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Abstract

Hysteresis Is an important nonlinear
effect exhibited by piezoelectric
actuators (PEA) and its modelling has
been drawing considerable attention.
This paper presents the development
of a novel discrete model based on the
concept of auto-regressive moving
average (ARMA) for the piezoelectric-
actuator hysteresis, and its parameter
identification method as well.
Experiments were carried out to verify
the effectiveness of the developed
model. The result obtained shows that
the developed model can well
represent the hysteresis of the PEA.

Introduction

What Is Hysteresi

® A memory effect of PEA

@ The hysteresis exhibited at an
given time instant depends on not
only the Iinput at the present time
but also the operational history of
the system considered.

Hysteresis Model

@ Preisach Model

® Ferromagnetic Material Model

@ Nonlinear Auto-regressive Moving
Average Model with Exogenous
Input (NARMAX model)

Research Issue

@ Not all the continuous controllers
can work on the sampled digital
system as desired since the
discrete sampling can sometimes
make the continuous system
unstable. Therefore, it Is advantage
to develop a discrete hysteresis
model of PEA for its digital
controller design.

Content of the pa

® The ferromagnetic material
hysteresis model is discreted and,
by combining it with the concept of
auto-regressive moving average
(ARMA), a novel model is
developed to represent the
hysteresis of PEA.
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Material Model

y = |X|(ax+cy) + bx
® Integral
y(k+1)—y(k)
_ %a[xz (k+2) - )]+ yax

(k)
b[x(k +1) = x(k)]

@ Using trapezoid equation to
estimate the integral term
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Parameter Identification

B Online Estimation for the linear
parameters

@ Box-Kanemasu method for
nonlinear parameter c

Experiment

® P-/53, Physik Instrumente

®@ Resolution: 0.5nm
® Sampling Interval: 0.05ms
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Parameter ldentif

Parameters  d, d, bo bO
Value 1.6531 -0.676 -0.00276 -0.0732
Parameters bl' bl ) bz' b2 )
Value 0.0064 0.174 -0.00353 -0.0976
Model Verificatio
Frequency (Hz) 10 50 200 400
Discrete
ARMA-based 0.0943 0.0989 0.1112 0.1603
hysteresis model
General

discrete form  0.0946 0.0996 0.1128 0.1627

of hysteresis

Conclusions

® The discrete ARMA-based
hysteresis model can bette
predict the hysteresis o

® The model shows &

estimation erro

application
applicatic
of the |
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