WO 2007/000160 PCT/DK2005/000430 A method and a tool for shaping
an elongated deform- able member for a hearing aid. The present
invention relates to a method and a 5 tool for shaping an elongated
WQafeTiaEIe member for a hearing aid, as well as to a metHSeTB2005/000436
manufacturing such a tool. BTE-type hearing aids generally have a
hearing aid housing comprising a hard shell in which all of 10 the
electronics, including input and output transduc ers, of the hearing aid are
typically located. The hard shell is worn Behind The Ear, hence the
abbre- viation BTE. If the output transducer is located in the hearing aid

houging,dheQutRitsouNd fom %&1531%%61 aighjs é@BQ%%t@Q_d/iQiéform-»
sounc!? ubeto an ear- Iu% placed in an ear of the person wearing the

heaP TG alF Both the Sotind taHe BAdIHE earplug consti- tute replaceable

parts, which can be, and normally are, replaced with regular intervals.

The sound tuhe-2Q i ypically replacedless freguentisthanthe eas- plug, o

because it is less prone to be soiled, e.g. by cerumen. The sound tube
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BTE-type hearing aids generally have a hearing
aid housing' comprising & hard shell in which all of
10 the electronics, including inpput and output transduc-
ers, of the hearing aid are typically located. The
hard shell 1ig worn Behind The Ear, hence thes abbre-
viation BTE. If ths output transducer i1lg located in
the hearing aid housing, the output sound from the
15 hearing aid is conducted via a sound tube to an ear-
plug placed in an ear of the person wearing the hear-
ing aid. Both the sound tube and the szarplug consti-
tute replaceable parts, which can be, and normzlly
are, replaced with regular intervals. The sound tube
20 dis typically replaced less Irequently than the ear-
plug, because i1t is less prone to be solled, e.g. by
cerumen.
The sound tube has to have a three dimensional
curvature in order to allow the sound tube to fit the
25 hearing aid at 4its ZIirst end whilst allowing the
other end, to which the ear plug is attached, to
point in a direction intoc the eax canal together with
the ear plug.
In order to attach the first and second ends of
30 the sound tube to the hearing aid and earplug, re-
gpectively, both ends are provided with connection
meang. These connection means are normally provided

by ineert moulding around the respective ends of a
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point in a direction into the ear canal together with the ear plug. In order

to attach the first and second ends of 30 the sound tube to the hearing

aid and earplug, re- spectively, both ends are provided with connection
means. These connection means are normally provided by insert

moulding around the respective ends of a 2 length of tube. The tube is
normally prefabricated in long lengths in a continuous process such as
extru- ion, and the desired length of tulse is cut from this long length. The
actual length of the desired length 5 of tube depends on the user for which
the_resulting §ounc%tube_i desired. Even thou e actual length of the
desifétPliengfiof tiBE ‘de?elﬁdstd% ?he*&sel??{fgﬁ %oﬁ§eaff3e}\°/\7 fahdard ™
lengthsare eisgthe.githree. Thistisrsufficient becadse diffefences in e u-
10 ira%i\,/idta@fllﬂe@g@ @%g t?@e?pmp%@?%edo@y %g@prpgfrti-c@tg lChQ!ﬁﬁ] Ofhis
curvature e sound tube. In icular when using soft earplugs, the
souﬁo&%bg%na%btﬁo‘hagg% s?gﬁlé)%r 4 tt]ﬁairﬁﬁg Fg% e rledsy -enoth
predefifedreurdaere iomdhe hboaringsaid toe5 thehéarplugiby itsefnlting

therehy aiding.ip the pgsitioning, of the earpliig; Because thedength of 4t v,

tube, on which the con- nection means are placed by insert moulding, is
o’fo tWe geselreg nlength of tu% depe)gxds on the guser,

Cuﬂ;sually only a few standard lengths are used, e.g.
three., This is sufficient because differences in the
individual needs, may be compensated by an appropri-
ate cheice of curvature of the sound tube.

In particular when using scoft earplugs, the
sound tube has to have a stable form, maintaining more
or less a predefined curvature from the hearing aid to
the earplug hky itself, thereby aiding in  the
positioning of the earplug.

Because the length of tube, on which the con-
necticn means are placed by insert moulding, is cut
from & lconger length of tube, 1If will per se not have
the right three-dimensional curvature to suit the
user, Rather, to the extent that the length of tube is
not straight, it wilZk typicall have a TWo-
dimensional curvature reflecting the fact that i1t was
deiivered as a coil of tube.

