 1 to
4, wherein the coustically transparent material is pol yoxynethyl ene. 6)
Appar atus according to any one of the clains Ito 5, wherein the housing
(110) includes: a) a casing (112) defining the cavity (111) and a cavity
opening (113); add, 20b) a cover (114) positioned in the cavity opening
(113). 7) Apparatus according to claim®6, wherein the casing (112) incl udes
at | east one step for receiving the cover (114).
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8) Apparatus according to claim7, Wherein the casing (112) includes first
and second steps (516.1, 516.2) for receiving first and second steps
(514.1, 514.2) of the cover (114). 25 9) Apparatus according to any one of
the clains 6 to 8, wherein the cover (114) is nmounted within the cavity
openi ng (118P283/0%42%t a rim (117) of the easing (112) Si"éeHdEPEYBAd t he
cover (114) io thereby define a gap (118) between the cover (114) and the
rim(117). 10) Apparatus according to claim9, wherein a sealant is
provided in the gap (118) to thereby seal the housing (110). 3011)

Appar atus according to any one of the clains 6 to 10, wherein the housing
(110) includes - a sealant provided on at | east an outer surface of the

cover (114)HE CoIE6 DHRINBE26PETINSE2GHIDN0OBD ¥s> FALRY WAppar at us according to
claim 10 o ABhaLI %gﬁlay@ggg% sighfls ReA@habAGldeaBaRloi BliRANe. | ayer:

13) Apparatus-accor ne of t ains 10 in the

seal ant i s bondednsducert (120)cov genefating vitugtiongigmlsad regirdesce vdth stdpasiatalrs

according to any._one of the @hej'$d| to 13, wherein the transducer (120) is
e’ housi

provi ded adj acerﬂewg'mlaf’mc?fm ng, the wall of the housing being

posi ti oned apaiarstsihh€ 105exfirfirgy a comgctl) ngnthinegvhd ratsidorer §12nahs hbwinghe

bone of the user,. and bei .made. of the.acdUstjcally, transparent terial -
15) Appar at us z@&f’lﬂ%@fa@%gé%gg B‘f‘?ltb@e‘i et Al r{olal 08’\/%‘217%66}?.@? SieRalp %gbeenti re
houSi ng ( | nmanruddactd vedtht moading(l 1aE misbirea bt yhetusanspat énter pat @ thalkser,

16) Apparatus accordi ng.to any one of t cl ai ns 0. . wherein .
transducer (126%‘15%‘51‘?’5{58 in that % leashjnef; ?fhﬁ’ﬁeho go&fé)eﬂ’ﬁéﬁéé@aﬁaﬁﬁauwa@ 20 Hz
to 20,000 H - %é)spARpahatsg. according to any one of the clainms | to-here

i nput (130) includes a cabl e' extendjng thro an aperture 15) in the
hoﬁ Si né’ ( l_iol)ﬁ.ppa:atus according to cla?rn 1, _leqere{n tge acoustycgﬁy transparent _materigl]is selected

to miﬁitnise an acoustic impedance difference between air and séa water. -
3) Apparatus according to claim 1 or claim 2, wherein the acoustically transparent material
has an acoustic impedance of between 1.5 and 1.6.
4) Apparatus according to any one of the claims 1 to 3, wherein the acoustically transparent
15 material has an acoustic impedance of approximately 1.56. '
5) Apparatus according to any one. of the claims 1 to 4, wherein the acoustically transparent
material is polyoxymethylene. .
6) Apparatus according to any one of the claims 1 to 5, wherein the housing (110) includes:
a) a casing (112) defining the cavity (111) and a cavity opening (113); and,
20 b) acover (114) positioned in the cavity opening (113).
7) Apparatus according to claim 6, wherein the casing (112) includes at least one step (116)
for receiving the cover (114).
.8) Apparatus according to claim 7, wherein the casing (112) includes first and second steps
(516.1, 516.2) for receiving first and second steps (514.1, 514.2) of the cover (114).
25 9) Apparatus according to any one of the claims 6 to 8, wherein the cover (114) is mounted
within the cavity opening (113) so that a rim (117) of the casing (112) extends beyond the
cover (114) to thereby define a gap (118) between the cover (114) and the rim (117).
10) Apparatus according to claim 9, wherein a sealant is provided in the gap (118) to thereby
seal the housing (110).
30  11) Apparatus according to any one of the claims 6 to 10, wherein the housing (110) includes

a sealant provided on at least an outer surface of the cover (114).
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i s18) Apparatus according to claim 17, wherein the housing (110) includes
an aperture cavity (119) provided adjacent the aperture (115), wherein the
aperture cavity (119) is filled with a sealant so that the cable (130) is
enbedded within the sealant to thereby seal the aperture éﬁllg@' 19)

