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Abstract

The structural model of an engine is determined for nanomedicine and nanotechnology. The structural scheme of an engine 
for nanodisplacement is obtained. The matrix equation is constructed for an engine for nanomedicine and nanotechnology.
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Introduction

A nanoengine is used for scanning microscopy for 
nanomedicine, nanotechnology and adaptive optics. The 
piezo engine is applied to penetrate the cell and manipulate 
genes [1-25]. The application of an electro magneto elastic 
engine in the form the piezoelectric, electrostriction or 
magnetostriction engine is promising for aligning the mirrors 
of laser optics and scanning in the atomic-force microscope 
[19-58].

Structural Model of an Engine

The electro magneto elasticity expression [1-8] is used

,E H H E
i ij j mi m mi mS s T d E d H= + +

here iS  is the relative deformation on axis i, mE  is the electric 
field strength on axis m, mH  is the magnetic field strength 
on axis m, ,E H

ijs is the elastic compliance for const=E , 
const=H , jT is the mechanical stress on the axis j, H

mid  is the 
piezo module, E

mid  is the magnetostriction coefficient.

The expression of the reverse piezo effect [1-8] has the 

form 

E
i mi m ij jS d E s T= +

here iS , mid , mE  , E
ijs  , jT  are the relative displacement, 

piezo module, strength electric field, elastic compliance, 
strength mechanical field.

The expression of the longitudinal inverse piezo effect 
[1-8] has the form

3 33 3 33 3
ES d E s T= +

The differential equation of an engine is used [4-56] 

( ) ( )
2

2
2

,
, 0

d x s
x s

dx
γ

Ξ
− Ξ =

here ( )s,xΞ , s, x , γ  are the transformation Laplace for 
displacement, the parameter, the coordinate, the coefficient 
of propagation. For the longitudinal piezo engine we have 

at 0=x  the deformation ( ) ( )10, s sΞ = Ξ  and at x δ=

( ) ( )2, s sδΞ = Ξ . The decision is calculated
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( ) ( ) ( ) ( ) ( ){ } ( )1 2, sh sh shx s s x s xδ γ γ δγΞ = Ξ − +Ξ  

The set of equations for boundary conditions is 
determined [4,5,12-32]

( ) ( ) ( )33
3 3

33 330

,10, E E
x

d x s d
T s E s

dxs s
=

Ξ
= −

( ) ( ) ( )33
3 3

33 33

,1, E E
x

d x s d
T s E s

dxs s
δ

δ
=

Ξ
= −

Its structural model is written in the form

( ) ( )
( ) ( )

( ) ( )
( ) ( ) ( )

1

1 33
12

1 1 33 3

1 2

sh

ch

EF s

s M s d E s

s s

χ

γ δγ

δγ

−

−

 − +
  Ξ =  −     × 

× Ξ −Ξ      
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( ) ( )
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( ) ( ) ( )

1

2 33
12

2 2 33 3

2 1

sh

ch

EF s

s M s d E s

s s

χ

γ δγ

δγ

−

−

 − +
  Ξ =  −     × 

× Ξ −Ξ      

33 33 0/E Es Sχ =

here ( )s1Ξ , ( )s2Ξ  are the transforms of the displacements, 
0S  is the area.

The expression of the longitudinal magnetostriction [1-
8] has the form

3 33 3 33 3
HS d H s T= +

The structural model of the longitudinal magnetostriction 
engine is transformed in the form

( ) ( )
( ) ( )

( ) ( )
( ) ( ) ( )

1

1 33
12

1 1 33 3

1 2

sh

ch

HF s

s M s d H s

s s

χ

γ δγ
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−

−

 − +
  Ξ =  −     × 

× Ξ −Ξ      
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2 1
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−

−

 − +
  Ξ =  −     × 

× Ξ −Ξ      

33 33 0
H Hs Sχ =

The expression of the transverse inverse piezo effect [1-
8] has the form

1 31 3 11 1
ES d E s T= +

The decision of the differential equation is written

( ) ( ) ( ) ( ) ( ){ } ( )1 2, sh sh shx s s h x s x hγ γ γΞ = Ξ − +Ξ  

The set of equations is obtained

( ) ( ) ( )31
1 3

11 110

,10, E E
x

d x s d
T s E s

dxs s
=

Ξ
= −

( ) ( ) ( )31
1 3

11 11

,1, E E
x h

d x s d
T h s E s

dxs s
=

Ξ
= −

The structural model of the transverse piezo engine is 
written

( ) ( )
( ) ( )
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( ) ( ) ( )
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1 1 31 3
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11 11 0
E Es Sχ =

The expression of the transverse magnetostriction [1-8] 
has the form

1 31 3 11 1
HS d H s T= +

The structural model is determined in the form

( ) ( )
( ) ( )

( ) ( )
( ) ( ) ( )

1

1 11
12

1 1 31 3

1 2

sh

ch

HF s

s M s d H s h

h s s

χ

γ γ

γ

−

−

 − +
  Ξ =  −     × 

× Ξ −Ξ      
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( ) ( )
( ) ( )
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2 11
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11 11 0/H Hs Sχ =

The expression of the shift inverse piezo effect [1-8] has the 
form

5 15 1 55 5
ES d E s T= +

The decision of the differential equation is calculated

( ) ( ) ( ) ( ) ( ){ } ( )1 2, sh sh shγ γ γx s s b x s x bΞ = Ξ − +Ξ  

The set of equations for the shift piezo engine is written

( ) ( ) ( )15
5 1

55 550

,10, E E
x

d x s d
T s E s

dxs s
=

Ξ
= −

( ) ( ) ( )15
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55 55
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Ξ
= −

Its structural model has the form
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55 55 0
E Es Sχ =