On this background it i1s the obiect of the pre-
sent invention to provide a method and a tool for
shaping an elongated member, such as or comprising a

sound tubke for a hearing aid.
A first aspect of the present in- wvention

provides a tool for shaping an elongated deformable
member c¢omprising a sound tube for a hearing aid,
wherein the tool 1s manufactured wusing a rapid

prototyping process.



from a longer length of tube, it will per as not have 20 the right
three-dimensional curvature to suit the user. Rather, to the extent that the
length of tube is not straight, 't will typically have a two- dimensional
curvature reflecting the fact that it was delivered as a coil of tube. 25 On
this background it is the object of the pre- sent invention to provide a
method and a tool for shaping an elongated member, such as or
comprising a sound tube for a hearing-aid. A first aspect of the present in-
vention 30 provides a tool for shaping an elongated deformable member
comprising a sound tube for a hearing aid, wherein the tool is
manufactured using a rapid prototyping process. 3 By the use of a rapid
prototyping pegcesseit issachiéved thap the elongategohemberanag beit is
shapat i dvicuply to e indidyal CharaClpUStcs o e, 5 cargtdhe 1

actual user to use the e ongate member in connection with e.g
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additign Lo.the,indiyidual shaping,of the, 19, glongated membey. fo beless;
CONSPICUOUS, the USe ofa Tapid prolotyping process, allows the loo 100
lie closer to the ear, and thus be less conspicuous.
Meorecover, in addition to the individual shaping of the
elongated member to be less conspicuocus, the use of =z
rapid prototyping process allows the <tool to be
individually shaped, in order to impart the elongated
member a curvature that takes up any excessive length
not needed. Thus only & few specific standard lengths
cof elongated members, e.g. three, need to be kept in

stock.
A second aspect of the invention provides a tool

according to c¢laim 1, wherein the tool 1s made of a

plastic material.

Thereby it is achieved that the sound tube can
be held in a positicon with a desired curvature for
time long encugh for it to set in a desired shape
corresponding to this curvature and maintain this

shape after ccoling.



individually shaped, in order to impart the elongated member a curvature
that takes up any excessive length not needed. Thus only a few specific
standard lengths 15 of elongated members, e.g. three, need to be kept in
stock. A second aspect of the invention provides a tool according to claim
1, wherein the tool is made of a plastic material. 20 Thereby it is achieved
that the sound tube can be held in a position with a desired curvature for

a time long enough for it to setin a dedired shape corresponding to this
curvature and maintain this shape after cooling. 4 According to a

preferred emgodimeilpt of the first aspectgf the invention, the tool is rQade
of a plastic material Pidstic 18 inBxpBAsive "aTd sindB® & flVenton  =1e
dodsiristtinesive any highttempérateres: dthas-sufficientldurabitityde of a
MoreQuer ; using.a Jlastic matedakis preferable in that it:allows the use Of
rapid prototyping processes such as 5 stereolithography or selective laser
sintering. Thus, according to a further preferred embodiment, the rapid
prototyping process is a stereolithography process. The stereolithography
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process is itself advantageous in that a high degree 10 of precision in the
manufacture of the tool may be achieved. Preferred materials for this are
plastic materials selected from the group comprising acryl and epoxy, but
in principle any material typically used in this process may be used. If fine
details of the tool 15 are needed, epoxy would be preferred. However,
according to another preferred embodiment, the rapid prototyping
process is a selective laser sintering process. Compared to
stereolithography; selective laser sintering allows 20 the tools to be made
more durable. Cyrrently itis preferred to use a plastic material such as a

polwﬁud‘en%%?grs%nm A S8 ad ANFniAUNT of eVeR" cerafiies asuiges
be Used.ceording fo ansespecidlly preféired embodiment 25 ofthéng 2

invghntion, fhe jpol s manutactured ep.the ha- sig ot tegorded dfaoys the

concerning an individual's ear. Having once recorded the data concerning

thelRdiv- idtal's eAPRhE methbd aecstding to tHEREERTSH al- IGWS Any =S
number ebfoots twbe phanufactréddie itS0llacally atithesauidiglogist's, in

a remote manufagtur- ing.plant:qr:any ether appropriaterplace Wthout » o
need for sending any phyS|caI models Instead, the 6 data may S|mply be

trafSRet GV ‘a comisuter” 2P~ prototyping process

stereolithography process. The stereolithography
process 1s itself advantageous in that a high degree
of precisicn in the manufacture of the tool may be
achieved. Preferred materials for this are plastic
materials selected from the group comprising acryl and
epoxy, but in principle any material typically used in
this process may be used. If fine details of the tool
are needed, epoxy would be preferred.

However, according o another preferred
embodiment, the rapid prototyping process 1s a
selective laser gintering process, Compared Lo
stereolithography; selective laser sintering allows
the tools to be made more durable. Currently 1t is
preferred to use a plastic materisl such as a
polyamide, but alsc metals, such as aluminium, or even
ceramics could be used.

According to an especially preferred embodiment
of the invention, the tool is manufactured on the bha-
sis of recorded data concerning an individual's ear.
Having once recorded the data concerning the indiv-
idual's ear, the method according to the invention al-
lows any number of tools to be manufactured, be it
locally at the audiologist's, in a remote manufactur-
ing plant, or any other appropriate place without need

