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ABSTRACT 

The parametric block diagram of the electromagnetoelastic actuator nanodisplacement or the 
piezoactuator is determined in contrast the electrical equivalent circuit types Cady or Mason for the 
calculation of the piezoelectric transmitter and receiver, the vibration piezomotor with the mechanical 
parameters in form the velosity and the pressure. The method of mathematical physics is used. The 
parametric block diagram of electromagnetoelastic actuator is obtained with the mechanical parameters 
the displacement and the force. The transfer functions of the electroelastic actuator are determined. The 
the generalized parametric block diagram, the generalized matrix equation for the electromagnetoelastic 
actuator nanodisplacement are obtained. The deformations of the electroelastic actuator for the 
nanotechnology are described by the matrix equation. Block diagram and structural-parametric model of 
electromagnetoelastic actuator nanodisplacement for nanodisplacement of the communications systems 
are obtained, its transfer functions are bult. Effects of geometric and physical parameters of 
electromagnetoelastic actuators and external load on its dynamic characteristics are determined. For 
calculations the communications systems with the piezoactuator for nanodisplacement the parametric 
block diagram and the transfer functions of the piezoactuator are obtained. 

Keywords: Electromagnetoelastic actuator; Parametric block diagram; Matrix transfer function; 
Piezoactuator. 

1 Introduction 
The parametric block diagram of electromagnetoelastic actuator for nanodisplacement on the 
piezoelectric, piezomagnetic, electrostriction, magnetostriction effects, for example, the piezoactuator is 
determined in contrast electrical equivalent circuit types Cady or Mason for the calculation of the 
piezotransmitter and piezoreceiver, the vibration piezomotor with the mechanical parameters in form the 
velosity and the pressure [1 – 11]. The block diagram of electromagnetoelastic actuator is obtained with 
the mechanical parameters the displacement and the force [7 - 9]. The electromagnetoelastic actuator is 
used for precise alignment in the nanotechnology, the adaptive optics, the communications systems. The 
piezoactuator of nanometric movements operates based on the inverse piezoeffect, in which the motion is 
achieved due to deformation of the piezoactuator when an external electric voltage is applied to it [1 − 19]. 

Piezoactuator - piezomechanical device intended for actuation of mechanisms, systems or management 
based on the piezoelectric effect, converts the electrical signals into the mechanical movement or the 
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force [13 − 15]. The piezoactuators for the drives of nano- and micrometric movements provide the 
movement range from several nanometers to tens of microns, the sensitivity of up to 10 nm/V, the loading 
capacity of up to 1000 N, and the transmission band of up to 100 Hz. The investigation of the static and 
dynamic characteristics of the piezoactuator is necessary for the calculation mechatronics systems of the 
nano- and micrometric movements for the communications systems. The piezoactuators provide high 
stress and speed of operation and return to the initial state when switched off; they have very low 
displacements. The piezoactuators are used in the majority of nanomanipulators for scanning tunneling 
microscopes, scanning force microscopes, and atomic force microscopes. The nanorobotic manipulators 
of nano- and microdisplacements with the piezoactuators are the key component in nanorobotic systems. 
The main requirement for nanomanipulators is to guarantee the positioning accurate to nanometers. 

By solving the wave equation with allowance for the corresponding equation of the 
electromagnetoelasticity, the boundary conditions on loaded working surfaces of the 
electromagnetoelastic actuators, and the strains along the coordinate axes, it is possible to construct the 
structural parametric model of the actuator [8, 9, 18]. The transfer functions and the parametric block 
diagrams of the electromagnetoelastic actuators are obtained from the set of equations describing the 
corresponding structural parametric model of the actuator for the communications systems. The method 
of mathematical physics is applied for the solution of the wave equation of the electromagnetoelastic 
actuator for the communications systems with using the Laplace transform for the construction the 
parametric block diagram of the electromagnetoelastic actuator. As the result of the joint solution of the 
wave equation of the actuator with the Laplace transform, the equation of the electromagnetoelasticity, 
the boundary conditions on the two loaded working surfaces of the actuator, we obtain the corresponding 
structural-parametric model and the parametric block diagram of the electromagnetoelastic actuator.  

