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signal decomposition. Low value of the viscous damping leads 
to long transient effects which evoke smudging of gained 
spectrograms in frequency domain. The results also showed 
that for correct signal decomposition using of very low or zero 
stiffness of connection springs is need. The higher value of 
stiffness of connection springs lead to vibration also neighbor 
resonators closed to the resonator with eigenfrequency equal to 
the frequency components contained in input signal. This effect 
leads to creation of false frequency components in the 
spectrogram. 

 
3. FINITE ELEMENT MODEL 
 

On the basis of the simple mathematical model described in 
chapter 2 a 3D model and then also finite element model of the 
artificial cochlea was created. The results calculated on the 
simple mathematical model showed that it is need to use an 
array of isolated resonators without mutually connection. For 
this reason a two layer resonant beams are used like resonators. 
The two layer beams are chosen for the reason of quite high 
ratio between their first and second eigenfrequencies. The two 
layer resonat beam is schematically shown in the figure 2.  

The artificial cochlea should be compound from fifty 
resonant beams. Every resonator is compound from 1μm thin 
layer which represents a spring and from 100μm layer which 
represent a mass of the resonator. 

The artificial cochlea is designed for audible frequency 
range from 100Hz to 10kHz. The eigenfrequencies of the 
resonators are dependent after this term:  

 
fi+1 = fi*1,1                                      (2) 

 
where i = 1..49, if the first resonator has eigenfrequency              

f1 = 100Hz then the last resonator has eigenfrequency             
f50 = 10672Hz. To these eigenfrequencies matches length of the 
first resonator 2.4mm and length of the 50th resonator 0.11mm 

 
4. RESULTS 
 

In the figure 3 are shown amplitudes of displacement of 
vibration of the resonant beams in dependency of frequency of 
input mechanical excitation. The amplitudes of displacement 
were taken from free ends of the resonant beams. The 
calculation was made for constant damping ratio ξ=0.1 for all 
resonators. An amplitude of the mechanical excitation was also 
same for all resonators qz=10-10m. 
 
5. CONCLUSION 
 

A finite element model of the array of resonant beams was 
design as the artificial cochlea. The resonant beams have 
different length and different resonant frequency and they are 
compound from two layers for the reason of achievement high 
ratio between a first and higher eigenfrequencies of the beams. 

It is supposed using of fifty resonant beams in audible 
frequency range from 100Hz to 10kHz.  

Fig. 3. Amplitudes of vibration calculated for the array of the 
fifty resonant beams in dependency of frequency of mechanical 
excitation  
 

Next step in development of artificial cochlea will be 
calculation of output electrical signals in dependency of 
amplitude of input mechanical vibrations. For the 
transformation of the mechanical signals into the electrical 
signals is supposed to use a set of four piezoresisitors connected 
into a full Wheatston bridge.  
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Fig. 2. Dimensions of used two layer resonant beams. 
 




