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(54) Title: COMPUTER AIDED SYSTEM FOR DESIGNING A HEARING AID HOUSING

(57) Abstract: The present invention relates to a CAD/CAM system for
design and manufacture of a hearing aid housing comprising a face plate
and a shell that is matched to the anditory canal of a user, the system
being adapted to receive and process data representing the shape of the
anditory canal, forming a three-dimensional model of the shell based on
the data, and outputting data representing the model for production of
the shell and the face plate based on the model. Manufacture of the face
plate includes at least one aniomatic processing step based on data from a
CAD/CAM model of the hearing aid housing. For example, data relating
to the circumference of the face plate may be provided to a numerically
. controlled machine that automatically cuts a separately manufactured face
plate along the desired contour that matches the circumference of the cor-
responding shell. Tn another embodiment, the hearing aid housing is man-
ufactured with an integrated face plate. :
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to the circunference of the face plate may be provided to a nunerically
controll ed nmachine that automatically cuts a separately manufactured face
pl ate al ong the desired contour that matches the circunf ef Ssptentas 200 cor -
respondi ng shell. In another enbodi nent, the hearing aid housing is man-
ufactured with an integrated face plate. 7 Septenber 2005 | COVPUTER
Al DED SYSTEM FOR DESI GNI NG A HEARI NG Al D HOUSI NG The present invention

relates to the conpute i esiLgn an i ring aid
housi ng—_The. invention ’r&f@ggéﬁbl &a’r | 3mlﬂ@mmmwﬁ"m,"@mmlwmﬂ%St em for

t he design and manufacturing of a hearing aid housing that is individually
mat ched Ry W.lve celtape. @f oi, be caedi, MBI YPubid@nal of a user. In US 5,487,012, a
met hod i $EdNdBI"Bsed for manufacturing U$W%ﬂ%@%@ﬁﬁ%m&PﬁMﬁ®ﬁg@%ﬁkéonprising
a hearing aid shell with an opening, aR8"§?f%t¢*sfate for covering the
openi nepslarfiipemétmdleld 1 s | ndi vi dual | y Areb-ehedidss cbd@irsizapedsob ndtg- audi t ory
canal Of 2 senfeant’ %ﬁﬁﬁgﬁ@?ﬁ&@ﬁyﬁkségw**@?G@ﬁgﬁﬁmﬁﬂmﬁywﬁﬂwééﬁ%@r i ndi rect
acqui si t i'BR BFPRE“NAFE ST “ERE 5 udi"tOF ¢ BEREF 8° SBE% R digital data
representing the shape, b) conversion of the digital representation of the
shape into a nmulti- dinmensional conputer nodel of the outer shape of the

mat chi ng shell, and c) conputer controlled production of the shell based
on the data obtained fromthe three-di nensional conputer nodel of the
shell. US 5,487,012 does not address the manufacturing of the face plate.

BE 1010200- A di scl oses a systemfor mating a soundproof plug. This system
conprises a neasuring systemw th a scanning device for neasuring the
contours of the outer ear passage. The data fromthe scanner are fed via a
data nmenory circuit to the manufacturing machine. The manufacturing

machine forns the flexible plug directly. The finished plug may be provided

with channels for electrical cables and sound tubes for incorporating a
vi bration sensor, used for comunication. It is an object of an enbodi nent
of the present invention to provide further inprovenents of the



above- menti oned method for manufacturi ng of a hearing aid housing, e. g.

i nprovenents related to automation of the manufacture of the face plate;
Thus, it is an object of an enbodi ment of the present i nvesdptadnberadbiirt her
aut omat e design and production of individually matched housi ngs of
in-the-ear hearing aids. It is another object of an enbodi nent of the
presént invention to facilitate optimum utilization of the space avail abl e
in the auditory canal and in the outer ear thereby mnimzing the size of
the hearing aid. It is a further object of an enbodi nent of the present

i nvent i orr@FPESAED 8Y SEFM EPR PBHONRY A HEARDIY ARG act uri ng of a

- hearing aid with a cosnetic attractive appearance. 7 Septenber 2005 2
Accor di NGt Qesed BvarfaeSdies afthewﬁm@;rmlgﬂ AV R k@Ring drl8hengl@ Provi ded a
conput er _ai ded. system for and, manufacture of a hearing aid housing
conpri si A" %efATEPeRPee srdte ﬁlﬁ’é%éﬁlsfoatwcﬁl‘@s“%’?&‘ﬁ%ﬁs’ﬁnﬁml he auditory canal

of a usermanﬂfhan@wsi leafinD eitt hgsigdiapit advithally eadidtethadigpe piteeeiasay dat a
represent g shape of the auditory canal, form ng a three-di nensional

nodel of TWell based on the data, sel ectl ng a junction contour
encircling the shell for positioning of a junction between the hearing aid
shel | andeVhe4§7Q¢% a pethadds disglagdd Brmputectinng olideaning ephopgegrerimmgng he nodel for

product i QReadhe Aid\BeliSie bd paﬂg agma&@%fopé@&ﬁg@%@ﬁ.gmegh% nodel . Thus,

according to the aspect of the invention, design and manufacturing of the
face pl at“?éi“"q“ﬂﬁ’lnﬁi‘éfé? tophe ?hél?fé’f‘h‘bﬂ’é“%faﬂﬂﬁfﬁ‘tf“p?hﬁé’é@%‘i Hgrisesels pased on data
from t he sepded) Mtoth&eae@ﬁlhlﬁtgoftmsdapammgom %Qytalﬁhlﬁtafcﬁﬁe plate is

Flinot | on BEAVATH s AT BEst SR et RO LT Py 8l T of Ted hachi ne
t hat autdmrca$an@1&bm;ytltazmb®1@f tls:eptarrsaapeb&hmmhfna&tem_ramﬂc)fuamtepl ate along a
cont our tc&ﬂ%ué&%o‘a&%& dehg fshell U%&%J;.% thQEEtSﬁérdfmé{%{e'ﬁﬂéé%nﬁE‘ﬁ&Ws of determ ning

or acquiring the shape o such as an ear inpression, are
wel | -knoWH“F?fPPf@lféﬂteSh@et erm nation of position of a point on a surface of
an object may be performed by noving a nechanical device into contact with

t he poi ntusapsl,oiead WEadtiBe P Aghiatn@ig &fihe ticb@adeCchani cal device, e. g. using a
co-ordi nate neasuring machi ne having scal es on aning parts. In non-contact

neasur e gtlgloz@os&mioons qemﬁg %aso %mcgf su rd‘u ?Ystemc an object may be

det er ni ne ransmitirng one o "Bt°€¢ energy towards the
obj ect andasmdleme@mwﬂgaacaldmmeecb femeﬂsggﬂgtﬂhactntohasfthemtltamamselde wWith arbitrary

par ts of Tﬁélﬁta@gfh B Lcanner are fed via a data memory circuit to the manufacturing machine. The
manufacturing machine forms the flexible plug directly. The finished plug may be provided
with channels for electrical cables and sound tubes for incorporating a vibration sensor, used

for commumnication.

It is an object of an embodiment of the present invention to provide further improvements of the
above-mentioned method for manufacturing of a hearing aid housing, e. g. improvements related

to automation of the manufacture of the face plate:

Thus, it is an object of an embodiment of the present invention to further automate design and

-production of individuatly matched housings of in-the-ear hearing aids.

It is another object of an embodiment of the present invention to facilitate optimum
utilization of the space available in the auditory canal and in the outer ear thereby

minimizing the size of the hearing aid.

It is a further object of an embodiment of the present invention to provide a system for the

design and manufacturing of a hearing aid with a cosmetic attractive appearance.



The radi ated energy may be of any form such as ultrasound radiation, sound
radi ation, electromagnetic radiation of any frequency, such as radiation
of X-rays, gamma rays, ultraviolet light, visible |ight,7Sepfensreedods ght,
far infrared radiation, UHF radiation, HF radiation, etc, particle
radi-ati on, such as radiation of electrons, neutrons, alpha-particles, etc,
etc.” The object, the shape of which is to be deternined, may interact with
the radi ated energy by reflecting, refracting, diffracting or absorbing
energy or by any conbi nation hereof For exanple, a |laser may emt a linear
| i ght  bedYfrdritasaspre! Bppraet invrriperberrdspsyidedreprputesiid ssteyfoleo canera with a
CCDf chip df@! m{a@a%;fdcmez,_ermlemg skefoBsds C(Lﬂll:@t[?g oick plus sl ?shélﬁf;dt gct ]?d fro ][n t Ee
surface o e obj ect en, positions o ints of the surface of the
obj ect r é‘%"?c%egfol%@L@?fécﬁ“it]ﬁﬂatmee’ﬂgéﬁfeﬁpémgd‘&p@& f‘?i“?‘i%‘&?“ﬂ)‘v’“‘[c?gf’%ﬁgul ati on net hods.
The beamripssesting pit: shaygrodbsautitog el fomtd; adhrectdn@nsicalimedtof e shgll by a novabl e
mrror. . e of. jc€Ct ..M l.so. he determned with
a plural F’?%og#h%g%%%%e%%g%g& E%ﬁé&%g?mﬁ%uég%eg ﬁaéoé Usih%m%ﬁ%ﬂm?tlmﬁum nated by a set
of i ncohé&pteeen the hegting aid gl end ghe fagy e, and ogtpugging dabyudpiysenting i mpdelfer  substantial |y .
white |'i ghticlidd ofthd shillahPifd b PiSie bAdRh E Abdet Y Of cameras with known positions
in relation to each other are used to determ ne positions of points of the
surfaces_of the object b triangul ati on, met hods. When t he shape of the
audi toryTB‘asnaaf“fi%g *é@aﬁfﬁ%%f thynveER PR ARt marhactEgnefiheifeg B dynani ¢
r ecor di ngrchfieshiastauckivtonitc re@taing f@p\badae opRifiomicodSbnacreirie shape of the
audi tory nal hanges as _a result of eaki eat i inking etc, this
met hod SPianan P B BB Bl P BRI H% BBt L 0 1202 i ch
vary in erampleyiinetiosbgntogiish mehapeviddarrgeserdly cakrgipd hehitaleen i nt o
consi der gl e/l bird Whe RN, AL S e LG 2600 { SHRRNI Agnhigar i ng ai d housi ng.
Alternatively, a plurality of Inpressions may be nmade of the auditory canal
with t heMPeiif? F®O% ar i ous respective positions in order to acconmbdate shape
changes of the auditory canal. For exanple, two inpressions may be nade
namel y oNaridis thdthod obSRemilRbr Reqatid) d@RRpaIh Bod® R as alBLdpessida\ieng acqui r ed
digital d representing the shape.of. the ditory canal and a part of the
outer et RpRER S LB B E PUD RAPO R BUTAL SOOIV al g Lo el | - known
met hods eérfo@aDEYRAIVIng § incosnic@deming ingrcortictieith topsintgmi/r@dingrbrt pesitioAeed
Manuf act yk.i . ) ‘ 5] . I .gj d housing, e. g.

i ncl udi ngﬁkng%cﬁl?%‘ﬁé&ﬁgfg%gg?ﬁ%%t%%%ﬂ%%gﬁ&g%ng%glgsrsohglg‘én?éof the bearing
ai d shel PA-Fyrther, the nodel may be displayed on a conputer screen in
various three- dinensional views and two-di nensional cross-sections, and
vari ous gikof8RikaGnoaietmefE p&ltidfs of points on the surface of an object may be

determined by transmitting one or more beams of radiated energy towards the object and

detecting radiated energy that has interacted with arbitrary parts of the object

~'The radiated energy may be of any form, such as ultrasound radiation, sound radiation,
electromagnetic radiation of any frequency, such as radiation of X-rays, gamma rays,
ultraviolet light, visible light, infrared light, far infrared radiation, UHF radiation, HF radiation,

etc, particle radiation, such as radiation of electrons, neutrons, alpha-particles, etc, etc.

The object, the shapé of which is to be determined, may interact with the radiated energy by
reflecting, refracting, diffracting or absorbing energy or by any combination hereof.

For example, a laser may emit a linear light beam towards the object under measurement, and a
video camera with a CCD chip may be utilized to detect light diffusely reflected from the
surface of the object. Then, positions of points of the surface of the object reflecting the light
beam are determined by triangulation methods. The beam is swept across the surface of the

object e. g. by a movable mirror.



- of the hearing al

controlled functions, including the functions described herein, for

adj ustnent of the nodel may be provided by a CAD/ CAM system Thus,
according to anot her enbodi nent of the present invention,7 SepEAdeC2005yst em
is provided for design and manufacture of a hearing aid housing with a
face plate and a shell that is ched to the auditory canal of a user,
conprising a processor that is adapted to receive and process data
representing the shape of the auditory canal, form ng a three-di nensional

nodel base n the. dat uttin representing the
nodel fotn%ro ?“%ﬁ“&?yaﬁﬁﬁ ?ﬂ@ttfaﬂﬁﬂﬁﬁgﬂtEégﬁﬁt&?%mﬁa Y on the nodel .
Two idenUﬁm&hﬂhndhhmmmeabaofmmmeduﬁgmnmﬁhemacquﬂﬁBGMﬂugmmal data, i.e. a
nodel of {he andid ear, and a nodel
DB 2 e O R R L b Blok PR BREE PR e
unchangedliian P each Hier aieie to dsternmipreositionsyoif pritsef do sytfstsiof Weghiet byubj ect to
modi fi catyipRsaengesdedi tions of various features as will be described bel ow.
The nodel s may be displayed in distinguishable colors, and the shell may
be displayed inserfed in the audij t Sept enber 2005 4 canal For this and
ot her pura%l?fgg‘%s}'aﬁﬁﬂ RBHer <l ‘S[aﬁ%“‘ﬁt?m%/“ﬁ%’% fe Qg Ry YRR spl ayed
transpareaﬁhygthﬂmmhgwﬁatm@mmo&mhhﬁ5mhéaeﬂﬂWﬂﬁnmhmmawcm@Mel of the hearing
aid shell 0 Lgling the .she el ected for definition
of a juncFP%%%ﬁQ%%g% %%&8 % rlng algméﬁhT1£ﬁ% Fﬁ i'%lplate and data
represen@whgvehép@e&eéﬁedw$umrmh@mmeWanmﬁmmaymheCGE@ehﬂﬂﬁed Preferably,

the | unglhd QmidAh e hiueil FRE %B:ﬂiﬁéheaé&%ﬁ%ﬁisﬂg to one embodi ment of
the invention, the shell is produced based on the nodel and may be

t erm nat ed mnth an qutward opening defined by the junction contour. In one
enbodi ment BV PhEP e TPEonTRY Perrde it s G0t Wiafei*die transferred to a

numer i calvhdsus repaative pdsltiad imtadzith ft€ontnkbaite sBapt cHampbd of b hpitdtdatal EorSepar at el y
manuf act ur ed faceggﬁg%gmrunc L2 GO mmuﬂﬁgm Q u%gﬁﬁm% ghthe junction contour.

As menti GHeH Ab? i BATCARt ol 78" contour conpatible

~with a prane face plate. The face plate nay conprise positioning neans for
- engagi ng wi th corresponding positioning means of the shell so that the

ci rcunt e'iﬁﬂﬂgeaccfﬁfretiﬁﬂ%ﬁal %@&m@én@&g%e@ﬁ};&d%% iy dathVn tgﬂ o?ﬂ@&u%i” of ~the shell

when the face plate positioning neans enga shel | positioning
means. | ey ¥ Bfuglhieh e accpidigs foateh- %ﬁﬂ“ﬁt"@mﬁ@s"if EABAYY neans
conpr i- s esi.catonlpR@MideODRigh/ B6EpuRt Bl MapifRiufiddPdyQiinsdd debiftand fBtREc aSUr f ace of the

: face P ! asleeaﬁngaa:[}i%oésplge e. Sghxg(‘!ltldm 0%:511;[15,! aotﬂee—cgmerrrxsqg]nlsmoﬁg tr;rip ttl;e sﬁape of the

hearing aid shell. Further, the model may be displayed on a computer screen in various three-
ditnensional views and two-dimensionai cross-sections, and various automatic and operator
controlled functions, including the functions described herein, for adjustment of the model may
be provided by a CAD/CAM system

Thus, according to another embodiment of the present invention, a CAD/CAM system is
provided for design and manufacture of a hearing aid housing with a face plate and a shell
that is matched to the auditory canal of a user, comprising a processor that is adapted to receive
and process data representing the shape of the auditory canal, forming a three-dimensional model
of the shell based on the data, and outputting data répresenting the model for production of
_the shell and the face plate based on the model.

