M GLOBAL JOURNAL OF RESEARCHES IN ENGINEERING: A
MECHANICAL AND MECHANICS ENGINEERING

Volume 18 Issue 2 Version 1.0 Year 2018

Type: Double Blind Peer Reviewed International Research Journal
Publisher: Global Journals

Online ISSN:2249-4596 Print ISSN:0975-5861

Global Journals Inc.

Electromagnetelastic Actuator for Nanomechanics
By Afonin SM

Abstract- From the structural-parametric model of the electromagnetoelastic actuator we obtain the
parametric structural schematic diagram and the matrix transfer function, the characteristics of the
electromagnetoelastic actuator for the nanomechanics. The generalized parametric structural schematic
diagram, the matrix transfer function of the electromagnetoelastic actuator is described with using its
physical parameters and external load.

Keywords: electromagnetoelastic actuator; structural-parametric model, nanodisplacement, piezoactuator;
parametric structural schematic diagram; matrix transfer function.

GJRE-A Classification: FOR Code: 100799

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

Strictly as per the compliance and regulations of:

A 7 4

© 2018. Afonin SM. This is a research/review paper, distributed under the terms of the Creative Commons Attribution-
Noncommercial 3.0 Unported License http://creativecommons.org/licenses/by-nc/3.0/), permitting all non commercial use,
distribution, and reproduction inany medium, provided the original work is properly cited.



Electromagnetelastic Actuator for
Nanomechanics

Afonin SM

Abstract- From the structural-parametric model of the
electromagnetoelastic actuator we obtain the parametric
structural schematic diagram and the matrix transfer function,
the characteristics of the electromagnetoelastic actuator for
the nanomechanics. The generalized parametric structural
schematic diagram, the matrix transfer function of the
electromagnetoelastic actuator is described with using its
physical parameters and external load.

Keywords: electromagnetoelastic actuator; structural-
parametric model; nanodisplacement; piezoactuator;
parametric structural schematic diagram, matrix transfer
function.

I. INTRODUCTION

he electromagnetoelastic actuator for piezoelectric,
Tpiezomagnetic, electrostriction, magnetostriction

effects is used for the precise adjustment in the
nanomechanics, the nanotechnology, the adaptive
optics [1—-32]. The piezoactuator on the inverse
piezoeffect is serves for the actuation of mechanisms or
the management, converts the electrical signals into the
displacement and the force [1—8]. The piezoactuator
for the nanomechanics is provided the displacement
from nanometers to tens of micrometers, a force to 1000
N. The piezoactuator is used in the nanomechanics and
the nanotechnology for the scanning tunneling
microscopes, the scanning force microscopes and the
atomic force microscopes [14—32].

In the present paper the generalized structural-
parametric model and the generalized parametric
structural schematic diagram of the electro-
magnetoelastic actuator are constructed by solving the
equation of the electromagnetolasticity, the wave
equation with the Laplace transform, the boundary
conditions on loaded working surfaces of the actuator,
the strains along the coordinate axes. The transfer
functions and the parametric structural schematic
diagrams of the piezoactuator are obtained from the
generalized structural-parametric model. In [6, 7] was
determined the solution of the wave equation of the
piezoactuator. In the [14—16, 30] were obtained the
structural-parametric models, the schematic diagrams
for simple piezoactuator and this models were
transformed to the structural-parametric  model
of the electromagnetoelastic actuator. The structural-
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model of the electroelastic actuator was determined in
contrast electrical equivalent circuit for calculation of
piezoelectric transmitter and receiver [9 —12]. In [8, 27]
was used the transfer functions of the piezoactuator for
the decision problem absolute stability conditions for a
system  controling the  deformation of the
electromagnetoelastic actuator. The elastic compliances
and the mechanical and adjusting characteristics of the
piezoactuator were found in [18, 21 — 23, 28, 29] for
calculation its transfer functions and the structural-
parametric models. The structural-parametric model of
the multilayer and compound piezoactuator was
determined in [18—20]. In this paper is solving the

problem of building the generalized structural
parametric model and the generalized parametric
structural schematic diagram of the electro-

magnetoelastic actuator for using the equation of
electromagnetoelasticity.

