2288 3)x| H24H HTZ pp. 379-386 (2009)

09.!1

PIZS0IE S HA

FEAE 0|82t 014)
2S DU H M

EUARM2| TS

Vibration Modeling and Optimal Design of Differential
Electromagnetic Transducer for Implantable Middle Ear Hearing
Devices using the FEA
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22712 AEEAE Az Bxy] Sl F7) A=y 84719 528 (howling) B +& F ol&F § 7E
2EA12) QYrYo] B7HsE Q1-F 29 (cochlear implant system)Q} WS A, FAlO A& R 22 &
A AFE AGE] Y3 prtez dFE Ao] ¢13Fo| (implantable middle ear hearing device) o[t} £ ¢
ML olmzole] 24 AlE AL 95t 2% Aol AEAR EMALA (differential electromagnetic
transducer, DET)o|| cik "‘@:l-z* o@slo} Aol AZY shdle $EUYAL 2ustn 7 S sl AR
2719} 7 AF 1 nhes FBINA 2 F2RL 97] 8IM HR7) o) gt SR 2 AL P, A
off oJaly A} ol Wigt 2 2715 %3}&%} AL} Fol uf SAH (stapes)] g S4% AR A
£ Z+e DETS AAIS)7] sfA, 25ete] A+ dalsta AgdaE A)2ael4d a9t dAE DET:
ol oAl Jlee) S ARADT, T A5 H4g A S A5HeT SHE UF 40 92 B4
& Bato] ATFOIE e AT PARNY AF S Bk
g U, 254 AFAA ERLRAM, (3eL S lEFol AlA”)
Fagok 3% &3 ¥ MK 2of (14.2)
Among various kinds of hearing sids which have been developed so far, the conventional air conduction
hearing aids bave some problems such as the acoustic distortion. an howling effect due to acoustic
feedback. Another type of hearing aid, the cochlear implant system can be applied to the profound
imparied person. llowever, it shows the disadvaniage that there is no possibility of recovery of the
acoustic organ such as ossicle. On the other hand. the implantable middle ear hearing device directly
vibrates the ossicular chain and has belter sound quality, good cosmetics for appearance. and wide
frequency responscs so thal it can overcome the defects of Lhe conventional hearing aids.
Tn this paper, a mathematical modeling and a momentum equalion derivation of the DET has been
performed. For the optimization of the structure dimension generating maximal vibrating force of the DET,
the computer simulation using a finite element analysis (FIEA) software has been performed. Also, the
vibraling transducer has becen designed Lo make the (requency characteristics of the transducer be similar
to thoze of the normal middie ear. Through the experimental resulls, the measurcd vibration
characteristics of the DET has been evaluated to verify the performance for the application to implantable
middle ear hearing devices.
Keywords: Hearing loss, Momentum equation, Transducer, Finite elemenl analysis. Implantable middie
ear hearing devices
ASK subject classification: Acouslical Measurements and Sensors (14.2)
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Fig. 1. View of the DET to be implanted on ossicular chain.
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Fig. 2. Modeled electromagnetic transducer
(a) schematic of transducer
(b) assembled transducer.
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Fig. 4. Generating principle of electromagnetic force by a coil
and two magnets.
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Table 1. Properties of coil, magnet, and air for electromagnetic

force analysis.
Caoil Magnet Air
(copper) (Nd-Fe-8)
Resislivily 108
[m] 1.7x10 1
Coercivity
[ka/m) B 955 )
Permeability 1 50 1
Sym;nﬁe:llc’ Transducer radius
S Air
Py
Magnet| N .
Io) Coil
length N length
h s .Coil
Magne;
radius

2| 5. TR7IE SiMS st 99 R R7|Ee] BE
Fig. 5. Model for electromagnetic analysis and distribution of

magnetic flex .
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= magnet radius+air gap

+coil thickness (<900 um)
(magnet radius+air gap= 700 pm)
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Fig. 6. Electromaametic force according to changing the size of
magnets and coil.
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Fig. 7. Polyimide vibration membrane.
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Table 2. Material properties of DET.

Membrane Coil Magnet |Cover, ring
{polyimide) | (copper) | {Nd-Fe-B} | {titanium)
Young's
modulus 25 110 0.152 110
{t]
Density 1600 8900 7400 4500
[kt
Poissons 0.4 0.33 0.3 0.33
ratio
* BLENRNTS m —‘
JoL 1§ 2008

10:52:51

Lead wire —|

DET

22| 8. DETH Chet XSRS 57| Qfp! wiigA 2HE
Fig. 8. FEA modeling for dynamics analysis of OET.
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- Fig. 9. Simutation result of vibration characteristics of transducer.
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Fig. 10, Fabrication process of vibration membrane and
photography of transducer
{a) fabrication process of vibration membrane
(b) photography of transducer.
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Fig. 12. Experimental results of vibration characteristics of
transducer.
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