for sending any physical models. Instead, the



network. In another embodiment the tool is adapted to shape an
elongated object having a predetermined 5 length. This adaptation is
facilitated by the use of a rapid prototyping process, and allows a limited
number of elongated elements to be kept in stock. Thus, according to a
further embodiment the tool is adapted to shape an elongated object
having a 10 length selected among a number of predetermined lengths,
said number being larger than one andgpref- erably smaller than four.
Thus the number of elon- gated is very limited, e.g. to three, bearing in
mind that the elongated elerrfg)%nts may be shaped to fit ei 15 ther the right
ear 6rthe It 2ar. 'Iﬁ?éypre &rred embodiment of the method accorcFlng
to thetine&rition, said rapid prototyping process is a stereolithography .
process. As mgntiohechalreadyy, dhe stereolithagraphy1pracess is:presise o
andS .ﬂelies 5 on ineewgr}wggeergat%glséé@ pagltic‘l;;]lmag a plastic Im%%a{iaLmine g
selgcted™ fromr%he group cé’mprismg?acryl an“da 'epoﬁy .Th afi altémative, i
3 but'&is6 PrefefletsernbBadit memsdid rapidiprotatysidgiprodess igee of a
selegtives 10-1asersiptaringprocess., Cemparedito.sereolithogra @hyumber
seleqtive laser sinterng alows the togls fobe . oooc.
Thus, according to a further embodiment the
tool is adapted to shape an elongated object having a
10  length selected among & number of predetermined
lengths, said number heing larger than one and pref-
erably smaller than four. Thus the number of elon-
gated i1s very limited, e.g. to three, bearing in mind
that the elongated elements may be shaped to fit ei-~

15 ther the right ear or the left ear,



made more durable. Currently it is preferred to use a 8 plastic material
such as a polyamide, but also a metal, such as aluminium, or even a
ceramic could be used. In an especially preferred embodiment of the 5
method according to the invention, said rapid proto- typing process
involves the use of pre-recorded data about an individual's ear. This
allows the individual shaping of the tool to produce an individually shaped
elongated element, in particular comprising a sound 10 tube, for the
wearer. According to a further preferred embodiment of the method, the
pre-recorded,data about the @givégnb%%{éﬂsm%arkarg obtained by laser ord-
scanning of the ear” This allows a quic and clean establishment of the
15 Hata, Fathérthan REGRE t6TInvoRfls castiof thereart Astokdihg 6 yeess
anatherpretasrecbembedinept thedata-ohiained by.the lases gscanniag s, ,
transmit-fed online {9 & manufactiring facility remote from the Jocation ;
where the scanning takes pﬁja e. Thid al 20 Iows the s%aplr{g tools to bé
S mapiufactiifeeRearitidly. THRéPmey then either beshigpedito the plastic
augigtogistdn ardeetordim te ase them jercshapingniheielongatedryvl and
members whenever the user is in need for new ones. Alternatively, the '
epox .
eIonEate% members could also be
In an alternative, but also preferred embodi-
ment, said rapid prototyping process 1s & selective
10 laser sintering process. Compared to stereolithogra-
rhy, selective laser sintering allows the tools to be

made mcre durable. Currently i1t 1s preferred to use a
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be shipped to the audiologist or even directly to, the user. 9 The

invention will now be described in greater detail based on non-limiting
exemplary embodiments of the invention illustrated in the drawings. In the
5 drawings, fig. 1 shows a BTE hearing aid with an elon- gated member
comprising a sound tube shaped according to the invention, WO
2007/000160 PCT/DK2005/000430 19 figs. 2a and 2b, respectively, show
the elon- gated member before and after it is shaped, and figs. 3a to 3f
show a tool according ta the in- vention for shaping an elongated member
for%x‘(ﬁésgcr%hcg 24 |g‘381 shows a BTE %ealﬁ%gya%‘,l\%ﬁh th%lﬁféar?'r?h%oaida
housing XL placed: bétfind anrear 2:6f a asers Yanelengeeedmiemier3c be
compdsing a sound tube 4 con- ducts sound from an output transducer in

the hearing 10 aid housing 1 to an earplug 5 attached to the distal end of
bl Ietg%rera?dca APs f%@ﬁse?.ﬁnTh e

the elongate efber 3andihserted in
eafphig 8ds kelddndplace behinderagns T by neansacfdan:adjistalledoop

typing process involves the use of pre-recorded data
about an individual's ear. This allows the individual
shaping of the tool tec produce an individually shaped
elongated eliement, in particular comprising a sound
tube, for the wearer.

According to a further preferred embodiment of
the method, the pre~-recorded data about the individ-
ual's ear are obtained by laser scanning of the ear.
This allows a quick and clean establishment of the
data, rather than having to invoclve a cast of the ear.

According to yet another preferred embodiment
the data obtalned by the laser scanning is transmit-
ted online to a manufacturing facility remote from
the location where the scanning takes place. This al-
lows the shaping tcols to be manufactured centrally.
They may then either be shipped to the audiclogist in
order for him to use them for shaping the elongated
members whenever the user 1s in need for new ones.
Alternatively, the elcongated members c¢ould also be
shaped to the user's individual needs at the central
facility, and then be shipped to the audiclogist or

even directly to. the user.



formed by means of an auxiliary part in the form of a 15 strip 8. In fig. 2a,
the elongated member 3 is shown in an initial straight condition. The
elongated member 3 may have a slight curvature (not shown), stemming
from the fact that this part of the elongated member, 20 which is typically a
single-lumen sound tube 4, is manufactured in a separate process, such
as extrusion and cut into a suitable length. Typically the sound tube 4 is
made of a transparent plastic materialg such as a polyamide type plastic,
in order not to 25 make it too conspicuous. Because the sound tube 4 is
produced in longer lengths, it will typically be de- livered as a coil, and
may thus have set with a slight curvature over time at storage
temperature.Tinghé folRWiAG degérptionoit wilkbelassuraed 30 that the ter
elongated elsment comprises-a singledumencspundtubethb byt allnc s of
con%deratlons vgould apqlx e ualltyl/ multi- Iumen SO und tubes, O&b
eIongate& el ments comprlsmg elec ncaPcon&uctors 5\}\7/615507/ 160'©
5 pCiYBKR005/000430 11 In the manufacturing process, an appropriate
length of sounddube 4 iseliform thedongerdengths idelivered. Typiealy, -