Two identical models may be formed from the acquired digital datz, i.e. a model of the auditory
canal including a part of the outer ear, and a model of the hearing aid shell. The model-of the

| _auditory canal remains unchanged while the model of the hearing aid shell miay be subject to
-modifications and additions of various features as will be described below. The models may be

displayed in distinguishable colors, and the shell may be displayed inserted in the auditory



i ndentations that are adapted to receive and match the at |east one face
plate protrusion. The face plate may be cut along the junction contour so
that it matches the junction contour when the at |east on&ptagrrpbes e
protrusion are received by the mating indentations of the shell whereby
correct assenbly of the face plate ,and the shell is facilitated. In another
enbodi nent, the face plate positi ofli ng neans conprises at |east one face
plate protrusion at the inner surface of the face plate termnating at the
circunference of the face plate at a distance fromthe circunference that
i s subst affF-dier s wd ot Pyrepsesbe mors! ehlraudtony panplpnay bagisplpyed ot t he j uncti on
contour. ddAgasfigl | positioning means may conprise the shell at the junction
contour. The face plate may be cut along the junction contour so that it
mat ches the. puncti cont our ends..gf . the at |l east one face plate
br ot r s ol oA R Be OB miNER o B GRE iy Ben. b KB encriPRls 0r 1 hoshel |
The shel | shgibmdyvtbe eatrictad)fondefinigonrd y ivheaion breveen barriimmidshdtandibe Bees at t he

juncti on QaNLQAWL, SLERA BbelbdiRGbY coh QRS dbdifid D bELAY «@f the shell for
reception and holding corresponding face plate protrusions. 7 Septenber
2005 5 SHAj5EoR MEREIBALMYNd position of a battery opening in the face
plate facilitating insertion and renoval of a battery may be sel ected and
i ncl uded AdortiigtofomcmbplidtreofidkatioRaReRkI prédie-dbREEdn the hdad 26PENI Ng My be
provi ded autopat.ical Ly duri roduction utilizing a nunmerically

control | eraayt\/?ﬁg%%age%r‘?"a%ﬁ?oﬁ’&a%%ﬁgﬁggeﬁﬂﬁd:b%\‘?e\'ﬂﬂ’??ncﬁ’fm “east one ni crophone
opening may be provided in the face plate. In another enbodi nent of the
present ilnysnnbodimentofibe itneetion thejuartich corarsdapgreitgnsfranind aomericdt Wi th  an

i nt egr at &dndoA Salhi 18-y &Dﬁ;ﬁxp&%ﬁ%&%ﬁgy&%ﬁﬁ%rﬁgcféc%aﬁémo%%c&%(u' ned as a part

It
of the surface of the hearing ai ousing tl oes not match the shape of
t he audi tB patehasibgivngfon peptoundsapentiqnegapeye, thejynctiga poniqrsgnay beaglaps nat i on of t he

heari ng aoslodneupibg widcingntdptiesur roundi ngs of the user when the hearing
aid housing is inserted in the auditory canal. Cbviously, the face plate

is prefer.ab integrated when at |east a t of the face plate and the

shel | ar eplel‘“f)lr%'é(g3 'llfc%én&gf%nﬁ%ﬁeﬁ%sfm&%g%eﬁg?oﬁ?ﬂg?g?ng%wgﬁsgﬁhn%?wf‘%gf ace plate is

sai d to becapsf thgshall edbanthe rircuinfsendeof the fag phike ridwdestiegenciduabeou of t he shel |

al ong theyd ' itid G it e shell, i.e.
oA, RO LU0 Il

during production of the she e plate to the shell
i.s inherently performed. According to a preferred enbodi nent of the
i nvent i orf™ 2R erebodiment hsifasite newiRaing pfant qeeprsei@gleast one face plate

protrusion at the iuner surface of the face plate, and the shell positioning means comprises

indentations that are adapted to receive and match the at least one face plate protrusion. The
face plate may be cut along the junction contour so that it matches the junction contour when the
at least one face plate protrusion are received by the mating indentations of the shell whereby

correct assembly of the face plate and the shell is facilitated.

In another embodiment, the face plate positioning means comprises at least one face plate
protrusion at the inner surface of the face plate terminating at the circumference of the face
plate at a distance from the circumference that is substantially equal to the thickness of the shell
at the junction contour. The shell positioning means may comprise the shell at the junction
contour. The face plate may be cut along the junction contour so that it matches the junction
contour when the ends of the at least one face plate protrusion abut the corresponding part of the
inner surface of the shell. The shell positioning means may further comprise protrusions at the

* junction contour extending inwardly towards the interior of the shell for reception and

- holding corresponding face plate protrusions.



plate is formed that matches the selected junction contour, and the face
pl ate nodel and the shell nodel are conbined into one three-dinensional
~nmodel of the hearing aid housing. Based on the conbi ned mghedmber 20@Rr i Ng
aid housing with an integrated face plate may be produced, e. g. utilizing
a rapid prototyping technique, such as stereolithography, |aser sintering,
fused deposition nodeling, drop déposition printing (resenbles ink jet
printing), etc. As nentioned above for the non-integrated face plate,

shape, dinensions, and position of an opening in the integrated face plate
faci | i t atyoRg: dprauens prsiposifiop ofibeiery apenigs in e B rlaty ieiliphing itsertionged ect ed and

i ncl uded riovhild@a HaleBmad bedeRetd¥REBACIHIRE thi SBoe ol (R Bhshh Wd8Hacl, N t he housi ng
nodel. In a simla t | east one m crophone opening may be provided in

way, a ] .opn ]
the int eg‘Pea‘lpéllﬂ“gf“&a@fée lg{f"é‘{eg?utﬁﬂfl@ﬁ)( fehapodnirgiianeraypEelys + wo ni cr ophones
posi t i onedntafledwditinzstackiiad a second m crophone opening, respectively, of
the at | east one m crophone openi ngs may be cal cul ated, and first and
second pqgsi t.i tive first .SEeC i cr ophone openi ngs may
be selec?ggg%ﬁgﬁﬂa%g%pgg%%%@%%ﬁkéﬁﬁé%{ggﬂﬁﬁ??%ﬁ @% %' characteristic. The
cal cul ations may include the shape of the 7 Septenber 2005 6 outer ear,
e.g. as deemeterepbeinpgtof Reprerett Evertiom the braringfaidthpusing i3 mamifasfired With cor r espondi ng
audi t ory an@@pakd fcbpRef ace pl ate may have engagi ng neans for receiving and
hol ding a hearing aid conponent, and a nodel of the engagi ng neans nay be
i ncluded .in.the fac | at e el that in_turn js._ included in the hearing
ai d housi gmﬁ%agvﬁgﬁmgwaﬁm?ﬁ%gﬁﬁvag?ékﬁﬁﬁvaggw BIpEsreit  ranuf act ur ed
wi t h t he dessgetgiahigtheishapa st theaudifory teait nfhensérajuhed itdefmts@beyihaticn dfdehni que. 1 n one
erbod! e tkafl ol R b UEAL Loyl BOENRLAN ] 8 RERALANGLK, [ANUF act ur ed
i ncluding a batter openi ng. e separéﬁe y manuf act ur ed pl ate may al so
conpri se spged ity catlans. Then, the shell of the hearing aid housing
may be produced attached to or abutting the plate, e. g. using a rapid

pr ot ot y pidbgiodsBChd ¥ Pifte is bradk@bly R¥erh@N@bn at ehi€a fat biSile fHo@MEL an@he CT 0SS-S€Cti ON Of
the shell, _surr ding the battery opening along the previously selected

u
j unct i on “BYATBUFBrosr R 2 BAmt T Kl farePh s i el "Bhodi ment of t he
i nvent i onhe j@uihgof the fas platobh tHeRiRll biaterhPintdion donGlrichrdigeet heethatdiiery opening i s
separ at el,y. jmnuf ured.. T i.J.cunf.erence of th r.t. may be included in
The- hearteantott Al on ko SUT G P08 Be e\ BB oy b br oduced
wi th an irrfoppdat ed face plate attached to or abutting the separately
manuf actured part |ayer by layer, the first |layer abutting the

ci rcunf er@aedng@f a frdired@bbdimet dr B AXntidE] hree-difiGisiSBBhe Bl e formed starting

with the
plate is formed that matches the selected junction contour, and the face plate model and the

shell model are combined into one three-dimensional model of the hearing aid housing. Based on
the cbmﬁined-model, a hearing aid housing with an integrated face plate may be produced, e. g.
utilizing a rapid prototyping technique, such as stereolithography, laser sintering, fused
deposition modeling, drop deposition printing (resembles ink jet printing), etc.

As mentioned above for the non-integrated face plate, shape, dimensions, and position of an
opening in the integrated face plate facilitating insertion and removal of a battery may be

_selected and included in the face plate model that is further included in the housing model.
In a similar way, at least one microphone opening may be provided in the integrated face plate.

Directional characteristics of two microphones positioned at a first and a second microphone
opening, respectively, of the at least one microphone openings may be calculated, and first and
second positions of the respective first and second microphone openings may be selected that

correspond to a desired directional characteristic. The calculations may include the shape of the




end .opposing the face plate and when the integrated face plate has been
formed termnating wwth an opening having a circunference nmatching the
circunference of the separately produced part of the fad@&epteniter 260 part
i's positioned in the opening and fitted and attached to the opening.
Further, one or nore hearing aid housings may be manufactured in parallel
in a batch utilizing rapid protot$ping techniques. For exanple, a batch

pl ate may be separately manufactured including a plurality of battery
openi ngs corresponding to a plurality of hearing aid housings. The batch
pl at e may°Cush %6 c-& @rgsicimued dripggieripatinnalibe shipe efite chvempridmgauditady housi ngs. Then,

at each @ghathe battery openings a shell may be fornmed, the first |ayer
surroundi ng the respective battery opening along the junction contour of

t he respegtive hearing aid housing. In another exanple, a plurality of the
above- nenti* e S BH AP A PG ERAD A S AT R IANE 2 Sraritasld PTRET at e are

posi t i onegd a mbdebof tha@igaing meinOhaydE igudadip &k Gitd atcfnobicl patirbch 81 manuf acture of a
pl ural ity gl NERLht, S DOUSLNYS mhihedn QG e Aud htedr @ maybe provided in
the protolyping apparatus Wth positioni mg means 1or —accurately receiving
and hol di mygufatierediuihttis engpeiggmuais.oal winkaremdprgowing iedmigue. Each of the parts may 7
Sept enber 2005 6a be provided with correspondi ng positioni ng neans that

mat ch t hempRenbddARkhidgnd RS, @ kacd 1 is SiatlcnRntHIRd AQRAE dbfky manufact ured
face plate or part of the face plate or hatch plate nmay contain parts of

metal , su@HEsTHE FPIdRYemangfpolesd plats mpxals gompritedig enepgipganeans T8 S cal termi nal s,
ﬁtc' The @gﬁf&ﬂ@mﬁkddHﬁ%@hﬁy&nmﬁﬂuha&mﬁﬁa&ﬁﬂgmgﬁémﬁ@ﬁﬁﬁkﬁﬁﬂg a heariﬂg ai d
- housi ng and. an . el ectr.oni.c ule wi.th a socket, a ast one m crophone, a
o onal oo tluyei gl geb it ndlich B S i es Rl o7'a housi ng. The
heari ng awgoundusthelgtamseopendg alprg tseregiofsiycdectod jatcdontvenidung the heatigtaider y openi ng
defined thgrein for passage of a battery and the el ectronic nodul e.

Further, the hearing aid housing rmay conprise engagi ng neans for receiving
and renovably holding the socket. 7 Septenber 2005 WO 02/ 080617

PCT/ EP02/p3sthg embodimentiotthe jpventiop gply anift obtbpfacnplaeiaclyioe tabatehdul ar hearing ai d

t hat the &bty QpbkelRELh@urRYheRecun @AY/ the birtmaythb Giclo®akd g ai d wi t hout

damagi ng ,t he hearing aj u in-._%Fe.en agi ng, neans npy conprise grooves,
C ook Srtrtie A B e ad B S e bR AR TR et ongsoi o
nmeans f orfaeglagptidcied toogkigibhg the separately manufactured part layer by layer, the first layer

' abutting the circumference of the part. Alternatively, the shell may be formed starting with the

end opposing the face plate and when the integrated face plate has been formed terminating with
an opening having a circunference matching the circumference of the separately produced part
of the face plate, the part is positioned in the opening and fitted and attached to the opening.

Further, one or more hearing aid housings may be manufactured in parallel in a batch utilizing
rapid prototyping techniques. For example, a baich plate may be separately manufactured

. including a plurality of battery openings corresponding to a plurality of hearing aid housings.
The batch plate may also comprise engaging means of the hearing aid housings. Then, at each
of the battery openings a shell may be formed, the first layer surrounding the respective battery
opening along the junction contour of the respective hearing aid housing. In another example, a
plurality of the above-mentioned separately manufactured parts of the face plate are positioned
in a rapid prototyping aj)paratus for parallel manufacture of a plurality of hearing aid housings
in a batch. A fixture may be provided in the prototyping apparatus with positioning means for

accurately receiving and holding the parts in precisely known positions. Each of the parts may



5 The socket engagi ng nmeans may conprise elastically resilient lugs. The

|l ugs may be integrated with battery termnals projecting fromthe socket.
Shape, dinension, and position of an acoustic output operii Sgpténmber260heari ng
aid shell for transm ssion of sound fromthe hearing aid towards the
tynpani ¢ menbrane may be selected and included in the shell nodel. 10

Di spl ayi ng the nodel of the heariﬁﬁ aid housing inserted in the auditory
canal nmodel nmay facilitate selection of a position of the acoustic output
opening so that the output opening emits sound in the direction of a

| ongi t udiPRBPVidE] Wik orespordingnodifopns Yeapsthramatghiis gositming s il t he risk of the
out put opefileng em tting sound towards a wall of the auditory canal or even
being partially or entirely occluded by an auditory canal wall. 15

Pr ef er abl t he. hear.i i.d, housi ng. i roduced. with an. integrated
ventilatﬁ%%w% %‘ﬁ%ﬁ@“%%%%““*ﬁ?ﬁ%ﬁfoﬁad?B%?Fﬁﬁgé? "HERSTBRET nodel of the
heari ng afdethourd pssprings, Hestigrihdresilient vgd, eletiriog teowinalsgcc| udi ng the face plate, a
path nmay be sel ected al ong which the ventilation channel is intended to
ext end. Eﬁa@hemtaidln@%%&dam%g%&m@ﬁg&ﬁc!-.ﬁngaﬁh&m%aamaﬁh a_uni form or
non-uni form cross- Section along the length of the channel. The

cr oss- sellFpic grduaath g skt prhest o iRt | SERYPIGBSOE PA2aRCRY form  such as a
cihr cul ar ,en(&ig‘.fd&ft&;hez{rﬁg)iiﬂ][bgﬂiﬁﬁalhb h&ﬁ%}aﬁﬁ@ﬁh@ﬂay%ﬁﬂﬁ?era%mat&ﬁmr s; et g fTheh _
shape an i mensiang .of the ventil ation channe ross-section and of the .
ventil at ib%tﬁwfﬁeﬁlﬁlﬁ%ﬁn rflggorﬁaﬁvgcﬁtabfﬁ%%ﬁpﬁ%ﬁ‘ﬂﬁﬂﬁ g urgerd as is wel |- known
f r om CADh@AM asihetsapsiny cunphiseyaging myans fat rovaiging Aadremevaly boldife tiehe channel . The
shel | wall,pay constitute a part of the wall of the ventilation channel
Data representing the opening of the ventilation channel in the hearing aid
25 shel |l opposite the face plate are cal culated, and the shell may be
automati-cally produced with the ventilation channel opening. Further, the
position and the geonetry of the ventilation channel opening in the face
plate may be automatically calculated facilitating automatic production of
the face plate with the ventilation channel opening. As for the acoustic
out put openi ng, displaying the nodel of the hearing aid housing inserted in
30 the auditory canal nodel may facilitate selection of a position of the
shell ventilation channel opening so that it points in the direction of a

| ongi tudi nal axis of the auditory canal thus, 7 Septenber 2005 WO 021080617
PCT/ EP02/ 03318 8 mnim zing the risk of the ventilation channel out put
opening being partially or entirely occluded by an auditory canal wall.



Ei t her or both of the acoustic output opening and the ventilation channel
openi ng naybe adapted to receive and hold an ear wax guard. The openi ngs
and the ear wax guard may be of 5 the types disclosed i n MBpodiEs36Qy A
pi pe stub may be fornmed in the produced shell extending inwardly in the
shel | -and form ng a bushing for insertion of the ear wax guard. A recess
maybe f %%&'in the shell covering an area around the o?enlng and mat chi ng
a col | ar" o™ ¥le ear wax guard or, gat ching a col | E"B¥&3Bushing to be
inserted in the opening for receiving and holding the ear wax guard.
Preferably, wall thickness is naintained at the recess to avoid 10
formation pof a mea el.l. may .be produced with a
means forlgl FEPTeh %SggFg%ﬁ ?ﬂgg B@BQ%@?W%R%W%Qﬁ °For exanple, the
shel | may @@mmﬂw@@hﬂtmapMﬁﬂmmem@mmmw&wbmmmmeQBmmd hol ding resilient straps
that in turn hold or clutch the receiver providing vibration absorbing

suspensi oneéngighe nﬁﬁﬁﬁth@ﬁ)pnsE goo@ﬁ%ﬂ@ﬁw@m&@dfﬂiﬁcﬁéaéen{eﬂ%ﬁtﬂ | conpri Zest a
e recei ver, an a

chanber or_protr ons cei.vi d holding 1

| east one W*f%gﬁmﬁﬁﬁ%“?¥§§ﬁmﬁP 8“the receiver and having protrusions
for supporting and suspending the receiver in the chanber. The outer

di mensi-onsthpfocketragdgmg ppagpmayicomprisedlastioptydesllientings. be sel ectively i ncreased so
that the corresponding hearing aid shell exerts a pressure on the auditory

canal ti sshelydmy béieprakiotih bittry WnRiEey fr@digHrohlie seudi tory canal . The outer
di mensi ons may be uniformy increased over the entire 20 surface of the

shel IO shile i B8 FERSFor PR AOHS RO ER YAk VuALGRG 2 | oni ¢ udi nal

axis of the shell at ver re 1s exerted on tissue
resi di ng deepissionqhs W%WWald@HHéﬂmﬁ%%?WbeFd%| tionally, the
out er di manbinadsd iay sleembdeCr eased at sel ected areas of the shell surface,
e.g. formng a rib partly or fully encircling the hearing aid shell, the

rib piovipg ﬂgn@héﬂl&l;ﬂoftﬁ%m@%m.sg}m% &9&)@&@{@%%' when the shel |

is inserted he audi tor 25 cana contour may be
sel ect ed tfﬁé’fatﬁéséfca?fﬁgaaqsmgofthﬁéwgw w&a@mnsﬁh@ﬂt%ewutmq@ngepﬁfrt ly or fully

enC|rcIessmhemsﬁeh&umﬁfngQMﬁm&ﬁkeﬂﬂhﬂ@m@hQﬁgmkhﬂmﬁﬁﬁkQH&mQBy be incl uded
a,.Cross i g dlne |ons t hat mat ch

in the e avin sectio e an

a desired L%ﬁ Mmmﬁﬁmmi“m@% f nf%dmw% %Fgﬂ , or
aIternatiW@$VWWPW@@ﬁb§maﬂépnedmdmﬂlautonatlc dep05|t|on of 30 a materia
different fromthe material of the shell, the deposited materi al

const i tsut iPRegeeably, thd {@AHng Ritl AXYsifl iOprbddSed HAth an'ﬂﬁ@reﬁdd ghiRitn dkniRl. OpdnUSi ON or the
o the audrPRPS e B IRe ERRaAn RBR B e B BB ST ory canal - 11
t he hear i n¥ludingithe fagd plategopsth opp be geleatadialiag which dedentilztdn cheneshis inksdt ed in the 7
Sept enber 2, The ventilation channel 1may constitute a tube with a upiform or non-uniform cross-
" section along the length of the channel. The cross-section of the ventilation channel may be of
20 any form, such as a circular, square, rectangular, rectanéﬂar with round corners, etc, The shape
and dimensions of the ventilation channel cross-section and of the ventilation channel walls
lﬁay be specified mamually, e.g. as is well-known from CAD/CAM systems, and may vary
along the length of the channel. The shell wall may constitute a part of the wall of the
ventilation channel. Data representing the opening of the ventilation channe] in the hearing aid
25 shell opposite the face plate are calculated, and the shell may be automatically preduced with
- the ventilation channel opening. Purther, the position and the geoinetry of the ventilation
chapnel opening in the face plate may be automatically calculated facilitating automatic

production of the face plate with the ventilation channe] opening.