Appar at us a¥ea8Yd’t§2% o cl ai m 18, wherein the seal ant i PIGHIEIWARe. 20)
Apparatus according to any one of the clains 1 to 19, wherein the housing
(110) is capable of withstanding: a) -at |least 40 neters of water pressure;
and, b) at least 100 neters of water pressure. 21) Apparatus according to
any one of the clains 1 to 20, wherein the housingincludes a wall (110.1)

t hat provil@espmrsubstadinigad biginci ¢ eudlam, 11f Watreinnbnseglanipnguddfsage)ywrahareduce
sl i ppi ng of 1the housi ng (110) relative to the user's cheek in use, 22)
Appar atus acéofding to any one of the claims 1 to 21, wherein the housing
(110) i s adappeehttadoerdigltd ahnogrost the cninagdl SR, ahaheeke gfhlaat issendedsiong a
strap (150) and slidi .mount.ing (15 1). 3023) A nethod of constructing
apparatus fo eﬁ?vﬁtﬂéym@@hﬁﬂ'ﬁls to a user underwater, the method inch
di ng: sV 120A Az D266:26RGE 15620 0h00@ikScigns Ar oVvidiwkgretn theusinpgidef (120Ng a

cavity (111), the, housing é} 1 ein dapted to he positioned ainst a

user to al | oREPVIPET &V36H S ﬁ%ﬁo‘iﬁe g?)“sﬁl% g’ﬁﬁg{l}dgélif ‘%‘WPB%ﬁmE RESTHY: %ﬁ@nftllo)
and bones t_()théiﬁsérri'&eé’qnﬁé’cﬁingfthet NBratiSeigndh @y € bekd §abe ugtrtMdtbedls hadsst part
of the housing (110) includes an acoustically transparent material;

. the acoustically transparent material. - :
15) Appé.tatus according to any one of the claims 1 to ‘14, wherein the entire housing (110) is

10 manufactured from an acoustiéally transparent material. )
16) Apparatus according to any one of the claims 1 to 15, wherein transducer~(120) operates
within the audio frequency band of 220 Hz to 20,0.0v0 W= e T '

" 17) Apparatus according to any one of the claims 1 to 16, wherein input (130) includes a

cable extending through an aperture (115) in the housir_ig -(I 10).

15 18) Apparatus according to claim 17, wherein the ho&s_ing (110) includes an aperture cavity
(119) provided adjacent the aperture (115), wherein the aperture cavity (119) is filled
with a sealant so that the cable (130) is embedded within the sealant to thereby seal the
aperture (115). '

19) Apparatus according to claim 18, wherein the sealant is polyurethane.

20 20) Apparatus according to any one of the claims 1 tomi;, wherein the housing (110) is

capable of withstanding:

a) -at least 40 meters of water pressure; and,

b) at least 100 meters of water pressure.
21) Apparatus according to any one of the claims 1 to 26, wherein the housing (110) includes
25 a wall (110.1) that provides a substantially circular, flat, non-slip surface, to reduce
slipping of the housing (110) relative to the user's chedk inl ude.

22) Apparatus according to any one of the claims 1 to 21, wherein the housing (110) ié
adapted to be held in position against a cheek of a user using a strap (150) and sliding
mounting (151). S

30 23)A method of constructing apparatus for playing audio signals to a user underwater, the

method including:
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b) providing a transducer (120); and, c) coupling the transducer (120) to
an input (130) thereby allowi ng the transducer (120) to: generate vibration
signals in accordance with audio signals received via the input (130).