2 Block Diagram of Electromagnetoelastic Actuator 
The parametric block diagram and the matrix transfer functions of the electromagnetoelastic actuator for 
the nanotechnology are obtained from the structural-parametric model of the electromagnetoelastic 
actuator with the mechanical parameters the displacement and the force. The parametric block diagrams 
of the voltage-controlled or current-controlled piezoactuator are determined from the generalized 
structural-parametric model of the electromagnetoelastic actuator. 

The equation of the electromagnetoelasticity of the actuator [7, 8, 11] has the form 

m
E
mim

H
mij

H,E
iji HdEdTsS ++=                                                                             (1) 

where iS  is the relative deformation along the axis i, E is the electric field strength, H is the magnetic field 

strength, H,E
ijs  is the elastic compliance for const=E , const=H , jT  is the mechanical stress along the 

axis j, H
mid  is the piezomodule, i.e., the partial derivative of the relative deformation with respect to the 

electric field strength for constant magnetic field strength, i.e., for const=H , mE  is the electric field 

strength along the axis m, E
mid  is the magnetostriction coefficient, mH  is the magnetic field strength along 

the axis m, i = 1, 2, … , 6, j = 1, 2, … , 6, m = 1, 2, 3. 

Let us consider separately effect the electric field strength and the magnetic field strength, therefore the 
generalized equation of the electromagnetoelasticity has the form 
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( ) ( )t,xTstdS jijmmii
Ψ+Ψ=                                                                    (2) 

where ( ) xt,xSi ∂ξ∂=  is the relative displacement along axis i of the cross section of the piezoactuator, 
{ mmmm H,D,E=Ψ  is the control parameter mE  for the voltage control, mD  for the current control, mH  for 

magnetic field strength control along axis m, jT  is the mechanical stress along axis j, mid  is the coefficient 

of electromagnetoelasticity, for example, piezomodule, Ψ
ijs  is the elastic compliance for the control 

parameter const=Ψ . 

The main size is determined us the working length { b,h,l δ=  for the actuator or the piezoactuator in form 

the thickness, the height and the width for the longitudinal, transverse and shift the piezoeffect. 

For the construction the parametric block diagram of the electromagnetoelastic actuator in 
nanotechnology is used the wave equation for the wave propagation in a long line with damping but 
without distortions. With using Laplace transform is obtained the linear ordinary second-order differential 
equation with the parameter s. Correspondingly the original problem for the partial differential equation 
of hyperbolic type using the Laplace transform is reduced to the simpler problem [8, 14, 18] for the linear 
ordinary differential equation 

( ) ( ) 0dd 222 =Ξγ−Ξ s,xxs,x                                                                (3) 

with its solution 

( ) γγ− +=Ξ xx BeCes,x                                                                       (4) 

where ( )s,xΞ  is the Laplace transform of the displacement of section of the actuator, α+=γ Ψcs  is the 

propagation coefficient, Ψc  is the sound speed for const=Ψ , α  is the damping coefficient, C and B are 
constants. 

From generalized electromagnetoelasticity equation (3), we obtain the system of equations describing the 
generalized structural-parametric model of the electromagnetoelastic actuator for the communications 
systems: 

          
( ) ( )[ ]

( ) ( ) ( ) ( )[ ] ( ) ( ) ( )[ ][ ]{ }ssllssF

sMs

mmiij 211

2
11

chsh1

1

Ξ−Ξ−Ψ+−×

×=Ξ
Ψ γγγνχ

                        (5) 
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then parameters { mmmm H,D,E=Ψ  of the control for the electromagnetoelastic actuator, miν  is the 

coefficient of the electromagnetoelasticity, for example, mid  is the piezomodule for the voltage-

controlled piezoactuator, mig  is the piezomodule for the current-controlled piezoactuator, mid  is the 

coefficient of the magnetostriction, 0S  is the cross section area and 1M , 2M  are the displaced mass on 
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the faces of the electromagnetoelastic actuator, ( )s1Ξ , ( )s2Ξ and ( )sF1 , ( )sF2  are the Laplace transform of 
the displacements and the forces on the faces of the electromagnetoelastic actuator. Figure 1 shows the 
generalized parametric block diagram of the electromagnetoelastic actuator corresponding to the 
equation (2) of the electromagnetoelasticity and the set of equations (5). 

