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Introduction

The electro elastic engine with piezoelectric or electrostrictive
effect is used in nanotechnology and nanoscience, tunel
microscopy, microelectronics for matching in X-ray and
photolithography [1-9]. The transformation of the electric to
mechanical energy is clearly for engine [3-26]. The piezo engine
is coming for nanotechnology, adaptive optics, nanobiomedicine

and microsurgery for precise feeding of instruments [14-30].

For electro elastic engine the equations [4-50] are received

here (T), (E), (D), (S), (d), (&1, (s5), t are matrixes: mechanical
field intensity, electric field strength, electric induction, relative
deformation, electro elastic coefficient, dielectric constant, elastic
compliance, and transposed index. For the engine from PZT the

matrixes are received as

00 0 0 d, 0
(d)=| 0 0 0 ds 0 0
d, dy, dy 0 0 0
shosh sk 000 0
lez S1E1 sf; 0o 0 0
. shoshosh 000 0
(s7)= 0 0 0 s 0 0
0 0 0 0 s 0

0 0 0 0 0 2(s)-s)

Differential equation of engine [3-50] is received

d’=(x,s _
%—yzn(x,s)zo
y=s/c"+a

where Z(x,s), s, x, Y, o, ¢ are the Laplace transform of the
deformation, the operator, the coordinate, the coefficients of

wave propagation and attenuation, the speed at E = const .

Decision differential equation of deformation has the form
E(x,s) =Ae ™ + Be”

Boundary conditions of deformation for the transverse piezo

engine are obtained as
2(0,5)=Z,(s) at x=0
E(h,5)=2,(s) at x=nh
hence decision is received
=(5)=(2,({(h-x)7)+ =, (Psh(x7) /s (1)

For x =0 and Z,(s)=2(0,5)=0 decision is obtained

E(x,s) =5, (s) sh(x;/)/sh(h;/)

For elastic-inertial load at x =4 the relative deformation is

determined
d=(x,s sEMs’E, (s)  sECE, (s
(], ) SE () SCE(0)
x|, S, S,

hence equation has the form

= (s)}/ = (s)sEMs2 = (s)sEC
m) s, S “=duFy(p)

0

The function of the engine by E is written in the form

— E‘Z (S) — d31h
L(s)  Ms*/C| +hycth(hy)+C,/C),

t
—~
1%
~
|
Iy

where Z,(s), El(s), ¢, C[: are the transforms of deformation

and electric field intensity, the stiffness of load and engine.

The function of the engine by U is received in the form

W, (s) = E,(s) d,h/5
U u(s)  Mp?/CE +hycth(hy)+C,/CE

Characteristics

Relative deformation S, of the engine [1-20] has form

S,=d,E

mi*—m

+SiT,
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where d__ is the piezo coefficient.
Mechanical characteristic of the engine is determined
Al = Ay (1= F/Fy)
Al =d IE,
E :dmiSOEm/sf

where the maximums A/, and F,__ of the deformation and the

X

force are determined.
For the longitudinal piezo engine the equation [8-18] has form
Sy =dy,E, + 55T,
where d,, is the longitudinal piezo coefficient.
The mechanical characteristic has the form
A8 = A8 1 (1= F/Fpy)
The maximums of deformation A8, and force F__aredetermined

Ao, =d,0E, =dU

Fow = d33S0E3/53E3

AG, nm

140

120+

100

80

60

40

20

I
400

Figure 1: Mechanical characteristic of engine
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For E; =14-10°V/m, §, = 1.5:10* m? & =2.510°m, d,, = 410"
m/V, st = 15-10"2 m?*N for the engine from PZT its parameters
received A5, =140nm, F, =560 N on Figure 1 with error 10%.

ma;

The maximums of the deformation Ak and force F, _for the

transverse piezo engine are received in the form
Ah,, =dyhE, =d,, (h/S|U
F,. =dyS,E,/s}:
where d, is the transverse piezo coefficient.

The function of the transverse piezo engine by U at @ > m has

the form
W(S):EZ(S): ky 3,
U(s) TI’s*+2T¢s+1
where M , m are the masses of load and engine,

ks, = ds, (/8)/(1+ C,/C) ) is the transfer coefficient, T, =yM/(C, +C}))
is the time constant, & =a’C}; / (3CE M(C, +Cﬁ)) is the attenuation

coeflicient, », =1/7, is the conjugate frequency.

At C, =0.1-10'N/m, C° =2:10"N/m, M =2 kg the parameters
are obtained 7, =0.3-10%sand ®, =3.3-10° s"* with error 10%.

Steady-state movement at elastic-inertial load is received

:d31(h/5)U_

Ah =
1+c/ct

Atd, =22.10"m/V, n/s =20, C,/C/ =0.05 the coefficient k |

= 4.2 nm/V is determined with error 10%.

Conclusions

The deformation of the electro elastic engine is obtained for

nanotechnology. The functions and the characteristics of the
engine are determined for nanoscience. The characteristics for

the piezo engine are received.
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