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A Study on the Vibration Control of Laminated Composite
Plate by Using the Anisotropic Piezoelectric Materials

*

Jeoung Yeol Yu®, Woo Young Kang® and Seung Jo Kim***

ABSTRACT

By utilizing the fact that piezo polymers(PVDF) have anisotropic properties, a study on adaptive
design of the integrated structure was carried out when PVDF was used as distributed actuator
on laminated composite plate. In this study, a theory which not only considers the composite
laminated plate but also treats piezo material as another laminated layer was developed. On
the basis of theory developed, vibration control of the integrated structure was carried out.
An apriori-modal controllability index which measures the effectiveness of actuator to a specific
vibration mode of the structure was suggested. This index shows the correlation between inherent
structure mode and deformed shape induced by the actuator. Linear optimal control theory
was applied in order to control the specific vibration mode of structure and the open-loop and
the closed-loop time responses of the tip displacement were examined. The results show that
the control effectiveness of PVDF actuator can be predicted by the apriori-modal controllability
index suggested. Furthermore the torsional mode and bending-torsion coupling mode can be
controlled effectively by appropriate combination of both composite and PVDF ply angle which
was not possible in conventional usage of distributed piezo actuator.
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Fig. 1. Configuration of cantilevered integrated
composite plate
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Fig.2. Experimental results and FEM results of tip
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Table 1. Modal Controllability Measure for the
Case of [0,/0,/0./0,/0,/0,]
Piezo #1 | Piezo #2 | Piezo 73 | Piezo#4
Mode |~ g ] (0, [0, [0,

1(1B) |1.0153e-03 | 1.0152e-03 | 1.0153e-03 | 1.0152¢-03
2 (1T) |2.6034e-08 | 2. 6030e-08 | 2.6024e-08 | 2. 6030e~08
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Table 2. Modal Controllability Measure for the
Case of [0,/0,/45,/45:/0,/0,1
Piezo #1 | Piezo #2 | Piezo #3 | Piezo #4
Mode |~ Tp ] 0,1 [0,] (0,]
1(1B) |1.7192e-03 | 1.7209e~03 | 1. 7109¢-03 | 1. 713%¢-03

2 (1T) | 6.6656e-04 | 6. 6686e-04 | 6. 6315e-04 | 6.6415e-04
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