As for the acoustic ontput opening, displaying the model of the hearing aid housing inserted in
30 the auditory canal model may facilitate selection of a position of the shell ventilation channel
opening so that it points in the direction of a longitudinal axis of the auditory canal thus,



WO 02/ 080617 PCT/ EP02/03318 9 auditory canal, the anplified acoustic signal
may | eak to the surroundings, potentially reaching the m crophone and
giving rise to feedback generating oscillations, to be cGipendsr 300y by
decreasing the hearing aid gain, and thus, the full capabilities of the
hearing aid can not be wutilized. Further, the shape of the auditory canal
typi cal ly changes in response to user act|V|ty 5 such as chew ng, yawni ng,
etc ‘?@P’ﬂ’% aring aid shell may not be capabl e BfVE}%#8ing to changes
in audl tory canal shape due to novesents of the jaw and thus, a shell that
is perfectly fitted initially may produce unsatisfactory resul ts in nornmal
use. Aflexible tightening ring solves this problem In an enbodi nent
wher ei n t hanigihp e 6k of heveatilatiob Ghnnel oapa bpchiagbdag pattialgberiined dynani cal |y,

10 the ti preferably sel ected at positions correspondi ng
to positi g’ﬁéﬁ?dnﬂ}tgﬁ%ﬁg%g%%#@ canal at which the above-nentioned dynam c
variations_of the dinensions of the auditory canal exhibit small

vari at i on<ifiH &y et Ye st optryd Sepning 3 the NeptilatonShpoest openiRg KB | in t he

auditory caaap&htmre:elpwwmmem&e@&actaa&peﬂﬁgsuﬁeﬁeeaeztak gijaﬁymyiéwee di mensi onal
model s SOf iy e(ﬁscl%&g %@Hﬂ?&@gdleg?lgesw‘éar lg)cl'%s tﬁan{hl ﬁxgduccd orrponents such 15

as m crophon processo TrEnsalters may be stored
in a dat awmmgmdfﬂfwh%ﬁ“@@mdbmgfonwrtpmfaltelewrwaxz\md4he hearing ai d.

Uti i zi ng ek b6 Quvihed NS %Moﬂﬁhé‘ﬁ% arbRd ik Speihy Jﬂ@ﬁataﬁlg%@é;mfcormonent s may
be positigned and d spl qdﬁ\é\ﬁa{)?fafb the hearing aid_haousing nodel and may

be moved élic?ﬁrﬁﬁx\g'ﬁf % &P ‘@E’ﬁ%ﬁ?ﬂ’?%@ﬂﬁ?ﬂ?ﬁ‘f‘“ﬁﬁﬁéﬁcf‘ Bhs and
orientati @mﬁ;olde:ggm cdromrx gAd\Fregdrdly, voll déckhkesdis nfigfaifkd de thf recess Biamdidrum Si ze.

Col I'i sjn g . pgf fornmed, and positions of the features of the
hearing ai %gat& , ptﬁe vent channel, may al so be noved around to
further %l m.ze 03| i oni.ng of the hearing aid conponents. Although there
may be suf T@?]]e‘Pﬁ P BB TR A ey iyration b isinesipension of e Erei st ﬁ"rpom tion

Wi t hi n t hexanplghd sheli ity nwnprist@trapheddpaasedaiviag ind hlivreditag sepnpoient i nto t hat
POSI 11 ON. offn fh1a REFAHEEredeR: plobiifid a@Luoﬁébsorgxgug;@Eng ddigapdah | forme a bottle

neck at the I nput _openi ng. earing aid,

col lision a&ﬁ#@tﬁ@ﬁ‘ﬁ%“éﬂ%@%@’ﬁﬂéﬁ%%ﬂ?%@“%ﬁ@maﬂéh‘ﬂ‘i’%e conmponent in

guesti pn ﬁeh&ﬂk@,hn&&ﬂﬁad@ﬁt&m@ﬂﬁﬁﬂﬂiﬁ drdthOthd RQiveNed Raviad F8ilsiehs gesired path
towards the des g&nngher Bm Oﬁ]: &g The shape of the shell nmay be
adj ust ed SEFEe %se the internal volunme of 30 the

shel | for rOV|S|on of suff|C|ent space for a specific conponent.
Pr ef er abl yhe pppdigpnsiars of thelearing aid shell model may be selectively increased so that the

cor:rcspoudlng hearing aid shell exerts a pressure on the auditory canal tissue when the shell is
inserted in the auditory capal. The outer dimensions may be uniformljr increased over the entire
20 - surface of the shell, or the size increase may be reduced gradually along a longitudinal axis of |
the shell so that very litfle or no pressure is exerted on fissue residing deeply in the auditory
" canal. Alternatively or additionally, the outer dimensions may.bc increased at selected areas of

_the shell surface, e.g. forming a rib partly or fully encircling the.heaﬂng aid shell, the £ib

providing a tight seal against the auditory canal wall when the shell is inserted in the audztory
© 25 canal

Further, a tightening contonr may be selected that éxtcnds along the surface of the shell and
partly or fully encircles the shell. A groove extending along the contour may be included in the
model having a cross-section with a shape and dimensions that match a desired tightening ring
to be mounted in the produced shell, or alternatively, that is adapted for automatic deposition of
30 amaterial different from the material of the shell, the deposited material constituting a
tightening protrusion. The tightening protrusion or thé tightening ring provides an appropriate
' and secure tightening of the shell to the auditory canal when the shell is mounted in the
anditory canal. If the hearing aid shell does not provide a good seal when inserted in the




section of the shell is expanded at areas corresponding to ear canal

| ocations that are relatively non-sensitive to pressure. 7 Septenber 2005
WO 02/ 080617 PCTI EP02/ 03318 10 The sel ection of the path7dfeptehehe DOGZ i ONn
contour may be performed while the shell nodel is displayed as inserted in
the auditory canal. In this way, the position of the face plate covering
the shel| outward opening may be sel ected for optinmum cosnetic appearance
when the"®&4P°Hg aid is inserted in the auditory BGHERO2031 shoul d be noted
that a nodel of a part of the outer gear 5 should be included in the nodel

of auditory canal facilitating evaluation of the cosnetic appearance of
the hearing aid. Typically, an inpression of an auditory canal also

cont ai NS ayhditoky HRE &S kO acdstR@lal Ay 1RE ce of the
shel | node rnQ%be slﬂ%fhed to glinﬁhatetgﬁgggmgﬁéggégﬁﬁ§%%%%rs and to
obtain a s%%%? neRf AR dne mpha feadhagk zencrating opcillgigps. e WBECheY Wr  speci fic areas

of the shedetreasipythilearif aig gdie afdaioks, e gl capabilifing offheGedHpifidan fBOUEE W th a cursor,

for snoot highg Byanekl E@ﬁﬁ thi ng technj ques.. .For exanple,
presence of cerunpﬁhbﬁﬁggm@e%@$y [ssﬁégﬁﬁd?ﬁﬁgﬁﬁﬁpygkﬁﬁ%gﬁg “when the
i mpr essi orfUiGF chewige. Firting sloys Baitkepringidshel eaymoy becrmable of adiptiesstpred artifacts in

the shel | dmRgalin avdibryhial hae bueiBoveRSisoERDNS thaftiu® Netlel BatiSRLH-AP ai d housi ng
overed b he artjfact 15 fromthe nodel and

nodel by | eting the surfa

calculatiggmgmﬁe n?ﬂ??gggm?ﬁﬁ%&pFﬁﬂgﬂf Ut Hepillg UEYAPPRERE hased on t he
nodel sur fsalee tiaprgblsndi ng the artifact. Further, a serial nunber or another
identification of the produced hearing aid housing may be incorporated

into the heusdnbeibRheHerein@heGhapd 6F B aftBbi§ Sl UasHOR lalelrAMRed ﬁ&nﬂﬂﬁ’i the housing
i i i 20 The fi'ni shed hearing

may be  produced with an inherent identification. )

ai d holi n‘% bt‘EPéqgc?f%";'/l“BE’cgg%Séﬁ“ LRSI ssependpg fo postifoptinfigt i eval . The

dat abase rmditotyganakaf Whichdigh abaye-mEniiotei dynamic bomwiin eithe dfuetshves dasi gn process. For
exanpl e, t gy AR S RadoRRHEIE Abg: itory canal may
be conparéH_fg t he sha e_ofaohou5| g?%%%g%gggﬁgre %ﬁmgﬁgﬁlata base, and
the best rfE{eH cralbRCvde] indegspdart of esr #HEYposi ti ons of features of the
hearing aid housing and sel ections, positions, and orientations of hearing
ai d 25 coriordmersiopdbyodly bihats wdidoyetie of \atigie fkaling aldk@nposatsng ai d housing to
be des&gnQQmkﬁﬂmm@ﬂﬁ&ﬁLﬂ&mﬁ@%m?&%&ﬁﬂH&QB£¥%gg%%%%hﬂﬂa ghge the retrieved

positions, orientations and selections. 'If arison nmy. be performed
sol el y f or™Btelettddor isprpasatigpinigitis goasipteaids Ulizing el krown CABCAMY

methods, models of the selected components may be positioned and displayed within the

hearing aid housing model and may be moved around for selection of respective optimam

positions and orientations, e.g. for provision of a hearing aid of a minimum size. Collision
20  checks may be performed, and positions of the features of the hearing aid shell, e.g. the vent

channel, may also be moved around to further optimize positioning of the hearing aid

components.

Although there may be sufficient room for a specific component at a certain position within the

shell, it may not be possible to move the comporent into that position, e.g, because the internal
‘25 volume of the shell forms a bottle neck at the input opening. Thus, during design of the hearing
' aid, collision check may also be performed during movement of the component in question

through the input opening into the shell along a desired path towards the desired mounting

position.

The shape of the shell may be adjusted selectively in order to increase the internal volume of
30 the shell for provision of sufficient space for a specific component. Preferably, the outer cross-
section of the shell is expanded at areas corresponding to ear canal Jocations that are relatively

non-sensitive to pressure.



housi ngs. The nodels may be stored in the database in a reduced form
requiring a reduced anount of data, since the very high nechani cal

tol erances required for production of hearing 30 aid housiSwsenatiee 2008
required for conparisons of shape with the purpose of reusing positions,
orientations, selections, features, or conponents relating to the stored
hearing aid housing nmodels. 7 Septenber 2005 WO 02/ 080617 PCTI EP0O2/ 03318
11 A patVePY8¥4t abase may be formed conprising recBFHEPGRPOBES a pati ent
identifier, e.g. nane and nunber, f{ylding the bearing aid housing nodel of
the patient in question. The records may further hold respective nodel s of
the original inpression of the auditory canal of the patient, and

i denti fi erge aneiodBOR pan6f id RR{HLE b Sayite HerfoHTR ABRHeSHMIRE |0 The patient’s
hearing a w hearin .dfor a _specific user may then be

iﬂ?’ e%jc.. 5 A ne ai
produced VFPRGE S TR P8R Gepek B iy e ppiinon of the s PR QWY canal agai n,
e.g. by methishe ostward wpehinp meySe sdxtedfor dptiduraeosiindtio ippeatmbathen the leaing t he
brev! 0US| Yy e iaG e NARAR. IR Y R BARIr rad Tty 858k RN, PALT et
nown in the art to pro a

dat abase. It _is well- . [0 uce "a housing based on a

t hr ee- di neshEiddn riuded ipshprmendel giyyditory camal faqilibatingeyatnatign efttielcosmititg so- cal | ed rapi d
pr ot ot ypi ngpeh@eberiGnesing ﬁmq\gpicaﬁy, &t iRF8GbA drROMKRR Ynal lRASEHains 1) Si Ntering,
fused deposirgsisignofgodeol ha@%i rop deposition printing, etc. For exanple, in
stereol i t ROGFARhY * PFHA S SHB G er model is converted into a number of cross-
sections that may be equidistant, plane-parallel and horizontal, but need
not be. TH&msurfacnef tharhglgnade) maybeppmaerticd totelimiatic dgrp plescioddorngrs piiddo i ndi vi dual

Cr 0SS- SeCtob@iddbmddthdieiSe. ThCHAS bV B ySbe SO br sfe@ft #fas @36 BhePllpde, UNderneath
each oiher or .next.to each ot her_and jﬁ%ni ng. tgyem tog’%%p A 15 cont ai ner
with alti VEFSS o K & oTPRERPe & BFRE frasropting Wkl dee “put er

cont r ol | edmoatigngddshiéqued. at f orm By targeted use of radiation directed at the
surface of the liquid, synthetic resin and causing at |east

part - pol ymef dxdibhe], Skt of B@mENOR 6 lisbuelifiBd Mditokyl cadaBwiRR S inbkeSsidaO generate a
first cros?-se%on f the heari ng ai.d housi ng}i Aféefr conpl eti on of each
cr oss- sect’f BH™ e"aﬂﬂg%lﬂ CoPAN At YugRsie attegy in g shell moddl. AppRtifaimay s 5o that t he
next. cr osdegaeted omibe pdadwpziddiusing ewdLiryfdeletng 20 swhcstetrercl by akifssy nt hetic resin
can_ beysd! GRHGR holdladdWcub e R Yorka kAR Bk BAAESS obtfibd ook fifine POI YTEY | ZEd

housi ng can _be renoved_fromthe container. Laser sintering is another
| ayer ed f &5Aq BsfeseSHopredsartiBeloduci ng a t hree- di nensi onal object from
powdered naterials in a |layered fashion utilizing heat generated by a CO2

| aser. As Fugther, g¢cgal ala).’fah'et dyegptheyifeptificktive ol poadtced hamgeld hbwingmmpier t ed i nto a
number  of iﬁe&ﬁﬁeﬁe&%ﬁ:& ﬁ)cmlﬁng model, e.g. in a selected position, so that the housing may be

produced with an inherent identification.

20  The finished hearing aid housing model may be stored in a database for later retrieval.

The database may be utilized for further automation of the design process. For example, the
acquired data representing the shape of an auditory canal may be compared to the shape of
housing models stored in the data base, and the best match may be retrieved and the positions
of features of the hearing aid housing and selections, positions, and orientations of hearing aid
25  components may auntomatically be reused in the hearing aid housing to be designed. An
operator may subsequently adjust or change the retrieved positions, orientations and selections,
The bomparison may be performed solely for selected corresponding areas of the hearing aid
housings. The models may be stored in the database in a reduced form requiring a reduced
amount of data, since the very high mechanical tolerances requ&cd for production of hearing
30  aid housings are not required for comparisons of shape with the purpose of reusing positions,
orientations, selections, features, or comfonents relating to the stored hearing aid hovsing

models,



25 successively produced by applying the |aser beamto a thin | ayer of
powder. The | aser beam fuses the powder particles to forma thin |ayer of
solid mass. The | aser sintering process allows for the Us&epednter2aésety of
powdered materials. A further possibility is to produce the cross-sections-
with a printing method simlar to that used in an ink jet printer, i.e. a
drop depgosition printing, for exanple, by consecutivel r oduci ng 30
success%@bzﬁ}fsﬂﬁms-secti ons using the drop depositi OHFHB%HF?WH ng and, after
at least partial polymerization whilch should already take place at the
printing operation, by then stacking them on top of each other and joining
themto forma shell. 7 Septenber 2005 WO 02/ 080617 PCTI EP02/ 03318 12 It is
an i npor t apatiepeidatahasa mey hoflormydeompprisisgradords widlenpationhidenkifdr, eg. imamidng ai d housi ng
that is nMahghedoldhOnancaie i bbkindHsiiloPhy pAal AlulRf fBfbedsRG)y udes various
features, e.qg. 1?” mteg}rﬁg%e? face plate, a_ ventilation channel, a

ti ght eni ngm‘fbhg'iﬂ” VS ) A St PRriping) sransrssiep ahfbe gy gt AigheP@sis, an ear wax
guard hol detidentfiass and andel of iy tedting ddlcompbraimibseTia khk yatidtt Beasng@midnddrum of - manual
oper ati ons 4 . i [ f.roma.flexible, sweat

resi staérjlt Ar‘r%e?’ g%"%%&%ﬁ%*ﬁa’%@% al schgcﬁ cgﬂwﬁ%#ﬁ Oggkﬁ‘éﬁégotgtf%egl )éla?eeact-i ons. The
shel | s ar &f fif BFEratsea) 2531 45 birpking 2 rewpimpressing ¢f ghe @yditpri chogl. sinfrtee mat eri al maybe
col orl ess gafvioiEBacq@edshapss f:§ bOkasily Rdlevdd FromlaRPRichtQ@atibasteSi red col or. Then, the
shell may be colored in a coloring substance of a desired color, e.g. by

di pping t 6 [Nath 1R ubst ance. .The inyentjion wll now be
expl ai _nedl’iﬁﬁgﬁlélg?%? t%g? tgipfogl\l/\:ng?ﬂll?gsr"gfb %F %ﬁlcazt&f%&?ﬁsém rcﬁr\?\f“neém?dﬁPMi ch: Fig. 1
shows a CAObemsirartisg,seredied rapidnyotetyping rebniquess welt as sterocdifipsravhy, laBr g. 2 shows a
Cr 0SS~ KECtsin@Aa, fuvtid @Woson BRadifY; Ihifrepaitiod RakdeN:. @i d, Fig. 3 illustrates
schematically the process steps of an enboél ment of the present invention
15 for ma LUK hear| aid Fig. 4 illustrates schematically the
process s{ﬂg{)_eg&tlop?a ’ %Egrgﬁ%ﬂg’_%’% c%@u%eﬁ%mdglrlse%ogﬁfte#%v%?“tmi%%ﬁ&“?s%r acquiring the
shape of tspréions thetimag by casidisfait, plapi-pyralle andferigontal, tupnepinotte. Thaptesent at i on of the
acqui red 9BRREisHnARLRAby hroRERSE RiViduilicBss-BetiSROWeAudREiRE8d NS onal
conputer nodel of a shell w.th al read%ﬁgzﬂlcul ated wal | o 0 thickness for
def i ni t i or°PSf AFThhe- Hpasinpagy cach.othen oy nextto aglyother ppd joining hemlopetheriy 7 shows a
Cr 0ss- ¥ec tephuamen¥ithactyated ligaid stha@assinmgy b lobatedorsd oagpuidr tdatrdillke acoust i ¢ out put
movable platform. By targeted use of radiation directed at the surface of the liquid synthetit

= Pulil

resin and causing at least part-polymerization of the synthetic resin, it is possible to generate a

first cross-section of the hearing aid housing. After completion of each cross-section, the

platform is fowered by the layer thickness so that the pext cross-sectional plane on the snrface
20 of the liquid synthetic resin can be produced in the same way. This contiones unfil the

' -polymérized housing can be removed from the container.

