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Abstract

parameters and characteristics of an engine are obtained.

and Nanotechnology

For nanomedicine and nanotechnology the structural model of an engine is determined. The structural scheme of an engine

is constructed. For an engine its matrix equation of the deformations is received for the decision of control systems. The
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Introduction

For control system of nanomedicine and nanotechnology
an engine on piezoelectric or electrostrictive effect is applied
[1-9]. For the structural schema of an engine its energy
transformation is clearly [4-16]. The piezo engine is used for
precise movements in adaptive optics and microscopy [11-
26].

Structural Model and Scheme

The equations [8-50] of an electro elastic engine have
form

where (D). (d). (T). (£). (£). (5). (s*). (@) :are matrixes

electric induction, piezo coefficient, strength mechanical
field, dielectric constant, strength electric field, relative
displacement, elastic compliance, transposed piezo
coefficient.
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For PZT engine its matrixes coefficients
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The equation of the mechanical characteristic of an
engine is obtained
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Al:Almax(l_F/Fmax)

where Al =d E lat F=0 and F,, =d, ES,/s; at

mi~—m

Al=0, d, . isthe piezo module, E, is strength of electric
field for m axis, S.E is the elastic compliance, / is the length,
i

S, is the area of an engine.

For the longitudinal PZT engine its relative displacement
[8-18] is written

Sy =d,E, +st7;

where d,, islongitudinal piezo module, E; is strength electric
field for 3 axis, 5353 is elastic compliance, T} is strength
mechanical field for 3 axis.

In the mechanical characteristic of the longitudinal PZT
engine for nanomedicine and nanotechnology its maximums
values of displacement AS$,,, and force F,  are determined

max

ASma.x = d33853 = d33U' Fmax = d33S0E3 /S3E3

At £, =0.75:10°V/m, d .= 410" m/V, S, = 1.5:10* m?,
8 =2.510%m, Sf3 =15-10"2 m?/N for the longitudinal PZT
engine are obtained A3, =75nm, F,, =300 N on Figure
1 with error 10%.

-

Figure 1: Mechanical characteristic an engine.

J

Also for the mechanical characteristic of the transverse
PZT engine its maximums values

AL =d, Eh=d,Uh/8, F, =dyES,/s:

max

At E,=12:10°V/m , d,, =2-10"m/V , h=1-10"m ,
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, S,=1-10"m*, S/ =12-10"m’/N

transverse  PZT  engine are received

Ah_ =240nm,F, =20N .

max

for the

The differential equation of an engine [8-50] is written
dZE(X,.S‘)
dx’
_ E
Yy=s/c 4+«

—YzE(X,.S‘)= 0

heres, E(x, S) , X,y arethe parameter,the Laplace transform
of its displacement, the coordinate and the coefficient.

For the longitudinal PZT engine its displacements
Z(0,5)=Z,(s) for x =0
E(S,s) =g, (5) forx= 6
The decision of differential equation is determined

E(X,s) = {5‘1 (s)sh[(S-x)yJ +E, (s)sh(xy)}/sh(Sy)

Also the Laplace transforms of forces on its faces are
received

7,(0,5)5, = F,(5)+ 1,5°F, (s) forx=0

T, (5,5)50 =-F, (s)—MzszE2 (s) forx=¢

where £, F,, M,, M, are the forces, the masses.

The Laplace transforms of the mechanical stresses for
the longitudinal PZT engine are obtained

L dE(x,s
T,(0,5) = (s%) %

7"3(6,5) =(53,E3 )1#?5) - dgg(sfa )71 ES(S)

x=8

- d33 (33E3)71E3 (s)

x=0

Therefore, the structural model of the longitudinal PZT
engine is determined

() = (M,s*)™ {—E ()+ ()" { sy (s) = [ /sh(@y)] }}

x[ch(8y)=,(s) ==, (s)]

= _ 2y1) £ | dsEi(s)—[v/sh(éy)]
._2(5)_(M25 ) { FQ(S)+(X33) |:X[Ch(6Y)E7(S)—EI(S)]:|}
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E E
Xas = 83/ S
where E,(s),Z,(s) are the Laplace transforms of its

displacements.

Also the system of the equations for the Laplace
transforms of stresses an engine is written

L dE(x,5)
dx

x=0
adelxs _
nns)=(s) EE Ly (e (o)

x=]

T,(0.5)=(s)) SO MO

where v s electro elastic coefficient, / is length.

The structural model of an engine Figure 2 for
nanomedicine and nanotechnology is determined

=)= (Ms)” {E(s) LY { ()7L }}
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Figure 2: Scheme an engine.
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The structural scheme on Figure 2 is used for decision
of deformations an engine for system of nanomedicine and
nanotechnology.

Parameters and characteristics
Therefore, the matrix of the deformations an engine for
nanomedicine and nanotechnology is determined

The steady-state movements its faces are written

§,=d ¥ _IM, /(M1 + Mz)

mI

¢g,=d W _IM, /(Ml + MZ)

m

The steady-state movements the faces of the longitudinal
PZT engine are received

&1 = d33UM2 /(M1 +M,)
az :d33UM1 /(M1 +M,)

AtU =125V, M, =1kg, M, =4kg, d,=410""m/V
the steady-state movements & =40 nm, &, = 10 nm and

and error 10%.

The transfer equation of the transverse PZT engine for
elastic-inertial load is determined

_E() _ ks,
U(s) T’s*+2TEs+1

W(s)

T =\(M/(C+C),

where KkE is the transverse transfer coefficient, C » C 151 are the
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stiffness for load, engine, 7,, &,, o, are the time constant,
the attenuation coefficient, the conjugate frequency of the
engine.

At C,=0.1-10" N/m, €] =110" N/m, M =2 kg the
parameters of the transverse PZT engine are obtained 7, =
0.43-10%s, w, = 2.3-10% s with error 10%.

The steady-state movement of the transverse PZT engine
at elastic-inertial load is determined

At /8 =20, C,/C] =01, d;; =2-10"° m/V for the
transverse PZT engine is received the transverse transfer
coefficient k), = 3.6 nm/V.

Conclusions

For control system the structural model an electro elastic
engine is obtained. Its structural scheme is determined.
The matrix of deformations an engine is constructed. The
parameters and characteristics of an engine are obtained.
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