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This dissertation is concerned with piezo electric actuators (PEA), especially modelling and

displacement control of them. Piezo electric actuators have been widely used in micro and|
nanopositioning applications due to their fine resolution, rapid responses, and large actuating]
forces. Unfortunately, piezo electric actuators exhibit strong hysteresis nonlinearity that reduces
the accuracy and that may lead to the instability of the whole system. The control of piezo
electric actuators to overcome the hysteresis phenomenon has emerged as a hot topic in recent
years.

The main object of this thesis is the control design to overcome the hysteresis phenomenon so
that the system can track the reference signal. To solve the problem, mathematical models of the
hysteretic system are discussed and controllers are developed for micro-position tracking control
of the PEAs. Tracking performance of compensated system is validated using experimental
results.

The hysteresis nonlinearity is described by 3 kinds of modelling methods, which are second
order linear model, Prandlt-Ishlinskii (PI) hysteresis model, and pseudo discrete-time Bouc-Wen
model. Accuracy of the models is shown by experiments.

Based on these models, four model-based control methods are proposed. The feedforward
compensation, which is based on identified PI model, is introduced. Because the feedforward|
compensation technique runs on open-loop fashion, the positioning accuracy is low. In order to
improve the performance of PEA, PI control, model predictive control (MPC), and adaptive
model predictive control (AMPC) are discussed. Experimental results show that PI control and
MPC have better performances than feedforward compensation even though they are based onl
linear identified model. Lastly, a model reference adaptive control using pseudo discrete-time
Bouc-Wen model is proposed. This method can guarantee the closed-loop system stability.

Experimental results show the effectiveness of proposed method.
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