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Abstract

The characteristics of an electromagnetoelastic actuator for nanomechanics and nanotechnology
are received. The structural diagram of an electromagnetoelastic actuator for nanomechanics and
nanotechnology is obtained. The structural diagram of an electromagnetoelastic actuator has a difference
in the visibility of energy conversion from Cady and Mason electrical equivalent circuits of a piezo
vibrator. The matrix transfer function of an electromagnetoelastic actuator is obtained.
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Introduction

An electromagnetoelastic actuators in the form of piezo actuators or magnetostriction
actuatorsare used innanomechanics and nanotechnology fornanomanipulators, laser systems,
nano pumps, scanning microscopy [1-5]. The piezo actuator is used for nano displacements
in photolithography, microsurgical operations, optical-mechanical devices, adaptive optics
systems and adaptive telescopes, fiber-optic systems [6-15]. The electromagnetoelasticity
equation and the differential equation are solved to obtain the structural model of an
electromagnetoelastic actuator. The structural diagram of an electromagnetoelastic actuator
has a difference for from Cady and Mason electrical equivalent circuits of a piezo vibrator
in the visibility of energy conversion. The structural diagram of an electromagnetoelastic
actuator for nanomechanics and nanotechnology is obtained by applying the theory of
electromagnetoelasticity [4-12].

Characteristics of Electromagnetoelastic Actuator

The structural diagram of an electromagnetoelastic actuator for nanomechanics and
nanotechnology is changed from Cady and Mason electrical equivalent circuits [4-8]. The
equation of electromagnetoelasticity [1-15] has the form of the equation of the reverse effect
for the actuator

S, = dmi\IJm +S§’Tj

where s, d,,, v, s; and 7, are the relative deformation, the module, the control
parameter or the intensity of field, the elastic compliance, and the mechanical intensity.

Let us consider in static regime the characteristics of an electromagnetoelastic actuator
for nanomechanics and nanotechnology. The mechanical characteristic [4-39] of an
electromagnetoelastic actuator has the form

S, =d,\¥

'¥=const mi = m “P:cnuﬁt

+S;Tj

The regulation characteristic [4-39] an electromagnetoelastic actuator has the form

S,

i

=d, ¥, +s.T

gJ

T =const

T =const
The mechanical characteristic of an electromagnetoelastic actuator has the form

Al:Almax(l_F/Fmax)

Al =d P I
¥
max i}maxSO = dmz'q!mSO / Stj
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where index max is used for the maximum value of parameter.
For the transverse piezoelectric effect the maximum values of
parameters of the piezo actuator for nanobiotechnology have the
form

Ah,,. =d, Eh
Fop = d5,E5S, /sﬁ

For the transverse piezo actuator for nanomechanics and
nanotechnology at d,, = 2:10"m/V, £, = 0.2:10°V/m, ; = 2.5-10m,
s, =1.5:10°m?, 5151 =15-10""m?/N its parameters are found an,,, =
100nm and £, =4N.

At elastic load the characteristic of an
electromagnetoelastic

nanotechnology is obtained in the form

regulation

actuator for nanomechanics and

v
C
Al = dm’\lfm — LA[
I S,

F=CAl
The equation of the displacement of an electromagnetoelastic
actuator at elastic load has the form

_ ddY,
C1+c /)

For the transverse piezo actuator for nanomechanics and
nanotechnology the equation of the displacement at elastic load

Ah — (d31 }1/8)(;' :k;[/v
1+C,/ch

K =(dy h/o)/1+ ., /)

where k;l is the transfer coefficient.

has the form

Therefore, at d,, = 2-10"°m/V, #/3 =16, ¢ = 2.8:10’N/m, C, =
0.4-10’N/m, u = 200V, its parameters are found kJ; = 2.8nm/V and
steady-state displacement A# = 560nm. Theoretical and practical
parameters are coincidences with an error of 10%.

Let us consider in dynamic regime the characteristics
actuator for nanomechanics
differential equation of an

of an
and nanotechnology.

electromagnetoelastic
The
electromagnetoelastic actuator has the form [4-32]

d*=(x, p)fdx* —y*=(x,p)=0

y=p/c¥ +a
where E(x.p) is the transform of Laplace for displacement;
P, v, »» o are the operator of transform, the coefficient of wave

propagation, the speed of sound, the coefficient of attenuation

The
electromagnetoelastic actuator has the form

decision of the differential equation of an

=(x, p)=Ce™ +Be"
where C, B are the coefficients

The coefficients C, B have the form

C= (EleW -, )/[2511(17)] , B= (52 —Ze” )/[2511(.’7)]

where z (), z,(p) are the transforms of Laplace displacement
of faces 1 and 2 for an electromagnetoelastic actuator.

The system of the equations for the forces on faces of an
electromagnetoelastic actuator is found [10-38]

M, p’E\(p)+F(p)=5,T,(0. p)
_szzaz(P)_Fz(P): Sy Tj(l’p)
where um,, M,, Fp), 7.(p), 7,0.0), 7,0.p), s, are the masses of the

load, the transforms of Laplace the forces and the stress on faces 1
and 2, the area of an actuator.

The system of the equations the transforms of Laplace the
stresses acting on faces of an electromagnetoelastic actuator has
the form

1 d'E(x,p) d,
T,0.p)=— — Y
1 0.p) T d s W(p)
rop)= By )
I st dx st

i x=0 i

The system of equations for the structural diagram on Figure 1

and model of an electromagnetoelastic actuator for nanomechanics
and nanotechnology has the form

npy .
—1,(0,p) =) =) &)
il . : 1
T 3',?‘ H o ] H
Fa sll(lf‘r) ehr)
ov|
() =t
— o, |
&=
dy v
sh( &)
- ! . 1 1 ]
-T4p) () () 2.0)
F:(P)

Figure 1: Structural diagram of electromagneto-
elastic actuator for nanomechanics and nanotech-
nology.
~F(p)+/z7)
= (p)= (1,2 x{d,,,,% (p)+[r/sh(ty) }
X[EA(P)*Ch(”Y)El(P)]

~F (p)+ (/7 )=
=, (p)=(M,p*)" {dm,‘%’,,,(pﬁ [y /shiz)] }
x[E,(p)-ch(tvE,(p)]

where % =5 /Sy+ du :{dﬁ’dn’dlj s :{EPEI oSy :{%’sg’s%' "/:{{z Eis
dy;,dyy,d H, H ~ S350 1555 Y

the intensity of electric field, H is the intensity of magnetic field.

The matrix equation for an electromagnetoelastic actuator with
matrix transfer function has the form
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(30 (1) it ) o
EZ (AU) W2l(p) WZZ (p) W23 (p) I_Tl(p)

Therefore, at the inertial load the steady-state displacements ,
of an electromagnetoelastic actuator have the form

E—:l{t}‘ :E-:l(w):d \P”Mz/(MJer)

o mi *

:éz(w):d ¥ ]Ml/(M +Mz)

mi L m

&)

g

For the mechatronics control systems with an

electromagnetoelastic actuator its characteristics are found.

Conclusion

In work the characteristics of an electromagnetoelastic
actuator for nanomechanics and nanotechnology are received.
The structural diagram of an electromagnetoelastic actuator for
nanomechanics and nanotechnology is obtained. The structural
diagram of an electromagnetoelastic actuator has a difference
from Cady and Mason electrical equivalent circuits of a piezo
vibrator in the visibility of energy conversion. The structural
diagram of an electromagnetoelastic actuator is found from its
electromagnetoelasticity and differential equations. The matrix
transfer function of an electromagnetoelastic actuator is received.
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