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Calculation of the deformation of an
electromagnetoelastic actuator for composite
telescope and astrophysics equipment

Abstract

In this paper we have determined the deformation of an electromagnetoelastic actuator
for composite telescope and astrophysics equipment. In the visibility of energy conversion
the structural schema of an electromagnetoelastic actuator has a difference from Cady and
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Introduction

In astrophysics research an electromagnetoelastic actuator in the
form of piezo engine or magnetostriction actuator is used for composite
telescope, astrophysics equipment and adaptive laser system.'® The
piezo actuator is applied for optical-mechanical device, adaptive
optics system, fiber—optic system, scanning microscopy.>* For an
electromagnetoelastic actuator the electromagnetoelasticity equation
and the ordinary differential equation of the second order are solved to
obtain the structural schema of an actuator. In the visibility of energy
conversion the structural schema of an electromagnetoelastic actuator
has a difference from Cady and Mason electrical equivalent circuits of
a piezo vibrator. By applying the methods of electromagnetoelasticity
the structural schema of an electromagnetoelastic actuator for
composite telescope and astrophysics equipment is obtained.*!?

Deformation of engine

The equation electromagnetoelasticity of an electromagnetoelastic
actuator for composite telescope and astrophysics equipment'=° has
the form

v
i1y

S;=d, ¥y t+s
where S, d

the module, the control parameter or the intensity of field, the elastic
compliance, and the mechanical intensity.

i Yo s; and T] are the relative deformation,

Instaticthe mechanical characteristic>* ofanelectromagnetoelastic
actuator has the form

v
Si|‘l—’=const =dyi \Pm|‘P:const +Sij Tj

the regulation characteristic an actuator has the form

g
=d, Y, +s; T

Si|T=COIlSt i T=const

The mechanical characteristic of an electromagnetoelastic actuator
has the form

Al = Almax(l_F/Fmax)’

Almax = dmzl}’ml Fmax = dmi\PmSO /S;P

b}

For the the transverse piezo actuator after transforms the maximum
values of deformation and force have the form

Ahmax = d31E3h 5 Fmax = d}lESSO/SlEl

At dy; =210 m/V, E; = 110 V/m, h =2.5102m, S, =
1.5:10° m?, sf; = 15-10"2 m*N the maximum values of deformation

and force for the transverse piezo actuator are found Ak, =500 nm

and F, =20N.

load of an
telescope and

The regulation characteristic at elastic
electromagnetoelastic actuator for composite
astrophysics equipment is obtained in the form

s?'CE
-1 A, F=CAl
So

The equation of the deformation at elastic load of an
electromagnetoelastic  actuator for composite telescope and
astrophysics equipment has the form

NI
1+¢,/c}

After transforms the equation of the deformation at elastic load for
the transverse piezo actuator has the form

. (dsy h/S)U

S — KU, K =(dy 1)/ (1+ €, /)

U . .
where k31 is the transfer coefficient.

”IIII Submit Manuscript | http://medcraveonline.com

Phys Astron Int J. 2021;5(2):55-58.

55

©2021 Afonin. This is an open access article distributed under the terms of the Creative Commons Attribution License, which permits
BY NC

unrestricted use, distribution, and build upon your work non-commercially.


https://creativecommons.org/licenses/by-nc/4.0/
https://crossmark.crossref.org/dialog/?doi=10.15406/paij.2021.05.00234&domain=pdf

Calculation of the deformation of an electromagnetoelastic actuator for composite telescope and

astrophysics equipment

At dy; =210 m/V, h/8 =16, Cf; =2.8:10"N/m, C, =0.4-107
N/m, U =150V the transfer coefficient and the deformation of the

. . U
transverse piezo actuator are obtained k31 =28 nm/V and Ah =

420 nm. Theoretical and practical parameters of the piezo actuator are
coincidences with an error of 10%.