[I. STRUCTURAL-PARAMETRIC MODEL

The general structural-parametric model and
the parametric structural schematic diagram of the
electromagnetoelastic actuator are obtained. In the
electroelastic actuator are presented six stress
components 7;, T, Ty, T,, Ty, Ty, the components T;

— T, are related to extension-compression stresses, 7,
— Ty to shear stresses. For the electroelastic actuator

its deformation corresponds to stressed state. In
piezoceramics PZT the matrix state equations [12, 14]
connected the electric and elastic variables have the
form two equations, then the first equation describes the
direct piezoelectric effect, the second - the inverse
piezoelectric effect

D=dT+£"E )

S=s“T+d'E 2)

where D is the column matrix of electric
induction; S is the column matrix of relative

deformations; T is the column matrix of mechanical
stresses; E is the column matrix of electric field
strength; s is the elastic compliance matrix for
E=const; € is the matrix of dielectric constants for
T=const; d' is the transposed matrix of the

piezoelectric modules.
The piezoactuator (piezoplate) has the following
properties: & is the thickness, h is the height, b is the
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width, respectively I={8ib the length of the

piezoactuator for the longitudinal, transverse and shift
piezoeffects. The direction of the polarization axis P, i.e.,
the direction along which polarization was performed, is
usually taken as the direction of axis 3. The equation of
the inverse piezoeffect for controlling voltage [6, 12] has
the form

S, =d,,¥,(t)+s}T (x,1)

mi ~m g

¥, (1)=E,()=U()/s
where §; is the relative displacement of the

cross section of the piezoactuator along axis i, ¥, (1) is

the control parameter along axis m, d,,is the coefficient

of the electromagnetolasticity (for example the
piezomodule), E,(¢) is the electric field strength along
axis m, U(t) is the voltage between the electrodes of
actuator, s;is the elastic compliance for ¥ =const,
T,(x.t) is the mechanical stress along axis jand /, j = 1,
2,...,6,m=1,2 3. The main size /={8,hb for the
piezoactuator is respectively, the thickness, the height,
the width for the longitudinal, transverse, shift
piezoeffects.

For calculation of actuator is used the wave
equation [6, 7, 12, 14] for the wave propagation in a
long line with damping but without distortions. After
Laplace transform is obtained the linear ordinary
second-order differential equation with the parameter p,
whereupon the original problem for the partial differential
hyperbolic equation of type using the Laplace transform

is reduced to the simpler problem [6, 13] for the linear
ordinary differential equation

S, = 0&(x,1)/ox

d’= X, p —
—d)(cz ). vE(x,p)=0 4)
with its solution
Z(x,p)=Ce™ + Be™ (5)

where EZ(x,p) is the Laplace transform of the
displacement of the section of the piezoactuator,
y=p/c¥ +a is the propagation coefficient, ¢¥ is the
sound speed for ¥ =const, o is the damping coefficient
of the wave, ¥ is the control parameter: £ is the electric
field strength for the voltage control, D is the electrical
induction for the current control, H is the magnet field
strength.

From (3), (4), the boundary conditions on
loaded surfaces, the strains along the axes the system
of equations for the generalized structural-parametric

model and the generalized parametric structural
schematic diagram Figure 1 of the actuator are
determined
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Figure 1. Generalized parametric structural schematic
diagram of the electromagnetoelastic actuator

[1]

—1,(.p)

The generalized transfer functions of the
electromagnetoelastic actuator are the ratio of the
Laplace transform of the displacement of the face
actuator and the Laplace transform of the
corresponding control parameter or the force at zero
initial conditions.

