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Introduction
The nano piezoengine based on the inverse piezoeffect is 

used for applied biomechanics and biosciences, nanomedicine, 
nanobiology, microsurgery. The nano piezoengine is provided for 
applied biomechanics and biosciences in scanning probe microscopy, 
interferometers and adaptive optics, actively dampen vibrations, 
deform mirrors and the work with the genes.1–6

For calculation nano systems the structural model and scheme of 
the nano piezoengine are used, which reflect the conversion of electrical 
energy into mechanical energy of the control object.6–19

Structural model

For calculation the nano piezoengine on Figure 1 is determined the 
inverse piezoeffect.1–49
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i mi m ij jS d E s T= +

here  mid ,  
 
E
ijs , mE , jT , iS  are piezomodule, elastic compliance, 

strength electric field, strength mechanical field, relative deformation.

Figure 1 Nano piezoengine.

For the nano piezoengine the differential equation is evaluated4–56 
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here ( )s,xΞ , x , s, γ  are the transform of deformation, the 
coordinate, the parameter of transform, the factor of propagation.

For the longitudinal piezoengine at 0=x  the deformation
( ) ( )10, s sΞ = Ξ , at δ=x  ( ) ( )2, s sδΞ = Ξ  are calculated.

Its solution is written4–36 
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For the nano longitudinal piezoengine in Figure 1 its relative 
displacement on 3 axes1–29 has the form
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The system for the nano longitudinal piezoengine is obtained11–31 for
0=x , δ=x
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The structural model is evaluated for applied biomechanics and 
biosciences
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here ( )1 sΞ , ( )2 sΞ  - the transformations of displacements, 0S  - 
the area.

For the nano transverse piezoengine the expression of the transverse 
inverse piezoeffect1–29 
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The system for the nano transverse piezoengine is determined for 
0=x  and hx =
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The structural model of the nano transverse piezoengine is 
calculated
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For the nano shift piezoengine the expression of the shift inverse 

piezo effect1–29
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The system for the shift piezoengine is written at 0=x  and bx =
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The structural model is calculated
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At 0=x  and lx =  for { b,h,l δ=  the system in general is 
obtained
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The structural model and scheme of the nano piezoengine on 
Figure 2 are evaluated

( ) ( )
( ) ( )

( ) ( )
( ) ( ) ( )

1

2
1 1

  
 

2

 
1

1
  

1

      

            
 

sh

ch

ij

mi m

F s

s M s s l

l s s

χ

ν γ γ

γ

Ψ −

−

 − + 
 Ξ =   Ψ −     ×
  × Ξ − Ξ    

( ) ( )
( ) ( )

( ) ( )
( ) ( ) ( )

   

 

 

1
2

   

12
2 2

2 1

    

        sh

ch
 

   

ij

mi m

F s

s M s s l

l s s

χ

ν γ γ

γ

Ψ −

−

 − + 
 Ξ =   Ψ −     ×
  × Ξ − Ξ    

0      ij ijs Sχ Ψ Ψ=

33 31 15

3  3 31 15

  

 

        
, ,
,

    
     ,  

mi
d d d

v
g g g


= 


3 3 1

3 1  3 

      
 

 

   
  

, ,
,

 
   , 
E E E

m D D D


Ψ = 


        
      

          
     

33 11 55

33 11 55 

     
    

  , , 

, ,

 

E E E

ij D D D

s s s
s

s s s
Ψ

= 


{ ,E Dγ γ γ=

{  ,  E Dc c cΨ =

Figure 2 In general scheme of nano piezoengine.

The displacements matrix is calculated

( )
( )

( ) ( ) ( )
( ) ( ) ( )

( )
( )
( )

 1 11 12 13
1

2 21 22 23
2

     

      

m s
s W s W s W s

F s
s W s W s W s

F s

Ψ 
   Ξ  =        Ξ     

 

( ) ( ) ( ) ( )   
2

  
11 1 2    h t 2m mi ij

ij
W s s s M s l Aν χ γ γΨ = Ξ Ψ = +  

( ) ( ) ( ){ } ( ) ( ) ( )2 24 3 2 2
1 2 1 2  2 1         th t      h 1 2ij ij ijA M M s M M c l s M M l c s s cij χ χ γ χ α γ α αΨ Ψ Ψ Ψ Ψ Ψ  = + + + + + + +      