82 g ttgreofe dlffegent Ien(g;mhsr ailrse:L Ilug}s,eg becau e o e of tg%%% &vog!:dcgtrrg?%

to the invention,



5 ears. It is currently preferred to use three lengths of tube for adults,
namely approximately 52 mm, 56 mm and 59 mm. This length of sound
tube 4 is provided with appropriate attachment means 9, 13 for attaching
Wi eniggulting elongated member 3 comprising the sound 10 PaIEDE 1005000430
earplug 6 and the hearing aid 1, respec- tively. Thus, in the illustrated
example one end of the sound tube 4 is provided with a cylindrical
earplug attachment means 9, compyjsing a circumferential re 15 cess 10.
The earplug attachment means 9 may further comprise the strip 8 and an
eyelet 11 for receiving and retaining the strip 8, by means of a number of

recesses 12 thereln. The slfip:8 bas recesses 12,00 pither side theregh
allowing it to be %ésnerted and 20 retained in the eyele}fll from either S|dleo11

there8f tGEpSIFITRG DRk hEHRr 3 efdrigiied merfib&RaRefh badsed
with a left or afrAgist.eara Thos 3thesarrange-mmeiit efdheeaipkigto the in-

attachiaent means,d and fhe.pads iLegmprises is.aengrally symmetrical, | -

about a plane 25 (not indicated). The othér end of the sound tube 4 is
prgvi&é with hearing aid attachment means 13. The hearing aid
attachment meaps 13, edraprses atfironghrpassagedl4, mot ntersectiag r -

the luinen gfithe sgundotibe 4, Theiosa aeglion-of tae heafing:ald afiagh
30 ment means 13 is slightly oval in order to matc?n the
An elongated member 3 comprising a sound tube 4 con-
ducts sound from an output transducer in the hearing
10 aid housing 1 to an earplug 5 attached to the distal
end of the elongated member 23 and inserted in the ear
canal €& of the user. The earplug 5 is held in place
behind tragus 7, by means of an adjustable loop
formed by means of an auxiliary part in the form of a
15 strip 8.
In fig. 2a, the elongated member 3 is shown in
an initial straight condition. The elongated member 3
may have a slight curvature (not shown), stémming
from the fact that this part of the elongated member,
20 which is typically a single-lumen sound tube 4, is
manufactured in a separate process, such as extrusion
and cut intc a suitable length. Typically the sound
tube 4 is made of a transparent plastic material,
such as a polyamide type plastic, in order not to
25 make it too conspicuous. Because the sound tube 4 ig
produced in longer lengths, it will typically be de-
livered as a coil, and may thus have set with a
glight curvature over time at storage temperature.
In the following description it will be assumead
30 that the elongated element comprises a single-lumen
sound tube 4, but all considerations would apply
equally to multi-lumen socund tubeg, or elongated ele-

ments comprising electrical conductors.



hearing aid housing 1 and make a smooth and aesthetic transition to the
sound tube 4. The shape of the oval cross section is so that it generally
extends in the WO 2007/000160 PCT/DK2005/000430 12 direction of the

wabpeeasantioned plane, and is sym- metrical about this plam€ T seH w30
that the shape of the oval and the strip S generally extend in the same -
plane is because 5 both of the attachment means 9, 13 are normally pro
vided around the ends of the sound.tube 4 by means of a single insert
moulding process. In this insert moulding process it is convenient to place
the longer dimensions along the plane separating two halves of 10 the

mould. The atﬁchm@éﬂ r?g%@& gccll_%lg?g%edfig &Q,_ig Si,an;sertamouélg;@.g riate
process may also typically be made of a polyamide type p?astl , |f?gr|ng,
howe%@ﬂ?f&%n ofhaf OrhicH PR $uhd ttbe A8 addFronParrgdfaiamys

straigﬂéamdetmmdim@siomll% ﬁaﬂq}itiahﬁh@w&ﬂnﬁﬁi@réjatth;egngths are
deformable e'BQ.%%{?ge_o gl 3&5‘5%8%)&@9"6? aghreg-dimensional Je's
shape, e.g. as shown in fig. 2b. The shape of the elongated me er

shBwRdA Fig. 26 istSuiteBle RRTAY righe BaFrastitsrates irhgee SiRpgths
howeygr, the20Rlgngateddne mbends $yrapiataedhia tha initiad candi-2ionmm

showpin fig.2a it mightjust ag well have been 4 cube 4 is provided
with apprcpriate attachment means 9, 13 for attaching
the resulting elongated member 3 comprising the sound

10 tube 4 to an earplug 6 and the hearing aid 1, respec-
tively.