Laser sintering is another layered fabrication process producing a three-dimensional object
- from powdered materials in a layered fashion vtilizing heat generated by a CO, laser. As in
stereolithography, the computer model is converted into a nmmber of cross-sections
25 successively produced by applying the laser beam to a thin layer of powder. The laser beam
fuses the powder particles to form a thin layer of solid mass. The laser sintering process allows

for the use of a varicty of powdered materjals.

A further possibility is to produce the cross-sections with a printing method similar to that used
in an ink-jet printer, i.e. a drop deposition printing, for example, by consecntively producing

30 successive cross-sections using the drop depositioning printing and, after at least partial
polymerization which should already take place at the printing operation, by then stacking them
on top of each other and joining them to form a shell. ' '



opening, Fig. 8 shows a part of Fig. 7 in enlargenent, Fig. 9 is a
perspective view of an ear wax guard, 25 Fig. 10 is another perspective
view of the ear wax guard, 7 Septenber 2005 WO 02/ 080617 7.SkptdfbEr EHIR2/ 03318
Fig. I | shows a cross-section of a part of a hearing aid housing with the
acoustic output opening designed for positioning of an car wax guard, Fig.
12 is a nodification of the enbodinent in Fig. 11, Figs. 13-17 illustrate a
met hod fEFO288%8% n production of the hearing aid acBoVERPHY*Bo the 5
invention, Fig. 18 is a perspectivejview of an enbodi nent of a hearing aid
housi ng according to the invention, Fig. 19 is a perspective view of a
face plate for use in the hearing aid of Fig. 18 with an inserted

el ect Toni a §adlifiad et HeksHicend bl AURCGLE W ol g pl at e, 10 Fig

20 is a pers ecfrtfl ve view of the face plate 1tsel ows details in
the desi grf"%ﬁ’“f uqitary gangh and that inglpdes vagions f3pis, o AL AER &hkest i n the design
of the facentjptiod dhannflj (fightiing ploausirn AbalinGldind it elFiilslnank Qf calgx i N t he
beari ng ai i [ O shows, t he. socket part .of the electronic
modul o7 1R bedeh S bt pofl b by B0 e | DR EH ool 0° 5°F " o
exanpl e of a heari ngu/_ai d battery for use in the hearing aid of Fig. 18,

Fig. 29% Jhdwebly bedpliaprofisddume fpxiply, preataesisiant mgjerish Theyeatyriglskauider | nst al | ed,
Fi g. 29b shouse ilegiineatondlol ders in the shell w thout the receiver, Fig.

30a shows the receiver chanber in the shell, 20 Fig. 30b shows the
suspensi on0f R FRCHI held th atpDiSinit ixer chanmber, Fig. 31 shows exanples
of cross-sectieons For tiﬁ\(ga{s/enﬁalpatl o%&g d\ét(ramel in the shell, Fig. 32 shows a

shel |l w't andg}v\ﬁﬂ' t hg)ut a t i]g]gat eni ng ri ngi,a Fig. 33 shows a cross-section. of
a shel | proutitel 9e 8?°&1ﬁaﬂﬁ‘é° ¥ 5 o patlen g Cl%ﬁ‘rg’cfd’Fﬁ*FEjrﬂﬂ“’o?mP’ﬁ@ i nventi on,
shell may be colored in a coloring substance of a desired color, e.g. by dipping the shell in the
10 coloring substance.
The invention will now be explained in greater detail with reference to the drawing in which:
Fig. 1  shows a CAD/CAM systemn according to the present invention,

Fig.2  shows a cross-sectional view of an in-the-ear hearing ajd,

Fig.3  illustrates schematically the process steps of an embodiment of the present invention
15 for manufacturing a hearing aid,

. Fig. 4 7 illustrates schematically the process steps of an embodiment of the present invention
for acquiring the shape of the auditory canal,

Fig.5 shows a computer representation of the acquired shape of an ear fmpression,

Fig. 6  shows a three-dimensional computer model of a shell with already calculated wall
20 thickness for definition of the interior cavity at the inner surface,

Fig.7  shows a cross-section of a part of a hearing aid housing with the acoustic output

opening,
Fig. 8 showsa part of Fig. 7 in enlargement,
Fig. 9 isa perspective view of an ear wax guard,
25  Fig. 10 is another perspective view of the ear wax guard,




7 Septenber 2005 WO 02/ 080617 PCT/ EP02103318 14 Fig. 34 shows a
cross-section of a shell produced awardi ng to anot her preferred enbodi nent
of the invention, Fig. 35 shows a cross-section of a shel7lSepteitbec2@Ds5
according to still another preferred enbodinment of the invention, and 5
Fig. 36 shows various enbodinents of a face plate. Fig. 1 illustrates a
ON)Tymﬂgysten160 according to the present invention, conprising a
processSY® BA%5Hd a conputer display 62. The CAD/ CAI&FYEHE60 i s adapted -
for design and manufacture of a hed?ing aid housing conprising a face
plate and a shell that is matched to the auditory canal of a user. Data
representing the shape of the auditory canal are received and 10 stored by
t he syst emFiadplorshewse eiogsisectitn of b parichéis Iparivg hid hpysiorwddioredsic fupubs a

t hr ee- di mensi onajpening@dhea®d: pbRBniAdWthd QF ¥axGa@! and a part of the
correspondi ng oﬁ%é?ggaghbasgd on the data.” The nodel is manipulated to

forma three;:djnensi | . el of.the desired hearing aid housing having a
* shel | that%W%k%H%% %ﬁ%“ﬁﬁﬁﬁFSr m%%ﬂ%fﬂgihe hearing aid housing nodel is
further manipul ated according to well-known nethods of CAD/ CAM systens to
desi gn and Hgs-dérditllushata Hoefaed fior By iseipqtingyof fie fearing pyd appgrding f thehe  desi gn pr ocess,
t he nodel may banditef! ayed on the conputer display 62 in various
t hr ee- di nensi onal views and two-di nensi onal cross-sections, and various
oper at or c&ig 180li$ e@rspetive view nBankobodaeituts lvaieg aidhoutilpecdamithe ko tier € provi ded.
During the desiggmg%gcess, t he nodel of the auditory canal remains
unchanged whil e the nodel of the hearing aid shell is subject to
modi fi catigns, and additions of various features. The 20 nodels may be
di spl ayed it i <13 BeGRACSH IV & 1fgne 86 for u ip theheariagaid of Figel? "R 2%y spl ayed
inserted in thénsatedeltbnic waiNaknd afbeterytlidicanand wit tefce pitep0ses, t he nodel of
the auditory canal may be " displayed transparently. Upon conpletion of the

hear i ng;eai Gl gi NQrpBEL biew biife 2R pLERRANdI Ng hearing aid housing is
produced, e.g. with an integrated face plate, based on the nodel and

utilizing a.rapid 2 r ot ot.ypi n tus 66. In the shown enbodi nent the
| T RSB P0G .

rapi d prot in mrercially avail abl e

Stereolithograpag apparatus 66. 30 Fig. 2 schematically shows an in-the-ear

hearing ai &81% whaws fughes deqils ingherdasign of the fagsplateed by a face plate 2 with a

battery opening 78 and a m crophone opening 76. The hearing aid contains a
Fig. 23 shows an electronic module for use in the hearing aid of Fig. 18,

‘Fig. 24 shows the socket part of the electronic module,

15 Figs, 25-27 show the design of a battery 1id,

- Fig, 28 isan example of a hearing aid battery for use in the hearing aid of Fig. 18,
- Fig. 20a shows receiver holders in fhe shell with the receiver installed,
. Fig. 29b shows receiver holders in the shell without the receiver,
Fig. 30a shows ihe receiver chamber in the shell,
20  Fig. 30b shows the suspension of the receiver in the receiver chamber,
ng. 31 shows examples of cross-sections of the ventilation channel in the shell,
‘Fig. 32 shows a shell with and without a tightening ring,

-

Fig. 33 shows & cross-section of a shell produced according to a preferred embodiment of the

invention,




m crophone 3, an electronic anplifier 4, a battery 5 a receiver 6, an
acoustic output opening 7, and a ventilation channel 8. 7 Septenber 2005
WO 02/ 080617 PCTI EPO2/ 03318 15 The general principle of g ggptdhandrageprding
to the invention is shown in Fig. 3_ A schematically shown ear 11
possesses an auditory canal 12, the shape of which it is desired to

acquire and represent with di gltal data. In Fig. 3, the shape of the

audi t or YWREEI s deternined at A and digitally stBFEEPO¥HE nenory 5 13
The digital data are converted intoy,a three-di mensional conputer nodel of
the shell at B and saved in a data rrermry 14. Model s of conponents for or
features of in-the-ear hearing aids are stored in a data base 15. Thus,

t he data ions .and.perfo avai |l abl e
conponent ;ﬁ‘%%d %‘gs?l &%ﬁggsﬁgﬁdg Egggpr\‘]/%ﬁdéﬁ(s’mls% ey grﬂﬁc er‘rh e"éb‘)d%? t receivers,

m cr ophones, arﬁilthieﬁ"@\*wl‘sectl ons, batteries, etc. 10 The data stored in the
data nenory 14 and data base 15 are then conbined at Cto incorporate the
necessary Hiyﬁ&tdhmc&ﬁs—sﬁcﬁaﬂdﬂﬁﬁﬁllbrﬂiu&dﬂ@ccﬁrbiﬁ@ﬁsﬂiaﬂ&ﬁbﬁbﬂ&ﬁaﬁ conput er nodel ,
e.g. of an in-t rin in an optimumway. As a result, a

conpl et e nodel Q‘% d’ﬁ%&g:&?%‘e al d‘%ﬁoum ng is obtained in the nenory 16 which
may forma part of a data base for storage of conplete nodels of hearing
ai ds. Therfie- 3t ehepsyasiong pmbodimests sf4fergeld® in a conputer controlled production
15 process D on the basis of the nodel of the housing stored in the nenory
16. The prhgntilplrates aTACAN aistere 6hmtoning tf ty preled @vertida] d@pdshiga Shape of an
auditory &Eﬁ@r Ei Q- . Inpression 18 is
made of t%gde%%'ﬁ&émﬁ %IG%Tlto(?Mé%n m%gm%?apﬁ'?fogﬁé I mensi ons of ear
i npr essi oﬁ“"&‘ﬁa"’iu?"&i’E‘?ﬁgi’é@“&f‘g%{z?mwﬁafaﬁﬂd@‘ﬁrae%whﬂtbﬁgiSda'Fl&‘dméhee stored in the
menory 13. audﬂi@ﬂanaltohﬁusﬂ'a]b@a r@ﬁ’r@cnﬁﬁﬁﬂ%&ﬁab@&hﬂe@ﬁdﬁo@catnh&ﬁ@ebmems' onal conputer
20 m)d 5& d ;[thg rr‘pdee Jof égr'g g‘?f dat gsy 4. Met hods for
scanni ng ARETH TS NP SR crﬁr%ﬁf?“ 0 r“E 8n will be readily
avai |l abl e moéﬂlpﬂi@@édl@ﬂ'icma@ddamvﬁhecanretswnd@ugwmenee:t!yse@ﬁntsmtan&cs and prograns
may be usegad @\nﬁﬁﬁﬂw&ﬂo fo&yﬂﬁe&&lﬂéﬁh&n@; aéha’hﬁl@&&c@ﬁfc@ﬁlg%ﬁh&mﬁ om Mnolta Co.,

Ltd. in O%?aka ‘ﬁﬁﬁ}%n in conbination with _a rapysolution
~avai | abl e "FYEA° “@GWW@“ﬂIW&h““WMPS‘%WQ *SA, has 25 been
f ound eff(-mabximvmda&mgmgﬁ_mmmﬂmemmﬁwcmgﬁaﬁﬁmﬂeaﬁghﬁﬂpﬁiucé:he acquired
shape of an;&ak Eﬁa%§+ o%the\m%gpg&gsammo%ar esgn‘ﬁspp?gbsdt htg shape of the

auditory canal areée aval he henor p055|ble to
coroputer display 62 in various three-dimensional views and two-dimensional cross-sections,

and various operator controlled functions for adjustment of the model are provided.

During the design process, the model of the auditory canal renmains unchanged while the model
of the hearing aid shell is subject to modifications and additions of various features. The

20  models may be displayed in distingnishable colors, and the shell may be displayed inserted in
the audifory canal. For this and other purposes, the model of the auditory canal maybe ~
displayed transparently.

Upon completion of the hearing aid housing model, the corresponding hearing aid housing is
produced, e.g. with an integrated face plate, based on the mode] and utilizing a rapid
25  prototyping apparatus 66. In the shown embodiment, the rapid prototyping apparatus 66 is a
' commercially available stereolithography apparatus 66. '

Fig. 2 schematically shows ap in-the-car hearing aid 10 with a shell 1 that is covered by a face
plate 2 with a battery opening 78 and a microphone opening 76. The hearing aid contains a
microphone 3, an electronic amplifier 4, a battery 5, a receiver 6, an acoustic output opening 7,

30  and a ventilation channel 8.



convert the data using algorithnms well-known in the field of CAD CAM
technol ogy to produce a three-dinensional conputer nodel of the matching
shel | of the hearing aid housing to be 30 produced. Fig. 7Sd&phaer2005

t hr ee- di nensi onal conputer nodel of a shell wherein wall thickness has

al ready been selected for definition of the interior cavity defined by the
shelt'. 7 Septenber 2005 WO 02/ 080617 PCT/ EP02103318 16 The conversi on of
dat a i nt ¥ BMput er nodel may be perforned inter alETHRRY3Ender user
control or fully conputer controlleg Suitable CAD CAM prograns wi |l be
readily available to those skilled in the art. A variety of progranms may
be used. A CAD/ CAM program Pro/ ENG NEER avail able from PTC i n Needham

Massachus ettisgenetdhin c;ﬁi@o?ahﬁﬁdﬂa@c@ﬂdﬂgm%le@ﬁvgﬁ&}&Ml%wnﬁlFﬂ3 4 shows a part. of the
nner _ear he receiver 6 1s illustrated with an output

shell 1 fac%rﬁ% %f@u

port 20 that"Esi sﬁ?”@ﬁf”éépﬁefsﬁ”?ﬁ‘@“%ﬁﬂ%ﬂ - e Fhapepf FRigiEtderitgd ® ¢ hr ough an
acoust i ¢ owtfizend repeesent withHighddaed by a hose nenber 34 nade of plastics. In
order to avoid contam nation of the interior of the housing 1 with cerunen

or ear wax;nerigtﬂh&ﬁlﬁpetoh@eﬁawﬁéaﬁa?m%xﬁﬂéda%ﬁ{a'd@ﬁau?m@&n?%m}o wax guard 22
is plac 10, ear wax quard 22 conprises a

d in Figs,
short, éhﬁ g’lgitai}d”(ﬁ ?eﬂvﬂw&ﬂﬁﬂﬁﬁﬁfﬁe&?lmkweémq%ﬁ‘éfhﬁ 4Bwith a | ength
and an out@ﬂsahdamedaarmemm mﬂeﬂs@fcohﬁﬁﬁﬁtiﬂnﬁﬁfebﬂiie@fﬁlhﬁe—eaﬂ@ﬁﬁﬁhlﬁs outl et canal

21 with frelrgsttdréag%] da&'bgse 136‘{[111 ﬂ#ﬂa?&ll Xcglga n:%!enasfons a%épeﬂ'gr Inca(% bore 24 in the

t ubul ar ose RtR i ng barrier
25 at the ‘I—fﬁﬂﬂ%bhé?mﬂ%mﬁ ﬁ@é?af‘@ﬂ S?Cht‘sdfaltlf%‘ies@%@d&apee ofgeseivasy canal 21. The

barri er Zﬁcﬁﬂynﬁaﬂﬁlﬂeﬁm&s&a&ﬁ&e@’] with |l oops and radial threads as shown
in Fig. 10 At the opp05|te end of the tubul ar rrerrber 23, the ear wax guard

wal | part 30 surro acouSt c ou he shown
enbodi nentth”l“'?f%ga’@'@lﬂf’t&i” %?aqﬁﬁsﬂﬁe%h@‘@xﬂsmyﬂ)@mpﬁprd@damd daminfieave or sl i ghtly

20 coni Ca|caﬂﬂamga1ﬁ,ln£&,optﬁﬁ&ﬁlv@?'ﬂs @ﬂﬁﬂt@i coﬁ%&@nﬂfcl&fgﬁca&%laidﬁsusﬁgﬁm ng a
relatively, %map %esof Pg% 8 %aagnst the end wall part 30.
Thus, a high de %C'Fy ’{}grfnsa P& POl i on of car wax
“under the models ?flhe*rlyg @dﬂ@é@ﬂoﬁemm@lgdbklp@ﬂucamda tdn@uhaabmm;mgmniai will in

i nsert gg rmasgb@ﬂﬂmmgLﬁw.ﬁo&,@oﬁ&rﬁmﬁgst&éﬂ@ﬁ@% This is very inportant

inrelation to confort, especially for etely in the Canal)

heari ng ai.gs d in the _innernost sensitive part of the 25
audi to?y C@n% clpl%s of a sta C%ﬁfﬁﬂd or determining the shape of 2n auditory canal is P

schematzca]ly shown in Fig. 4. An ear impression 18 is made of the ear 11 with its anditory

canal 12 at Al, the dimensions of ear impression 18 is digitized at A2, and the resulting data
are stored in the memory 13. Then, the data are converted into a three-dimensional computer
20 mode]l'at B and the model is stored in the data memory 14.

