Title: COVPUTER Al DED SYSTEM FOR DESI GNI NG A HEARI NG Al D HOUSI NG

Abstract: The present invention relates to a CAD CAM system for design and
manuf acture of a hearing aid housing conprising a face pl7aSetensed 2605hel |
that is matched to the auditory canal of a user, the system being adapted
to receive and process data representing the shape of the auditory canal,
formng a three-dinensional nodel bf the shell based on the data, and
outputting data representing the nodel for production of the shell and the
face plate based on the nodel. Manufacture of the face plate includes at

| east oné-AMRGFBIARED PHYEIETORPEYeNMNGas BEABWCGHIPAIGUSEY a CAD/ CAM nodel of
- the hearing aid housing. For exanple, data relating to the circunference

of the fatepriabiinConfithYoldR® McQMhRlRthideOdede HdBAnL6AIhYora 6zl | ed machi ne t hat |
aut onat i %all TI(iu,ts a separ atte manuf actured face . |
ousmz. ¢ invention mozc specific %clates to a CALY/CAM system for the design and |
manufacturing of a hearing aid housing that is individually matched to the shape of the anditory
canal of a uger. -

In US 5,487,012, a method is disclosed for manufacturing of a hearing aid housing comprising
a hearing aid shell with an opening, and a face plate for covering the opening. The shell is |
mdividually matched to the shape of the auditory canal of a user. The method comprises the
steps of &) direct or indirect acquisition of the shape of the auditory canal to obtain digital data

representing the shape, b) conversion of the digital representation of the shape into a multi-

dimensional computer model of the outer shape of the métchjng shell, and c¢) computer
contrelled production of the shell based on the data obtained from the three-dimensional

computer model of the shell.
US 5,487,012 does not address the manufacturing of the face plate.

BE 1010200-A discloses a system for making a soundproof plug. This system comprises a
measuring system with a séanning device for measuring the contours of the outer ear passage.
The data from the scanner 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 tubeé for incorporating a vibration scnso-r, 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.



plate along the desired contour that matches the circunference of the cor-
respondi ng shell. In another enbodi nent, the hearing aid housing is man-
ufactured with an integrated face plate. 7 Sept enber 72)benbeCOMAUTER
Al DED SYSTEM FOR DESI GNI NG A HEARI NG Al D HOUSI NG The present invention
relates to the conmputer aided de5|$n and manufacturing of a hearing aid
housi ng. The invention nmore speciffcally relates to a CAD/ CAM system f or
the design and manufacturing of a hearing aid housing that is individually
mat ched to the shape of the auditory canal of a user. In US 5,487,012, a
net hod | $<HURIASEHPFSF hyRTTent Eeerinn iy iorovidedreappuiseridsd e 5i ng conpri si ng
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on the dggawgggghm%mgdﬁmm£p@w&Qﬁggmghg§p5|onal conput er nodel of the
shel | . 487,012 does not address the nmanufacturing of the face plate.

BE 1010200- A di es a systemfor g a sound r gof plug This system
conpri sed "% ¥ @%@d?ﬁlﬁﬁp thedFvgem ¢ %f‘gé‘é%{ﬂi‘ﬁ" "alé%?élmca?atﬁeasur.ng the

ContOurShmhd&hEhﬁmﬁwﬂMdﬁﬂkpﬁ&&ﬁﬁ@&qﬂm&hauﬂ&m&mm&ﬁmmﬂhﬁmﬂﬁﬂﬂ@er are fed via a
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vi brati oRuSRRSAY cutdSGrat ﬂﬁan&ﬂm&?fa{e%ngaléomb& 1@ hfRlget of an embodi ment
of the present |nvent|on to provide further 1 nprovenents of the

above- mefFioAEMoRet hod for manufacturing of a hearing aid housing, e. g.
i nprovenents related to autonation of the manufacture of the face plate;
Thus, it vh:souaﬂcﬂmbg of @cterrflihing0R adg i lie AP of @ bodly, R wae&emressmmeﬁt ion to further
aut omat e df an. nd roduction.of 1ndividuall ched, housi ngs of
i n-t he- e é’ar I %19 aID rmmahon of position of a point on a su?‘flace gf Ject may be

performed by moving a mechamcal device into contact with the point and reading the position of

the mechanical device, e. g. using 2 co-ordinate measuring machine having scales on moving

parts.

In non-contact measurements, positions 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.



. selecting a junction contour encirtcli

It is another object of an enbodi nent of the present invention to
facilitate optimum wutilization of the space available in the auditory
canal and in the outer ear thereby mnimzing the size @fSdphentieeda®dng ai d.
It is a further object of an enbodi nent of the present invention to provide
a systemfor the design and manufgcturi ng of a hearing aid with a cosnetic
attractive appearance. 7 Septenber” 2005 2 According to one aspect of the
present invention, there is provided a conputer aided systemfor design

and manuf.acture_ of ~.a heari ai d. housing conprising a fa pl ate and a
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based on the nodel. Thus, according to the aspect of the invention, design
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obj ect may bBe detern ned By transicttl ngoone 't Nor'E B&ans of radi at ed

- energy towahds the object and detecting radiated energy that has
~interacted with arbitrary parts of the object The radi ated energy nay be of
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radi ation of any frequency, such as radiation o axs, anma rays,
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conbi nat 'd%nsﬁﬁdi %9;8 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



For exanple, a laser may emt a linear |ight beamtowards the object under
measurenent, and a video canera with a CCD chip may be utilized to detect
light diffusely reflected fromthe surface of the object7 Jpebapoeos i ons
of points of the surface of the object reflecting the light beamare
determ ned by triangul ati on nethods. The beamis swept across the surface
of the object e. g. by a novable ffirror. 7 Septenber 2005 The shape of an
object may al so be determned with a plurality of electronic caneras- The
object is then illumnated by a set of_incoherent |ight sources, such as
light bul 8 F@hq“fT‘ﬁdﬂ@e‘p‘g’ﬂf’(ﬁ?t‘éﬁ‘i‘?ﬁ%ﬁ‘va\iﬂ‘f?‘?éa”?li“@h’?e‘ii‘sﬂla)ﬁ‘iiI directions. A

pl ural it ywsadparediper as Wi th known positions in relation to each other are
used to determ ne positions of points of the surfaces of the object by
triangul atj t hods. Waen the shape of . th ditory canal is acquired by
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audi tory canal provides data which vary in tinme whereby such shape changes
can al so JHEUspgris 3 plangc®RB¥si der ati on during manufacture of the
correspondi ng hearing aid housing. Alternatively, a plurality of

i Npr essi ansortiaytohe: amoemalk ofttanaiiidh, irshellGaRaducasibhdd sl fha@wahd)  vari ous
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and pr odupasmachesfledyrictiog coforr. fypraiiang abeve, th junptiop PapdPirRgy szfrp?ﬂmg a
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t he nodel nay be displayed on a conputer screen in various three-
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user, cornpfPeesgenbogiment die st platpetitionigs BEAOBRISEG! lpasions Re Platand process dat a
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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.



Two identical nodels nmay be fornmed fromthe acquired digital data, i.e. a
nodel of the auditory canal including a part of the outer ear, and a nodel
~of the hearing aid shell. The nodel of the auditory cang Sdpes@ied2005
unchanged whil e the nodel of the hearing aid shell naybe subject to
nodi fications and additions of various features as will be described bel ow
The frodel s may be displayed in distinguishable colors, and the shell may
be displayed inserted in the auditory 7 Septenber 2005 4 canal For this and
ot her purposes, the nodel of the auditory canal may be displayed
transparéﬁﬂﬁy@mﬁﬁ@ﬁmﬁ@@ﬁﬁﬁﬁéﬁﬂﬁwoﬁﬁ@gPﬁﬁéﬁﬁwﬁﬁ%ﬂﬁﬁﬁmﬁﬁmWEﬁbl of the hearing
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t he | unchmelle<tantiguackie. a pl ane contour. According to one enbodi nent of
the invention, the shell is produced based on the nobdel and may be

t erm nat i i i . jynction contour. In one
enbodi neﬁgagowpﬁa?@?%%ﬁ%gﬁ% ﬁ%bf}%ﬁg[%%eﬁ’%gg%%‘%%{ﬁcéﬁtg are transferred to a
nunerically controlled machine that automatically cuts a separately

manuf act U @athergmbodimentof the preseny inyentiony the breringtaiddpusipg s elaedecrisdwittunct i on cont our .
As nenti QReftcRBOM®plakhe junction contour may be a plane contour conpatible
with a plane face plate. The face plate may conprise positioning nmeans for

engagi ng W th correspondin sitionin means, of the she]l so that the
ci rcunf erT\é\'lI E‘tég%t'fdr%cﬁ Et?‘ﬁiyé’eﬁﬁiﬂget%é”rfﬁftﬁ g‘"faﬁee"%fhﬁ'ffé‘ﬁgﬁ‘ﬁh%’i’ﬁ%r of the shell
when t he doaoe npicateshype sf thelaaditbm gnatefisus@ Tgbeg & dufintsh tdhieatishogthe  posi ti oni ng
means. | n.a. prefer .ﬁ;{po' e face plate pgsitioni ng neans

conpri seseatng%least%%%ce ace p g%%OF%?%?rrwﬁg?%%%ﬁn gf"‘qz“"is‘ﬁ’ﬁ‘é“r surface of the

face pl atiwsertedpdhaapditoryaspl] positi oni ng means conprises indentations that
are adapted to receive and match the at | east one face plate protrusion.

The faceppb@ilyhd BY plb€is fieraidy RBGatdd i @ed 4R8G4 AR QR MO 8Pt hat it mat ches

the junctjgn cont our en the at |east_one face plate protrusion are
recei ved SB A Redyee TeRaT PPt £t Etplegthe feg 8l 1 &d o WY Witor r ect assenbl y
of the f aegoihgifere facpiith® kiRl hlohgthd jafdibi doatb@dk prddiced pedihewitenbodi nent, t he
face pl ate pasitionin ri.ses .at | east one f.ace ate protrusion
at the i tﬁ}%esge?lélif'r{%lg% ot ?nﬁoga? S%%:llcra[ped?%lf'gé(’f E?Fﬁp%%tt? tir%f"’gS%l%]tltlS | °‘é’m¥ i rcunf erence of
the facerorfimde at a di stance fromthe circunference that is substantially
equal to the thickness of the shell at the junction contour. The shell

POSi ti ONiARGhdHR A WpraldR¥d SBHIRhdnESR thh MPenBdhed dreddimdntiEhal hbAG bR Race CONt OUr . The face
pl ate may, be cut al ong the junction contour so that it matches the junction

cont our R Prsd Bptpatch Sﬂ"teﬁ%ec&flj“f‘“é%ﬁfgfon&‘}éa’Tdé'E?é‘acﬁP'étﬁé’O‘ﬂﬁ'B’f’r‘lﬁ‘si on abut the

cor r esponitil Agdddae tombihedtifi@one three-dimensional model of the hearing aid housing. Based on

the combined 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
deposi_tion meodeling, 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




i nner surface of the shell. The shell positioning neans may further
conprise protrusions at the junction contour extending inwardly towards
the interior of the shell for reception and hol ding cor (7éspantiengoiace
plate protrusions. 7 Septenber 2005 5 Shape, dinmensions, and position of a
battery opening in the face plate facilitating insertion and renoval of a
battery may be selected and includéd in the face plate nodel. Based on the
nodel, the opening nay be provided automatically during production
ut|I|2|ng a nunerically <controlled working machine. In a simlar way, at
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atte ected cIu ed. in the face plate
odel t hpieE o bRl e R e S WOt RGO HBRCTD o R i | ar vy ot
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second mcro openi ng, resp ective ne nlcrophone
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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



correspond to a desired directional characteristic. The cal cul ati ons may

i nclude the shape of the 7 Septenber 2005 6 outer ear, e.g. as determ ned
during determ nation of the shape of the correspondi ng aWdSdpteryberéadml . The
face plate may have engagi ng nmeans for receiving and holding a hearing aid
conponent, and a nodel of the engagi ng nmeans may be included in the face
plate nmodel that in turnis inclW@ded in the hearing aid housing nodel so
that the integrated face plate may be manufactured with the engaging
nmeans, using a rapid prototyping technique. In one enbodi nent of the

i nvent i or?epfa“‘iea(‘?g*'fﬁ@?%dwgé)og@&awaw LR aetigrednersei rdi ng a battery
openi ng. f&te. separately manufactured plate may al so conpri se the engagi ng
nmeans. Then, the shell of the hearing aid housing may be produced attached

to or abut he s rototypi ng techni que, |ayer
by | ayer, ??ﬁé@é ‘Rm%mg&mﬂ%m%?%sghgggfpmeMEP%W n?ﬁé%@ %ﬁrrounding t he
battery G@Eﬁ%ﬁ@hahgngsﬂh@mmnevmmusd#mgeﬁSMMﬁufrunctlon contour of the
hearing aid housing. In another enbodi ment of the invention, only a part
of the f%@hcﬁnlu%taﬁ nka) 64 m&dagrﬁc%ggﬁtugzﬁﬁnxmg PRED, B nbiling SR, at el y

manuf act ur ed he circunference of the part may be 1ncluded in the hearing
ai d housilg s gefle vath g soelfb attirast pre croRhoge. 4 signs Arpgestpp gnddecpiroduced with an

i nt egr at eﬁbloséd&ﬁ&lﬁir@gﬂdl&ﬁs‘i@Cﬂeﬁlaaﬁr@aﬁho@bé&ﬁiyhtﬂﬂmﬁcﬁ@ac@ﬁ@&[aﬁﬁg&ﬂ y manufactured
tt|n nf erence of the

part | ay by | a first u

part. Al t(?5 erRarS é%gﬁedihﬁfﬁmg’ﬁgﬁsﬁags %//baﬁ%y‘i“g Pl cﬁ’r"?‘li%a“”&i’tﬂ?‘f the end
0pposi ng htanes #dboeinp ngst comprizelenpdpizp mtdnefor ratieigs @l edofbigkldieaice has been for ned
term natipg.,with an opening having a circunference matching the
circunference 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 nore hearing aid housings nay be manufactured in parall el
in a batch utilizing rapid prototyping 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 ate may al so conpri se engagi ng neans of the hearing aid housings. Then,

