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Introduction

The electro magneto elastic actuator with the piezoelectric,
piezomagnetic, electrostriction, magnetostriction effects is used for
nanomedical research in the scanning tunneling microscopy [1-9].
For control system of the deformation of the electro magneto elastic
actuator its structural diagram, transfer function, characteristics
are calculated [9-18]. The structural diagram and matrix transfer
function the electro magneto elastic actuator is applied to describe
the dynamic and static characteristics of the electro magneto elastic
actuator for nanomedical research with regard to its physical
parameters and external load [14-28].

Aim
The aim of this work is to construct the structural diagram and

the matrix transfer function of the electro magneto elastic actuator
for control systems of nanomedical research.

Method

The method of mathematical physics is used to solve the wave
equation with the Laplace transform for obtain the structural
diagram, the matrix transfer function, the characteristics of the
electro magneto elastic actuator for nanomedical research.

Results

We constructed the structural diagram and the matrix transfer
function of the electro magneto elastic actuator. The structural
diagram of the electro magneto elastic actuator is difference from
Cady and Mason electrical equivalent circuits. The method of the
mathematical physics we used for the determination the structural
diagram of electro magneto elastic actuator for nanomedical
research. The generalized equation [8,11,18,26] of the electro
magneto elasticity has the form

S =v,¥, (t)+s;"T, (x,t) (1)

where $,=05(x.t)/éx is the relative displacement along axis ; of
the cross section of the actuator, ¥ ={£.-2.-#. is the control parameter,
E, is the electric field strength for the voltage control along axis 7,
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D, isthe electricinduction for the current control along axis m, #,,
for magnetic field strength control along axis m, 7, is the mechanical
stress along axis j, v, is the electro magneto elastic coefficient or
the electro magneto elastic module, s; is the elastic compliance for
the control parameter ¥ =const , the indexes j=1,2, ...,6; j =1,
2,..,6; m =1,2,3. For the piezoactuator its main size length is
[=5,h,b in the form the thickness, the height and the
width for the longitudinal, transverse and shift piezoeffect. In the
foundation the structural diagram actuator is used decision with

determined

Laplace transform the wave equation for the wave propagation in
the long line with damping but without distortions. We obtained
with using Laplace transform the linear ordinary second-order
differential equation with the parameter p [8,14,18].

&I’E(x,p)  ,_
g VExp)=0 (2)

where Z(x,p) is the Laplace transform of the displacement of
section of the actuator, y=p/c* +a is the propagation coefficient,
¢¥ is the sound speed for the control parameter ¥ = const, & is the

damping coefficient.

Flg)
Figure 1: Generalized structural diagram of electro
magneto elastic actuator for nanomedical research.
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We determined the generalized structural-parametric model,
the generalized structural diagram [7,8,14] of the actuator on
(Figure 1) by the method of the mathematical physics with using
the equation of the electro magneto elasticity and the boundary
conditions in the following form

=, (p) :[1/(M,p2)]><{—171 (p)+(1/x:')[vm,‘i’(p)—[y/sh(ly)]l:ch(ly)E, (p)—Ez (p)]]}
E, (p) :[1/(M2pZ )]x{—FZ (p)+(l/x;' )[vm,‘P(p)—[y/sh (l}/)][ch(l;/)Ez (p)—E, (p)]]} (3)

dy;,dy, dys E,E, 5355715 5%
Vi =1 833,831,815 LW, =4Dy, D, ,S: = SZ,S,?,SSL; >
dy;,ds, dys H, H, 5335511555
oF ' 5
ct = cD,;/: ;/D,l: h,x::sflso
CH 7H b

Where ,, = is the electro magneto elastic coefficient, d, is
the piezomodule or the magnetostrictive coefficient, g, is the
piezomodule, S,;\,-I‘ is the elastic compliance, S, is the cross section
area M,, M, are the mass on two faces of the actuator, Z,(p),Z,(p)
and £(p), F(p), are the Laplace transforms of the displacements
and the forces on two faces. The structural diagrams of the
magnetostrictive actuator or piezoactuator are determined from
the generalized structural diagram of the electro magneto elastic
actuator. We obtained the matrix transfer function of the electro
magneto elastic actuator [8,18] from the structural-parametric
model (3) in the form

(E@)=("(P)(P(r))
~w[EP) _(Wa(p)W(P)Ws(p)
(&(7) E(p)J’(W(p)) (Wzl(P)sz(P)Wzs(P)J 4)
v, (p)
(P(P))=|A(p)
£y (p)

where z(,) is the matrix of the Laplace transforms of the
displacements for the faces of the actuator, (" (p)) is the matrix
transfer function, (P(p)) the matrix of the Laplace transforms of the
control parameter and the forces. We calculated the matrix transfer
function of the electro magneto elastic actuator for control system
of nanomedical research. We obtained the transfer function of the
transverse piezoactuator with one fixed face for the elastic-inertial

load from (4) at M — oo, m << M,, in the form

W(p)=E,(p)/U(p)=K/(T7p* +2T¢ p+1)

K, =(dyh!8)/(1+C,/Ch).T, =

& =ak’Ct 13C" M, (c.+ch)

where U(p) is the Laplace transform of the voltage on the

MZ/(1+CQ/CII:;) (5)

piezoactuator, , is the transfer coefficient, 7, is the time constant.
¢ isthe damping coefficient of the piezoactuator. For the transverse
piezoactuator with one fixed face for the elastic-inertial load at %
=2410"m/V, h/5=0, M,=1kg C[=3.10'N/m , C,=0.610’
N/m we obtain values the transfer coefficient K =2 nm/V and the
time constant of the piezoactuator 7, = 0.17-103s.

Summary

We obtained the structural diagram and the matrix transfer
function of the electro magneto elastic actuator for control systems
of nanomedical research.

Conclusion

We constructed the generalized structural diagram of the
electro magneto elastic actuator for nanomedical research with
the mechanical parameters the displacement and the force in the
difference from Cady and Mason electrical equivalent circuits.
The generalized structural diagram, the matrix transfer function
and the characteristics of the electro magneto elastic actuator are
determined for describe the dynamic and static characteristics of
the actuator in control systems.
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