The ordinary differential equation of the second order for
an eclectromagnetoelastic actuator for composite telescope and
astrophysics equipment has the form*?’

a’ZE(x,p)/dx2 —yzE(x,p)z 0
y=p/c" +a

where E(x,p), .Y, cT, o are the transform of Laplace
for displacement, the operator of transform, the coefficient of wave
propagation, the speed of sound and the coefficient of attenuation,

The decision of the ordinary differential equation of the second
order for an electromagnetoelastic actuator has the form

E(x,p)=Ce™ + Be"
(x.p)

The coefficients C , B have the form
C= (Ele” -g, )/[251’1 (ly)]
B=(2,-E.")/[2sh(1y)]

where X, ( p) , 2, ( p) are the transforms Laplace of displacements
for faces 1 and 2 for an actuator.

In dynamic the system of the equations for the transforms Laplace
of forces on faces of an electromagnetoelastic actuator is received!®

M,p’E,(p)+F(p)=5T;(0,p)
-M,p’E,(p)-F(p)=S,T,(L.p)
where M,, M,, F(p), Fz(p), T/.(O,p), Tj(l,p), S, are

the masses of the loads, the transforms Laplace of forces and stress on
faces 1 and 2, the area of an actuator.

The system of the equations the transforms Laplace of stresses on
faces of an actuator has the form

1 d=(0,p) d

7.(0,p)=— TR
;(0.p) T s ()
T.(l p):LM_%\p (p)
A ;’ dx s;' "

After transforms the system of the equations for the structural
schema on Figure 1 and model of an electromagnetoelastic actuator
for composite telescope and astrophysics equipment has the form

~F (p)+(/)
=(p)=(Mp?) | du¥ulp)+[/sh ()]

<[E,(p)-ch()E, (p)]
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Figure | Structural schema of an electromagnetoelastic actuator for
composite telescope and astrophysics equipment.

E, F
where X;II:S:I/S , d Z{d337d31’d15 Wy :{ 3,1

mi ’ m H. H ?
d33ad31’d15 300
E E E E
533551158 Y
33:5115555 . . .
DM R Y= E and H are the intensity of electric
y H H H’ H’
§3355115 555

field and the intensity of magnetic field in an actuator.

The structural schema of an electromagnetoelastic actuator
replaces Cady and Mason electrical equivalent circuits.>!°

The matrix equation of an electromagnetoelastic actuator with
matrix transfer function has the form

g ¥, (p)
zl(p) _ VV“(p) le(p) VVB(p)
[Ez(m}_[w) Vs (p) Wn(m] 158

From the matrix equation of an electromagnetoelastic actuator at
the inertial load the steady—state deformations in the form il(oo),
&, (oo) of an actuator have the form

gt =8 (0)=d, ¥, IM,[(M +M,)

&, (1)

Therefore, after transforms the steady—state deformations of the
transverse piezo actuator at the inertial load have the form

& () =d,, (h/8)UM,[(M,+M,)

>

=&, ()= arm_\{fszl/(M1 +M,)

t—o

&, () =d,, (h/8)UM, (M, +M,)

Therefore, at d31 =2-10""m/V, h/8 =20,U =250V, M, =2
kg and M, = 8 kg the deformations of the transverse piezo actuator
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are received £ (oo) =800 nm, §, (oo) =200 nm, &, (OC) +§, (OC)
= 1000 nm.

Conclusion

In the article the deformation of an electromagnetoelastic actuator

for composite telescope and astrophysics equipment is obtained. The
structural schema of an electromagnetoelastic actuator is shown.
In the visibility of energy conversion the structural schema of an
electromagnetoelastic actuator has a difference from Cady and Mason
electrical equivalent circuits of a piezo vibrator. From the equation
electromagnetoelasticity and the ordinary differential equation of
the second order the structural schema of an electromagnetoelastic
actuator is received. The matrix equation and the matrix transfer
function of an electromagnetoelastic actuator for composite telescope
and astrophysics equipment are found.
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