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

t he respective hearing aid housing. In another exanple, a plurality of the
above-nenti oned separately manufactured parts of the face plate are
positioned in a rapid prototyping apparatus for parallel manufacture of a
plurality of hearing aid housings in a batch. A fixture maybe provided in
t he prototyping appar at us W th positioning means for -accurately receiving
and hol ding the parts i n'precisely known positions. Each of the parts may 7
Sept enber 2005




6a be provided with correspondi ng positioning nmeans that match the
positioning neans of the fixture. The separately manufactured face plate
or part of the face plate or batch plate may contain part/sSepimbeef803 such
as springs, elastically resilient lugs, electrical termnals, etc. The
hearing aid may be a nodul ar hearing aid conprising a hearing aid housing
and an-‘ﬁ$&%fronic nodul e with a socket, at |east one m crophone, a signal
processore “4f4"a receiver enclosed.in the heari ngPal®FH&8%i ng. The hearing
ai d housing may conprise a face plate having a battery opening defined
therein for passage of a battery and the electronic nodule. Further, the
hearing ai,d _hausin conpri ngagi. means for receiving and renovably
hol di ng thIEejIS ms“&%%’%lg?g’aﬁ%%ﬁ%ﬁfg'ﬁﬂgﬁg%%%&? EHECTBErPES82/ 03318 7 It is
an i npor t armoveidrmthedgeingid vitoutieohging the Iredugiaidgowmingl t hat t he el ectronic
nmodul e may be renoved fromthe hearing aid w thout damagi ng the hearing
ai d housi Ne enfipene HRYS Gy D mpiRa BrSovBR Y ackQiIM: heife Ibi0AMEentWiB6KS and/ or not ches
for engagenent mﬁtg CO: oper tingHioc et engagi ng neans formed on the

socket . S‘Tﬁ%m§%gﬁ’?$¥ﬁﬁ5§?ﬁ roped B0 Be S8kt conprise el astical ly resilient

lugs. The lugs may be integrated with battery termnals projecting fromthe
socket .5 Shidp@cketingaging mepss maysompissilastically refliedivgmcoust i ¢ out put opening in the
hearing aid shell for transm ssion of sound fromthe hearing aid towards

t he tynparihe g baitegritelwil atbHteaiacboiang foReleyeted i n the shell nodel. 10
Di spl ayi ng the nodel of the hearing aid housing inserted in the auditory
canal nod P R¥nend Cllihi L ) EL.0Nn. t.he acoustic output
openi ng s?h% hat_ ?{11@’ A&Et’%ﬁ%’?"ég‘%ﬁ%&g@#@ éeﬂéggﬁg%%%éeﬂé%}r ection of a

| ongi t udi rigpsmissiencof spund frpan the hggring pig) topaipisthe Yyrppaaic megbrinevnayibpgpleptie ri sk of  t he
out put opend iAgpdetth ik BRYmedLNd towards a wall of the auditory canal or even

being partially or entirely occluded by an auditory canal wall. 15
Pref er gpl Yoisply tﬂ&mdmgﬂl@ﬂegl?dg%ﬁ& th2rrd LARUG R Lptegrat ed
ventilatio#gc annel . Upon rnaf@%%‘o?ﬁggg%}ée- |ﬁg%§g3% | nodel of the

heari ng aiftFanidectigp of ¢ PRsitipirf B 26onts HUPTRgeing so Bst e gpuhepetitgemitace pl ate, a
pat h nay - kaunsrlieaiedonk ORgitttMaCatis b ME0iyichdl thdiGiRRRRBL aksr | Ntended  to

ext end. TQ& Vi tilatio chaqnel naﬁ constitute tube with uni f orm or
APty ;

hon. uni £ or e olpdl apeniig crttng saitd ot s il op i eppifory conaf o o Veg i paaly T o

Cr 0SS- sectoF eirelycoiied by amauifost damshwadhannel may be of 20 any form such as a
circular, square, rectangular; rectangular with round corners; etc. The

shape 15  Preferably, the hearing aid housing is preduced with an integrated ventilation chamnel. Upon
formation of a three-dimensional model of the hearing aid housing, the model including or
. excluding the face plate, a path may be selected along which the ventilation channel is intended
1o extend. The ventilation channe] may 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,



and di nensions of the ventilation channel cross-section and of the

ventil ation channel walls my be specified nanually, e.g. as is well-known
from CAD/ CAM systens, and may vary along the |ength of {lepthdrn2005 The
shell wall may constitute a part of the wall of the wventilation channel.
Dat a representl ng the opening of the ventilation channel in the hearing aid
25 shel | osite the face plate are cal culated, and the shell may be
autonatlvff%FzF %t oduced with the ventilation channEq:T"@fﬁ%???ﬁg Further, the
position and the geonetry of the ve#tilation channel opening in the face
pl ate may be automatically calculated facilitating automatic production of
the face plate with the ventilation channel opening. As for the acoustic
out put opeﬁiumg;ngdie&qﬂdoami:thtﬂidﬁﬁchaﬁhdehtpﬂﬁpehxlﬂﬁbd&@@irhdngo:&htdelhousi ng inserted in
30 the au y facilitate selection of a position of the
shel | ven%‘f%ﬁ%% ﬁa?%%ferﬁl ng so that it points in the direction of a

| ongi tudi nal axis of the audi tory canal thus, 7 Septenber 2005 WO 021080617
PCT/ EP02/ 0r 8 b9ty gf 5 #epustic pyipytqeening e thwentilation Glamnc] 9pSRiREaMY Bhannel out put

openi ng beﬂ{p@dmécbm@duﬂyold)d’neﬂmxgu&hwm%ﬁhgddﬂdheb&v&ﬂgnﬁtddia&ﬁﬁ’oy canal wall.

EI t her 50r %@S(ﬂ%’.ﬂgeﬁgl %BAICAEC)}@E‘FSRMHE%Q%”I nginﬁlnpxoaucceds% nti l ation Channel

openi ng mayb o recei 0 an ea ard. The openi ngs
and the e&Rtenles ﬂg@ﬂww thehelisad fgfmig abprbing fppiaseridh eftieowews guacd\BO 00/ 03561. A

pi pe stub r&&ynﬁjﬂ)eff&ﬁa%ﬂﬂﬂlhﬁeﬁ&%ﬂgﬁwﬁ%ﬁﬁ%ﬁmnﬁﬁh%E\Qﬁd@gcémr dly in the

shell and formn bush I nsertion of the ear wax guard. A recess
maybe forﬁ@&aﬁvﬁxg'ﬁ‘gd"éﬁgicﬁ“ﬂ c?\“/lg’f?fﬁausﬁ‘ﬁg‘ﬁf"é‘aseﬁ?ddﬁ'ﬁ%@?%fﬁﬁém% and mat chi ng
a col | ar @hdhotding theasr wapgeargPadfagbly) wall ik Gdas in Gaiftaited ad therreces toavdiishi ng t o be
insertgd ig IM&F‘&R&Q&%&“&%S&@CH ving and holding the ear wax guard.

I ckn

Preferably, ess Is maintained at the recess to avoid 10
formationTg q]a%%k are% of the shell. The shell rmay be produced with a
means for WY BPHPPSRPEBES B ﬁﬁ“ﬁf%‘pvﬁf’é‘P‘bﬁl?“B'fmgtsPF@e“F‘é‘b‘gﬂ\?é"Fe”‘“’Tig?r exanpl e, the
shel | nay exappy thesbelistay apmpkig!stlihslddifor réceioiny Midngdisg vekithalsgipngattesi | | ent st raps
that in 1?1,1&59 kitheithe E&H&%Rwhﬂfwﬂr%ﬁLb‘é&ﬂuﬁ%fugﬁéﬁsﬁh D¥hef %%Q%?txﬁ on absor bi ng

suspensi on of the receiver anot e shell conprises a
chamber orfietrubadimesh deshsll cqmprisss 4 gharebergs grotsesions fPFgf’G&!E}ﬂ.E féholdingej ver, and at

| east gne tee@skibek, Qﬂdatbﬁﬂd; felsxﬁﬁdaaﬁr fﬁbﬂ'&i’ouh@@e {c&ﬁ@'aﬂtﬂiawﬁﬂgotﬂﬁbﬂs /g Pr Ot rusions
ndi n eiver in the chanber. The outer

for supportl a e re

di nensi ons Pg?re'%he ﬁ?ﬁ’h g““é‘?" 3 g’ffh ﬁ’g&el may be sel ectively increased so
that the correspondin hearlng aid shell exerts a pressure on the auditory
canal ti sJdbeenithemensiqes oshelepring aid shiclmedel ray bp seleptyely inergisedse fratéhgnal . The out er

di mensi onSorfERndaey Hedff 41 SBEexérd ¢ predEssh tsevae&to;yfeﬁmﬁiagua tvﬁenal@ sweitisf ace of the
Z)r(]lels L of O i r}l:ee& iJS:|thzceau n;.% Coadt ot O dxgngi{sggsurga%g 19mfa yau|1c:|r 5 ov%rn & eantu'le ongi tudi nal
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 amateria] 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




the shell so that very little or no pressure is exerted on tissue residing
deeply in the auditory canal. Alternatively or additionally, the outer

di nensi ons may be increased at selected areas of the shé&ldepsuitieaz@)s e. g.
formng arib partly or fully encircling the hearing aid shell, the rib
providing a tight seal against the auditory canal wall when the shell is
insefted in the auditory 25 canal. Further, a tightening contour may be
sel ect ed"¢ 148%Ext ends ai ong the surface of the sheP¥TERY®S3Bartiy or fully

encircles the shell. A groove extendi ng along the contour nmay be included
in the nodel having a cross-section with a shape and di nensi ons that match
a desired tightening ring to be nounted in the produced shell, or

al ter nat i vighidbey chidBthe bifpliBRRIAH sEAN mAHLR T sGrdSRRS Loy 0haad. a mater i al

different fromthe terial of the shell, the depoSited materia

const i t ut i NY™EPPIGht BT “‘B?"B‘W‘%F’Bﬁ?‘ng?ﬁéla?‘?ﬂﬁFﬂbéﬁ?“ﬁtﬁfe‘b?“é’tbtyusi on or the

t i ght eni ngdereasige the lpwing @i gm aslie, AR Fillh@biliRe of tetedingad daghdt 8ni ng of t he shel |
to the audj4: . S unted in the audjtory canal. If.
e hoat gk bR R aiaSPd Mol Gl bt ASS it Bcer BB 00X TR0 L
Sept enbér THESHWIRD FTOBSEETA cERFRGTE 18y Bt brsaiabloefpdiustingth, the anplified
acousti ¢ sdhgigalin 4oy @Rkshipe dicheCmSphinRUPEL A9 $na 1RO LERE i prcRPchi ng  the

m crophoneﬁ‘@ &‘Iiti i \ﬁimn o ui se h Eeedback ener at | n% osci| lations, to be
countered Ont Y by HBETERSH Sgact’f’?e’e‘ﬂlégé??‘ﬁb"‘l&“i&d*%‘%’i I UBbiREE i8S, the ful |
capabi | i t iselgesdifis prdplemheari ng ai d can not be wutilized. Further, the shape of
the auditory canal typically changes in response to user activity, 5 such

as chew NQn aysbiiiRg: witkef thetapé @il aRASY LAL nAibka 3G kined By, e capabl e of
adj USt'ngtg . chan@ﬁs i ngfaubg*t%é canal shape due to novenents of the jaw
and t hus, E%W%ﬁ":l’gc A PECREY TS PSP FtPPRig fortiPania e pr oduce

unsat i sf a@u@'ﬂoywelsatlwlti@tiempwemmibmdﬂmmié\wfﬂam e dicegslohentibag ring sol ves
Lhi s pr obl iy e RARRNRR MOSEA! dhuk 1 IAREAL il Brctfilhd OTY Canal has

been determ . ned dynam cally, trghteriing contour 1s preferably
sel ect ed dtUPBsTE oY ebidepadatrinttgeditvposi tions in the auditory canal at
whi ch the above-nentioned dynam c variations of the dinensions of the

audi tory darefimensionhinbdels nkshipeswad geamitdun of vatiel Blayngaidsegiteatsand ti ght nounting
Of 1 Ne 15Nk biclohohdi Qi el Youthfd Aot BE b BEJacIeREDLdODY Of user
activity. Three-dinmensional nodels _ofp_s dape and geonetrres of various
hearing a8y BOEHTIdMRsorpasgiioninto fhs hepsingaid Piliving el known GARYCAMY ocessors, out put
t r ansducemetos] modeliayhe Becll ConPohehtimay 1d pésAiaRa end dRPEL-MRMiNE: Sel ected for
incorporation into.the hearing aid. Uillizin | - known CAD/ CAM net hods,
nodel s of hfar_%_gggsle Ogsp et ecl:%n%ﬁngﬁenlfms?ednaévn grsﬁ%ﬁﬁg‘i“'\?q%ﬁwv&ﬁqﬁmﬂinspl ayed within
the hear ippgions agd erisuiaiiopsge. v plovisionchf mopridgeidwbueitiimemeian Golfigm sel ecti on of
respecio VehdaBmai bt 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.



positions and orientations, e.g. for provision of a hearing aid of a

m ni mum si ze. Collision 20 checks nmay be performed, and positions of the
features of the hearing aid shell, e.g. the vent channel7 Sapeymtak 3009e
noved around to further optim ze positioning of the hearing aid

conponents. Although there may be sufficient roomfor a specific conpaonent
at a'certain position within the shell, it may not be possible to nove the
component® P¥BY1% hat position, e.g. because the int 8 HEP29H18 yol une of the
shell forms a bottle neck at the input opening. Thus, during design of the
hearing aid, collision check may al so be perfornmed during novenent of the
conponent in question through the input opening into the shell along a

desired pagbsdeaabuse pfl o HeictiaLoRi Ry 1R ferfohRd Whil-Uib sifitBad Rape of the shel |
may be ad] steg sel ecti vela/itgl n order to Jncrease the internal volune of 30

the shel | FBPFIUPEL Sribgrdienrmel Indit wagSisoasitog of the @Rt £VEiMEonponent .