Methods for scanning and digitizing the outer contour of the impression will be readily

available to those skilled in the art. A variety of scanners and programs may be used. A scapner

type Minolta VIVID 900 available from Minolta Co., Ltd. in Osaka, Japan, in combination with

a 3D photography solution available from Raindrop Geomagic, Inc., North Carolina, USA, has
25  been found effective.

Fig. 5 shows a computer representation of the acquired shape of an ear impression. When data
representing the shape of the auditory canal are available in the memory 13, it is possible to
convert the data using algorithms well-known in the field of CAD/CAM tcéhnology to produce
a three-dimensional computer model of the matching shell of the hearing aid housing to be

30 produced. Fig. 6 shows a three-dimensional computer model of a shell wherein wall thickness
has already been selected for definition of the interior cavity defined by the shell.



The ear wax guard 22 is manufactured of a resilient material, such as
silicone rubber or a thernoplastic elastoner, typically with an outer
diameter of 2.25-1.5 nm and an inner dianeter of the borgeRdmipd 2009ut 1
mm For an inproved securing of the ear wax guard 22 in the acoustic outl et
canal .21, the tubular 30 nenber 23 can on the outside be provided with
means for frictional engagement, e.g. in the formof at |east one

ci rcunf eVRPYBUE” bead 29. 7 Septenmber 2005 WO 0 210PEUER2433%8 pCT| EP02103318
17 An ear wax guard as shown and de¥cri bed may al so be placed in the
ventilation channel opening in the shell. In the enbodi ment shown in Fig.
11, the ear wax guard 22 is nmounted in a bushing 32 with an annular collar
33 i n abutTherevesdeaohdse ftprcoppite sl By be peforwrd fEE ey 4Mer 1Y of t he shel | 1.
Tlhe 5 busmoﬁtgaltﬁﬁﬂlySowpﬁﬁxfcgﬁﬁt#dYSﬂhﬁﬂelcﬂﬁlcﬁM@igﬂﬁﬁﬁhb&ﬁﬁh}éhﬁdamahe rigid, e.g.
pl astics a n, bat the el astic er 4serV|ng as
acoustic g%ﬂ? c’%rﬁ“a" A VYO PRETRL P mﬁ%sa‘élr}‘aér %Hb‘f & bushing 32 is

mount ed i NSH/BREGINEER hydeblafemPd e u@¥eedhon, Mazspehoesttf Db dlastbeentfived end of t he hose
menber 34 ysed uing or welding of the collar 33 to the end wall part 30
and/or it maybe inserted with an interference fit in the hose nenber 34.
10 Prefer t he JBe ry. edge.37 of, the.c 33.1.5 tapered to provide
a snoot h flf%ﬁbhc’?s%% E)dl{)v@eiﬁacfﬂﬁg‘ ?rlc%{rrmﬁffc%vﬁg’fﬂmétﬁdd | 30. In the
enbodi mentoutphigem2(¢ that Finguunida@es with thoasmefiargtpitesdning §) thrbRehan pdoustic ofibtl ar 43 i s

adapt ed t Q21 RS ySGod bRk iﬂma'd@oftpﬂ&lcsaﬁl%@hb CvoRUb MR CRGPROT 7. The hose
menber 34 formng an acoustic outlet canal 21 may be nounted on the

out si de of MLt ! H5h SRULETE G VRt rRirRg, th"laF"“ﬁ’lEiP“ti’“ﬁ"fteﬁ’ég h 8 Bhbodi ment
shown i Fiag guald?? id deeediesd. menber 34 is nounted inside the bushing 42. Fig.

13 illustrates fitting of a collar 53 to the end wall part 30 of a shell 1
by cutti ngAstsf?ovﬁmﬁé!s"Fﬂpﬁt@eaﬁ%ﬁ@%@ﬁc%pds&qls}ﬁﬂteggnul?ﬂ@cﬁzm@gﬂnémﬁﬁn by grinding
to obtain a snooth transition between he col the end wall part

30. Al so iPPuerBenRAd hrblitelh sahiphepen dipmetegrgapteg for frgtion nio e fgeustisyushi ngs 32 and
42 wit h t hatleabdl ar sitddctamdifitd3 maybe adapted to the shell 1 in the same way.
20 As shown in Figs. 11-17, it is preferred that the collar-has the form of
a disc wt e part 30 of
the shel | %&éﬁdﬁ%ﬁg{ﬁdﬁﬁgﬁl?&h@pgﬁ fﬂalgﬂa![rtg%o R g PO 30

provi déd vﬁ’af‘I‘F‘aﬁmfglbém’&ﬁﬁ?ﬁ’?ﬁ‘mﬂ“‘é’ﬁ%“F"é‘é‘%‘“‘sﬁmﬁﬁ}wt‘?@@?ﬁ’c“?l@ﬂr Tebame collar. As
shown i n BinGy cobfiputd d3erech Rufth loops aiiRydiadDret® B khaatinFigdo.so that the surface 58
is countersunk in the hearing

At the opposite end of the tubular merober 23, the ear wax guard 22 has a collar 27 which in the

inserted position sealingly abuts the end wall part 30 surrounding the acoustic cutput opening
7. In the shown embodiment, the collar 27 has a convex upper side and a concave or slightly

20 conical lower side, the peripheral edge of the collar forming a relatively thin and soft sealing lip
28 against the end wall part 30. Thus, a high degree of security is obtained against migration of
ear wax under the periphery edge of the collar and the ear wax guard will in iﬁscrtgd position
follow the contour of the shell. This is very important in relation to comfort, especially for CIC
(Completely In the Canal) hearing aids which are placed in the inmermost sensitive part of the

25 .auditory canal.

The ear wax gnard 22 is mmamufactured of a resilient matesial, such as silicone rabber or a
thermoplastic elastomer, typically with an outer diameter of 2.25-1.5 mua and an inner diameter
of the bore 24 of about 1 mm.

For an improved securing of the ear wax guard 22 in the acoustic outlet canal 21, the tubular
30 member 23 can on the outside be provided with means for frictional engagement, e.g. in the
form of at feast one circumferential bead 29,



.aid shell 1, preferably w thout changing shell wall thickness. 25 As shown
in Fig. 16, during assenbly of the shell 1, the hose nenber 34 maybe
provided with a surplus |ength which is guided through th&epasahes20@s5 out put
opening 7 in the end wall part 30 of the shell 1 and fastened thereto by
gl uing or wel di ng whereupon the projecting part of the hose nmenber 34 is
cut flush with the surface 58. Then the shell 1 maybe provided with a

col lar %809 but a nounting bushing as shown in PEHEPOYBSI8The collar 53 is
fixed to the surface 58 by 30 gluing or welding, or, the shell 1 naybe
provided with a nounting bushing 32 as shown in Fig. 11 with a collar 33
that is inserted into the end of the hose nenber 34. 7 Septenber 2005 WD

02/ 080617 g%li 9 e e collar 33 or 53
nmount ed on g%ﬁém%?t?bgﬁg@ td&g% ?lﬁ%%gp{ms% C‘Tsdlr}g%héwnmm%%\)\l%nm n Fig. 17. Fig.
18 shows i preprieteidethi | the nounting of an electronic nodule 74 in a
hearing aid housing 10 according to the present invention. The housing 10

conpri ses htishebddinkataithan it ﬂbmbbww&gﬁudﬁiﬂmm&malbuwmmaﬂg a generally

i rregul ar %9151& %«ﬁﬂ rﬁ%&fﬂbﬂé%@&pl ot 1ét theenggl\aﬁfcaftggoftﬂlh ell?"‘ithward openi ng_of

t he shell atte y conn ed W th the face plate 2,
and an 5el BehiredRisero madepfia ﬁﬁ@ﬁﬂ}@taﬂme@s@p‘mﬂ@ﬁ@ or retad ithgmbdth pr ocessor 9

alnd a gounﬂe%ﬁﬁlﬂﬁﬂ%&ﬁcr@lscrvfn@ﬁs&bdﬁﬁfcoﬁtﬁt&aﬁh@lfa%m&fwa@a g%ﬂ@ﬁmne ?rb ghe face
pl ate e.an int t ace int shown enbodi nment,
the face: I3leé“°'2“%g“§%%§g]?‘f’ r&?ﬂﬂ?@ﬁgﬁﬁg?&?@dffﬁ?@ﬁﬁthe shel | 1.
Feat ur es ofenbaei4 bagengyr stldinPof e eollsi i3 wWiehd and wl pert Sedndibdit magbé-i gs. 19 and 20.

Prior to fh&&h&%&ﬁ&ﬁn&&?&ce@t&%h&e&ﬁmﬁ&% shell 1, the contour of the face
pl ate 2 has been torned cuttlng or mlling according to the junction

. cont oyr evi I oeC|f| n the nodel of the hear ai d housi ng and
al so défin ‘Ff&fa"?%ﬁ‘ BBEﬁBWé’P%f 3gﬁfé1i"? WE’I&‘S?WW&W&&SWT‘?E“&%?R our

cor r espondbetygerttie colve 33 andibe énd walkWnt our i s indicated 15 as a dashed line 2
in Figs. 19 and 20. Having fastened the face plate 2 to the shell 1, e.qg.

by gl ui ng;nﬂfela@boaﬁﬂaﬁ&hmwwaao@ﬁ@bmmgnzeﬁmlareoﬂamlib@aﬁaameal d housing. It
i's an inpor “\?{ﬁ‘f’ﬁ“ﬁ%ﬂva tage. of this enbo rment of the present invention that

the shell ¥° & e fequstg oWtpyt opsnipg, f; Th Sec??"ﬁ’ﬁ?ﬁéﬁf"ﬁ?“ﬂgé‘?a“l"}‘f@cfl ni shing so
t hat t he otvlie rang@heyrteniosntel oe theattside xfibetachins @2 mhdmtmmm ithetindg  their

mount i g. ot AMa b 17 ose Tt 54 Bubipleh e g, 78 is formed in the

enin
face plate 2 for renova arr angenent ectrgnl ¢ modul e 74, and a
batter be formed as shown i
y W QB Mates ﬁtt{ng otm%:ollar §3tothc end Wall part38 of a shell 1 by cuiting to a

' suitable diameter as indicated by 57 and then by grinding to obtain a smooih transxtlon between
the collar 53 and the end wall part 30. Also in the embodiments shown in Figs. 11 and 12, the
bushings 32 and 42 with the collars 33 and 43 may be adapted o the shell T in the same way.

20  AsshowninFigs. 11-17, it is preferred that the collar.has the form of a disc with a flat surface
for abutment against the end wall part 30 of the sheil 1. Correspondingly, the end wall part 30
 of the shell 1 is provided with a flat abutment surface 58 for teception of the collar. As shown
‘in Fig. 13, the shell 1 may be manufactured so that the surface 58 is countersunk in the hearing
-aid shell 1, preferably without changing shell wall thickness. |

25  Asshownin Fig. 16, dusing asserbly of the shell 1, the hose member 34 may be provided with
a surplus length which is gnided fhrough the acoustic outpat opening 7 in the end wall part 30
of the shell 1 and fastened thereto by gluing or welding whereupon the projecting part of the
hose member 34 is cut flush with the surface 58, Then the shell 1 may be provided with a collar
53 without a mounting bushing as shown in Fig. 14. The collar 53 is fixed to the surface 58 by

30 ghing or welding, or, the shell 1 may be provided with a mounting bushing 32 as shown in Fig.
11 with a collar 33 that is inserted info the end of .ﬂiﬁ hose member 34.




28 for insertion inthe lid 73 that is formed as a battery holder. For this
purpose, the battery opening 78 conprises a. first region 79 for
positioning of the battery and a second region 80 coher gReptdagreents for
insertion of a socket 81 of the electronic nodule 74 housing the 25

m crophone 3 of the nodule. To retain the socket 81 of the electronic
moduf e 74, integral engaging nmeans are formed at the edge of the battery
openi ng W89%806¢hown in Figs. 19-22. In the shown eREUERYEBI the engagi ng
means conprises a pair of grooves 8z and 83 which are arranged opposite to
each other at opposite edges of the battery opening 78 in the first region
79 for positioning of the 30 battery. These grooves 82 and 83 serve to

petaln henagaksle Sy 08 A3kl 0 B0SHERL, |0k 15 B A0, ga [ e face Pl ate

2. The engagi nhg_neans er conprise a Hd 85 facing
each ot hetorgrFedienti on of the socket 81 agalnst di spl acenent at right
angles to the face plate 2 into 7 Septenber 2005 WO 02/ 080617

PCT/ EP02 1088 18shodn inbe dadiiahelmoilntiagél aelt@émid nddic 1405 a heddn Bl hain®! t he socket
o hoga St 10U R B Menl el \BDBRS corifife S P Lkl 1 I7ICTENE WD Lhe

engagi ng neans acepla % "the electronic
modul e 74, a“é@ﬂ%@hﬂﬂﬁ‘bﬂégeg%%!ﬂ’}mmﬁng@shﬂsa&mﬂm covegingtizr med Wit h

laterally &t@fm&%bﬂ&sﬁwhsatﬁzcrﬁms%&ﬂgg@ﬁ&&h witltnd 38 plat-8Cd6$a04 and 85, and
with a ca ection for egga enent wth the notch 86,

and with ¢ eBW’ﬁd‘PH‘a ﬁé’%‘i“?glaé'ﬁct“’f’ UGS 28gn4 ppocsspr @ant 4 sgwnd FprofE °yr ooves 82 and
83. Wien tikxeivelietht foginefe tehepieii e 74 is arranged in the face plate 2 wth the
battery lid 73 pivoted out to the position shown in Figs. 18 and 19, the

parts of tﬂefaeéI@ﬁsma\}lbgams&%@faema@@ﬁﬁ@v&&rme%ﬂ“a%ﬁoﬁ&@ ladeN the shell 1

under the fac e. rocessor 9 and the tel ephone 6,
are paé%e(flaﬁ?ﬁ’ﬂglﬁfﬁ“’f‘a}%ﬁ%?df@ﬁmﬁg%&ﬁ&e@ Feprgwas °§¢thi‘f’et’1ﬁé3§‘ﬁel | 1. The socket
81 i s thenhginacmore dapiltidFigshi? and H0Pri@to fixing theerade plae & & 1@4haANOMSB5 and i s

di spl aced éolﬂou?r)ftﬁ)é%:QEQ%ZL&‘G@L%M@F&%%Fm: L%%chg)ﬁegmqﬁdﬁtp@)élt e 2.so that the

projection 88 is Into engﬁg{ wher eby t he
resilient W%%PIBQOWW@?WWIP hating pid bepeing Bdaledefi@@ the 15 The engagi ng

means at tdmaﬂdgﬁslg of thelshedl 1DBLE tRlodr cORSILARE td Be RREod DR RERRIED €Ngagi ng
be forned so that

nmeans n t.81
t he electronﬁgmgg mﬁ?ﬁq§?MQ§§??§§”§3§§F§ﬁ??ﬂT4?ﬂﬁﬁggyfﬁdﬁt angle into the
second r egiuins. f@ipﬂvfccuh@emqwedop%ﬂhqa@thMg litgs anFgpartoht Spl aced in the

plane of tBankRCEnmR Al inkR br i PNinShRiod thal G HN AL SIBN S de3er | bed above.

be cleaned after the finishing so that the other components are not exposed to pollution during

their mounting.

