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Control of time constant for multilayer longitudinal
piezo engine of nano displacement at elastic inertial
load for nano physics and astronomy research

Abstract

The multilayer longitudinal piezo engine of nano displacement is used in laser systems
for nano physics, nano mechatronics, and scanning microscopy, adaptive optics, for
nano physics and astronomy research the multilayer engine is applied for compensation
deformation, alignment, and autofocus. Image stabilization, precise adjustment of a
composite telescope mirror, and correction of wave front by using flexible mirror. In static
and dynamic regimes its characteristics are founded. The parameters of the multilayer
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Introduction

The multilayer longitudinal piezo engine of nano displacement is
used for nano physics, nano mechatronics, astronomy research.'™
The multilayer engine is applied for nano physics and astronomy
research for scanning microscopy, adaptive optics and laser systems,
for compensation deformation, alignment, autofocus. Image
stabilization.>

By using of mathematical physics method for the multilayer engine
of nano displacement with lumped parameters at first fixed its end the
parameters engine are determined. We are considering the multilayer
longitudinal piezo engine of nano displacement at elastic inertial
load in local control system for nano physics with various negative
feedbacks on the displacement and the acceleration. The multilayer
sectional longitudinal piezo engine under the coded control is
determined.

Control of time constant for multilayer longitudinal
piezo engine

Systems for astronomy research with the multilayer longitudinal
piezo engine of nano displacement solve problems of compensation
of temperature and gravitational deformations, precise adjustment
of a composite telescope mirror, and correction of wave front by
using flexible mirror.'™*° The mathematic model®? of the multilayer
longitudinal piezo engine with lumped parameters is constructed by
using the inverse longitudinal piezo effect equation

Sy =dyEy + SsEsTs

here S, ,dy; , By, 55, Ty are  the  relative  deformation, —the
piezomodule, the strength electric field, the elastic compliances at
E = const the strength mechanic field for 3 axis.

We have the structural parametric model of the engine at its first
fixed end’>?and its function at elastic inertial load in the form the
second order oscillatory link. In static regime nano displacement A/
for multilayer longitudinal engine has the form

Al =dynU = kU

here n, U are the number piezo layers, the voltage,

For PZT multilayer longitudinal engine dy; = 0.4 nm/V, n = 10,
U =50V, its displacement is founded A/ = 200 nm. Let us consider
multilayer longitudinal piezo engine of nano displacement as element
of control system with lumped parameters at elastic inertial load,'s 224
where CL is the rigidity of the multilayer longitudinal piezo engine,
C, is the rigidity of the elastic load, M the mass of the inertial load.
The elastic inertial load has simultaneously the elastic load C, and the
inertial load M .

The model of the multilayer longitudinal piezo engine with lumped
parameters is applied in this article for the structural scheme local
control system the multilayer longitudinal piezo engine at negative
feedback with piezo sensor in form its end multilayer piezo layer for
nano physics and astronomy research.

In decisions control systems are used the transfer coefficient k, and
the time constant 7, of the multilayer longitudinal piezo engine with
lumped parameters.'®?* At the inertial load in dynamic regime the
function of this engine W, () has the form

E(s) k,
W = =
e (5) T2 +2TE,;s +1

U(s)
k =dyn, T, =M /CE

here E(s) ,U(s),s,k T are the transforms of Laplace the
displacement and the voltage, the operator, the transfer coefficient and
the time constant.

For the PZT multilayer longitudinal engine at M = 1 kg, Cf3
=1.5-107 N/m the time constant 7, =0.26-10~ s is founded.

At elastic load for the multilayer longitudinal piezo engine its nano
displacement Al has the form

Al = dynU _
1+C,/C5;

t

For the PZT multilayer longitudinal engine dy; = 0.4 nm/V, n =
10, U=50V, C,=0.15-10" N/m, Cy;= 1.5-10" N/m are founded k,
= 3.64 nm/V and A/ =182 nm. The transfer function of the multilayer
engine with lumped parameters ¥, (s) at elastic inertial load and its
first fixed end has the form
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W s)= =
ipe (5) T25% +2TE, s +1

by =dyn ! (1+C,/ C5). T, = M /(C, +C5)

At the multilayer PZT engine M = 1 kg, C,=0.15-10" N/m, Cf3 =
1.5-107 N/m the time constant 7, =0.25-107 s is founded. The transient
characteristic for the displacement of this multilayer longitudinal
piezo engine g(¢) at elastic inertial load has the form

&
%

&(1)=kU,|1- sin(of+9,)

1-¢
hereU,, , ®, , ¢, are the amplitude voltage, the circular frequency,
the phase.

The structural scheme local control system for the multilayer
longitudinal piezo engine at negative feedback with piezo sensor
and its first fixed end with piezo sensor in form its end multilayer
piezo layer is constructed in the form on Figure 1. For the negative
feedback on the displacement is determined in control system the
form W, (s)=k, (Figure 1), the time constant of the multilayer
longitudinal piezo engine is corrected in this local control system.
Corrected time constant of the multilayer longitudinal piezo engine
in local control system with negative feedback on the displacement is
determined in the form

T
Ty = -

J1+kk,

here 7,, , k, are the time constant of the multilayer engine in control
systems with the negative displacement feedback and the coefficient
of the displacement sensor.

For the negative acceleration feedback the in control system in
the form W, (s)=k,s* (Figure 1) the corrected time constant has
the form

T, =Tl+kk, /T

U(s) 2(5)

Wm!pe (*5) >

Wr‘rﬁ's (S)

Figure 1 Structural scheme local control system of multilayer
longitudinal piezo engine

here T, , k,are the corrected time constant and the coefficient of
the acceleration sensor.