Pr ef er abl ythe shdl@ntorarti epening oaydbe saeted fonopbfmsh dvemsih efpkardnt: vepBddathzat ar eas
cor r espondi1g.d. | r el n-sensitive to
pressure. d‘% Sep%g%?&§%§50%ﬁ8%’?%§%%%%§%%8%%@%%tﬁm?’ﬁe sel ection of

t he path choutdbeinrlpdsd jojthsrmode) at yditoryrearpl fhcilitaing svelnatiprioffisicosmtiche shel | nodel is
di spl ayed apgeardds &xileBehribaid. Wepicalin hd iDf¥ssi6REFah auditddy daftll AsoWBdhainsthl€ POSi tion of
the face plate cqver] g, %pe shel | outward opening may be sel ected for
optinun1cé?%%??%’éﬁ%%grgﬁ%éGVhen the hearing aid is inserted in the
auditory canal. It should be noted that a nodel of a part of the outer ear
5 shoul d e furfece plfeshqlmade] enayyprsempotkefl toslimfinateshorp edgpreind dogoets priditeat i ng eval uati on

of the coshhSmooRRNEDS CRirOhell B8 bb §RIoiEr Hlelfic J4PIr@BLHeN maptt | NPr essi on of
an audit or nal_al so contains. an inpression of art he outer ear.

The suf% ac?éecg > CeHE™E A EY PR ewﬁgflm’ﬁsér’ ﬁﬂ'&ﬁ’f"ﬁ‘é‘%lbﬁ‘ﬁeﬂgl“f“ﬁi%? harp edges and
coner s andmbahingdhmaques- a snoot h surface. The entire shell may be snoot hed or
specific areas of the shell may be 10 selected, e.g. using a conputer nouse

\,':Vi th a culrrspas(ampiegfs:ess&@&]gcmﬂ& &MWEJS?GW?W“&%%#MJ techni quesl-
or exanp resence. of .cerunen or. fall o sue_in the auditory cana
when t he iOE’B?‘g‘gl ocﬁm?'&fm?eﬁ’gyﬁtﬁ"cﬁ ‘{“gef’ffd@’&h&tf miﬂ?sﬁ?ﬁa’@gm“@faétﬂa@ undesi r ed
artifact s be pumbiedfigh b hearnmhel housihp madel byfdaleting feyurfadseoveedmichrtificom t he heari ng
ai d hopsi '?Sm@ﬂa%helgﬁcﬂ&'ﬁa@lxéMWEQﬁw%Uséﬁﬁgmggdgéﬁ%ap%asteE%%% tifact 15 from

t he nodel and cal cul ating a new surface Substituting t | et ed surface

based on tnﬁgels“l‘ifﬁﬁé‘m%wgfém?ﬁtrroundi ng the artifact. Further, a serial

nunber or another identification of the produced hearing aid housing may be
Further, a serial number or another identification of the produced hearing aid housing may be

incorporated into the housing mode], 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,



i ncorporated into the housing nodel, e.g. in a selected position, so that
the housing may be produced with an inherent identification. 20 The

fini shed hearing aid housing nodel nmay be stored in a dat7/e$psenbep200st er
retrieval. The database may be utilized for further automation of the
design process. For exanple, the acquired data representing the shape of
an audi | may be conpared to the shape of _housing nodels stored in
t he datéﬂ%égggﬂgnd t he best match maybe retrieved gﬂHE?ﬂ@gﬁositions of
features of the hearing aid housing!and sel ections, positions, and
orientations of hearing aid 25 conmponents may automatically be reused in
the hearing aid housing to be designed. An operator nmay subsequently

adj ust or 4&pegrrtdatabise mpyde firasieompisiss tiook gith opdiehatifiong mmdandel ecti ons.  The

conmpar i SoNmABY, WoiRinPBE hbiyard s dgpﬁﬂﬁ@&@&ﬁﬁgmﬁpﬁ£ﬁggggg}ng areas of the
hearing ai d gg S|q¥s. TQ& n@de s my he stored in the database in a
reduced fdPHF @ﬁ?? 1 R0 & e etginal Fprserien o fhe gedrtery caeql pid PR very hi gh
nmechani cal and Géntifiasané modeh gfthe teding dd cophaanie isedin the patiB@'ahdang 2adeteti d housi ngs
are nots regul X A shape W4 . L0 rpose ,of reusing

posi ti osns,‘ghbgv;h%giﬁ%%fﬁf g’?\ , aisg%g@%ﬂ%&gcﬁ eaefi\t%tﬁeogfha‘gggtg%ﬂ‘g%?\%ﬁtfage relating to
t he st or edf Feaditergcagt apainoiss Pepkingpree impresyioSe|fe avdery cp@OoBcal® 02/ 080617

PCTI EP02/ Q:33ibtyladquiediipbsaily belatin Raseed i@y aRatarammdseconpri sing records with
a patient identifier, name and nunber, holding the bearing aid

e.g
housi ng 0 ' [ uestion. The.records rther hold
respectinggggg%g&gﬁégﬁgﬁggﬁﬁfﬁgﬁmgé%?%gﬁﬁ%ﬁ?ﬁﬁgmﬁﬁgﬂﬁﬁ§%¥%?%ycanal of the
patient, chfehmgeerntilizizse-calledyapidnseieyping irctinidues, fucteas terepliipgiapbio ponent s used i n
the paid enfntefing Rk AP@sitil thodeBhisC dropXiefsiEVril@RI &g ai d for a specific user may
t hen be produced wi thout having to acquire the shape of the auditory canal
again, e. / i ipressi o f th dito anal , since the
previousLgha%éﬂ%$§é£§%qﬁgg&%égﬂggmgﬁﬁg$ﬁs?%F%F@%%ﬁm?#%ﬁfyﬁ% pati ent
dat abase. sffions Saigey b sapidinipntipknt alid and bergopsal Juitneed et tedlbert iy based on a
three'dlUﬂﬁﬁmﬁﬁﬁkmﬁ&ﬁﬂﬂBﬁ@mﬂaﬂﬁhﬁmﬂ&mhQﬁm@%ﬁﬁdﬁkﬁgm&&ﬁhﬂﬂm§&rPa||ed rapi d
prototyplqguégchqﬁgqqﬁ uch as stqreoll%ﬂg raphy, | ase 10 sintering,
fused depd®i%f PR AR ,“@r"%ﬁmﬂ‘éﬁﬁ&m 1'%’l‘iil Mymtegpther Aror  exanpl e, in
st ereold t lvopimpiith, activated lgpidpuathetic rvipaiey be lecaedmesoipats bonralied nunber of cross-
secti ons tmble%&o&esﬁ%m'u&to@ﬂmaﬁoghmJegﬁglrﬂa&'of %ﬁ%&m ntal, but need

uci ng t

not be. Then, fhe housing is manufactured by pro e i ndi vi dual
cr 0ss- sectFBAY c2ysing aldest prrkpolyaiizytion gf thepnthitic repip  issosspledtgerrdirdy | under neat h

each. ot hefirsbérosiestiontopthelnadhg 61 BREing Afler oéhphiRgof bR Bods 0@ty . A 15 cont ai ner

W th acti . 1.l gui hetic resin may be | ocated on a conputer
controlIe&ﬁ&%%§ggﬁ§ﬁgyggﬁ%¥%FE§$f%§%ee@ﬂyﬂ?'ﬁﬁwmgggFﬁ?gﬁﬁm%Frected at the
sur f ac® ofef thtjisidsypthiets resinepn He@tofiused in the same way. This continues until 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. ' '



resin and causing at |east part-polynerization of the synthetic resin, it
is possible to generate a first cross-section of the hearing aid housing.
After conpletion of each cross-section, the platformis7 S¥vender DHOI he

| ayer thickness so that the next cross-sectional plane on the surface 20 of
the liquid synthetic resin can be produced in the sane way. This continues
until the ol yneri zed housing can be renoved fromthe container. Laser
sinteri ﬁbo-ng:sug other layered fabrication process pPodFéVHsa

t hr ee- di nensi onal object from powdered materials in a |ayered fashion
utilizing heat generated by a CO2 laser. As in stereolithography, the
conputer nodel is converted into a nunber of cross-sections 25 successively

produced yis aRphoanGaulifee b BreshEATh o 0k il Lifiolns Qe PRYEIES - The |aser
beam fuses the powder particles to forma thin ayér of soli1d mass. The

| aser si nt'®f FRAFPEeRswaling dfchidey parioys deafyess egran fptegiated faseplatsia powder ed
mat eri al s.vesildtion dhinmil, ighisviifgiphotrlisjon, abaticdy dPEMRE R edphpins Gle@B, Sn &G ONS Wi th a

printing i.m S Jn_an in et, pri.nter, i.e. a drop
depositiOHE%EE%F?ﬁg&hﬂgpkgygﬂ%%ggmﬁg“g%ﬁse P?%%%Vﬂﬁ B4 ng 30 successive
cross-sections using the drop depositioning printing and, after at |east
partial® JorHEy e el s prodirsd deme Aeiile sveptresistayt materiad The massialghoutdne print i ng
oper at i on,nofyust ileipicsdactivkd. Ng t hem on top of each other and joining themto
forma shell. 7 Septenber 2005 WO 02/080617 PCTI EP02/03318 12 It is an
|nportantrﬁg%gggggﬁﬁgﬁw%ggm?hﬁﬁﬁﬂ%F%ﬁmgﬂi|on that a hearing aid housing
I ¢ "audi

that is matched to a Speci ry canal and that includes various

f eat ur es, .&. an i tegrated face plate,. a ventilation channel, a

ti ght eni ngﬁf) ?f?ffa{}‘g‘?yg’ﬁ?°°él‘“5&’tl{’“§?’§/°f6ﬁﬂ?fitﬁb“%PSFF?aéiﬁsg‘%t’gi"lﬁfg%élﬁs, an ear wax
guar d hol diil mapbesolosd i alpelogug eubstaedhf a déshetablog ag. by dipidg fhe sheintierum of manua
oper at PngodsieheEabl y, the shell is produced froma flexible, sweat
resistant matérial. The material should not cause allergic reactions. The
shel l s ar r ef er ab olished in a palishing cylinder. The material maybe
col or | ess ‘OF “Fay % %#ﬁﬁe gPﬁPnFﬁﬁTd?§“%¢6§%“¥ﬁ”QGQ@§W¥%HEQ%Ior. Then, the
shell may be colored in a coloring substance of a desired color, e.g. by

di ppi ng t H&s 5heshowsiaCADKAM systerp arcayding tg the plesttanvetion, The i nvention will now be
explained in greater detail with reference to the drawing in which: Fig. 1

shows a CAHiy CAMhGWS R ateRl iwiad ifit-RA hRkigsaNt | nvention, Fig. 2 shows a
cross-sectional view of an in-the-ear hearing aid, Fig. 3 illustrates

schemati cgld ¥ thGuRLAG igent of the.present invention
15 for rman ug:c Sctur lllr - q‘a agﬁzguéarﬁ% ﬁg ﬁrgc?% 18%!;1; u?m%goa%en} of it prese& iR nfiaH \
15 for mamifacturing 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,




Fig. 4 illustrates schematically the process steps of an enbodi nent of the
present invention for acquiring the shape of the auditory canal, Fig. 5
shows a conputer representation of the acquired shape of 7&peRéibet BHSessi on,
Fig. 6 shows a three-dinensional conputer nodel of a shell wth already
calculated wall 20 thickness for definition of the interior cavity at the
i nnet surface, Fig. 7 shows a cross-section of a part of a hearing aid
housi ng W ##%%He acoustic output opening, Fig. 8 iGR&BiBart of Fig. 7-in
enlargement, Fig. 9 is a perspectiVvé view of an ear wax guard, 25 Fig. 10
i s anot her perspective view of the ear wax guard, 7 Septenber 2005 WO

02/ 080617 .13 PCT/EP02/03318 Fig. |I | shows a cross-section of a part of a
heari ng ai dighbusheny awiossiiectibpeof & pasiLes ¢ heering pitl persing Wihdimiarrgstidestpugned f or

posi tioning of %cﬁ%ﬁgwfglﬁ@s&gm df G cadwaxlgiar® NMOdi fication of the
enbodiment in Fig. I1, Figs. 13-17 illustrate a nethod for use in
production of .. the h i.N i d cor di othe 5 invention, Fig. 18 is a

" perspecti velz(ljg\‘/}zevﬁs%‘?m%lhu@r’r%fg%’leﬁ!g(ﬁdfm%tfmggﬂgari ng ai d housi ng according to the
invention, Fig. 19 is a perspective view of a face plate for use in the
hearing ai digefl3t] fustraiga spithod fog pse i piafaqtipreef the hesdiper diipeordimeithee and a battery
l'id conmect ed Wikhniohle face plate, 10 Fig. 20 is a perspective view of the
face plate itself, Fig. 21 shows details in the design of the face plate,
Fi g. 22 shd@igslsf us 4 eepectibe viaw b&aniembddinent deslieging aifl hdukigy sbagipgpltt e, Fig. 23
shows an el ectrqpjgipodule for use in the bearing aid of Fig. 18, Fig. 24
shows the socket part of the electronic nodule, 15 Figs. 25-27 show the
design of a battery lid, Fig. 28 is an exanple of a hearing aid battery far
use in the "ekriH °§P38""8f”°’|"—‘8@“.fa°f81,atcf°f:?s§.‘?%&"%ﬁ%‘%\gﬁg&@é‘iﬁ%‘* hol ders in the
shell wi th the nseeivefoiidmsddale heich batkeiydid cBdics Rithns: fiepltever hol ders in the
shell without the receiver, Fig. 30a shows the receiver chanber in the

shel I, 20 IFgo 30PpSRowe vieRer BdieReRsS R, of the receiver in the receiver
chanber,

