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We obtained the deformation, the structural diagram, the transfer functions and the Afonin SM
characteristics of the actuator nano and micro displacements for composite telescope in
astronomy and physics research. The mechanical and regulation characteristics of the
actuator are received.
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Introduction _ ki)

The electromagnetoelastic actuator nano and micro displacements
at the piezoelectric, electrostriction, magnetostriction, piezomagnetic
effects is used for the control system the adaptive optics of the
composite telescope and the interferometer. The multilayer
actuator is increased the range of the displacement from nm to tens
microns.*3! The structural model and the structural diagram of the
multilayer actuator are determined by using the equation of the ¥.0)
electromagnetoelasticity, the differential equation and the boundary
conditions of the actuator. The piezo actuator is applied in adaptive
optics for composite telescope, laser systems, interferometry, scanning
microscopy, nano manipulators for physics and astronomy research
The electromagnetoelastic actuator is provided displacement from 1
nm to 20 pm, force 10-1000 N, response 1-10 ms.!3!
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Deformation and structural diagram of
actuator
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The structural diagram of the actuator for composite telescope is ’

obtained in difference from Cady’s and Mason’s electrical equivalent  Figure | Structural diagram of actuator for composite telescopes in
circuits of the piezo transducer. Electromagnetoelasticity equation has ~ astronomy and physics research.

the form of the equation of reverse effect for the deformation of the ¥

actuator ~Fi(p)+ (1/ i )

S =v, ¥, +s;Tj ’ E(p)= (1/(M1P2 ))X 5 Vi Vo (p)—[;/ sh(l;/)] ;
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where S;, v,;, ¥, s; , T; are the relative deformation; the
module; the control parameter; the elastic compliance; the mechanical -F, ( p) + (1 / Z,;P )x
stress.!®? The second order linear ordinary differential equation for _ 5
the actuator.'"23% has the form 5 (p)= (I/(sz )) ¢ v, (p)- [}//sh(l}/)] ,
X
dzE(x,p) . ><[ch(l}/)52 (p)—El(p)]
—7 :.(x,p)zO,
x YooY dyy,dy1,dys By E,
= . . where  y; =s; /S Vi = =
where z(x, p) is transform of Laplace the displacement, p, i §/ron " dyyadsyadys " \HLH,)
¥ , X are the parameter of transform, the propagation coefficient, the E E E
coordinate. For the structural diagram on Figure 1 and the structural s;' = S?’S:’Si , E, Hare the strengths of the electric and
model of the actuator for composite telescopes in astronomy and 833,511 5555

physics research the system of equations has the form magnetic fields.

[ [l S, .
@ @ @ ©2020 Afonin. This is an open access article distributed under the terms of the Creative Commons Attribution License, which permits
oy NG 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.2020.04.00216&domain=pdf

An actuator nano and micro displacements for composite telescope in astronomy and physics research

Therefore, the system of the equations for the structural model of
the actuator has the form

=1 (2)=(1/(a07))
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where C;‘ = SO/(S;‘I) = 1/(;(;‘1) is the stiffness of actuator.

The matrix equation of the actuator has form

= ¥, (p)
2i(p)|_(Wulp) Wal(p) Wi(p)
(Ez(l’)J_[Wzl(P) sz(p) W23( )J ((p;

From the electromagnetoelasticity equation at F =C,Al the

regulation characteristic of the actuator has the form
¥
My, Sl

l_mtm

Al,
0

where C,, F are stiffness and force of the load. Therefore, the
regulation characteristic of the actuator has the form:

dmi lLPm ¥
g = mi ~ m”?
1+c,/c)

7 -5./(51). 2 - 7).

, kY are the stiffness and the transfer coefficient of

mi

Al =

where C
the actuator. The transfer function with lumped parameter of the
actuator”™!-" has the form:

P)/¥.(p
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where E( p) , ¥, ( p) are the transforms of the displacement and
the control parameter, 7,, &, are the time constant and the damping
coefficient of the actuator, M is the load mass. The transfer function
with lumped parameter of the transverse piezo actuator’''3° has the
form

)=2(p)/U(p)= /(T P* +2Tp+1),

k) :(d3ll/5)/(1+ce/clﬁ)’ T, :\IM/(C(ﬁClEl) )

where U(p) is the Laplace transform of the voltage and 4;) is
the transfer coefficient. At dy, =2:10"° m/V, 1/5 =12, M =1 kg, C};
=3.4-10" N/m, C,=0.2-10" N/m the transfer coefficient k3U| =2.27
nm/V and the time constant 7, =0.17-107 s are obtained for the
transverse piezo actuator from ceramic PZT.

From the electromagnetoelasticity equation at elastic load the
regulation characteristic of the multilayer longitudinal piezo actuator
is obtained in the following form
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dynU

=Gl Uy
1+c,/ck P

K =dyn/(1+C,/C), 1=ns,

where k% is the transfer coefficient.

For the multilayer longitudinal piezo actuator from ceramic PZT at
dyy =410 m/V, n=6, C5 =4-10" N/m, C,=0.2:107 N/m, U =100
V are received £ =2.29 nm/V and A7=229 nm.

The mechanical characteristic of the actuator has form S, (Tj)
or Al(F) and the regulation line of actuator has form S;(\¥,,) or
AZ(U ) The mechanical characteristic is obtained in the following
form

s;T;.

m “{/:const ’/

= dmtqj

Si “P:const

The regulation characteristic of the actuator has the form

—dE+sT

g

i |T:const T= const

The mechanical characteristic of the actuator has the form

A=Al (1= F/Fp) »

Al =d, ¥, 1, Fro =d, ¥, S, /s

ij o

where Al
is the maximum force for A/ =0 .

is the maximum displacement for F =0 and F|,,

The maximum displacement and the maximum force of the
transverse piezo actuator on Figure 2 have the form

Ay =dy Esh , Fy

max

—d31E3So/51El .

At dyy =210 m/V, £,=2-10°V/m, h =2.5102m, §,=1.5-10°
m?, s/, =15-10"> m¥N parameters of the transverse piezo actuator are
found Ah,,, =1000 nmand F,,

experimental data for the piezo actuators and the calculation results
is 10%.
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Figure 2 Mechanical characteristic of transverse piezo actuator for composite
telescopes in astronomy and physics research.

Conclusion

The regulation characteristic, the transfer function and the
structural diagram of the actuator nano and micro displacements are
obtained for composite telescope in astronomy and physics research.
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The mechanical and regulation characteristics of the actuator nano
and micro displacements are found for nano manipulators in physics
and astronomy research. The mechanical characteristic of actuator and
its maximum displacement and maximum force are obtained. For the
elastic load the regulation characteristics of the electromagnetoelastic
actuator and the multilayer piezo actuator are calculated.
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