Thus, in the illustrated example one end of the
sound tube 4 is provided with a cylindrical earplug
attachment meansg 9, comprising a circumferentizl re-

15 cess 10. The earplug attachment means 9 may further
comprige the strip & and an =syelet 11 for receiving
and retaining the strip 8, by means of a number of
recesges 12 therein. The strip 8 has recesses 12 on
either side therecf allowing it to be inserted and

20 retained in the eyelet 11 from either sgide thereoi,
depending on whether the elongated member 3 ig to be
used with a left or a right ear. Thus, the arrange-
ment of the earplug attachment means 92 and the parts
it comprises is generally symmetrical about a plane

25 (not indicated). The other end of the sound tube 4 is
provided with hearing aid attachment means 13. The
hearing aid attachment means 13, comprises a through
passage 14, not intersecting the lumen of the sound
tube 4. The cross section of the hearing aid attach-

30 ment means 13 is slightly oval in orxrder to match the
hearing aid housing 1 and make a smooth and szesthetic
transition to the sound tube 4. The shape of the oval

cross section is so that it generally extends in the



shaped to fit a left ear. Moreover, the shape illus- trated in fig. 1 and 2b is

only an example, the ac- tual shape would depend on the individual user,

in 25 order to allow parts of the elongated member to lie as close as
woonsitetiothe head of the user, and disappear as soon asBSU¥BHAG05/000430

behind pinna. For this, a tool 20 according to the invention is made. In

figs. 3a to 3f, an exemplary tool 20 cor- 30 responding to the shape of the

elongated member 3 il lustrated in fig, 2b, is shown. The inventors have

realised that for the specific purpose of shaping the elongated member 3

of a hearing aid, a tool 20 manu ,.y WO 2007/000160

PCT/PK2005/000430 lg}h%scg%sgﬁéuﬁe@&&%%aot ingbrocgss hag suffiz,_

cient strength and dura , even If the rapid pro- totyping process is one,
such 8RSt rsolitARTaphy ot Ss@1ketife laser sintering, using a plastic
material. 5 ThEntoOk2@ isthusimanufaeturgtbusing A rapid psoto: typiny the

Process,. Apagt fg%ﬂé@gﬁf%%}gﬁ%ﬁ ahovena number of differentyapial, o

prototyping processes, wit e tool 20 according to the invention
mé&y betmaRtifathtited F&RSOREBEhGWRETET, EurrentlyPré 10FERREYY UBE -
stereot_it@@grmmm ithds adtigh Idegreaind precision, byt selectivest
Iasergnﬂgyggle insert wmoulding process. In this insert
moulding process it ls convenient to pilace the longer
dimensione along the plane separating two halves of
10 the mould. The attachment means ¢, 13 formed in this
ingert moulding process mway also typically be made of
a polyvamide type plastic, differing, however, from
that of which the gound tube 4 is made.
From the generally straight and two-dimensional
15 condition shown in £fig. 2a, the deformable elongated
object 3 has to be given a three-dimensional shape,
e.g. ag shown in fig. 2b. The shape of the elongated
member 3 shown in £ig. 2b is suitable for the right
ear, as illustrated in fig. 1. Since, however, the
20 elongated member is symmetrical in the initial condi-
tion shown in fig. 2a it might 4juet as well have been
gshaped to fit a left ear. Moreover, the shape illus-
trated in fig. 1 and 2b is only an example, the ac-
tual shape would depend on the individual user, in
25 order to allow parts of the elongated member to lie
as close ag possible to the head of the user, and
disappear as soon as possible behind pinna.
For thisg, a tool 20 according to the invention
is made. In figs. 3a to 3£, an exemplary tool 20 cor-
30 responding to the shape of the elongated member 3 1l-
lustrated in fig. 2k, is shown. The inventors have
realised that for the specific purpose of shaping the

elongated member 3 of a hearing aid, a tool 20 manu-



could also be used. Typical materials, which may be used for

stereolithography in this context, are acryl and epoxy. For selective laser

sintering, a polyamide 15 could be used. Using the rapid prototyping
wprgwessessimentioned above allows a tool 20 to be manufaBR@aSHe &30

cally to shape the elongated member 3 to a fit match- ing exactly the

specific dimensions and shapes of an 20 individual's ear 2. Thus, the

elongated members 3 may be shaped in such a way that their

appearance is as discrete as possible when placed in the user's ear 2.

For this the necessary data regarding the user's ear is recorded. This

may be donedireqtly by 25 laser scanning,pf the UseEs.eak 2.0 dt mayk = -
be donge indirectly based on a cast qf the user's ear 2, which is then

scaneEhiS SR EChnARY MUy IR petamsd Gectly Shfherapid pro-
audictagists. opit pEycke glone remmtelyula 86 pedductiohifabiitrdbigner

at the;aydiglogist's; the resulting datg aboutthe usgrs.eat2 maybe eria1 |

transmitted to a remote production facility where the tool 20 is produced

by mé&its 5P8Hid 78pitHrotisp WO SRFH66160 PEIFDR 286800456
14 ing prdeess phasedsen sapkdata. fHentooh2@;c0r Beutéraledpiebove, a

ﬂ“”eﬁﬁﬁgg%ﬂgﬁl&i%&@@@ﬂé*%%ﬁ@éh%rototyping procegses, with

which the tool 20 according to the invention may be

manufactured, exist. It 1is, however, currently pre-
10 ferred to use stereolithography because it has a high

degree of precision, but selective laser sintering

could also be used. Typical materials, which may be

uvsed for stereolithography in this context, are acryl

and epoxy. For selective laser sintering, a polyamide
153 could be used.