Fig. 21 shows details in the design of the face plate,

Fig. 22 shows fusther details in the design of the face plate,

Fig. 23 showsan 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,




Fig. 31 shows exanples of cross-sections of the ventilation channel in the
shell, Fig. 32 shows a shell wth and wthout a tightening ring, Fig. 33
shows a cross-section. of a shell produced according to g J¥peheif 20D
enbodi mrent of the invention, 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 ment of the invention, Fig. 35 shows a cross-section of a
shel | pr¥@li®&¥%according to still another preferreBCTEREBMBent of the
invention, and 5 Fig. 36 shows varigus enbodinents of a face plate. Fig. 1
illustrates a CAD/ CAM system 60 according to the present invention,
conprising a processor 64 and a conputer display 62. The CAD/ CAM system 60
i s adapt ed i 3 uf acture of. a hearing aid.housing conprising
a face pl g?tlgéggn gzlel_as R’é%?c%? %%tgg}cﬁsprﬁél AEYIR %mﬁ?gm pé%ﬁ‘le‘% %’?’bﬁg%eé‘%\al of a user.
Dat a represent i ¥§etentighape of the auditory canal are received and 10
stored by the system Upon receipt of the data, the processor 64 forns a

t hr ee- di meRs BO HAbws anmebebetiof of b el podibd: adcyrdig@id adil a6mek: fefi@at of the

correspondi ng o . [ ed on.the data. The nodel is manipulated to
forma three-di rfe%?gé%m%g?mlr%r%}eﬁqono?ndt he desired hearing aid housing having a

shell that_matches the auditory canal. The hearing aid housing nodel is .
further’ P ubafsaariacadrdmy of ast@®- known met hods of CAD/ CAM systens to
desi gn and produce a 15 desired hearing aid housing. In the design process,

t he nodel HigaVillgratel aSPADATARNMI systam tlhacordiig g fedsentlinegplicaycofbpkisinfa var i ous

t hr ee-di my&,g' ] I I - .ons and vari ous
oper at or con%sgragﬁagﬁh‘%u %t??gﬂévh?'g‘rﬂ%gﬁ?}éé@%%?%ggaﬁﬁésﬁ%ﬁ%%}e provi ded.
During t h&@BEskg ! phegingsid hovsingcompising 2 fpe Harandarditlt that i metdhvd lo thee naii ns
ungh?nged_au@bdyeanglhez iidE&dBEl_ _tarcﬁiffscntiﬁg&hej}ﬁi@é&f:cﬁg aﬂit&y@ﬁﬂﬁ!?_}ﬁréc%\(r)e&hﬂaj'dEFt to ]
nmodi fication tjions of_various features. e. 20, el s may be

di spl a§02d s%%ﬁeﬁig?ds} 5 %%nbl PR ngt(})l‘f %East{% AREY ﬁ‘g{"g’ﬁélﬁ’lmﬁﬁ%?"sﬁggdi spl ayed

i nserted imedel piifle andiddivicapeland s bf tiefowesgobding cateckadinied on uepolbes, the nodel of
the audi t%xelﬁaﬂﬁﬁmaamomaﬂbmgi&%uﬁoﬁaﬂﬁ%&a&ﬂexﬁnﬁ%%s- pnpl etion of the

hearing ai d,hou%'haﬁ m)gel, t he correspondi ng hearing ald housing is
~ produced, f&mRgas ¢ Ehgs e avitory el e Fdovsiggmeddl firtehe nodel and
ut i | i zi ng oanipasideccBPing foodeld knopi meph@DEFAIARICIM Sftemd thddsigeans podsde £nbodi nent t he
rapi d protat vl PRALAL ok omer ci al Ly, avail abl e
stereo ithograpﬁ%ggpﬁ?g%% t&zheg%gh%&s’tﬁem Ay edl%laye\{lomlhe
computer 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.



Fig. 2 schematically shows an in-the-ear hearing aid 10 with a shell 1 that
is covered by a face plate 2 wwth a battery opening 78 and a m crophone
opening 76. The hearing aid contains a mcrophone 3, an'xgéymﬁﬂdmagos
anplifier 4, a battery 5, a receiver 6, an acoustic output opening 7, and
a ventllatlon channel 8. 7 Septenber 2005 WO 02/080617 PCTIEP02/03318 15
The general rinciple of a method according to the invention is shown in
Fig. 3_ '@ﬁ%ﬁatlcally shown ear 11 possesses anPaUBFE8¥I canal 12, the
shape of mhlch it is desired to acguire and represent with digital data.
In Fig. 3, the shape of the auditory canal is determned at A and digitally
stored in a nenory 5 13. The digital data are converted into a

t hr ee- di nemlgajaaipnﬁ&ﬁma%ﬂlmg@mg{o h@eﬁbﬁg lho@hinPi2d saved in a data
menory 14. eﬁm%ca% f conponents for or features of in-the-ear hearing aids
a

are stored™ PT?““?HHE’“O‘YW&ald%fhas%%t’s"éw?@“db‘?ﬁ“éﬂﬁs di nensi ons
and performmenddmrtacnt‘mﬂld&uaﬂdﬁabl e conponents and features, such as various
si zes and shapes of receivers, merophones, anplifier secti ons, batteries,

etc. 10 ThFgAd, o afoPele bubitchy\BafRliRr RARE X ok bichi ?std@&;ﬁama%?y 15 are then
r

conbi ne ai?,ﬁgto |gcor orate, the necessary funciions o atures in the

t hr ee- df nmetts Preftitpc threcglimgensionpl camputer mpdskof e sbell #Bar i ng aid, in an
opt i mum wasnd saks! ima rlaesmhabry lammtmh@omdaﬂ orﬁ:ﬁtuﬁs dmamdagieﬁmglmhwum ng is

Obt al ned 'ﬂesttcl?@&ﬂ? ?se #g’l'ﬁll\@'ﬂfélaad%yc 1%%{1 ll}Suloa G!OPiS and?e 91‘?1]%_]]? P%SE for st or age

of conplete aring al I'S produced in a
conput er c‘tﬁﬁ‘faﬂ%?lelcgamﬂﬁﬂtsa%ﬁcf?a%%aw@@%@s@ddﬁwb@%ﬂ,s of the nodel of

t he housi ngicisftenies dmpliiet sSboldRiaREMY, k6. The principles of a static nmethod for
determining the shape of an auditory canal is schematically shown in Fig.

4. An gqar 'hlgﬁfr S%d%d%]th O?'ném&?gfmﬁa @s%I?%&thenco%mcﬁaésggogeqylra ory canal 12

at Al, the dinensions ear” I npression itize , and the
resul ti ng ‘EFdi“"a"SS‘“aff@cW@W@h@%@wwﬂ@mﬂfﬁe@@l@h@f efEip- étw-ar e converted

into a threeﬁxedmgrﬁms:l@maimuﬁmxp%ﬂes&Oadaﬁ,si@cén@@@aﬁéaﬁngtaﬂ%oﬁﬁg is stored in
t he data oLy, 4. {)&O% or scanné‘fn% {)1 itizing the outer contour
of the |rrpreSS| B JPEY R fpp 2 pary ofiadatp, aée‘ff”& ﬁﬁ?)%fé"”ﬂ?fel led in the art. A
-vari ety ofmedelaefiherise adadhew Seloasing 1 prodecdis e chmpitersodimlig prodictigpe M nol ta VI VI D

900 avai | ghdchs BloR b Msid o8 loBnold of thelhbifling bibkedd AK n, in conbination with
a. 3D pho?ﬁdgr ;pﬁy sol uti c?n avgu Ieab Igg r%m Ra?]?\ ogbaGeorragl c, Inc., North-

Carol i na, found effectl v . 5 shows a corrputer
representatr ‘“E?“{fﬁégggﬁiﬁ? FEJOERiTe ?@%ﬁ“ R5fR58i on. When data

- repr esent|Sdlgmmq§lyslkvarpelfm‘4tAhearanmhs¢mrlyxsmdbaiftham1amukaiaitcey| n the nrermry
13, it is RRFBIPALLE Bmensions 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 tcdhnology 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.



convert the data using algorithnms well-known in the field of CAD CAM
technol ogy to produce a three-dinensional conputer nodel of the nmatching
shell of the hearing aid housing to be 30 produced. Fig. BS&lamber2005

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
shel I'. 7 Septenmber 2005 WD 02/ 080617 PCT/ EP02103318 16 The conversi on of
dat a |nt‘608f‘t§%’puter nodel may be perfornmed interaBETERPABENder user
control or fully conputer controlletf. Suitable CAD/CAM prograns will be
readily available to those skilled in the art. A variety of progranms may
be used. A CAD/ CAM program Pro/ ENG NEER avai l abl e from PTC i n Needham

Mas s ac hus elbe §onvargR of fpsaamtgypcoppytes gade! mayde paforojed wteragivgly underdlsdws a part of t he
shell 1 famnmgortfml@ chnipiey cofdllcd. Shabié CABTKRIprdirainSwill bé gy dhidlewd t h an  out put

port 20 that q@%&cc tg%ﬂ ‘t’fP%E’t he ac %stah% Aﬁé&gﬁgem ng 7 through an

acoustic oulr ¢ cana ose e fide of pl astics. In

order to @W@Bﬁkamﬂrl#tﬁOWSﬁnﬁd@mm@mu@ﬁS UA. hisdedndamsd ng 1 with cerunen
or ear yaxgeatering the acoustic output opening 7, an ear 10 wax guard 22
is placed therein. As shown in Figs. 7-10, the ear wax guard 22 conprises a

short, essg i,al r i.ndrical, tubul nber. 23 with a length-
and an out'ef t’ohuw?’re? °Ftﬁe H]qltlf?f&tgglrc'ﬁnr{serr{h% s (fao'ﬂF émdgc tic outlet canal
21 with frqutpvupmh%ﬂthartpctmmumwtﬂwsleﬁmcaishgpumutrowina? thpyghi apeoitiabutifor e 24 in the
tubul ar meghes; frhed 6 aRade bdesbel ¥4 a0 sy 1AReRLB hvoia bontBRatidsQE AL NI NG barrier

25 at the end that i's inserted into the acoustic outlet canal 21. The

barrier Z‘Stcrffﬁgfﬂ%?é‘ﬁ@’c“?fH@%W%Wawnfeﬁﬂglt@&ﬁg‘mﬁﬁﬂm‘%% #Hileads as shown
i n Fi gi0 10waxAtard22és fjpgdaigieloe end of the tubul ar menber 23, the ear wax guard
22 has a collar 27 which in the inserted position sealingly abuts the end

wal | part é@h&dﬂﬁﬂ %&n’fii(ﬁﬂc éapﬁax%ﬁaﬁ’d@tcbﬁprﬂwa%}t &@ﬁl@mﬂmﬂ cylihdlichihe shown
enbodi ment, the co has "a convex i de_'and a concave or slightly

20 coni calm‘r%?mbﬁ‘i it kpshied ?“ﬁﬁﬁdéqm@ﬁ@@te@f‘“ tnFFé“"BB‘F"ItE’ra"?"BtF’m ng a
rel ati vel youtlditanal anditistiftionastal ing |ip 28 against the end wall part 30.
Thus, a high degree of security is obtained against mgration of car wax

under the QfLl.pRey &mﬁ&'gﬁn@ﬁmﬂ)&}@z&ﬂh&é&léﬁlﬂﬂmﬂe@% xgﬁmaﬂ%salﬁ Fhafladd | 1 1 1

inserted position |'ow t he cont our the sh his is _very inportant
in rel & i oHR GRS atdhe sud hatis ngertedyipto e ecousie g cwpll yThe bariche  Canal )
heari ng aiXSnaybongittenseredd v P6hs kddl rhdithicidl @y AD&ln EENGI t 1 ve part of the 25
auditory canal. The ear wax guard 22 is manufactured of a resilient

material, guehp ﬁte%ﬁd&ﬁ@ﬂﬁﬂa&ﬁgﬂﬁfﬂoﬁm gﬁirmsaa%luaw&mmr typically
wth an out er dianmeter of 2. nmm an | nner di aneter
nserted posmon sealingly abuts the cnd waII part 30 suxroundmg the acoustic output 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,



of the bore 24 of about 1 mm For an inproved securing of the ear wax guard
22 in the acoustic outlet canal 21, the tubular 30 nenber 23 can on the
outside be provided with means for frictional engagenent,7 $epemben200® form
of at least one circunferential bead 29. 7 Septenber 2005 WO 0 210 80 6 1 7
PCTIEP02103318 17 An ear wax guard as shown and descri bed may al so be
placéd in the ventilation channel opening in the shell. In the enbodi nent
shown i nWePHS961H  the ear wax guard 22 is nounted PRVEPRBNHI ng 32 with an
annul ar collar 33 in abutment againgt the outside of the end wall part 30
of the shell 1. The 5 bushing 32 is preferably nade of a material that is
nore rigid, e.g. plastics or nmetal, than both the elastic hose member 34

serving as oUSt I 22. The bushing
32 is rmun?"lg% ?%s%{lmg %Mﬁhg;&%@%@n%éaﬁ% ptIaQ l&ﬁgw\éﬁ |xg%lqto the end of the
hose nmenberenimdngsshgl ui ng or wel di ng of the coI lar 33 to the end wall part

30 and/or it maybe inserted with an interference fit in the hose nenber
34. 10 Pr efudcaivbodimehtipywparHig he myeaedgeguaz 20if mined dalbhshihg B3vithsn t apered to

provi de a Spmg Jiamhﬁfeggmgegﬁ%%o %ensgal %nﬁé%magﬁn hgeend wall 30, In

t he enbodi rrentw%om I'n th a collar 43 is
adapt ed5tob%‘éﬂgi"ﬁrﬁll?f?fc@@lllfma‘f@é&lﬂgiefiﬁﬁhatthémﬁé@éﬁgl E}asmaplpuﬁal (ﬂipemﬂhg 7. The hose

nenber 34 HoawidHscRmBE S HioE as 1bteBLANDL 1 2l ndRY whRGuAPHIIRD ON the
out si de of, the_bushin e 15 enbodi ment

shown in Frgies m@ﬁ‘ﬁe%ﬁ‘ﬁé‘égﬁ]éﬁ%mb?ﬁgﬁéluﬁﬁm é‘g“’f]’ﬁﬁﬁdd‘éh‘flﬁé" bushi ng 42. Fig.

