


• 

Workshop ('ommitc('e Offict 

Oer;inmcl'd of8101»c<hC\lll l:,.flgil)..'Ct1113" GtOJuat� Sdiool ,,1 D11)X11,:dic11! Eng1nemng, Tuhc,lm titn\'Cl'$1l) 
t..fo-01 Aoha, A,)b,,,kv, s�-00:11 9S0·657Q, faf)all 

Tel -t�l-12-'N,-700.s fu: '-lll-22-795.50)1 r.m.1il ,a.-J .... tm.<h.1,,.-;1.Mnobn�or,: 

URL .  hUp 1.''l\'Y,W n.Jnolm1,c Nl!,'JrJ_sludcl'II _ '<l.•i>tlshu11 

Publksitfon OJ'tice 

Tohoku University Global C:OE Programme 
Clobal Nono-Biomedic;,�I Engim:ering Education and Rc:scarch Network C'..e.nm• 

l)c,l"•r1tt1.:a1 01'81(11fK'!bcal fngu�m,, Gr..id11111c, Sdiool 1lfB11:,mcJ1cn1 F11,gm<>t·un�. luboku Lnrwnil)' 
6-tl,0l ,\oha, AOO:i-l,.,,, 'Sendai 1)tc1.H.{�79, J"fl11n
lt;I -8l·.Z2·7""·7U05 Fire 181 22-N5-�(l11 E�il scc�nl)'L«n1,nnlxtleo1�

URL lmr�.'.<wwv.· n�nol)m,c or11-

ISBN 97&-.-4,90-' t�7-10-7 



9:30•9.4S 

9:<\S·IO� 

10:00·J0;l.S 

10:lS·I0:3-0 

10:30-lJ 00 

U:00 11.IS 

11:IS·I 1-10 

Programme 

Oyr,i11m Cllar .1ntrl� Ann!�lr or (.m..,awd Orl'\ll .. 101y 
Ryot-:otl.llM� SySWn• ,.�lh I 11mMC1 P,ar.11nc1« Model • 

1•11(! rt Htln \,',11,.-w, l)lft-�<I 
TOl,OI;" l/lllwr'l:it)' 

Thr 1.liange rl lmcn.�rtf'bral l)j5e Rbtology ...,-ith Dcgc:Mr11ll11n ¥\'l,\\'f-n 1<110. 
IJtgftt N.ttcuul 'f':.IWl'.ln Uni�r,ity 

l)c'1j:n ol ;1 Mkro-TenMlto 'lb(er fur f>rnb111g Smooth Mus-:le
IA!l v�ood;ut1dty 

CW Ch.,ng. 12 
fi.-nonJIVnlveNlty olSmg;ipon-

!\ 1-blhC!l'lllllral .Modrl 11(tbt �lalillofl or Mlh .. t:Sttt:I� 
Production inW/lll'oUllestir:1111 Smollth .Muscle 

\'!vela lolljend1r.ui, 
16 

N.lltin� UniV1:n1tyllfSing;i?0tt 

T,..a Rr�k& Postc:r Se�IOII 

&pt,rln1cn1al ot,�r,,• .. oo,�,i,I 8, ...... -.o, U, No.'1(1/0!•1'11--Uko HU,O ll.1orub Unm\111)4 2' 
Cdts t"lfl Orlmtf<l tn,�11,,.1u1 ttlh --1-'s""="'=•c"='=mc•c"'=e•Y _____ -I--� 
IMilll1t,l Ph°"pbo,)'latin. of P,u:111.tn 1n F.OOotheli;al Ctlls,n W�ttii .. ffu..ini:. 24 RM1»Me 10lC)'rlirStrctm ___________ 4,c"c''c"'c'c' 'c'"c'c"c'c"e'''-----+--1

l l:30· I 1:-15 1.�cli, Sttttth lncrc,.u,e,; J.lutnx ).l,:u,.tlllflrotrUlitK-9 Prodl,ll;\i'-'11 Ko,lo,i{)y11, 

1
------

l
n�rrophilgcs Wider llyPOll� Tohotu U1ll\'t.f'-IY 

26 

�I( Sh1ily fin Sf·!'l'-11,C M,ir.li;mlt'III �S11b:ma1t' t:latlncyby 
l I :45· 12;00 ce,ts� e(k.:I� nl $\1IY;1ra,� t!;,s1lcll)'at1d Thdnts.,; Ut.'1 lhe 

�h:wlor nf k.11 Aortic Smoalh Nu.,i:k Ctlls 

14:0S•H:20 01!\'tll)flll�I (II :;1 N('m';II frohc wnh M1crofluidk Chauntl for
IJ1i.1g 1>cll11try 

l4:20·H�35 
0,:,\�lopmtntof Pill;ir [l«Uudl' A1 1'3Y li'lr lt�llna1 St!mulmol\ 
with IIQ;h Efficienr)' 

14:3S-14.'>0 
Ckcuiall •nd lrtlo.'d11tuit..l)Cb.11111"'1"iS!li'.$ ol.Si f>onl,k,-�idNI 
Neu.r,,l l'tobe 1111(1 It)' Aflplif�li(Jll 10 Jll l'll'tl R«iJordrna. 