Using the rapid prototyping processes mentioned
above allows a tool 20 to be manufactured gpecifi-
cally to shape the elongated member 3 to a f£it match-
ing exactly the specific dimensions and shapeé of an

2¢ individual’s =ar 2. Thus, the elongated members 3 may
be shaped in such a way that their appearance is as
discrete as possible when placed in the user’s ear 2.

For this the necesgsgary data regarding the

uger‘s ear is recorded. This may be done directly by
25 laser gcanning of the user’s ear 2, or it may be done
indirectly based on a cast of the user’'s ear 2, which

is then scanned.
' This laser scanning may be performed directly
at- the audioclogist’'s or it may be done remoctely in a
30 production facility. If done at the audioclogist’'s,
the resgulting data about the user’'s ear 2 may be
transmitted to a remote production facllity where the

tool 20 1s produced by means of said rapid prototyp-



audiologist's in order to allow him to shape elon- gated members 3 for the

user upon his request. Alter s natively, the audiologist may order a

number of shaped elongated members 3 from a supplier, who would
wehmpeueesn with the tool 20 produced in the remote produGHTRTIERiH/800430

Irrespective of where said shaping of the elon- 10 gated member 3 takes

place, the elongated member 3 would be placed in the tool 20, heated

and cooled in order to obtain the desired, predetermined shape, and then

removed from the tool 20, which may then be re- used. In order to obtain

the desired shape, the elon 15 gated member 3 will normally be heated in

an ovgt o, pJemperatie beteen. 906 andL20Gi{ar aperod of %g-d%ev;

minutes or less, depending on the oven type used, and then be coole
dowrf&Gdin T RbARaleBRP I mpBRiiufe 6l bEftBREmMoba o ndhe
shapingid@ laat P8t Hfdhisprosedsis perfornheddby Henaudiolostgist: it alayn -

convenieglly hepestormeddnmegns ol eating i boling waler 2ncy e

subséquent cooling in cold tap water. In this case, the heating period
wouldpeisttter, e g fesARan3PEessndSI®S TRESK tlem Ser a8 Fiues*™
and tisneswbuld alseaapplyntaiskaping toebin the fonmpdf aefamablenid

Wire ig,\ 519% Lhe wirg peingipserted into the luman of the glongated. ..

member."The wire an eongated mem-
production facility.

Irrespective of where said shaping of the elon-

10 gated member 3 takes place, the elongated member 3
would be placed in the tool 20, heated and cooled in
order to obtain Lhe desixed, predetermined shape, and
then remcved from the tocol 20, which may then be re-

-used. In order to obtain the desgired shape, the elon-

15 gated member 3 will normally be heated in an oven to
a temperature between 90°C and 120°C for a period of
e.g. 4 minutes or less, depending on the oven type
used, and then be cocled down again te normal. room
temperature or leeg before removal from the shaping

20 tool 20. If this process is performed by the azudiclo-
gist, 1t may conveniently be performed by means of
heating in boiling water and subseguent ccoling in
cold tap water. In this case, the heating periocd
would be sghorter, e.g. less than 30 seconds.

25 These temperature values and times would also
apply if a shaping tool in the form of a deformable
wire is used. The wire being inserted intc the lumen
cf the e=longated member. The wire and elongated mem-
ber then being suitably deformed, heated, cocled, be-

30 fore extraction of the deformeble wire again.

The detalls of an exemplary tool 20 for shaping

a deformable elongated obiect according to the inven-



ber then being suitably deformed, heated, cooled, be- 30 fore extraction of
the deformable wire again. The details of an exemplary tool 20 for shaping
a deformable elongated object according to the inven WO 2007/000160
WRQI/BREBO5/000430 15 tion will now be explained based &#aTigE 28400430
3f, showing the tool 20 from different angles. As best seen in figs. 3a, 3b,
3e and 3f, the tool comprises a first holding means in the form ofa 5
generally cylindrical hole 21 for receiying a first end of the elongated
member 3 comprising the gener- ally cylindrical earplug attachment

means 9. The cy- lindrical hole 21 has a longitudinal slit defined by edges

22, allewing:fhe nagew Rt LeptheispiandolQiubed, ofthe elongated 5.
membgr 3.to be inserted_ sideways m%t%cylmdnwl hole 21. When the
tube Ha<"BEEN Fr&%rtte%q% th& c@ﬁﬁa‘ri & 92 (1 8y-Sfhdrical earplug
attachment nfeans&snaygberpulied ﬁitgahe' eylindeibal hble aladg te, axisie
theregbdin bt abuds a shoulder23-forming the fransitiqn o f‘orm_éﬁﬁl a

