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Vibration characteristic analysis of differential floating mass transducer
using electrical model for fully-implantable middle ear hearing devices
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Abstract

A differential floating mass transducer has been developed in Korea for fully implantable middle ear hearing devices
(F-IMEHDs). In particular, the performance of a differential floating mass transducer (DFMT) is very important among
the parts of the F-IMEHDs because the mechanical vibration generated by DFMT is delivered to the inner ear directly.
In this paper, the electrical model is proposed to analyze the DFMT vibration characteristic using the mechanical model
of the DFMT. The electrical model enables the simple analysis of DFMT vibration characteristics using a computer
program. The proposed electrical model is simulated through PSpice as changing the values of passive elements in the
electrical model. To verify the proposed model, the DFMT has been implemented on the basis of the simulated results
and the expetiment for vibration measurement has been carried out. Through the comparison, it is verified that the proposed
model is useful to analyze the vibration characteristics of the DFMT.
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Table 1. Equivalent relationship between mechanical
system and electrical system.

Electrical system
Voltage, V [V]

Mechanical system
Force, F [N}

Current, I [A] Velocity, 3—); [m/sec]

Viscous damping factor,
¢ [N-sec/m]
Mass, m [kg]
Stiffness, k [N/m]

Resistance, R [Q]

Inductance, L [H]
Reciprocal of capacitance, C™'
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Table 2. Constant values of the DEMT mechanical model. Table 4. Values of the C, for simulation.
Parameter Value Beam angle [°] Beam length [mm] C; [mF]
Fy 14.17 [dyne] Case 1 120 1.23 31.17
F; 14.17 [dyne] Case 2 90 0.923 13.16
Stiffness of the lead wire, k, 1.62 [N/m] Case 3 60 0.615 3.9
Vibration membrane beam width, W 75 [um]
Vibration membrane beam thickness, T 20 [um] i
Young’s modulus of the lead wire, E, 110 [Gpa] e
zzlﬁfr:;z(gulus of the vibration 199 [GPa] % el
2 .0
E 337 2do)q 2459 3 E
Table 3. Values of the devices in the electrical model. g
Device Value = tertp T :

Vi 0.1417 [mV) e | ]

v, 0.1417 [mV] 1% Frequency [Hz] 10000

C 617.28 [mF]
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Ly [pH] L, [pH]
Case 1 14 6
Case 2 12 8
Case 3 10 10
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