I11. MATRIX TRANSFER FUNCTION

The matrix transfer function of the
electromagnetoelastic actuator for the nanomedicine
and the nanotechnology is deduced from its structural-
parametric model (6) in the following form



=) _(Wlp) Malp) il o)
{Ez(P)] - [Wzl(P) sz(P) Wza(P)J 2%;; (7)
For m<<M, and m<<M,the  static

displacement of the faces of the piezoactuator for the
transverse piezo effect are obtained

&y(c0)=lim PWu(plo _ dyhUM, @)
p:g o 8(M, +M,)
&,(ex)= lim PWar(PWo _ dsyhUgM, 9
ﬁ:o op S(Ml + Mz)

For the piezoactuator from PZT under the
transverse  piezoeffect at @ m<<M,, m<<M,,

dy =2510" m/V, h/5=20, U=30 V, M;=2 kg, M,=8
kg the static displacements of the faces are determined
&(0)=120 M, &,(0)=30 NM, &(0)+E&,(e0) =150 nm.

For the approximation of the hyperbolic
cotangent by two terms of the power series in transfer
function (7) the following expressions of the transfer
function of the piezoactuator is obtained for the elastic-
inertial load at M, >, m<<M, under the transverse

piezoeffect
W(p)z E2(1’7) _ dgy h/d
Ulp)  fuc./ch) (m2p? 218, p+1)

T = 1/M2/1C6+C1E1 ), g = ahZClEl/(&’E,/MiCE +CL i)

where U(p) is the Laplace transform of the
voltage, 7, is the time constant and &, is the damping
coefficient of the piezoactuator. The expression for the

(10)

transient  response of the  voltage-controlled
piezoactuator for the elastic-inertial load is determined
_&t
T;
&(t): ﬁm 1- ‘ S.n((‘)tt +(pt)
1-¢?

' (11)

V1-¢

, ¢, =arcty ~———

&

V1-¢82

T

’ t

e - dall/dl,
" 1+c/ch

Where ¢, the  steady-state  value  of
displacement of the piezoactuator is, U, is the

amplitude of the voltage. For the voltage-controlled
piezoactuator from the piezoceramics PZT under the
transverse piezoelectric effect for the elastic-inertial load
M, >, m<<M, and input voltage with amplitude

U,=25 V at dy=2510" m/N, h/6=20, M,=4 kg,
Ch=2-10" N/m, C,=05-10" H/m are obtained values
g, =100 nm, 7,=04-10" c. The characteristics of the

piezoactuator are described with using its physical
parameters and external load.

IV. RESULTS AND DISCUSSIONS

The structural-parametric model and parametric
structural schematic diagrams of the voltage-controlled
piezoactuator for the longitudinal, transverse and shift
piezoeffects are determined from the generalized
structural-parametric model of the electro-
magnetoelastic actuator with the replacement of the
following parameters.

¥, = {E3’E3’El sy = {d33’d31’d15 ) S;‘ = {Sésﬁ‘gé = {S’h’b

The generalized structural-parametric model,
the generalized parametric structural schematic diagram
and the matrix transfer function of the electro-
magnetoelastic actuator are obtained from the solutions
of the equation of the electromagnetoelasticity, the
Laplace transform and the linear ordinary differential
equation of the second order.

From the generalized matrix transfer function of
the electromagnetoelastic actuator after algebraic
transformations are constructed the matrix transfer
function of the piezoactuator for the longitudinal,
transverse and shift piezoeffects.

V. CONCLUSIONS

The generalized structural-parametric model,
the generalized parametric structural schematic
diagram, the matrix transfer function of the
electromagnetoelastic actuator for the nanomechanics
are obtained.

The structural-parametric model, the matrix
transfer function and the parametric structural schematic
diagram of the piezoactuator for the transverse,
longitudinal, shift piezoeffects are obtained from the
generalized structural-parametric model of the electro-
magnetoelastic actuator. From the solution of the
equation of the electromagnetolasticity, the wave
equation with the Laplace transform and the
deformations along the axes the generalized structural-
parametric model and the generalized parametric
structural  schematic  diagram of the electro-
magnetoelastic actuator are constructed for the control
systems in the nanomechanics. The deformations of the
actuator are described by using the matrix transfer
function of the electromagnetoelastic actuator.
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