narrower c IiTgricalg rt 24 having a diameter cor- responding essenti
tot

hé externar diameter st tHe doundtGbefd. TH shbaRfer o ug Lirst
secufgsthe Epdasitionesfehe etenateshhember 3dmprdircoiion 2R:alegher -
the lenaitpding] axisthereof AscaNPestbe chment means 5. The cy-
lindrical hole 21 has a longitudinal glit defined by
edges 22, allowing the narrow part, i.e. the sound
10 tube 4, of the elongated member 3 to be inserted
sideways into the cylindrical hole 21. When'the tube
has been inserted in the cylindrical hole 21, the cy -
lindrical earplug attachment means © may bhe pulled
into the cylindrical hole along the axis thereof, un-
15 til it abuts a shoulder 23 forming the transition to
a narrower cylindrical part 24 having a diameter cor-
responding essentially to the external diameter of
the sound tube 4. The shoulder 23 thus secures the
position of the elongated member 3 in a direction
20 along the longitudinal axis thereof. As can best be
geen from fig. 3e, a recess 25 is formed in the =ide
wall of the cylindrical hole 21. When the earplug at-
tachment means ¢ is pulled into the cylindrical hole
21, the recess 25 will receive the part in which the
25 eyelet 11 is provided and secure the earpiug attach-
ment means 9 against rotation.

Thus secured, the elongated member may be
twisted by an angle and placed in the positioning
means. The actual angle will depend on the actual

30 user’s need, but would typically be approximately
$0°. The positioning means comprise a first protru-
sion 26 having an undercut 27 and a second protrusion

28 having an undercut 29. The elongated membsr 3 is

15



seen from fig. 3e, a recess 25 is formed in the side wall of the cylindrical
hole 21. When the earplug at- tachment means 9 is pulled into the
cylindrical hole 21, the recess 25 will receive the part in which the 25
weyrletii® provided and secure the earplug attach- ment Nr€arMK005/060430
against rotation. Thus secured, the elongated member may be twisted by
an angle and placed in the positioning means. The actual angle will
depend on the actual 30 user's neeg but would typically be approximately
90. The positioning means comprise a first protru- sion 26 having an
undercut 27 and a second protrusion 28 having an undercut 29. The

elon d member 3.is WQ 2007/000160 P 2005/0Q0430 1
placﬁ%%géepo%%iorﬁ% m é’%g%_\l/%%%ﬁg wg%é%g gﬁgﬂ% gr%rg%d%%alrgted

protr§SiéFPeiahd aFeund tid'SecohBiSirotRISHSF 28 fReré bt ishfeithepund
case theld feeally inie respestive sindeteste 274 or 28. 5 he pesiionigse
means may further camprise a groove_30 in the transition betw t

O oy T o 23 A SRt 05 T Tt ity 29
sidh Z&eFallemiig o1is, tHe FeaRAg BRVattlehiret 109HBEAS A3 Fs lassys

in a segone helging means: Ie seeertholding meanswemprises@irical

Sham%ﬁé%p%§23%nd the undercut 27 under the first protru-
gsion 26.

Following this, the hearing aid attachment

10 means 13 is placed in a second holding wmeans. The
gecond holding means comprises a shallow recess 31
corresponding to the sghape of either sgide of the
hearing ald attachment means 13. Moreover the shallow
recess 31 has a raised part or protrusion 32, adapted

15 to engage the through paséage 14 in the hearing aid
attachment means 13. The engagement between the pro-
trusion 32 and the passage 14 helps securing the
hearing aid‘attachment means 13 lateraliy and longi-
tudinally in the shallow recess 31.

20 The tool 20 furthermore comprises a third hold~
ing means for holding the strip 8. The third holding
means comprises a curved groove 33. When the earplug
attachment means 9 is placed in the cylindrical hcole
21 with the protrusion compriging the eyelet 11 in

25 place in the recess 25, the strip 8 will extend in a
direction tangential to the groove 33. The strip may
now be placed in the groove 33 8o as to be tensioned
against the outer wall thereof and protruding from
the opening 34. It is held in place in the groove 34

30 by means of a protrusion 33, under which it is
slipped when placed in the groove 34.

The strip 8 will thus also gain & predetermined

shape when exposed to the heating and cocling treat-



corresponding to the shape of either side of the hearing aid attachment

means 13. Moreover the shallow recess 31 has a raised part or

protrusion 32, adapted 15 to engage the through passage 14 in the
wezndingoaido attachment means 13. The engagement between thepres/600430

trusion 32 and the passage 14 helps securing the hearing aid attachment

means 13 laterally and longi- tudinally in the shallow recess 31. 20 The

tool 20 furthermore comprises a thikd hold- ing means for holding the strip

8. The third holding means comprises a curved groove 33. When the

earplug attachment means 9 is placed in‘the cylindrical hole 21 with the

protrysion cyaprising the eyelet 11 i”I%§Q'%@éﬁé@%fﬁiﬁ%dﬁsk%%}?”@il1

8 will extend in a direction tangential to the grpove 33. The strip now
be plactTPthe grBovd's3 §68% to bEIBNBAEY dbivsttheroutdianaft=ip
thereef ang protroding fronedheapeningi3d Itdgdindd inyplaceiin theder to

groovei4,30,y.msans of aroinysion 35 wadey whichits glipped when

placed in theigove 34. The strip 8 will thus also gain a predetermined

sha@pe when expoS&Piol thePreati 8fid EBBfingtHrEat FPW® ZFraootéen
PCT/BK20£24000438€ 1171 srentefdhedayantignvERis predeieemipedsshape.e
will skilled person will understand that numerous possible
variations exist within the scope of the claims.
Thus, the skilled person will know that e.g. the tem-
10 perature ranges mentioned will depend on the actual
materials from which the elongated member 2 is made
and the time accepted for the material to set in the
desired shape. Alsgo, the materials selected for the
tool 20 are preferred materials only. The skilled
15 person will know that any material used in a rapid
prototyping process, which is sufficiently durable to
withstand the temperatures used in the shaping proc-

ess may be suitable.



