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Abstract

For nanoscience research the parameters and the characteristics of the electro elastic drive are obtained. The
transfer function and the transfer coefficient on the voltage of the piezo drive are determined. The mechanical

characteristic of the piezo drive is received.
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Introduction

The electro elastic drive for piezoelectric or electrostrictive
effect is applied in nanoscience research (Uchino, 1997;
Afonin, 2006; Schultz et al., 2017; Afonin, 2005; Afonin,
2008; Afonin, 2006). The energy transformation is clearly for
the electro elastic drive (Schultz et al., 2017; Afonin, 2005;
Afonin, 2008; Afonin, 2006; Cady, 1946; Mason, 1964; Yang
& Tang, 2009; Zwillinger, 1989; Afonin, 2006; Afonin, 2006;
Afonin, 2016; Afonin, 2015; Afonin, 2017; Afonin, 2018;
Afonin, 2012; Afonin, 2007; Afonin, 2014; Afonin, 2017,
Afonin, 2019; Afonin, 2021). The piezo drive is promising
for nano materials science research, adaptive optics and tunel
microscopy.

Differential equation for deformation

For the electro elastic drive the equations (Afonin, 2005;
Afonin, 2008; Afonin, 2006; Cady, 1946; Mason, 1964; Yang
& Tang, 2009; Zwillinger, 1989; Afonin, 2006; Afonin, 2006;
Afonin, 2016; Afonin, 2015; Afonin, 2017; Afonin, 2018;
Afonin, 2012; Afonin, 2007; Afonin, 2014; Afonin, 2017,
Afonin, 2019; Afonin, 2021; Afonin, 2021; Afonin, 2016;
Afonin, 2018; Afonin, 2019; Afonin, 2016; Afonin, 2010;
Afonin, 2018; Afonin, 2018; Afonin, 2018; Afonin, 2019;
Afonin, 2020; Afonin, 2020; Afonin, 2020; Afonin, 2021;
Afonin, 2020; Afonin, 2018; Afonin, 2018; Afonin, 2019;
Afonin, 2019; Afonin, 2019; Afonin, 2020; Afonin, 2020;
Afonin, 2019; Afonin, 2020; Afonin, 2021; Afonin, 2021,
Afonin, 2020; Afonin, 2021; Bhushan, 2004; Nalwa, 2004)
have form

(D)= (a)r)+[e" NE)
(8)= (s )+ (a) ()
where (D), (d), (D), (€7, (E), (s ), (d)" are matrixes for electric

induction, piezo coefficient, mechanical field strength, dielectric
constant, electric field strength, relative displacement, elastic
compliance, transposed piezo coefficient. For PZT drive this
matrixes are determined as
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The second-order differential equation [4-52] for the
deformation of the drive is written as

d*Z(x, s _

—rbE—’ ) —yZ(x,5)=0

where E(x,s). X,85,7.,d. ¢t are the Laplace
transform of the deforation drive, the coordinate, the operator,
the wave propagation and attenuation coefficients, the speed

at £ = const.
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The solution the differential equation for the deformation of
the drive has the form

E(x, s) =Ce™ + Be”
The boundary conditions for the deformation of the transverse
piezo drive have the form

20.5)=2,(s) atx = 0

2(h5)=2.05) at x=h

The solution the differential equation for the deformation of
the transverse piezo drive has the form

=y 5 )= El{jkhﬂﬁ—xh'}+ Ez{s,kh[x'f}l
=s) (i)

At fixed face of the transverse piezo drive for x = 0,

2,(s)=2(0,5)=0 the equation of the deformation has the form
=4, :s 3 J."'

By using the equation of the electro elasticity of the transverse
piezo drive for elastic-inertial load the Laplace transform of

the relative deformation at x=/ is written in the form

|z

I
I"
5

E. III
[

Let us consider the transfer functions with distributed
parameters of the transverse piezo drive at the elastic-inertial
load. The transfer function on the electric field strength of the
transverse plezo drive has the form

A5 ) dh
5} MsTJCE + hryethli

N+ fod

Where =, (s), E, (s), C,, |, are the Laplace transforms of
the deformation and the electric field strength, the stiffness of
the load and the transverse piezo drive.

The transfer function on the voltage of the transverse piezo
drive has the form

Characteristics of drive
For the transverse piezo drive with the lumped parameters at
elastic-inertial load M >> m, where M, m the masses of load
and drive, the transfer function on the voltage are written in
the form
H:{I}_‘i } — I‘Cl"!-ll
Uls) T's*+2TEs+1

7 [ Al v feEL
where s =y Af "-\‘.'J"f '_l_f-_.-;"r tf'.'._.' is the transverse transfer

coefficient, 7t = is the time constant,
o= o E I".“.-Z . .
to=alGy LA the attenuation coefficient,
o, =1/T, is the conjugate frequency of the drive.

AtM =1kg C, =0.1-10'N/m. ¢ =1- 10'N/m  the

parameters of the transverse PZT drive are obtained
T7'=0.310" s and o =3.310°s" with the error 10%.

The steady-state movement of the transverse piezo drive at
elastic- inertial load is determined
L hfs U
AR=2L _ v
1+Cfcs °

Ath/s =20,C/C* =0.1,d, =
PZT drive is received the coefficient & ;,
error 10%.

2.3-10"m/V for the transverse
= 4.2 nm/V with the

For the longitudinal piezo drive the relative displacement [8-
18] has form

S, =d,E, +5,.T,
where d,,is the longitudinal piezo module, E; is the electric

field strength on axis 3,75 is the elastic compliance, T, is the
mechanical field of strength on axis 3.

The mechanical characteristic of the longitudinal piezo drive
has the form

A6 = Aamax (1 F/ max )
The maximums values of displacement A3
are determined

ax dSlaES = dﬂU

_ E
x = dassgufs/ssa
ForE; =0.810°Vim. §, =1.510%m%, § =2.510° m
dy; =410 m/V. 55 = 15107 mN for the longitudinal
PZT drive are received 80msx = 80 nm. Fpp = 320N

Figure 1 with the error 10%.
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Figure 1: Mechanical characteristic of longitudinal piezo
drive for nanoscience.

The maximums values of parameters of the mechanical
characteristic for the transverse piezo drive are obtained in the
form

Al =d hE = di (hiEIU
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The characteristics of the piezo drive are obtained for
nanoscience.

The equations of the deformation the electro elastic drive are
received. The parameters and the characteristics of the electro
elastic drive are obtained. The transfer functions of the piezo
drive are obtained for nanoscience research. The characteristics
of the piezo drive is determined.
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