 

Figure 1. Generalized parametric block diagram of electromagnetoelastic actuator for nanodisplacement 

The matrix state equations [11, 14] for the piezoelectric effect have the form 

( ) ( ) ( ) ( )( )EεTdD T+=                                                                                (6) 

                                                           ( ) ( ) ( ) ( ) ( )EdTsS tE +=                                                                                   (7) 

where the equation (6) describes the direct piezoeffect, the equation (7) depicts the inverse piezoeffect, 
and the matrixes: ( )D  is the column-matrix of the electric induction along the coordinate axes, ( )S  is the 

column-matrix of the relative deformations, ( )T  is the column-matrix of the mechanical stresses, ( )E  is 

the column-matrix of the electric field strength along the coordinate axes, ( )td  is the transposed matrix 

of the piezoelectric modules, ( )Es  is the elastic compliance matrix, ( )Tε  is the matrix of the dielectric 

constants. In the equation (6), (7) are the six stress components 1T , 2T , 3T , 4T , 5T , 6T . The components 

1T − 3T  are defined to extension-compression stresses, the components 4T − 6T  are related to shear 

stresses [8, 11].  

Let us consider the transverse piezoelectric effect in the piezoactuator. The equation of the inverse 
transverse piezoeffect [8, 11] 

( ) ( )t,xTstEdS E
1113311 +=                                                               (8) 

where ( ) x)t,xS ∂ξ∂=1  is the relative displacement of the cross section of the piezoactuator along axis 1, 

31d  is the piezoelectric module for the transverse piezoeffect, Es11  is the elastic compliance for const=E  

along axis 1, 1T  is the stress along axis 1. 
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The solution of the linear ordinary second-order differential equation with the parameter s (3) we obtain 
as (4) and subject to the conditions 

                      ( ) ( )ss, 10 Ξ=Ξ  for 0=x                                                                                (9) 
     ( ) ( )ss,h 2Ξ=Ξ  for hx =   

The constants C and B for the solution are determined in the following form 

( ) ( )[ ] ,sh221 γγ heC h Ξ−Ξ=  ( ) ( )[ ]γΞ−Ξ= γ− heB h sh212                                     (10) 

Then, the solution (4) can be written as 
 

( ) ( ) ( )[ ] ( ) ( ){ } ( )γγΞ+γ−Ξ=Ξ hxsxhss,x shshsh 21                                      (11) 

The equations of forces acting on the faces of the piezoactuator has the form 
 

                                                        ( ) ( ) ( )spMsFSs,T 1
2

1101 0 Ξ+=   for 0=x                                                         (12) 

( ) ( ) ( )ssMsFSs,hT 2
2

2201 Ξ−−=   for hx =  

where ( )s,T 01  and ( )s,hT1  are determined from the equation of the inverse transverse piezoeffect. 

Therefore we obtain the system of the equations for the mechanical stresses at the faces of the 
piezoactuator for the transverse piezoeffect in the form 

 

( ) ( ) ( ) ( ) E
x

E ssEdxx,sss,T 113310111 ddΞ10 −=
=

                                                  (13) 

( ) ( ) ( ) ( ) E
hx

E ssEdxx,sss,hT 11331111 ddΞ1 −=
=

 

The set of equations (13) for mechanical stresses in piezoactuator yields the following set of equations 
describing the structural parametric model and the parametric block diagram of the voltage-controlled 
piezoactuator for the transverse piezoelectric effect on Figure 2 
 

( ) ( )[ ]
( ) ( ) ( ) ( )[ ] ( ) ( ) ( )[ ][ ]{ }sshhsEdsF
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E

11331111

2
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1

Ξ−Ξγγγ−χ+−×
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                                    (14) 

( ) ( )[ ]
( ) ( ) ( ) ( )[ ] ( ) ( ) ( )[ ][ ]{ }sshhsEdsF

sMs
E

12331112

2
22

chsh1

1

Ξ−Ξγγγ−χ+−×

×=Ξ
 

where 01111 SsEE =χ , hl = . 
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Figure 2. Parametric block diagram of voltage-controlled piezoactuator for transverse piezoeffect 

The parametric block diagram of the voltage-controlled or the current-controlled piezoactuator for the 
transverse, longitudinal, shift piezoelectric effects are determined from the generalized structural-
parametric model of the electromagnetoelastic actuator. 