indicate to the user, from which direction the strip 8 is to be introduced in
the eyelet 11, in order to form an appropriate loop, as seen in fig. 1. 5 It
should be noted that the above description of the invention has been
given as examples. The skilled personWwill understand that numerous
possible variations exist within the scope of the claims. Thus, the skilled
person will know that e.g. the tem 10 perature ranges mentioned will
depend on the actual Imatefials fidnitwhichl the éloigdte@ member 3 is

made and the time accepted for the Jpaterial g setin e desired shapes,

Also, the materials selected for the tool 20 are preferred materials only.
The'&KilledI 15 HFson wilFkhow thaP 8§ materal used ina rdgigring aid,
protptyping: proegss, which isssufficienthr-durable toswithstanddhe d proto~
}@mperatures used in the shaping proc- ess may be suitable. 18 PATE

TR APMS 1 A%tool for shaping an elongated deformable member
comprising &soufd ttibe or advezringraid, twherein the tdol isvherein the

manufagtured ysing aJapid profosS kyping Bropgss. 2. A tool according to
claim 1, wherein the tool is made of a plastic material. 3. A tool according
toanyoneo?da%%ﬁf%# according to any one of claims 1 or

2, wherein the rapid prototyping process is a stereo-

10 lithography process.

4. A tool according to any one of the preceding
claime, wherelin the tool i1z made of a material se-
lected from the group comprising acryl, epoxy and
polyamide.

15 5. A tool according claim 1, wherein the rapid
protcotyping process 1is a selective laser sintering
process.

6. A tool according to any one of the preceding
claims, wherein the tool is manufactured on the basis

20 of recorded data concerning an individual's ear.

7. A tool according to any one of the preceding
claims, wherein the tocl is adapted to shape an elon-
gated obiject having a predetermined length.

8. A tool according to any one of the preceding

25 ¢claims, wherein the tool is adapted Lo shape an elon-
gated object having a length selected among a number
of predetermined lengths, said number being larger

than one and preferably smaller Lhan four.



2, wherein the rapid prototyping process is a stereo- 10 lithography

process. 4. A tool according to any one of the preceding claims, wherein

the tool is made of a material se- lected. from the group comprising acryl,
epoxy and polyamide. 15 5. A tool according claim 1, wherein the rapid
prototyping process is a selective laser sintering process. 6. A tool
according to any one of the preceding claims, wherein the tool is
manufactured-onl{ké adis f20-of pecorded watacconcerhing an indivaddals a

ear. 7 A toph 8eeording ig 2ny one.efthepreceding claims.wheseindhe, 0
tool is adapted to shape an elon- gated object having a predetermined
lenghF."8. A {857 &C8Stdmt o Ay Tie 8 the Préteiey’ 28 ¥kiis> SiheFéii-
the tootisadaptad torshape an eton- gatedsobjett bavingadengtht ot yping
s§le}g£eod0%@gng a number of predetermined lengths, said number being
larger than one and preferably smaller than four. 19 9. Method for

providing a té6l-folsHdping @ deformhabie elongatetimemberdomigrsingaid

soundgube fora hearng aid, wherein She method.comprisesdNalusgraphy

facture of the tool by means of a rapid prototyping 5 process.
process.
11. Method according to any one of claims 9 or

10 10, wherein the tool is made of a plastic material
selected from the group comprising acryl, epoxy and
polyamide.

12. Method according to c¢laim 9, wherein said
rapid prototyping process is a selective laser sin-

15 tering process.

13. Method according to any one of claims 10 to
12, wherein said rapid prototyping process involves
the use c¢f pre~recorded data about an individual’s
ear.

20 14. Methed according to claim 13, wherein the
pre-recorded data about the individual’s ear are ob-
tained by laser scanning of the =sar.

15. Method according to claim 14, wherein the
data obtained by the laser scanning is transmitted

25 online to a manufacturing facility remote from the

location where the scanning takes place.



10. Method according to claim 9, wherein said rapid prototyping process

is a stereolithography process. 11. Method according to any one of claims

9 or 10 10, wherein the tool is made of a plastic material selected from

the group comprising acryl, epoxy and ‘polyamide. 12. Method according

to claim 9, wherein said rapid prototyping process is a selective laser sin-

15 tering process. 13. Method according to any one of claims 10 to 12,

wherein saidl@apidiprototypingprecesstinvolves: the dse of pre-pecorded ©f

data.ghqytandndividual'sg gar. 20-14, Methad.ageording tg claim 13, ccord-

wherein the pre-recorded data about the individual's ear are ob- tained by

laset Sealfing b1 1178 8af 157 Methidd acébrdihyg to claim 14, wherein the

data obtained by the laser scanning is transmitted 25 online to a
anufacturing facility remote from the location where the scanning takes

place. 20 16. The use of a method according to any one of claims 9 to 15

for the manufacture of a tool accord- ing to any one of claims 1 to 8. 5