13 i || ust r atnder 3 by gningpr @fldiag ddte kdllar B 3o theend gl ren 80 andbdit ypgbé 30 of a shell 1

by cut ti NGpteReatvith StthdALE finAREE heflSy 340di cated by 57 and then by grinding
to obtain a snooth transition between the collar 53 and the end wall part

30. Also i own, i 11 gnd 12, the bushings 32 and
42 witH%t hgtefl&rgﬁ &chngl?wé’ﬁﬁs"zlﬁp %dﬁ'é%feéff BFyde HEOSh P |yt he sanme way.
20 As showreiwern thel cgiiar 331ahd hagndwbll 30s preferred that the coll ar-has the form of
a disc wwth a flat surface for abutnment against the end wall part 30 of

the shell e GalotRSRAGh G 12, § RAnARGudR) ko mratcolﬁ943 Oldagiuehel | 1 is
provi ded vmthw? flat but ment surface 58 fo ecegtlon of the collar. As

shown i n Pfgeddee a§?’fét}cl°“tP“tﬁ1§9'ﬂ%7eTf‘Pd’ﬁff‘f“§E"?ﬁr”% TiRg 3P QYStE he surface 58
i s count er sdakanial tnhné)elnmmtqdmgtheomddosthnéiukmkﬂ prsiefraieiid. y1 Mt nieut changi ng

shel | ! | bl \G550 10 32 AScSB0 M) eQSfﬂsgﬁungeﬁlnmge%%bE%mgﬁfenbly of the shel |

1, the hose nenber 34 maybe pI’OVI a surp ength which is guided

t hrough t ustlc out put_ o enln in the end wall part 30 of the shell
1 and fas[ﬁﬁ% %t?séftﬂgﬁ'{} °gtas %ﬂl& MW&B“‘F\W@M%‘E}‘H’%W@ proj ecting part

-of "the ' suitable diameter as indicated by 57 and then by grinding fo obtain a smooth transition 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.




hose nmenber 34 is cut flush with the surface 58. Then the shell 1 nmaybe
provided with a collar 53 wi thout a nounting bushing as shown in Fig. 14.
The collar 53 is fixed to the surface 58 by 30 gl uing or n&dpthnit@r 2005 t he
shell 1 maybe 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

Sept énber 2005 WO 02/ 080617 PCTI EP02/ 03318 18 The assenbled shell | with
the col I'¥9028068F 53 nounted on the end wal |l part 3BCHERRPRBISshel| | is
shown in Fig. 17. Fig. 18 shows in pore detail the nounting of an
electronic nodule 74 in a hearing ard housing 10 according to the present
i nvention. The housing 10 conprises a shell 1 adapted to the 5 auditory
canal and ' n Ly equl ar conjca ha na.face plate 2
covering t eg#%%?ﬁérglgﬁgﬁ%%%&é m?ﬁgm?ee?qLT? gi%%$§%¥§wﬂ?@f53 pi votal |y
connect ed Yo FE7f ace plate 2, and an electronic nmodul e 74 having a

m crophone 3, a signal processor 9 and a sound reproducer or receiver in
t he form ofig a8 thew<ip o ecthl the Thentihpean Pl modeY iDEhamekidhagnat ed face

pl ate, howgver .in the sh inment.. the fa 0O plate 2 has been
nanufacturgﬁgﬁgﬁﬁFh‘%?%“ﬁ?%ﬁﬁ?ﬁ@s§H€FF“T?@EE%?%§%§%ﬂFBFﬁ% face plate 2 are
shown i nmayfiteryatabdnfl hiving Fieyesally irgoan donie@ shape, i Gice fate X doverimght he face plate 2

to the sheduwakiopénH of GOV baiy 18 pHRRE BHntled with HOGccRERY, MPLTEd by cutting
or mlling accordlﬂ%7to,the_ unction .contour previously specified in the

model of tTRETMESORHIG A drer SECIPIYe ddgien mereuerdispd atgnd Frecodssehar d openi ng of
the shel | riceivdrlwethefornh @arelegi@naespondi ng to the junction contour is indicated
15 as a dashed line 2' in Figs. 19 and 20. Having fastened the face plate 2

0 the she udo i ZhuaybYan btk for JUERAL AT (GORRABENL SR ABUNt ed [0 the

hearing ahg hQusing. It is an |nﬁortant advant age

the préSeM™SANEe BHRAq sppaels fup the thely | Fraines of efpcarige A0 2 can  be

cl eaned afsherm ii inere fdtailinsFigsnty asiR0tHiiad to fitigy tifhe plac DWERRRNLI SHaAr € not exposed to

pol | ution i i i ( shown in.Figs.. 18-22, a battery
cgﬂ&fr ?igllgc nt%%gflaﬂlélztgzﬁggé Folla b thtﬁ‘g aér n?%)mg L cdotlint gon

opening 78 i s for 1t F aceeg ate-2 Tore renpvabl g arrangement of the
el ect r oni coRBpeEouy spegified infhayendel af e higpring pid hensingyed fledpfinibe s shown in Fi g.

28 for i ns‘oﬁrrw‘aid@ﬁbnin@ oitmhduhdrhz&nbmsn&@nwtmdmf@eao@om k‘%{diéatggl ]gier- For this
pur pos the . batt.ery. .0 i .conpri.ses a. first region 7 or

posi t i gsni 5 & C?h%%%ﬁﬁgﬁgmgg%z{gwg?fﬂﬁ&%"zﬁjﬂﬂﬁﬁ%‘Bm“éﬁﬁgféﬂ’ﬁ' therewith for

i nsert i on gyesgheaticke@mp@entoie toneeddh e haadugiais hosidg ltés aAdndosasi Ng t he 25

m cr Ophoneadﬁnﬁe of 8 em%ﬁoftﬂ_cq:réﬂiﬁ@e&i& @ttﬁe%géﬁgﬁwt?&]gﬁtee@gegl% ef}]reolr;:aft ery

modul e 74, integral engggln% means are forne ; ]
openi ng 7é’c51§“ﬂ'§$*396ﬁh‘ﬁﬁﬂ‘s g8 that fhy oflier corpponnis are apt GEnased wpSMHeRTENS t he

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



engagi ng nmeans conprises a pair of grooves 82 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 m@@amr&aoﬁnd 83
serve to retain the socket 81 agai nst displacenent in the plane of the
face plate 2. The engagi ng neans further conprise a pair of tracks 84 and
85 facing each other for retention of the socket 81 agai nst displacenent
at ri ghtWap#B®s” to the face plate 2 into 7 Sept enbB¢TEXGEEINO 02/ 080617

PCT/ EP02103318 19 the shell 1 and @& notch 86 for retention of the socket
81 agai nst displacenent in the opposite direction. For engagenent with the
engagi ng neans forned in the faceplate 2, the socket 81 of the electronic
nodul e 74,theakelld @fd e 130RE 86 f6d r@atid)of the sobkefSl. agaadt dplekeméht initie oppasised W t h
Iaterallygﬁrﬂrol ecting ribs 87 for arrangenent in the tracks 84 and 85, and
with a cam backward projection 88 for engagement with the notch 86,
and with protruding resilient lugs 89 for location in the grooves 82 and
83. When tieeeogieaent ¥ithithe engaping nasans Jormed inthy Serplots 2 e sk 8 of e piate 2 with the
battery ||dkcﬂozlcamwn;hssee¢mur&abaﬂmm§)ssiﬂdomssfmmmuhtesz. 18 and 19, the
parts o the E{ﬁnrl o @mgﬂ |tggk§r§glu1g Ol AT %ecg‘gr}?] in the shell 1
under t epfra\ce pla T genpeng e si.gna processor “and the tel ephone 6,
are passed)rmwl@@gfvrwg@emw%mn@eeﬁﬂMwmrﬁmwmi%h@f%elI 1. The socket
81 is thenophRGRkk srobhds B2 483,71 bs 87 in the tracks 84 and 85 and is

di splaced in or pivoted towards the plane of the face plate 2 so that the

prolectlo r ought to_en e t e .n mhereby t he
resilient g:g%qlcﬂq“lcgps %ra\'ﬁe‘?’ﬁl%{ Eag:ﬁ ?%\%\’/Vgls %ﬁmgﬂﬁggg‘vo 45 The engagi ng
means at tOIqtto @dgﬂ@lﬂonﬁhomﬂbaﬁtamrly toqyeris of he Figctomomadpleintraded fir ng  engagi ng
means yn ahﬁx@ene%ke&sh&ih &ﬁeﬁh@ec@dzﬁé:é r@ﬁaggmbdd&seor?émﬁeye}epené@r med so that

the el ectroni'c nodul e passed substanti a é‘ ri.ght angle into the
second red’fetPﬁ“Wﬂ‘ﬁhF‘ﬁ@“ﬁ&?"?‘éﬁ’ygdb‘@ﬁtﬂ&mf’gﬂ&HB“P °t31'€|‘}‘°’&ll’1§°5‘f aced in the

pl ane of tvﬂmﬂfc&hﬂ?@iﬁtﬁcﬁs@tmﬂmnﬁsld@pqace:fmbxhememtgagarm@taﬁsrﬂlmscr| bed above.
Pref erabl y,, Px?c\é‘@gogtﬁ%é&l%%%& Slordd ttinﬁmg d@%m@ﬂom%%khﬂe%%yﬁggl e into the

battery open ut me at the notth 86, whereupon
t he socketﬂ‘%ﬂtgﬁ/@tabﬂeﬁg?ﬁ8‘%%@Vﬁﬁﬂandf3&stened by engagenent of the
resilient lugs 89 with the grooves 82 and 83 and of the projection 88 with
t he notxh TEenglgingtnlains atche 8dgevf the tedter@ Bbniag 78 da@thé imaddiog eiking@&apand t he

COr [ eSPON s £RLE: & e Wil BT B BRI b LRkRibiR)L A0t et and for

retention al ns acenmen ane of the face
pl ate 2 afPeewd shhsignieibmga dght apﬁemfgéeﬁwndurwon%ﬂftﬂwéa%ettopeemw #Hing 78. Wen

the el ect rﬁuﬂuﬁplmthepﬂné of (Fe 58 P Bl plo Vi8R of RS el BBhdni des@libl abbiae resi | i ent
lugs. 89 c qln fcra%ly however, the socket 81 is passed at an oblique angle into the battery opening 78
20  with abutment on its edge at the 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  the battery 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.




rel eased fromtheir engagenent with the grooves 82 and 83 by neans 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.pLAb&abhon 88
fromits engagenent with the notch 86 so that the socket 30 81 can be
removed fromthe face plate 2, and the other conponents 76 and 77 of the
el ectronic nodule 74 can be Iifted out fromthe interior of the shell |
t hr ough VA&t ery opening 78. 7 Septenber 2005 WOCDEZRZOBI0 6 1 7

PCT/ EP02103318 20 This design, wherg the socket 81 can be pivoted in and
out of its position is especially advantageous since the engagi ng neans
82-86 in this design, apart frombeing formed conpactly, do not require
space for displ e 79 at insertion and
removal . Tﬁg%%‘ g’ﬁ%@;gg%so cteglgbgnrr%p%kt éma%a tI Rsrpé{}lleoalse%gooﬁ retention of the
socket 81,adyiiagepussingeithe cpgaging meaps32 8¢,y shigbsipy wjrtiombeing terpede regi on 79 for

posi ti oni NGmghtryt J&&m{}&fu&&‘ép%e &)E\@s;ﬁaeémcﬁt%f lh@sea«rem it VB 103099 bidRerBorSt I ONG
fastening o rever tend %\epl VO {]agccout after the

the i‘?"' a'?
mount i ng. T} d%gl“)?t SRS “h“ g°f’ eRHign g e sgqket 89 projecting
into the rtmgbsdmtli@s B9gpiriact] it the Gpistk TP fhrapoditioningdf @8 battengondakt 20kveishe socket 81