3 Matrix transfer function of electromagnetoelastic actuator 
From (5), (14) matrix equation of the Laplace transforms of the displacements with the matrix transfer 
function of the electromagnetoelastic actuator is obtained in the form 

( )( ) ( )( ) ( )( )sPsWs =Ξ                                                                        (15) 

( )( ) ( )
( )






Ξ
Ξ
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s
s

s
2

1
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( )( ) ( ) ( ) ( )

( ) ( ) ( )






=

sWsWsW
sWsWsW

sW
232221

131211

 

( )( )
( )
( )
( ) 














Ψ
=

sF
sF
s

sP
m

2

1

 

where ( )( )sΞ  is the column-matrix of the Laplace transforms of the displacements, ( )( )sW  is the matrix 

transfer function, ( )( )sP  the column-matrix of the Laplace transforms of the control parameter and the 

forces. 

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

( ) ( ) ( ) ( )[ ]
ijijmim AlsMsssW 2th2

2111 γγ+χν=ΨΞ= Ψ  

0Ssijij
ΨΨ =χ  
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( ) ( ) ( )[ ]{ }
( ) ( ) ( )[ ] 222

21
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42
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21th
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α+α++γαχ++

+γχ++χ=
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cssclMM

slcMMsMMA
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ijijij  

( ) ( ) ( ) ( )[ ]
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( ) ( ) ( ) ( )[ ]
ijijij AlsMsFssW γγ+χχ−=Ξ= ΨΨ th2

21112  

( ) ( ) ( )
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( ) ( ) ( ) ( )[ ]
ijijij AlsMsFssW γγ+χχ−=Ξ= ΨΨ th2

12223  

The static displacements of the faces for the voltage-controlled the piezoactuator for the shift piezoeffect 
are obtained from (15) at 1Mm <<  and 2Mm <<  in the form 

( ) ( ) ( )2115021 MMbdUM +δ=∞ξ                                                             (16) 

( ) ( ) ( )2115012ξ MMbdUM +δ=∞                                                             (17) 

For the voltage-controlled the piezoactuator from PZT under the shift piezoeffect at 1Mm <<  and 

2Mm << , 10
15 104 −⋅=d m/V, 10=δb , 50=U V, 11 =M kg and 42 =M kg the static displacements of the 

faces the piezoactuator are determined ( ) 160ξ1 =∞ nm, ( ) 40ξ2 =∞ nm, ( ) ( ) 200ξξ 21 =∞+∞ nm. 

The transfer function of the voltage-controlled transverse piezoactuator is obtained from (14) for elastic-
inertial load at ∞→1M , 2Mm << and the approximation the hyperbolic cotangent by two terms of the 

power series  in the form 

( ) ( ) ( ) ( )1222
2 +ξ+=Ξ= sTsTkpUssW tttt                                                        (18) 

( ) ( )E
et CChdk 1131 1+δ= ,  ( )E

et CCMT 112 += ,  ( )




 +α=ξ E

e
EE

t CCMcCh 11211
2 3  

where ( )pU  is the Laplace transform of the voltage, tk  is the value of the coefficient of the displacement 

for the voltage-controlled piezoactuator, tT  is the time constant and tξ  is the damping coefficient of the 

piezoactuator. 

For the voltage-controlled transverse piezoactuator at ∞→1M , 2Mm << and 10
31 1052 −⋅= .d m/V, 

20=δh , 12 =M kg, 7
11 102 ⋅=EC N/m, 71050 ⋅= .Ce H/m we obtain the value of the coefficient of the 

displacement and the time constant of the actuator 4=tk nm/V, 31020 −⋅= .Tt c. 

The matrix transfer function of the actuator is determined for control systems with the 
electromagnetoelastic actuator in the communications systems. 

The generalized parametric block diagram and generalized structural-parametric model of the 
electromagnetoelastic actuator are obtained. From generalized structural-parametric model of the 
actuator after algebraic transformations the transfer functions of the actuator are determined. 
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The parametric block diagram, the structural-parametric models of the piezoactuator for the transverse, 
longitudinal, shift piezoelectric effects are determined from the generalized structural-parametric model 
of the electromagnetoelastic actuator for the communications systems. 

4 Conclusion 
The generalized parametric block diagram and the generalized structural-parametric model of the 
electromagnetoelastic actuator are constructed with the mechanical parameters the displacement and 
the force.  

The parametric block diagrams of the piezoactuator for the transverse, longitudinal, shift piezoelectric 
effects are determined. The matrix transfer function of the electromagnetoelastic actuator is obtained for 
the communications systems. 
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