20  Asshownin Figs. 18-22, a battery opening 78 is formed in the face plate 2 for removable
. arrangement of the electronic module 74, and a battery which may be formed as shown in Fig.
28 for insertion in the lid 73 that is formed as a battery holder. Por this purpose, the battery
opening 78 comprises a first region 79 for positioning of the battery and a second regjon 80
coherent therewith for insertion of a socket 81 of the electronic module 74 housing the
25  microphone 3 of the module. |

To retain the socket 81 of the electronic module 74, integral engaging means are formed at the
edge of the battery opening 78 as shown in Figs. 19-22. In the shown cmbodimsﬁt, the
engaging means comprises a pair of grooves 82 and 83 which are arranged opposite to cach
other at opposite edges of the battery opening 78 in the first region 79 for positioning of the
30 battery. These grooves 82 and 83 serve to retajn the socket 81 against disp]accmelit in the plane
of the face plate 2. The engaging means further comprise a pair of tracks 84 and 85 facing each
other for retention of the socket 81 against displacement at night angles to the face piate 2 into



Preferably, however, the socket 81 is passed at an oblique angle into the
battery opening 78 20 with abutnent on its edge at the notch 86, whereupon
the socket is pivoted into place and fastened by engagemeggpt@ﬁbgrlzgm
resilient lugs 89 with the grooves 82 and 83 and of the projection 88 with
the notch 86. In this design, the end of the tracks 84, 85 and the
correspondi ng ends of the ribs 87 may be forned for mutual abutnent and for
retenti oKOB¥B¥hE socket 81 agai nst di spl acenent i RCWHE2$Pne of the face
plate 2 after nmounting of the socke® in 25 the battery opening 78. Wen
the electronic nodule 74 is renoved fromthe hearing aid, the resilient

| ugs 89 can be released fromtheir engagenent with the grooves 82 and 83
by neans afe shelld uhd exdlcR8d foxQbcutiondhBE SUROFI abdiet Gpladesint R heloppofievot ed upwar ds

W th the éﬂg edge at the notch 86 as the pivot point for release of the
proj ection “Fromits engagenent with the notch 86 so that the socket 30

.81 can be renoved fromthe face plate and the other conponents 76 and 77
of the el J&’fﬁn&ﬁi"%‘m%&l‘jlﬁéﬂaﬂ‘lﬁ%f%’éedI‘F?’E%EFPB&tZ Preidhefint eri or of the

shel | | tMmbgianiommaiqtﬁmumwﬁgxgiasdz@em:e%mw&&% WO 0 2108 0 6 1 7
PCT/ EP0321033w§ng%g ﬁt}clwsmdem ﬁv@asamlag% SORKEL . lhkc%n%(be 2 Pivoted in and
t1o

out of 1t Pos! S advantageous “Sinee tThe. engagi ng means
82-86 in tmgtmé%fogmgagalpfawﬂlﬂhmpﬁﬂb?élngfﬂom%@ngwnﬁm $@dor do not require
space for jgh&RkARSRM: sPfage socket 81 into the region 79 at insertion and
removal . The design at the sane tine still provi des good retention of the

socket 81,..Sinc Ilent 8 egion 79 for
posi ti oni n‘&ﬁ%ﬁ © glhcgm% ‘élF’ ?/J BHgrest t“lé%?" é\}QE Wiﬂl cryd’r 3%/?“(5‘%% strong
f ast eni ng oelfmﬂlh@sewk@tnuamt Braed/@nﬂlcpattsofshqplmﬁem@e@ulpmvmedfvg out after the

mount i gg. a}}h@eﬁeﬁé@&ba&awmh@mgﬁcémmﬁESI r&&ﬁr“ﬂﬂﬁﬁ:teﬁe e 89 projecting
into the region 79 _ si mJItaneously acilitates remval o he socket 81

si nce t he #qpgseddiyough e Dyfepergrins /8 a‘fnmteﬂl@&g’éhé‘h%m@&éil }Sy‘c’bglﬂ“& relatively

snmal | use vadh ﬂfcﬁ‘bscm irbthe thabl® 30dntl efraneiadisplafea ih hepitota @)D wHB . the PAnddf e 21 shows an

alternati JAGke e mpattery opening
78, the g\r%%ogl agir‘%&&@%“‘@m%g’&r %g%&mmrgﬁ fvose recesses 90. In
anot her éﬁﬂ%ﬂ%?ﬁ’tﬂmﬂﬂ@egﬂfbﬁ/ﬁ@vﬁﬁzm%S open out downwards into groove
tracks 83a which, as shown in Fig. 20, expand fromthe aperture. This

desi gnipr Cmibd@%n:gﬁﬁidls @1hg adpes e e baitkry bie@ing Tiemd the mindhink i sping e event i ng
uni nt endeq,, iyl Yot é‘&ﬁ% Lm%m%%?lgg%e fo;r‘t:fedw}t Re Elec%%co:ﬂdal?@ P4 Of the

engagi ng nmeans Is ereln the second region 80a of the

battery oppewdrgsgiallypsa rght %lhefatﬂedwmd@en%efﬂe bﬂﬂmepwaw 84 and 85 and
t he not ch- &4 displaced in the plane of the face plate for provision of the engagements described above.

Preferably, however, the socket 81 is passed at an oblique angle into the battery opening 78
20  with abutment on its edge at fhe notch 86, wherenpon the socket is pivoted into place and
* fastened by engagement of the resilient lugs 89 with the grooves 82 and 83 and of the
projection 88 with the notch 86. In this design, the end of the tracks 84, 85 and the
corresponding ends of the ribs 87 may be formed for mutnal abutment and for retention of the
socket 81 against displacement in the plane of the face plate 2 after mounting of the socket in
25 -thebattery opening 78. '

When the electronic module 74 is removed from the hearing aid, the resilient Ings 89 can be
released from their engagement with the grooves 82 and 83 by means of a suitable tool,
whereupon the socket 81 is pivoted upwards with the back edge at the notch 86 as the pivot
point for release of the projection 88 from its engagement with the notch 86 so that the socket
30 81 canbe removed from the face plate 2, and the ofher components 76 and 77 of the electronic
module 74 can be lifted out from the interior of the shell 1 through the battery opening 78.




are replaced by inwardly projecting, arched ribs 91 at opposite edges of
the battery opening 78 retaining the socket 81 in both directions at right
angles to the faceplate 2 by engagement with grooves in 88,8§a6kohp81
instead of the ribs 87. 20 As shown in Figs. 23 and 24, the protrudi ng
resilient lugs 89 fromthe socket 81 may suitably be formed wth integral
battery termnals 92 since, after nounting of the socket 81, the |ugs

proj ect WALHIPAE first regi on of the battery openi RGVIB2H§B e t hey cont act
the termnals of the battery 93 shgwn in Fig. 28 when the pivotal lid 73
isinits closed position. As shown in Figs. 18 and 23, the pivotal battery
lid 73 is hinge-connected to the socket 81 of 25 the electronic nodule 74

by Lhe sockSlu sl id LeLIes Mt 1L LGS DERERYSA il blag! der s Tor a pin 95

whi ch can enga e Wt etra one rend- of t he battery lid
73. To r etadyaptageps S%f&tﬂteemsygl%neats%%em@wl gyt fom Yeiag fogmedar ti al | y

cylindri caompyiy, dohét &@@ﬂkttgd!gmtmcﬁttofmtmtsmﬁﬂh&egond@tﬂlﬁtbﬂ& a battery
space 99 to et he

cul ar-secti on- e es 98. One
SDaCe ol el et S A S bRt Re bR . T or mag as
pol e buitcﬂmraﬂleﬂt@@s pragdaionym th: regibik 79, for8sitioaimglof thia battery bidrecires eaks wal | 97 at one
o e O ot M Bl bl ool and ALV el iR BL b O T 27 00 101
t atter | os e

whi ch, at correct arrang’éﬁa pol e button
100, but Vet The reletively fage deaptl of tae resikiens digs §9W@JW5W&%§8‘°“69events cl osi ng of
the 7 SeptﬁﬁﬂlﬁﬁouQQQﬁ?t\l@ 1BRRARO06d sb6cBGT Isﬁt%@z-/t@B@Ja& phedmtdrery |lid 73. Thlh S
prevents insertion.of t n incorr arization. in the
enbodi nent %%Wms%?rae°§ﬁrgyﬁm§P%°&o ? 3@’?@“’”‘1 fq‘f‘récfgg% th edge flanges 98

at both sides, the side of the edge flange 98 where the pole button 100 is
pl aced1q s Hiophbersip elisraaive dasien efdic shgaaimpmenpsatiyq edgorpfthe BASHY PRSPINE he pol e button.
S Wien t hersland gedatiey 81 anﬂsﬁt?cmgsepﬁte@e}a@waﬂbem@afe&m@o 1 &eikon- shaped edge

fl anges 98 e. u t he battery
openi ng 78, dﬁ?ﬂrlnﬂmgﬁrrec83°%§ftg wm%s g?ﬁ”“ﬁ%%@ W@qb? at its
i nserti on shevngs ¥ik @0, fipamitfromeleyi apatur? gfb@fdeﬂgh erot;@ts teed yugapomeni ofdhe7 8.

Advant ageq&aiemugt@gmetaﬁ@gtmne&ﬁap@mtﬂute%ngageet,ﬁne di sc wi thout protrusions
for the battery I whereby the manufacturing of the hearing aid is sinple

cheap, $nd |$ ont%E renoval of the o nentaﬁof t.he, hgerlng aid are
10 easf T PSR RS RERIE TS S et s eecond pegion 808 o "ot t he
battery I mmw t’isnmmTSrhestaemtqamw'dte Sthtlpe 'Hbat@bﬁyandgsanmtltehotehﬂﬁover ed battery
termnals a;c‘}&ﬂﬁ@éé bp)ﬁwm@ %)BELtﬁng R d10Bs ﬁgpopgtﬂiqa eﬁ%&?of%(ﬂa roEQﬁ 79f the battery

opposite thereto S0 at_ cl osure of y the termnals are
directly H?WEP(‘H}G sockct 81 mboth directions at right angles to the face plate Z by engagcment with

grooves in the socket 81 instead of the ribs 87.

20 - Asshown in Figs. 23 and 24, the protruding resilient Tugs 89 from the socket 81 may suitably
 be formed with integral battery terminals 92 since, after mounting of the socket 81, the lugs
project into the first region of the battery opening 78 where they contact the terminals of the
battery 93 shown in Fig. 28 when the pivotal lid 73 is in its closed position.

As shown in Figs. 18 and 23, the pivotal battery lid 73 is hinge-connected to the socket 81 of
25 - the electronic medule 74 by the socket being formed with hinge bearings 94 with holders for a
pin 95 which can engage with hinge tracks 96 formed at one end of the battery lid 73.

To retain the battery 93, the battery lid 73 has a partially cylindrical wall 97 extending over at
least 180" and defining a battery space 99 together with circular-section-shaped edge flanges
98. One terminal, usnally the negative terminal on the battery 93, is formed as a pole button
30 100as shown in Rig. 28, and the cylindrical wall 97 at one side of the battery 1id 73 may be
formed with an upright annnlar edge 101 which, at correct arrangement of the battery, encloses
the pole button 100, but which, if the battery is tl.trne.d the wrong way, prevexts closing of the



into contact with the integral battery termnals on the resilient [ugs 89
on the socket 81. 15 At the closure of the battery lid, the main part of
the partially cylindrical wall 97 will furthernore be pla§gfeHer398hnst
the socket 81, while the remaining part of the circunferential surface of
the battery is not enclosed by any socket that woul d take up space in the
interior of the shell 1. The wall of the shell 1 can be |ocated very close
to the DE@P%¥BY1s0 that the shell can be fornmed w PAVERIPIE| nensi ons. 20
In addition to causing accurate posjtioning and retention of the electronic
nodule in relation to the face plate 2, the socket 81 supports the battery
termnals 92 of the electronic nodule directly, and in conbination with

t he hi ngedg, shoflvdnfs i lo a Iy 4108a the battery durin
0 i 1095 Yrnls ol iR 4K ool S AR U el 0 B, y 9

closure of the battery |id. the el’ectronic e, the mcrophone 3, as
it appear sSTHATEREHU Fhergthedniios; Igd3 is fogmed ph edeg fagges 98 stbotpgides,ite (i rect | y
connect ed side bithd ddg flacye RE thelkkheqpald LRIGHTO0 B pladdd @Forded Fithtalagpresdidnrionindi ngs t hr ough
Q4 formed in the socket 81 and the battery lid

m cr ophone
73, respecptnlgl\%ﬂkfﬁogﬁg%m%?ﬁgguwth a closed battery lid they register to

provide wel|-defined sound access to the mcrophone 3. In the enbodi nent
shown, T heVhin&p B3RSl 735 slesed e cifeplansprtionyshanededge flapgps Hbyt e efigsioed as an open
Zloi :[As vvhihc hof dia facdyatec aaﬁBﬁraﬂet hH’aﬁdrj_&ipEﬂﬁl@?B, c&ﬁﬁghb&m&){m@:@?ﬁﬁé ({Iﬂlehh@rylb:_a; tery lid _73.
shown..j.n._Fi g. e al. process e amplifier circui
of the he\é@fmn%serg?‘gm?émﬁ%tor%%c%e e\}’fﬁ%ryf“ P‘?‘S?in{'é‘g‘\'ﬁl\%g@%“ﬂ% f‘f"gﬁf‘%rm nal s 106 on
t he socket? feuns a plang disovithed pohaiongfonthe bativey i WBepy rbemf200F oM 02/ 080617
PCT/ EPO2/ (33ih80id sitBle GRIONA irkertiod 1QORSEH LAH: é&i_n%dﬁexﬁ%?th%e%h@'ai&%ocessor 9 via
ui

flexible w r.esé#O?. This allows the nobst s abl e arrangenent of the

si gnal “br FAFEEEP™%and the tel ephone 6 in the individually adapted shell
1. Figs. 29a and 29b illustrate an enbodi ment wherein the receiver is

i nserted i4F showpé Rigsr 13h\GlagfiSsthe dBsi@vbf fhmbatténelid rewi infetegthhabfithepatetyr usi ons 81

ext endi ng 93%&&3&%re&ﬁhh&y{cﬂﬁnais%rﬁédb?'?he%l@ﬁﬁﬁl 180 &lakne Lng s;Ex)-?a@Jc?[hgbl y, at | east
t hree protrusions, suc rotrusigns, are provided for receiving and

h as faqur pro
hol di ng t HE™PLRRrdperdo sp ats“ﬁg?‘fmé A keyPatery i hraerrapl prafiresiy Bosght ons gener at ed
by the redsbwetact@itilte inkgrt] baegpagaileon te@estlibe lubct@ioh gsodiietBishel | | or ot her
parts of the hearing aid 10 causing e.g. unwanted feed-back or other

di st ur b noare bieGteor mbbaRh B, G ShiS hOphiflly dylfiilPEMioy Gl 6 between 10 the
receiver Hcgtlmders 8%] Ilisﬂ provi ded ¥ one or nore flexible bands 82, e.g. nade
of sili corf&ermgr b ArAtiPRgsHbr seferBbmbtgha reapinspat o de cpvaigahyi ng at | east
one bead - onrfapy dthe bty is 08t nclosed by any socket that would take up space in the interior of

the shell 1. The wall of the shell 1 can be located very close to the battery so that the shell can

be formed with small dimensions.

.20 In addition to causing accurate positioning and retention of the electrbnic module in relation to
the face plate 2, the socket 81 supports the b'atiery terminals 92 of the electronic module
directly, and in combination with the hinged battery lid it provides a secure guiding of the
battery during closure of the battery lid.

In the electronic modale, the microphone 3, as it appears particularly from Figs. 18, 19, 23 and
25 . 26, is directly connected with the socket 81 and communicates with the surroundings through
microphone ports 103 and 104 formed in the socket 81 and the battery lid 73, respectively, so
that with a closed battery lid thcy.register to provide well-defined sound access io the
microphone 3. In the embodiment shown, the microphone port 104 in the battery lid 73 is
.formcd as an open slit which can be cleaned relatively easily by opening the battery lid 73.

30 Asshownin Fig. 23, the signal processor 9 with the amplifier circuit of the hearing aid is
connected via flexible wires 105 to terminals 106 on the socket 81, and correspondingly, the



encircling the receiver 6 providing a safe and vi bration absorbi ng nounting
of the receiver 6 in the hearing aid housing. Fig. 30a illustrates a

recei ver chamber 80 that is adapted to receive and hold tiepi&seirv8056 in
15 such a way that mechanical vibrations generated by the réceiver 6 do not
propagate to the hearing aid shell 1 or other parts of the hearing aid 10
causing e.g. unwanted feed-back or dther disturbing effects. As further
iIIustréwegm$Wﬂkﬁg. 30b, the flexible suspensi on oPCHER&/BEEeiver 6 in the
recei ver chanmber 80 is provided by mne or nore flexible bands 82, e.g. nade
of silicone, surrounding and clutching the receiver 6 and havi ng
protrusions 84 preferably positioned at the 20 corners of the receiver 6

and ext endblEpgorIcGW&:BﬂxSct&%tﬁ asﬁgm@toefgsopsmegxme%eﬁlﬁff Th€ffky&d chanber  go
t her eby provi di nmounting of the receiver 6

V] h&gaa %? e, % vi bration absor %

in the hed HHGEE ﬁ%’%*ﬁgmﬁﬁﬁﬂC$®P%?§ hannOjithepdividually + o j ncl ude a
nodel of Uﬁamﬂé@@iver hol der, such as a receiver chanber, shel
protrusions, etc, in the shel | nodel . Preferably, the receiver holders are

25 aut orratmgeaﬂgs madams@a@e ah Bnifobifes whdiPEE RLEACHIeNRlin recEb@ nordds (2) - (d) shows
diments of the ventilation channel 8.

cross-sgct ous e

Positio 43 Egn@ n?fﬁﬁ“@%ﬁﬂ%?“V@ﬁﬁFFﬁ?ﬁ@ﬁ thetididnel 8 maybe
selected ImﬂgﬂMMshﬂgm&cm@m@h@Awmdeﬁmgmmmyaﬁaﬁ@mT&ﬁﬁﬁﬁﬁ$&g5ﬁBtion may remain
const ant qk L RER %eh n.cha or the cross-section
may vary ﬁﬂgm ' ﬁhpera%%gﬁv% mu Ch@*ﬁgn?gmmﬂgﬁﬁmﬂmﬁgﬁ to achieve a

| ow pass f”i"‘!PE‘é’f‘ga'@F‘f argg al%@&‘hh"f OﬂXCIPHﬁeéﬁﬂlmgﬁ dhaavsingogrput er nodel of the

sel ect ed \nemuteh febd-Bik &laaamedmbm@ effeQlE. mfeﬁblaagpehml meedce;va cbligecp0del of the
shel | erece1 erﬂgﬁ?crssﬁl is rpro r&%gplgcrag%%% ﬂ%ﬁielbandégz eg % ceiver, a

nlcrophone an a “oNge| ected from the
dat a baseSmﬁmmmﬁhmhﬁw%@eﬁwngmwﬂbnﬁhwmnukhﬁmﬁbwﬂhemmewmémtive conponents. 7
Sept ember ¢ aﬁgﬁgH%%Q&%Pg&@&%gEQ@LEEQ%@@Q%&@m@Q M? o SELEEERE sGPMPONENt S maybe
di spl ayed as posi.tjoned within the shel “¥or opti1 nmum positioning of
t he conpoﬂ@%??mﬁ% %BPti onal col lision control. The position, path and shape
of the ventilation channel nmay be further nodified in order to permt

opt i mum utFigh 302 iteates axpecivirchanbar &9 bhatld adapsp ceciversil tidd thedreciledin Nng ai d shel | .

I n enbgdi gRAL wh 1B Rant: 4 Jﬁyﬁﬁ e, . wall, and in
enbodlneniﬁém%‘ﬁﬁg ve%($P§¥F%%®%§g%ne %&Fgr@§§mﬁgﬁm mﬁﬂ?e rated in the

wal | of Ffepll § or piier 3ty pf e hearing,gid ’corfé“siﬁéﬁﬁ |“P“@Pi°@)ﬁﬁ°dd’%ﬁh@‘lwf wall is
const i t ut dtuibing pircts. ﬁ@ffurthdﬁiﬁilusheﬂnﬂgajob the filX1b16 sulfefbionbfiRSecki@ 6 Ol ue occupi ed

_ by the ve la}e Jc&&a&' %nﬁep %@ﬁl’w{e«%y one e&'\llllmpe exqglg gangs%g rp gf ggde tsi!i}ceolec,

surrounding and clutching the receiver 6 and having protrusions 84 preferably positioned at the

20 corners of the receiver 6 and extending towards corzesponding corners of the receiver chasmiber
80 thereby providing a safe and vibration absorbing mounting of the receiver 6 in the hearing
aid housing.