Sinoe e il B EnBRS AN OOk nEDAAORIRRL ATRAL Bl de o1 211 vel ¥

smal|l use of " force a outer en Ig. 21 shows an
al ternati \F@%l%%‘l‘velﬂﬁégeéﬁ%%gf%ﬁﬂ*é‘ﬁh’ﬁs @ﬁf%cﬁé‘gé’ﬂ’g@fﬁﬂwﬂffﬁe battery openi ng
78, the grsﬁﬁ:uﬁ;souﬁi?faa]idm&andialoﬂ@aJoﬂ@dﬁ@ﬂ&ﬂbyuguwwpdiwddﬁt&fsed recesses 90. In

anot her enbodi 9L00ve n wards into groove
t racks 83an%‘\’}ﬁm%ﬁ eastﬂgbyasrﬁomﬂyf A I‘i“;eﬂ fopiﬁgﬂgoutg %s?fq%ﬁﬁlgf gymapert ure. This
desi gn provides good engagenent of t he reS|I|ent | ugs 89 preventing

uni nt etfie Fifp? VBTt alsuetve fesigmefdiyaraesing mors aplisdref MebmomipaterE of the
gngagl ng maﬁh?grdoﬁessmlie.ﬁtgde@ced%p%ﬂl@@bﬁdfe&&cs%%ﬂﬂth&e% 02480acI g; thg
attery openi sha r S an an

t he notch ggd{lmp ghr%p‘i"%%%ﬁn O?GH"&d%“gbr Té‘cpf?‘?a%c B'ﬁ'(éih %ibs 91 at
opposi t e etgagsiBE. 28, h@muémmh%ﬂpmp@rﬁbngesmpmvi@esg&iodnbnsggemweofslvcket 81 in both

di r ect i ONSesfident o0t n&ﬂie&fﬁ%ﬁﬁ@&?@'e@g&% «Dy engagenent with grooves
in the socket 8Jg. |nstea of the ribs 87 As shown in Fi gs 23 and 24,

th 89 f th 1 bI be f d
i tn1 R ogPup iy SFhs o Bt S S AR B PR e socker b1,
the lugs opthepaiay ofeningysthire: tfrpqatsd wedegrhan. Tf tracksd4 e85 mdyhe@prélﬂﬁng 78 where
they cont aagr%;iabﬁbsrﬁ% ?ﬂoﬁc@g abch ribA L @g&lte%agéma&e@ oEéang 7¢8 when the

pivotal Iid s ini | osed position. Figs. .18 and 23, the
pi votal bdttipafqspeet A inbeth firgees %‘&ﬁtﬁé‘@’t‘%’iﬂ ﬁte&mr%vée?s%wé%emsaf %R 25 the

el ect r oni grdsedinlte sdoket BYinitdad olxalbes7. bei ng fornmed wi th hinge bearings 94

wi't hholders for a pin 95 which can engage with hinge tracks 96 forned at

-one eng OfAsts]nﬁm qu:tlgs S Yndloh qh p?btrudmg 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 fhe 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 tﬁrne.d the wrong way, prevexts closing of the



To retain the battery 93, the battery lid 73 has a partially cylindrical
wal | 97 extending over at |east 180 and defining a battery space 99 '
together with circul ar-section-shaped edge flanges 98. Ongeh&hbdHabs
usually the negative termnal on the battery 93, is formed as a pole button
30 100 as shown in Fig. 28, and the cylindrical wall 97 at one side of the
battery lid 73 may be fornmed with an upright annular edge 101 which, at
correct P PAEYEent of the battery, encloses the POVEPOHIBION 100, but
which, if the battery is turned theywong way, prevents closing of the 7
Sept ember 2005 WO 02/ 080617 PCTI EPO2/ 03318 21 battery lid 73. This prevents
insertion of the battery with an incorrect polarization. in the enbodi nent

shown, \Ahetra%qtﬂaen%k ﬁcaﬂtslmsgmz%fthéba ﬁﬁ%mmtgggﬁmu es 98 at both

sides, the _sjde of the edge ere ol e button 100 is pl aced
i s formed thqﬁ“‘e&tsé}‘é“ﬁ%’@%‘%‘i a‘ifﬁdld78?&?&“@1%"‘%8@8@8?”@%&%% button. S Wien
t he batters,debitnbea@aﬂa@e%@ﬁaeadhepbheumrwulpﬁeeamahtmmmﬁbnad:ge fl anges 98

abut the e e plate 2 around the battery openi ng 78,
ensuri ng c%%vﬁe ?Jom(gés%l Qﬁ?‘{?%gof the battery 93 at its insertion into the

first region 79 of t he battery opening 78. Advantageously, the face plate
2 forted aVimirkatyia T35 cloret e pircWaserdipiofieped wiee fangss Prebytdegrtitio wher eby t he
manuf act urdfmgfaaa‘plat&mamuhaaduam@y@b:ﬁhgws cfisuiRlcBreblpBRPningt he bASHHI | ON and

renoval of_th e s of he rin j re 1 il erforned. As
Croonci S STRSRC RS 1b (MR bekng 1 ey T Hop i 0L 1 0
retention ?d?ml?héaf@émthgguwfhmﬁt@@mdwerﬁamemawfwmimmms fornmed by the

pol e but t QRarhPR4 8Kl BRI indditich Aerfal bB: colfdnl Y of mORRARS ki Gt hET €t 0 SO
t hat at clos?ure of the battery lid, the termnals are directly brought

into cdht 2% KrPthe i nt egral battery termnals on the resilient |ugs 89
on the socket 81. 15 At the closure of the battery lid, the main part of
t he parti adsisyewpyn Figsdlsi @ahd%ethﬂldc@@ﬂﬁﬂlﬂbattcrﬂidmmimte@omﬁﬂplbmd up agai nst

the soc ket938f3thuﬂé@eﬂc@ba&&?teﬁﬁ%'f@hﬂﬂnyﬁ@%&c Rbtod 1*@@@@1':1{&&&%%@6?&%3' surface of
t he batter kS not encl osed an socket that would take up space in the

interior OF%RoHEes tzlt"si“ha"l"f‘u |hegptiepid: Wafeminali s dietgdorgeat ed very cl ose
to the batmtecoyltaamthhaiumgrhle,atsebeérhmﬂmmcbemémugmombkbcl&rmlI di nrensions. 20
In addition to causing accurate positioning and retention of the electronic

nmodul e g4 n At@ie@lb&uﬁ%fﬁ@batt&r?ﬁd, E@ﬁﬁn%?ﬁe&rﬁaﬁmm&kﬁiﬂ o3 FipSupports t he battery

termnals ihe el ectronjc irectly, and in conmbination with

t he hi nged“‘ﬁ‘é‘f”f”@ §PIoPL; aﬁ“‘ﬁ‘r%“\ﬁ?“ﬂf&‘él X%F@‘%Pm?f&cﬂm?ﬁé’mabat tery during

cl osure ofsm#"ahteafb;abiﬂeny)snbuedclosbdbytaﬁ}eocmétaﬁtwmmltmﬁmﬁuhﬁmeidmﬁomcr ophone 3, as

it appear S Rahb] g s directly

connect ed%vm ﬂeﬁl "ﬁg@{)‘%ﬁl@%ﬂc@?ﬁbdﬁcmé% ‘f:lmcs% es b%@ %Eigmgjﬁ]rl‘rmgundl ngs through
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



m cr ophone ports 103 and 104 fornmed in the socket 81 and the battery lid
73, respectively, so that with a closed battery |lid they register to
provide wel | -defined sound access to the mcrophone 3. I7sdfigniseyogs ment
shown, the m crophone port 104 in the battery Iid 73 is fornmed as an open
slit which can be cleaned relatively easily by opening the battery lid 73.
30 A5 shown in Fig. 23, the signal processor 9 with the anplifier circuit
of the HEMH%¥Y%aid is connected via flexible w reBCHEPS243318t er mi nal s 106 on
t he socket 81, and correspondi ngly,2t he 7 Septenber 2005 WO 02/ 080617

PCT/ EPO2/ 03318 22 tel ephone 6 is connected with the signal processor 9 via
flexible wires 107. This allows the nost suitable arrangenent of the

si gnal praaqmasls&o@%dmmsggna@m@,@wkﬁex;bmmm@vwm;txe adapt ed shel |
1. Figs. 29 sg@gl 29b il an enbodi nrent wherein the receiver is
¥

inserted if® ‘éaf“gel%’ft prgepsspry anfthe telgphgne frn e adividugllyo ¢ ysj ons 81
ext endi ng adapedstdll §. i nt o the interior of the shell 1. Preferably, at |east
three protrusions, such as four protrusions, are provided for receiving and

hol di ng tfr@sr@@ﬁﬁvwm&wwhwhnﬁm@&eﬁéﬂ@&ceﬁaqméa}smlmwvé?hé}&ér ns generat ed
by the ‘ﬁ not %mggﬁggte to_the hearlng sheII | or other
parts o °ef8lrr“1' 31‘“'%{” Hing igragily intg i ippprier g "F‘é’éﬂl back or ot her
dlsturblngh@ﬁﬂkmﬂsmﬂEM@Nmbmmusuﬁpemmuﬁmmﬁ&mhh@mmaﬁanﬁﬁﬁ aket ween 10 t he
recel ver aAEnSrihe fin YA R008 BAIPLELLGYbBLS Banle 82, e g rmde
of silicone surroundin % FEEETVEY aving at | east
one bead dP”ﬁWG?W&ﬁ@Hﬁ”B&“d@ﬂbl@@Wﬂmgwpﬁ@ﬂW@U@ﬁ@éGWGMQPQV|d|ng a safe and
V|brat|onu&&&ﬁﬂﬂangmmmum&mmﬂmﬂ@a&h@Fkﬁﬁ@h&&&mﬁofmbm&ﬁﬁﬁh&@&hng ai d housing.
Fig. 3 d@n%%%%ﬁd sﬁmrec iyer chanb& Eg dq@{ed to receive and
hol d the recerver PPES EH“QLW%§ wH PE PIR°BFat i ons generated = |
by the re@@f@@!ﬂg@n@%}ltqhmgthw@p’a@an@avmgﬂthwaﬂmg:mmbﬁhelI 1 or other |
parts of teh@ciheak kdGved Slovidhy G S dt her
dlsturblnglEl ffgct ﬁurtﬁer |P?8g?$%?% %%H%ﬁ@mo %WQQ%%HPIeX|bIe
suspensi o ”T%% Eﬁ@lver 6 in the receiver chanber 80 is provided by one
or nore flexible bands 82, e.g. nmade of silicone, surrounding and
cl ut chi ng Figh¥a flagtrates/axpecciGer aimeibér &Y thatdp agapet touskionmd Bl torrefier bl y positi oned at -
t he 20wC0%ﬂﬁﬁ%qﬂ&nhE&hﬁﬁﬁﬁhM@£g&m%&ﬁw@%&&gﬂﬁ@goﬁﬁﬁ@¥ % (@) r espondi ng

n

corners of the rﬁlelver chanber her eb rovi a safe and vibration
absor bi ng MR Syl bﬁ“"?‘?ﬁ@“ﬁs&%hﬁaé‘% g lorfa‘lsﬁéehéla‘f’*’iﬂﬁ‘bf“ e ongissi ng. The
CAD/ CAM s yistuding bffccadabirte iliaraiedia Figchb, ahel“ﬂaﬂﬂla subffenstol 6f the@GBef 8 hol der, such

as a receuh\é?ercﬁv&&@m?ﬁoisaﬁxﬁ.{@m%f YRk ?%#;ggﬁeégﬁdbﬁé het! nodel .

“Preferabl e recei ver rs ar @fted to fit a
sel ect ed F‘E{S‘Eﬁd@é pod clutching the receiver 6 and having protrusions 84 preferably pusmoned 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.



Fig. 31 (a)-(d) shows cross-sections of various enbodi nents of the

ventil ation channel 8. Position, path and cross-section of the ventilation
channel 8 maybe selected, e.g. using a CAD/ CAM design sysg&membd?e005
cross-section nmay remai n constant along the path of the wventilation
channel or the cross-section may vary in steps, preferably in nultiple
steps, in order 30 to achieve a lowpass filter effect of sound. A

t hr ee- diYRMFSHal conputer nodel of the sel ected MEAPYEIBon channel is

formed and included in the nodel of2sthe shell. The conponents of the
hearing aid, such as a receiver, a mcrophone, an anplifier, a tel ephone
coil, etc, my be selected fromthe data base 15 with three-di nensional

nodel s of ThiRlettQPRFohiné G f ITRPBRA hposith é%@ﬁ:ﬁfiﬂ@@{u%@ﬁﬁ a4 080617
PCTI EPO2/ Q3318 2% %Be] selgcte Hagg?gsﬁeoﬁts rraybeedl S ;}/\égd as positioned

wi thin t h&*TiTBR4 o s gameoreny a"gﬁ{’tf“ isto8 e90irql ohY pRgitiosy P ¥Fiponent s and
optional ¢iol vEntibfiourhanoshtorydle forthdy enofibsliis érdento pﬁt&tth:tﬂjﬂﬁiuﬁlhﬁtbﬁoﬂ]ﬁe the
ventil ati QRagha @insﬂ%h%.g% A &Qﬁfneﬂﬁ&i&g :ane 6 e :P;%E |t optimm

utilization of he avai | e space I nsi earing ell. In
enbodi FentoVp H3l tfdn EbpimenEp) %ve%%zmrém@ Swawtlﬂlwsuwgramm e of and in

enbodi r‘rent:he(sh)l1Eﬂl&tymfmé&hﬂlﬁanaﬁﬁﬂﬂﬁhm%odst&ltm?bdrﬁzlﬂhyshhm@r at e?l in the
ation channel wa is

wal | of shel | LN that t he ve

const i tut;ﬂgﬁ m“ﬁﬁe?{heoql“nfehe %1 \XE'HM’“]’FH‘? Waﬁﬁngﬁ“‘ir%’é""f‘ E°Y3! ume occupi ed
by the vemtiformnis ofthediiampad. It(@)lso Iseeawtwgmhmnehamcbmwﬁtba ciotliveross- conponent s of
the heari @&u&lcﬁatenmdm% 164 %R ﬁ&ﬁ&ﬁ&&%&nt%%ﬁﬁl'daﬁﬁd%v&&%%ﬂaﬁmﬁ Wi th a

circular cro section create a vol une he transition between the
shel 1 el Mg i FrEcls iz by aHE AL, wumfrfrect@waler FOS-SGEPR i cult to
utilize. Asnigibeewa volnneHoFHowddr, ﬁﬂ)rpssaecamjwmanmig.sﬁmmgﬂawdow 0Ss-section
mnimzes Hone t cro secti o in Fig. 31 (c)
subst ant i a%tlg%%%%isﬁ% lght?atésr eat ie{%"(;]lm]\l/zgl une. ésfa?fa?nams{ﬁ?jl F@Yggz’ﬂl t to utilize.
Furt her afkfuets my e BHY ingerecd i heshelbrialk | ation  channel 8 may be fully
integrated in the shell wall. A hearing aid shell 1 with a tightening ring

