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Passive Damping Enhancement of Composite Beam Using Piezo
Ceramic Connected to External Electrical Networks

Seung-Man Yang*, Do-Hyung Kim*, Jae-Hung Han* and In Lee*
ABSTRACT

The piezoelectric material connected to external electric networks possesses frequency dependent
stiffness and loss factor which are also affected by the shunting circuit. The external electric networks are
generally specialized for two shunting circuits: one is the case of a resistor alone and the other is the
combination of a resistor and an inductor. For resistive shunting, the material properties exhibit frequency
dependency similar to viscoelastic materials, but are much stiffer and more independent of temperature.
Shunting with a resistor and inductor introduces an electrical resonance, which can change the
characteristics of structural resonance optimally in a manner analogous to a PMD (proof mass damper).
Passive damping enhancement of composite beam using piezoelectric material connected to external
electrical networks is achieved and presented in this paper.
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Table 1. Experimental properties for beam specimen.

Firstmode  natural frequency(shorted)  =38.10He
natura} frequency(open) o =38.53 Hz
nominal damping ratio {=061%
generalized coupling coefficient ki =2.21%

Second mode  natural frequency(shorted) ah = 13626 Hz
natural frequency(open) @, =136.72Hz
nominal damping ratio ¢ =0287%

generalized coupling coefficient &, =0.676 %

Table 2. Experimental tuning parameters for single mode
control.

piezoelectric capacitance Gy =0.139uF
optimal resistance R=62493
non-dimensional resistance  r=0.933

Resistor tuning

Resonant tuning ~ optimal inductance Lyp—7=122.5H
optimal resistance Roy-17=6239Q
optimal frequency tuning  Op-rr = 1.011
optimal dissipation tuning  7p-7¢ =0.208
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Fig. 6. Added damping ratios for the composite beam when
RES is applied
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