For negative feedback on the displacement and the acceleration in
the form W, (s) =k, + kas2 in Figure 2 the corrected time constant

has the form
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U(s) 2()

Wm!pe ('3) >

knr +.’(ﬂ5‘2

Figure 2 Structural scheme local control system of multilayer
longitudinal piezo engine with negative feedbacks on displacement
and acceleration

2
T, -T 1+ kk, /T,
1+ k,k,

Than 1+kk, /T =1+kk, k,/T* =k, , Ty, =T,
At l+kk, /T >1+kk, bk, /T >k, , Ty >T,
At l+kk, /T? <1+kk, k, /T*<k;, T, <T,

The parameters of the multilayer longitudinal piezo engine for nano
displacement with lumped parameters in local control system with
various negative feedbacks on the displacement and the acceleration
are determined. For the multilayer piezo engine of nano system in
practice the error of the hysteresis deformation can be more 20 %,
then the error position more 20 %. In classic researches on Preisach
model of hysteresis was used compensation hysteresis with the error
to 5% with used the polynomial and hiperbolic functions and sign
function. 338

For the corrections hysteresis at the error to 5% we used multilayer
sectional piezo engine with code control of sections with the stability
voltage for two end voltage and the stability two end main loops of
hysteresis with the error to 5 %. In the multilayer sectional piezo
engine there are N sections with the number 1, of the piezo layers
in the k£ -th section. Accordingly, the sections of the piezo engine
are mechanically connected in series, but electrically isolated. The
piezo layers in the section are electrically connected in parallel and
mechanically in series.

The equation of the inverse piezo effect’>? for the multilayered
piezo engine has the form

S, =d,E

mitom + SyE Ly
where g, is the relative deformation of the multilayered piezo
engine along the axis i, T is the mechanical tension in the piezo
engine along the axis, £,, is the electric field strength along the axis m,
st is the elastic compliance with E =const, d,,; is the piezomodule,
j=1,2,..,6,m=1,2,3 are the indexes.

mi

Let us consider the multilayer sectional longitudinal piezo
engine,” ' consisting of n piezolayers united in N sections, and n;
number of piezo layers in the £ -th section

np = 2k_]
length of the k -th section

I =215
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here kK =1,2, ..., N, j, =& is the length of the first section.

We obtain the total length of the multilayer sectional longitudinal
piezo engine

N
I= Yl :(2N —1)5
k=1
The maximum displacement of the multilayer sectional
longitudinal piezo engine has the form

Al =dys (2N DU =dyynU

max

here n=2" —1 is the number of the piezo layers in the multilayer

sectional longitudinal piezo engine.

The displacement of the multilayer sectional longitudinal piezo
engine has form.

N
Al = ZakAlk
k=1
here a; {0; 1} are digits of the binary code..

Than this displacement

N N
Al =Y a,dy2"'U = d, ( Y aq, Zk“]U =dynU
k=1 k=1

here ng = % ;28! is the number of the piezo layers of the
k=1

multilayer sectional longitudinal piezo engine connected to the
voltage source.

Let us consider the mechanical and control characteristics of the
multilayer sectional longitudinal piezo engine with the code control.
The equation of the mechanical static characteristic of the multilayer
sectional longitudinal piezo engine has the form

N

Al = d33(2 aka"ljU —sEFL/ S,
k=1

and

N
Al= dn[kaakzk'ljU ~-F/Ch

here CE =S5,/(s5l) is the rigidity of the multilayer sectional
longitudinal piezo engine.

The equation the mechanical static characteristic of the multilayer
sectional longitudinal piezo engine has the form

Al=Aly (1= F/Fyney)

AL dynUS,

max — d33nsU ’ Fémax = E
S35l
here Al is the maximum displacement along the axis 3, Fj,.

is the maximum force along the axis 3,

The adjustment characteristic of the multilayer sectional

longitudinal piezo engine at the elastic has the form

N
dS{Z akz"*'ju
k=1

CZ
1+—Z
C33

Al = = kU

here k; is the transfer coefficient of the of the multilayer sectional
longitudinal piezo engine under the code control.

Than the transfer function of the multilayer longitudinal piezo
engine under coded control has the form
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N
k-1
dBZak 2
k=1

W(s) = ;(S) _
(<) 1+ e |25 1 2mg,s 41
G
and
W(s) = E(s) =— K,
U(@s) T7s”+2T¢E,s+1
here

N
d33[zakzklj
b-— = \uicech)

I+—£
33
The multilayer sectional longitudinal piezo engine under the code

control is determined for nano physics and astronomy research.

Discussion

The model of the multilayer longitudinal piezo engine with
lumped parameters for the structural scheme local control system the
multilayer longitudinal piezo engine at negative feedback with piezo
sensor is obtained for nano physics and astronomy research. The
corrected time constants of the multilayer longitudinal piezo engine in
local control systems are founded by using negative feedbacks on the
displacement and the acceleration.

Conclusion

The multilayer longitudinal piezo engine is used for nano physics,
nano mechatronics, scanning microscopy, astronomy research,
adaptive optics, autofocus. Image stabilization, precise adjustment of
the composite telescope mirror, and correction of wave front by using
flexible mirror. The parameters of the PZT multilayer longitudinal
engine with lumped parameters are obtained.

The transfer functions and the time constants of the multilayer
longitudinal engine are determined. The corrected time constant of the
multilayer longitudinal piezo engine with lumped parameters for local
control system at negative feedbacks on the displacement and the
acceleration are determined for nano physics and astronomy research.

For the corrections hysteresis in nano physics and astronomy
research we used multilayer sectional piezo engine under the code
control of the sections with the stability two end voltage and the
stability two end main loops of hysteresis in the sections.
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