ﬁG is Il | Adieariag Sdishilnl Fithg.tighdéhing ki Eilgllusﬁﬁcd(uﬂ)lg 31. neris B, thd shetlld 1S S hOth
t T
avin Opsa & Qo%ﬁﬁav%% ?88\% @gé)&gd%qa?ong thﬁse ected%ﬁ%g con"-tcamg glh Sgp![ ﬂ gontour €

groove has a cros cti dErenst fatch the
desired t PgHteHInghaee %ﬂlmqqﬁ!emsﬂhémﬂtchlhe desirediighténing ring et Bmseg1ri ng 86

nmount ed llautmdﬂeh@feﬂ@g/ﬁg%b@wm%ob@sEithowé?nFégbiz(bﬁ%aﬁl:aﬁ ady nmentioned,
the tighteni ng . dﬂfé&g%éﬁgw des %g a %I[’I ate, confortabl e and secure

ti ght eni n§=8F*% g RO Rm W‘@%@Fa’\ﬂﬁ’éﬁ“ﬁﬂl}@mgﬂfgll is nmounted in
t he audi t@pyhebaﬂalaum@@cﬁnlgzhaxﬁ&shéllhmdumad:ﬁmealdm;ﬂuﬁact uring nethod accordi ng

to the present invention wherein the face plate 2 is separately

‘manuf agt UFig@ammaJatéﬁaxﬂﬁu@cnbag h&ﬁﬁa&&@iﬂ{g{&%%&eﬂﬁﬁ@ﬁtﬁmﬂaﬁméﬁg E' ate 2 also
earin al ousi ng is

h
R uceq BRET 5 hRRty AR ET non g o ekry qnsing T8 ity B OO By | avor by

-l ayer,. t heonfpiisesthe dngagiag nds. Bhe sbelli ths Raiiig@id hadsing 8 @roduced 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.




shell 1 surrounding the battery opening 78 along the previously sel ected
junction contour of the 25 hearing aid housing. In another enbodi nent of
the invention shown in Fig. 34, only a part 92 of the fa@&k@hﬁhﬁxéoos
including the battery opening 78 is separately manufactured. The
circunference 94 of the part 92 is included in the hearing aid housing
nodel, and the hearing aid housing is produced wwth an integrated face
plate 2 V@P8%Ed to or abutting the separately nmanB¢EER238E part 92 | ayer
by 30 layer, the first layer abuttifng the circunference 94 of the part. As
shown, the circunference 94 is tapered towards the outside of the hearing
ai d housing so that the outer dinmension of the part is slightly |arger

than the i n_of the ar reh hi{ beam propagating
vertical | Al{‘l'ov\t/%avr '6%% thma RY o forge &ﬁﬁ‘?ﬁ&gﬁ‘bﬁdé@%’wmﬁ%ﬁ”&ﬁzﬁhe ci rcunf erence
94. 7 SeptlBWW@@@S WIB@%r@@(miﬁlatpﬁﬂeﬁinha&amaﬂo&m%ﬁﬁavﬁg.ﬂat| vely, the
shel | | %&r@n@%‘éﬁlﬂﬁcﬁMGM§%f%§?ﬁﬁgy%$duge@8%%ﬂhé&% face plate 2 as

illustrate Fi he I nteqrated face Is termnated with an
openi ng 98’%@32‘58? SHERFA R PR tp prepipg S8 der piinehmeept i hedntegreiice 94 of t he
separ at 2l ya@plotd aosdinpated, ﬂﬁ&t@fateﬂhﬁc;ﬂa%ﬂ&nayl%ﬁiﬁc&daﬂhﬁthﬁghﬂﬁﬁﬁ 92 is positioned

and fitte cdplb h nt tothelnte ed 5 face plate
2. As |Ilf})tp &lggcrg E’ ‘?%%Szhgrga atc emcv%""t“%%%ed so that a

| i ght bearﬁ“°'ﬁ§\fft§?§l§g>§tth@gf\?te4fP¢e@hieﬁy towar ds the integrated face plate 2 may
i npi nge on every point on the circunference of the integrated face plate

2. Fig. 3Fishohswsa cmsascﬁommmamopamgdaemala@m fa&ﬁﬁ&lz@&nﬁ&ﬂﬁ‘di&.d by the face

plate 2 s the face Iate 36 i.llustr S various
enbodi rren?%r}%c% t eqface bra éa“"“oss‘“'. ér at?l Slﬁfi’mér'f’aanr‘r%ftel ng shel
posi ti #hi rﬁgdfﬁ”éfam@ll@ﬂﬂqﬂwglrmgﬂ%ﬁﬂga;ﬁ (a)tihfefadeabeppiham:Egmﬂﬁmml ng neans 46

have f oursou; hh&v éx¥enezgtf€dmhmmi‘n&f&éﬁhéd%@m@cé S ﬁJngﬁQ:%mg&rfEJa%féeace plate 2
al ong the ace ate 2 .to the battery opening 73 (not

i n ace of
‘shown) . TH#® ?P%&%Wl"&?ﬂ“ﬁ% %é‘???”)4§heﬁ‘éfyé°sﬁ‘§’€1¥%ml ARBRYRTHRE ons 49 t hat
are adapt e@em@omeﬁeat\m adaptld wedcdive ahdmBatthaiRp@pitive Bibs 47 bshedics plhte b.he face plate
2. The fagen0lald ifod o gm&,-ueéﬁgm amo %9&@%#3&%@& S0 that 1t

mat ches the junction contour e ri re recelved by the mating
i ndent &t i othen eyt %‘?fece’é’ﬁlé’ﬂf‘he?ame'}d@m?%d??fé‘l@tShcﬂés‘@e%Wf%f the face plate -
2 and t he assaaly of the FaBe flaAc dndl thaknedl is kbitikieg. 36 (b), the face plate

positioning neans 46 have ribs 47 also extendi ng along the inner surface

~of the fa(ix‘?ﬁE'Bé‘Eb?m%fa@é}ﬁ ‘Qﬂ’él rcu trgeﬂcﬂg ”rg e cg.20. . 0f the face

plate at a distance rence I Sesubst antial ly equal
to the tmS%fF@FFe%%w@FePEaFfé%@tﬂpdlwﬁor%cszwmspemmpmmso The shel |

- posi ti onl ragtaﬁ&&mﬁthé&chﬁfeﬁmem{tls%s&ﬁﬂlﬁ&ﬁi th the t@knelsAEmd WAL MON  contour 50.
The fag A8  rohrS0 Gl haﬁ h?ne!. t| on con&lou.fl 50 so that it matches
the ju nc t 011 cofito € 5 p051 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 corresponding 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 mwardly towards the interior of the shell 1 for reception and holdmg
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.



contour .50 when the ends of the ribs 47 abut the corresponding part 51 of
the inner surface of the shell 1. The shell positioning neans 48 may
further conprise protrusions 52 at the junction contour BSemahbadi0og
inwardly towards the interior of the shell 1 for reception and hol ding 25
corresponding face plate ribs 47. The design descri bed above of the nodul ar
hearing aid according to the invention with the individually adapted shell
1, the fWR& Bt e 2 fastened to the shell 1 and foPREEPEEBBrding to the
shell contour, the battery lid 73 and?its hinge connection with the socket
of the electronic nodule 74 allows an extrenely expedi ent and econom ¢
manuf acturing together wwth a very 30 conpact design that all ows

manuf act uri g affs | ndi vidual Iy adapted in-the-ear hearing aids of reduced
di mensions. 7 Septenber 2005 WD 02/080617 PCT/ EP02/ 03318 25 CLAIMS 1. A
conput er aided, system for design and manufacture of a hearing aid housing
conpri si ng Cla 43%’Butﬁlagfd§“éﬁ’ﬂf§r§%§ﬁéf‘qm”c“\‘f&‘t‘“‘?‘?ﬁﬁ?@ﬁ@&“‘t“&g‘f“ﬁ’éma’ﬁdi tory canal
of a user, the fayghtemdsehc Gat iadaghtdaoht mdfory @aLbnatseh ifd sypeabans dat a
representing tag%wgg)ape of the auditory canal, formng a three-dinensional
nodel of the shell based on the data, selecting a junction contour
encircling the shell for gosi tioning of a junction between the hearing aid
shel | and t he TR PRI @A raresop bt thens gt Yetedtoreptbsent i ng t he model for
production of the shell and the face plate based 10 on the nodel. 2. A
conput er ai dedorsingt: @mediswasiogil mydel of e klgil msdd onfleddther adapt ed for incl usion
of the junction contour in a face plate nodel, and for transfer of the
dat a repr esentskibind d¥encio@Rkout @cirkling MBI s PbsltdnibeRh fuhibPiwBRGRI Ne t hat

automatically.cuts.. ately manufactured face'  plate along a contour
that natches thﬁ%‘nfﬂ%%fﬁf%ﬁ&ggﬁet%ﬁrﬁngw 3. A conputer aided system according

toclaiml or 2, further adapted for inclusion of positioning nmeans in the
shel | nodel toUEHtEda? Kpestiaghe medsdpraradestipnos e sholhind e frecpirte bokd t he face
pl at e soigt hat ohempid.cunf erence of the produced face plate matches the
junction contour of the produced shell when the face plate positioning

means engagg W thothe. ke Sitioni gﬂea S..20 4. A .co ter aided
system accord#né’g?p c'ld‘%qﬁ] Eac‘gﬁ'ﬁlg??é:?m%gap %8‘9‘?"8% 0%%0}"?7% ‘?fglﬁgg W three-

di mensi onal mSeREUr B ferpats medel. gl for straf thadstagtpesenigbegindd foaat a sel ect ed
j unction cont Qiierically conirolled machine that autonaticaily cuts a separately mannfactured face:

- 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,



encircling the shell, and for integration of the face plate nodel and the
shell nodel into one three-dinensional nodel of the hearing aid housing so
that a hearing aid housing with an integrated face pl at € Sepgerbleer2008iuced
based on the hearing aid housing nodel. 25 5. A conputer aided system
accordlng to any of the preceding clainms, further adapted for selection of
shape QEﬂﬁ@?ﬁs and position of at Ieast one nlcro one openlng in the,
face and for inclusion of the at |east onef Bne opening in

t he face pl ate nodel . 7 Septenber 2805 WD 02/ 080617 PCTIEP02/03318 26 6. A
conput er ai ded system according to any of the preceding clains, further
adapt ed for sel ecti on of shape, dinensions, and position of a battery
openi ng in tﬁémﬂa@éﬂﬁﬁaﬁ%mm$%@mﬁw?%mfﬁgmmn&gmhm@ﬂmﬂnd&@emmval of a battery,
and for incl hbeb@ao&hapmeuem 8l o&{aﬁﬂfa upu..lﬂﬁmie%? pkate model. 57. A
conput er aldg stenlaccordl g clarm rern t%e battery opening is
adapt ed for pass 5 fpEcriipp and rppmony ?%P%%WHmHﬁ”éF@%@WBﬁ?%m@ﬁﬂﬂmmzHﬂand further
adapt ed for thafbapitargpddngagi ng neans in the face plate nodel for receiving
and renovably hol ding a socket, the electronic nodule conprising the

socket, 5 at7.| eaaﬁpuefwemyes@&bd?mgm émﬁ'6g\ﬂ§}cm@{e?ﬁ@:§r§§ehh%%ncg}gtcd eceiver. 8. A

conputer ai ded Sy i §n1aﬁ@ to claim7/ % or i ncl udi ng
engagi ng  10PfH ey 7€ 2y ?‘E’PF"%‘E A g thpeqdapiedor %@iﬂpf’lﬁw@gmdel
conpri sing gm@cmegmﬁmm@mkmmaﬁﬁhﬁmwmpm&@ﬁ&mmﬁmmﬁ@gaﬁgpﬁ@aaﬂ@&p co-operating

socket engagi,hg Y, A conput er ai ded system
accordlng to an§ of t he Sgggéggﬁém% ““?ﬂ??ﬁ@?“ﬁaépkeaﬂwar sel ection of

shape, Qppglon and §05|t|on of an acoustlc out put opening in the hearing

aid shel I* form s cogffing s 7 fuesen addnied fenintiding cngemingt owar ds t he
tyrrpanit't: nemmmeandydpsnﬁgdmmtﬁﬁlpuwﬂwelaorﬁpﬂﬁégr&ﬁ,csttn@{sgjm,pl ng in the shell

nodel . QIR cordl to cla further adapted
for sel ectl ?r?&of t%%ﬁgs%ésn?‘?jﬁloc%@q&ﬁgc o SRES AR A0S dr ﬂ’(‘}p‘é?h‘?tng so that the

acousti c qut ut 0 nln emts _sound in the direction of a |ongitudinal
axis of tHe AT 2oorliRg to 2y o Beipppedipe eles, furbdc adspted e acoust i ¢

out put openwﬂgm@wﬁwupn@m&@undmmﬁm&hdﬁm@m&ﬁhhmﬁhm&m@uﬁmﬂh&ﬁé¥dcana| or even
bei ng part'sﬂéﬂ'fé&&&nﬁﬁ&d&&hﬁ(@ﬁ% %%lf]de.d b&'tf) ke u%%n%orcy nal wall. 11. A

conput er ai ded system accor G s, further
adapt et for “ﬁ%ﬂ@@?ﬁgk%fveﬁFWNEP@eﬂw%hahhel in the model. 12. A conputer
ai ded system according to claim 11, further adapted for selection of a path

al ong whi 6 A deewputsr@idédi sistein acardinh Gltia@h 9, ifﬁ‘&ér@&a@t@ﬂ@&elﬁ(ﬁoﬁf e ﬁgition
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.




