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Abstract

We obtained the structural diagram of the multilayer electromagnetoelastic actuator for nano science and engineering in contrast
to electrical equivalent circuits of the piezotransmitter and piezoreceiver, the vibration piezomotor. In this work the structural-
parametric model, the structural diagram and the matrix transfer function of the multilayer electromagnetoelastic actuator for

nano science and engineering are determined.
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Introduction

The multilayer electro magneto elastic actuator nano and micro
displacement with the piezoelectric, piezomagnetic, electrostriction,
magnetostriction effects is used in the control system for nano
science and engineering in scanning tunneling microscopy, atomic
force microscopy and adaptive optics in the range of movement
from few nanometers to tens of micrometers [1-32]. We received the
structural diagram of the multilayer electro magneto elastic actuator
in contrast to electrical equivalent circuits of the piezotransmitter
and piezoreceiver, the vibration piezomotor [1-11]. We used the
equation of the electro magneto elasticity, the equivalent quadripole
and the boundary conditions of the multilayer electro magneto
elastic actuator for the structural-parametric model and the structural
diagram of the multilayer actuator [8-31]. In the work the matrix
transfer function of the multilayer actuator are determined from its
structural-parametric model.

Structural diagram

For nano science and engineering we determined the structural
diagram of the multilayer electro magneto elastic actuator in
difference from Cady and Mason electrical equivalent circuits
of the piezotransducer. We used the method of the mathematical
physics with Laplace transform for the determination the structural-
parametric model and the structural diagram of the multilayer electro
magneto elastic actuator for nano science and engineering [8, 14, 23].

In general the equation of the electro magneto elasticity has the
following form [8, 9, 11, 23]
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where S, is the relative deformation, v __is the coefficient of electro
magneto elasticity: d  piezomodule or magnetostrictive coefficient,
¥ is control parameter in the form of electric £ , magnetic H, field
strengths or electric D induction, s,.].“’ is the elastic compliance with
W=const, T, is the mechanical stress, i, j, m are the indexes.

We obtained for the structural-parametric model of the multilayer
electro magneto elastic actuator the Laplace transform of the causes
force in the form

F(p) =1, 5%, ()57

where is the cross sectional area of the multilayer electro magneto
elastic actuator.

In general we have the matrix the equivalent quadripole of the
multilayer electro magneto elastic actuator in the form

ch(ly Zosh(]}/)
[p] = _Shz(’?’ h(y)
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where / is length of the multilayer actuator in the form for the
longitudinal piezoeffect /=nd, for the transverse piezo effect /=nh,
for the shift piezoeffect /=nb, are the thickness, the height, the width
for the piezolayer.

We have the system of the equations for the generalized structural-
parametric model and the generalized structural diagram of the
multilayer electro magneto elastic actuator on Figure 1.

In the work we received the generalized structuralparametric model
of the multilayer electro magneto elastic actuator in result analysis
the equation of the force that causes deformation from the equation
of the electro magneto elasticity, the equivalent quadripole and
the boundary conditions equations with the forces on faces of the
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actuator in the following form
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Figure 1: Generalized structural diagram of multilayer electro
magneto lastic actuator for nano science and engineering

From the generalized structural-parametric model we have the

matrix transfer function of the multilayer electro magneto elastic
actuator in the form

ER)]= (2] [P(p)]
[E(P]—L:((};)} (o) =| 71?) fﬂz(p) ilp)

[P(p)]=

where [E(p)] is the-matrix of the displacements the faces, [W(p)]
is the matrix transfer function, [P(p)] is the matrix of the control
parameters.

We determined at —oo the static displacements the faces of the
voltage-controlled multilayer piezo actuator for the longitudinal
piezo effect and the inertial load at m<<M| , m<<M, , where m is the
mass of the multilayer piezo actuator, M|, M, are the load masses,
and the forces on faces F,(f) = F(£)=0, in the form

& (7“) = ];1}0 P (p XU/S)/I) =dynUM, /(Mfl + ‘Mz)

& ()= HIT%)PH/721(PXI’Y/5)/P =dynUM, /(M + M)
&,(0)+&, (=) =dyynU

where U is the voltage.

Atd =410"m/V, n=4,U=50V,M =1.5kgand M, =6 kg we
obtained the static displacements of the faces the multilayer piezo
actuator §, () =64 nm, §, () =16 nm, & (0)+ , (e0)= 80 nm.

We received transfer function of the multilayer piezoactuator at
longitudinal piezoeffect with one fixed face and voltage control at
the elastic-inertial load m<<M, for nano science and engineering
in the following form

W’( _ Ez(p) _ d33?7
Ulp)  (1+c,/ct) (12 p* +212,p+1)

T =M, Jlc. . CE), & :a(nB)ZCﬁ/(%E,LMJCe .Ck J

where E(p), U(p) are the Laplace transforms the displacement
face and the voltage, T,, & are the time constant and the damping
coefficient,cz — 5, /(S£,75)is the rigidity of the multilayer piezoactuator
for E=const.

For the multilayer electromagnetoelastic actuator of nano science
and engineering with the elastic- inertial load for d,, = 4-10"° m/V,
n=12, U=50V, M,=4kg, C;; =2-10'N/m, C,= 0.4-10" N/m
we received values the steady- state value of dlsplacement face =
200 nm and the time constant 7, = 0.4-107 s.

Conclusions

In this work we obtained for nano science and engineering the
generalized structural diagram of the multilayer electro magneto
elastic actuator with the mechanical parameters in the form the
displacement and the force in the difference from Cady and Mason
electrical equivalent circuits.

The generalized structural-parametric model, generalized structural
diagram and the matrix transfer function of the multilayer electro
magneto elastic actuator for nano science and engineering are
received.

The static and dynamic characteristics of the multilayer electro
magneto elastic actuator with using the matrix transfer function of
the actuator are determined.
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