I fJSO· JS:05 t.!�3l,\11't'tr\i'11t oo l:l�l1Vl)bOr('tl( flnw ()ynarn1a of 
)J>NA In N.inodi�und 

1$:05·15:20 6lli)t'rln'l(•nu11 Slud)'on \'ibrntll'lelh.lnrttmtia ul 

rinlk&tcu It MtirkUI f."othlca In Au 1111d Liquid 

IS:20·16:00 Tt,��.1,t & �h>r !il's.•d•"" 

No1ffliro "111lSUi. 
N•'f:(.•)'-" ln,l.il11t11 o(Tf'\'l\m)\(IC,V 

,. 

Sllich1ro t<.umo, 
,. TOOok11 Onf\'f'ffit)' 

Htmi:11llll bktshlr.1, 
Tot.Illa! u,mw»I)' 

$111,choonl,oc, 
'° 

Toh� 0M'ffnly 
S:11a<.hl Urlun1. " 0,.;;d::i IJM'f'UII)' 

lla.M 1':inuj�y;\ 
O�k:i Un.noemty 

44 

' -·: i:�-r�;�i{ : ... ' 
r • • 

• 
• ... -•

• t  

• • tllur, T�l �1f<i!ULml fTobolut U11t,;ft°SiC)"I• -,.,..· • .JM 111,. t<U(.,;; ·, 

•

16.00•H,:JS 

l6:15·16:30 

16;30·16:.SS 

16:•15·17:00 

-

An:ilysi!rnf I� Frequencv 0iOFJ(lt-Y1$1K$ of N«.11.1.tlll Middltl 
Cars u5uig;1 Sweepfttqutnty l1n)'1Nl.1nce M4'ttt 

t,1,..:i�1rtml'lit uf Hur11:iti Skit. Cond!unns u�ir1g a lt:ip11c Seu�nr 

MYl'lilutmll 80l'll' CtMl;nl �by (Ille CT Swrnth� 

SurUI...- M«ltll� Uf)Cotll.'('rsion Naoop.u� ll>t 6ioo1td.tc..1I 
Appli��ns 

lb:iquct 

vi 

N�,))•1�,-hlnlO. 
48 

1'11hnla, IJnn·e,nlty 
0.1�u\:t 1'umb"'• so 
Tobolt!1 Uun�sl1y 
C211m·Ka1 Chim� 
Na.1:!Cm.tl lJJ"ll,"oAll Utilv('1�l1Y 

SU\Jnderya Naga,.n, 
N�ional U uiV\'r:iity (If Si11g,Jj)llnl 



Experimental Study on Vibrating Characteristics of 

Piezoelectric Artificial Cochlea in Air and Liquid 

Harto Tanujaya* 1)
, Hirofumi Shintaku 1)

, Takayuki akagawa2\ Dai Kitagawa 1)
, 

Satoyuki Kawano 1), and Juichi Ito2) 

1) Department of Mechanical Science and Bioengineering, Graduate School of Engineering Science,

Osaka University, Japan

2) Department of Otolaryngology, Head and Neck Surgery, Graduate School of Medicine, Kyoto University, Japan

E-mail: harto@mbox.me.es.osaka-u.ac.jp

Abstract 

In this paper, we report the basic vibrating 
characteristics of the piezoelectric artificial cochlea 
which consists of piezoelectric and trapezoidal 
membrane. The width of the membrane is linearly 
changed from 2.0 to 4.0 mm and the length is 30 mm. 
The geometry is theoretically designed to realize the 
frequency selectivity from 0.7 to 3.6 kHz in the lymph 
liquid. The measurement on the vibrating 
characteristics is conducted to clarify the effect of the 
fluid-structure interaction. Consequently, it is found 
that the fluid with the higher density decreases the 
resonant frequency of the membrane by increasing the 
effective mass for the vibration. 

Keywords: Artificial cochlea, Frequency selectivity, 
Vibration, Resonant frequency 

1. Introduction

Cochleae are one of the important organs for hearing 
in the human and animals. In particular, children who 
have some problems in their hearing get into trouble in 
their growth and the quality of life. 

In this research, we developed a novel piezoelectric 
artificial basilar membrane for a fully implantable and 
self contained artificial cochlea. This artificial basilar 
membrane can detect the frequency and magnitude of 
acoustic waves. To clarify the vibrating characteristics 
of the membrane, we carried out the some experiments. 
The experiments are divided into the two parts. First 
experiment is the measurement of the vibrating 
characteristic in the atmosphere and the second one is 
that in the silicone oil. Comparisons are made for 
obtaining the basic knowledge and the design data. 