The CAD/CAM system is adapted to include a model of the receiver holder, such as a receiver
chamber, shell protrusions, etc, in the shell model. Preferably, the receiver holders are
25  automatically adapted to fit a selected recejver. '

Fig. 31 (a)-(d) shows cross-sections of varions embodiments of the ventilation channel 8.
Position, path and cross-section of the ventilation channel 8 may be selected, e.g. using a
CAD/CAM design system. The cross-section may remain constant along the path of the
ventilation channel or the cross-section may vary in steps, preferably in mmultiple steps, in order
30  to achieve a low-pass filter effect of sound. A three-dimensional computer model of the
selected ventilation channel is formed and included in the model of the shell, The components
.. of the hearing aid, such as a receiver, a microphene, an amplifier, a telephone coil, etc, may be

selected from the data base 15 with three-dimnensional models of the respective components.




conponents of the hearing aid. It is also seen that ventilation channels 8
wWith a circular cross- section create a volune 19 at the transition between
the shell wall and the ventilation channel 10 wall that isggkddhtegabdsto
utilize. As shown in Fig. 31 (d), a square or rectangular cross-section

m nimzes the volune 19. However, the cross-section shown in Fig. 31 (c)
substantially does not create a volune 19 that is difficult to utilize.
Furt her Y% %17ppropriate, the ventilation channTEBS0MEPEhe ful |y
integrated in the shell wall. A heasing aid shell 1 with a tightening ring
86 is illustrated in Fig. 32. In Fig. 32 (a), the shell I 15 is shown
havi ng a groove 88 extending along the selected tightening contour. The

desirod 11 g e e g ks El'a“aa %@%ﬂ?ﬁ"efﬂﬁﬂﬁ‘%’%@% Ting 86

desired tlgq_enuﬁ 86. .T

nount ed i A Y HE 3’8 ntf gnd opti C‘i“ﬁwFF"thlé@”("B‘)‘O“’Wg‘a g nent i oned,
the tight ey vergjlationrrbpnet mwbdésﬂlamoaﬁqﬂrmqaﬂar alpemit opirhantlaiiosofald Secure

tighteni ngv:ﬂ;blc sE:E@mﬁ&%clheagﬂg% ntqg%lvenmgt?og ]%a.nn%l SSIQS“JYSI i s mounted in

t he -audi tory canal ust es ‘a man uring nmethod according
to the Spr Q¥BHEL MWPWDM@W@WM%% Pplltlﬂ]tfemzra%m@ep’alﬁ et el y

manuf actum&dhenmaithudpaitgfsnexaanateﬁéhaﬁa&awgoﬂ&m%zg&ﬁmbmwetuhe El ate 2 al so
conpri ses . enga means e eari n al ousi ng is
R uceq Ak fifhfady NS5 ] 18 Sty il GlEvnlPot OGRS | aver by
| ayer, t heetfifopents of thphearm@yd. diris abw owsthag eatilatm cighnets §evith sébettir cosssur r oundi ng t he
battery 09&%%%t2§vcﬁ]r&ﬁﬁaﬁﬂ3%arﬂﬁmm%sﬁeﬁlvﬁﬁ;gnﬁqmjv%ﬂlgﬁoh%mﬁpm our of the

25 hearln aid_housin | n anot her enbodi nent of the 1 nvention shown in
Fig. 3% Gatis el toglizgrAsehpzrn it Shidh e e1e orrsieral FE-eWen bat ter y openi ng
78 is Sepamﬂhﬂhymwﬂmmﬂ&dkmwﬂﬂﬂw?hﬁ«&hﬁﬁﬂmﬁﬁﬂmﬁGE@ﬁﬂm@&m%thpart 92 is

I ncl uded %&t{?ﬂﬁ Qﬁ%ﬁ%&t%ldﬂ%&?%%w eralmf?t‘]ﬁngog%rgcgth%ve%ﬂauog aid housing is

produced - an 1ntegrate ace 0 Or abutting the
separatelﬁmﬁﬁHhﬂﬁﬁ%ﬁﬂéﬂm$§wh399@ﬂhvﬂr by 30 layer, the first |ayer abutting
the circunference 94 of the part. As shown, the circunference 94 is

t aper ed t dutearidgaid dnell mtbsmgmemfgnhmlmrcmguag dz Ilmgsm@) m@shalhﬁt the outer

di nensj son; I t h n i nensi on of the
par £ fHer lesggl;:\hgllﬂgl I%Ioove 8§ex§en&1.9%)a&ong%he se{egceJ ﬁvr At c?nltour lt[‘lb V%‘.m‘éf ane part rmay

| Npi nge ORF*EVEHSR iBiaglapesnd @lﬁ@swrﬂ@meft@rﬂ@ﬂeseedg@htenmsaﬂﬁeﬁb&en 2005 WO

02/ 080617m&@mﬂﬂﬁéﬁﬁoﬁéaﬂtﬂc%%@k 1 Eo¥n inlFRRE3 Ma]r&ad y be forned
starting mnth éq% g&d 96, 0 the face Iate ustrated in Fig.
35. The i NPEGF& A e s "é “2”“ ?Pé‘i‘t?n‘"'??g? B%ﬂdf?ﬁ“‘%\?ﬁhﬁb‘égrﬁ ng 98 having a
ci r cunf er énedell wwrteaiditony cdnki evhen theoshalfiemanedin 8é adftory eal.separ at el y produced part
92 of the face

20 Fig. 33_ illustrates a manufacturing method according to the present invention wherein the face

plate 2 is separately manufactured including a baitery opening 78. Preferably, the plate 2 also

comprises the engaging means. The shell 1 of the hearing 2id housing is produced on top of the

plate 2, e.g. using stereolithography, layer by layer, the first layer 90 or cross-section of the

shell 1 surrounding the battery opening 78 along the previously selected junction contour of the
25  hearing aid housing.

In another embodiment of the invention shown in Fig. 34, only a part 92 of the face plate 2
including the battery opening 78 is separately manufactured. The circumference 94 of the part
92 is included in the hearing aid housing model, and the hearing aid housing is produced with
an integrated face plate 2 attached fo or abutting the separately manufactured part 92 layer by

30 Iaycr, the first layer abutting the circumference 94 of the part. As shown, the circumference 94
is tapered towards the outside of the hearing aid housing so that the outer dimensic;n of the part
is slightly larger than the inner dimension of the part. Hereby, a light beam propagating
vertically towards the part may impinge on every point on the circumference 94.




plate 2, the part 92 is positioned and fitted in the opening 98 for
attachnent to the integrated 5 face plate 2. As illustrated, the integrated
face plate 2 may be tapered so that a |ight beam propagatddpeenmssbbeal |y
towards the integrated face plate 2 nmay inpinge on every point on the
circunference of the integrated face plate 2. Fig. 36 shows a cross-section
of the shell opening covered by the face plate 2 seen frombelow the face
pl ate 2.W@Ps0686 | | ustrates vari ous enbodi nents oPCWER24338e pl at e
positioning neans 46 10 and mating ghell positioning neans 48. In Fig. 36
(a), the face plate positioning neans 46 have four ribs 47 extending from
the circunference of the face plate 2 along the inner surface of the face

plate 2 to . t openi.n not hovvn%). The shel | positioni ng neans
48 have rra_%l%e%gm%tﬁhc?gél At %%Sfm%@;%?%’? i e e ‘EPB?imFg'eg‘é"cP@i“’\? Sand match the
respect i veallysirdes ivfg. 3§. Theiptedaiaidacpplatt 2is Rrminaled evith ampenpig 88 lavigg 4 S cut al ong t he

junction bnc lifbre s i j 15 when the
Ak Rusgy Skl SR EIGS G| MIBLYGN PURAME 13 1T, 1S,

ri bs 47 airgre elvgg_b,,the mat i ng i ndent atl ;

correct ?&T&‘F@f‘t is ppriioged and fipdip e openipg P8 ies atiaghipepi to the ipteeratadci | tat ed. | n
Fig. 365 (e plata@. Asdivarapd, atedntqpsll fakilitd Tmaye@sered o thayBitels 47 al so

ext endi ng J f of e face plate 2.and extending from
the ci rcur‘F?ll 5?%%%2%@%%3%%%%%?3?Pégt%tmaé{ ’mpa‘fgg?nacﬁ'%pﬁﬁnﬁ{wt he

ci r cunf er effevnfaseceof e injegrated facetplaisi al | y equal to the thickness of the shell

at the 20 junction contour 50. The shell positioning nmeans 48 have conprise
the shel | Hig 3dshéwi@ cjostrectibud the CHAMbgRbIAE da0bred TP f1aRteRls@h Bordbdicy CUt al ong t he

junction r . SO . it. mtches t j.unction., contour .50 when the

ends of tﬁﬁe)er}srclg‘ gm%%lgé}%uﬂ?@ﬁk%%&%‘fsrm@fp B %1‘66%?? gla%ll"s%?m“tgﬁ’éanf #her surface of

t he sh&l | apd mapgshellpetitioning gians Hnlnkig. et A4S rhmyosftiuritzrennsdbigys | Se

prot r usi onsy 5 4atxtdulisy &&m&é&@&fe@@{ﬁf%mﬁ%ﬁﬁmm&r&m@m&y towards the
0

interior -(S}f tl}e sglell 1 for reception_an | di.ng 25 correspondi ng face
plate ri bdegplaeTigfhehuicry sp-nipe L Petshoymn Disshsl Bositories Trgeidh ke We®E i ng ai d

accor di ng itdentdtive 49 fetemtailaped irdcéivetahématéhnigtiraspediiva kibs7 atteqreglas el | 1, the face
plate 2 a6l 0fleht: dififondlehbeid At SR ASSA NG Gl shel | contour,

the battery lid 73 and | nge connection W 6 'socket of the

el ect r bni PRI & ararecaiveddydhe gpting jadpratiens 99 ef tisektild wherekgrmsstonomni ¢

manuf act urassaigbly d@e Fdeilatad ntithasheer ¥ fadfineonpact design that all ows

manuf acturing of individually adapted in-the-ear hearing aids of reduced

- di mensi ong, pif 368 bR RGN 2 RARu PRk AB0GKEs ) FRO%AO32 R i CLAI VB
. : -surface of the face plate 2 and extending from the circumference 50 of the face plate at a
distance from the circumference 50 that is substantially equal to the thickness of the shell at the
20 junction contour 50. The shell positioning means 48 have comprise the shell 1 at the junction
contour 50, The face plate 2 is cut along the junction contour 50 so that it matches the function
contour 50 when the ends of the ribs 47 abut the cosresponding part 51 of the inner surface of
the shell 1. The shell positioning meaus 48 may further comprise protrusions 52 at the junction
contour 50 extending inwardly towards the interior of the shell 1 for reception and holding
25  corresponding face plate ribs 47. '

The design described above of the modular hearing aid according fo the invention with the
individually adapted shell 1, the face plate 2 fastened to the shell 1 and formed according to the
shell contour, the battery 1id 73 and its hinge connection with the socket of the electronic
module 74 allows an extremely expedient and economic manufacturing together with a very
30 compact design that allows manufacturing of individually adaptéd in;ﬂle-sar hearipg aids of
‘ reduced dimensions.



1. A conputer aided systemfor design and manufacture of a hearing aid
housi ng conprising a face plate and a shell that is matched to the
auditory canal of a user, the systembeing adapted to 5 T8geenmberadids
process data representing the shape of the auditory canal, formng a

t hr ee-di nensi onal nodel of the shell based on the data, selecting a
junction contour encircling the shell for positioning of a junction between
the heaV'PRMU%!Y shell and the face plate, and out BGIERW¥P3Hat a representing
t he nodel for production of the shell2?’and the face plate based 10 on the
nodel. 2. A conputer aided systemaccording to claim1l1, further adapted for
i nclusion of the junction contour in a face plate nodel, and for transfer
of the datadigppesenting the nodel to a nunerically controlled machine
that automatically cuts a separately manufactured face' plate along a

cont our that tches the junctjon contour. 15 3. A conputer aided system
accor di ng t&'g?5WWWFa8?ﬁ?#“W$ﬁ Crrayrate 9t & Peafingid heysigHeogPIsing oS t  oni ng
means i n the stfeeplawwodelshel hadngadel twihé uditdy daeb fransty, Bg sy9@es bdingoni ng neans of
the face platqm%ﬂﬂhhat the circunference of the produced face plate matches
the junction contour of the produced shell when the face plate positioning
means engage with the shell posjtioning nmeans. 20 4. A conputer aided
syst em accor di TG B¢ B ey ke shaps obbediostcassbr mat i on of a t hree-

di rensi onal nodel of the face plate that matches the shell at a sel ected
junction cont derminge thedediniensipgal inodel fitteishe]l bamthoflodata,nt egr ati on of the face

pl ate nodel and the shell nodel into one three-dinensional nodel of the

hearing ai d hadedifigh iSRtidnkakonfeniRBlg RGhRiFE phRNShI Y 2 Whdibh RfeenigBt €gr at ed face
pl ate may be géoducg%ﬂgaggg on thedhearing ai d housing nodel. 25 5. A
cormput er  ai ded“BPEFEHLLEF BFPH 1 B9any of the preceding clains, further
adapted for selection of shape, dinensions, and position of at |east one
m cr ophone opeRPyERsidpa fepresonting emods) fanpeoductipropf fho phell and Ihe Spagiptedbsed he at | east
one m crgphonen@pepidng in the face plate nodel. 7 Septenber 2005 WO

02/ 080617 PCTI EP02/ 03318 26 6. A conputer aided system according to any of

the precedi gg p?éoﬁlblgé% aigda i dNS Lo RT3 Pc}c‘?m%i. {18{@@ %&{Jéqcf%r' iQsidf orHI ARG, d! MENST ONS,
and position of a batter openlné I'nthe Tace plate

contour in a face plate model, and for transfer of the data representing the model to a

mimerically confrolled machine that automatically cuts a separately manufactured facer

- plate along a confour that matches the junction contour,

15 3. Acomputer aided system according to claim 1 or 2, further adapted for inclusion of
positioning meaps in the shell model to engage with corresponding positioning means of
-the face plate so that the circumference of the produced face plate matches the junction
cm;tour of the produced shell when the face plate positioning means engage with the shell

positioning means,

20 - 4. A computer aided system according to claim 1, further adapted for formation of a three-
dimensional model of the face plate that matches the shell at a selected junction contour
encircling the shell, and for integration of the face. plate modci and the shell mode} into one
three-dimensional mode of the hearing aid housing so that a hearing aid housing with an
integrated face plate may be produced based on the hearing aid housing model.

25 5. Acomputer aided system according to any of the preceding claims, further adapted for
selection of shape, dimensions, and position of at least one microphone opening in the face

plate, and for inclusion of the at least one microphone opening in the face plate model,



facilitating insertion and renoval of a battery, and for inclusion of the
battery opening in the face plate nodel. 5 7. A conputer aided system
according to claim®6, wherein the battery opening is adapt®sptéraber 2p85sage
of a battery and an el ectronic nodul e, and further adapted for including
engaging neans in the face plate nodel for receiving and renovably hol di ng
a socket 05%(3&6?,] ectronic nodul e conprising the socket, at |east one

m crophone, " a Sl gnal processor, and a receiver. 8. PﬁT’%@Hﬁ’a’cser ai ded system
according to claim?7, further adapté&d for including engaging 10 means at
the battery opening in the face plate nodel, conprising grooves, tracks
and/ or notches for engagenment with co-operating socket engagi ng neans
formed on % hé cuBRieetided gystepmacesdipa ie eny obihclpdedyshiom fateatgieagrt 0 any of the
precedi ng cl &ie&&nofdﬂipé,f&aien@)d@md%&itfo%fabﬁtﬁe}y%ﬁénﬁn%ﬂu@ffaéggpe, di mensi on, and
position of %Q.tgﬁ:ousti.c out put opening in‘the hearing ard shell for
transni ssi on of 2 G FRAP PN ofpchattern, &pd £ir dpclndianesf fbattseopeRirgdmni ¢ menbr ane,
and 15 for i tefagedlategoadelnndel of the opening in the shell nodel. 10. A
conput er ai ded system according to claim9, further adapted for sel ection

of the posﬁ,th@&mpu@ifai&ehl@staﬁ%&iﬁg%gaﬁlla%l#eggﬁfgibﬂgw%ea%%%%da%h 2coustic out put

opening emts sougdbin the direction o ongr tudi n: Xi's of the
audi tory canBf*8La A ' M Segicmodnly padifurter adaptsd forjadndivg preasingt put  openi ng
em tting soumanyipthe fackeplate mwadl For efeitidy@ndidmiviiog B61dER B 8dckeD the BN&BnidOEI NY
partially or @Qfeicgn%!ﬂy G an. audi tory canal waJl. 11. A conputer
ai ded system accor |nlﬁoL%%%g%{gy?nﬁglcﬁ%%af’%ﬂﬁlP('S‘i"?f“ﬁrﬂ‘,‘d“frfff”f"ﬁ'er adapt ed for
i ncl udi ng 2 Xent‘i I aatigié)n channel in the nodel. 12. A conputer aided system
according to X ‘ ap Epglesing efzagpngp at al on IC
di ng %t o™ ETRIM 21 ST RrEtine it dayn & duterradapisf foeinglusing ofzagingpat h -~ al ong whi ch
the, véntil atsagmt béletmpdpeiis: ih 0 BROBE oo @¥bRBIde: srebdes tdeks Al NPUt er  ai ded
syst em accorging e GofdoAl M4 L4kt her, adapted faqr determ pation of the
position and the ge(‘)gnéeet rngl%o R T SR B 3?{ nfssk%g in the face
plate faciyl i%ati ngr ,dautorrati c. production of the face plate with the
ventil ati dh CHARHE M BFE G d0e Sy offiravecsipg Jappfnde: oBYsHsr PCTI EP02/ 03318
27 14. A congetierof siapedmengied, eslpahia bitn Aghudio outfubdpiink 3 thd Hidrpgili adapt ed for

sel ection ofga RSkt 9 i.nsthe-ear ventilation channel opening so
that the ventil a?l?}(])sn Channe d%rggéh?lcihﬁaéin%) |ﬁ‘f"”§£rﬁfert?’“lpﬁ"é° B n of a

| ongi t Idi nalferdseiudings medglof Geepeningriy the shotinodshen t he housing is inserted in
the auditory canal. - _
10. A computer aided system according to claim 9, further adapted for selection of the position

of the acoustic output opening so that the aconstic output opening emits sound in the

direction of a longitudinal axis of the auditory canal thus, minimizing the risk of the

acoustic output opening emitting sound towards a wall of the auditory canal or even being
.20 partially or entirely occhuded by an auditory canal wall.