24) A nethod according to claim 21 wherein the housing (110) includes a
casing (1 tW@SPI2MPHeg the. caVity (111) and a cavity openiTgS¢A1BYIHAd
wherein the Method includes: a) nmounting the transducer (1;0) in the cavity
(111); and,, b) providing a cover (114) in the cavity opening (113). 25)A
met hod according to claim23 O claim?24, wherein the casing) Includes a
step (116), and wherein the nethod includes positioning the cover (114) on
the step (116) prdﬁdings)wuai!g(hb@ daboiog dicagtyt (61 0l te vy (l\hhbh:edthadabedmcasi ng

(112) includes flrs co casi ein
e et hod 1 meldesgB B hE RS B8y SR brigatly o s g Blse R ain
cover st teps ((Sgﬁ;us‘mg 814) ﬁ)dhmheiﬂoenamefﬁaréoﬂm:) usard tcharhmensfed msthaaﬁtd?z&teﬁ@nd
casi ng steps od,.accordin gny one o e
clains 23 to 26, %Pﬁ%(]t%h)em% éegran(aiof ?ca#%?rﬁﬁspa??ﬂﬂrﬁ WI thin the cavity
openi n?51(1}1)13%3) q;(go‘?diaga&amﬁmeg@ﬂzﬁ) aﬁcﬁtthhe easi ng (41112) SXt ends b?l/(;nd ]Ehteh
cover o defjne a gap befween the c an rim 0 e
casing (112)° szEPIWﬁél?eeﬁr%l E‘Pfé 8 dmitrryf &d@g h%f %aﬁ?‘ﬁlgg SEHSAET 21301 he
gap to thereby t@gaderzttbelbmslsfggaléM%cordaﬁaeﬁwﬂfeamasgﬁgm&bmd b 6t aiph 27

wherein the sealant includes a polyurethane |ayer 9) A net hod accordi ng
to claim27 or (1%i m 28, wherein the nethod incl udes appl yi ng an adhesive

to the covepa(hiddd becddigs ebyikend, wﬁ@reﬁleaaleemmhg (Hv? IBAVESs { ddfe (139) - A

met hod according to any one of the clains wherein the input

i ncl udés a casinengthseyvity ahld) wfet &AviY PPrRainged hodnd NEEGHESe method mclud&;

inserting the %?Mn&%ﬂa@%nédﬁée?@%?&tﬁ@@iv&?(ﬁl 1}45) in the housing (110);
and, 30b) electrically connecting the cab 5 '30)" to the transducer (120).

31) A net hodbheevidnmgeavst Cil4) imtiB0cavishepealng (£ b8 housi ng (110) includes an

aperture ﬂées tpﬁ?QCS%fgd&Qmaﬁ BCARt, bheviRPSh iy &t kP)o) MNBEET Nl e

met hod in
(116), and wherein the method includes positioning the cover (114) on the step (116).

15 26) A method according to claim 25, wherein the casing (112) includes first and second
casing steps (516.1, 516.2), and wherein the method includes positioning the cover (114)
by aligning first and second cover steps (514.1, 514.2) of the cover (114) with the first
and second casing steps (516.1, 516.2).

27) A method according to any one of the claims 23 to 26, wherein the cover (114) is

20 mounted within the cavity opening (113) so that a rim (117) of the casing (112) extends
beyond the cover (114) to define a gap between the cover (114) and a rim (117) of the
casing (112), and wherein the method includes providing a sealant in the gap to thereby
seal the housing (110).

28) A method according to claim 27, wherein the sealant includes a polyurethane layer.

25  29) A method according to claim 27 or claim 28, wherein the method includes applying an
adhesive to the cover (114) to thereby bond the sealant to the cover (114).

30) A method according to any one of the claims 23 to 29, wherein the input includes a cable
(130), and wherein the method includes:
a) inserting the cable (130) through an aperture (115) in the housing (110); and,

30 b) electrically connecting the cable (130) to the transducer (120).

31) A method according to claim 30, wherein the housing (110) includes an aperture cavity

(119) provided adjacent the aperture (115), wherein the method includes filling the
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aperture cavity (119), with a sealant so that the cable (130) is.
erabecidecl fr the s ,z z: to thereby seal the aperture (115).

WO 2012/096626 PCT/SG2011/000015

aperture cavity (119) with a sealant so that the cable (130) is 'embedded in the sealant to
thereby seal the aperture (115).
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