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Performance Evaluation of Switching Amplifier in Micro-positioning Systems
with Piezoelectric Actuator

Joung-Hu Park, Jong-Bok Baek, Bo-Hyung Cho, Sung-Jin Choi
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ABSTRACT

In this paper, an improved drive method of piezoelectric PZT stack actuator for micro-positioning system is
proposed and the performances are evaluated. This type of amplifier is based on switching technology
efficiently handling the arbitrary regenerative energy from the piezoelectric actuator. The conventional
voltage-feedback control method has the THD of -32dB (=25%) with 100mHz sinusoidal reference, which
means that the positioning performance in linearity degrades due to the hysteretic relationship between actuator
voltage and the displacement. This paper proposed an improved charge-controlling method, which utilizes
differential information of charge reference instead of integrating the actuator’s current. The current waveform
has THD under -40dBV (=1%) and the displacement waveform nearly -52dB (=0.25%), which means that the
positioning performance is very excellent. Finally, another method of the displacement feedback control has
better performance than the voltage method, however there exists a limitation in performance of the system.

Key Words : Piezoelectric actuator, Class-D amplifier, Micro-positioning, Charge control, Displacement control
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Fig. 1 Class-D switching amplifier for micro-positioning
system with piezoelectric actuator
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Table 1 Electro-mechanical analogies for lumped
parameter circuit model

Mechanical Parameter Symbol Electrical Parameter
Force FeV Voltage
Velocity v=uei=gq Current
Displacement usq Charge
Mass m e L Inductance
Compliance 1/k s C Capacitance
Structural Damping ke R Resistance
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