2. Method

2.1. Mechanical model

The designing concept of the developed device is 
mimicking the shape of the basilar membrane in 
biological cochleae to realize the frequency selectivity 
as shown in Fig. l. Based on the previous work by von 
Bekesy, it is possible that the cochlea can be modeled as 
a unrolled geometry to analyze the basic characteristics, 
in spite of the rolled shape of biological cochlea [1,2]. 
Therefore, the device is designed as a straight manner. 

The device consists of an artificial basilar membrane 
made of a piezoelectric material and a fluid channel 
under the membrane. To realize the frequency selectivity, 
the shape of the membrane is designed to be trapezoidal. 
As a model of scala tympani, the fluid channel is 
designed. The membrane could be assumed as a thin 
plate and the oscillatory dynamics of the artificial 
basilar membrane can be predicted using a thin plate 
bending model with the plane stress conditions [3]. 

The artificial basilar membrane is made of 
polyvinyllidinedifluoride (PVDF) (KUREHA, JAPAN) 
with the thickness of 40 µm. The Young's modulus and 
the density of PVDF are 4 GPa and 1790 kg/m3

, 

respectively. The trapezoidal shape is designed as the 
length of 30 mm along x direction with the varying 
width from 2.0 to 4.0 mm. The artificial basilar 
membrane is placed on the fluid channel during the 
both experiment. Design of the fluid channel is 17 and 
4 mm in width and depth, respectively. 

The 24 electrodes are fabricated on the upper surface 
of the artificial basilar membrane. These electrodes are 
used to measure the electric signal generated by the 
piezoelectric effect of PVDF. 

2.2. Experiment 

For both experiments, the acoustic waves are 
produced by a speaker (FOSTEX, JAPAN) with the 
magnitude of 75 dBSPL and applied through the 
atmosphere to the upper side of the artificial basilar 
membrane. The vibrating amplitude is measured using 
laser Doppler vibrometer (LDV). In the second 
experiment, the fluid channel is filled with silicone oil 

with the viscosity and density of 1.75 x 10-3 Pa s and 
873 kg/m3

, respectively. The frequency of acoustic 
waves is controlled from 1 to 20 kHz which are in the 
range of human auditory. 

��-
y Eleclrodi 1 

Fig. 1. Cochlear model 



. Results and Discussion 

Figure 2 shows the vibrating amplitudes of the artificial 
ilar membrane in the air at/= (a) 6, (b) 9, and (c) 

kHz. The location of the maximum amplitude 
ges to the smaller x with increasing the frequency. 
indicates that the resonant frequency increases as 

,., idth of the artificial basilar membrane decreases. 
Figure 3 shows the vibrating amplitudes of the 
· cial basilar membrane in the liquid at/= (a) 1.7,
2.9, and (c) 4 kHz. These vibrating amplitudes have

ame trend with measurement in the air in Fig. 2, 
ere the location of the maximum amplitude changes 
the smaller x as the frequency increases. The 
rences between them are found in the resonant 

�uencies and the vibrating amplitudes. Results in the 
have higher resonant frequency and larger vibrating 
litude than those in the liquid. These differences 
considered as the result of the fluid-structure 

- raction. These phenomena of the frequency
ndence have similarities with those of the

logical basilar membranes.
igure 4 show the vibrating amplitude of the

ial basilar membrane in the air and liquid at 
·ous frequencies. Figure 4 (a) ~ (c) show results in
air at x = (a) 27, (b) 16, and (c) 5 mm and Fig. 4 (d)

how these in the liquid at x = ( d) 26, ( e) 20, and 
mm. The frequencies at the peaks are considered 

the resonant frequency at the local area of the 
- ial basilar membrane. These resonant frequencies

ecreased with increasing the width along x direction.
igure 5 shows the resonant frequencies in the air
liquid at various x. The resonant frequencies in the
e higher than that in the liquid. This graph shows

the range of the local resonant frequency in the air
liquid are from 4.4 to 14.4 kHz and 1.7 to 4 kHz,

tively. 

onclusion 

· 1cial cochlea can realize the frequency
ti ity at the range of 4.4 to 14.4 kHz in the air and

- o 4 kHz in the silicone oil. In this experiment,
- _ of the artificial cochlea is relatively large for

antation into the cochlea, but this problem can be
d by the use of the micro fabrication technology.
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Fig. 2. Contour maps of artificial basilar membrane in 
air at/= (a) 6, (b) 9, and (c) 12.8 kHz 
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Fig. 3. Contour maps of artificial basilar membrane in 
silicone oil at/= (a) 1.7, (b) 2.9, and (c) 4 kHz 
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Fig. 4. Vibrating amplitude of artificial basilar 
membrane in air at x = (a) 27, (b) 16, and (c) 5 mm, 
and in silicone oil atx = (d) 26, (e) 20, and (f) 4 mm 
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Fig. 5. Resonant frequency of artificial basilar 
membrane in air and silicone oil at various x 
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