( ) ( ) ( ) ( )      
2

21 2 1
  

   th 2m mi ij
ij

W s s s M s l Aν χ γ γΨ = Ξ Ψ = +  

( ) ( ) ( ) ( )       
2

12 1 1  
  

2        t  hij ij
ij

W s s F s M s l Aχ χ γ γΨ Ψ = Ξ = − +  

( ) ( ) ( ) ( ) ( ) ( ) ( )  
       13     1 2 22 2 1    sh  ij ijW s s F s W s s F s l Aχ γ γΨ = Ξ = = Ξ =   

( ) ( ) ( ) ( )         
  

2
23 2 2 1     th  ij ij

ij
W s s F s M s l Aχ χ γ γΨ Ψ = Ξ = − +  

The static longitudinal displacements are evaluated

( )1 3 1 2 3 2      d U M M Mξ = +

( )2 3 2  3 1 1     d U M M Mξ = +

For   33d  = 104 10 / Vm−⋅ , U  = 25 V, 1M  = 1 kg, 2M  = 4 kg the 
static displacements 1ξ  = 8 nm, 2ξ  = 2 nm and 1 2ξ ξ+  = 10 nm are 
evaluated at error 10%.

The equation of the direct piezo effect is used1–29
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here   Emkε , mD , dk  - the permittivity, the electric induction and 
the direct coefficient. The transform the voltage of feedback for the 
nano piezoengine on Figure 3 is calculated

( ) ( ) ( )0          
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d dE n n

ij

d S RU s s k R s
sδ

• •
Ξ Ξ= = , 21,n =  

Figure 3 Scheme of nano piezoengine with back electromotive force.

For the nano piezoengine its static deformation is obtained.

For voltage control
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here cS , 0C ,   mik  - the sectional area of capacitor, the capacitance, 
and the coefficient of electromechanical coupling.

For current control of the nano piezoengine

   max      Dj m mi ijT E d s=
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The mechanical characteristic of the nano piezoengine is obtained
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0  max   max 0         ijj mi mF T S S sν Ψ= = Ψ

The expression of the mechanical characteristic of the nano 
transverse piezoengine is calculated

( )max max1h h F F∆ = ∆ −

 max 3  1 3 h d E h∆ =

max 31 3 0 11
 

           
EF d E S s=

At 1 3 d  = 102 10 / Vm−⋅ , 3E  = 0.5∙105 V/m, h  = 2.5∙10-2 m, 0S  
= 1.5∙10-5 m2, 1 1 

Es  = 15∙10-12 m2/N the parameters maxh∆  = 250 nm, 
maxF  = 10 N are obtained on Figure 4 at error 10%.

Figure 4 Mechanical characteristic of nano transverse piezoengine.

The deformation piezoengine at elastic load is obtained
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here sk  the coefficients change of elastic compliance.

For the nano piezoengine its reverse and direct coefficients are 
calculated 
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By using the equation of load the scheme of the nano piezoengine 
with one fixed face on Figure 5 is calculated.

Figure 5 Scheme of nano piezoengine with one fixed face.

The expression on voltage for Figure 5 is calculated

( ) ( ) ( ) ( )2 rW s s U s k N s= Ξ =

( ) 3 2
0 1 2 3   N s a s a s a s a= + + +

0 0 2  a RC M= , 1 2 0     va M RC k= +

2 0 0          jiv e r da k RC C RC C R k k= + + + ,   3     e ija C C= +

here vk  - the coefficient of damping.

For the nano transverse piezoengine for 0=R  the expression on 
voltage is determined
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For M  = 2 kg, lC  = 70.2 10 mN/⋅ ,  
11 EC  = 71.6 10 mN/⋅  the 

parameters tT  = 0.33⋅10-3 s, tω  = 3 13 10   s −⋅ are evaluated on Figure 
6 at error 10%.

Figure 6 Bandwidth of nano transverse piezoengine.

The static displacement
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For 1 3d  = 102 10 / Vm−⋅ , δh  = 24, 1
 
1  ElC C  = 0.1 the parameter 

 
31 Uk  = 4.4 nm/V is evaluated at error 10%.

Conclusion
For calculation nano systems the structural model and scheme of the 

nano piezoengine are used, which reflect the conversion of electrical 
energy into mechanical energy. The structural model and schemes 
of the nano piezoengine are obtained for applied biomechanics and 
biosciences. The matrix of the deformations of the nano piezoengine 
is constructed. The parameters of the nano piezoengine are determined 
for applied biomechanics and biosciences.
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