The expression of the shift magnetostriction [1-8] has 
the form

5 15 1 55 5
HS d H s T= +

The structural model of the shift magnetostrictive engine 
is transformed 

( ) ( )
( ) ( )
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55 55 0
H Hs Sχ =

At { , ,l h bδ=  the decision of the differential equation of an 
engine in general has the form

( ) ( ) ( ) ( ) ( ){ } ( )1 2, sh sh shx s s l x s x lγ γ γΞ = Ξ − +Ξ  

The set of equations is determined

( ) ( ) ( )
0

,10, mi
j m

ij ijx

d x s
T s s

dxs s
ν

Ψ Ψ
=

Ξ
= − Ψ

( ) ( ) ( )
,1, mi

j m
ij ijx l

d x s
T l s s

dxs s
ν

Ψ Ψ
=

Ξ
= − Ψ

The structural model in general of an engine on Figure 
1 is calculated 

( ) ( )
( ) ( )
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1

1
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mi m

F s

s M s s l

l s s

χ

ν γ γ

γ

−Ψ

−

 − +
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0ij ijs SχΨ Ψ=
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s s s
s s s s
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Ψ
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{ , ,E D Hγ γ γ γ=

{ , ,E D Hc c c cΨ =

Figure 1: Structural scheme of engine for nanomedicine 
and nanotechnology.

The matrix of deformations 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 th 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 1 2th th 1 2ij ij ij ijA M M s M M c l s M M l c s s cχ 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 thij ij ij

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

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

( ) ( ) ( ) ( )2
23 2 2 1 thij ij ij

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

The static longitudinal deformations are obtained

( )1 33 2 1 2d UM M Mξ = +

( )2 33 1 1 2d UM M Mξ = +

For 33d = 4·10-10 m/V, U= 25 V, M1= 1 kg, M2= 4 kg we have 
1ξ  = 8 nm, 2ξ = 2 nm and 1 2ξ ξ+ = 10 nm at error 10%.

The expression of the direct piezo effect [8-16] is used

E
m mi i mk kD d T Eε= +

Where mD , E
mkε  are the electric induction and the 

permittivity,

The direct coefficient at voltage control is written

0mi
d E

ij

d S
k

sδ
=

The expression of the transform voltage negative 
feedback at voltage control on Figure 2 is used

( ) ( ) ( )0mi
d dn nE

ij

d S R
U s s k R s

sδ

• •

= Ξ = Ξ , 21,n =

The maximum force at voltage control is determined

max 0
E

m mi ijF E d S s=

max
E

j m mi ijT E d s=

Figure 2: Structural scheme of piezo engine with negative 
feedback.
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The maximum force at current control has the form

0 max 0
max

0

1 1
mi mi c miE T E

ij mk c ij

S F SUF d d S d
Ss S sδ δε δ

= +

2
max

0

1 Emi
ij m miT E

mk ij

F d
s E d

S sε

 
− =  

 

( )2
max 1 E

j mi ij m miT k s E d− =

E T
mi mi ij mkk d s ε=

here mik  is the coefficient of electromechanical coupling.

The expressions at current control are used
max 0

D
m mi ijF E d S s=

max
D

j m mi ijT E d s=

( )21D E
ij mi ijs k s= −

The mechanical characteristic [11-26] is determined

i j mi m ij jconstconst
S T s Tν Ψ 

  Ψ=  Ψ=
= Ψ +

The adjustment characteristic [11-26] is obtained

( )i m mi m ij jT const T const
S s Tν Ψ

= =
Ψ = Ψ +

Therefore, the mechanical characteristics of the engine has 
the form

( )max max1l l F F∆ = ∆ −

max mi ml lν∆ = Ψ

max  max 0 0j mi m ijF T S S sν Ψ= = Ψ

The expression for the transverse piezo engine is calculated
 

( )max max1h h F F∆ = ∆ −

max 31 3h d E h∆ =

max 31 3 0 11
EF d E S s=

At 31d = 2∙10-10 m/V, 3E = 0.25∙105 V/m, h = 2.5∙10-2 m, 0S = 
1.5∙10-5 m2, 11

Es = 15∙10-12 m2/N we have maxh∆ = 125 nm, maxF
= 5 N with error 10%

The deformation of an engine at elastic load has the form

0

ij
mi m

sl F
l S

ν
Ψ∆

= Ψ − , eF C l= ∆

The adjustment characteristic is determined

1
mi m

e ij

l
l

C C
ν

Ψ

Ψ
∆ =

+

The coefficients in general are calculated

0mi
d r

ij

d S
k k

sδ
= =

E
ij s ijs k s=

( )21 1mi sk k− ≤ ≤

At one fixed face and elastic-inertial load Figure 2 is 
transformed to Figure 3.

Figure 3: Structural scheme of piezo engine at one fixed 
face and elastic-inertial load.

Therefore, the function of piezo engine for 0=R  has the 
form

( ) ( )
( )

31
2 2 2 1

U

t t t

s k
W s

U s T s T sξ
Ξ

= =
+ +

( ) ( )31 31 111U E
lk d h C Cδ= +

( )11
E

t lT M C C= + , 1t tTω =

At M= 1 kg, lC = 0.1·107, 11
EC = 1.5·107, 31d = 2·10-10 m/V, 

h δ  = 20 the parameters of piezo engine are calculated tT
= 0.25·10-3 s, tω = 4·103 s-1, 31

Uk = 3.75 nm/V with error 10%.

Conclusions

The structural scheme of an engine is calculated for 
nanomedicine and nanotechnology. The matrix of the 
deformations of an engine is determined. The parameters of 
the piezo engine for nanodisplacement are obtained.
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