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1. Int‘roduction

Recently, piezoelectric and electrostrictive

actuators have become very popular as

¥ o R #F

displacement transducers{1]. These actuators are
largely divided into two categories according to
the strain used: In one, a rigid displacement is

micro- induced unidirectionally by an applied field, and
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in the other, a resonating strain(i.e. ultrasonic
motors) is excited by an AC field. The former is
further classified into two types. These are
servodisplacement transducers controlled by a
feedback system through a position-detection
signal and pulse-driven motors in an on/off
manner, which are applicable to'impact printers
and ink jets etc.

So far, piezoelectric devices
actuators) have been used mostly in mechanical
resonance, and analysis for the resonance has
been treated in details in many reports. On the
contrary, detailed analysis for pulserdriven
motors can not be found in published papers. A
significant difference compared to ultrasonic

(not as

motors with steady resonating displacements is
the use of transitional vibrations induced by a
pulsed voltage. When a square pulse or a step
voltage 1is applied on a piezoelectric actuator,
in general, an overshoot of the induced strain
occurs first, then followed by ringing with a
period almost equal to a mechanical resonance of

the actuator. These overshoot and ringing are
detrimental to achieve quick and precise response
of the actuator.

To diminish the ringing, Smiley proposed
experimentally the use of a pseudo-step field
with a rise time corresponding to the resonance
period{2], and Kubo et al. indicated the
combination of a pair of step voltages[3]. This
paper aims to clarify the theoretical background
of their ideas. In addition, to support the
analysis the experiment has been made by using a
bimorph actuator.

2. Analysis
Method

using Laplace Transform Operator

For mathematical simplicity, we describe
here the analysis on a transversely vibrating
mode of a rectangular plate sample. The notations
of the size and the coordinates are given in
Fig.1. Discussion can be easily extended for the
other vibration modes.

N 2

Bla)‘ N N 51
T o Py \EDL

Fig.1 . The of the
coordinates

notations size and the

As is well known, a kinetic equation for the
transverse mode of a p1ezoe1ectr1c actuator s
represented as follows:

b ( 2)=—l—[ "2<u+a du,yy
$11 ax at '
where p is the density of the actuator ceramics,
s1y1E8is an elastic compliance along 1 axis, u is
the displacement in 1-direction and & is the loss
coefficient.
When the loss is equal to zero, the equation
is reduced to
62u__ 1 d"u

2 E 2 (2)
ot s11 ax”.

ErmXEE - 77257 b

In addition, we need the following
piezoelectric relations to solve the equation

O E

Xi=syj XyHdgE, . (3)
X
u Ei | (4)

The Laplace transform operator method makes
it easy to obtain transitional solutions. When we

D.=d-iXi+c

denote Laplace transforms of u(t.x) and E (t)
with respect to t as U(s,x) and E(s), Eq.(2) is
transformed as
2
o8 EslU(s, x) =-9-Uls, x) (5)
11 2
ax .
where the initial conditions as follows are used:
U(t:o. x) =0, (6)
du (t=0, x) /dt=0. (7
Considering the boundary condition at x=0,L
__1
X =7, 1(x17d383) =0, (8)
the following equation 15 derived from Eq.(5)
Ul xel) = Ev—l—‘—e——u; dy E"’ =Ly (9)
s 1+e? 2v ,
where v(sound velocity of the ceramics) is
introduced by the relation,
1/vi=ps B (10)

The displacement AL of the sample is 2u(t,x=L)
When & is finite, s is replaced by 3/(L*63) in
the Eq.(9).

When a pseudo-step with a rise time of rlL/v
(r:parameter) is used, the Laplace transform of
field E(t), E(s), is represented by

E(s) =E—Y—(1-e"")

% rLs ,
Then, U and AL are calculated as

(N

v2
U@, L= d31Eo

stanh (2L (1-¢ 7Y (12)
riLs 2v
and
AL (t)=2u (t, L) =2Llu (s, L).  (13)
Using a general Laplace relation,
LHF (s) e™) =1 (t-k), (14)

the displacement AL is calculated. Figure 2 shows
the result calculated for loss parameter &=0.02

by replacing s by s/(l+63)1/2'

Fig.2. Theoretical simulation of response of
induced strain to an applied step field for a
rise time in the case of a finite loss of §=0.02.
(a) and (c) are half odd times of and (b) equal
to the resonance period T.

As a result of Fig.2, an overshoot and
ringings do not occur when a pseudo-step field is
applied with the rise time of integer times of
the resonance period. On the other hand, in case
of half-odd times, the 1largest Tringing is
produced as shown in Fig.2 (a) and (c).
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3. Experiments
Experiments have been performed' using a
bimorph  actuator made of a hard type
piezoelectric material with a mechanical quality
factor Q=1000, The block diagram of the

experimental arrangement s shown in Fig.3. The

voltage was supplied with a pulse generator (NF
CIRCUIT DESIGN BLOCK €O, LTD.;FG-163) and a
voltage amplifier (NF CIRCUIT DESIGN BLOCK CO,

LTD.;4005 HIGH SPEED POWER  AMPLIFIER). The
induced displacement was monitored using an eddy
current-type sensor (KAMAN Measuring System; KD-
2300,0.55U) installed at the top of the bimorph.
Figure 4 shows the results observed for a pseudo-
step field, respectively. The results gave good
qualitative agreement with the theory.

DISPLACEMENT DSO
I SENSOR :jVVVvv
VOLTAGE PULSE
AMPLIFIER GENERATOR
BIMORPH
fig.3. Block diagram of experimental arrangement

to measure the response of induced strains of a
bimorph actuator to an applied electric field.

Fig.4. results

Fig.2.

Experimental corresponding to

Furthermore, in the case of the flight actuator
using a multilayer piezoelectric actuator and a
steel ball[4], a similar pulse voltage control
gave a good achievement to damp the rebound of a
steel ball.
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4, Discussion

When the rise time is slightly deviated from
the resonance period, the overshoot and ringing
are generated with some modification. Thus our
formulation is very useful to calculate the
deviation 1limit of the rise time, corresponding
to the allowance of the overshoot or ringing.
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