25 13. A conputer aided systemaccording to claim12, further adapted for
determ nation of the position and the geonetry of the ventilation channel
opening in the face plate facilitating automatic product? $eptahbéri200f ace
plate with the ventilation channel opening. 7 Septenber 2005 WD 02/ 080617
PCTI EPO2/ 03318 27 14. A conputer aided system according to claim 13,

further adapted for selection of a position of an in-the-ear ventilation
channel “BPEPRY so that the ventilation channel opBfH§*E#ents in the
direction of a longitudinal axis of2’the auditory canal when the housing is
inserted in the auditory canal. 5 15. A conputer aided system according to
any of clains 9-14, further adapted for including a pipe stub in the shell
nmodel centldr&chrgmtonaideli sydwen Devkdingtto dqand, igrha AEpedcbeaeiahfh poasdl y in  the
shel | nodel kg i . rtion of an ear wax ard. 16. A
conput er  ai d%g'{ syst é%@%@%r“%%%%‘h%ﬁg‘f‘#f ,“%Lﬂlrcﬁﬁléc?@ﬁﬂ“a&ﬁ"e for including
a recess i n nfpdirestonpfa lopsindinal ey ef thepuditan canpl sderdhedomie sfinsersdiioput  openi ng and
mat chi ng an mdwieBiiallO0 col | ar of the ear wax guard or, matching an
abutment collar of a bushing to-be inserted in the opening for reception
and hol di e A7, . A uter .aj ded. tem according to
any of fhgg'p‘?éeocéal rﬁ‘ga{??a. rrﬁ%“ﬁﬁ?%aﬁl Ff%‘d‘las%?gﬁ“‘ﬁ‘%‘rad@%gﬁé’%‘?‘?/%“ﬁaof a tightening
cont our t hatPREgRES shsll giadsl enfercdagrupdibeoutpit opising eektbadig inwerdlgin part |y

encircling tdandii@hd forrkiby alfshind (G AR Sf anRhrdRE i3St €em according to claim 17,
further adapted for increasing the outer dinensions along the tightening

contour ther Wl tight se ai nst. .t he auditor canal wall
when t he 2 ﬁ'e‘?%@&?#gg%@& |°ﬂd&[%rtf’edaé% rto §/aJ§%{?ﬁl§?r.m°T 12 R EGbut er ai ded
syst em accorfishal model eqveringrnarea afoundithisentpy dpepinped foafrhiigne lutkienty a gr oove

ext endiong alcamgoriR@ar&@aniveidor, tlifiGn REEh: HRAYVIFA Bufindh 0SSeiQGf i ON Wi th a
shape and dijrensi ons t hat tch a desired tjghtening ring to be nounted in
t he produce °s°ﬁeé‘f“|g.°“?ff?u°&aé%}?§ffﬁ§ffm°aeﬁﬂﬁﬂg%&§f’st em according to claim17,

further adapted for including a groove extending along the contour in the
nodel for Tdepreapitir @dedsystes anaatding kozny efitticiprreding clfimg farthdn edapteribrer i al  of t he

shel | in t heehiay ftighlefify SRR Haf RENERbR He A rmEUREL iy beld :fi]ﬂér“ ghtening ring.
21. A conputer alﬂi% 1?ystem according to any of clains 1%- 0, further

adapt ed for BHfEE ‘posi tions of the tightening contour at positions
corresponding to positions in the auditory canal at which the dynamc

var i-at 1ond8. df coppier difladsysteingepordipg torckrim Hufiitheordyptaldoradereaioh ilbpdtert he | east

vari at i ons Wﬁ&bﬁﬂ%ﬂ@g%@ﬁ@ﬁéﬁiﬂ@%&?ﬂt&m}y PR ot B Qb dbfde R Yabiloryl M the auditory
n | r V! | n n [ Tl VI .
cana S P2 Waﬁ whenr;l;‘neesﬁ)eﬁ isdmesergzed(i)u ﬂleuaisldeitory%acngl. y
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.




22. A conputer aided systemaccording to any of the preceding clains,
further adapted for 30 outputting the data to a renote site for production
of the hearing aid housing. 7 Septenber 2005 WO 02/ 0806177 RpldnR92008318 28
23. A conputer aided systemaccording to any of the preceding clains,
further adapted for formng an car nodel of the auditory canal and a part
of the outer ear based on the data. 24. A conputer aided system according
to clai W@%%8%{f t her adapted for distinguishably B‘?Eﬂ”é@ﬁ?%g the car nodel
and the housing nodel. 5 25. A conp®ter ai ded system according to claim 24,
further. adapted for displaying the ear nodel transparently, facilitating
di splay of the shell as inserted in the auditory canal. 26. A conputer

ai ded systBnhaegordidedsytion aoydigfto iy ef iy peeeliligRBing) fadhamdaple@ifot her adapt ed for
selectively j j s i i o ar. ai d shell nodel
so that the fo@%ﬁ%@%%ﬁ?%c%ﬁ%ﬁ%hﬁ%ﬁel C%Iét?ee?rt%gsh eion;%egg%ure on the
auditory cgnal tissue when the shell 10 is_inserted in the auditory canal.
27. A co t‘gf" BeeL TEPRIFFULUS? thimg. fthe pdapied pdistipgyiskal8r  adapt ed T or

i ncreasi ng t digiapng B¢ cor dedalpndtheatnssingmioficdr My over the entire surface of the
shell. 28. A conputer aided systemaccording to claim 26, further adapted

for redyciBoatdGuikLIHEn actfailetS1QMbE M&%Pé& fa?éspﬁg y along the
or

| ongi t udi nal a%l: s of thzq%hel | so that very little” no pressure wl |
be exerted oR*FieuRETESYng Rt the el dsisersd iytegrdiogeassli . 29. A conputer
ai ded system according to any of the preceding clains, further adapted for
sel ect i ng 26h exmpetenviiediysemadccmdinsd a1y of hepirapiog ching, fgdondied s of vari ous
hearing ai d cLQNRPREDLSy hedehafssiblsof QARANE Sia aSh BRI o RLAGESSOr S, out put

transducers, from a database_ for incorporation into the hearing aid to be
manuf act ur efo™SpPrdps hearing aid shell exertsa wratyre oy e aditosy.eapl Bsvegbengheshedli m 29, furt her
adapt et f or iposittdiome agitananal.di spl ayi ng nodel s of the sel ected conponents
wi thin the hearing aid housing nodel for selection of respective optinum
POSi ti 0NS,27€a EbmpkBaidld QMinS iR o Buid) 4 FirtBE aBbitls B inBallzBeME Si ze. 31. A
conmput er aided system according to clarm 30, further & apted for performng
col lision 28O paiformipoverthe antizs sirfase obfherbdl syst em according to cl ai m 31,
further adapted for perform ng collision check during novenent of a
conponent 28rA ¢dmputerhidkd sysdnoaseprdingdeddim 8@ futhdr hdapt7d fBepdandiierin-2805

. 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.



WO 02/ 080617 PCTI EP02103318 29 33. A conputer aided systemaccording to
any of the preceding clains, further adapted for selecting the path of the
junction contour while the shell is displayed as inserted $éptériger 2008li t ory
canal for selection of optinum cosnetic appearance when the hearing aid is
|nserted in the auditory canal. 5 34. A conputer aided systemaccording to
any of the preceding claims, further adapted for snoothing the surface of
the shelWORSE¥!7 to el ininate sharp edges and cor nePSVEMYIBE obtain a
snmoot h surface. 35. A conputer aide® systemaccording to claim34, further
adapted for selecting specific areas of the shell, e.g. using a conputer
nouse with a cursor, for snoothing. 10 36. A conputer aided system
accor di ng $oAcmputer dpd eyster Bccorfiing t emof idppedins claprs, fogoniprgfoan artifact from
the hearing @Ic&]ﬂ@%%&ﬂ?&tﬂyﬂﬂ&hﬂQﬁtoﬂglhﬁéﬂayﬂeﬂlpﬁspﬁwdf L €d by the
artifact fro“‘rgﬂg de cal culating a new Surface substituting the
del et ed surf¥ ?f&agg'rfﬂ?c‘t“ﬁ&f°P’§EH‘9“8§f’é€“‘é?PP?aE?H‘ﬁd’Pﬁdh°thFP§ﬂgeﬁdt‘§fact 37. A
conput er ai dizskrtsdisthemdmerandli ng to any of the preceding clains, further
adapted for 15 incorporating a serial nunber or another identi fi cation of

the progucsd ARGl gaeat IH%& arly3F e prll . ina
sel ected pomt??ir;,g sg t)ﬁgt t he 8ugl %%cémgdu%% ro ucecﬁlﬁdfoth an i nherent

i denti fi cat i JHPOBE the Rriag ol fhr sl Wﬂé&f@%ﬁ@ﬁ?ﬁ@éﬁﬂ“@l@ﬁ’&s fg toghtpinof  t he
precedi ng cl asnwwth sdefaeet her adapted for storing the finished hearing aid
housi ng nodel ready for use as a basis for producti on of a corresponding
hearing aigs J@Q&tﬁiuﬂlgmde@syﬁeﬂm et 8@4' &'add, fol’&l\é.@] spiitic afeysCOMMPUL €1 ai ded
system according to cl ai m 38, urt ap te or $P7 ng *he dat abase
for further %fﬁlf"é]ﬂf’gtergo?fméf‘cwfd@gﬁcd’ﬁhb?‘ﬁ%ﬁ%sm%@mgA conputer aided system
according to claim 39, wherein the nodels are stored in a reduced form
requirilhg . Ae@m@m@mammm daim350r83, furerodppdifoeemeving el syst em
accor di ng t O @Y 6h mt Ierffa ﬁ%ﬁgfng'gnﬁl!%dgﬁmg&%umggovgrgﬁg‘]}%g? B form ng a

[

pati ent database conprising, records ent name
and nunber %‘F‘Hﬁ“ﬂ’@l a%@"‘l"é@&l’?ﬁwﬁb‘faﬁ‘é%sﬁﬁbﬂgéhﬂddﬁ%ﬂfﬁf@@a%@éhﬂ of the pati ent
i N questi on. sudacBepdedinghe 2680 WO 0 21080 6 1 7 PCT/ EP02/ 03318 30 42. A
conmput er ai ded system according to claim41l, wherein the records further
hold r eS@C}xhéﬁ% ﬁ&@h@&%ﬂ%a&&&ng% Angl)ﬂﬁépréc%{g%ﬁiﬁs%rthg'adaﬁstcc?fmaum tory canal of

t he res;aectl pat 1 ent
7 ilocorporating a serlai mumber or another identification of the produced hearing aid housing

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.




and identifiers and nodels of the hearing aid conponents used in the
respective patients' hearing aids. 5 43. A conputer aided system accordi ng
to any of the preceding clains, further adapted to recei¥geftérabaq0sred
data froma renote site for further processing. 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 shel
utiIiziHﬁoug%@?kolithography. 10 45. A conputer ai SEHERNAPEM according to
any of clains 1-43, further adaptedsoto output data representing the nodel
to an apparatus for production of the shell utilizing |aser sintering. 46.
A conputer aided system according to any of clainms 1-43, further adapted to

out put datd. AERRuESEId dyitdn LhLusaliml D v ARPALR: dsmd- Qi Pr oduction of the

shell utilizing.drop deposition rinting, 15 47, A conputer aided system
accordi ng torﬁg%ﬁlvcorgﬁflﬁg%%%@g‘f‘ﬂﬁgﬂl "#Ft?gd“mrc‘t“ﬁlé’fm%ﬁ%fb?‘&@a?‘?ﬂ“’ out put data

r epr esent i ngantl Hentifrerelgfl modsls afthelpming ait! usupbents pedit e teseaivofatient| ural ity of
shells in opgiblalch. 48.. A conputer aided system according to any of the
preceding clains, further adapted to output data representing the nodel to

an appasratﬂs for production of the shell starting at the 20 corresponding
face plate AEPTPNer AR acor wy ok R Aresedng Flam dorthes adaR§e B t he precedi ng
cl ai s, f ur tie@ive thel agiiedidatagromaudnpistsitakat farthieqpicessignt i ng t he nodel to an
apparatus for production of the shell with an integrated face plate, a

part of tha A il RS ité}pdc&gd}ﬂ% I i separately

manuf act ur ed, @fﬁe shel IY bei ng %o%ﬁ?eﬁ%?%?’%g’?%r@% ?%ggi ntegrated face
pl ate abuts 8" 938 rpEisaing hamdelin ot APprat fs grogpstion opfhe helimiilizinge pl ate. 50. A
conput er ai chekobitiaptaghin according to claim49, wherein the circunference of
the part of the face plate is tapered so that the outer dinension of the

part i gy SlgsghidmputbAle@RGstdal R rdifd % anl BBIm:d LIBABEARpRE 0 LiiF BRI L Whereby a
| i ght beam pro‘ga at Eg{guvertl cally towards the part rmay | npinge on every
poi nt of itd® T‘“gf‘ﬁf#' SR don 2pparan orhpiastionefdhs shafbuidizing septinigsing. 7

PCTI EPO2/ 03318 31 51. A conputer aided system according to any of clains
1- 48, fur t4hek comgeiptaidef sysbemoatopsding takay of claies(irdd Jethtriatgtel inouipmded t o an
appar at us f Qepré b2 P obS SR anitoh 8 8l DhGHE BbFSplRGE  Plale, 2

part of the face plate including the battery opening g separately
manuf act ur eP™%he shel | bei ng produced starting with the end opposing the

face plate and termnated with
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. '




5 an outward opening in the integrated face plate having a circunference
mat ching the circunference of the separately manufactured part of the face
plate. 52. A conputer aided system according to any of thHeSgrnenkdi209s5
clainms, further adapted to include a nodel of receiver holders in the
shel | - for receiving and holding the receiver. 53. A conputer aided system
accor di n@ to claim52, wherein the receiver holders are 10 automatically
adapt ed Y85 sel ected receiver. 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.