11. A computer aided system according to any of the preceding claims, further adapted for
including a ventilation channel in the model.

12. A computer aided system according to claim 11, further adapted for selection of a path
along which the ventilation channe} is intended to extend. '

25 13, A computer aided system according to claim 12, further adapted for determination of the
- position and the geometry of the ventilation channel opening in the face plate facilitating
automatic production of the face plate with the ventilation channel opening.




5 15. A conputer aided systemaccording to any of clains 9-14, further
adapted for including a pipe stub in the shell nodel centered around the
out put opening and extending inwardly in the shell nodel7 $epternng 280Hushi ng
for insertion of an ear wax guard. 16. A conputer aided systemaccording to
claim 15, further adapted for including a recess in the shell nodel
covering an area around the out put opening and mat ching an abutment 10

col l ar SYO&%tar wax guard or, matching an abut mePfTERBHEEE of a bushing to
be inserted in the opening for rec¥ption and hol ding of the ear wax guard.
17. A conputer aided system according to any of the preceding clains,
further adapted for selection of a tightening contour that extends al ong

t he surf add. stonpiter agibdydtenadecokdi@3d clqdany, kuyther eapbd fod stltgod dpepdial | . 15 18. A
conmput er ai S¥Rks cOr d) claim17 . further adapted for increasing
the outer gf?r%e’%m Qns%ng{ig%%i t qul{el?%sf)%ﬁﬁr%fgve%’g% our ?f’é"?me%f/’m%r ovi ding a
tight seal d8%p fitcetiop pigr lopgiidtngayis of digmuditoryedutl whindhe howsiae Sshnstredins | nserted in

t he audit or whCamaty.cand®. A conputer ai ded system according to claim 17,
further adapted for including a-groove extending along the contour in the
nodel Vi{ag - I 1.t h a d.di nensjons that match a

desi re? t ilg'h%%r%]tgirﬁfdﬁsgs%woag‘%lé&m Eouar'%?'écfﬁ?n%&tlﬂ&“%?rgaa@ce{?rlgﬁi%dﬂg.a 20. A conput er
ai ded syst erBgcEHLHe piyl medebqentpred aronnd thenuiphiopening andtertehdnp mwpady irudi ng a gr oove
ext endi ng  al @y igelitniRe Copiih O Wustin} fériBeriAEEIn of:Wax gGROSI tion of a materi al
different fromthe material of the shell in the groove, the deposited

mat eri al nst | i S lightening.ring. . 2 (of0) ter ai ded system

accor di ngclt9 'og%'fh%“%f ﬁ%l %‘%&?ﬁ"ﬁ&&f%ﬁ]ﬂl@“%ﬁ&{%ﬁg&ﬂ%@% FEER i ng positions
of the ti ghttéatheigrodd ervesing ampareapryiditieontput oprningsp ovtdiinggn ttotmpasi ti ons in t he
audi t oty cwﬁkome_eMaﬁghmhh@nﬂwm%gbumﬁécah}&@%us%%twanéé}tﬂ%{wiOnS of the

auditory canal exhibit the  |east variations whereby a secure and tight
mount i ng of r}!?eﬁgm?ﬁgffm?p‘f‘l°ntaﬁ%h°§ffﬁf’ﬁ%°r?"Féﬁ%ﬂd' is provided i ndependent of
user activity. 22. A conputer aided system according to any of the

pr ecedi ng 1é|4agorputer idedisysterm agpdrding togny efithe pRGdinpitlpus, furth adaptelfdlat a to a renote
site for prQeisld o Beighfenihd BB i REnd hibhg MRS RS tnd IER ISR PRE; 2005 WO

02/ 080617 PCTI. EPO2/ 3&18 28 23. A conputer aided system according to any of
t he precedi ™ EMAMTE " f urt her adapted for forming an car nodel of the

auditory canal and a part of the outer ear based on the data.
© 15 18. A computer aided system according to claim 17, further adapted for increasing the outer

. dimensions along the tightening contour thereby providing a tight seal against the auditory
‘canal wall when the shell is inserted in the auditory canal.

15. A computer aided system according to claim 17, further adapted for including a groove
* - - extending along the contour in the model having a cross-section with a shape and

.20 dimensions that match a desired tightening ring to be mounted in the produced shell.

20. A computer aided system according to claim 17, farther adapted for including a groove
extending along the contour in the model for deposition of a material different from the
~ . material of the shell in the groove, the deposited material constituting a tightening ring.

21. A computer aided system according to any of claims 17-20, farther adapted for selecting
25 positions of the tightening contour at positions corresponding to positions in the auditory
canal at which the dynamic variations of the dimensions of the auditory canal exhibit the
least variations whereby a sectre and tight mounting of the shell in the auditory canal is
provided independent of user activity.

22. A computer aided systern according to any of the preceding claims, further adapted for
30 outputting the data to a remote site for production of the hearing aid housing.




24. A conputer aided systemaccording to claim?23, further adapted for

di stingui shably displaying the car nodel and the housing nodel. 5 25. A
conput er ai ded system according to claim24, further adapt$gtdndberd08pl ayi ng
the ear nodel transparently, facilitating display of the shell as inserted
in the auditory canal. 26. A conputer aided system according to any of the
precedi ng cl ai ns, further adapted for selectively increasing the outer

di mensi dﬁ%“zf?fm‘sphe hearing aid shell nodel so that PREERSFSPBespondi ng
hearing aid shell exerts a pressure2%on the auditory canal tissue when the
shell 10 is inserted in the auditory canal. 27. A conputer aided system
according to claim26, further adapted for increasing the outer dinensions
uni f or m y 23v&roniphter aggiad sysien sunrdispoe anybf thd peccaling|claims HatherAdpeaprt er ai ded system

accordi ng t ogGhal L 4 c'i N%ed NGclaiigr €ase of the
outer di nens%ogﬂr%agfnﬁ uﬁﬂtfﬂegﬁgﬁgg@ﬁe 3%8{;{{]%3’?‘%% af%osn%%)efd&tg'he shell so that
very IittI% 15 or no 5pre‘ssure wi |l he exerted on_tissue residing deeply in
the audi t gfty™ EEWAPT 2id5deystom geppring taclaim2y) Syther adapieddordiippighally o0 any of t he
precedi ng cl &spigipg thewat ekl aadkagptioedhgfootel. sel ecting t hree-di mensi onal nodel s
of shapes and geonetries of various hearing aid conponents, such as

M cr ophoness, A singidd aidd G465 S Mrding PHLRY, M@q&gwﬁm@laﬁggqg@& dat abase for
incorporation jnto th ?ei%r |_n%ﬁgl d to be manufactured,” 20 30. A conputer
ai ded syst enPEEBPERRE-{%5 [“Hiplasept the Shell 45dnserisd inhegbiitery pacfosi t i oni ng and
di spl ayi ng nodel s of the sel ected conmponents within the hearing aid housing
nmodel for 26sitespiteaneddystrreapedits ty ey ofthd promting oBints, fother,adetedfor f or provi si on of

a hearing ai GeQherPindlalhdMdButeSdiAGision bf hdhoGRATRE LEH mdld stem according to
claim 30, furt he?fiandapt ed, fuor pe?l?or m ng chBI [ silion epsgg’a%%ecks. 32. A

conput er ai d@TBPLpElie &8 gl gty aresugiopfhg qudicqry sepah sue sdenshestelf or  per f or ni ng
col | i sion cdhiekeddnthe ngitapaserent of a conponent in the shell along a
desired path. 7 Septenber 2005 WO 02/ 080617 PCTI EP02103318 29 33. A

conput er  gjydeg ytaia_ﬁ@a@&mesurda%t$§aiﬁ@am%cr;asmmﬁﬁggéi%glc% @ s, further

adapted for _selecting the path of the junction conto I'le the shell is
di spl ayed asiPRE prifgiylyo cotirp e elbcshilal for sel ection of optinmum

cosnetic appearance when the hearing aid is inserted in the auditory
canal . 28. A computer aided system according to claim 26, further adapted for reducing the increase

. of the outer dimensions gradually along the longitudinal axis of the shell so that very little
15 or no pressure will be exerted on tissue residing deeply in the auditory canal.

29. A computer aided system according to any of the preceding claims, further adapted for
selecting three-dimensional models of shapes and geometries of various hearing aid
components, such as tuicrophones, signal processors, output transducers, from a database

for incorporation into the hearing aid to be manufactured,

20  30. A computer aided system according to claim 29, forther adapted for positioning and
- displaying models of the selected componeats within the hearing aid housing model for
selection of respective optimum positions, e.g. for provision of a hearing aid of a minimum

size.

31. A computer aided system according to claim 30, further adapted for perfbnxaing collision
25 checks.

32. A computer aided system according to claim 31, further adapted for performing coilision
check during movement of a conponent in the shell along a desired path.



5 34. A conputer aided systemaccording to any of the preceding clains,
further adapted for snoothing the surface of the shell nbdel to elimnate
sharp edges and corners and to obtain a snooth surface. BSeptdnie@?p0s er

ai ded system according to claim 34, further adapted for selecting specific
areas. of the shell, e.g. using a conputer nouse with a cursor, for

smoot hi n 10 36. A conmput er ai ded system according to claim 34 or 35,
further ‘gﬁ%‘{s@‘d”m renoving an artifact from the PREERRPEISai d housi ng
nodel by deleting the surface cover&d by the artifact fromthe nodel and
calculating a new surface substituting the del eted surface based on the
surface surrounding the artifact. 37. A conputer aided system according to
any of t he33picemmiicntded byskmaccorfing b eof hdppedi claprs, fifhei adpod por ati ng a seri al

nunber or anﬂeﬂﬂlrgtﬂcgﬁm{'ﬂfehﬁ@fohgﬂmﬁ} h&laﬁca@aﬂgm ﬁ%a*&@ﬁ&&e@%tﬁé d housing into
t he housi ng mdelcﬁﬁg in a selected positio so that the housing may be

produced wi £4® ‘?""’EFH"BP’?(PBWP‘P?%"W? whcaran when thediggpa s aj ded syst em
accor di ng t oinsamd ipfhe tdorpeaet.edi ng cl ai ns, further adapted for storing the
finished hearing aid housing nodel ready for use as a basis for production

of a CQ”%@Q&@U%&@%M&HM&&@ o 8 k:@?%m% £ g&:&:;t;gt;gfva'-

39. A conputer ajded stem accordl n

utilizing thﬁ””ﬁ%’r"é cepifpe shefpode to %ﬂ?&fﬁﬁ‘?@ﬁﬁ‘ﬁcﬁﬂﬂf%’é“?}ééq‘ﬁﬁmprocess 40. A
conput er ai dedmwsyisirlen according to claim 39, wherein the nodels are stored
in a reduced formrequiring a reduced anount of data. 25 41. A conputer

ai ded systHNh aefRfelliddPsykiin 20k to RS 3P rﬁﬁ'&tgrql(ij@gd ﬁs{ %ﬂe&ﬁﬁ%sg%c% tﬁll[gg adapt ed for

forming a patl ent _dat abase conprising recor rent identifier,
e.g. name an®fheibfife vsiog o FUmPRE dorss Wit & ennr fogsediveng ai d housi ng nodel of
the patient in question. 7 September 2005 WO 0 21080 6 1 7 PCT/ EP02/ 03318
30 42. 1A cénpotertegriddedstey stadngic domdi ngs iathed adipd Hil remvng G| n the records
further hol darhﬁc@ﬁ&ﬁﬁ&he\ﬁ gmﬂ%sﬁ%%deﬁﬂgd%%ﬂk&?Aawcmg 3%169%& the auditory

canal of the respectlve at| ent ntrfrers an s of the
hearing ai d EOMBOHERead glcusfing pnepisapeesubtintine e dleled saecbesed prshiy i ng ai ds. 5
43. A conput @rfacahiedhdiay bt atife@dccor di ng to any of the preceding cl ains,
further adapted to receive the acquired data froma renote site for

further prgcg Sothpt@r aided system according to any of the preceding claims, fusther adapted for

15 incorporating a serial miumber or another identification of the produced hearing aid housing

'_“:1

into the housing model, e.g. in a selected position, so that the housing may be produced
with an inherent identification.

38. A computer aided system according to any of the preceding claims, further adapted for
storing the finished hearing 2id housing model ready for use as a basis for production of a
20 corresponding hearing aid hovsing in a database for later retrieval.

39. A computer aided system according to claim 38, further adapted for utilizing the database
for further automation of the design process,

40. A computer aided system according to claim 39, wherein the models are stored in a
reduced form requiring a reduced amount of data.

25 41. A computer aided system according to any of the preceding claims, further adapted for
forming a patient database comprising records with a patient identifier, ¢.g. name and
_ mapmber, holding the resulting hearing aid housing model of the patient in question.




44. A conputer aided system according to any of the preceding clains,
further adapted to output data representing the nodel to an apparatus for
production of the shell utilizing stereolithography. 10 ASeptdnba@?00ser

ai ded system according to any of clainms 1-43, further adapted to out put
data .representing the nodel to an apparatus for production of the shel
ut|I|Z|Qg | aser sintering. 46. A conputer aided system according to any of
clai ms Y9886, t her adapted to output data repr e26HER®AB33 e npdel to an
apparatus for production of the shedo utilizing drop deposition printing.
15 47. A conputer aided system according to any of the preceding clains,
further adapted to output data representing the nodel to an apparatus for

product i ongzok canpietbidd dy&té&n&éonﬁﬁg&& :.leﬁmld-ﬂ whQARMORLLR forftBnoia A- conput er ai ded
systen1accord|Q% to gn of évga rece é&g clainms, further adapted to output
data represefPrRY PHES HSEET ﬁ“ﬁﬁﬁl e2piey rUR FHHERETIIRIGF t he shel
starting at ftnﬂ@cnt@i@su@w@bpﬁh@m@gﬁﬂcmmhmmdﬁ%r@eﬁﬂmw&m ai ded system

accordi ng tohe@méaﬁg the preceding clains, further adapted to output data
representi ng t he rmdel to an apparatus for production of the shell with an

i nt egr art of the face plate including the battery
openi ngSI bedi3 °°§%’5t§rraéf‘f’de f}e Jreoriinedeqny Piske Precedine cligr. forheriadrgtedPoduced starting
wher e t he i ne@yr bt aquicddée fphatrencetaind for fudter pidessigpar at el y manuf act ured part
of the face plate. 50. A conputer aided system according to claim 49,

wherein.the, &Hﬂ@ﬁ't@lfa%&'?ﬁ&m@@oréﬂ}%&?Bi‘thecbfrecedingﬁlalfm@%ﬁthala@a £alS tapered so that

t he outer dinens is slig ger than the inner

di mensi on of *{PH é;atﬁéeP’tcse%%E‘EE‘QdeWFli@W%é%ﬁﬁ“%%ﬁb%ﬁlﬂ’g‘%t| cally towards
the part nesjerdolipogragiy. on every point of its circunference. 7 Septenber 2005
WO 0 210 80 6 1 7 PCTI EPO2/ 03318 31 51. A conputer aided system according
to anypf 4@%&%&&&&1 Jwﬁ&&%gm?sﬁ%q 49%i&taf1 B out fBg£Senting the

nodel to -an Ip% producti on of n integrated face

pl ate, a partFg™ t'f‘%‘g 1?"&&1@0 R ] ’79&9“&?6?%@“%‘?@%5‘?‘?’@%9336%%%9 bei ng

separately manufactured, the shell being produced starting with the end

opposi ng Hﬁ&?w@ermdeﬁswwmm axpbofethingi1t4p, festhemdapiad wantpht dpeni ng i n t he

| ntegrat ed fe@uBldhanE W Al fEHEREHERYE SR LaBHPGof dfosichl " cUNT er ence of
pla

t he separateln}; rranuf actured part of the face

15 47. A computer aided system according to any of the preceding claims, further adapted to
- output data representing the model to an apparatus for production of a plurality of shells in

one baich.

48. A computer aided system according to any of the preceding claims, further adapted to
output data represepting the model to an apparatus for production of the shell starting at the
20 corresponding face plate.

49. A computer aided system according to any of the preceding claims, further adapted to
output data representing the model to an apparatus for production of the shelf with an
integrated face plate, a part of the face plate including the battery opening being separately
manufactured, the shell being produced starting where the integrated face plate abuts the

' 25 separately manufactured part of the face plate.

50. A computer aided system according to claim 49, wherein the circumference of the part of
the face plate is tapered so that the outer dimcnsion of the part is slightly larger than the
inner dimension of the part whereby a light beam propagating vertically towards the part
may impinge on every point of its circurnference. '




52. A conputer aided systemaccording to any of the preceding clains,
further adapted to include a nodel of receiver holders in the shell for
recei ving and hol ding the receiver. 53. A conputer aided B§gitanba00s di ng
to claimb52, wherein the receiver holders are 10 autonatically adapted to
fit a selected receiver.

WO 02/080617 ‘ PCT/EP02/03318
31

51. A computer aided system according to any of claims 1-48, further adapted to output data
representing the model to an apparatus for production of the shell with an integrated face
plate, a part of the face plate including the battery opening being separately mamufactured,
the shell being produced starting with the end opposing the face plate and terminated with

5 an outward opening in the integrated face plate having a circumference matching the
circumference of the separately manufactured part of the face plate.

52. A computer aided system according to any of the preceding claims, further adapted to

include a model of receiver holders in the shell for receiving and holding the receiver.

53. A computer aided system according to claim 52, wherein the receiver holders are

10 automatically adapted to fit a selected receiver.



