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FEM Optimum Control System of Connected Piezoelectric Actuators
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In this paper, the Finite Element Method (FEM) is proposed for application to an optimum red time
control system of connected piezoelectric actuators, assuming an actuator as finite elements, which are
mainly used in the field of computational mechanics. The FEM is capable of expressing the state of an
entire system by stiffness equations, and can cope flexibly with lack or disability of constituent e ements
of the system by controlling the stiffness matrices. An inverse analysis program using the FEM, combined
with the empirical formulae considering time-dependent characteristics of the piezoelectric materid, is
implemented into an optimum control system. The system is verified by the experiments on quasi-static
displacement control of connected piezoelectric actuators. The results show the possibility of highly
accurate, real-time control of the actuators using the FEM.

Key Words. Piezodectric Actuators, Finite Element Method (FEM), Inverse Problem, Control System,
Noncompatible Finite Element, Creep Deformation, Residual Strain
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Fig.1 Time history of actuator tip displacement
(60V applied)
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Fig.2 Time history of actuator tip displacement

(60V applied)
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Table1 : Material properties

Young's moduli(PZT) [16°N/m? Y,=5.0,Y,=5.5
Poisson’s ratio(PZT) v ,=0.36y ,=0.36
Shear modulus(PZT) [1N/m?] G,=2.02
Piezoelectric strain constants d;s=592,d,=-303,
[10%m/V] ds; =603
Young's moduli(Ni) [16°N/m?] Y ,=21.92
Poisson’s ratio(Ni) v ;=0.306

Uy = FinelPp)ts = Faeelpryurb = 1

ther = [ine () {11 + m1¢ — ) (1 — a”)} | I
T ]

I
FEM Inverse Analysis
()

Control voltage

b= bp — (¢ — dp) (@)

Fig.3 Control algorithm
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Fig.7(a) Quasi—static displacement control without

considering time—dependent characteristics
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Fig.7(b) Quasi-static displacement control by considering

time—dependent characteristics
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