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The structural model of a piezo engine for composite telescope is constructed. This Afonin SM
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Introduction

gy 0 0

A piezo engine based on the piezoelectric effect is used in the 1

control systems for composite telescope and adaptive optics.''* A (5 T) =| 0 52Tz 0
piezo engine is applied for precise adjustment, compensation the 0 0 53T3
deformations of composite telescope and scanning microscope.!>!
For decisions the displacements and the forces of a piezo engine in EGE GE 9 0
the control systems for composite telescope is used the structural IEI 1; 153
model of a piezo engine. The structural model clearly shows the S8 s3 000 0
conversion of electrical energy by a piezo engine into mechanical - slb; S1Es 5353 0 0 0
energy of the control element of a composite telescope with using the (S ) = P
physical parameters of a engine and its load.!®® The structural model 00 0 s O 0
and the structural scheme of a piezo engine for composite telescope 0 0 0 0 s& 0
are determined in difference from Cady’s and Mason’s electrical 0 0 0 0 0 26st-sE)

equivalent circuits of a piezo transducer.”
The equation of the reverse piezo effect [8-51] has the form

Structural scheme of a piezo engine
S, =d,.E, +s;T;
The matrix state equations [8, 11-17] of a piezo engine have the o

form where m, i, j are axises.

( D) _ ( d)(T) " (ST X E) det: r(r)lrli:llée(:i li(:ltl‘iiéuf((l)i;l;ll piezo engine on Figure 1 its parameters are
(8)=(s" Yr)+ (@) (&)

where (D), (5),(r),(E) are the matrices of electric induction, relative
deformation, mechanical field 'and electrif: field stresses, and 7 is At ds3 =41070 m/V, E, =0810°V/m, 8 =2.510°m, S, =
transpose operator. For PZT engine the matrices have the form

Aé‘malx = d33E35 = d33U s Fmax = d33E3S0/S£3

1.5-10* m?, s3E3 =15-10""2 m%*N its maximum values of deformation
and force are received in the form AS,,, =80 nm, F =320 N

max

0 0 0 0 d
(d)=| 0 0 0 ds 0
dy dy dy 0 0 0

0
0 with error 10%.
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Figure | A piezo engine for composite telescope.
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The differential equation for a piezo engine has the form'-!

dZE(x,s) _
T—yzd(x,s) =0

where x, s, Y are coordinate, operator and coefficient.
Its solution has form
E(x,5) = {2, (s)sh[ (1= x)7]+E,(s)sh(x7)} /sh(17)

For the stresses acting on two faces a piezo engine its transforms
of Laplace have the form

1 dE(x,s) d .
T.(0,s)=— -y
J( S) s;‘ dx - ;‘ m(s)
1 d2(xs)| d,
T (l,s)=— e
/( ,S) Si;‘P dx - I;P m(s)

where Y =F or Y =D.

For the structural model and scheme of a piezo engine for
composite telescope on Figure 2 its equations have the form

= 2 wy| i (s)=Lr/sh(l7)
= (S) = |:1/(M1S )} e (S) * (l/lij ) x[ch(l}/)El E/) - :2}(/53]

dmi\ym(s) —[}//Sh(l}/)]

=2 (5) = [ (252 ||~ (5) = () [eh ()2 ()-5, (s)]

s

E E E
dy3.d3,d,s BBy oy ]83355115555
where v, = , ¥, = , Sy =

D..D. iy D D D
833:831-815 34 83355115555

1={8,hb, y={" ", " ={c".c”, 2t =5 [Sy, v, is

mi

the piezo coefficient.

() .

drf,_; ¥
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Figure 2 Structural scheme of a piezo engine for composite telescope.

Therefore, the matrix equation of a piezo engine has the form

i ety e

Fy(s)

The steady—state displacements of faces 1 and 2 for the longitudinal
piezo engine have the form.
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égl(oo):dSSUMZ/(M1+M2)
652(00):d33UM1/(M1+M2)
At dy; =410 m/V, U =250V, M, =1kgand M, =4 kg

its displacements are obtained él(oo) = 80 nm, &2(00) = 20 nm,
g, (oo)+ £, (oo) = 100 nm with error 10%.

For the transverse piezo engine at elastic—inertial load the
expression has the form

_E(s) _ dyh/5
") U(s) (1+G/Ch) (12p* + 216, p+1)

-GGl . =

where C,, Cf are the stiffness of load and engine, T, , &,, ®,

are the time constant, the attenuation coefficient and the conjugate

frequency of the engine. At M =3 kg, C, = 0.2-10 N/m, C|, =
1107 N/m its parameters are determined in the form the time constant
T, =0.5-107 s and the conjugate frequency of the engine ¢, = 2-10°
s with error 10%.

Conclusion

The structural model of a piezo engine for composite telescope
is obtained. The structural model clearly shows the conversion of
electrical energy by a piezo engine into mechanical energy of the
control element of a composite telescope using the physical parameters
of'a piezo engine and its load. The structural scheme of a piezo engine
for composite telescope is determined.

The matrix equation of a piezo engine is received for the calculation
its displacements and parameters. The structural model, the structural
scheme and the matrix equation of a piezo engine are used in decisions
of the control systems for composite telescope.
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